CHIPLET FIRST ARCHITECTURE FOR DIE TILING APPLICATIONS

TECHNICAL FIELD
[0001] Embodiments of the present disclosure relate to € ectronic packaging, and
more particularly, to multi-die electronic packages with first dies and a second die over

the first dies and methods of forming such e ectronic packages.

BACKGROUND

[0002] The demand for miniaturization of form factor and increased levels of
integration for high performance are driving sophisticated packaging approachesin the
semiconductor industry. Die partitioning enabled by embedded multi-die interconnect
bridge (EM1B) architectures allows for miniaturization of small form factor and high
performance without yield issues seen with other methods. However, such packaging
architectures require fine die-to-die interconnects that are susceptible to yield issues due
to poor bump thickness variation (BTV) (e.g., due to warpage, limitations on assembly
tools, and the like).

[0003] Alternative approaches using a patch containing a coarse node die between
the fine dies and traditional organic substrates have been proposed as well. Such
architectures allow for the integration of diesthat are formed at different process nodes.
This architecture aso has severa limitations as well. Particularly, the advanced node dies
are attached to the lower node die at later stages of the package formation using thermal
compression bonding (TCB). Accordingly, die placement accuracy is limited by the TCB
toolset and by warpage. The TCB attach in later stages imposes stringent warpage

[imitations on the patch and drives asignificantly lower TCB window. Furthermore,



architecture proposed also relies on a second carrier attach after the advanced node dies
are attached in order to implement mid-level interconnect (MLI) and Package Side

Bumps (PSB). This leads to additional yield |osses.



BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1A isacross-sectiona illustration of a multi-die package that
includes aplurality of first dies coupled to a second die in aface-to-face configuration, in
accordance with an embodiment.

[0005] Figure 1B isacross-sectiona illustration of a multi-die package that
includes aplurality of first dies coupled to a plurality of second diesin aface-to-face
configuration, where the second dies are coupled together by an embedded bridge, in
accordance with an embodiment.

[0006] Figure 2A isacross-sectiona illustration of a multi-die package that
includes aplurality of first dies coupled to a second die with a solder resist layer between
the first dies and the second die, in accordance with an embodiment.

[0007] Figure 2B is across-sectional illustration of a multi-die package that
includes a plurality of first dies coupled to aplurality of second dies with a solder resist
layer between the first dies and the second dies, where the second dies are coupled
together by an embedded bridge, in accordance with an embodi ment.

[0008] Figure 3A isacross-sectiona illustration of aplurality of first dies
mounted to a carrier substrate, in accordance with an embodiment.

[0009] Figure 3B isacross-sectiona illustration after amold layer is disposed
over the plurality of first dies, in accordance with an embodiment.

[0010] Figure 3C isacross-sectionad illustration after pillars are formed over the
mold layer, in accordance with an embodiment.

[0011] Figure 3D isacross-sectiond illustration after a second dieis attached to

thefirst dies, in accordance with an embodi ment.



[0012] Figure 3E is a cross-sectiona illustration after amold layer is disposed
over the second die, in accordance with an embodiment.

[0013] Figure 3F isa cross-sectional illustration after pillars are formed over the
mold layer, in accordance with an embodiment.

[0014] Figure 3G isacross-sectiona illustration after aredistribution layer
(RDL) isformed over the mold layer, in accordance with an embodi ment.

[0015] Figure 3H isacross-sectiond illustration after asolder resist layer is
disposed over the RDL and patterned, in accordance with an embodiment.

[0016] Figure 3l is a cross-sectional illustration after mid-level interconnects
(MLIs) are disposed through the solder resist layer, in accordance with an embodi ment.
[0017] Figure 3Jisacross-sectional illustration after the carrier isremoved, in
accordance with an embodiment.

[0018] Figure 4A isacross-sectiona illustration of an electronic package after a
plurality of second dies are attached to a plurality of first dies, in accordance with an
embodiment.

[0019] Figure 4B isacross-sectional illustration after amold layer is disposed
over the second dies, in accordance with an embodiment.

[0020] Figure 4C isacross-sectiona illustration after a bridge is attached across
the second dies, in accordance with an embodiment.

[0021] Figure 4D is a cross-sectiona illustration after mold layers and RDLs are
formed over the second dies, in accordance with an embodi ment.

[0022] Figure 4E is a cross-sectional illustration after the carrier is removed, in

accordance with an embodi ment.



[0023] Figure 5A isacross-sectiona illustration of afirst carrier with a seed
layer, in accordance with an embodiment.

[0024] Figure 5B isacross-sectional illustration after a solder resist layer is
disposed over the seed layer and patterned, in accordance with an embodi ment.

[0025] Figure 5C isacross-sectiona illustration after interconnects are disposed
into the solder resist openings, in accordance with an embodiment.

[0026] Figure 5D is a cross-sectiona illustration after first dies are attached to the
interconnects, in accordance with an embodiment.

[0027] Figure 5E is a cross-sectional illustration after the first carrier is removed
and a second carrier is attached to the package, in accordance with an embodiment.
[0028] Figure 5F is a cross-sectional illustration after a second die is attached to
the first dies, in accordance with an embodi ment.

[0029] Figure 5G is a cross-sectional illustration after RDLs are formed over the
second die and the second carrier is removed, in accordance with an embodiment.
[0030] Figure 6A isacross-sectiona illustration of a package with a plurality of
second dies attached to the first dies, in accordance with an embodi ment.

[0031] Figure 6B isacross-sectiona illustration after a bridge is attached across
the second dies, in accordance with an embodiment.

[0032] Figure 6C isacross-sectional illustration after RDLs are formed over the
second dies and the second carrier is removed, in accordance with an embodiment.
[0033] Figure 7 is a cross-sectional illustration of an electronic system that

comprises a multi-chip package, in accordance with an embodiment.



[0034] Figure 8 is a schematic of acomputing device built in accordance with an

embodi ment.



EMBODIMENTSOF THE PRESENT DISCLOSURE

[0035] Described herein are multi-die electronic packages with first diesand a
second die over thefirst dies and methods of forming such electronic packages, in
accordance with various embodiments. In the following description, various aspects of
the illustrative implementations will be described using terms commonly employed by
those skilled in the art to convey the substance of their work to others skilled in the art.
However, it will be apparent to those skilled in the art that the present invention may be
practiced with only some of the described aspects. For purposes of explanation, specific
numbers, materials and configurations are set forth in order to provide a thorough
understanding of the illustrative implementations. However, it will be apparent to one
skilled in the art that the present invention may be practiced without the specific details.
In other instances, well-known features are omitted or simplified in order not to obscure
theillustrative implementations.

[0036] Various operations will be described as multiple discrete operations, in
turn, in amanner that is most helpful in understanding the present invention, however,
the order of description should not be construed to imply that these operations are
necessarily order dependent. In particular, these operations need not be performed in the
order of presentation.

[0037] As noted above, multi-die packages provide the ability to continue scaling
to smaller form factors while also obtaining advanced performance. However, current
architectures suffer from assembly issues that negatively impact yield. Accordingly,
embodiments disclosed herein include multi-die packages that are assembled with a

process flow that minimizes warpage and alignment issues.



[0038] Particularly, embodiments disclosed herein include a plurality of first dies
that are at an advanced process node and one or more second dies at alower process
node. In an embodiment, the first dies are placed into the package at the initial stages of
package assembly. The early placing of the first dies has severa advantages. For one, the
placement process may be implemented with a die mounter instead of athermal
compression bonding (TCB) tool. Die mounters have a placement accuracy that is an
order of magnitude accurate than a TCB tool. Additionally, there is less warpage during
early stage placement of thefirst dies.

[0039] In an embodiment, the attachment of the lower node second die to the first
dies also has alarger TCB window. The TCB window isimproved since the package is
till attached to the first dies on adimensionally stable (e.g., glass) carrier in place which
resultsin low warpage. Additionally, embodiments allow for mid-level interconnects
(MLI) and PSB formation before the carrier isremoved. Accordingly, additional carriers
otherwise needed for the formation of such featuresis avoided.

[0040] Referring now to Figure 1A, a cross-sectional illustration of amulti-die
electronic package 100 is shown, in accordance with an embodiment. In an embodi ment,
the electronic package 100 may comprise amold layer 120 with aplurality of dies
embedded in the mold layer. For example, a plurality of first dies 107 and a second die
110 may be embedded in the mold layer 120. While the mold layer 120 is shown as being
comprised of discrete layers, it isto be appreciated that no discernable boundary may be
present between the different portions of the mold layer 120. In an embodiment, the mold

layer 120 may comprise afirst surface 109 and a second surface 127 opposite from the



first surface 109. The mold layer 120 may comprise any suitable material for electronic
packaging, such as epoxy or the like.

[0041] In an embodiment, aplurality of first dies 107 may be embedded in the
mold layer 120 such that a surface 108 of the first dies 107 is substantially coplanar with
the first surface 109 of the mold layer 120. In an embodiment, the surface 108 may be
referred to as a backside surface of the first dies 107. Since the backside surface 108 is
exposed, thermal management of the electronic package 100 isimproved. In some
embodiments, a heat sink or other thermal solution may be attached to the backside
surface 108 of the first dies 107.

[0042] In an embodiment, a plurality of high speed input/out HSIO dies 112 may
also be embedded in the mold layer 120. The HSIO dies 112 may be substantially
coplanar with the first dies 107. That is, a backside surface 113 of the HSIO dies 112 may
be substantially coplanar with the first surface 109 of the mold layer 120 and the backside
surface 108 of the first dies 107.

[0043] In an embodiment, the plurality of first dies 107 may be electrically
coupled to a second die 110 that is embedded in the mold layer 120. In an embodiment,
the second die 110 is positioned between an active surface 106 of the first dies 107 and
the second surface 127 of the mold layer 120. The second die 110 may have an active
surface 114 and a backside surface 115. In an embodiment, the second die 110 and the
first dies 107 are arranged in a face-to-face configuration. That is, the active surface 114
of the second die 110 faces the active surfaces 106 of the first dies 107. In an

embodiment, the first dies 107 may be fabricated at afirst process node and the second



die 110 may be fabricated at a second process node that is less advanced than the first
process node.

[0044] In an embodiment, the first dies 107 may be electrically coupled to the
second die 110 with first level interconnects (FLIs) 118. For example, pads 117 of the
first dies 107 may be electrically coupled to pads 119 of the second die 110 by FL1s 118,
such as controlled collapse chip connection (C4) bumps, or the like. In an embodiment,
the pads 119 of the second die 110 and the FLIs 118 may be surrounded by an underfill
material 111, and the pads 117 of the first die 107 may be surrounded by the mold layer
120.

[0045] In aparticular embodiment, the first dies 107 may be interconnected to
each other through the second die 110. That is, the second die 110 may function as a
patch to provide interconnections between each of thefirst dies 107. In some
embodiments, the first dies 107 may all be substantially similar to each other. In other
embodiments, the first dies 107 may comprise different functionalities. In the illustrated
embodiment, four first dies 107 are shown. However, it is to be appreciated that an array
of any number of first dies 107 (e.g., two or more) may be used in an electronic package
100.

[0046] In an embodiment, the HSIO dies 112 may a so be electrically coupled to
the second die 110. For example, the HSIO dies 112 may be electrically coupled to pads
119 on the second die 110 by FLIs 118 in substantially the same manner the first dies 107
are connected to the second die 110. In an embodi ment, the second die 110 may provide

i nterconnections between the first dies 107 and the HSIO dies 112.
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[0047] In an embodiment, a plurality of redistribution layers (RDLsS) comprising
conductive traces, pads 125, and vias 124 may be embedded in the mold layer 120. The
RDLs may electrically couple surfaces of thefirst dies 107, the second die 110, and the
HSIO dies 112 to mid-leve interconnects (MLIs) 128 over the second surface 127 of the
mold layer 120. In an embodiment, the MLIs 128 may be positioned in openings through
asolder resist 122, asis known in the art.

[0048] Referring now to Figure 1B, a cross-sectional illustration of an electronic
package 101 is shown, in accordance with an additional embodiment. In an embodiment,
the electronic package 101 may be substantially similar to the e ectronic package 100
described above with respect to Figure 1A, with the exception that a plurality of second
dies 110 are included. In theillustrated embodiment, two second dies 110, and 110g are
shown. However, it isto be appreciated that an array of any number of second dies 110
(e.g., two or more) may be included in electronic package 101.

[0049] In an embodiment, the second dies 110 may be electrically coupled
together with one or more bridges 130. The bridge 130 may be an embedded multi-die
interconnect bridge (EMIB) or the like. For example, the bridge 130 may include pads
131 with fine pitch that is suitable for connecting to pads 119 on the backside surface 115
of the second dies 110. For example, FLIs 118 may electrically couple pads 131 to pads
119. In an embodiment, the pads 131 and FLIs 118 may be surrounded by an underfill
material 111, and the pads 119 on the backside surface 115 of the second dies 110 may be
surrounded by the mold layer 120.

[0050] The interconnection of an array of second dies 110 with one or more

bridges 130 provides a die tiling architecture. That is, the plurality of second dies 110
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may function as asingle die. This may be particularly beneficial when the combined area
of the second dies exceeds the reticle limit of the process node used to fabricate the
second dies 110.

[0051] Referring now to Figure 2A, across-sectional illustration of an electronic
package 200 is shown, in accordance with an embodiment. In an embodiment, the
electronic package 200 may comprise amold layer 220 with aplurality of dies embedded
in the mold layer. For example, aplurality of first dies 207 and a second die 210 may be
embedded in the mold layer 220. While the mold layer 220 is shown as being comprised
of discrete layers, it isto be appreciated that no discernable boundary may be present
between the different portions of the mold layer 220. In an embodiment, the mold layer
220 may comprise afirst surface 209 and a second surface 227 opposite from the first
surface 209. The mold layer 220 may comprise any suitable material for electronic
packaging, such as epoxy or the like.

[0052] In an embodiment, a plurality of first dies 207 may be embedded in the
mold layer 220. In contrast to the electronic package 100 described above, a surface 208
of thefirst dies 207 may be covered by the mold layer 220. In an embodiment, the
surface 208 may be referred to as a backside surface of the first dies 207.

[0053] In an embodiment, aplurality of HSIO dies 212 may also be embedded in
the mold layer 220. The HSIO dies 212 may be substantially coplanar with the first
surface 209 of the mold layer 220. That is, a backside surface 213 of the HSIO dies 212
may be substantially coplanar with the first surface 209 of the mold layer 220. In an
embodiment, a thickness T, of the first dies 207 may be different than a thickness T of

the HSIO dies 212. For example, the thickness T; of the first dies 207 may be less than
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the thickness T, of the HSIO dies 212. As shown in Figure 2A, the backside surfaces 213
of HSIO dies 212 are substantially coplanar with the surface 209 of mold layer 220.
However, it isto be appreciated that the mold layer 220 may also completely embed the
HSIO dies 212 so that backside surface 213 is covered by the mold layer 220.

[0054] In an embodiment, the plurality of first dies 207 may be electrically
coupled to asecond die 210 that is embedded in the mold layer 220. In an embodiment,
the second die 210 is positioned between an active surface 206 of the first dies 207 and
the second surface 227 of the mold layer 220. The second die 210 may have an active
surface 214 and a backside surface 215. In an embodiment, the second die 210 and the
first dies 207 are arranged in aface-to-face configuration. That is, the active surface 214
of the second die 210 faces the active surfaces 206 of the first dies 207. In an
embodiment, the first dies 207 may be fabricated at afirst process node and the second
die 210 may be fabricated at a second process node that is less advanced than the first
process node. In an embodiment, a solder resist layer 242 may be located between the
first dies 207 and the second die 210.

[0055] In an embodiment, the first dies 207 may be electrically coupled to the
second die 210 with first level interconnects (FLIs) 218 and a via 246 through the solder
resist layer 242. For example, pads 217 of the first dies 207 may be electrically coupled
to the vias 246 by FLIs 218. The opposite surface of the vias 246 may be eectrically
coupled to pads 219 of the second die 210 by FLIs 218 aswell. In an embodiment, the
pads 219 of the second die 210 and the FL1s 218 between the vias 246 and the second die

210 may be surrounded by an underfill material 211. In an embodiment, the pads 217 of

13



thefirst die 207 and the FL1s 218 between the first dies 207 may be surrounded by a
different underfill material 211.

[0056] In a particular embodiment, the first dies 207 may be interconnected to
each other through the second die 210. That is, the second die 210 may function as a
patch to provide interconnections between each of the first dies 207. In some
embodiments, the first dies 207 may all be substantially similar to each other. In other
embodiments, the first dies 207 may comprise different functionalities. In the illustrated
embodiment, four first dies 207 are shown. However, it is to be appreciated that an array
of any number of first dies 207 (e.g., two or more) may be used in an electronic package
200.

[0057] In an embodiment, the HSIO dies 212 may also be electrically coupled to
the second die 210. For example, the HSIO dies 212 may be electrically coupled to pads
219 on the second die 210 by FLIs 218 and vias 246 through the solder resist layer 242 in
substantially the same manner the first dies 207 are connected to the second die 210. In
an embodiment, the second die 210 may provide interconnections between the first dies
207 and the HSIO dies 212.

[0058] In an embodiment, aplurality of redistribution layers (RDLS) comprising
conductive traces, pads 225, and vias 224 may be embedded in the mold layer 220. The
RDLs may electrically couple surfaces of the first dies 207, the second die 210, and the
HSIO dies 212 to mid-leve interconnects (MLIs) 228 over the second surface 227 of the
mold layer 220. In an embodiment, the MLIs 228 may be positioned in openings through

asolder resist 222, asis known in the art.

14



[0059] Referring now to Figure 2B, a cross-sectional illustration of an electronic
package 201 is shown, in accordance with an additional embodiment. In an embodiment,
the electronic package 201 may be substantially similar to the e ectronic package 200
described above with respect to Figure 2A, with the exception that a plurality of second
dies 210 are included. In theillustrated embodiment, two second dies 210, and 210g are
shown. However, it isto be appreciated that an array of any number of second dies 210
(e.g., two or more) may be included in electronic package 201.

[0060] In an embodiment, the second dies 210 may be electrically coupled
together with one or more bridges 230. The bridge 230 may be an EMIB or the like. For
example, the bridge 230 may include pads 231 with fine pitch that is suitable for
connecting to pads 219 on the backside surface 215 of the second dies 210. For example,
FL1s 218 may electrically couple pads 231 to pads 219. In an embodiment, the pads 231
and FLIs 218 may be surrounded by an underfill material 211, and the pads 219 on the
backside surface 215 of the second dies 210 may be surrounded by the mold layer 220.
[0061] The interconnection of an array of second dies 210 with one or more
bridges 230 provides adietiling architecture. That is, the plurality of second dies 210
may function as asingle die. This may be particularly beneficial when the combined area
of the second dies exceeds the reticle limit of the process node used to fabricate the
second dies 210.

[0062] Referring now to Figures 3A-3J, a series of cross-sectional illustrations
depicting a process for fabricating an electronic package 300 similar to the electronic
package 100 described in Figure 1A is shown, in accordance with an embodiment. As

will be apparent, the process includes mounting the first dies 307 early in the assembly
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processin order to provide improved alignment that is not susceptible to variations
arising from warpage.

[0063] Referring now to Figure 3A, across-sectional illustration of an electronic
package 300 after placement of the first dies 307 is shown, in accordance with an
embodiment. In an embodiment, the first dies 307 may be attached to arelease layer 371
over acarrier 370. The carrier 370 may be adimensionally stable material that is not
susceptible to significant warpages. For example, the carrier 370 may be a glass carrier.
[0064] In an embodiment, the first dies 307 may be mounted to the release |ayer
with adie mounter tool. The use of a die mounter tool to place the first dies 307 provides
improved placement accuracy compared to TCB tools. A die mounter tool typically has a
placement precision that is an order of magnitude better than TCB tools. For example, a
TCB tool typically has a precision of + 15um whereas a die mounter tool has a precision
of + 5um.

[0065] In an embodiment, the first dies 307 are mounted to the release layer 371
with a backside surface 308 interfacing with the release layer 371. Accordingly, an active
surface 306 and pads 317 on the active surface 306 of the first dies 307 are facing away
from the carrier 370. In an embodiment, a plurality of HSIO dies 312 may also be
mounted to the release layer 371. A backside surface 313 of the HSIO dies 312 may
interface with the release layer 371 with pads 317 facing away from the carrier 370.
Accordingly, the backside surfaces 308 of the first dies 307 may be substantially coplanar
with backside surfaces 313 of the HSIO dies 312.

[0066] Referring now to Figure 3B, a cross-sectional illustration of the electronic

package 300 after amold layer 320 is disposed over thefirst dies 307, the HSIO dies 312
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and the carrier 370 is shown, in accordance with an embodiment. In an embodiment, the
mold layer 320 may be disposed and planarized in order to expose surfaces of the pads
317 of thefirst dies 307 and the HSIO dies 312. The mold layer 320 may be planarized
with agrinding or polishing process, asis known in the art.

[0067] Referring now Figure 3C, a cross-sectional illustration of the electronic
package 300 after vias 324 are fabricated over selected pads 317 is shown, in accordance
with an embodiment. In an embodiment, the vias 324 may be conductive pillars or any
other suitable conductive feature for forming vias in an electronic package. In an
embodiment, the vias 324 may be fabricated over pads 317 on the HSIO dies 312.

[0068] Referring now to Figure 3D, a cross-sectional illustration of the electronic
package after a second die 310 is attached to the first dies 307 and the HSIO dies 312 is
shown, in accordance with an embodiment. In an embodiment, the second die 310 may
be attached with a TCB tool. Since the TCB attach happensin the early stages of package
assembly (and with the dimensionally stable carrier 370 still in place) the impact of
warpage is minimal. Accordingly, yield lossis minimal or none.

[0069] In an embodiment, the second die 310 may be coupled to thefirst dies 307
and the HSIO dies 312 with FLIs 318. For example, C4 bumps may electrically couple
pads 317 of the first dies 307 and the HSIO dies 312 to pads 319 of the second die 310. In
an embodiment, an underfill material 311 may surround the FL1s 318 and the pads 319 of
the second die 310.

[007Q] In an embodiment, the second die 310 may be mounted to the first dies
307 in aface-to-face configuration. That is, an active surface 314 of the second die 310

may face the active surface 306 (i.e., the surface below pads 317) of the first dies 307. In
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an embodiment, pads 319 may also be formed over a backside surface 315 of the second
die 310. The pads 319 over the backside surface 315 may be pads for through substrate
vias (TSVs) (not shown) that alow for electrical connections to pass through the second
die 310 from the active surface 314 to the backside surface 315. In an embodiment, the
first dies 307 may be fabricated at afirst process node and the second die 310 may be
fabricated at a second process node that is less advanced than the first process node.
[0071] Referring now to Figure 3E, a cross-sectiona illustration of the electronic
package 300 after amold layer 320 is disposed over and around the second die 310 and
the vias 324 is shown, in accordance with an embodiment. In an embodiment, the mold
layer 320 may be planarized (e.g., with polishing or grinding) to expose surfaces of the
pads 319 and the vias 324.

[0072] Referring now to Figure 3F, a cross-sectiona illustration of the electronic
package 300 after pads 325 and vias 324 are formed is shown, in accordance with an
embodiment. In an embodiment, the pads 325 and the vias 324 may be for a
redistribution layer (RDL) formed above the second die 310.

[0073] Referring now to Figure 3G, a cross-sectional illustration of the electronic
package 300 after additional RDLs are formed is shown, in accordance with an
embodiment. In an embodiment, the RDLs may comprise pads 325 and vias 324
embedded in amold layer 320. In an embodiment, the RDLs are fabricated with a
lithographic via process (e.g., pad/viaformation, molding, mold grinding/polishing to
expose the vias, etc.). In other embodiments, the RDLs may be fabricated with a suitable
semi-additive process (SAP) using traditional High Density Interconnect (HDI) organic

build-up dielectric layers, plating, and the like. As shown in Figure 3G, the mold layer
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320 includes a plurality of distinguishable layers. However, it isto be appreciated that in
some embodiments there may be no discernable boundary between layers of the mold
layer 320.

[0074] Referring now to Figure 3H, across-sectional illustration of the electronic
package 300 after a solder resist layer 322 is disposed over a surface 327 of the mold
layer 320 and patterned is shown, in accordance with an embodiment. In an embodiment,
the resist layer is patterned to form a plurality of openings 323 that expose pads 325 over
the mold layer 320.

[0075] Referring now to Figure 3l, a cross-sectiona illustration of the electronic
package 300 after MLIs 328 are disposed in the openings 323 is shown, in accordance
with an embodiment. In an embodiment, the MLIs 328 may comprise a solder or the like.
Furthermore, it is to be appreciated that the MIL formation isimplemented while the
dimensionally stable carrier is still attached to the electronic package 300. Accordingly,
the attachment of an additional carrier is not needed, as is the case with previously
disclosed approaches.

[0076] Referring now to Figure 3J, a cross-sectional illustration of the electronic
package 300 after the carrier 370 and the release layer 371 are removed is shown, in
accordance with an embodiment. In an embodiment, any release layer residue may be
removed with typical wet or dry cleaning methods, asis known in the art. After cleaning,
the package 300 may be singulated to have the desired size.

[0077] Asshown in Figure 3J, backside surfaces 308 of thefirst dies 307 are
exposed. Accordingly, thermal management of the electronic package 300 isimproved.

In some embodiments, athermal solution (e.g., a heat sink, a heat spreader, etc.) may be
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coupled to the backside surfaces 308 of the first dies 307. In an embodiment, the backside
surfaces 308 of thefirst dies 307 may be substantially coplanar with the backside surfaces
313 of the HSIO dies 312 and the surface 309 of the mold layer 320.

[0078] Referring now to Figures 4A-4D, a series of cross-sectional illustrations
depicting a process of forming an e ectronic package 401 similar to the el ectronic
package 101 described with respect to Figure 1B is shown, in accordance with an
embodiment.

[0079] Referring now to Figure 4A, across-sectional illustration of an electronic
package 401 after a plurality of second dies 410 are attached to first diesis shown, in
accordance with an embodiment. In an embodiment, the incoming electronic package 401
may be fabricated with substantially similar processing operations described with respect
to Figures 3A-3C. For example, the backside surfaces 408 of first dies 407 and backside
surfaces 413 of HSIO dies 412 may be mounted to arelease layer 471 over a
dimensionally stable carrier 470, and vias 424 may be formed over the HSIO dies 412.
[0080] In an embodiment, the second dies 410, and 410g may be attached to the
first dies 407 with a TCB tool. Since the TCB attach happensin the early stages of
package assembly (and with the dimensionally stable carrier 470 still in place) the impact
of warpage is minimal. Accordingly, yield lossis minimal or none.

[0081] In an embodiment, the second dies 410, and 410g may be coupled to the
first dies 407 and the HSIO dies 412 with FL1s 418. For example, C4 bumps may
electrically couple pads 417 of thefirst dies 407 and the HSIO dies 412 to pads 419 of the
second dies 410. In an embodiment, an underfill material 411 may surround the FL1s 418

and the pads 419 of the second die 410.
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[0082] In an embodiment, the second dies 410 may be mounted to the first dies
407 in aface-to-face configuration. That is, an active surface 414 of the second dies 410
may face the active surface 406 of the first dies 407. In an embodiment, pads 419 may
also be formed over a backside surface 415 of the second die 410. The pads 419 over the
backside surface 415 may be pads for through substrate vias (TSV's) (not shown) that
allow for electrical connectionsto pass through the second die 410 from the active
surface 414 to the backside surface 415. In an embodiment, the first dies 407 may be
fabricated at afirst process node and the second dies 410 may be fabricated at a second
process node that is less advanced than the first process node.

[0083] Referring now to Figure 4B, a cross-sectional illustration of the electronic
package 401 after amold layer 420 is disposed over and around the second die 410 and
the vias 424 is shown, in accordance with an embodiment. In an embodiment, the mold
layer 420 may be planarized (e.g., with polishing or grinding) to expose surfaces of the
pads 419 and the vias 424.

[0084] Referring now to Figure 4C, a cross-sectional illustration of the electronic
package 401 after abridge 430 is attached across the second dies 410, and 410 is
shown, in accordance with an embodiment. In an embodiment, the bridge 430 may be an
EMIB or the like that provides electrical coupling between second dies 410, and 410g.
The interconnection of an array of second dies 410 with one or more bridges 430
provides adietiling architecture. That is, the plurality of second dies 410 may function as
asingledie. This may be particularly beneficial when the combined area of the second
dies 410 exceeds thereticle limit of the process node used to fabricate the second dies

410.
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[0085] In an embodiment, the bridge 430 may comprise pads 431 that are
electrically coupled to pads 419 on the backside surface 415 of the second dies 410. In an
embodiment the pads 419 may be electrically coupled to pads 431 with FL1s 418. The
pads 431 and the FL1s 418 may be surrounded by an underfill material 411. While a
single bridge 430 is shown in Figure 4C, it is to be appreciated that el ectronic package
401 may comprise apluraity of bridges 430 to provide connections between any number
of second dies 410.

[0086] Referring now to Figure 4D, a cross-sectional illustration of the electronic
package after RDLs comprising pads 425, vias 424, and mold layers 420 is fabricated
over the second dies 410 is shown, in accordance with an embodiment. In an
embodiment, the RDLs may be fabricated with a lithographic via process or with
standard SAP processes. In an embodiment, a solder resist 422 may be formed over a
surface 427 of the mold layer 420. MLIs 428 may pass through the solder resist 422 to
provide connections to pads 425. Furthermore, it is to be appreciated that the MIL
formation isimplemented while the dimensionally stable carrier is still attached to the
electronic package 401. Accordingly, the attachment of an additional carrier is not
needed, asisthe case with previously disclosed approaches.

[0087] Referring now to Figure 4E, a cross-sectiona illustration of the electronic
package 401 after the carrier 470 and the release layer 471 are removed is shown, in
accordance with an embodiment. In an embodiment, any release layer residue may be
removed with typical wet or dry cleaning methods, asis known in the art. After cleaning,

the package 401 may be singulated to have the desired size.
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[0088] As shown in Figure 4E, backside surfaces 408 of thefirst dies 407 are
exposed. Accordingly, thermal management of the electronic package 401 isimproved.
In some embodiments, athermal solution (e.g., a heat sink, a heat spreader, etc.) may be
coupled to the backside surfaces 408 of the first dies 407. In an embodiment, the backside
surfaces 408 of thefirst dies 407 may be substantially coplanar with the backside surfaces
413 of the HSIO dies 412 and the surface 409 of the mold layer 420.

[0089] Referring now to Figures 5A-5G, a series of cross-sectional illustrations
depicting a process to form an electronic package 500 similar to the electronic package
200 shown in Figure 2A is shown, in accordance with an embodi ment.

[0090] Referring now to Figure 5A, a cross-sectional illustration of afirst carrier
570 with a seed layer 573 is shown, in accordance with an embodiment. In an
embodiment, the first carrier 570 may be any dimensionally stable carrier, such as glass.
[0091] Referring now to Figure 5B, a cross-sectional illustration of the electronic
package 500 after a solder resist layer 542 with patterned openings 543 is disposed over
the seed layer 573 is shown, in accordance with an embodiment. The solder resist layer
542 may be disposed with alamination process, or the like.

[0092] Referring now to Figure 5C, a cross-sectional illustration of the electronic
package 500 after vias 546 and FLIs 518 are disposed in the openings 543 is shown, in
accordance with an embodiment. In an embodiment, the vias 546 may be copper or the
like, and the FL1s 518 may be solder bumps or the like.

[0093] Referring now to Figure 5D, a cross-sectional illustration of the electronic
package 500 after first dies 507 and HSIO dies 512 are mounted is shown, in accordance

with an embodiment. In an embodiment, the first dies 507 and the HSIO dies 512 may be
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mounted to FL1s 518 with a TCB tool. Accordingly, pads 517 may be attached to the
FL1s518. The pads 517 and FL1s 518 may be surrounded by an underfill material 511.
As shown, the first dies 507 may be attached with aface down configuration. That is,
active surfaces 506 of the first dies 507 may face towards the first carrier 570 and
backside surfaces 508 of the first dies 507 may face away from thefirst carrier 570.
[0094] In an embodiment, the face down configuration provides an advantage in
that thicknesses of the first dies 507 and the HSIO dies 512 need not be the same. For
example, first dies 507 may have afirst thickness T; and HSIO dies 512 may have a
second thickness T, that is different (e.g., greater) than the first thickness T;. In an
embodiment, a mold layer 520 may be disposed over and around the first dies 507 and
the HSIO dies 512 after they have been mounted to thefirst carrier 570. In some
embodiments, the molded layer 520 may be recessed with a grinding or polishing process
to expose the HSIO die back surface.

[0095] Referring now to Figure 5E, a cross-sectional illustration of the electronic
package 500 after the first carrier 570 is removed and a second carrier 580 is attached to
an opposing surface of the electronic package 500. As shown, the second carrier 580 may
interface with the mold layer 520 and the solder resist 542 is now facing upwards away
from the second carrier 580. In an embodiment, the seed layer 573 may be patterned to
form pads 574 over the vias 546.

[0096] Referring now to Figure 5F, a cross-sectiona illustration of the electronic
package 500 after vias 524 are fabricated and a second die 510 is attached to the first dies
507 and the HSIO dies 512 is shown, in accordance with an embodiment. In an

embodiment, the second die 510 may be attached with a TCB tool. Since the TCB attach
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happens in the early stages of package assembly (and with the dimensionally stable
second carrier 580 still in place) the impact of warpage is minimal. Accordingly, yield
lossis minimal or none.

[0097] In an embodiment, the second die 510 may be coupled to the first dies 507
and the HSIO dies 512 with FL1s 518. For example, FL1s 518 may couple pads 519 of the
second die 510 to the vias 546 through the solder resist 542. In an embodiment, an
underfill material 511 may surround the FLIs 518 and the pads 519 of the second die 510.
[0098] In an embodiment, the second die 510 may be mounted to the first dies
507 in aface-to-face configuration. That is, an active surface 514 of the second die 510
may face the active surface 506 of the first dies 507. In an embodiment, pads 519 may
also be formed over a backside surface 515 of the second die 510. The pads 519 over the
backside surface 519 may be pads for through substrate vias (TSV's) (not shown) that
allow for electrical connectionsto pass through the second die 510 from the active
surface 514 to the backside surface 515. In an embodiment, the first dies 507 may be
fabricated at afirst process node and the second die 510 may be fabricated at a second
process node that is less advanced than the first process node.

[0099] Referring now to Figure 5G, a cross-sectional illustration after RDLs
comprising pads 525 and vias 524 are formed and the second carrier 580 isremoved is
shown, in accordance with an embodiment. In an embodiment, the RDLs are fabricated
with alithographic via process or a SAP process, asis known in the art. Asshownin
Figure 5G, the mold layer 520 includes a plurality of distinguishable layers. However, it
isto be appreciated that in some embodi ments there may be no discernable boundary

between layers of the mold layer 520.
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[00100] In an embodiment a solder resist layer 522 is disposed over a surface 527
of the mold layer 520. In an embodiment, the resist layer is patterned and MLIs 528 may
be disposed. In an embodiment, the ML1s 528 may comprise a solder or the like.
Furthermore, it is to be appreciated that the MLI formation isimplemented while the
dimensionally stable second carrier 580 is till attached to the electronic package 500.
Accordingly, the attachment of an additional carrier is not needed, asis the case with
previously disclosed approaches.

[00101] In an embodiment the second carrier 580 is removed to expose a surface
509 of the mold layer 520. As shown in Figure 5G, backside surfaces 508 of the first dies
507 are embedded in the mold layer 520. The backside surface 513 of the HSIO dies 512
are exposed in some embodiments. However, in other embodiments, the backside surface
513 of the HSIO dies 512 may also be embedded in the mold layer 520.

[00102] Referring now to Figures 6A-6C, a series of cross-sectional illustrations
depicting a process for forming an electronic package 601 similar to the electronic
package 201 described with respect to Figure 2B is shown, in accordance with an
embodiment.

[00103] Referring now to Figure 6A, across-sectional illustration of an electronic
package 601 after a plurality of second dies 610 are coupled to first dies 607 is shown, in
accordance with an embodiment. In an embodiment, the incoming electronic package 601
may be fabricated with substantially similar processing operations described with respect
to Figures 5A-5E. For example, the backside surfaces 608 of first dies 607 and backside

surfaces 613 of HSIO dies 612 may be facing a second carrier 680, and vias 624 may be
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formed over the HSIO dies 612. Additionally, a solder resist 642 with vias 646 may be
positioned over thefirst dies 607 and the HSIO dies 612.

[00104] In an embodiment, the second dies 610, and 610g may be attached to the
first dies 607 with a TCB tool. Since the TCB attach happensin the early stages of
package assembly (and with the dimensionally stable second carrier 680 still in place) the
impact of warpage is minimal. Accordingly, yield lossis minimal or none.

[00105] In an embodiment, the second dies 610, and 610g may be coupled to the
first dies 607 and the HSIO dies 612 with FL1s 618. For example, FLIs 618 may couple
pads 619 of the second dies 610 to the vias 646 through the solder resist 642. In an
embodiment, an underfill material 611 may surround the FL1s 618 and the pads 619 of
the second die 610.

[00106] In an embodiment, the second dies 610 may be mounted to the first dies
607 in aface-to-face configuration. That is, an active surface 614 of the second dies 610
may face the active surface 606 of the first dies 607. In an embodiment, pads 619 may
also be formed over backside surfaces 615 of the second dies 610. The pads 619 over the
backside surface 619 may be pads for through substrate vias (TSV's) (not shown) that
allow for electrical connections to pass through the second dies 610 from the active
surface 614 to the backside surface 615. In an embodiment, the first dies 607 may be
fabricated at afirst process node and the second dies 610 may be fabricated at a second
process node that is less advanced than the first process node.

[00107] Referring now to Figure 6B, a cross-sectional illustration of the electronic
package 601 after amold layer 620 surrounds the second dies 610 and a bridge 630 is

attached across the second dies 610, and 610g is shown, in accordance with an
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embodiment. In an embodiment, the bridge 630 may be an EMIB or the like that provides
electrical coupling between second dies 610, and 610g. The interconnection of an array
of second dies 610 with one or more bridges 630 provides adie tiling architecture. That
is, the plurality of second dies 610 may function asasingle die. This may be particularly
beneficial when the combined area of the second dies 610 exceeds the reticle limit of the
process node used to fabricate the second dies 610.

[00108] In an embodiment, the bridge 630 may comprise pads 631 that are
electrically coupled to pads 619 on the backside surface 615 of the second dies 610. In an
embodiment the pads 619 may be electrically coupled to pads 631 with FLIs 618. The
pads 631 and the FLIs 618 may be surrounded by an underfill material 611. While a
single bridge 630 is shown in Figure 6B, it is to be appreciated that electronic package
601 may comprise a plurality of bridges 630 to provide connections between any number
of second dies 610.

[00109] Referring now to Figure 6C, a cross-sectional illustration after RDLs
comprising pads 625 and vias 624 are formed and the second carrier 680 isremoved is
shown, in accordance with an embodiment. In an embodiment, the RDLs are fabricated
with alithographic via process or a SAP process, asis known in the art. Asshownin
Figure 6C, the mold layer 620 includes a plurality of distinguishable layers. However, it
isto be appreciated that in some embodi ments there may be no discernable boundary
between layers of the mold layer 620.

[00110] In an embodiment a solder resist layer 622 is disposed over a surface 627
of the mold layer 620. In an embodiment, the resist layer is patterned and MLIs 628 may

be disposed. In an embodiment, the MLIs 628 may comprise a solder or the like.
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Furthermore, it is to be appreciated that the MLI formation isimplemented while the
dimensionally stable second carrier 680 is till attached to the electronic package 601.
Accordingly, the attachment of an additional carrier is not needed, asis the case with
previously disclosed approaches.

[00111] In an embodiment the second carrier 680 is removed to expose a surface
609 of the mold layer 620. As shown in Figure 6C, backside surfaces 608 of thefirst dies
607 are embedded in the mold layer 620. The backside surface 613 of the HSIO dies 612
are exposed in some embodiments. However, in other embodiments, the backside surface
613 of the HSIO dies 612 may also be embedded in the mold layer 620.

[00112] Referring now to Figure 7, a cross-sectional illustration of an electronic
system 750 is shown, in accordance with an embodiment. In an embodiment, the
electronic system 750 may comprise an electronic package 700 that comprises a plurality
of dies. For example, the plurality of dies may comprise first dies 707 and second dies
710. In an embodiment, the second dies 710 may be electrically coupled together by a
bridge 730, such as an EMIB. In some embodiments, the first dies 707 and the second
dies 710 are oriented in a face-to-face configuration. In some embodiments, the first dies
707 have are fabricated at afirst process node and the second dies 710 are fabricated at a
second process node that is less advanced than the first process node. In an embodi ment,
the electronic package 700 may be any electronic package such as those disclosed in
greater detail above.

[00113] In an embodiment, the el ectronic package 700 may be electrically coupled
to aboard 790. For example, MLIs 728 of the e ectronic package 700 may be electrically

and mechanically coupled to pads (not shown) on the board 790. While the MLIs 728 are

29



illustrated as solder bumps, it is to be appreciated that the electronic package 700 may be
connected to the board 790 with any suitable interconnect architecture. The board 790
may be any suitable board, such as a printed circuit board (PCB) or the like.

[00114] Figure 8 illustrates a computing device 800 in accordance with one
implementation of the invention. The computing device 800 houses a board 802. The
board 802 may include a number of components, including but not limited to a processor
804 and at |east one communication chip 806. The processor 804 is physically and
electrically coupled to the board 802. In some implementations the at least one
communication chip 806 is also physically and electrically coupled to the board 802. In
further implementations, the communication chip 806 is part of the processor 804.
[00115] These other components include, but are not limited to, volatile memory
(e.g., DRAM), non-volatile memory (e.g., ROM), flash memory, a graphics processor, a
digital signal processor, a crypto processor, a chipset, an antenna, a display, atouchscreen
display, atouchscreen controller, a battery, an audio codec, a video codec, a power
amplifier, aglobal positioning system (GPS) device, a compass, an accelerometer, a
gyroscope, a speaker, a camera, and a mass storage device (such as hard disk drive,
compact disk (CD), digital versatile disk (DVD), and so forth).

[00116] The communication chip 806 enables wireless communications for the
transfer of datato and from the computing device 800. The term “wireless” and its
derivatives may be used to describe circuits, devices, systems, methods, techniques,
communications channels, etc., that may communicate data through the use of modulated
electromagnetic radiation through a non-solid medium. The term does not imply that the

associated devices do not contain any wires, although in some embodiments they might
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not. The communication chip 806 may implement any of a number of wireless standards
or protocols, including but not limited to Wi-Fi (IEEE 802.11 family), WiMAX (IEEE
802.16 family), IEEE 802.20, long term evolution (LTE), Ev-DO, HSPA+, HSDPA+,
HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth, derivatives thereof,
aswell as any other wireless protocols that are designated as 3G, 4G, 5G, and beyond.
The computing device 800 may include a plurality of communication chips 806. For
instance, afirst communication chip 806 may be dedicated to shorter range wireless
communications such as Wi-Fi and Bluetooth and a second communication chip 806 may
be dedicated to longer range wireless communications such as GPS, EDGE, GPRS,
CDMA, WiMAX, LTE, Ev-DO, and others.

[00117] The processor 804 of the computing device 800 includes an integrated
circuit die packaged within the processor 804. In some implementations of the invention,
the integrated circuit die of the processor may be packaged in an e ectronic system that
comprises a package substrate with first dies and second diesin aface-to-face
configuration, in accordance with embodiments described herein. The term * processor”
may refer to any device or portion of a device that processes electronic data from
registers and/or memory to transform that electronic data into other electronic data that
may be stored in registers and/or memory.

[00118] The communication chip 806 also includes an integrated circuit die
packaged within the communication chip 806. In accordance with another
implementation of the invention, the integrated circuit die of the communication chip

may be packaged in an electronic system that comprises a package substrate with first
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dies and second dies in a face-to-face configuration, in accordance with embodiments
described herein.

[00119] The above description of illustrated implementations of the invention,
including what is described in the Abstract, is not intended to be exhaustive or to limit the
invention to the precise forms disclosed. While specific implementations of, and
examples for, the invention are described herein for illustrative purposes, various
equivalent modifications are possible within the scope of the invention, as those skilled in
the relevant art will recognize.

[00120] These modifications may be made to the invention in light of the above
detailed description. The terms used in the following claims should not be construed to
[imit the invention to the specific implementations disclosed in the specification and the
clams. Rather, the scope of the invention is to be determined entirely by the following
claims, which are to be construed in accordance with established doctrines of claim
interpretation.

[00121] Example 1: an electronic package, comprising: amold layer having afirst
surface and a second surface opposite the first surface; aplurality of first dies embedded
in the mold layer, wherein each of the pluraity of first dies hasasurfacethat is
substantially coplanar with the first surface of the mold layer; and a second die embedded
in the mold layer, wherein the second die is positioned between the plurality of first dies
and the second surface of the mold layer.

[00122] Example 2: the el ectronic package of Example 1, wherein the plurality of

first dies are electrically coupled to the second die with first level interconnects (FL1).
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[00123] Example 3: the electronic package of Example 1 or Example 2, wherein
active surfaces of the pluraity of first dies are oriented to be facing an active surface of
the second die.

[00124] Example 4: the el ectronic package of Examples 1-3, wherein the plurality
of first dies comprise dies fabricated at afirst process node, and wherein the second die is
fabricated at a second process node that is less advanced than the first process node.
[00125] Example 5: the el ectronic package of Examples 1-4, further comprising: a
pluraity of high speed input/out (HSIO) dies embedded in the mold layer.

[00126] Example 6: the el ectronic package of Examples 1-5, wherein the plurality
of HSIO dies are electrically coupled to the second die.

[00127] Example 7: the electronic package of Examples 1-6, wherein each of the
plurality of HSIO dies has a surface that is substantially coplanar with the first surface of
the mold layer.

[00128] Example 8: the electronic package of Examples 1-7, further comprising: a
plurality of second dies.

[00129] Example 9: the electronic package of Examples 1-8, wherein the plurality
of second dies are electrically coupled to each other by a bridge embedded in the mold
layer.

[00130] Example 10: the electronic package of Examples 1-9, wherein the plurality
of second diesis positioned between the bridge and the plurality of first dies.

[00131] Example 11: the electronic package of Examples 1-10, further comprising:

mid-level interconnects (MLIs) extending from the second surface of the mold layer.
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[00132] Example 12: the electronic package of Examples 1-11, wherein the MLIs
are electrically coupled to the plurality of first dies and the second die by conductive
pillars and pads embedded in the mold layer.

[00133] Example 13: an electronic package, comprising: amold layer having a
first surface and a second surface opposite the first surface; a pluraity of first dies
embedded in the mold layer; a second die embedded in the mold layer, wherein the
second dieis positioned between the plurality of first dies and the second surface of the
mold layer; and a solder resist layer between the plurality of first dies and the second die.
[00134] Example 14: the electronic package of Example 13, wherein each of the
plurality of first diesisentirely embedded in the mold layer.

[00135] Example 15: the electronic package of Example 13 or Example 14, further
comprising: aplurality of high speed input/out (HSIO) dies electrically coupled to the
second die.

[00136] Example 16: the electronic package of Examples 13-15, wherein the
plurality of HSIO dies have afirst thickness and the plurality of first dies have a second
thickness that is different than the first thickness.

[00137] Example 17: the electronic package of Examples 13-16, wherein the
plurality of first dies are fabricated at afirst process node, and wherein the second dieis
fabricated at a second process node that is less advanced than the first process node.
[00138] Example 18: the electronic package of Examples 13-17, further
comprising: aplurality of second dies, wherein each of the second dies are electrically

coupled to each other by one or more bridges embedded in the mold layer.
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[00139] Example 19: amethod of fabricating an electronic package, comprising:
placing aplurality of first dieson acarrier; disposing afirst mold layer over the plurality
of first dies, wherein contact pads of the first dies are exposed; attaching a second dieto
the plurality of first dies with first level interconnects (FLIs); and disposing a second
mold layer over the second die.

[00140] Example 20: the method of Example 19, wherein the first dies are placed
on the carrier with a die mounter, and wherein the second die is attached to the plurality
of first dieswith athermal compression bonding (TCB) tool.

[00141] Example 21: the method of Example 19 or Example 20, further
comprising: fabricating a redistribution layer above the second die; disposing a solder
resist over the redistribution layer; forming openings in the solder resist; disposing mid-
level interconnects (MLISs) in the openings; and removing the carrier.

[00142] Example 22: an electronic system, comprising: aboard; a multi-die
package coupled to the board, wherein the multi-die package comprises: amold layer
having afirst surface and a second surface; a plurality of first dies, wherein the plurality
of first dies are embedded in the mold layer; and a second die coupled to the plurality of
first dies, wherein active surfaces of thefirst dies face an active surface of the second die,
wherein the second die is embedded in the mold layer, and wherein the second dieis
between the active surface of thefirst dies and the second surface of the mold layer.
[00143] Example 23: the electronic system of Example 22, wherein the plurality of
first diesarefirst process node dies, and wherein the second die is a second process node

die, wherein the first process node is more advanced than the second process node.
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[00144] Example 24: the electronic system of Example 23, further comprising: a
pluraity of high speed input/out (HSIO) dies embedded in the mold layer.
[00145] Example 25: the electronic system of Example 23 or Example 24, wherein

the plurality of HSIO dies are electrically coupled to the second die.
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CLAIMS

What isclaimed is;

1. An electronic package, comprising:

amold layer having afirst surface and a second surface opposite the first surface;

aplurality of first dies embedded in the mold layer, wherein each of the plurality
of first dies has a surface that is substantially coplanar with the first surface of the mold
layer; and

a second die embedded in the mold layer, wherein the second die is positioned

between the plurality of first dies and the second surface of the mold layer.

2. The electronic package of claim 1, wherein the plurality of first diesare

electrically coupled to the second die with first level interconnects (FLI).

3. The electronic package of claim 2, wherein active surfaces of the plurality of first

dies are oriented to be facing an active surface of the second die.

4, The electronic package of claim 1, wherein the plurality of first dies comprise dies
fabricated at afirst process node, and wherein the second dieis fabricated at a second

process node that is less advanced than the first process node.

5. The electronic package of claim 1, further comprising:

aplurality of high speed input/out (HSIO) dies embedded in the mold layer.
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6. The electronic package of clam 5, wherein the plurality of HSIO dies are

electrically coupled to the second die.

7. The electronic package of claim 5, wherein each of the plurality of HSIO dies has

asurface that is substantialy coplanar with the first surface of the mold layer.

8. The electronic package of claim 1, further comprising:

aplurality of second dies.

9. The electronic package of claim 8, wherein the plurality of second dies are

electrically coupled to each other by a bridge embedded in the mold layer.

10.  Theelectronic package of claim 9, wherein the plurality of second diesis

positioned between the bridge and the plurality of first dies.

11.  Theelectronic package of claim 1, further comprising:

mid-level interconnects (MLIs) extending from the second surface of the mold

layer.

12.  Theelectronic package of claim 11, wherein the MLIs are electrically coupled to
the plurality of first dies and the second die by conductive pillars and pads embedded in

the mold layer.
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13.  Ané€lectronic package, comprising:
amold layer having afirst surface and a second surface opposite the first surface;
aplurality of first dies embedded in the mold layer;
a second die embedded in the mold layer, wherein the second die is positioned
between the plurality of first dies and the second surface of the mold layer; and

asolder resist layer between the plurality of first dies and the second die.

14.  Theelectronic package of claim 13, wherein each of the plurality of first diesis

entirely embedded in the mold layer.

15.  Theelectronic package of claim 13, further comprising:
aplurality of high speed input/out (HSIO) dies e ectrically coupled to the second

die.

16.  Theelectronic package of claim 15, wherein the plurality of HSIO dies have a
first thickness and the plurality of first dies have a second thickness that is different than

the first thickness.

17.  Theelectronic package of claim 13, wherein the plurality of first dies are
fabricated at afirst process node, and wherein the second dieis fabricated at a second

process node that is less advanced than the first process node.
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18.  Theelectronic package of claim 13, further comprising:
aplurality of second dies, wherein each of the second dies are electrically coupled

to each other by one or more bridges embedded in the mold layer.

19. A method of fabricating an el ectronic package, comprising:

placing aplurality of first dieson acarrier;

disposing afirst mold layer over the plurality of first dies, wherein contact pads of
thefirst dies are exposed;

attaching a second die to the plurality of first dies with first level interconnects
(FLI1s); and

disposing a second mold layer over the second die.

20.  Themethod of claim 19, wherein the first dies are placed on the carrier with adie
mounter, and wherein the second dieis attached to the plurality of first dieswith a

thermal compression bonding (TCB) tool.

21.  Themethod of claim 19, further comprising:
fabricating a redistribution layer above the second dieg;
disposing a solder resist over the redistribution layer;
forming openings in the solder resist;
disposing mid-level interconnects (MLIs) in the openings; and

removing the carrier.
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22.  Anélectronic system, comprising:
aboard;
amulti-die package coupled to the board, wherein the multi-die package
comprises:
amold layer having afirst surface and a second surface;
aplurdlity of first dies, wherein the plurality of first dies are embedded in
the mold layer; and
asecond die coupled to the plurality of first dies, wherein active surfaces
of thefirst dies face an active surface of the second die, wherein the second dieis
embedded in the mold layer, and wherein the second die is between the active

surface of thefirst dies and the second surface of the mold layer.

23.  Theéelectronic system of claim 22, wherein the plurality of first dies arefirst
process node dies, and wherein the second die is a second process node die, wherein the

first process node is more advanced than the second process node.

24.  Theelectronic system of claim 22, further comprising:

aplurality of high speed input/out (HSIO) dies embedded in the mold layer.

25.  Theélectronic system of claim 24, wherein the plurality of HSIO dies are

electrically coupled to the second die.
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