WAFER LEVEL SURFACE ACOUSTIC WAVE FILTER AND

PACKAGE METHOD

[0001] This application claims priority to Chinese Patent Application No.
202010787875.6, filed with China National Intellectual Property Administration on August 07,
2020 and entitled “WAFER LEVEL SURFACE ACOUSTIC WAVE FILTER AND
PACKAGE METHOD?”, which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present application relate to the technical field of
semiconductor, and in particular, to a wafer level surface acoustic wave filter and a package

method.

BACKGROUND

[0003] A surface acoustic wave filter has characteristics of high working frequency, wide
band pass, good frequency selection characteristics, small size and light weight, and it can use
the same production process as an integrated circuit, with easy manufacture, low cost, and
good consistent frequency characteristics, and therefore, it is widely used in various electronic
devices.

[0004] At present, with the application of 5G core technologies, such as Carrier
Aggregation (abbreviated as CA), Massive MIMO, and Quadrature Amplitude Modulation
(abbreviated as QAM), the number of RF front-end components has not only increased
substantially, but also increasingly stringent technical requirements have been put forward for
the performance of filter components, for example, it is required to have better temperature
stability and a smaller package size, in order to be highly integrated with an active device

such as a power amplifier and an RF switch in the RF front-end. Therefore, how to design a



filter component with smaller size and higher stability is an urgent problem to be solved.

SUMMARY

[0005] Embodiments of the present application provide a wafer level surface acoustic
wave filter and a package method, which can effectively improve the temperature stability of
the surface acoustic wave filter and reduce the size of the surface acoustic wave filter.

[0006] In a first aspect, embodiments of the present application provide a wafer level
surface acoustic wave filter, including: a wafer, an electrode layer, a supporting wall and a
cover plate; where the wafer includes a substrate layer and a piezoelectric thin film layer, and
the substrate layer and the piezoelectric thin film layer are combined together by wafer
bonding therebetween.

[0007] The electrode layer is arranged on a surface of the piezoelectric thin film layer, the
supporting wall is located between the piezoelectric thin film layer and the cover plate, and
the supporting wall surrounds between the piezoelectric thin film layer and the cover plate to
form a sealed cavity.

[0008] The cover plate includes at least a first material layer, and the first material layer
uses the same material as the substrate layer.

[0009] In a feasible implementation, a ratio of a thickness of the piezoelectric thin film
layer to a thickness of the wafer is less than a preset threshold.

[0010] In a feasible implementation, a value of the preset threshold is 0.1.

[0011] In a feasible implementation, the cover plate includes at least two material layers,
and a thickness of each material layer is related to a temperature expansion coefficient of each
material layer.

[0012] In a feasible implementation, the cover plate includes the first material layer and a
second material layer, the first material layer and the second material layer are combined
together by wafer bonding therebetween; the second material layer is located on a side of the
cover plate close to the sealed cavity; and the second material layer uses the same material as
the piezoelectric thin film layer.

[0013] In a feasible implementation, the cover plate includes the first material layer, a



second material layer and a third material layer; the third material layer is located between the
first material layer and the second material layer, and the first material layer and the second
material layer are combined together by using the third material layer; the second material
layer is located on a side of the cover plate close to the sealed cavity; and the second material
layer uses the same material as the piezoelectric thin film layer.

[0014] In a feasible implementation, a material used for the third material layer is an
organic binder.

[0015] In a feasible implementation, the electrode layer includes an interdigital electrode
and a thickened electrode, and the thickened electrode is distributed in at least one of
following positions of the interdigital electrode: an input position, an output position, and an
earthing position.

[0016] In a feasible implementation, at least one solder ball is further included, the solder
ball penetrates the cover plate and the supporting wall in a through silicon via (TSV) manner
and then electrically contacts the electrode layer; or, the solder ball is electrically connected
with the electrode layer in a redistribution layer (RDL) manner.

[0017] In a feasible implementation, the piezoelectric thin film layer is made from at least
one of following materials: lithium tantalate LiTaO3 and lithium niobate LiNbOs.

[0018] In a feasible implementation, the substrate layer is made from at least one of
following materials: silicon Si and sapphire.

[0019] In a second aspect, embodiments of the present application provide a package
method for a wafer level surface acoustic wave filter, including:

[0020] obtaining a wafer, where the wafer includes a substrate layer and a piezoelectric
thin film layer, and the substrate layer and the piezoelectric thin film layer are combined
together by wafer bonding therebetween;

[0021] preparing an electrode layer on the piezoelectric thin film layer;

[0022] preparing a supporting wall on the piezoelectric thin film layer;

[0023] obtaining a cover plate, where the cover plate includes at least a first material layer,
and the first material layer uses the same material as the substrate layer;

[0024] sealing the supporting wall and the cover plate, so that the supporting wall

surrounds between the piezoelectric thin film layer and the cover plate to form a sealed cavity.



[0025] In a feasible implementation, a ratio of a thickness of the piezoelectric thin film
layer to a thickness of the wafer is less than a preset threshold.

[0026] In a feasible implementation, a value of the preset threshold is 0.1.

[0027] In a feasible implementation, the cover plate includes at least two material layers,
and a thickness of each material layer is related to a temperature expansion coefficient of each
material layer.

[0028] In a feasible implementation, the cover plate includes the first material layer and a
second material layer, the first material layer and the second material layer are combined
together by wafer bonding therebetween, and the second material layer uses the same material
as the piezoelectric thin film layer.

[0029] In a feasible implementation, the cover plate includes the first material layer, a
second material layer and a third material layer; the third material layer is located between the
first material layer and the second material layer, and the first material layer and the second
material layer are combined together by using the third material layer; and the second material
layer uses the same material as the piezoelectric thin film layer.

[0030] In a feasible implementation, the package method further includes:

[0031] forming a via hole which penetrates the cover plate and the supporting wall in a
through silicon via (TSV) manner at a preset position of the cover plate, and implanting a
solder ball in the via hole by electroplating, the solder ball electrically contacting the electrode
layer.

[0032] Embodiments of the present application provide a wafer level surface acoustic
wave filter and a package method, the surface acoustic wave filter includes a wafer, an
electrode layer, a supporting wall and a cover plate; where, the wafer includes a substrate
layer and a piezoelectric thin film layer combined together by wafer bonding, the electrode
layer is arranged on a surface of the piezoelectric thin film layer, the supporting wall is
located between the piezoelectric thin film layer and the cover plate, and the supporting wall
surrounds between the piezoelectric thin film layer and the cover plate to form a sealed cavity;
the cover plate includes at least a first material layer, which uses the same material as the
substrate layer. In the embodiments of the present application, through the use of wafer level

package, the size of the surface acoustic wave filter can be effectively reduced; the substrate



layer and the piezoelectric thin film layer are combined together by wafer bonding, the
performance of the surface acoustic wave filter based on this type of wafer is less affected by
temperature; and the cover plate uses the same or similar material as the wafer, which can

enhance the reliability and temperature stability of a device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] In order to illustrate technical solutions in the embodiments of the present
application or the prior art more clearly, the following will briefly introduce drawings that
need to be used in the description of the embodiments of the present application or the prior
art. Obviously, the drawings in the following description are some embodiments of the present
application, and for those skilled in the art, other drawings can be obtained based on these
drawings without creative work.

[0034] FIG. 1 is a schematic top view of a package structure of a wafer level surface
acoustic wave filter in an embodiment of the present application;

[0035] FIG. 2 is a schematic sectional view I of a package structure of a surface acoustic
wave filter taken along a section line AB shown in FIG. 1;

[0036] FIG. 3 is a schematic sectional view II of a package structure of a surface acoustic
wave filter taken along a section line AB shown in FIG. 1;

[0037] FIG. 4 is a schematic sectional view III of a package structure of a surface acoustic
wave filter taken along a section line AB shown in FIG. 1;

[0038] FIG. 5 is a structural schematic view of an electrode layer within a surface acoustic
wave filter in an embodiment of the present application;

[0039] FIG. 6 is a schematic sectional view IV of a package structure of a surface acoustic
wave filter taken along a section line AB shown in FIG. 1;

[0040] FIG. 7 is a transversely sectional view of a wafer level surface acoustic wave filter
in an embodiment of the present application;

[0041] FIG. 8 is a schematic flow diagram I of a package method for a wafer level surface
acoustic wave filter in an embodiment of the present application;

[0042] FIG. 9 is a schematic flow diagram II of a package method for a wafer level



surface acoustic wave filter in an embodiment of the present application; and
[0043] FIG. 10 is a schematic flow diagram III of a package method for a wafer level

surface acoustic wave filter in an embodiment of the present application.

DESCRIPTION OF EMBODIMENTS

[0044] In order to make the objective, technical solutions and advantages of the present
application more clear, the technical solutions in embodiments of the present application are
described clearly and completely in combination with the accompanying drawings in the
embodiments of the present application hereinafter. Obviously, the described embodiments
are a part of the embodiments of the present application, but not all of the embodiments.
Based on the embodiments in the present application, all other embodiments obtained by
those skilled in the art without creative work shall fall within the protection scope of the
present application.

[0045] The package of existing surface acoustic wave filters is mostly completed by
etching substrate material of chips, which is difficult to process, and it is difficult to meet the
current requirements for the size and stability of surface acoustic wave filters.

[0046] In order to solve the above problem, an embodiment of the present application
provides a wafer level surface acoustic wave filter, the use of wafer level package can
effectively reduce the size of the surface acoustic wave filter, which can be suitable for
packaging RF front-end module; additionally, the substrate layer and the piezoelectric thin
film layer are combined together by wafer bonding, which can improve the temperature
stability of the surface acoustic wave filter; and, the cover plate uses the same or similar
material as the substrate layer, thereby further enhancing the reliability of the surface acoustic
wave filter, and reducing the influence of temperature changes on the surface acoustic wave
filter. The present application is described in detail through the following examples.

[0047] Referring to FIG. 1, FIG. 1 is a schematic top view of a package structure of a
wafer level surface acoustic wave filter in an embodiment of the present application. In FIG. 1,
a package structure 100 of the abovementioned surface acoustic wave filter includes a number

of solder balls 101. The package structure can be applied to the wafer-level package of the



surface acoustic wave filter, so as to achieve the protection of a working surface of the surface
acoustic wave filter and the extraction of electrodes.

[0048] In this case, after the package structure shown in FIG. 1 is packaged, a number of
surface acoustic wave filter components can be obtained by cutting.

[0049] Referring to FIG. 2, FIG. 2 is a schematic sectional view I of a package structure
of a surface acoustic wave filter taken along a section line AB shown in FIG. 1. In this case,
the section shown in FIG. 2 can be considered as a schematic view of a cross-sectional
structure of a surface acoustic wave filter.

[0050] In FIG. 2, the surface acoustic wave filter includes a wafer, an electrode layer, a
supporting wall 205 and a cover plate. In this case, the abovementioned wafer includes a
substrate layer 201 and a piezoelectric thin film layer 202, and the substrate layer 201 and the
piezoelectric thin film layer 202 are combined together by wafer bonding therebetween. Since
a thickness of the piezoelectric thin film layer 202 is less than a preset threshold, the
temperature expansion coefficient of the wafer after bonding is close to the temperature
expansion coefficient of the substrate layer 201.

[0051] It should be noted that the thickness of each material layer of the surface acoustic
wave filter shown in FIG. 2 is only for exemplary illustration, and does not represent an actual
thickness.

[0052] In this case, a way of wafer bonding means that two mirror-polished homogenous
or heterogeneous wafers are closely combined through chemical and physical action. After the
wafers are bonded, atoms at the interface are subjected to external forces to react, so as to
form covalent bonds for combining together, so that a bonding interface reaches a specific
bonding strength. In the present embodiment, the use of wafer bonding way is conducive to
achieving a low temperature drift and improving the power tolerance performance of the
surface acoustic wave filter.

[0053] The abovementioned electrode layer includes an interdigital electrode 203 and a
thickened electrode 204, and the thickened electrode 204 is distributed in at least one of
following positions of the interdigital electrode 203: an input position, an output position, and
an earthing position.

[0054] In this case, the abovementioned interdigital electrode 203 is arranged on a surface



of the piezoelectric thin film layer 202. Optionally, the interdigital electrode 203 and the
thickened electrode 204 can be formed on the surface of the piezoelectric thin film layer 102
by photoetching method.

[0055] The supporting wall 205 is located between the piezoelectric thin film layer 202
and the cover plate, and the supporting wall 205 surrounds between the piezoelectric thin film
layer 202 and the cover plate to form a sealed cavity 207.

[0056] In this case, the cover plate can include only one layer of material, i.e., a first
material layer 206, and the first material layer 206 uses the same material as the substrate
layer 201.

[0057] Optionally, the substrate layer 201 can be made from silicon Si and sapphire, etc.,
with a thickness of 30A~150A.

[0058] Optionally, the piezoelectric thin film layer 202 can be made from film material
with piezoelectric performance, such as lithium tantalate LiTaO; and lithium niobate LiNbO3,
etc., with a thickness of 0.05A~15A\.

[0059] Exemplarily, the substrate layer 201 and the piezoelectric thin film layer 202 can
be a combination of the following materials:

[0060] LiTaO3 and Si, LiNbOs and Si, LiTaO3 and sapphire, LiNbO3 and sapphire.

[0061] Optionally, the electrode layer can be made from aluminum, copper, gold,
aluminum-copper alloy, etc., with a thickness of 6%A~15%A, where A is a wavelength of a
surface acoustic wave.

[0062] Optionally, the supporting wall 205 can be made from viscous materials, which
can surround the electrode layer.

[0063] In this case, a ratio of a thickness of the piezoelectric thin film layer to that of the
wafer is less than a preset threshold. For example, a ratio of the thickness of the piezoelectric
thin film layer to that of the wafer is less than 0.1.

[0064] It will be appreciated that, since the LiTaO3 or LiNbO3 used in the piezoelectric
thin film layer 202 has a relatively large temperature expansion coefficient, when the
temperature changes, a formed filter device has a relatively large frequency drift. In the
embodiment of the present application, by reducing the thickness of the piezoelectric thin film

layer and combining with one substrate layer 201 with a relatively small temperature



expansion coefficient, the frequency drift of the filter device can be effectively reduced.

[0065] Exemplarily, the thickness of the piezoelectric thin film layer 202 can be set below
20 um, and the thickness of the substrate layer 201 can be set at about 230 um.

[0066] It will be appreciated that, in the embodiment of the present application, the
piezoelectric thin film layer 202 is relatively thin, and has a relatively small contribution to
the temperature expansion coefficient of the entire wafer, thus, only a single layer of material
same as a substrate material can be used to make the cover plate, so that the temperature
expansion coefficient of the cover plate can be close to the temperature expansion coefficient
of the wafer. As a result, when the temperature changes, it can prevent deformation of the
cover plate and the wafer in different magnitudes due to a large difference between the
temperature expansion coefficient of the cover plate and the temperature expansion
coefficient of the wafer, which damages the sealed cavity 207. It reduces the influence of
temperature changes on the surface acoustic wave filter, thereby effectively enhancing the
reliability of the surface acoustic wave filter.

[0067] In the embodiment of the present application, the use of wafer level package can
effectively reduce the size of the surface acoustic wave filter, which can be suitable for the
application in packaging RF front-end module; additionally, the substrate layer and the
piezoelectric thin film layer are combined together by wafer bonding, thus the performance of
the surface acoustic wave filter based on this type of wafer is less affected by temperature;
and the cover plate uses the same material as the substrate layer, thereby also enhancing the
overall reliability of the surface acoustic wave filter, and further reducing the influence of
temperature changes on the surface acoustic wave filter.

[0068] Based on the contents described in the above embodiment, in another embodiment
of the present application, the abovementioned cover plate includes at least two material
layers, the thickness of each material layer can be flexibly set according to the temperature
expansion coefficient of each material layer, so as to reduce the influence of external
temperature changes on the entire surface acoustic wave filter.

[0069] Referring to FIG. 3, FIG. 3 is a schematic sectional view II of a package structure
of a surface acoustic wave filter taken along a section line AB shown in FIG. 1. In this case,

the section shown in FIG. 3 can be considered as a schematic view of a cross-sectional



structure of a surface acoustic wave filter.

[0070] In FIG. 3, the surface acoustic wave filter includes a wafer, an electrode layer, a
supporting wall 205 and a cover plate. In this case, the abovementioned wafer includes a
substrate layer 201 and a piezoelectric thin film layer 202, and the substrate layer 201 and the
piezoelectric thin film layer 202 are combined together by wafer bonding therebetween.
[0071] It should be noted that the thickness of each material layer of the surface acoustic
wave filter shown in FIG. 3 is only for exemplary illustration, and does not represent an actual
thickness.

[0072] The abovementioned electrode layer includes an interdigital electrode 203 and a
thickened electrode 204, and the thickened electrode 204 is distributed in at least one of
following positions of the interdigital electrode 203: an input position, an output position, and
an earthing position. In this case, the interdigital electrode 203 is arranged on a surface of the
piezoelectric thin film layer 202.

[0073] The supporting wall 205 is located between the piezoelectric thin film layer 202
and the cover plate, and the supporting wall 205 surrounds between the piezoelectric thin film
layer 202 and the cover plate to form a sealed cavity 207.

[0074] The abovementioned cover plate includes two layers of materials, i.e., a first
material layer 206 and a second material layer 301, and the first material layer 206 and the
second material layer 301 are combined together by wafer bonding therebetween.

[0075] In this case, the second material layer 301 is located on a side of the cover plate
close to the sealed cavity 208, and the first material layer 206 uses the same material as the
substrate layer 201, and the second material layer 301 uses the same material as the
piezoelectric thin film layer 202.

[0076] It will be appreciated that, in the embodiment of the present application, the
material used for the cover plate is the same as the material used for the wafer, that is, the
temperature expansion coefficient of the cover plate can be equal to or very close to the
temperature expansion coefficient of the wafer. As a result, when the temperature changes, it
can prevent the damage to the sealed cavity 207 due to a large difference between the
temperature expansion coefficient of the cover plate and the temperature expansion

coefficient of the wafer. It eliminates the influence of temperature changes on such package
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structure, thereby more effectively enhancing the reliability of the surface acoustic wave filter.
[0077] Based on the contents described in the above embodiment, referring to FIG. 4, FIG.
4 is a schematic sectional view III of a package structure of a surface acoustic wave filter
taken along a section line AB shown in FIG. 1. In this case, the section shown in FIG. 4 can
be considered as a schematic view of a cross-sectional structure of a surface acoustic wave
filter.

[0078] In FIG. 4, the surface acoustic wave filter includes a wafer, an electrode layer, a
supporting wall 205 and a cover plate. In this case, the abovementioned wafer includes a
substrate layer 201 and a piezoelectric thin film layer 202, and the substrate layer 201 and the
piezoelectric thin film layer 202 are combined together by wafer bonding therebetween.
[0079] It should be noted that the thickness of each material layer of the surface acoustic
wave filter shown in FIG. 4 is only for exemplary illustration, and does not represent an actual
thickness.

[0080] The abovementioned electrode layer includes an interdigital electrode 203 and a
thickened electrode 204, and the thickened electrode 204 is distributed in at least one of
following positions of the interdigital electrode 203: an input position, an output position, and
an earthing position. In this case, the interdigital electrode 203 is arranged on a surface of the
piezoelectric thin film layer 202.

[0081] The supporting wall 205 is located between the piezoelectric thin film layer 202
and the cover plate, and the supporting wall 205 surrounds between the piezoelectric thin film
layer 202 and the cover plate to form a sealed cavity 207.

[0082] The abovementioned cover plate includes three layers of materials, i.e., a first
material layer 206, a second material layer 301 and a third material layer 401. In this case, the
third material layer 401 is located between the first material layer 206 and the second material
layer 301, and the first material layer 206 and the second material layer 301 are combined
together by using the third material layer 401.

[0083] In this case, the second material layer 301 is located on a side of the cover plate
close to the sealed cavity 208; and the first material layer 206 uses the same material as the
substrate layer 201, the second material layer 301 uses the same material as the piezoelectric

thin film layer 202.
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[0084] Optionally, a material used for the third material layer 401 is an organic binder.
[0085] In the embodiment of the present application, the thickness of the above three
layers of materials can be adjusted and combined flexibly, so as to achieve a temperature
expansion coefficient close to that of the bonded wafer. As a result, when the temperature
changes, it can also prevent the damage to the sealed cavity 207 due to a large difference
between the temperature expansion coefficient of the cover plate and the temperature
expansion coefficient of the wafer. It reduces the influence of temperature changes on such
package structure, thereby effectively enhancing the reliability of the surface acoustic wave
filter.

[0086] Based on the contents described in the above embodiment, referring to FIG. 5, FIG.
5 is a structural schematic view of an electrode layer within a surface acoustic wave filter in
an embodiment of the present application.

[0087] In FIG. 5, the electrode layer includes interdigital electrodes 203 and a thickened
electrode 204, both sides of the interdigital electrodes 203 include reflection gratings 501, the
bus bar of the interdigital electrodes 203 is a bus bar 502, and the bus bar of the reflection
gratings 501 is a bus bar 503. The thickened electrode 204 is distributed on a surface of the
bus bar 502.

[0088] Since the abovementioned electrode layer has a symmetrical structure, the bus bars
of the interdigital electrodes 203 as ports are reciprocal.

[0089] Furthermore, in a feasible implementation of the present application, the solder
ball 101 penetrates the cover plate and the supporting wall 205 in the TSV manner and then
electrically contacts the electrode layer.

[0090] In another feasible implementation of the present application, the solder ball 101 is
electrically connected with the electrode layer in the RDL manner.

[0091] In order to better understand the present application, referring to FIG. 6, FIG. 6 is a
schematic sectional view IV of a package structure of a surface acoustic wave filter taken
along a section line AB shown in FIG. 1.

[0092] In FIG. 6, assuming that the cover plate only includes one layer of material, i.e.,
the first material layer 206. In this case, when the solder ball 101 is electrically connected

with the electrode layer in the RDL manner, the abovementioned surface acoustic wave filter
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further includes: a first insulating layer 601, a metal wiring layer 602, and a second insulating
layer 603.

[0093] In this case, the first insulating layer 601 covers a surface of the first material layer
206, the metal wiring layer 602 is arranged on the first insulating layer 601, and the metal
wiring layer 602 is in electrical contact with the abovementioned electrode layer; the second
insulating layer 603 covers the metal wiring layer 602 and the first insulating layer 601, and
the second insulating layer 603 has at least one opening, where the abovementioned metal
wiring layer 602 can be exposed at each opening, and the solder balls 101 are filled in each
opening and are in electrical contact with the abovementioned metal wiring layer 602.

[0094] It will be appreciated that, in FIG. 2 to FIG. 4 the solder balls 101 can be also in
electrical contact with the electrode layer in the RDL manner as shown in FIG. 6.

[0095] Furthermore, referring to FIG. 7, FIG. 7 is a transversely sectional view of a
surface acoustic wave filter in an embodiment of the present application.

[0096] In FIG. 7, 701 represents metal wirings, 702 represents a resonator, 202 represents
a piezoelectric thin film layer, 203 represents an interdigital electrode, 204 represents a
thickened electrode, 205 represents a supporting wall, and 101 represents a solder ball. The
interdigital electrode 203 and the thickened electrode 204 utilize the solder balls 101 to
achieve the electrical connection with external devices.

[0097] It will be appreciated that, the wiring manner shown in FIG. 7 is only for
exemplary illustration, and the purpose is to better understand the embodiments of the present
application, and does not represent actual wiring manners such as routing or connection.
[0098] Furthermore, based on the contents described in the above embodiment, an
embodiment of the present application further provides a package method for a wafer level
surface acoustic wave filter. Referring to FIG. 8, FIG. 8 is a schematic flow diagram I of a
package method for a wafer level surface acoustic wave filter in an embodiment of the present
application, where the method includes:

[0099] S801: obtaining a wafer, where the wafer includes a substrate layer and a
piezoelectric thin film layer, and the substrate layer and the piezoelectric thin film layer are
combined together by wafer bonding therebetween;

[0100] S802: preparing an electrode layer on the piezoelectric thin film layer;
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[0101] S803: preparing a supporting wall on the piezoelectric thin film layer;

[0102] S804: obtaining a cover plate, where the cover plate includes a first material layer,
and the first material layer uses the same material as the substrate layer;

[0103] S805: sealing the supporting wall and the cover plate, so that the supporting wall
surrounds between the piezoelectric thin film layer and the cover plate to form a sealed cavity.
[0104] In this case, a via hole which penetrates the cover plate and the supporting wall is
formed in a through silicon via (TSV) manner at a preset position of the cover plate; and a
solder ball is implanted in the via hole by electroplating, the solder ball electrically contacts
the electrode layer.

[0105] In a feasible implementation, a ratio of a thickness of the piezoelectric thin film
layer to that of the wafer is less than a preset threshold. Optionally, a value of the preset
threshold is 0.1.

[0106] It will be appreciated that, in the embodiment of the present application, the
piezoelectric thin film layer 202 is relatively thin, and has a relatively small contribution to
the temperature expansion coefficient of the entire wafer, thus, only a single layer of material
same as a substrate material can be used to make the cover plate, so that the temperature
expansion coefficient of the cover plate can be close to the temperature expansion coefficient
of the wafer. As a result, when the temperature changes, it can prevent deformation of the
cover plate and the wafer in different magnitudes due to a large difference between the
temperature expansion coefficient of the cover plate and the temperature expansion
coefficient of the wafer, which damages the sealed cavity 207. It reduces the influence of
temperature changes on the surface acoustic wave filter, thereby effectively enhancing the
reliability of the surface acoustic wave filter.

[0107] The package method for a wafer level surface acoustic wave filter provided by the
embodiment of the present application uses wafer level package, which can effectively reduce
the size of the surface acoustic wave filter; additionally, since the substrate layer and the
piezoelectric thin film layer are combined together by wafer bonding, the performance of the
surface acoustic wave filter based on this type of wafer is less affected by temperature;
meanwhile, the cover plate uses the same material as the substrate material, so that the

temperature expansion coefficient of the cover plate can be the same as the temperature
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expansion coefficient of the wafer. As a result, when the temperature changes, it can prevent
the damage to the sealed cavity due to a large difference between the temperature expansion
coefficient of the cover plate and the temperature expansion coefficient of the wafer. It
reduces the influence of temperature changes on the surface acoustic wave filter, thereby
effectively enhancing the reliability of the surface acoustic wave filter.

[0108] Based on the contents described in the above embodiment, in another embodiment
of the present application, the abovementioned cover plate includes at least two material
layers, and a thickness of each material layer is related to a temperature expansion coefficient
of each material layer.

[0109] Referring to FIG. 9, FIG. 9 is a schematic flow diagram II of a package method for
a wafer level surface acoustic wave filter in an embodiment of the present application, where
the method includes:

[0110] S901: obtaining a wafer, where the wafer includes a substrate layer and a
piezoelectric thin film layer, and the substrate layer and the piezoelectric thin film layer are
combined together by wafer bonding therebetween;

[0111] S902: preparing an electrode layer on the piezoelectric thin film layer;

[0112] S903: preparing a supporting wall on the piezoelectric thin film layer;

[0113] S904: obtaining a cover plate, where the cover plate includes a first material layer
and a second material layer, the first material layer and the second material layer are
combined together by wafer bonding therebetween, the first material layer uses the same
material as the substrate layer, and the second material layer uses the same material as the
piezoelectric thin film layer;

[0114] S905: sealing the supporting wall and the cover plate, so that the supporting wall
surrounds between the piezoelectric thin film layer and the cover plate to form a sealed cavity.
[0115] In the package method for a wafer level surface acoustic wave filter provided by
the embodiment of the present application, the material used for the cover plate is the same as
the material used for the wafer, that is, the temperature expansion coefficient of the cover
plate can be equal to or very close to the temperature expansion coefficient of the wafer. As a
result, when the temperature changes, it can prevent the damage to the sealed cavity due to a

large difference between the temperature expansion coefficient of the cover plate and the

15



temperature expansion coefficient of the wafer. It eliminates the influence of temperature
changes on such package structure, thereby more effectively enhancing the temperature
stability of the surface acoustic wave filter.

[0116] Based on the contents described in the above embodiment, in yet another
embodiment of the present application, referring to FIG. 10, FIG. 10 is a schematic flow
diagram III of a package method for a wafer level surface acoustic wave filter in an
embodiment of the present application, where the method includes:

[0117] S1001: obtaining a wafer, where the wafer includes a substrate layer and a
piezoelectric thin film layer, and the substrate layer and the piezoelectric thin film layer are
combined together by wafer bonding therebetween,;

[0118] S1002: preparing an electrode layer on the piezoelectric thin film layer;

[0119] S1003: preparing a supporting wall on the piezoelectric thin film layer;

[0120] S1004: obtaining a cover plate, where the cover plate includes a first material layer,
a second material layer and a third material layer; the first material layer and the second
material layer are combined together by using the third material layer; the first material layer
uses the same material as the substrate layer, and the second material layer uses the same
material as the piezoelectric thin film layer;

[0121] S1005: sealing the supporting wall and the cover plate, so that the supporting wall
surrounds between the piezoelectric thin film layer and the cover plate to form a sealed cavity.
[0122] In the package method for a wafer level surface acoustic wave filter provided by
the embodiment of the present application, the thickness of the above three layers of materials
can be adjusted and combined flexibly, so as to achieve a temperature expansion coefficient
close to that of the bonded wafer. As a result, when the temperature changes, it can also
prevent the damage to the sealed cavity due to a large difference between the temperature
expansion coefficient of the cover plate and the temperature expansion coefficient of the
wafer. It reduces the influence of temperature changes on such package structure, thereby
effectively enhancing the temperature stability of the surface acoustic wave filter.

[0123] The above embodiments are only used to illustrate the technical solutions of the
present application, but not to limit them. Although the present application has been described

in detail with reference to the above embodiments, those skilled in the art should understand
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that they can still make modifications to the technical solutions recorded in the above
embodiments, or equivalent substitutions to some or all of the technical features therein,
and these modifications or substitutions do not make the essential of the corresponding
technical solutions depart from the scope of the technical solutions in the embodiments

according to the present application.
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CLAIMS

1. A wafer level surface acoustic wave filter, comprising: a wafer, an electrode layer, a
supporting wall and a cover plate; wherein the wafer comprises a substrate layer and a
piezoelectric thin film layer, and the substrate layer and the piezoelectric thin film layer are
combined together by wafer bonding therebetween;

the electrode layer is arranged on a surface of the piezoelectric thin film layer, the
supporting wall is located between the piezoelectric thin film layer and the cover plate, and
the supporting wall surrounds between the piezoelectric thin film layer and the cover plate to
form a sealed cavity;

the cover plate comprises at least a first material layer, and the first material layer uses
the same material as the substrate layer.

2. The wafer level surface acoustic wave filter according to claim 1, wherein a ratio of a
thickness of the piezoelectric thin film layer to a thickness of the wafer is less than a preset
threshold.

3. The wafer level surface acoustic wave filter according to claim 2, wherein a value of
the preset threshold is 0.1.

4. The wafer level surface acoustic wave filter according to claim 1, wherein the cover
plate comprises at least two material layers, and a thickness of each material layer is related to
a temperature expansion coefficient of each material layer.

5. The watfer level surface acoustic wave filter according to claim 4, wherein the cover
plate comprises the first material layer and a second material layer, the first material layer and
the second material layer are combined together by wafer bonding therebetween,;

the second material layer is located on a side of the cover plate close to the sealed cavity;
and

the second material layer uses the same material as the piezoelectric thin film layer.

6. The wafer level surface acoustic wave filter according to claim 4, wherein the cover
plate comprises the first material layer, a second material layer and a third material layer; the
third material layer is located between the first material layer and the second material layer,

and the first material layer and the second material layer are combined together by using the
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third material layer;

the second material layer is located on a side of the cover plate close to the sealed cavity;
and

the second material layer uses the same material as the piezoelectric thin film layer.

7. The wafer level surface acoustic wave filter according to claim 6, wherein a material
used for the third material layer is an organic binder.

8. The wafer level surface acoustic wave filter according to claim 1, wherein the
electrode layer comprises an interdigital electrode and a thickened electrode, and the
thickened electrode is distributed in at least one of following positions of the interdigital
electrode: an input position, an output position, and an earthing position.

9. The wafer level surface acoustic wave filter according to claim 8, further comprising
at least one solder ball, the solder ball penetrates the cover plate and the supporting wall in a
through silicon via (TSV) manner and then electrically contacts the electrode layer;

or, the solder ball is electrically connected with the electrode layer in a redistribution
layer (RDL) manner.

10. The wafer level surface acoustic wave filter according to any one of claims 1-9,
wherein the piezoelectric thin film layer is made from at least one of following materials:
lithium tantalate LiTaO3 and lithium niobate LiNbOs.

11. The wafer level surface acoustic wave filter according to any one of claims 1-9,
wherein the substrate layer is made from at least one of following materials: silicon Si and
sapphire.

12. A package method for a wafer level surface acoustic wave filter, comprising:

obtaining a wafer, the wafer comprising a substrate layer and a piezoelectric thin film
layer, and the substrate layer and the piezoelectric thin film layer being combined together by
wafer bonding therebetween,;

preparing an electrode layer on the piezoelectric thin film layer;

preparing a supporting wall on the piezoelectric thin film layer;

obtaining a cover plate, the cover plate comprising at least a first material layer, the first
material layer using the same material as the substrate layer; and

sealing the supporting wall and the cover plate, so that the supporting wall surrounds
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between the piezoelectric thin film layer and the cover plate to form a sealed cavity.

13. The package method according to claim 12, wherein a ratio of a thickness of the
piezoelectric thin film layer to a thickness of the wafer is less than a preset threshold.

14. The package method according to claim 13, wherein a value of the preset threshold is
0.1.

15. The package method according to claim 12, wherein the cover plate comprises at
least two material layers, and a thickness of each material layer is related to a temperature
expansion coefficient of each material layer.

16. The package method according to claim 15, wherein the cover plate comprises the
first material layer and a second material layer, the first material layer and the second material
layer are combined together by wafer bonding therebetween, and the second material layer
uses the same material as the piezoelectric thin film layer.

17. The package method according to claim 15, wherein the cover plate comprises the
first material layer, a second material layer and a third material layer; the third material layer
is located between the first material layer and the second material layer, and the first material
layer and the second material layer are combined together by using the third material layer;
and the second material layer uses the same material as the piezoelectric thin film layer.

18. The package method according to claim 12, further comprising:

forming a via hole which penetrates the cover plate and the supporting wall in a through
silicon via (TSV) manner at a preset position of the cover plate, and implanting a solder ball

in the via hole by electroplating, the solder ball electrically contacting the electrode layer.
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