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cation are described in which one or more edge recesses are formed in an IC die. Upon
direct bonding to an electronic component, a molding compound can be applied to the
bonded structure where the molding compound fills the one or more edge recesses and
encroached underneath the IC die and between the IC die and the electronic component.
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EDGE RECESS DESIGN FOR MOLDED AND FUSION OR HYBRID BONDED
INTEGRATED CIRCUIT

BACKGROUND

RELATED APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Provisional Application No.
63/508,845, filed June 16, 2023, which is herein incorporated by reference.

FIELD
[0002] Embodiments described herein relate to semiconductor packaging, and more

particularly to molding of directly bonded structures.

BACKGROUND INFORMATION

[0003] The current market demand for portable and mobile electronic devices such as mobile
phones, personal digital assistants (PDAs), digital cameras, portable players, gaming, and
other mobile devices requires the integration of more performance and features into
increasingly smaller spaces. As a result, various multiple-die packaging solutions such as
system in package (SiP) and package on package (PoP) have become more popular to meet
the demand for higher die/component density devices.

[0004] There are many different possibilities for arranging multiple dies in an SiP. For
example, vertical integration of die in SiP structures has evolved into 2.5D solutions and 3D
solutions. In 2.5D solutions the multiple dies may be flip chip bonded on an interposer that
may include through vias as well as fan out wiring. Various 3D solutions exist. In one
implementation multiple dies may be stacked on top of one another on an SiP substrate, and
connected with off-chip wire bonds or solder bumps. In other traditional 3D solutions hybrid
bonding using wafer on wafer (WoW) or chip on wafer (CoW) techniques is utilized. In a
WoW solution, the top and bottom device area dimensions are exactly matched, and each
layer is restricted to one technology node. In a CoW solution multiple top wafers (chips) can
be integrated onto the same bottom wafer with defined area and technology node.

[0005] Hybrid bonding including metal-metal and oxide-oxide bonding has generally been
adopted as a suitable technology for mass production of high-density input/output (I/O) chips
with ultra-small pad pitches. A traditional hybrid bonding sequence includes three main
operations including oxide-to-oxide initial bonding at room temperature, heating to close

dishing gap, and then further heating to compress metal-to-metal bonds. After the hybrid
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bonding process there can be follow up processing and device finishing operations depending
upon the particular application. Modern integrated circuit (IC) fabrication techniques
commonly utilize molding compound such as epoxy molding compound to encapsulate the
hybrid bonded dies for various reasons including to protect brittle material from mechanical

damage and to smooth out a surface to facilitate downstream wafer-level processing.

SUMMARY
[0006] Integrated circuit (IC) structures, IC die structures and methods of fabrication are
described in which one or more edge recess are formed in a first bonding surface of an IC die,
which is then directly bonded to an electronic component using a suitable technique such as
fusion bonding or hybrid bonding. This can then be followed by a molding operation in
which a molding compound is flowed into and fills the one or more recesses to help secure
the bonded IC die to the electronic component and mitigate stress concentrations at the

bonded interface between the IC die and the electronic component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1A is a schematic top view illustration of an IC structure including a die directly
bonded to an electronic component in accordance with an embodiment.

[0008] FIG. 1B is a schematic cross-sectional side view illustration taken along line B-B of
FIG. 1A in accordance with an embodiment.

[0009] FIG. 2A is a schematic top view illustration of an IC structure including a die directly
bonded to an electronic component and encapsulated with a molding compound in
accordance with an embodiment.

[0010] FIG. 2B is a schematic cross-sectional side view illustration taken along line B-B of
FIG. 1A in accordance with an embodiment.

[0011] FIG. 3A is a schematic bottom-top view illustration of a die including an edge recess
and encapsulated with a molding compound in accordance with an embodiment.

[0012] FIG. 3B is a schematic cross-sectional side view illustration of the die of FIG. 3A
directly bonded to an electronic component and encapsulated with a molding compound that
flows into the edge recess in accordance with an embodiment.

[0013] FIG. 3C is a schematic bottom-top view illustration of a die including an edge recess
with larger inner chamfer design and encapsulated with a molding compound in accordance

with an embodiment.
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[0014] FIG. 4A is a schematic bottom-top view illustration of a die including an edge recess
and encapsulated with a molding compound in accordance with an embodiment.

[0015] FIG. 4B is a schematic cross-sectional side view illustration of the die of FIG. 4A
directly bonded to an electronic component and encapsulated with a molding compound that
flows into the edge recess in accordance with an embodiment.

[0016] FIG. SA is a schematic bottom-top view illustration of a die including a plurality of
edge recesses and encapsulated with a molding compound in accordance with an
embodiment.

[0017] FIG. 5B is a schematic cross-sectional side view illustration of the die of FIG. SA
directly bonded to an electronic component and encapsulated with a molding compound that
flows into the plurality of edge recesses in accordance with an embodiment.

[0018] FIG. 6A is a schematic bottom-top view illustration of a die including a plurality of
edge recesses and encapsulated with a molding compound in accordance with an
embodiment.

[0019] FIG. 6B is a schematic cross-sectional side view illustration of the die of FIG. 6A
directly bonded to an electronic component and encapsulated with a molding compound that
flows into the plurality of edge recesses in accordance with an embodiment.

[0020] FIG. 7 is a schematic cross-sectional side view illustration of an integrated circuit
structure including a die directly bonded to an electronic component and embedded within a
molding compound layer in accordance with an embodiment.

[0021] FIG. 8 is a schematic cross-sectional side view illustration of an integrated circuit
structure including a die directly bonded to an electronic component and underfilled with a
molding compound in accordance with an embodiment.

[0022] FIG. 9 is a schematic cross-sectional side view illustration of an integrated circuit
structure including a die directly bonded to an electronic component and embedded within a
molding compound layer in accordance with an embodiment.

[0023] FIG. 10A is a schematic cross-sectional side view illustration of an integrated circuit
structure including a die directly bonded to an electronic component including a shallow edge
recess partially through a thickness of the electronic component in accordance with an
embodiment.

[0024] FIG. 10B is a schematic cross-sectional side view illustration of an integrated circuit
structure including a die directly bonded to an electronic component including a deep edge
recess partially through a thickness of the electronic component in accordance with an

embodiment.
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[0025] FIG. 10C is a schematic cross-sectional side view illustration of an integrated circuit
structure including a die directly bonded to an electronic component including an edge recess
completely through a thickness of the electronic component in accordance with an
embodiment.

[0026] FIG. 10D is a schematic cross-sectional side view illustration of an integrated circuit
structure including a die directly bonded to an electronic component with edge recesses
formed in both the IC die and the electronic component in accordance with an embodiment.
[0027] FIG. 11 is a schematic cross-sectional side view illustration taken along section A-A
or section B-B of the integrated circuit structure of FIG. 12 or section C-C of the integrated
circuit structure of FIG. 13 in accordance with an embodiment.

[0028] FIG. 12 is a schematic bottom-top plan view illustration of an integrated circuit
structure including a plurality of dies directly bonded to an electronic component including a
global component edge recess in accordance with an embodiment.

[0029] FIG. 13 is a schematic bottom-top plan view illustration of an integrated circuit
structure including a plurality of dies directly bonded to an electronic component including a
plurality of local component edge recesses in accordance with an embodiment.

[0030] FIG. 14 is a schematic cross-sectional side view illustration of an integrated circuit
structure including a die set directly bonded to an electronic component including component
edge recesses in accordance with an embodiment.

[0031] FIGS. 15A-15K are schematic cross-sectional side view illustrations of a sequence for

fabricating an integrated circuit structure in accordance with an embodiment.

DETAILED DESCRIPTION
[0032] Embodiments describe integrated circuit (IC) structures, IC die structures and
methods of fabrication in which one or more edge recesses are formed in a die to mitigate
stress concentration of a molded, and hybrid or fusion bonded interface. In an embodiment,
an IC structure includes an IC die that is bonded directly to another electronic component,
such as a second die, interposer, etc., through fusion bonding or hybrid bonding with metal-
metal and dielectric-dielectric bonds. The IC die may include a first bonding surface, a first
lateral edge and a first edge recess in the first bonding surface, which is bonded directly to a
second bonding surface of the electronic component. Both bonding surfaces may be planar to
facilitate fusion or hybrid bonding. A molding compound, such as an epoxy molding
compound, is then applied so that it spans across the electronic component and the first lateral

edge of the IC die and fills the first edge recess. Thus, the molding compound within the first
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edge recess encroaches underneath the IC die and between the IC die and the electronic
component.

[0033] In another embodiment, an integrated circuit structure includes an IC that includes a
first bonding surface and a first perimeter edge, and an electronic component that includes a
second bonding surface and a component edge recess in the second bonding surface. The
second bonding surface may be directly bonded to the first bonding surface. Both bonding
surfaces may be planar to facilitate fusion or hybrid bonding. A molding compound is then
applied so that it spans across the electronic component and the first perimeter edge and fills
the component edge recess.

[0034] In one aspect, it has been observed that molding compound material such as epoxy
molding compound (EMC) has a much lower elastic modulus and higher coefficient of
thermal expansion (CTE) than the IC die structure(s) it encapsulates, and this change in
elastic modulus and CTE from the bonded IC die structure(s) to the surrounding EMC can
cause high stress concentrations near the IC die edges and corners of the bonding interface.
In particular high peeling stress concentrations may form when the bonded structure is trying
to bend due to thermal or mechanical loadings, such as with EMC expansion at elevated
temperatures. Additionally, high shear stress concentrations may form as the bonded
structure tries to shrink or expand together with other packaging and system components
(e.g., substrate, printed circuit board, etc.).

[0035] In another aspect it has been observed that an incoming IC die may have a certain
level of intrinsic warpage due to residual stress in a back-end-of-the-line (BEOL) build-up
structure and bonding interface layer material that is used for fusion or hybrid bonding. It has
been observed that it can be challenging to flatten the IC die edges and corners during direct
bonding processes such as fusion and hybrid bonding.

[0036] In accordance with embodiments the IC die edges and corners can have an overhang
region formed by one or more edge recesses formed in the IC dies and/or electronic
component to which the IC dies are bonded. When bonding the IC die to an electronic
component the internal bonding interface can be more easily closed with backside clamping
pressure. In the subsequent molding process the molding compound material, such as EMC
can flow into the edge recess volumes, further functioning as a buffer and glue layer. When
mechanical or thermal loading is applied, the EMC can absorb a large portion of the stresses
while protecting the bonding interface inside. Furthermore, when subjected to thermal

loadings, expansion of the EMC outside lateral edges of the IC dies may press down the
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EMC within the edge recess volumes (e.g., cantilever portions) providing clamping force to
protect the bonding interface integrity.

[0037] In various embodiments, description is made with reference to figures. However,
certain embodiments may be practiced without one or more of these specific details, or in
combination with other known methods and configurations. In the following description,
numerous specific details are set forth, such as specific configurations, dimensions and
processes, etc., in order to provide a thorough understanding of the embodiments. In other
instances, well-known semiconductor processes and manufacturing techniques have not been
described in particular detail in order to not unnecessarily obscure the embodiments.
Reference throughout this specification to “one embodiment” means that a particular feature,
structure, configuration, or characteristic described in connection with the embodiment is
included in at least one embodiment. Thus, the appearances of the phrase “in one
embodiment” in various places throughout this specification are not necessarily referring to
the same embodiment. Furthermore, the particular features, structures, configurations, or

characteristics may be combined in any suitable manner in one or more embodiments.

2
2

[0038] The terms “above”, “over”, “to”, “between”, “spanning” and “on” as used herein may

refer to a relative position of one layer with respect to other layers. One layer “above”,
“over”, “spanning” or “on” another layer or bonded “to” or in “contact” with another layer
may be directly in contact with the other layer or may have one or more intervening layers.
One layer “between” layers may be directly in contact with the layers or may have one or
more intervening layers.

[0039] Referring now to FIGS. 1A-1B, FIG. 1A is a schematic top view illustration of an IC
structure 100 including an IC die 110 directly bonded to an electronic component 130 in
accordance with an embodiment; FIG. 1B is a schematic cross-sectional side view illustration
taken along line B-B of FIG. 1A in accordance with an embodiment. The electronic
component 130 in accordance with embodiments can be a variety of components such as a
second die, interposer, etc. Direct bonding may be accomplished using suitable techniques
such as fusion bonding or hybrid bonding with metal-metal and dielectric-dielectric bonds,
such that corresponding planarized bonding surfaces 112, 132 are directly bonded to one
another at (and diffused across) a bonding interface.

[0040] As shown, the IC die 110 may include a first bonding surface 112, a first lateral edge
114 and a first edge recess 116A in the first bonding surface 112 which is bonded directly to
a second bonding surface 132 of the electronic component 130. Corners of the IC die 110

may also include chamfers 115, or otherwise tapered edges to help prevent stress
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accumulation at the corners of the bonding interface. Furthermore, the chamfers 115 along
the IC die edges (including lateral edges 114) can be promulgated to the interior edges 117 of
the first edge recesses 116A, where chamfers 119 can also be formed at the corresponding
corners. In some embodiments, the chamfers 119 can be formed irrespective to whether
chamfers 115 were formed.

[0041] The chamfers and/or one or more edge recesses in accordance with embodiments can
be formed by any combination of patterning and etching techniques. For example, plasma
etching may be used to form the chamfers and/or one or more edge recesses in accordance
with embodiments.

[0042] To facilitate fusion and hybrid bonding, both bonding surfaces may be planarized,
such as with chemical mechanical polishing (CMP). In an exemplary embodiment the IC die
110 includes a semiconductor layer 118, a back-end-of-the-line (BEOL) build-up structure
120 on the semiconductor layer, and a bonding interface layer 122 on the BEOL build-up
structure 120. Semiconductor layer 118 may include a bulk layer and epitaxial device layer,
for example, in which devices 124 such as transistors, etc. may optionally be formed. The
BEOL build-up structure 120 may include a plurality of metal wiring layers and dielectric
layers, commonly referred to as interlayer dielectrics (ILD), as common in microelectronic
manufacturing. The bonding interface layer 122 in accordance with embodiments may be
formed of an insulating material, such as oxide (e.g., silicon oxide, silicon nitride, silicon
carbon nitride, etc.) and may optionally include metal bond pads 126 (e.g., vias, plugs). The
first (planar) bonding surface 112, may span a plurality of metal bond pads 126 and the
bonding interface layer 122 for hybrid bonding, or only a bonding interface layer 122 for
fusion bonding.

[0043] In the particular embodiment illustrated the electronic component 130 may be a
second die. For example, in wafer-level processing the plurality of second dies can be
patterned in a silicon wafer, onto which a plurality of IC dies 110 are bonded in a chip-on-
wafer (CoW) assembly process. In such an embodiment, the dies can be bonded face-to-face.
For example, the electronic component may also include a semiconductor layer 134 into
which devices 136 are formed, BEOL build-up structure 138, bonding interface layer 140,
and metal bond pads 142 similar as the IC die 110. In such a configuration the dies can be
bonded face-to-face, though this is not required and can be bonded face-to-back, or back-to-
face. Additionally, in some embodiments the electronic component 130 may be an interposer

or other structure as opposed to a second die.
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[0044] The IC die 110, as well as the electronic component 130, can be a variety dies, such as
system-on-chip (SOC), graphics processing unit (GPU), central processing unit (CPU),
artificial intelligence (Al), machine learning logic, radio-frequency (RF) baseband processor,
radio-frequency (RF) antenna, signal processors, power management integrated circuit
(PMIC), logic, memory, photonics, biochips, low speed and/or high speed input/output
(HSIO), cache, a silicon interconnect and any combinations thereof. The silicon interconnect,
for example, can be a chiplet including lateral routing for die-to-die connections. In some
embodiments, no logic or passive devices are included in the silicon interconnect, and the
silicon interconnect is used primarily for fine die-to-die wiring. In other embodiments
capacitors or logic can be included within the silicon interconnect in combination with the
fine die-to-die wiring.

[0045] Referring now to FIGS. 2A-2B; FIG. 2A is a schematic top view illustration of an IC
structure including an IC die directly bonded to an electronic component and encapsulated
with a molding compound in accordance with an embodiment; FIG. 2B is a schematic cross-
sectional side view illustration taken along line B-B of FIG. 1A in accordance with an
embodiment. In some embodiments, the molding compound 150 is formed as an
overmolding layer in which the IC dies 110 are fully covered. This may optionally be
followed by a planarization operation to thin the molded surface or expose the back sides of
the IC dies 110. In other embodiments, the molding compound 150 is formed as an underfill
material that also wicks along the lateral edges 114 of the IC dies 110. As shown, the
molding compound 150 spans the second bonding surface 132 of the electronic component
130 and the first lateral edge 114 of the IC die 110 and fills the first edge recess 116A. Thus,
the molding compound within the first edge recess 116A encroaches underneath the IC die
and between the IC die and the electronic component. The ability to fill the first edge recess
116A may depend upon factors such as aspect ratio (width : depth) of the first edge recess
116A, viscosity of the molding compound materials as applied, etc. Dimensions may also
affect ability to flatten the IC die 110 edges and corners, bonding interface stress
concentration near edges and corners of the IC die 110, BEOL build-up structure 120 crack
risk, and potential for molding compound 150 void (within the edge recesses) and crack risk.
[0046] Referring now to FIGS. 3A-3C; FIG. 3A is a schematic bottom-top view illustration
of an IC die including an edge recess and encapsulated with a molding compound in
accordance with an embodiment; FIG. 3B is a schematic cross-sectional side view illustration
of the IC die of FIG. 3A directly bonded to an electronic component and encapsulated with a

molding compound that flows into the edge recess in accordance with an embodiment; FIG.
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3C is a schematic bottom-top view illustration of a die including an edge recess with larger
inner chamfer design and encapsulated with a molding compound in accordance with an
embodiment. In the particular embodiment illustrated the first edge recess 116A is
characterized by a first width (wl) that extends from the first lateral edge 114 to a first
interior edge 117, and a first depth (d1) that extends from the first bonding surface 112 to a
first roof 121. In the particular embodiment illustrated in FIG. 3B, the first depth (d1) of the
first edge recess 116A spans the bonding interface layer 122, the BEOL build-up structure
120, and into the semiconductor layer 118 of the IC die 110. The BEOL build-up structure
120 may additionally include a seal ring 160 adjacent to the first interior edge 117, and the
first width (w1) of the first edge recess 116A does not extend to the seal ring 160. In such an
embodiment, the first width (w1) may be a shorter distance than the first depth (d1) due to
extension of the first depth (d1) into the semiconductor layer 118. The seal ring may be
present to protect from moisture ingress, as well as to provide physical protection to the
BEOL build-up structure 120, and commonly brittle ILD materials.

[0047] In the embodiment illustrated in FIG. 3B the first depth (d1) is shown as being a
greater distance than the first width (w1), though this is not required and the dimensions in

FIG. 3B may be reversed, or the same. Exemplary dimensions are provided in Table I below.

Table. 1: Example Edge Recess Dimensions

First Edge First Edge Second Edge Second Edge
Recess width Recess depth Recess width Recess depth
(wl) (d1) (w2) (d2)
FIGS. 3A-3B <15 pm >50 pm N/A N/A
FIGS. 4A-4B > 50 um <3um N/A N/A
FIGS. SA-5B ~ 100 pm ~20-30 um ~20—-40 um <3 um

[0048] FIG. 3C is similar to that of FIG. 3A with a larger inner chamfer 119 design along the
first bonding surface 112. The larger inner chamfer design may facilitate additional stress
reduction as the IC die corners where highest stress is normally located. It has been observed
that a configuration such as those illustrated in FIGS. 3A-3C may require minimal IC die 110
area and provide good protection against BEOL build-up structure crack risk as well as

molding compound void and crack risk. However, consumption of minimal IC die 110 area
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may be met with moderate gains in ability to flatten the IC die 110 edges and corners and
reduce interface stress concentration near the edges and corners.

[0049] Referring to FIGS. 4A-4B; FIG. 4A is a schematic bottom-top view illustration of an
IC die including an edge recess and encapsulated with a molding compound in accordance
with an embodiment; FIG. 4B is a schematic cross-sectional side view illustration of the IC
die of FIG. 4A directly bonded to an electronic component and encapsulated with a molding
compound that flows into the edge recess in accordance with an embodiment. FIGS. 4A-4B
are similar to those of FIGS. 3A-3B, with differing dimensions, and hence location, of the
first edge recess 116A. In the illustrated embodiment, the first roof 121 of the first edge
recess 1s underneath the BEOL build-up structure 120. For example, the first roof 121 may
be within the bonding interface layer 122 of the IC die 110 or, through the bonding interface
layer 122, stopping on an etch stop layer. On the BEOL build-up structure 120. As shown in
FIG. 4B, the first width (w1) of the first edge recess 116A does not extend to the seal ring
160. In this manner the seal ring 160 may be interior to the first interior edge 117, and may
provide protection to moisture ingress from the molding compound 150. In an exemplary
embodiment, the first width (wl) is shown as being a greater distance than the first depth
(d1). While extension first width (w1) may consume additional IC die 110 area compared to
the configuration of FIGS. 3A-3B, the thinner first depth (d1) may help mitigate bonding
interface stress concentrations near the edges and corners, and also help facilitate flattening of
the IC die 110 edges and corners. Depending upon particular arrangement, a minimum depth
(d1) may be maintained to ensure molding compound flows into the first edge recess 116A to
mitigate void and crack formation therein.

[0050] In some embodiments a plurality of edge recesses may be formed in the IC die 110.
Referring to FIGS. SA-5B; FIG. 5A is a schematic bottom-top view illustration of an IC die
including a plurality of edge recesses and encapsulated with a molding compound in
accordance with an embodiment; FIG. 5B is a schematic cross-sectional side view illustration
of the IC die of FIG. SA directly bonded to an electronic component and encapsulated with a
molding compound that flows into the plurality of edge recesses in accordance with an
embodiment. Generally, the embodiments of FIGS. SA-5B share similarities with those of
FIGS. 3A-3B and FIGS. 4A-4B. Specifically, the first depth (d1) of the first edge recess
116A spans the bonding interface layer 122, the BEOL build-up structure 120 and into the
semiconductor layer 118 of the IC die 110 such that the roof 121 of the first edge recess 116A
is in the semiconductor layer 118. Furthermore, the BEOL build-up structure 120 may
include a seal ring 160 adjacent to the first interior edge 117, and the first width (wl) of the

10
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first edge recess does not extend to the seal ring 160. The first edge recess 116A may be
similar to that of FIGS. 3A-3B, with certain differences in dimensions. The embodiment
illustrate din FIGS. 5A-5B may additionally include a second edge recess 116B characterized
by a second width (w2) that extends from the first interior edge 117 of the first edge recess
116A to a second interior edge 164, and a second depth (d2) that extends from the first
bonding surface 112 to a second roof 166. As shown, the molding compound 150 fills both
the first edge recess 116A and the second edge recess 116B. In an embodiment, the BEOL
build-up structure 120 includes a seal ring 160 adjacent to the first interior edge 117, and the
second width (w2) of the second edge recess 116B may or may not extend underneath the
seal ring 160.

[0051] The particular embodiment illustrated in FIGS. SA-5B may combine several benefits
of the embodiments illustrated in FIGS. 3A-3B and FIGS. 4A-4B. Specifically, inclusion of
the second edge recess 116B can help mitigate bonding interface stress concentration near
edges and corners and facilitate flattening of the IC die edges and corners during bonding
with shorter w2 comparing with wl in FIGS. 4A-4B. Furthermore, inclusion of the seal ring
closer to the first interior edge 117 can help preserve BEOL build-up structure 120
mechanical integrity and mitigate crack risk therein. Furthermore, the combination of the
first edge recess 116A with the shorter second edge recess 116B can help direct flow of
molding compound 150 and mitigate molding compound void and crack risk.

[0052] A variety of edge recess designs can be integrated in accordance with embodiments.
Referring now to FIGS. 6A-6B, FIG. 6A is a schematic bottom-top view illustration of a die
including a plurality of edge recesses and encapsulated with a molding compound in
accordance with an embodiment; FIG. 6B is a schematic cross-sectional side view illustration
of the die of FIG. 6A directly bonded to an electronic component and encapsulated with a
molding compound that flows into the plurality of edge recesses in accordance with an
embodiment. As shown, a plurality of edge recess 116A, 116B, 116C, 116D, 116E, etc. can
be formed. While a total of five edge recesses are illustrated in FIGS. 6A-6B, embodiments
are not so limited and it is understood any number can be provided, with their depths, widths,
and chamfer sizes being designed for consideration of both stress reduction and
design/manufacturing requirements.

[0053] The edge recess configurations in accordance with embodiments can be implemented
into a variety of integrated circuit structure configurations. While not exhaustive, several

exemplary implementations are illustrated in FIGS. 7-9 to provide additional context.
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[0054] FIG. 7 is a schematic cross-sectional side view illustration of an IC structure 100
including an IC die110 directly bonded to an electronic component 130 and embedded within
a molding compound 150 layer in accordance with an embodiment. In the exemplary
embodiment illustrated, the IC die 110 may be hybrid bonded to component 130, which may
be in wafer form prior to dicing. Prior to bonding or after bonding, a plurality of vertical
pillars 202 (e.g., copper pillars) may be formed, on the component 130 followed by
overmolding with molding compound 150 and planarization. Alternatively, the vertical pillars
202 can be formed after overmolding. An optional routing layer 210 including one or more
metal routing layers 212 and dielectric layers 214 may be formed, followed by application of
solder bumps 220 and singulation into multiple IC structures 100 (e.g., packages).

[0055] FIG. 8 is a schematic cross-sectional side view illustration of an IC structure 100
including an IC die110 directly bonded to an electronic component 130 and underfilled with a
molding compound 150 in accordance with an embodiment. In such an embodiment, the
molding compound 150 may flow similarly as described with previous embodiments. While
further overmolding is possible, in the embodiment illustrated a plurality of solder bumps 220
may then be placed laterally adjacent the IC die 110 for further integration.

[0056] FIG. 9 is a schematic cross-sectional side view illustration of an IC structure 100
including one or more IC dies110A, 110B directly bonded to an electronic component 130
and embedded within a molding compound 150 layer in accordance with an embodiment. In
particular, FIG. 8 represents an embodiment in which the IC die(s) 110A, 110B are directly
bonded to an interposer rather than another die. For example, the interposer, or electronic
component 130, can include bonding interface layer 140 and metal bond pads 142 similar to
previous embodiments, as well as one or more metal routing layers 172 and dielectric layers
174. The interposer, or electronic component 130, can be a cored substrate, a coreless
substrate, rigid, flexible, etc. In an embodiment, the interposer, or electronic component 130,
includes through vias such as through silicon vias (TSVs), through glass vias, etc.

[0057] Up until this point embodiments have been described in which edge recesses are
formed within the IC dies. Similar edge recesses may also be formed within the variety of
electronic components to facilitate a similar overhang arrangement. Such component edge
recesses may be formed completely through a thickness of the electronic component or
partially through a thickness of the electronic component. Furthermore, the component edge
recesses can be isolated, or over a large area such as surrounding one or more perimeter

edges of the IC die or die set. The component edge recesses may also be chamfered as the
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corners. The depths, widths, and chamfer sizes of the electronic components can be designed
for consideration of both stress reduction and design/manufacturing requirements.

[0058] Referring now to FIGS. 10A-10B schematic cross-sectional side view illustrations are
provided of an integrated circuit structure 100 including an IC die 110 directly bonded to an
electronic component 130 including an edge recess 186 partially through a thickness of the
electronic component in accordance with an embodiment. In the exemplary embodiments
illustrated the electronic component 130 can include a base substrate 182 such as a
semiconductor (e.g., silicon) substrate, glass substrate, polymer substrate, etc. The electronic
component can be purely passive and provide electrical routing, and may also include active
devices (e.g., transistors) and/or passive devices (e.g., capacitors, inductors, resistors). For
example, active devices can optionally be formed in a semiconductor base substrate 182. A
routing layer 184 can optionally be formed over the base substrate 182. For example, the
routing layer 184 may be similar to a BEOL build-up structure, or include one or more
dielectric layer(s) and metal wiring layer(s). The electronic component 130 can additionally
include a bonding interface layer 140, and metal bond pads 142 as previously described.
[0059] The component edge recess 186 may be characterized by a first width (w) that extends
from the component lateral edge 192 (which may be a package lateral edge, an opposite edge
of an interior component edge recess, or even an IC die perimeter edge 114 as shown in FIG.
10C) to a component interior edge 188, and a first depth (d) that extends from the second
bonding surface to a floor 198. In each of the configurations illustrated the component edge
recess 186 can help reduce the hybrid or fusion bond delamination risk of the IC die 110 by
shifting a high stress region into a non-critical and high strength region in the electronic
component 130. In the embodiment illustrated in FIG. 10A the component edge recess 186
may be a shallow recess extending through the bonding interface layer 140 with the floor
formed as part of the routing layer 184. Such a configuration may allow for larger fan-out
routing area. In the embodiment illustrated in FIG. 10B the component edge recess 186 may
be a deep recess extending through the bonding interface layer 140 and routing layer 184,
with the floor formed as part of the base substrate 182.

[0060] In the embodiments illustrated in FIGS. 10A-10B the electronic component (e.g.,
interposer) may have a larger footprint as the IC die or die set bonded to the electronic
component. Referring not to FIG. 10C a schematic cross-sectional side view illustration is
provided of an integrated circuit structure 100 including an IC die 110 directly bonded to an
electronic component 130 including a component edge recess 186 completely through a

thickness of the electronic component in accordance with an embodiment. Such a
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configuration may minimize bending of the electronic component 130 by removing the
overhang.

[0061] FIG. 10D is a schematic cross-sectional side view illustration of an integrated circuit
structure 100 including an IC die 110 directly bonded to an electronic component 130 with
edge recesses formed in both the IC die and the electronic component in accordance with an
embodiment. As shown, the IC die 110 may include at least one edge recess such as first
edge recess 116A as previously described, while the electronic component 130 also includes
a component edge recess 186, such as that described with regard to FIGS. 10A-10C.

[0062] Referring now to FIGS. 11-13, FIG. 11 is a schematic cross-sectional side view
illustration taken along section A-A or section B-B of the integrated circuit structure of FIG.
12 or section C-C of the integrated circuit structure of FIG. 13 in accordance with an
embodiment; FIG. 12 is a schematic bottom-top plan illustration of an integrated circuit
structure including a plurality of dies directly bonded to an electronic component including a
global component edge recess in accordance with an embodiment; FIG. 13 is a schematic
bottom-top plan view illustration of an integrated circuit structure including a plurality of dies
directly bonded to an electronic component including a plurality of local component edge
recesses in accordance with an embodiment. As shown, each configuration may be a
partially fabricated structure prior to or after bonding of the IC dies 110A, 110B with the
electronic component 130. Referring to FIG. 12 in combination with FIG. 11 the component
edge recess 186 can be a global recess surrounding multiple IC dies in a die set. Each die set
may be subsequently singluated (diced) from the bonded structure after further processing to
form discrete packages. For illustrative purposes the component edge recess 186 floor 198
area is illustrated with darker shading and the component bonding surface 132 is illustrated in
white, while the IC die bonding surface 112 is illustrated in dashed line. In the embodiment
illustrated in FIG. 12 the global component edge recess 186 can surround one or more
perimeter edges 114 of the one or more IC dies. The bonding surface 132 area formed by
etching of component edge recesses186 may be any suitable shape, and may also include
chamfers 189 adjacent corners where component interior edges 188 meet. As shown, each IC
die may be generally rectangular with four perimeter edges 114 (not including any potential
chamfers at the corners, for example). The global component edge recess 186 may
completely surround the entire perimeter edges 114 (and optional chamfers) of each IC die,
or each IC die set, for example, as shown in FIG. 12 where four two-IC die sets are shown.
In another configuration illustrated in FIG. 13 a plurality of local (separate) component edge

recesses 186 can be formed, for example underneath one or more IC die corners.
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[0063] FIG. 14 is a schematic cross-sectional side view illustration of an integrated circuit
structure 100 including a die set of IC dies 110A, 110B directly bonded to an electronic
component 130 including component edge recesses 186 in accordance with an embodiment.
As shown, each of the IC dies 110A, 110B can include a first bonding surface 112 and a first
perimeter edge 114. The electronic component 130 (e.g., interposer) includes a second
bonding surface 132 and one or more component edge recesses 186 in the second bonding
surface. The first bonding surfaces 112 of the IC dies 110A, 110B are bonded directly to the
second bonding surface 132 of the electronic component 130 such that a portion of the first
bonding surfaces 112 overhangs the one or more component edge recesses 186, and a
molding compound is applies so that it spans across the electronic component and the first
perimeter edge 114 of the one or more IC dies 110A, 110B and fills the component edge
recess 186.

[0064] The electronic component 130 in accordance with embodiments may be a variety of
objects including another IC die, interposer, etc. In the illustrated embodiment, the electronic
component 130, or interposer, includes a base substrate 182, routing layer 184, bonding
interface layer 140, and metal bond pads 142 as previously described. A plurality of through
vias 190, such as through silicon vias (TSVs), can extend through a thickness of the base
substrate 182 and be electrically connected with landing terminals 195 (e.g., stud bumps,
landing pads) and solder bumps 220 on a back side of the electronic component opposite the
second bonding surface 132. A back side of the base substrate 182 may have additional
passivation layers 194, 196. Similar to the die set arrangement of FIG. 12, in an embodiment
the component edge recess 186 shown in FIG. 14 completely surrounds the first perimeter
edges 114 of the IC dies 110A, 110B. Alternatively, similar to the die set arrangement of
FIG. 13, the component edge recesses 186 in FIG. 14 are a plurality of local edge recesses
located adjacent corners of the IC dies 110A, 110B.

[0065] FIGS. 15A-15K are schematic cross-sectional side view illustrations of a sequence for
fabricating an integrated circuit structure in accordance with an embodiment. As shown in
FIG. 15A the sequence can begin with a base substrate 182, such as a silicon wafer, glass
panel, etc. In the exemplary embodiment illustrated, a plurality of partially formed through
vias 190 (e.g., copper vias) are partially formed through a thickness of the base substrate 182,
followed by formation of routing layer 184, which may be one or more dielectric and metal
wiring layers in accordance with embodiments. Metal bond pads 142 and a bonding interface
layer 140 (e.g., silicon oxide, silicon nitride, silicon carbon nitride, etc.) can then be formed.

The top surface may then be planarized as shown in FIG. 15B to form a planar bonding
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surface 132 with the metal bond pads 142 and bonding interface layer 140. One or more
global or local component edge recesses 186 can then be formed to a desired depth as shown
in FIG. 15C using a suitable technique such as plasma etching. While the component edge
recess 186 depth illustrated in FIG. 15C is into the base substrate 182, this is exemplary and
embodiments are not so limited. One or more IC dies 110, or die sets of IC dies 110A, 110B
for example, can then be fusion bonded or hybrid bonded directly to the planar bonding
surface 132 as shown in FIG. 15D.

[0066] The bonded structure may then be molded as shown in FIG. 15E to encapsulate the IC
dies and fill the component edge recesses 186, followed by optional grinding operation to
thin the IC die thicknesses as shown in FIG. 15F. Following molding and optional thinning,
the structure can be flipped and bonded to a carrier substrate 200, such a silicon wafer, glass
panel, metal panel, etc. as shown in FIG. 15G to provide support for additional processing.
Additional grinding and planarization can then be performed to thin the base substrate 182,
exposing through vias 190 as shown in FIG. 15H. This may be followed by deposition of one
or more passivation layers 194, 196 such as silicon nitride and polyimide, respectively, and
additional plating to form terminals 195 in connection with the through vias 190 as shown in
FIG. 151. Solder bumps 220 (or solder tips) can then be applied to terminals 195. At this
point the structure can be debonded from the carrier substrate 200 and transferred to a frame
230 wherein the solder bumps can be reflowed as shown in FIG. 15J followed by singulation
of multiple integrated circuit structures 100 (or packages) as shown in FIG. 15K for example
by mechanical sawing.

[0067] In utilizing the various aspects of the embodiments, it would become apparent to one
skilled in the art that combinations or variations of the above embodiments are possible for
forming an IC structure and IC die including one or more edge recesses to accommodate
molding compound. Although the embodiments have been described in language specific to
structural features and/or methodological acts, it is to be understood that the appended claims
are not necessarily limited to the specific features or acts described. The specific features and
acts disclosed are instead to be understood as embodiments of the claims useful for

illustration.
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CLAIMS

What is claimed is:
1. An integrated circuit structure comprising:

an integrated circuit (IC) die including a first bonding surface, a first lateral edge and
a first edge recess in the first bonding surface;

an electronic component including a second bonding surface bonded directly to the
first bonding surface; and

a molding compound that spans across the electronic component and the first lateral

edge, and fills the first edge recess.

2. The integrated circuit structure of claim 1, wherein the first edge recess is
characterized by a first width that extends from the first lateral edge to a first interior edge,

and a first depth that extends from the first bonding surface to a first roof.

3. The integrated circuit of claim 2, wherein the first width is a greater distance than the
first depth.
4. The integrated circuit structure of claim 2, wherein the IC die includes:

a semiconductor layer;

a back-end-of-the-line (BEOL) build-up structure on the semiconductor layer; and
a bonding interface layer on the BEOL build-up structure;

wherein the first depth of the first edge recess spans the bonding interface layer, the

BEOL build-up structure, and into the semiconductor layer.

5. The integrated circuit of claim 4, wherein the BEOL build-up structure includes a seal
ring adjacent to the first interior edge, and the first width of the first edge recess does not

extend to the seal ring.
6. The integrated circuit structure of claim 4, wherein:

the IC die includes a second edge recess;

the second edge recess spans underneath the first BEOL build-up structure;

17



10

15

20

25

30

WO 2024/258567 PCT/US2024/030413

the second edge recess is characterized by a second width that extends from the first
interior edge of the first recess to a second interior edge, and a second depth that extends
from the first bonding surface to a second roof, and

the molding compound fills the second edge recess.

7. The integrated circuit structure of claim 6, wherein the BEOL build-up structure
includes a seal ring adjacent to the first interior edge, and the second width of the second

recess extends underneath the seal ring.

8. The integrated circuit structure of claim 2, wherein the IC die includes:
a semiconductor layer;
a back-end-of-the-line (BEOL) build-up structure on the semiconductor layer; and
a bonding interface layer on the BEOL build-up structure;
wherein the first roof of the first edge recess is underneath the BEOL build-up

structure.

9. The integrated circuit of claim 8, wherein the BEOL build-up structure includes a seal
ring adjacent to the first interior edge, and the width of first recess does not extend to the seal

ring.

10. The integrated circuit of claim 1, wherein the first bonding surface is hybrid bonded

with the second bonding surface.

11.  The integrated circuit of claim 10, wherein the first bonding surface is fusion bonded

with the second bonding surface.

12.  The integrated circuit of claim 1, wherein:
the electronic component includes a component edge recess in the second bonding
surface; and

the molding compound fills the component edge recess.

13. An integrated circuit die comprising:
a first planar bonding surface, a first lateral edge and a first edge recess in the first

planar bonding surface;
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wherein the first edge recess is characterized by a first width that extends from the
first lateral edge to a first interior edge, and a first depth that extends from the first planar

bonding surface to a first roof.

14.  The integrated circuit die of claim 13, wherein the first width is a greater distance than
the first depth.
15. The integrated circuit die of claim 13, further comprising:

a semiconductor layer;

a back-end-of-the-line (BEOL) build-up structure on the semiconductor layer; and
a bonding interface layer on the BEOL build-up structure;

wherein the first depth of the first edge recess spans the bonding interface layer, the

BEOL build-up structure, and into the semiconductor layer.

16.  The integrated circuit die of claim 15, wherein the BEOL build-up structure includes a
seal ring adjacent to the first interior edge, and the first width of the first edge recess does not

extend to the seal ring.

17.  The integrated circuit die of claim 15:

further comprising a second edge recess;

wherein the second edge recess spans underneath the first BEOL build-up structure;
and

wherein the second edge recess is characterized by a second width that extends from
the first interior edge of the first recess to a second interior edge, and a second depth that

extends from the first bonding surface to a second roof.

18.  The integrated circuit die of claim 17, wherein the BEOL build-up structure includes a
seal ring adjacent to the first interior edge, and the second width of the second recess extends

underneath the seal ring.

19.  The integrated circuit die of claim 13, further comprising:
a semiconductor layer;
a back-end-of-the-line (BEOL) build-up structure on the semiconductor layer; and

a bonding interface layer on the BEOL build-up structure;
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wherein the first roof of the first edge recess is underneath the BEOL build-up

structure.

20.  The integrated circuit die of claim 19, wherein the BEOL build-up structure includes a
seal ring adjacent to the first interior edge, and the width of first recess does not extend to the

seal ring.

21. The integrated circuit die of claim 13, wherein the first planar bonding surface spans a

plurality of metal bond pads and a bonding interface layer.

22. An integrated circuit structure comprising:

an integrated circuit (IC) die including a first bonding surface and a first perimeter
edge;

an electronic component including a second bonding surface and a component edge
recess in the second bonding surface, wherein the second bonding surface is bonded directly
to the first bonding surface; and

a molding compound that spans across the electronic component and the first

perimeter edge, and fills the component edge recess.

23. The integrated circuit structure of claim 22, wherein the component edge recess

surrounds the first perimeter edge of the IC die.

24, The integrated circuit structure of claim 23, wherein the component edge recess is

located adjacent a corner of the IC die.

25. The integrated circuit structure of claim 1, wherein the component edge recess is
characterized by a width that extends from a component lateral edge to a component interior

edge, and a first depth that extends from the second bonding surface to a floor.

26.  The integrated circuit structure of claim 22, wherein the electronic component

comprises a plurality of through silicon vias.

27. The integrated circuit of claim 22, wherein:

the die includes a first edge recess in the first bonding surface; and
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the molding compound fills the first edge recess.

21



WO 2024/258567 PCT/US2024/030413

117
100
100
130
115
110 116
.
14|
130
FIG. 14 _ ,
Fits. I8
150
114
150

HOHCHCHCRORONCN

i t i
142 126 136

FIG, 24 FIG. 2B



WO 2024/258567 PCT/US2024/030413

2711

150,

121
117

112/
122
N

H
117 121 g 114
160
(AN ‘

=
112

FIG, 38



WO 2024/258567 PCT/US2024/030413

3/11

117
e

112/

122 ™

FIG. 44

! 1‘; 1168
FIG. 4B FiIG. 5B



WO 2024/258567 PCT/US2024/030413

4/11

119
115 114

150
121
112/
122.\“

EQ ;

§ wi &3

| H

FIG, 64

1 114

121

1168 oD 116c 116 116A

FIG. 68



WO 2024/258567 PCT/US2024/030413

5/11

100

SSeidde
s

100

150

130




PCT/US2024/030413

WO 2024/258567

6/11

Gor A4

wwMNmM cﬁmﬁ
} H 4 g

0Ey
011
001
LTI
bR IR1  OFL Y1
i { /N
€1
611

G DEA

ve1 281 ory Zhi
88f { ;g

&

Vol “Did

114 A
{ {

Gel

oL

gcl

(IR



WO 2024/258567 PCT/US2024/030413

711

100

114

186

FiG. 11

FiG. 12 FIG. I3



WO 2024/258567 PCT/US2024/030413

811

160

- 150

-114

e
L

182
194
196
192 by 188 190
H W 3
, 195
132 142 140 390

FiG. 14



WO 2024/258567 PCT/US2024/030413

911

FiGs. 154

FiG, 158

132 186 132 186
= \ X /

FiG, 15C

FiG. 15D



WO 2024/258567 PCT/US2024/030413

FiG. ISF

182

-~ 150

FiG. 156G
190

150

FiG. I5H



PCT/US2024/030413

WO 2024/258567

1111

FiG. 157

FiG. i5F

00

160

FIG. 15K



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2024/030413

A.

CLASSIFICATION OF SUBJECT MATTER
HO1L 23/00(2006.01)i; HO1L 23/31(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)

HO1L 23/00(2006.01); F21K 9/00(2016.01); HO1L 23/31(2006.01); HO1L 23/538(2006.01); HO1L 25/065(2006.01);
HO1L 25/07(2006.01); HO1L 33/00(2010.01)

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

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

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

eKOMPASS(KIPO internal) & Keywords: bonding surface, edge recess, molding compound, width, depth, roof, seal ring

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2022-0384388 Al (TAIWAN SEMICONDUCTOR MANUFACTURING CO., LTD.) 01 December
2022 (2022-12-01)

X See paragraphs [0028]-[0034] and figures 6A-8. 1-4,8,10-11,
13-15,19,21

Y 6,12,17,22-27

A 5,7,9,16,18,20

US 2018-0090443 Al (SAMSUNG ELECTRO-MECHANICS CO., LTD.) 29 March 2018 (2018-03-29)
Y See paragraphs [0068]-[0096] and figures 9, 12. 6,17,26

KR 10-2019-0091146 A (LG INNOTEK CO., LTD.) 05 August 2019 (2019-08-05)
Y See paragraphs [0151]-[0153] and figure 6. 12,22-27

CN 112385036 A (INVENSAS BONDING TECHNOLOGIES, INC.) 19 February 2021 (2021-02-19)
A See paragraphs [0070]-[0071] and figure 12. 1-27

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be
“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone
«L» document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination
“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family
«p>” document published prior to the international filing date but later than
the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
05 September 2024 06 September 2024
Name and mailing address of the [SA/KR Authorized officer

Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon LEE, Kang Ha
35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-5687

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2024/030413

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

CN 218783021 U (CHENGDU HANXIN GUOKE INTEGRATED TECHNOLOGY CO., LTD.) 31
March 2023 (2023-03-31)

A See paragraph [0027] and figure 1. 1-27

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/US2024/030413
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
us 2022-0384388 Al 01 December 2022 CN 114823366 A 29 July 2022
DE 102021108156 Al 28 July 2022
KR 10-2022-0106653 A 29 July 2022
KR 10-2557597  B1 19 July 2023
™ 202230679 A 01 August 2022
™ 1775443 B 21 August 2022
uUsS 11728312 B2 15 August 2023
us 2022-0238484 Al 28 July 2022
uUs 2018-0090443 Al 29 March 2018 KR 10-1982047  B1 24 May 2019
KR 10-2018-0035365 A 06 April 2018
™ 201824467 A 01 July 2018
™ 1667749 B 01 August 2019
us 10269721 B2 23 April 2019
us 2018-0090444 Al 29 March 2018
us 9929102 Bl 27 March 2018
KR 10-2019-0091146 A 05 August 2019 KR 10-2486039 Bl 06 January 2023
CN 112385036 A 19 February 2021 ™ 202006890 A 01 February 2020
™ 1834682 B 11 March 2024
us 11158606 B2 26 October 2021
us 11764189 B2 19 September 2023
us 11837582 B2 05 December 2023
us 2020-0013754 Al 09 January 2020
us 2022-0020729 Al 20 January 2022
us 2023-0253367 Al 10 August 2023
uUsS 2024-0243103 Al 18 July 2024
WO 2020-010136 Al 09 January 2020
CN 218783021 U 31 March 2023 None

Form PCT/ISA/210 (patent family annex) (July 2022)



	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 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

