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ELECTRONIC ASSEMBLY THAT INCLUDES A BRIDGE

Technical Field
[0001] Embodiments described herein generally relate to electronic

assemblies, and more particularly to electronic assemblies that include a bridge.

Background
[0002] Many conventional electronic devices include platform designs
that have one electronic component (e.g., a memory module) placed on a printed
circuit board along with another electronic component (e.g., a silicon-on-chip
clectronic device). There are usually physical connections between the
clectronic components through routings in a printed circuit board. There may
also be physical connections between the electronic components and other
additional electronic components that are mounted on the printed circuit board.
[0003] The typical design usually requires there to be routings within
multiple layers in the printed circuit board. In addition, mounting electronic
components alongside one another on a printed circuit board usually requires
relatively large amounts of real estate on the printed circuit board. Often times,
the number, type and size of the electronic routings that are between the
clectronic components determines the layer count as well as the overall size of
the printed circuit board.
[0004] One technique that is commonly used to address the drawbacks
associated with placing electronic components side by side on a printed circuit
board is to utilize an embedded bridge package architecture. An embedded
bridge package architecture embeds a bridge inside a substrate and then
clectrically connects the bridge to an upper surface of the substrate through one
or more routing wires. The top surface of the substrate typically includes mixed
pitch regions. As examples, a fine pitch region may be included to connect
between a die on top of the substrate and the embedded bridge, and a course
pitch region may be included for traditional first level interconnects between the

die on the upper surface of the substrate and the substrate itself.
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[0005] There are two drawbacks associated with embedding bridges
inside of a substrate. One drawback is higher substrate cost due to additional
processing steps that are required and technical challenges that exist relative to
embedding a bridge into an organic substrate. Another drawback with
embedding bridges inside a substrate relates to pitch scalability at the fine pitch
region because there is typically limitations as to the alignment tolerances that

can be achieved in the substrate manufacturing process.

Brief Description of the Drawings
[0006] FIG. 1 is a schematic side section view of an example substrate
that includes a cavity.
[0007] FIG. 2 is a schematic side section view of the example substrate
shown in FIG. 1 where the cavity includes an adhesive.
[0008] FIG. 3 is a schematic side view of an example bridge.
[0009] FIG. 4 is a schematic side section view of an example electronic
assembly that shows the die of FIG. 3 inserted into the cavity of the substrate of
FIG. 2 using a thermal compression bonding fixture.
[0010] FIG. 5 is a schematic side section view of the example electronic
assembly shown in FIG. 4 after the thermal compression bonding fixture has
been removed.
[0011] FIG. 6 is a schematic side section view of the example electronic
assembly shown in FIG. 5 after dice are mounted to an upper surface of the
bridge and the upper surface of the substrate.
[0012] FIG. 7 is a schematic side section view of another example
clectronic assembly after dice are mounted to an upper surface of the bridge and
the upper surface of the substrate.
[0013] FIG. 8 is a flow diagram illustrating an example method of
fabricating an electronic assembly.
[0014] FIG. 9 is block diagram of an electronic apparatus that utilizes the

electronic assemblies and methods described herein.
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Description of Embodiments
[0015] The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
[0016] Orientation terminology, such as “horizontal,” as used in this
application is defined with respect to a plane parallel to the conventional plane
or surface of a wafer or substrate, regardless of the orientation of the wafer or
substrate. The term *“vertical” refers to a direction perpendicular to the

LT3

horizontal as defined above. Prepositions, such as “on,” “side” (as in

LT3

“sidewall”), “higher,” “lower,” “over,” and “under” are defined with respect to
the conventional plane or surface being on the top surface of the wafer or
substrate, regardless of the orientation of the wafer or substrate.

[0017] The electronic assemblies described herein may include an
interconnect structure between a between a first electronic component (e.g., a
first die) and a second electronic component (e.g., a second die). The first
clectronic component {e.g., a silicon-on-chip electronic device) and the second
clectronic component (e.g., a memory module) may be interconnected using a
bridge that might permit the overall size of an electronic device which includes
the electronic assembly to be reduced. In addition, the electronic assemblies
described herein may be cost effective to manufacture due to a relatively smaller
size and/or lower layer counts within the electronic assemblies.

[0018] The electronic assemblies described herein include substrates that
have one or more cavities in an upper surface of the substrate. Each cavity is
configured to receive a bridge (or multiple bridges).

[0019] In some forms, the bridge may be attached to the substrate using a
snap curing adhesive in conjunction with a thermal compression bonding
process. Utilizing a thermal compression bonding process may ensure that the
upper surface of the bridge is flat with the upper surface of the substrate. The

adhesive may compensate for any topology differences at the base of the cavity.
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[0020] As examples, one or more different types of dies may be mounted
to the upper surface of the substrate and the upper surface of the bridge (e.g., by
soldered joint formation). The dies that are bonded to the substrate and the
bridge may include a course pitch region that is bonded to the substrate and a
fine pitch region that is bonded to the bridge.

[0021] FIG. 1 is a schematic side section view of an example substrate
11 that includes a cavity 12. FIG. 2 is a schematic side section view of the
example substrate 11 shown in FIG. 1 where the cavity 12 includes an adhesive
13 (e.g., a snap cure adhesive). FIG. 3 is a schematic side section view of an
example bridge 14.

[0022] FIG. 4 is a schematic side section view of an example electronic
assembly 10 that shows the bridge of FIG. 3 inserted into the cavity 12 of the
substrate 11 of FIG. 2 using a thermal compression bonding fixture 15. FIG. 5 is
a schematic side section view of the example electronic assembly 10 shown in
FIG. 4 after the thermal compression bonding fixture 15 has been removed.
FIG. 6 is a schematic side section view of the example electronic assembly 10
shown in FIG. 5 after dice 16A, 16B are mounted to an upper surface 17 of the
bridge and the upper surface 18 of the substrate 11.

[0023] FIG. 7 is a schematic section view of another example electronic
assembly 10 after dice 16A, 16B are mounted to an upper surface 17 of the
bridge 11 and the upper surface 18 of the substrate 11. The electronic assembly
10 shown in FIG. 7 further includes a heat sink 20 that is thermally connected to
the bridge 14.

[0024] As shown most clearly in FIG. 5, the electronic assembly 10
includes a substrate 11 having an upper surface 18. The electronic assembly 10
further includes a bridge 14 that includes an upper surface 17. The bridge 14 is
within a cavity 12 that is in the upper surface 18 of the substrate 11.

[0025] A first electronic component 16A is attached to the upper surface
17 of the bridge 14 and the upper surface 18 of the substrate 11. A second
electronic component 16B is attached to the upper surface of the bridge 14 and
the upper surface 18 of the substrate 11.

[0026] In some forms, the x, y and z dimensions of the cavity 12 are

slightly larger than the size of the bridge 14 to ensure that the bridge 14 fits
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inside the cavity 12. The size difference between the cavity 12 and the bridge 14
will depend in part on the manufacturing processes that are used to fabricate the
electronic assembly 10 (among other factors).

[0027] The bridge 14 electrically connects the first electronic component
16A to the second electronic component 16B. It should be noted that the size,
type and number of connections within the bridge 14 will depend in part on the
types of first and second electronic components 16A, 16B that are included in
the electronic assembly 10 (among other factors).

[0028] In some forms, the first electronic component 16A and the second
electronic component 16B are each dice. It should be noted that any type of
clectronic component that is know now, or discovered in the future, may be
included in the electronic assembly 10. The types of first and second electronic
components 16A, 16B that are included in the electronic assembly 10 will
depend in part on the type of electronic device that will eventually incorporate
the electronic assembly 10 (among other factors).

[0029] As shown in the FIGS. 6 and 7, a fine pitch region of each
electronic component 16A, 16B may be attached to the bridge 14. In addition, a
coarse pitch region of each electronic component may be attached to the
substrate 11.

[0030] The bridge 14 may be attached to the substrate 11 with an
adhesive 13. As an example, the adhesive 13 may be a snap cure adhesive. The
type of adhesive 13 that is included in the electronic assembly 10 will depend in
part on the type of bridge 14 and substrate 11 that are included in the electronic
assembly 10 as well as the manufacturing processes that are utilized to fabricate
the electronic assembly 10 (among other factors).

[0031] The amount of adhesive 13 may be optimized to ensure that there
is sufficient material to hold and bond the bridge 14 to the substrate 11 without
any voiding. The amount of adhesive 13 may also be regulated to ensure that
there is not any adhesive on the upper surface 18 of the substrate 11 and the
upper surface 17 of the bridge 14.

[0032] The electronic assembly 10 may further include an attachment
film or paste as well as an adhesive in order to ensure adequate bonding of the

bridge 14 within the cavity 12. In addition, the adhesive 13 may be conductive
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(especially if grounding of the bridge 14 is required). Grounding of the bridge
14 may be required in high performance computing applications.
[0033] In some forms, the bridge 14 may be a polygon (e.g., a square).
The overall size and shape of the bridge 14 will depend in part on the number of
5 electronic components that are to be attached to the bridge 14 as well as the
overall size and shape of the substrate 11 (among other factors).
[0034] As an example, the bridge 14 may include electrically
interconnects that have a pitch less than 50 micrometers. It should be noted that
the pitch of the clectrically interconnects within the bridge 14 will depend in part
10  onthe pitch of the electrically connections on the electronic components that are
attached to the bridge 14 (among other factors).
[0035] In some forms, the substrate 11 may be a printed circuit board. It
should be noted that the type of substrate 11 that is included in the electronic
assembly 10 will depend in part on the application where the electronic assembly
15  10is to be used. The substrate 11 may be any type of substrate that is known
now, or discovered in the future.
[0036] The bridge 14 may be attached to the substrate 11 in any manner
that is known now, or discovered in the future. As an example, the bridge 14
may be thermal compression bonded to the substrate 11. The manner in which
20  the bridge 14 is attached to the substrate 11 will depend in part on the
manufacturing processes that are associated with fabricating the electronic
assembly 10.
[0037] The bridge 14 may have bonding pads, copper bumps or even
solder bumps. The type of electrical connection between the bridge 14 and any
25  electronic components will depend in part on the type of electrical connections
that are included in the electronic components (among other factors).
[0038] In some forms, the thermal compression bonding fixture 15 may
be larger than the bridge 14 in both the x and y dimensions so that the thermal
compression bonding fixture 15 lands on the upper surface 18 of the substrate 11
30 outside the cavity 12. This type of thermal compression bonding fixture 15
ensures that the top surface 17 of the bridge 14 is aligned with the upper surface
18 of the substrate 11. In forms of the electronic assembly 10 where the bridge

14 includes bumps, the upper surface 18 of the substrate 11 may be aligned with
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the upper surface of the bumps on the bridge 14.

[0039] Although not shown in the FIGS., the electronic assembly 10 may
further include at least one additional electronic component that is attached to
the upper surface 17 of the bridge 14 and the upper surface 18 of the substrate
11. It should be noted that the number and type of additional electronic
components that are attached to the upper surfaces 17, 18 of the bridge 14 and
the substrate 11 will depend in part on the overall design of the electronic
assembly 10 as well as the application where the electronic assembly 10 is to be
used (among other factors).

[0040] As discussed above relative to FIG. 7, the electronic assembly 10
may further include a thermal conductor (e.g., heat sink 20) that is thermally
connected to the bridge 14. As an example, the heat sink 20 may be attached to
a lower surface 21 of the bridge 14.

[0041] The overall size and type of thermal conductor that is included in
the electronic assembly 10 will depend in part on the size and type of bridge 14
as well as the amount of thermal energy that needs to be dissipated from the
bridge 14 (among other factors). In some forms, the thermal conductor is
attached to the lower surface 21 of the bridge 14 using a thermally conductive
adhesive (although other types of adhesive or methods of attachment may be
used).

[0042] In addition, the thermal conductor may extend to a lower surface
of the substrate 11 instead of being embedded within the cavity 12 in the
substrate 11 as shown in FIG. 7. In the example form of the electronic assembly
10 shown in FIG. 7, the heat sink 20 is adhered to a bottom surface of the cavity
12 (e.g., by using an adhesive 25).

[0043] Other forms of the electronic assembly 10 are contemplated
where the electronic assembly 10 includes a plurality of bridges that each
include an upper surface. The plurality of bridges are within the upper surface
18 of the substrate 11.

[0044] In addition, the electronic assembly 10 may include a plurality of
first electronic components 16A where each of the first electronic components
16A is attached to the upper surface 17 of one of the bridges and the upper

surface 18 of the substrate 11. The electronic assembly 10 may also include a
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plurality of second electronic components 16B where each of the second
electronic components 16B is attached to the upper surface 17 of one of the
bridges 14 and the upper surface 18 of the substrate 11. It should be noted that
the bridges may electrically connect to the respective first and second electronic
components 16A, 16B.

[0045] In some forms, at least some of the bridges may be embedded
within the same cavity 12 in the upper surface 18 of the substrate 11. In other
forms, each of the bridges may be embedded within a separate cavity 12 in the
substrate 11.

[0046] The upper surface 18 of the substrate 11 may be aligned with the
upper surface 17 of each bridge 14. It should be noted that when the bridges 14
are assembled to the substrate 11 (e.g., using the thermal compression bonding
fixture 15 shown in FIG. 4), the upper surface 18 of the substrate 11 may be
readily aligned with the upper surface 17 of each of the bridges 14, especially
when the thermal compression bonding fixture 15 simultaneously bonds multiple
bridges 14 within cavities 12 in the upper surface 18 of the substrate 11.

[0047] In the example forms of the electronic assembly 10 that include
multiple bridges 14, the electronic assembly 10 may further include a plurality of
additional electronic components (not shown) that are attached to the upper
surface 17 of one of the bridges 14 and the upper surface 18 of the substrate 11.
[0048] At least one of the bridges 14 may have at least three electronic
components attached to the upper surface 17 of the bridge 14 and the upper
surface 18 of the substrate 11. The number of bridges 14 and electronic
components that are included in the electronic assembly 10 and the number of
clectronic components that are attached to each bridge 14 will depend in part on
the application where the electronic assembly 10 is to be used (among other
factors).

[0049] It should be noted that one, some or all of the electronic
components may be the same (or different) type of electronic component. In
addition, one, some or all of the bridges 14 may be the same (or different) types
of bridges 14.

[0050] In some forms, an underfill material may be used to fill the gap

underneath the electronic components as well as any empty space between the
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sidewall of the bridge 14 and the edge of the cavity 12. As an example, a high
pressure curing process may be used to eliminate underfill voiding if required.
[0051] FIG. 8 is a flow diagram illustrating a method [800] of fabricating
an electronic assembly 10. The method [800] includes [810] forming a cavity 12
in an upper surface 18 of a substrate 11 (see FIG. 1), and [820] securing a bridge
14 within the cavity 12 in the upper surface 18 of the substrate 11 (see FIG. 4).
The method [800] further includes [830] attaching a first electronic component
16A to an upper surface 17 of the bridge 14 and an upper surface 18 of the
substratel1, and [840] attaching a second electronic component 16B to an upper
surface 17 of the bridge 14 and an upper surface 18 of the substrate 11 such that
the bridge 14 electrically connects the first electronic component 16A (e.g., a
first die) to the second electrical component 16B (e.g., a second die).

[0052] In some forms, [820] securing the bridge 14 within the cavity 12
in the upper surface 18 of the substrate 11 includes thermal compression bonding
the bridge 14 to the substrate 11. It should be noted that the bridge 14 may be
secured to the substrate 11 in any manner that is known now, or discovered in
the future.

[0053] In addition, [820] securing the bridge 14 within the cavity 12 in
the upper surface 18 of the substrate 11 may include aligning the upper surface
18 of the substrate 11 with the upper surface 17 of the bridge 14 (see FIG. 4).
The upper surface 17 of the bridge 14 may be aligned with the upper surface 18
of the substrate 11 using a thermal compression bonding fixture 15 to secure the
bridge 14 within the cavity 12 in the upper surface 18 of the substrate 11 (see
FIG. 4).

[0054] Although not shown in the FIGS., [810] forming a cavity 12 in
the upper surface 18 of the substrate 11 may include forming a plurality of
cavities in the upper surface 18 of the substrate 11. In addition, [820] securing
the bridge 14 within the cavity 12 and the substrate 11 may include securing a
plurality of bridges 14 within cavities 12 in the upper surface 18 of the substrate
11. It should be noted that securing the plurality of bridges within the cavities
12 may include simultaneously securing the plurality of bridges 14 within the
cavities 12 in the upper surface 18 the substrate 11.

[0055] In some forms, [830], [840] attaching the first and second
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electronic components 16A, 16B to the upper surface 17 of the bridge 14 may
include attaching at least three electronic components to the upper surface 17 of
at least one bridge 14 and the upper surface 18 of the substrate 11. The number
and type of electronic components that are attached to each bridge 14 will
depend in part on the overall configuration of the electronic assembly 10 as well
as the application where the electronic assembly 10 is to be used (among other
factors).

[0056] The electronic assemblies and methods described herein may be
relatively cost effective due to the elimination of any type of bridge embedding
process. The cost may be lowered in part due to the fact is that there are
typically yield losses associated with embedding bridges inside substrates.
[0057] In addition, the electronic assemblies and methods described
herein may provide better pitch scalability in the fine pitch region of the bridge
since the fine pitch area of the dies are directly connected to the bridge instead of
being connected through substrate routing layers. The improved pitch scaling
capability on the bridge is possible because standard fabrication processes may
be used to manufacture the bridge. The manufacturing processes that are used to
fabricate the bridge are typically significantly more accurate than the
manufacturing processes associated with fabricating the substrate.

[0058] FIG. 9 is a block diagram of an electronic apparatus 900
incorporating at least electronic assembly and/or method described herein.
Electronic apparatus 900 is merely one example of an electronic apparatus in
which forms of the electronic assemblies and/or methods described herein may
be used.

[0059] Examples of an electronic apparatus 900 include, but are not
limited to, personal computers, tablet computers, mobile telephones, game
devices, MP3 or other digital music players, wearable devices etc. In this
example, electronic apparatus 900 comprises a data processing system that
includes a system bus 902 to couple the various components of the electronic
apparatus 900. System bus 902 provides communications links among the
various components of the electronic apparatus 900 and may be implemented as
a single bus, as a combination of busses, or in any other suitable manner.

[0060] An electronic assembly 910 as describe herein may be coupled to
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system bus 902. The electronic assembly 910 may include any circuit or
combination of circuits. In one embodiment, the electronic assembly 910
includes a processor 912 which can be of any type. As used herein, “processor”
means any type of computational circuit, such as but not limited to a
microprocessor, a microcontroller, a complex instruction set computing (CISC)
microprocessor, a reduced instruction set computing (RISC) microprocessor, a
very long instruction word (VLIW) microprocessor, a graphics processor, a
digital signal processor (DSP), multiple core processor, or any other type of
processor or processing circuit.

[0061] Other types of circuits that may be included in electronic
assembly 910 are a custom circuit, an application-specific integrated circuit
(ASIC), or the like, such as, for example, one or more circuits (such as a
communications circuit 914) for use in wireless devices like mobile telephones,
tablet computers, laptop computers, two-way radios, and similar electronic
systems. The IC can perform any other type of function.

[0062] The electronic apparatus 900 may also include an external
memory 920, which in turn may include one or more memory elements suitable
to the particular application, such as a main memory 922 in the form of random
access memory (RAM), one or more hard drives 924, and/or one or more drives
that handle removable media 926 such as compact disks (CD), flash memory
cards, digital video disk (DVD), and the like.

[0063] The electronic apparatus 900 may also include a display device
916, one or more speakers 918, and a keyboard and/or controller 930, which can
include a mouse, trackball, touch screen, voice-recognition device, or any other
device that permits a system user to input information into and receive
information from the electronic apparatus 900.

[0064] To better illustrate the electronic assemblies and methods
disclosed herein, a non-limiting list of examples is provided here:

[0065] Example 1 includes an electronic assembly. The electronic
assembly includes a substrate that includes an upper surface; a bridge that
includes an upper surface; an adhesive that secures the bridge the substrate
within a cavity in the upper surface of the substrate; a first die attached to the

upper surface of the bridge and the upper surface of the substrate; and a second
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die attached to the upper surface of the bridge and the upper surface of the
substrate, wherein the bridge electrically connects the first die to the second die.
[0066] Example 2 includes the electronic assembly of example 1,
wherein the bridge is secured to the substrate with a snap cure adhesive.

[0067] Example 3 includes the electronic assembly of any one of
examples 1-2, wherein the bridge is a rectangle.

[0068] Example 4 includes the electronic assembly of any one of
examples 1-3, wherein the upper surface of the substrate is aligned with the
upper surface of the bridge.

[0069] Example 5 includes the electronic assembly of any one of
examples 1-4, wherein the bridge includes electrical interconnects that have a
pitch less than 50 micrometers.

[0070] Example 6 includes the electronic assembly of examples 1-5,
wherein the substrate is a printed circuit board, and wherein the bridge is secured
to the printed circuit board.

[0071] Example 7 includes the electronic assembly of any one of
examples 1-6, wherein the bridge includes electrical interconnects that have a
pitch less than 50 micrometers.

[0072] Example 8 includes the electronic assembly of any one of
examples 1-7, and further including at least one additional electronic component
attached to the upper surface of the bridge and the upper surface of the substrate.
[0073] Example 9 includes the electronic assembly of example §,
wherein the thermal conductor is a heat sink.

[0074] Example 10 includes the electronic assembly of example 8,
wherein the thermal conductor is entirely embedded within the substrate.
[0075] Example 11 includes the electronic assembly of example 8,
wherein the thermal conductor is attached to the lower surface of the bridge
using a thermally conductive adhesive.

[0076] Example 12 includes an electronic assembly. The electronic
assembly includes a substrate that includes an upper surface; a plurality of
bridges that each include an upper surface, the plurality of bridges being within
at least one cavity in the upper surface of the substrate, wherein an adhesive

secures the bridges within the cavity in the substrate; a plurality of first
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clectronic components, wherein each of the first electronic components is
attached to the upper surface of one of the bridges and the upper surface of the
substrate; and a plurality of second electronic components, wherein each of the
second electronic components is attached to the upper surface of one of the
bridges and the upper surface of the substrate, wherein the bridges electrically
connect the first electronic components to the second electronic components.
[0077] Example 13 includes the electronic assembly of example 12,
wherein at least some of the bridges are embedded within the same cavity in the
upper surface of the substrate.

[0078] Example 14 includes the electronic assembly of any one of
examples 12-13, wherein each of the bridges is embedded within a separate
cavity in the upper surface of the substrate.

[0079] Example 15 includes the electronic assembly of any one of
examples 12-14, wherein the upper surface of the substrate is aligned with the
upper surface of each of the bridges.

[0080] Example 16 includes the electronic assembly of any one of
examples 12-15, wherein the upper surface of the substrate is aligned with the
upper surface of each of the bridges.

[0081] Example 17 includes a method of fabricating an electronic
assembly. The method includes forming a cavity in an upper surface of the
substrate; using an adhesive to secure a bridge within the cavity in the upper
surface of the substrate; attaching a first electronic component to an upper
surface of the bridge and an upper surface of the substrate; and attaching a
second electronic component to an upper surface of the bridge and an upper
surface of the substrate such that the bridge electrically connects the first
clectronic component to the second electronic component.

[0082] Example 18 includes the method of example 17, wherein using an
adhesive to secure the bridge within the cavity in the upper surface of the
substrate includes using a thermal compression bonding fixture to secure the
bridge within the cavity in the upper surface of the substrate.

[0083] Example 19 includes the electronic assembly of any one of
examples 17-18, wherein using an adhesive to secure the bridge within the

cavity in the upper surface of the substrate includes aligning the upper surface of

13



WO 2017/111950 PCT/US2015/067418

10

15

20

25

30

the substrate with the upper surface of the bridge.

[0084] Example 20 includes the electronic assembly of any one of
examples 17-19, wherein forming a cavity in an upper surface of the substrate
includes forming a plurality of cavities in the upper surface of the substrate, and
wherein securing the bridge within the cavity includes securing a plurality of
bridges within the cavities in the substrate.

[0085] Example 21 includes the electronic assembly of example 20,
wherein using an adhesive to secure the plurality of bridges within the cavities in
the upper surface of the substrate includes simultaneously securing the plurality
of bridges within the cavities.

[0086] Example 22 includes the electronic assembly of any one of
examples 17-21, wherein attaching first and second electronic components to the
upper surface of the bridge includes attaching at least three electronic
components to the upper surface of at least one bridge and the upper surface of
the substrate.

[0087] This overview is intended to provide non-limiting examples of
the present subject matter. It is not intended to provide an exclusive or
exhaustive explanation. The detailed description is included to provide further
information about the electronic assemblies described herein.

[0088] The above detailed description includes references to the
accompanying drawings, which form a part of the detailed description. The
drawings show, by way of illustration, specific embodiments in which the
invention can be practiced. These embodiments are also referred to herein as
“examples.” Such examples can include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which
only those elements shown or described are provided. Moreover, the present
inventors also contemplate examples using any combination or permutation of
those elements shown or described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects thereof), or with respect
to other examples (or one or more aspects thereof) shown or described herein.
[0089] In this document, the terms “a” or “an” are used, as is common in
patent documents, to include one or more than one, independent of any other

instances or usages of “at least one” or “one or more.” In this document, the
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term “or” is used to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise indicated. In this
document, the terms “including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are open-ended, that
is, a system, device, article, composition, formulation, or process that includes
elements in addition to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the
terms “first,” “second,” and “third,” etc. are used merely as labels, and are not
intended to impose numerical requirements on their objects.

[0090] The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples (or one or more aspects
thereof) may be used in combination with each other. Other embodiments can
be used, such as by one of ordinary skill in the art upon reviewing the above
description.

[0091] The Abstract is provided to allow the reader to quickly ascertain
the nature of the technical disclosure. It is submitted with the understanding that
it will not be used to interpret or limit the scope or meaning of the claims.
[0092] Also, in the above Detailed Description, various features may be
grouped together to streamline the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature is essential to any claim. Rather,
inventive subject matter may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate
embodiment, and it is contemplated that such embodiments can be combined
with each other in various combinations or permutations. The scope of the
invention should be determined with reference to the appended claims, along

with the full scope of equivalents to which such claims are entitled.
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CLAIMS

1. An electronic assembly, comprising:

a substrate that includes an upper surface;

a bridge that includes an upper surface;

an adhesive that secures the bridge the substrate within a cavity in the
upper surface of the substrate;

a first die attached to the upper surface of the bridge and the upper
surface of the substrate; and

a second die attached to the upper surface of the bridge and the upper
surface of the substrate, wherein the bridge electrically connects the first die to

the second die.

2. The electronic assembly of claim 1, wherein the bridge is secured to the

substrate with a snap cure adhesive adhesive.

3. The electronic assembly of claim 1, wherein the bridge is a rectangle.

4. The electronic assembly of claim 1, wherein the upper surface of the

substrate is aligned with the upper surface of the bridge.

5. The electronic assembly of claim 1, wherein the bridge includes

electrical interconnects that have a pitch less than 50 micrometers.

6. The electronic assembly of claim 1, wherein the substrate is a printed

circuit board, and wherein the bridge is secured to the printed circuit board.

7. The electronic assembly of claim 1, further comprising at least one
additional electronic component attached to the upper surface of the bridge and

the upper surface of the substrate.

8. The electronic assembly of claim 1, further comprising a thermal

conductor attached to a lower surface of the bridge.

16



WO 2017/111950 PCT/US2015/067418

10

15

20

25

30

9. The electronic assembly of claim 8, wherein the thermal conductor is a
heat sink.
10. The electronic assembly of claim 8, wherein the thermal conductor is

entirely embedded within the substrate.

11. The electronic assembly of claim 8, wherein the thermal conductor is
attached to the lower surface of the bridge using a thermally conductive

adhesive.

12. An electronic assembly, comprising:

a substrate that includes an upper surface;

a plurality of bridges that each include an upper surface, the plurality of
bridges being within at least one cavity in the upper surface of the substrate,
wherein an adhesive secures the bridges within the at least one cavity in the
substrate;

a plurality of first electronic components, wherein each of the first
clectronic components is attached to the upper surface of one of the bridges and
the upper surface of the substrate; and

a plurality of second electronic components, wherein each of the second
clectronic components is attached to the upper surface of one of the bridges and
the upper surface of the substrate, wherein the bridges electrically connect the

first electronic components to the second electronic components.

13. The electronic assembly of claim 12, wherein at least some of the bridges

are embedded within the same cavity in the upper surface of the substrate.

14. The electronic assembly of claim 12, wherein each of the bridges is

embedded within a separate cavity in the upper surface of the substrate.

15. The electronic assembly of claim 12, wherein the upper surface of the

substrate is aligned with the upper surface of each of the bridges.
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16. The electronic assembly of claim 12, further comprising a plurality of
additional electronic components attached to the upper surface of one of the
bridges and the upper surface of the substrate, wherein at least one of the bridges
has at least three electronic components attached to the upper surface of one of

the bridges and the upper surface of the substrate.

17. A method of fabricating an electronic assembly, comprising:

forming a cavity in an upper surface of the substrate;

using an adhesive to secure a bridge within the cavity in the upper
surface of the substrate;

attaching a first electronic component to an upper surface of the bridge
and an upper surface of the substrate; and

attaching a second electronic component to an upper surface of the
bridge and an upper surface of the substrate such that the bridge electrically

connects the first electronic component to the second electronic component.

18. The method of claim 17, wherein using an adhesive to secure the bridge
within the cavity in the upper surface of the substrate includes using a thermal
compression bonding fixture to secure the bridge within the cavity in the upper

surface of the substrate.

19. The method of claim 17, wherein using an adhesive to secure the bridge
within the cavity in the upper surface of the substrate includes aligning the upper

surface of the substrate with the upper surface of the bridge.

20. The method of claim 17, wherein forming a cavity in an upper surface of
the substrate includes forming a plurality of cavities in the upper surface of the
substrate, and wherein securing the bridge within the cavity includes securing a

plurality of bridges within the cavities in the substrate.

21. The method of claim 20, wherein using an adhesive to secure the

plurality of bridges within the cavities in the upper surface of the substrate
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includes simultanecously securing the plurality of bridges within the cavities.

22. The method of claim 17, wherein attaching first and second electronic
components to the upper surface of the bridge includes attaching at least three
5 electronic components to the upper surface of at least one bridge and the upper

surface of the substrate.
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