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ULTRASOUND DIAGNOSTIC IMAGING
APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound diag-
nostic imaging apparatus.

[0003] 2. Description of Related Art

[0004] In conventional ultrasound diagnostic imaging
apparatus, ultrasound waves (transmission ultrasound waves)
are transmitted toward a subject such as a living object by an
ultrasound probe and received ultrasound waves (reflection
ultrasound waves) are converted into received signals by an
ultrasound probe to display an ultrasound image on the basis
of the received signals. The reflection ultrasound waves
include information which indicates conditions inside the
subject. Therefore, it is important to obtain reflection ultra-
sound waves of good quality in order to obtain a good quality
ultrasound image. Quality of ultrasound image can be
improved by performing signal processing and the like on
received signals. However, it is preferred that transmission
ultrasound waves are good quality innately.

[0005] Good quality transmission ultrasound wave means
to have great temporal resolution and space resolution.
Among those, temporal resolution (resolution in depth direc-
tion) can be improved by making the frequency band of
transmission ultrasound waves be broad.

[0006] In view of the above, U.S. Pat. No. 5,833,614 dis-
closes a technique for adjusting pulse signals by gradually
changing pulse width of driving signals (pulse signals) of
pulse square wave to obtain second harmonic component that
is generated by transmission of ultrasound waves in a subject
in the conventional ultrasound diagnostic imaging apparatus.

SUMMARY OF THE INVENTION

[0007] Generally, cyclical pulse signals of square wave,
represented by the waveform shown in FIG. 8, have frequency
characteristics (amplitude, phase) determined according to
the cycle. Here, a pulse signal shown in FIG. 81s a pulse signal
which can be expressed by a function f(x) where one cycle is
2T, and when the waveform of this pulse signal is converted
by Fourier transform, it can be expressed as formula (1)
shown below. Here, in formula (1), “w” represents frequency

3t

and “i” represents imaginary unit.

Formula 1
. T . T (6}
T Zsmzw T Zsmzw
Flflw) =2 —e 7%
w w
[0008] However, in the invention described in U.S. Pat. No.

5,833,614, it is difficult to output transmission ultrasound
waves having the desired frequency characteristic taking the
characteristics of the ultrasound probe to be used into con-
sideration, for example, how the function expressed by the
formula (1) can be changed to obtain frequency characteristic
where the characteristics of the ultrasound probe to be used
are taken into consideration is difficult. That is, in order to
output transmission ultrasound waves having the desired fre-
quency characteristic, a special frequency designing unit such
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as to increase or decrease a specific frequency when generat-
ing a pulse signal was needed.

[0009] The presentinvention was made in view of the above
problem and an object of the present invention is to provide an
ultrasound diagnostic imaging apparatus which can output
broad transmission ultrasound waves having the desired fre-
quency characteristic.

[0010] In order to achieve the above described object, an
ultrasound diagnostic imaging apparatus reflecting one
aspect of the present invention includes an ultrasound probe
which outputs transmission ultrasound waves toward a sub-
ject by adriving signal and which outputs received signals by
receiving reflection ultrasound waves from the subject and a
transmitting unit which generates the transmission ultra-
sound waves by the ultrasound probe by outputting the driv-
ing signal, and the transmitting unit generates the driving
signal of square wave having a waveform in which a standard
pulse signal where a pulse cycle is 2T is combined with two
first pulse signals of same polarity having a pulse width A
(A<T) and a second pulse signal having a pulse width B
(B=T-2A), the second pulse signal having a polarity different
from the polarity of the first pulse signals.

[0011] Preferably, the transmitting unit generates the driv-
ing signal so that the two first pulse signals are arranged at
positions to be symmetrical along a time line with respect to
the second pulse signal.

[0012] Preferably, the transmitting unit generated the driv-
ing signal by making the pulse width A of the firs pulse signals
be smaller than the pulse width B of the second pulse signal.
[0013] Preferably, the transmitting unit generates the driv-
ing signal so that one of the two first pulse signals be at an
initial part of the driving signal.

[0014] Preferably, the transmitting unit makes the pulse
width A of the first pulse signals and the pulse width B of the
second pulse be variable.

[0015] Preferably, the transmitting unit generates the driv-
ing signal of a square driving waveform which is expressed by
including the following formula.

Formula 2
FIfl(w) = @
2si z 2si 5 2si A
i K i K P e
w w (]
[0016] wherein “w” represents a frequency and “i” repre-

sents an imaginary unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other objects, advantages and fea-
tures of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
appended drawings which are given by way of illustration
only, and thus are not intended as a definition of the limits of
the present invention, and wherein:

[0018] FIG. 1 is a diagram showing an outer configuration
of an ultrasound diagnostic imaging apparatus;

[0019] FIG. 2 is a block diagram showing a schematic
configuration of the ultrasound diagnostic imaging appara-
tus;
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[0020] FIG. 3 is a block diagram showing a schematic
configuration of a transmitting unit;

[0021] FIG. 4 is a diagram for explaining a driving wave-
form of a pulse signal;

[0022] FIG. 5is a diagram for explaining a waveform of a
pulse signal to be transmitted;

[0023] FIG. 6 is a diagram for explaining frequency
response characteristic of an ultrasound probe;

[0024] FIG. 7 is a diagram for explaining another example
of waveform of a pulse signal to be transmitted; and

[0025] FIG. 8 is a diagram for explaining conventional
waveform of a pulse signal.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0026] Hereinafter, an ultrasound diagnostic imaging appa-
ratus according to an embodiment of the present invention
will be described with reference to the drawings. However,
the scope of the present invention is not limited to the
examples shown in the drawings. In the following descrip-
tion, same references are used for same functions and con-
figuration and their descriptions are omitted.

[0027] As shown in FIGS. 1 and 2, the ultrasound diagnos-
tic imaging apparatus S according to the embodiment
includes an ultrasound diagnostic imaging apparatus main
body 1 and an ultrasound probe 2. The ultrasound probe 2
transmits ultrasound waves (transmission ultrasound waves)
toward a subject such as a living object (omitted in the draw-
ing) and receives reflected waves (reflection ultrasound
waves: echo) of the ultrasound waves reflected off the subject.
The ultrasound diagnostic imaging apparatus main body 1 is
connected with the ultrasound probe 2 via a cable 3 and
transmits driving signals which are electronic signals to the
ultrasound probe 2 to make the ultrasound probe 2 transmit
transmission ultrasound waves toward a subject. Further, the
ultrasound diagnostic imaging apparatus main body 1 forms
an ultrasound image of inside condition of the subject on the
basis of received signals which are electronic signals gener-
ated by the ultrasound probe 2 according to the reflection
ultrasound waves coming from inside of the subject which are
received by the ultrasound probe 2.

[0028] The ultrasound probe 2 includes transducers 2a
formed of piezo-electric devices, and the plurality of trans-
ducers 2a are arranged in one dimensional array in an orien-
tation direction, for example. In the embodiment, for
example, an ultrasound probe 2 having 192 transducers 2a is
used. Here, the transducers 24 may be arranged in two dimen-
sional array. Further, the number of transducers 2a can be set
arbitrarily. In the embodiment, a linear scanning type elec-
tronic scanning probe is used as the ultrasound probe 2.
However, any of an electronic scanning type and a mechani-
cal scanning type can be used. Further, any of a linear scan-
ning type, a sector scanning type and a convex scanning type
can be used. Band width of ultrasound probe can be set
arbitrarily.

[0029] AsshowninFIG. 2, the ultrasound diagnostic imag-
ing apparatus main body 1 includes an operation input unit
11, a transmitting unit 12, a receiving unit 13, an image
generation unit 14, a memory unit 15, a DSC (Digital Scan
Converter) 16, a display unit 17 and a control unit 18, for
example.

[0030] Theoperationinputunit 11 includes various types of
switches, buttons, a track-ball, a mouse, a key board and the
like for inputting a command for instructing start of diagnosis
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and data such as personal information of a subject, and the
operation input unit 11 outputs operation signals to the con-
trol unit 18.

[0031] The transmitting unit 12 is a circuit to make the
ultrasound probe 2 generate transmission ultrasound waves
by supplying driving signals which are electronic signals to
the ultrasound probe 2 via the cable 3 in compliance with the
control of the control unit 18. More specifically, as shown in
FIG. 3, the transmitting unit 12 includes a clock generating
circuit 121, a pulse generating circuit 122, a pulse width
setting unit 123 and a delay circuit 124, for example.

[0032] The clock generating circuit 121 is a circuit for
generating clock signals which decide transmission timing
and transmission frequency of driving signals.

[0033] The pulse generating circuit 122 is a circuit for
generating pulse signals as driving signals in predetermined
cycles. As shown in FIG. 4, the pulse generating circuit 122
can generate pulse signals of square wave by switching ter-
nary voltage. At this time, amplitude of a pulse signal is set so
that positive polarity and negative polarity be the same. How-
ever, this is not limitative in any way. Pulse signals may be
generated by switching binary voltage.

[0034] The pulse width setting unit 123 sets the pulse width
of pulse signals which are output from the pulse generating
circuit 122. That is, the pulse generating circuit 122 outputs
pulse signals of pulse waveform which complies with the
pulse width set by the pulse width setting unit 123. For
example, pulse width can be changed by an input operation of
the operation input unit 11. Further, configuration may be
such that the ultrasound probe 2 connected to the ultrasound
diagnostic imaging apparatus main body 1 is identified and
the pulse width corresponding to the identified ultrasound
probe 2 is to be set. Here, setting of pulse width by the pulse
width setting unit 123 will be described in detail later.

[0035] The delay circuit 124 is a circuit for setting a delay
time for each path regarding transmission timing of driving
signals, each path corresponding to each transducer, and con-
verging transmission beams formed of transmission ultra-
sound waves by delaying transmission of driving signals for
the set delay time.

[0036] The transmitting unit 12 which is configured as
described above sequentially switches the plurality of trans-
ducers 2a which supply driving signals, shifting by a prede-
termined numbers for each transmitting and receiving of
ultrasound wave in compliance with the control of the control
unit 18 and supplies driving signals to the plurality of trans-
ducers 2a which are selected to perform output to carry out
scanning.

[0037] Asshown in FIG. 2, the receiving unit 13 is a circuit
for receiving received signals which are electronic signals
from the ultrasound probe 2 via the cable 3 in compliance
with the control of the control unit 18. The receiving unit 13
includes an amplifier, an A/D converting circuit and a phasing
addition circuit, for example. The amplifier is a circuit for
amplifying the received signals at a predetermined amplifi-
cation factor which is set in advance for each path corre-
sponding to each transducer 2a. The A/D converting circuit is
a circuit for performing analog/digital conversion (A/D con-
version) on the received signals which are amplified. The
phasing addition circuit is a circuit to adjust time phase by
applying a delay time to each path corresponding to each of
the transducers 2a with respect to the received signals on
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which A/D conversion is performed and generate sound ray
data by adding (phasing addition) the adjusted received sig-
nals.

[0038] The image generating unit 14 performs envelope
detection processing, logarithmic amplification and the like
on the sound ray data from the receiving unit 13 and generates
B-mode image data by performing brightness conversion by
carrying out gain adjustment and the like. That is, the B-mode
image data is data which expresses intensity of the received
signals by brightness. The B-mode image data generated in
the image generation unit 14 is transmitted to the memory unit
15.

[0039] The memory unit 15 is configured by including a
semiconductor memory such as DRAM (Dynamic Random
Access Memory) or the like, for example, and the B-mode
image data transmitted from the image generation unit 14 is
stored in frame units. Thatis, the memory unit 15 can store the
B-mode image data as ultrasound diagnosis image data con-
figured in frame units. The ultrasound diagnosis image data
stored in the memory unit 15 is read out in compliance with
the control of the control unit 18 and is transmitted to the DSC
16.

[0040] The DSC 16 converts the ultrasound diagnosis
image data which is received from the memory unit 15 into
image signals of scanning type of television signals and out-
put the converted image signals to the display unit 17.
[0041] As for the display unit 17, a display apparatus such
as LCD (Liquid Crystal Display), CRT (Cathode-Ray Tube)
display, an organic EL (Electronic Luminescence) display, an
inorganic EL display, a plasma display or the like can be
applied. The display unit 17 performs displaying of an ultra-
sound diagnosis image in the display screen according to the
image signals output from the DSC 16. Here, printing appa-
ratus or the like such as a printer can be applied instead of a
display apparatus.

[0042] The control unit 18 includes a CPU (Central Pro-
cessing Unit), a ROM (Read Only Memory) and a RAM
(Random Access Memory), for example. The control unit 18
reads out various types of processing programs such as a
system program and the like stored in the ROM and expands
them in the RAM, and performs centralized control of opera-
tion of each part of the ultrasound diagnostic imaging appa-
ratus S in compliance with the expanded programs.

[0043] The ROM is configured by including a non-volatile
memory such as a semiconductor and stores a system pro-
gram corresponding to the ultrasound diagnostic imaging
apparatus S, various types of processing programs which are
executable on the system program and various types of data,
for example. These programs are stored in forms of program
code which can be read by a computer, and the CPU sequen-
tially executes operations according to the program codes.
[0044] The RAM forms a work area to temporarily store
various types of programs which are to be executed by the
CPU and data according to such programs.

[0045] A driving signal generated by the transmitting unit
12 of the ultrasound diagnostic imaging apparatus S which is
configured as described above will be described with refer-
ence to FIG. 5.

[0046] FIG. 5 shows an example of preferable waveform of
driving signals applied to the transducers 2a of the ultrasound
probe 2 used in the embodiment.

[0047] That is, the waveform of driving signal shown in
FIG. 5 is a waveform where two types of pulse signals having
pulse widths which are set in advance are combined with the
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standard pulse signal where one cycle is 2T which can be
expressed by the function f (x).

[0048] More specifically, the pulse width setting unit 123 of
the transmitting unit 12 first sets the above mentioned stan-
dard pulse signal and sets a pulse signal of polarity (+) having
a pulse width A at the start of the standard pulse signal. This
pulse signal may be called the first pulse signal. Then, the
pulse width setting unit 123 sets a pulse signal of polarity (-)
having a pulse width B continuously following the first pulse
signal. This pulse signal may be called the second pulse
signal. That is, the second pulse signal is pulse signal having
apolarity different from that of the first pulse signal. Then, the
pulse width setting unit 123 sets the first pulse signal continu-
ously following the second pulse signal. In such way, a trans-
mission pulse signal to be transmitted to the ultrasound probe
2 is generated. That is, the transmission pulse signal is a pulse
signal obtained by combining two first pulse signals and one
second pulse signal with the standard pulse signal.

[0049] Here, the first pulse signals and the second pulse
signal may have polarities opposite of those shown in FIG. 5.
[0050] Further, it is sufficient that the transmission pulse
signal has same waveform as the waveform of the above
combination of signals, thus, each signal can be generated
individually and then they can be combined.

[0051] The transmission pulse signal which is generated as
described above is set so that the sum of the pulse widths of
two first pulse signals and the pulse width of one second pulse
signal (2A+B) is the same as half cycle T of the standard pulse
signal. Here, the pulse width A of the first pulse signal and the
pulse width B of the second pulse signal can be set arbitrarily
within a range where the sum of the pulse widths of two first
pulse signals and the pulse width of one second pulse signal
be the same as half cycle T of the standard pulse signal.
[0052] When Fourier transform of waveform of the trans-
mission pulse signal generated as described above is carried
out, it can be expressed as the following formula (3). Here, the
transmission pulse signal expressed by the following formula
(3) can be expressed by the function f (x) and one cycle
thereof is 2T. Here, in the following formula (3), “w” repre-
sents frequency and “i” indicates imaginary unit.

Formula 3

Flf](w) = ®

. B
2sin—w

T
2sin—w
T T A (34
2, (mw + er(?ﬂ}v]
w

LA
) ) 2sin—w
£, 2 e .

2

w

[0053] Here, when the pulse width A of the first pulse
signals included in the transmission pulse signal is set rela-
tively small, values obtained in the first section and the second
section of the above formula (3) are close to the frequency
characteristic of the standard pulse signal. At this time,
because the pulse width A is small, the value obtained in the
third section is to have abroad frequency characteristic where
the band covers all the way to the high-frequency side due to
the coefficient “sin (A/2)w” according to the small pulse
width A. As a result, in combination with the value obtained
by “e™{i(A/2)w}”, it can be expected that the peak of fre-
quency will be in high-frequency part. Therefore, by gener-
ating the transmission pulse signal as described above, trans-
mission ultrasound waves having a frequency characteristic
of having a plurality of peaks (diphasic) can be obtained
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easily, and further, frequency characteristic of the transmis-
sion ultrasound waves can be controlled.

[0054] The frequency response characteristic of the ultra-
sound probe 2 with respect to the transmission pulse signal
generated as described above is as shown in FIG. 6. Here, in
FIG. 6, “W” indicates frequency characteristic of the trans-
mission pulse signal, “P” indicates frequency response char-
acteristic of the ultrasound probe 2 and “Q” indicates fre-
quency response characteristic of the ultrasound probe 2 with
respect to the transmission pulse signal.

[0055] As shown in FIG. 6, frequency response character-
istic of the ultrasound probe generally forms a bell shape like
anormal distribution, and the characteristic becomes lower in
high-frequency part and low-frequency part comparing to the
peak. On the other hand, when transmission ultrasound waves
transmitted from the ultrasound probe can be made to be
broad, the transmission ultrasound waves are to have very
high locality by becoming short pulses when seen along time
axis. That is, if the transmission ultrasound waves can be
made to be broad, the transmission ultrasound waves can have
a great temporal resolution.

[0056] Here, as a method to make the transmission ultra-
sound waves be broad, a transmission pulse signal having
frequency characteristic which is opposite of the frequency
response characteristic of the ultrasound probe may be
applied to the ultrasound probe. That is, if a transmission
pulse signal having high frequency characteristic can be
applied to the ultrasound probe at the high-frequency part and
the low-frequency part where the frequency response charac-
teristic of the ultrasound probe is low, transmission ultra-
sound waves can become broad. Such frequency response
characteristic is generally diphasic.

[0057] In the embodiment, because the transmission pulse
signal is generated as described above, diphasic frequency
response characteristic can be obtained as shown in FIG. 6
and a broad transmission ultrasound waves according to the
characteristic of the ultrasound wave probe, although it is a
transmission pulse signal of square waveform, can be
designed easily.

[0058] Moreover, in the embodiment, the frequency char-
acteristic is described in the above formula (3), and by adjust-
ing the pulse width A of the first pulse signals and the pulse
width B of the second pulse signal, positions of the peaks of
frequency response characteristic of the ultrasound probe
with respect to the transmission pulse signal can be changed
to be in a desired frequency band. That is, positions of dipha-
sic peaks which the frequency response characteristic of the
ultrasound probe with respect to transmission pulse signal
indicates can be controlled. Therefore, for example, an appro-
priate frequency response characteristic can be obtained
according to the frequency response characteristic of the
ultrasound probe to be used, and the ultrasound probe can be
utilized effectively. At this time, by making the pulse width A
of the first pulse signals be smaller than the pulse width B of
the second pulse signal, more preferred frequency response
characteristic of the ultrasound probe with respect to trans-
mission pulse signal can be obtained.

[0059] As described above, according to the embodiment,
the ultrasound probe 2 outputs transmission ultrasound waves
toward a subject by driving signals and outputs received sig-
nals by receiving reflection ultrasound waves reflected off the
subject. The transmitting unit 12 makes the ultrasound probe
2 generate transmission ultrasound waves by outputting driv-
ing signals. The transmitting unit 12 generates driving signals
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of square wave having a waveform where the standard pulse
signal in which the pulse cycle is 2T is combined with two
first pulse signals of same polarity which are pulse widths A
and the second pulse signal which is pulse width B, the
second pulse signal having a polarity different from the polar-
ity of the first pulse signal. As a result, the frequency response
characteristic of the ultrasound probe with respect to driving
signal can be diphasic. Further, driving signal suited for the
frequency response characteristic of the ultrasound probe can
be designed easily. Therefore, broad transmission ultrasound
waves having the desired frequency characteristic can be
output easily.

[0060] Moreover, according to the embodiment, the trans-
mitting unit 12 generates a driving signal so that two first
pulse signals are arranged at positions so as to be symmetry
along a time line with respect to the second pulse signal. As a
result, driving signal can be designed even more easily.

[0061] Furthermore, according to the embodiment, the
transmitting unit 12 generates a driving signal by setting the
pulse width A of the first pulse signals be smaller than the
pulse width B of the second pulse signal. As a result, more
preferred frequency response characteristic of the ultrasound
probe with respect to driving signal can be obtained.

[0062] Further, according to the embodiment, the transmit-
ting unit 12 generates a driving signal so that one of the two
first pulse signals be at the initial part of the driving signal. As
a result, more preferred frequency response characteristic of
the ultrasound probe with respect to driving signal can be
obtained.

[0063] Moreover, according to the embodiment, because
the pulse width A of the first pulse signals and the pulse width
B of the second pulse signal can be changed, the transmitting
unit 12 can change the positions of peaks which the frequency
response characteristic of the ultrasound probe with respect to
the driving signal indicates. That is, positions of the diphasic
peaks which the frequency response characteristic of the
ultrasound probe with respect to driving signal indicates can
be controlled. Therefore, for example, appropriate frequency
response characteristic according to the frequency response
characteristic of the ultrasound probe to be used can be
obtained and the ultrasound probe can be utilized effectively.

[0064] Here, the description of the embodiment of the
present invention is an example of an ultrasound diagnostic
imaging apparatus according to the present invention and the
present invention is not limited to the description. Detail
configuration and detail operation of each functional compo-
nent which constitutes the ultrasound diagnostic imaging
apparatus can be changed arbitrarily.

[0065] Further, a transmission pulse signal as shown in
FIG. 5 is generated in the embodiment. However, output
timing of transmission pulse signal can be changed as shown
in FIG. 7, for example. Here, arrows in FIG. 7 indicateY axis
and the center position slides by changing the parameter “t”.
At this time, when Fourier transform of waveform of trans-
mission pulse signal is performed, it can be expressed as
shown by the following formula (4). Here, the transmission
pulse signal expressed by the following formula (4) can be
expressed by the function f (x-t) wherein one cycle is 2T.

Furthermore, in the following formula (4), “w” represents

frequency, “i” represents imaginary unit and “t” indicates
delay amount in time direction.
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Formula 4
Flfx=p)(w) = “
2si T 2si 2si 4
sin—w sin—w sin—cw
o 2 b, +(e'g“+e'(3{ 5) ] 2 ]
w w w

[0066] As shown in the above formula (4), in such case, the
entire transmission pulse signal is to be multiplied by the
coefficient “e”” as frequency characteristic. In such way,
although the frequency characteristic of transmission pulse
signal will receive cyclical influence by being dependent on
the delay amount t, cyclical signal having a constant period-
icity and having a predetermined size of amplitude with
respect to the standard pulse signal is applied to the diphasic
frequency response characteristic of the ultrasound probe
with respect to transmission pulse signal as shown in FIG. 6,
and although there will be some influence, the characteristic
will be maintained potentially.
[0067] Further, in the embodiment, a transmission pulse
signal is generated by setting the first pulse signal at the start
of the standard pulse signal and continuously setting the
second pulse signal and the first pulse signal thereafter. How-
ever, the setting positions of the first pulse signals and the
second pulse signal are not limited to such positions, and the
positions can be set arbitrarily to obtain a preferable fre-
quency response characteristic.
[0068] Furthermore, the arrangement order of the first
pulse signals and the second pulse signal is not limited to the
above described order, and can be set arbitrarily to obtain a
preferable frequency response characteristic.
[0069] Moreover, two first pulse signals and the second
pulse signal do not need to be arranged continuously.
[0070] That is, two first pulse signals do not have to be
arranged symmetrically along time line with respect to the
second pulse signal.
[0071] Theentiredisclosure of Japanese Patent Application
No.2011-247363 file on Nov. 11,2011 including description,
claims, drawings, and abstract are incorporated herein by
reference in its entirety.

‘What is claimed is:

1. An ultrasound diagnostic imaging apparatus, compris-
ing:

an ultrasound probe which outputs transmission ultra-

sound waves toward a subject by a driving signal and
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which outputs received signals by receiving reflection
ultrasound waves from the subject; and

a transmitting unit which generates the transmission ultra-
sound waves by the ultrasound probe by outputting the
driving signal, wherein

the transmitting unit generates the driving signal of square
wave having a waveform in which a standard pulse sig-
nal where a pulse cycle is 27T is combined with two first
pulse signals of same polarity having a pulse width A
(A<T) and a second pulse signal having a pulse width B
(B=T-2A), the second pulse signal having a polarity
different from the polarity of the first pulse signals.

2. The ultrasound diagnostic imaging apparatus of claim 1,
wherein the transmitting unit generates the driving signal so
that the two first pulse signals are arranged at positions to be
symmetrical along a time line with respect to the second pulse
signal.

3. The ultrasound diagnostic imaging apparatus of claim 1
wherein the transmitting unit generates the driving signal by
making the pulse width A of the firs pulse signals be smaller
than the pulse width B of the second pulse signal.

4. The ultrasound diagnostic imaging apparatus of claim 1
wherein the transmitting unit generates the driving signal so
that one of the two first pulse signals be at a initial part of the
driving signal.

5. The ultrasound diagnostic imaging apparatus of claim 1
wherein the transmitting unit makes the pulse width A of the
first pulse signals and the pulse width B of the second pulse be
variable.

6. The ultrasound diagnostic imaging apparatus of claim 1
wherein the transmitting unit generates the driving signal of a
square driving waveform which is expressed by including a
formula 1, the formula 1 being

Formula 1
Flfl(w) =
2si r 2si 5 2si A
E,‘%w smzw _871_%&/ ' smiw +(ei!%w +ei(37A+B)w). smzw
w w 1)

wherein “w” represents a frequency and “i” represents an
imaginary unit.
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