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(57) Abstract: Some novel features pertain to an integrated device that includes an encapsulation layer, a via structure traversing the
encapsulation layer, and a pad. The via structure includes a via that includes a first side, a second side, and a third side. The via
structure also includes a barrier layer surrounding at least the first side and the third side of the via. The pad is directly coupled to the
barrier layer of the via structure. In some implementations, the integrated device includes a first dielectric layer coupled to a first sur -
face of the encapsulation layer. In some implementations, the integrated device includes a substrate coupled to a first surface of the
encapsulation layer. In some implementations, the integrated device includes a first die coupled to the substrate, where the encapsu -
lation layer encapsulates the first die. In some implementations, the via includes a portion configured to operate as a pad.
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INTEGRATED DEVICE COMPRISING VIA WITH SIDE
BARRIER LAYER TRAVERSING ENCAPSULATION
LAYER

CROSS-REFERENCE TO RELATED APPLICATIONS

16601} The present application claims priority to U.S. Application No. 14/274,517,
entitled “Integrated Device Comprising Via With Side Barrier Layer Traversing
Encapsulation Layer”, filed May 9, 2014 which claims prionty to U8, Provisional
Apphication No. 61/939.323, entitled “Integrated Device Conprising Via With Side
Barrier Layer Traversing Encapsulation Layer”, filed February 13, 2014, which are

hereby expressly incorporated by reference herein.

BACKGROUND
Field
80602} Various features relate to an integrated device that includes a via with a side

barrier layer that traverses an encapsulation layer,

Background

860831 FIG. 1 illustrates a {ivst package 102 being coupled to a second package 104,
The first package 102 includes a first subsirate 106, a first dic {e.g., chip) 108, a mold
110, a first set of solder balls 116, and a first set of interconnects 118, and a third set of
solder balls 126, The fivst substrate 106 may include traces and/or vias {(both of which
are not shown}. The second package 104 includes a sccond substrate 105, a second die
107, a third dic 109, a second set of solder balis 115, a first set of wire bonding 117, and
a second set of wire bonding 119. The second substrate 105 may include traces and/or
vias (both of which are not shown). The second package 104 is positioned above the
first package 102,

{3004 The first die 108 is coupled to a first surface (o.g., top surface) of the first
substrate 106 through the first set of interconnects 118, The mold 110 encapsulates the
first dic 108 and the first set of interconnects 118, The first set of solder balls 116 is
coupled to a second surface {e.g., bottom surface) of the first substrate 106, The third set

of solder balls 126 is coupled to the first surface (e.g., top surface) of the tirst substrate
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106, The third set of solder balls 126 1s surrounded by the mold 110, The first substrate
106 includes a set of traces and/or vias that may clectrically connect to the first die 108
and/or the first set of solder balls 116,

[B00S) The second die 107 and the third die 109 are coupled to a fivst surface (e.g.,
top surface) of the second substrate 105, The second die 107 is electrically coupled to
the traces and/or vias of the second substrate 105 through the first set of wire bonding
117, The third dic 109 is clectrically coupled to the traces and/or vias of the second
substrate 105 through the second set of wive bonding 119, The second set of solder balls
115 1s coupled to a second surface {e.g., bottom surface) of the second substrate 105,
[B006] FIG. 2 illustrates a conventional package on package (PoP) mtegrated
device. As shown in FIG. 2, the integrated device 200 includes the first package 102 and
the second package 104 of FIG. 1. As shown in FIG. 2, when the first package 102 is

coupled to the second package 104, the sccond set of solder balls 115 of the second

package 104 is coupled to the third set of solder balls 126 of the first package 102.
166071 Oune major drawback of the package on package (PoP) configuration shown

in FIGS. 1 and 2 is that it creates an integrated device with a form factor that may be too
large for the needs of mobile computing devices, That 1s, the PoP configaration shown
in FIG. 2 may be too thick and/or have a surface arca that 1s too large to maect the needs
and/or requirements of mobile computing devices. In particular, there is a constant need
to reduce the size of integrated devices, especially integrated device that are going to be
implemented m mobiles devices. Moreover, the process of fabricating the PoP
configuration can be complicated and costly.

008} Theretfore, there is a noed for a cost effective infograted package that has an
improved forma factor {c.g., smaller, narrower, thinner). Ideally, such an integrated
package will provide higher density connections, as well being more cost effective (e.g.,

cheaper) to fabricate than current integrated packages,

SUMMARY
[B009] Various features, spparatus and methods described herein provide an
integrated device that includes a via with a side barrier layer that traverses an
encapsulation laver.
[B018) A first example provides an integrated device that includes an encapsulation
layer, a via structure traversing the encapsulation layer, and a pad. The via structure

includes a via that includes a first side, a second side, and a third side. The via structure
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also ncludes a barrier layer surrounding at least the first side and the third side of the
via. The pad is directly coupled to the barrier layer of the via structure.

(8011} According to an aspect, the integrated device ncludes a first dielectric layer
coupled to a first surface of the encapsulation layer. In some implementations, the
integrated device includes a second diclectric layer coupled to a second surface of the
encapsulation layer.

66121 According to one aspect, the integrated device includes a substrate coupled
to a first surface of the encapsulation layer, In sore tmplementations, the integrated
device inchides a first die coupled to the subsirate, where the encapsulation laver
encapsulates the first die. Tn some implementations, the via structure further comprises a
fill,

[6013] According to an aspect, the via inchides a seed layer.

{6014} According to one aspect, the via inchudes a portion configured to operate as a
pad.

6015} According to an aspect, the integrated device includes one of at least an
interposer, a package device, and/or a package-on-package (PoP) device.

[B016] According to one aspect, the integrated device 18 incorporated into at least
one of a music player, a video plaver, an entertainment unit, a navigation device, a
communications device, a mobile device, & mobilec phone, 3 smariphone, a personal
digital assistant, a fixed location terminal, a tablet computer, and/or a laptop computer.
[6017] A second example provides an apparatus that includes an encapsulation
laver, a via structure traversing the cncapsulation layer, and a pad. The via structure
includes a via that includes a first side, a second side, and a third side. The via structure
mclades a barrier eans surrounding at least the first side and the third side of the via.
The pad is directly coupled to the barrier layer of the via structure.

{8018} According to an aspect, the apparatus includes a first dielectric layer coupled
to a first surface of the encapsulation laver. In some implementations, the apparatus
fnchides a second dielectric laver coupled to a second surface of the cncapsulation layer.
16010 According to one aspect, the apparatus includes a substrate coupled to a first
urface of the encapsulation layer. In some implementations, the apparatus a first die
coupled to the substrate, where the encapsulation layer encapsulates the first die.

[B020] According to an aspect, the via structure includes a fill rocans.

18021} According to one aspect, the via includes a seed layer.
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160221 According to an aspeet, the via includes a portion configured fo operate as a
pad.

(8023} According to one aspect, the apparatus includes one of at least an interposer,

a package device, and/or a package-on-package (PoP) device.

{8024} According fo an aspect, the apparatus is incorporated into at least onc of a
music player, a video player, an entertainment unit, a navigation device, a
comnnications device, a mobile device, a mobile phone, a smariphone, a personal
digital assistant, a fixed location terminal, a tablet computer, and/or a laptop computer,
{025] A third example provides a method for fabricating an integrated device. The
method forms a pad on a substrate. The method forms an encapsulation layer on the
substrate, The method forms a via structure in the encapsulation layer, where forming
the via structure inchudes (1} forming a barrier layer in the encapsulation laver, and (2}
forming a via on the bareier layer, the via comprising a first side, a second side, and a
third side, the via 1s formed on the barrier layer such that the barrier layer surrounds at
least the first side and the third side of the via, where the barrier layer is directly coupled
to the pad.

[8026] According to an aspect, the method forms a first diclectric layer on a first
surface of the encapsulation layer,

8027} According to one aspect, the method forms a second diclectric layer on a
second surface of the encapsulation layer.

[6028] According to an aspect, the method removes at least a portion of the
substrate.

029 According to one aspect, the method couples a first dic to the substrate,
where forming the encapsulation laver comprising encapsulating the first die with the
encapsulation layer.

HHIR) According to an aspect, forming the via structure includes forming a fill,
{6031} According to one aspect, forming the via includes forming a seed layer on
the barrier layer.

166321 According o an aspect, forming the via includes forming a portion a via as a
pad.

{033} According to one aspect, the integrated device comprises one of at least an
mterposer, a package device, and/or a package-on-package (PoP) device,

{8034} According to an aspect, the integrated device is incorporated into at least one

of a music player, a video player, an cntertainment unit, a navigation device, a
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comnunications device, a mobile device, a mobile phone, a smariphone, a personal

digital assistant, a fixed location terminal, a tablet computer, and/or a laptop computer.

DRAWINGS
HHIRRY Various features, nature and advaniages may become apparent from the
detailed description set forth below when taken in conjunction with the drawings in
which like reference characters dentify correspondingly throughout,

60361 FIG. 1 illustrates a profile view of a first package being coupled to a second

package.
[B037] FIG. 2 illustrates a conventional package-on-package (PoP) device,
{B0O3R] F1G, 3 illustrates an example of a through encapsulation via (TEV) that

includes a side barrier laver,

{6039} FIG. 4 illustrates an example of an integrated device that includes a through
euncapsulation via {(TEV) with a side barrier layer.

16040 FIG. § {comprising FIGS. SA, 5B, and 5C) illustrates an exeraplary sequence
for providing / manufacturing an integrated device that includes a through encapsulation
via {TEV) with a side barvier layer.

{0041} FIG, 6 illustrates an example of an interposer that includes a through
encapsulation via (TEV) with a side barrier layer.

16042} FIG. 7 {comprising FIGS. 7A, 7B, and 7C} iltusirates an exemplary sequence
for providing / manufacturing an integrated device that includes a through encapsulation
via (TEV} with a side barrier layer,

303431 FIG. 8 illustrates an example of a through encapsulation via (TEV) that
mclades a side barrier layer and fill.

[B044] F1G, & dlustrates an example of an integrated device that includes a through
encapsulation via (TEV) with a side barrier layer.

{8045} FIG. 10 (comprising FIGS. 10A, 108, and 18C) illustrates an exemplary
sequence for providing / manufachiring an integrated device that muchides a through
encapsulation via (TEV) with a side barrier layer.

3046} FIG. 11 illustrates an example of an interposer that includes a through
encapsulation via (TEV) with a side barrier layer and a fill,

{80471 F1G, 12 (comprising FIGS. 124, 128, and 12C) illustrates an exemplary
sequence for providing / manufacturing an integrated device that includes a through

encapsulation via (TEVY with a side barrier layer,
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{6048} FIG. 13 iHustrates an exeruplary a flow diagram of a method for providing /
manufacturing an integrated device that includes a through encapsulation via (TEV)
with a side barrier layer.

[B8049] F1G, 14 tHustrates various electronic devices that may integrate an integrated
device, a semiconductor device, a dic, an imtegrated circuit and/or PCB described

herein.

DETAILED DESCRIPTION
{3050} In the following description, specific details are given o provide a thorough
understanding of the various aspects of the disclosure. However, it will be understood
by one of ordinary skill in the art that the aspects moay be practiced without these
specific details. For example, circuits may be shown in block diagrams in order to avoid
obscuring the aspects in unnecessary detail. In other instances, well-known circuits,
structures and techniques may not be shown in detail in order not to obscure the aspects

of the disclosure.

Overview

{8051} Some novel features pertain to an integrated device (e.g., integrated package,
interposer} that includes an encapsulation layer, a via structure fraversing the
encapsulation layer, and a pad. The via structure includes a via that includes a first side,
a second side, and a third side. The via structure also includes a barrier layer
surrounding at least the first side and the thivd side of the via. The pad is directly
coupled to the barrier layer of the via structure. In some implomentations, the via
structure also ncludes a fill {e.g., polvmer fill). In some implementations, the miegrated
device includes a first diclectric layer coupled to a first surface of the encapsulation
layer. In some implementations, the mtegrated device inchudes a second dielectric layer
coupled to a second surface of the encapsulation laver. In some implementations, the
fntegrated device includes a substrate coupled to a first surface of the encapsulation
laver. In some implementations, the integrated device includes a first die coupled to the
substrate, where the concapsulation layer encapsulates the first die. In some
implementations, the substrate includes a set of throngh substrate vias (TSVs). In some
impleraentations, the via includes a sced layer. In some implementations, the via

inchudes a portion configured to operate as a pad.
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Exemplary Integrated Device That Includes Via With Side Barrier Layer
Traversing an Encapsulation Layer

[B052] FIG. 3 illustrates an example of a set of through encapsulation vias (TEVs)
that may be implemented m an integrated device {o.g., mtegrated package device,
package-on-package (PoP) device, interposer).

EHIRRY Specifically, FIG. 3 illustrates a substrate 302, an insulation layer 334, a
eucapsulation layer 306, and a dielectric layer 308, FIG. 3 also ithustrates a tirst pad 310,
a first barrier layer 312, a through cncapsulation via (TEV) 314, and a cavity 315, The
first pad 310 is located in the substrate 302, Ditferent implementations may use
different materials for the substrate 302 {e.g., silicon, glass, ceramic, organic). In some
implerentations, the substrate 302 is a wafer level substrate.

EHIRES The first pad 310 is a metal material {e.g., aluminum). The insulation layer
304 s coupled to a first surface {(e.g., top surface) of the substrate 302, In some
implementations, the msulation layer 304 15 a passivation laver. In some
implementations, the josulation layer 304 1s a dieleciric. In some implomentations, the
insulation laver 304 covers at least partially the first pad 310, Different timplementations
may use different materials for the msulation layver 304 (e.g., different dielectric
materials). In some tnplerentations, the msulation layer 304 15 a silicon nitrade (SiN})
layer.

HHIREY In some implementations, the encapsulation layer 306 is coupled to the
mmsulation layer 304, For example, a first surface {e.g., botiom surface) of the
encapsulation layer 306 is coupled to a second surface (e.g., top surface) of the
insulation layer 304, Different implementations may use different materials for the
encapsulation layer 306, In some implementations, the encapsulation layer 306 s a film
layer. In some implementations, the encapsulation layer 306 is made of a material that
has a photo-patternable property. In some implementations, the encapsulation laver 306
is made of a material that can be removed (e.g., etched) through a photo etching process.
In some implomentations, 8 photo-eiching process on the encapsulation layer 306
cusures that other compounent of the package does not get damaged when the a cavity 18
formed {e.g., createdy m the encapsulation layer 306 in the process of forming a TEV.
For examople, in some implementations, the use of a photo-etching process on the
encapsulation layer 306 that is photo-patternable ensures that the pad 310 does not get
damaged, which would be the case if a laser where used fo create a cavity in the

encapsulation layer 306. For instances, when a laser process is used to create the cavity
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i the encapsulation layer over a pad (e.g., pad 310}, the laser will damage and/or
destroy the pad {¢.g., pad 310}, which would prevent the TEV from properly coupling to
the interconvects in the substrae.

[B0S6] The first barrier layer 312 and the TEV 314 are located in the encapsulation
layer 306, The TEV 314 is a metal laver {e.g.,, copper} that fraverses the encapsulation
layer 306. In some implementations, the TEV 314 includes a seed layer. In such
mastances, the TEV 314 includes a metal layer {e.g., copper layer) and a seed layer. In
some implementations, the seed layer is between the metal layer of the TEV 314 and the
barrier layer 312, The TEV 314 has a first side {e.g., bottom side), a second side {e.g.,
top side), and a third side {¢.g., vertical side}. In some impleruentations, the third side of
the TEV 314 may be the walls of the TEV 314, In some implementations, the TEV 314
may have a non-horizontal side. For example, the TEV 314 may have a non-
perpendicular or non-horizontal side {e.g., diagonal side}.

100571 As shown in FIG. 3, the first barrier layer 312 15 coupled to the TEV 314, In
particular, the TEV 314 is surrounded in the encapsulation layer 306 by the first barrier

i

Lo
S

tayer 312, The first barrier laver 312 is coupled to the first side of the TEV 314 and the
third side (e.g., vertical side) of the TEV 314, Thus, as shown m FIG. 3, i some
impleraentations, the TEV 314 is not 1n direct contact (e.g., free of direct contact) with
the encapsulation layer 306, Different tmplementations may use different materials for
the first barrier layer 312, In some implementations, the first barrier layer 312 is one of
at least titanium (Ty, TiIN, and/or TiW. However, the fivst barvier layer 312 may be
other materials and is not himited to the materials listed.

058} The first barrier layer 312 is coupled to the first pad 310, In some
tmplersentations, the first barrier layer 312 15 at least partially surrounded by the
insulation layer 304,

{8059} The dielectric layer 308 is coupled to the encapsulation layer 306, In some
implementations, the first surface {(e.g., bottom surface} of the dielectric laver 308 is
coupled to the second surface (e.g., top surface) of the encapsulation layer 306, In some
implementations, a second surface {e.g., top surface) of the dielectric layer 308 may be
aligned with the top surface of the TEV 314, In some implementations, the dielectric
tayer 308 may include a cavity 315 that opens the dielectric laver 308 and exposes part
of the top surface of the TEV 314,

HHUSH As shown in FIG. 3, the TEV 314 is configured in such & way that the TEV

314 s both a via and a pad. In some tmplementations, the combination of the via and
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the pad may be referred to as a via structure, In some implementations, the via structure
includes the TEV 314 and the first barrier layer 312, In some implementations, the TEV
314 has a T-shape. In some implementations, the fivst barrier layer 312 has a U-shape.
{3061} The via structure that inchudes the first barrier laver 312 and the TEV 314, as
shown in FIG. 3, may be mmplemented in different mtegrated devices. In some
implementations, the via structure may be implemented in an integrated package device
{¢.z., package-on-package (PoP) device).

[6062] FIG. 3 llustrates that the first pad 310 is embedded in the subsirate 302,
However, in some implementations, the first pad 310 is located on the surface of the
substrate 302

{B063] F1G. 4 diustrates an integrated package device 400 that includes a set of via
structures 401, In some implementations, the via structures 401 may be the via siructure
shown in FIG. 3, and/or any novel via structure described and illustrated in the present
disclosure.

60641 As shown in FIG. 4, the integrated package device 460 mceludes a subsirate
402, a first die 404, a second die 406, a first set of interconnects 414, a second set of
mterconnects 416, an encapsulation layer 418, a first dielectric layer 420, a sccond
diclectric layer 422, a st of through substrate vias (TSVs) 424, a third set of
interconnects 426, a set of solder balls 428, and a first pad 430, In some
implementations, the substrate 402 may include a set of interconnects {e.g., traces, vias),
which are not shown for the purpose of clarity. The set of interconnects may be coupled
to one or more pads (e.g., pad 430} and/or the third set of interconnects 426,

8065} The first die 404 is coupled the substratc 402 through the first set of
mterconnects 414 {¢.g., first bump, fivst pillar intercommect, first solder). The second die
406 is coupled the subsirate 402 through the sccond set of mterconnects 416 (e.g.,
second bump, second pillar infterconnect, second solder). The encapsulation layer 418
covers the first and second dies 404 and 406.

[6066] The set of via stnuctures 401 traverses the encapsulation layer 418 and i
coupled to the substrate 402, In some implementations, the set of via structures 401 1
coupled to at least the first pad 430. In some implomentations, the first pad 430 is
coupled to at least one of the set of TSVs 424, At least one of the TSV from the set of
TSVs 424 may be coupled to the third set of inierconnects 426, At least one
interconnect from the third set of inferconnects 426 may be coupled to a solder ball from

the set of solder balls 42¥%.
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160671 In some traplementations, a dielectric layer 409 is coupled (e.g., formed) on
the first surface of the substrate 402, In some implementations, the dielectric layer 409
ts simnilar and/ov the same as the insulation layer 304, Tn some implementations, the
encapsulation layer 418 is coupled to the dielectric layer 409,

{8068} One of the via structures 401 includes at least g first barrier layer 403 (e.g.,
first barrier laver 312) and a through encapsulation via (TEV} 405 (e.g., TEV 314). The
first barmer fayer 403 and the TEV 405 are located in the encapsulation layer 418, The
TEV 405 1s a metal layer {c.g., copper) that iraverses the encapsulation layer 418, In
some implementations, the TEV 405 mncludes a seed layer. In such instances, the TEV
405 jochides a metal layer (e.g., copper layery and a seed layer. In some
implerentations, the seed layer s between the metal layer of the TEV 405 and the
barrier layer 403, The TEV 405 has a first side {¢.g., bottom side), a second side (e.g.,
top side), and a third side (e.g., vertical side). In some implementations, the third side of
the TEV 405 may be the walls of the TEV 405, In some implementations, the vertical
side of the TEV 4035 is perpendicular to the top and/or bottom surfaces of the
encapsulation layer 418,

[8069] The first barvier layer 403 is coupled to the TEV 405, In particular, the TEV
405 is surrounded 1n the encapsulation layer 418 by the first barvier layer 403, The first
barrier layer 403 is coupled to the first side of the TEV 405 and the third side (e.g.,
vertical side} of the TEV 405, Thus, as shown in FIG. 4, in some implementations, the
TEV 405 is not in divect contact {e.g., free of direct contact) with the encapsulation
faver 418,

{6070 FiG. 4 illustrates that the first pad 430 is embedded in the substrate 402,
However, in some implementations, the first pad 430 is located on the surface of the
substrate 402, Although not show 1o FIG. 4 for the purpose of clarity, the first pad 430
is coupled 1o an interconnect {¢.g., a via, trace) in the substrate 402,

(6071} In some implementations, the integrated device 400 is a package (e.g.,
mtegrated package) from a package-oun-package (PoP) integrated device. As such, in
some implementations, another integrated device {c.g., another package) may be
coupled to the integrated device 400. For example, another infegrated device comprising
a substrate and an interconnect {(e.g., solder ball} may be coupled to the top portion of
the miegrated device 400, In such fnstances, the mmterconnect (e.g., solder ball) may be

coupled to the via structure 401 of the infegrated device 400,
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Exemplary Sequence for Providing / Fabricating an iIntegrated Device That
Includes Via With Side Bayrier Layer Traversing an Encapsulation Layer

[8072] In some nmplementations, providing an integrated device (e.g., miegrated
package) that includes a via structure, inchudes several processes. FIG. 5 (which
comprises FIGS. SA-SC) llustrates an exemplary sequence for providing an integrated
device. In some implementations, the sequence of FIGS. 5A-5C may be used to provide
! manutacture the integrated device of FIGS. 3 and/or 4, and/or other integrated devices
described in the present disclose.

{8073} It should also be noted that the sequence of FIGS. 5A-5C may be used to
provide / mamufachure integrated devices that alse include circuit elements. It should
tfurther be noted that the sequence of FIGS. SA-5C may combine one or more stages in
order to simplify and/or clarify the sequence for providing an infegrated device,

16074} In some implementations, the process of FIGS. 5A-3C iflustrates a novel
process that provides an infegrated device with high density inferconnects.

180751 As shown i stage | of FIG. 5A, a substrate 502 8 provided (e.g.,
fabricated). In some implementations, the substrate 502 is a wafor. Different
umplementations may usce different materials for the subsirate {e.g., silicon substraie,
glass substrate, coramic subsirate, organic substrate). The substrate 502 mcludes a set of
through substrate vias (TSVs) 504 and a set of pads 505, In some implementations, the
substrate 502 may also include other interconnects {e.g., traces}. The st of pads 505 is
located on a first surface (e.g, top surface) of the substrate 502, In some
implementations, the set of pads 5035 is embedded in the first surface of the subsirate
502, In some implementations, a dielectric layer 503 is coupled {c.g., formed} on the
first surtace of the substrate 502, In some implementations, the diclectric layver 503 is
similar and/or the same as the msulation layer 304, The diclectric layer 503 may melude
one of more openings and/or cavitics above one or more pads 505 and/or one or more
set of TSVs S04, In some implementations, the substrate 502 may inclode a set of
mterconnects {e.g., traces, vias), which are not shown for the purpose of clarity. The set
of interconnects may be coupled 1o one or more pads (¢.g., pad 505).

{3076} At stage 2, a first die 506 and a second die 508 are coupled to the substrate
502. The first dic 506 1s coupled to the subsirate 502 through a first set of interconnects
516 (e.g., first pillar, fivst solder). In some implementations, at least one of the fivet set
of interconnecis is electrically coupled to at Ieast one TSV from the set of TSVs 504,

The second die 508 s coupled to the substrate 502 through a second set of interconnects
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518 {e.g., first pillar, first solder). In some iraplementations, at least one of the sceond
set of mterconnects SIS is electrically coupled to at least one TSV from the set of TSVs
504.

18077} At stage 3, an encapsulation layer 520 is provided {e.g., formed) on the
substrate 502 and/or the diclectric layer 503 on the substrate 502, The encapsulation
layer 520 encapsulates the first dic 506 and the second die S08. In some
implementations, the encapsulation layer 520 may be coupled directly to the subsirate
502, Different implementations may use different materials for the encapsulation layer
520. In some implementations, the encapsulation layer 520 is a film laver. In some
implementations, the encapsulation layer 520 is made of a matenial that has a photo-
patternable property.

{8078} At stage 4, at fcast one cavity 525 is formed in the encapsulation layer 520,
In some implementations, the cavity 525 s formed {(e.g., created) over a pad {e.g., pad
S0Sy In some implementations, the cavity 525 1s formed by using a photo etching
process {¢.g., photolithography process).

6079 At stage 5, a barrier layver 530 is provided (e.g., formed, deposited). In some
implementations, a plating process is used to form the barrier layver 530. The barrier
layer 530 may cover the inside walls of the cavity 525, at least part of the pad 508,
and/or the first surface of the encapsulation layer 320, Different implementations may
use different materials for the barrier layer 530, In some implementations, the barrier
fayer S30 4s one of at least titanium {T1), (TiN), Aluminmium Copper (AlCu), tinanium
copper alloy (TiCu) and/or titarsum tungsten copper alloy (TiwCu), However, different
implementations may use different materials. As such, the material for the barrier laver
530 should not be limited to the materials listed above.

[B08H) A seed layer 532 is also provided {e.g., formed, deposited) on the barrier
layer 530, In some implementations, a plating process is used to form the seed layer 532
on the barrier fayer 530, Dnfferent implementations may use different materials for the
seed layer 532, In some iroplementations, the seed layer 532 s a metal layer,

{6081} At stage 6, a photo resist layer 534 15 provided (¢.g., formed, deposited) on
the seed layer 532. In some implementations, providing the photo resist layer 5334
includes providing the photo resist layer 534 and selectively removing some portions of
the photo resist layer 534,

{6082} At stage 7, a metal laver 536 is provided {c.g., formed, deposited} on the

seed layer 532, In some implementations, the metal laver 536 is provided on the seed
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laver 532 that 1s not covered by the photo resist layer 534, In some tmiplementations, a
lithography and plating process is used to provide the metal fayer 536 on the seed laver
532, To some implementations, the metal layer 536 and the seced layer 532 are the same
material. Thus, in some implersentations, the metal layer 536 may include the seed layer

53

[N

16083} At stage &, the photo resist laver 534, the sced layer 532, and the barrier
fayer 530 are selectively removed {e.g., etched). Tn some mmplomentations, the photo
resist layer 534, the seed layer 532, and the barrier layer 530 are removed concurrently.
In some implementations, the photo resist layer 534, the seed layer 532, and the barrier
layer 530 are vemoved sequentially. As shown at stage 8, a via structure 538 is
fabricated after the photo resist laver 534, the seed layer 532, and the barvier layer 330
are selectively removed. In some mplementations, the via structure 538 is one of the via
structures described in FIGS. 3-4,

{60841 At stage 9, a diclectric tayer 5340 is optionally provided {c.g., formed) on a
second surface of the encapsulation layer 520, In some tmplementations, a surface of the
dielectric layer 540 is aligned with the surface of the via structure 338 In some
implersentations, the diclectric layer 540 may cover the via structure S38 and a cavity
may be formed over a portion of the via structure 538,

[BOBS] At stage 10, another diclectric layer 550 is optionally provided {c.g., formed}
on the second surface (e.g., botiom surface} of the subsirate S02. In addition, a set of
fterconnects 552 are also provided on / in the dielectric layer 350, In some
implementations, the set of inferconnccts 552 cludes at least one of a redisiribution
fayer and/or an under bump metallization (UBM]} layer. In some imaplementations, at
feast one interconnect from the set of interconnects 552 is electrically coupled to at least
one TSV from the set of TEVS 504,

{8086} At stage 11, a set of solder ball 554 is coupled to the set of interconnects
552, In some implementations, after stage 1}, an integrated device 560 is fabricated that

mehides an encapsulation laver and a via struchure that includes a side bamier layer.

Exemplary Integrated Device That Includes Via With Side Barrier Layer
Traversing an Encapsulation Layer

{BORT] F1G, 6 illustrates an integrated package device that includes a set of via
structures ¢10. Specifically, FIG. 6 illustrates an example of an interposer 600 that

inchides a set of via structures 61, In some implementations, the via structures 61{
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may be the via structure shown in FIG. 3, and/or any novel via structure described and
tHustrated in the present disclosure.

[BO8S] As shown in FIG. 6, the interposer 600 includes an encapsulation layer 602,
a first dicloctric Tayer 604, a substrate 606, a first pad 608, and the set of via structures
610, The first dielectric layer 604 is coupled to a first surface {e.g., top surface} of the
encapsulation laver 602, The substrate 606 is coupled to a second surface {¢.g., botiom
surface} of the encapsulation layer 602. In some implementations, a second dielectric
laver {c.g., encapsulation layer 304) may be positioned between the substrate 606 and
the second surface of the encapsulation laver 6{02.

[B08Y] The set of via stroctures 610 traverses the encapsulation layer 602, In some
implerentations, the set of via siructures 610 is coupled to at least the first pad 608,
One of the via structures 610 includes at least a barrier layer 612 and a through
encapsulation via {TEV) 614, The barrier laver 612 and the TEV 614 are located in the
cucapsulation layer 602, In some implementations, the barrier layer 612 is coupled to
{e.g., is in direct contact with) the pad 608, The TEV 614 is a metal layer {¢.g., copper)
that traverses the cncapsulation layer 602. In some implementations, the TEV 614
mclades a seed layer. In such instances, the TEV 614 inclodes a metal layer {e.g.,
copper laver) and a sced layer. In some implementations, the seed laver 18 between the
metal layer of the TEV 614 and the barrier layer 612. The TEV 614 has a first side (e.g.,
bottom side}, a second side {e.g., top side), and a third side {e.g., vertical side). In some
implementations, the third side of the TEV 614 may be the walls of the TEV 614, In
some implementations, the vertical side of the TEV 614 is perpendicular to the top
and/or bottom surfaces of the encapsulation layer 602.

[B090] The barrier layer 612 is coupled to the TEV 614, In particular, the TEV 614
is surrounded m the encapsulation layer 602 by the barrier laver 612, The barrier layer
612 is coupled to the first side of the TEV 614 and the vertical side of the TEV 614,
Thus, as shown in FIG. 6, in some implementations, the TEV 614 is not in direct contact

{(e.g., free of direct contact) with the encapsulation layer 602.

Exemplary Sequenece for Providing / Fabricating an Integrated Device That
Encludes Via With Side Bagrvier Layer Traversing an Encapsulation Layer

{6091} In some implomentations, an integrated device may include an interposer. In
some implermentations, providing an integrated device (e.g., intograted package) that

inchides a via structure several processes. FIG. 7 (which inclodes FIGS. 7A-7C)
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iustrates an cxemplary sequence for providing an miegrated device, In some
implementations, the sequence of FIGS. 7A-7C may be used to provide / manufacture
the integrated device of FIGK. 3, 4 and/or 6, and/or other integrated devices deseribed in
the present disclose.

{8092} It should further be noted that the sequence of FIGS. 7A-7C may combine
one or more stages i order to simplify and/or clarity the sequence for providing an
mtegrated device.

LHERY In some imploementations, the process of FIGS. 7A-7C illustrates a novel
process that provides an integrated device (e.g., interposer) with high density
mitereonmects.

[B8094) As shown in stage 1 of FIG. 74, a carrier 702 is provided (e.g., fabricated).
In some mmplementations, the carrier 702 is one of at least a substrate and/or wafer,
Different implementations may use different materials for the carrier (e.g., silicon
substrate, glass substrate, ceramic subsirate, organic substrate). The carmer 702 inchudes
a set of pads 705, In some implementations, the carrier 702 may alse mnclude other
interconnects {e.g., fraces), The set of pads 705 is embedded in a first surface {e.z., top
surface) of the carvier 702, In some implementations, the set of pads 705 is located on
the first surface {¢.g., top surface) of the carrier 702. In some implementations, a
diglectric layer 703 is coupled {e.g., formed} on the first surface of the substrate 704, In
some implementations, the diclectric layer is similar and/or the same as the insulation
layer 304,

LIRS At stage 2, an encapsulation layer 720 is provided {c.g., formed) on the
carrier 702 and/or the diclectric layer 703 on the carrier 702, in some implementations,
the encapsulation layer 720 encapsulates the pads 705, In some implementations, the
encapsulation laver 720 may be coupled directly to the camrier 702, Difterent
implementations may usc different materials for the encapsulation layer 720. In some
implementations, the encapsulation layer 720 is a film layer. In some implementations,
the cncapsulation layer 720 is moade of a material that has a photo-paticrnable property.
In some implomentations, the encapsulation layer 720 15 made of a material that can be
removed {e.g., otched) through a photo etching process.

{3096} At stage 3, at least one cavity 725 s formed in the encapsulation layer 720
In some implerentations, the cavity 723 is formed (e.g., created) over a pad {e.g., pad
7053 In some implementations, the cavity 725 is formed by using a photo ctching

process {¢.g., photolithography process).
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[60e7 At stage 4, a barrier layer 730 1s provided (e.g., formed, deposited). In some
implementations, a plating process is used to form the barrier layer 730. The barrier
tayer 730 may cover the inside walls of the cavity 725, at least part of the pad 705,
and/or the first surface of the encapsulation layer 720, Different implomentations may
use different materials for the barrier layer 730, Different implementations may use
different materials for the barrier layver 730, In some implementations, the barmier layer

‘\

730 1s one of at Jeast titanium (T, (T

N
AN E

spper {AICu), finaniam copper
atloy (TiCu) and/or titanium tungsten copper alloy (TiwWCu).

HHEN A seed layer 732 is also provided {e.g., formed, deposited) on the barrier
tayer 730, Tn some implementations, a plating process 15 used to form the seed layer 732

EE

on the barrier laver 730, Different implementations may use different materials for the
seed layer 732, In some implementations, the seed layer 732 is a metal layer,

8099} At stage 3, a photo resist layer 734 is provided {¢.g., formed, deposited) on
the seed layer 732, In some implementations, providing the photo resist layer 734
mchudes providing the photo resist layer 734 and selectively removing some portions of
the photo resist layer 734,

[B0188] At stage 6, a metal layer 736 is provided (e.g., formed, deposited) on the
seed laver 732, In some mmplementations, the metal layer 736 is provided on the seed
layer 732 that is not covered by the photo resist layer 734, In some implementations, a
lithography and plating process 1s used to provide the metal layer 736 on the sced layer
732, In some implomentations, the metal layver 736 and the seed layer 732 are the same
material. Thus, in some implementations, the metal layer 736 may include the seed layer
732.

[B0181] At stage 7, the photo resist layer 734, the seed layer 732, and the barrier
layer 730 are selectively removed (e.g., etched). In some implementations, the photo
resist layer 734, the seed layer 732, and the barrier laver 730 are removed concurrently,

oy
7

the photo resist layer 734, the seed layer

~
i
i

32, and the barrier laver 730 are removed
sequentially. As shown at stage 7, a via structore 738 1s fabricated after the photo resist
faver 734, the seed layer 732, and the barrier layer 730 are selectively removed. In some
implementations, the via structure 738 is one of the via structures deseribed in FIGS. 3-
4,

(801821 At stage 8, a diclectric laver 740 is optionally provided (e.g., formed) on a
second surface of the encapsulation layer 720, In some implementations, a surface of the

vy

dielectric layer 740 is aligned with the surface of the via structure 738. In some
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implementations, the dielectric layer 740 may cover the via structure 738 and a cavity
may be formed over a portion of the via structure 738,

[B0183] At stage &, at least a portion of the camier 702 is romoved {e.g., polish,
grinded, ciched). In some tmplementations, the carrier 702 is removed until a surface of
the carrier 702 is aligned with a surface of the pad 705. In some implementations, after
stage 9, an integrated device 760 is fabricated that includes an encapsulation layer and a

via structure that includes a side barrier layer,

Exemplary Integrated Device That Includes Via With Side Barrier Layer And Fill
Traversing an Encapsulation Layer

[B0184]  FIG. 8 illustrates an example of a sot of through encapsulation vias {TEVs)
that may be implemented i an mmtegrated device {c.g., integrated package device,
package-on-package (PoP) device, interposer).

(801858  Specifically, FIG. & illustrates a substrate 802, an insulation layer 804, a
encapsulation layer 806, and a diclectric layer 808, FIG. § also iHustrates a tirst pad 810,
a first barricr layer 812, a through encapsulation via {TEV} €14, a fill 816, and a cavity
§17. The first pad 8§10 18 located in the substrate 802, Different implementations roay
use different materials for the substrate 802 (e.g., silicon, glass, ceramic, organic), In
some implementations, the substrate 802 is a water level substrate.

[80186] The first pad 810 is a metal material {e.g., aluminum}. The msulation layer
834 is coupled to a first surface {(e.g., top surtace) of the substrate 802, In some
implementations, the insulation Jayver 804 5 a passivation laver. In some
implementations, the insulation layer 304 is a dielectric. In some implomentations, the
msulation layer 804 covers at least partially the first pad 810, Different implementations
may use different materials for the insulation layver 804 (e.g., differcnt dicleciric
materiais). In some tmplementations, the insulation layer 804 is a silicon nitrade {SiN}
layer.

(881871  In some implementations, the encapsulation layer 806 18 coupled to the
msulation layer 804, For cxample, a first surface {ec.g., botiom surface} of the
encapsulation layer 806 is coupled o a second surface (e.g., top surface} of the
mnsulation layer 804, Different implementations may use different materials for the
cneapsulation layer 806, In some implementations, the encapsulation layer 806 15 a film
layer. In some implementations, the encapsulation laver 806 is made of a material that

has a photo-patiernable property. In some implementations, the encapsulation laver 36
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is made of a material that can be removed {e.g., etched) through a photo eiching process.
In some implementations, a photo-ctching process on the encapsulation laver 806
ensures that other component of the package does not get damaged when the a cavity is
formed (e.g., created) in the encapsulation layer 806 m the process of forming a TEV.
For example, in some implomentations, the use of a photo-giching process on the
encapsulation laver 806 that is photo-patternable ensures that the pad 810 does not get
damaged, which would be the case if a laser where used to create a cavity i the
encapsulation layer 806. For instances, when a laser process 18 used to oreate the cavity
in the encapsulation layer over a pad (e.g., pad 810}, the laser will damage and/or
desiroy the pad {e.g., pad 810}, which would prevent the TEV from properly coupling to
the imterconnects in the substrate,

[60108]  The first barrier layer 812, the TEV 814 and the fill 816 are focated in the
encapsulation laver 806, The TEV 814 is a metal layer {e.g., copper) that traverses the
encapsulation layer 836, In some implementations, the TEV &14 inchides a seed layer.
In such fustances, the TEV R14 includes a metal layer {c.g., copper laver) and a seced
fayer. In some implementations, the seed layer is between the metal layer of the TEV
814 and the barrier layer 812, The TEV 814 has a first side {e.g., bottorn side), a second
side {e.g., top side), and a third side (e.g., vertical side). In some implementations, the
third side of the TEV 814 may be the walls of the TEV 814, In some implementations,
the TEV 814 may have a non-horizontal side. For example, the TEV 314 may have a
non-perpendicular  or  non-horizontal  side  (eg., diagonal  side).  Different
implementations may use different matenials for the fill 816, For example, the il 816
may include a polymer filll In some implementations, the fill 816 provides structure
stability for the via structure.

(801891 FIG. § illustrates that the TEV 814 conforms fo the shape of the barrier layer
812, In this example, the barrier laver 812 has a U shaped cross-section. Similarly, the
TEV 814 has a U shaped cross-section. FIG. 8 also illustrates that the fill 816 is coupled
to the TEV 814, In particular, the fill 816 is surrounded by the TEV 814, The first
barrier layer 812 is coupled to the TEV 814, In particular, the TEV 814 1s surrounded in
the encapsulation layer 806 by the first barrier fayer 812, The first barrier layer 812 is
coupled to the first side of the TEV 814 and the third side {c.g., vertical side} of the
TEV 814, Thus, as shown in FIG. §, i some implementations, the TEV 814 i not in
direct contact (e.g., free of direct contacty with the encapsulation layer 806, Different

implementations may use different materials for the first barrier layer 812, In some



WO 2015/123301 PCT/US2015/015421
19

implementations, the first barcier layer 812 is one of at least titanium (11}, TiN, and/or
TiW. However, the first barrier layer 812 may be other materials and is not limited to
the materials lsted.

[BOII0]  The first barrier layer 812 is coupled to the first pad 810, In some
implementations, the first barrier laver 812 15 at least partially surrounded by the
insulation layer 804

(801111 The diclectric layer 808 15 coupled to the encapsulation layer 806, In some
implementations, the first surface {(c.g., bottom surface) of the dieleciric layer 808 is
coupled to the second surface (e.g., top surface) of the encapsulation layer 806, In some
implementations, the dielectric layer 808 may include a cavity 817 that opens the
diclectric layer 808 and exposes part of the top surface of the TEV 814, As shown in
FIG. 8, the cavity 817 exposes the wing portion (e.g., horizontal portion} of the TEV
814,

(881121  As shown in FIG. 8, the TEV 814 is configured in such a way that the TEV
is both a via and a pad. In some implementations, the combimation of the via and the pad
may be referred to as a via structure. In some implementations, the via structure
mclades the TEV 814 and the fivst barvier layer §12.

{B0113]  The via structure that includes the first barrier layer 812 and the TEV 814, as
shown in FIG. 8, may be mmplemented in different mtegrated devices. In some
implementations, the via structure may be implemented in an integrated package device
{¢.z., package-on-package (PoP) device).

{66114] FIG. 8 illustrates that the first pad 810 is embedded in the subsirate 802,
However, in some implementations, the first pad 810 is located on the surface of the
substrate 802

[BO1IS]  FIG. 9 illustrates an integrated package device 900 that includes a set of via
structures 901, In some implementations, via structures 901 may be the via structure
shown in FIG. &, and/or any novel via structure described and illustrated in the present
disclosure.

(60116  As shown in FIG. 9, the integrated package device 900 includes a substrate
902, a first die 904, a second dic 906, a diclectric layer 909, a first set of interconnects
914, a second set of interconnects 816, an encapsulation layer 918, a first dielectric laver
920, a second dielectric fayer 922, a set of through substrate vias (TSVs) 924, a third set
of interconnects 926, a set of solder balls 928, and a first pad 930, In some

implementations, the substrate 902 may include a set of interconnects {e.g., traces, vias),
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which are not shown for the purpose of clarity. The set of interconnects may be coupled
to one or more pads (e.g., pad 930} and/or the third set of interconnects 926.

[B0117T]  The first die 904 18 coupled the substrate 902 through the first set of
mterconnects 914 {e.g., first pillar, fivst solder). The second die 906 is coupled the
substrate 202 through the second set of interconnects 916 {e.g., second piliar, second
solder). The encapsulation layer 918 covers the first and second dies 904 and 906.
(881181  The set of via structures 901 traverses the encapsulation layer 918 and is
coupled to the substrate 902, In some implementations, the set of via structures 901 15
coupled to at least the first pad 930. In some implementations, the first pad 930 is
coupled to at least one of the set of TSVs 924, At least one of the TSV from the set of
TSVs 924 may be coupled to the third set of inierconnects 926, At least one
interconnect from the third set of inferconnects 926 may be coupled to a solder ball from
the set of solder balls 92§.

(661181 In some implementations, a dielectric Iayer 909 is coupled {e.g., formed) on
the first surface of the substrate 902, In some implementations, the diclectric layer 909
is similar and/or the same as the insulation layer 804, In some implementations, the
encapsulation layer 918 s coupled to the dielectric laver 909,

(801201  Onec of the via structures 901 includes at least a first barrier layer 903 {e.z.,
first barrier layer 812), a through encapsulation via (TEV) 905 (e.g., TEV €14} and a fill
937, The first barrier layer 903, the TEV 205, and the fill 907 are located in the
cucapsulation layer 918, The TEV 903 is a metal layer (e.g., copper) that traverses the
encapsulation layer 918, in some implementations, the TEV 905 inchudes a seed layer.
In such instances, the TEV 905 includes a metal laver {c.g., copper layver) and a seed
layer. In some imoplementations, the seed layer is between the metal layer of the TEV
905 and the barrier layer 903, The TEV 9035 has a first side (¢.g., bottom side), a second
side {(e.g., top side), and a third side {¢.g., vertical side). In some implementations, the
third side of the TEV 905 may be the walls of the TEV 805, In some implementations,
the vertical side of the TEV 90S is perpendicular to the top and/or bottom surfaces of
the encapsulation layer 918, Differcnt implementations may use different materials for
the fill 907. For cxampie, the fill 907 may include a polymer fill. In some
implementations, the fill 07 provides structural stability for the via structure 901,
[B0121]  The first barrier layer 903 s coupled to the TEV 905, In particular, the TEV
905 is surrounded in the encapsulation fayer 218 by the first barrier layer 903, The first

barrier layer 903 is coupled to the first side of the TEV 905 and the third side (e.g.,
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vertical sidey of the TEV 9035, Thus, as shown in FIG, 9, in some implementations, the
TEV 905 is not in direct contact {e.g., free of direct contacty with the encapsulation
tayer 918, In some implementations, the TEV 805 conforms to the shape of the first
barrier layer 903, The £l 907 is surrounded by the TEY 905,

i801221 FIG. 9 illustrates that the first pad 930 is embedded in the subsirate 202,
However, in some implementations, the first pad 930 is located on the surface of the
substrate 902, Although not show in FIG. 9 for the purpose of clarity, the first pad 930
is coupled to an mierconnect (e.g., a via, frace) in the substrate 902,

(861231 In some implementations, the integrated device 900 is a package {e.g.,
mtegrated package) from a package-on-package (PoP) integrated device. As such, in
some implementations, another integrated device {e¢.g., another package) may be
coupled to the integrated device 900, For example, another integrated device comprising
a substrate and an mterconnect {e.g., solder bally may be coupled to the top portion of
the integrated device 900, In such instances, the interconnect {e.g., solder ball} may be

coupled to the via structure 901 of the integrated device 900,

Exemplary Sequence for Providing / Fabricating an Infegrated Device That
Includes Via With Side Barrier Layer And Fill Traversing an Encapsulation Layer
[80124] In some mplementations, providing an integrated device {e.g., integraied
package) that includes a via structure several processes. FIG. 10 (which inchudes FIGS.
T0A-10C) ustrates an exemplary sequence for providing an infegrated device. In some
implementations, the sequence of FIGS. 10A-10C may be used to provide / manufacture
the integrated device of FIGS. 8 and/or 9, and/or other integrated devices described in
the present disclose.

801251 [t should also be noted that the sequence of FIGS. 10A-10C may be used to
provide / mamufacture mtegrated devices that also include circuit elements. It should
further be noted that the sequence of FIGS. 13A-10C may combine one or more stages
n order to simplify and/or clarify the sequence for providing an miegrated device.
(60126]  In some implomentations, the process of FIGS. 10A-10C illustrates a novel
process that provides an infegrated device with high density inferconnects.

(801271 As shown in stage 1 of FIG. 10A, a substrate 1002 is provided {c.g.,
fabricated). Tn some implementations, the substrate 10062 is a water. Dhifferent
implementations may use different materials for the substrate {e.g., silicon substrate,

glass substrate, ceramic substrate, organic substrate}. The substrate 1002 nchides a set



WO 2015/123301 PCT/US2015/015421
22

of through substrate vias (TSVs) 1004 and a set of pads 1003, In some implementations,
the substrate 1002 may also include other interconnects (e.g., traces). The set of pads
1005 15 embedded in a first surface {e.g., top surface) of the substrate 1002, Tn some
implerentations, the set of pads 1005 is located oun the first surface (e.g., top surface) of
the substrate 1002, In some implementations, a dielectric layer 1003 is coupled (e.g.,
formed} on the first surface of the substrate 1002, In some implementations, the
dielectric layer 1003 is siwmilar and/or the same as the wnsulation laver 304, The
diclectric layer 1003 may include one or more openings and/or cavitics above one or
more pads 1005 and/or one or more set of TSVs 1004, In some implementations, the
substrate 1002 may include a set of inferconnects {e.g., traces, vias), which are not
shown for the purpose of clanty. The set of micrconnects may be coupled to one or
maore pads (e.g., pad 10035}

[80128] Atstage 2, a first dic 1006 and a second die 1008 are coupled {0 the substrate
1002, The first die 1006 is coupled to the substrate 1002 through a fivst set of
interconnects 1016 {e.g., first pillar, first solder). In some implementations, at least one
of the first set of mterconnects is electrically coupled o at least one TSV from the set of
TSVs 1034, The second dic 1008 is coupled to the substraie 1002 through a second set
of intercormects 1018 {e.g., first pillar, first solder). In some implementations, at least
one of the second sot of interconnects 1018 is electrically coupled to at least one TSV
from the set of TSVs 1004,

(881291 At stage 3, an encapsulation layer 1020 1s provided {e.g., formed) on the
substrate 1002 and/or the diclectric laver 1003 on the substrate 1002, The encapsulation
taver 1020 encapsulates the first dic 1006 and the second die 1008, In some
implementations, the eucapsulation layer 1020 may be coupled directly to the substrate
1002, Ditferent implementations may use different materials for the encapsulation layer
1020, In some implementations, the encapsulation laver 1020 s a film layer. In some
implementations, the encapsulation laver 1020 is made of a material that has a photo-
patiernable property.

(8013061 At stage 4, at least one cavity 1025 is formed in the cuncapsulation layer
1020, In some implementations, the cavity 1025 is formed {e.g., created) over a pad
{e.g., pad 1005). In some implementations, the cavity 1025 is formed by using a photo
ctehing process (e.g., photolithography process).

{80133} Arstage 5, a barrier layer 1030 is provided (e.g., formed, deposited). In some

implementations, a plating process is used to form the barrier laver 1030, The barrier
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faver 1030 mayv cover the fuside walls of the cavity 1025, at least part of the pad 1605,
and/or the first surface of the encapsulation layer 1020. Different implementations may
use different materials for the barrier layer 1030, In some implementations, the barrier
tayer 1030 15 one of at least titandium (1), (TiN), Alursindum Copper (AlCu), tinanium
copper alloy {TiCu) and/or titanium tungsten copper alloy {TiWCu}. However, different
implementations may use different materials. As such, the material for the bamier layer
1030 should not be Himited to the maierials listed above,

1801321 A seed layer 1032 15 also provided (e.g., formed, deposiied) on the barrier
tayer 1030. In some implementations, a plating process s used to form the scad laver
1032 on the barrier layer 1030, Different implementations may use different materials
for the seed layver 1032, In some implementations, the seed layer 1032 15 a metal layer,
{BG133] At stage 6, a photo resist layer 1034 is provided {e.g., formed, deposited} on
the seed laver 1032, In some implementations, providing the photo resist layer 1034
mmehides providing the photo resist layer 1034 and selectively removing some portions
of the photo resist layer 1034,

[80134] At stage 7, 3 metal layer 1036 is provided (e.g., formed, deposited) on the
seed layer 1032, In some implementations, the metal layer 1336 is provided on the seed
tayer 1032 that is not covered by the photo resist layer 1034, Tn some truplementations,
a lithography and plating process is used to provide the metal layer 1036 on the seed
layer 1032, In some implementations, the metal layer 1036 and the seed layer 1032 are
the same material. Thus, in some implementations, the metal layer 1336 may mclude the
seed laver 1032, As shown in stage 7, the metal layer 1036 s provided on the seed layer
1032 such that it conforms {¢.g., contours} with the barrier laver 1030, Stage 7 also
tHustrates that the metal layer 1036 does not completely fill the cavity 1025, leaving
behind a cavity 1037,

[BOI35] Atr stage 8, a fill 1039 is provided in the cavity 1037, Different
implementations may provide different materials for the fill 1039. For example, the fill
1039 may mclades a polymer fill. Tn some implomentations, the fill 1039 is configured
to provide structural stability for a via structure.

(80136 At stage 9, the photo resist layer 1034, the seed layer 1032, and the barrier
tayer 1030 are selectively removed (e.g., etched). In some implementations, the photo
resist layer 1034, the sced layer 1032, and the barcier layer 1030 are romoved
concurrently. In some implementations, the photo resist laver 1034, the seed layer 1032,

and the barrier layer 1030 are removed sequentially. As shown at stage 9, a via structure
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1038 s tabricated afier the photo resist layer 1034, the seed layer 1032, and the bamrier
tayer 1030 are selectively removed. In some implementations, the via structure 1038 is
one of the via structares described i FIGS. 89,

(801371 Atstage 10, a diclectric layer 1040 15 optionally provided (e.g., formed) on a
second surface of the encapsulation layer 1020, In some implementations, a surface of
the dielectric layer 1040 15 aligned with the surface of the via structure 1038, In some
implementations, the dielectric layer 10340 may cover the via structure 1038 and a cavity
may be formed over a portion of the via structure 1038,

[B0138] At stage 11, another dieleciric laver 1030 s optionally provided {e.g.,
formed) on the second surface {e.g., bottom surface) of the substrate 1002, Tn addition, a
set of interconmects 1052 are also provided on / in the diclectric layer 1050, In some
implementations, the set of interconnects 1052 includes at least one of a redisiribution
layer and/or an under bump metallization (UBM) layer. In some implementations, at
least one interconnect from the set of interconnects 1052 s electrically coupled to at
feast one THY from the set of TSVs 1004,

[B0139] At stage 12, a set of solder ball 1054 is coupled to the set of interconnects
1052, In some implementations, after stage 10, an integrated device 1060 is fabricated

that meludes an encapsulation layer and a via structure that includes a side barrier layer.

Exemplary Integrated Device That Includes Via With Side Barvier Layer And Fill
Traversing an Encapsulation Laver

(601401 FIG. 11 tllustrates an integrated package device that mcludes a set of via
structures 1110, Specifically, FIG. 11 illustrates an example of an interposer 1100 that
mcludes a set of via structures 11O, Tn some implomentations, the via stractures 1110
may be the via structure shown in FIG. 8, and/or any novel via structure described and
iffustrated in the present disclosure,

(801411 As shown in FIG. 11, the interposer 1100 includes an encapsulation layer
1102, a fivst diclectric layer 1104, a substrate 1106, a first pad 1108, and a set of via
structures 1110, The first diclectric layer 1104 15 coupled to a first surface (c.g., top
urtace} of the encapsulation layer 1102, The substrate 1106 is coupled to a second
surface (e.g., bottom surface} of the encapsulation layer 1102, In some implementations,
a second diclectric layer {o.g., encapsulation layer 304) may be positioned between the

substrate 1106 and the second surface of the encapsulation laver 1102,
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(601421  The sot of via structures 1110 traverses the encapsulation layer 1102, In
some implementations, the set of via structures 1118 is coupled to at least the first pad
P08, One of the via structures 11O mcludes at least a barrier tayer 1112, a through
encapsulation via (TEV) 114 and a fill 1116, The barrier layer 1112, the TEV 1114,
and the fill 1116 arc located in the encapsulation layer 1102, In some implementations,
the barrier layer 1112 is coupled to {e.g., 8 in direct contact with} the pad 1108, The
TEV 1114 1s a metal layer {e.g., copper) that traverses the encapsulation layer 1102, Tn
some implementations, the TEV 1114 includes a seed layer. o such mstances, the TEV
1114 includes a metal layer {(e.g., copper layer) and a seed layer. In some
implementations, the seed layer is between the metal layer of the TEV 1114 and the
barrier layer 1112, The TEV 1114 has a first side (¢.g., bottom side}, a sccond side (e.g.,
top side}, and a third side {e.g., vertical side}. in some implementations, the third side of
the TEV 1114 may be the walls of the TEV 1114, In some implementations, the TEV
1114 may have a non-horizontal side. For example, the TEV 1114 may have a non-
perpendicular or non-horizontal side {(e.g., diagonal side). Differcnt implemerdations
may use different materials for the fill 1116, For example, the fill 1116 may mclude 2
polymer fill. In some implementations, the fill 1116 provides structure stability for the
via structure,

[60143] FIG. 11 tllustrates that the TEV 1114 conforms to the shape of the barmer
fayer 1112, In this example, the barrier layer 1112 has a U shaped cross-section,
Sirpilarly, the TEV 1114 has a U shaped cross-section. FIG. 11 also illustrates that the
fill 1116 1s coupled to the TEV 1114, In particular, the fill 1116 is surounded by the
TEV 1114, The first barrier layer 1112 is coupled to the TEV 1114, In particular, the
TEV 1114 is surrounded i the encapsulation layer 102 by the first barrier layer 112,
The first barrier laver 1112 15 coupled to the first side of the TEV 1114 and the third
side {(e.g., vertical side) of the THEYV 1114, Thus, as shown in FIG, 11, in some
implementations, the TEV 1114 is not in direct contact (e.g., free of direct contact} with
the encapsulation layer 1102, Different mplementations may use different materials for
the first barrier layer 1112, In some implementations, the first barrier layer 1112 is one
of at least titanitum {11}, TiN, and/or TiW. However, the first barrier fayer 1112 may be

other materials and is not limited to the materials listed.

Exemplary Sequence for Providing / Fabricating an Integrated Device That

Includes Via With Side Barrier Layer And Fill Traversing an Encapsulation Layer



WO 2015/123301 PCT/US2015/015421
26

(60144]  In some implementations, an micgrated device may include an interposer, [n
some implementations, providing an integrated device (e.g., integrated package) that
mclades a via structure several processes. FIG. 12 (which includes FIGS. 12A-120C)
tHustrates an exemplary sequence for providing an iuntegrated device. In some
implementations, the sequence of FIGS. 12A-12C may be used to provide / manufacture
the integrated device of FIGS. 8, ¢ and/or 11, and/or other integrated devices described
i the present disclose.

[60145) It should further be noted that the sequence of FIGS, 12A-12C may combine
one or more stages in order to simphify and/or clanify the sequence for providing an
mtegrated device.

[80146]  In some traplementations, the process of FIGS. 12A-12C llustrates a novel
process that provides an mtegrated device (e.g., interposer) with high density
interconnects.

(661471 As shown i stage | of FIG. 124, a carrier 1202 is provided (e.g,
fabricated). fn some implementations, the carrier 1202 is one of af least a substrate
and/or wafer. Drifferent implementations may use different materials for the carrier {e.g.,
silicon subsirate, glass substrate, ceramie substrate, organic substrate). The carrier 1202
meludes a set of pads 1205, Tn some implementations, the carrier 1202 may also melude
other interconnects {€.g., traces). The set of pads 1205 is embedded in a first surface
{e.g., top surface) of the carrier 1202, In some implementations, the set of pads 1205 i
located on the first surface (e.g., top surface) of the carmier 1202, In some
implementations, a dielectric layer 1203 1s coupled {(e.g., formed) on the first surface of
the substrate 1204, In some implementations, the dielectric layer is similar and/or the
same as the insulation layer 304,

[BOI48] At stage 2, an encapsulation layer 1220 is provided {e.g., formaed) on the
carrier 1202 and/or the diclectric layer 1203 on the camrier 1202, In some
implementations, the encapsulation layer 1220 encapsulates the pads 1205, In some
implementations, the encapsulation layer 1220 may be coupled directly to the carrier
1202, Different ioplementations may use different materials for the encapsulation layer
1220, In some implementations, the encapsulation layer 1220 is a film laver. In some
implementations, the encapsulation layer 1220 is made of a material that has a photo-
patternable property. In some imaplementations, the encapsulation layver 1220 18 made of

a material that can be removed (e.g., cteched} through a photo eiching process,
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(601491 At stage 3, at least one cavity 1225 is formed in the cucapsulation layer
1220. In some implementations, the cavity 1225 is formed {¢.g., created) over a pad
{e.g., pad 1205). In some implementations, the cavity 1225 is formed by using a photo
ctehing process (e.g., photolithography process).

[B0IS¢]  Atstage 4, a barrier layer 1230 is provided {¢.g., formed, deposited). In some
implementations, a plating process is used to form the barrier laver 1230, The barrier
layer 1230 may cover the inside walls of the cavity 1225, at least part of the pad 1205,
and/or the first surtace of the encapsulation layer 1220, Different imiplernentations may
use different materials for the barrier layer 1230, Dnfferent implementations may use
different materials for the barrier layer 1230, In some implementations, the barrier layer

1230 is one of at least titanium {Tiy, (0

N
AL}

, finanium copper

alloy {TiCu) and/or titanium fungsten copper alloy {(TiWCu).

(801511 A seed layer 1232 i3 also provided {c.g., formed, deposited} on the barrier
fayer 1230, In some implementations, a plating process is used to form the seed layer
1232 om the barvier layer 1230, Different implementations may use different materials
for the seed layer 1232, In some implementations, the seed laver 1232 is a metal layer.
[B0182]  Atstage 5, a photo resist layer 1234 is provided (e.g., formed, deposiied) on
the seed layer 1232, In some implomentations, providing the photo resist layer 1234
inchudes providing the photo resist laver 1234 and selectively removing some portions
of the photo resist layer 1234,

(601831 At stage 6, a metal layer 1236 is provided {e.g., formed, depostted) on the
seed layer 1232, In some imaplementations, the moetal layer 1236 is provided on the seed
fayer 1232 that is not covered by the photo resist layer 1234, In some implementations,
a lithography and plating process is used to provide the metal layer 1236 on the sced
fayer 1232, In some implementations, the metal layer 1236 and the seed layer 1232 are
the same material. Thus, in some implementations, the metal fayer 1236 may include the
seed layer 1232,

(80154  As shown in stage 6, the maetal layer 1236 is provided on the seed layer 1232
such that it conforms (e.g., contours) with the barrier layer 1230, Stage 6 also illustrates
that the metal layer 1236 does not completely fill the cavity 1225, lcaving behind a
cavity 1237

[BOISS] At stage 7, a il 1239 is provided m the cavity 1237, Different

implementations may provide different materials for the fill 1239, For example, the fill
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1239 may includes a polymer fill, In some implementations, the fill 1239 is configured
to provide structaral stability for a via siroacture.

[B0156] At stage B, the photo resist layer 1234, the seed layer 1232, and the barrier
tayer 1230 are selectively removed (e.g., etched). In some implementations, the photo
resist layer 1234, the seed layer 1232, and the barrier layer 1230 are removed
concurrently. the photo resist layer 1234, the seed laver 1232, and the barrier layer 1230
are removed sequentially. As shown at stage 12, a via struchire 1238 is fabricated after
the photo resist layver 1234, the seed layer 1232, and the barrier layer 1230 are
selectively removed. In some tmplementations, the via structure 1238 15 one of the via
structures described in FIGS. 8-9.

[BOIST] At stage 9, a diclectric laver 1240 18 optionally provided (e.g., formed) on a
second surface of the encapsulation layer 1220, In some implementations, a surface of
the dielectric layer 1240 15 aligned with the surface of the via structure 1238, In some
implementations, the dielectric layer 1240 may cover the via structure 1238 and a cavity
may be formed over a portion of the via structure 1238,

[B0158] At stage 10, at lcast a portion of the carrier 1202 is removed {e.g., polish,
grinded, etched). In some implementations, the carmier 1202 18 rerooved until a surface
of the carrier 1202 15 aligned with a surface of the pad 1205, In some implernentations,
after stage 10, an integrated device 1260 is fabricated that includes an encapsulation

layer and a via siructure that includes a side barrier layer.

Exemplary Method for Providing / Fabricating an Integrated Device That Includes
Via With Side Barvier Layer Traversing an Encapsulation Layer

(801581 In some implomentations, providing an integrated device (e.g., integrated
package) that includes a via structure several processes. FIG, 13 illustrates a method for
providing an integrated device. In some mplementations, the method of FIG, 13 may be
used to provide / manutacture the integrated device of FIGS. 3, 4, 8 and/or 9, and/or
other integrated devices deseribed in the present disclose.

(601601 It should also be noted that the method of FIG. 13 may be used to provide /
manutacture integrated devices that also include circuit clements. It should further be
noted that the method of FIG. 13 may combine one or more stages in order to simphiy
and/or clarify the sequence for providing an integrated device,

[80161] In some irmplementations, the process of FiG. 13 illustrates a novel process

that provides an integrated device with high density interconnects.
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(801621  The method provides (at 1303) a substrate, In some implementations,
providing a substrate may include form and/or fabricating a substrate (s.g., substrate
502). In some implementations, the substrate is a wafer. Different implementations may
use different materials for the substrate {e.g., silicon substrate, glass substrate, ceranuc
substrate, organic substrate}. The substrate may include a set of through substrate vias
(TSVs) and a set of pads. In some implementations, the substrate may also include other
mterconnects {e.g., traces). In sorse implementations, the set of pads 18 located on a fivst
surface (e.g., top surface) of the substrate. In some mplomentations, the set of pads i
embedded in the first surface of the substrate. In some tmplementations, the substrate
may inclhude a dielectric layer that is coupled (e.g., formed) on the first surface of the
substrate.

[80163] The method further provides (at 1310} at least one die to the substrate. In
some implementations, providing at least one die includes coupling a first dic and a
second die to the substrate. In some implementations, the first die is coupled to the
substrate through a first set of mierconmects (e.g., fivst pillar, fivst solder).

{66164] The method also provides {at 1315} an encapsulation layer. In some
implementations, providing the encapsulation layer includes forming an encapsulation
layer on the substrate and/or the dielectric laver on the substrate. In some
implementations, the encapsulation layer oncapsulates the first die. Different
implementations may use different materials for the encapsulation layer. In some
implementations, the encapsulation layer is a film layer. In some implementations, the
encapsulation layer is made of a material that has a photo-patiernable property.

{86165 The method then provides {at 1320} at least one via with a barrier layer in the
encapsulation layer. In some implementations, providing at least one via with a barrier
layer mcludes forming a cavity in the encapsulation layer and providing at least one
metal layer in the cavity. In some implementations, the cavity is formed (e.g., created)
over a pad. In some implementations, the cavity is formed by using a photo etching
process {¢.g., photolithography process).

(601661 In some implementations, providing at lcast one metal layer inchudes
providing {c.g., forming) a barrier layer in the cavity. In some implemeniations, a
plating process is used to form the barrier laver. The barrier layer may cover the inside
walls of the cavity, at least part of the pad, aund/or the first surtace of the encapsulation
layer. Different implementations may use different materials for the barrier layer. In

some implementations, the barrier laver is one of at least Htanium (Ti), (TiN)},
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Alurninium Copper (AlCu), timanturn copper alloy (TiCu) and/or titanium tungsten
copper alloy (TIWCu). However, different implementations may use different materials.
As such, the material for the barrier layer should not be limited to the materials listed
above,

801671 In some implementations, providing at least one metal layer further includes
providing {e.g., forming, depositing} a seed layer on the barrier laver. In some
implementations, a plating process is used to form the seed layer on the barrier layer.
Different implementations may use different materials for the sced layer.

[80168] In some implementations, providing a via with a barrier layer also inclades
providing {e¢.g., forming, depositing) a photo resist layer on the seed layer. In some
impleraentations, providing the photo resist laver includes providing the photo resist
layer 534 and selectively removing some portions of the photo resist layer.

[8016%9] The method then provides a metal layer on the seced layer. In some
implementations, the metal layer is provided on the seed layver that is vot covered by the
photo resist layer. In some imaplementations, a lithography and plating process 15 used to
provide the metal layer on the seed layer. In some implementations, the metal layer and
the seed layer are the same material. Thus, in some implementations, the metal layer
may include the seed layer.

[8017¢] The method may then sclectively remove the photo resist layer, the seed

layer, and the barrier laver are sclectively removed {e.g., ctched). In some
implementations, the photo resist fayer, the seed layer, and the barrier laver are removed
concurrently. In some froplementations, the photo resist layer, the seed layer, and the
barrier layer are removed sequentially,

(80171 In some tmplementations, a dielectric layer may optionally be provided {e.g.,
formed) on a second surface of the encapsulation layer. In some implementations,
another dielectric layer may optionally be provided (¢.g., formed} on the second surface
{c.g., bottom surface} of the substrate. In addition, a set of interconnects may also be

provided on / in the dielectric laver.

Exemplary Electrenic Devices

(861721 FIG. 14 illustrates various electronic devices that may be integrated with any
of the aforementioned integrated device, semiconductor device, integrated circuit, die,
interposer or package. For example, a mobile teiephone 1402, a laptop computer 1404,

and a fixed location terminal 1436 may include an integrated device1400 as described
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herein. The integrated device 1400 may be, for example, any of the infegrated circuits,
dies, interposer, or packages described herein. The devices 1402, 1404, 1406 illustrated
i FIG. 14 are merely exemplary. Other clectronic devices may also feature the
mtegrated device 1400 including, but not Umited to, mobile devices, hand-held personal
communication systems {PCS) units, portable data units such as personal digital
assistants, GPS enabled devices, navigation devices, set top boxes, music players, video
players, entertainment units, fixed location data anits such as meter reading equuipment,
comnunications devices, smartphounes, tablet computers or any other device that stores
or retrieves data or computer instructions, or any combination thereof.

[B0173]  One or more of the components, steps, features, and/or fumctions lustrated
m FIGS. 3, 4, 3A-5C, 6, TA-TC, 8, 9, 10A-10C, 11, 12A-12C, 13 and/or 14 may be
rearranged and/or combined into a single component, siep, feature or function or
embodied in several components, steps, or functions. Additional elements, components,
steps, and/or functions may also be added without departing from the disclosure. Tt
should also be noted that FIGS. 3, 4, 5A-3C, 6, TA-TC, R, 9, 10A-10C, 11, 12ZA-12C, 13
and/or 14 and ifs corresponding description in the present disclosure is not limited to
dies and/or 1ICs. In some implementations, FIGS. 3, 4, SA-SC, 6, TA-7C, 8, 8, 13A-10C,
B, 12A-12C, 13 and/or i4 and s corresponding description may be used to
manufacture, create, provide, and/or produce integrated devices. In some an infegrated
device may include a die package, an integrated circuit (IC), a wafer, a semiconductor
device, and/or an interposer.

3

60174] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any implementation or aspect described herein as
(14 » L5 AN i ” . - § A

exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects of the disclosure. Likewise, the term “aspects” does not require that all aspects
of the disclosure include the discussed feature, advantage or mode of operation. The

term “coupled” is used herein to refer to the direct or indirect coupling between two

objects. For example,

3

if object A physically touches object B, and object B touches
object C, then objects A and € may still be considered coupled to one another—oven if
they do not directly physically touch each other.

[B0175]  Also, it 1s noted that the embodiments may be described as a process that is
depicted as a flowchart, a flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe the operations as a sequential process, many of the

operations can be performed in parallel or concurrently. In addition, the order of the
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operations may be re-arranged. A process s terminated when #ts operations are
completed,

(801761 The vanous features of the disclosure deseribed herein can be inplemented
in different systems without departing from the disclosure. It should be noted that the
foregoing aspects of the disclosure are merely examples and are not to be construed as
hmiting the disclosure. The description of the aspects of the present disclosure is
fatended to be llustrative, and not to limit the scope of the claims. As such, the present
teachings can be readily applied to other types of apparatuses and many alicrnatives,

modifications, and variations will be apparent to those skilled in the art.
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CLAIMS
WHAT IS CLAIMED i5:
I An integrated device comprising:

an encapsulation layer;
a via structure traversing the encapsulation laver, wherein the via structore
COMPrises:
a via comprising a first side, a second side, and a third side; and
a barrier layer surrounding at least the first side and the third side of the
via; and

a pad divectly coupled to the barrier layer of the via structure.

2. The integrated device of claim 1, further comprising a first dielectric layer

coupled to a first surface of the encapsulation layer.

3. The integrated device of claim 2, further comprising a second dielectric laver

coupled to a second surface of the encapsulation layer,

4, The integrated device of ¢laim |, further comprising a substrate coupled to a first
surface of the encapsulation laver.
5. The integrated device of claim 4, further comprising a first dic coupled to the

ubstrate, wherein the encapsulation laver encapsulates the first die.

6. The infegrated device of claim 4, wherein the via structure further comprises a
fill.

7. The integrated device of claim 1, wherein the via comprises a seed layer,

8. The integrated device of claim 1, wherein the via comprises a portion configured

to operate as a pad.

9. The integrated device of claim 1, wherein the integrated device comprises one of

at least an interposer, a package device, and/or a package-on-package (PoP) device.
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1 The integrated device of claim 1, wherein the integrated device is incorporated
nto at least one of a music player, a video player, an entertainment unit, a navigation
device, a conununications device, a mobile device, 8 mobtle phone, a smartphone, a
personal digital assistant, a fixed location terminal, a tablet computer, and/or a laptop

computer.

1t An appartatus coraprising:
an encapsulation layer;
a via structure traversing the encapsulation layer, wherein the via structure
COMPrises:
a via comprising a first side, a second side, and a third side; and
a barrier means surrounding at least the first side and the third side of the
vig; and

a pad divectly coupled to the barrier means of the via structure.

iz The apparatus of claima T, further comprising a first dielectric layer coupled to a

first surface of the encapsulation layer,

13 The apparatas of claim 12, further comprising a second dielectric laver coupled

to a second surface of the encapsulation layer,

14. The apparatus of claim 11, further comprising a substrate coupled to a first

surface of the encapsulation layer.

15 The apparatus of claim 14, further comprising a first die coupled fo the substrate,

wherein the encapsulation layer encapsulates the first die.

16, The apparatus of claim 1, wherein the via structure further comprises a fill

means.

17.  The apparatus of claim U, wherein the via comprises a seed layer.
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18 The apparatus of claim 11, wherein the via comprises a portion configured to
operate as a pad.
19. The apparatus of claim 11, wherein the apparatus comprises one of at least an

interposer, a package device, and/or a package-on-package (PoP) device.

20. The apparatus of claim 11, wherein the apparatus s ncorporated into at least
one of a music plaver, a video player, an entertainment unit, a navigation device, a
communications device, a mobile device, a mobile phone, a smartphone, a personal

digital assistant, a fixed location terminal, 8 tablet computer, and/or a laptop computer.

2L A method for fabricating an integrated device, comprising:
forming a pad on a substrate;
forming an encapsulation layer on the substrate; and
forming a via structure n the encapsulation layer, wherein formuing the via
structure comprises:
forming a barrier layer 1w the encapsulation layer; and
forming a via on the barrier layer, the via comprising a fust side, a
second side, and a third side, the via is formed on the barrier layer such that the
barrier layer surrounds at least the first side and the third side of the via, wherein

the barner layer is divectly coupled to the pad.

22. The method of claim 21, further comprising forming a first diciectric layer on a

first surface of the encapsulation layer.

23, The method of claim 22, further comprising forming a second diclectric layer on

a second surface of the encapsulation layer.

24 The mcthod of claim 21, further coroprising removing at least a portion of the
substrate.
25 The method of claim 21, further comprising couphing a first dic to the subsirate,

wherein forming the encapsulation laver comprising encapsulating the first die with the

encapsulation layer.
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26. The method of claim 21, wherein forming the via structure further comprises

forming a fill.

27. The method of claim 21, wherein forming the via comprises forming a seed

layer on the barrier layer,

28. The method of claim 21, wherein forming the via comprises forning a portion a
5 ga=l 1 o E‘

via as a pad.

29, The moethod of claim 21, wherein the integrated device comprises one of af least

an interposer, a package device, and/or a package-on-package (PoP) device.

30 The method of claim 21, wherein the integrated device 1s fucorporated joto at
least one of a music player, a video player, an cntertainment unit, a navigation device, a
comnwunications device, a mobile device, 3 mobile phone, a smartphone, a personal

digital assistant, a fixed location terminal, 8 tablet computer, and/or a laptop computer.
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