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Description
Technical Field of the Invention

[0001] The presentinvention belongs to the field of ul-
trasonic therapy technology, and particularly relates to
an ultrasonic transducer.

Background of the Invention

[0002] When ultrasound is used to treat diseases, ow-
ing to the great loss of ultrasonic energy on the transmis-
sion path, the ultrasonic intensity focused at a nidus is
too low to achieve required clinical therapeutic effect.
Therefore, for an ultrasonic treatment apparatus, the
tough technical difficulties required to be solved currently
are how to reduce severe attenuation of ultrasound on
transmission paths as much as possible and how to en-
hance ultrasonic intensity at treated parts.

[0003] In the prior art, a manner for solving the above
technical problem is usually obtained by the design of an
ultrasonic transducer. For an existing ultrasonic trans-
ducer, the size and intensity of the ultrasonic energy fo-
cusing area are usually relevant to the emitting area and
work frequency of the ultrasonic transducer. The larger
the emitting area is, the more the ultrasonic energy fo-
cused on the area is; and the higher the work frequency
ofthe ultrasonictransducer s, the shorter the wavelength
of the emitted ultrasonic waves is, thus reducing the fo-
cusing area and increasing the ultrasonic intensity.
[0004] In order to increase the emitting area of the ul-
trasonic transducer, an ultrasonic transducer is disclosed
in US2006/0058678A1, in which ultrasonic sources are
fixed on an annular supporting body to increase the emit-
ting area of ultrasonic waves. In order to avoid mutual
influence of the ultrasonic sources, the following techni-
cal solution is adopted in the design: the ring surface
opposite to each ultrasonic source is configured as a
notch, therefore, the ultrasonic transducer obtains en-
hanced focusing gain relative to atransducer with asingle
ultrasonic source. However, since the notch is provided
on the ring surface opposite to the ultrasonic source of
the ultrasonic transducer, the effective emitting area of
the ultrasonic source on the ring surface is reduced, the
notch may cause dispersion of the ultrasonic energy, and
the energy of the focusing area of such ultrasound ther-
apeutic applicator serving as an annular integral body is
reduced, which is disadvantageous for the enhancement
of focusing ability of the ultrasonic transducer. Mean-
while, the technical solution just enlarges the emitting
area of the ultrasonic transducer to have a superposition
of energy at the focus. When the frequency is relatively
low, since the wavelength is relatively long, the focusing
ability of the ultrasonic waves is poor and the focusing
area is relatively large, thus the ultrasonic intensity of the
focusing area is so weak that coagulation necrosis of an
target area cannot be formed rapidly and effectively dur-
ing the ultrasonic therapy. In the ultrasonic therapy of
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deep tissues of a human body or the like, ultrasonic
waves need to pass through human skin, bone tissues,
air containing tissues, nerve tissues and the like before
reaching a focusing position. If a relatively high frequency
is adopted for work, the ultrasound has poor penetrability
in tissues, and the above tissues have functions such as
absorbing the transmitted ultrasonic waves, which caus-
es reduction and dispersion of energy in the focusing
area; and the temperature of tissues will rise after the
tissues absorb the ultrasonic waves. When the emitting
power of the ultrasonic transducer is very large, the tem-
perature rise of the tissues may cause accidental injuries
thereof. Additionally, human tissues have a very big non-
linear effect on the ultrasonic waves, so, if the ultrasonic
waves with high intensity are transmitted in human tis-
sues, a large part of the ultrasonic waves will be trans-
formed into higher harmonics of the ultrasonic waves and
absorbed by the tissues. At that time, if the ultrasonic
emitting power of the ultrasonic transducer is continu-
ously increased, a bigger nonlinear effect will be pro-
duced, owing to which the increased ultrasonic energy
cannot be effectively transmitted to the expected focus-
ing area, and an acoustic saturation phenomenon oc-
curs, thereby affecting the focusing of the ultrasonic
waves.

[0005] It can be seen that the above technical problem
cannot be effectively solved in the prior art by simply en-
larging the emitting area of an ultrasonic transducer and
performing superposition of energy.

[0006] Actually, the emission and reflection on the op-
posite surface of the ultrasonicsource can be used to
enhance focusing gain. For instance, Chinese patent
(Publication No.: CN 101140354A) applied for previously
by the present applicant discloses a resonant ultrasonic
transducer with a resonant cavity comprising an ultra-
sonic transducer and an ultrasonic reflecting unit which
are opposite to each other. Since the ultrasonic reflecting
unit is equivalent to an ultrasonic transducer, the reso-
nant cavity is practically formed by two symmetrically dis-
posed ultrasonic transducers. Through resonance of the
ultrasonic waves in the resonant cavity, the length of the
focusing area of the ultrasonic waves in the direction of
the acoustic axis is shorter than that in the case of simply
using a single ultrasonic transducer (if two ultrasonic
waves with the same frequency come face to face, there
will be interference in the area where they meet; when
the interference appears, they have the same phase at
the central point and have different phases at other
points, therefore, the superposition of the two ultrasonic
waves will cause distribution away from the center to be
weak and the ultrasonic focusing area to shorten), so that
the energy is more concentrated and the focusing gain
is greatly enhanced. The work mode of the resonant ul-
trasonic transducer can bring a larger gain to the focusing
area of the transducer without increasing the emitting
area of the transducer.

[0007] Nevertheless, the ultrasonic transducer with
such structure has many disadvantages: firstly, the res-
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onant cavity formed by the two transducersis not a sealed
annular sphere surface and cannot achieve effective
acousticresonance, and a part of energy may still escape
from the opening portion between the two transducers
provided opposite to each other, and therefore the ultra-
sonic energy emitted by the transducers cannot be used
sufficiently; secondly, since the two transducers are pro-
vided opposite to each other, there is no fixed connection
therebeween, which may easily result in the deviation of
the two transducers from the resonance condition, so, it
should be guaranteed that the ultrasonic path in which
the two transducers emit the ultrasonic waves will not be
interrupted by other factors, otherwise the desired reso-
nant cavity between the two transducers provided oppo-
site to each other may not be formed, and enough gain
cannot be produced in the focusing area, or other focus-
ing areas may be formed to damage other normaltissues;
thirdly, the length of the focusing area is compressed
only in the direction of the acoustic axis of the resonant
cavity, and the lengths of the focusing areas in other di-
rections deviated from the direction of the acoustic axis
of the resonant cavity are not compressed, that is to say,
the formed focusing area is compressed in its length only
in the direction of the acoustic axis of the ultrasonic
waves, and the volume of the focusing area is not re-
duced sufficiently; fourthly, the size of the focusing area
of the ultrasonic transducer is still affected by frequency,
and the ultrasound has poor tissue penetrability under a
work condition of low frequency, so that the technical
problem of a great loss of energy on the transmission
path cannot be solved; fifthly, the emitting area of the
ultrasonic transducer is not large enough.

[0008] Patent application FR 2 923 612 A1 discloses
a device for the insonification of an environment or me-
dium, which is designed to generate a beam of focussed
waves around a point in a so-called focus zone, used for
imaging the medium or changing the properties of the
medium, with the insonification device having an intrinsic
or extrinsic support structure on which is installed a net-
work of a predetermined ultrasound transducers that are
designed to be controlled independently for generation
of the focussed wave beam.

[0009] Patent application US 2009/0230822 A1 dis-
closes a transducer array for lysing an adipose tissue,
the transducer array comprising atleast one unitary piece
of piezoelectric material having firstand second opposing
surface; and the one or more conductive layers on each
of said first and second opposing surfaces, wherein at
least one of said one or more conductive layers compris-
es a plurality of electrode elements.

[0010] Patent application US 2005/0187494 A1 dis-
closes a focus ultrasonic wave source including an ultra-
sonic wave emitting componentfor emitting the ultrasonic
wave and a a focusing component for focusing the emit-
ted ultrasonic wave, wherein the emitted ultrasonic wave
is transmitted to a focal point in a manner similar to a
spherical wave after it is focused by said focusing com-
ponent.
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Summary of the Invention

[0011] The technical problem to be solved by the
present invention is to, in view of the above deficiencies
existing in the prior art, provide an ultrasonic transducer
having a large ultrasonic emitting area, and focusing abil-
ity of ultrasonic waves that is hardly affected by the work
frequency of an ultrasonic source.

[0012] The technical solution for solving the technical
problem of the present invention is that the ultrasonic
transducer includes one or a plurality of ultrasonic emit-
ting units. The wavefronts of the ultrasonic waves emitted
by the one or the plurality of ultrasonic emitting units are
sphere surfaces with uniform radius, and the one or the
plurality of ultrasonic emitting units have a function of
reflecting ultrasound. The one ultrasonic emitting unit is
configured to form a spherical resonant cavity, or the plu-
rality of ultrasonic emitting units are configured to form a
spherical resonant cavity collectively. An internal cavity
of the spherical resonant cavity has a spherical shell
shape or a cross-sectional spherical shell shape with a
spherical center therein. The ultrasonic waves emitted
by the one or the plurality of ultrasonic emitting units are
focused on an area in which the spherical center of the
spherical resonant cavity is located.

[0013] In the present invention, the internal cavity of
the spherical resonant cavity formed by the ultrasonic
emitting units has a spherical shell shape or a cross-
sectional spherical shell shape with a spherical center
therein, and the cavity surface of the whole spherical res-
onant cavity serves as an emitting surface and a reflect-
ing surface of the ultrasonic waves, so that the effective
ultrasonic emitting area is increased, and the number of
times of reflection is increased. Meanwhile, after the
spherical waves on the wavefront of each ultrasonic emit-
ting unit are reflected back along the opposite direction
of initial emitting paths, the reflected ultrasonic waves
and the emitted ultrasonic waves, which have the same
frequency, produce a resonance in the spherical reso-
nant cavity. The two ultrasonic waves arrive at the spher-
ical center at the same time, so that a plurality of reso-
nance points are produced in the whole spherical reso-
nant cavity. When the medium in the spherical resonant
cavity absorbs few ultrasonic waves (a medium usually
absorbs few ultrasonic waves when the ultrasonic waves
have a relatively low frequency) and the ultrasonic emit-
ting units have a favorable reflection of ultrasound, the
ultrasonic waves emitted by the ultrasonic emitting units
can be reflected for multiple times in the spherical reso-
nant cavity, so that the ultrasonic waves can produce a
plurality of times of resonance in the spherical resonant
cavity. Since the spherical center of the spherical reso-
nant cavity is also a resonance point, the ultrasonic
waves emitted from the cavity surface of the spherical
resonant cavity and the ultrasonic waves reflected by its
opposite surface form a resonance-enhanced focusing
area at the spherical center, thus enhancing the intensity
of the ultrasonic waves at the spherical center and greatly
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improving the utilization rate of the ultrasonic waves.
Moreover, when the ultrasonic energy emitted by the one
or the plurality of ultrasonic emitting units and the energy
of the reflected ultrasonic waves are centralized at the
spherical center which undergoes a plurality of times of
resonance enhancing, the energy increases several
times, thereby enhancing the resonance at the spherical
center and the energy of the focusing area. However, the
resonance enhancing points, which are not positioned at
the spherical center, undergo limited times of resonance,
so that the ultrasonic energy of the positions in the spher-
ical resonant cavity other than the spherical center is
quite low compared with the ultrasonic energy at the
spherical center. Thus, when a treated part is at the
spherical center, the damage to other parts requiring no
treatment can be effectively avoided.

[0014] Ifan existing conventional ultrasonic transducer
is used to directly focus for treating a human body, sup-
pose the sound pressure at the focus is P, and the sound
intensity is |; also, the ultrasonic transducer of the present
invention is used to treat a human body, suppose the
frequency of the ultrasonic waves emitted by the ultra-
sonic emitting units is the same as the frequency when
using the conventional ultrasonic transducer to perform
treatment, and suppose the attenuation of the ultrasonic
transducer in the presentinvention to ultrasound is about
10%. After first reflection, the sound pressure of the ul-
trasonic waves is attenuated to about 0.9 times the initial
one, i.e. the sound pressure is attenuated to 0.9P, and
the sound pressure is attenuated to 0.81 times the initial
one after two times of attenuation (suppose there are
only two times of reflection, and the practical times of
reflection is far more than two), i.e. the sound pressure
is attenuated to 0.81P. At that time, the sound pressure
after superposition at the spherical center is
P+0.9P+0.81P = 2.71P. Since the emission and reflec-
tion of the ultrasonic waves are both performed twice (the
ultrasonic emitting units can emit and reflect ultrasound),
the overall sound pressure at the spherical center is
2X2.71P=5.42P. The sound intensity has a square rela-
tionship with the sound pressure, so the sound intensity
at the spherical center in the focusing area turns into
5.422| = 29.3764l. Therefore, in the event that only two
times of reflection of the ultrasonic waves are calculated,
the energy of the ultrasonic transducer of the present
invention reaches almost 30 times that of the conven-
tional ultrasonic transducer. However, in practical appli-
cation, with increase of the times of reflection and further
reduction of attenuation amount, the focused energy will
be larger. It can be seen that the ultrasonic energy at the
focusing area of the ultrasonic transducer in the present
invention is far larger than that of the existing ultrasonic
transducer.

[0015] The spherical resonant cavity formed by the ul-
trasonic transducer in the present invention has a spher-
ical shell shape or a cross-sectional spherical shell shape
with a spherical center therein. When the internal cavity
of the spherical resonant cavity has a spherical shell
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shape, it is a spherical resonant cavity with a completely
closed sound path (or a sealed sound path), and the ul-
trasonic waves are only transmitted in the resonant cavity
without being dispersed outside the resonant cavity.
When the internal cavity of the spherical resonant cavity
has a cross-sectional spherical shell shape with a spher-
ical centertherein, the expression "with a spherical center
therein" means that the shape of the internal cavity
formed by the spherical resonant cavity has a closed
sound path in the circumferential direction which is per-
pendicular to the central axis and passes through the
spherical center, that is, the curves forming the internal
cavity include circumferential curves passing through the
spherical center, which guarantees that the spherical res-
onant cavity forms a closed sound path (or a sealed
sound path, i.e. a sound field distribution mode having
no sound wave leakage in the circumferential direction,
owing to which no diffraction appears in the circumfer-
ential direction and favorable focusing can be realized)
in the circumferential direction which is perpendicular to
the central axis. Thus, compared with previous ultrasonic
transducers (e.g. Chinese patent CN 101140354A), the
ultrasonictransducerinthe presentinvention can prevent
all or most ultrasonic energy from escaping from the res-
onant cavity.

[0016] Since the ultrasonic energy focusing area of a
focusing ultrasonic transducer is caused by edge diffrac-
tion of the vibration emitting surface of the ultrasonic
transducer, a traditional focusing ultrasonic transducer
may cause dispersion of the ultrasonic energy focusing
area owing to the edge effect of the ultrasonic emitting
surface, and with reduction of the work frequency of the
ultrasonic transducer, the edge effect will have more in-
fluences, thereby weakening ultrasonic focusing ability
(i.e. enlarging focusing area). Therefore, when perform-
ing ultrasonic therapy, in order to form coagulation necro-
sis at a treated part, a common ultrasonic transducer
needs to be operated with relatively high work frequency
usually ranging from 0.8 MHZ to 10 MHZ. However, in
the spherical resonant cavity formed by the ultrasonic
transducer in the present invention, since it has a closed
sound path in one or more directions of ultrasonic prop-
agation, no diffraction will be produced in the circumfer-
ential direction of the focusing area, and thus reduction
of ultrasonic focusing ability caused by reduction of ul-
trasonic frequency will not appear. Therefore, the size of
the focusing area in the present invention is hardly af-
fected by the emitting frequency of the ultrasonic trans-
ducer (certainly, for an ultrasonic transducer whose in-
ternal cavity of the spherical resonant cavity has a cross-
sectional spherical shell shape with a spherical center
therein, it is only guaranteed that the ultrasonic focusing
area is compressed in the circumference which passes
through the spherical center and is perpendicular to the
acoustic axis, i.e. the focusing area is only compressed
in all directions of the sound propagating plane, so that
certain edge diffraction exists along the direction of the
central axis). Therefore, the lower limit range value of the



7 EP 2 524 651 B1 8

work frequency of the ultrasonic emitting units in the
present invention can be appropriately small relative to
that of the ultrasonic emitting units in the existing ultra-
sonic transducer, the range of the work frequency of the
ultrasonic emitting units is from 20 kHz to 10 MHz, and
the preferable range of the work frequency is from 0.1
MHz to 0.8 MHz.

[0017] The focusing ability of the ultrasonic transducer
in the present invention is far better than that of a tradi-
tional ultrasonic transducer, therefore, even if it works at
alowfrequency such as 20 kHz, the ultrasonic transducer
of the present invention can work effectively to realize
effective treatment to a human body, whereas the tradi-
tional ultrasonic transducer cannot produce a high sound
field at such low frequency. With low work frequency and
temperature rise of tissue, the ultrasonic transducer of
the present invention can perform safe and effective
treatment to some tissue organs that contain air contain-
ing tissues and bone tissues or are sheltered by other
tissues of human body. Additionally, the number of times
of ultrasonic reflection in actual treatment is limited, and
the ultrasonic emitting units in the ultrasonic transducer
in the presentinvention also serve as ultrasonicreflecting
units (the ultrasonic emitting units can reflect ultrasound)
and have strong focusing ability, so that the ultrasonic
emitting units can work under the condition of low fre-
quency. Reduction of the work frequency of the ultrasonic
emitting units favors increase of the number of times of
ultrasonic reflection (the lower the frequency is, the less
ultrasound tissues absorb, the more the reflection oc-
curs), so that the ultrasonic intensity at the focusing area
(the spherical center) can be further increased.

[0018] When designing the spherical resonant cavity
of the present invention, it is required to guarantee that
the spherical resonant cavity formed by the ultrasonic
emitting units which emit spherical waves satisfies ultra-
sonic resonance superposition principle, that is, the di-
ameter of the spherical resonant cavity is an integral mul-
tiple of the half wavelength of the emitted ultrasonic
waves.

[0019] Inthe presentinvention, whenthe internal cavity
of the spherical resonant cavity has a cross-sectional
spherical shell shape with a spherical center therein, the
internal cavity having the cross-sectional spherical shell
shape with the spherical center therein can be atruncated
cross-sectional spherical shell-shape internal cavity (the
height of the cavity is larger than the spherical radius) or
a frustum shaped cross-sectional spherical shell-shape
internal cavity.

[0020] When the internal cavity of the spherical reso-
nant cavity is a frustum shaped cross-sectional spherical
shell-shape internal cavity with a spherical center therein,
the following forms can be used:

One is that an upper bottom surface S1 and a lower
bottom surface S2 of the above internal cavity are
parallel to each other, and the distance between the
upper bottom surface and the spherical center is not
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equal to the distance between the lower bottom sur-
face and the spherical center.

[0021] The other is that an upper bottom surface S1
and alower bottom surface S2 of the above internal cavity
are parallel to each other, and the distance between the
upper bottom surface and the spherical center is equal
to the distance between the lower bottom surface and
the spherical center, which can keep the focusing gain
at the spherical center as large as possible.

[0022] Certainly, in practical application, if the above
two forms of spherical resonant cavity with frustum
shaped cross-sectional spherical shell-shape internal
cavity cannot be used for treatment (e.g. in the case of
treating diseases such as hysteromyoma), the internal
cavity of the spherical resonant cavity may be in an ir-
regular frustum-shaped cross-sectional spherical shell
shape. In such case, the upper bottom surface of the
internal cavity is not parallel to the lower bottom surface
thereof, and the distance between the upper bottom sur-
face and the spherical center is equal to or is not equal
to the distance between the lower bottom surface and
the spherical center.

[0023] When the internal cavity of the spherical reso-
nant cavity is a truncated cross-sectional spherical shell-
shape internal cavity, it comprises a crown shaped spher-
ical cavity, and a frustum shaped spherical cavity with a
spherical center therein. The bottom surface of the crown
shaped spherical cavity is fitted with and connected to
one bottom surface of the frustum shaped spherical cav-
ity. The connection between the crown shaped spherical
cavity and the frustum shaped spherical cavity is remov-
able or fixed.

[0024] The internal cavity of the spherical resonant
cavity may have a complete spherical shell shape.
[0025] Inthe presentinvention, one ultrasonic emitting
unit is one wave source, the spherical resonant cavity
formed by one or more ultrasonic emitting units may have
a housing of any shape, and it is only required to guar-
antee that the internal cavity of the spherical resonant
cavity has a spherical shell shape or a cross-sectional
spherical shell shape with a spherical center therein.
When the internal cavity of a manufactured spherical res-
onant cavity has a complete spherical shell shape, the
spherical resonant cavity can be formed only by one ul-
trasonic emitting unit having a spherical shell shape; or
the cavity having a spherical shell shape can be divided
into a plurality of small pieces each of which is an ultra-
sonic emitting unit, and all ultrasonic emitting units can
emit spherical waves having equal radius. That is to say,
the spherical resonant cavity having a spherical shell
shape can be formed by a plurality of ultrasonic emitting
units which emit spherical waves having equal radius.
The ultrasonic emitting units can be manufactured from
piezoelectric materials of any type as long as the condi-
tion that the ultrasonic waves emitted fromthe wavefronts
of the ultrasonic emitting units are spherical waves is
satisfied. For instance, a combination of piezoelectric
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materials capable of emitting planar ultrasonic waves and
focusing lenses, which forms a lens focusing ultrasonic
transducer unit, can be used, and a plurality of the lens
focusing ultrasonic transducer units can be used to form
aninternal cavity having a spherical shell shape together.
Wherein, the focusing lenses have an equal distance to
the spherical center, and the internal cavity of the spher-
ical resonant cavity formed by joining the inner surfaces
ofallfocusing lenses together has a spherical shell shape
oracross-sectional spherical shell shape with a spherical
center therein. Since an ultrasonic emitting unit of such
type can also emit spherical waves, it meets the condition
of ultrasonic emitting units in the present invention.
[0026] When designing the spherical resonant cavity,
the ultrasonic emitting units should satisfy ultrasonic res-
onance superposition principle, that is, the diameter of
the formed spherical resonant cavity is an integral mul-
tiple of the half wavelength of the ultrasonic waves.
[0027] When the internal cavity of the above spherical
resonant cavity has a complete spherical shell shape,
although the ultrasonic energy at the spherical center
can be enhanced to the greatest extent, an ultrasonic
transducer with such spherical resonant cavity can ef-
fectively treat a nidus in practical application only if the
ultrasonictransducer has very large volume (for instance,
it can accommodate the whole body of a person). Thus,
based on the requirements of treatment, for instance,
when treating a human head, preferably, the internal cav-
ity of the spherical resonant cavity having a spherical
shell shape comprises a truncated spherical cavity (the
height of the cavity is larger than the spherical radius)
and a crown shaped spherical cavity (the height of the
cavity is smaller than the spherical radius). The bottom
surface of the truncated spherical cavity is fitted with and
connected to the bottom surface of the crown shaped
spherical cavity. The connection between the truncated
spherical cavity and the crown shaped spherical cavity
is removable or fixed. When the connection between the
truncated spherical cavity and the crown shaped spher-
ical cavity is removable, only the truncated spherical cav-
ity may be used in the case of treating a human head,
and the ultrasonic waves emitted and reflected by the
ultrasonic emitting units form a resonance-enhanced fo-
cusing area at the spherical center.

[0028] When the internal cavity of the spherical reso-
nant cavity formed by the ultrasonic transducer is a trun-
cated spherical resonant cavity, the focusing area of such
ultrasonic transducer is compressed only in a direction
perpendicular to the direction of the acoustic axis (i.e.
the central axis of the spherical resonant cavity), but not
in the direction of the acoustic axis. Therefore, the focus-
ing gain of the ultrasonic transducer at the spherical cent-
er is weaker than that of an ultrasonic transducer with an
internal cavity having a spherical shell shape.

[0029] Ofr the spherical shell shaped internal cavity of
the spherical resonant cavity comprises a frustum
shaped spherical cavity with a spherical center therein
and two crown shaped spherical cavities respectively
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provided at the upper and lower ends of the frustum
shaped spherical cavity.

[0030] The spherical shell shaped internal cavity of the
spherical resonant cavity can also comprise a frustum
shaped spherical cavity with a spherical center therein
and two crown shaped spherical cavities respectively
provided at the upper and lower ends of the frustum
shaped spherical cavity. The bottom surfaces of the two
crown shaped spherical cavities are fitted with and con-
nected to the upper bottom surface and lower bottom
surface of the frustum shaped spherical cavity respec-
tively. The connection between the frustum shaped
spherical cavity and each crown shaped spherical cavity
is removable or fixed. When the connection between the
frustum shaped spherical cavity and each crown shaped
spherical cavity is removable, only the frustum shaped
spherical cavity may be used in the case of treating a
human torso and limbs, and the ultrasonic waves emitted
and reflected by the ultrasonic emitting units form a res-
onance-enhanced focusing area at the spherical center.
[0031] Preferably, the two bottom surfaces of the
above frustum shaped spherical resonant cavity are par-
allel to each other and have an equal or different distance
to the spherical center, and the specific distance can be
designed based on requirements in practical application.
In order to keep the focusing gain at the spherical center
as large as possible, preferably, the two bottom surfaces
of the frustum shaped spherical cavity have an equal
distance to the spherical center.

[0032] When the internal cavity of the spherical reso-
nant cavity formed by the ultrasonic transducer is a frus-
tum shaped spherical resonant cavity, since the ultra-
sound focusing area is only compressed within the cir-
cumference, thatis, itis only compressed in all directions
of the sound propagation plane, certain edge diffraction
still exists along the direction of the central axis of the
ultrasonic transducer. Thus, the focusing gain at the
spherical center of the ultrasonic transducer is weaker
thanthat of an ultrasonic transducer whose spherical res-
onant cavity has a truncated spherical internal cavity.
[0033] Preferably, a hole to be passed through by an
image monitoring device is opened on the above formed
spherical resonant cavity.

[0034] The ultrasonic transducer in the present inven-
tion comprises one or a plurality of ultrasonic emitting
units. In the case of one ultrasonic emitting unit, the ul-
trasonic emitting unit forms a complete spherical shell
shaped spherical resonant cavity.

[0035] A plurality of ultrasonic emitting units can be
used in the present invention, and different ultrasonic
emitting units can emit ultrasonic waves having different
frequencies. When the frequencies of the ultrasonic
waves emitted by the ultrasonic emitting units are differ-
ent from one another, although all ultrasonic emitting
units having different frequencies can form energy su-
perposition at the focus, such energy superposition is not
coherent superposition. Thus, high energy like that pro-
duced under coherent superposition cannot be obtained



11 EP 2 524 651 B1 12

at the focus (the spherical center), but energy superpo-
sition can be formed at the focus, because the emitted
energy of such manner of superposition is far larger than
that in the case of using a single wave source. In order
to improve the ultrasonic energy at the focusing area and
form stable ultrasonic resonance, preferably, the differ-
ence among the frequencies of the spherical waves emit-
ted by the ultrasonic emitting units is within 20%. Further
preferably, the spherical waves emitted by the ultrasonic
emitting units have the same frequency to form reso-
nance, thereby forming coherent superposition of the ul-
trasonic energy at the spherical center and further in-
creasing the ultrasonic energy.

[0036] When the ultrasonic transducer in the present
invention has one ultrasonic emitting unit or a plurality of
ultrasonic emitting units having the same frequency, a
spherical resonant cavity is formed. All ultrasonic waves
emitted and reflected in this spherical resonant cavity
pass through the spherical center, and the ultrasonic en-
ergy at the spherical center is superposed in a way of in-
phase superposition, so that the ultrasonic energy is
greatly enhanced. For resonance points which are not at
the spherical center in the spherical resonant cavity,
since the superposition of the ultrasonic energy at said
resonance points is not an in-phase superposition, the
ultrasonic energy at said resonance points is weakened.
Thus, when using the ultrasonic transducer in the present
invention to treat a human body, it can be guaranteed to
the greatest extent that nidus tissues at the focus receive
great ultrasonic energy and other human tissues which
are not at the focus are safe.

[0037] The diffraction mechanism of the ultrasonic
transducer in the present invention is similar to the dif-
fraction mechanism in optics. When the ultrasonic trans-
ducer in the present invention has a spherical resonant
cavity having a cross-sectional spherical shell shape with
a spherical center therein, since the open-type ultrasonic
transducer still has diffraction phenomena in the circum-
ferential direction which is perpendicular to the acoustic
axis, the length of the focusing area in the direction is not
compressed; when the ultrasonic transducer in the
present invention has a spherical resonant cavity having
a spherical shell shape, the whole sound path is com-
pletely closed and no diffraction occurs, so that the en-
ergy at the focus is the largest.

[0038] The ultrasonic transducer in the present inven-
tion well solves the problems in the ultrasonic treatment
to deep tissue diseases of a human body and intracranial
ultrasonic treatment. Under the condition that the safety
of a human body is guaranteed, enough ultrasonic ener-
gy can reach deep tissues of a human body, and thermal
damage caused by the absorption of ultrasonic waves
by bone tissues on the ultrasonic path is avoided. There-
fore, the ultrasonic transducer in the present invention is
particularly suitable for treating deep tissues of a human
body and intracranial nidus.

[0039] The ultrasonic transducer in the present inven-
tion not only can be provided with large ultrasonic emitting
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area and great focusing gain that render the energy of
the ultrasonic focus enhanced dramatically, but also can
be free from the influence of the work frequency of the
ultrasonic source.

[0040] Compared with an existing ultrasonic transduc-
er, the ultrasonic transducer in the present invention has
the following advantages: (1) the size of the focusing area
of the ultrasonic waves emitted by the ultrasonic trans-
ducer in the present invention is hardly affected by the
frequency of the ultrasonic emitting unit, and coagulation
necrosis can be well formed in a nidus by using low-
frequency ultrasonic waves; (2) the lengths along all di-
rections of the focusing area of ultrasonic waves can be
effectively compressed to greatly reduce the volume of
the focusing area, thereby enhancing the ultrasonic in-
tensity at the focusing area; and (3) the ultrasonic inten-
sity at the focusing area is enhanced by means of reso-
nance of the ultrasonic waves with no need to increase
the emitting power of the ultrasonic waves, thereby avoid-
ing the enhancement of ultrasonic intensity at the non-
focusing area and guaranteeing the safety of the parts
which are not to be treated.

Brief Description of the Drawings
[0041]

FIG. 1 is a structural schematic diagram of a shell
shaped spherical resonant cavity in Embodiment 1
of the present invention;

FIG. 2 is a structural schematic diagram of a shell
shaped spherical resonant cavity in Embodiment 2
of the present invention;

FIG. 3 is a structural schematic diagram of a trun-
cated spherical resonant cavity in Embodiment 2 of
the present invention (one ultrasonic emitting unit is
used);

FIG. 4 is a structural schematic diagram of the trun-
cated spherical resonant cavity in Embodiment 2 of
the present invention (a plurality of ultrasonic emit-
ting units are used);

FIG.5is a structural schematic diagram of a (regular)
frustum shaped spherical resonant cavity in Embod-
iment 3 of the present invention (one ultrasonic emit-
ting unit is used);

FIG.6is a structural schematic diagram of a (regular)
frustum shaped spherical resonant cavity (having
two bottom surfaces parallel to each other) in Em-
bodiment 3 of the present invention (a plurality of
ultrasonic emitting units arranged in a single layer
are used);

FIG. 7 is a structural schematic diagram of a (regular)
frustum shaped spherical resonant cavity (having
two bottom surfaces parallel to each other) in Em-
bodiment 3 of the present invention (a plurality of
ultrasonic emitting units arranged in multiple layers
are used);

FIG. 8 is a structural schematic diagram of a (irreg-
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ular) frustum shaped spherical resonant cavity (hav-
ing two nonparallel bottom surfaces) in Embodiment
4 of the present invention;

FIG. 9 is a structural schematic diagram of an ultra-
sonic transducer in Embodiment 5 of the present in-
vention;

FIG. 10 is a top view of the ultrasonic transducer in
FIG. 9; and

FIG. 11 is a semi-sectional view of the ultrasonic
transducer in FIG. 9.

[0042] Inthe drawings, the following reference numer-
als and signs are used:

1-ultrasonic emitting unit, 10-shell shaped spherical
cavity, 11-crown shaped spherical cavity, 12-trun-
cated spherical cavity, 13,14-frustum shaped spher-
ical cavity, 15-planar piezoelectric wafer, 16-focus-
ing lens, 20-hole, h1-height of crown shaped spher-
ical cavity, h2-height of truncated spherical cavity,
R-spherical radius, S1-upper bottom surface, S2-
lower bottom surface

Detailed Description of the Preferred Embodiments

[0043] The present invention will be further described
in detail in connection with the drawings and the embod-
iments hereinafter.

[0044] The ultrasonic transducer in the present inven-
tionincludes one or a plurality of ultrasonic emitting units.
The wavefronts of the ultrasonic waves emitted by the
one or the plurality of ultrasonic emitting units are sphere
surfaces with uniform radius, and the one or the plurality
of ultrasonic emitting units have a function of reflecting
ultrasound. The one ultrasonic emitting unitis configured
to form a spherical resonant cavity, or the plurality of ul-
trasonic emitting units are configured to form a spherical
resonant cavity collectively. The internal cavity of the
spherical resonant cavity has a spherical shell shape or
a cross-sectional spherical shell shape with a spherical
center therein. The ultrasonic waves emitted by the one
or the plurality of ultrasonic emitting units are focused on
an area in which the spherical center of the spherical
resonant cavity is located.

[0045] The following embodiments are nonrestrictive
embodiments of the present invention.

Embodiment 1:

[0046] In this embodiment, the ultrasonic transducer
comprises one ultrasonic emitting unit which has a func-
tion of reflecting ultrasound, and the ultrasonic emitting
unit is a self-focusing ultrasonic transducer unit. The
wavefront of the ultrasonic waves emitted by the ultra-
sonic emitting unitis a sphere surface with uniformradius,
and the emitted ultrasonic waves are spherical waves.
The ultrasonic emitting unit is configured to form a spher-
ical resonant cavity, the internal cavity of which has a
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complete spherical shell shape so as to form a shell
shaped spherical resonant cavity with a completely
closed sound path. The focusing area of the shell shaped
spherical resonant cavity is an area in which the spherical
center of the spherical resonant cavity is located.
[0047] In the ultrasonic transducer of the present in-
vention, the ultrasonic waves emitted by the ultrasonic
emitting unitand the ultrasonic waves emitted or reflected
by its opposite surface form a resonance-enhanced fo-
cusing area at the spherical center.

[0048] Wherein, the ultrasonic emitting unit can be
manufactured from self-focusing ultrasonic piezoelectric
materials having various shapes. For convenient manu-
facture, the ultrasonic transducer in the presentinvention
can be directly manufactured in the form of a shell shaped
spherical cavity 10 shown in FIG. 1. Certainly, a housing
of any shape can be added outside the manufactured
spherical resonant cavity, that is, it only requires that the
internal cavity of the spherical resonant cavity has a com-
plete spherical shell shape.

[0049] The shell shaped spherical cavity 10 in this em-
bodimentis of an openable type for placing objects inside,
and the specific position of its openable part can be set
based on the objects that need to be placed in the shell
shaped spherical cavity 10.

[0050] The ultrasonic transducer in this embodiment
is mainly suitable for some medical experiments capable
of being performed in a sealed environment. For in-
stance, stereo organs or phantoms for experiments or
other objects are first placed inside the shell shaped
spherical cavity 10 of the ultrasonic transducer, and then
the whole shell shaped spherical cavity 10 is sealed to
start treatments or experiments. After the treatments or
experiments, the shell shaped spherical cavity 10 is
opened to check the effect of the treatments or experi-
ments. The situation of the treatments or experiments is
taken as a guide for clinical use.

[0051] When the volume of the shell shaped spherical
cavity 10 is very large, for instance, when it is large
enough to accommodate a whole human body, the ultra-
sonic transducer can also be used for treating a human
body.

Embodiment 2:

[0052] As shown in FIG. 2, in this embodiment, the
internal cavity of the spherical resonant cavity formed by
the ultrasonic transducer has a complete spherical shell
shape, and the difference between Embodiment 2 and
Embodiment 1 lies in that the spherical resonant cavity
having a spherical shell shape is not formed by only one
ultrasonic emitting unit. The internal cavity of the spher-
ical resonant cavity having a spherical shell shape is
formed by a truncated spherical cavity 12 (as shown in
FIGS. 3 and 4) and a crown shaped spherical cavity 11
together. The bottom surface of the truncated spherical
cavity 12 is fitted with and connected to the bottom sur-
face of the crown shaped spherical cavity 11, and the
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connection between the truncated spherical cavity 12
and the crown shaped spherical cavity 11 is removable.
[0053] Wherein, the height h1 of the crown shaped
spherical cavity 11 is smaller than the spherical radius
R, and the height h2 of the truncated spherical cavity 12
is larger than the spherical radius R.

[0054] In order to conveniently position a target area,
monitor treatment process and perform efficacy evalua-
tion in time, in this embodiment, as shown in FIGS. 3 and
4, ahole 20 to be passed through by animage monitoring
device is opened in the truncated spherical cavity 12, or
the hole 20 can be opened in the crown shaped spherical
cavity 11.

[0055] In this embodiment, the truncated spherical
cavity 12 can be formed by one ultrasonic emitting unit
1 (as shown in FIG. 3), and in order to simplify the man-
ufacturing process, it can be formed by joining a plurality
of ultrasonic emitting units together (as shown in FIG. 4).
For the same reason, the crown shaped spherical cavity
11 can be formed by one ultrasonic emitting unit 1, and
it can also be formed by joining a plurality of ultrasonic
emitting units together. The one or the plurality of ultra-
sonic emitting units are configured as self-focusing ultra-
sonic transducer units which can reflectultrasonic waves.
The wavefronts of the ultrasonic waves emitted by the
one or the plurality of ultrasonic emitting units are sphere
surfaces with uniform radius.

[0056] Inthe above truncated spherical cavity 12 which
has a plurality of ultrasonic emitting units, the difference
among frequencies of the ultrasonic waves emitted by
the plurality of ultrasonic emitting units is within 20%, and
preferably, the ultrasonic waves emitted by the plurality
of ultrasonic emitting units have the same frequency.
[0057] In this embodiment, the truncated spherical
cavity 12 is suitable for treating a human head. Only the
truncated spherical cavity 12 is used when treating a hu-
man head. A human head is first made to enter the trun-
cated spherical cavity 12; since the ultrasonic waves
emitted and reflected by the ultrasonic emitting units form
a resonance-enhanced focusing area at the spherical
center, the human nidus is placed at the spherical center;
and then the ultrasonic emitting units which form the trun-
cated spherical cavity 12 are started for performing treat-
ment.

[0058] As a matter of fact, the above truncated spher-
ical cavity 12 can form an ultrasonic transducer whose
internal cavity is a truncated spherical resonant cavity by
itself. In the ultrasonic transducer, a housing of any shape
can be added outside its cavity based on requirements
(or no housing is added).

Embodiment 3:

[0059] As shown in FIGS. 5, 6 and 7, in this embodi-
ment, the internal cavity of the spherical resonant cavity
formed by the ultrasonic transducer has a cross-sectional
spherical shell shape with a spherical center therein, and
the internal cavity is configured as a regular frustum
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shaped spherical cavity 13.

[0060] In this embodiment, the upper bottom surface
S1 and the lower bottom surface S2 of the frustum
shaped spherical cavity 13 are parallel to each other, and
the distance between the upper bottom surface S1 and
the spherical center O is equal to the distance between
the lower bottom surface S2 and the spherical center O.
[0061] In this embodiment, the frustum shaped spher-
ical cavity 13 can be formed from one ultrasonic emitting
unit 1 (as shown in FIG. 5), or a plurality of ultrasonic
emitting units 1 arranged in a single layer (as shown in
FIG. 6), or a plurality of ultrasonic emitting units 1 ar-
ranged in multiple layers (as shown in FIG. 7). The one
or the plurality of ultrasonic emitting units are configured
as self-focusing ultrasonic transducer units which can
reflect ultrasonic waves. Wherein, the Z-axis direction
shown in FIG. 5 is the acoustic axis direction of the frus-
tum shaped spherical cavity 13, and the Z-axis coincides
with the central axis of the frustum shaped spherical cav-
ity 13.

[0062] When the frustum shaped spherical cavity 13
is formed by joining a plurality of ultrasonic emitting units
together, the ultrasonic waves emitted by the plurality of
ultrasonic emitting units have the same frequency. The
wavefronts of the ultrasonic waves emitted by the ultra-
sonic emitting units are sphere surfaces with uniform ra-
dius.

[0063] The ultrasonic transducer in this embodiment
is suitable for treating ahuman torso or limbs. When treat-
ing a human torso or limbs, the human torso or limbs are
first made to pass through the frustum shaped spherical
cavity 13, the nidus is placed at the spherical center, and
then the ultrasonic emitting units are started for perform-
ing the treatment.

Embodiment 4:

[0064] As shown in FIG. 8, in this embodiment, the
internal cavity of the spherical resonant cavity formed by
the ultrasonic transducer has a cross-sectional spherical
shell shape with a spherical center therein, and the in-
ternal cavity is configured as an irregular frustum shaped
spherical cavity 14.

[0065] In this embodiment, the upper bottom surface
S1 and the lower bottom surface S2 of the frustum
shaped spherical cavity 14 are not parallel to each other.
And the distance between the upper bottom surface S1
and the spherical center O is equal to the distance be-
tween the lower bottom surface S2 and the spherical
center O.

[0066] In this embodiment, the frustum shaped spher-
ical cavity 14 can be formed by one ultrasonic emitting
unit 1, or a plurality of ultrasonic emitting units 1 arranged
in a single layer, or a plurality of ultrasonic emitting units
1 arranged in multiple layers. The one or the plurality of
ultrasonic emitting units are configured as self-focusing
ultrasonic transducer units which can reflect ultrasonic
waves. Wherein, the Z-axis direction shown in FIG. 8 is
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the acoustic axis direction of the frustum shaped spher-
ical cavity 14, and the Z-axis coincides with the central
axis of the frustum shaped spherical cavity 14.

[0067] When the frustum shaped spherical cavity 14
is formed by joining a plurality of ultrasonic emitting units
together, the ultrasonic waves emitted by the plurality of
ultrasonic emitting units have the same frequency. The
wavefronts of the ultrasonic waves emitted by the ultra-
sonic emitting units are sphere surfaces with uniform ra-
dius.

[0068] The ultrasonic transducer in this embodiment
is suitable for treating hysteromyoma and other diseases.
When treating hysteromyoma and other diseases, in or-
der to be adapted for a special postural therapy, the ul-
trasonic transducer having the irregular frustum shaped
spherical resonant cavity in this embodiment can be
used.

Embodiment 5:

[0069] The difference between this embodiment and
Embodiment 3 lies in that the ultrasonic emitting unit in
the ultrasonic transducer of this embodiment is formed
by a combination of piezoelectric materials capable of
emitting planar ultrasonic waves and focusing lenses,
that is, the ultrasonic emitting unit is configured as a lens
focusing ultrasonic transducer unit. As shown in FIGS.
9, 10 and 11, in this embodiment, the spherical resonant
cavity is formed by four planar piezoelectric wafers 15
and four focusing lenses 16, that is, each planar piezo-
electric wafer 15 has one focusing lens 16 attached ther-
eon. The ultrasonic waves emitted by the four lens fo-
cusing ultrasonic transducer units are also spherical
waves, and the wavefronts of the emitted ultrasonic
waves are sphere surfaces with uniform radius.

[0070] Since the inner surface of each of the above
four focusing lenses 16 is one part of a sphere surface,
all focusing lenses have an equal distance to the spher-
ical center, and a frustum shaped spherical cavity with a
spherical center therein can be formed by joining them
together (certainly, a shell shaped spherical cavity or a
truncated spherical cavity can also be formed by joining
them together). That is to say, the internal cavity of the
spherical resonant cavity formed by the ultrasonic trans-
ducer has a cross-sectional spherical shell shape with a
spherical center therein, and the internal cavity of the
spherical resonant cavity having a cross-sectional spher-
ical shell shape is configured as a frustum shaped spher-
ical cavity.

[0071] Other structures and applications thereof in this
embodiment are the same as those in Embodiment 3 and
will not be explained here.

Claims

1. An ultrasonic transducer including one or a plurality
of ultrasonic emitting units (1), the wavefronts of ul-
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trasonic waves emitted by the one or the plurality of
ultrasonic emitting units (1) are sphere surfaces with
uniform radius, the one or the plurality of ultrasonic
emitting units (1) have a function of reflecting ultra-
sound, characterized in that the one ultrasonic
emitting unit is configured to form a spherical reso-
nant cavity or the plurality of ultrasonic emitting units
are configured to form a spherical resonant cavity
collectively, an internal cavity of said spherical res-
onant cavity is a complete spherical shell shaped
cavity (10) or a cross-sectional spherical shell
shaped cavity with a spherical center therein, curves
forming the internal cavity include circumferential
curves passing through the spherical center, so the
spherical resonant cavity forms a closed sound path
in the circumferential direction which is perpendicu-
lar to the central axis, and the ultrasonic waves emit-
ted by the one or the plurality of ultrasonic emitting
units (1) are focused on an area in which the spher-
ical center of said spherical resonant cavity is locat-
ed.

The ultrasonictransducer according to claim 1, char-
acterized in that the internal cavity of the spherical
resonant cavity has the cross-sectional spherical
shell shape with the spherical center therein, and
said internal cavity having the cross-sectional spher-
ical shell shape is configured as a truncated cross-
sectional spherical shell-shape internal cavity or a
frustum shaped cross-sectional spherical shell-
shape internal cavity.

The ultrasonictransducer according to claim 2, char-
acterized in that the internal cavity of said spherical
resonant cavity is the frustum shaped cross-section-
al spherical shell-shape internal cavity with the
spherical center therein, an upper bottom surface
(S1) and a lower bottom surface (S2) of said frustum
shaped cross-sectional spherical shell-shape inter-
nal cavity are parallel to each other, and the distance
between the upper bottom surface and the spherical
center is equal to the distance between the lower
bottom surface and the spherical center; or the in-
ternal cavity of said spherical resonant cavity is the
frustum shaped cross-sectional spherical shell-
shape internal cavity with the spherical center there-
in, an upper bottom surface (S1) and a lower bottom
surface (S2) of said frustum shaped cross-sectional
spherical shell-shape internal cavity are parallel to
each other, and the distance between the upper bot-
tom surface and the spherical center is not equal to
the distance between the lower bottom surface and
the spherical center.

The ultrasonictransducer according to claim 2, char-
acterized in that the internal cavity of said spherical
resonant cavity is the frustum shaped cross-section-
al spherical shell-shape internal cavity with the
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spherical center therein, an upper bottom surface
(S1) and a lower bottom surface (S2) of said frustum
shaped cross-sectional spherical shell-shape inter-
nal cavity are not parallel to each other, and the dis-
tance between the upper bottom surface and the
spherical center is equal to or is not equal to the
distance between the lower bottom surface and the
spherical center.

The ultrasonictransducer according to claim 2, char-
acterized in that the truncated cross-sectional
spherical shell-shape internal cavity comprises a
crown shaped spherical cavity (11) and a frustum
shaped spherical cavity (13, 14) with the spherical
center therein, a bottom surface of said crown
shaped spherical cavity (11) is fitted with and con-
nected to one of the bottom surfaces of said frustum
shaped spherical cavity (13, 14), and the connection
between said crown shaped spherical cavity and
said frustum shaped spherical cavity is removable
or fixed.

The ultrasonictransducer according to claim 1, char-
acterized in that the internal cavity of the spherical
resonant cavity has the spherical shell shape, said
internal cavity having the spherical shell shape com-
prises a truncated spherical cavity (12) and a crown
shaped spherical cavity (11), a bottom surface of
said truncated spherical cavity (12) is fitted with and
connected to a bottom surface of said crown shaped
spherical cavity (11), and the connection between
said truncated spherical cavity and said crown
shaped spherical cavity is removable or fixed; or said
internal cavity having the spherical shell shape com-
prises a frustum shaped spherical cavity (13, 14) with
a spherical center therein, and two crown shaped
spherical cavities (11) respectively provided at upper
and lower ends of said frustum shaped spherical cav-
ity, bottom surfaces of said two crown shaped spher-
ical cavities are fitted with and connected to an upper
bottom surface and a lower bottom surface of the
frustum shaped spherical cavity respectively, and
the connection between said frustum shaped spher-
ical cavity and the two crown shaped spherical cav-
ities is removable or fixed.

The ultrasonic transducer according to any one of
claims 1-6, characterized in that the plurality of ul-
trasonic emitting units (1) are used, and the ultra-
sonic waves emitted by the plurality of ultrasonic
emitting units have the same frequency.

The ultrasonictransducer according to claim 7, char-
acterized in that the range of the work frequency of
the plurality of ultrasonic emitting units (1) is from 20
kHz to 10 MHz.

The ultrasonictransducer according to claim 8, char-
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acterized in that the range of the work frequency of
the plurality of ultrasonic emitting units (1) is from
0.1 MHz to 0.6 MHz.

The ultrasonictransducer according to claim 7, char-
acterized in that a hole (20) to be passed through
by an image monitoring device is opened in said
spherical resonant cavity.

The ultrasonictransducer according to claim 7, char-
acterized in that the plurality of ultrasonic emitting
units (1) are configured as self-focusing ultrasonic
transducer units or lens focusing ultrasonic trans-
ducer units.

The ultrasonic transducer according to any one of
claims 1-6, characterized in that the range of the
work frequency of the one or the plurality of ultrasonic
emitting units (1) is from 20 kHz to 10 MHz.

The ultrasonic transducer according to claim 12,
characterized in that the range of the work frequen-
cy of the one or the plurality of ultrasonic emitting
units (1) is from 0.1 MHz to 0.6 MHz.

The ultrasonic transducer according to any one of
claims 1-6, characterized in that a hole (20) to be
passed through by an image monitoring device is
opened in said spherical resonant cavity.

The ultrasonic transducer according to any one of
claims 1-6, characterized in that the one or the plu-
rality of ultrasonic emitting units (1) are configured
as self-focusing ultrasonic transducer units or lens
focusing ultrasonic transducer units.

Patentanspriiche

1.

Ultraschallwandler, der eine oder mehrere Ultra-
schall-Sendeeinheiten (1) aufweist, dadurch ge-
kennzeichnet, dass die Wellenfronten der von der
einen oder den mehreren Ultraschall-Sendeeinhei-
ten (1) ausgesendeten Ultraschallwellen Kugelfla-
chen mit einheitlichem Radius sind, wobei die eine
oder die mehreren Ultraschall-Sendeeinheiten (1)
eine Funktion des Reflektierens von Ultraschall ha-
ben, die eine Ultraschall-Sendeeinheit daflr ausge-
bildet ist, einen kugelférmigen Hohlraumresonator
zu bilden, oder die mehreren Ultraschall-Sendeein-
heiten dafiir ausgebildet sind, zusammen einen ku-
gelférmigen Hohlraumresonator zu bilden, wobei ein
innerer Hohlraum des kugelférmigen Hohlraumreso-
nators ein Hohlraum von der Form einer vollstandi-
genKugel (10) oder ein Hohlraum von der Form einer
quer-abgeschnittenen Kugel mit einem Kugelmittel-
punkt darin ist, wobei Kurven, die den inneren Hohl-
raum bilden, Umfangskurven beinhalten, die durch
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den Kugelmittelpunkt verlaufen, so dass der kugel-
férmige Hohlraumresonator einen geschlossenen
Schallweg in der Umfangsrichtung bildet, welche
senkrecht zu der Mittelachse ist, und die Ultraschall-
wellen, die von der einen oder den mehreren Ultra-
schall-Sendeeinheiten (1) ausgesendet werden, auf
einen Bereich fokussiert sind, in welchem der Ku-
gelmittelpunkt des kugelférmigen Hohlraumresona-
tors angeordnet ist.

Ultraschallwandler nach Anspruch 1, dadurch ge-
kennzeichnet, dass der innere Hohlraum des ku-
gelfdrmigen Hohlraumresonators die Form einer
quer-abgeschnittenen Kugel mit dem Kugelmittel-
punkt darin hat und der innere Hohlraum, der die
Form einer quer-abgeschnittenen Kugel hat, als ein
innerer Hohlraum von der Form einer auf einer Seite
abgeschnittenen Kugel oder als ein innerer Hohl-
raum von der Form einer auf zwei Seiten abgeschnit-
tenen Kugel ausgebildet ist.

Ultraschallwandler nach Anspruch 2, dadurch ge-
kennzeichnet, dass der innere Hohlraum des ku-
gelfdrmigen Hohlraumresonators der innere Hohl-
raum von der Form einer auf zwei Seiten abgeschnit-
tenen Kugel mit dem Kugelmittelpunkt darin ist, eine
obere Bodenflache (S1) und eine untere Bodenfla-
che (S2) dieses inneren Hohlraums von der Form
einer auf zwei Seiten quer-abgeschnittenen Kugel
parallel zueinander sind und der Abstand zwischen
der oberen Bodenflache und dem Kugelmittelpunkt
gleich dem Abstand zwischen der unteren Boden-
flache und dem Kugelmittelpunkt ist; oder der innere
Hohlraum des kugelférmigen Hohlraumresonators
der innere Hohlraum von der Form einer auf zwei
Seiten quer-abgeschnittenen Kugel mit dem Kugel-
mittelpunkt darin ist, eine obere Bodenflache (S1)
und eine untere Bodenflache (S2) dieses inneren
Hohlraums von der Form einer auf zwei Seiten quer-
abgeschnittenen Kugel parallel zueinander sind und
der Abstand zwischen der oberen Bodenflache und
dem Kugelmittelpunkt nicht gleich dem Abstand zwi-
schen der unteren Bodenflache und dem Kugelmit-
telpunkt ist.

Ultraschallwandler nach Anspruch 2, dadurch ge-
kennzeichnet, dass der innere Hohlraum des ku-
gelfdrmigen Hohlraumresonators der innere Hohl-
raum von der Form einer auf zwei Seiten quer-ab-
geschnittenen Kugel mit dem Kugelmittelpunkt darin
ist, eine obere Bodenflache (S1) und eine untere Bo-
denflache (S2) dieses inneren Hohlraums von der
Form einer auf zwei Seiten abgeschnittenen Kugel
nicht parallel zueinander sind und der Abstand zwi-
schen der oberen Bodenflache und dem Kugelmit-
telpunkt gleich oder nicht gleich dem Abstand zwi-
schen der unteren Bodenflache und dem Kugelmit-
telpunkt ist.
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5.

Ultraschallwandler nach Anspruch 2, dadurch ge-
kennzeichnet, dass der innere Hohlraum von der
Formeiner aufeiner Seite quer-abgeschnittenen Ku-
gel einen Hohlraum von der Form einer Kugelkappe
(11) und einen Hohlraum von der Form einer auf
zwei Seiten abgeschnittenen Kugel (13, 14) mit dem
Kugelmittelpunkt darin umfasst, eine Bodenflache
des Hohlraums von der Form einer Kugelkappe (11)
an eine der Bodenflachen des Hohlraums von der
Form einer auf zwei Seiten abgeschnittenen Kugel
(13, 14) angepasst und mit ihr verbunden ist und die
Verbindung zwischen dem Hohlraum von der Form
einer Kugelkappe und dem Hohlraum von der Form
einer auf zwei Seiten abgeschnittenen Kugel 16sbar
oder fest ist.

Ultraschallwandler nach Anspruch 1, dadurch ge-
kennzeichnet, dass der innere Hohlraum des ku-
gelfdrmigen Hohlraumresonators die Form einer Ku-
gel aufweist, wobei der innere Hohlraum von der
Form einer Kugel einen Hohlraum von der Form ei-
ner auf einer Seite abgeschnittenen Kugel (12) und
einen Hohlraum von der Form einer Kugelkappe (11)
umfasst, eine Bodenflache des Hohlraums von der
Form einer auf einer Seite abgeschnittenen Kugel
(12) an eine Bodenflache des Hohlraums von der
Form einer Kugelkappe (11) angepasst und mit ihr
verbunden ist und die Verbindung zwischen dem
Hohlraum von der Form einer auf einer Seite abge-
schnittenen Kugel und dem Hohlraum von der Form
einer Kugelkappe Idsbar oderfestist; oderderinnere
Hohlraum von der Form einer Kugel einen Hohlraum
von der Form einer auf zwei Seiten abgeschnittenen
Kugel (13, 14) mit einem Kugelmittelpunkt darin und
zwei Hohlrdume von der Form einer Kugelkappe
(11), die an einem oberen bzw. einem unteren Ende
des Hohlraums von der Form einer auf zwei Seiten
abgeschnittenen Kugel vorgesehen sind, umfasst,
Bodenflachen der zwei Hohlrdume von der Form ei-
ner Kugelkappe an eine obere Bodenflache bzw. ei-
ne untere Bodenflache des Hohlraums von der Form
einer auf zwei Seiten abgeschnittenen Kugel ange-
passtmitihrverbunden sind und die Verbindung zwi-
schen dem Hohlraum von der Form einer auf zwei
Seiten abgeschnittenen Kugel und den zwei Hohl-
raumen von der Form einer Kugelkappe lésbar oder
fest ist.

Ultraschallwandler nach einem der Anspriiche 1-6,
dadurch gekennzeichnet, dass die mehreren Ul-
traschall-Sendeeinheiten (1) verwendet werden und
die Ultraschallwellen, die von den mehreren Ultra-
schall-Sendeeinheiten ausgesendetwerden, diesel-
be Frequenz aufweisen.

Ultraschallwandler nach Anspruch 7, dadurch ge-
kennzeichnet, dass sich der Bereich der Betriebs-
frequenz der mehreren Ultraschall-Sendeeinheiten
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(1) von 20 kHz bis 10 MHz erstreckt.

Ultraschallwandler nach Anspruch 8, dadurch ge-
kennzeichnet, dass sich der Bereich der Betriebs-
frequenz der mehreren Ultraschall-Sendeeinheiten
(1) von 0,1 MHz bis 0,6 MHz erstreckt.

Ultraschallwandler nach Anspruch 7, dadurch ge-
kennzeichnet, dass ein Loch (20) zum Hindurch-
fihren einer Bildiberwachungsvorrichtung in dem
kugelférmigen Hohlraumresonator vorhanden ist.

Ultraschallwandler nach Anspruch 7, dadurch ge-
kennzeichnet, dass die mehreren Ultraschall-Sen-
deeinheiten (1) als selbstfokussierende Ultraschall-
wandler-Einheiten oder linsenfokussierende Ultra-
schallwandler-Einheiten ausgebildet sind.

Ultraschallwandler nach einem der Anspriiche 1-6,
dadurch gekennzeichnet, dass sich der Bereich
der Betriebsfrequenz der einen oder der mehreren
Ultraschall-Sendeeinheiten (1) von 20 kHz bis 10
MHz erstreckt.

Ultraschallwandler nach Anspruch 12, dadurch ge-
kennzeichnet, dass sich der Bereich der Betriebs-
frequenz der einen oder der mehreren Ultraschall-
Sendeeinheiten (1) von 0,1 MHz bis 0,6 MHz er-
streckt.

Ultraschallwandler nach einem der Anspriiche 1-6,
dadurch gekennzeichnet, dass ein Loch (20) zum
Hindurchfiihren einer Bildiiberwachungsvorrichtung
in dem kugelférmigen Hohlraumresonator vorhan-
den ist.

Ultraschallwandler nach einem der Anspriiche 1-6,
dadurch gekennzeichnet, dass die eine oder die
mehreren Ultraschall-Sendeeinheiten (1) als selbst-
fokussierende Ultraschallwandler-Einheiten oder
linsenfokussierende Ultraschallwandler-Einheiten
ausgebildet sind.

Revendications

Transducteur a ultrasons comprenant une unité ou
une pluralité d’unités d’émission d’ultrasons (1), les
fronts d’'onde d’ondes ultrasonores émises par I'uni-
té ou la pluralité d’unités d’émission d’ultrasons (1)
étant des surfaces sphériques au rayon uniforme,
I'unité ou la pluralité d’unités d’émission d’ultrasons
(1) ayant une fonction de réflexion des ultrasons,
caractérisé en ce que ladite unité d’émission d’ul-
trasons est configurée pour former une cavité réso-
nante sphérique ou la pluralité d’unités d’émission
d’'ultrasons sont configurées pour former collective-
ment une cavité résonante sphérique, une cavité in-
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terne de ladite cavité résonante sphérique est une
cavité en forme de coquille sphérique entiere (10)
ou une cavité en forme de coquille sphérique en cou-
pe transversale renfermant un centre de sphére, les
courbes formant la cavité interne comprennent des
courbes circonférentielles traversant le centre de
sphére, de sorte que la cavité résonante sphérique
forme une voie de propagation de son fermée dans
la direction circonférentielle qui est perpendiculaire
al'axe central, et les ondes ultrasonores émises par
I'unité ou la pluralité d’unités d’émission d’ultrasons
(1) sont concentrées sur une région dans laquelle
se trouve le centre sphérique de ladite cavité réso-
nante sphérique.

Transducteur a ultrasons selon la revendication 1,
caractérisé en ce que la cavité interne de la cavité
résonante sphérique a la forme d’une coquille sphé-
riqgue en coupe transversale renfermant le centre de
sphére, et ladite cavité interne ayant la forme de co-
quille sphérique en coupe transversale est configu-
rée comme une cavité interne en forme de coquille
sphérique en coupe transversale tronquée ou com-
me une cavité interne en forme de coquille sphérique
en coupe transversale en forme de tronc.

Transducteur a ultrasons selon la revendication 2,
caractérisé en ce que la cavité interne de ladite
cavité résonante sphérique est la cavité interne en
forme de coquille sphérique en coupe transversale
en forme de tronc renfermant le centre de sphére,
une surface de fond supérieure (S1) et une surface
de fond inférieure (S2) de ladite cavité interne en
forme de coquille sphérique en coupe transversale
en forme de tronc sont mutuellement paralléles, et
la distance entre la surface de fond supérieure et le
centre sphérique est égale a la distance entre la sur-
face de fond inférieure et le centre sphérique ; ou la
cavité interne de ladite cavité résonante sphérique
est la cavité interne en forme de coquille sphérique
en coupe transversale en forme de tronc renfermant
le centre sphérique, une surface de fond supérieure
(S1) et une surface de fond inférieure (S2) de ladite
cavité interne en forme de coquille sphérique en cou-
pe transversale enforme de tronc sont mutuellement
paralléles, et la distance entre la surface de fond
supérieure et le centre sphérique n’est pas égale a
la distance entre la surface de fond inférieure et le
centre sphérique.

Transducteur a ultrasons selon la revendication 2,
caractérisé en ce que la cavité interne de ladite
cavité résonante sphérique est la cavité interne en
forme de coquille sphérique en coupe transversale
en forme de tronc renfermant le centre de sphére,
une surface de fond supérieure (S1) et une surface
de fond inférieure (S2) de ladite cavité interne en
forme de coquille sphérique en coupe transversale
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en forme de tronc ne sont pas mutuellement paral-
leles, et la distance entre la surface de fond supé-
rieure et le centre sphérique est égale ou n’est pas
égale aladistance entre la surface de fond inférieure
et le centre sphérique.

Transducteur a ultrasons selon la revendication 2,
caractérisé en ce que la cavité interne en forme de
coquille sphérique en coupe transversale tronquée
comprend une cavité sphérique en forme de couron-
ne (11) et une cavité sphérique en forme de tronc
(13, 14) renfermant le centre de sphére, une surface
de fond de ladite cavité sphérique en forme de cou-
ronne (11) est installée sur et reliée a 'une des sur-
faces de fond de ladite cavité sphérique en forme de
tronc (13, 14), et la liaison entre ladite cavité sphé-
rique en forme de couronne et ladite cavité sphérique
en forme de tronc est amovible ou fixe.

Transducteur a ultrasons selon la revendication 1,
caractérisé en ce que la cavité interne de la cavité
résonante sphérique a la forme d’une coquille sphé-
rique, ladite cavité interne ayant la forme d’une co-
quille sphérique comprend une cavité sphérique
tronquée (12) et une cavité sphérique en forme de
couronne (11), une surface de fond de ladite cavité
sphérique tronquée (12) est installée sur et reliée a
une surface de fond de ladite cavité sphérique en
forme de couronne (11), et la liaison entre la cavité
sphérique tronquée et ladite cavité sphérique en for-
me de couronne est amovible ou fixe ; ou ladite ca-
vité interne ayant la forme d’'une coquille sphérique
comprend une cavité sphérique en forme de tronc
(13, 14) renfermant un centre de sphere, et deux
cavités sphériques en forme de couronne (11) res-
pectivement situées aux extrémités supérieure etin-
férieure de ladite cavité sphérique en forme de tronc,
les surfaces de fond desdites deux cavités sphéri-
ques en forme de couronne sont installées sur et
reliées a une surface de fond supérieure et a une
surface de fond inférieure de la cavité sphérique en
forme de tronc respectivement, et la liaison entre la
cavité sphérique en forme de tronc et les deux cavi-
tés sphériques en forme de couronne est amovible
ou fixe.

Transducteur a ultrasons selon 'une quelconque
des revendications 1 a 6, caractérisé en ce que la
pluralité d’unités d’émission d’ultrasons (1) sont uti-
lisées, et les ondes ultrasonores émises par la plu-
ralité d’unités d’émission d’ultrasons ont la méme
fréquence.

Transducteur a ultrasons selon la revendication 7,
caractérisé en ce que la plage de la fréquence de
travail de la pluralité d’unités d’émission d’ultrasons
(1) va de 20 kHz a 10 MHz.

10

15

20

25

30

35

40

45

50

55

14

EP 2 524 651 B1

10.

1.

12.

13.

14.

15.

26

Transducteur a ultrasons selon la revendication 8,
caractérisé en ce que la plage de la fréquence de
travail de la pluralité d’unités d’émission d’'ultrasons
(1) va de 0,1 MHz a 0,6 MHz.

Transducteur a ultrasons selon la revendication 7,
caractérisé en ce qu’un trou (20) devant étre tra-
versé par un dispositif de contréle d'image est ouvert
dans ladite cavité résonante sphérique.

Transducteur a ultrasons selon la revendication 7,
caractérisé en ce que la pluralité d’unités d’émis-
sion d’ultrasons (1) sont configurées en tant qu’uni-
tés de transducteur a ultrasons a focalisation auto-
matique ou qu’unités de transducteur a ultrasons a
focalisation par lentille.

Transducteur a ultrasons selon I'une quelconque
des revendications 1 a 6, caractérisé en ce que la
plage de la fréquence de travail de ladite unité ou de
la pluralité d’unités d’émission d’ultrasons (1) va de
20 kHz a 10 MHz.

Transducteur a ultrasons selon la revendication 12,
caractérisé en ce que la plage de la fréquence de
travail de ladite unité ou de la pluralité d’'unités
d’émission d'ultrasons (1) va de 0,1 MHz a 0,6 MHz.

Transducteur a ultrasons selon I'une quelconque
des revendications 1 a 6, caractérisé en ce qu’un
trou (20) devant étre traversé par un dispositif de
contréle d'image est ouvert dans ladite cavité réso-
nante sphérique.

Transducteur a ultrasons selon I'une quelconque
des revendications 1 a 6, caractérisé en ce que
ladite unité ou la pluralité d’unités d’émission d’ultra-
sons (1) sont configurées en tant qu’unités de trans-
ducteur a ultrasons a focalisation automatique ou
qu’unités de transducteur a ultrasons a focalisation
par lentille.
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