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SPECIFICATION

FULLY WAFER-LEVEL-PACKAGED MEMS MICROPHONE AND METHOD FOR
MANUFACTURING THE SAME

FIELD OF THE INVENTION
[0001] The present invention relates to the field of microphone technology, and more

specifically, to a packaged MEMS microphone and a method for manufacturing the same.

BACKGROUND

[0002] The silicon based MEMS (Microelectromechanical System) microphones, also
known as acoustic transducers, are playing a more and more important role in the hearing
instrument, mobile communication system, digital camera, video camera and toy industry.
Usually, a silicon based MEMS microphone chip needs to be packaged before it can be tested,
shipped and utilized. US Patent 6,781,231 disclosed a typical MEMS package as shown in
Fig. 1, which comprises surface mountable components 12 (e.g., a silicon based MEMS
microphone chip, integrated circuits), substrate 14, and a cover 20, wherein the combination
of the substrate 14 and the cover 20 forms a housing 22 in which the surface mountable
components 12 are located and electrically connected.

[0003] However, there are several drawbacks to this MEMS package and its like. Firstly,
it is not cost-effective. Packaging cost generally takes a major portion of the total cost for
such a conventional packaged MEMS microphone, for example, for a typical 6 mm’ package
size, the minimum packaging cost may exceed $ 0.1, whilst a typical MEMS microphone
chip costs much less than $ 0.1. Especially, when package size is further reduced, which is a
growing trend, packaging cost will become a cost-down bottle neck. Secondly, it is
disadvantageous in manufacturability and mass production, since the singulated MEMS
microphone chips needs to be packaged separately. Thirdly, performance consistency may
not be guaranteed, particle and organic contaminations may not be easily prevented. Fourthly,
size reduction of the MEMS package is highly limited due to its incompact structure.

[0004] To overcome the above drawbacks to the conventional packaged MEMS
microphone, the present invention suggests a fully wafer-level-packaging technique for
packaging a silicon based MEMS microphone. Actually, US Patent 8,368,153 discloses a
wafer level package of MEMS microphone, as shown in Fig. 2, and manufacturing method
thereof. However, the US patent application only discloses a chip structure of an MEMS

microphone and a wafer process flow for manufacturing the same, the structure is actually
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not a packaged MEMS microphone which is surface mountable, and still requires traditional
acoustic packaging after wafer process. Therefore, a fully wafer-level-packaged MEMS
microphone, which is fully packaged at wafer level and does not need any further process

after die singulation, and a method for manufacturing the same are still not applicable.

SUMMARY

[0005] In view of the above, the present invention provides a fully wafer-level-packaged
MEMS microphone and a method for manufacturing the same with an objective of improving
cost-effectiveness, performance consistency, manufacturability, quality, scaling capability of
the packaged MEMS microphone.

[0006] According to an aspect of the present invention, there is provided a method for
manufacturing a fully wafer-level-packaged MEMS microphone, comprising: separately
manufacturing a first packaging wafer, an MEMS microphone wafer and a second packaging
wafer, wherein the first packaging wafer comprises a plurality of first packaging units, the
second packaging wafer comprises a plurality of second packaging units, and the MEMS
microphone wafer comprises a plurality of MEMS microphone units, each of which
comprises a silicon substrate formed with a back hole therein and an acoustic sensing part
supported on the silicon substrate and aligned with the back hole, and wherein the first
packaging units and/or the second packaging units and/or the MEMS microphone units
comprise ASICs, and the first packaging units or the second packaging units also comprise
acoustic ports; performing wafer-to-wafer bonding for the MEMS microphone wafer and the
first packaging wafer and for the second packaging wafer and the MEMS microphone wafer,
such that the first packaging units, the MEMS microphone units and the second packaging
units are correspondingly aligned to form a plurality of fully wafer-level-packaged MEMS
microphone units, in each of which the electrical connections among the acoustic sensing part,
the ASICs and surface mountable pads formed on the outer side of the first packaging unit
and/or the outer side of the second packaging unit are realized by interconnection wires or
conductive pads or through-silicon-vias or the combination thereof; and singulating the fully
wafer-level-packaged MEMS microphone units to form a plurality of fully wafer-level-
packaged MEMS microphones.

[0007] Preferably, the acoustic sensing part may at least includes: a compliant diaphragm;

a perforated backplate; and an air gap formed between the diaphragm and the backplate,
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wherein the diaphragm and the backplate are used to form electrode plates of a variable
condenser.

[0008] Preferably, the wafer-to-wafer bonding may be realized by any of metal-metal
bonding, metal eutectic bonding, soldering, and conductive adhesive bonding.

[0009] In one embodiment, preferably, in each of the fully wafer-level-packaged MEMS
microphone units, the first packaging unit may comprise the ASICs and an acoustic port, the
second packaging unit may comprise a cavity, the back hole in the MEMS microphone unit
and the cavity may be merged to form a back chamber, and the surface mountable pads may
be formed on the outer side of the first packaging unit. Further preferably, the acoustic
sensing part may include a perforated backplate supported on the silicon substrate and a
compliant diaphragm supported on the backplate with an air gap sandwiched inbetween, and
dimples may be formed on the inner side of the first packaging unit to protect the diaphragm
from sticking thereto.

[0010] In another embodiment, preferably, in each of the fully wafer-level-packaged
MEMS microphone units, the first packaging unit may comprise an acoustic port, the second
packaging unit may comprise the ASICs, and the surface mountable pads may be formed on
the outer side of the first packaging unit. Further preferably, the acoustic sensing part may
include a perforated backplate supported on the silicon substrate and a compliant diaphragm
supported on the backplate with an air gap sandwiched inbetween, and dimples may be
formed on the inner side of the first packaging unit to protect the diaphragm from sticking
thereto.

[0011] According to another aspect of the present invention, there is provided a fully
wafer-level-packaged MEMS microphone, comprising: a first packaging unit; an MEMS
microphone unit, comprising a silicon substrate formed with a back hole therein and an
acoustic sensing part supported on the silicon substrate and aligned with the back hole; and a
second packaging unit, wherein the first packaging unit and/or the second packaging unit
and/or the MEMS microphone unit comprise ASICs, and the first packaging unit or the
second packaging unit also comprises an acoustic port, wherein the first packaging unit, the
MEMS microphone unit and the second packaging unit are aligned, the MEMS microphone
unit is bonded to the first packaging unit and the second packaging unit is bonded to the
MEMS microphone unit, and wherein the electrical connections among the acoustic sensing

part, the ASICs and surface mountable pads formed on the outer side of the first packaging
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unit and/or the outer side of the second packaging unit are realized by interconnection wires
or conductive pads or through-silicon-vias or the combination thereof.

[0012] According to still another aspect of the present invention, there is provided a
method for manufacturing a fully wafer-level-packaged MEMS microphone, comprising:
separately manufacturing a first packaging wafer, an MEMS microphone wafer, wherein the
first packaging wafer comprises a plurality of first packaging units, and the MEMS
microphone wafer comprises a plurality of MEMS microphone units, each of which
comprises a silicon substrate formed with a back hole therein and an acoustic sensing part
supported on the silicon substrate and aligned with the back hole, and wherein the first
packaging units and/or the MEMS microphone units comprise ASICs; performing wafer-to-
wafer bonding for the MEMS microphone wafer and the first packaging wafer with the back
hole side of the MEMS microphone wafer being away from the first packaging wafer, such
that the first packaging units and the MEMS microphone units are correspondingly aligned to
form a plurality of fully wafer-level-packaged MEMS microphone units, in each of which the
electrical connections among the acoustic sensing part, the ASICs and surface mountable
pads formed on the outer side of the first packaging unit are realized by interconnection wires
or conductive pads or through-silicon-vias or the combination thereof; and singulating the
fully wafer-level-packaged MEMS microphone units to form a plurality of fully wafer-level-
packaged MEMS microphones.

[0013] Preferably, in each of the fully wafer-level-packaged MEMS microphone units,
the acoustic sensing part and the ASICs may be integrally formed on the MEMS microphone
unit, and the surface mountable pads may be formed on the outer side of the first packaging
unit. Further, the first packaging unit may comprise a cavity.

[0014] According to the yet still another aspect of the present invention, there is provided
a fully wafer-level-packaged MEMS microphone, comprising: an MEMS microphone unit,
comprising a silicon substrate formed with a back hole therein and an acoustic sensing part
supported on the silicon substrate and aligned with the back hole; and a first packaging unit,
wherein the MEMS microphone unit and/or the first packaging unit comprise ASICs, wherein
the MEMS microphone unit and the first packaging unit are aligned, the MEMS microphone
unit is bonded to the first packaging unit with the back hole side of the MEMS microphone
unit being away from the first packaging unit, and wherein the electrical connections among

the acoustic sensing part, the ASICs and surface mountable pads formed on the outer side of
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the first packaging unit are realized by interconnection wires or conductive pads or through-
silicon-vias or the combination thereof.

[0015] The method for manufacturing the fully wafer-level-packaged MEMS microphone
according to the present invention is totally compatible with CMOS MEMS process flow,
thus it can guarantee better manufacturability, quality and mass production, and reduce the
risk of particle and organic contaminations. The method adopts a parallel multi-wafer
process followed by wafer-bonding, thus, minimum yield loss can be ensured due to
optimized process flows on different wafers, better performance matching from part to part
can be easily achieved, and mechanical robustness can be enhanced by wafer bonding instead
of wire bonding. Since a batch of fully wafer-level-packaged MEMS microphones according
to the present invention are manufactured in a same process, the performance consistency and
the yield thereof can be highly guaranteed. Also, the fully wafer-level-packaged MEMS
microphones according to the present invention are fully packaged at wafer level and do not
need any further process after die singulation, thus they are cost effective, that is, the total
fabrication cost thereof can be much reduced, particularly for small package size, e.g. 6 mn’
or less. Furthermore, the fully wafer-level-packaged MEMS microphones according to the
present invention can easily shrink in package size and can fully comply with state-of-the-art
customer package specifications.

[0016] While various embodiments have been discussed in the summary above, it should
be appreciated that not necessarily all embodiments include the same features and some of
the features described above are not necessary but can be desirable in some embodiments.
Numerous additional features, embodiments and benefits are discussed in the detailed

description which follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The objectives and features of the present invention will become apparent {from
the following description of embodiments, given in conjunction with the accompanying
drawings, in which:
[0018] Fig. 1 is a cross-sectional view showing the structure of an MEMS system
package in the prior art;
[0019] Fig. 2 is a cross-sectional view showing the structure of a wafer level package of

MEMS microphone in the prior art;
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[0020] Fig. 3a through 3c are cross-sectional views showing a method for manufacturing
a fully wafer-level-packaged MEMS microphone according to an embodiment of the present
invention;

[0021] Fig. 4 is an enlarged cross-sectional view showing the structures of the first
packaging unit, the MEMS microphone unit and the second packaging unit of Fig. 3a;

[0022] Fig. 5 is a cross-sectional view showing the structure of the fully wafer-level-
packaged MEMS microphone according to an embodiment of the present invention;

[0023] Fig. 6 is a cross-sectional view showing the structure of the fully wafer-level-
packaged MEMS microphone according to another embodiment of the present invention;
[0024] Fig. 7a through 7c are cross-sectional views showing a method for manufacturing
a fully wafer-level-packaged MEMS microphone according to another embodiment of the
present invention;

[0025] Fig. 8 is a cross-sectional view showing the structure of the fully wafer-level-

packaged MEMS microphone according to still another embodiment of the present invention.

DETAILED DESCRIPTION

[0026] Various aspects of the claimed subject matter are now described with reference to
the drawings, wherein the illustrations in the drawings are schematic and not to scale, and
like reference numerals are used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific details are set forth in order to
provide a thorough understanding of one or more aspects. It may be evident, however, that
such aspect(s) may be practiced without these specific details. In other instances, well-
known structures and devices are shown in block diaphragm form in order to facilitate
describing one or more aspects.

[0027] In the description and the appended claims, it will be understood that, when a
layer, a region, or a component is referred to as being “on” or “under” another layer, another
region, or another component, it can be “directly” or “indirectly” on or under the another
layer, region, or component, or one or more intervening layers may also be present.

[0028] Fig. 3a through 3c are cross-sectional views showing a method for manufacturing
a fully wafer-level-packaged MEMS microphone according to an embodiment of the present
invention. As shown in Fig. 3a through 3c, the method comprises following steps.

[0029] First, as shown in Fig. 3a, separately manufacture a first packaging wafer 1, an

MEMS microphone wafer 3 and a second packaging wafer 2, wherein the first packaging
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wafer 1 comprises a plurality of first packaging units 10, the second packaging wafer 2
comprises a plurality of second packaging units 20, and the MEMS microphone wafer 3
comprises a plurality of MEMS microphone units 30.

[0030] Fig. 4 is an enlarged cross-sectional view showing the structures of the first
packaging unit, the MEMS microphone unit and the second packaging unit of Fig. 3a. As
shown in Fig. 3a and Fig. 4, each of the MEMS microphone units 30, which is disposed
upside down in the figures, may comprise a silicon substrate 301 formed with a back hole
302 therein and an acoustic sensing part supported on the silicon substrate 301 and aligned
with the back hole 302. The acoustic sensing part may receive an external acoustic signal
and transform the received acoustic signal into an electrical signal, and preferably may at
least include: a compliant diaphragm 303; a perforated backplate 304; and an air gap 305
formed between the diaphragm 303 and the backplate 304, wherein the diaphragm 303 and
the backplate 304 are used to form electrode plates of a variable condenser. An example of
the acoustic sensing part is described in details, for example, in the international application
No. PCT/CN2010/075514, and detailed description thereof will be omitted herein.

[0031] In the present embodiment, the acoustic sensing part includes a perforated
backplate 304 supported on the silicon substrate 301 and a compliant diaphragm 303
supported on the backplate 304 with an air gap 305 sandwiched in between, however, the
present invention is not limited thereto. In other embodiment, the acoustic sensing part may
includes a compliant diaphragm 303 supported on the silicon substrate 301 and a perforated
backplate 304 supported on the diaphragm 303 with an air gap 305 sandwiched in between.
[0032] In the present embodiment, the first packaging unit 10 may comprise the ASICs
(Application Specific Integrated Circuits) 101 and an acoustic port 102. The ASICs 101 may
process the electrical signal output by the acoustic sensing part and perform other functions.
The acoustic port 102 allows the external acoustic wave reach the acoustic sensing part from
the one side thereof. Also, in the present embodiment, the second packaging unit 20 may
comprise a cavity 201, and the surface mountable pads 401 are formed on the outer side of
the first packaging unit 10. Further preferably, dimples 103 may be formed on the inner side
of the first packaging unit 10 to protect the diaphragm 303 from sticking thereto, as described
later on.

[0033] However, the present invention is not limited thereto. Actually, the ASICs can
located on any one or two of the first packaging unit, the second packaging unit, and the

MEMS microphone unit, or located on three of them according to device design and
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performance matching consideration. Also, the acoustic port can dwelt on either the first
packaging unit or the second packaging unit according to the structure and orientation of the
acoustic sensing part. In addition, the surface mountable pads may be formed on the outer
side of the first packaging unit and/or the outer side of the second packaging unit for sake of
convenient electrical connections.

[0034] For example, in another embodiment of the present invention, the first packaging
unit may comprise an acoustic port, the second packaging unit may comprise the ASICs, and
the surface mountable pads may be formed on the outer side of the first packaging unit.
Furthermore, the acoustic sensing part may include a perforated backplate supported on the
silicon substrate and a compliant diaphragm supported on the backplate with an air gap
sandwiched in between, and dimples may be formed on the inner side of the first packaging
unit to protect the diaphragm from sticking thereto.

[0035] Referring to the Fig. 3b, after the first packaging wafer 1, the MEMS microphone
wafer 3 and the second packaging wafer 2 are manufactured separately, perform wafer-to-
wafer bonding for the MEMS microphone wafer 3 and the first packaging wafer 1 and for the
second packaging wafer 2 and the MEMS microphone wafer 3, such that the first packaging
units 10, the MEMS microphone units 30 and the second packaging units 20 are
correspondingly aligned to form a plurality of fully wafer-level-packaged MEMS microphone
units 50. The wafer-to-wafer bonding may be realized by any of metal-metal bonding (e.g.
Au-Au, Al-Al or Cu-Cu bonding, etc), metal eutectic bonding (e.g. SnAu eutectic, etc),
soldering, and conductive adhesive bonding, i.e. the bonding rings 402 formed on the first
packaging units 10, the MEMS microphone units 30 and the second packaging units 20 can
be made of metal, solders, or conductive adhesives.

[0036] In each of fully wafer-level-packaged MEMS microphone units 50, the electrical
connections among the acoustic sensing part, the ASICs 101 and surface mountable pads 401
may be realized by interconnection wires 403 or conductive pads 404 or through-silicon-vias
405 or the combination thereof. Bonding rings 402 may or may not be involved in the
electrical connections.

[0037] Referring to the Fig. 3c, after the wafer-to-wafer bonding step, singulate the fully
wafer-level-packaged MEMS microphone units 50 to form a plurality of fully wafer-level-
packaged MEMS microphones 100. The fully wafer-level-packaged MEMS microphones

100 are ready for testing or shipping, and do not need any further process for final utilization.
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[0038] Hereinafter, embodiments of the fully wafer-level-packaged MEMS microphone
manufactured by the above method of the present invention will be described with reference
to Fig. 5 and Fig. 6. In the following description, for sake of clarity and conciseness, a lot of
processing details, such as equipments, conditions, parameters and so on, are omitted in
considering that they are well known by those skilled in the art.

[0039] A fully wafer-level-packaged MEMS microphone manufactured by the method of
the present invention may comprise: a first packaging unit; an MEMS microphone unit,
comprising a silicon substrate formed with a back hole therein and an acoustic sensing part
supported on the silicon substrate and aligned with the back hole, and a second packaging
unit, wherein the first packaging unit and/or the second packaging unit and/or the MEMS
microphone unit comprise ASICs, and the first packaging unit or the second packaging unit
also comprises an acoustic port, wherein the first packaging unit, the MEMS microphone unit
and the second packaging unit are aligned, the MEMS microphone unit is bonded to the first
packaging unit and the second packaging unit is bonded to the MEMS microphone unit, and
wherein the electrical connections among the acoustic sensing part, the ASICs and surface
mountable pads formed on the outer side of the first packaging unit and/or the outer side of
the second packaging unit are realized by interconnection wires or conductive pads or
through-silicon-vias or the combination thereof.

[0040] Preferably, the acoustic sensing part may at least include: a compliant diaphragm;
a perforated backplate; and an air gap formed between the diaphragm and the backplate,
wherein the diaphragm and the backplate are used to form electrode plates of a variable
condenser.

[0041] Fig. 5 is a cross-sectional view showing the structure of the fully wafer-level-
packaged MEMS microphone according to an embodiment of the present invention. As
shown in Fig. 5, in the fully wafer-level-packaged MEMS microphone 100 according to an
embodiment of the present invention, specifically, the first packaging unit 10 comprises the
ASICs 101 and an acoustic port 102, the second packaging unit 20 comprises a cavity 201,
the back hole 302 in the MEMS microphone unit 30 and the cavity 201 are merged to form a
back chamber, and the surface mountable pads 401 are formed on the outer side of the first
packaging unit 10. The MEMS microphone unit 30 and the first packaging unit 10 as well as
the second packaging unit 20 and the MEMS microphone unit 30 are bonded by bonding
rings 402.



WO 2016/029365 PCT/CN2014/085222

[0042] In addition, the acoustic sensing part includes a perforated backplate 304
supported on the silicon substrate 301 and a compliant diaphragm 303 supported on the
backplate 304 with an air gap 305 sandwiched in between. Furthermore, dimples 103 are
formed on the inner side of the first packaging unit 10 to protect the diaphragm 303 from
sticking thereto.

[0043] The electrical connections among the acoustic sensing part, the ASICs 101 and
surface mountable pads 401 are realized by interconnection wires 403 or conductive pads 404
or through-silicon-vias 405 or the combination thereof.

[0044] Fig. 6 is a cross-sectional view showing the structure of the fully wafer-level-
packaged MEMS microphone according to another embodiment of the present invention. As
shown in Fig. 6, in the fully wafer-level-packaged MEMS microphone 100’ according to
another embodiment of the present invention, specifically, the first packaging unit 10°
comprises an acoustic port 102, the second packaging unit 20° comprises the ASICs 101, and
the surface mountable pads 401 are formed on the outer side of the first packaging unit 10°.
The MEMS microphone unit 30’ and the first packaging unit 10’ as well as the second
packaging unit 20° and the MEMS microphone unit 30’ are bonded by bonding rings 402.
[0045] In addition, the acoustic sensing part includes a perforated backplate 304
supported on the silicon substrate 301 and a compliant diaphragm 303 supported on the
backplate 304 with an air gap 305 sandwiched in between. Furthermore, dimples 103 are
formed on the inner side of the first packaging unit 10’ to protect the diaphragm 303 from
sticking thereto.

[0046] The electrical connections among the acoustic sensing part, the ASICs 101 and
surface mountable pads 401 are realized by interconnection wires 403 or conductive pads 404
or through-silicon-vias 405 or the combination thereof.

[0047] The above described method of the present invention and the fully wafer-level-
packaged MEMS microphone manufactured with the same can be further simplified.

[0048] Fig. 7a through 7c are cross-sectional views showing a method for manufacturing
a fully wafer-level-packaged MEMS microphone according to another embodiment of the
present invention. As shown in Fig. 7a through 7¢, the method comprises following steps.
[0049] First, as shown in Fig. 7a, separately manufacture a first packaging wafer 1°, an
MEMS microphone wafer 3°, wherein the first packaging wafer 1’ comprises a plurality of
first packaging units 10’, and the MEMS microphone wafer 3’ comprises a plurality of
MEMS microphone units 30.

10
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[0050] Each of the MEMS microphone units 30°’, which is disposed upside down in Fig.
7a, may comprises a silicon substrate formed with a back hole therein and an acoustic sensing
part supported on the silicon substrate and aligned with the back hole, as described above.
Also, the MEMS microphone unit 30" comprises ASICs 101, which are integrated with the
acoustic sensing part on the MEMS microphone unit 30’. However, the present invention is
not limited thereto. Actually, according to the present invention, ASICs can be located on the
first packaging units and/or the MEMS microphone units.

[0051] The surface mountable pads 401 are formed on the outer side of the first
packaging unit 10°°. In addition, preferably, the first packaging unit 10’ may comprises a
cavity.

[0052] Referring to Fig. 7b, after the first packaging wafer 1 and the MEMS microphone
wafer 3’ are manufactured separately, perform wafer-to-wafer bonding for the MEMS
microphone wafer 3’ and the first packaging wafer 1’ with the back hole side of the MEMS
microphone wafer 3’ being away from the first packaging wafer 1’ (i.e. the back hole is on
the top, and the acoustic sensing part is closed to the first packaging wafer 17), such that the
first packaging units 1’ and the MEMS microphone units 3’ are correspondingly aligned to
form a plurality of fully wafer-level-packaged MEMS microphone units 50°’.

[0053] In each of the fully wafer-level-packaged MEMS microphone units 50°°, the
electrical connections among the acoustic sensing part, the ASICs and surface mountable
pads formed on the outer side of the first packaging unit 1° are realized by interconnection
wires or conductive pads or through-silicon-vias or the combination thereof.

[0054] Referring to Fig. 7c, after the wafer-to-wafer bonding step, singulate the fully
wafer-level-packaged MEMS microphone units 50°” to form a plurality of fully wafer-level-
packaged MEMS microphones 100°’. The fully wafer-level-packaged MEMS microphones
100”” are ready for testing or shipping, and do not need any further process for final
utilization.

[0055] Hereinafter, an embodiment of the fully wafer-level-packaged MEMS microphone
manufactured by the method shown in Fig. 7a-7c will be briefly described with reference to
Fig. 8. In the following description, for sake of clarity and conciseness, details elaborated
hereinbefore will not be repeated.

[0056] Fig. 8 is a cross-sectional view showing the structure of the fully wafer-level-
packaged MEMS microphone according to still another embodiment of the present invention.

As shown in Fig. 8, a fully wafer-level-packaged MEMS microphone 100°” according to still

11
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another embodiment of the present invention may comprise: a first packaging unit 10°’; and
an MEMS microphone unit 30’ comprising a silicon substrate 301 formed with a back hole
302 therein and an acoustic sensing part supported on the silicon substrate 301 and aligned
with the back hole 302. The acoustic sensing part may include: a compliant diaphragm 303;
a perforated backplate 304; and an air gap 305 formed in between, the diaphragm 303 and the
backplate 304 are used to form electrode plates of a variable condenser.

[0057] The acoustic sensing part and the ASICs 101 are integrally formed on the MEMS
microphone unit 30’’, however, the present invention is not limited thereto. In other
embodiments, the ASICs 101 may located on the MEMS microphone unit and/or the first
packaging unit according to device design.

[0058] The MEMS microphone unit 30°” and the first packaging unit 10’” are aligned, the
MEMS microphone unit 30’ is bonded to the first packaging unit 10°” through the bonding
rings 402 with the back hole side of the MEMS microphone unit 30°” being away from the
first packaging unit 10°’, that is, the back hole 302 of the MEMS microphone unit 30°” is on
the top, and the acoustic sensing part is closed to the first packaging unit 10°’.

[0059] The electrical connections among the acoustic sensing part, the ASICs 101 and
surface mountable pads 401 formed on the outer side of the first packaging unit 10°° are
realized by interconnection wires 403 or conductive pads 404 or through-silicon-vias 405 or
the combination thereof.

[0060] In addition, a cavity 104 and dimples 103 may be formed on the first packaging
unit 10”’ to improve the acoustic performance and the robustness of the microphone 100”.
[0061] The previous description of the disclosure is provided to enable any person skilled
in the art to make or use the disclosure. Various modifications to the disclosure will be
readily apparent to those skilled in the art, and the generic principles defined herein may be
applied to other variations without departing from the spirit or scope of the disclosure. Thus,
the disclosure is not intended to be limited to the examples described herein but is to be

accorded the widest scope consistent with the principles and novel features disclosed herein.
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CLAIMS

1. A method for manufacturing a fully wafer-level-packaged MEMS microphone,

comprising:

separately manufacturing a first packaging wafer, an MEMS microphone wafer and a
second packaging wafer, wherein the first packaging wafer comprises a plurality of first
packaging units, the second packaging wafer comprises a plurality of second packaging units,
and the MEMS microphone wafer comprises a plurality of MEMS microphone units, each of
which comprises a silicon substrate formed with a back hole therein and an acoustic sensing
part supported on the silicon substrate and aligned with the back hole, and wherein the first
packaging units and/or the second packaging units and/or the MEMS microphone units
comprise ASICs, and the first packaging units or the second packaging units also comprise

acoustic ports for allowing an acoustic signal to reach the acoustic sensing parts;

performing wafer-to-wafer bonding for the MEMS microphone wafer and the first
packaging wafer and for the second packaging wafer and the MEMS microphone wafer, such
that the first packaging units, the MEMS microphone units and the second packaging units
are correspondingly aligned to form a plurality of fully wafer-level-packaged MEMS
microphone units, in each of which the electrical connections among the acoustic sensing part,
the ASICs and surface mountable pads formed on the outer side of the first packaging unit
and/or the outer side of the second packaging unit are realized by interconnection wires or

conductive pads or through-silicon-vias or the combination thereof;

singulating the fully wafer-level-packaged MEMS microphone units to form a

plurality of fully wafer-level-packaged MEMS microphones.

2. The method of claim 1, wherein the acoustic sensing part at least includes: a
compliant diaphragm; a perforated backplate; and an air gap formed between the diaphragm
and the backplate, wherein the diaphragm and the backplate are used to form electrode plates

of a variable condenser.

3. The method of claim 1, wherein the wafer-to-wafer bonding is realized by any of

metal-metal bonding, metal eutectic bonding, soldering, and conductive adhesive bonding.
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4. The method of claim 1, wherein in each of the fully wafer-level-packaged MEMS
microphone units, the first packaging unit comprises the ASICs and the acoustic port, the
second packaging unit comprises a cavity, the back hole in the MEMS microphone unit and
the cavity are merged to form a back chamber, and the surface mountable pads are formed on

the outer side of the first packaging unit.

5. The method of claim 4, wherein in each of the fully wafer-level-packaged MEMS
microphone units, the acoustic sensing part includes a perforated backplate supported on the
silicon substrate and a compliant diaphragm supported on the backplate with an air gap
sandwiched inbetween, and wherein dimples are formed on the inner side of the first

packaging unit to protect the diaphragm from sticking thereto.

6. The method of claim 1, wherein in each of the fully wafer-level-packaged MEMS
microphone units, the first packaging unit comprises the acoustic port, the second packaging
unit comprises the ASICs, and the surface mountable pads are formed on the outer side of the

first packaging unit.

7. The method of claim 6, wherein in each of the fully wafer-level-packaged MEMS
microphone units, the acoustic sensing part includes a perforated backplate supported on the
silicon substrate and a compliant diaphragm supported on the backplate with an air gap
sandwiched inbetween, and wherein dimples are formed on the inner side of the first

packaging unit to protect the diaphragm from sticking thereto.
8. A fully wafer-level-packaged MEMS microphone, comprising:
a first packaging unit;

an MEMS microphone unit, comprising a silicon substrate formed with a back hole
therein and an acoustic sensing part supported on the silicon substrate and aligned with the

back hole; and
a second packaging unit,

wherein the first packaging unit and/or the second packaging unit and/or the MEMS

microphone unit comprise ASICs, and the first packaging unit or the second packaging unit
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also comprises an acoustic port for allowing an acoustic signal to reach the acoustic sensing

part,

wherein the first packaging unit, the MEMS microphone unit and the second
packaging unit are aligned, the MEMS microphone unit is bonded to the first packaging unit

and the second packaging unit is bonded to the MEMS microphone unit, and

wherein the electrical connections among the acoustic sensing part, the ASICs and
surface mountable pads formed on the outer side of the first packaging unit and/or the outer
side of the second packaging unit are realized by interconnection wires or conductive pads or

through-silicon-vias or the combination thereof.

9. The fully wafer-level-packaged MEMS microphone of claim 8, wherein the
acoustic sensing part at least includes: a compliant diaphragm; a perforated backplate; and an
air gap formed between the diaphragm and the backplate, wherein the diaphragm and the

backplate are used to form electrode plates of a variable condenser.

10. The fully wafer-level-packaged MEMS microphone of claim 8, wherein the first
packaging unit comprises the ASICs and the acoustic port, the second packaging unit
comprises a cavity, the back hole in the MEMS microphone unit and the cavity are merged to
form a back chamber, and the surface mountable pads are formed on the outer side of the first

packaging unit.

11. The fully wafer-level-packaged MEMS microphone of claim 10, wherein the
acoustic sensing part includes a perforated backplate supported on the silicon substrate and a
compliant diaphragm supported on the backplate with an air gap sandwiched inbetween, and
wherein dimples are formed on the inner side of the first packaging unit to protect the

diaphragm from sticking thereto.

12. The fully wafer-level-packaged MEMS microphone of claim 8, wherein the first
packaging unit comprises the acoustic port, the second packaging unit comprises the ASICs,

and the surface mountable pads are formed on the outer side of the first packaging unit.

13. The fully wafer-level-packaged MEMS microphone of claim 12, wherein the
acoustic sensing part includes a perforated backplate supported on the silicon substrate and a

compliant diaphragm supported on the backplate with an air gap sandwiched inbetween, and
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wherein dimples are formed on the inner side of the first packaging unit to protect the

diaphragm from sticking thereto.

14. A method for manufacturing a fully wafer-level-packaged MEMS microphone,

comprising:

separately manufacturing a first packaging wafer, an MEMS microphone wafer,
wherein the first packaging wafer comprises a plurality of first packaging units, and the
MEMS microphone wafer comprises a plurality of MEMS microphone units, each of which
comprises a silicon substrate formed with a back hole therein and an acoustic sensing part
supported on the silicon substrate and aligned with the back hole, and wherein the first

packaging units and/or the MEMS microphone units comprise ASICs;

performing wafer-to-wafer bonding for the MEMS microphone wafer and the first
packaging wafer with the back hole side of the MEMS microphone wafer being away from
the first packaging wafer, such that the first packaging units and the MEMS microphone units
are correspondingly aligned to form a plurality of fully wafer-level-packaged MEMS
microphone units, in each of which the electrical connections among the acoustic sensing part,
the ASICs and surface mountable pads formed on the outer side of the first packaging unit are
realized by interconnection wires or conductive pads or through-silicon-vias or the

combination thereof;

singulating the fully wafer-level-packaged MEMS microphone units to form a
plurality of fully wafer-level-packaged MEMS microphones.

15. The method of claim 14, wherein in each of the fully wafer-level-packaged
MEMS microphone units, the acoustic sensing part and the ASICs are integrally formed on
the MEMS microphone unit, and the surface mountable pads are formed on the outer side of

the first packaging unit.

16. The method of claim 15, wherein in each of the fully wafer-level-packaged

MEMS microphone units, the first packaging unit comprises a cavity.

17. A fully wafer-level-packaged MEMS microphone, comprising:
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an MEMS microphone unit, comprising a silicon substrate formed with a back hole
therein and an acoustic sensing part supported on the silicon substrate and aligned with the

back hole; and a first packaging unit,
wherein the MEMS microphone unit and/or the first packaging unit comprise ASICs,

wherein the MEMS microphone unit and the first packaging unit are aligned, the
MEMS microphone unit is bonded to the first packaging unit with the back hole side of the

MEMS microphone unit being away from the first packaging unit, and

wherein the electrical connections among the acoustic sensing part, the ASICs and
surface mountable pads formed on the outer side of the first packaging unit are realized by

interconnection wires or conductive pads or through-silicon-vias or the combination thereof.

18. The fully wafer-level-packaged MEMS microphone of claim 17, wherein the
acoustic sensing part and the ASICs are integrally formed on the MEMS microphone unit,
and wherein the acoustic sensing part at least includes: a compliant diaphragm; a perforated
backplate; and an air gap formed between the diaphragm and the backplate, and the

diaphragm and the backplate are used to form electrode plates of a variable condenser.

17



WO 2016/029365

PCT/CN2014/085222

{ 3% "
sy v 245 BEEY
b ¥ ™ Rl

i

i H

G )

SR TR
%

1/5

ST




WO 2016/029365 PCT/CN2014/085222

2/5



WO 2016/029365 PCT/CN2014/085222

20
30
IIIIII::II: I:I: IIIIIIIIIIII'IIIIIIIIIIIIIIIIIIIIIIIII:::

404

404 405
10

N\

401 102 401

Fig. 4
100

1

30 <

\,

10

102 401

3/5



WO 2016/029365 PCT/CN2014/085222




WO 2016/029365 PCT/CN2014/085222

30" <

\/

lovl <|\

N
401 401

5/5



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2014/085222

A. CLASSIFICATION OF SUBJECT MATTER

HO4R 19/04(2006.01)i; B81B 7/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4R; B&1B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT,WPLEPODOC,CNKI,GOOGLE:microphone,acoustic,package, wafer level package, WLP,CSP.MEMS

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X CN 102404676 A (BOSCH GMBH ROBERT) 04 April 2012 (2012-04-04) 1-18
description, paragraphs [0022]-[0037], figures 1-3b

X CN 101998213 A (BYD CO., LTD.) 30 March 2011 (2011-03-30) 1-18
description, paragraphs [0036]-[0069], figures 3-12

A CN 1960580 B (GOERTEK INC.) 29 June 2011 (2011-06-29) 1-18
the whole document

A CN 102726065 A (GOERTEK INC.) 10 October 2012 (2012-10-10) 1-18
the whole document

A US 2011248364 A1 (UNITED MICROELECTRONICS CORPORATION) 13 October 2011 1-18

(2011-10-13)

the whole document

D Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

document defining the general state of the art which is not considered

A to be of particular relevance

“gr earlier application or patent but published on or after the international
filing date

“ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

0 document referring to an oral disclosure, use, exhibition or other
means

«pr document published prior to the international filing date but later than

the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

wp

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

“x

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

wy»

“&”

Date of the actual completion of the international search

Date of mailing of the international search report

09 December 2014 30 December 2014
Name and mailing address of the ISA/CN Authorized officer
STATE INTELLECTUAL PROPERTY OFFICE OF THE
P.R.CHINA(ISA/CN) LAIFengping

6,Xitucheng Rd., Jimen Bridge, Haidian District, Beijing
100088 China

Facsimile No. (86-10)62019451

Telephone No. (86-10)62414005




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2014/085222
. Patf:nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
CN 102404676 A 04 April 2012 DE 102010040370 Al 08 March 2012
US 2012057729 Al 08 March 2012
IT MI20111545 Al 09 March 2012
IT 1405745 B 24 January 2014
- o~ 1 61998213 ------ A 30March o Non f; --------------------
" o~ 1960580 B 29June 2011 CN 1960580 A -------- 09"-1;-/-1;3-/"2007
oN 102726065 A 100October2012 WO 2012088688 Al 05 July 2012
[N 2014008740 Al 09 January 2014
CN 102726065 B 04 June 2014
us 5(511248364 Al 13 October 2011 US 8368153 BZ- -------- 05 Februa.ry 2013

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report
	Page 25 - wo-search-report

