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BONDING PAD STRUCTURE FOR MEMORY DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on and claims priority to and benefits of Chinese
Patent Application No. 201810328852.1, filed with the State Intellectual Property
Office (SIPO) of the People’s Republic China on April 13, 2018. The entire contents

of the above-identified applications are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to the field of semiconductor memory devices
and, in particular, to a bonding pad structure for a memory device and a method of

manufacturing the same.

BACKGROUND

[0003] During the fabrication of a memory device such as a Dynamic Random Access
Memory (DRAM) device, a conventional pad bonding process typically involves
interconnecting two or more conductor layers with array(s) of vertical vias. The via is
usually filled with a hard metal stick (e.g., a tungsten plug structure, which is often
considered part of the via), and the bonding stress is often not released during the

bonding of the upper conductor layer, and sometime causes damage to the vias.

SUMMARY OF THE INVENTION

[0004] It is an objective of the present invention to provide a bonding pad structure
for a memory device and a method of manufacturing the same.

[0005] In order to achieve this objective, in one aspect of the present invention, there
1s provided a bonding pad structure for a memory device, comprising: a base metal
layer formed on a substrate; a plurality of first conductive vias arranged in a peripheral

region of the base metal layer; an intermediate buffer layer formed above the base
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metal layer, wherein the intermediate buffer layer is spaced from and aligned with the
base metal layer, and the plurality of first conductive vias are vertically connecting the
base metal layer and the intermediate buffer layer; a plurality of second conductive
vias arranged in a peripheral region of the intermediate buffer layer; and a surface
bonding layer formed above the intermediate buffer layer, wherein the surface bonding
layer 1s spaced from and aligned with the intermediate buffer layer, and the plurality of
second conductive vias are vertically connecting the intermediate buffer layer and the
surface bonding layer, wherein the intermediate buffer layer comprises a mesh
structure, and the plurality of first conductive vias and the plurality of second
conductive vias are not vertically aligned with a central region of the intermediate
buffer layer.

[0006] Optionally, the central region of the intermediate buffer layer comprises a
hollow region, and the mesh structure is formed in the peripheral region of the
intermediate buffer layer.

[0007] Optionally, the mesh structure in the peripheral region of the intermediate
buffer layer comprises rectangular slots.

[0008] Optionally, each of the rectangular slots has a length/width ratio ranging from
3 to 10.

[0009] Optionally, the hollow region of the central region of the intermediate buffer
layer occupies 20% to 60% of a total area of the intermediate buffer layer.

[0010] Optionally, the bonding pad structure may further comprise: a first dielectric
layer between the base metal layer and the intermediate buffer layer, the first dielectric
layer having a plurality of first openings formed therein, the plurality of first
conductive vias formed in the plurality of first openings; and a second dielectric layer
between the intermediate buffer layer and the surface bonding layer, the second
dielectric layer having a plurality of second openings formed therein, the plurality of
second conductive vias formed in the plurality of second openings.

[0011] Optionally, the plurality of first conductive vias comprises three to five rows

of first conductive vias within the peripheral region of the base metal layer.
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[0012] Optionally, the plurality of second conductive vias comprises three to five
rows of second conductive vias within the peripheral region of the intermediate buffer
layer.

[0013] In another aspect of the present invention, there is provided a method of
manufacturing a bonding pad structure for a memory device, comprising: providing a
substrate; forming a base metal layer on the substrate; arranging a plurality of first
conductive vias in a peripheral region of the base metal layer; disposing an
intermediate buffer layer above the base metal layer, wherein the intermediate buffer
layer is spaced from and aligned with the base metal layer, and the plurality of first
conductive vias vertically connects the base metal layer and the intermediate buffer
layer; arranging a plurality of second conductive vias in a peripheral region of the
intermediate buffer layer; and disposing a surface bonding layer above the
intermediate buffer layer, wherein the surface bonding layer is spaced from and
aligned with the intermediate buffer layer, and the plurality of second conductive vias
vertically connects the intermediate buffer layer and the surface bonding layer,
wherein the intermediate buffer layer comprises a mesh structure, the first and second
conductive vias are not vertically aligned with a central region of the intermediate
buffer layer.

[0014] Optionally, the central region of the intermediate buffer layer comprises a
hollow region, and the mesh structure 1s formed in the peripheral region of the
intermediate buffer layer.

[0015] Optionally, the mesh structure in the peripheral region of the intermediate
buffer layer comprises rectangular slots.

[0016] Optionally, each of the rectangular slots has a length/width ratio ranging {from
3 to 10.

[0017] Optionally, the hollow region of the central region of the intermediate buffer
layer occupies 20% to 60% of a total area of the intermediate buffer layer.

[0018] Optionally, the method may further comprise: forming a first dielectric layer
between the base metal layer and the intermediate buffer layer; forming a plurality of
first openings in the first dielectric layer, in which the first conductive vias are formed;
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forming a second dielectric layer between the intermediate buffer layer and the surface
bonding layer; and forming a plurality of second openings in the second dielectric
layer, in which the second conductive vias are formed.

[0019] Optionally, the plurality of first conductive vias comprises three to five rows
of first conductive vias within the peripheral region of the base metal layer.

[0020] Optionally, the plurality of second conductive vias comprises three to five
rows of second conductive vias within the peripheral region of the intermediate buffer
layer.

[0021] According to the above technical solution, none of the conductive vias is
located on the central region of the intermediate buffer layer and the surface bonding
layer. When the surface bonding layer is stressed during the bonding process, the
intermediate buffer layer and the surface bonding layer may deform toward the central
region as there is no “rigid” support from conductive vias on the central region, and
the bonding stress can be better released.

[0022] Other features and advantages of the present invention will be described in

detail in the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which constitute a part of this specification, are
presented to illustrate and facilitate the understanding of the present invention,
together with the following description of specific embodiments, rather than to limit
the present invention in any sense. In the figures:

[0024] Fig. 1A 1s a schematic of a cross-sectional view of a bonding pad structure for
a memory device according to some embodiments of the present invention;

[0025] Fig. 1B is a schematic of a top view of an intermediate buffer layer in the
bonding pad structure of Fig. 1A;

[0026] Fig. 1C shows an enlarged view of a portion of the intermediate buffer layer of

Fig. 1B;
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[0027] Fig. 2A 1s a schematic of a cross-sectional view of a bonding pad structure for
a memory device according to some other embodiments of the present invention;
[0028] Fig. 2B is a schematic of a top view of the intermediate buffer layer in the
bonding pad structure of Fig. 2A;

[0029] Fig. 2C shows an enlarged view of a portion of the intermediate buffer layer of
Fig. 2B; and

[0030] Fig. 3 is a flowchart of a method of manufacturing a bonding pad structure for
a memory device according to some embodiments of the present invention.

[0031] List of Reference Numerals

100 bonding pad structure
110 substrate
120 base metal layer
121 first conductive vias
122 first dielectric layer
130 intermediate buffer layer
131 second conductive vias
132 second dielectric layer
133 hollow region
140 surface bonding layer
150 slots

DETAILED DESCRIPTION

[0032] Specific embodiments of the present invention are described in detail below
with reference to the accompanying drawings. It is to be understood that the specific
embodiments described herein are intended to be illustrative but not restrictive.

[0033] In general, directional terms such as “upper/above”, “lower/under”, “left” and
“right” are used herein with reference to the orientation shown in the figures, unless
indicated to the contrary. In addition, the terms “inside” and “outside”, when referring

to any component, are used generally with respect to the outline of the component.



WO 2019/196930 PCT/CN2019/082454

[0034] The shapes shown in the figures may vary depending on manufacturing
techniques and/or tolerances. Therefore, exemplary embodiments of the present
invention are not limited to the particular shapes illustrated herein but may include
deviations in shapes that result from manufacturing. Additionally, the various elements
and regions illustrated in the figures are schematic in nature, and the present invention
1s not limited to the shown relative dimensions or distances.

[0035] Fig. 1A 1s a schematic of a cross-sectional view of a bonding pad structure for
a memory device according to some embodiments of the present invention. Fig. 1B is
a schematic of a top view of the intermediate buffer layer in the bonding pad structure
of Fig. 1A. Fig. 1C shows an enlarged view of a portion of the intermediate buffer
layer of Fig. 1B. A person skilled in the art will appreciate that the graphic
representations shown in Figs. 1A to 1C are merely illustrative without being
necessarily drawn to full scale and do not limit the bonding pad structure according to
the embodiments of the present invention. With reference to Figs. 1A to 1C, the
bonding pad structure 100 may include: a base metal layer 120 formed on a substrate
110, the base metal layer 120 having a peripheral region in which a plurality of first
conductive vias 121 may be arranged; an intermediate buffer layer 130 which may be
spaced apart from, aligned with and situated above the base metal layer 120, wherein
the first conductive vias 121 may vertically connect the base metal layer 120 to the
intermediate buffer layer 130; a plurality of second conductive vias 131, which may be
arranged in a peripheral region of the intermediate buffer layer 130; and a surface
bonding layer 140, which may be spaced apart from and aligned with the intermediate
buffer layer 130, wherein the second conductive vias 131 may vertically connect the
intermediate buffer layer 130 to the surface bonding layer 140.

[0036] The base metal layer 120 may be formed of a material including, but not
limited to, gold, silver, copper, platinum or aluminum. In a preferred embodiment of
the present invention, the material of the base metal layer 120 may include copper or
aluminum. The base metal layer 120 may be formed on the substrate 110 using a
conventional technique adopted in the fabrication of memory devices, which is known
in the art and therefore will not be described further.
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[0037] The intermediate buffer layer 130 may be formed of a material including, but
not limited to, gold, silver, copper, platinum or aluminum. In a preferred embodiment
of the present invention, the material of the intermediate buffer layer 130 may include
copper or aluminum. The intermediate buffer layer 130 may be formed using a
conventional technique adopted in the fabrication of memory devices. For example,
the intermediate buffer layer 130 may be formed by deposition. The deposition may be
implemented as, but is not limited to, vacuum evaporation, sputter deposition or
chemical vapor deposition (CVD).

[0038] A first dielectric layer 122 may be formed between the base metal layer 120
and the intermediate buffer layer 130. In particular, the first dielectric layer 122 may
be deposited on the base metal layer 120, and the intermediate buffer layer 130 may be
deposited on the first dielectric layer 122. The first dielectric layer 122 may be formed
of a material including, but not limited to, an oxide or silicon nitride, or formed of a
polymer thin film such as benzocyclobutene (BCB), polyimide (PI) or the like.

[0039] The first dielectric layer 122 may have a plurality of first openings. The first
conductive vias 121 may be formed in the first openings. In particular, the first
openings may be formed in the first dielectric layer 122 by photolithography and
etching processes to expose the underlying base metal layer 120 before the
intermediate buffer layer 130 is deposited. The first conductive vias 121 may be
formed by depositing a conductive material in the first openings. The conductive
material may include, but is not limited to, aluminum, copper or tungsten. Preferably,
the conductive material may comprise tungsten. Subsequent to the formation of the
first conductive vias 121, the intermediate buffer layer 130 may be deposited on the
first dielectric layer 122 so that the base metal layer 120 is electrically connected to the
intermediate buffer layer 130 by the first conductive vias 121.

[0040] The surface bonding layer 140 may be formed of a material including, but not
limited to, gold, silver, copper, platinum or aluminum. In a preferred embodiment of
the present invention, the material of the surface bonding layer 140 may include
copper or aluminum. The surface bonding layer 140 may be formed using a
conventional technique adopted in the fabrication of memory devices. For example,
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the surface bonding layer 140 may be formed by deposition. The deposition may be
implemented as, but is not limited to, vacuum evaporation, sputter deposition or
chemical vapor deposition (CVD).

[0041] In one embodiment of the present invention, the material of the intermediate
buffer layer 130 may include aluminum, while that of the surface bonding layer 140
may include copper.

[0042] A second dielectric layer 132 may be formed between the intermediate buffer
layer 130 and the surface bonding layer 140. In particular, the second dielectric layer
132 may be deposited on the intermediate buffer layer 130, and the surface bonding
layer 140 may be deposited on the second dielectric layer 132. The second dielectric
layer 132 may be formed of a material including, but not limited to, an oxide or silicon
nitride, or formed of a polymer thin film such as benzocyclobutene (BCB), polyimide
(PI) or the like.

[0043] The second dielectric layer 132 may have a plurality of second openings. The
second conductive vias 131 may be formed in the second openings. In particular, the
second openings may be formed in the second dielectric layer 132 by photolithography
and etching processes to expose the underlying intermediate buffer layer 130 before
the surface bonding layer 140 is deposited. The second conductive vias 131 may be
formed by depositing a conductive material in the second openings. The conductive
material may include, but is not limited to, aluminum, copper or tungsten. Preferably,
the conductive material may comprise tungsten. Subsequent to the formation of the
second conductive vias 131, the surface bonding layer 140 may be deposited on the
second dielectric layer 132 so that the intermediate buffer layer 130 1s electrically
connected to the surface bonding layer 140 through the second conductive vias 131.
[0044] In one embodiment of the present invention, the plurality of first conductive
vias 121 may include at least one row of first conductive vias 121 along each edge of
the base metal layer 120. In other words, the first openings may be intentionally
formed within the peripheral region of the base metal layer 120 but not in a central
region of the base metal layer 120. The number of rows of first conductive vias 121
may range from three to five. That is, at least one row of first conductive vias 121 is

8
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formed near and along each edge of the base metal layer 120, and the row number of
the first conductive vias 121 from the edge toward the central region may be three to
five. In one embodiment of the present invention, the first conductive vias 121 may be
arranged into a crisscross pattern (i.e., into rows and columns). Since the intermediate
buffer layer 130 1s aligned with the base metal layer 120, the relative positions of the
first conductive vias 121 with respect to the intermediate buffer layer 130 are identical
or similar to the relative positions of the first conductive vias 121 with respect to the
base metal layer 120.

[0045] Similarly, in one embodiment of the present invention, the plurality of second
conductive vias 131 may include at least one row of second conductive vias 131 along
each edge of the intermediate buffer layer 130. In other words, the second openings
may be intentionally formed within the peripheral region of the intermediate buffer
layer 130 but not in a central region of the intermediate buffer layer 130. The number
of rows of second conductive vias 131 may range from three to five. That is, at least
one row of second conductive vias 131 is formed near and along each edge of the
intermediate buffer layer 130, and the row number of the second conductive vias 131
from the edge toward the central region may be three to five. In one embodiment of
the present invention, the second conductive vias 131 may be arranged into a
crisscross pattern (i.e., into rows and columns). Since the surface bonding layer 140 is
aligned with the intermediate buffer layer 130, the relative positions of the second
conductive vias 131 with respect to the surface bonding layer 140 are identical or
similar to the relative positions of the second conductive vias 131 with respect to the
intermediate buffer layer 130.

[0046] Since there 1s no conductive vias on the central region of the intermediate
buffer layer 130 and/or on the central region of the surface bonding layer 140, when
the surface bonding layer 140 is stressed during bonding process, the intermediate
buffer layer 130 and/or the surface bonding layer 140 may deform toward the central
regions due to the absence of “rigid” support from conductive vias on the central

regions, and the bonding stress can be better released.
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[0047] In one embodiment of the present invention, the central region of the
intermediate buffer layer 130 may be a hollow region 133, and the peripheral region of
the intermediate buffer layer 130 may be a mesh structure. Additionally, the plurality
of first conductive vias 121 and the plurality of second conductive vias 131 are not
vertically aligned with a central region of the intermediate buffer layer, which means
the first conductive vias 121 and the second conductive vias 131 are in regions
vertically projecting an area of the intermediate buffer layer 130 that 1s out of the
central region thereof. In other words, the top and bottom junctions of the first
conductive vias 121 and top and bottom junctions of the second conductive vias 131
are not located within the regions vertically projecting the central region of the
intermediate buffer layer 130 on the overlying and underlying layers thereof. The
hollow region 133 may have any of various suitable shapes including, but not limited
to, one or combination of triangular shape, thombic shape, rectangular shape, circular
shape, elliptic shape and hexagonal shape. In one embodiment of the present invention,
the central region, i.e., the hollow region 133, may occupy 20% to 60% of the total
area of the intermediate buffer layer 130.

[0048] The hollow central region of the intermediate buffer layer 130, i.e., the hollow
region 133, can facilitate the deformation of the intermediate buffer layer 130 toward
the central region when the surface bonding layer 140 is stressed during bonding,
which can help release the stress. In addition, the mesh structure is also helpful in
stress relief during bonding.

[0049] The mesh structure may have slots 150 that may have any of various suitable
shapes including, but not limited to, one or combination of triangular shape, rhombic
shape, rectangular shape, circular shape, elliptic shape and hexagonal shape. In a
preferred embodiment of the present invention, the slots 150 may be rectangular and
each of the slots 150 has a length/width ratio of 3-10.

[0050] In one embodiment of the present invention, the surface bonding layer 140
may be meshed at least in a peripheral region. In one example, the peripheral region of
the surface bonding layer 140 may be a mesh structure. In another example, the entire
surface bonding layer 140 may be a mesh structure. The mesh structure may have slots

10
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150 with any of various suitable shapes including, but not limited to,

one or combination of triangular shape, rhombic shape, rectangular shape, circular
shape, elliptic shape and hexagonal shape. In a preferred embodiment of the present
invention, the slots 150 may be rectangular and have a length/width ratio of 3-10.
[0051] Fig. 2A 1s a schematic of a cross-sectional view of a bonding pad structure for
a memory device according to some other embodiments of the present invention. Fig.
1B 1s a schematic of a top view of the intermediate buffer layer in the bonding pad
structure of Fig. 2A. Fig. 2C shows an enlarged view of a portion of the intermediate
buffer layer of Fig. 1B. A person skilled in the art will appreciate that the graphic
representations shown in Figs. 2A to 2C are merely illustrative without being
necessarily drawn to full scale and do not limit the bonding pad structure according to
the embodiment of the present invention in any way. The bonding pad structure 100
shown in Figs. 2A to 2C is essentially 1dentical to that of Figs. 1A to 1C, except that
the intermediate buffer layer 130 does not have a hollow region. Additionally, the
intermediate buffer layer 130 may be meshed at least in the peripheral region. In one
example, the peripheral region of the intermediate buffer layer 130 may be a mesh
structure. In another example, the entire intermediate buffer layer 130 may be a mesh
structure, as shown in Figs. 2A to 2C. In this case, when the surface bonding layer 140
1s stressed during bonding, the mesh structure can help relieve the stress. The mesh
structure may have slots 150 with any of various suitable shapes including, but not
limited to, one or combination of triangular shape, rhombic shape, rectangular shape,
circular shape, elliptic shape and hexagonal shape. In a preferred embodiment of the
present invention, the slots 150 may be rectangular and have a length/width ratio of
3-10.

[0052] In one embodiment of the present invention, the surface bonding layer 140
may be meshed at least in the peripheral region. In one example, the peripheral region
of the surface bonding layer 140 may be a mesh structure. In another example, the
entire surface bonding layer 140 may be a mesh structure. The mesh structure may
have slots 150 with any of various suitable shapes including, but not limited to,

one or combination of triangular shape, rhombic shape, rectangular shape, circular
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shape, elliptic shape and hexagonal shape. In a preferred embodiment of the present
invention, the slots 150 may be rectangular and have a length/width ratio of 3-10.
[0053] Although only structures with three conductive layers (i.e., the base metal
layer 120, the intermediate buffer layer 130 and the surface bonding layer 140) have
been described and illustrated above, it 1S to be understood that structures with other
numbers of conductive layers, for example, four layers, five layers, six layers, etc., are
also possible. In addition, in order to highlight the inventive concept of the present
invention, other typical components and structures that can be found in memory
devices, as well as corresponding steps in their fabrication, are not described and
illustrated herein.

[0054] The bonding pad structure 100 according to the foregoing embodiments of the
present invention may be suitable for use in a memory device. Examples of the
memory device may include static random access memory (SRAM) and dynamic
random access memory (DRAM) devices.

[0055] In one embodiment of the present invention, there is provided a memory
including the bonding pad structure 100 as defined above.

[0056] Fig. 3 is a flowchart of a method for making a bonding pad structure in a
memory device according to some embodiments of the present invention. Referring to
Fig. 3, the method may include the steps detailed below.

[0057] In step S100, a substrate is provided.

[0058] In step S110, a base metal layer 1s formed on the substrate. The base metal
layer may be formed by depositing a metal on the substrate. Techniques that can be
used to deposit the metal may include, but are not limited to, vacuum evaporation,
sputter deposition or chemical vapor deposition (CVD).

[0059] In step S120, a plurality of first conductive vias are arranged in a peripheral
region of the base metal layer.

[0060] Specifically, a first dielectric layer may be formed (e.g., deposited) on the base
metal layer, followed by the formation of a plurality of first openings therein using
photolithography and etching processes. A conductive material (e.g., tungsten) may be
deposited in the first openings to form the first conductive vias.

12
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[0061] In one embodiment of the present invention, the plurality of first conductive
vias may include at least one row of first conductive vias along each edge of the base
metal layer. In other words, the first openings may be intentionally formed within the
peripheral region of the base metal layer but not in a central region thereof. The
number of rows of first conductive vias may be three to five. That is, the number of the
at least one row of first conductive vias formed near and along each edge of the base
metal layer may be three to five. In one embodiment of the present invention, the first
conductive vias may be arranged into a crisscross pattern (i.e., into rows and columns).
[0062] In step S130, an intermediate buffer layer is disposed above the base metal
layer, wherein the intermediate buffer layer is spaced from and aligned with the base
metal layer, and the plurality of first conductive vias vertically connects the base metal
layer and the intermediate buffer layer.

[0063] In particular, the intermediate buffer layer may be formed (e.g., deposited) on
the first dielectric layer. The intermediate buffer layer is spaced from and aligned with
the base metal layer. The alignment of the intermediate buffer layer with the base
metal layer may be accomplished by patterning during the deposition of the metallic
material on the first dielectric layer. Because the intermediate buffer layer is aligned
with the base metal layer, a relative position between the first conductive vias and the
intermediate buffer layer 1s identical or similar to a relative position between the first
conductive vias and the base metal layer.

[0064] In step S140, a plurality of second conductive vias is arranged in a peripheral
region of the intermediate buffer layer.

[0065] In particular, a second dielectric layer may be formed (e.g., deposited) on the
intermediate buffer layer, followed by the formation of a plurality of second openings
therein using photolithography and etching processes. A conductive material (e.g.,
tungsten) may be deposited in the second openings to form the second conductive vias.
[0066] In one embodiment of the present invention, the plurality of second conductive
vias may include at least one row of second conductive vias along each edge of the
intermediate buffer layer. In other words, the second openings may be intentionally
formed within the peripheral region of the intermediate buffer layer but not in a central
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region thereof. The number of rows of second conductive vias may be three to five.
That 1s, the number of the at least one row of second conductive vias formed near and
along each edge of the intermediate buffer layer may be three to five. In one
embodiment of the present invention, the second conductive vias may be arranged into
a crisscross pattern (i.e., into rows and columns).

[0067] In step S150, a surface bonding layer is disposed above the intermediate buffer
layer, wherein the surface bonding layer is spaced from and aligned with the
intermediate buffer layer, and the plurality of second conductive vias vertically
connects the intermediate buffer layer and the surface bonding layer.

[0068] In particular, the surface bonding layer may be formed (e.g., deposited) on the
second dielectric layer. The surface bonding layer i1s spaced from and aligned with the
intermediate buffer layer. The alignment of the surface bonding layer with the
intermediate buffer layer may be accomplished by patterning during the deposition of
the metallic material on the second dielectric layer. Because the surface bonding layer
1s aligned with the intermediate buffer layer, a relative position between the second
conductive vias and the surface bonding layer is identical or similar to a relative
position between the second conductive vias and the intermediate buffer layer.

[0069] In one embodiment of the present invention, the intermediate buffer layer may
be meshed at least in the peripheral region. The meshing may be accomplished, for
example, by metal patterning. In one example, the peripheral region of the
intermediate buffer layer may be a mesh structure. In another example, the entire
intermediate buffer layer may be a mesh structure. The mesh structure may have slots
with any of various suitable shapes including, but not limited to, one or combination of
triangular shape, rhombic shape, rectangular shape, circular shape, elliptic shape and
hexagonal shape. In a preferred embodiment of the present invention, the slots may be
rectangular and have a length/width ratio of 3-10.

[0070] In one embodiment of the present invention, the surface bonding layer may be
meshed at least in a peripheral region thereof. The meshing may be accomplished, for
example, by metal patterning. In one example, the peripheral region of the surface
bonding layer may be a mesh structure. In another example, the entire surface bonding
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layer may be a mesh structure. The mesh structure may have slots with any of various
suitable shapes including, but not limited to, one or combination of triangular shape,
rhombic shape, rectangular shape, circular shape, elliptic shape and hexagonal shape.
In a preferred embodiment of the present invention, the slots may be rectangular and
have a length/width ratio of 3-10.

[0071] In one embodiment of the present invention, the central region of the
intermediate buffer layer may be a hollow region, and the peripheral region of the
intermediate buffer layer may be a mesh structure. Additionally, the intermediate
buffer layer comprises a mesh structure, and the plurality of first conductive vias and
the plurality of second conductive vias not vertically aligned with a central region of
the intermediate buffer layer, which means the first conductive vias and the second
conductive vias are in regions vertically projecting an area of the intermediate buffer
layer 130 that is out of the central region of intermediate buffer layer. In other words,
the top and bottom junctions of the first conductive vias and top and bottom junctions
of the second conductive vias are not located within the regions vertically projecting
the central region of the intermediate buffer layer on the overlying and underlying
layers thereof.

[0072] In one embodiment of the present invention, the central region, 1.e., the hollow
region, may occupy 20% to 60% of the total area of the intermediate buffer layer.
[0073] While only some principal steps of the method have been described in the
foregoing embodiments, those skilled in the art will appreciate that the method may
also include other conventionally known steps which are not described in detail herein
for the sake of brevity and conciseness but should also be considered within the scope
of the present invention.

[0074] Although a few preferred embodiments of the present invention have been
described in detail above with reference to the accompanying drawings, the present
invention is not limited to the details disclosed hereinabove. Various simple
modifications may be made to the subject matter of the present invention within the
spirit thereof. Accordingly, all such simple modifications are considered to also fall
within the scope of the application.
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[0075] It should be further noted that the various specific features described in the
foregoing particular embodiments may be combined in any technically suitable
manner without contradiction. Such various possible combinations will, however, not
described herein in order to avoid unnecessary repetition.

[0076] Further, various embodiments of the present invention may also be combined
in any manner without departing from the spirit thereof, and such combinations shall

be considered as equally within the scope of this application.
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CLAIMS:

1. A bonding pad structure for a memory device, comprising:

a base metal layer formed on a substrate;

a plurality of first conductive vias arranged in a peripheral region of the base
metal layer;

an intermediate buffer layer formed above the base metal layer, wherein the
intermediate buffer layer is spaced from and aligned with the base metal layer, and the
plurality of first conductive vias is vertically connecting the base metal layer and the
intermediate buffer layer;

a plurality of second conductive vias arranged in a peripheral region of the
intermediate buffer layer; and

a surface bonding layer formed above the intermediate buffer layer, wherein the
surface bonding layer is spaced from and aligned with the intermediate buffer layer,
and the plurality of second conductive vias is vertically connecting the intermediate
buffer layer and the surface bonding layer,

wherein the intermediate buffer layer comprises a mesh structure, and the
plurality of first conductive vias and the plurality of second conductive vias are not
vertically aligned with a central region of the intermediate buffer layer.

2. The bonding pad structure of claim 1, wherein the central region of the
intermediate buffer layer comprises a hollow region, and the mesh structure is formed
in the peripheral region of the intermediate buffer layer.

3. The bonding pad structure of claim 2, wherein the mesh structure in the
peripheral region of the intermediate buffer layer comprises rectangular slots.

4. The bonding pad structure of claim 3, wherein each of the rectangular slots has

a length/width ratio ranging from 3 to 10.
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5. The bonding pad structure of claim 2, wherein the hollow region of the central
region of the intermediate buffer layer occupies 20% to 60% of a total area of the
intermediate buffer layer.

6. The bonding pad structure of claim 1, further comprising:

a first dielectric layer between the base metal layer and the intermediate buffer
layer, the first dielectric layer having a plurality of first openings formed therein, the
plurality of first conductive vias formed in the plurality of first openings; and

a second dielectric layer between the intermediate buffer layer and the surface
bonding layer, the second dielectric layer having a plurality of second openings
formed therein, the plurality of second conductive vias formed in the plurality of
second openings.

7. The bonding pad structure of claim 1, wherein the plurality of first conductive
vias comprises three to five rows of first conductive vias within the peripheral region
of the base metal layer.

8. The bonding pad structure of claim 1, wherein the plurality of second
conductive vias comprises three to five rows of second conductive vias within the
peripheral region of the intermediate buffer layer.

9. A method of manufacturing a bonding pad structure for a memory device,
comprising:

providing a substrate;

forming a base metal layer on the substrate;

arranging a plurality of first conductive vias in a peripheral region of the base
metal layer;

disposing an intermediate buffer layer above the base metal layer, wherein the
intermediate buffer layer is spaced from and aligned with the base metal layer, and the
plurality of first conductive vias vertically connects the base metal layer and the
intermediate buffer layer;

arranging a plurality of second conductive vias in a peripheral region of the

intermediate buffer layer; and
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disposing a surface bonding layer above the intermediate buffer layer, wherein
the surface bonding layer is spaced from and aligned with the intermediate buffer layer,
and the plurality of second conductive vias vertically connects the intermediate buffer
layer and the surface bonding layer,

wherein the intermediate buffer layer comprises a mesh structure, and the
plurality of first conductive vias and the plurality of second conductive vias not
vertically aligned with a central region of the intermediate buffer layer.

10.  The method of claim 9, wherein the central region of the intermediate
buffer layer comprises a hollow region, and the mesh structure is formed in the
peripheral region of the intermediate buffer layer.

11.  The method of claim 10, wherein the mesh structure in the peripheral
region of the intermediate buffer layer comprises rectangular slots.

12. The method of claim 11, wherein each of the rectangular slots has a
length/width ratio ranging from 3 to 10.

13.  The method of claim 11, wherein the hollow region of the central region
of the intermediate buffer layer occupies 20% to 60% of a total area of the
intermediate buffer layer.

14.  The method of claim 9, further comprising:

forming a first dielectric layer between the base metal layer and the intermediate
buffer layer;

forming a plurality of first openings in the first dielectric layer, in which the
plurality of first conductive vias is formed;

forming a second dielectric layer between the intermediate buffer layer and the
surface bonding layer; and

forming a plurality of second openings in the second dielectric layer, in which
the plurality of second conductive vias is formed.

15.  The method of claim 9, wherein the plurality of first conductive vias
comprises three to five rows of first conductive vias within the peripheral region of the

base metal layer.
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16.  The method of claim 9, wherein the plurality of second conductive vias
comprises three to five rows of second conductive vias within the peripheral region of

the intermediate buffer layer.
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