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[ 0001] Enbodi nents of the present disclosure generally relate to the field
of integrated circuits, and nore particularly, to techni ques and
configurations for a package assenbly with a |ogic die and ot her conponents

enbedded in a plurality of build-up |ayers.

Background [ 0002] Ener gi ng

package assenblies may include nultiple dies in various stacked and/ or

enbedded configurations.
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Descri ptbé{ﬂjg of the Draw ngs [0003] Embodi nents will be readily understood by
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stacked and/or embedded configurations. The package assemblies may continue to
shrink to smaller dimensions to provide a smaller form factor for various applications
including, for example, mobile computing devices such as phones or tablets. The
routing of electrical signals through the package assembly for each of the multiple dies
is challenging for current package assembly configurations as the dies and the package
assembly shrink to smaller dimensions. For example, present techniques may utilize
stringent design rules that push the limits of pitch of interconnect structures such as
trace width/spacing or may utilize routing techniques that may compromise reliability of
one or more of the multiple dies.

Brief Description of the Drawings
[0003] Embodiments will be readily understood by the following detailed
description in conjunction with the accompanying drawings. To facilitate this
description, like reference numerals designate like structural elements. Embodiments
are illustrated by way of example and not by way of limitation in the figures of the
accompanying drawings.
[0004] Fig. 1 illustrates a cross-section side view of an example package
assembly including a primary logic die and a secondary die embedded in a plurality of
build-up layers, in accordance with various embodiments.
[0005] Fig. 2 illustrates a cross-section side view of an example package
assembly including a primary logic die and a capacitor embedded in a plurality of build-
up layers, in accordance with various embodiments.



[0004]Fig. 1 illustrates a cross-section side view of an exanpl e package
assenbly including a primary logic die and a secondary di e enbedded in a
plurality of build-up layers, in accordance with various enbodi nents.
[0005]Fig. 2 illustrates a cross-section side view of an exanpl e package
assenbly including a primary logic die and a capacitor enbedded in a
plurality of buildup |ayers, in accordance with various enbodi nents.
[0006] Fig. 3 illustrates a cross-section side view of an exanpl e package
assenbl y including a prinmary |l ogic die and a capacitor enbedded
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package péxgg[g uild-up yers in accor ance with various embodiments.

[0007] Fig. 4 schematically illustrates a flow diagram for a method of fabricating a

package assembly, in accordance with some embodiments.

[0008] Figs. 5-15 schematically illustrate various stages of package assembly

fabrication, in accordance with various embodiments.

[0009] Fig. 16 schematically illustrates a computing device in accordance with

one implementation of the invention.

Detailed Description
[0010] 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 the
illustrative implementations.
[0011] In the following detailed description, reference is made to the
accompanying drawings which form a part hereof, wherein like numerals designate like
parts throughout, and in which is shown by way of illustration embodiments in which the
subject matter of the present disclosure may be practiced. It is to be understood that
other embodiments may be utilized and structural or logical changes may be made
without departing from the scope of the present disclosure. Therefore, the following
detailed description is not to be taken in a limiting sense, and the scope of embodiments
is defined by the appended claims and their equivalents.



fabrication, in accordance with various enbodi rents. [0009] Fig. 16

schematically illustrates a conputing device in accordance with one
i npl ementation of the invention. Detailed Description [0010]In the
foll owi ng description, various aspects of the illustrative inplenentations

wi |l be described using terns commonly enpl oyed 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
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present disclosure, the phrase "A and/or B" neans
as used with respect to embodiments of the present disclosure, are synonymous.
[0015] The term “coupled with,” along with its derivatives, may be used herein.
“Coupled” may mean one or more of the following. “Coupled” may mean that two or
more elements are in direct physical or electrical contact. However, “coupled” may also
mean that two or more elements indirectly contact each other, but yet still cooperate or
interact with each other, and may mean that one or more other elements are coupled or
connected between the elements that are said to be coupled with each other. The term
“directly coupled” may mean that two or elements are in direct contact.
[0016] In various embodiments, the phrase “a first feature formed, deposited, or
otherwise disposed on a second feature,” may mean that the first feature is formed,
deposited, or disposed over the second feature, and at least a part of the first feature
may be in direct contact (e.g., direct physical and/or electrical contact) or indirect
contact (e.g., having one or more other features between the first feature and the
second feature) with at least a part of the second feature.
[0017] Fig. 1 schematically illustrates a cross-section side view of an example
package assembly 100 including a primary logic die 102 and a second die 104
embedded in a substrate 106. In various embodiments, substrate 106 may include a
plurality of build-up layers 108 in which other components are embedded. In some
embodiments, plurality of build-up layers may include a plurality of “bumpless” build-up
layers (“BBUL"). As used herein, “bumpless build-up layers” may refer to layers of



(A, (B), or (A and B). For the purposes of the present disclosure, the
phrase "A, B, and/or C' neans (A, (B), (O, (Aand B), (Aand ¢, (B and
C, or (A Band C. [0013] The description may use perspective-based
descriptions such as top/bottom in/out, over/under, and the |ike. Such
descriptions are nerely used to facilitate the discussion and are not

I ntended to restrict the application of enbodi nents descri bed herein to any
particular orientation. [0014] The description nmay use the phrases "in an
enbodi ment, " or "in enbodinents,” which nmay each refer to one or nore of
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grid array (“BGA”) or other electrical components that may route electrical signals
to/from primary logic die 102 and/or second die 104 to other components not depicted in
Fig. 1, such as a printed circuit board (“PCB”) to which package assembly 100 is
attached.

[0020] Primary logic die 102 may include a first, “active” surface 112 and a
second opposing surface 114. Primary logic die 102 may also include one or more vias
such as, for example, through-silicon vias (“TSVs”) 116, between first surface 112 and
second surface 114. While two TSVs 116 are shown in Fig. 1, this is not meant to be
limiting, and more or less TSVs 116 may be included. Although vias in the drawings are
shown as having uniformly straight sides, vias may have other shapes as well. For
example, vias drilled by lasers may tend to have tapered shapes, e.g., with one end
being larger than the opposite end.

[0021] In various embodiments, an electrical path 118 may be formed in plurality
of build-up layers 108 from an active surface 120 of second die 104 to TSVs 116 of
primary logic die 102. In various embodiments, electrical path 118 may route
input/output (“I/O”) signals between primary logic die 102 and second die 104. Other
electrical signals to or from second die 104, such as electrical power and/or ground
signals, may be routed directly to electrical routing features 110 by way of a second
electrical path 122. In various embodiments, second electrical path 122 may include



package assenbly 100 including a primary logic die 102 and a second die 104
enbedded in a substrate 106. In various enbodi nents, substrate 106 may
include a plurality of build-up layers 108 in which other conponents are
enbedded. In sone enbodi nents, plurality of build-up |ayers may include a
plurality of "bunpless" build-up layers ("BBUL"). As used herein, "bunpless
buil d-up layers"” may refer to |layers of substrate and conponents enbedded
therein without the use of solder or other attaching nmeans that my be
consi dered "bunps." [0018]1n various enbodi nents, primary Iogic die 102 may
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plurali t¥ectrical power or a ground signal that passes between second die 104 and electrical
routing features 110 away from primary logic die 102. An example of this is shown in
Fig. 1 to the right and left of primary logic die 102, where vias 124 and conductive layers
126 are defined in plurality of build-up layers 108 in a manner that “fans out” from
primary logic die 102 as second electrical path 122 moves downward along the page. In
other embodiments, second electrical path 122 may not fan ground signals and power
away from primary logic die 102 the entire way from second die 104 to electrical routing
features 110
[0024] In various embodiments, a third electrical path 128 may be defined in
plurality of build-up layers 108 between first surface 112 of primary logic die 102 and
electrical routing features 110. In various embodiments, third electrical path 128 may
route electrical signals (e.g., /0, ground, power) between primary logic die 102 and
other components not depicted in Fig. 1 such as, for example a circuit board (e.g.,
printed circuit board 1602 of FIG. 16). In various embodiments, first electrical path 118,
second electrical path 122, and/or third electrical path 128 may not include solder, as
they may be fabricated with other components using a BBUL process.



of build-up layers 108 from an active surface 120 of second die 104 to TSVs
116 of primary logic die 102. In various enbodi nents, electrical path 118
may route input/output ("1/0O") signals between primary logic die 102 and
second die 104. O her electrical signals to or fromsecond die 104, such as
el ectrical power and/or ground signals, may be routed directly to
electrical routing features 110 by way of a second electrical path 122. In
vari ous enbodi ments, second electrical path 122 may include one or nore
vias 124 that interconnect one or nore conductive layers 126 di sposed
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' less conductive layers (126, 226, 326) may be included in package assemblies in
various embodiments. In various embodiments, more conductive layers may enable
better power delivery.
[0028] Fig. 4 schematically depicts an example fabricating process flow 400.
Figs. 5-15 depict an example package assembly 500 in various stages of fabrication
that correspond to points in fabricating process flow 400. Accordingly, as process flow
400 is described, reference will be made to corresponding stages in Figs. 5-15.
[0029] With reference to Figs. 4 and 5, at block 402, structures referred to as “LO
fiducials” 540 may be formed (e.g., patterned and plated) on a blank panel 542. In



[ 0025] I n various enbodi nents, package assenbly 100 may i nclude a package-
on- package ("POP') pad 130. In various enbodi nents, POP pad 130 nay be

di sposed on a surface of package assenbly 100, such as a top surface, to
route electrical signals between package assenbly 100 and ot her packages
(not shown) that may be stacked on package assenbly 100. However, this is
not required, and exanpl es of other package assenblies w thout POP pads are
descri bed herein. [0026]Fig. 2 depicts a package assenbly 200 with nany of
t he sane conponents as Fig. 1, which are nunbered in a simlar manner. In
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[0032] At block 410, vias 550 may be formed in first build-up layer 548, e.g., on

top of /O pads (not shown) and/or power ground pads (not shown) of second die 504.
In various embodiments, a laser such as, for example, an ultraviolet and/or carbon
dioxide laser, may be used to drill vias 550. At block 412, a first conductive layer 552,
which may be referred to herein as “SL1,” may be formed (e.g., patterned and plated).
“Conductive layers” described herein may not extend over an entire surface of an
underlying build-up layer. For example, first conductive layer 552 may be selectively
formed on top of first build-up layer 548 using a lithography mask that defines a “keep
out zone” or “KOZ,” to ensure no plating in I/O vias. An example of package assembly
500 at this stage is depicted in Fig. 7. Other conductive layers described herein may
also be selectively formed to achieve various electrical routing objectives.

[0033] At block 414, a second build-up layer 554, e.g., of ABF laminate, may be
formed. An example of package assembly 500 at this stage is depicted in Fig. 8. At



vari ous enbodi ments, fiducials 540 may be copper-plated features included
for alignnment purposes. In many cases, they nay be renpbved during various
steps of fabrication, such as depaneling, so that they do not becone part
of the final package assenbly 500. [0030]In various enbodi nents, bl ank
panel 542 may be a peel able core, and may be constructed with various
materials, such as copper (Cu). At block 404, a first surface 544 and a
second surface 546 of copper blank panel 542 nmay be roughened in
preparation for receiving dielectric film e.g., Afinonoto build-up film
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epicted in F|g 11. In various embodlments the remammg DFR may be chemically
stripped after cavity 562 is formed.
[0035] At block 422, vias 564 (referred to herein as logic-logic interconnect vias,
or “LLI vias”) through what remains of second build-up layer 554 may be formed (e.g.,
drilled using a laser or other similar means). LLI vias 564 may be used, in some
embodiments, to route I/O signals between second die 504 and primary logic die 502.
At block 424, LLI vias 564 may be desmeared in order to eliminate residue and for
roughening. An example of package assembly 500 at this stage is depicted in Fig. 12.
[0036] At block 426, primary logic die 502 may be placed into cavity 562. In
various embodiments, solders may be disposed on a surface of primary logic die 502 or
paste-printed on second die 504 prior to placement of primary logic die 502. Primary
logic die 502 may be heated up so that the solders 566 melt into the LLI vias 564,
forming LLI joints and an electrical connection between second die 504 and primary
logic die 502. An example of package assembly 500 at this stage is depicted in Fig. 13.
In other embodiments, the two die may be bonded differently. For example, anisotropic



bl ock 416, a second conductive |ayer 556 may be forned (e.g., pattered and
pl ated) on top of second build-up |ayer 554, with vias 558 passing between
second conductive | ayer 556 and first conductive |ayer 552. In various
enbodi ments, this second conductive |ayer 556 may be referred to as an
"SL2" layer. An exanple of package assenbly 500 at this stage is depicted
in Fig. 9. At block 418, a third build-up | ayer 560, e.g., of ABF |am nate,
may be formed. An exanpl e of package assenbly 500 at this stage is depicted
in Fig. 10. [0034] At bl ock 420, a cavity 562 may be formed for receiving
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primary logic die 502. Primary heated up so that the
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This can be seen in Figs. 7-15, where vias 550, 558 and 570 (which may correspond to
first electrical path 120 in Fig. 1) may be wider than other vias that carry only I/O
signals, such as vias 564. TSVs in conventional package assemblies may be
approximately ~10-20um in diameter. Vias 550, 558, 570, in contrast, may be larger,
e.g., 100um in some embodiments, depending on the height of the vias and other
electrical considerations. Such larger vias may be capable of handling more current
and/or power.
[0040] At block 432, a third conductive layer 572, which may be referred to as an
“L1” layer, may be formed (e.g., patterned and plated) on top of fourth build-up layer

568. An example of package assembly 500 at this stage is depicted in Fig. 14.



[ 0038] At bl ock 430, vias 570 may be formed from second conductive | ayer 556
t hrough various build-up | ayers. For exanple, and as shown in Fig. 14, vias
570 are formed through fourth build-up layer 568 and third build-up |ayer
560. In various enbodi nents, these vias 570 may be referred to as "VO

| ogi c interconnects. In the enbodi nents shown in Figs. 5-15, vias 570 are
configured to route ground signals and power slightly closer to (although
wi t hout contacting) primary logic die 502 as they progress towards
electrical routing features (not shown in Figs. 5-15, exanples shown in
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necessarily order dependent. Embodiments of the present disclosure may be
implemented into a system using any suitable hardware and/or software to configure as
desired.

[0044] Fig. 16 illustrates an example computing device 1600, in accordance with
various embodiments. Package assemblies 100, 200, 300 and 500 as described herein
may be installed on a computing device such as computing device 1600. For example,
a package assembly 1100, which may include a combination of package assembly 100
of Fig. 1 and package assembly 300 of Fig. 3, is depicted. Package assembly 1110 may
include a fully embedded second die 1104, a primary logic die 1102 embedded
underneath second die 1104, and decoupling capacitor 1330 embedded and laterally
offset from the two die.

[0045] In various embodiments, at least one communication chip 1606 may be

physically and electrically coupled to package assembly 1100. In further
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logic die (102, 202, 302) and second die (204) or capacitor (230, 330) are
fully enbedded with plurality of build-up |layers (108, 208, 308). However,

i n other enbodi nents, such as the one shown in Fig. 15, primary logic die
502 is fully enbedded with build-up | ayers, and second die 504 is enbedded
so that an inactive surface 574 of second die is flush with (as shown in
Fig. 15), or even slightly above, a top surface 576 of package assenbly
500. [0043] Various operations are described as nultiple discrete operations
in turn, in a manner that is nost hel pful in understanding the clained

U] et Bl Rl OB conf 5 1R on 1 R5AE) BE RA oP PRULC Tt G BB T e

as to |np esé operations are neces epen
Enbodi nmeng.s asfant additiones diet emtbeddiaxs inr luildeyp ayeisnipl ;mvkagedtssemblyeﬂ 199sirem

t . h d/ f t 0. f desi .

FSBZE] Rl e BbSp BT, deyR8 I ey msRRbL BEBGSR. { Ek tBfseiance
\ém th vzgrermczi:raemditmeelpaskagéaamgolﬁasemémcbaommmc%mﬁn &ip 16068 ©ao baest

escri pe e on evli ce SucC S CO u | n
oot Eof 8 B 1808 R Lhaia® e BadehiRy s, PR 0hS EnPETe S sfe & O
E_onbi gatcoopledfwumtaoiétaggm@mmk tyf POB te‘olz?l g 1 and loackc'atgef alssenbln% ggodof

1 Jg. epl c age ass u a u e
Cogona dbagTh, " Boherdhta o s SPpieiohe 1B dir e, TR0 ek AL ) o
1104, a%n@@ﬂ@ﬁt@' thagn&@p@cmngrnol?o@pﬁymfaﬁiyl%daadcﬂnaéw Qd)dded)f(f s PopmM t he

two die. In various e | ea e Co ni cation chip 1606
may be ﬂﬁb& cH18sg ofber ?é?f%‘&qr}e”&%!”g@ thﬁbtl ¥8 1Y 'aateﬂataevwermwom - I|On

further dynamp) mhatac@@@ nidhGorg OTB0)i A8 irerRreli @ a§0‘®m")beloa%1an@‘
package assenbl 1100, e.g., as an additijonal die_enbedded I n build-up
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battery 1624, an audio codec (not shown), a video codec (not shown), a global
positioning system (“GPS”) device 1628, a compass 1630, an accelerometer (not
shown), a gyroscope (not shown), a speaker 1632, a camera 1634, and a mass storage
device (such as hard disk drive, a solid state drive, compact disk (“CD”), digital versatile
disk (“DVD”))(not shown), and so forth. In various embodiments, various components
may be integrated with other components to form a System on Chip (“SoC”). In further
embodiments, some components, such as DRAM 1608, may be embedded in or within
package assembly 1100.

[0047] The communication chips 1606 may enable wired and/or wireless
communications for the transfer of data to and from the computing device 1600. 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 not. The communication chip 1606 may implement
any of a number of wireless standards or protocols, including but not limited to IEEE
702.20, General Packet Radio Service (“GPRS”), Evolution Data Optimized (“Ev-DQO"),
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conponents that may or may not be physically and electrically coupled to
the PCB 1602. These other conponents include, but are not limted to,
volatile nmenory (e.g., dynam c random access nenory 1608, also referred to
as "DRAM'), non-volatile nenory (e.g., read only nenory 1610, also referred
to as "ROM'), flash nenory 1612, an input/output controller 1614, a digital
signal processor (not shown), a crypto processor (not shown), a graphics
processor 1616, one or nore antenna 1618, a display (not shown), a touch
screen di splay 1620, a touch screen controller 1622, a battery 1624, an
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vari ous enbodi nents, the second die or capacitor may be a secondary Ioglc
die or a nenory die. In various enbodinents, the primary logic die may

i ncl ude one or nore vias between a first surface of the primary logic die
and a second, opposing
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surface of the primary logic die. In various enbodi nents, the electrical
path is a first electrical path, the package assenbly may further include a
second electrical path defined in the plurality of build-up layers from an
active surface of the secondary logic die or nenory die to the one or nore
vias, to route I/O signals between the primary logic die and the secondary
| ogic die or nenory die. In various enbodi nents, the second die or
capacitor may be a power nanagenent die. [0051] In various enbodi nents. the
first die and the second die or capacitor may be fully enbedded within the
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Abst r actaPPIaximalelyi selagai o VBHOLsx iesmikadirentsy ﬂt‘% primary  togic |d|*ﬁ/erﬁti¥obﬁ to the

preci se dndiRied s a5 6 ity Ui duﬁd ?B‘?&)}efré fn- ?éﬂ%@m 8ddoPRi@br caUbitEXANP! es

for, the invention are déscri herel n l'ustrative purposes, various
equi val dne elegiical robtnpiestuses p055| ble within the scope of the invention, as

those Sﬁﬂt‘ééeﬂdlr{ Dafidlfs Eﬁ‘oﬁ&?rfétnxé’“tf] V%}%&tnc?é?ﬁ%l’ rﬁ%’v cﬁ%glﬁéb%%gct%dla pFations

to t elnventlonlﬁ I'l ed description.
The ter petweardtwan ot the plotahtvafrtgnblﬂm layershioulodtenthie ¢lectioqi snawesdrigsound mi t

e 7y Sl e AR 8 RIS RRH AP ERS b Bay rom o
det er m ezl peintary dogic loje. tlheva‘rmiusoamhtgjlmleaisnﬂhe whndictize dayey may denst finskd i n
accor dange il B5EAhdc AR AQEHid N5t Ohay ' iRUIIMS Y YeBERE FohBlctive layer
between two of the plurality of build-up layers. In various embodiments, the second
conductive layer may be parallel to the first conductive layer and closer to the electrical
routing features than the first conductive layer.
[0053] 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.
[0054] 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
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Claims What is clainmed is: 1. A package assenbly conprising: a substrate
conprising a plurality of build-up |layers; electrical routing features

di sposed on an outer surface of the substrate; a primary | ogic die enbedded
in the plurality of build-up |ayers; a second die or capacitor enbedded in
the plurality of build-up | ayers; and an electrical path defined in
the plurality of build-up layers to route electrical power or a ground
signal between the second die or capacitor and the electrical routing

feaLures the electrical path bypassing the primary |ogic die. 2. The
B cecondilt Tegnestindo B¢ sperba R hators G e 1R8 SGRRREERanRE " 7O

cl ai m 2,claimar eﬁ(athemmqosodpmrqf tlheagwenhhrmsﬁocbleudﬁsrnomm:l emtlrahyrtry thedslidvéngeen a
first surface t he c dle e ng. surface of
the pri rﬁﬁ 3‘#"5‘ Aice" ' be COXSt LFh%CC;% W'ﬁ‘ségﬁg"v%g ocqtrgﬁer% ‘?’Cla}%r ein

t he eleombnﬂahnpmth is a first electrlcal path the package assenbly
further conprising a second electrical path defined in the plurality of
buil d-up layers froman active surface of the secondary logic die or nenory
die to the one or nore vias, to route input/output ("1/0O") signals between
the primary logic die and the secondary logic die or nenory die.
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5. The package assenbly of any one of clainms 1-4, wherein the second die or

capacitor conprises a power managenent die. 6. The package assenbly
of any one of clains 1-4, wherein the primary logic die and the second die
or capacitor are approxi mately copl anar. 7. The package assenbly

of any one of clains 1-4, wherein the primary logic die is enbedded in the
plurality of build-up |ayers in-between the second die or capacitor and the
el ectrical routing features. 8. The package assenbly of claim?7,
wherein the electrical path includes a conductive | ayer between two of the
plurality of build-up layers to rougﬁ %&e el ectrical power or ground signal
t hat passes between the second die @Mhe electrical routing features away
from t hewpat igelaymédgt ¢ di e. 9. The package assenbly of claim 8,
wherein the conductive layer is a first conductive |ayer, and the

el ectrical path includes a second conductive | ayer between two of the

plurality of 1bui IAﬁapkd@yﬁsgmbanmrm@e second conductive |l ayer is
parallel to the first con uctlveL 03 ﬁl‘P Ioser to the electrical routing
features thaf REr3te COMPESIAE GRIE ALY &H Uplayers; 10. The package assenbly

of any one ofleelrRb®ulingeaies aisEoéemeorf hr §I1tedls@'famcbfttﬂi€smm die or
capacitor are fully enbedded w t

|nt?§ Hg of build-up |ayers.

11. The packéd%'”!?élém!ﬂ@)e&fnbﬁwe%ﬁbthﬁfp% gy bLi 2uP @@fSei n the out er
surface of tﬁ%eééﬁtﬁélxéair%a?écn%r meéadéw'hqne MPéIW@ﬁbLIlIHQprIbV@E ghice is fully
enbedded within ﬁpura up léers and surface of t he

second di e i anfelasdicahpath d&“@%tﬁ‘rﬂie BLW%'KY §U?‘=f' P Iayer§ﬁ%r0§%§lepgp§ opposi te
the fir ?omfé\ﬂ'%% g?d{fnﬁasq@wal between the sectid did6KeeifcASSATEhY effctrRY rodfiRg Of

cl ai s wherein the electrical routing features conprise solder
i nter coﬁﬁ@étessthem%ﬁ1% path bypassingthepriggar iRpiefief or mi ng a package assenbly,
conpri si ng:

2. The package assembly of claim 1, wherein the second die or capacitor
comprises a secondary logic die or a memory die.

3. The package assembly of claim 2, wherein the primary logic die includes
one or more vias between a first surface of the primary logic die and a second,
opposing surface of the primary logic die.

4. The package assembly of claim 3, wherein the electrical path is a first
electrical path, the package assembly further comprising a second electrical path
defined in the plurality of build-up layers from an active surface of the secondary logic
die or memory die to the one or more vias, to route input/output (“//O”) signals between
the primary logic die and the secondary logic die or memory die.

5. The package assembly of any one of claims 1-4, wherein the second die

or capacitor comprises a power management die.

6. The package assembly of any one of claims 1-4, wherein the primary logic
die and the second die or capacitor are approximately coplanar.
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formng a substrate conprising a plurality of build-up |layers; formng
electrical routing features on an outer surface of the substrate; enbeddi ng
a primary logic die in the plurality of build-up | ayers; enbedding a second
die or capacitor in the plurality of build-up layers; and form ng
an electrical path in the plurality of build-up layers to route el ectrical
power or a ground signal between the second die or capacitor and the

el ectrical routing features, the electrical path bypassing the primary

| ogi c die. 14. The met hod of claim 13, wherein the second die or

capacitor cogprises a secondary | ogi e . j . . The

nmet hod of cl Z’lp m 1@?6 peaﬁ?ﬁg,agg%ﬁgyﬁgﬁﬁggé%pﬁ'%@%gﬂ&ﬁ{e%r ge\Fl)lr'g]s?%|8§'\?\/een a

first suid sasnmdddeldn thiei pieaiitylodguitd-dp Eyarsdndeseannitie sepgrasdia@rsur f ace of

the pri marX .lg?%ig di eI ical . 16f. The net hod of claim 15, wherein the

el ect ri C3PAQWY pnd eelectical rayting BAIES. nat b, the nethod further comprising

formng a second electrical path in the plurality of build-up layers from
e, to the one or

an active surface_of the secondary, logic die or ne [

o6 vi ae, LB roulle pakaeR earey b bA% 7. ehSel e BRIl AR IRy 1 ogi ¢
di e and coRguctive My@abEtweeditio @F theQdlurBywT Yulli-Ep layers to rodé.thd BRctrebhod of any
one of clains 13-16, wherei n enbeddi n% t he (f%rl [@r Iq_%(i di.e further

conpr i s@OWERBEAIGHAY Sione! thrt PRSSGS Peyieendhe serprd eémﬁ? Slegrieal ratHindd- up

| ayers tigathRsHNHy RIS &9 Mgidaie. W th the second die or capacitor.

18. The method of any one of clains 13-16, wherein enbedding the primry

logic die further conprises enbedding the primary logic die in the
plurality of gbui | thalpsdkayeagsdmiblpP 8t WERM 8t NEeBRCAB GoAHRHIE IFRPRC fief and the
el ectrical routing features. _ _

conductive layer, and the electrical path includes a second conductive layer between

two of the plurality of build-up layers, wherein the second conductive layer is parallel to

the first conductive layer and closer to the electrical routing features than the first

conductive layer.

10.  The package assembly of any one of claims 1-4, wherein the first die and
the second die or capacitor are fully embedded within the plurality of build-up layers.

11.  The package assembly of any one of claims 1-4, wherein the outer
surface of the substrate is a first outer surface, the first die is fully embedded within the
plurality of build-up layers, and a surface of the second die is flush with a second outer
surface of the substrate opposite the first outer surface.

12. The package assembly of any one of claims 1-4, wherein the electrical

routing features comprise solder interconnect structures.

13. A method of forming a package assembly, comprising:

forming a substrate comprising a plurality of build-up layers;

forming electrical routing features on an outer surface of the substrate;
embedding a primary logic die in the plurality of build-up layers;
embedding a second die or capacitor in the plurality of build-up layers; and
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19. The method of any one of clains 13-16, further conprising formng, as
part of the electrical path, a conductive |ayer between two of the
plurality of build-up layers to route the electrical power or ground signal
t hat passes between the second die and the electrical routing features away
fromthe primary | ogic die. 20. The nethod of any one of clains
13-16, wherein the conductive layer is a first conductive |ayer, and the
met hod further conprises formng, as part of the electrical path, a second
conductive |l ayer between two of the plurality of build-up |ayers, wherein

t he second conductive [a ayer and
closer to th& 8YER ?lggfx?lcﬁﬁth Wgﬁ?é’!ﬂ% %épwi@ Iﬁg&% t§9mg§ egﬁn%g! ve | ayer.
21. The powichotla gfoumalsigrat befiveehahersecdid e ontegraeitor andiibe élacyicaheuting st
primary logic die c rls f ul nbeddi ng the primary logic die within
the pl urf%ﬁ‘tﬁ'feﬁ’g‘?%‘iﬁ%l Sbé@’é‘?%Xg ﬁ}?on{m%Wg?%cgﬁbeddu ng the second die or
capacitor conprises ful I y enbeddi ng the second die or capacitor V\Athl n t he
plurality of UI| er.s 22. The nmethqd of any one o

D316, her et HEnelioigt Haied Sownéicin Lierid €6l caPRi o FomBlis® Sur  ace,
and enbeddbmary n@cs(ﬁggnd n@brﬁo,?rdlé:_apaci tor conprises enbeddi ng the second
die or capacitor in the plurality of build-up |ayers so that a surface of

the second die or capacitor is flush with a second outer surface of the

substrate OpRYSi tend MRtHOdIdF lclaHtar fuFtEF @@rﬁprlsmgi formig. on'Ef‘tﬁ rgrevs of any one
of claims 13-16, wherein formng the electric rout feajure corrprlses

f or mi ng bebvessya first syriaseridhe erﬂmam'%'@gle and a second, PPRAPINGIHTACEHHMEsi ng: a
printed pq,h{aq*qobcb(pgrd (PCB); and a package assenbly coupled with the
PCB via electrical routing features di sposed on an outer surface of the

package assenbly, the package assenbly conprising a substrate conprising a

plurality of 1gui | fhdipelR¥ESf Siaim 15, wherein the electrical path is a first electrical
path, the method further comprising forming a second electrical path in the plurality of
build-up layers from an active surface of the secondary logic die or memory die to the
one or more vias, to route input/output (“I/O”) signals between the primary logic die and

the secondary logic die or memory die.

17.  The method of any one of claims 13-16, wherein embedding the primary
logic die further comprises embedding the primary logic die in the plurality of build-up
layers to be approximately coplanar with the second die or capacitor.

18.  The method of any one of claims 13-16, wherein embedding the primary
logic die further comprises embedding the primary logic die in the plurality of build-up
layers in-between the second die or capacitor and the electrical routing features.

19.  The method of any one of claims 13-16, further comprising forming, as
part of the electrical path, a conductive layer between two of the plurality of build-up
layers to route the electrical power or ground signal that passes between the second die
and the electrical routing features away from the primary logic die.
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a primary logic die enbedded in the plurality of build-up | ayers;

die or capacitor enbedded in the plurality of build-up |ayers; and

el ectrical path defined in the plurality of build-up layers to route
el ectrical power or a ground signal between the second die or capacitor and
the electrical routing features, the electrical path bypassing the primry

| ogi c di
di spl ay.

e. 25.The systemof claim 24, further conprising a touch screen

20. The method of any one of claims 13-16, wherein the conductive layer is a
first conductive layer, and the method further comprises forming, as part of the electrical
path, a second conductive layer between two of the plurality of build-up layers, wherein
the second conductive layer is parallel to the first conductive layer and closer to the
electrical routing features than the first conductive layer.

21.  The method of any one of claims 13-16, wherein embedding the first
primary logic die comprises fully embedding the primary logic die within the plurality of
build-up layers, and wherein embedding the second die or capacitor comprises fully
embedding the second die or capacitor within the plurality of build-up layers.

22. The method of any one of claims 13-16, wherein the outer surface of the
substrate is a first outer surface, and embedding the second die or capacitor comprises
embedding the second die or capacitor in the plurality of build-up layers so that a
surface of the second die or capacitor is flush with a second outer surface of the
substrate opposite the first outer surface.

23. The method of any one of claims 13-16, wherein forming the electrical

routing features comprises forming solder interconnect structures.

24. A system, comprising:
a printed circuit board (PCB); and
a package assembly coupled with the PCB via electrical routing features
disposed on an outer surface of the package assembly, the package assembly
comprising
a substrate comprising a plurality of build-up layers;
a primary logic die embedded in the plurality of build-up layers;
a second die or capacitor embedded in the plurality of build-up layers; and
an electrical path defined in the plurality of build-up layers to route
electrical power or a ground signal between the second die or capacitor and the
electrical routing features, the electrical path bypassing the primary logic die.
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25. The system of claim 24, further comprising a touch screen display.
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