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ULTRASONIC TRANSDUCER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of Patent Coop-
eration Treaty Application No. PCT/CN2015/087981, filed
Aug. 25, 2015, for “Ultrasonic Transducer,” which is incor-
porated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to ultrasonic imaging
and more particularly to an ultrasonic transducer.

BACKGROUND

[0003] In an ultrasonic diagnostic device, ultrasonic trans-
ducers convert electrical signals into ultrasonic waves that
propagate in human tissue and convert the ultrasonic waves
reflected back by the human tissue into electrical signals.
The electrical signals can be processed and displayed on a
display device as images for analysis and disease diagnosis
by s doctor.

[0004] Bandwidth is an important characteristic for mea-
suring the quality of an ultrasonic transducer. Wideband
ultrasonic transducers can transmit and receive ultrasonic
waves with different frequencies so as to satisfy different
requirements, such as when the diagnostic device uses
different operating frequencies in near field and far field.
Furthermore, a wideband ultrasonic transducer can be used
in harmonic imaging. With a wide frequency band, the
multiple harmonics of sound waves generated in human
tissues can be received, and thereby the axial resolution and
sensitivity of the images can be increased.

SUMMARY

[0005] An ultrasonic transducer and an ultrasonic diag-
nostic device using the same are disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 schematically shows a fist existing ultra-
sonic transducet;

[0007] FIG. 2 schematically shows a second existing
ultrasonic transducer;

[0008] FIG. 3 schematically shows a third existing ultra-
sonic transducer;

[0009] FIG. 4 schematically shows a fourth existing ultra-
sonic transducer;

[0010] FIG. 5 schematically shows one embodiment of the
ultrasonic transducer;

[0011] FIG. 6 is a schematic diagram which shows how a
high impedance backing layer and the piezoelectric crystal
with constant thickness are equivalent to a piezoelectric
crystal with non-constant thickness;

[0012] FIG. 7 schematically shows one embodiment of the
ultrasonic transducer;

[0013] FIG. 8 schematically shows one embodiment of the
ultrasonic transducer;

[0014] FIG. 9 schematically shows one embodiment of the
ultrasonic transducer;

[0015] FIG. 10 schematically shows one embodiment of
the ultrasonic transducer;

[0016] FIG. 11 schematically shows one embodiment of
the ultrasonic transducer;
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[0017] FIG. 12 schematically shows one embodiment of
the ultrasonic transducer;

[0018] FIG. 13 schematically shows one embodiment of
the ultrasonic transducer; and

[0019] FIG. 14 is a perspective view of the ultrasonic
transducer.

DETAILED DESCRIPTION
[0020] A wideband ultrasonic transducer is shown in FIG.

1, where the thicker the piezoelectric crystal 11 is, the lower
the operating frequency of the corresponding transducer
may be. By adjusting the maximum thickness LMAX and
the minimum thickness LMIN of the piezoelectric crystal,
the transducer may have good sensitivity from low to high
frequency, thereby broadening the bandwidth. However, the
range of the bandwidth broadened by this technique is
limited. Restricted by the manufacturing processes, the
value of LMAX/LMIN is generally less than or equal to
140% (LMAX/LMIN=140%). If this value is too large, the
piezoelectric crystal is prone to be broken when manufac-
turing the transducer.

[0021] Another wideband ultrasonic transducer is shown
in FIG. 2, where the concave surface of the piezoelectric
crystal 42 is connected with the backing layer 40, thereby
reducing the possibility of cracking of the piezoelectric
crystal during pressure bonding. In other solutions, the
transducer may include two layers of piezoelectric crystal
42, 44 with non-constant thicknesses, as shown in FIG. 3.
Alternatively, the transducer may include three layers of
piezoelectric crystal 24, 26 and 28 with non-constant thick-
nesses, as shown in FIG. 4. Such solutions with multiple
layers of piezoelectric crystal with non-constant thicknesses
may reduce the curvatures of the upper surface and the lower
surface under the condition that the total equivalent curva-
ture is guaranteed, thereby reducing the possibility of crack-
ing of the piezoelectric crystals. However, in these solutions,
the piezoelectric crystals prone to be broken are formed as
concave shapes with non-constant thicknesses, which
increases the manufacturing difficulty, thereby the possibil-
ity of cracking of the piezoelectric crystal still existing.
Furthermore, since the piezoelectric crystals are concave,
the difficulty of forming the covering electrode on the
piezoelectric crystals is increased.

[0022] In one embodiment, an ultrasonic transducer may
be provided, which may include a piezoelectric crystal and
a backing layer. The backing layer may include a high
impedance backing layer and a low impedance backing
layer. The back surface of the piezoelectric crystal may be
connected with the front surface of the high impedance
backing layer, and the back surface of the high impedance
backing layer may be connected with the front surface of the
low impedance backing layer. The high impedance backing
layer may have non-constant thicknesses.

[0023] In one embodiment, the piezoelectric crystal may
have a constant thickness.

[0024] In one embodiment, the thickness at the middle of
the high impedance backing layer may be smaller than the
thicknesses at both sides of the high impedance backing
layer.

[0025] In one embodiment, the back surface of the high
impedance backing layer may be a curved concave surface,
a wedge-shaped concave surface or a trapezoidal concave
surface.
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[0026] In one embodiment, both the piezoelectric crystal
and the high impedance backing layer may have non-
constant thicknesses.

[0027] In one embodiment, the thickness at the middle of
the piezoelectric crystal may be smaller than the thicknesses
at both sides of the piezoelectric crystal, and the thickness at
the middle of the high impedance backing layer may be
smaller than thicknesses at both sides of the high impedance
backing layer.

[0028] In one embodiment, the front surface of the piezo-
electric crystal may be a concave surface, the back surface
of the piezoelectric crystal may be a flat surface, the front
surface of the high impedance backing layer may be a flat
surface, and the back surface of the high impedance backing
layer may be a curved concave surface, a wedge-shaped
concave surface or a trapezoidal concave surface.

[0029] In one embodiment, the piezoelectric crystal may
have a constant thickness. The thickness at middle of the
high impedance backing layer may be smaller than thick-
nesses at both sides of the high impedance backing layer and
the back surface of the high impedance backing layer may
be a concave surface. The thickness at the middle of the low
impedance backing layer may be larger than the thicknesses
at both sides of the low impedance backing layer and the
front surface of the low impedance backing layer may be a
convex surface. The back surface of the high impedance
backing layer may match with the front surface of the low
impedance backing layer.

[0030] In one embodiment, the ultrasonic transducer may
further include a matching layer. The back surface of the
matching layer may be connected with the front surface of
the piezoelectric crystal. The matching layer may have a
non-constant or constant thickness.

[0031] The element, such as the matching layer, the piezo-
electric crystal, the high impedance backing layer, or the low
impedance backing layer, may have maximum thickness and
minimum thickness. In one embodiment, the element with
constant thickness may refer to the element whose maxi-
mum and minimum thicknesses are equal, and the element
with non-constant thickness may refer to that the element
whose maximum and minimum thicknesses are different.
[0032] Inoneembodiment, an ultrasonic diagnostic device
may be provided. The ultrasonic diagnostic device may
include a piezoelectric crystal and a backing layer. The
backing layer may include a high impedance backing layer
and a low impedance backing layer. The back surface of the
piezoelectric crystal may be connected with the front surface
of the high impedance backing layer, and the back surface of
the high impedance backing layer may be connected with
the front surface of the low impedance backing layer. The
high impedance backing layer may have non-constant thick-
nesses.

[0033] In various embodiments, the backing layer may
include a high impedance backing layer and a low imped-
ance backing layer and strong reflection may occur at the
interface therebetween, such that more sound waves can be
reflected back to the piezoelectric crystal, thereby increasing
the sensitivity of the ultrasonic transducer. Furthermore, the
piezoelectric crystal with constant thickness and the high
impedance backing layer with non-constant thicknesses may
be used to replace the piezoelectric crystal with non-constant
thicknesses, thereby reducing the difficulty in manufacturing
the piezoelectric crystal and effectively reducing the risk of
cracking of the piezoelectric crystal.
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[0034] As shown in FIG. 5, an ultrasonic transducer may
include a matching layer 3, a piezoelectric crystal 1, a high
impedance backing layer 2a and a low impedance backing
layer 2b. The matching layer, the piezoelectric crystal, the
high impedance backing layer and the low impedance back-
ing layer may be sequentially stacked from top to bottom.
The piezoelectric crystal may be a piezoelectric crystal with
a constant thickness. The high impedance backing layer may
be a high impedance backing layer with non-constant thick-
ness, back surface of the piezoelectric crystal may be
connected with front surface of the high impedance backing
layer thereby forming an equivalent piezoelectric crystal
which is able to be equivalent to the piezoelectric crystal
with non-constant thickness.

[0035] In the present disclosure, the “high impedance
backing layer” may be a backing layer with relatively (e.g.,
with respect to the low impedance backing layer) high
acoustic impedance. For example, the high impedance back-
ing layer may be formed using backing materials with
relatively (e.g., with respect to the materials of the low
impedance backing layer) high acoustic impedance. Simi-
larly, the “low impedance backing layer” may be a backing
layer with relatively (e.g., with respect to the high imped-
ance backing layer) low acoustic impedance. For example,
the low impedance backing layer may be formed using
backing materials with relatively (e.g., with respect to the
materials of the high impedance backing layer) low acoustic
impedance.

[0036] The principles of the equivalent piezoelectric crys-
tal will be briefly described below.

[0037] As shown in FIG. 6, 1 represents the piezoelectric
crystal, 2a represents the high impedance backing layer, and
2b represents the low impedance backing layer. When the
piezoelectric crystal 1 operates and transmits ultrasonic
waves, most of the ultrasonic waves propagating backwards
will enter into the high impedance backing layer 2a and be
relatively strongly reflected by the interface between the
high impedance backing layer 2a and the low impedance
backing layer 2b. The reflected ultrasonic waves will pass
through the piezoelectric crystal 1 and propagate forwards.
This way, the piezoelectric crystal 1 and the high impedance
backing layer 2a may form an equivalent vibrator (ie., an
equivalent piezoelectric crystal), where the resonant fre-
quency of the equivalent vibrator is inversely proportional to
the thickness of the high impedance backing layer 2a.
Therefore, the vibration frequency, i.e., the operation fre-
quency, of the equivalent vibrator may be changed by
changing the thickness of the high impedance backing layer
2a, thereby broadening the bandwidth of the ultrasonic
transducer.

[0038] In the present disclosure, a single element (such as
the matching layer, the piezoelectric crystal, the high imped-
ance backing layer or the low impedance backing layer) may
have a maximum thickness and a minimum thickness. A
single element “with constant thickness” may refer to that
the maximum and minimum thicknesses of the single ele-
ment are equal. A single element “with non-constant thick-
ness” may refer to that the maximum and minimum thick-
nesses of the single element are different.

[0039] As shown in FIG. 5 and FIG. 14, the ultrasonic
transducer may include a matching layer 3, a piezoelectric
crystal 1, a high impedance backing layer 2a and a low
impedance backing layer 2b. The back surface 302 of the
matching layer 3 may be connected with the front surface
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101 of the piezoelectric crystal 1. The back surface 102 of
the piezoelectric crystal 1 may be connected with the front
surface 201 of the high impedance backing layer 2a. The
back surface 202 of the high impedance backing layer 2a
may be connected with the front surface 203 of the low
impedance backing layer 25. The piezoelectric crystal 1 may
have a constant thickness t. The front surface 101 and the
back surface 102 of the piezoelectric crystal 1 may both be
flat surface. The high impedance backing layer 2a may have
non-constant thicknesses (e.g., the thicknesses in the Z
direction are varying along the X direction in FIG. 5, but not
constant). The thicknesses at the middle of the high imped-
ance backing layer 2a may be smaller than those at both
sides. The front surface 201 of the high impedance backing
layer 2a may be a flat surface while the back surface 202
may be a curved concave surface. The low impedance
backing layer 25 may have non-constant thicknesses. The
thicknesses at the middle of the low impedance backing
layer 26 may be larger than those at both sides. The front
surface 203 of the low impedance backing layer 25 may be
a curved convex surface matching with the back surface of
the high impedance backing layer. The matching layer 3 may
have non-constant thicknesses. The front surface 301 of the
matching layer 3 may be a concave surface and the back
surface 302 may be a flat surface. The back surface 204 of
the low impedance backing layer 25 may be a flat surface.
The front surface 301 of the matching layer may be con-
nected with an acoustic lens 5.

[0040] As shown in FIG. 5, the left and right direction X
may be perpendicular to the front and back direction Z, the
“thickness”, for a single element (such as the matching layer,
the piezoelectric crystal, the high impedance backing layer
or the low impedance backing layer), may refer to the
difference between the Z coordinates at the front surface and
the back surface which have the same X coordinate, and the
“middle” and the “both sides” may refer to the middle and
both sides in the left and right direction X.

[0041] Referring to FIG. 7, an ultrasonic transducer is
shown in which the back surface of the high impedance
backing layer 2a may be a wedge-shaped concave surface,
the wedge tip of the wedge-shaped concave surface may
point to the piezoelectric crystal, and, correspondingly, the
front surface of the low impedance backing layer 25 may be
a wedge-shaped convex surface.

[0042] In FIG. 8, an ultrasonic transducer is shown in
which the back surface of the high impedance backing layer
2a is a trapezoidal concave surface, and, correspondingly,
the front surface of the low impedance backing layer 25 may
be a trapezoidal convex surface.

[0043] In FIG. 9, an ultrasonic transducer is illustrated in
which the matching layer 3 may have a constant thickness,
the front surface and back surface of the matching layer 3
may both be flat surface, the back surface of the high
impedance backing layer 2a may be a wedge-shaped con-
cave surface, the wedge tip of the wedge-shaped concave
surface may point to the piezoelectric crystal, and, corre-
spondingly, the front surface of the low impedance backing
layer 2b may be a wedge-shaped convex surface.

[0044] FIG. 10 shows an embodiment of the ultrasonic
transducer in which the matching layer 3 may have a
constant thickness, the front surface and back surface of the
matching layer 3 may both be flat surface, the back surface
of the high impedance backing layer 2a may be a trapezoidal
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concave surface, and, correspondingly, the front surface of
the low impedance backing layer 25 may be a trapezoidal
convex surface.

[0045] As shown in FIG. 11, an ultrasonic transducer may
include a matching layer 3, a piezoelectric crystal 1, a high
impedance backing layer 2a, and a low impedance backing
layer 25, which are sequentially stacked from top to bottom.
The matching layer 3 may have a constant thickness. The
front surface of the matching layer 3 may be a curved
concave surface and the back surface may be a curved
convex surface. The piezoelectric crystal 1 may have non-
constant thicknesses, and the thickness at the middle of the
piezoelectric crystal 1 may be smaller than those at both
sides. The front surface of the piezoelectric crystal 1 may be
a curved concave surface and the back surface of the
piezoelectric crystal 1 may be a flat surface. The high
impedance backing layer 2a may have non-constant thick-
nesses, and the thickness at the middle of the high imped-
ance backing layer 2a may be smaller than those at both
sides. The front surface of the high impedance backing layer
2a may be a flat surface and the back surface of the high
impedance backing layer 2a¢ may be a curved concave
surface. The low impedance backing layer 256 may have
non-constant thicknesses, and the thickness at the middle of
the low impedance backing layer 2b may be larger than
those at both sides. The front surface of the low impedance
backing layer 2b may be a curved convex surface.

[0046] In FIG. 12, an ultrasonic transducer is shown in
which the back surface of the high impedance backing layer
2a may be a wedge-shaped concave surface and the wedge
tip of the wedge-shaped concave surface may point to the
piezoelectric crystal.

[0047] In FIG. 13, an ultrasonic transducer is shown in
which the back surface of the high impedance backing layer
2a may be a trapezoidal concave surface and correspond-
ingly the front surface of the low impedance backing layer
2b may be a trapezoidal convex surface.

[0048] The ultrasonic transducer may include the match-
ing layer, the piezoelectric crystal, the high impedance
backing layer and the low impedance backing layer. The
matching layer can achieve the impedance matching
between human tissue and the piezoelectric crystal. The
piezoelectric crystal may be an element with piezoelectric
effect. Both of the high impedance backing layer and the low
impedance backing layer can absorb sound waves and
achieve damping effect, and can increase the bandwidth of
the ultrasonic transducer. The larger the impedance, the
larger the damping effect will be, and the wider the band-
width. The matching layer may have a constant thickness or
non-constant thicknesses. The piezoelectric crystal may be
connected with the high impedance backing layer to form an
equivalent piezoelectric crystal which may have non-con-
stant thicknesses. The thickness at the middle of the equiva-
lent piezoelectric crystal may be smaller than those at both
sides thereof. The low impedance backing layer may have
non-constant thicknesses. The thickness at the middle of the
low impedance backing layer may be larger than those at
both sides thereof.

[0049] The acoustic impedance of the high impedance
backing layer may be larger than that of the piezoelectric
crystal. The acoustic impedance of the low impedance
backing layer may be smaller than that of the piezoelectric
crystal. In order to increase the sensitivity of the ultrasonic
transducer, the difference between the high and low acoustic
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impedance may be appropriately increased. For example, the
acoustic impedance of the high impedance backing layer
may be n times of the acoustic impedance of the piezoelec-
tric crystal, and the acoustic impedance of the piezoelectric
crystal may be m times of the acoustic impedance of the low
impedance backing layer. Herein n and m may both be
greater than 1. In one embodiment, the acoustic impedance
of the high impedance backing layer may be 3 times of the
acoustic impedance of the piezoelectric crystal, and the
acoustic impedance of the low impedance backing layer may
be Yo of the acoustic impedance of the piezoelectric crystal.
The sound waves propagating backwards from the piezo-
electric crystal may mostly enter into the high impedance
backing layer and then be strongly reflected at the interface
between the high impedance backing layer and the low
impedance backing layer. Accordingly, almost all of the
sound waves may be reflected back to the piezoelectric
crystal, which can greatly increase the sensitivity of the
ultrasonic transducer.

[0050] In the ultrasonic transducer, the interface between
the high impedance backing layer and the low impedance
backing layer may have a relatively large reflection coeffi-
cient and can generate strong reflected waves, such that the
high impedance backing layer with non-constant thicknesses
and the piezoelectric crystal with constant thickness can
equivalently replace the piezoelectric crystal with non-
constant thicknesses, thereby greatly reducing the difficulty
in manufacturing the piezoelectric crystal. Furthermore,
since the fragile piezoelectric crystal has constant thickness,
the ordinary process can guarantee the safety of the crystal.
In addition, because the ratio of the maximum thickness and
the minimum thickness (maximum thickness/minimum
thickness) of the high impedance backing layer with non-
constant thicknesses can be relatively large, 1.e., the ratio of
the maximum thickness and the minimum thickness (maxi-
mum thickness/minimum thickness) of the equivalent piezo-
electric crystal can be larger, such as the ratio can be greater
than or equal to 200%, the bandwidth of the ultrasonic
transducer can be wider. By adjusting the maximum thick-
ness of the high impedance backing layer, the low frequency
band of the ultrasonic transducer can be adjusted. By adjust-
ing the minimum thickness of the high impedance backing
layer, the high frequency band of the ultrasonic transducer
can be adjusted.

[0051] The present disclosure has been described in detail
above with reference to the specific embodiments. However,
it shall not be interpreted as that the specific implementa-
tions of the present disclosure are limited thereto. For a
person ordinarily skilled in the art, many simple deductions
or alternatives can be made without departing from the
concepts of the present disclosure.

1. An ultrasonic transducer, comprising a piezoelectric
crystal and a backing layer, wherein the backing layer
comprises a high impedance backing layer and a low imped-
ance backing layer, a back surface of the piezoelectric
crystal is connected with a front surface of the high imped-
ance backing layer, and a back surface of the high imped-
ance backing layer is connected with a front surface of the
low impedance backing layer, and wherein the high imped-
ance backing layer has non-constant thicknesses.

2. The ultrasonic transducer of claim 1, wherein the
piezoelectric crystal has constant thickness.
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3. The ultrasonic transducer of claim 1, wherein a thick-
ness at a middle of the high impedance backing layer is
smaller than thicknesses at both sides of the high impedance
backing layer.

4. The ultrasonic transducer of claim 3, wherein the back
surface of the high impedance backing layer is a curved
concave surface, a wedge-shaped concave surface or a
trapezoidal concave surface.

5. The ultrasonic transducer of claim 3, wherein the front
surface of the high impedance backing layer is a flat surface.

6. The ultrasonic transducer of claim 2, wherein both a
front surface and the back surface of the piezoelectric crystal
is a flat surface.

7. The ultrasonic transducer of claim 1, wherein both the
piezoelectric crystal and the high impedance backing layer
have non-constant thickness.

8. The ultrasonic transducer of claim 7, wherein, a thick-
ness at middle of the piezoelectric crystal is smaller than
thicknesses at both sides of the piezoelectric crystal, and a
thickness at middle of the high impedance backing layer is
smaller than thicknesses at both sides of the high impedance
backing layer.

9. The ultrasonic transducer of claim 8, wherein, a front
surface of the piezoelectric crystal is a concave surface, the
back surface of the piezoelectric crystal is a flat surface, the
front surface of the high impedance backing layer is a flat
surface, and the back surface of the high impedance backing
layer is a curved concave surface, a wedge-shaped concave
surface or a trapezoidal concave surface.

10. The ultrasonic transducer of claim 1, wherein, the
piezoelectric crystal has constant thickness, a thickness at
middle of the high impedance backing layer is smaller than
thicknesses at both sides of the high impedance backing
layer and the back surface of the high impedance backing
layer is a concave surface, a thickness at middle of the low
impedance backing layer is larger than thicknesses at both
sides of the low impedance backing layer and the front
surface of the low impedance backing layer is a convex
surface, and the back surface of the high impedance backing
layer matches with the front surface of the low impedance
backing layer.

11. The ultrasonic transducer of claim 1, further compris-
ing a matching layer, wherein a back surface of the matching
layer is connected with a front surface of the piezoelectric
crystal.

12. The ultrasonic transducer of claim 11, wherein, the
matching layer has non-constant thicknesses, and a thick-
ness at middle of the matching layer is smaller than thick-
nesses at both sides of the matching layer.

13. The ultrasonic transducer of claim 11, wherein the
matching layer has constant thickness.

14. An ultrasonic diagnostic device, comprising an ultra-
sonic transducer, wherein the ultrasonic transducer com-
prises a piezoelectric crystal and a backing layer, and
wherein the backing layer comprises a high impedance
backing layer and a low impedance backing layer, a back
surface of the piezoelectric crystal is connected with a front
surface of the high impedance backing layer, and a back
surface of the high impedance backing layer is connected
with a front surface of the low impedance backing layer, and
wherein the high impedance backing layer has non-constant
thicknesses.
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