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tor-embedded, redistribution layer (RDL) substrate and related fabri-
cation methods. The embedded capacitor can be coupled to a power
distribution network (PDN) to provide decoupling capacitance to re-
duce current-resistance (IR) drop. The RDL substrate is disposed be-
tween the IC chip(s) and the package substrate to minimize distance
between the embedded capacitor(s) and the IC chip(s) to reduce the
parasitic inductance in the PDN, thus reducing PDN noise. With the
RDL substrate disposed between the package substrate and the IC
chip(s), the RDL substrate needs to support through-interconnections
between the package substrate and the IC chip(s). In this regard, the
RDL substrate includes an outer RDL layer adjacent to the IC chip(s)
to support small pitch metal interconnects as well as provide fan-out
capability. This provides enhanced connectivity compatibility with
higher-density die interconnect IC chips while also supporting a clos-
et located embedded capacitor in the PDN.

[Continued on next page]



WO 2022/226465 A | [IH1I0 00000 00O 0 O

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2022/226465 PCT/US2022/071621

INTEGRATED CIRCUIT (C) PACKAGES EMPLOYING A CAPACITOR-
EMBEDDED, REDISTRIBUTION LAYER (RDL) SUBSTRATE FOR
INTERFACING AN IC CHIP(S) TO A PACKAGE SUBSTRATE, AND
RELATED METHODS

PRIORITY APPLICATION

{6001} The present application claims priority to U.S, Patent Application Serial No.
17/237,828, filed Apnil 22, 2021 and entitled “INTEGRATED CIRCUIT (C)
PACKAGES EMPLOYING A CAPACITOR-EMBEDDED, REDISTRIBUTION
LAYER (RDL) SUBSTRATE FOR INTERFACING AN IC CHIP(S) TO A PACKAGE
SUBSTRATE, AND RELATED METHODS,” which is incorporated herein by reference

ity 1{s entirety.

BACKGROUND
1. Field of the Disclosare

{6003} The field of the disclosure relates to fntegrated civcuit (IC) packages, and more
particularly to providing decoupling capacitance in a power distribution network (PDN)

of the IC package for reducing current-resistance (IR) drop and voltage droop.

1R Background

{6003] integrated circuits {ICs) are the comerstone of electronic devices. ICs are
typically packaged in an IC package, also called a “semiconductor package” or “chip
package.” The IC package includes a package substrate and one or more IC chips or
other e¢lectronic modules mounted to the package substrate to provide electrical
connectivity to the IC chips. For example, an IC chip in an IC package way be a system-
on-a chip (8oC). The IC chips are elecirically coupled to other IC chips and/or to other
components in the IC package through electrical coupling to metal hines 1n the package
substrate. The [C chips can also be electrically coupled to other circuits outside the IC
package through clectrical connections of external metal interconnects {e.g., solder
bumps) of the IC package.

{6004] High-performance compute chips in [C packages require effective power
distribution networks (PDN) to distribute power to the circuils and other components in
the IC chip efficiently. For example, an IC package may include a separate power

manageraent chip (PMC) that includes voltage regulator civcuttry configured to distribute
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voltage to other IC chips in the IC package. Noise can oceur in the PDN due to current-
resistance (IR} drop between the PMC and a powered IC chip due to the series resistance
and inductance in the PDN. Change in current draw from a powered IC chip to the PDN
can induce voise 1o the PDN.  If the magnitude of noise 1o the PDN exceeds a certain
threshold, it alters the voltages delivered to the IC chips and its circuits below the
acceptable values, which can cause malfunction of circuits. Even if a PDN supplies a
voltage to the IC chips within tolerance, the PDN notse may still cause other problems.
It can cause or appear as crosstalk on signal ines. Further, as PDN interconnects typically
carry higher currents, high-frequency PIDN noise has the potential of creating
electromagnetic radiation interference, possibly causing other failures.

[B003] Thus, it 15 important to control noise in a PDN. [o this regard, decoupling
capacitors are employed to shunt PDN noise in the PDN to reduce its effect on the IC
chips powered by the PDN. A decoupling capacitor can be mounted on a package
substrate or embedded within a package substrate of an IC package to provide decoupling
capacitance between the power source and IC chips. However, the electrical path
connection between the decoupling capacitor and the IC chips has a parasitic inductance

that can contribute to IR drop and PDN noise in an undesired manner,

SUMMARY OF THE DISCLOSURE

{8006} Aspects disclosed herein include 1utegrated curenit {IC) packages employing
an embedded-capacitor, redistribution laver (RDL) substrate for interfacing an IC chip(s)
o a package subsirate. A RDL substrate 15 a substate that includes a RDL layer that
mcludes one or more metal redistribution lines supporting fan-out of metal interconnects.
The embedded capacitor{s) can provide a decoupling capacitance for a power distribution
network (PDN) in the IC package to reduce current-resistance {IR} drop as an example.
Related fabrication methods are also disclosed. The IC package mcludes a package
substrate and one or more 1T chips electrically coupled to the package substrate. The
package substrate inclides one or more subsirate lavers with metal traces or lines
embedded therein to provide clectrical signal routing to and from the IC chip(s). The
package substrate supports a PDN that carnies elecinical power signals at a given voltage
for distribution to the IC chip(s) for operation. In exemplary aspects, the RDL substrate
that supports the embedded capacitor is disposed between the IC chip(s) and the package

substrate to mimimize the distance between the embedded capaciior{(s) and the IC chip(s).
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This can reduce the parasitic inductance in the power distribution lines between the
embedded capacitor(s} and the IC chip(s) to reduces the IR drop in the PDN, which in
turn reduces PDN notse. However, with the RDL subsirate disposed between the package
substrate and the IC chip(s), the RDL substrate needs to support through-interconnections
for an electrical interface between the package substrate and the IC chip{s}). The IC
chip{s) may have a igh density of die interconnects that veed to be elecirically coupled
to the package substrate. In this regard, the RDL substrate is provided to include a first
outer RDL layer adjacent to the IC chip(s). The first outer RDL layer, being tormed from
a RDBL process, allows the first cuter RDL layer to support smali pitch metal interconnects
as well as provide fan-out capability. This allows the RDL substrate to provide enhanced
connectivity compatibility with higher-density die intercomnect [C chips while at the same
time supporting an embedded capacitor closely located to the IC chip to minimize IR
drop.

{6007] In an exemplary aspect, the RDL substirate can also include a second outer
RDL layer that 1s adjacent to the package subsirate. The metal interconnects of the second
outer RDBL layer can be formed with a different pitch from the metal interconnects of the
first outer RDL layer for greater flexability in providing a compatible package substrate
in the IC package. For example, the die interconnect pitch of the IC chip may be much
tighter (i.e., smaller) than the metal intercornmect pitch of the package substrate. In this
regard, the RDL layer can facilitate electrical coupling between the IC chip and a package
substrate that have metal interconnects of different pitches for enhanced compatibility
and ease 1o package fabrication processes. This can also provide a greater flexibility in
choice of package substrates employed in the IC package to achieve pitch compatibility
between the IC chip(s) and the package substrate for reduced cost, and/or case m
mamitfacturability, as examples.

{6008] In another exemplary aspect, the embedded capacitor can be included m a
capactior package that is emsbedded in the RDL subsirate. In another exemplary aspect,
to mintmire the vertical interconnection path disturbance between the IC chip(s} and the
package subsirate m the vertical path of the embedded capacitor, through-silica-vertical
interconnect accesses {vias}) (TSVs) can be employed. The TSVs are disposed through
the packaging dieleciric of the embedded capacitor package to provide electrical through-
connections between the IC chip{s) and the package substrate and/or to the embedded

capacitor(s). In this manner, the RDL substrate 15 not hmited fo supporting vertical
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interconnects between the IC chip(s) and the package substrate only outside the area of
the embedded capacitor package. In another exemplary aspect, the IC package also
includes through-interconnects, such as through-mold-vias {TMV), that extend through
the RDL subsirate outside of the embedded capacitor package. These other through-
interconnects provide pass-through electrical conmections {e.g., nput/output (I/O)
cornections) between the IC chip(s) and the package substrate. The RDL substrate can
also more easily facilitate through-interconnects of a larger diameter and/or a higher
aspect ratio that may be required due the increased distance between the package substrate
and IC chip{s} due to the RDL substrate disposed therebetween.

{6009] In this regard, in one exemplary aspect, an infegrated circuit {IC) package 15
provided. The IC package coroprises a package substrate comprising a plurality of
package substrate interconnects. The [C package also comprises an IC chip comprising
a plurabity of die interconnects. The [C package also comprises a RDL substrate disposed
between the package substrate and the IC chip. The RDL substrates comprises a RDL
layer comprising a plurality of redistribution metal lines each comprising a RDL
interconnect coupled to a die interconnect among the phurality of die interconnects. The
RDL substrate also comprises a substrate layer comprising a phurality of substrate
mterconnects. The RDL substrate also comprises a capacitor disposed between the RDL
layer and the substrate layer. The IC package also comprises at least one via electrically
coupled to a die interconnect among the plarality of die interconnects and the capacitor,
160106} In another excmplary aspect, a method of tabricating an IC package is
provided. The method comprises forming a package substrate comprising a plurality of
package substrate interconnects. The method also comprises forming a RDL substrate on
the package substrate, comprising forming a RDLU layer comprising a plurality of
redistribution metal lines each comprising a RDL interconnect, forming a substrate layer
comprising a plurality of substrate interconnects, and disposing a capacitor between the
RDL laver and the substrate layer. The method also comprises forming at least one via
electrically coupled to the capacitor and configured to be electrically coupled to at least
one die nterconnect among a plurality of die mterconnects of an IC chip. The method
also comprises coupling at least one die interconnect among a phlurality of die
mnterconnects of the IC chip to at least one RDL inferconnect among the phurality of

redistribution metal lines.
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{6011} In another exemplary aspect, RDL substrate 1s provided. The RDL substrate
comprises a RDL laver comprising a plurality of redistribution metal lines each
comprising 8 RDL interconnect. The RDL substrate also comprises a substrate layer
comprising a plurality of substrate interconnects. The RDL substrate also comprises a
diclectric layer comprising a diclectric material disposed between the RDL layer and the
substrate laver. The RDL substrate also comprises a capacitor package ernbedded in the
dielectric layer, the capacitor package comprising a capacitor. The RDIL substrate also
comprises a plurality of TSVs disposed through the capacitor package and elecirically

coupled to RIDL interconnect among a phurality of RDIL interconnects.

BRIEF BESCRIPTION OF THE FIGURES

16012} Figure 1 is a side view of an exemplary integrated circuit (IC) system that
wnchudes an IC package mounted to a printed circuit board (PUB), wherein the IC package
includes a capacitor-embedded, redistribution layer (RDL) substrate disposed between an
IC chip(s) and package substrate, that can provide a decouphing capacitance for a power
distribution network (PDN} in the IC package;

{8013] Figure 2 1s a side view of an exemplary RDL substrate that can be employed
i the IC package in Figure |, wherein the RDL substrate includes an embedded capacitor
package that includes capacitors;

{86014} Figure 3 is another side view of another exemplary capacitor-embedded, RDL
substrate in Figure 2;

{6018} Figure 4 1s a flowchart Hlustrating an exemplary process of fabricating an IC
package that includes a capacitor-embedded, RDL substrate disposed between an IC
chip(s} and package substrate, inchuding, but not limited o, the IC packages and RDL
substrates in Figures 1-3;

{6016} Figures 5A-5G illustrate exemplary fabrication stages of another exemplary
process of fabricating an IC package that ucludes a capacitor-embedded, RDL substrate
disposed between an IC chip(s) and package subsirate, including, but not himited to, the
IC packages and RDL substrates in Figures -3, wheremn a RDL layer of the RDL
substrate ts formed before 3 capacitor package is embedded in the RDL substrate;

{8017} Figures 6 A-6D are a flowchart iHustrating an exemplary process of fabricating

the IC package that includes a capacitor-embedded, RDL substrate disposed between an
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IC chipfs) and package substrate according to the exemplary fabrication stages in Figures
SA-5G;

{6018} Figures 7A-7C illustrate exemplary fabrication stages of an exemplary process
of fabricating an embedded capacitor package that can be ervbedded in a RDL sabstrate
of an IC package, including, but not limited to, the IC packages and RDL substrates in
Figares 1-3 and 5G;

{8019} Figure 8 is a flowchart iHlustrating an exemplary process of fabricating the
embedded capacitor package according to the exemplary fabrication stages in Figures TA-
7C:

{6020} Figures 2A-9H illustrate another exemplary fabrication stages of another
exemplary process of fabricating an 1C package that includes a capacitor-embedded, RDL
substrate disposed between an IC chip(s) and package substrate, inchuding, but not imited
to, the IC packages and RDL substrates 1o Figures 1-3, wherein a RDL layer of the RDL
substrate is formed before a capacitor package is embedded in the RDL substrate;

{6021} Figures 10A-10D are a flowchart dlustrating an exemplary process of
fabricating the IC package that includes a capacitor-embedded, RIIL substrate disposed
between an IC chip(s) and package substrate according to the exemplary fabrication
stages in Figures SA-9H;

{6022} Figures 11A-11L1 illustrate exemplary fabrication stages of another exemplary
process of fabricating an IC package that includes a capacitor-embedded, RDL substrate
disposed between an IC chip(s) and package substrate, including, but not himited to, the
IC packages and RDL substrates i Figures 1-3, wherein a RDL laver of the RDL
subsirate is formed after the embedded capacitor package is embedded in the RDL
substrate;

{8023} Figures 12A-12F are a flowchart illustrating an exemplary process of
fabricating the IC package that inchudes a capacitor-embedded, RDL substrate disposed
between an IC chip(s) and package substrate according to the exemplary fabrication
stages in Figures 11A-11L; and

{6024} Figure 13 15 a block diagram of an exernplary wireless communications device
that includes electrical components formed from one or more 1C packages that include a
capacttor-embedded, RDL substrate disposed between an IC chip(s) and package

substrate, including, but not limited to, the IC packages in Figures 1-3, 5G, 9H, and 11L.
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DETAILED DESCRIPTION

{025} With reference now to the drawing figures, several exemplary aspects of the
present disclosure are described. The word “exemplary” is used herein to mean “serving
as an example, instance, or itlustration.” Any aspect described herem as “exemplary” s
not necessarily to be construed as preferred or advantageous over other aspects.

{8026} Aspects disclosed herein include 1utegrated curenit {IC) packages employing
an embedded-capacitor, redistribution layer (RIDL) substrate for interfacing an I chip(s)
to a package subsirate. A RDL subsirate 1s a substate that includes a RDL layer that
mcludes one or more metal redistribution lines supporting fan-out of metal interconnects.
The embedded capacitor(s) can provide a decoupling capaciiance for a power distribution
network (PDN) 0 the IC package fo reduce current-resistance {IR) drop as an example.
Related fabrication methods are also disclosed. The IC package includes a package
substrate and one or more 1T chips electrically coupled to the package substrate. The
package substrate inclides one or more subsirate lavers with metal traces or lines
embedded therein to provide clectrical signal routing to and from the 1C chip(s). The
package substrate supports a power distribution network (PDN) that carries electrical
power signals at a given voltage for distribution to the IC chip(s) for operation. In
exemplary aspects, the RDL substrate that supports the embedded capacitor is disposed
between the IC chip(s) and the package substrate to minimize the distance between the
embedded capacitor(s) and the IC chip(s). This can reduce the parasitic inductance in the
power distribution lines between the embedded capacitor(s) and the IC chip(s) to reduces
the IR drop m the PDN, which in tum reduce PDN noise. However, with the RDL
substrate disposed between the package substrate and the IC chip(s), the RDL substrate
needs to support through-interconnections for an electrical interface between the package
substrate and the IC chip(s). The IC chip{s} may have a high density of die interconnects
that need to be elecirically coupled to the package substrate. In this regard, the RDL
substrate 1s provided to includes an outer RDL layer adjacent to the IC chip(s). The outer
RDL layer, being formed from a RDL process, alows outer RDL layer to supports small
pitch metal interconnects as well as provide fan-out capability. This allows the RDL
substrate to provide enhanced connectivity compatibility with higher-density die
mnterconnect IC chips while at the same time supporting an embedded capacitor closely

located to the IC chip to minimize IR drop.
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{6027] In this regard, Figure 1 15 a side view of an excmplary IC system 100 that
includes an IC package 102 mounted to a printed circuit board {(PCB) 104. The IC
package 102 includes an IC chip 106 supported by a package substrate 108, The IC chip
106 and package substrate 108 are encapsulated by an over-molding material 112 wn this
example. The IC chip 106 can include circuitry for a specific type of application, such as
a radio frequency (RF) transceiver or a computer-based sysiem-on-a-chip (8oC) as non-
limiting examples. The package substrate 108 supports the IC chip 106 of the IC package
102 and inchudes one or more metal layers of metal lines to provide elecirical coupling
paths between the IC chip 106 and the PCB 104 to support signaling between the IC chip
106 and other circuits external to the IC package 102. The package substrate 108 can be
formed from layers of organic roaterial larminates with metal traces formed therein that
are then laminated together as one cxample. The package substrate 108 can also inchude
a RDL layer to support fan-out of electrical connections as another example. The IC chip
106 18 electrically coupled to other external circuits through external package
interconnects 114, also referred to as “mterconnect bumps,” formed on a bottom surface
1135 of the package substrate 108 and electrically coupled to metal lines therein that are
electrically coupled to the IC chip 106

{6028] As discussed in more detail below, the IC package 102 includes a capacitor-
embedded, RDL substrate 116 (also referred to as “RDL substrate™) that is disposed
between the IC chip 106 and the package subsirate 108, As discussed below, the RDL
substrate 116 is a substrate that includes a RDL laver that includes one or more metal
vedistribution hnes supportiog fan-out of metal interconnects. The RDL subsirate 116
mcludes one or more capacitors 118, The capacitor(s) 118 can provide a decoupling
capacitance for a PDN n the IC package 102 fo reduce IR drop as an example. For
example, a ground power conductor of the I chip 106 may be coupled through one of its
die interconnects 120 to a capacitor(s) 118 through the RDL subsirate 116 to provide a
decoupling capacitance for a power signal {e.g., a voltage signal} to ground. The RDL
substrate 116 supports the embedded capacitor{s) 118 to be disposed between the IC chip
106 and the package substrate 108 to mimimize the distance Dy between the embedded
capacitor(s) 118 and the IC chip 106. Instance Di is shown tn Figure 1 as the distance
between an outer surface 122 of the package subsirate 108 and an active surtace 124 of

the 1C chip 106. For example, distance Dy may be at least two (2) micrometers {um}.
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This can reduce the parasitic inductance i power distribution hines of a PDN between the
embedded capacitor(s) 118 and the 1T chip 106 to reduces the IR drop in the PDN, which
in turn reduce PDN noise.

{6029] However, with the RDL substrate 116 disposed between the package substrate
108 and the IC chip 106, the RDL substrate 116 needs to support through-interconnections
for an electrical interface between the package substrate 108 and the IC chip 106. The IC
chip 106 may have a high density of die interconnects 120 that need to be electrically
coupled to the package substrate 108, In this regard, as shown in Figure 2 iHustrating a
more detailed side view of the RDL substrate 116 of Figure 1, the RDL substrate 1106 1s
provided to mnclude an outer RDL layer 126, As shown m Figure 1, the outer RDL layer
126 15 adjacent to the active surface 124 of the IC chip 106. The outer RDL layer 126,
being formed from a RDL process in one example, includes a plurality of redistribution
metal hines 200 each coraprising a respective RDL interconnect 202 that can be coupled
to a die interconnect 120 of the IC chip 106 when the IC chip 106 is disposed on the RDL
substrate 116, A solder bump can be formed and coupled to a RDL interconnect 220 to
be coupled to a die interconnect 120 as an example. In this manner, the outer RDL laver
126 of the RDL substrate 116 can support small, high-density pitch die interconnects 120
of the IC chip 106 as well as provide fan-out capability between the die interconnects 120
and RDL substrate 116, This in turn allows the RDL substrate 116 to provide enhanced
connectivity compatibility with higher-density die nterconnect IC chips, such as IC chip
106, while at the same time supporting an embedded capacitor, such as capacitors 118,
more closely located to the 1T chup 106 to minimize IR drop when coupled to a PDN in
the IC package 102.

{0030 With reference fo Figure 2, the RDL subsirate 116 includes the outer RDL
layer 126 (shown as a top layer in Figure 2 in the Z-axis direction) that includes
redistribution metal ines 200 that can include a respective RDL mnterconnect 202 that can
be coupled to a respective die interconnect 120 of the 1T chip 106 {shown i Figure 1),
With reference back to Figure 1, the package substrate 108 includes a plurality of package
substrate nterconnects 128 in a package substrate layer 130 that can be electrically
coupled to the RIDL substrate 116 to provide an electrical interface between the package
substrate 108 and the IC chip 106 through the RDL substrate 116, With reference back
to Figure 2, the RDL substrate 116 also includes a substrate layer 204 that is a bottom

layer located beneath the RDL layer 126, The substrate layer 204 includes the substrate

9
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interconnects 206 that are configured to be coupled fo respective package subsirate
interconnects 128 in 3 top, adiacent package subsirate layer 130 of the package substrate
108 as shown in Figure 1. This provides an electrical interface between the package
substrate 108 and the RDL substrate 116. An electrical interface is provided 1o the RDL
substrate 116 by an ¢lectrical coupling between RDL interconnects 202 in the RDL layer
126 and substrate interconnects 206 in the substrate laver 204 through respective vias 208
that extend through a dielectric layer 210 between the RDL layer 126 and the subsirate
layer 204, In this regard, the vias 208 can be considered through-mold vias (TMVs) that
extend through the dielectric layer 210, For example, the vias 208 may be copper pillars.
The vias 208 extend through the dielectric layer 210 of the RDL substrate 116 outside the
area of a capacitor package 212. The substrate interconnects 206 can be coupled to a
respective package substrate interconnect 128 of the package substrate 108 as shown in
Figure 1. The external package interconnects 114 can be electrically coupled to package
substrate interconnects 128 in the package substate layer 130 of the package substrate
108.

{8031} In this manner, an electrical interface 13 provided in the IC package 102 in
Figure | to the IC chip 106. The clectrical mnterface mcludes the external package
interconnects 114 and their electrical coupling to package substrate interconnects 128,
substrate interconnects 206 of the RDL substrate 116, vias 208 and RDL interconnects
202 of the RDL substrate 116, and to the die mterconnects 120 of the IC chip 106 (in
Figure 1.

{86032] Iu this example of the RDL substrate 116 in Figure 2, the capacitors 118 are
included in the capacitor package 212. The capacitor package 212 includes a dielectric
layer 214 comprising a dielectric material disposed between the RDL layer 126 and the
substrate layer 204. The capacitors 118 are embedded in the dielectric layer 214 of the
capacttor package 212, The capacitor package 212 18 emnbedded n the dielectric layer
210 of the RIDL substrate 116, The capacitor package 212 can be formed as a separate
package, such as a chiplet, as will be discussed in more detail below. In this example
RDL substrate 116 in Figure 2, to provide an electrical interface between the 1C chip 106
and the capacitors 118 in the capacitor package 212, the RDL laver 126 of the package
substrate 108 also includes redistribution metal lines 216 that can include respective RDL
mterconnects 218 that can be coupled to a respective die interconnect 128 of the IC chip

106 (see Figure 1). However, in this example, the RDL interconnects 218 are coupled to

16



WO 2022/226465 PCT/US2022/071621

the capacitors 118 through vias 220. For example, the vias 220 can be through-silicon-
vias {TSVs) 222 that extend through the dielectnic layer 214 of the capacitor package 212.
In this manner, the redistribution metal lines 216 and their respective RDL interconnects
218 of the RDL layer 126 of the RDL substrate 116 provide an interface between the
capacitors 118 and the IC chip 106 to, for cxample, provide a decoupling capacitance to
the PDN 10 the IC chip 106. For example, the capacitors 118 may be coupled to a ground
node in the PDN in the IC chip 106 coupled to the die mterconnects 120 that are coupled
to the RDL interconnects 218 {see also Figure 1),

{6033] Also, with reference to Figure 2, note that the substrate layer 204 of the RDL
substrate 116 in Figure 2 can also be provided as a second RDL layer 224, The second
RDIL layer 224 can be being formed from a RDL process in one example. The second
RDL layer 224 can include a plurality of redistribution metal lines 226 cach comprising
arespective RDL interconnect 228 that can be coupled to a package substrate interconnect
128 of the package substrate 108 when the RDL substrate 116 1s disposed on the package
substrate 108. The vias 208, 220 can be coupled to a second RDL interconnect 228 in the
second RDL layer 224 through a RIDL deposition and under bump metallization (UBM)
formation as one example. A solder burnp can be formed and coupled to a second RDL
interconnect 228 to couple a corresponding via 208, 220 {0 a second RDL interconnect
228 in the second RDL layer 224, The vias 208, 220 could also be copper pillars that are
formed in direct contact with the second RDL layer 228 as another altemative. This
alows the second RDL layer 224 of the RDL substrate 116 to support fan-out connections
to the package substrate interconnect 128 of the package subsirate 108, This may allow
the RIDL substrate 116 to provide further enhanced connectivity compatibility with
different package substrates 108, while at the same time supporting an cmbedded
capacitor, such as capacitors 118, more closely located to the IC chip 106 t0 minimuze IR
drop when coupled fo a PDN in the IC package 102, For example, package substrates
that are less costly to manufacture way ouly support substrate inferconuects that bave a
jarger pitch. As alternative, note that substrate layer 204 of the RDL substrate 116 in
Figare 2 can alse be provided as a laminate substrate comprising a laminate layer of
organic matenial that does not include RDLs.

{8034] Figure 3 15 a side view of another RDL substrate 316 that can be provided as
the RDL substrate 116 in the IC package 102 in Figures | and 2. The RDL substrate 316

includes additional exemplary features that will now be discussed. Common elements
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between the RDL substrate 316 in Figure 3 and the RDL substrate 116 1o Figures 1 and 2
are shown with conumon element numbers.

{6035] As shown in Figure 3, a passivation layer 302 can be provided in the RDL
substrate 316 and disposed between the capacitor package 212 and the RDL layer 126 of
the RDL substrate 316. Providing the passivation layer 302 of diclectric material may
provide for enhanced alignment between top surfaces 304 of the TSVs 222 and the
redistribution metal Hnes 216 for reduced resistance and thus reduced IR drop through the
capacttors 118, The passivation layer 302 can be patterned and opened to allow the
redistribution metal lines 216 to be formed in the openings for enhanced alignment
between the TSVs 222 and the redistribution metal ines 216, as will be later desenbed in
more detail, In this example, the TSVs 222 extend through the passivation layer 302 to
be in contact with the redistribution metal lines 216 of the RIDL layer 126.

{8036] With continued reference to Figure 3, note that the vias 220 can be employed
to provide connectivity to the capacitors 118 in the capacitor package 212 and the RDL
interconnects 218 in the RDL layer 126, Also note that the vias 220 may also be
fabricated to pass through the capacitor package 212 and its dielectric layer 214 as
through-vias to be coupled fo a substrate imterconnect 206 fo provide coupling o the
package substrate 108 in Figure 1. In this regard, the vias 220 can be provided as TSVs
222 as previously discussed to extend through the capacitor package 212, This allows the
vertical path space in the Z-axis divection in the path of the capacitor package 212 to allow
connectivity between the RDL layer 126 and the substrate layver 204 {o minimize the
capactior package’s 212 vertical path interconunection disturbance 1o the RDL sabstrate
116. Providing the vias 220 as TSVs 222 may allow a greater height H to width W,
aspect ratio fo allow the RDL subsirate 316 to support a greater density of vias 220 to
provide connectivity between the IC chip 106, the RDL substrate 316, and the package
substrate 108, This may be particularly advantageous since the RDL substrate 316 1s
provided with its RDL layer 126 to support a fan-out of the RDL jnterconnects 202, 218,
which in furn may support interconnection compatibility with an IC chip 106 having a
higher density of die interconnects 120, Also, the overall height width H; of the RDL
substrate 316 to support the capacitor package 212 and the embedded capacitors 118 may
require a certan desired height Hi-to-width Wy aspect ratio of the TSVs 222 to support
the density of interconnections provided in the RDL substate 316. For example, the aspect

ratio of height Hy to width Wy of the TSVs 222 may be at least 2.0. Also, the vias 208
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may also be provided as TSVs, and may also inchude a higher Hi-to-width W) aspect ratio
of at feast 1.0 for the same reasons as discussed above for the T8Vs 222,

160371 As discussed above, providing the RDL substrates 116, 316 with a RDL layer
126 allows fan-out of the redistribution metal hines 200, 216 to support a higher density
of their respective RDL interconnects 202, 218, For example, as shown in Figures 2 and
3 in the RDBL substrates 116, 316, the redistribution metal lines 200 are fanned-out outside
a vertical path Vi of their respective RDIL interconnects 202, Similarly, as shown
Figures 2 and 3 in the RDL substrates 116, 316, the redistribution metal lines 216 are
farmed-out outside a vertical path V» of their respective RDIL interconnect 218, This
allows the die mterconnects 120 mn the IC chip 106 m Figure 1 to have a tighter (i,
smaller) pitch Py than a pitch P of the substrate interconnects 206 1o the substrate layer
204. The pitch P; of the RDL interconnects 202 of the RDL layer 126 of the RDL
substrates 116, 316 may be the same as a pitch Ps of the of the package substrate
interconnects 128 of the package substate 108, The pitch Pr of the substrate inferconnects
206 of the substrate layer 204 of the RDL substrates 116, 316 may be configured to be
compatible with the pitch P4 of the package substrate interconnects 128 of the package
substate 108 as previously discussed. The pitch P; of the substrate interconnects 206 of
the subsirate layer 204 of the RDL substrates 116, 316 may be the same as the pitch P4 of
the of the package substrate interconnects 128 of the package substate 108,

{0038} Also, note that the RDL substrates 116, 316 could also be configured to act as
a interposer between two or more IC chips, like the IC chip 106, that are provided in an
IC package, hike the 1C package 102 i Figure 2. Additional IC chips could be provided
in the IC package 102 that include components like the IC chip 106 described above. The
RDL substrate 116, 316 would be disposed between the package subsirate 108 and the
additional IC chip{s). The RDIL substrates 116, 316 could further include additional,
second redistribution metal hnes each chuding additional, second RDL interconnects
coupled to a die mterconnect of an additional IC chip{s). One or more of the additional,
second redistribution metal lines could be coupled to one or more of the redistribution
metal lines 200 in the RDL substrate 116 {o electrically the IC chip 106 to another IC
chip(s}).

{6039] Figure 4 1s a flowchart llustrating an exemplary process 400 of fabricating
an IC package that includes a capacitor-embedded, RDL substrate disposed between an

IC chip(s) and package substrate, including, but not limited to, the IC package 102 in
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Figure 1 and its RDL substrate in Figures 1-3. The exemplary process 400 will be
referenced in Figure 2 with reference to the IC package 102 in Figure 2, and the RDL
substrates 116, 316 in Figures 2 and 3.

{6840] In this regard, a first step in the fabrication process 400 to fabricate the IC
package 102 can be forming a package substrate 108 comprising a plurality of package
substrate mierconnects 128 (block 402 1o Figure 4). A next step in the {abrication process
400 to fabricate the IC package 102 can be forming a RDL substrate 116, 316 on the
package substrate 108 (block 404 in Figure 4}, The process of forming the RDL substate
116, 316, can mclude forming a RDL layer 126 comprising a plurality of redistribution
metal ines 200, 216 cach comprising a RDL interconnect 202, 218 (block 406 in Figure
4}. The process of forming the RDL substate 116, 316, can also include forming a
substrate layer 204 comprising a phurality of substrate interconnects 206 (block 408
Figure 4). The process of forming the RDL substate 116, 316, can also include disposing
a capacitor 118 between the RDL layer 126 and the substrate layer 204 (block 410 n
Figare 4). A next step in the fabrication process 400 fo fabricate the IC package 102 can
be forming at least one via 220, 222 electrically coupled to the capacitor 118 and
configured to be electrically coupled to at least one die interconnect 120 among a plurality
of die interconnects 120 of the IC chip 106 (block 412 in Figure 4). A next step in the
fabrication process 400 to fabricate the IC package 102 can be coupling at least one die
interconnect 120 among the plurality of die interconnects 120 of the IC chip 106 to at
least one RDL interconnect 202, 218 among the plurality of redistribution metal lines 200,
216 {block 414 1o Figure 4).

{6041} An IC package that includes a capacitor-embedded, RDL substrate disposed
between an IC chip(s) and package substrate, mcluding, but not himited to, the IC package
102 in Figure 1 and its RDML substrate in Figures 1-3, can be fabricated in other fabrication
processes. For exarople, Figures SA-5G illustrate exemplary fabrication stages 500A-
500G of another exemplary process 600 i Figures 6A-6D of fabricating an 1C package
that includes a capacitor-embedded, RDL substrate disposed between an IC chip(s) and
package subsirate, including, but not limited to, the IC packages and RDL substrates in
Figures 1-3. Figures 6A-6D are a flowchart illustrating the exemplary process 600 of
fabricating the IC package that includes a capacitor-embedded, RDLU substrate disposed
between an IC chip(s) and package substrate according to the exemplary fabrication

stages SO00A-500G in Figures 5A-5G. In the exermaplary process 600 in Figures 6A-6D
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and according to the excemplary fabrication stages 300A-300G in Figures SA-5G, as
discussed below, a RIDL layer of the RDL substrate of the IC package is formed before a
capacitor package is embedded in the RDL substrate. The exemplary process 600 in
Figures 6 A-613 1s discussed below with reference to the fabrication stages 500A-500G in
Figures 5A-5G. The exemplary process 600 i Figures 6A-6D is also discussed with
reference to the IC package 102 in Figure 1 and the RDL substrates 116, 316 in Figures
2 and 3, as examples.

{6842] In this regard, Figure SA illustrates a first fabrication stage S00A of the IC
package 102 in Figure 1. In this fabrication stage SO0A, a carrier 502 is provided. The
RDL layer 224 18 formed on the carrier 502 {o be provided in an eventually formed RDL
substrate 116, 316 {(block 602 m Figure 6A). The carrier 502 18 used to allow the RDIL
layer 224 and RDL substrate 116, 316 of the IC package 102 to be formed before the
capactior package 212 1s embedded 1o the RDL substrate 116, 316, Figure 5B illustrates
a next fabrication stage 5008 of the IC package 102 in Figure 1. As shown in the next
fabrication stage 500B in Figure 3B, the vias 208, which may be TMVs and that are
outside of an area 504 where the capacitor package 212 will be disposed, are formed on
the RDLU layer 224 and in electrical contact with the redistribution metal Hines 226 of the
RBL layer 224 {block 604 in Figure 6A)L

{0043} As shown in a next fabrication stage 500C m Figure 5C, the capacitor package
212 is disposed on the RDL layer 224 to prepare the capaciior package 212 to be
cmbedded in the eventually formed RDL substrate 116, 316 that includes the RDL layer
224 (block 606 wn Figure 6B). Note that the TSVs 222 are exposed through the
passivation layer 302 through a separate process to fabricate the capacitor package 212
that 15 described with reference o Figures 7A-8 below. As shown mn a next fabrication
stage 500D in Figure 5D, the dielectric layer 210 is then disposed over the vias 208, the
capacttor package 212, and the exposed TSVs 222 as part of forming the RDL substrate
{block 608 i Figure 68). As shown in a next fabrication stage SO0E in Figore SE, the
diclectric layer 210 is ground down to a top surface 5035 to expose top surfaces 506, 508
of the vias 208 and the TSVs 222 to prepare these vias 208 and TSVs 222 for connection
to the RDL layer 126 to be formed for the RDL substrate 116, 316 {(block 610 in Figure
6C). Asshown in anext fabrication stage S00F i Figure SF, the RDL layer 126 1s formed
on the top surface 505 of the dielectric layer 210 that was ground down o form the RDL

substrate 116, 316, The redistribution metal lines 200, 216 are electrically coupled to the
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respective top surfaces 506, 508 of the vias 208 and TSVs 222 as part of forming the RDL
layer 126 (block 612 in Figure 6C). As shown tn a next fabrication stage 500G in Figure
5G, the IC chip 106 is then coupled to the RDL layer 126 of the RDL substrate 116, 316
to form the IC package 102 (block 614 1 Figure 6D).

{6044] Figures 7A-7C illustrate cxemplary fabrication stages 700A-700C of an
exemplary process of {abricating the capacitor package 212 that can be eruobedded in the
RDL substrate of an IC package, including, but not limited to, the IC packages 102 and
RDL substrates 116, 316 in Figures 1-3 and 5G. Figure § 15 a flowchart illustrating an
exemplary process 800 of fabnicating the capacitor package 212 according to the
excmplary fabrication stages 700A-700C mn Figures 7TA-7C. Figures TA-TC and Figure
8 will be discussed on conjunction.

{6045] In this regard, as shown in a fabrication stage 700A in Figure 7A, the
capacitors 118 and TSVs 222 are formed with the dielectric layer 214 disposed over the
capacitors 118 and TSVs 222 (block 802 in Figure &). As shown in a next fabrication
stage 700B m Figure 7B, the dielectric layer 214 15 ground down fo a top surface 702 to
expose top surfaces 704 of the T8Vs 222, Then, a passtvation layer 302 is disposed over
the top surface 702 of the dielectric layer 214 and the TSVs 222 (block 804 in Figure §).
As shown in a next fabrication stage 7000 in Figure 7C, the passivation layer 302 is
etched to expose the top surfaces 704 of the TSVs 222 to prepare same for electrical
connection to the redistribution metal ines 216 of the RDL layer 126 of the RDL subsirate
116, 316 {(block 806 in Figure ).

{6046} Figures 9A-9H illustrate exemplary fabrication stages S00A-S00H of another
exemplary process 1000 in Figures 10A-10D of fabricating an IC package that includes a
capacitor-embedded, RDL substrate disposed between an IC chips) and package
substrate, inchading, but not limited to, the IC packages and RDL substrates in Figures 1-
3. Figures 10A-10D are a flowchart illustrating the exemplary process 1000 of fabricating
the IC package that yuclades a capacitor-emsbedded, RDL substrate disposed between an
IC chip(s) and package substrate according to the exemplary fabrication stages 900A-
900H 1n Figures 9A-9H. In the exemplary process 1000 in Figures 10A-10D and
according to the exemplary fabrication stages 900A-900H in Figures 9A-9H, as discussed
below, a RDL layer of the RDL substrate of the IC package 1s formed before a capacitor
package is embedded in the RIDL substrate like in the process 800 in Figures 8A-8D

discussed above. However, the passivation layer 302 is not inchuded in the capacitor
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package 312 i the process 1000 in Figures 10A-10D. The excmplary process 1000
Figures 10A-10D 1s discussed below with reference to the fabrication stages 900A-900H
in Figures 9A-9H. The exemplary process 1000 Figures 10A-10D is also discussed with
reference to the 1C package 102 wn Figure 1 and the RDL substrates 116, 316 in Figures
2 and 3, as examples.

{8047} In this regard, Figure 9A illustrates a first fabrication stage 900A of the IC
package 102 in Figure 1 according to an alternative fabrication process. In this fabrication
stage 900A, a carrier 902 1s provided. The RDL layer 224 15 formed on the camier 902 to
be provided in an eventually formed RDL substrate 116, 316 (block 1802 1n Figure 18A).
The carrier 902 1s used to allow the RDL layer 224 and RDL substraie 116, 316 of the IC
package 102 to be formed before the capacitor package 212 15 embedded m the RDL
substrate 116, 316. Figure 9B iHustrates a next fabrication stage 9008 of the IC package
102 in Figare 1. As shown in the next fabrication stage 9008 in Figure 9B, the vias 208,
which may be TMVs and that are outside of an arca 904 where the capacitor package 212
will be disposed, are formed on the RDL layer 224 and in electnical contact with the
redistribution metal lines 226 of the RDL layer 224 (block 1004 in Figure 10A). As
shown in a next fabrication stage 900C in Figure 9C, the capacitor package 212 18
disposed on the RDL layer 224 to prepare the capacitor package 212 to be embedded in
the eventually formed RDL substrate 116, 316 that includes the RDL layer 224 (block
1006 in Figure 10A). Note that there 13 no passivation layer 302 inchuded in the capacitor
package 212 as descrnibed in the process above in Figures SA-8,

{6048} As shown n a next fabrication stage 900D m Figure 9D, the dielectric layer
210 1s then disposed over the vias 208 and the capacitor package 212 as part of forming
the RDL substrate (block 1008 in Figure 108}, As shown in a next fabrication stage 900E
in Figure 9E, the dielectric layer 218 18 ground down to 3 top surface 906 1o expose top
surfaces 908, 910 of the vias 208 and the TSVs 222 to prepare these vias 208 and TSVs
222 for connection to the RDL layer 126 to be formed for the RDL substrate 116, 316
{block 1010 in Figure 10B). As shown in a next fabrication stage 900F in Figure 9F, the
RDL laver 126 1s formed on the top surface 906 of the dieleciric layer 210 that was ground
down to form the RDL substrate 116, 316. The redistribution metal hines 200, 216 are
electrically coupled to the respective top surtaces 908, 910 of the vias 208 and TSVs 222

as part of forming the RDL layer 126 (block 1012 in Figure 16C).
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{6049] As shown in a next fabrication stage 900G in Figure 96, the RDL substrate
116, 316 disposed on the carrier 902 1s flipped to prepare the carrier 902 to be removed
(block 1014 1n Figure 1013}, As shown in a next fabrication stage 900H m Figure 9H, the
1C chip 106 1s then coupled to the RDL layer 126 of the RDL substrate 116, 316 o form
the IC package 102 {block 1016 in Figure 10D},

D050} Figures 11A-11L dlusirate exemplary fabrication stages 1100A-1100L of
another exemplary process 1200 in Figures 12A-12F of fabricating an IC package that
wncludes a capacitor-erabedded, RDL substrate disposed between an IC chip(s) and
package substrate, including, but not hmited to, the IC packages and RDL substrates in
Figures 1-3. Figores 12A-112F are a flowchart illustrating the exeraplary process 1200
of fabricating the IC package that includes a capacitor-ernbedded, RDL subsirate disposed
between an IC chip(s) and package subsirate according to the exemplary fabrication
stages L100A-1100L in Figures 11A-11L. lu the exemplary process 1200 in Figures 12A-
12F and according to the exemplary fabrication stages [ 100A-1100L in Figures 11A-11L,
as discussed below, a RDL laver of the RDL subsirate of the IC package s formed after
a capacitor package is embedded in the R substrate. The exemplary process 1200
Figures 12A-12F is discussed below with reference to the fabrication stages 1100A-
1100L in Figures T1A-11L. The exemplary process 1200 Figures 12A-12F is also
discussed with reference to the IC package 102 in Figure 1 and the RDL substrates 116,
316 10 Figures 2 and 3, a8 examples,

18051} As shown in a fabrication stage 1100A in Figure 114, the package substrate
108 of a carrier 1102 1¢ started to be prepared. A carrier 1102 19 provided, such as a
{aminate substrate, and a coating is disposed on the carrier 1002 through a hight-to-heat
conversion {(LTHC) release layer 1104 (block 1202 in Figure 12A). As shown in g next
fabrication stage 11008 in Figure 118, a laminated polyimide layer 1106 is disposed on
the LTHC release layer 1104 (block 1204 i Figure 12A). As shown in a next fabrication
stage 1100C in Figore 11C, a seed laver 1108 (e.g., a TiCu layer) is disposed on the
jaminated polyimide layer 1106 to prepare for forming the vias 208 (block 1206 in Figure
12A). As shown in a next fabrication stage 1100D in Figure 11D, a photoresist layer
1110 is disposed on the seed layer 1108 to prepare for the photoresist layer 1110 to be
patterned to form openings 1112 as shown to form the vias 208 (block 1208 m Figure

12B}. Asshown in a next fabrication stage 1 100K wn Figure 11E, the vias 208 are formed
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inthe operungs 1112 (block 1210 i Figure 12B). For example, the vias 208 can be copper
pillars.

{6052} As shown in a next fabrication stage 1100F in Figure 11F, the capacitor
package 212 18 then disposed in the area 1114 between the vias 208 to eventually become
part of a fabricated RDL substrate 116, 316 (block 1212 in Figure 12C). Asshownina
next fabrication stage 1100G w Figure G, a diglectnic layer 210 s disposed on the vias
208 and capacitor package 212 (block 1214 in Figure 12D). As shown in a next
fabrication stage 1100H in Figure 11H, the dieleciric layer 210 18 ground down to a top
surface 1116 to expose the top surfaces 1118, 1120 of the vias 208 and the TSVs 222 of
the capacitor package 212 (block 1216 n Figure 12D). As shown in a next fabrication
stage 11001 in Figure 111, the RDL layer 126 i3 formed on the top surface 1116 of the
dielectric layer 210 to form a portion of the RDL substrate 116, 316 {block 1218 in Figure
12E). Asshown in anext fabrication stage 1100 in Figure 11, the carrier 1102 18 flipped
and removed with the dielectric layer 210 with embedded capacitor package 212 and RDL
layer 126 separated fo prepare to form the second RDL layer 224 of the RDL substrate
116, 316 {(block 1220 1o Figure 12E).

{8053] As shown n a next fabrication stage 1100K in Figure 11K, the second RDL
layer 224 of the RDIL. substrate 116, 316 is formed to form the RDBL substrate 116, 316
{block 1222 in Figure 12E). As shown in a next fabrication stage 11L in Figure 111, the
IC chip 106 15 then conpled to the RDL layer 126 of the RDBL substrate 116, 316 to form
the IC package 102 {block 1224 in Figure 12F}.

{8054] It should be understood that that the terras “top,” “above,” “bottom,” below,”
where used herein, are relative terms and are not meant to himit or imply a strict
orientation. A “top” referenced element does not always be oriented to be above a
“bottom” referenced element with respect to ground, and vice versa. Agn element
referenced as “top” or “botiom” may be on top or bottom relative to that example only
and the particular Hustrated exaruple. An element referenced as “above” or “below”
another element does not have to be with respect to ground, and vice versa. An clement
referenced as “above” or “below” may be on above or below and to such other referenced
element, relative to that example only and the particular illustrated example.

{06055] IC packages that include a RDL substrate with an erabedded capacitor(s)
disposed between an IC chip(s) and package substrate, including, but not lmited to, the

IC packages in Figures 1-3, 5G, 9H, and 1L, and according to any aspects disclosed
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heremn, may be provided in or integrated into any processor-based device. Examples,
without himitation, include a set top box, an entertainment unit, a navigation device, a
communications device, a fixed location data unif, 2 mobile location data unit, a global
positioning system (GPS) device, a mobile phone, a cellnlar phove, a smart phone, a
session inttiation protocol (S1P) phone, a tablet, a phablet, a server, a computer, a portable
computer, a mobile computing device, a wearable computing device {e.g., 3 smart watch,
a health or fitness tracker, eyewear, ¢ic.), a deskiop computer, a personal digital assistant
{PDA), a monitor, a computer monitor, a television, a tuner, a radio, a satellite radio, a
music player, a digital music player, 3 portable music player, a digital video player, a
video player, a digital video disc (DVD) player, a portable digital video player, an
automobile, a vehicle component, avionics systems, a drone, and a multicopter.

16056] Figure 13 illustrates an cxemplary wireless communications device 1300 that
includes electrical components formed from one or more ICs 1302, wherein any of the
ICs 1302 can be included in an IC package 1303, The IC package 1303 can include IC
packages that mclude a RDL subsirate with an embedded capacitor(s) disposed between
an IC chip{s} and package substrate, inchuding, but not limuted to, the IC packages o
Figures 1-3, 5G, 9H, and 11L, and according o any aspects disclosed herein,

{60587} The wireless communications device 1300 may include or be provided in any
of the above referenced devices, as examples. As shown in Figure 13, the wircless
cormmunications device 1300 includes a transceiver 1304 and a data processor 1306, The
data processor 1306 may mnclude a memory fo store data and program codes. The
transceiver 1304 includes a travsmitier 1308 and a receiver 1310 that support bi-
directional communications. In general, the wireless communications device 1300 may
include any number of transmitiers 1308 and/or receivers 1310 for any number of
comuunication systems and frequency bands. Al or a portion of the transceiver 1304
may be implemented on one or more analog ICs, RF 1Cs (RFICs), mixed-signal 1Cs, etc.
{6058} The transnutter 1308 or the receiver 1310 may be imoplemented with a super-
heterodyne architecture or a direct-conversion architecture. In the super-heterodyne
architecture, a signal 1s frequency-converted between RF and baseband i muliiple stages,
e.g., from RF to an intermediate frequency (IF) in one stage, and then from {F to baseband
n another stage for the recetver 1310, In the direct-conversion architecture, g signal is
frequency-converted between RF and baseband in one stage. The super-heterodyne and

direct-conversion architectures may use different circutt blocks and/or have different
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requiremnents. In the wireless cornmunications device 1300 in Figure 13, the transmiiter
1308 and the recetver 1310 are implemented with the direct-conversion architecture.
16059] In the transmit path, the data processor 1306 processes data to be transmitted
and provides T and Q analog output signals to the transmitter 1308, o the exemplary
wirgless communications device 1300, the data processor 1306 inchudes digital-to-analog
converters {BACs) 1312(1), 1312(2) for converting digital signals generated by the data
processor 1306 into the [ and Q analog output signals, e.g., | and (§ output currents, for
further processing,

{6060} Within the transmitter 1308, lowpass filters 1314(1}, 1314(2) filter the [ and
Q analog output signals, respectively, to remove undesired signals caused by the prior
digital-to-analog conversion. Amplifiers {AMPs) 1316(1), 1316(2) aroplify the signals
from the lowpass filters 1314(1}, 1314(2), respectively, and provide  and ( baseband
signals. An upconverter 1318 upconverts the I and Q@ baseband signals with T and (3
transmit {1X) local oscillator (L.O} signals through mixers 1320(1}, 1320(2) from a TX
L0 signal generator 1322 to provide an upconveried signal 1324, A filter 1326 filters the
upconverted signal 1324 to remove undesired signals caused by the frequency
upconversion as well as notse m a receive froquency band. A power amplifier (PA) 1328
amplifies the upconverted signal 1324 from the filter 1326 to obtain the desired output
power level and provides a transmit RF signal. The transmit RF signal is routed through
a duplexer or switch 1330 and transmitied via an antenna 1332,

18061} In the receive path, the antenna 1332 receives signals transmitted by base
stations and provides a received RF signal, which s routed through the duplexer or swiich
1330 and provided to a low noise amplifier (LNA) 1334, The duplexer or switch 1330 is
designed to operate with a specific receive (RX)-to-TX duplexer frequency separation,
such that RX signals are isolated from TX signals. The received RF signal is amplified
by the LNA 1334 and filtered by a filter 1336 to obtain a desired RF mput signal.
Downconversion maxers 1338(1), 1338(2) ruix the output of the filter 1336 with land
RX LO signals (i.e., LO Tand LO Q) from an RX LO signal generator 1340 to gencrate
{ and (Q baseband signals. The Land @ baseband signals are amplified by AMPs 1342(1),
1342(2} and further filtered by lowpass filters 1344(1)}, 1344(2) to obtain I and ( analog
mput sigonals, which are provided to the data processor 1306, In this example, the data

processor 1306 includes analog-to-digital converters (ADCs} 1346(1), 1346(2) for
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converting the analog input signals nto digital signals fo be further processed by the data
processor 1306.

{6062] In the wireless communications device 1300 of Figure 13, the TX LO signal
generator 1322 generates the T and Q TX LO signals used for frequency upconversion,
while the RX LO signal generator 1340 generates the { and @ RX LO signals used for
frequency downconversion. Each LO sigoal 5 a periodic signal with a particular
fundamental frequency. A TX phase-locked loop (PLL) circuit 1348 receives timing
mformation from the data processor 1306 and generaies a control signal used to adjust
the frequency and/or phase of the TX LO signals from the TX L.{) signal generator 1322,
Similarly, an RX PLL cwcuit 1350 receives tirning information from the data processor
1306 and generates a control signal used to adjust the frequency and/or phase of the RX
LO signals from the RX LO signal generator 1340,

{6063} Those of skill 1 the art will further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithms described in connection with the aspects
disclosed herein may be muplemented as electronic hardware, instructions stored
memory or i another computer readable medinm and executed by a processor or other
processing device, or combinations of both, The master and slave devices described
herein may be employed in any circuit, hardware component, 1C, or IC chip, as examples.
Memory disclosed herein may be any type and size of memory and may be configured to
store any type of information desired. To clearly illustrate this interchangeability, various
ilfustrative components, blocks, modules, circuits, and steps have been described above
generally 1 terms of their functionality. How such functionality 1s implemented depends
upon the particular application, design choices, and/or design constraints imposed on the
overall systern. Skilled artisans may implemsent the described fonctionality in varying
ways for each particular application, but such implementation decisions should not be
interpreted as cansing a departure from the scope of the present disclosure,

{3064] The various illustrative logical blocks, modules, and circuits described
connection with the aspects disclosed hercin may be implemented or performed with a
processor, a Dhgital Signal Processor (DSP), an Apphication Specific Integrated Circuit
{ASIC), a Field Programmable Gate Array (FPGA) or other programmable logic device,
discrete gate or fransistor logic, discrete hardware components, or any combination
thereof designed to perform the functions deseribed herein. A processor may be a

microprocessor, but in the alternative, the processor may be any conventional processor,
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controller, microcontroller, or state machine. A processor may also be inplemented as a
combination of computing devices {e.g., a combination of a DSP and a microprocessor, a
phurality of microprocessors, one Of MOre MICTOProcessors i conjunction with a DSP
core, or any other such configuration).

{6065] The aspects disclosed herein may be embodied in hardware and in instructions
that are stored 1o hardware, and may reside, for example, 1o Random Access Memory
(RAM), flash memory, Read Unly Memory (ROM), Electrically Programmable ROM
{EPROM), Electrically Erasable Programmable ROM (EEPROM), registers, a hard disk,
a removable disk, a CB-ROM, or any other form of computer readable medium known
in the art. An exemplary storage medium is coupled to the processor such that the
processor can read fnformation from, and write information to, the storage medium. In
the alternative, the storage medium may be integral to the processor. The processor and
the storage medium may reside in an ASIC. The ASIC may reside in a remote station. In
the alternative, the processor and the storage medium may reside as discrete components
in a remote station, base station, or server.

{8066} It is also noted that the operational steps described in any of the exemplary
aspects herein are described to provide examples and discussion. The operations
described may be performed in numerous different sequences other than the tlhustrated
sequences. Furthenmore, operations described in a single operational step may actually
be performed 1n a nurober of different steps. Additionally, one or more operational steps
discussed in the exemplary aspects may be combined. It is to be understood that the
operational steps illustrated 1o the Howchart diagrams may be sabject to numerous
different modifications as will be readily apparent to one of skill in the art. Those of skill
in the art will also understand that information and sigoals may be represented using any
of a variety of different technologies and technigues. For example, data, instructions,
commmands, wnformation, signals, bits, symbols, and chips that may be referenced
throughout the above description may be represented by vollages, currents,
clectromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thereof,

{8067} The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined herein

may be applied to other vanations. Thus, the disclosure 18 not intended to be himtted to
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the examples and designs described herein, but 18 to be accorded the widest scope
consistent with the principles and novel features disclosed herein.
{6068} Implementation cxamples are also described in the following numbered
clauses:
1. An integrated circuit (IC) package, comprising:

a package substrate comprising a plurality of package substrate yaterconnects;

an 1T chip comprising a phlurality of die interconnects;

a redistribution layer (RDL) substrate disposed between the package substrate and

the IC chip, the RDL substrate comprising:

a RDL layer comprising a plurality of redistribution wetal lines each
comprising a RDL interconnect coupled to a die nterconnect
among the plurality of die interconnects;

a subsirate layer coraprising a plurality of substrate interconnects; and

a capacitor disposed between the RDL layer and the substrate layer; and

at least one vertical interconnect access (via) electrically coupled to a die
mterconnect among the plurality of die interconnects and the capacitor.

2. The IC package according to clause 1, wherein the substrate laver comprises a

second RDL layer comprising a plurality of second redistribution metal lines each

comprising a second RDL jnterconnect.

3. The IC package according to clause 2, further comprising at the least one second
via coupled to a die interconnect among the plurality of die interconnects and at least one

substrate inferconnect among the plarality of substrate interconnects in the substrate layer.

4, The IC package according to any of clauses 1 to 3, further comprising a

passivation layer disposed between the capacitor and the RDL layer,

5. The IC package according to any of clauses 1 to 4, wherein the at least one via
comprises at least one through-silicon-via {(TSV) disposed through the RDL substrate and
electrically coupled to a redistribution metal hne among the plurality of redistribution

metal lines coupled to the die mnterconnect.
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&. The IC package according fo clause 5, wherein the aspect ratio of height to width

of the at least one TSV is at least 2.0,

7. The IC package according to any of clauses 1 to 6, further comprising a plurality
of second vias disposed through the RDL substrate and electrically coupled to 3 RDL
interconnect among a phurality of RDL interconnects tn the RDL layer and a subsirate

interconmect among the plurality of substrate interconnects in the substrate layer.

g. The IC package according to clause 7, wherein the aspect ratio of height to width
of the plurality of second vias is at least 1.0,
9. The IC package according to any of clauses 1 to 8, further comprising:

a dielectnic laver comprising a dielectric material disposed between the RDL layer
and the substrate layer; and
a capacitor package embedded i the diclectric layer, the capacitor package

comprising the capacitor.

10.  The IC package according to clause 9, wherein the at least one via comprises at
icast one through-silicon-via {TSV) disposed through the capacitor package and
electrically coupled to a redistribution metal hine among the phurality of redistribution

metal lines coupled to the die interconnect.

11, The IC package according to clause 9, further comprising a plurality of second
vias disposed through the RDL substrate and electrically coupled to a RDL interconnect
among a plurality of RDL interconnects in the RDL layer and a substrate interconnect
among the plurality of substrate interconnects in the substrate laver;

wherein the plurality of second vias are disposed through the dielectric layer of

the RDL substrate outside of the capacitor package.

12, The IC package according to any of clauses 1 to 11, wherein at least one
redistribution metal line among the plurality of redistribution metal lines 18 fanned-out

outside a vertical path of its respective RDL interconnect.
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13, The IC package according to clause of any of clauses 1 fo 12, whereirn:
the pharality of die interconnects have a first pitch;
the plurality of substrate interconnects in the substrate layer have a second pitch
greater than the first pitch; and

the plurality of package substrates interconnects have the second pitch.

14, The IC package according to clause 13, further comprising a plurality of second
vias disposed through the RDL substrate and electrically coupled to a RDL interconnect
among a plurality of RDL mterconnects in the RDL layer and a substrate interconnect
among the plurality of subsirate interconnects i the subsirate layer coupled to a package

substrate nterconnect among the phurality of package substrate interconnects.

15.  The IC package according to any of clauses 1 to 14, wherewn:
the package substrate further comprises a first outer surface, the plurality of
package substrate inferconnects disposed through the first outer surface;
the IC chip further comprises an active surface, the plurality of die interconnects
disposed through the active surface; and
a distance between the first outer surface and the active surface is at least two (2}

micrometers (pm}.

16.  The IC package according to any of clauses 1 to 15 inlegrated into a device
selected from the group consisting of' a set top box; an entertamment unit; a navigation
device; a communications device; a fixed location data unit; a mobile location data umit;
a global positioning system {GPS) device; a mobile phone; a cellular phone; a smart
phone; a session mthiation protocol (SIP) phone; a tablet; a phablet; a server; a computer;
a portable computer; a mobile computing device; a wearable computing device; a desktop
computer; a personal digital assistant {PDA); a monitor; a computer monitor; a television;
a tuner; a radio; a satellite radio; a music plaver; a digital music player; a portable music
plaver; a digital video player; a video player; a digital video disc (BVD) player; a portable
digital video player; an antomobile; a vehicle component; aviouics systems; a drone; and

a muiticopter.
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17. A method of fabricating an IC package, comprising:
forming a package subsirate comprising a plurality of package subsirate
mnterconnects;
forming a redisiribution layer (RDL) subsirate on the package subsirate,
comprising:
formang a RDL layer comprising a plurality of redistribution wetal lines
each comprising a RDM interconnect;
forming a substrate layer cornprising a plurality of substrate interconnects;
and
disposing a capacitor between the RDL layer and the substrate layer;
forming at least one vertical interconnect access {(via} electrically coupled {o the
capacitor and configured to be electrically coupled to at least one die
fnterconmect among a plarality of die interconnects of the IC chip; and
coupling at lcast one die interconnect among a plurality of die interconnects of an
IC chip to at least one RDL interconnect among the plurality of

redistribution metal lines.

18.  The method according to clause 17, wherein forming the substrate layer comprises
forming a second RDL layer comprising a plurality of sccond redistribution metal lings
gach coruprising a second RDL interconnect; and
further comprising:
coupling at least one package substrate interconnect among the phurality
of package substrate interconnects to at least one second RDL
interconnect among a plurality of second RDL interconnects; and
disposing the capacitor between the RDBL layer and the substrate layer
comprises disposing the capacitor between the RDL layer and the

second RDL layer.

19, The method according to any of clanses 17 to 18, further comprising forming at
least one second via electrically coupled to at least one die mterconnect among the
plarality of die mterconnects and at least one substrate mterconnect among the plurality

of substrate interconnects.
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20.  The method according to clause 19, wherein formung the at least one second via

further comprises forming the least one second via outside a vertical path of the capacitor.

21.  The wethod according to any of clauses 17 and 19-20, wherein forming the
substrate layer comprises forming a second RDL layer on the package subsirate
comprising a plurality of second redistribution metal hines each comprising a second RDL
interconnect, to electrically couple the second RBL interconnect among the plurality of
second redistribution metal lines to at least one second RDL interconnect among the

second RIDL interconnects.

22, The method according to clause 21, further comprising forming a passivation
layer above a first side of the capacitor opposite a second side of the capacitor adjacent o

the second RDL layer.

23 The method according to any of clauses 19 to 22, further comprising forming a
dielectric layer comprising a dielectric material over the at least one via, the at least one

second via, and the capacitor.

24, The method according to clause 23, further comprising grinding down a surface
of the dielectric laver to expose a top surface of each of the at least one via from the

diglectric layer,

25.  The method according to clause 24, further comprising forming the RDL layer
above the diclectric layer on a first side of the diclectric layer opposite the second RDL
layer to electrically couple the at least one via to at least one RDL interconnect among

the plurality of redistribution metal hines,
26.  The method according to any of clauses 17 to 25, further comprising:

providing a carnier; and

forming a plurality of second vias on the carrier.
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27. A redistribution layer (RDL) substrate, comprising:

a RIL layer comprising a plurality of redistribution metal lines each comprising
a RDL mterconnect;

a substrate layer comprising a plurality of substrate miterconnects;

a diclectric layer comprising a diclectric material disposed between the RDL layer
and the substrate layer;

a capacitor package embedded i the diglectric layer, the capacitor package
comprising a capacitor; and

a plurality of through-silicon-vertical interconnect accesses (vias) {T8Vs)
disposed through the capacitor package and clectrically coupled to RDL

nterconnect amoung a plurality of RDL intercounects.

28.  The RDL substrate according to clause 27, wherein:
the capacitor package further comprises a metal layer comprising at least one
metal line coupled to the capacitor; and
at least one TSV among the plurality of TSVs is coupled to the at least one metal

line coupled to the capacitor.

29.  The RDL substrate according to clause 27, wherein at least one TSV among the
plurality of TSVs is coupled to at least one substrate interconnect among the plurality of

substrate interconnects in the substrate layer.

30.  The RPL substrate according to any of clauses 27 to 29, wherein the substrate
layer comprises a second RDL layer comprising a plurality of second redistribution metal

lines each comprising a second RIDL interconnect.
31, The RDL substrate according to any of clauses 27 to 30, wherein the RDL layer
comprises an outer surface and the RDL interconnects of the plurality of redistributed

metal lines are disposed through the outer surface.

32, The RDL substrate according to any of clauses 27 to 31, further comprising a

passivation layer disposed between the capacitor package and the RDL layer.
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33.  The RDL substrate according to clause 32, wherein the phurality of TSVs extend

through the passivation layer.

34.  The RDL substrate according to any of clauses 27 o 33, wheren the aspect ratio

of height to width of the plurality of TSVs is at least two (2) micrometers {(um).

35.  The RIDL substrate according to any of clauses 27 to 34, fimther comprising a
phurality of vias disposed through the dielectric fayer and electrically coupled to a RDL
interconnect among a plurality of RDLU interconnects and a substrate interconnect among

the plurality of substrate interconnects.

36.  The RDL substrate according to any of clauses 27 to 35, further comprising a
plurality of second vias disposed through the dielectric layer of the RDLU substrate and
electrically coupled to a RDL interconnect among a plurality of RDL interconnects in the
RDL layer and a substrate interconnect among the plurality of substrate interconnects in

the substrate layer,

37 The RDL substrate according to clause 36, wherein the aspect ratio of height to

width of the phirality of second vias is at least 1.0

38.  The RDL substrate according to any of clauses 36 to 37, wherein the plurality of
second vias are disposed through the diclectric layer of the RDL substrate outside of the

capacitor package.
39, The RDL substrate according to any of clauses 27 to 38, wherein the capacitor

package comprises the diglectric layer comprising the dielectric material, wherein the

capacitor 15 ernbedded in the diclectric layer.
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What is claimed is;

I An integrated circuit (IC) package, comprising:
a package substrate comprising a plurality of package substrate interconnects;
an 1C chip comprising a plurality of dic interconnects;
a redistribution layer {(RDL) substrate disposed between the package substrate and
the IC chip, the RDL subsirate comprising:

a RDBL layer comprising a plurality of redistribution metal lines each
comprising a RDL interconnect coupled to a dic interconnect
araong the plurality of die mierconnects;

a substrate layer comprising a phurality of substrate interconnects; and

a capacitor disposed between the RDL layer and the substrate layer; and

at least one vertical interconnect access {via} electrically coupled to a die

mnterconmect among the plurality of die interconnects and the capacitor.

2. The IC package of claim 1, wherein the substrate layer comprises a second RDL
layer comprising a plurality of second redistribution metal lines each comprising a second
RDL interconnect.

3. The IC package of claim 2, further comprising at the least one second via coupled
to a dic mterconnect among the plurality of die interconnects and at least one substrate

interconnect among the plurality of substrate interconnects in the substrate layer.

4, The IC package of claim 1, further comprising 3 passivation layer disposed

between the capacitor and the RDL layer.

5. The IC package of claim 1, wherein the at least one via comprises at least one
through-silicon-via (TSV) disposed through the RDL subsirate and electrically coupled
to a redistribution metal line among the plurality of redistribution metal lines coupled to

the die mterconnect.

6. The IC package of claim 5, wherein the aspect ratio of height to width of the at

feast one TSV is at feast 2.0,
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7. The IC package of claim 1, further comprising a plurality of second vias disposed
through the RDL substrate and electrically coupled to a RDIL interconnect among a
phurality of RDL interconnects in the RDL layer and a substrate interconnect among the

plurality of substrate interconnects in the substrate layer.

8. The IC package of claim 7, wherein the aspect ratio of height to width of the

plurality of second vias is at least 1.0.

9. The IC package of claim 1, further comprising:
a diclectnie layer comprising a diclectric material disposed between the RDL layer
and the substrate layer; and
a capacitor package embedded in the dielectric layer, the capacitor package

comprising the capacitor,

10.  The IC package of claira 9, wherein the at least one via comprises at least one
through-sihicon-via {TSV) disposed through the capacitor package and electrically
coupled to a redistribution metal line among the plarality of redistribution metal lines

coupled to the die interconnect.

1. The IC package of claim 9, Rurther comprising a plurality of second vias disposed
through the RDL substrate and eclectrically coupled to a RDL interconnect among a
plurality of RDL interconnects in the RDL laver and a substrate interconnect among the
plurality of substrate interconnects i the substrate layer;

wherein the plarality of second vias are disposed through the dielectric layer of

the RDL substrate outside of the capacitor package.
12, The IC package of claim 1, wherein at least one redistribution metal hine among

the plurality of redistribution metal lines is fanned-out outside a vertical path of s

respective RDL interconnect,
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13, The IC package of claim 1, wherein:
the pharality of die interconnects have a first pitch;
the plurality of substrate interconnects in the substrate layer have a second pitch
greater than the first pitch; and

the plurality of package substrates interconnects have the second pitch.

14.  The IC package of claim 13, further comprising a plurality of second vias disposed
through the RDL substrate and clectrically coupled to a RDL interconnect among a
plurality of RDL interconnects in the RDL layer and a substrate interconnect among the
plurality of substrate mterconnects in the substrate laver coupled to a package subsirate

interconnect among the plurality of package substrate interconnects.

15.  The IC package of claim 1, wherein:
the package substrate further comprises a first outer surface, the plurality of
package substrate inferconnects disposed through the first outer surface;
the IC chip further comprises an active surface, the plurality of die interconnects
disposed through the active surface; and
a distance between the first outer surface and the active surface is at least two (2}

micrometers (pm}.

16.  The IC package of claim 1 integrated into a device selected from the group
consisting of’ a sct top box; an entertainment unit; a navigation device; a communications
device; a fixed location data unit; a mobile location data vuit; a global positioning system
{GPS) device; a mobile phone; a cellular phone; a smart phone; a session initiation
protocol {SIP) phone; a tablet; a phablet; a server; a computer; a poriable computer; a
mobile computing device; a wearable computing device; a desktop computer; a personal
digital assistant (PDA); a monitor; a computer monitor; a television; a tuner; a radio; a
satellite radio; a music player; a digital music player; a portable music player; a digital
video player; a video player; a digital video disc (DVD) player; a portable digital video

player; an autorobile; a vehicle component; avionics systers; a drove; and a multicopter,
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17. A method of fabricating an IC package, comprising:
forming a package subsirate comprising a plurality of package subsirate
mnterconnects;
forming a redisiribution layer (RDL) subsirate on the package subsirate,
comprising:
formang a RDL layer comprising a plurality of redistribution wetal lines
each comprising a RDM interconnect;
forming a substrate layer cornprising a plurality of substrate interconnects;
and
disposing a capacitor between the RDL layer and the substrate layer;
forming at least one vertical interconnect access (via} electrically coupled to the
capacitor and configured to be electrically coupled to at least one die
fnterconmect among a plarality of die interconnects of the IC chip; and
coupling at lcast one die interconnect among a plurality of die interconnects of an
IC chip to at least one RDL interconnect among the plurality of

redistribution metal lines.

18, The method of claim 17, wherein forming the substrate layer comprises forming

a second RDL layer comprising a plurality of second redistribution metal hines each
comprising a second RDL juterconnect; and

further comprising:

coupling at least one package substrate interconnect among the phurality

of package substrate interconnects to at least one second RDL

interconnect among a plurality of second RDL interconnects; and

disposing the capacitor between the RDBL layer and the substrate layer

comprises disposing the capacitor between the RDL layer and the

second RDL layer.

19.  The method of claim 17, further comprising forming at least one second via
glectrically coupled to at least one die interconnect among the phwality of die
interconnects and at least one substrate interconnect among the plorality of substrate

interconnects.
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20.  The method of claim 19, wherein forming the at least one second via further

comprises forming the least one second via outside a vertical path of the capacitor.

21.  The wethod of claim 17, wherein forming the substrate layer comprises forming
a sccond RDL layer on the package substrate comprising a plurality of second
redistribution metal lines each comprising a second RDL intercounect, to electrically
couple the second RIL interconnect among the plurality of second redistribution metal

lines to at least one second RDL interconnect among the second RDL interconnects.

22. The method of claim 21, further comprising forming a passivation layer above a
first side of the capacitor opposite a second side of the capacitor adjacent to the second

RDL layer.

23.  The method of claim 19, further comprising forming a dielectric layer comprising

a diclectric matenial over the at least one via, the at least one second via, and the capacitor.

24, The method of claim 23, further comprising grinding down a surface of the
dielectric layer to expose a top surface of each of the at least one via from the dielectric

layer.

25.  The method of claim 24, further comprising forming the RDL layer above the
dielectric laver on a first side of the dielectric layer opposite the second RDL laver to
electrically couple the at least one via to at least one RIDL interconnect among the pharality

of redistribution metal lines.

26.  The method of claim 17, further comprising:
providing a carrier; and

forming a plurality of second vias on the carrier.

27. A redistribution layer (RDL) substrate, comprising:
a RDL layer comprising a plorality of redistribution metal ines ecach comprising
a RDL interconnect;

a substrate layver comprising a plurality of substrate interconnects;
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a diclectric layer comprising a diclectric material disposed between the RDL layer
and the substrate layer;

a capacitor package embedded in the diclectric layer, the capacitor package
comprising a capacitor; and

a plurality of through-silicon-vertical interconnect accesses (vias) (T8Vs)
disposed through the capacitor package and electrically coupled to RDL

interconnect among a pharality of RDL interconnects.

28. The RDL substrate of claim 27, wherein:
the capacitor package further comprises a metal layer comprising at least one
metal Iine coupled to the capacitor; and
at least one TSV among the phurality of TSVs is coupled to the at least one metal

e coupled to the capacitor.

29, The RDL substrate of claim 27, wherein at least one TSV among the plurality of
T8Vs 13 coupled to at Ieast one substrate interconnect among the plurality of substrate

interconnects in the substrate laver.

30.  The RDL substrate of claim 27, wherein the substrate layer comprises a second
RDL layer comprising a plurality of second redistribution wetal hnes each comprising a

second RDL interconnect.
31, The RDL substrate of claim 27, wherein the RDL layer comprises an outer surface
and the RDL interconnects of the plurality of redistributed metal lines are disposed

through the outer surface.

32.  The RDL substrate of claim 27, further coruprising a passivation layer disposed

between the capacitor package and the RDL layer.

33.  The RDL substrate of claim 32, wherein the pharality of TSVs extend through the

passivation layer,
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34.  The RDL subsirate of claim 27, wherein the aspect ratio of height to width of the

phurality of TSVs is at least two (2} micrometers (um).

35,  The RDL substrate of claim 27, further comprising a plurality of vias disposed
through the dielectric layer and electrically coupled to a RDL interconnect among a
phurality of RDL interconnects and a substrate interconnect among the plurality of

substrate interconnects,

36. The RDL substrate of claim 27, further comprising a plurality of second vias
disposed through the dielectric laver of the RDL substrate and electrically coupled to a
RDL interconnect among a phurality of RDL inferconnects i the RDL layer and a

substrate interconnect among the plurality of substrate interconnects in the substrate layer.

37.  The RDL substrate of claim 36, wherein the aspect ratio of height to width of the

plurality of second vias is at least 1.0

38.  The RDL substrate of claim 36, wherein the plurality of second vias are disposed

through the dielectric layer of the RDL substrate cutside of the capacitor package.

39, The RDL substrate of claim 27, wherein the capacitor package comprises the
dielectric layer comprising the dielectric material, wherein the capacitor s embedded in

the diclectric layer.
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PACKAGE SUBSTRATE INTERCONNECTS (128}

FORMING A REDISTRIBUTION LAYER (RDL) SUBSTRATE {116, 316} ON _J
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FORMING A SUBSTRATE LAYER {204} COMPRISING A PLURALITY /)
OF SUBSTRATE INTERCONNECTS (206)

¥ 410

DISPOSING A CAPACITOR {118) BETWEEN THE RDL LAYER %
{126] AND THE SUBSTRATE LAYER {204}

¥ 412

FORMING AT LEAST ONE VERTICAL INTERCONNECT ACCESS (VIA) {220, 220} /

ELECTRICALLY COUPLED 10 THE CAPACTTOR (118} AND (ONFIGURED 7O BE

ELECTRICALLY COUPLED TO AT LEAST OME DIE INTERCONNE(T (120) AMONG
A PLURALITY OF DIE INTERCONNECTS {120) OF AN IC CHIP {106}

X

COUPLING AT LEAST ONE DIE INTERCONNECY (120} AMONG THE PLURALITY OF
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