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S402 | generating a combinative signal
\_—~| comprised of a fundamental (f;)
and a 3f; transmit signal

receiving an ultrasonic echo

$404 signal, which is reflected/scattered
by an object; converting it into

corresponding amplitude of
electronic signal

l

filtering out the fundamental
transmit signals; converting a
tissue harmonic signal within the
electronic signal into a digital
signal

S408 l

\-"\ processing the digital signal to
generate an image data

S406

S410 l
imaging according to the image
data
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APPARATUS AND METHOD FOR
MODIFYING ULTRASONIC TISSUE
HARMONIC AMPLITUDE

[0001] This patent application claims the national priority
from Taiwan patent application, Ser. No. 096143860, filed on
Nov. 20, 2007. This invention is disclosed by an published
article, Che-Chou Shen, et al, “THIRD HARMONIC
TRANSMIT PHASING FOR TISSUE HARMONIC GEN-
ERATION;” pp. 1370-1381, IEEE transactions on ultrason-
ics, ferroelectrics, and frequency control, vol. 54, NO. 7, July
2007.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to an apparatus and
method for improving ultrasonic image quality for medical
purposes, and more particularly, to an apparatus and method
that modify the amplitude of tissue harmonic signals to
improve the image quality.

BACKGROUND OF THE INVENTION

[0003] Various imaging techniques are applied in medicine
for clinical diagnosis, for example, X-ray imaging, ultrasonic
imaging, computed tomography scan (CT scan) and magnetic
resonance imaging (MRI) etc. Among them, ultrasonic imag-
ing has its superiority. Generally, an ultrasonic diagnostic
apparatus is comparatively small in size, inexpensive and has
ability of providing instant images. In addition, it is safe for
patients to be examined since the ultrasonic examination is
noninvasive and he or she is free from exposing in radiation
(for example, X-ray). Moreover, by combining a series of
static ultrasonic images, dynamic ones (for example, blood-
stream, heart beating) are therefore observable.

[0004] ultrasonic beams propagated in a medium (for
example, tissue) generate echo signals. The echo signals are
converted into electronic signals and then processed to dis-
play on a screen as an ultrasonic image. During acoustic
propagation in a tissue, since reflection/scatter, refraction or
frequency response on interfaces causes a portion of beam
energy to be absorbed or scattered, the amplitude of echo
signals is reduced. Since the amplitude differs for different
density distribution of tissue, the received echo signals are
converted into corresponding amplitude of electronic signals.
The electronic signals mostly include noises. To eliminate the
noises, the signals are analyzed with artificial intelligence
(AI) dynamically. Another way is to truncate a range of fre-
quency with a filter, keeping the necessary frequency range of
signals. The ultrasonic image is plotted with the time
sequernces that the electronic signals are received, represent-
ing depth in the tissue, and the amplitude being brightness on
the screen.

[0005] Gernerally speaking, ultrasonic frequency used in
medical applications reaches several megahertz (MHz). The
ultrasonic wave is a mechanical wave that has positive corre-
lations between attenuation and frequency. That is, high fre-
quency leads to quick attenuation and short propagation dis-
tance. Conversely, low frequency leads to slow attenuation
and long propagation distance. However, since an ultrasonic
wave with a high frequency has more wavenumbers, more
computable data are provided, resulting in better image reso-
lution. Generally, low frequency is employed to probe deep

May 21, 2009

positions for reducing signal decay, while high frequency is
utilized at shallow positions for high resolution consider-
ation.

[0006] Referring to FIG. 1, afrequency f;, of 2 MHz is used
for scanning a biological body. When processing echo signals
of the 2 MHz frequency for image formation, a so-called
fundamental imaging can be obtained. On the other hand,
processing of harmonic signals of higher frequencies, 4, 6, or
8 MHz for imaging, is referred to as harmonic imaging. These
harmonic signals are produced either due to finite amplitude
distortion when sound wave propagates through a human
body or due to the harmonic oscillation of microbubble con-
trast agents. Since the harmonic signal is generated from the
nonlinearity of the imaged objects, harmonic imaging is also
called nonlinear imaging.

[0007] Conventionally, the ultrasonic image is produced by
linearly backscattered fundamental signals. Since the tissue
harmonic amplitude is lower than the amplitude of the fun-
damental signal in the beginning of acoustic propagation, the
tissue harmonic signal suffers less from phase aberration and
reverberation from shallow structures that deteriorate image
quality. Therefore, the tissue harmonic imaging is superior to
the conventional fundamental imaging with higher contrast
resolution. As a result, the tissue harmonic imaging is widely
used in clinical applications.

[0008] To extractharmonic signals, a low-pass or high-pass
filer is utilized to select a range of signal frequency in order to
obtain a desired harmonic image. Generally, the second har-
monic signal is the dominant component in harmonic imag-
ing due to its highest amplitude among the received harmon-
ics. However, the amplitude of the second harmonic signal is
still much weaker than the fundamental amplitude, and there-
fore, both penetration and sensitivity of tissue harmonic
imaging are limited. Consequently, it is necessary to enhance
the harmonic amplitude to improve image quality.

[0009] The other kind of harmonic imaging, the contrast
harmonic imaging, 1s performed with injecting microbubble
contrast agents into blood vessel to achieve image enhance-
ment. The contrast agent is composed of thousands of
microbubbles. These microbubbles resonate when being
excited by sound waves and produce strong harmonic signal.
However, this technology is sometimes subject to limitation
because significant tissue harmonic signals are also present in
the region of surrounding tissues. Under this circumstance, it
is hard to identify the position of blood vessels. Therefore,
some other techniques lay stress on suppressing the tissue
harmonic signals to increase the contrast-to-tissue ratio
(CTR) between the surrounding tissues and the blood vessel.
Consequently, both harmonic enhancement and harmonic
suppression are helpful for ultrasonic imaging.

[0010] For harmonic enhancement, a conventional method
called coded excitation is used to extend the time period to
transmit more acoustic energy into tissue to boost harmonic
generation. The amplitude of the second harmonic signal is
thus enhanced. To avoid damaging tissues, the peak ampli-
tude of the ultrasonic signal is emitted at acoustic pressure
within current safety regulations. Generally, the axial resolu-
tion in coded excitation is degraded due to elongated trans-
mission waveform; hence, a pulse compression filter would
be required to restore the resolution. However, pulse com-
pression will generate sidelobes, which reduce image quality.
[0011] Method of multiple transmit focusing also increases
the harmonic amplitude with a plurality of focal depths. In
addition to an original focal depth, it can be set to focalize at
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other positions to increase the harmonic amplitude therein.
However, the disadvantage of the multiple transmit focusing
method is that it increases sidelobes, leading to a lower con-
trast resolution. This is because the beam of main focal point
will interfere with the beam of second focal point. Sidelobes
within the main focal beam is thus increased.

[0012] For harmonic suppression, a conventional method
called source prebiasing is to combine the fundamental com-
ponent with a 2f; signal to form an emitting waveform. The
2f, signal, after nonlinear propagating, can eliminate the sec-
ond harmonic signal generated by the traditional method
(only the fundamental signal emitted). To acquire the 2f,
signal, the second harmonic signal is firstly extracted and
inverted. The inverted signal is linearly backpropagated to the
surface of the transducer to obtain the desired 2f, signal.
Finally, the 21, signal is joined to the fundarmental component
to provide an emitting signal. However, in the near field,
harmonic signals obtained by source prebiasing are higher
than signals obtained by the traditional method (only the
fundamental signal emitted) and it will affect the contrast
agents detection.

[0013] Therefore, there is a need to develop a strategy for
improving ultrasonic image quality in medical applications.

SUMMARY OF THE INVENTION

[0014] In an aspect of the present invention, a method of
third harmonic transmit phasing is provided to improve ultra-
sonic image quality. In the aforesaid method, a fundamental
transmit signal and a 3f, transmit signal are emitted at the
same time. The amplitude of second harmonic signal is
adjusted by altering the relative phase difference between the
31, transmit signal and the fundamental transmit signal. The
second harmonic signal is used for harmonic imaging.
[0015] In another aspect of the present invention, for
enhancement of the second harmonic signal, when the phase
of the 3f, transmit signal is adjusted to a value, due to the
frequency-sum and frequency-difference component be in-
phase for constructive combination, the amplitude of the sec-
ond harmonic signal is effectively enhanced. For example,
when the phase of the 3f; transmit signal approaches triple the
phase of the fundamental transmit signal, i.e. the phase dif-
ference between the 3f, transmit signal and the fundamental
transmit signal is roughly double the phase of the fundamen-
tal transmit signal, the second harmonic signal is enhanced
maximally.

[0016] In another aspect of the present invention, for sup-
pression of the second harmonic signal, when the phase of the
31, transmit signal reaches maximal enhancement, its phase is
further adjusted to a degree, for example. about 180 degrees.
Due to the frequency-sum and frequency-difference compo-
nent be out-phase for destructive cancellation, the amplitude
of the second harmonic signal is effectively suppressed. In
another case to suppress the second harmonic signal, a rela-
tion is applied with 26=¢+m, where 6 denotes the phase of the
fundamental transmit signal and ¢ denotes the phase differ-
ence between the fundamental transmit signal and the 3f,
transmit signal. The third harmonic transmit phasing method
proposed in the present invention can suppress tissue har-
monic signals so as to improve image contrast in the area
perfused with a contrast agent when contrast harmonic imag-
ing is applied.

[0017] An ultrasonic diagnostic apparatus is employed
according to the present invention. The aforesaid apparatus is
used for emitting an ultrasonic pulse signal to scan a biologi-
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cal sample. The ultrasonic pulse signal is reflected/scattered
backwardly by the biological sample to result in an ultrasonic
echo signal. The aforesaid apparatus comprises a transmis-
sion waveform controller for generating a combinative signal
and generating a drive voltage according to the combinative
signal, wherein the combinative signal comprised of a funda-
mental transmit signal and a 3f, transmit signal, which the
focal frequency are fundamental (f,) and 31,, respectively; a
pulse generator for generating a pulse signal according to the
drive voltage, wherein the pulse signal is converted to the
ultrasonic pulse signal by piezoelectric materials; a signal
receiver for receiving the ultrasonic echo signal, which com-
prises the reflected/scattered fundamental transmit signal and
an harmonic signal; and a data processor for processing the
harmonic signal of the ultrasonic echo signal to generate an
image data.

[0018] An ultrasonic imaging method is employed accord-
ing to the present invention. The aforesaid method is utilized
to an ultrasonic pulse signal to scan a biological sample. The
ultrasonic pulse signal is reflected/scattered backwardly by
the biological sample to result in an ultrasonic echo signal.
The aforesaid method comprises steps of generating a com-
binative signal, wherein the combinative signal comprised of
a fundamental transmit signal and a 3f;, transmit signal, which
the focal frequency are fundamental (f,) and 31, respectively;
converting the combinative signal to the ultrasonic pulse sig-
nal, wherein after emitting the ultrasonic pulse signal, the
biological sample is scanned regionally; receiving the ultra-
sonic echo signal, which comprises the reflected/scattered
fundamental transmit signal and an harmonic signal; and
processing the harmonic signal of the ultrasonic echo signal
to generate an image data.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG.1isa diagram illustrating a fundamental signal
before/after finite amplitude distortion.

[0020] FIG. 2isafunctional block illustrating an ultrasonic
diagnostic apparatus in the embodiment according to the
present invention.

[0021] FIG. 3 is a functional block illustrating a signal
converter of ultrasonic diagnostic apparatus in the embodi-
ment according to the present invention.

[0022] FIG. 4isaflow chart illustrating an ultrasonic imag-
ing method in accordance with the present invention.

[0023] FIG. 5a is a diagram illustrating a second harmonic
signal with the frequency-sum component and frequency-
difference in the axial position.

[0024] FIG. 54 is a diagram illustrating a second harmonic
signal with the frequency-sum component and frequency-
difference in the lateral position.

[0025] FIG. 6 is a diagram illustrating the phase difference
between a fundamental transmit signal and a 31, transmit
signal configuring the second harmonic signal.

[0026] FIG. 7a is a diagram illustrating enhancement and
suppression of second harmonic signals in the axial position
with/without emitting a 3f; transmit signal.

[0027] FIG. 75 is a diagram illustrating enhancement and
suppression of second harmonic signals in the lateral position
with/without emitting a 3f; transmit signal.

[0028] FIGS. 8a-1, 8a-2, and 8a-3 are diagrams illustrating
that a fundamental signal with a 3 transmit signal emitted is
not enhanced or suppressed in the axial position.
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[0029] FIGS. 8b6-1, 85-2, and 85-3 are diagrams illustrating
that a fundamental signal with a 3 transmit signal emitted is
not enhanced or suppressed in the lateral position.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Inthe present invention, an emitting signal includes
fundamental and 31, frequency components simultaneously.
The amplitude of second tissue harmonic signal is adjusted by
altering the relative phase difference between a 3f, transmit
signal and a fundamental transmit signal. Both enhancement
and suppression of second tissue harmonic signal are helpful
for improving ultrasonic image quality. The mechanism of
third harmonic transmit phasing method proposed in accor-
dance with the present invention will be described in the
following.

[0031] Harmonic generation is produced due to linear and
nonlinear propagating of ultrasonic waves in a medium. It can
be represented as Eq. (1):

ey

, . o
U3+ Az, D) = uy(g+ Az, D)+ ] 20 Zk"‘k"‘n—k +Z”"‘x"‘k—n
k=1 k=n

n=12,... ,N

The symbol u,, denotes a result of linear and nonlinear propa-
gating at nf frequency (n is an integer). The symbol u',
denotes a result of linear propagating at nf frequency. The
fundamental frequency is denoted by f, and f is a parameter
representing the nonlinearity of the propagating medium. The
symbol c is the sound velocity, i represents the coordinates,
and Az is a distance variable of nonlinear propagating. The
nonlinear propagating is due to the multiplicative interactions
among the spectral components. In the right-hand side of Eq.

(1,

n—-1

o
Zkuk Uy s
k=1

which is called frequency-sum component, represents the
contribution of sinusoid pairs whose sum-frequency is nf.

N
s
Ly,

k=n

which 1s called frequency-difference component, represents
the contribution of sinusoid pairs whose difference frequency
is nf.

[0032] Inthepresent invention, the emitting signal includes
the fundamental and 3f; frequency components. The pro-
duced second harmonic signal mainly consists of the fre-
quency-sum component obtained from the fundamental
transmit signal and the frequency-difference component
obtained from the fundamental and 3f, transmit signal.
Because the produced second harmonic signal can be taken as
the multiplicative interactions in time domain, the following
Eq. (2) can be used to explain the multiplication of the fun-
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damental signal with itself and Eq. (3) explains the interac-
tions between the fundamental and 3f,, signal to produce 21,
signal.

cos(2r for) X cos2m fo1) = %(1 +cos(2n(2fy)r) @

cos(2a for) x cos(2n(3fo)0) = %[cos(lﬂ(élfg)t) +cos(2n(2f)0)]

[0033] InEg. (1), it can be known that both the frequency-
sum component and the frequency-difference component are
sensitive to the phase of their constitutive spectral signals. For
a case that u', and u',_, are both the fundamental signal, 0
represents the phase of the fundamental signal, i.e. u',=u,,_
+=¢/°. Therefore, the phase of the frequency-sum component
is u',xu',_,=e’*®. Similarly, for another case that ', is the 3£,
signal and u';_,, is the fundamental signal, ¢ represents the
relative phase difference between the fundamental and 3f,
signal, i.e. u',=e/>*®, u',_,=¢’®. Therefore, the phase of the
frequency-difference component is u',x(u',_, )*=¢/®+®x(e/®)
#=/* Hence, the amplitude of harmonic signals is adjustable
through altering the relative phase difference between the
frequency-sum and frequency-difference component. The
amplitude can be not only enhanced, but also suppressed. For
enhancement of the second harmonic amplitude, the two
components should be in-phase to be constructively com-
bined while the relative phase comes to zero degree (20=¢). In
this case, the phase of the 3f, transmit signal should triple the
phase of the fundamental transmit signal. For second har-
monic suppression, the phase of the frequency-sum and the
frequency-difference component should be 180 degrees out
of phase (20=¢+rm). Above all, it can be known that there is a
180 degree phase difference of the 3f, transmit signal
between the cases of enhancement and suppression.

[0034] A preferred embodiment of the present invention
will be provided. Referring to FIG. 2, the present invention
will be illustrated with the following detailed description. An
ultrasonic diagnostic apparatus 20 comprises a probe 202, a
pulse generator 204, a transmission waveform controller 206,
asignal receiver 208, a data processor 210 and a monitor 212.
As shown in FIG. 3, the signal receiver 208 comprises an
amplifier 302, a filter 304 and an analog-to-digital converter
(ADC) 306.

[0035] The probe 202 may comprise a plurality of emitting
elements (not shown) and receiving elements (not shown)
arranged in a one-dimensional or two-dimensional manner.
The emitting elements (not shown) are used to emit ultrasonic
signals. The receiving elements (not shown) are used to
receive echo signals and then generate electronic signals.

[0036] The pulse generator 204 supplies a drive voltage to
the probe 202. According to the drive voltage supplied by the
pulse generator 204, the emitting elements of the probe 202
generate corresponding amplitude of ultrasonic signals. In
addition, the pulse generator 204 controls the timing of sup-
plying the drive voltage so that the ultrasonic signals can be
formed into pulse waveform. Moreover, the pulse generator
204 can control the ultrasonic pulse signals to be directed/
focused in a two-dimensional direction or three-dimensional
manner.

[0037] The transmission waveform controller 206 is elec-
trically coupled with the pulse generator 204. In addition, the
controller 206 controls time-sequential operations of the
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pulse generator 204. Moreover, the controller 206 controls
the generator 204 to make the probe 202 generate the ultra-
sonic pulse signals with various kinds of phases, where each
phase means that between fundamental and 31, transmit sig-
nal. A set of an ultrasonic pulse signal with the various phases
is independently relevant to a time-sequential operation. A
plurality of scanning lines configures an image of one frame,
where each scanning line is made up of a plurality of the
time-sequential operations.

[0038] The ultrasonic pulse signals emitted by the emitting
elements (not shown) of the probe 202 are nonlinearly propa-
gated in an object (for example, a tissue in a body) so as to
generate tissue harmonic signals. The fundamental transmit
signals will be reflected/scattered backwardly. Therefore, the
receiving elements (not shown) of the probe 202 will receive
both the tissue harmonic signals and the reflected/scattered
fundamental transmit signals. Finally, the received signals are
converted into the electronic signals and then transmitted to
the signal receiver 208.

[0039] The signal receiver 208 uses the amplifier 302 to
amplify the received electronic signals, and the filter 304
filters out the fundamental transmit signals so that only the
tissue harmonic signals are left. The ADC 306 converts the
analog signals into digital signals. The converted signals are
transmitted to the data processor 210 for processing. [t may be
in a sequence that the received signals are amplified with the
amplifier 302, converted with the ADC 306, filtered with the
filter 304, and then transmitted to the data processor 210.
[0040] The data processor 210 is electrically coupled with
the signal receiver 208. The data processor 210 processes the
digital signals from the signal receiver, makes up an image
with a plurality of scanning lines, and makes all the images
displayed on the monitor 212.

[0041] The mechanism of the above-mentioned ultrasonic
diagnostic apparatus 20 in the embodiment of the present
invention is described as below. The transmission waveform
controller 206 controls a pulse signal to form a combinative
waveform, which comprises a fundamental (f,) frequency
component and a 3f, frequency component. In addition, the
controller 206 controls a phase difference between a funda-
mental transmit signal and a 3f; transmit signal. The phase of
3f, transmit signal can be adjusted relative to the phase of
fundamental transmit signal by the controller 206. The phase
of 3f, transmit signal can be set to a value that leads the
amplitude of second harmonic signal to a relative maximum.
For example, when the phase of 3f, transmit signal
approaches triple the phase of fundamental transmit signal,
the second harmonic signal is enhanced maximally. At this
time, the phase of 3f, transmit signal is then adjusted to an
angle, for example, about 180 degrees. The second harmonic
signal is thereby suppressed maximally. In addition, the con-
troller 206 can adjust the phase of 3f, transmit signal and the
phase of fundamental transmit signal to maximally suppress
the second harmonic signal according to the relationship,
26=¢+m, where 0 denotes the phase of fundamental transmit
signal and ¢ denotes the phase difference between the funda-
mental transmit signal and the 3f, transmit signal. Depending
on situations, the controller 206 can adjust the phase of 3f,
transmit signal and the phase of fundamental transmit signal
to make different levels of enhancement or suppression so as
to get the best image quality. The controller 206 controls the
generator 204 to make the probe 202 generate the ultrasonic
pulse signals with various kinds of phase difference, where
each phase difference means that the phase difference
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between the fundamental transmit signal and the 3{;, transmit
signal. After the ultrasonic pulse signals is reflected/scattered
backwardly by an object (for example, a tissue in a body), the
receiving elements of the probe 202 receive the reflected/
scattered fundamental transmit signals and tissue harmonic
signals. At this time, the second harmonic signals are
enhanced or suppressed. The received signals are converted
into the electronic signals and then transmitted to the signal
receiver 208. The signal receiver 208 amplifies the electronic
signals, filters out the reflected/scattered fundamental trans-
mit signals, converts into the digital signals, and transmits
them to the processor 210. The data processor 210 processes
the digital signals to display on the monitor 212.

[0042] Please refer to FIG. 4. An ultrasonic imaging
method according to the present invention comprises the fol-
lowing steps.

[0043] Instep S402, it is to generate a combinative signal
comprised of a fundamental transmit signal and a 3f,, transmit
signal, which the focal frequency are fundamental (f;) and 3f;
respectively. A plurality of combinative signals will form
ultrasonic pulse signals. After emitting the ultrasonic pulse
signals to an object, the object is scanned regionally.

[0044] Instep S404, itis to receive ultrasonic echo signals,
which are reflected/scattered by the object. The ultrasonic
echo signals comprise fundamental transmit signals and tis-
sue harmonic signals. The received echo signals are converted
into corresponding amplitude of electronic signals.

[0045] Instep S406,itis to filter out the fundamental trans-
mit signals within the electronic signals, and convert the
tissue harmonic signals within the electronic signals into
digital signals.

[0046] In step S408, it is to process the digital signals to
generate image data of the scanned object.

[0047] Finally, in step S410, it is to image according to the
image data.

[0048] In addition, in step S402, the phase of 3f, transmit
signal can be adjusted relative to the phase of fundamental
transmit signal. The phase of 3f, transmit signal can be
adjusted to a value, which leads the amplitude of second
harmonic signal to a relative maximum.

[0049] Moreover, in step S402, when the phase of 31, trans-
mit signal approaches triple the phase of fundamental trans-
mit signal, the second harmonic signal is enhanced maxi-
mally. At this time, the phase of 3f, transmit signal is then
adjusted to an angle, for example, about 180 degrees. The
second harmonic signal is thereby suppressed maximally.
[0050] Moreover, in step S402, in the beginning, the phase
of 3f, transmit signal and the phase of fundamental transmit
signal can be adjusted to maximally suppress the second
harmonic signal according to a relation, 26=¢+m, where 6
denotes the phase of fundamental transmit signal and ¢
denotes the phase difference between the fundamental trans-
mit signal and the 3f, transmit signal.

[0051] Moreover, in step S402, the phase of 31, transmit
signal and the phase of fundamental transmit signal can be
adjusted at any moment to make different levels of enhance-
ment or suppression so as to get the best image quality.
[0052] Moreover, in step S406, before filtering out the
reflected/scattered fundamental transmit signals, the received
electronic signals can be amplified firstly.

[0053] The emitting element (not shown) and receiving
element (not shown) of the probe 202 can be an emitting
receiving element (not shown) having an emitting function
and a receiving function. When the pulse generator 204 sup-
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plies a drive voltage to the probe 202, the emitting receiving
element (not shown) generates the corresponding amplitude
of ultrasonic signals. When echo signals are transmitted back
1o the probe 202, the emitting receiving element (not shown)
can convert the echo signals into electronic signals and then
transmit to the signal receiver 208. In addition, it can be
employed with two probes. One of the two probes has emit-
ting elements (not shown). The other has receiving elements
(not shown). The two probes is used for emitting and receiv-
ing signals respectively.

[0054] The emitting element (not shown) and receiving
element (not shown) of the probe 202 are oscillators, which
can be employed with piezoelectric material. When the piezo-
electric material is pressured, the lattices inside the material
will collapse and electrons will flow. Electronic signals are
thereby generated. Conversely, electronic voltages can make
the thickness of piezoelectric material change. When the
thickness of material is changed, sound wave is produced.
Traditionally, the piezoelectric materials such as quartz and
ceramic materials are adopted. Lead zirconate titanated
(PZT) material is a common use at present.

[0055] The transmission waveform controller 206 can con-
trol to generate various kinds of wave shapes, for example,
sinusoidal wave, Gaussian wave and triangular wave etc. The
ultrasonic pulse signals in the aforesaid waveforms are to be
emitted with the probe 202, received with the signal receiver
208 and processed with the data processor 210.

[0056] The simulations and experimental results in accor-
dance with the present invention will be described in accom-
pany with FIGS. 5q, 5b, 6, 7a, 7b, 8a-1, 8a-2, 8a-3, 8)-1,
85-2, and 85-3.

[0057] 1t is shown in FIG. 5a for comparing the depth of
focus of the frequency-difference component and that of the
frequency-sum component in the axial position. The
so-called depth of focus means that sound wave remains
constant amplitude within a range of depth. If the sound field
1s strong enough to cover a wide range, it means that the depth
of focus is deeper, or better. It leads to wider range of signal-
to-noise ratio (SNR) for ultrasonic images. The depth of focus
of the frequency-difference component is shorter than that of
the frequency-sum component because of the highly focused
3f, transmit signal.

[0058] Moreover, the position perpendicular to the axial
position is called lateral position. It is shown in FIG. 5b for
observing the mainlobe and sidelobes on the bean patterns of
the second harmonic signals. Generally, signals with high
frequency component lead to better focusing ability and
image contrast. It represents better focusing ability when the
width of mainlobe is narrower. It represents better image
contrast when the amplitude of sidelobes is lower. As shown
in FIG. 55, the frequency-difference component has rela-
tively narrower mainlobe and lower sidelobes because of the
highly focused 31, transmit signal.

[0059] Moreover, it is shown in FIG. 6 that the variation of
the second harmonic amplitude with 3f, transmit phase by the
solid line and the dashed line. The second harmonic ampli-
tudes produced without any transmit signal at 3f,, frequency is
depicted by the dotted horizontal line. When the fundamental
transmit phase is changed from the original 90 to O degree, the
corresponding variation of focal second harmonic amplitude
also is demonstrated using the dashed line in FIG. 6. In this
case, the phase for maximal enhancement is shifted from 120
to -60 degrees. The 180 degree phase shift is reasonable
because the change of 3f, transmit phase should double the
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change of the fundamental transmit phase to keep the fre-
quency-difference component in-phase with the frequency-
sum component.

[0060] Moreover, the axial amplitudes of the second har-
monic signal and the fundamental signal with or without
optimal enhancement and optimal suppression are shown in
FIG. 7a and FIGS. 8a-1, 8a-2, 8a-3, respectively. Results
using the conventional transmit method is provided for com-
parison. It is obvious that the method of 31, transmit phasing
effectively changes the amplitude of the second harmonic
signal for a wide range of axial depths. For both enhancement
and suppression, the performance of 3f, transmit phasing is
maximal in the focal zone in which the fundamental transmit
energy and 3f, transmit energy can be efficiently mixed to
produce the frequency-difference component. In addition, for
harmonic enhancement, the depth of focus of the tissue har-
monic signal also becomes shorter due to the relatively strong
focusing of the frequency-difference component. It is also
noticeable that the inclusion of 3{; transmit signal has nearly
no influence on the axial fundamental amplitude in FIGS.
8a-1 and 8¢-2.

[0061] Theradiation patterns of the second harmonic signal
also are compared in FIG. 74, and the fundamental radiation
patterns are shown in FIGS. 856-1, 85-2, and 856-3. Please note
that the patterns in FIG. 75 and FIGS. 8b-1, 86-2 are normal-
ized to the case without 3f; transmit. For harmonic enhance-
ment, the mainlobe of the radiation beam pattern remains
similar to that without 3f, transmit, and the sidelobe levels are
reduced. The reduction of sidelobe levels is a consequence of
the lower sidelobes of the frequency-difference radiation pat-
tern. In other words, with the increase in SNR of tissue har-
monic signal, the spatial resolution in the lateral direction is
kept unchanged, and the contrast resolution also is improved.
On the contrary, for the case of harmonic suppression, side-
lobe levels of the second harmonic radiation pattern are rela-
tively elevated. Nevertheless, it should be noted that the
elevated sidelobes have less effect on image quality in con-
trast harmonic imaging because the acoustic illumination of
the microbubbles is dominated by the fundamental transmit
beam.

[0062] AsshowninFIGS. 8a-1,8a-2,8a-3 and FIGS. 8b-1,
8b6-2, 86-3, the fundamental beam remains unchanged in the
presence of the 3f; transmit signal; hence, the generation of
contrast harmonic signal is not affected. Consequently, the
CTR with 3f, transmit phasing can be improved because of
the suppression of tissue harmonic signal in the background.
[0063] While the preferred embodiment of the present
invention have been illustrated and described in detail, vari-
ous modifications and alterations can be made by persons
skilled in this art. The embodiment of the present invention is
therefore described in an illustrative but not restrictive sense.
It is intended that the present invention should not be limited
to the particular forms as illustrated, and that all modifications
and alterations which maintain the spirit and realm of the
present invention are within the scope as defined in the
appended claims.

What is claimed is:

1. An ultrasonic diagnostic apparatus for emitting an ultra-
sonic pulse signal to scan a biological sample wherein the
ultrasonic pulse signal is reflected/scattered backwardly by
the biological sample to result in an ultrasonic echo signal, the
ultrasonic diagnostic apparatus comprising:

a transmission waveform controller for generating a com-

binative signal and generating a drive voltage according



US 2009/0131796 Al

to the combinative signal, wherein the combinative sig-
nal comprised of a fundamental transmit signal and a 31,
transmit signal, which the focal frequency are funda-
mental (f,) and 3£, respectively;

apulse generator for generating a pulse signal according to

the drive voltage, wherein the pulse signal is converted
to the ultrasonic pulse signal by piezoelectric materials;

a signal receiver for receiving the ultrasonic echo signal,

which comprises the reflected/scattered fundamental
transmit signal and an harmonic signal; and

a data processor for processing the harmonic signal of the

ultrasonic echo signal to generate an image data

2. The ultrasonic diagnostic apparatus of claim 1 further
comprising a probe electrically coupled to the pulse generator
and the signal receiver, wherein the probe comprising:

an emitting element for emitting the ultrasonic pulse signal

according to the pulse signal generated by the pulse
generator; and

a receiving element for receiving the ultrasonic echo sig-

nal.

3. The ultrasonic diagnostic apparatus of claim 2, wherein
the emitting element and the receiving element are made into
the same element for emitting the ultrasonic pulse signal and
receiving the ultrasonic echo signal at different moment.

4. The ultrasonic diagnostic apparatus of claim 1, wherein
the phase of the 3f, transmit signal is adjusted relative to the
phase of the fundamental transmit signal by the transmission
waveform controller; when the phase of the 3f, transmit sig-
nal is adjusted to a first emitting phase, it leads the amplitude
of a second harmonic signal of the harmonic signal to a
relative maximum.

5. The ultrasonic diagnostic apparatus of claim 4, wherein
the first emitting phase is substantially equal to triple the
phase of the fundamental transmit signal.

6. The ultrasonic diagnostic apparatus of claim 4, wherein
when the first emitting phase is further adjusted an out-phase
degree into a second emitting phase, it leads the amplitude of
the second harmonic signal of the harmonic signal to a rela-
tive minimum.

7. The ultrasonic diagnostic apparatus of claim 6, wherein
the out-phase degree is substantially equal to 180 degrees.

8. The ultrasonic diagnostic apparatus of claim 1, wherein
the phase of the 3f,, transmit signal is adjusted relative to the
phase of the fundamental transmit signal by the transmission
waveform controller so that a relation between the phase of
the 3f, transmit signal and the phase of the fundamental
transmit signal substantially is 26=¢+z, where 6 denotes the
phase of the fundamental transmit signal and ¢ denotes the
phase difference between the fundamental transmit signal
and the 3f; transmit signal.

9. The ultrasonic diagnostic apparatus of claim 1, wherein
the transmission waveform controller is further used for gen-
erating different kinds of wave shapes.

10. The ultrasonic diagnostic apparatus of claim 9, wherein
the wave shapes generated by the transmission waveform
controller are selected from a group consisting of a sinusoidal
wave, an Gaussian wave and a triangular wave.
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11. The ultrasonic diagnostic apparatus of claim 1, wherein
the signal receiver comprises an amplifier for amplifying the
ultrasonic echo signal.

12. The ultrasonic diagnostic apparatus of claim 1, wherein
the signal receiver comprises a filter for filtering out the
fundamental transmit signal of the ultrasonic echo signal, and
remaining the harmonic signal of the ultrasonic echo signal.

13. An ultrasonic imaging method utilized to an ultrasonic
pulse signal to scan a biological sample wherein the ultra-
sonic pulse signal is reflected/scattered backwardly by the
biological sample to result in an ultrasonic echo signal, the
ultrasonic imaging method comprising:

generating a combinative signal, wherein the combinative

signal comprised of a fundamental transmit signal and a
3f, transmit signal, which the focal frequency are fun-
damental (f,) and 3f, respectively;

converting the combinative signal to the ultrasonic pulse

signal, wherein after emitting the ultrasonic pulse signal,
the biological sample is scanned regionally;

receiving the ultrasonic echo signal, which comprises the

reflected/scattered fundamental transmit signal and an
harmonic signal; and

processing the harmonic signal of the ultrasonic echo sig-

nal to generate an image data.

14. The ultrasonic imaging method of claim 13 further
comprising: adjusting the phase of the 3f, transmit signal
relative to the phase ofthe fundamental transmit signal;, when
the phase of the 3f, transmit signal is adjusted to a first
emitting phase, it leads the amplitude of a second harmonic
signal of the harmonic signal to a relative maximum.

15. The ultrasonic imaging method of claim 14, wherein
the first emitting phase is substantially equal to triple the
phase of the fundamental transmit signal.

16. The ultrasonic imaging method of claim 14, wherein
when the first emitting phase is further adjusted an out-phase
degree into a second emitting phase, it leads the amplitude of
the second harmonic signal of the harmonic signal to a rela-
tive minimum.

17. The ultrasonic imaging method of claim 16, wherein
the out-phase degree is substantially equal to 180 degrees.

18. The ultrasonic imaging method of claim 13 further
comprising: adjusting the phase of the 3f, transmit signal
relative to the phase of the fundamental transmit signal so that
a relation between the phase of the 3f, transmit signal and the
phase of the fundamental transmit signal substantially is
26=¢+m, where 6 denotes the phase of the fundamental trans-
mit signal and ¢ denotes the phase difference between the
fundamental transmit signal and the 3{, transmit signal.

19. The ultrasonic imaging method of claim 13 further
comprising: amplifying the ultrasonic echo signal.

20. The ultrasonic imaging method of claim 13 further
comprising;: filtering out the fundamental transmit signal of
the ultrasonic echo signal, and remaining the harmonic signal
of the ultrasonic echo signal.
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