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PACKAGE WITH A SUBSTRATE COMPRISING
PERIPHERY INTERCONNECTS

CROSS-BEFERERNCE TO RELATED APPLICATION
(0001} This application claims priotity to and the benefit of Non-Provisional
Application Serial No. 17/164,723 filed in the United States Patent Office on February 1,
2021, the entire content of which is incorporated hercin by reference as if fully set forth

below in its entirety and for all applicable purposes.

Field
100602] Various features relate 1o packages that include an integrated device, but more

specifically to a package that includes an integrated device and a substrate.

Background

100031 FIG. 1 iHustrates a package 100 that includes a substrate 102, an integrated
device 104, and an integrated device 106. The substrate 102 includes at least one dielectric
layer 120, a plurality of interconnects 122, and a plurality of solder interconnects 124. A
plurality of solder interconnects 144 is coupled to the substrate 102 and the integrated
device 104. A plurality of solder interconnects 164 is coupled to the substrate 102 and the
integrated device 106. Electrically coupling the integrated device 104 and the integrated
device 106 can adversely impact the overall performance of the package 100. There is an

ongoing need to provide better performing packages.

SUMMARY

{0004 Various features relate to packages that inclhude an integrated device, but more
specitfically to a package that includes an integrated device and a subsiraic.

[0005] One cxample provides a package comprising a substrate, a first integrated
device and a second integrated device. The substrate includes at least one dielectric layer,
a plurabity of interconnects, a solder resist layer, and a plurality of periphery interconnects
located over the solder resist layer. The first integrated device is couplad to the substrate.
The second integrated device is coupled to the substrate. The second integrated devices
is configured to be clectrically coupled to the first integrated device through the plorality

of periphery interconnects.
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10006 Another example provides an apparatus comprising a substraie, a fist
integrated device and a second integrated device. The substrate includes at least one
dielectric layer, a plorality of interconnects, a solder resist layer, and means for periphery
interconnection located over the solder resist layer. The first infograted device is coupled
to the substrate. The second integrated device is coupled to the substrate. The second
integrated devices is configured to be electrically coupled to the first integrated device
through the means for periphery interconnection.

30071 Another example provides a method for fabricating a package. The method
provides a substrate comprising at least one diclectric fayer, a plurality of interconnects,
a solder resist layer and a plorality of periphery interconnects located over the solder resist
fayer. The method couples a first integrated device to the substrate. The method couples
a second integrated device to the substrate. The sccond integrated devices arce configured
to be electrically coupled to the first integrated device through the plurality of periphery

mierconnects.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Various features, nature and advantages may become apparent from the
detailed description set forth below when taken in conjunction with the drawings in which
like reference characters identify corvespondingly throughout.
[0009] FIG. 1 illustrates a profile view of a package that includes integrated devices
and a substrate.
{0016 FIG. 2 illustrates a plan view of a package that includes a substrate with
periphery interconnects.
LY FIG. 3 illustrates a plan view of a close view of an integrated device coupled
to 4 substrate with periphery inferconnects.
[0612] FIG. 4 tllustrates a profile view of a substrate with periphery interconnects.
[0G13] FIG. 5 tHlustrates a profile view of a substrate with periphery interconnects.
10614} FIG. & illustrates a profile view of a package that includes a subsirate with
periphery interconnects.
{0015] FIG. 7 illustrates a profile view of a package that inclodes a substrate with
periphery interconnects.
{0016} FIG. § illustrates an exemplary sequence for fabricating a substrate comprising

periphery interconnects.
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106171 FIG. 9 dlustrates an exemplary flow diagrarn of a method for fabricating a
substrate comprising periphery interconnects.

[0018] FIGS. 10A-10C illustrate an exemplary sequence for fabricating a substrate.
[0G19] FIG. 11 illustrates an exemplary flow diagram of a method for fabricating a
substrate.

[0020] FIGS. 12A-128 llustrate an exemplary sequence for fabricating a package
that includes a substrate comprising periphery interconnects.

100211 FIG. 13 illustrates an exemplary flow diagram of a method for fabricating a
package that includes a substraie coraprising periphery interconnects,

[00622] FIG. 14 iHlustrates various clectronic devices that may integrate a die, an
clectronic circuit, an integrated device, an integrated passive device (IPD), a passive

component, a package, and/or a device package described herein.
& &

DETAILED DESCRIPTION
[8023] 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 ovdinary skill in the art that the aspects may be practiced without these specific
details. For example, circuaits may be shown in block diagrams in order to avoid obscuring
the aspects in unnecessary detail. In other instances, wel-known circaits, structures and
techniques may not be shown in detail in order not to obscure the aspects of the disclosure.
[0024] The present disclosure describes a package that includes a substrate, a fivst
integrated device and a second integrated device. The substrate inclodes at least one
diclectric layer, a plurality of interconnects, a solder resist layer, and a phurality of
periphery interconnects located over the solder resist layer, The first integrated device is
coupled to the substrate. The second integrated device is coupled to the substrate. The
second integrated devices is configured to be electrically coupled to the fivst integrated
device through the plurality of periphery interconnects. The substrate includes a routing
region and a keep out region. The plurality of periphery interconnects is Jocated at least
partially along a boundary of the routing region and the keep oot region. The plurality of
periphery interconnects is configured to provide at least one electrical path for at least one

signal hetween the first integrated device and the second integrated device.

Exemplary Package Comprising a Substrate Comprising Periphery Intercounects
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{0025 FIG. 2 illustrates a plan view of a package 200 that includes a substrate with
periphery interconnects. The package 200 includes a substrate 202, an integrated device
201, an integrated device 203 and an integrated device 205. The substrate 202 includes a
routing region 204 and a kecp out region 206, The integrated device 201, the integrated
device 203 and the integrated device 205 are coupled to a first surface of the substrate
202. The integrated device 201, the integrated device 203 and the integrated device 205
are coupled o the routing region 204 of the substrate 202. The routing region 204 may
inciude a region of the substraic 202 that includes interconnects in the substrate 202. The
keep out region 206 may be frec of interconnects in the substrate 202, The routing region
204 and the keep out region 206 share a boundary.
[00326] The substrate 202 includes a first plurality of periphery interconnects 213, a
sccond plurality of peripbery interconnects 215 and a third plurality of periphery
mierconnects 235, The first plurality of periphery interconnects 213, the second plurality
of periphery interconnects 215 and/or the third plurality of periphery interconnects 235
1y be located over a solder resist layer of the substrate 202, The first plurality of
periphery interconnects 213 is configured to clectrically couple the integrated device 201
and the integrated device 203. The second plurality of periphery interconnects 215 is
configured to electrically couple the integrated device 201 and the integrated device 205.
The third plurality of periphery interconneacts 235 is configured fo electrically couple the
miegrated device 203 and the integrated device 205.
[0027] The first plurality of peripbery interconnects 213, the second plurality of
periphery interconnects 215 and/or the thivd plarality of periphery interconnects 233 may
be interconnects that are at least partially located along a boundary of the routing region
204 and the keep out region 206, The furst plurality of periphery interconnects 213, the
second plurality of periphery interconnects 215 and/or the thivd plarality of peviphery
interconnects 235 may be interconnects that are at least partially located along a periphery
of the routing region 204. The first plurality of periphery interconnects 213, the second
plurality of periphery interconnects 215 and/or the third plurality of periphery
interconnects 235 may be interconnects that are at least partially located along an inner
periphery of the keep out region 206. A periphery interconnect that is located along a
houndary of the routing region 204 and the keep out region 2006 may mean that the
periphery s located at least partially on the boundary, on a portion of the routing region
204 that is adjacent to the boundary, and/or a portion of the keep out region 206 that

adjacent to the boundary. The first plurality of periphery interconnects 213, the second
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plurality of periphery interconnects 215 and/or the third plurality of periphery
interconnects 235 may be means for periphery interconnection.

[0028] A periphery interconnect may be configured as a channel (e.g., signal channel}
between two integrated devices (e.g., two power management integrated civcuit (PIMOC)).
The use of the first phurality of periphery interconnects 213, the second plurality of
periphery interconnects 215 and/or the third plurality of peripbery interconnects 233
along the periphery of the routing region 204 helps improve the performance of the power
distribution network (PDN} of the package 200. For example, the first plurality of
periphery interconnects 213, the second plurality of periphery interconnects 215 and/or
the third plarality of periphery mterconnects 235 may be located as far away as possible
from the power rails and/or power planes {which may be located in the routing region 204
of the substrate 2020) of the package 200, which helps improve the performance of the
power rails and/or power planes. Power rails and/or power planes are examples of
interconnects that may be coupled o one or more integrated devices. Power rails and/or
power planes may be located in a metal layer of the substraie 202. Moreover, positioning
the periphery interconnects along a boundary and/or a periphery of the routing region 204
may help reduce the overall arca of the metal layer that includes the periphery
interconnects and/or reduce the number of metal layers of the subswate 202.

{0629 The first plurality of peripbery interconnects 213, the second plurality of
periphery interconnects 215 and/or the thivd plarality of periphery interconnects 235 may
have a minimum Hoe width (L) of 25 micrometers, and a munironm spacing (S) of 235
micrometers  between  periphery interconnects. The first plurality of periphery
interconnects 213, the second plurality of periphery interconnects 215 and/or the third
plurality of periphery interconnects 235 may have a miniowim thickness of 18
micrometers.

[60636] The integrated device {(e.g.. 201, 203, 205) may include a die {e.g,
scmiconductor bare die). The integrated device may include a power management
mitcgrated circuit (PMIC). The mitegrated device may include an application processor.
The integrated device may include a radio frequency (RF) device, a passive device, a
filter, a capacitor, an inductor, an antenna, a ransmitter, a receiver, a galliom arsenide
((GaAs) based integrated device, a surface acoustic wave (SAW) filters, a bulk acoustic
wave (BAW) filter, a light emitting diode (LED) integrated device, a silicon (Si) based
integrated device, a silicon carbide (SiC) based integrated device, a memory, power

management processor, and/or combinations thereof. An integrated device {e.g., 201, 203,
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205) may include at least one electronic circuit {c.g., first clectronic circuit, second
electromic cweu, eic. .. ).

{00631} The integrated devices {e.g., 201, 203, 203) are located over the routing region
204 of the substrate 202, It is noted that different packages may have different numbers
of integrated devices. The located of the integrated devices is exeroplary. The integrated
devices may be coupled to different portions of the substrate.

[0032] FIG. 3 tllustrates a close view of a plan view of the integrated device 201 and
the subsirate 202. As shown in FIG. 3, the first plurality of periphery interconnects 213
and the second plurality of periphery interconnects 2135 are configured to be coupled (e.g.,
electrically coupled) to the integrated device 201. The first plurality of periphery
interconnects 213 includes a periphery interconnect 311 and a periphery interconnect 312.
The periphery interconnect 311 and the periphery interconnect 312 are configured to be
coupled to the integrated device 201 and the integrated device 203. The periphery
interconnect 311 and the periphery interconnect 312 are configured to provide electrical
paths for signals between the integrated device 201 and the integrated device 203, As will
he further described below, the first plurality of periphery interconnects 213 is coupled to
the mtegrated device 201 thwough a plurality of interconnects, a plurality of solder
interconnects and/or a plurality of pillar interconnects.

{0633 The periphery interconnect 311 is located in the routing region 204 and along
a periphery of the routing region 2(4. The periphery interconnect 312 is located in the
keep out region 206 and along an inner periphery of the keep out region 206. The {first
plurality of periphery interconnects 213 may extend along a boundary of the routing
region 204 and the keep out region 206. A boundary of the routing region 204 and the
keep out region 206 may inchude adjacent porticns of the routing region 204 and/or
adjacent portions of the keep out region 206 of the substrate 202,

[0634] The second plurality of periphery interconnects 215 inchides a periphery
interconnact 331, a periphery interconnect 332 and a periphery interconnect 333, The
periphery interconnect 331, the periphery interconnect 332 and the periphery interconnect
333 are configured to be coupled to the integrated device 201 and the integrated device
205, The periphery interconnect 331, the periphery interconnect 332 and the periphery
interconnect 33 are configured to provide electrical paths for signals between the
integrated device 201 and the tntegrated device 205. As will be further described below,

the second plurality of periphery interconnects 215 is coupled to the integrated device 201
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through a plurality of interconnects, a plurality of solder interconnects and/or a plurality
of pillar interconnects.

[0035] The periphery interconnect 331 is located in the vouting region 204 and along
a periphery of the routing region 204, The periphery interconnects 332 and 333 are located
i the keep out region 206 and along an inner periphery of the keep out region 206. The
second plorality of periphery interconnects 213 may cxtend along a boundary of the
vouting region 204 and the keep out region 206. A boundary of the routing region 204 and
the keep out region 206 may include adjacent portions of the routing region 204 and/or
adjacent portions of the keep out region 206 of the substrate 202.

[0036] Other integrated devices {e.g., 203, 205) may be coupled to their respective
periphery interconnects in a similar manner as described for the integrated device 201, It
is noted that different implementations may have different numbers of periphery
micrconnects that are coupled fo an integrated device. Different implementations may
position the periphery interconmects in different portions of the routing region 204 and/or
the keep out region 206, Different implementations may define an adjacent portion of the
routing region 204 differently. For cxample, an adjacent portion of the routing region 204
may include portions of the routing region 204 that is within 100 micrometers (e.g., 100
micrometers or less) of the boundary shared between the routing region 204 and the keep
ot region 206. Different implementations may use a value that is less than 100
micrometers to define an adjacent portion of the routing region 204 to the boundary.
[B637] FIG. 4 illustrates a profile view of the substrate 202 across the AA cross-
section of FIG. 3. The subsirate 202 includes at least one dielectric layer 402, a plurality
of interconnects 322, a solder resist layer 401, the first plurality of periphery interconnects
213, the second plurality of periphery interconnects 2185, and a periphery dielectric layer
403. Some of the interconnects {e.g., pads) from the plurality of interconnects 322 is
located over a surface of the at least one diglectric layer 402. The solder resist layer 401
is located over the at least one dielectric layer 402 and the plurality of interconnects 322.
The periphery tnterconnects 311, 3172, 331, 332 and 333 are coupled o interconnects from
the plurality of interconnects 322. The periphery dieleciric layer 403 is located over the
solder resist layer 401 and the periphery interconnects {e.g., 311, 312, 331, 332, 333). The

plurality of interconnects 322 may be configured to be coupled to an integrated device

dielectric layer 402 may include the at least one dielectric layer 620, as further described

below.
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{G038] FIG. 5 illustrates a profile view of the substrate 502 across the AA cross-
section of FI1G. 3. The substrate 502 of FIG. 5 may be sirnilar to the sabstrate 202. Thus,
the substrate 502 may inchude the same or similar components as the substrate 202, The
substrate 502 includes at least one dielectric layer 402, a phurality of interconnects 522, a
solder resist layer 401, the first plurality of periphery interconnects 213, the sceond
plurality of periphery interconnects 2135, and a periphery dielectric layer 403, Some of the
interconnects (e.g., pads) from the plurality of interconnects 522 is located in {e.g..
embedded in) the at least one dielectric layer 402, The solder resist layer 401 is located
over the at least one dielectric laver 402 and the plurality of interconnects 522, The
periphery interconnects 311, 312, 331, 332 and 333 are coupled to interconnects from the
plurality of interconnects 522, The periphery dielectric layer 403 is located over the solder
resist layer 401 and the periphery interconnects {e.g., 311, 312, 331, 332, 333). The
plurality of interconnects 522 may be configured to be coupled to an integrated device
{e.g., 201) through solder interconnects and/or pillar interconnects. it is noted that the
configuration shown in FIGS. 4 and 5 may be applicable to other integrated devices {e.g.,
203, 205 described in the disclosure.

{0035 FIG. 6 ilhsstrates a profile view of a package 200 that includes a substrate 202
comprising periphery interconnects. The package 20{ is coupled to a board 690 {e.g,,
printed circuit board (PCB)) through a plurality of solder interconnects 680, The package
200 provides a package with a compact small factor while also baving optimized and
improved PDN performance.

[0040] The package 200 includes the substrate 202, the integrated device 203, the
integrated device 205, the component 607 (e.g., capacitor). The substrate 202 includes at
least one dielectric layer 620, a plurality of inferconnects 6272, the solder resist layer 401,
a solder resist layer 601, the plurality of periphery interconnects 623 and the periphery
dielectric layer 403. The plurality of interconnects 622 may represent the plurality of
interconnects 322 and/or the plurality of interconnects 522. Although not shown, the
package 200 may include other integrated devices (e.g., 201) and other periphery
interconnects {e.g., 213, 215). The plurality of interconnects 622 may include the plurality
of interconnects 322.

(00411 The plurality of interconnects 622 may have a first minimum pitch and a first
minimure Hoe width (L) and spacing (8) (e.g., L/5). In some implementations, the first

minimum line and spacing (L/3) for the plurality of interconnects 622 is in a range of
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approximately %/9-12/12 micrometers (um} {e.g., mintoum line width of approximately
9-12 micrometers (), minimum spacing of approximately 912 micrometers {um)}.
{0042} The plurality of periphery interconnects 635 may have a minimum line width
{L) of 25 micrometers, and a minimum spacing (S) of 25 micrometers between periphery
micrconnects. The plurality of periphery interconnects 635 may have a minimoum
thickness of 18 micrometers.
[6043] Different umplementations may use different substrates. The substrate 202
1ay be a laminaie substrate, a corcless substrate, an organic substrate, a substrate that
inchudes a core laver {¢.g., cored substrate). In some implementations, the at least one
dielectric layer 620 may include a core layer and/or prepreg layvers. The at least one
dielectric laver 620 may have a dielectric constant in a range of approximately 3.5-3.7.
The at least one dielectric layer 628 may include glass fabrics for reinforcing the substrate
202. Anexample of fabricating a substraie s further describad below in FIGS. 10A-10C.
As will be further described below, in some iroplementations, the substrate 202 may be
fabricated using a medified semi-additive process (;nSAP) or a semi-additive process
(SAP). FIG. § illustrates and describes a sequence for fabricating a substrate comprising
periphery interconnects.
[0044] The integrated device 203 is coupled to the first surface {e.g., top surface) of
the subsirate 202. The integrated device 203 s coupled to the substrate through a plurality
of solder interconnects 630, The plurality of solder interconnects 630 may include pillar
interconnects {e.g., copper ptllars) and/or solder interconnects. An underfill 633 is located
between the substrate 202 and the integrated device 203 {e.g., first integrated device}. The
underfill 633 may surround the plurality of solder interconnects 630, The integrated
device 205 is coupled to the first surface (¢.g., top surface) of the substrate 202, The
integrated device 203 {(e.g., second integrated device) is coupled to the substrate through
a plurality of solder interconnects 650. The plurality of solder interconnects 650 may
inchude pillar interconnects {e.g., copper pillars) and/or solder interconnects. An underfill
633 s focated between the substrate 202 and the integrated device 205. The underfill 653
may surround the plurality of solder interconnects 350. The integrated device 203 and the
integrated device 205 may be located over the routing region 204 of the substrate 202.
{00451 An encapsulation layer 610 may be formed over the substrate 202 and the
integrated device(s) {(e.g., 203, 203) and the cormaponent 607. The cancapsulation layer 610
may inclode a mold, a resin and/or an epoxy. A compression molding process, a transfer

molding process, or a liquid molding process may be used to form the encapsuiation fayer
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610. The encapsulation layer 610 may be photo etchable. The encapsulation layer 610
may be a means for encapsulation.

[0046] The plurality of periphery interconnects 635 is located over the solder resist
layer 401, The plurality of periphery interconnects 635 may represent any of the periphery
micrconnect (¢.g., 213, 215, 235, 311, 312, 331, 332, 333} described in the disclosure.
The plurality of periphery interconnects 633 may be located in an inner periphery of the
keep out region 206, the periphery of the routing region 204, and/or along a boundary of
the routing region 204 and the keep out region 206. The keep out region 206 may be free
of interconnects in the substrate 202, For example, in the keep out region 206 of the
substrate 202, there may not be an interconnect located in the at least one dielectric layer
620, In another example, in the keep out vegion 206 of the substrate 202, there may not
be an interconnect located vertically between the solder resist layer 401 {c.g., bottom
surface of the solder resist layer 401 coupled to the at least one diclectric fayer 620) and
the solder resist layer 601 {e.g., top surface of the solder resist layer 601 coupled to the at
least one dielectric layer 620}, The periphery dielectric layer 403 is located over the solder
resist layer 401 and the phurality of periphery interconnects 635, The plurality of periphery
interconnects 625 may be configured to electrically couple two or more integrated
devices. The plurality of periphery interconnects 625 may be configured to as electrical
path{s} for signals between two or more integrated devices.

10047] The integrated device 203 is coupled 1o the plurality of periphery interconnects
635 through the plorality of solder interconmects 630 and interconnects {c.g., surface
interconnects} from the plurality of interconngcts 622, The integrated device 205 is
coupled to the plurality of periphery interconnects 635 through the plurality of solder
interconnects 630 and interconnects {¢.g., surface tnterconnects) from the plurality of
interconnects 622,

[0048] FIG. 7 illustrates a profile view of a package 700 that includes a substrate 702
corprising periphery interconnects. The package 700 is similar to the package 200. As
such, the package 700 includes the same or similar components as the package 200. The
substrate 702 is similar to the substrate 202. As such, the substrate 702 includes the same
or similar components as the substrate 202, The package 700 may represent the package
200 of FIGS. 1-5,

{00491 The substrate 702 includes at least one diclectric laver, a plurality of
interconnects 722, the solder resist layer 401, the solder resist layer 601, the phurality of

periphery interconnects 635 and the periphery dielectric layer 403. As shown in FIG. 7,
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it

the integrated device 203 and the integrated device 205 are coupled to embedded
interconnects of the substrate 702,

[0054] The integrated device 203 is coupled to the plurality of periphery interconnects
635 through the plurality of solder interconnects 63( and interconnects {(¢.g., embedded
micrconnects) from the plurality of interconnects 622. The integrated device 205 is
coupled to the plurality of periphery interconnects 635 through the plurality of solder
interconnects 630 and interconnects (e.g., embedded interconnects} from the plurality of
interconnects 622, The integrated device 203 and the integrated device 205 may be
located over the routing region 204 of the substrate 702, As shown in FIGS. 67, the
plurality of periphery interconnects 635 are located on different metal fayers than the
other intercomnects of the substrate {e.g., 202, 702). For example, the plurality of
periphery interconnects 635 s located on a different metal laver than interconnects that

are located between the solder resist layer 401 and the solder resist layer 601,

Exemplary Segquence for FKFabricating a Substrate Comprising Periphery
Interconnects

(0651} FIG. § illustrates an exerplary sequence for providing or fabricating a
substrate comprising periphery mnterconnects. In some implementations, the sequence of
Fi(5. 8§ may be used to provide or fabricate the substrate 202 that includes periphery
miercounects of FiGG. 6, or any of the substrates described in the disclosure.

[0052] it should be noted that the sequence of FIG. § may combine one or more stages
in order to simplify and/or clarify the sequence for providing or {abricating the substrate.
In some implementations, the order of the processes may be changed or modified. In some
implementations, one of more of procosses may be replaced or substituted without
departing from the scope of the disclosure. The sequence of FI(G. § may be used to
fabricate one substrate or several substrates at a time (as part of a wafer).

[O053] Stage 1, as shown in FIG. B, illustrates a state after the substrate 202 is
provided. The substrate 202 may be provided by a supplier or fabricated. A process
similar o the process shown in FIGS. 10A-10C may be used to fabricate the substrate
202, However, different implementations may use different processes to fabricate the
substrate 202. Examples of processes that may be used to fabricate the substrate 202
inchude a semi-additive process (SAP) and a modified semi-additive process {mSAP). The
substrate 202 includes at least one dielectric layver 620, and a plurality of interconnects

522. The substrate 202 may be a laminate substrate, a coreless substrate, an organic
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substrate, a substrate that includes a core layer (e.g., cored substrate). in some
implementations, the at least one dielectric layer 620 may include a core layer and/or
prepreg layers. The substrate 202 includes at least one dielectric layer 624, a phurality of
interconunects 622, a solder resist layer 401, and a solder resist layer 601.
100654 Stage 2 illustrates a state after the plurality of periphery interconnects 635 is
formed over the solder resist layer 401, The plurality of periphery intercomects 635 is
coupled to the plurality of interconnects 622, The plurality of periphery interconngcts 635
1ay be formed in cavities of the solder resist layer 401, The plurality of periphery
interconnects 635 may represcnt one or more periphery interconnects from the plurality
of periphery interconnects {e.g., 213, 215, 235, 311, 312, 331, 332, 333). Different
implementations may form the plarality of periphery interconnects 635 differently. An
inkjet and/or acrosol jet process may be used to form a conductive paste over the solder
resist layer 401 and some portions of interconnects from the plurality of intcrconnects
622. The inkjet and/or acrosol jet process may form a conductive paste between two pads
(e.g., surface pads, embedded pads).
{0055 Stage 3 ilustrates a state after a periphery diclectric laver 403 s formed over
the solder resist layver 401 and the plurality of periphery interconnects 635. The periphery
dielectric layer 403 may also be formed in at least some of the cavities of the solder resist
layer 401. Some of the periphery diglectric layer 403 may be located laterally between
the solder resist laver 401 and the plurality of periphery interconnects 635, Difforent
implementations may form the periphery diclectric layer 403 differentdy. An inkjet and/or
aerosol jet process may be used to form a dielectric paste over the solder resist layer 401
and the phlurality of periphery interconnects 633, Once the conductive paste and the
dielectric paste arc provided andfor formed, a curing process may be performed, which
nirns the conductive paste into the plurality of periphery interconnects 635 and the
dielectric paste info the periphery dielectric layer 403. A curing process may include oven

bake and/or ultraviolet (U'V) cure.

Exemplary Flow Diagram of a Method for Fabricating a Substrate Comprising
Periphery Interconnects

{3056 fn some tmplementations, fabricating a substrate that includes periphery
interconnects includes several processes. FIG. 9 ilustrates an exeroplary flow diagram of
a method 900 for providing or fabricating a substrate comprising periphery interconnects.

In some implementations, the method 900 of FIG. 9 may be used to provide or fabricate
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the substrate {e.g.. 202} of FIG. 6 described in the disclosure. However, the method 900
may be used to provide or fabricate any of the substrates described in the disclosure.
{0571 it should be noted that the method of FIG. 9 may combine one or more
processes in order to simplify and/or clarify the method for providing or fabricating an
micrconnect device. In some implementations, the order of the processes may be changed
or modified.

10058] The method provides (at 905) a substrate {e.g., 202}. The substrate 202 may
be provided by a supplier or fabricated. A process similar to the process shown in FIGS.
10A-10C may be used o fabricate the substrate 202. However, different implementations
may use different processes to fabricate the substrate 202, Examples of processes that
may be used to fabricate the substrate 202 include a semi-additive process (SAP) and a
madified semi-additive process (InSAP). The substrate 202 includes at least one diclectric
layer 624, and a plurality of interconnects 622, The suhstrate 242 may be a laminate
substrate, a coreless substrate, an organic substrate, a substrate that inchides a core layer
(e.g., cored substrate). In some implementations, the at least one dielectric layer 620 may
include a core laver and/or prepreg layers. The substrate 202 includes at least one
dielectric tayer 620, a plurality of interconnects 622, a solder resist layer 4071, and a solder
resist layer 601,

{00659 The method provides (at 910) a conductive pasic over the solder resist layer
4431, The conductive paste may be coupled to the plurality of interconnects 622, The
conductive paste may be formed in cavities of the solder resist laver 401, Once cured, the
conductive paste may form the plurality of periphery interconnects 635. The plurality of
periphery interconnects 635 may represent onc of more periphery interconnects from the
plurality of peripbery interconnects (e.g.. 213, 215, 235, 311, 312, 331, 332, 333).
Different implerentations may form the conductive paste differently. An inkjet and/or
aerosol jet process may be used to form the conductive paste over the solder resist layer
401 and some portions of interconnects from the plurality of inferconnects 622. The inkjet
and/or aerosol jet process may form a conductive paste between two pads (e.g., surface
pads, embedded pads). Stage 2 of FIG. 8, illustrates and describes an example of a
conductive paste {which will become a periphery interconnect) that 1s formed over a
solder resist layer.

{30601 The method provides (at 215) a dielectric paste over the solder resist layer 401
and the conductive paste. The dielectiic paste may be formed in at least some of the

caviiies of the solder resist layer 401, Some of the dielectric paste may be located laterally
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hetween the solder resist layer 401 and the conductive paste. Once cured, the diclectric
paste may form the periphery dielectric layer 403. Different implementations may form
the dielectric paste differently. An inkjet and/or aerosol jet process may be used to form
the dicleciric paste over the solder resist layer 401 and the conductive paste. Stage 3 of
FiGG. 8, illustrates and describes an exaraple of a diclectric paste (which will become a
periphery dielectric layer) that is formed over a solder vesist layer.

{0061 ] The method cures {(at 920) the conductive paste and/or the dielectric paste. A
curing process may include oven bake and/or ultraviolet (UV) cure. Curing the conductive
paste may form the plurality of periphery interconnects 635, Curing the diclectric paste
may form the periphery dielectric layer 403. The curing of the conductive paste and the

dielectric paste may be performed concurrently or sequential,

Exemplary Seguence for Fabricating a Substrate

[0062] In some implementations, {abricating a substrate inchides several processes.
FIGS, 10A-10C illustrate an exemplary sequence for providing or fabricating a substrate.
In some implementations, the sequence of FIGS. 10A-10C may be used to provide or
fabricate the substrate 202 of FIG. 6. However, the process of FIGS. 10A-10C may be
psed to fabricate any of the substrates described in the disclosure.

[0063] it should be noted that the sequence of FIGS, 10A-10C may combine one or
more stages in order to simplify and/or clarify the sequence for providing or fabricating
a substrate. In some implementations, the order of the processes may be changed or
modified. In some implementations, one or more of processes may be replaced or
substituted without departing from the scope of the disclosure.

[0064] Stage 1, as shown in FiG. 10A, tllustrates a state after a carrier 1000 is
provided and a metal laver is formed over the carrier $000. The metal layer may be
patterned to form interconnects 1002, A plating process and etching process may be used
to form the metal layer and interconnects.

[0065] Stage 2 tlustrates a state after a diclectric laver 1020 is formed over the carvier
1000 and the interconnects 1002. The dielectric {ayer 1020 may include polyimide.
However, different implementations may use different materials for the dielectric layer.
3066 Stage 3 illustrates a state after a plarality of cavities 1010 is formed in the
dielectric layer 1020. The plurality of cavities 1010 may be formed using an ctching

process {e.g., photo ctching process) or laser process.
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{60671 Stage 4 ilustrates a state after interconnects 1012 are formed in and over the
dielectric layer 1020. For example, a via, pad and/or traces may be formed. A plating
process may be used to form the interconnects.

[0068] Stage 5 thlustrates a state after another dielectric layer 1022 is formed over the
dielectric layer 1020, The dielectric layer 1022 may be the same material as the dielectric
tayer 1020. However, different implementations may use different materials for the
dielectric layer.

{0069] Stage 6, as shown in Fi(i. 10B, illustrates a state after a plurality of cavities
16030 is formed in the dielectric tayer 1022, An etching process or laser process may be
used to form the cavities 1030

{6781 Stage 7 illustrates a state after interconpects 1014 are formed in and over the
dielectric laver 1022, For example, via, pad and/or trace may be formed. A plating process
may be used to form the interconnects.

(0071} Stage § illustrates a state after another dielectric tayer 1024 is formed over the
diclectric layer 1022. The dielectric layer 1024 may be the same material as the dielectric
layer 1020. However, different implementations may use different materials for the
dielectric layer.

[60672] Stage © illustrates a state after a plurality of cavities 1040 is formed in the
dielectric faver 1024, An etching process or laser process may be used to form the cavities
1040,

[6673] Stage 10, as shown in FIG. 10C, illustrates a state after interconnects 1016 are
formed in and over the dielectric layer 1024, For example, via, pad and/or trace may be
formed. A plating process may be used to form the interconnects.

[66G74] Some or all of the interconnects 1002, 1812, 1014 and/or 1016 may define the
plurality of interconnects 622 of the substrate 202. The dielectric layers 1020, 1022, 1024
may be represented by the at least one dielectric layer 620.

[0675] Stage 11 illustrates a state after the carvier 1000 is decoupled (c.g., removed,
grinded out) from the dielectric layer 620, feaving the subsirate 202,

[0076] Stage 12 illustrates a state after the solder resist layer 401 and the solder resist
tayer 601 are formed over the subsirate 202. The solder resist layer 401 and the solder
resist layer 601 may be part of the substrate 2072.

106771 Different implementations may use different processes for forming the metal
layer(s). In some implementations, a chemical vapor deposition {CVD) process and/or a

physical vapor deposition {PVD) process for forming the metal layer(s). For cxampie, a
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spuitering process, a spray coating process, and/or a plating process may be used to form

the metal layer(s).

Exemplary Flow Diagram of g Method for Fabricating a Substrate
10G78] In some implementations, fabricating a substrate inchudes several processes.
FiG. 11 ilostrates an exemplary flow diagram of a method 1100 for providing or
fabricating a substrate. In some implementations, the method 1100 of FIG. 11 may be
used fo provide or fabricate the substrate of FIG. 6. For example, the method of FIG. 11
may be used to fabricate the substrate 202, The method of FIG. 11 may be used to
fabricate the intercommect device, when the interconnect device is iroplemented as
substrate and/or interposer.
{66791 it should be noted that the method of FIG. 11 may combine one or more
processes in order to simphify and/or clarify the method for providing or fabricating a
substrate. In some Unplementations, the order of the processes may be changed or
wodified.
{00801 The method provides {at 1105} a carrier 1000, Different implementations may
pse different materials for the carrier. The carrer may inclode a substrate, glass, quartz
and/or carrier tape. Stage I of FIG. 10A illustrates and describes an example of a state
after a carrier is provided.
{B081] The method forms (at 1110) a metal layer over the carrier 1000, The metal
tayer may be patterned to form interconnects. A plating process may be used to form the
metal layer and interconnects. Stage | of FIG. 10A ilustrates and describes an example
of a state after a metal layer and interconnects 1002 are formed.
{60821 The method forms (at 1115) a dielectric laver 1020 over the carvier 1000 and
the interconnects 1002. The dielectric layer 1020 may include polyimide. Forming the
dielectric laver may also include forming a plurality of cavities {e.g., 1010} in the
dielectric layer 1020. The plurality of cavities may be formed using an etching process
{e.g., photo etching) or laser process. Stages 2-3 of FIG. 10A ilustrate and describe an
cxample of forming a diclectric laver and cavities in the dielectric layer.
10083 The method forms (at 1120) interconnects in and over the dielectric layer. For
exarople, the interconnects 1012 moay be formmed in and over the dielectric layer 1020, A
plating process may be used to form the interconnccts. Forming interconnects may

include providing a patterned metal layer over and/or in the dielectric layer. Stage 4 of
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FIG. 10A illustrates and describes an example of forming interconnects in and over a
dielectric layer.

[0084] The method forms (at 1125) a dielectric taver 1022 over the dielectric layer
1020 and the interconnects. The diclectric layer 1022 may include polyimide. Forming
the diclectric layer may also include forming a plurality of cavities {(e.g., 1030} in the
dielectric layer 1022, The phurality of cavities may be formed using an etching process ot
laser process. Stages 5-6 of FIGS. 10A-10B illuswate forming a dielectric layer and
cavitics in the diclectric layer.

{00851 The method forms (at 1130} interconnects in and/or over the diclectric layer.
For example, the interconnects 1014 may be formed. A plating process may he used to
form the nterconnects. Formuing interconnects may include providing a patterned metal
layer over an in the dielectric layer. Stage 7 of FIG. 10B illustrates and describes an
cxample of forming interconnects in and over a diclectric layer.

[0086] The method may form additional dielectric layer(s) and additional
interconnects as described at 1125 and 1136, Stages 8-10 of FIGS. 10B--10C illustrate
and describe an example of forming additional interconnects in and over a diclectric layer.
{60871 Once all the diclectric layer(s) and additional interconnects are formed, the
method may decouple {e.g., remove, grind out) the carrier {e.g., 1000) from the dielectric
tayer 1020, leaving the substrate. In some implementations, the method may form solder
resist fayers (e.g., 401, 601 over the substrate.

[0088] Different implementations may use different processes for forming the metal
layer(s). In some implementations, a chemical vapor deposition (CVD) process and/or a
physical vapor deposition {PVD) process for forming the metal layer(s). For exampie, a
spuitering process, a spray coating process, and/or a plating process may be used to form

the metal layer(s).

Exemplary Sequence for Fabricating a Package that Includes a Substrate
Comprising Periphery Interconnecis

[0089] FIGS. 12A-128 illusirate an exemplary sequence for providing or fabricating
a package that includes a substrate comprising periphery interconnects. In some
implementations, the sequence of FIGS. 12A-128 may be used to provide or fabricate
the package 200 that includes a substrate comprising periphery interconnects of FIG. 6,

or any of the packages described in the disclosure.



WO 2022/164559 PCT/US2021/064902

18

{00901 it should be noted that the sequence of FIGS. 12A-128 may combine one or
more stages in order to simplify and/or clarify the sequence for providing or fabricating
the package. In some implementations, the order of the processes may be changed or
madified. In some implementations, one or more of processes may be replaced or
substituted without departing from the scope of the disclosure. The sequence of FIGS.
12A-12B may be used to fabricate one package or several packages at a time {as part of
a wafer).

{60917 Stage 1, as shown in FIG. 12A, illustrates a state after the substrate 202 is
provided. The substrate 202 may be provided by a supplier or fabricated. A process
similar o the process shown in FIGS. 8 and 10A-10C may be used to fabricate the
substrate 202, However, different implementations may use different processes to
fabricate the substrate 202. Examples of processes that may be used to fabricaic the
substrate 202 include a semi-additive process (SAP) and a modified semi-additive process
{mSAP). The substrate 202 includes at least one dielectric layer 620, and a plurality of
interconnects 622, The substrate 202 may be a laminate substraic, a coreless substrate, an
organic substrate, a substrate that includes a core layer (e.g., cored substrate). In some
implementations, the at least one dielectric layer 620 may include a core layer and/or
prepreg layers. The substrate 202 includes at least one dielectric layer 624, a phurality of
interconnects 622, a solder resist layer 401, a solder resist layer 601, a plurality of
periphery interconnects 635, and 2 periphery dielectric faver 403,

[0092] Stage 2 tHustrates a state after the integrated device 203, the integrated device
245 and the component 607 are coupled to a tirst surface {e.g., top surface) of the substrate
282, The integrated device 203 may be coupled to the substrate 202 through a plurality of
solder intercounects 630. The integrated device 205 may be coupled to the substrate 202
through a plurality of solder interconnects 630. The component 607 may be coupled to
the substrate 202 through a plurality of solder interconnects 670. Other integrated devices
{e.g., 201 may be coupled o the subsirate 202, The integrated device 203 and the
mtegrated device 205 may be coupled to the substrate 202 such that the integrated device
203 and the integrated device 203 are configurved to be electrically coupled to cach other
through the plurality of periphery interconnects 635, The plurality of periphery
interconnects 635 may be located at least partially along a boundary of the routing region
264 and the keep out region 206 of the substrate 202. The integrated device 203, the

integrated device 205 and the component 607 may be coupled to the substrate 202 such
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that the integrated device 203, the integrated device 205 and the cormponent 607 are
located over the routing region 204 of the substrate 202,

[0093] Stage 3, as shown in FIG. 128, illustrates a state after an encapsulation layer
is provided over the substrate 202 and the integrated devices. The encapsulation layer
may encapsulate the micgrated devices(s) and/or the components. For example, an
encapsulation layer 610 may be formed over the substrate 202 and the integrated device(s)
(e.g., 203, 203). The encapsulation layer 610 may include a mold, a resin and/or an epoxy.
A compression molding process, a transfor molding process, or a liquid molding process
may be used to form the encapsulation layer 610. The encapsulation fayer 610 may be
photo etchable. The encapsulation fayer 610 may be a means for encapsulation.

[0094] Stage 4 itlustrates a state after the phuality of solder interconnects 680 iz
coupled to the second surface {e.g., bottom surface) of the substrate 202, The plurality of
solder interconnects 680 may be coupled to interconnects from the plurality of
interconnects 622 of the substrate 202, A solder reflow process may be used to couple the
plurality of solder interconnects 680 to the substrate 202. Stage 4 may ilustrate the
package 6({. The packages (e.g., 600,) described in the disclosure may be fabricated one
at a time or may be fabricated together as part of one or more wafers and then singulated

into individual packages.

Exemplary Flow Diagram of a Method for Fabricating a Package that Includes a
Substrate Comprising Periphery Interconnecis

[0095] In some implementations, fabricating a package that includes a substrate
comywising periphery interconnects includes several processes. FHG. 13 illustrates an
exeroplary flow diagram of a method 1300 for providing or fabricating a package that
inchudes a substrate comprising periphery interconnects. In some toplementations, the
method 1300 of FIG. 13 may be used to provide or fabricate the package 600 of FIG. 6
described in the disclosure. However, the method 1300 may be used to provide or
fabricate any of the packages described in the disclosure.

[3096] it should be noted that the method of FIG. 13 may combine one or more
processes in order to simplify and/or clarify the method for providing or fabricating a
package that includes a substrate comprising periphery interconnects. In some
implementations, the order of the processes may be changed or modified.

{0097} The method provides {at 1305} a substrate (e.g., 202} with periphery

interconnects. The substrate 202 may be provided by a supplier or fabricated. The



WO 2022/164559 PCT/US2021/064902

[
[}

substrate 202 includes a first surface and a second surface. The substrate 202 includes at
feast one dielectric layer 620, a plurality of interconnects 622, a solder vesist layer 401, a
solder resist layer 601, a plurality of periphery interconnects 635, and a periphery
dielectric layer 403, Different implementations may provide different substrates. A
process similar to the processes shown in FIGS. § and 10A-10C may be used to fabricate
the substrate 202. However, different implementations may use different processes 1o
fabricate the substrate 202, Stage 1 of FIG. 12A illustrates and describes an example of
providing a substraic with periphery interconnects.

{0098 The method couples (at 1310) a plurality of integrated devices {¢.g., 201, 203,
205) and/or corpponent(s) {e.g.. 607) to the first surface of the substrate (e.g., 202). For
example, the integrated device 203 may be coupled to the substrate 202 through the
plurality of solder interconnects 630, The plurality of solder interconnects 630 may be
coupled o inkerconnects from the plurality of interconnects 622 of the substrate 202, In
another example, the integrated device 205 may be coupled to the substrate 202 through
the plurality of solder interconnects 650. The plurality of solder interconnects 630 may
he coupled to interconnects from the phlurality of interconnects 622 of the substrate 202.
The integrated device 203 and the integrated device 205 may be coupled to the substrate
such that the integrated device 203 and the integrated device 205 are configured to be
clectrically coupled to cach other through the plurality of periphery interconnects 635.
The plurality of periphery interconnects 635 may be located at least partially along a
boundary of the routing region 204 and the keep out region 206 of the subsirate 202, Stage
2 of FIG. 12A illustrates and describes an example of integrated devices and components
coupled to a substrate. Coupling the integrated device to the substrate may also include
providing an underfill (e.g., 613, 633, 633) between a respective integrated device {e.g.,
203, 205) and the substrate 202. Stage 2 of FIG. 12A illustrates and describes an example
of an underfill being provided.

{6699 The method forms (at 1313} an encapsulation layer (e.g., 618 over the
substrate (e.g., 202). The encapsulation layer 610 may include 2 oold, a resin andfor an
epoxy. A compression molding process, a transfer molding process, or a liquid molding
process may be used to form the encapsulation layer 610. The encapsulation layer 610
may be photo etchable. The encapsulation layer 610 may be a means for encapsulation.
The encapsulation layer may encapsulate the integrated devices(s) and/or the components.
Stage 3 of FI{. 128 illustrates and describes an example of forming an encapsulation

iay er over a substrate.
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(001061 The method couples {at 1320) a plurality of solder interconnects (e.g., 380) to
the second sarface of the substrate {(e.g., 202). Stage 4 of FIG. 128, illustrates and

describes an example of coupling solder interconnects to the substrate.

Exemplary Electronic Devices

[00101]  FIG. 14 illustrates various electronic devices that may be integrated with any
of the aforementioned device, integrated device, integrated circuit {IC) package,
integrated circuit (IC) device, semiconductor device, integrated circuit, dic, interposer,
package, package-on-package (PoP), Systern in Package (5iF), or System on Chip (So().
For example, a mobile phone device 1402, a laptop computer device 1404, a fixed
location terminal device 1406, a wearable device 1408, or automotive vehicle 1410 may
inchude a device 1400 as described herein. The device 1400 may be, for example, any of
the devices and/or integrated circuit (IC) packages described herecin. The devices 1402,
1404, 1406 and 1408 and the vehicle 1410 illustrated in FIG. 14 are merely exemplary.
Gther electronic devices may also feature the device 1400 including, but not limited to, a
group of devices (c.g., clectronic devices) that includes mobhile devices, hand-held
personal communication systems (PCS) units, portable data units such as personal digital
assistants, global positioning system (GPS) enabled devices, navigation devices, set top
boxes, music players, video players, entertainment units, fixed location data units such as
meter reading cquipment, conmununications devices, smariphones, tablet computers,
coraputers, wearable devices (c.g., watches, glasses), Internet of things (IoT) devices,
servers, routers, electronic devices tmplemented in automotive vehicles {e.g., agtonomous
vehicles), or any other device that stores or retrieves data or computer instructions, or any
combination thereof,

[60182] One or more of the components, processes, features, and/or functions
iHustrated in FIGS. 2-9, 10A-10C, 11, 12A-12B, and/or 13-14 may be rearvanged and/or
combined into a single component, process, feature or function or embodicd in several
coraponents, processes, of functions. Additional elements, components, processes, and/or
functions may also be added without departing from the disclosure. It should also be noted
FIGS. 2-8, 10A-10C, 11, 12A-128, and/or 13-14 and its corresponding description in
the present disclosure s not fimited to dies and/or ICs. I some implementations, FIGS.
2-5, 10A-10C, 11, 12A-128, and/or 13~14 and its corresponding description may be
used to manufacture, create, provide, and/or produce devices and/or integrated devices.

In sorae implementations, a device may include a dic, an integrated device, an integrated
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passive device (JPD), a dic package, an integrated circuit (JC) device, a deviee package,
an integrated circoit (JO) package, a wafer, a semiconductor device, a package-on-
package (PoP) device, a heat dissipating device and/or an interposer.

[60163] I is noted that the figures in the disclosure may represent actual
representations and/or conceptual representations of various parts, componentis, objects,
devices, packages, ntegrated devices, integrated circuits, and/or transistors. In some
instances, the figures may not be to scale. In some instances, for purpose of clarity, not
all components and/or parts may be shown. In some instances, the position, the location,
the sizes, and/or the shapes of various parts and/or corpponents in the figures may be
exemplary. In some implementations, various componenis and/ov parts in the figures may
be optional.

[60164] The word “exemplary” is used herein fo mean “serving as an example,
mstance, or illustration.” Any implerentation or aspect described herein as “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
inchude the discussed feature, advantage or mode of operation. The term “coupled” is used
herein to refer to the divect or indirect coupling {e.g.. mechanical coupling) between two
objects. For example, if obiect A physically touches object B, and object B touches object
, then objects A and € may still be considered coupled to one another—even if they do
not directly physically touch each other. The term “electrically coupled” may mean that
two objects are divectly or indirectly coupled together such that an electrical current {c.g.,
signal, power, ground) may travel between the two objects. Two objects that are
clectrically coupled may or may not have an electrical current traveling between the two
objects. The use of the terms “first”, “sccond”, “third” and “fourth” (and/or anything
above fourth) is arbitrary. Any of the components described may be the first component,
the second component, the third component or the fourth component. For example, a
component that is referred to a sccond component, may be the first component, the second
cormaponent, the third component or the fourth component. The term “encapsulating”
means that the object may partially encapsutlate or completely encapsulate another object.
The wrms “top” and “bottom” are arbitrary. A component that is located on top may be
located over a cornponent that is located on a bottom. A top component may be considered
a bottom comoponent, and vice versa. As described in the disclosure, a first component
that is located “over” a second component may mean that the first component is located

above or below the second component, depending on how a bottom or top is arbitracily
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defined. In another cxample, a first component may be located over (¢.g., above) a first
surface of the second component, and a third coraponent may be located over {e.g., below)
a second surface of the second component, where the second surface is opposite to the
first surface. i is further noted that the term “over” as used in the present application in
the context of one comaponent located over another component, may be used to mean a
cornponent that is on another comnponent and/or in another compounent (e.g., on a surface
of a component or embedded in a component). Thaus, for example, a first component that
is over the second component may mean that (1} the first component is over the second
component, but not directly touching the second component, (2) the first coraponent is on
{e.g., on a surface of) the second component, and/or (3) the first component is in {e.g.,

9

embedded in} the second component. A first component that is located “in” a second
component may be partially located in the second component or completely located in the
second component. The term “about ‘value X7, or “approximately value X7, as used in
the disclosure means within 10 percent of the ‘value X', For example, a value of about 1
or approximately 1, would mean a value in a range of 0.9-1.1.

{60105] In some implementations, an inferconnect is an element or component of a
device or package that allows or facilitates an electrical connection between two points,
elements and/or components. In some umplementations, an interconnect may include a
trace, a via, a pad, a pillar, a metallization layer, a redis&ribution layer, and/or an under
bump metallization (UBM) layer / iuterconnect. {n some iroplemcntations, an
interconnect may include an electrically conductive material that may be configured 1o
provide an electrical path for a signal (e.g., a data signal), ground andfor power. An
interconnect may include more than one clement or component. An inferconnect may be
defined by one or more interconnects. An inierconnect may include one or more metal
fayers. An interconmnect may be part of a circuit. Different implementations may use
different processes andfor sequences for forming the interconnects. In some
implementations, a chemical vapor deposition (CVE) process, a physical vapor
deposition (PY D) process, a sputtering process, a spray coating, and/or a plating process
may be used to form the interconnects.

[00186]  Also, it is noted that various disclosures contained herein 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 seguential process, many

of the operations can be performed in parallel or concwmrently. In addition, the order of
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the operations may be re-arranged. A process is terminated when ifs operations are
completed.

(001071  Inthe following, further examples are described to facilitate the understanding
of the inveniion.

{001068]  Aspect 10 A package comprising a subsirate, a first integrated device and a
second integrated device. The substrate cornprising at least one dielectric layer; a plurality
of interconnects; a solder resist layer; and a plurality of periphery interconnects located
over the solder resist layver. The first integrated device is coupled to the substrate. The
second integrated device is coupled to the substrate, wherein the sceond integrated
devices is configured to be electrically coupled to the first integrated device through the
plurality of periphery interconnects.

[0010%]  Aspect 2: The package of aspect 1, wherein the substrate inchides a routing
region and a keep out region, and wherein the plurality of periphery interconnects is
located at least partially along a boundary of the routing region and the keep out region.
[60118]  Aspect 3: The package of aspect 2, wherein the keep out region is a region of
the substrate that is free of interconnects.

[60111]  Aspect 4: The package of aspects 1 through 3, wherein the plurality of
periphery interconnects is configured to provide at least one electrical path for at least one
sigunal between the first integrated device and the second integrated device.

[00112]  Aspect 5: The package of aspects 1 through 4, wherein the first integrated
device includes a first power management integrated device andfor a first application
Processor.

{00113} Aspect 6 The package of aspect 5, wherein the sccond integrated device
includes a second power manageraent integrated device and/or a secound application
PrOCessor.

{00114}  Aspect 7: The package of aspects 1 through 6, further comprising a periphery
dielectric laver located over the solder resist layer and the plurality of periphery
mierconnects.

[00115]  Aspect 8: The package of aspects 1 through 7, further comprising a third
integrated device coupled to the substrate, wherein the substrate further includes a second
plurality of periphery interconnects located over the solder resist layer, wherein the
substrate further includes a third plurality of periphery interconnects located over the
solder resist layer, wherein the first integrated device is configured 0o be electrically

coupled to the third integrated device through the second plurality of periphery
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interconnects, and wherein the second integrated device is configured to be electrically
coupled to the third integrated device through the third plurality of periphery
interconnects.

{00116} Aspect 9 The package of aspects 1 through 8, wherein the plurality of
periphery interconnects, the second plurality of periphery interconnects, and the third
plurality of periphery interconmects are located along a periphery of the substrate.
{00117]  Aspect 10 The package of aspects | through 9, wherein the package is
incorporated into a device selected from a group consisting of a music player, a video
plaver, an cntertainment unit, a navigation device, a communications device, a mobile
device, a mobile phone, a smariphone, a personal digital assistant, a fixed location
wrminal, a tablet computer, a computer, a wearable device, a laptop compuier, a server,
an internet of things {(IoT) device, and a device in an automotive vehicle.

{00118]  Aspect 11: An apparatus comprising a subsirate, a furst integrated device and
a second integrated device. The substrate comprising at least one dielectric layer; a
plurality of interconnects; a solder resist layer; and means for periphery interconnection
located over the solder resist layer. The first integrated device s coupled fo the substrate.
The second integrated device 1s coupled to the substrate, wherein the second integrated
devices is configured to be electrically coupled to the first integrated device through the
means for periphery interconnection.

{00119]  Aspect 12: The apparatus of aspect 11, wherein the substrate inchudes a routing
region and a keep out region, and wherein the means for periphery interconnection is
located at least partially along a boundary of the routing region and the keep out region.
{0128]  Aspect 13: The apparatus of aspect 12, wherein the keep out region is a region
of the substraie that is free of interconnects.

[60121]  Aspect 14: The apparatus of aspects 11 through 13, wherein the means for
periphery interconnection is configured to provide at least one electrical path for at least
one signal between the first integrated device and the second integrated device.

[00122]  Aspect 15: The apparatus of aspects 11 through 14, wherein the first integrated
device includes a first power management integrated device andfor a first application
Processor.

(001231 Aspect 16 The apparatus of aspect 13, wherein the second integrated device
includes a second power manageraent integrated device and/or a secound application

Processor.
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{60124]  Aspect 17: The apparatas of aspects 11 through 16, further comprising a
periphery diclectric layer located over the solder resist laver and the means for periphery
interconnection.

[00125]  Aspect 18 A method for fabricating a package. The method provides a
substrate comprising at least one diclectric layer; a plurality of interconnects; a solder
vesist layer; and a plurality of periphery interconnects located over the solder resist layer.
The method couples a first integrated device to the substrate. The method couples a
second integrated device to the substrate, wherein the second inicgrated devices is
configured to be electrically coupled to the first integrated device through the plurality of
periphery interconnects.

[00126] Aspect 19: The method of aspect 18, wherein the substrate includes a routing
region and a keep out region, and wherein the plurality of periphery interconnects is
located at least partially along a boundary of the routing region and the keep out region.
(001271 Aspect 20: The method of aspect 19, wherein the keep out vegion is a region
of the substraie that is free of interconnects.

(001281 Aspect 21: The method of aspects 18 through 20, wherein the plurality of
periphery interconnects is configured to provide at least one electrical path for at least one
signal between the first integrated device and the second integrated device.

{06129}  Aspect 22: The method of aspects 18 through 21, wherein the first integrated
device includes a first power management integrated device and/or a first application
PrOCESSOT.

(001381 Aspect 23: The method of aspects 18 through 22, further comprising a
periphery dicleciric layer located over the solder resist layer and the plurality of periphery
interconnects.

[60131] The various features of the disclosure described herein can be implemented in
different systermns without departing from the disclosure. It should be noted that the
foregoing aspects of the disclosure are merely examples and are not to be construced as
limiting the disciosure. The description of the aspects of the present disclosure is intended
to be illustrative, and not to Himit the scope of the claims. As such, the present teachings
can be readily applied to other types of apparatuses and many alternatives, modifications,

and variations will be apparent to those skifled in the art.
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CLAIMS

1. A package comprising:
a substrate comprising:
at least one dielectric layer;
a plurality of interconnects;
a solder resist layer; and
a plurality of periphery interconnects located over the solder resist layer;
a first integrated device coupled to the substrate; and
a second integrated device coupled to the substrate, wherein the second integrated
devices is configured to be electrically coupled to the first integrated device through the

plurality of periphery interconnects,

2. The package of claim 1,
wherein the substrate includes a routing region and a keep out region, and
wherein the plurality of periphery interconnects is located at least partially along
a boundary of the routing region and the keep out region.
3. The package of claim 2, wherein the keep out region is a region of the substrate

that s free of interconnects.

4. The package of claimm 1, wherein the plurality of periphery interconnects is
configured to provide at least one electrical path for at least one signal between the first

integrated device and the second integrated device.

5. The package of claim 1, wherein the first integrated device inclades a first power

management integrated device and/or a first application processor.

6. The package of claim 5, whercin the second integrated device includes a second
power management integrated device and/or a second application processor.
7. The package of claim 1, further comprising a periphery diclectric layer located

over the solder resist tayer and the plurality of periphery interconnects.
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8. The package of claim 1, further comprising a third integrated device coupled to
the substrate,

wherein the substrate further inclodes a second plurality of periphery
interconnects located over the solder resist layer,

wherein the substrate further includes a third plurality of periphery interconnects
located over the solder resist layer,

wherein the first integrated device is configured to be electrically coupled to the
third integrated device through the sccond plurality of periphery interconnects, and

wherein the sccond integrated device s configured to be electrically coupled to

the third integrated device through the third phirality of periphery interconnects.

9 The package of claim 8, wherein the plurality of periphery interconnects, the
sccond plurality of periphery interconnects, and the third plurality of periphery

interconnects are located along a periphery of the sehstrate.

16 The package of claim 1, wherein the package is incorporated into a device selected
from a group consisting of a music player, a video player, an enfertainment unit, a
navigation device, a commumications device, a mobile device, a mobile phone, a
smartphone, a personal digital assistant, a fixed location terminal, a tablet computer, a
coraputer, a wearable device, a laptop computer, a server, an internet of things (Io'T)

device, and a device 1 an automotive vehcle.

it An apparatus conywising:
a substrate comprising:
at least one dielectric layer;
a plurality of interconnects;
a solder resist layer; and
raeans for periphery interconnection located over the solder resist layer;
a first integrated deviee coupled to the subsirate; and
a second integrated device coupled 1o the substrate, wherein the second integrated
devices is configured to be electrically coupled to the first integrated device through the

means for periphery interconnection.

1Z. The apparatus of claim 11,
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whercein the substrate includes a routing region and a keep out region, and
wherein the means for periphery interconnection is located at feast partially along

a boundary of the vouting region and the keep out region.

13 The apparatus of claim 12, wherein the keep out region is aregion of the substrate

that 1s free of interconnects.

14. The apparatus of claim 11, wherein the means for periphery interconnection is
configured to provide at least one electrical path for at least one signal between the first

integrated device and the second integrated device.

15. The apparatus of claim 11, wherein the first integrated device includes a first

power management integrated device and/or a first application processor.

i6. The apparatus of claim 15, wherein the second integrated device includes a second

power management integrated device and/or a second application processor.

17. The apparatus of claim 11, further comprising a periphery dielectric layer located

over the solder resist layer and the means for periphery interconnection.

Ik
[oa)

A method for fabricating a package, comprising:
providing a substrate comprising:

at least one dielectric layer;

a plurality of interconnects;

a solder resist layer; and

a plurality of periphery interconnects located over the solder resist layer;
coupling a first integrated device to the substrate; and
coupling a sccond integrated device to the substrate, wherein the second integrated
devices is configured 1o be electrically coupled to the first integrated device through the

plurality of periphery interconnects.

19, The method of claim 18§,

wherein the substrate includes a routing region and a keep out region, and
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wherein the plurality of periphery interconnects is located at least partially along

a boundary of the routing region and the keep out region.

20. The method of claim 19, wherein the keep out region is a region of the substrate

that s free of interconnects.

21 The method of claim 18, wherein the plurality of periphery interconnects is
configured to provide at least one electrical path for at least one signal between the first

integrated device and the second integrated device.

22. The method of claim 18, wherein the first integrated device includes a first power

management integrated device and/or a first application processor.

23, The method of claim 18, further comprising a periphery dielectric layer located

over the solder resist fayer and the plurality of periphery interconnects.
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I
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g
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AND THE INTEGRATED DEVICES
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