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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to an ultrasonic transducer and, particularly, to a resonance ultrasonic transducer
with a resonance cavity ultrasonic distribution mode.

BACKGROUND OF THE INVENTION

[0002] The ultrasonic emission efficiency of ultrasonic transducer can be improved by superposition of the ultrasonic
waves emitted from an ultrasonic transducer and the reflected ultrasonic waves. In its designs of reflecting ultrasonic
confocal microscope, Japanese patent No. JP6102260 adopts this method to increase acoustic fields at the sample to
be observed so as to improve the imaging quality of ultrasonic microscope.

[0003] German patent No.: DE3131796 (Title of the invention: Scanning ultrasonic microscope) adopts two confocal
spherical shell ultrasonic transducers, which have a common focal point. One transducer acts as ultrasound source for
transmitting ultrasonic waves and the other acts as a receiver for receiving ultrasonic waves which obtains the image
of the substance from the received signals.

[0004] US 3 948 350 A refers to an acoustic resonant cavity. Resonant acoustic beams modes are generated by an
acoustic energy source and a plurality of reflectors disposed along a path.

[0005] However, the patents as mentioned above only disclosed that using two ultrasonic transducers or one of them
replaced by a reflector so as to increase the acoustic field at the focal point of microscope, but the ultrasonic emission
efficiency of ultrasonic transducer hasn’t been improved in a vast scale.

SUMMARY OF THE INVENTION

[0006] Aiming at the disadvantages of the prior art as mentioned above, the present invention provides a resonance
ultrasonic transducer, which can form a specific distribution of acoustic field. By forming an ultrasonic resonance cavity
with special parameters, the transmitting acoustic field of one ultrasonic transducer is matched with the reflecting acoustic
field of another ultrasonic transducer and accordingly a specific ultrasonic field, such as high focused ultrasonic focusing
field can be formed in a resonance cavity.

[0007] The technical solutions for the problems proposed by the present invention is the resonance ultrasonic trans-
ducer, which comprises afirst ultrasound source for transmitting ultrasonic waves and a reflecting unit disposed oppositely
to the first ultrasound source. Said first ultrasound source and the reflecting unit constitute a resonance cavity.

[0008] After constituting a resonance cavity, the ultrasonic waves transmitted from the first ultrasound source will be
reflected repeatedly between the first ultrasound source and the reflecting unit and thus a resonance is formed. Therefore,
said first ultrasound source in the present invention can also act as a reflecting unit.

[0009] Said reflecting unit is achieved by a second ultrasound source with a function of reflection.

[0010] Such two ultrasound transducers are arranged oppositely and the acoustic field formed in the cavity is not the
simple superposition of two acoustic fields of two ultrasound transducers arranged oppositely, but the coherent super-
position of the ultrasonic fields formed by repeat reflection of the end faces of two ultrasound transducers arranged
oppositely and transmitting of ultrasound source. The distribution of the acoustic field formed by superposition is jointly
determined by the distance between the two ultrasound transducers arranged oppositely, the caliber and focal distance
of ultrasound transducers, the reflecting capacity of the surfaces of ultrasound transducers and the acoustic parameters
of medium between ultrasound transducers. The distribution of acoustic field formed by the superposition can be analyzed
by the similar method of optical resonance cavity, that is, a specific distribution of ultrasonic field transmitted from
ultrasonic transducer can be formed by means of setting up the parameters for ultrasonic resonance cavity. Because
the effective caliber of the focusing acoustic field formed in ultrasonic resonance cavity is bigger than the effective caliber
of a single ultrasonic transducer, the acoustic field of transducer, especially the focused ultrasonic transducer, can be
more concentrated by means of setting up the parameters of the shape of the resonance ultrasonic transducer and the
parameters of the relationship between transducers. This kind of resonance ultrasonic transducer with a high energy
utilization rate and the high signal-to-noise ratio can be used for ultrasonic diagnosis, ultrasonic therapy and ultrasonic
detection.

[0011] The basic principle of the present invention is as follows:

The forming mechanism of resonance ultrasonic transducer in the present invention is similar to the distribution of light
waves in the optical resonance cavity. Because in the ultrasound therapy and measurement, the medium contacted with
ultrasonic transducer is liquid medium or human body tissue, but the ultrasonic wave, which is a kind of mechanical
wave, mainly represent as longitudinal wave in the liquid medium and human body tissue. When the ultrasonic wave is
transmitted at the interface of two kinds of substances, reflection and refraction will occur. The rules of reflection and
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refraction meet Snell Law. The wave equation met in resonance cavity is consistent with scalar wave equation of light
wave.

¢’ =V’p (1)

[0012] Wherein, p is sound pressure; ¢ is sound velocity of the medium in cavity.

[0013] Asshownin Fig. 1, when two ultrasound sources arranged oppositely, that is, the first ultrasound source 1 and
the second ultrasound source 2 are placed coaxially (wherein, one of the ultrasound sources is a ultrasonic reflecting
unit), the medium, in which the ultrasound can be transmitted, is filled in the space between the two ultrasound sources.
Because the ultrasound sources can transmit and reflect ultrasonic wave, two ultrasound sources form an ultrasonic
resonance cavity. The distribution of acoustic field in the resonance cavity is the superposition of the direct transmitting
acoustic field of the transducer and the reflecting acoustic field of the surface of the transducer.

[0014] The working mode of the resonance cavity of the first ultrasound source and the second ultrasound source will
influence the distribution of acoustic fields in the resonance cavity greatly. Only an acoustic field with specific distribution
can exist steadily in this kind of resonance cavity. Because the time for establishment of a steady acoustic field is short,
the acoustic field keeps steady only in the case of an acoustic field with specific distribution existing in resonance cavity.
These acoustic fields with specific distribution in resonance cavity are related to the parameters of resonance cavity and
they can be described by modes of acoustic fields. Because the distribution of acoustic fields can be divided into spatial
distribution and time distribution, the steady acoustic fields existing in resonance cavity can be represented by time
mode or spatial mode (respectively corresponding to longitudinal mode and transverse mode of optical resonance cavity).
The time mode corresponds to the frequency limit of these acoustic fields. If a steady distribution of acoustic fields is to
be formed in the resonance cavity, the working frequency of the first ultrasound source and the second ultrasound source
must be specific frequency values. These specific frequency values are related to the length of resonance cavity. The
ultrasound frequency steadily existing in resonance cavity is as follows:

_ke

/= i k - Integer (2

[0015] Wherein, fis the frequency, c is the sound velocity of the medium and L is the distance between two transducers
(i.e. the length of resonance cavity) .

[0016] If a steady distribution of acoustic fields is to be formed in the resonance cavity, apart from the frequency
condition of ultrasonic waves, the spatial distribution condition (spatial mode) must be met too, because the steady
distribution of ultrasonic waves in the resonance cavity is the result of superposition of the acoustic fields reflected
repeatedly by the two reflecting surfaces which constitute the resonance cavity and the transmitting acoustic field of
ultrasound source. Therefore, the ultrasonic wave starts from one reflecting surface and transmits to the other reflecting
surface and then is reflected and transmits back to the initial reflecting surface. The distribution of ultrasonic fields on
the reflecting surface should be the same as it starts. Just as the flowing equation:

! .
7P Gy === ] pa(s, v explikr)d,dy,

! .
YiPa(xy, )5} = “HIL P (x,. y, yexp(—ikr)dx,dy, (3)
2 3 3 2
P I O — ) (- ) k="

[0017] Wherein, p4(x4,y¢) is the acoustic pressure distribution of the reflecting surface of the first ultrasound source;
Po(X2,Y5) is the acoustic pressure distribution of the reflecting surface of the second ultrasound source (as shown in Fig.
2), wherein, (x4,y4) and (x,,y,) are respectively the coordinates of transducer’s cavity surface of the resonance cavity,
71 and y, are respectively the reflecting coefficient of ultrasonic wave of two cavity surfaces and A is the ultrasonic
wavelength in resonance cavity.

[0018] Because formula (3) is an integral equation set. This equation set should be solved by numerical method. But
under special conditions, this equation set may obtain an analytic solution, for example, when the outer frame of piezo-
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electric crystal is a rectangle frame and L is long enough for setting the surface of resonance cavity as a flat plane when
calculating the distance of "r" , then the distribution of acoustic fields on its surface is:

P, = Py exp(——2L Wy ‘)H,,,(J' TRk 2 y‘)

2

X 3
Plnm = PZG eXp( W )Hm (\/— 2 )H (I y (4J
2
/‘LL 1/2 ,'{L 1/2 R
e B R A e T e R
7| g(l-gg) 7| g,(1-gg,) L

[0019] Wherein, Pqq, Py respectively correspond to the amplitudes of acoustic field of ultrasonic waves in the center
of the first ultrasound source 1 and the second ultrasound source 2; R4, R, respectively correspond to the radiuses of
the first ultrasound source 1 and the second ultrasound source 2; P4, Pomn respectively correspond to the distributions
of acoustic fields of the first ultrasound source 1 and the second ultrasound source 2 with a mode symbol of "m" in
horizontal direction and a mode symbol of "n" in vertical direction (m, n=0, 1, 2, 3, ...).

[0020] H,(.) is m order Hankel function.

[0021] In the resonance cavity, the formed steady acoustic field at the resonance cavity surface should meet the
formula (3). When the shape of resonance cavity is rectangle and the near axial approximation may be applied, the
formed steady acoustic field at the resonance cavity surface should meet the formula (4).

[0022] Fig. 3 shows the low order steady distribution of sound pressure on the reflector surface when the outer shape
of resonance cavity is square piezoelectric crystal (represented by modes), the modes in this figure are orders of Hankel
function (i.e. m, n in formula (4)).

[0023] When the frame of piezoelectric crystal is round, its distribution on the reflector surface can still be represented
by analytic form and the distribution of sound pressure on the surface of ultrasound transducer is:

S

l

\/"rj

cosng,

P (1,0 =exp(= 1, /W e A G 2wt ){

inng,

cosng,

1L""( 2} W} ){.

s ng,

’rrm(r2?¢? _exp(—rz /W ) (5)

[0024] Wherein, L,(Mis Laguerre polynomial; rq,r,,(®4,®, respectively representthe polar coordinates of the ultrasound
transducer surfaces S; and S,. The steady distribution of acoustic field must meet the formula (5). Fig. 4 shows the
steady distribution modes of sound pressure on the reflector surface (low order) when the shape is round piezoelectric
crystal, the mode figures in this figure are m and n in formula (5).

[0025] The determined distribution on cavity surface corresponds to a steady distribution in cavity. According to wave
equation, the distribution of ultrasonic waves in resonance cavity has a Gauss distribution as shown in Fig. 5. Because
the lowest order mode has good directivity, concentrated energy and less acoustic loss, the low order mode, that is,
fundamental mode is always used in the ultrasound therapy and detection. W, is the radius of spot of acoustic beams
in resonance cavity, under the condition of fundamental mode, the distribution of acoustic field in resonance cavity is:

P, Iw)
Plz,r)=—2  exp — L0 (6)
1-iz/z, 1-iz/z,

[0026] Wherein, zo is a constant and zZ, = Wozyz—/,lo )

[0027] In the ultrasonic therapy, because the maximum gain is required at the focal point (position of spot size) of
ultrasonic waves, the minimum radius of spot is required. Therefore, the relationship between the radius of spot and the
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parameters of resonance cavity should be known. When the reflecting surfaces of piezoelectric crystal constitute different
types of resonance cavities, the relationships between the radius of spot and the parameters of resonance cavity are
different. This relationship between them may be shown as follows:

w, = \E{L(RI —L)R, - LY(R, + Rl —L)]”“ .
T (R;+R2—2L)"’2

[0028] The distance from the spot to the surface of ultrasound transducer is:

_ LR, -1)
' R +R,-2L
L MR D) (8)
R +R,-2L

[0029] Wherein, /; and I, respectively represent the distances from the spot to the surface of the first ultrasound source
(piezoelectric crystal) 1 and the surface of the second ultrasound source (piezoelectric crystal) 2, that is, the distances
from the focal point to the surfaces of two piezoelectric crystals. According to the cavity surface radiuses of ultrasound
transducers and the distance between two transducers (length of cavity), the resonance transducer can be divided into
a symmetrical one, a confocal one, a concentric one, and a concentric and symmetrical one, etc. The relationship
between the radius of these resonance cavities and the length of cavity is as follows:

Symmetrical: R4=R,
Confocal:

L= (Ry+Rz) /2

Concentric:

L= (Ri+Rz>

Concentric and symmetrical: L= (R4+R5), R1=R,

[0030] The feature of a symmetrical resonance cavity is that the acoustic field is symmetrical along axial direction of
resonance cavity, with vertical cavity axis and through the central point of resonance cavity.

[0031] The confocal resonance cavity has a short length of cavity and the superposing position of the reflecting acoustic
field is at the focal point of the reflecting acoustic field. This kind of resonance cavities can be easily adjusted.

[0032] The feature of a concentric resonance cavity is that, theoretically, the superposing centers of all reflections of
reflected acoustic waves are the same, but it is hard to adjust them.

[0033] The feature of a concentric and symmetrical resonance cavity is that besides the same superposing center,
the superposing center is at the center of the sphere, and in principle, the focal point of the focused ultrasound is very small.
[0034] According to formula (7), it can be seen that to get the minimum size of the focal point (spot size) is to form a
concentric resonance cavity, that is, (R4+R,-L)=0). The resonance cavity formed by the reflecting surfaces of ochre
piezoelectric crystals may have a focal point with a minimum size.

[0035] However, in practical use, because the adjustment and assembly of the concentric resonance cavity are difficult,
the non-concentric resonance cavity (for example, a confocal resonance cavity) may be applied, but the spot is a little
bigger.

[0036] However, the ultrasonic resonance cavity constituted by ultrasound sources is different from the common laser
resonance cavity. The optical energy in the laser resonance cavity is excited by other different energies and the coherent
optical field in the laser resonance cavity is only the laser field. But, the acoustic field in ultrasonic resonance cavity is
inputted by ultrasonic transducers and the ultrasonic wave of the ultrasound source is fully coherent with the oscillated
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ultrasonic wave in resonance cavity. The total acoustic field in resonance cavity is equal to the sum of the acoustic field
of the ultrasound source and the oscillated acoustic field in resonance cavity. In order to have a single mode in resonance
cavity as best as possible, the acoustic field on the output surface of the ultrasound source should be similar to the
distribution of acoustic field on the output surface of the ultrasound source of the selected mode in resonance cavity.
So, when the fundamental mode is required in resonance cavity, the input acoustic field on the output surface of the
ultrasound source should be similar to the distribution of fundamental mode of that surface. When a high order mode is
needed, it should be similar to the high order mode distribution.

[0037] Acoustic units may be applied in said resonance cavity, for example, acoustic focusing units can be used to
focus the ultrasonic waves.

[0038] Any one of said ultrasound sources has an output window, through which the ultrasonic waves in resonance
cavity can be transmitted from the end face of that ultrasonic transducer and thus, the ultrasonic waves in resonance
cavity can be applied to the desired place.

[0039] Wherein, R and L can be applied with appropriate corresponding values according to the needs of use as long
as the corresponding relationship between two parties is met.

[0040] The resonance ultrasonic transducer of the present invention can be widely used in devices of ultrasonic
diagnosis, ultrasonic therapy, and ultrasonic detection and accomplish effective focusing and controlling of an ultrasonic
field.

[0041] Said ultrasound sources can adopt focused ultrasound sources or non-focused ultrasound sources according
to the needs. For example, in surgery, the focused ultrasound sources can be used to treat liver cancer and etc. For
treatment of knee joint pain or other diseases, the non-focused ultrasound sources can be used and mostly, good
therapeutic effects can be achieved.

[0042] An ultrasonic diagnosis device comprises ultrasonic transducer. Said ultrasonic transducer is the resonance
ultrasonic transducer as mentioned above.

[0043] An ultrasonic therapy device comprises ultrasonic transducer. Said ultrasonic transducer is the resonance
ultrasonic transducer as mentioned above.

[0044] An ultrasonic detection device comprises ultrasonic transducer. Said ultrasonic transducer is the resonance
ultrasonic transducer as mentioned above.

BRIEF DESCRIPTION OF THE FIGURES
[0045]

Fig. 1 is a structural diagram of resonance ultrasonic transducer of the embodiment 1 of the present invention.
Fig. 2 is a relationship diagram of acoustic fields of resonance cavity surface.

Fig. 3 is a mode diagram of low order steady distribution of sound pressure of square piezoelectric crystal.
Fig. 4 is a mode diagram of low order steady distribution of sound pressure of round piezoelectric crystal.

Fig. 5 is a mode diagram of distribution of steady acoustic field having a Gauss distribution in resonance cavity.
Fig. 6 is a structural diagram of the embodiment 2 of the present invention.

Fig. 7 is a structural diagram of the embodiment 3 of the present invention.

Fig. 8 is a structural diagram of the embodiment 4 of the present invention.

Fig. 9 is a structural diagram of the embodiment 5 of the present invention.

Fig. 10 is a structural diagram of the embodiment 6 of the present invention.

Fig. 11 is a structural diagram of the embodiment 7 of the present invention.

Fig. 12 is a structural diagram of the embodiment 8 of the present invention.

Fig. 13 is a structural diagram of the embodiment 9 of the present invention.

[0046] Wherein: 1 - Firstultrasound source 2 - Second ultrasound source/ Reflecting unit 3 - Output window 4 - Acoustic
unit

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0047] The presentinvention will be further explained below in detail with reference to the preferred embodiments and
accompanying drawings.

[0048] The resonance ultrasonic transducer of the present invention is defined according to claim 1. It comprises a
first ultrasound source for transmitting ultrasound and a reflecting unit disposed oppositely to the first ultrasound source.
The first ultrasound source and the reflecting unit constitute a resonance cavity. Said reflecting unitis a second ultrasound
source with a function of reflection.

[0049] The following embodiments are the non-restrictive embodiments of the present invention.
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Embodiment 1:

[0050] This embodiment shows a coaxial working mode of two ultrasonic transducers.

[0051] As shown in Fig. 1, in this embodiment, both the ultrasound source and the reflecting unit, that is, the first
ultrasound source 1 and the second ultrasound source 2, adopt spherical shell ultrasonic transducers. Two spherical
shell ultrasonic transducers are placed coaxially and their radiuses are respectively Ry and R,. Setting the length of said
resonance cavity as L, in order to reduce geometric attenuation and diffraction loss, it is required that L<R{+R,. 2ai and
2a, in Fig.1 respectively stand for the calibers of two ultrasonic transducers.

[0052] Two spherical shell ultrasonic transducers can work together or individually. When any one of the transducers
works, the other one can only act as a reflector. Or two transducers work alternately.

[0053] When these resonance ultrasonic transducers are used for resection treatment and when the target of disease
of patient is placed between two transducers, the ultrasound waves are highly concentrated at the spot in resonance
cavity due to the reflection of transducer surface. When the target of disease of patient overlaps the spot, the temperature
of the target of disease increases to above 60 centigrade and the coagulation necrosis of tissue will occur and accordingly
the treatment can be achieved. If the cancer of legs is to be treated, R4 may be 120mm; R, may be 110mm and L may
be 200mm.

Embodiment 2:

[0054] This embodiment shows a symmetrical working mode of ultrasonic transducers.

[0055] As shown in Fig. 6, in this embodiment, both the ultrasound source and the reflecting unit, that is, the first
ultrasound source 1 and the second ultrasound source 2, adopt spherical shell ultrasonic transducers. Two spherical
shell ultrasonic transducers are placed coaxially and symmetrically and their radiuses are both R. Setting the length of
said resonance cavity as L, in order to reduce geometric attenuation and diffraction loss, it is required that L<2R.
[0056] In this embodiment, the spot of the resonance cavity is located right at the center of two ultrasonic transducers.
One way to use this embodiment is the same as that in embodiment 1. If the cancer of legs is to be treated, R may be
120mm and L may be 200mm.

Embodiment 3:

[0057] This embodiment shows a concentric working mode of ultrasonic transducers.

[0058] As shown in Fig. 7, in this embodiment, both the ultrasound source and the reflecting unit, that is, the first
ultrasound source 1 and the second ultrasound source 2, adopt spherical shell ultrasonic transducers. Two spherical
shell ultrasonic transducers are placed coaxially and concentrically. Their radiuses are respectively R4 and R,. Setting
the length of said resonance cavity as L, it is required that L=R,+R,. The feature of this kind of device is that the spot
size is small. One way to use this embodiment is the same as that in embodiment 1. If the cancer of legs is to be treated,
R may be 120mm; R, may be 110mm and L may be 230mm.

Embodiment 4:

[0059] This embodiment shows a concentric and symmetrical working mode of ultrasonic transducers.

[0060] As shown in Fig. 8, in this embodiment, both the ultrasound source and the reflecting unit, that is, the first
ultrasound source 1 and the second ultrasound source 2, adopt spherical shell ultrasonic transducers. Two spherical
shell ultrasonic transducers are placed coaxially and concentrically and their radiuses are both R. Setting the length of
said resonance cavity as L, it is required that L=2R. The feature of this kind of device is that the spot size is small and
the spotofthe resonance cavity is located right atthe center of two ultrasonic transducers. One way to use this embodiment
is the same as that in embodiment 1. If the cancer of legs is to be treated, the radius of two transducers "R" is 120mm
and L is 240mm.

Embodiment 5:

[0061] This embodiment shows a confocal working mode of ultrasonic transducers.

[0062] As shown in Fig. 9, said ultrasound source and said reflecting unit are placed confocally. Their radiuses are
respectively Ry and R,. Setting the length of said resonance cavity as L, at this time, the parameters of resonance cavity
have the following relationship: 2L=R4+R,. The spot radius of this resonance cavity is:
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[0063] The resonance ultrasonic transducers constituted by this mode have advantages of small diffraction loss and

easy adjustment. One way to use this embodiment is the same as that in embodiment 1. If the cancer of legs is to be

treated, R4y may be 120mm; R, may be 110mm and L may be 115mm.

Embodiment 6:

[0064] In this embodiment, as shown in Fig. 10, two ultrasonic transducers constitute a resonance cavity. Wherein,
two ultrasonic transducers, thatis, the first ultrasound source 1 and the second ultrasound source 2 adopt flat piezoelectric
transducers. There are acoustic units 4 in the resonance cavity and the acoustic units 4 adopt ultrasonic lenses. The
ultrasonic lenses are arranged in the resonance cavity and they contact tightly and respectively with the first ultrasound
source 1 and the second ultrasound source 2.

[0065] The resonance ultrasonic transducers of this embodiment have a tiny focal point and also have advantages of
small diffraction loss and easy adjustment. For this kind of ultrasonic transducer, the designs of ultrasonic lens shall be
optimized so that the focusing performance and low reflecting rate can be ensured. One way of use of this embodiment
is the same as that in embodiment 1. If the cancer of legs is to be treated and the material for ultrasonic lens is hard
aluminum, the radius of lens "R;" may be 120mm, the radius of lens of reflecting transducer "R," may be 110mm and
L may be 205mm (L may vary according to different aluminum alloy materials adopted by ultrasonic lens) .

Embodiment 7:

[0066] Asshownin Fig. 11, in this embodiment, the working mode of the ultrasound source and the reflecting unit can
adopt any one of the modes in the embodiments 1 to 6 as mentioned above, but the reflecting unit uses a spherical
reflector instead of the ultrasonic transducer. One way of use of this embodiment is the same as that in embodiments
from 1 to 6.

Embodiment 8:

[0067] As shown in Fig. 12, in this embodiment, the reflecting unit adopts ultrasonic lenses with reflection on rear end
face. Other structures are the same as those in embodiment 6. One way to use this embodiment is the same as that in
embodiment 6.

Embodiment 9:

[0068] Asshownin Fig. 13, the ultrasound sources adopt two ultrasonic transducers, that is, the first ultrasound source
1 and the second ultrasound source 2. Wherein, an output window 3 is opened on one of the ultrasonic transducers.
The outputwindow 3 is made of material with low acoustic impedance (for example, thin plastic membrane). The ultrasonic
waves generated by this resonance ultrasonic transducer can be transmitted from the output window 3. This kind of
ultrasonic transducer may be applied to ultrasonic wave-guide coupling in bridge detection.

Claims

1. Aresonance ultrasonic transducer comprising a first ultrasound source (1) for transmitting ultrasound and a reflecting
unit (2) disposed oppositely to the first ultrasound source (1); said first ultrasound source (1) and the reflecting unit
(2) constitute a resonance cavity, characterized in that said reflecting unit (2) is a second ultrasound source with
a function of reflection.

2. Theresonance ultrasonic transducer according to claim 1, wherein the first ultrasound source (1) and the reflecting
unit (2) disposed oppositely are placed coaxially and their radiuses are respectively Ry and R,; wherein the length
of the resonance cavity is L, L<R; + R,.

3. Theresonance ultrasonic transducer according to claim 1, wherein the first ultrasound source (1) and the reflecting
unit (2) disposed oppositely are placed coaxially and symmetrically, and their radiuses are both R; wherein the
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length of the resonance cavity is L, L<2R.

The resonance ultrasonic transducer according to claim 1, wherein the first ultrasound source (1) and the reflecting
unit (2) disposed oppositely are placed coaxially and concentrically, and their radiuses are respectively Ry and Ry;
wherein the length of the resonance cavity is L, L=R; + R,.

The resonance ultrasonic transducer according to claim 1, wherein the first ultrasound source (1) and the reflecting
unit (2) disposed oppositely are placed coaxially and concentrically, and their radiuses are both R; wherein the
length of the resonance cavity ; is L, L=2R.

The resonance ultrasonic transducer according claim 1, wherein the first ultrasound source (1) and the reflecting
unit (2) disposed oppositely are placed confocally, and their radiuses are respectively R, and R,; wherein the length
of the resonance cavity is L, 2L=R+R,.

The resonance ultrasonic transducer as claimed in any one of claims 1-6, wherein both the first ultrasound source
(1) and the reflecting unit (2) adopt spherical shell transducers.

The resonance ultrasonic transducer as claimed in any one of claims 1-6, wherein said ultrasound sources disposed
oppositely to each other both adopt flat piezoelectric transducers and ultrasonic lenses, and the ultrasonic lenses
are arranged in the resonance cavity and they contact tightly with the flat piezoelectric transducers.

The resonance ultrasonic transducer as claimed in any one of claims 1-6, wherein at least one of the ultrasound
sources disposed oppositely to each other has an output window (3).

The resonance ultrasonic transducer as claimed in any one of claims 1-6, wherein said ultrasound sources are
focused ultrasound sources or non-focused ultrasound sources.

An ultrasonic diagnosis device comprising an ultrasonic transducer, wherein said ultrasonic transducer is the res-
onance ultrasonic transducer as claimed in any one of claims 1-10.

An ultrasonic therapy device comprising an ultrasonic transducer, wherein said ultrasonic transducer is the resonance
ultrasonic transducer as claimed in any one of claims 1-10.

An ultrasonic detection device comprising an ultrasonic transducer, wherein said ultrasonic transducer is the reso-
nance ultrasonic transducer as claimed in any one of claims 1-10.

Patentanspriiche

1.

Resonanz Ultraschallwandler, umfassend eine erste Ultraschallquelle (1) zum Ubertragen von Ultraschall und eine
reflektierenden Einheit (2), die gegentber der ersten Ultraschallquelle (1) angeordnet ist; wobei die erste Ultra-
schallquelle (1) und die reflektierende Einheit (2) einen Resonanzraum bilden, dadurch gekennzeichnet, dass die
reflektierende Einheit (2) eine zweite Ultraschallquelle mit einer Reflexionsfunktion ist.

Resonanz Ultraschallwandler nach Anspruch 1, wobei die erste Ultraschallquelle (1) und die gegeniberliegend
angeordnete Reflexionseinheit (2) koaxial angeordnet sind und ihre Radien jeweils R4 und R, sind; wobei die Léange
des Resonanzraumes L, L < R1 + R2 ist.

Resonanz Ultraschallwandler nach Anspruch 1, wobei die erste Ultraschallquelle (1) und die gegeniberliegend
angeordnete Reflexionseinheit (2) koaxial und symmetrisch angeordnet sind und ihre Radien beide R sind; wobei
die Lange des Resonanzraumes L, L < 2R ist.

Resonanz Ultraschallwandler nach Anspruch 1, wobei die erste Ultraschallquelle (1) und die gegeniberliegend
angeordnete Reflexionseinheit (2) koaxial und konzentrisch angeordnet sind und ihre Radien jeweils Ry und R,
sind; wobei die Lange des Resonanzhohlraums L, L = R1 + R2 ist.

Resonanz Ultraschallwandler nach Anspruch 1, wobei die erste Ultraschallquelle (1) und die gegeniberliegend
angeordnete Reflexionseinheit (2) koaxial und konzentrisch angeordnet sind und ihre Radien beide R sind; wobei
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die Lange des Resonanzraumes L, L = 2R ist.

Resonanz Ultraschallwandler nach Anspruch 1, wobei die erste Ultraschallquelle (1) und die gegeniberliegend
angeordnete Reflexionseinheit (2) konfokal angeordnet sind und ihre Radien jeweils R4 und R, sind, wobei die
Lange des Resonanzhohlraums aufL, 2L = R1 + R2 ist.

Resonanz Ultraschallwandler nach einem der Anspriiche 1 bis 6, wobei sowohl die erste Ultraschallquelle (1) als
auch die reflektierende Einheit (2) Kugelschalenwandler verwenden.

Resonanz Ultraschallwandler nach einem der Anspriiche 1 bis 6, wobei die einander gegeniberliegend angeord-
neten Ultraschallquellen sowohl flache piezoelektrische Wandler als auch Ultraschalllinsen verwenden und die
Ultraschalllinsen im Resonanzraum angeordnet sind und die Ultraschalllinsen die flachen piezoelektrischen Wandler
eng kontaktieren.

Resonanz Ultraschallwandler nach einem der Anspriiche 1 bis 6, wobei mindestens eine der Ultraschallquellen, die
einander gegeniberliegend angeordnet sind, ein Ausgangsfenster (3) aufweist.

Resonanz Ultraschallwandler nach einem der Anspriiche 1 bis 6, wobei die genannten Ultraschallquellen fokussierte
Ultraschallquellen oder nicht fokussierte Ultraschallquellen sind.

Ultraschalldiagnosevorrichtung mit einem Ultraschallwandler, wobei der Ultraschallwandler der Resonanz Ultra-
schallwandler nach einem der Anspriiche 1 bis 10 ist.

Ultraschalltherapievorrichtung mit einem Ultraschallwandler, wobei der Ultraschallwandler der Resonanz Ultra-
schallwandler nach einem der Anspriiche 1 bis 10 ist.

Ultraschall-Erfassungsvorrichtung mit einem Ultraschallwandler, wobei der Ultraschallwandler der Resonanz Ultra-
schallwandler nach einem der Anspriiche 1 bis 10 ist.

Revendications

Transducteur ultrasonique a résonance comprenant une premiére source d'ultrasons (1) destinée a transmettre un
ultrason et comprenant une unité réfléchissante (2) disposée a I'opposé de la premiére source d’ultrasons (1) ; ladite
premiere source d’'ultrasons (1) et ladite unité réfléchissante (2) constituent une cavité de résonance,

caractérisé en ce que ladite unité réfléchissante (2) est une seconde source d’ultrasons ayant une fonction de
réflexion.

Transducteur ultrasonique a résonance selon la revendication 1, dans lequel la premiére source d’ultrasons (1) et
I'unité réfléchissante (2) disposée a I'opposé sont placées de maniére coaxiale, et leurs rayons sont respectivement
R, et R, ; transducteur dans lequel la longueur de la cavité de résonance est L, L <R; + R,.

Transducteur ultrasonique a résonance selon la revendication 1, dans lequel la premiére source d’ultrasons (1) et
I'unité réfléchissante (2) disposée a I'opposé sont placées de maniére coaxiale et symétrique, et leurs rayons sont
tous les deux R ; transducteur dans lequel la longueur de la cavité de résonance est L, L < 2R.

Transducteur ultrasonique a résonance selon la revendication 1, dans lequel la premiére source d’ultrasons (1) et
I'unité réfléchissante (2) disposée a I'opposé sont placées de maniére coaxiale et concentrique, et leurs rayons sont
respectivement R, et R, ; transducteur dans lequel la longueur de la cavité de résonance est L, L = R + R,.

Transducteur ultrasonique a résonance selon la revendication 1, dans lequel la premiére source d’ultrasons (1) et
I'unité réfléchissante (2) disposée a I'opposé sont placées de maniére coaxiale et concentrique, et leurs rayons sont
tous les deux R ; transducteur dans lequel la longueur de la cavité de résonance est L, L = 2R.

Transducteur ultrasonique a résonance selon la revendication 1, dans lequel la premiére source d’ultrasons (1) et

I'unité réfléchissante (2) disposée al'opposé sont placées de maniére confocale, etleurs rayons sont respectivement
R et R, ; transducteur dans lequel la longueur de la cavité de résonance est L, 2L = R4 + R,.
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Transducteur ultrasonique a résonance selon I'une quelconque des revendications 1 a 6, dans lequel la premiéere
source d’ultrasons (1) et I'unité réfléchissante (2) adoptent toutes les deux des transducteurs a coques sphériques.

Transducteur ultrasonique a résonance selon I'une quelconque des revendications 1 a 6, dans lequel lesdites
sources d’ultrasons disposées al’'opposé I'une de I'autre adoptent toutes les deux des transducteurs piézoélectriques
plats et des lentilles a ultrasons, et les lentilles a ultrasons sont agencées dans la cavité de résonance et sont
étroitement au contact des transducteurs piézoélectriques plats.

Transducteur ultrasonique a résonance selon I'une quelconque des revendications 1 a 6, dans lequel au moins
I'une des sources d’ultrasons disposées a I'opposé I'une de I'autre a une fenétre de sortie (3).

Transducteur ultrasonique a résonance selon I'une quelconque des revendications 1 a 6, dans lequel lesdites
sources d’ultrasons sont des sources d’ultrasons focalisés ou bien des sources d’ultrasons non focalisés.

Dispositif de diagnostic par ultrasons comprenant un transducteur ultrasonique, dispositif dans lequel ledit trans-
ducteur ultrasonique est le transducteur ultrasonique a résonance selon I'une quelconque des revendications 1 a 10.

Dispositif de thérapie par ultrasons comprenant un transducteur ultrasonique, dispositif dans lequel ledit transducteur
ultrasonique est le transducteur ultrasonique a résonance selon I'une quelconque des revendications 1 a 10.

Dispositif de détection par ultrasons comprenant un transducteur ultrasonique, dispositif dans lequel ledit transduc-
teur ultrasonique est le transducteur ultrasonique a résonance selon I'une quelconque des revendications 1 a 10.
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