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1
MULTI-DIE INTERCONNECT

FIELD OF DISCLOSURE
The present disclosure relates generally to semiconductor devices including multi-die
interconnects, package devices, and more specifically, but not exclusively, to multi-die
high density interconnects and multi-die high density interconnect package devices and

fabrication techniques thereof.

BACKGROUND

Integrated circuit technology has achieved great strides in advancing computing power
through miniaturization of active components. The various packaging technologies such
as multi-die packages can be found in many electronic devices, including processors,
servers, radio frequency (RF) integrated circuits, etc. High density interconnect
technology becomes cost-effective in high pin count devices. Advanced packaging and
processing techniques including high density interconnects allow for system on a chip
(SOC) devices, which may include multiple function blocks, with each function block
designed to perform a specific function, such as, for example, a microprocessor function,
a graphics processing unit (GPU) function, a communications function (e.g., Wi-Fi,
Bluetooth, and other communications), and the like.

Two main technologies have been offered in the industry to enable high density
interconnects in package design, (1) Chip-on-Wafer-on-Substrate (CoWoS) and (2)
Embedded Multi-die Interconnect Bridge (EMIB). Generally, the CoWoS configuration
provides an interposer which allows for a good silicon (Si) to Si bond. However, the use
of an interposer and through-silicon-vias increases the fabrication costs and package size.
The EMIB configuration provides a limited high density / fine pitch portion but suffers
from low yield due to the surface conditions (such as surface undulation) in the fine pitch
area.

Accordingly, there is a need for systems, apparatuses and methods that overcome the
deficiencies of conventional interconnect designs including the methods, systems and

apparatuses provided herein in the following disclosure.
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SUMMARY

The following presents a simplified summary relating to one or more aspects and/or
examples associated with the apparatus and methods disclosed herein. As such, the
following summary should not be considered an extensive overview relating to all
contemplated aspects and/or examples, nor should the following summary be regarded to
identify key or critical elements relating to all contemplated aspects and/or examples or
to delineate the scope associated with any particular aspect and/or example. Accordingly,
the following summary has the sole purpose to present certain concepts relating to one or
more aspects and/or examples relating to the apparatus and methods disclosed herein in a
simplified form to precede the detailed description presented below.

In accordance with the various aspects disclosed herein, at least one aspect includes, an
apparatus including a multi-die interconnect. The apparatus also includes a bridge die
having a first plurality of interconnects and a second plurality of interconnects. The
apparatus also includes a first die having a first plurality of contacts and a second plurality
of contacts, where the second plurality of contacts of the first die is coupled to the first
plurality of interconnects of the bridge die and where the second plurality of contacts of
the first die both have a smaller height than the first plurality of contacts of the first die;
and a second die having a first plurality of contacts and a second plurality of contacts,
where the second plurality of contacts of the second die is coupled to the second plurality
of interconnects of the bridge die and where the second plurality of contacts of the second
die both have a smaller height than the first plurality of contacts of the second die.

In accordance with the various aspects disclosed herein, at least one aspect includes a
method for fabricating an apparatus having a multi-die interconnect. The method also
includes providing a bridge die having a first plurality of interconnects and second
plurality of interconnects; providing a bridge die having a first plurality of interconnects
and a second plurality of interconnects. The method also includes coupling a first die
having a first plurality of contacts and a second plurality of contacts to the first plurality
of interconnects of the bridge die using the second plurality of contacts of the first die,
where the second plurality of contacts of the first die and first plurality of interconnects
have both a smaller height than the first plurality of contacts of the first die. The method
also includes coupling a second die having a first plurality of contacts and a second
plurality of contacts to the second plurality of interconnects of the bridge die using the

second plurality of contacts of the second die, where the second plurality of contacts of
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3
the second die and the second plurality of interconnects have both a smaller height than
the first plurality of contacts of the second die.
Other features and advantages associated with the apparatus and methods disclosed herein
will be apparent to those skilled in the art based on the accompanying drawings and

detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete appreciation of aspects of the disclosure and many of the attendant
advantages thereof will be readily obtained as the same becomes better understood by
reference to the following detailed description when considered in connection with the
accompanying drawings which are presented solely for illustration and not limitation of
the disclosure.
FIG. 1 illustrates a partial cross-sectional view of a multi-die high density interconnect in
accordance with at least one aspect of the disclosure.
FIG. 2 illustrates a partial image of a multi-die package in accordance with at least one
aspect of the disclosure.
FIGs. 3A-3H illustrate portions of a process of fabricating a multi-die package in
accordance with at least one aspect of the disclosure.
FIGs. 4A-4C illustrate portions of another process of fabricating a multi-die package in
accordance with at least one aspect of the disclosure.
FIG. 5 illustrates components of an integrated device in accordance with one or more
aspects of the disclosure.
FIG. 6 illustrates an exemplary mobile device in accordance with one or more aspects of
the disclosure.
FIG. 7 illustrates various electronic devices that may be integrated with any of the
aforementioned devices in accordance with one or more aspects of the disclosure.
FIG. 8 illustrates a flowchart of a method for manufacturing a device in accordance with
one or more aspects of the disclosure.
In accordance with common practice, the features depicted by the drawings may not be
drawn to scale. Accordingly, the dimensions of the depicted features may be arbitrarily
expanded or reduced for clarity. In accordance with common practice, some of the
drawings are simplified for clarity. Thus, the drawings may not depict all components of
a particular apparatus or method. Further, like reference numerals denote like features

throughout the specification and figures.
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DETAILED DESCRIPTION

Aspects of the present disclosure are illustrated in the following description and related
drawings directed to specific embodiments. Alternate aspects or embodiments may be
devised without departing from the scope of the teachings herein. Additionally, well-
known elements of the illustrative embodiments herein may not be described in detail or
may be omitted so as not to obscure the relevant details of the teachings in the present
disclosure.

In certain described example implementations, instances are identified where various
component structures and portions of operations can be taken from known, conventional
techniques, and then arranged in accordance with one or more exemplary embodiments.
In such instances, internal details of the known, conventional component structures and/or
portions of operations may be omitted to help avoid potential obfuscation of the concepts
illustrated in the illustrative embodiments disclosed herein.

The terminology used herein is for the purpose of describing particular embodiments only

and is not intended to be limiting. As used herein, the singular forms "a," "an," and "the"

are intended to include the plural forms as well, unless the context clearly indicates

otherwise. It will be further understood that the terms "comprises," "comprising,"
"includes," and/or "including," when used herein, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps, operations, elements,
components, and/or groups thereof.

Various aspects disclosed a molding process (e.g., with are-usable silicon or glass carrier)
to accurately secure active/logic dies during the bridge die attach process without
significant movement (such as, x axis movement, y axis movement and tilt). This can
facilitate a higher yield when attaching a bridge die to multiple dies in a multi-die
package. One or more bridge dies can be attached onto the molded and accurately secured
multi-die component to facilitate a high-density die-to-die interconnect. In accordance
with the various aspects disclosed, the processes/packaging architecture can be utilized to
improve the die attach yield when a fine bump pitch (e.g., 55 um) is being used. The
various aspects provide for improved interconnection and securing of dies and reduced
misalignment, which improves yield during the fine bump pitch die attach process.

In various aspects disclosed, molded multi-die arrangements are utilized for the bridge

die attach procedure to form the molded multi-die high-density interconnect packaging
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5
architecture discussed herein. A molded and accurately secured multi-die arrangement
facilitates attaching a bridge die with high-density interconnects. However, it will be
appreciated that the molding process is merely provided to aid the explanation and the
various aspects disclosed and should not be construed to be limited to these values or
example application.
In the various aspects disclosed, bridge dies with a fine bump pitch are directly attached
to the dies to form the molded multi-die high-density interconnect packaging architecture
discussed herein. Bridge dies with a fine bump pitch may be used in various applications,
such as high-bandwidth-memory. In some aspects, the fine bump pitch may be in the
range of 40 um to 55 um. However, it will be appreciated that the example range is
merely provided to aid in the explanation and the various aspects disclosed and claimed
should not be construed to be limited to these values or example application.
At least some benefits of the proposed packaging architecture include: (1) precise Si to Si
bond/attach with minimum misalignment (such as, x-axis y-axis misalignment and tilt) to
cause vield loss; (2) a high-density interconnect (bridge) provided to only in the limited
area of the bridge; and (3) no through-silicon-via among other benefits as will be
appreciated from disclosure provided herein.
FIG. 1 illustrates an apparatus having a molded multi-die high density interconnect 100,
according to one or more aspects of the disclosure. In some aspects, the molded multi-
die high density interconnect 100 includes a bridge die 140 having a first plurality of
interconnects 141 and second plurality of interconnects 142. In some aspects, the plurality
of interconnects may be coupled on at least one metallization layer of the bridge die. The
at least one metallization layer may include traces according to an application specific
routing pattern. The first plurality of interconnects 141 and second plurality of
interconnects 142 may be formed from any high conductive material, such as, copper
(Cu), aluminum (Al), silver (Ag), gold (Au) or other conductive materials, alloys, or
combinations thereof. Alternatively, or in addition, the first plurality of interconnects 141
and second plurality of interconnects 142 may be formed as die bumps, including, for
instance, wire stud bumps, plated bumps, and solder bumps.
A first die 110 has a first plurality of contacts 112 and a second plurality of contacts 114.
The second plurality of contacts 114 of the first die 110 may have a smaller height than
the first plurality of contacts 112. In some aspects, the first plurality of contacts 112 may
be copper pillar bumps. In some aspects, the second plurality of contacts 114 may be

pads. In other aspects, the first plurality of contacts 112 may be solder bumps, and the
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second plurality of contacts 114 may be wire stud bumps. The second plurality of contacts
114 is coupled to the first plurality of interconnects 141 of the bridge die 140. It will be
appreciated that the various aspects disclosed are not limited to a specific configuration
of the first die 110 contacts (112, 114) or bridge die 140.
A second die 120 has a first plurality of contacts 122 and a second plurality of contacts
124. The second plurality of contacts 124 may have a smaller height than the first
plurality of contacts 122. In some aspects, the first plurality of contacts 122 may be
copper pillar bumps. In some aspects, the second plurality of contacts 124 may be pads.
In other aspects, the first plurality of contacts 122 may be solder bumps, and the second
plurality of contacts 124 may be wire stud bumps. The second plurality of contacts 124 is
coupled to the second plurality of interconnects 142 of the bridge die 140. It will be
appreciated that the various aspects disclosed are not limited to a specific configuration
of the second die 120 contacts (122, 124) or bridge die 140 interconnects 142.
In some aspects, the first plurality of interconnects 141 of the bridge die 140 has a smaller
height than the first plurality of contacts 112 of the first die 110. Also, the first plurality
of interconnects 141 of the bridge die 140 has a smaller height than the first plurality of
contacts 122 of the second die 120.
In some aspects, the first plurality of contacts 112 of the first die 110 and the first plurality
of contacts 122 are of the second 120 die are coupled to a plurality of connectors (not
visible) on the outside of the multi-die package 100. In some aspects, the first plurality of
contacts 112 and 122 may be coupled to a package substrate to connectors on the outside
of the multi-die package 100. In other aspects, the first plurality of contacts 112 and 122
may be coupled to an (intermediate) interposer before coupling to connectors on the
outside of the multi-die package 100. In further aspects, the first plurality of contacts 112
and 122 may also be coupled via a passive network (e.g., resistances, capacitances and/or
inductances) to connectors on the outside of the multi-die package 100.
The first die 110 and second die 120 are embedded in a mold compound 130 to prevent
bridge die 140 misalignment. This is performed prior to the bridge die attachment (see
the fabrication process discussion below for details). The first plurality of interconnects
141 and second plurality of interconnects 142 of the bridge die 140 may be configured as
die bumps (e.g., small copper pillars with solder pads) with a fine pitch in the range of
approximately 40um to 55um. It will be appreciated that generally the pitch of
interconnects (141, 142) of the bridge die 140 and associated (logic) die contacts (114,
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124) is finer (i.e., smaller) than the pitch of the contacts (112, 122) not coupled to the
bridge die (140).
FIG. 2 illustrates an apparatus having a molded multi-die high density interconnect
package 200, according to one or more aspects of the disclosure. After attachment of the
bridge die 140 to first die 110 and the second die 120, the first plurality of interconnects
141 (not visible) and second plurality of interconnects 142 (not visible) of the bridge die
140 may be embedded in a first underfill 148. In some aspects, the first plurality of
contacts 112 of the first die 110 are copper pillars, which may have solder bumps 113,
and the second plurality of contacts 114 of the first die 110 are bumps with a fine pitch to
match the pitch of the bridge die interconnects (also embedded in the first underfill 148).
Likewise, the first plurality of contacts 122 of the second die 120 may be copper pillars,
which may have solder bumps 123, and the second plurality of contacts 124 of the second
die 120 are bumps with a fine pitch to match the pitch of the bridge die interconnects (also
embedded in the first underfill 148). As noted above, in alternative aspects, the second
plurality of contacts 114 and second plurality of contacts 124 may be pads with a fine
pitch to match the pitch of the bridge die interconnects 141, 142.
The package 200 may further include a package substrate 160 having a cavity 165 and a
plurality of contact pads 162. The bridge die 140 is embedded in the cavity 165 and may
be attached with adhesive 166. The plurality of contact pads 162 is coupled to the first
plurality of contacts 112 of the first die 110 and the first plurality of contacts 122 of the
second die 120. An optional second underfill 150 may be disposed between the mold
compound 130 and the package substrate 160. In some aspects, as illustrated, the second
underfill 150 encapsulates at least a portion of the plurality of contact pads 162, the first
plurality of contacts 112 of the first die 110, the first plurality of contacts 122 of the
second die 120 and the first underfill 148.
It will be appreciated that the multi-die package 200 has a plurality of connectors 170 on
the outside of the multi-die package 200 that allow for the package 200 to be coupled to
external devices. The plurality of connectors 170 is illustrated as a ball grid array (BGA)
having a plurality of solder balls. Further, it will be appreciated that at least some of
plurality of contact pads 162 are electrically coupled to some of the connectors 170
(through internal package routing not illustrated for simplicity). Additionally, it will be
appreciated that a plurality of contact pads 162 is electrically coupled to both the first die
110 and the second die 120 and through them to the bridge die 140. Specifically, the
plurality of contact pads 162 can be coupled to the first plurality of contacts 112 of the
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first die 110 using the solder pads / bumps 113 and the first plurality of contacts 122 of
the second die 120 using the solder pads / bumps 123. The first plurality of contacts 112
of the first die 110 are coupled to pads 111, which in turn may be coupled electrically to
conductive layers (e.g., through internal package routing) within the first die 110 and/or
through internal package routing within the multi-die package 200 (not illustrated for
simplicity), to the bridge die 140. Likewise, the second plurality of contacts 122 of the
second die 120 are coupled to pads 121, which in turn may be coupled electrically
conductive layers within the second die 120 and/or through internal package routing
within the multi-die package 200 (not illustrated for simplicity) to the bridge die 140.
Accordingly, the multi-die package 200 configuration allows for signaling and power to
be distributed as needed withing the multi-die package 200 and to external devices.
However, it will be appreciated that various aspects provided herein are solely for
illustration and should not be construed to limit the various aspects disclosed and claimed.
The contact pads 162, contacts 112 and 122, and pads 111 and 121 may be formed from
any high conductive material, such as, copper (Cu), aluminum (Al), silver (Ag), gold (Au)
or other conductive materials, alloys, or combinations thereof. For example, different
types of connectors and/or contacts, materials and configurations may be used, as is
known, so long as the configuration provides the functional electrical coupling of the dies
internal to the package and to external devices.
In order to fully illustrate aspects of the design of the present disclosure, methods of
fabrication are presented. Other methods of fabrication are possible and the discussed
fabrication methods are presented only to aid understanding of the concepts disclosed
herein.
FIG. 3A illustrates a portion of a process of fabricating a multi-die package 300, for
instance, having a molded multi-die high density interconnect package 300 in accordance
with at least one aspect of the disclosure. The process begins with die placement and
attachment of the first die 310 and the second die 320 attached to a temporary support
film 302 disposed on a carrier 301.
[0038] FIG. 3B illustrates a portion of the process of fabricating the multi-die package
300, having a molded multi-die high density interconnect in accordance with at least one
aspect of the disclosure. The process continues with the first die 310 and the second die
320 attached to the temporary support film 302 disposed on a carrier 301. In this portion,
a molding process is performed to embed the first die 310 and second die 320 in a mold

compound 330 to prevent misalignment of the dies during further processing.
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[0039] FIG. 3C illustrates a portion of the process of fabricating the multi-die package 300,
having a molded multi-die high density interconnect in accordance with at least one aspect
of the disclosure. The process continues with the first die 310 and the second die 320
embedded in mold compound 330. In this portion, the first die 310 and the second die
320 are flipped upside-down and attached to a temporary support film 302 disposed on
a carrier 301°. This exposes the pads 311 of the first die 310 and pads 321 of the second
die 320 for further processing.

[0040] FIG. 3D illustrates a portion of the process of fabricating the multi-die package 300,
having a molded multi-die high density interconnect in accordance with at least one aspect
of the disclosure. The process continues with the first die 310 and the second die 320
embedded in mold compound 330 flipped upside down and attached to the temporary
support film 302° disposed on the carrier 301°. In this portion, a photoresist 345 is
deposited over the pads 311 of the first die 310 and pads 321 of the second die 320 and
patterned to provide access to the pads 311 of the first die 310 and pads 321 of the second
die 320 for further processing.

[0041] FIG. 3E illustrates a portion of the process of fabricating the multi-die package 300,
having a molded multi-die high density interconnect in accordance with at least one aspect
of the disclosure. The process continues with the first die 310 and the second die 320
embedded in mold compound 330 flipped upside down and attached to the temporary
support film 302 disposed on the carrier 301°. In this portion, a first plurality of contacts
312 of the first die 310 are formed on the pads 311 in openings of the photoresist 345.
Also, a first plurality of contacts 322 of the second die 320 are formed on the pads 321 in
openings of the photoresist 345. In some aspects, the first plurality of contacts 312 of the
first die 310 are copper pillars, which may have solder bumps 313. Likewise, the first
plurality of contacts 322 of the second die 320 may also be copper pillars, which may
have solder bumps 323. In some aspects, since the first plurality of contacts 312 of the
first die 310 are formed through openings of the photoresists 345, this ensures that a
second plurality of contacts of the first die 310 (such as, for instance, the pads which of
the first die 310 which are not exposed by the photoresist 345) have a smaller height than
the first plurality of contacts 312. Likewise, since the first plurality of contacts 322 of the
second die 320 are (also) formed through openings of the photoresists 345, this ensures
that a second plurality of contacts of the second die 320 (such as, for instance, the pads
which of the second die 320 which are not exposed by the photoresist 345) have a smaller
height than the first plurality of contacts 312.
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[0042] FIG. 3F illustrates a portion of the process of fabricating the multi-die package 300,
having a molded multi-die high density interconnect in accordance with at least one aspect
of the disclosure. The process continues with the first die 310 and the second die 320
embedded in mold compound 330 flipped upside down and attached to the temporary
support film 302 disposed on the carrier 301°. In this portion, the photoresist is removed
and the first plurality of contacts 312 of the first die 310 and the first plurality of contacts
322 of the second die 320 are exposed. A bridge die 340 having a first plurality of
interconnects 341 and second plurality of interconnects 342 is coupled to the first die 310
and second die 320. In some aspects, the first plurality of interconnects 341 and the
second plurality of interconnects 342 may be wire stud bumps, copper pillars, which may
have solder bumps, or any suitable bumping / connection configuration. In this
configuration, the second plurality of contacts 314 of the first die 310 and the second
plurality of contacts 324 of the second die 320 may be pads. The coupling of the
interconnects 341 and contacts 314 and interconnects 342 and contacts 324 may be
performed by a solder reflow, thermo-compression process, or any other suitable process.
However, it will be appreciated the various aspects disclosed herein are not limited to the
illustrated configuration. Any suitable electrical coupling technique may be used to
couple the first plurality of interconnects 341 to the second plurality of contacts 314 of
the first die 310 and the second plurality of interconnects 342 to the second plurality of
contacts 324 or the second die 320. Further, a first underfill 348 is applied to embed the
electrical couplings and provide additional mechanical stability of the die bridge 340 for
further processing. In some aspects, since the first plurality of interconnects 341 of the
bridge die 340 is formed using a separate processing step (and further using a different
type of coupling technique), this allows for the first plurality of interconnects 341 having
a smaller height than the first plurality of contact 312 of the first die 310 (such as, for
instance, the copper pillars which may have solder bumps 313). Likewise, since the
second plurality of interconnects 342 of the bridge die 340 is (also) formed using a
separate processing step (and further using a different type of coupling technique), this
allows for the second plurality of interconnects 342 having a smaller height than the first
plurality of contact 322 of the second die 320 (such as, for instance, the copper pillars
which may have solder bumps 323).

[0043] FIG. 3G illustrates a portion of the process of fabricating the multi-die package 300,
having a molded multi-die high density interconnect in accordance with at least one aspect

of the disclosure. The process continues with the first die 310 and the second die 320
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embedded in mold compound 330 flipped upside down and attached to the temporary
support film 302" disposed on the carrier 301°. The bridge die 340 is coupled to the first
die 310 and second die 320. In this portion, a package substrate 360 having a cavity 365
is provided. The package substrate 360 is coupled to the bridge die 340 using an adhesive
366. The package substrate 360 is also coupled using pads 362 to the first plurality of
contacts 312 of the first die 310 and the first plurality of contacts 322 of the second die
320. The coupling of the pads 362 to contacts 312 and 322 may be performed by a solder
reflow process or any other suitable process. It will be appreciated the various aspects
disclosed herein are not limited to the illustrated configuration. It will be appreciated that
the adhesive and the pad coupling discussed in the foregoing are provided merely as
examples and other bonding techniques may be used in accordance with the various
aspects disclosed.

[0044] FIG. 3H illustrates a portion of the process of fabricating the multi-die package 300,
having a molded multi-die high density interconnect in accordance with at least one aspect
of the disclosure. The process continues with the first die 310 and the second die 320
embedded in mold compound 330 flipped upside down. The bridge die 340 is coupled to
the first die 310 and second die 320. The package substrate 360 has a cavity 365 in which
the bridge die 340 is embedded. The package substrate 360 is coupled to the first plurality
of contacts 312 of the first die 310 and the first plurality of contacts 322 of the second die
320. In this portion, an optional second underfill 350 is disposed between the package
substrate 360 and the first die 310 and the second die 320 embedded in mold compound
330. In this portion of the process, the optional second underfill 350 embeds the contacts
(312 and 322) and bridge die 340 with first underfill 348. A ball attached process can be
used to form the external connectors 370 (such as, solder balls, BGA, and the like) that
are attached to the package substrate 360 using conventional techniques. However, it will
be appreciated that other external connectors 370 can be used and the various aspects are
not limited to the illustrated example. Further, the temporary support film 302 and carrier
301" (not illustrated) are removed. It will be appreciated that resulting multi-die package
300 is similar to the multi-die package 200 of FIG. 2, except it is flipped upside down.

[0045] FIG. 4A illustrates a portion of another process of fabricating a multi-die package 400,
having a molded multi-die high density interconnect in accordance with at least one aspect
of the disclosure. The initial fabrication process is similar to those portions detailed above
with respect to FIG. 3A to FIG. 3E and therefore a repetition of those processes will not

be repeated. Accordingly, the process continues with the first die 410 and the second die
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420 embedded in mold compound 430 flipped upside down and attached to the temporary
support film 402 disposed on a carrier 401. In this portion, the photoresist (not illustrated)
was removed and the first plurality of contacts 412 of the first die 410 and a first plurality
of contacts 422 of the second die 420 are exposed. A bridge die 440 having a first plurality
of interconnects 441 is coupled to the first die 410 and second plurality of interconnects
442 of bridge die 440 is coupled to the second die 420. In some aspects, the first plurality
of interconnects 441 and the second plurality of interconnects 442 may be wire stud
bumps, copper pillars, which may have solder bumps, or any suitable bumping /
connection configuration. In this configuration, the second plurality of contacts 414 of
the first die 410 and the second plurality of contacts 424 of the second die may be pads to
allow for coupling to the interconnects 441 and 442. The coupling of the interconnects
441 and contacts 414 and interconnects 442 and contacts 424 may be performed by a
solder reflow, thermo-compression process or any other suitable process. However, it
will be appreciated the various aspects disclosed herein are not limited to the illustrated
configuration. It will be appreciated in this configuration no underfill is applied. In some
aspects, since the first plurality of interconnects 441 of the bridge die 440 is formed using
a separate processing step (and further using a different type of coupling technique), this
enables that the first plurality of interconnects 441 has a smaller height than the first
plurality of contact 412 of the first die 410 (such as, for instance, copper pillars which
may have solder bumps). Likewise, since the second plurality of interconnects 442 of the
bridge die 440 is (also) formed using a separate processing step (and further using a
different type of coupling technique), this felicitates that the second plurality of contacts
442 has a smaller height than the first plurality of contact 422 of the second die 420 (such
as, for instance, copper pillars which may have solder bumps).

[0046] FIG. 4B illustrates a portion of the process of fabricating the multi-die package 400 having
a molded multi-die high density interconnect in accordance with at least one aspect of the
disclosure. The process continues with the first die 410 and the second die 420 embedded
in mold compound 430 flipped upside down and attached to the temporary support film
402 disposed on the carrier 401. The bridge die 440 is coupled to the first die 410 and
second die 420. In this portion, a package substrate 460 having a cavity 465 is provided.
The package substrate 460 is coupled to the bridge die 440 using an adhesive 466. The
package substrate 460 is also coupled, using pads 462, to the first plurality of contacts
412 of the first die 410 and the first plurality of contacts 422 of the second die 420. The
coupling of the pads 462 to contacts 412 and 422 may be performed by a solder reflow
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process or any other suitable process. Accordingly, it will be appreciated the various
aspects disclosed herein are not limited to the illustrated configurations. It will be
appreciated that the adhesive and the pad coupling discussed in the foregoing are provided
merely as examples and other bonding techniques may be used in accordance with the
various aspects disclosed.

[0047] FIG. 4C illustrates a portion of the process of fabricating the multi-die package 400 having
a molded multi-die high density interconnect in accordance with at least one aspect of the
disclosure. The process continues with the first die 410 and the second die 420 embedded
in mold compound 430 flipped upside down. The bridge die 440 is coupled to the first die
410 and second die 420. The package substrate 460 has a cavity 465 in which the bridge
die 440 is embedded. The package substrate 460 is coupled to the first plurality of
contacts 412 of the first die 410 and the first plurality of contacts 422 of the second die
420. In this portion, an underfill 450 is disposed between the package substrate 460 and
the first die 410 and the second die 420 embedded in mold compound 430. The underfill
450 also embeds the contacts (412 and 422) and bridge die 440. The solder balls of the
BGA 470 are attached to the package substrate on the outside of the multi-die package
400 using conventional techniques. Further, the temporary support film 402 and carrier
401 are removed. It will be appreciated that resulting multi-die package 400 is similar to
the multi-die package 200 of FIG. 2, except there is no separate underfill applied to bridge
die 440 and the package is flipped upside down.

[0048] It will be appreciated that the foregoing fabrication process was provided merely as a
general illustration of some of the aspects of the disclosure and is not intended to limit the
disclosure or accompanying claims. Further, many details in the fabrication process
known to those skilled in the art may have been omitted or combined in summary process
portions to facilitate an understanding of the various aspects disclosed without a detailed
rendition of each detail and/or all possible process variations.

[0049] FIG. 5 illustrates components of an integrated device 500 according to one or more
aspects of the disclosure. Regardless of the various configurations of the packages (e.g.,
packages 200, 300 and 400) discussed above, it will be appreciated that the package 501
has similar features and accordingly the details will not be provided here. The package
501 may be configured to couple to a PCB 590. The PCB 590 is also coupled to a power
supply 580 (e.g., a power management integrated circuit (PMIC)), which allows the
package 501 to be electrically coupled to the PMIC 580. Specifically, one or more power
supply (VDD) lines 591 and one or more ground (GND) lines 592 may be coupled to the
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PMIC 580 to distribute power to the PCB 590, package 501 via VDD BGA pin 525 and
GND BGA pin 527. The VDD line 591 and GND line 592 each may be formed from
traces, shapes, or patterns in one or more metal layers of the PCB 590 (e.g., layers 1-6)
coupled by one or more vias through insulating layers separating the metal layers 1-6 in
the PCB 590. The PCB 590 may have one or more PCB capacitors (PCB cap) 595 that
can be used to condition the power supply signals, as is known to those skilled in the art.
Additional connections and devices may be coupled to and/or pass through the PCB 590
to the package 501 via one or more additional BGA pins on the package 501. It will be
appreciated that the illustrated configuration and descriptions are provided merely to aid
in the explanation of the various aspects disclosed herein. For example, the PCB 590 may
have more or less metal and insulating layers, there may be multiple lines providing power
to the various components, etc. Accordingly, the forgoing illustrative examples and
associated figures should not be construed to limit the various aspects disclosed and
claimed herein

[0050] FIG. 6 illustrates an exemplary mobile device in accordance with some examples of the
disclosure. Referring now to FIG. 6, a block diagram of a mobile device that is configured
according to exemplary aspects is depicted and generally designated mobile device 600.
In some aspects, mobile device 600 may be configured as a wireless communication
device. As shown, mobile device 600 includes processor 601. Processor 601 may be
communicatively coupled to memory 632 over a link, which may be a die-to-die or chip-
to-chip link. Mobile device 600 also includes display 628 and display controller 626,
with display controller 626 coupled to processor 601 and to display 628.

[0051] In some aspects, FIG. 6 may include coder/decoder (CODEC) 634 (e.g., an audio and/or
voice CODEC) coupled to processor 601; speaker 636 and microphone 638 coupled to
CODEC 634; and wireless circuits 640 (which may include a modem, RF circuitry, filters,
etc.) coupled to wireless antenna 642 and to processor 601.

[0052] In a particular aspect, where one or more of the above-mentioned blocks are present,
processor 601, display controller 626, memory 632, CODEC 634, and wireless circuits
640 can be included in a system-in-package or system-on-chip device 622 which may be
implemented in whole or part using the molded multi-die high density interconnect
package (e.g., 200, 300, 400) and techniques disclosed herein. Input device 630 (e.g.,
physical, or virtual keyboard), power supply 644 (e.g., battery), display 628, input device
630, speaker 636, microphone 638, wireless antenna 642, and power supply 644 may be
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external to system-on-chip device 622 and may be coupled to a component of system-on-
chip device 622, such as an interface or a controller.

[0053] It should be noted that although FIG. 6 depicts a mobile device 600, processor 601 and
memory 632 may also be integrated into a set top box, a music player, a video player, an
entertainment unit, a navigation device, a personal digital assistant (PDA), a fixed location
data unit, a computer, a laptop, a tablet, a communications device, a mobile phone, or
other similar devices.

[0054] FIG. 7 illustrates various electronic devices that may be integrated with any of the
aforementioned integrated device, package, or semiconductor device in accordance with
various examples of the disclosure. For example, a mobile phone device 702, a laptop
computer device 704, and a fixed location terminal device 706 may each be considered
generally user equipment (UE) and may include a multi-die package 700 as described
herein, which may be similar to molded multi-die packages 200, 300 and 400 described
herein. The devices 702, 704, 706 illustrated in FIG. 7 are merely exemplary. Other
electronic devices may also feature the molded multi-die high density interconnect device
700 including, but not limited to, a group of devices (e.g., electronic devices) that includes
mobile devices, hand-held personal communication systems (PCS) units, portable data
units such as personal digital assistants, global positioning system (GPS) enabled devices,
navigation devices, set top boxes, music players, video players, entertainment units, fixed
location data units such as meter reading equipment, communications devices,
smartphones, tablet computers, computers, wearable devices, servers, routers, electronic
devices implemented in automotive vehicles (e.g., autonomous vehicles), an Internet of
things (IoT) device or any other device that stores or retrieves data or computer
instructions or any combination thereof.

[0055] The foregoing disclosed devices and functionalities may be designed and configured into
computer files (e.g., register-transfer level (RTL), Geometric Data Stream (GDS) Gerber,
and the like) stored on computer-readable media. Some or all such files may be provided
to fabrication handlers who fabricate devices based on such files. Resulting products may
include semiconductor wafers that are then cut into semiconductor die and packaged into
semiconductor packages, integrated devices, system-on-chip devices, and the like, which
may then be employed in the various devices described herein.

[0056] It will be appreciated that various aspects disclosed herein can be described as functional
equivalents to the structures, materials and/or devices described and/or recognized by

those skilled in the art. For example, in one aspect, an apparatus may comprise a means
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for performing the various functionalities discussed above. It will be appreciated that the
aforementioned aspects are merely provided as examples and the various aspects claimed

are not limited to the specific references and/or illustrations cited as examples.

[0057] In accordance with the various aspects disclosed herein, at least one aspect includes an

apparatus comprising a molded multi-die high density interconnect (e.g., 100, 200, 300,
400 and 501) including: a bridge die (e.g., 140, 340, 440) having a first plurality of
interconnects (e.g., 141, 341, 441) and second plurality of interconnects (e.g., 142, 342,
442); a first die (e.g., 110, 310, 410) having a first plurality of contacts (e.g., 112, 312,
412) and a second plurality of contacts (e.g., 114, 314, 414). The second plurality of
contacts is coupled to the first plurality of interconnects of the bridge die. The coupled
second plurality of contacts and first plurality of interconnects have a smaller height than
the first plurality of contacts of the first die. A second die (e.g., 120, 320, 420) having a
first plurality of contacts (e.g., 122, 322, 422) and a second plurality of contacts (e.g., 124,
324, 424). The second plurality of contacts is coupled to the second plurality of
interconnects of the bridge die. The coupled second plurality of contacts and second
plurality of interconnects have a smaller height than the first plurality of contacts of the

second die.

[0058] Among the various technical advantages, the various aspects disclosed provide, in at least

[0059]

some aspects, the direct coupling of the bridge die to the first die and the second die allows
for areduced height of the connections between the bridge die and the first die and second
die. Additionally, the precise placement of the bridge die, the first die and second die
allow for a finer pitch of connections. Further, having the bridge die (e.g., 140, 340, 440)
embedded in a cavity in the substrate allows for additional package height reduction.
Other technical advantages will be recognized from various aspects disclosed herein and
these technical advantages are merely provided as examples and should not be construed
to limit any of the various aspects disclosed herein.

It will be appreciated from the foregoing that there are various methods for fabricating
multi-die packages disclosed herein. FIG. 8 illustrates a flowchart of a method 800 for
fabricating an apparatus having a molded multi-die high density interconnect package.
The method includes, in block 802, providing a bridge die (e.g., 140) having a first
plurality of interconnects (e.g., 141) and second plurality of interconnects (e.g., 142). In
block 804, the process continues with coupling a first die (e.g., 110) having a first plurality
of contacts (e.g., 112) and a second plurality of contacts (e.g., 114) to the first plurality of

interconnects of the bridge die, where the coupled second plurality of contacts and first
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plurality of interconnects have a smaller height than the first plurality of contacts of the
first die. In block 806, the process continues with coupling a second die (e.g., 120) having
a first plurality of contacts (e.g., 122) and a second plurality of contacts (e.g., 124) to the
second plurality of interconnects of the bridge die, where the coupled second plurality of
contacts and second plurality of interconnects have a smaller height than the first plurality
of contacts of the second die.
Accordingly, it will be appreciated from the foregoing disclosure that additional processes
for fabricating the various aspects disclosed herein will be apparent to those skilled in the
art and a literal rendition of the processes discussed above will not be provided or
illustrated in the included drawings.
One or more of the components, processes, features, and/or functions illustrated in FIGs.
1-8 may be rearranged and/or combined into a single component, process, feature, or
function or incorporated in several components, processes, or functions. Additional
elements, components, processes, and/or functions may also be added without departing
from the disclosure. It should also be noted that FIGs. 1-8 and corresponding description
in the present disclosure are not limited to dies and/or ICs. In some implementations,
FIGs. 1-8 and its corresponding description may be used to manufacture, create, provide,
and/or produce integrated devices. In some implementations, a device may include a die,
an integrated device, a die package, an integrated circuit (IC), a device package, an
integrated circuit (IC) package, a wafer, a semiconductor device, or a package on package
(PoP) device.

2 <<

As used herein, the terms “user equipment” (or “UE”), “user device,” “user terminal,”
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“client device,” “communication device,” “wireless device,” “wireless communications
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device,” “handheld device,” “mobile device,” “mobile terminal,” “mobile station,”
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“handset,” “access terminal,” “subscriber device,” “subscriber terminal,” “subscriber
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station,” “terminal,” and variants thereof may interchangeably refer to any suitable mobile
or stationary device that can receive wireless communication and/or navigation signals.
These terms include, but are not limited to, a music player, a video player, an
entertainment unit, a navigation device, a communications device, a smartphone, a
personal digital assistant, a fixed location terminal, a tablet computer, a computer, a
wearable device, a laptop computer, a server, an automotive device in an automotive
vehicle, and/or other types of portable electronic devices typically carried by a person
and/or having communication capabilities (e.g., wireless, cellular, infrared, short-range

radio, etc.). These terms are also intended to include devices which communicate with
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another device that can receive wireless communication and/or navigation signals such as
by short-range wireless, infrared, wireline connection, or other connection, regardless of
whether satellite signal reception, assistance data reception, and/or position-related
processing occurs at the device or at the other device. UEs can be embodied by any of a
number of types of devices including but not limited to printed circuit (PC) cards, compact
flash devices, external or internal modems, wireless or wireline phones, smartphones,
tablets, consumer tracking devices, asset tags, and so on.
The wireless communication between electronic devices can be based on different
technologies, such as code division multiple access (CDMA), W-CDMA, time division
multiple access (TDMA), frequency division multiple access (FDMA), Orthogonal
Frequency Division Multiplexing (OFDM), Global System for Mobile Communications
(GSM), 3GPP Long Term Evolution (LTE), 5G New Radio, Bluetooth (BT), Bluetooth
Low Energy (BLE), IEEE 802.11 (WiFi), and IEEE 802.15.4 (Zigbee/Thread) or other
protocols that may be used in a wireless communications network or a data
communications network. Bluetooth Low Energy (also known as Bluetooth LE, BLE, and
Bluetooth Smart).
The word “exemplary” is used herein to mean “serving as an example, instance, or
illustration.” Any details described herein as “exemplary” is not to be construed as
advantageous over other examples. Likewise, the term “examples™ does not mean that
all examples include the discussed feature, advantage, or mode of operation. Furthermore,
a particular feature and/or structure can be combined with one or more other features
and/or structures. Moreover, at least a portion of the apparatus described hereby can be
configured to perform at least a portion of a method described hereby.
It should be noted that the terms "connected," "coupled," or any variant thereof, mean any
connection or coupling, either direct or indirect, between elements, and can encompass a
presence of an intermediate element between two elements that are "connected" or
"coupled" together via the intermediate element unless the connection is expressly
disclosed as being directly connected.
Any reference herein to an element using a designation such as "first," "second," and so
forth does not limit the quantity and/or order of those elements. Rather, these designations
are used as a convenient method of distinguishing between two or more elements and/or
instances of an element. Also, unless stated otherwise, a set of elements can comprise one

or more elements.
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Those skilled in the art will appreciate that information and signals may be represented
using any of a variety of different technologies and techniques. For example, data,
instructions, commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by voltages, currents,
electromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof.
Nothing stated or illustrated depicted in this application is intended to dedicate any
component, action, feature, benefit, advantage, or equivalent to the public, regardless of
whether the component, action, feature, benefit, advantage, or the equivalent is recited in
the claims.
Further, those of skill in the art will appreciate that the various illustrative logical blocks,
modules, circuits, and algorithm actions described in connection with the examples
disclosed herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and actions have
been described above generally in terms of their functionality. Whether such functionality
is implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the scope
of the present disclosure.
Although some aspects have been described in connection with a device, it goes without
saying that these aspects also constitute a description of the corresponding method, and
so a block or a component of a device should also be understood as a corresponding
method action or as a feature of a method action. Analogously thereto, aspects described
in connection with or as a method action also constitute a description of a corresponding
block or detail or feature of a corresponding device. Some or all of the method actions
can be performed by a hardware apparatus (or using a hardware apparatus), such as, for
example, a microprocessor, a programmable computer or an electronic circuit. In some
examples, some or a plurality of the most important method actions can be performed by
such an apparatus.
In the detailed description above it can be seen that different features are grouped together
in examples. This manner of disclosure should not be understood as an intention that the

example clauses have more features than are explicitly mentioned in each clause. Rather,
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the various aspects of the disclosure may include fewer than all features of an individual
example clause disclosed. Therefore, the following clauses should hereby be deemed to
be incorporated in the description, wherein each clause by itself can stand as a separate
example. Although each dependent clause can refer in the clauses to a specific
combination with one of the other clauses, the aspect(s) of that dependent clause are not
limited to the specific combination. It will be appreciated that other example clauses can
also include a combination of the dependent clause aspect(s) with the subject matter of
any other dependent clause or independent clause or a combination of any feature with
other dependent and independent clauses. The various aspects disclosed herein expressly
include these combinations, unless it is explicitly expressed or can be readily inferred that
a specific combination is not intended (e.g., contradictory aspects, such as defining an
element as both an insulator and a conductor). Furthermore, itis also intended that aspects
of a clause can be included in any other independent clause, even if the clause is not
directly dependent on the independent clause.

[0072] Implementation examples are described in the following numbered clauses:

Clause 1. An apparatus comprising a multi-die interconnect comprising: a bridge die having a
first plurality of interconnects and a second plurality of interconnects; a first die having a
first plurality of contacts and a second plurality of contacts, wherein the second plurality
of contacts of the first die is coupled to the first plurality of interconnects of the bridge
die and wherein the second plurality of contacts of the first die both have a smaller height
than the first plurality of contacts of the first die; and a second die having a first plurality
of contacts and a second plurality of contacts, wherein the second plurality of contacts of
the second die is coupled to the second plurality of interconnects of the bridge die and
wherein the second plurality of contacts of the second die both have a smaller height than

the first plurality of contacts of the second die.

Clause 2. The apparatus of clause 1, wherein the first die and second die are embedded in a mold

compound.

Clause 3. The apparatus of any of clauses 1 to 2, wherein the first plurality of interconnects and
second plurality of interconnects of the bridge die have a smaller pitch than the first

plurality of contacts of the first die and the first plurality of contacts of the second die.

Clause 4. The apparatus of clause 3, wherein the first plurality of interconnects and second
plurality of interconnects of the bridge die are configured as die bumps with a pitch in a

range of 40 pm to 55 pm.
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Clause 5. The apparatus of clause 4, wherein the second plurality of contacts of the first die are

pads and the second plurality of contacts of the second die are pads.

Clause 6. The apparatus of any of clauses 1 to 5, wherein the first plurality of interconnects and

second plurality of interconnects of the bridge die are embedded in a first underfill.

Clause 7. The apparatus of any of clauses 1 to 6, further comprising: a package substrate having
a cavity and a plurality of pads, wherein the bridge die is disposed at least partially in the
cavity, and wherein the plurality of pads is coupled to the first plurality of contacts of the

first die and the first plurality of contacts of the second die.

Clause 8. The apparatus of clause 7, further comprising: a second underfill, wherein the first
plurality of contacts of the first die and the first plurality of contacts of the second die are

embedded in the second underfill.

Clause 9. The apparatus of any of clauses 7 to 8, further comprising: a plurality of connectors

external to the package substrate, wherein a least one of the plurality of pads is.

Clause 10. The apparatus of any of clauses 1 to 9, wherein a combined height of the first plurality
of interconnects of the bridge die and the second plurality of contacts of the first die is

smaller than a height the first plurality of contacts of the first die.

Clause 11. The apparatus of any of clauses 1 to 10, wherein a combined height of the second
plurality of interconnects of the bridge die and the second plurality of contacts of the

second die is smaller than a height of the first plurality of contacts of the second die.

Clause 12. The apparatus of any of clauses 1 to 11, wherein the apparatus is selected from the
group consisting of a music player, a video player, an entertainment unit, a navigation
device, a communications device, a mobile device, a mobile phone, a smartphone, a
personal digital assistant, an access point, a fixed location terminal, a tablet computer, a
computer, a wearable device, an Internet of things (IoT) device, a laptop computer, a

server, a base station, and a device in an automotive vehicle.

Clause 13. A method for fabricating an apparatus having a multi-die interconnect, the method
comprising: providing a bridge die having a first plurality of interconnects and second
plurality of interconnects; providing a bridge die having a first plurality of interconnects
and a second plurality of interconnects; coupling a first die having a first plurality of
contacts and a second plurality of contacts to the first plurality of interconnects of the

bridge die using the second plurality of contacts of the first die, wherein the second
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plurality of contacts of the first die and first plurality of interconnects have both a smaller
height than the first plurality of contacts of the first die; and coupling a second die having
a first plurality of contacts and a second plurality of contacts to the second plurality of
interconnects of the bridge die using the second plurality of contacts of the second die,
wherein the second plurality of contacts of the second die and the second plurality of

interconnects have both a smaller height than the first plurality of contacts of the second
die.

Clause 14. The method of clause 13, further comprising: embedding the first die and second die

in a mold compound.

Clause 15. The method of any of clauses 13 to 14, wherein the first plurality of interconnects and
second plurality of interconnects of the bridge die have a smaller pitch than the first

plurality of contacts of the first die and the first plurality of contacts of the second die.

Clause 16. The method of clause 15, wherein the first plurality of interconnects and second
plurality of interconnects of the bridge die are configured as die bumps with a pitch in a

range of 40 pm to 55 pm.

Clause 17. The method of clause 16, wherein the second plurality of contacts of the first die are

pads and the second plurality of contacts of the second die are pads.

Clause 18. The method of any of clauses 13 to 17, further comprising: embedding the first
plurality of interconnects and second plurality of interconnects of the bridge die in a first
underfill.

Clause 19. The method of any of clauses 13 to 18, further comprising: providing a package
substrate having a cavity and a plurality of pads, embedding the bridge die at least
partially in the cavity, and coupling the plurality of pads to the first plurality of contacts
of the first die and the first plurality of contacts of the second die.

Clause 20. The method of clause 19, further comprising: embedding, in a second underfill, the
first plurality of contacts of the first die and the first plurality of contacts of the second
die.

Clause 21. The method of any of clauses 19 to 20, further comprising: forming a plurality of

connectors on an opposite side of the package substrate to the plurality of pads.

Clause 22. The method of any of clauses 13 to 21, wherein the first plurality of interconnects of

the bridge die has a smaller height than the first plurality of contacts of the first die.
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Clause 23. The method of any of clauses 13 to 22, wherein the coupled second plurality of

contacts of the first die and first plurality of interconnects of the bridge die have a smaller
height than the first plurality of contacts of the first die, and the coupled second plurality
of contacts of the second die and the second plurality of interconnects the bridge die have

a smaller height than the first plurality of contacts of the second die.

Clause 24. The method of any of clauses 13 to 23, wherein the apparatus is selected from the

[0073]

[0074]

group consisting of a music player, a video player, an entertainment unit, a navigation
device, a communications device, a mobile device, a mobile phone, a smartphone, a
personal digital assistant, an access point, a fixed location terminal, a tablet computer, a
computer, a wearable device, an Internet of things (IoT) device, a laptop computer, a

server, a base station, and a device in an automotive vehicle.

Furthermore, in some examples, an individual action can be subdivided into a plurality of
sub-actions or contain a plurality of sub-actions. Such sub-actions can be contained in the
disclosure of the individual action and be part of the disclosure of the individual action.

While the foregoing disclosure shows illustrative examples of the disclosure, it should be
noted that various changes and modifications could be made herein without departing
from the scope of the disclosure as defined by the appended claims. The functions and/or
actions of the method claims in accordance with the examples of the disclosure described
herein need not be performed in any particular order. Additionally, well-known elements
will not be described in detail or may be omitted so as to not obscure the relevant details
of the aspects and examples disclosed herein. Furthermore, although elements of the
disclosure may be described or claimed in the singular, the plural is contemplated unless

limitation to the singular is explicitly stated.
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CLAIMS
WHAT IS CLAIMED IS:

1. An apparatus comprising a multi-die interconnect comprising;

a bridge die having a first plurality of interconnects and a second plurality of
interconnects;

a first die having a first plurality of contacts and a second plurality of contacts,
wherein the second plurality of contacts of the first die is coupled to the first plurality of
interconnects of the bridge die and wherein the second plurality of contacts of the first die
both have a smaller height than the first plurality of contacts of the first die; and a second
die having a first plurality of contacts and a second plurality of contacts, wherein the
second plurality of contacts of the second die is coupled to the second plurality of
interconnects of the bridge die and wherein the second plurality of contacts of the second

die both have a smaller height than the first plurality of contacts of the second die.

2. The apparatus of claim 1, wherein the first die and second die are embedded in a mold

compound.

3. The apparatus of claim 1, wherein the first plurality of interconnects and second
plurality of interconnects of the bridge die have a smaller pitch than the first plurality of

contacts of the first die and the first plurality of contacts of the second die.

4. The apparatus of claim 3, wherein the first plurality of interconnects and second
plurality of interconnects of the bridge die are configured as die bumps with a pitch in a

range of 40 pm to 55 pm.

5. The apparatus of claim 4, wherein the second plurality of contacts of the first die are

pads and the second plurality of contacts of the second die are pads.

6. The apparatus of claim 1, wherein the first plurality of interconnects and second

plurality of interconnects of the bridge die are embedded in a first underfill.

7. The apparatus of claim 1, further comprising:

a package substrate having a cavity and a plurality of pads,
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wherein the bridge die is disposed at least partially in the cavity, and
wherein the plurality of pads is coupled to the first plurality of contacts of the first

die and the first plurality of contacts of the second die.

8. The apparatus of claim 7, further comprising:
a second underfill, wherein the first plurality of contacts of the first die and the

first plurality of contacts of the second die are embedded in the second underfill.

9. The apparatus of claim 7, further comprising:
a plurality of connectors external to the package substrate, wherein a least one of

the plurality of pads is.

10. The apparatus of claim 1, wherein a combined height of the first plurality of
interconnects of the bridge die and the second plurality of contacts of the first die is

smaller than a height the first plurality of contacts of the first die.

11. The apparatus of claim 1, wherein a combined height of the second plurality of
interconnects of the bridge die and the second plurality of contacts of the second die is

smaller than a height of the first plurality of contacts of the second die.

12. The apparatus of claim 1, wherein the apparatus is selected from the group
consisting of a music player, a video player, an entertainment unit, a navigation device, a
communications device, amobile device, a mobile phone, a smartphone, a personal digital
assistant, an access point, a fixed location terminal, a tablet computer, a computer, a
wearable device, an Internet of things (IoT) device, a laptop computer, a server, a base

station, and a device in an automotive vehicle.

13. A method for fabricating an apparatus having a multi-die interconnect, the method
comprising:

providing a bridge die having a first plurality of interconnects and second plurality
of interconnects; providing a bridge die having a first plurality of interconnects and a
second plurality of interconnects;

coupling a first die having a first plurality of contacts and a second plurality of

contacts to the first plurality of interconnects of the bridge die using the second plurality
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of contacts of the first die, wherein the second plurality of contacts of the first die and
first plurality of interconnects have both a smaller height than the first plurality of contacts
of the first die; and

coupling a second die having a first plurality of contacts and a second plurality of
contacts to the second plurality of interconnects of the bridge die using the second
plurality of contacts of the second die, wherein the second plurality of contacts of the
second die and the second plurality of interconnects have both a smaller height than the

first plurality of contacts of the second die.

14. The method of claim 13, further comprising:

embedding the first die and second die in a mold compound.

15. The method of claim 13, wherein the first plurality of interconnects and second
plurality of interconnects of the bridge die have a smaller pitch than the first plurality of

contacts of the first die and the first plurality of contacts of the second die.

16. The method of claim 15, wherein the first plurality of interconnects and second
plurality of interconnects of the bridge die are configured as die bumps with a pitch in a

range of 40 pm to 55 pm.

17. The method of claim 16, wherein the second plurality of contacts of the first die are

pads and the second plurality of contacts of the second die are pads.

18. The method of claim 13, further comprising:
embedding the first plurality of interconnects and second plurality of interconnects

of the bridge die in a first underfill.

19. The method of claim 13, further comprising:
providing a package substrate having a cavity and a plurality of pads,
embedding the bridge die at least partially in the cavity, and
coupling the plurality of pads to the first plurality of contacts of the first die and

the first plurality of contacts of the second die.

20. The method of claim 19, further comprising:
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embedding, in a second underfill, the first plurality of contacts of the first die and

the first plurality of contacts of the second die.

21. The method of claim 19, further comprising:
forming a plurality of connectors on an opposite side of the package substrate to

the plurality of pads.

22. The method of claim 13, wherein the first plurality of interconnects of the bridge
die has a smaller height than the first plurality of contacts of the first die.

23. The method of claim 13, wherein the coupled second plurality of contacts of the
first die and first plurality of interconnects of the bridge die have a smaller height than the
first plurality of contacts of the first die, and the coupled second plurality of contacts of
the second die and the second plurality of interconnects the bridge die have a smaller

height than the first plurality of contacts of the second die.

24, The method of claim 13, wherein the apparatus is selected from the group
consisting of a music player, a video player, an entertainment unit, a navigation device, a
communications device, a mobile device, a mobile phone, a smartphone, a personal digital
assistant, an access point, a fixed location terminal, a tablet computer, a computer, a
wearable device, an Internet of things (IoT) device, a laptop computer, a server, a base

station, and a device in an automotive vehicle.



WO 2022/232746 PCT/US2022/071738

1/11

L) 124
| e -
AVES 3 HEENN NNMNNR
________ Y
\ /
100\‘ \\ //
\\\{ _____________ 1//
2] 141 M0z Lo,
114 124 |
g0 Mg dnbs o
Mold [/ Logie D 7 17 LogicDie 2 /)
130 110 1220
FIG. 1
148
200—\‘130 120 166 \140 110
121 ¢ ,) «)
s~ X \\(x NN\
'\,‘-*t-—-*“-—r'ﬂgtr-*v—-*“a—-‘\‘ 112
122’\\ \\ WNNERQ \ Z’//j//,/ V=N .\} AN\l
123/—_/ —] —] \l S> S> Ssl (-} [ =3 \_’113

16277 \——1 62
—165

160—\

w—-X9 D D G DD

FIG. 2



WO 2022/232746 PCT/US2022/071738

2/11
300 \‘
32?0 310
302 ~— Temp Film
301 ~_ Carrier

FIG. 3A

320 310
330
) ) )
\ ( Q { N\
302 Y T T
T Temp Film
301 ~[ Carrier

FIG. 3B



WO 2022/232746 PCT/US2022/071738

3/11

311 310 320

\ ) ? L

330\ 5 N L5 \ L 'Ft
N\ NN
302 ~r Temp Film
301 —~[ Carrier

FIG. 3C

300
\ 345

31 1\\ 2 .
330~\ A e T o TR o TR T
Al
302 ~r Temp Film
301" L \ Carrier
310

320

FIG. 3D



WO 2022/232746 PCT/US2022/071738

4/11
300\
313 345 323
311 312\ ) ) i /3 N
\\5 N b \ I~ I~ ’/ >
330\‘ o T SR 5 S W S
ANAANNN
302'~t ,
301" | Temp Film /
T \‘ Carrier \
310 320
FIG. 3E
300
\ 340
341 342
312 314 \\N\z\\*V 324 322
\*ﬂ*ﬁﬁéﬁﬁ}_:\u* ~ |_|,/(ﬁ/ A
330 R
B ANNNNNN\N \
302'~_F ) )
Temp Film \ /
30T —~F Carrier \\ \
310 348 350

FIG. 3F

321



WO 2022/232746 PCT/US2022/071738

5/11

Cavity Substrate

| 362
322
S R
T
302" ~— Temp Film
301"~ Carrier
310 340 320
FIG. 3G
300
TN
370
7YY, Y, Y, %7,
360'\\\j\\\\\\\\\\\\\\\\tk
35%:1-2\’-\ = ‘\\: \‘|= ‘; = )= - :\\\= N E%X&S—szz
330~ \\\§§I§,§§
( ( \
310 340 320
348

FIG. 3H



WO 2022/232746 PCT/US2022/071738

6/11

400
N 440

441 )442
422

\a A 4%\\““\\““\/%24 A

58 S ANNNNNNWA

402

~— Temp Film
401~ — \ Carrier
4{0 420
FIG. 4A
400
N
466
\
465
460 \ Cavity Substrate
AN
462 — 462
ANWT T T,
A«H
Y- \\\\\\\\\\\\\\ \
02 Temp Film
401 Carrier
410 440 420

FIG. 4B



WO 2022/232746 PCT/US2022/071738

7M1

o~
DD O D) D D>

460 Cavity Substrate

465 —_

412’\ NN NN E NN A=

\ mONER
430~ )\\%i%%is

\
450\
410 440 420

St 422

—

FIG. 4C



PCT/US2022/071738

WO 2022/232746

8/11

G old

269 &Y 085
de) g0d ded g0d I/A
G665~~~ ] [ ——s6s (DINd) DI Jomod
9-19Ae7 \ | Mo
R SOSSNSNNNNNNNNNNNN NN, R
G-19AeT

ANNNNNNNNNN NSNS NSNS NN NN N NN NN NSNS NNNNNNNY,

ONNNNNNNNNNNNNNNNNNNY,

ANNNNNNNNN NSNS SN NSNS NN NN NN NN NN NN NNNNNNNY,

y-19Ae

c-19Ae

ANNNNNNNNNN NSNS NSNS NN NN N NN NN NSNS NNNNNNNY,

ONNNNNNNNNNNNNNNNNNNY,

Z-1oAeT

ANNNNNNNNNN NSNS NSNS NN NN N NN NN NSNS NNNNNNNY,

ONNNNNNNNNNNNNNNNNNNY,

ANNNNNNNNN NSNS SN NSNS NN NN NN NN NN NN NNNNNNNY,

L-JoABT

/1CS GZS
ajelisgng Alae)
VA rd
NN // // s\ // AN (y4i 7 N R NN l/%///l/,

/l 00S




PCT/US2022/071738

WO 2022/232746

9/11

Alddng

9 Old

P9 —"| Jemod
auoydouoly
034092
Jayeads
109 — | €9 o9 9€9
g9 f
\ Anoa)
SSO|aJIN
Alows|y
Ja||04u0)
J0SS820.d Ae|dsig
9C9
——1 @oneQ indyj Aeidsiq / R
A 0%9 229
009 /
8¢9 AE]




WO 2022/232746 PCT/US2022/071738

10/11

704 Y

702

700

FIG. 7



WO 2022/232746 PCT/US2022/071738

11/11

800
TN

Providing a bridge die having a first plurality of
interconnects and second plurality of —— 802
interconnects

l

Coupling a first die having a first plurality of
contacts and a second plurality of contacts to the
first plurality of interconnects of the bridge die and | —__ 804
wherein the second plurality of contacts of the first
die have a smaller height than the first plurality of

contacts of the first die

Coupling a second die having a first plurality of
contacts and a second plurality of contacts to the
second plurality of interconnects of the bridge die }——806
and wherein the second plurality of contacts of the

second die have a smaller height than the first

plurality of contacts of the second die

FIG. 8



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/071738

A. CLASSIFICATION OF SUBJECT MATTER
INV. HO01L21/60

ADD. HO01L21/683 HO1L21/56

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

B. FIELDS SEARCHED

HO1L

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal, WPI Data

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2019/115319 Al (HINER DAVID [US] ET AL) 1-6,
18 April 2019 (2019-04-18) 10-18,
22-24
paragraphs [0037], [0049], [0050],
[0085], [0o101], [0103], [0108],
[0121], [0141], [142145], [0159],
[0204], [0342]; figures 2,4,6

I:‘ Further documents are listed in the continuation of Box C.

‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

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

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

"P" document published prior to the international filing date but later than
the priority date claimed

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

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

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

"&" document member of the same patent family

Date of the actual completion of the international search

19 July 2022

Date of mailing of the international search report

19/09/2022

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Manook, Rhoda

Form PCT/ASA/210 (second sheet) (April 2005)




International application No.
PCT/US2022/071738
INTERNATIONAL SEARCH REPORT
Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to paris of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking {Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. E No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims;; it is covered by claims Nos.:

1-6, 10-18, 22-24

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. F’CT/USZOZ2 /071738

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-6, 10-18, 22-24

(re. claim 2 and its corresponding method claim 14)

An apparatus comprising a multi-die interconnect comprising:
a bridge die having a first plurality of interconnects and a
second plurality of interconnects;

a first die having a first plurality of contacts and a
second plurality of contacts, wherein the second plurality
of contacts of the first die is coupled to the first
plurality of interconnects of the bridge die and wherein the
second plurality of contacts of the first die both have a
smaller height than the first plurality of contacts of the
first die; and a second die having a first plurality of
contacts and a second plurality of contacts, wherein the
second plurality of contacts of the second die is coupled to
the second plurality of interconnects of the bridge die and
wherein the second plurality of contacts of the second die
both have a smaller height than the first plurality of
contacts of the second die

wherein the first die and second die are embedded in a mold
compound.

2. claims: 7-9, 19-21

(re. claim 7 and its corresponding method claim 19)

An apparatus comprising a multi-die interconnect
comprising:a bridge die having a first plurality of
interconnects and a second plurality of interconnects;a
first die having a first plurality of contacts and a second
plurality of contacts, wherein the second plurality of
contacts of the first die is coupled to the first plurality
of interconnects of the bridge die and wherein the second
plurality of contacts of the first die both have a smaller
height than the first plurality of contacts of the first
die; and a second die having a first plurality of contacts
and a second plurality of contacts, wherein the second
plurality of contacts of the second die is coupled to the
second plurality of interconnects of the bridge die and
wherein the second plurality of contacts of the second die
both have a smaller height than the first plurality of
contacts of the second die

further comprising: a package substrate having a cavity and
a plurality of pads,wherein the bridge die is disposed at
least partially in the cavity, and wherein the plurality of
pads is coupled to the first plurality of contacts of the
first die and the first plurality of contacts of the second
die.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2022/071738
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2019115319 Al 18-04-2019 Us 2019115319 A1l 18-04-2019
Us 2020227385 Al 16-07-2020

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report
	Page 43 - wo-search-report
	Page 44 - wo-search-report

