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Anultrasonic generating device, which can generate an ultra-
sound with complex waveform, includes a first waveform
generating element, which emits a first waveform, and a sec-
ond waveform generating element. The second waveform
generating element periodically adjusts the first waveform
with at least one frequency higher than the first waveform to
form a second waveform in the first waveform. The two
waveforms are superposed to form the ultrasound with com-
plex waveform. By means of the penetrating ability of the first
waveform, the second waveform can be carried into the object
region with the complex waveform, therefore have biological
medical effects.
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ULTRASONIC GENERATING DEVICE

RELATED APPLICATIONS

[0001] This application claims priority to Taiwanese Appli-
cation Serial Number 103113449, filed Apr. 11, 2014, which
is herein incorporated by reference.

BACKGROUND
[0002] 1. Field of Invention
[0003] The present invention relates to an ultrasonic gen-

erating device. More particularly, the present invention
relates to a complex waveform ultrasonic generating device.

[0004] 2. Description of Related Art

[0005] Ultrasound is an ultrasonic wave with frequency
over 20,000 Hz, which cannot be heard by human ear. The
applications of the ultrasound include ultrasonic cleaning,
ultrasonic measuring, ultrasonic welding and ultrasonic diag-
nosis in many aspects. In medical treatments, ultrasound with
different frequencies is chosen for different purposes. The
commonly used frequency of the ultrasound is about 1 MHz
to 10 MHz, and the major application of the ultrasound
includes diagnosis, thermal therapy, shock wave lithotripsy,
liposuction and so on.

[0006] In terms of the ultrasonic medical treatment, high-
frequency ultrasound can promote neural stem cell renewal in
human body. However, the high-frequency ultrasound has no
penetrating ability and prone to decay in the human body, an
invasive treatment is needed to transmit the high-frequency
ultrasound into the human body. In the application of the
ultrasonic diagnosis, the ultrasound with lower frequency is
used for transmitting the ultrasound into the body to obtain
the image of a specific area. Because the high-frequency
ultrasound cannot be used inside the body, the resolution of
the ultrasonic image cannot be enhanced.

SUMMARY

[0007] Therefore, in various embodiments of the present
disclosure, an ultrasonic generating device is provided, which
can generate an ultrasound with complex waveform. Thus the
generated ultrasound may penetrate as the low frequency
ultrasound and have high resolution of the high-frequency
ultrasound. The ultrasonic generating device can apply in
ultrasonic imaging and send high-frequency ultrasounds into
an object for medical application.

[0008] One aspect of the present disclosure is an ultrasonic
generating device for generating an ultrasound with complex
waveform including: a first waveform generating element
emitting a first waveform; and a second waveform generating
element periodically adjusting the first waveform with at least
one frequency higher than that of the first waveform to form
a second waveform in the first waveform, and the two wave-
forms are superposed to form the ultrasound with complex
waveform, wherein a frequency of the second waveform is in
a range from about 15 MHz to about 250 THz, and a fre-
quency of the first waveform is in a range from about 15 MHz
to about 150 kHz.

[0009] According to various embodiments of the present
disclosure, the ultrasound with complex waveform has bio-
logical medical effects.

[0010] According to various embodiments of the present
disclosure, the first and the second waveforms are selected
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from a group consisting of the following waveforms: a square
wave, a sinusoidal wave, a triangular wave, a pulse wave and
combinations thereof.

[0011] According to various embodiments of the present
disclosure, a amplitude, frequency, period, a duration time of
the first and second waveforms can be adjusted, and a time for
turn on/off a first waveform generating element and a second
waveform generating element can also be controlled.

[0012] According to various embodiments of the present
disclosure, the first waveform generating element is an ultra-
sonic generating material.

[0013] According to various embodiments of the present
disclosure, the second waveform generating element is an
oscillating material, and the oscillating material is distributed
into the ultrasonic generating material or coupled to the ultra-
sonic generating material.

[0014] According to various embodiments of the present
disclosure, the ultrasonic generating material is a first piezo-
electric material.

[0015] According to various embodiments of the present
disclosure, the first piezoelectric material is selected from a
group consisting of quartz, tourmaline, Rochelle salt, tanta-
late, niobate, titanate and combinations thereof.

[0016] According to various embodiments of the present
disclosure, the first piezoelectric material is selected from a
group consisting of lithium tantalate, lithium niobate, tanta-
lum niobate, strontium niobate, strontium barium niobate
barium lead titanate, lead titanate, barium titanate, lead zir-
conate titanate and combinations thereof.

[0017] According to various embodiments of the present
disclosure, the first piezoelectric material is a piezoelectric
thin-film material or a polymer piezoelectric film.

[0018] According to various embodiments of the present
disclosure, the piezoelectric thin-film material is selected
from a group consisting of aluminum nitride, zinc oxide,
polyvinylidene fluoride (PVDF) and combinations thereof.
[0019] According to various embodiments of the present
disclosure, the oscillating material is a phononic crystal, a
semiconductor material, or a second piezoelectric material,
wherein a frequency of a waveform generated by the second
piezoelectric material is larger than that of a waveform gen-
erated by the first piezoelectric material.

[0020] According to various embodiments of the present
disclosure, the second piezoelectric material is a piezoelectric
thin-film material or a polymer piezoelectric film.

[0021] According to various embodiments of the present
disclosure, the piezoelectric thin-film material is selected
from a group consisting of aluminum nitride, zinc oxide,
polyvinylidene fluoride (PVDF) and combinations thereof.
[0022] According to various embodiments of the present
disclosure, the second piezoelectric material is selected from
a group consisting of quartz, tourmaline, Rochelle salt, tan-
talate, niobate, titanate and combinations thereof.

[0023] According to various embodiments of the present
disclosure, the second piezoelectric material is selected from
a group consisting of lithium tantalate, lithium niobate, tan-
talum niobate, strontium niobate, strontium barium niobate
barium lead titanate, lead titanate, barium titanate, lead zir-
conate titanate and combinations thereof.

[0024] According to various embodiments of the present
disclosure, the semiconductor material is selected from a
group consisting of gallium nitride, Indium gallium nitride,
silicon carbide and combinations thereof.
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[0025] According to various embodiments of the present
disclosure, the first waveform generating element is a first
ultrasonic transmitter.

[0026] According to various embodiments of the present
disclosure, the second waveform generating element is a peri-
odical waveform regulator, and the periodical waveform
regulator connects with the first ultrasonic transmitter.
[0027] According to various embodiments of the present
disclosure, the periodical waveform regulator is selected
from a group consisting of a second ultrasonic transmitter, a
filter, a function generator, a high-frequency switch, a chop-
per and combinations thereof.

[0028] According to various embodiments of the present
disclosure, the second ultrasonic transmitter is a pulsed ultra-
sonic transmitter.

[0029] According to various embodiments of the present
disclosure, the ultrasonic generating device further including
a phase-oppositing ultrasonic transmitter emitting a phase-
oppositing ultrasound which is out-of-phase relative to that of
the first waveform, and a pathway of the phase-oppositing
ultrasound overlaps partially or totally with that of the ultra-
sound with complex waveform.

[0030] An aspect of the present disclosure is an ultrasonic
imaging device including: an ultrasonic array transmitter
including a plurality of ultrasonic generating devices, the
ultrasonic generating device including: a first waveform gen-
erating element emitting a first waveform, and a second wave-
form generating element periodically adjusting the first wave-
form with at least one frequency higher than that of the first
waveform to form a second waveform in the first waveform,
and the two waveforms are superposed to form an ultrasound
with complex waveform, wherein a frequency of the second
waveform is in a range from about 15 MHz to about 250 THz,
and a frequency of the first waveform is in a range from about
15 MHz to about 150 kHz; and an ultrasonic array receiver
including a plurality of ultrasonic receiving devices to receive
the ultrasonic with complex waveform reflecting from an area
to be imaged.

[0031] According to various embodiments of the present
disclosure, a frequency and an amplitude of the first wave-
form and second waveform in the ultrasound with complex
waveform can be adjusted.

[0032] According to various embodiments of the present
disclosure, the ultrasonic imaging device is used in an ultra-
sonic operation using ultrasound to assist orientation and a
3D or 4D real-time imaging.

[0033] Another aspect of the present disclosure is a method
for generating an ultrasound with complex waveform, includ-
ing following operations. A first waveform is formed. A sec-
ond waveform is formed in the first waveform, and the two
waveforms are superposed to form the ultrasound with com-
plex waveform. A frequency of the second waveform is in a
range from about 15 MHz to about 250 THz, and a frequency
of the first waveform is in a range from about 15 MHz to about
150 kHz.

[0034] According to various embodiments of the present
disclosure, the operation of forming a first waveform includes
using an ultrasonic transmitter or an ultrasonic generating
material to emit the first waveform.

[0035] According to various embodiments of the present
disclosure, the operation of forming a second waveform in the
first waveform includes using a femtoseond laser to excite a
second waveform generating element to emit the second
waveform.

Oct. 15, 2015

[0036] According to various embodiments of the present
disclosure, the operation of forming a second waveform in the
first waveform includes using a second waveform generating
element to adjust the first waveform periodically.

[0037] According to various embodiments of the present
disclosure, the operation of using a second waveform gener-
ating element to adjust the first waveform periodically
includes using the second waveform generating element to
periodically cancel, turn off, or regulate the first waveform.
[0038] According to various embodiments of the present
disclosure, the operation of using the second waveform gen-
erating element to periodically regulate the first waveform
includes doping, casting, blending, epitaxy growing, or cou-
pling the second waveform generating element in the first
waveform generating element. The first waveform generating
element is an ultrasonic generating material, and the second
waveform generating element is an oscillating material.
[0039] According to various embodiments of the present
disclosure, the first waveform generating element is an ultra-
sonic transmitter and the second waveform generating ele-
ment is a high-frequency switch.

[0040] According to various embodiments of the present
disclosure, the operation of using the second waveform gen-
erating element to periodically cancel the first waveform
includes emitting a pulsed ultrasound to cancel part of the first
waveform to form the second waveform in the first waveform.
The second waveform generating element is selected from a
group consisting of a chopper, a filter, a function generator,
and combinations thereof.

[0041] According to various embodiments of the present
disclosure, the method is applied in an ultrasonic imaging and
medical application having biological effect.

[0042] Itisto be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Theinvention can be more fully understood by read-
ing the following detailed description of the embodiment,
with reference made to the accompanying drawings as fol-
lows:

[0044] FIG. 1is a schematic diagram of an ultrasound with
complex waveform according to various embodiments of the
present disclosure;

[0045] FIG. 2 is a schematic diagram of an ultrasonic gen-
erating device according to various embodiments of the
present disclosure;

[0046] FIG. 3 is a schematic diagram of an ultrasonic gen-
erating device according to various embodiments of the
present disclosure;

[0047] FIG. 4 is a schematic diagram of an ultrasonic gen-
erating device according to various embodiments of the
present disclosure;

[0048] FIG. 5is a schematic diagram of an ultrasound with
complex waveform according to various embodiments of the
present disclosure;

[0049] FIG. 6 is a schematic diagram of an ultrasound with
complex waveform according to various embodiments of the
present disclosure;

[0050] FIG. 7 is a schematic diagram of an ultrasound with
complex waveform according to various embodiments of the
present disclosure;
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[0051] FIG. 8is a schematic diagram of an ultrasonic gen-
erating device according to various embodiments of the
present disclosure;

[0052] FIG.9is a schematic diagram of an ultrasonic gen-
erating device according to various embodiments of the
present disclosure;

[0053] FIG. 10 is a schematic diagram of an ultrasonic
generating device according to various embodiments of the
present disclosure;

[0054] FIG. 11 is a schematic diagram of an ultrasonic
generating device according to various embodiments of the
present disclosure;

[0055] FIG. 12 is a schematic diagram of an ultrasonic
generating device according to various embodiments of the
present disclosure;

[0056] FIG. 13 is a schematic diagram of an ultrasound
waveform according to various embodiments of the present
disclosure;

[0057] FIG. 14 is a schematic diagram of an ultrasound
generating device according to various embodiments of the
present disclosure;

[0058] FIG. 15 is a schematic diagram of an ultrasonic
imaging device according to various embodiments of the
present disclosure; and

[0059] FIG. 16 is a schematic diagram of an ultrasonic
imaging device according to various embodiments of the
present disclosure.

DETAILED DESCRIPTION

[0060] Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

[0061] As used herein, the terms “comprising,” “includ-
ing,” “having,” “involving,” and the like are to be understood
to be open-ended, i.e., to mean including but not limited to.
[0062] The singular forms “a,” “an” and “the” used herein
include plural referents unless the context clearly dictates
otherwise. Therefore, reference to, for example, a dielectric
layer includes embodiments having two or more such dielec-
tric layers, unless the context clearly indicates otherwise.
[0063] Referring to FIG. 1, FIG. 1is a schematic diagram of
an ultrasound with complex waveform according to various
embodiments of the present disclosure. An ultrasound with
complex waveform 100 includes a first waveform 102 having
an amplitude A2 and period t3, and a second waveform 104
having an amplitude A1 and period t1, t2. The first waveform
is a low-frequency waveform, and a frequency of the first
waveform is in a range from about 15 MHzto about 150 kHz.
The first waveform can penetrate into human body and reach
a specific organ or tissue. The second waveform is a high-
frequency waveform, and a frequency of the second wave-
form is in a range from about 15 MHz to about 250 THz. In
various embodiments of the present disclosure, an ultrasonic
generating device which can generate an ultrasonic with com-
plex waveform is provided, and the amplitude A2 and period
3 of the first waveform and the amplitude Al and period tl,
12 of the second waveform can be adjusted by the device. In
various embodiments of the present disclosure, the period 1,
2 can be independently adjusted. For example, the second
waveform is generated by a second waveform generating
element, wherein the period t1 is the time the second wave-
form generating element turned on, and the period t2 is the
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time the second waveform generating element turned off. By
switching the second waveform generating element, a second
waveform can be formed in the first waveform, and tl, t2 can
be adjusted independently. In various embodiments of the
present disclosure, the second waveform generating element
can use a frequency higher than that of the first waveform to
periodically adjust the first waveform, in which the period of
the frequency is t1+t2, and forms the second waveform in the
first waveform. In various embodiments of the present dis-
closure, the first waveform is emitted from a first waveform
generating element, and the period of the first waveform t3
canbe controlled by a switch of the first waveform generating
element. In various embodiments of the present disclosure,
the duration time of the first and second waveforms can also
be controlled by the switch of the first waveform generating
element and the second waveform generating element.
Because a high-frequency ultrasound has no penetrating abil-
ity, which can not penetrate into human body and reach an
object, an ultrasonic generating device for generating an
ultrasound with complex waveform is provided. The high-
frequency ultrasound can be sent into a specific object by the
ultrasound with complex waveform, and the application of
the device is a non-invasive method. In various embodiments
of the present disclosure, the ultrasound with complex wave-
form has biological medical effects. The biological medical
effects include a biological effect or a medical effect gener-
ated by the high-frequency ultrasounds oscillating in a cell or
tissue. In various embodiments of the present disclosure, the
ultrasound with complex waveform may be a square wave or
a sinusoidal wave. In various embodiments of the present
disclosure, the ultrasound with complex waveform may be a
triangular wave, a pulse wave, or a composite waveform
formed by superpositing the square wave, the sinusoidal
wave, the triangular wave, and the pulse wave after design or
calculation.

[0064] Referringto FIG. 2, FIG. 2is a schematic diagram of
an ultrasonic generating device according to various embodi-
ments of the present disclosure. The ultrasonic generating
device includes a first waveform generating element and a
second waveform generating element. The first waveform
generating element is used to emit a first waveform, and the
second waveform generating element is used to periodically
adjust the first waveform with at least one frequency higher
than that of the first waveform to form a second waveform in
the first waveform, and the two waveforms are superposed to
form the ultrasound with complex waveform. In various
embodiments of the present disclosure, the ultrasonic gener-
ating device is an ultrasonic transmitter, and the first wave-
form generating element is an ultrasonic generating material
200. In various embodiments of the present disclosure, the
ultrasonic generating material is a first piezoelectric material,
which can transfer electric energy to material oscillation so as
to emit an ultrasound. In various embodiments of the present
disclosure, the first piezoelectric material is a piezoelectric
thin-film material or a polymer piezoelectric film. The piezo-
electric thin-film material includes aluminum nitride and zinc
oxide; the polymer piezoelectric film includes for example
polyvinylidene fluoride (PVDF) film. The first piezoelectric
material may be piezoelectric material including quartz, tour-
maline, Rochelle salt, tantalate (such as lithium tantalate),
niobate (such as lithium niobate, tantalum niobate, strontium
barium niobate and strontium niobate), or titanate (such as
barium lead titanate, lead titanate, barium titanate, lead zir-
conate titanate). In various embodiments of the present dis-
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closure, the second waveform generating element is an oscil-
lating material 202. The oscillating material 202 may be
distributed into the ultrasonic generating material 200 by
doping, casting, or blending, also may use epitaxy growing
device, such as chemical vapor deposition (CVD), molecular
beam epitaxy (MBE), liquid phase epitaxy (LPE) and solid
phase epitaxy (SPE) to grow the oscillating material 202 in
the piezoelectric material. And the CVD may subdivide into
many kinds of CVD depending on the technical features, such
as different operating pressure, different gas phase features,
and plasma enhanced or not, including ultra-high vacuum
chemical vapor deposition (UHVCVD), aerosol-assisted
chemical vapor deposition (AACVD), plasma-enhanced
chemical vapor deposition, metal organic chemical vapor
deposition (MOCVD) and so on. The oscillating material 202
may generate an oscillation having frequency higher than that
of the ultrasonic generating material 200 when it is electrified.
Therefore the oscillating material 202 generates the second
waveform in the first waveform generated by the ultrasonic
generating material 200. In various embodiments of the
present disclosure, the ultrasonic generating device includes
the ultrasonic generating material 200; the oscillating mate-
rial 202 distributed into the ultrasonic generating material
200; a support 204 connected with the ultrasonic generating
material 200 for handheld; and a wire 206 connecting to and
electrically oscillating the ultrasonic generating material 200
and the oscillating material 202 for emitting an ultrasound
with complex waveform. In various embodiments of the
present disclosure, the ultrasonic generating device further
includes another wire 208 to provide another voltage, making
the oscillating material 202 oscillate with different frequency.
The frequency and the amplitude of the second waveform
may be controlled by adjusting the voltage, the kind of the
oscillating material 202, or the growing method of the oscil-
lating material 202. In various embodiments of the present
disclosure, the ultrasonic generating device includes a laser,
which is used to excite the oscillating material 202 for emit-
ting high-frequency ultrasound. In various embodiments of
the present disclosure, the oscillating material 202 may be a
phononic crystal, a semiconductor material, or a second
piezoelectric material, wherein the frequency of the wave-
form generated by the second piezoelectric material is higher
than that of the first piezoelectric material. The semiconduc-
tor material includes gallium nitride, Indium gallium nitride,
silicon carbide and so on. In various embodiments of the
present disclosure, the second piezoelectric material is a
piezoelectric thin-film material or a polymer piezoelectric
film. The piezoelectric thin-film material includes aluminum
nitride and zinc oxide; the polymer piezoelectric film
includes for example polyvinylidene fluoride (PVDF) film.
The second piezoelectric material may be the piezoelectric
material including quartz, tourmaline, Rochelle salt, tantalate
(such as lithium tantalate), niobate (such as lithium niobate,
tantalum niobate, strontium barium niobate and strontium
niobate), or titanate (such as barium lead titanate, lead titan-
ate, barium titanate, lead zirconate titanate). The oscillating
material 202 may be distributed into the first piezoelectric
material by doping, casting, blending, or above-mentioned
epitaxy growing method, and generates a in-phase or a out-
of-phase oscillation relative to that of the first piezoelectric
material, to generate the second waveform in the first wave-
form and form an ultrasound with complex waveform.

[0065] Referring to FIG. 3, FIG. 3is a schematic diagram of
an ultrasonic generating device according to various embodi-
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ments of the present disclosure. In various embodiments of
the present disclosure, a first waveform generating element is
an ultrasonic generating material 300. In various embodi-
ments of the present disclosure, the ultrasonic generating
material 300 is a first piezoelectric material, which can trans-
fer electric energy to a material oscillation so as to emit an
ultrasound. In various embodiments of the present disclosure,
the first piezoelectric material is a piezoelectric thin-film
material or a polymer piezoelectric film. The piezoelectric
thin-film material includes aluminum nitride and zinc oxide;
the polymer piezoelectric film includes for example polyvi-
nylidene fluoride (PVDF) film. The first piezoelectric mate-
rial may be a piezoelectric material including quartz, tourma-
line, Rochelle salt, tantalate (such as lithium tantalate),
niobate (such as lithium niobate, tantalum niobate, strontium
barium niobate and strontium niobate), or titanate (such as
barium lead titanate, lead titanate, barium titanate, lead zir-
conate titanate). In various embodiments of the present dis-
closure, the second waveform generating element is an oscil-
lating material 302. The oscillating material 302 may be a
phononic crystal, a semiconductor material, or a second
piezoelectric material, wherein the frequency of the wave-
form generated by the second piezoelectric material is higher
than that of the first piezoelectric material. The semiconduc-
tor material includes gallium nitride, Indium gallium nitride,
silicon carbide and so on. In various embodiments of the
present disclosure, the second piezoelectric material is a
piezoelectric thin-film material or a polymer piezoelectric
film. The piezoelectric thin-film material includes aluminum
nitride and zinc oxide; the polymer piezoelectric film
includes for example polyvinylidene fluoride (PVDF) film.
The second piezoelectric material may be piezoelectric mate-
rial including quartz, tourmaline, Rochelle salt, tantalate
(such as lithium tantalate), niobate (such as lithium niobate,
tantalum niobate, strontium barium niobate and strontium
niobate), or titanate (such as barium lead titanate, lead titan-
ate, barium titanate, lead zirconate titanate). The ultrasonic
generating material 300 and the oscillating material 302 are
coupled by a coupling agent 304. The oscillating material 302
connects with a support 306, which is for handhold. Support
306 further connects to a wire 308 to connect electricity and
makes the ultrasonic generating material 300 and the oscil-
lating material 302 oscillate to emit an ultrasound with com-
plex waveform. In various embodiments of the present dis-
closure, the ultrasonic generating device further includes
another wire 310, which provides a different voltage and let
the oscillating material 302 oscillate with different frequency.
In various embodiments of the present disclosure, the ultra-
sonic generating device includes a laser, which is used to
excite the oscillating material 302 for emitting high-fre-
quency ultrasound. The high-frequency ultrasound generated
by the oscillating material 302 can superpose with the first
waveform generated by the ultrasonic generating material to
form the second waveform in the first waveform and forms
the ultrasound with complex waveform.

[0066] Referringto FIG. 4, FIG. 4is a schematic diagram of
an ultrasonic generating device according to various embodi-
ments of the present disclosure. In various embodiments of
the present disclosure, the first waveform generating element
is an ultrasonic generating material 400. In various embodi-
ments of the present disclosure, the ultrasonic generating
material is the first piezoelectric material, which can transfer
electric energy to material oscillation so as to emit an ultra-
sound. The first piezoelectric material may be the above-
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mentioned piezoelectric material such as tantalum niobate
etc. In various embodiments of the present disclosure, the
oscillating material 402 is a phononic crystal with multilayer
structure. The phononic crystal may be a one dimensional,
two dimensional, or three dimensional phononic crystal, and
has a periodic lattice structure. In the field of solid-state
electronics, a semiconductor which is confined in all three
spatial dimensions is called quantum dots. Quantum dots
have electron behavior similar to an artificial atom. There-
fore, arranging the phononic crystal in a specific lattice ori-
entation, designing the dimension, symmetry, arrangement,
distribution, and concentration of the phononic crystal, then
connecting the phononic crystal with part of the ultrasonic
generating material 400 makes part of ultrasound passing
through the phononic crystal having a different high-fre-
quency oscillation, and forms the second waveform in the first
waveform. In various embodiments of the present disclosure,
ultrasonic generating material 400 connects with the support
404, which is forhandheld. Support 404 further connects with
the wire 406. When the wire connects to electricity, the ultra-
sonic generating material 400 and the oscillating material 402
may generate coupled oscillation and emit the ultrasound
with complex waveform. The ultrasonic generating material
400 may emit the first waveform when is electrified. A second
waveform may be formed in the first waveform after part of
the first waveform passing through the phononic crystal in
front of the ultrasonic generating material 400. The frequency
of the second waveform is higher than that of the first wave-
form, and the second waveform may couple with the first
waveform to form the ultrasound with complex waveform.

[0067] Referring to FIGS. 5-7, FIGS. 5-7 are schematic
diagrams of ultrasounds with complex waveforms according
to various embodiments shown in FIGS. 8-11 of the present
disclosure. In FIGS. 5-7, the second waveform is formed by
canceling or eliminating part of the first waveform. FIG. 5 is
a schematic diagram of an ultrasound with complex wave-
form according to various embodiments of the present dis-
closure. An ultrasound with complex waveform 500 includes
a first waveform 502, and a second waveform 504, In various
embodiments of the present disclosure, the first waveform is
a sinusoidal wave. The first waveform is a low frequency
waveform, and the frequency of the first waveform is in a
range from about 15 MHz to about 150 kHz. The first wave-
form can penetrate into human body and will not be com-
pletely decayed. The second waveform is a high-frequency
waveform, and the frequency of the second waveform is in a
range from about 15 MHz to about 250 THz.

[0068] Referringto FIG. 6, FIG. 6is a schematic diagram of
an ultrasound with complex waveform according to various
embodiments of the present disclosure. An ultrasound with
complex waveform 600 includes a first waveform 602, and a
second waveform 604. In various embodiments of the present
disclosure, the first waveform is a sinusoidal wave. The first
waveform is a low-frequency waveform, and the frequency of
the first waveform is in a range from about 15 MHz to about
150 kHz. The first waveform can penetrate into human body
and will not be completely decayed. The second waveform is
a high-frequency waveform, and the frequency of the second
waveform is in a range from about 15 MHz to about 250 THz.
The difference between the ultrasounds with complex wave-
forms shown in FIG. 6 and FIG. 5 is that only part of the
amplitude of the first waveform is canceled to form the second
waveform in the first waveform in FIG. 6.
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[0069] Referringto FIG. 7, FIG. 7is a schematic diagram of
an ultrasound with complex waveform according to various
embodiments of the present disclosure. An ultrasound with
complex waveform 700 includes a first waveform 702, and a
second waveform 704. In various embodiments of the present
disclosure, the first waveform is a square wave. The first
waveform is a low-frequency waveform, and the frequency of
the first waveform is in a range from about 15 MHz to about
150 kHz. The first waveform can penetrate into human body
and will not be completely decayed. The second waveform is
a high-frequency waveform, and the frequency of the second
waveform is in a range from about 15 MHz to about 250 THz.
Part of the amplitude in the first waveform has been com-
pletely canceled and forms the second waveform.

[0070] Referringto FIG. 8, FIG. 81is a schematic diagram of
an ultrasonic generating device according to various embodi-
ments of the present disclosure. The ultrasonic generating
device includes a first waveform generating element and a
second waveform generating element, which are used to emit
a first waveform and adjust the first waveform by canceling
part of the first waveform to form a second waveform in the
first waveform for forming an ultrasound with complex wave-
form, separately. Controlling the switch of the second wave-
form generating element can adjust the frequency and period
of the second waveform. In various embodiments of the
present disclosure, the first waveform generating element is a
first ultrasonic transmitter §02. In various embodiments of the
present disclosure, the first ultrasonic transmitter 802 may be
chosen to be a first ultrasonic transmitter which can emit a
first waveform with desired frequency. In various embodi-
ments of the present disclosure, the second waveform gener-
ating element is a periodical waveform regulator. In the illus-
trated embodiment, the periodical waveform regulator is a
filter 806. The filter 806 has functions such as finite impulse
response or comb filter to transfer the signal to the spatial
domain by Fourier transform, operate with a functional filter,
and use an inverse Fourier transform to transfer the signal
back to the frequency domain. The filter 806 uses a frequency
higher then that of the first waveform to filter the first wave-
form emitted by the ultrasonic transmitter 802 periodically,
and forms the second waveform in the first waveform. The
second waveform is superposed with the first waveform to
form the ultrasound with complex waveform. Using filter 806
can filter part of the first waveform periodically, to form the
second waveform in the first waveform, for forming the ultra-
sound with complex waveform §04.

[0071] Referring to FIG. 9, FIG. 9is a schematic diagram of
an ultrasonic generating device according to various embodi-
ments of the present disclosure. In some embodiments, the
first waveform generating element is a first ultrasonic trans-
mitter 902. In various embodiments of the present disclosure,
the second waveform generating element is a periodical
waveform regulator. The periodical waveform regulator is a
function generator 906. The function generator 906 generates
ahigh frequency signal and sends to the first ultrasonic trans-
mitter 902 for superposing the second waveform in the first
waveform which is emitted by the first ultrasonic transmitter
902, to form an ultrasound with complex waveform 904. In
various embodiments of the present disclosure, the function
generator 906 connects to an amplifier 910 which amplifies a
signal and sends the signal to the first ultrasonic transmitter
902. In various embodiments of the present disclosure, the
first ultrasonic transmitter 902 may connect to another func-
tion generator and another amplifier. Another function gen-
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erator may generate a signal with frequency lower than that of
the function generator 906 to adjust the frequency and ampli-
tude of the first waveform generated by the first ultrasonic
transmitter. Therefore, the second waveform of the ultra-
sound with complex waveform 904 can be adjusted by the
function generator 906, and the first waveform of the ultra-
sound with complex waveform 904 can also be adjusted by
another function generator. In various embodiments of the
present disclosure, a function generator which can emit two
different frequencies can be used. The function generator can
connect with two amplifiers which send two different signals
to the first ultrasonic transmitter 902 for forming the ultra-
sound with complex waveform 904.

[0072] Referring to FIG. 10,FIG. 101is a schematic diagram
of an ultrasonic generating device according to various
embodiments of the present disclosure. A first waveform
generating element is a first ultrasonic transmitter 1002. In
various embodiments of the present disclosure, the first ultra-
sonic transmitter 1002 may be chosen to emit a first waveform
with desired frequency. In various embodiments of the
present disclosure, the second waveform generating element
is a periodical waveform regulator. In the illustrated embodi-
ment, the periodical waveform regulator is a high-frequency
switch 1006. The high-frequency switch, which can periodi-
cally turn on and off in high speed by changing the voltage
value, or can control the pulse frequency and the pulse dura-
tion time. The high-frequency switch can also be operated
with a frequency higher than that of the first waveform, there-
fore effects the first ultrasonic transmitter 1002, making por-
tions of the generated first waveform being cut off by the high
frequency switch, wherein the cut off portion in the first
waveform is the second waveform. Therefore using the high-
frequency switch makes the ultrasonic generating device
emitting an ultrasound with complex waveform 1004. The
first waveform is a low-frequency waveform, and the fre-
quency of the first waveform is in a range from about 15 MHz
to about 150 kHz. The first waveform can penetrate into
human body and will not be completely decayed. The second
waveform is a high-frequency waveform, and the frequency
of the second waveform is in a range from about 15 MHz to
about 250 THz.

[0073] Referringto FIG. 11, FIG. 11is a schematic diagram
of an ultrasonic generating device according to various
embodiments of the present disclosure. The first waveform
generating element is a first ultrasonic transmitter 1102. In
various embodiments of the present disclosure, the first ultra-
sonic transmitter may be chosen to emit a first waveform with
desired frequency. In various embodiments of the present
disclosure, the second waveform generating element is a peri-
odical waveform regulator. In the illustrated embodiment, the
periodical waveform regulator is a chopper 1104. The chop-
per 1104 is operated with a frequency higher than that of the
first waveform, making the first waveform 1106 emitted by
the first ultrasonic transmitter 1002 being chopped with the
frequency when it passes through the chopper 1104. The
waveform chopped in the first waveform forms the second
waveform. The first waveform transfers to an ultrasound with
complex waveform 1108 after passing through the chopper.
The ultrasound with complex waveform 1108 includes the
first waveform with low frequency, and there are more than
one high-frequency oscillations (the second waveform) exist-
ing in the first waveform. In various embodiments of the
present disclosure, the ultrasound with complex waveform
1108 has biological medical effects. The high-frequency
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ultrasounds with different frequencies have different biologi-
cal medical effects, such as treating specific cancers, myocat-
dial infarction, or brain diseases.

[0074] Referring to FIG. 12, FIG. 121isaschematic diagram
of an ultrasonic generating device according to various
embodiments of the present disclosure. The first waveform
generating element is a first ultrasonic transmitter 1202. In
various embodiments of the present disclosure, the first ultra-
sonic transmitter 1202 may be chosen to eniit a first waveform
with desired frequency. In various embodiments of the
present disclosure, the second waveform generating element
is a periodical waveform regulator. In the illustrated embodi-
ment, the periodical waveform regulator is a second ultra-
sonic transmitter 1204. The ultrasonic transmitter 1204 is
operated with a frequency higher than that of the first wave-
form. In various embodiments of the present disclosure, the
second ultrasonic transmitter 1204 is a pulsed ultrasonic
transmitter. In various embodiments of the present disclosure,
the first ultrasonic transmitter 1202 emits a first waveform
1206. The second ultrasonic transmitter 1204 emits a pulsed
ultrasound 1208 with frequency higher than that of the first
waveform. When the pathways of the first waveform 1206
and the pulsed ultrasound 1208 partly or totally overlapped,
the pulsed ultrasound 1208 may offset part of the first wave-
form 1206 due to the wave superposition in the overlapping
area. The offseted part of the first waveform is the second
waveform, the first and second waveforms form the ultra-
sound with complex waveform 1210. The ultrasound with
complex waveform 1210 can penetrate to the object 1212.
The formed waveform of the ultrasound with complex wave-
form can refer to FIGS. 5-7.

[0075] Referring to FIG. 13, FIG. 13 is a schematic diagram
of an ultrasonic waveform according to various embodiments
of the present disclosure. The figure shows that the low fre-
quency part may be deducted from the complex waveform
1302 after superposing with a phase-oppositing first wave-
form 1304, which is out-of-phase relative to the low-fre-
quency first waveform, and left a high-frequency second
waveform 1306. In various embodiments of the present dis-
closure, the superposing method can be used to send the
high-frequency ultrasonic to the object. The overlapping
region of the waveforms 1302 and 1304 will not be affected
by the low-frequency waveform, and the method can decrease
the side-effects to the tissues in the ultrasonic pathway for
using low-frequency ultrasound for a long time, such as the
effect of shear force and cavitation effect made by the ultra-
sound. The first waveform is a low-frequency waveform, and
the frequency of the first waveform is in a range from about 15
MHz to about 150kHz. The first waveform can penetrate into
human body and will not decay completely. The second
waveform is a high-frequency waveform, and the frequency
of the second waveform is in a range from about 15 MHz to
about 250 THz.

[0076] Referring FIG. 14, FIG. 14 is a schematic diagram
of an ultrasonic generating device according to various
embodiments of the present disclosure. The figure shows the
ultrasonic generating device 1402 may further be used with a
phase-oppositing ultrasonic transmitter 1404. The ultrasonic
generating device 1402 emits an ultrasound with complex
waveform 1406. The ultrasonic transmitter 1404 emits a
phase-oppositing first waveform 1408. The pathways of the
two waveforms are partially or totally overlapped to form an
overlapping area, and the object 1412 is inside the overlap-
ping area. In the overlapping area, the phase-oppositing first
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waveform 1408 superposes with the ultrasound with complex
waveform 1406, and cancels the first waveform in the ultra-
sound with complex waveform 1406, therefore only the sec-
ond waveform 1410 is left and sent into the object 1412. The
device can send the second waveform, which is a high-fre-
quency ultrasound, into human body, and solves the problem
that the penetrating depth of the high-frequency ultrasound is
not enough. Besides, combining the phase-oppositing ultra-
sound with the ultrasonic generating device can cancel the
first low-frequency waveform, preventing the low-frequency
ultrasound to harm the object. In various embodiments of the
present disclosure, the high-frequency ultrasound with differ-
ent frequencies has different biological medical effects, such
as treating specific cancers, myocardial infarction, or brain
diseases.

[0077] Referringto FIG. 15, FIG. 15isa schematic diagram
of an ultrasonic imaging device according to various embodi-
ments of the present disclosure. An ultrasonic imaging device
includes an ultrasonic array transmitter 1502 and an ultra-
sonic array receiver 1504. The ultrasonic array transmitter
includes a plurality of ultrasonic generating devices 1506,
and the ultrasonic generating devices 1506 may emit a plu-
rality of ultrasounds with complex waveforms 1510. The
ultrasonic generating device 1506 includes a first waveform
generating element emitting a first waveform, and a second
waveform generating element periodically adjusting the first
waveform with at least one frequency higher than that of the
first waveform to form a second waveform in the first wave-
form, and the two waveforms are superposed to form the
ultrasound with complex waveform. Wherein the frequency
of the second waveform is in a range from about 15 MHz to
about 250 THz, and the frequency of the first waveform is in
arange from about 15 MHz to about 150 kHz. The details of
the ultrasonic generating device may refer to embodiments in
FIGS.2-4 and FIGS. 8-12. The ultrasonic array receiver 1504
includes a plurality of ultrasonic receiving devices 1508 to
receive the ultrasound with complex waveform 1510 reflect-
ing form an object 1512 to be imaged. As shown in the figure,
the ultrasonic array transmitter 1502 emit ultrasounds with
complex waveforms 1510 with the same frequency. The ultra-
sounds with complex waveforms 1510 reflect at the surface
with different depth of the object 1512. And the ultrasonic
array receiver 1504 receives the ultrasounds with complex
waveforms 1510 reflected by the object 1512 for ultrasonic
imaging. The embodiments use the ultrasound with complex
waveforms, wherein the first waveform has penetrating abil-
ity, which can penetrate into human body and carry the sec-
ond waveform to the object, then reflect out of human body;
and the second waveform is a high-frequency ultrasound,
which provides a higher resolution in real time, also enhance
the effect of imaging. In various embodiments of the present
disclosure, the received ultrasounds with complex waveforms
may be treated with numerical analysis and calculating with
spatial filtering for high and low frequency to filter the wave
with specific frequency, and enhance the resolution of the
topical area. In various embodiments of the present disclo-
sure, the ultrasonic generating device 1506 and the ultrasonic
receiving device 1508 may integrate in one array. In various
embodiments of the present disclosure, every ultrasound with
complex waveform emitted by the ultrasonic generating
device includes a low-frequency first waveform, and at least
one high-frequency second waveform in the first waveform.
In operating, the ultrasound with complex waveform which is
emitted by the ultrasonic array transmitter is reflected by the
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object in different depths, and the reflected waveforms are
received at different time intervals by the ultrasonic array
receiver.

[0078] Referringto FIG. 16,FIG.161sa schematic diagram
of an ultrasonic imaging device according to various embodi-
ments of the present disclosure. As shown in the figure, the
ultrasonic imaging device includes an ultrasonic array trans-
mitter 1602 and an ultrasonic array receiver 1604. The ultra-
sonic array transmitter includes a plurality of ultrasonic gen-
erating devices 1606, and the ultrasonic generating devices
1606 may emit a plurality of ultrasounds with complex wave-
forms 1610. The ultrasounds with complex waveforms 1610
are reflected by the object 1612 and received by the ultrasonic
array receiver 1604. The ultrasonic array receiver 1604
includes a plurality of ultrasonic receiving devices 1608. In
various embodiments of the present disclosure, the different
ultrasonic generating devices 1606 emit ultrasounds with
complex waveforms 1610 having different frequencies and
amplitudes. The ultrasounds with complex waveforms 1610
with different frequencies may be reflected at the object 1612
with different depths and be received by the ultrasonic array
receiver 1604. The ultrasonic imaging device using complex
waveforms with different frequencies, waveforms and inten-
sities may be applied in 3D or 4D real-time imaging. The
intensity gradient of the ultrasound with complex waveform
can be used to detect the tissue in different depths and differ-
ent reflecting surfaces for the object. Besides, the high-fre-
quency second waveform in the ultrasound with complex
waveform can enhance the resolution for the imaging. In
various embodiments of the present disclosure, a software
calculation can be used with the ultrasonic imaging device,
and filters out the unwanted frequency in other regions to
enhance the signal strength in the topical area, and enhance
the resolution of the ultrasounds. In various embodiments of
the present disclosure, the ultrasonic generating device 1606
and the ultrasonic receiving device 1608 can be integrated in
one array. In various embodiments of the present disclosure,
every ultrasonic generating device emits the ultrasounds with
complex waveforms with different intensities, frequencies
and amplitudes. Every ultrasounds with complex waveforms
emitted by the ultrasonic generating device includes a low-
frequency first waveform, and at least one high-frequency
second waveform in the first waveform. In operation, the
ultrasounds with complex waveforms which are emitted by
the ultrasonic array transmitter in the same time are reflected
by the object in different depths, and are received at the same
time by the ultrasonic array receiver. The received ultrasonic
signals can be calculated and analyzed for forming the ultra-
sonic image. The technique of the present disclosure may
apply for 3D or 4D real-time imaging, and can largely
enhance the resolution of the 3D or 4D real time imaging.

[0079] Invarious embodiments of the present disclosure, a
method for generating an ultrasound with complex waveform
is provided, including following operations. A first waveform
is formed. And a second waveform is formed in the first
waveform, and the two waveforms are superposed to form the
ultrasound with complex waveform. Wherein the frequency
of the second waveform is in a range from about 15 MHz to
about 250 THz, and the frequency of the first waveform is in
arange from about 15 MHz to about 150 kHz. The ultrasound
with complex waveform may refer to the schematic diagrams
for FIGS. 1, 5, 6 and 7. The first waveform and the second
waveform may be generated by the same device, or may be
generated by a plurality of devices, separately. In various
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embodiments of the present disclosure, the operation of form-
ing the first waveform includes using an ultrasonic transmitter
or an ultrasonic generating material emitting a first wave-
form. In various embodiments of the present disclosure, the
operation of forming a second waveform in the first waveform
includes using a femtosecond laser to excite a second wave-
form generating element to emit the second waveform. The
ultrasound with complex waveform may apply in ultrasonic
imaging and medical application having biological effects.
And the ultrasound with complex waveform has the penetrat-
ing ability of the low-frequency ultrasound, and the high
resolution and the biological medical effects of the high-
frequency ultrasound. The biological medical effects include
applications such as controlling the ion channel, nanolization
the protein precipitate and stem cells renewal.

[0080] In various embodiments of the present disclosure,
the operation of forming a second waveform in the first wave-
form includes using a second waveform generating element
to adjust the first waveform periodically. Including the opera-
tion of using the second waveform generating element to
periodically cancel, turn off, or regulate the first waveform. In
various embodiments of the present disclosure, the operation
of using the second waveform generating element to periodi-
cally regulate the first waveform includes doping, casting,
blending, or epitaxy growing the second waveform generat-
ing element in the first waveform generating element. The
first waveform generating element is an ultrasonic generating
material, and the second waveform generating element is an
oscillating material. The concrete embodiments may refer to
the embodiments shown in FIGS. 2-4. In the embodiments,
the ultrasonic generating material is a first piezoelectric mate-
rial, the oscillating material is a phononic crystal, a semicon-
ductor material, or a second piezoelectric material, wherein
the frequency ofthe waveform generated by the second piezo-
electric material is higher than that of the first piezoelectric
material. The oscillating material may be doped, casted,
blended, epitaxy grown, or coupled into the ultrasonic gen-
erating material. When the first waveform 1s generated by
connecting with the electricity, the oscillating material may
also be operated in the same time to form the second wave-
form in the first waveform, and generates the ultrasound with
complex waveform.

[0081] In various embodiments of the present disclosure,
the second waveform generating element may be used to
periodically turn off the first waveform, and forms the second
waveform in the first waveform. The first waveform generat-
ing element is an ultrasonic transmitter, and the second wave-
form generating element is a high frequency switch. The
embodiments may refer to FIG. 10.

[0082] In various embodiments of the present disclosure,
the second waveform generating element emits a pulsed ultra-
sound periodically to cancel part of the first waveform, and
forms the second waveform in the first waveform. In the
embodiments, the second waveform generating element is a
pulsed ultrasonic transmitter, which may refer to the embodi-
ments in FIG. 12. In various embodiments of the present
disclosure, such as embodiments in FIGS. 8, 9 and 11, the
second waveform generating element is a chopper, filter,
function generator or combinations thereof. The second
waveform generating element may cancel part of the first
waveform periodically. For example, changing the input sig-
nals or segmenting part of the waveforms may also have the
effect like the embodiments. The above-mentioned embodi-
ments is not used to limit the present disclosure. Other meth-
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ods using two ultrasounds with different frequencies to form
an ultrasound with complex waveform having the high-fre-
quency waveform in the low-frequency waveform are also
protected by the present disclosure.

[0083] In various embodiments of the present disclosure,
the ultrasonic generating device is provided. The ultrasonic
generating device may emit the ultrasound with complex
waveform. The ultrasound with complex waveform includes
the first waveform and at least one second waveform coupled
or in the first waveform. The frequency of the first waveform
is in a range from about 15 MHz to about 150 kHz. The
frequency of the second waveform is in arange from about 15
MHz to about 250 THz. The ultrasound with complex wave-
form therefore has penetrating ability of the low-frequency
ultrasound which can penetrate into the object, and carrying
the second waveform coupled in the first waveform to the
object. Because the high-frequency ultrasound with different
waveforms and frequencies may have different medical
effects, the method of carrying a high-frequency waveform in
the low-frequency waveform may be applied in a non-inva-
sive medical treatment. The medical treatment has biological
effects such as eliminating tumor chronically in the specific
part of the body, enhancing the activity of the proteolytic
enzyme, assisting protein refolding correctly. In various
embodiments of the present disclosure, the ultrasonic imag-
ing device is provided, which includes the ultrasonic array
transmitter and the ultrasonic array receiver. The ultrasonic
array transmitter includes a plurality of the ultrasonic gener-
ating devices emitting a plurality of the ultrasounds with
complex waveforms. The ultrasound with complex waveform
is coupled with the high-frequency ultrasound and the low-
frequency ultrasound. Therefore, the ultrasounds with com-
plex waveform conserves the penetrating ability of the low-
frequency ultrasound which can penetrate into the human
body, and has short-wavelength advantage of the high-fre-
quency ultrasound which may enhance the resolution of the
ultrasonic imaging device. And the ultrasonic imaging device
may apply in an ultrasonic operation using ultrasound to
assist orientation and a 3D or 4D real-time imaging.

[0084] Although the present invention has been described
in considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the spirit
and scope of the appended claims should not be limited to the
description of the embodiments contained herein.

[0085] Tt will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the present invention without departing from the scope
or spirit of the invention. In view of the foregoing, it is
intended that the present invention cover modifications and
variations of this invention provided they fall within the scope
of the following claims.

What is claimed is:

1. An ultrasonic generating device for generating an ultra-
sound with complex waveform comprising:

a first waveform generating element emitting a first wave-
form; and

a second waveform generating element periodically
adjusting the first waveform with at least one frequency
higher than that of the first waveform to form a second
waveform in the first waveform, and the two waveforms
are superposed to form the ultrasound with complex
waveform,
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wherein a frequency of the second waveform is in a range
from about 15 MHz to about 250 THz, and a frequency
of the first waveform is in a range from about 15 MHz to
about 150 kHz.

2. The ultrasonic generating device of claim 1, wherein the
first and the second waveforms are selected from a group
consisting of the following waveforms: a square wave, a
sinusoidal wave, a triangular wave, a pulse wave and combi-
nations thereof.

3. The ultrasonic generating device of claim 2, wherein the
first waveform generating element is an ultrasonic generating
material.

4. The ultrasonic generating device of claim 3, wherein the
second waveform generating element is an oscillating mate-
rial, and the oscillating material is distributed into the ultra-
sonic generating material or coupled to the ultrasonic gener-
ating material.

5. The ultrasonic generating device of claim 4, wherein the
ultrasonic generating material is a first piezoelectric material.

6. The ultrasonic generating device of claim 5, wherein the
first piezoelectric material is selected from a group consisting
of quartz, tourmaline, Rochelle salt, tantalate, niobate, titan-
ate and combinations thereof.

7. The ultrasonic generating device of claim 5, wherein the
first piezoelectric material is a piezoelectric thin-film material
or a polymer piezoelectric film.

8. The ultrasonic generating device of claim 7, wherein the
piezoelectric thin-film material is selected from a group con-
sisting of aluminum nitride, zinc oxide, polyvinylidene fluo-
ride (PVDF) and combinations thereof.

9. The ultrasonic generating device of claim 4, wherein the
oscillating material is a phononic crystal, a semiconductor
material, or a second piezoelectric material, wherein a fre-
quency of a waveform generated by the second piezoelectric
material is larger than that of a waveform generated by the
first piezoelectric material.

10. The ultrasonic generating device of claim 9, wherein
the second piezoelectric material is a piezoelectric thin-film
material or a polymer piezoelectric film.

11. The ultrasonic generating device of claim 10, wherein
the piezoelectric thin-film material is selected from a group
consisting of aluminum nitride, zinc oxide, polyvinylidene
fluoride (PVDF) and combinations thereof.

12. The ultrasonic generating device of claim 9, wherein
the second piezoelectric material is selected from a group
consisting of quartz, tourmaline, Rochelle salt, tantalite, nio-
bate, titanate and combinations thereof.

13. The ultrasonic generating device of claim 9, wherein
the semiconductor material is selected from a group consist-
ing of gallium nitride, Indium gallium nitride, silicon carbide
and combinations thereof.
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14. The ultrasonic generating device of claim 4, further
comprising a phase-oppositing ultrasonic transmitter emit-
ting a phase-oppositing ultrasound which is out-of-phase
relative to that of the first waveform, and a pathway of the
phase-oppositing ultrasound overlaps partially or totally with
that of the ultrasound with complex waveform.

15. The ultrasonic generating device of claim 1, wherein
the first waveform generating element is a first ultrasonic
transmitter.

16. The ultrasonic generating device of claim 15, wherein
the second waveform generating element is a periodical
waveform regulator, and the periodical waveform regulator
connects with the first ultrasonic transmitter.

17. The ultrasonic generating device of claim 16, wherein
the periodical waveform regulator is selected from a group
consisting of a second ultrasonic transmitter, a filter, a func-
tion generator, a high-frequency switch, a chopper and com-
binations thereof.

18. The ultrasonic generating device of claim 17, wherein
the second ultrasonic transmitter is a pulsed ultrasonic trans-
mitter.

19. The ultrasonic generating device of claim 16, further
comprising a phase-oppositing ultrasonic transmitter emit-
ting a phase-oppositing ultrasound which is out-of-phase
relative to that of the first waveform, and a pathway of the
phase-oppositing ultrasound overlaps partially or totally with
that of the ultrasound with complex waveform.

20. An ultrasonic imaging device comprising:

an ultrasonic array transmitter comprising a plurality of
ultrasonic generating devices, the ultrasonic generating
device comprising;
a first waveform generating element emitting a first
waveform; and

a second waveform generating element periodically
adjusting the first waveform with at least one fre-
quency higher than that of the first waveform to form
a second waveform in the first waveform, and the two
waveforms are superposed to form an ultrasound with
complex waveform,

wherein a frequency of the second waveform is in a
range from about 15 MHz to about 250 THz, and a
frequency of the first waveform is in a range from
about 15 MHz to about 150 kHz; and

an ultrasonic array receiver comprising a plurality of ultra-
sonic receiving devices to receive the ultrasound with
complex waveform reflecting from an area to be imaged.
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