Description

Interdigital Resonator and Filter

Cross-Reference to Related Application

The present disclosure claims the priority of Chinese patent application no. 2024105050176,
filed with the China National Intellectual Property Administration on April 25, 2024 and entitled

"interdigital resonator and filter", which is incorporated herein by reference in its entirety.

Technical Field

The present disclosure relates to the technical field of resonators, and in particular, to an

interdigital resonator and a filter.

Background

As people have higher and higher requirements on the data transmission rate, communication
spectrum resources become more and more crowded, and frequency band resources of high
frequency, low delay and wide channel such as 5G and 6G are launched in the wireless
communication industry. An acoustic filter serving as the core of a radio frequency front end faces

technical challenges such as high frequency, large bandwidth and high power capacity.

The interdigital resonator, due to its unique performances such as high frequency and large
bandwidth, becomes an optimal choice for implementing a 5G and a 6G radio frequency filter;
however, the interdigital resonator also has the following problem: there are many spurious modes
in the interdigital resonator, which may cause an in-band ripple of the filter. The low thermal
conductivity of the piezoelectric layer of the interdigital resonator will not only lead to a poor heat
dissipation performance of the interdigital resonator, but also affect the power capacity of the
interdigital resonator. The piezoelectric layer of the interdigital resonator is relatively brittle, and is

prone to fracture during the manufacturing process.

Summary

The present disclosure provides an interdigital resonator and a filter.

According to a first aspect, an embodiment of the present disclosure provides an interdigital
resonator, including an interdigital transducer and a piezoelectric layer, wherein the interdigital

transducer being located on one side of the piezoelectric layer;



the interdigital transducer includes at least two electrode fingers;

the electrode fingers include a double-layer electrode structure and at least one scattering
structure provided in the double-layer electrode structure; the double-layer electrode structure
includes at least two laminated electrode layers; and the scattering structure includes scattering
holes and a scattering medium provided in each of the scattering holes, the scattering hole
penetrates through at least a part of the double-layer electrode structure, and a acoustic impedance
of the scattering medium is different from a acoustic impedance of an electrode layer where the

scattering medium is located.

In some embodiments, the double-layer electrode structure includes a first electrode layer and
a second electrode layer that are laminated, the second electrode layer being located on the side of

the first electrode layer away from the piezoelectric layer;

the scattering structure includes first scattering holes and first scattering media provided in the

first scattering holes;
the first scattering holes penetrate through at least a part of the first electrode layer;

a acoustic impedance of the first scattering medium is different from the acoustic impedance of

the first electrode layer.

In some embodiments, a material of the first electrode layer is different from a material of the

second electrode layer;

the acoustic impedance of the first scattering medium is the same as a acoustic impedance of

the second electrode layer.

In some embodiments, the double-layer electrode structure includes a first electrode layer and
a second electrode layer that are laminated, the second electrode layer being located on the side of

the first electrode layer away from the piezoelectric layer;

the scattering structure includes second scattering holes and second scattering media provided

in the second scattering holes;
the second scattering holes penetrate through at least a part of the second electrode layer;

a acoustic impedance of the second scattering medium is different from a acoustic impedance

of the second electrode layer.

In some embodiments, the double-layer electrode structure includes a first electrode layer and

a second electrode layer that are laminated, the second electrode layer being located on the side of
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the first electrode layer away from the piezoelectric layer;

the scattering structure includes first scattering holes, second scattering holes, first scattering
media provided in the first scattering holes, and second scattering media provided in the second

scattering holes;

the first scattering holes penetrate through at least a part of the first electrode layer, and a
acoustic impedance of the first scattering medium is different from a acoustic impedance of the first

electrode layer;

the second scattering holes penetrate through at least a part of the second electrode layer, and
a acoustic impedance of the second scattering medium is different from a acoustic impedance of

the second electrode layer.

In some embodiments, the double-layer electrode structure includes a first electrode layer and
a second electrode layer that are laminated, the second electrode layer being located on the side of

the first electrode layer away from the piezoelectric layer;

a vertical projection of the second electrode layer on the piezoelectric layer at least partially

overlaps with a vertical projection of the first electrode layer on the piezoelectric layer;

a shape of the vertical projection of the first electrode layer on the piezoelectric layer includes a

polygon or an irregular shape;

a shape of the vertical projection of the second electrode layer on the piezoelectric layer

includes a polygon or an irregular shape.

In some embodiments, the electrode refers to a plurality of scattering structures, and the

plurality of scattering structures are arranged in an array in the double-layer electrode structure.

In some embodiments, the double-layer electrode structure includes a first electrode layer and
a second electrode layer that are laminated, the second electrode layer being located on the side of

the first electrode layer away from the piezoelectric layer;

the first electrode layer includes at least one of gold, copper, silver, aluminum, titanium,

tungsten, chromium, molybdenum, platinum, graphene, diamond, and silicon carbide;

the second electrode layer includes at least one of gold, copper, silver, aluminum, titanium,

tungsten, chromium, molybdenum, platinum, graphene, diamond, and silicon carbide.

In some embodiments, the interdigital resonator includes a surface acoustic wave resonator, a

Lamb wave resonator, a laterally excited acoustic wave resonator, or a laterally vibration resonator.
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According to a second aspect, an embodiment of the present disclosure provides a filter. The

filter includes the interdigital resonator according to the first aspect.

It should be appreciated that the content as described in this part is neither intended to identify
key or critical features of embodiments of the present disclosure, nor to limit the scope of the
present disclosure. Other features of the present disclosure will become readily understood from

the following description.

Brief Description of the Drawings

To describe the technical solutions in the embodiments of the present disclosure more clearly, the
following briefly describes the accompanying drawings required for describing the embodiments.
Apparently, the accompanying drawings in the following description show merely some
embodiments of this application, and a person of ordinary skill in the art may still derive other

accompanying drawings from these accompanying drawings without creative efforts.

Fig. 1 is a schematic structural diagram of an interdigital resonator provided in an embodiment

of the present disclosure;
Fig. 2 is a partial structural schematic diagram of the interdigital resonator provided in Fig. 1;

Fig. 3 is a schematic diagram of a sectional structure of the interdigital resonator provided in Fig.

1 along a section line A-A’;
Fig. 4 is an admittance curve diagram of an interdigital resonator provided in the prior art;

Fig. 5 is an input-output power relationship diagram of the interdigital resonator provided in the

prior art;

Fig. 6 is an admittance curve diagram of an interdigital resonator provided in an embodiment of

the present disclosure;

Fig. 7 is an input-output power relationship diagram of an interdigital resonator provided in an

embodiment of the present disclosure;

Fig. 8 is a schematic diagram of another sectional structure of the interdigital resonator

provided in Fig. 1 along the section line A-A';

Fig. 9 is a schematic structural diagram of another interdigital resonator provided in an

embodiment of the present disclosure;

Fig. 10 is a schematic diagram of a sectional structure of the interdigital resonator provided in
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Fig. 9 along a section line B-B’;

Fig. 11 is a schematic structural diagram of yet another interdigital resonator provided in an

embodiment of the present disclosure;

Fig. 12 is a schematic diagram of a sectional structure of the interdigital

Fig. 11 along a section line C-C’;

Fig. 13 is a schematic diagram of a partial structure of yet another

provided in an embodiment of the present disclosure;

Fig. 14 is a schematic diagram of a sectional structure of the interdigital

Fig. 13 along a section line D-D’;

Fig. 15 is a schematic diagram of a partial structure of yet another

provided in an embodiment of the present disclosure;

Fig. 16 is a schematic diagram of a sectional structure of the interdigital

Fig. 15 along a section line E-E’;

Fig. 17 is a schematic diagram of a partial structure of yet another

provided in an embodiment of the present disclosure;

Fig. 18 is a schematic diagram of a sectional structure of the interdigital

Fig. 17 along a section line F-F’;

Fig. 19 is a schematic diagram of a partial structure of yet another

provided in an embodiment of the present disclosure;

Fig. 20 is a schematic diagram of a sectional structure of the interdigital

Fig. 19 along a section line G-G’;

Fig. 21 is a schematic diagram of a partial structure of yet another

provided in an embodiment of the present disclosure;

Fig. 22 is a schematic diagram of a sectional structure of the interdigital

Fig. 21 along a section line H-H'.

Detailed Description of the Embodiments

resonator provided in

interdigital resonator

resonator provided in

interdigital resonator

resonator provided in

interdigital resonator

resonator provided in

interdigital resonator

resonator provided in

interdigital resonator

resonator provided in

For making those skilled in the art understand the solutions of some embodiments of the

present disclosure better, hereinafter, the technical solutions in the embodiments of the present

disclosure will be described clearly and thoroughly with reference to the accompanying drawings of
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embodiments of the present disclosure. Obviously, the embodiments as described are only some of
the embodiments of the present disclosure, and are not all the embodiments. All other embodiments
obtained by a person of ordinary skill in the art based on the embodiments of the present disclosure

without any inventive effort shall all fall within the scope of protection of the present disclosure.

It should be noted that the terms "first", "second" etc., in the description, claims, and
accompanying drawings of the present disclosure are used to distinguish similar objects, and are
not necessarily used to describe a specific sequence or order. It should be understood that the data
so used may be interchanged where appropriate so that the embodiments of the present disclosure
described herein can be implemented in sequences other than those illustrated or described herein.
In addition, the terms "include" and "have", and any variations thereof are intended to cover a
non-exclusive inclusion, for example, a process, method, system, product, or device that includes a
series of steps or units is not necessarily limited to those steps or units that are clearly listed, but
may include other steps or units that are not clearly listed or inherent to such process, method,
product, or device. The orientation or position relationships indicated by terms such as "upper”,
"lower", "left", "right" etc. are orientation or position relationships based on the accompanying
drawings, are only used to describe the relative position relationship among the components or
constituent parts, and does not specifically limit the specific installation orientation of the

components or constituent parts.

Fig. 1 is a schematic structural diagram of an interdigital resonator provided in an embodiment
of the present disclosure. Fig. 2 is a partial structural schematic diagram of the interdigital resonator
provided in Fig. 1. Fig. 3 is a schematic diagram of a sectional structure of the interdigital resonator
provided in Fig. 1 along a section line A-A'. With reference to Figs. 1, 2 and 3, the interdigital
resonator in the embodiment of the present disclosure includes an interdigital transducer 10 and a
piezoelectric layer 20. The interdigital transducer 10 is located on one side of the piezoelectric layer
20. The interdigital transducer 10 includes at least two electrode fingers 11. The electrode fingers 11
include a double-layer electrode structure 111 and at least one scattering structure 112 provided in
the double-layer electrode structure 111. The double-layer electrode structure 111 includes at least
two laminated electrode layers 1111. The scattering structure 112 includes scattering holes 1121
and scattering media 1122 provided in the scattering holes 1121, the scattering holes 1121
penetrate through at least a part of the double-layer electrode structure 111, and the acoustic
impedance of the scattering medium 1122 is different from the acoustic impedance of an electrode

layer 1111 where the scattering medium 1122 is located.

Exemplarily, refer to Fig. 1, a first direction X and a second direction Y are perpendicular to

each other, and the interdigital transducer 10 includes two electrode fingers 11 (i.e. a first electrode
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finger 11A and a second electrode finger 11B) and two bus bars 12 (i.e. a first bus bar 12A and a
second bus bar 12B), the first electrode finger 11A is connected to the first bus bar 12A, and the
second electrode finger 11B is connected to the second bus bar 12B. The first bus bar 21 A and the
second bus bar 21 B extend in the first direction X and are arranged in the second direction Y, and
the first electrode fingers 22 A and the second electrode fingers 22 B extend in the second direction
Y and are arranged alternately in the first direction X. It should be noted that, the number of first
electrode fingers 11A and the number of second electrode fingers 11B included in the interdigital
transducer 10 are not limited in the embodiment of the present disclosure, and a person skilled in

the art may set the number of electrode fingers 11 on his own initiative according to requirements.

Refer to Figs. 1 and 3, the electrode finger 11 in the embodiment of the present disclosure
includes two electrode layers 1111 (i.e. a first electrode layer 1111A and a second electrode layer
1111B) laminated in sequence in a third direction Z, and the bus bar 12 includes two bus layers (i.e.
a first bus layer 121 and a second bus layer 122) laminated in sequence in the third direction Z,
wherein the third direction Z is perpendicular to the first direction X and the second direction Y
respectively; the first electrode layer 1111A and the first bus layer 121 are arranged on the same
layer; and the second electrode layer 1111B and the second bus layer 122 are provided in the same
layer. It can be understood that, in manufacturing the interdigital transducer as shown in Fig. 1, the
first electrode layer 1111A and the first bus layer 121 may be formed in the same process step, and
the second electrode layer 1111B and the second bus layer 122 may be formed in the same process

step.

It can be understood that, the larger the cross-sectional area of the resistor is, the smaller the
resistance value is, and the smaller the ohmic loss is; however, the interdigital transducer in the
embodiment of the present disclosure is equivalent to a resistor. Compared with the technical
solution in the prior art that an electrode finger of an interdigital transducer only includes one
electrode layer, in the embodiments of the present disclosure, the electrode finger 11 includes at
least two laminated electrode layers 1111, which can increase the thickness of the interdigital
transducer 10, reduce the ohmic loss of the interdigital transducer 10, and reduce the generation of
Joule heat, thereby being beneficial to improving the heat dissipation performance and power
capacity of the interdigital resonator. The increase in thickness of interdigital transducer 10 may also
improve the support of the interdigital transducer to the piezoelectric layer during the manufacturing

of the interdigital transducer.

Refer to Figs. 2 and 3, the electrode finger 11 in the embodiment of the present disclosure
further includes a scattering structure 112 provided in the double-layer electrode structure 111. The

scattering structure 112 includes scattering holes 1121 penetrating through at least a part of the
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double-layer electrode structure 111 and scattering media 1122 provided in the scattering hole 1121,
and the arrangement of the scattering holes 1121 can form a scattering boundary on the electrode
finger 11, so that a spurious mode of the interdigital resonator is scattered, and the spurious mode
can be effectively suppressed. By providing the scattering media 1122 in the scattering holes 1121,
and arranging the acoustic impedance of the scattering medium 1122 to be different from the
acoustic impedance of the electrode layer 1111 where the scattering medium 1122 is located, the
suppression of the scattering structure 112 on the spurious mode can be further improved. The
diffusion medium 1122 may be air, and may also be at least one of gold, copper, silver, aluminum,
titanium, tungsten, chromium, molybdenum, platinum, graphene, diamond, and silicon carbide, and
is preferably a material having high electrical conductivity and high thermal conductivity, and a

material having relatively large acoustic impedance with respect to an electrode material.

Refer to Fig. 2, the shape of the vertical projection of the scattering structure 112 on the
piezoelectric layer 20 is a circle. It should be noted that, the shape of the vertical projection of the
scattering structure 112 on the piezoelectric layer 20 is not limited in the embodiment of the present
disclosure, it may also be elliptical, polygonal (e.g. triangular, quadrilateral) or irregular pattern (e.g.
a closed figure included of irregular curved edges, a closed figure included of irregular curved
edges and straight edges), and an irregular pattern generally refers to a graphic that cannot be
defined and named. It should also be noted that, whether the scattering structures 112 on the same
electrode finger 11 or different electrode fingers 11 are the same is not limited in the embodiments
of the present disclosure, and may be set by a person skilled in the art on his own initiative

according to actual requirements.

Fig. 4 is an admittance curve diagram of an interdigital resonator provided in the prior art. Fig. 5
is an input-output power relationship diagram of the interdigital resonator provided in the prior art.
Fig. 6 is an admittance curve diagram of an interdigital resonator provided in an embodiment of the
present disclosure. Fig. 7 is an input-output power relationship diagram of an interdigital resonator
provided in an embodiment of the present disclosure. The electrode finger in the interdigital
resonator provided in the prior art only includes one electrode layer, the thickness of the electrode
finger in the prior art in the third direction Z is less than the thickness of the electrode finger 11 in the
embodiment of the present disclosure in the third direction Z, the bus bar also only includes one
layer of bus bar, and the electrode finger is provided with no scattering structure penetrating through
at least a part of the piezoelectric layer. Comparing Fig. 4 with Fig. 6, it can be determined that the
spurious mode of the interdigital resonator in the embodiments of the present disclosure is
effectively suppressed. Comparing Fig. 5 with Fig. 7, it can be determined that the maximum input

power of the interdigital resonator in the embodiments of the present disclosure can reach



35.08dBm, the maximum input power of the interdigital resonator in the prior art can only reach

24.76dBm, and therefore the power capacity is obviously improved.

Refer to Figs. 1 and 3, the double-layer electrode structure 111 includes a first electrode layer
1111A and a second electrode layer 1111B which are laminated, and the second electrode layer
1111B is located on the side of the first electrode layer 1111A away from the piezoelectric layer 20.
The scattering structure 112 includes first scattering holes 1121A and first scattering media 1122A
provided in the first scattering holes 1121A. The first scattering holes 1121A penetrate through at
least a part of the first electrode layer 1111A. The acoustic impedance of the first scattering medium

1122Ais different from the acoustic impedance of the first electrode layer 1111A.

As a feasible implementation, the scattering structure 112 shown in Fig. 3 is provided in the first
electrode layer 1111A, and penetrates through the first electrode layer 1111A. Specifically, the first
scattering hole 1121A penetrates through the first electrode layer 1111A, and the acoustic
impedance of the first scattering medium 1122 A filled in the first scattering hole 1121A is different
from the acoustic impedance of the first electrode layer 1111A. In the embodiment of the present

disclosure, the spurious mode can be prevented by providing the scattering structure 112.

The manufacturing method for the interdigital resonator shown in Figs. 1 to 3 according to the
embodiments of the present disclosure is as follows: step 1, preparing a piezoelectric layer 20; step
2, depositing and patterning to form a first electrode layer 1111A, a first scattering hole 1121A and a
first bus layer 121 on one side of the piezoelectric layer 20, wherein the first scattering hole 1121A
penetrates through the first electrode layer 1111A; and step 3, filling the first scattering hole 1121A
with the first scattering medium 1122A, wherein the acoustic impedance of the first scattering
medium 1122A is different from that of the first electrode layer 1111A; step 4, depositing and
patterning to form a second electrode layer 1111B on the side of the first electrode layer 1111 A away
from the piezoelectric layer 20, and depositing and patterning to form a second bus layer 122 on the

side of the first bus layer 121 away from the piezoelectric layer 20.

In other feasible implementations, the scattering structure 112 may also be arranged in such a
way that the first scattering holes 1121A penetrate through a part of the first electrode layer 1111A. It
should be noted that, whether the first scattering holes 1121A completely penetrate through the first
electrode layer 1111A is not limited in the embodiment of the present disclosure, and may be set by

a person skilled in the art on his own initiative according to actual requirements.

Fig. 8 is a schematic diagram of another sectional structure of the interdigital resonator
provided in Fig. 1 along the section line A-A'. Refer to Fig. 8, the material of the first electrode layer
1111A and the material of the second electrode layer 1111B are different. The acoustic impedance
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of the first scattering medium 1122A is the same as the acoustic impedance of the second electrode
layer 1111B.

In the embodiment of the present disclosure, by arranging the acoustic impedance of the first
scattering medium 1122A to be the same as the acoustic impedance of the second electrode layer
1111B, that is, the material of the first scattering medium 1122A is the same as that of the second
electrode layer 1111B, the step 3 and the step 4 in the method for manufacturing an interdigital
resonator can be combined into one step, which is beneficial to reducing the manufacturing steps of

the interdigital resonator and improving the manufacturing efficiency.

Fig. 9 is a schematic structural diagram of another interdigital resonator provided in an
embodiment of the present disclosure. Fig. 10 is a schematic diagram of a sectional structure of the
interdigital resonator provided in Fig. 9 along a section line B-B’. Refer to Figs. 9 and 10, the
double-layer electrode structure 111 includes a first electrode layer 1111A and a second electrode
layer 1111B which are laminated, and the second electrode layer 1111B is located on the side of the
first electrode layer 1111A away from the piezoelectric layer 20. The scattering structure 112
includes second scattering holes 1121B and second scattering media 1122B provided in the second
scattering holes 1121B. The second scattering holes 1121B penetrate through at least a part of the
second electrode layer 1111B. The acoustic impedance of the second scattering medium 1122B is

different from the acoustic impedance of the second electrode layer 1111B.

As a feasible implementation, the scattering structures 112 shown in Figs. 9 and 10 are
provided in the second electrode layer 1111B and penetrate through the second electrode layer
1111B. Specifically, the second scattering holes 1121B penetrate through the second electrode
layer 1111B, and the acoustic impedance of the second scattering media 1122B filled in the second
scattering holes 1121B is different from the acoustic impedance of the second electrode layer 1111b.
In the embodiment of the present disclosure, the spurious mode can be prevented by providing the

scattering structure 112.

The manufacturing method for the interdigital resonator shown in Figs. 9 and 10 according to
the embodiments of the present disclosure is as follows: step 1, preparing a piezoelectric layer 20;
step 2, depositing and patterning to form a first electrode layer 1111A and a first bus layer 121 on
one side of the piezoelectric layer 20; step 3, depositing and patterning to form a second electrode
layer 1111B and a second scattering hole 1121B on the side of the first electrode layer 1111A away
from the piezoelectric layer 20, and depositing and patterning to form a second bus layer 122 on the
side of the first bus layer 121 away from the piezoelectric layer 20, wherein the second scattering

hole 1121B penetrates through the second electrode layer 1111B; step 4, filling the second
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scattering hole 1121B with a second scattering medium 1122B, wherein the acoustic impedance of
the second scattering medium 1122B is different from the acoustic impedance of the second

electrode layer 1111B.

In other possible implementations, the scattering structure 112 can also be arranged in such a
way that the second scattering holes 1121B penetrate through a part of the second electrode layer
1111B. It should be noted that, whether the second scattering holes 1121B completely penetrate
through the second electrode layer 1111B is not limited in the embodiments of the present
disclosure, and may be set by a person skilled in the art on his own initiative according to actual

requirements.

Fig. 11 is a schematic structural diagram of yet another interdigital resonator provided in an
embodiment of the present disclosure. Fig. 12 is a schematic diagram of a sectional structure of the
interdigital resonator provided in Fig. 11 along a section line C-C'. Fig. 13 is a schematic diagram of
a partial structure of yet another interdigital resonator provided in an embodiment of the present
disclosure. Fig. 14 is a schematic diagram of a sectional structure of the interdigital resonator
provided in Fig. 13 along a section line D-D’. Refer to Figs. 11 to 14, the double-layer electrode
structure 111 includes a first electrode layer 1111A and a second electrode layer 1111B, and the
second electrode layer 1111B is located on the side of the first electrode layer 1111A away from the
piezoelectric layer 20. The scattering structure 112 includes first scattering holes 1121A, second
scattering holes 1121B, first scattering media 1122A provided in the first scattering holes 1121A,
and second scattering media 1122B provided in the second scattering holes 1121B. The first
scattering holes 1121A penetrate through at least a part of the first electrode layer 1111A, and the
acoustic impedance of the first scattering medium 1122A is different from that of the first electrode
layer 1111A. The second scattering holes 1121B penetrate through at least a part of the second
electrode layer 1111B, and the acoustic impedance of the second scattering medium 1122B is

different from the acoustic impedance of the second electrode layer 1111b.

As a feasible implementation, the scattering structures 112 shown in Figs. 11 and 12 are
provided in the first electrode layer 1111A and the second electrode layer 1111B, and penetrate
through the first electrode layer 1111A and the second electrode layer 1111B, specifically, the first
scattering holes 1121A penetrate through the first electrode layer 1111A, the acoustic impedance of
the first scattering medium 1122A filled in the first scattering hole 1121A is different from the
acoustic impedance of the first electrode layer 1111A, the second scattering holes 1121B penetrate
through the second electrode layer 1111B, and the acoustic impedance of the second scattering
medium 1122B filled in the second scattering hole 1121B is different from the acoustic impedance of

the second electrode layer 1111B. The embodiments of the present disclosure can further improve
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the suppression of the spurious mode by providing the scattering structures 112 on both electrode

layers.

The manufacturing method for the interdigital resonator shown in Figs. 11 and 12 according to
the embodiments of the present disclosure is as follows: step 1, preparing a piezoelectric layer 20;
step 2, depositing and patterning to form a first electrode layer 1111A, a first scattering hole 1121A
and a first bus layer 121 on one side of the piezoelectric layer 20, wherein the first scattering hole
1121A penetrates through the first electrode layer 1111A; and step 3, filling the first scattering hole
1121A with the first scattering medium 1122A, wherein the acoustic impedance of the first scattering
medium 1122A is different from that of the first electrode layer 1111A; step 4, depositing and
patterning to form a second electrode layer 1111B and second scattering holes 1121B on the side of
the first electrode layer 1111A away from the piezoelectric layer 20, and depositing and patterning to
form a second bus layer 122 on the side of the first bus layer 121 away from the piezoelectric layer
20, wherein the second scattering holes 1121B penetrate through the second electrode layer 1111B;
step 5, filling the second scattering holes 1121B with second scattering media 1122B, wherein the
acoustic impedance of the second scattering medium 1122B is different from the acoustic
impedance of the second electrode layer 1111B. The vertical projections of the second scattering
holes 1121B on the piezoelectric layer 20 in the interdigital resonator shown in Figs. 11 and 12
overlap with the vertical projections of the first scattering holes 1121A on the piezoelectric layer 20.
It should be noted that, the perpendicular projections, on the piezoelectric layer 20, of the second
scattering holes 1121B in the interdigital resonator manufactured by using the method may also
partially overlap with or not overlap with the perpendicular projections of the first scattering holes

1121A on the piezoelectric layer 20.

Another manufacturing method for the interdigital resonator shown in Figs. 11 and 12 according
to the embodiments of the present disclosure is as follows: step 1, preparing a piezoelectric layer 20;
step 2, depositing and patterning to form a first electrode layer 1111A and a first bus layer 121 on
one side of the piezoelectric layer 20; step 3, depositing and patterning to form a second electrode
layer 1111B on the side of the first electrode layer 1111A away from the piezoelectric layer 20, and
depositing and patterning to form a second bus layer 122 on the side of the first bus layer 121 away
from the piezoelectric layer 20; step 4, etching, on the second electrode layer 1111B and the first
electrode layer 1111A, second scattering holes 1121B penetrating through the second electrode
layer 1111B and first scattering holes 1121A penetrating through the first electrode layer 1111A; step
5, filling the first scattering hole 1121A with the first scattering medium 1122A, wherein the acoustic
impedance of the first scattering medium 1122A is different from that of the first electrode layer

1111A; step 6, filling the second scattering holes 1121B with second scattering media 1122B,
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wherein the acoustic impedance of the second scattering medium 1122B is different from the
acoustic impedance of the second electrode layer 1111B. It should be noted that, the perpendicular
projections, on the piezoelectric layer 20, of the second scattering holes 1121B in the interdigital
resonator manufactured by using this method overlap with the perpendicular projections of the first
scattering holes 1121A on the piezoelectric layer 20, or the perpendicular projections of the first
scattering holes 1121A on the piezoelectric layer 20 are in the perpendicular projections of the

second scattering holes 1121B on the piezoelectric layer 20.

As another feasible implementation, the scattering structure 112 shown in Figs. 13 and 14 are
provided in the first electrode layer 1111A and the second electrode layer 1111B, and penetrate
through the first electrode layer 1111A and a part of the second electrode layer 1111B, specifically,
the first scattering holes 1121A penetrate through the first electrode layer 1111A, the acoustic
impedance of the first scattering medium 1122A filled in the first scattering hole 1121A is different
from the acoustic impedance of the first electrode layer 1111A, the second scattering holes 1121B
penetrate through a part of the second electrode layer 1111B, and the acoustic impedance of the
second scattering medium 1122B filled in the second scattering hole 1121B is different from the
acoustic impedance of the second electrode layer 1111B. The embodiments of the present
disclosure can further improve the suppression of the spurious mode by providing the scattering

structures 112 on both electrode layers.

The manufacturing method for the interdigital resonator shown in Figs. 13 and 14 according to
the embodiments of the present disclosure is as follows: step 1, preparing a piezoelectric layer 20;
step 2, depositing and patterning to form a first electrode layer 1111A, a first scattering hole 1121A
and a first bus layer 121 on one side of the piezoelectric layer 20, wherein the first scattering hole
1121A penetrates through the first electrode layer 1111A; and step 3, filling the first scattering hole
1121A with the first scattering medium 1122A, wherein the acoustic impedance of the first scattering
medium 1122A is different from that of the first electrode layer 1111A; step 4, depositing and
patterning to form a second electrode layer 1111B and a second scattering hole 1121B on the side
of the first electrode layer 1111A away from the piezoelectric layer 20, and depositing and patterning
to form a second bus layer 122 on the side of the first bus layer 121 away from the piezoelectric
layer 20, wherein the second scattering holes 1121B penetrate through a part of the second
electrode layer 1111B; step 5, filling the second scattering holes 1121B with second scattering
media 1122B, wherein the acoustic impedance of the second scattering medium 1122B is different
from the acoustic impedance of the second electrode layer 1111B. The vertical projections of the
second scattering holes 1121B on the piezoelectric layer 20 in the interdigital resonator shown in

Figs. 13 and 14 overlap with the vertical projections of the first scattering holes 1121A on the
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piezoelectric layer 20. It should be noted that, the perpendicular projections, on the piezoelectric
layer 20, of the second scattering holes 1121B in the interdigital resonator manufactured by using
the method may also patrtially overlap with or not overlap with the perpendicular projections of the

first scattering holes 1121A on the piezoelectric layer 20.

In other feasible implementations, the scattering structure 112 may also be arranged in such a
way that the first scattering holes 1121A penetrate through a part of the first electrode layer 1111A,
and the second scattering holes 1121B penetrate through the second electrode layer 1111B, or the
first scattering holes 1121A penetrate through a part of the first electrode layer 1111A, and the
second scattering holes 1121B penetrate through a part of the second electrode layer 1111B. It
should be noted that, whether the first scattering holes 1121A completely penetrate through the first
electrode layer 1111A and whether the second scattering holes 1121B completely penetrate through
the second electrode layer 1111B are not limited in the embodiments of the present disclosure, and

may be set by a person skilled in the art on his own initiative according to actual requirements.

Fig. 15 is a schematic diagram of a partial structure of yet another interdigital resonator
provided in an embodiment of the present disclosure. Fig. 16 is a schematic diagram of a sectional
structure of the interdigital resonator provided in Fig. 15 along a section line E-E’. Refer to Figs. 15
and 16, the double-layer electrode structure 111 includes a first electrode layer 1111A, a second
electrode layer 1111B and a third electrode layer 1111C that are laminated, wherein the second
electrode layer 1111B is located on the side of the first electrode layer 1111A away from the
piezoelectric layer 20, and the third electrode layer 1111C is located on the side of the second
electrode layer 1111B away from the first electrode layer 1111A. The scattering structure 112
includes first scattering holes 1121A, third scattering holes 1121C, first scattering media 1122A
provided in the first scattering holes 1121A, and third scattering media 1122C provided in the third
scattering holes 1121C. The first scattering holes 1121A penetrate through at least a part of the first
electrode layer 1111A, and the acoustic impedance of the first scattering medium 1122A is different
from that of the first electrode layer 1111A. The third scattering holes 1121C penetrate through at
least a part of the third electrode layer 1111C, and the acoustic impedance of the third scattering

medium 1122C is different from the acoustic impedance of the third electrode layer 1111C.

As a feasible implementation, the scattering structures 112 shown in Figs. 15 and 16 are
provided in the first electrode layer 1111A and the third electrode layer 1111C, and penetrate
through the first electrode layer 1111A and the third electrode layer 1111C penetrate, specifically, the
first scattering holes 1121A penetrate through the first electrode layer 1111A, the acoustic
impedance of the first scattering medium 1122A filled in the first scattering hole 1121A is different

from an acoustic impedance of the first electrode layer 1111A, the third scattering holes 1121C
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penetrate through the third electrode layer 1111C, and the acoustic impedance of the third
scattering medium 1122C filled in the third scattering hole 1121C is different from the acoustic
impedance of the third electrode layer 1111C. The embodiments of the present disclosure can
further improve the suppression of the spurious mode by providing the scattering structures 112 on

both electrode layers.

It should be noted that, the numbers of the first scattering holes 1121A, the second scattering
holes 1121B and the third scattering holes 1121C on one electrode 11, whether the first scattering
holes 1121A completely penetrate through the first electrode layer 1111A, whether the second
scattering holes 1121B completely penetrate through the second electrode layer 1111B, and
whether the third scattering holes 1121C completely penetrate through the third electrode layer
1111C are not limited in the embodiments of the present disclosure, and may be set by a person

skilled in the art on his own initiative according to actual requirements.

Fig. 17 is a schematic diagram of a partial structure of yet another interdigital resonator
provided in an embodiment of the present disclosure. Fig. 18 is a schematic diagram of a sectional
structure of the interdigital resonator provided in Fig. 17 along a section line F-F'. Fig. 19 is a
schematic diagram of a partial structure of yet another interdigital resonator provided in an
embodiment of the present disclosure. Fig. 20 is a schematic diagram of a sectional structure of the
interdigital resonator provided in Fig. 19 along a section line G-G'. Fig. 21 is a schematic diagram of
a partial structure of yet another interdigital resonator provided in an embodiment of the present
disclosure. Fig. 22 is a schematic diagram of a sectional structure of the interdigital resonator
provided in Fig. 21 along a section line H-H’. Refer to Figs. 1-3 and 8-22, the double-layer electrode
structure 111 includes a first electrode layer 1111A and a second electrode layer 1111B which are
laminated, and the second electrode layer 1111B is located on the side of the first electrode layer
1111A away from the piezoelectric layer 20. The vertical projection of the second electrode layer
1111B on the piezoelectric layer 20 at least partially overlaps with the vertical projection of the first
electrode layer 1111A on the piezoelectric layer 20. The shape of the vertical projection of the first
electrode layer 1111A on the piezoelectric layer 20 includes a polygon or an irregular shape. The
shape of the vertical projection of the second electrode layer 1111B on the piezoelectric layer 20

includes a polygon or an irregular shape.

The area of the orthogonal projection, on the piezoelectric layer 20, of the second electrode
layer 1111B of the interdigital transducer 10 as shown in Figs. 1-3 and 8-12 is smaller than the area
of the orthogonal projection of the first electrode layer 1111A on the piezoelectric layer 20. The area
of the orthogonal projection, on the piezoelectric layer 20, of the second electrode layer 1111B of the

interdigital transducer 10 as shown in Figs. 13-18 is larger than the area of the orthogonal projection
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of the first electrode layer 1111A on the piezoelectric layer 20. The area of the vertical projection, on
the piezoelectric layer 20, of the second electrode layer 1111B of the interdigital transducer 10 as
shown in Figs. 19-22 is equal to the area of the vertical projection of the first electrode layer 1111A
on the piezoelectric layer 20, and it should be noted that, in this case, the maximum input power of
the interdigital transducer 10 is the highest. The interdigital transducer 10 shown in Figs. 15 and 16
further includes a third electrode layer 1111C, wherein the area of the vertical projection of the
second electrode layer 1111B on the piezoelectric layer 20 is greater than the area of the vertical
projection of the first electrode layer 1111A on the piezoelectric layer 20, and the area of the vertical
projection of the third electrode layer 1111C on the piezoelectric layer 20 is less than the area of the

vertical projection of the first electrode layer 1111A on the piezoelectric layer 20.

It should be noted that, the number of electrode layers included in the interdigital transducer 10
and the size relationship of the areas of the vertical projections of various electrode layers on the
piezoelectric layer 20 are not limited in the embodiments of the present disclosure, and may be set

by a person skilled in the art on his own initiative according to actual requirements.

The shape of the orthogonal projection, on the piezoelectric layer 20, of the first electrode layer
1111A of the interdigital transducer 10 as shown in Figs. 1-3 and 8-18 is a rectangle, and the shape
of the orthogonal projection of the second electrode layer 1111B on the piezoelectric layer 20 is a
rectangle. The shape of the vertical projection, on the piezoelectric layer 20, of the first electrode
layer 1111A of the interdigital transducer 10 as shown in Figs. 19-22 is an irregular closed figure
surrounded by straight edges and curved edges, and the shape of the vertical projection of the
second electrode layer 1111B on the piezoelectric layer 20 is an irregular closed figure surrounded

by straight edges and curved edges.

It should be noted that, the shapes of vertical projections of the first electrode layer 1111A and
the second electrode layer 1111B on the piezoelectric layer 20 are not limited in the embodiments of
the present disclosure, and may also be parallelogram, triangle, curved polygon, and irregular

closed figure formed by straight edges or curved edges.

It should be noted that, the size relationship of the area of the vertical projection of the second
electrode layer 1111B on the piezoelectric layer 20 and the area of the vertical projection of the first
electrode layer 1111A on the piezoelectric layer 20 is not limited in the embodiments of the present
disclosure, and may be set by a person skilled in the art on his own initiative according to actual

requirements.

Refer to Fig. 2, the electrode fingers 11 include a plurality of scattering structures 112. The
plurality of scattering structures 112 are arranged in an array in the double-layer electrode structure
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111.

Exemplarily, each electrode finger 11 shown in Fig. 2 includes seven scattering structures 112,

and the seven scattering structures 112 are arranged in an array of seven rows and one column.

It should be noted that, the number of the scattering structures 112 included in each of the
electrode fingers 11 and the arrangement manner of the array of the plurality of scattering structures
112 are not limited in the embodiments of the present disclosure, and may be set by a person skilled

in the art on his own initiative according to actual requirements.

As a feasible implementation, the double-layer electrode structure 111 includes a first electrode
layer 1111A and a second electrode layer 1111B which are laminated, and the second electrode
layer 1111B is located on the side of the first electrode layer 1111A away from the piezoelectric layer
20. The first electrode layer 1111A includes at least one of gold, copper, silver, aluminum, titanium,
tungsten, chromium, molybdenum, platinum, graphene, diamond, and silicon carbide. The second
electrode layer 1111B includes at least one of gold, copper, silver, aluminum, titanium, tungsten,

chromium, molybdenum, platinum, graphene, diamond, and silicon carbide.

It should be noted that, the material of the first electrode layer 1111A and the material of the
second electrode layer 1111B may be the same or different, which is not limited in the embodiments

of the present disclosure.

As a feasible implementation, the interdigital resonator includes a surface acoustic wave
resonator, a Lamb wave resonator, a laterally excited acoustic wave resonator, or a laterally

vibration resonator.

It should be noted that, when the interdigital resonator is a surface acoustic wave resonator, a
substrate should be further provided on the side of the piezoelectric layer 20 away from the
interdigital transducer 10, and the substrate may be a single-layer material or a multi-layer material.
When the interdigital resonator is a Lamb wave resonator, a laterally excited acoustic wave
resonator or a laterally vibration resonator, a substrate may be provided on the side of the
piezoelectric layer 20 away from the interdigital transducer 10, or a substrate may not be provided.
When a substrate is provided, the substrate may be a single-layer material, and may also be a
multi-layer material. When a substrate is provided, the side of the piezoelectric layer 20 away from
the interdigital transducer 10 may be provided with a silicon dioxide insulation layer, and may also

be in direct contact with air.

In some embodiments, the piezoelectric layer 120 includes aluminum nitride (AIN), aluminum

scandium nitride (ScAIN), polyvinylidene fluoride (PVDF), lead zirconate titanate piezoelectric
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ceramic (PZT), lead magnesium niobate-lead titanate (PMN-PT), lithium niobate (LiNbO3), lithium
tantalate (LiTaO3), sodium niobate (NaNbO3) or zinc oxide (ZnO).

An embodiment of the present disclosure further provides a filter. The filter includes the
interdigital resonator according to any one of the foregoing embodiments. Therefore, the filter
includes the technical features of the foregoing filter, and has the beneficial effect of the foregoing

dielectric loaded filter. Similarities may be referred to the preceding description.

The specific embodiments do not limit the scope of protection of the present disclosure. It will
be apparent to a person skilled in the art that various modifications, combinations,
sub-combinations, and replacements can be made according to design requirements and other
factors. Any modifications, equivalent replacements, improvements, etc. made within the spirit and
principle of the present disclosure shall all fall within the scope of protection of the present

disclosure.

18



What is claimed is:

1. An interdigital resonator, comprising an interdigital transducer and a piezoelectric layer, wherein

the interdigital transducer being located on one side of the piezoelectric layer, wherein
the interdigital transducer comprises at least two electrode fingers;

the electrode fingers comprise a double-layer electrode structure and at least one scattering
structure provided in the double-layer electrode structure; the double-layer electrode structure
comprises at least two laminated electrode layers; and the scattering structure comprises
scattering holes and a scattering medium provided in each of the scattering holes, the
scattering holes penetrates through at least a part of the double-layer electrode structure, and a
acoustic impedance of the scattering medium is different from a acoustic impedance of an

electrode layer where the scattering medium is located.

2. The interdigital resonator according to claim 1, wherein the double-layer electrode structure
comprises a first electrode layer and a second electrode layer that are laminated, the second
electrode layer being located on the side of the first electrode layer away from the piezoelectric

layer;
the scattering structure comprises first scattering holes and first scattering media provided in
the first scattering holes;

the first scattering holes penetrate through at least a part of the first electrode layer;

a acoustic impedance of the first scattering medium is different from a acoustic impedance of

the first electrode layer.

3. The interdigital resonator according to claim 2, wherein a material of the first electrode layer is

different from a material of the second electrode layer;

the acoustic impedance of the first scattering medium is the same as a acoustic impedance of

the second electrode layer.

4. The interdigital resonator according to claim 1, wherein the double-layer electrode structure
comprises a first electrode layer and a second electrode layer that are arranged in a stacked
manner, the second electrode layer being located on the side of the first electrode layer away from

the piezoelectric layer;

the scattering structure comprises second scattering holes and second scattering media

provided in the second scattering holes;
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the second scattering holes penetrate through at least a part of the second electrode layer;

a acoustic impedance of the second scattering medium is different from a acoustic impedance

of the second electrode layer.

5. The interdigital resonator according to claim 1, wherein the double-layer electrode structure
comprises a first electrode layer and a second electrode layer that are laminated, the second
electrode layer being located on the side of the first electrode layer away from the piezoelectric

layer;

the scattering structure comprises first scattering holes, second scattering holes, first scattering
media provided in the first scattering holes, and second scattering media provided in the

second scattering holes;

the first scattering holes penetrate through at least a part of the first electrode layer, and a
acoustic impedance of the first scattering medium is different from a acoustic impedance of the

first electrode layer; and

the second scattering holes penetrate through at least a part of the second electrode layer, and
a acoustic impedance of the second scattering medium is different from a acoustic impedance

of the second electrode layer.

6. The interdigital resonator according to claim 1, wherein the double-layer electrode structure
comprises a first electrode layer and a second electrode layer that are laminated, the second
electrode layer being located on the side of the first electrode layer away from the piezoelectric

layer;

a vertical projection of the second electrode layer on the piezoelectric layer at least partially

overlaps with a vertical projection of the first electrode layer on the piezoelectric layer;

a shape of the vertical projection of the first electrode layer on the piezoelectric layer comprises

a polygon or an irregular shape; and

a shape of the vertical projection of the second electrode layer on the piezoelectric layer

comprises a polygon or an irregular shape.

7. The interdigital resonator according to claim 1, wherein the electrode fingers comprise a plurality
of scattering structures, and the plurality of the scattering structures are arranged in the

double-layer electrode structure in an array.

8. The interdigital resonator according to claim 1, wherein the double-layer electrode structure
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comprises a first electrode layer and a second electrode layer that are laminated, the second
electrode layer being located on the side of the first electrode layer away from the piezoelectric

layer;

the first electrode layer comprises at least one of gold, copper, silver, aluminum, titanium,

tungsten, chromium, molybdenum, platinum, graphene, diamond, and silicon carbide; and

the second electrode layer comprises at least one of gold, copper, silver, aluminum, titanium,

tungsten, chromium, molybdenum, platinum, graphene, diamond, and silicon carbide.

9. The interdigital resonator according to claim 1, wherein the interdigital resonator comprises a
surface acoustic wave resonator, a Lamb wave resonator, a laterally excited acoustic wave

resonator, or a laterally vibration resonator.

10. An interdigital filter, comprising the interdigital resonator according to claim 1.

11. The interdigital filter according to claim 10, wherein the double-layer electrode structure
comprises a first electrode layer and a second electrode layer that are laminated, the second
electrode layer being located on the side of the first electrode layer away from the piezoelectric

layer;
the scattering structure comprises first scattering holes and first scattering media provided in
the first scattering holes;

the first scattering holes penetrate through at least a part of the first electrode layer;

a acoustic impedance of the first scattering medium is different from a acoustic impedance of

the first electrode layer.

12. The interdigital filter according to claim 11, wherein a material of the first electrode layer is

different from a material of the second electrode layer;

the acoustic impedance of the first scattering medium is the same as a acoustic impedance of

the second electrode layer.

13. The interdigital filter according to claim 10, wherein the double-layer electrode structure
comprises a first electrode layer and a second electrode layer that are arranged in a stacked
manner, the second electrode layer being located on the side of the first electrode layer away from

the piezoelectric layer;

the scattering structure comprises second scattering holes and second scattering media

provided in the second scattering holes;
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the second scattering holes penetrate through at least a part of the second electrode layer;

a acoustic impedance of the second scattering medium is different from a acoustic impedance

of the second electrode layer.

14. The interdigital filter according to claim 10, wherein the double-layer electrode structure
comprises a first electrode layer and a second electrode layer that are laminated, the second
electrode layer being located on the side of the first electrode layer away from the piezoelectric

layer;

the scattering structure comprises first scattering holes, second scattering holes, first scattering
media provided in the first scattering holes, and second scattering media provided in the

second scattering holes;

the first scattering holes penetrate through at least a part of the first electrode layer, and a
acoustic impedance of the first scattering medium is different from a acoustic impedance of the

first electrode layer; and

the second scattering holes penetrate through at least a part of the second electrode layer, and
a acoustic impedance of the second scattering medium is different from a acoustic impedance

of the second electrode layer.

15. The interdigital filter according to claim 10, wherein the double-layer electrode structure
comprises a first electrode layer and a second electrode layer that are laminated, the second
electrode layer being located on the side of the first electrode layer away from the piezoelectric

layer;

a vertical projection of the second electrode layer on the piezoelectric layer at least partially

overlaps with a vertical projection of the first electrode layer on the piezoelectric layer;

a shape of the vertical projection of the first electrode layer on the piezoelectric layer comprises

a polygon or an irregular shape; and

a shape of the vertical projection of the second electrode layer on the piezoelectric layer

comprises a polygon or an irregular shape.

16. The interdigital filter according to claim 10, wherein the electrode fingers comprise a plurality of
scattering structures, and the plurality of the scattering structures are arranged in the double-layer

electrode structure in an array.

17. The interdigital filter according to claim 10, wherein the double-layer electrode structure
comprises a first electrode layer and a second electrode layer that are laminated, the second
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electrode layer being located on the side of the first electrode layer away from the piezoelectric

layer;

the first electrode layer comprises at least one of gold, copper, silver, aluminum, titanium,

tungsten, chromium, molybdenum, platinum, graphene, diamond, and silicon carbide; and

the second electrode layer comprises at least one of gold, copper, silver, aluminum, titanium,

tungsten, chromium, molybdenum, platinum, graphene, diamond, and silicon carbide.

18. The interdigital filter according to claim 10, wherein the interdigital resonator comprises a
surface acoustic wave resonator, a Lamb wave resonator, a laterally excited acoustic wave

resonator, or a laterally vibration resonator.
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