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PACKAGE COMPRISING
STACKED INTEGRATED DEVICES WITH OVERHANG

CROSS-BEFERERNCE TO RELATED APPLICATION
(0001} This application claims priotity to and the benefit of Non-Provisional
Application Serial No. 17/375,931 filed in the United States Patent Gffice on July 14,
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 to packages with integrated devices.
Background

[0003] A package may include a substrate and integrated devices. These components
are coupled together to provide a package that may perform various electrical functions.
How the integrated devices and the substrate are coupled together affects how the package
performs overall. There is an ongoing need to provide better performing packages and

reduce the overall size of packages.

SUMMARY

[0004] Various features relate to packages with integrated devices.

(0005 One example provides a package that includes a substrate, a first integrated
device coupled to the substraie, and a second tnfegrated device coupled to the first
integrated device. A portion of the second integrated device overhangs over the first
integrated device. The second integrated device is configured to be coupled to the
substrate. The second integrated device includes a front side and a back side. The front
side of the second integrated device faces the substrate.

[0006] Another example provides an apparvatus that includes a substrate, a fivst
integrated device coupled to the substrate, and a second integrated device coupled to the
first integrated device. A portion of the second integrated device overhangs over the first
integrated device. The second integrated device is configured to be coupled to the
substrate. The second integrated device includes a front side and a back side. The front

side of the second integrated device faces the substrate.
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100071 Another example provides a method for fabricating a package. The method
provides a suhstrate. The method couples a first integrated device to the substrate. The
method couples a second integrated device to the first integrated deviee such that a portion
of the sccond integrated device overhangs over the first integrated device. The second
micgrated device is configured to be coupled to the substrate. The second integrated
device includes a front side and a back side. The front side of the second integrated device

faces the substrate.

BRIEY 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 correspondingly throughout.
3009 FIG. 1 illustrates a cross sectional profile view of a package that includes
stacked integrated devices with overhang.
(0610 FIG. 2 illustrates a cross sectional profile view of a package that includes
stacked integrated devices with overhang.
{0611} FIG. 3 illustrates a cross scctional profile view of a package that includes
stacked integrated devices with overhang.
[0012] FIG. 4 illustrates a cross sectional profile view of a package that includes
stacked integrated devices with overhang.
100131 FIG. 5 illustrates a cross sectional profile view of a package that includes
stacked integrated devices with overhang.
[00G14] FIG. 6 illustrates a cross sectional profile view of a package that includes
stacked integrated devices with overhang.
[0G15] FIGS. 7A-7B illustrate an exemplary sequence for fabricating a package with
stacked integrated devices with overhang.
[0016] FIGS. §A-8B illostrate an exemplary sequence for fabricating a package with
stacked integrated devices with overhang.
100171 FIGS. 9A-9B illustrate an exemplary sequence for fabricating a package with
stacked integrated devices with overhang.
[0018] FIG. 10 illustrates an exemplary flow diagram of a method for fabricating a
package with stacked integrated devices with overbang.

[0G19] FIGS. 11A-11B iilustrate an exemplary sequence for fabricating a substrate.
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106201 FIG. 12 illustrates an exerplary flow diagram of a method for fabricating a
substrate.

{0621} FIG. 13 illustrates various electronic devices that may integrate a die, an
clectronic circuit, an integrated device, an integrated passive device (IPD), a passive

coraponent, a package, and/or a device package described herein.

PBETAILED BESCRIPTION
100221 In the following description, specific details are given to 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.
[0023] The present disclosure describes a package that includes a substrate, a fivst
integrated device coupled to the substrate, and a second infegrated device coupled to the
first integrated device. A portion of the sccond integrated device overhangs over the first
integrated device. The second integrated device is configured to be coupled to the
substrate. The second integrated device includes a front side and a back side. The front
side of the sccond integrated device faces the substrate. The second integrated device is
coupled to the substrate through at least one pillar interconnect, at least one solder
interconnect, and/or an interposer. The package may bypass the use of wire bonds, which
helps reduce the overall size of the package and helps improve the performance of the
package by reducing the interconnect length between integrated devices. The
configuration of the package that includes putting one integrated device over another
integrated device may also decrease the size and/or footprint of the package, while stili

providing improved package performance.

Exemplary Package Comprising Stacked Integrated Devices with Overhang

[0024] FIG 1 illustrates a cross sectional profile view of a package 100 that includes
stacked integrated devices with overhang. The package 100 includes a substrate 102, an
integrated device 104, an integrated device 106, and an encapsulation layer 108, The
integrated device 104 may be a first integrated device. The mtegrated device 106 may be

a second integrated device. The substrate 102 includes at least one diglectric layer 120, a
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plurality of intercomnects 122 and a solder resist layer 126, A plurality of solder
interconnects 130 may be coupled to the substrate 102,

[00625] The integrated device 104 is coupled to the substrate 102 through a plurality
of solder interconnects 140, The integrated device 106 is located over the integrated
device 104. The infegrated device 106 may be coupled to the integrated device 104
through an adbesive (not shown). A portion 180 of the integrated device 106 may
overhang over the integrated device 104, At least one pillar interconnect 160 may be
coupled to the substrate 102 and to the front side of the portion 180 of the integrated
device 106. The at least one pillar interconnect 160 may be coupled to the plurality of
interconnect 122 thvough at least one solder interconnect (not shown). The integrated
device 106 may be coupled to the substrate 102 through at least one pillar interconnect
160. The at least one pillar interconnect 160 may be located between the substrate 102
and the portion 180 of the integrated device 106. The integrated device 106 may be
configured to be electrically coupled to the integrated device 104 through the at lcast one
pillar interconnect 160, the plurality of interconnects 122, and/or the plurality of solder

gnal between the

interconnects 140, For exarople, an electrical path for at least one si
integrated device 104 and the integrated device 106 may include the at least one pillar
interconnect 164, at least one interconnect from the plurality of interconnects 122, and/or
at least one solder interconnect from the plurality of solder interconnects 144 In the
mstance there is solder interconnect between the at least one pillar interconnect 160 and
the plurality of interconnects 122, the electrical path may also include the solder
interconnect between the at least one pillar interconnect 160 and the plurality of
interconnects 122,

{0026 The integrated device 104 may include a front side and a back side. Stoilarly,
the mtegrated device 106 may include a front side and a back side. The front side of the
integrated device 104 may face the subsirate 102. A back side of an integrated device may
inchude the dic substirate (e.g., silicon) side of the intcgrated device. The front side of the
micgrated device 106 may face the back side of the integrated device 104 and/or the
substrate 102. For example, the front side of the portion 180 of the integrated device 106
may face the substrate 102. The front side of the integrated device 106 may be coupled to
the back side of the integrated device 104 (e.z., mechanically coupled through an
adhesive).

{6627} The encapsulation layer 108 may be located over the subswrate 102, the

integrated device 104 and the integrated device 106. The encapsulation layer 108 may at
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least partially encapsulate the integrated device 104, the integrated device 106 and the at
feast one pillar interconnect 160, The encapsulation layer 108 may include a mold, aresin
and/or an epoxy. The encapsulation layer 108 may be a means for encapsulation. The
encapsuation layer 108 may be provided by using a compression and transfer molding
process, a sheet molding process, or a liguid molding process.

[0028] The configuration of the package 100 may help bypass the use of wire bonds.
Bypassing the use of wire bonds helps reduce the overall size of the package 104 and
helps improve the performance of the package 100 by reducing the inicrconnect length
hetween infegrated devices (e.g., 104, 106). Since the front side of the miegrated device
106 faces towards the substrate 102, there is a shorter and more direct electrical path
between the substrate 102 the integrated device 106, helping improve signals spead
between integrated devices. Packages that use wire bonds may require more space
between the integrated device and the edge of the package to acconunodate the placement
of wire bonds. Since there are no wire bonds needed in the package 100, the edge of the
package 100 may be located closer to the edge of the integrated devices {e.g., 104, 106),
which helps reduce the overall form factor of the package 100, The sarae benefits and
advantages may also be found for other packages described in the disclosure.

[00625] Different implementations may have packages with different configurations
of integrated devices. FI(G. 2 illustrates a package 200 that includes stacked infegrated
devices with overhang. The package 200 s similar to the package 100, and includes
similar components, the sarne components, and/or similar arrangerents as the package
100. Thus, the description of the package 100 may be applicable to the package 200. FIG.
2 illustrates that the package 200 includes at least one pillar interconnect 160 and at least
one solder interconnect 260. The at least one solder interconnect 260 is coupled to the
integrated device 106 and the at least one pillar interconnect 160. The at least one solder
interconnect 260 may be coupled to the front side of the portion 130 of the integrated
device 106. The at least one pillar interconnect 160 may be coupled to the substrate 102
In some implementations, the at least one piliar interconnect 160 may counsidered part of
the sabstrate 102. The integrated device 106 may be coupled to the substrate 102 through
the at least one solder interconnect 260 and the at least one pillar interconnect 160, The
at feast one solder interconnect 260 and the at least one pillar interconnect 160 may be
located between the substrate 102 and the portion 180 of the integrated device 106. The
integrated device 106 may be configured to be electrically coupled to the integrated

device 104 through the at least one solder interconnect 260, the at least one pillar
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interconnect 166, the plurality of interconnects 122, and/or the plurality of solder
interconnects 140, For example, an electrical path for at least one signal between the
integrated device 104 and the integrated device 136 may include the at least one solder
interconnect 260, the at least onc pillar interconnect 160, af least one interconnect from
the plurality of intercomnects 122, and/or at least one solder interconnect from the plurality
of solder interconnects 144

[006306] FIG. 3 illustrates a package 300 that includes stacked integrated devices with
overhang. The package 300 is similar to the package 100, and includes similar
components, the same components, and/or similar arrangements as the package 100.
Thas, the description of the package 100 may be applicable to the package 300. FIG. 3
ilhustrates that the package 300 includes an interposer 302, at least one soldey interconnect
260, and at least one solder interconnect 360. The at least one solder interconnect 260 is
coupled fo the integrated device 106 and the mnterposer 302, The at least one solder
interconnect 260 may be coupled to the front side of the portion 180 of the integrated
device 106. The at least one solder interconnect 360 may be coupled to the substrate 102
and the interposer 302, The integrated device 106 may be coupled to the substrate 102
through the at least one solder interconnect 260, the interposer 302 and the at least one
solder interconnect 360. The interposer 302 may be a substrate. The interposer 302
inchudes at least one diclectric layer 320 and at least one intercounnect 322 (e.g., nicrposer
miercounect). The at least one solder interconnect 264, the interposer 302 and/or the at
least one solder interconnect 360 may be located between the substrate 102 and the
portion 180 of the integrated device 106.

100311 The integrated device 106 may be contfigured fo be electrically coupled to the
integrated device 104 through the at {east one solder interconnect 264, the interposer 302,
the at least one solder interconnect 360, the plurality of interconnects 122, andfor the
plurality of solder interconnects 140, For example, an electrical path for at least one signal
between the infegrated device 104 and the integrated device 106 may include the at least
one solder interconnect 260, at least one interconnect 322, the at least one solder
interconnect 360, at least one interconnect from the plorality of interconnects 122, and/or
at least one solder interconnect from the plurality of solder interconnects 144

{66321 FIGS. 1-3 illustrate that the at feast one pillar interconnect 160, the at least
one solder interconnect 260, the interposcr 302, and/or the at least one solder interconnect
360 may be located between the substrate 102 and the portion 180 of the integrated device

106 that overhangs the integrated device 104
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100331 Different iroplementations may include different numbers of integrated
devices. For example, a package may inchide more than one integrated device that
overhangs over one or more integrated devices.

{0634 FIG. 4 illustrates a package 400 that includes stacked integrated devices with
overhang. The package 400 is similar to the package 100, and includes similar
corpponents, the same components, and/or similar arrangements as the package 100
Thus, the description of the package 100 may be applicable to the package 400. FIG. 4
ilustrates two integrated devices that overhang over an integrated device. FIG. 4
itlustrates that the package 400 includes the substrate 102, the integrated device 104 {e.g.,
first integrated device), the integrated device 106 {e.g., second integrated device), an
integrated device 406 {e.g., third integrated device), the encapsulation layer 108, at least
one pillar interconnect 160 {e.g., at least one first pillar interconnect), and at least one
piltar interconnect 460 {(e.g., at least one second pillar interconnect).

[0035] The integrated device 406 is located over the integrated device 104, The
integrated device 406 may be coupled to the integrated device 104 through an adhesive
(not shown). A portion 480 of the integrated device 406 may overhang over the integrated
device 104. The front side of the integrated device 406 may face the back side of the
integrated device 104 and/or the substrate 102, For example, the front side of the portion
480 of the integrated device 406 may face the substrate 102. The front side of the
miegrated device 406 may be coupled to the back side of the integraied device 104 (¢.g.,
mechanically coupled through an adbesive).

[0036] At least one piliar interconnect 460 may be coupled to the substrate 102 and
to the front side of the portion 480 of the integrated device 406. The at least one pillar
interconnect 460 may be coupled to the plurality of interconnect 122 through at least one
solder interconnect (not shown). The integrated device 406 may be coupled to the
substrate 102 through at least one pillar interconnect 460. The integrated device 436 may
be configured to be electrically coupled to the integrated device 184 through the at lcast
one pillar interconnect 460, the phirality of interconnects 122, and/or the pluraliy of
solder interconnects 140, For example, an clectrical path for at least one signal between
the integrated device 104 and the integrated device 406 may include the at least one pillar
interconnect 460, at least one interconnect from the plurality of interconnects 122, and/or
at least one solder interconnect from the plurality of solder interconnects 140, In the
instance there is solder interconnect between the at least one pillar interconnect 460 and

the plurality of interconnects 122, the clectrical path may also include the solder
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interconnect between the at least one pillar interconnect 460 and the plurality of
interconnects 122,

[0637] The portion 480 of the integrated device 406 that overhangs over the integrated
device 104 may have a different size and/or length than the portion 180 of the integrated
device 106 that overhangs over the integrated device 104, Different iroplementations may
have similar or different overhangs for different integrated devices. It is noted that the at
least one piliar interconnect 160 may be from a plurality of pillar interconnects {e.g., rows
of pillar interconnects) that are coupled between the integrated device 106 and the
substrate 102, Similacly, the at least one piilar interconnect 460 may be from a plurality
of pillar interconmects {e.g., rows of pillar interconnects) that are coupled between the
integrated device 406 and the substrate 102.

[0G38] FIG. 5 illustrates a package 500 that includes stacked integrated devices with
overbang. The package 500 is similar 1o the packages 200 and/or 400, and includes similar
coraponents, the same components, and/or similar arrangements as the packages 200
and/or 404}, Thus, the description of the packages 200 and 400 may be applicable {0 the
package 500, FiG. 5 illustrates two integrated devices that overbang over another
integrated device. FIG. § illustrates that the package 500 includes the substrate 102, the
integrated device 104, the integrated device 106, the integrated device 406, the
cncapsuiation layer 108, at least one pillar interconnect 160 (c.g., at least one first pillar
miercounect), at least one pillar inferconnect 460 {e.g., at least one second pillar
interconnect), at least one solder mterconnect 260 {e.g., at least one first solder
interconnect) and at least one solder interconnect 360 {e.g., at least one second solder
interconnect).

100391 A portion 480 of the integrated device 406 may overhang over the integrated
device 104, The at least one solder interconnect 560 is coupled to the integrated device
406 and the at least one pillar interconnect 460. The at least one solder interconnect 360
may be coupled to the frout side of the portion 480 of the integrated device 406. The at
least one pillar interconnect 460 may be coupled to the substrate 102, In some
implementations, the at least one pillar interconnect 460 may considered part of the
substrate 102. The integrated device 406 may be coupled to the substrate 102 through the
at least one solder interconnect 360 and the at least one pillar interconnect 460, The
integrated device 406 may be configured to be clectrically coupled to the integrated
device 104 through the at least one solder interconnect 560, the at least one pillar

interconunact 460, the plurality of interconnects 122, and/or the plurality of solder
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gnal between the

interconnects 140, For exarople, an electrical path for at least one si
integrated device 104 and the integrated device 406 may inclode the at least one solder
interconnect 560, the at least one pillar interconnect 460, at {east one interconnect from
the plarality of interconnects 122, and/or at least one solder interconnect from the plurality
of solder interconnects 144

{60401 it is noted that the at least one pillar interconnect 160 and the at least one solder
interconnect 260 may be from a plurality of pillar interconnects {e.g., rows of pillar
interconnects) and from a plurality of solder interconnects (e.g., rows of solder
interconnects} that are coupled between the integrated device 106 and the substrate 102,
Similarly, the at least one pillar interconnect 460 and the at least one solder interconnect
560 may be from a plurality of pillar interconnects {e.g., rows of pillar interconnects) and
from a plurality of solder interconnecis {e.g., rows of solder interconnects) that are
coupled between the integrated device 406 and the substrate 102.

[0041] FIG. 6 illustrates a package 600 that includes stacked integrated devices with
overhang. The package 600 is similar to the packages 300 and/or 400, and includes similar
components, the same components, and/or similar arrangements as the packages 300
and/or 400. Thus, the description of the packages 300 and 400 may be applicable to the
package 600. FIG. 6 illustrates two integrated devices that overhang over another
integrated device. FIG. 6 illustrates that the package 600 includes the substrate 162, the
micgrated device 104, the integrated device 106, the integrated device 406, the
encapsulation layer 108, an interposer 302 (e.g., fivst interposer), an interposer 602 {(e.g.,
second interposer), at least one solder interconnect 2640, at least one solder interconnect
360, at least once solder interconnect 660 and at least one solder interconnect 670,

(00421 A portion 480 of the integrated device 406 may overhang over the integrated
device 104, The at least one solder interconnect 670 is coupled to the integrated device
406 and the interposer 602. The at least one solder interconnect 670 may be coupied to
the front side of the portion 480 of the integrated device 406. The at least one solder
micrconnect 660 may be coupled to the substrate 102 and the interposer 602, The
integrated device 400 may be coupled to the substrate 102 through the at least one solder
interconnect 670, the interposer 602 and the af least one solder interconnect 660. The
interposer 607 roay be a substrate. The interposer 602 includes at least one dielectric layer
620 and at least one interconnect 622 (e.g., interposer interconnect). The interposer 602

may be similar to the interposer 302.
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(00431 The integrated device 406 may be configured 1o be elecirically coupled to the
integrated device 104 through the at least one solder interconnect 670, the interposer 602,
the at least one solder interconnect 660, the plurality of interconnects 122, and/or the
plurality of solder interconnects 148. For exarpie, an clectrical path for at least one signal
between the integrated device 104 and the integrated device 406 may mnclude the at least
one solder interconnect 670, at least one interconmect 622, the at least one solder
interconnect 660, at least one interconnect from the plurality of interconnects 122, and/or
at least one solder interconnect from the phurality of solder interconnects 140.

{6044 it is noted that the at least one interposer 302, the at least one solder
interconnect 260, and the at least one solder interconnect 360 may be from a plurality of
interposers {e.g., rows of interposer) and from a plurality of solder interconnects {e.g.,
rows of solder interconnects) that are coupled between the integrated device 106 and the
substrate 102, Similarly, the at least one interposer 602, the at lcast one solder
interconnect 670, and the at least ove solder interconnect 660 may be from a plorality of
interposers (e.g., rows of interposer) and from a plurality of solder interconnects {(g.z.,
rows of solder interconnects) that are coupled between the integrated device 406 and the
substrate 102.

[0045] it is noted that orientation of the interposer 302 and/or the interposer 602
shown in the disclosure is exemplary. The interposer 302 and/or the interposer 602 may
be oriented in different ways. The interposer 302 and/or the interposer 602 may include a
substrate. The interposer 302 and/or the interposer 602 may be {abricated using the
process described in FIGS. 11A-11B. FIGS. 4-6 iliustrate that the at least one pillar
interconnect 1060, the at least onc solder interconnect 260, the interposer 302, and/or the
at least one solder interconnect 360 may be located between the substrate 102 and the
portion 180 of the integrated device 106 that overhangs the integrated device 104, FIGS.
4-6 also illustrate that the at least one pillar interconnect 460, the at least one solder
interconnect 5640, the interposer 642, and/or the at least one solder interconnect 660 may
be located hetween the substrate 102 and the portion 480 of the integrated device 406 that
overbangs the integrated device 104, It is noted that a package may include integrated
devices that are coupled o the substrate using different combinations of pillar
interconnects, solder interconnects and/or interposers. For example, one integrated device
may be coupled 1o the substrate through a pillar interconnect, while another integrated
device may be coupled 1o the substrate through an interposer. FIGS. -6 illustrate

cxamyples of integrated devices stacked on top of another, where one or more integrated
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devices {¢.g., 106, 406) arc coupled (¢.g., mechanically coupled, electrically coupled) to
a substrate {e.g., 102) through at least one non-wire bond. Examples of non-wire bonds
include a pillar interconnect, a solder interconnect and/or an interposer. The non-wire
bonds provide at least one electrical path between the integrated device and the substrate.
The non-wire bonds may also provide structural support for the portion of the integrated
device that overhangs over ancther integrated device.

[0046] An integrated device {(e.g., 104, 106, 406) may include a die {(e.g.
semiconductor bare die). The integrated device may include a power management
integrated circuit (PMIC). The integrated device may include an application processor.
The integrated device may inchide a modem. The integrated device may incluade 4 radio
frequency (RF) device, a passive device, a filter, a capacitor, an inductor, an antenna, a
transmitter, a receiver, a gallium 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 (§i) based integrated device, a silicon carbide (5iC)
based integrated device, a memory, power management processor, and/or combinations
thereof. An integrated device (e.g., 1(4, 106, 406) may mclude at least one electronic
circuit {e.g., first electronic circuit, second electronic cireuit, ete.. ).

[0047] In some implementations, the integrated device 104 {e.g., first integrated
device} may include a processor and/or a modem. In some implementations, the integrated
device 106 (e.g., second integrated device) and/or the integrated device 406 (c.g., third
integrated device) may include memory. The integrated device 106 and the integrated
device 406 may be planar to each other. The integrated device 106 and the integrated
device 406 may have similar or different thicknesses.

{00481 Having described various packages, several methods for fabricating a package

will now be described below.

Exemplary Sequence for Fabricating a Package Comprising Stacked Infegrated
Bevices with Overhang

[0049] In some implementations, fabricating a package includes several processes.
FIGS. 7A-78B illustrate an exemplary sequence for providing or fabricating a package. In
some toplementations, the sequence of FIGS. 7A-78 may be used to provide or fabricate
the package 100 of FIG. 1. However, the process of FIGS. 7TA-78 may be used to

fabricate any of the packages {e.g., 40() described in the disclosure.
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100501 it should be noted that the sequence of FIGS. 7TA-7B may combine one or
more stages in order to simplify and/or clarify the sequence for providing or fabricating
a 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.

fB051] Stage 1, as shown in FIG. A, illpstrates a state after a substrate 102 1
provided. The substrate 102 includes at least one dielectric layer 120, a plurality of
interconnects 122 and a solder resist layer 126, Different implementations may use
different substrates with diffcrent numbers of metal layers. A substrate may include a
coreless substrate, a cored substrate, or an embedded trace sabstrate (ETS). FIGS. 11A-
118 illustrate and describe an example of fabricating a substrate.

{00652 Stage 2 illustrates a state after at least one pillar interconnect 160 is formed
over the substrate 102, A plating process may be used to form the at least one pillar
interconnect 160. The at least one pillar interconnect 160 may be coupled to at least one
interconnect from the plurality of interconnects 122, It is noted that in some
implementations, the at least one pillar interconnect 160 may be provided with the
substrate 102, when the substrate 102 is provided at Stage 1. In some implementations,
the at least one pillar interconnect 160 may be considered part of the substrate 102.
[00653] Stage 3 illustrates a staie after an integrated device 104 (e.g., first integrated
device} is coupled to the substrate 102, The integrated device 104 may be coupled to the
substrate 102 through a plurality of solder interconnects 140, A solder reflow process may
be used to couple the integrated device 104 to the substrate 102,

{60541 Stage 4 illustrates a statc after the integrated device 106 (e.g., second
integrated device} is coupled fo the integrated device 104, such that a portion {e.g., 180}
of the integrated device 106 overhangs over the integrated device 104, An adhesive may
be used to couple the integrated device 106 to the integrated device 104. For exampie, the
front side of the integrated device 106 may be couplad to the back side of the integrated
device 104 through an adhesive. The miegrated device 106 may be coupled to the
substrate 102 through the at least one pillar intercomnect 160. A solder reflow process
may be used to couple the integrated device 106 to the at least one pillar interconnect 160,
which may include using solder interconnects.

{0055 in some implementations, the integrated device 106 may include the at least
one pillar interconnect 16{. That is, in some implementations, the at least one pillar

interconnact 160 may be formed and/or coupled to the integrated device 106 prior to being
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coupled to the substrate 102, In such instances, it may not be necessary to form the at least
one pillar interconnect 160 {at Stage 7). A solder reflow process may be used to couple
the at least one pillar interconnect 160 {e.g., of the integrated device 106) to the substrate
102, In such an instance, at least one solder interconnect may be coupled to the at least
cone pilar interconnect 166 and at least one interconmnect from the plurality of
interconnects 122, Different tmplementations may couple different integrated devices 1o
the integrated device 104 and/or the substrate 102, For example, an integrated device 406
1ay be coupled to the integrated device 104,

{3056 Stage 3, as shown in FIG. 7B, illustrates a state after an encapsulation layer
108 is provided (e.g., formed) over the substrate 102 and the integrated devices {e.g., 104,
106). The encapsulation layer 108 may encapsulate the integrated devices(s) and/or the
components. The encapsulation layer 108 may include a mold, a resin and/or an ¢poxy.
A compression molding process, a transfer roolding process, or a liquid meolding process
may be used o form the encapsulation layer 108, The encapsulation layer 108 may be
photo etchable. The encapsulation iayer 108 may be a means for encapsulation.

{00571 Stage 6 thustrates a state after a phurality of solder interconnects 130 s coupled
to the substrate 102, A solder reflow process may be used to couple the plurality of solder
interconnects 130 to interconnects from the plurality of interconnects 122 of the substrate
102. Stage 6 may ilustrate an example of a package 100 that includes stacked integrated

devices with overhang.

Exemplary Sequence for Fabricaling a Package Comprising Stacked Indegrated
Previces with Overhang

{0058 In some implementations, fabricating a package includes scveral processes.
FIGS. 8A-8B iliustrate an exemplary sequence for providing or fabricating a package. In
some implementations, the sequence of FIGS. 8A-8B may be used to provide or fabricate
the package 200 of FiI(. 2. However, the process of FI(GS. 8A-8B may be used to
fabricate any of the packages {e.g., 300} described in the disclosure,

[0059] It should be noted that the sequence of FIGS. 8A-8B may combine one or
more stages in order to stmplify and/or clarity the sequence for providing or fabricating
a package. In some Uvplementations, the order of the processes may be changed or
modified. In some iaplementations, one or more of processes may be replaced or

substituted without departing from the scope of the disclosure.
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FEES Stage 1, as shown in FIG. 84, illustrates a state after a substrate 102 is
provided. The substrate 102 includes at least one dielectric layer 120, a plurality of
interconnects 122 and a solder resist layer 126, Different implementations may use
different substrates with different mumbers of metal layers. A substrate may include a
corcless substrate, a cored substrate, or an embedded trace substrate (ETS). FIGS. 11A-
118 illustrate and describe an exaropie of fabricating a substrate.

{0061 ] Stage 2 illustrates a state after at least one pillar interconnect 160 is formed
over the substrate 102. A plating process may be used to form the at least one pillar
interconnect 160. The at least one pillar interconnect 160 may be coupled to at least one
interconnect from the phuvality of interconnects 122, It is noted that in some
implementations, the at least one pillar interconnect 160 may be provided with the
substrate 102, when the substrate 102 is provided at Stage 1. In some implementations,
the at least one pillar interconnect 160 may be considered part of the substrate 102.
{60621 Stage 3 illustrates a state after at least ove solder interconnect 260 is formed
over the at least ong pillar interconnect 160. A solder reflow process may be used o
couple the at least one solder interconnect 260 to the at least one pillar inferconnect 160,
[0063] Stage 4 illustrates a state after an integrated device 104 (c.g., first integrated
device} is coupled to the substrate 102, The integrated device 104 may be coupled to the
substrate 102 through a plurality of solder interconnects 140. A solder reflow process may
be used to couple the integrated device 104 to the substrate 102,

[0064] Stage 3, as shown in FIG. 88, illustrates a state after the integrated device 106
{e.g.. second integrated device) is coupled to the integrated device 104, such that a portion
(e.g., 180} of the integrated device 106 overhangs over the integrated device 104, An
adhesive may be used to couple the integrated device 106 to the integrated device 104,
For example, the front side of the integrated device 106 may be coupled to the back side
of the integrated device 104 through an adhesive. The integrated device 106 may be
coupled to the substrate 102 through the at least one solder interconnect 260 and the at
least one pillar interconnect 160. A solder reflow process may be used to couple the
integrated device 106 to the at least one pillar interconnect 160 through the at least one
solder interconnect 260, Different implementations may couple different integrated
devices to the integrated device 104 and/or the substrate 102, For exarople, an integrated
device 406 may be coupled to the integrated device 104,

[0065] Stage 6 illuswrates a state after an encapsulation layer 108 is provided {e.g.,

formed) over the substrate 102 and the integrated devices. The encapsulation layer 108

14



WO 2023/287528 PCT/US2022/033003

may encapsulate the integrated devices(s) and/or the components. The encapsulation layer
108 may inclade a mold, a resin and/or an epoxy. A compression molding process, a
wansfer molding process, or a liquid molding process may be used to fum the
encapsulation laver 108. The encapsulation layer 108 may be photo etchable. The
encapsuiation layer 108 may be a means for encapsulation.

[0066] Stage 7 iHlustrates a state after a plurality of solder interconnects 1301s coupled
to the substrate 102, A solder reflow process may be used to couple the plurality of solder
interconnects 130 to interconnects from the plurality of interconnects 122 of the substrate
102, Stage 7 may illustrate an cxample of a package 200 that includes stacked integrated

devices with overhang.

Exemplary Sequence for Fabricating a Package Comprising Stacked Infegrated
Bevices with Overhang

[0067] In some implementations, fabricating a package includes several processes.
FIGS. SA-9B illusirate an exemplary sequence for providing or fabricating a package. In
some toplementations, the sequence of FIGS. 8A-98 may be used to provide or fabricate
the package 300 of FIG. 3. However, the process of FIGS. 9A-9B may be used to
fabricate any of the packages {e.g., 60() described in the disclosure.

[0068] it should be noted that the sequence of FIGS. 9A-9B may combine ong or
more stages in order to simplify and/or clarify the sequence for providing or fabricating
a package. In some implemeniations, 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.

{60691 Stage 1, as shown in FIG. 9A, illustrates a state after a suhstrate 102 is
provided. The substrate 102 includes at least one dielectric layer 120, a plurality of
interconnects 122 and a solder resist layer 126, Different implementations may use
different substrates with different mumbers of metal layers. A substrate may include a
corcless substrate, a cored substrate, or an embedded trace substrate (ETS). FIGS. 11A-
118 illustrate and describe an exaropie of fabricating a substrate.

[0076] Stage 2 illustrates a state after an integrated device 104 (e.g., first integrated
device} is coupled to the subsirate 102, The integrated device 104 may be coupled 1o the
substrate 102 through a plurality of solder interconnects 140. A solder reflow process may

be used to couple the integrated device 104 to the substrate 102,
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0671 Stage 3 Ulustrates a state after an interposer 302 is coupled to the substrate
102, The interposer 302 roay be coupled to the substrate 102 through at least one solder
interconnect 360. The at least one solder interconnect 360 may be coupled to
interconnects from the plurality of interconnects 122, A solder reflow process may be
used to couple the inferposer 302 to the substrate 102,

(0072 Stage 4 illustrates a state after at least one solder interconnect 260 s formed
over the interposer 302. A solder reflow process may be vsed to couple the at least one
solder interconnect 26{ to the interposer 302,

1060731 Stage S, as shown in FIG. 98, illustrates a state after the integrated device 106
{e.g., second integrated device) is coupled to the integrated device 104, such that a portion
{e.g., 180) of the integrated device 106 overhangs over the integrated device 104. An
adhesive may be used to couple the integrated device 106 to the integrated device 104,
For exarmaple, the front side of the integrated device 106 may be coupled to the back side
of the integrated device 104 through an adhesive. The integrated device 106 may be
coupled o the substrate 102 through the interposer 302. A solder reflow process may be
used o couple the integrated device 106 fo the interposer 302 through the at least one
solder interconnect 260. Different imoplementations may couple different integrated
devices to the integrated device 134 and/or the substrate 102, For exampie, an integrated
device 4006 may be coupled to the integrated device 104

10G74] Stage 6 tllustrates a state after an cncapsulation laver 108 is provided {c.g.,
formed) over the substrate 102 and the integrated devices. The encapsulation layer 108
may encapsulate the integrated devices{s) and/or the components. The encapsulation layer
108 may inchude a meold, a resin and/or an epoxy. A compression molding process, a
transfer molding process, or a Hgud molding process may be used to form the
encapsulation layer 108, The encapsulation layer 108 may be pboto ctchable. The
encapsulation layer 108 may be a means for encapsulation.

[0675] Stage 7 ilustrates a state atter a plurality of solder interconnects 130 is coupled
to the substrate 102, A solder reflow process may be used to couple the plurality of solder
interconnects 130 to interconnects from the plurality of interconnects 122 of the substrate
102. Stage 7 may illustrate an example of a package 300 that includes stacked integrated

devices with overhang.

Exemplary Flow Diagram of a Method for Fabricating a Package that Includes

Stacked Integrated Devices with Overhang
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{0076} In some implementations, fabricating a package that includes a substrate and
stacked integrated devices with overhang includes several processes. FIG. 10 illustrates
an exemplary flow diagram of a method 1000 for providing or fabricating a package. In
some implementations, the method 1000 of FIG. 10 may be used to provide or fabricate
the package 100 of FIG. 1 described in the disclosure. However, the method 1000 may be
used to provide or fabricate any of the packages (e.g., 200, 300, 400, 500, 600) described
in the disclosure.
{00771 it should be noted that the method of FIG. 10 may combine one or more
processes in order to simaphify and/or clarify the method for providing or fabricating a
package. In some implementations, the order of the processes may be changed or
modified.
[0678] The method provides (at 1005} a substrate {e.g., 102}, The substrate 102 may
be provided hy a supplier or fabricated. A process similar to the process shown in FIGS.
11 A-11B may be used to fabricate the subswrate 102, However, different iroplementations
1ay use different processes to fabricate the substrate 102. Examples of processes that
may be used fo fabricate the substrate 612 include a semi-additive process (SAP) and a
modified semi-additive process (mSAP). The substrate 102 includes at least one dielectric
layer 120, a plurality of interconnects 122, and a solder resist layer 126. The substrate 102
may inciude an embedded trace substrate (ETS). In some implementations, the at least
one diclectric layer 120 may include prepreg layers. In some implementations, the
substrate 102 may include at least one pillar interconnect (e.g., 160). Stage 1 of FIG. 7A
tHustrates and describes an example of providing a substrate.
(30791 The method couples (at 1010) at least one integrated device (o.g., first
integrated device) to the subsirate. For exanople, the ntegrated device 104 is coupledtoa
first surface (e.g., top surface) of the substrate 102, The integrated device 104 may be
coupled to the substrate 102 through a plarality of solder interconnects 144, In some
implementations, the integrated device 104 may be coupled to the substrate 102 through
a plurality of pillar interconnecis (not shown) and the plurality of solder interconnects
140. A solder reflow process may be osed to couple the integrated device 104 1o the
substrate 102 through the plurality of solder interconnects 140. Stage 2 of FIG. 7A
ilustrates and describes an example of coupling at least one integrated device 0 a
substrate,
[0084] The method couples (at 1015) another integrated device to an integrated

device. For example, the integrated device 106 {(e.g., second integrated device) is coupled
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to the integrated device 104, such that a portion (e.g., 180} of the integrated device 106
overhangs the integrated device 104. An adhesive may be used o couple the integrated
device 106 to the integrated device 104. For example, the front side of the integrated
device 106 may be coupled o the back side of the integrated device 104 through an
adhesive. The integrated device 100 may include at least one pillar interconnect 160, The
integrated device 106 may be coupled to the sabstrate 102 through the at least ove pillar
interconnect 160. A solder reflow process may be used to couple the at least one pillar
interconnect 160 to the substrate 102. In such an instance, at least one solder interconnect
may be coupled to the at least one pillar interconnect 160 and at least one interconnect
fromn the plurality of interconnects 122, 1t is noted that the at least one pillar interconnect
160 may be part of the substrate 102 and/or be part of the integrated device 106, prior to
coupling the integrated device 106 to the substrate 102, Stage 4 of FIG. 7A tllustrates and
describes an example of coupling an integrated devices through at least one pillar
interconnect.

100811 In some implementations, the integrated device 136 may be coupled to the
substrate 102 through the af least oune solder interconnect 260 and the at least one pillar
interconnect 160, In some implementations, the at least one pillar interconnect 160 may
be considered part of the integrated device 106. In some implementations, the at least one
pillar interconnect 160 may be considered part of the substrate 102, A solder reflow
process may be used to couple the integrated device 106 to the at least one pillar
interconnect 160 through the at least one solder interconnect 260, Stage 3 of FIG. 8B
tHustrates and describes an example of coupling an integrated devices through at least ong
pitlar interconnect and at least one solder interconnect.

[6082] In some implementations, the integrated device 106 may be coupled to the
substrate 102 through an interposer 302. A solder reflow process may be used to couple
the integrated device 106 to the interposer 302 through the at least one solder interconnect
260. The mmterposer 302 may be coupled to the substrate 102 through a solder reflow
process. Stage 5 of FIG. 98 illusivates and describes an example of coupling an integrated
devices through at least interposer.

10083 The method forms {at 102{)) an encapsulation layer {e.g., 108) over the
substrate {¢.g., 102). The encapsulation layer 108 may be provided and formed over the
substrate 102 and the integrated devices (e.g., 104, 106). The encapsulation layer 108 may
encapsulate the integrated devices{s) and/or the components. The encapsulation layer 108

may inciude a mold, a resin and/or an epoxy. A compression molding process, a transfer
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molding process, or a liquid molding process may be used to form the cncapsuiation layer
108, The encapsulation layer 108 may be photo etchable. The encapsuolation layer 108
may be a means for encapsulation. Stage 5 of FIG. 7B ilhustrates and describes an example
of forming an encapsulation layer.

100584 The meothod couples {at 1025) a plurality of solder interconnects (e.g., 13 o
the second surface of the substrate {e.g., 102). The plurality of solder interconnects 130
may be coupled to interconnects {(.g., 122} that are located over a second surface of the
at least one dielectric layer 128, A solder reflow process may be used 0 couple the
plurality of solder intercounects 130 to the substrate 102, Stage & of FIG. 78 illustrates
and describes an example of coupling solder interconnects to a substrate.

[0085] The packages (e.g., 100) 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

mto individual packages.

Exemplary Sequence for Fabricating g Subsirate

{3086} in some implementations, fabricating a substrate includes several processes.
FIGS. 11A-11B illustrate an exemplary sequence for providing or fabricating a substrate.
In some implementations, the sequence of FIGS. 11A-11B may be used to provide or
fabricate the substrate 102 of FIG. 1. However, the process of FIGS. 11A-11B may be
used to fabricate any of the substrates described in the disclosure.

[0087] it should be noted that the sequence of FIGS. 11A-118 may combine one or
more stages in order to simplify and/or clarity the sequence for providing or fabricating
a substrate. In some implementations, the order of the processes may be changed or
modified. In some iaplementations, one or more of processes may be replaced or
substituted without departing from the scope of the disclosure.

[0088] Stage 1, as shown mny FIG. T1A, tllustrates a state after a carrier 1100 i
provided and a metal layer is formed over the carrier 1100, The metal layer may be
patterned to form tnferconnects 1102, A plating process and etching process may be used
to forro the metal layer and interconnects. In some implementations, the carrier 1100 may
be provided with a metal layer that 1s patterned to form the interconnects 1102,

{008 Stage 2 illustrates a state after a dielectric layer 1120 is formed over the carrier
1100 and the interconnects 1102, A deposition and/or lamination process may be used to
form the dielectric laver 1120. The dielectric layer 1120 may inciude polyimide.

However, different implementations may use different materials for the dielectric layer.
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{00901 Stage 3 illastrates a state after a plorality of cavities 1110 is formed in the
diefectric layer 1120. The plurality of cavities 1110 may be formed using an etching
process {e.g., photo ctching process) or laser process.

{60911 Stage 4 illustrates a state after interconnects 1112 are formed in and over the
diclectric layer 1120, including in and over the plurality of cavities 1110, For cxample, a
viag, pad andfor traces may be formed. A plating process may be used to form the
Herconnects.

100921 Stage 5 illustrates a state after another dielectric layer 1122 s formed over the
dielectric fayer 1120. A deposition and/or lamination process may be used to form the
dielectric tayer 1122, The dielectric layer 1122 may be the same material as the dielectric
fayer 1120. However, different implementations may use different materials for the
dielectric layer.

100693] Stage 6, as shown in FIG, 118, dlustrates a state after a phurality of cavities
1130 1s formed in the dielectric fayer 1122, An etching process or laser process may be
used o form the cavities 1130

TEEEY Stage 7 ilustrates a state after interconnects 1114 are formed in and over the
diefectric laver 1122, including in and over the plurality of cavities 1130, For example,
via, pad andfor trace may be formed. A plating process may be used to form the
nterconnacts.

[0095] It is noted that Stages 5 through 7 may be iteratively repeated to form
additional metal layers and additional dielectric layers. Some or all of the interconnects
1102, 1112, and/or 1114 may define a plurality of interconnects 122 of the substrate 102
The dielectric layers 1120, and 1122 may be represented by the at least one dielectric
fayer 120,

[0096] Stage § illustrates a state after the carrier 1100 is decoupled (e.g., removed,
grinded out} from the dielectric layer 120, leaving the substrate 102 that includes the at
least one dielectric laver 120 and the plurality of interconnects 122,

10697] Stage 9 illustrates a state after the solder resist layer 124 and the solder resist
tayver 126 are formed over the substrate 102. A deposition process may be used o form
the solder resist layer 124 and the solder resist layer 126. In some implementations, none
or one solder resist layer may be formed over the at least one dielectric layer 120.

{0098 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

100G99] In some implementations, fabricating a substrate inchudes several processes.
FiG. 12 ilostrates an exemplary flow diagram of a method 1200 for providing or
fabricating a substrate. In some implementations, the method 1200 of FIG. 12 may be
used to provide or fabricate the substrate(s) of FIG. 1. For example, the method of FIG.
12 may be used to fabricaie the substrate 102,

{31061 it should be noted that the method 1200 of FIG. 12 may combine one or more
processes in order to simplify andfor clarify the method for providing or fabricating a
substrate. In some Unpiementations, the order of the processes may be changed or
maodified.

[0101] The method provides {at 1208) a carvier 1100, Different implementations may
use different materials for the carrier. The carrier may inchude a subsirate, glass, quariz
and/or carrier tape. Stage 1 of FIG. 11 A illustrates and describes an exarmple of a carrier
that is provided.

(6102 The method forms (at 1210} a metal layer over the carrier 1100, The metal
layer may be patterned to form interconnects. A plating process may be used to form the
metal layer and interconnects. In some implerentations, the carricr may include a metal
tayer. The metal layer over the carricr may be patterned to form interconnects (e.g., 1102).
Stage 1 of FIG. 11A illustrates and describes an example of a metal layer and
interconnects that are formed over a carrier.

EEEEIRY The method forms (at 1215) a diclectric laver 1120 over the carvier 1100 and
the mtercomects 1102, A deposition and/or lamination process may be used to form the
dielectric layer. The dielectric layer 1120 may include polyimide. Forming the dielectric
layer may also include forming a plurality of cavitics {e.g., 1110} in the diclectric layer
1320, The pluraliy of cavities moay be formed using an etching process {e.g., photo
etching) or laser process. Stages 2--3 of FIG. 11A illustrate and describe an example of
forming a dielectric layer and cavities in the dielectric layer.

{01041 The method forms (at 1220) interconnects in and over the dielectric layer. For
example, the interconnects 1112 may be formed in and over the dielectric laver 1120, A
plating process may be used o form the interconnects. Forming interconnects may

inchude providing a patterned metal layver over and/or in the dielectric layer. Forming
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interconnects may also include forming interconnects in cavitics of the diclectric layer.
Stage 4 of FIG. 11A illustrates and describes an example of forming interconnects in and
over a diclectric layer.

[0105] The method forms (at 1225) a dielectric layer 1122 over the dielectric layer
1120 and the interconnects. A deposition and/or lamination process may be used to form
the dielectric layer. The dielectric fayer 1122 may include polyimide. Forming the
dielectric layver may also include forming a plurality of cavites {(g.g.. 1130) in the
diclectric layer 1122. The plurality of cavities may be formed using an etching process or
faser process. Stages 5-6 of FIGS. 11A-118 iHustrate and describe an example of
forming a dielectric layer and cavities in the diclectric layer.

[0106] The method forms (at 1230) interconnects in and/or over the dislectric layer.
For example, the intcrconnects 1114 may be formed. A plating process may be used o
form the interconnects. Forming interconnects may include providing a patterned ractal
tayer over an in the dielectric fayer. Forming interconnects may also inchide forming
interconnects in cavities of the dielectric layer. Stage 7 of FiG. 11B illustrates and
describes an example of forming interconnects in and over a diclectric layer.

{31971 The method may form additional dielectric layer(s) and additional
interconnects as described at 1225 and 1230.

{0108] Once all the diclectric layer(s) and additional interconnects are formed, the
method may decouple (e.g., remove, grind out) the carrier (e.g., 1100} from the dielectric
tayer 1120, leaving the substrate. In some iroplementations, the method may form one or
more solder resist layers (e.g.. 124, 126) over the substrate.

(3109 Different implementations may use different processes for forming the metal
layer(s). In some tmplementations, a chermical vapor deposition (CVI3) process andfor a
physical vapor deposttion {PVD) process for forming the metal laver{(s). For exaropie, a
sputtering process, a spray coating process, and/or a plating process may be used o form

the metal fayer{s).

Exemplary Electronic Devices

{0116 FIG. 13 illustrates various electronic devices that may be integrated with any
of the aforementioned device, integrated device, integrated circuit {(IC) package,
integrated cucuit (IC) device, semiconductor device, integrated circuit, die, inferposcr,
package, package-on-package (PoFP). System in Package (3iP), or System on Chip (SoC).

For example, a mobile phone device 1302, a laptop computer device 1384, a fixed
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location terminal device 1306, a wearable device 1308, or automotive vehicle 1310 may
inchude a device 1300 as described herein. The device 1300 may be, for example, any of
the devices and/or integrated circuit (IC) packages described herein. The devices 1302,
1304, 1306 and 1308 and the vehicle 1310 illustrated in FIG. 13 are merely exemplary.
Other clectronic devices may also feature the device 1304 including, but not limited to, a
group of devices {(e.g., electronic devices) that inchides mohile devices, hand-held
personal communication systemns (PCS) units, portable data units such as personal digital
assistants, global positioning system (GPS) enabled devices, navigation devices, set top
hoxes, music players, video players, entertainment vnils, fixed location data units such as
meter reading equipment, comnuinications devices, smartphones, tablet computers,
computers, wearable devices {e.g., watches, glasses), Internet of things {IoT) devices,
scrvers, routers, clectronic devices implemented in avtomotive vehicles {¢.g., autonomous
vehicles), or any other device that stores or retricves data or computer instructions, or any
cornbination thereof.

{0111 One or more of the components, processes, features, andfor functions
tHustrated in FIGS. 1-6, 7A-7TB, 8A-88, 9A-98, 10, 11A-11B, andfor 1213 may be
rearranged andfor combined into a single component, process, feature or function or
embodied in several components, processes, or functions. Additional elements,
components, processes, and/or functions may also be added without departing from the
disclosure. It should alse be noted FIGS. 1-6, TA-7B, 8A-8B, 9A-28, 10, 11A-11B,
andfor 12-13 and its corvesponding description in the present disclosure is pot lmited to
dies and/or ICs. In some implementations, FIGS. 1-6, TA-7B, 8A-8B, 8A-98, 10, 1 1A~
11B, and/or 1213 and s corresponding description may be used to manufacture, create,
provide, and/or produce devices and/or integrated devices. In some implementations, a
device may include a die, an integrated device, an integrated passive device (IPD), a die
package, an integrated circuit {IC) device, a device package, an integrated circuit (IC)
package, a wafer, a scmiconductor device, a package-on-package (PoP) device, a heat
dissipating device and/or an interposer.

[0112] It is noted that the figures in the disclosure may represent actual
representations and/or conceptual representations of various parts, components, objects,
devices, packages, integrated devices, integrated circuits, and/or fransistors. 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 components in the figures may be
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exeroplary. i some implementations, various components and/or parts in the figures may
be optional.

[0113] The word “exemplary” is used herein to mean “serving as an example,
instance, or tlustration.” Any implementation or aspect described herein as “cxemplary”
is not necessarily 1o be construed as preferred or advantagoous over other aspects of the
disclosure. Likewise, the term “aspects” does not require that all aspects of the disclosare

¢

include the discussed feature, advantage or mode of operation. The term “coupled” is used
herein to refer to the direct or indirect coupling {c.g., mechanical coupling) between two
objects. For example, if object 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 cach other. An object that i3 coupled to another object may
be coupled to part of the object or all of the object. The term “clectrically coupled” may
mean that two objects are directly or indirectly coupled together such that an electrical
carrent {e.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 termas “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 component that is located on a bottom. A top component may be considered
a bottom component, and vice versa. As described in the disclosure, a first component
that is located “over” a second component may mean that the fivst component is located
above or below the second component, depending on how a bottom or top is arbitrarily
defined. In another example. a first component may be located over {e.g., above) a first
surface of the second component, and a third component may be located over {e.g., below}
a second surface of the second component, where the second surface is oppostte to the
first surface. It is further noted that the term “over” as used in the present application in
the context of one component located over another component, may be used to mean a
component that is on another component and/or in another coraponent (¢.£., on a surface
of a component or embedded in a component). Thus, for example, a first component that

is over the sccond component may mean that (1} the first component is over the second
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component, but not divectly touching the second component, (2} the first corponent 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 (.9-1.1.

13114} In some implementations, an interconnect is an clement or component of a
device or package that allows or facilitates an electrical connection between two points,
clernents andfor components. In some tmplementations, an interconnect may include a
wace, a via, a pad, a pillar, a metallization layer, a rediseribution layer, and/or an under
bump metallization (UBM)} layer / interconnect. In some implementations, an
micrconnect may inchude an electrically conductive material that may be configured to
provide an clectrical 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.

[0115] 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 concurrently. In addition, the order of
the operations may be re-arranged. A process is terminated when is operations are
compieted.

10116] In the following, further exampies are described to facilitate the understanding
of the disclosure.

[0117] Aspect 10 A package comprising a substrate; a first integrated device coupled
to the substrate; and a second integrated device coupled to the first integrated device. A
portion of the second integrated device overhangs over the first integrated device. The

second integrated device is configured to be coupled to the substrate. The second
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integrated device includes a front side and a back side. The front side of the second
integrated device faces the substrate.

[0118] Aspect 2: The package of aspect 1, wherein the second integrated device iz
coupled to the substrate through at least one pillar interconnect.

10119] Aspect 3: The package of aspect 1, wherein the second integrated device is
coupled to the substrate through an interposer and at least one solder interconnect.
{0120 Aspect 4: The package of aspect 3, wherein the interposer includes a dielectric
layer and at least onc interposer interconnect.

o121y Aspect 5: The package of aspects 3 through 4, wherein the inferposer is located
hetween the substrate and the portion of the second integrated device that overhangs the
first integrated device.

[0122] Aspect 6: The package of aspects | through 5, wherein the second integrated
device is coupled to the first integrated device through an adhesive.

[0123] Aspect 7: The package of aspects 1 through 6, wherein the first integrated
device mcludes a first front side and a first back side, and wherein the front side of the
second integrated device faces the first back side of the first integrated device.

[0124] Aspect 8: The package of aspects 1 through 7, wherein the first integrated
device is coupled to the substrate through a plurality of solder interconnects.

[0125] Aspect 9 The package of aspects 1 through 8, further comprising a third
micgrated device coupled to the first integrated device, wherein a portion of the third
integrated device overhangs over the first integrated device, and wherein the third
integrated device is configured to be coupled to the substrate.

131261 Aspect 10: The package of aspect 9, wherein the third integrated device is
couplied to the substrate through at least one pillar interconuect, at least one solder
interconnect, and/or a interposer.

[0127] Aspect 11: An apparatus comprising a substrate; a first integrated device
coupled to the substrate; and a sccond integrated device coupled to the first integrated
device. A portion of the second integrated device overhangs over the first ntegrated
device. The second integrated device is configured to he coupled to the substrate. The
second integrated deviee includes a front side and a back side. The front side of the second
integrated device faces the substrate.

{3128} Aspect 12: The apparatus of aspect 11, wherein the second integrated device
is coupled to the subswrate through at least one pillar interconnect, at least one solder

interconnact, and/or an nicrposer,
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{01291 Aspect 13: The apparatus of aspect 12, wherein the interposer includes a
dielectric layer and at least one interposer interconnect.
{0136 Aspect 14: The apparatus of aspects 12 through 13, wherein the interposer iz
located between the subsirate and the portion of the second integrated device that
overhangs the first integrated device.
(0131} Aspect 15: The apparatus of aspects 11 through 14, wherein the second
integrated device is coupled to the first integrated device through an adhestve.
131321 Aspect 16: The apparatus of aspecis 11 through 15, wherein the first integrated
device mcludes a first front side and a first back side, and wherein the front side of the
second integrated device faces the first back side of the first integrated device.
[0133] Aspect 17: The apparatus of aspects 11 through 16, wherein the first integrated
device is coupled to the substraic through a plurality of solder interconnects.
10134] Aspect 18: The apparatus of aspects 11 through 17, further comprising a third
integrated device coupled to the fivst integrated device, wherein a portion of the third
integrated device overhangs over the first integrated device, and wherein the third
integrated device is configured to be coupled to the substrate.
[0135] Aspect 19: The apparatus of aspect 1§, wherein the third integrated device is
coupled to the substrate through at least one pillar interconnect, at least one solder
interconnact, and/or an nicrposer,
10136] Aspect 200 The apparatus of aspects 11 through 19, wherein the apparatus
includes a device selected from a group consisting of a music player, a video player, an
cnfertainiment unit, a navigation device, a communications device, a mobile device, a
sobile phone, a smartphone, a personal digital assistant, a fixed location terminal, a tablet
compiter, a computer, a wearable device, a laptop computer, a server, an infernet of things
(IoT) device, and a device in an mtomotive vehicle.
[0137] Aspect 21: A method for fabricating a package. The method provides a
substrate. The method couples a first integrated device to the subsirate. The method
couples a second infegrated device to the first integrated device such that a portion of the
second integrated device overhangs over the firstintegrated device. The second integrated
device 1s configured to be coupled to the substrate. The second integrated device includes
a front side and a back side. The front side of the second integrated device faces the

substrate.
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{3138} Aspect 22: The method of aspect 21, wherein the second integrated device is
coupled to the substrate through at least one pillar interconnect, at least one solder
interconnect, and/or an inferposer.

{0139 Aspect 23: The method of aspects 21 through 22, wherein the sccond
mitcgrated device is coupled to the first integrated device through an adhesive.

[0140] Aspect 24: The method of aspects 21 through 23, further comprising forming
an encapsulation layer over the substrate.

131411 Aspect 25: The method of aspacts 21 through 24, further comprising coupling
a third integrated device to the first integrated device, wherein a portion of the third
integrated device overhangs over the first integrated device, and wherein the third
integrated device 1s configured to be coupled to the substrate,

[0142] Aspect 26: The method of aspect 25, wherein the third integrated device is
coupled to the substrate through at least one pillar interconnect, at least one solder
interconnect, and/or an interposet.

{31431 The various features of the disclosure described herein can be iraplemented 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 constroed as
himiting the disclosure. The description of the aspects of the present disclosure is intended
to be iflustrative, and not to limit the scope of the claims. As such, the present teachings
can be readily applicd to other types of apparatuses and many alternatives, modifications,

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

1. A package comprising:
a substrate:;
a first integrated device coupled to the substrate; and
a second integrated device coupled to the first integrated device,
wherein a portion of the second integrated device overhangs over the first
integrated device,
wherein the second integrated device is configured to be coupled to the
substrate,
wherein the second integrated device includes a front side and a back side, and
wherein the front side of the sccond integrated device faces the substrate.

2 The package of clairo 1, wherein the second integrated device is coupled to the

substrate through at least one pillar interconnect.

3. The package of claim 1, wherein the second integrated device is coupled to the

substrate through an interposer and at least one solder interconnect.

4. The package of claim 3, wherein the interposer tncludes a dielectric layer and at
least one interposer interconnect.

5 The package of claim 3, wherein the inferposer is located between the substrate

and the portion of the sccond integrated device that overhangs the first integrated device.

6. The package of claim I, wherein the second integrated device is coupled to the

first integrated device through an adhesive.

7. The package of claim 1,

wherein the first integrated device includes a first front side and a first back side,
and

wherein the front side of the second integrated device faces the first back side of

the first integrated device.
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8. The package of claim 1, wherein the fust integrated device is coupled to the
substrate through a plurality of solder interconnects.
9 The package of claim 1, further comprising a third integrated device coupled to
the first integrated device,
wherein a portion of the third integrated device overhangs over the first
integrated device, and

wherein the third integrated device is configured to be coupled to the substrate.

10. The package of claim 9, wherein the third integrated device is coupled to the
substrate through at least one pillar interconnect, at least one solder interconnect, and/or

an inicrposcr.

11. An apparatus comuprising:
a substrate;
a first integrated device coupled to the substrate; and
a second integrated device coupled to the first integrated device,
wherein a portion of the second integrated device overhangs over the first
integrated device,
wherein the second integrated device is configured to be coupled to the
substrate,
wherein the second integrated device includes a front side and a back side, and

wherein the front side of the second integrated device faces the substrate.

12. The apparatus of claim 11, wherein the second integrated device is coupled to the
substrate through at least one pillar interconnect, at least one solder interconnect, and/or
an inicrposcr.

13 The apparatus of claim 12, wherein the interposer includes a dielectric fayer and

at least one interposer interconnect.

14. The apparatus of claim 12, wherein the interposer is located between the substrate

and the portion of the second integrated device that overhangs the first integrated device.
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15. The apparatus of claim 11, wherein the second integrated device is coupled to the

first integrated device through an adhesive.

16. The apparatus of claim 11,

wherein the first integrated device includes a first frount side and a first back side,
and

wherein the front side of the second integrated device faces the first back side of

the first integrated device,

17. The apparatus of claim 11, wherein the fivst integrated device is coupled to the

substrate through a plurality of solder interconnects.

18, The apparatus of claim 11, further coraprising a third integrated device coupled to
the first integrated device,
wherein a portion of the third integrated device overhangs over the first
integrated device, and

wherein the thivd integrated device is configured to be coupled to the substrate.

19. The apparatus of claim 18, wherein the third integrated device is coupled to the
substrate through at least one pillar interconnect, at keast onc sofder intcrconnect, and/or

an interposer.

24 The apparatus of claim 11, wherein the apparatus includes a device selected from
a group consisting of a music player, a video player, an enfertainraent unit, a navigation
device, a compumcations device, a mobile device, a mobile phone, 4 smariphone, a
personal digital assistant, a fixed location terminal, a tablet computer, a computer, a
wearable device, a laptop computer, a server, an internet of things (IoT) device, and a

device in an antomotive vehicle.

21 A method for fabricating a package, comprising:
providing a substrate;
coupling a first integrated device to the substrate; and
coupling a sccond integrated device to the fivst integrated device such that a

portion of the second integrated device overhangs over the first integrated device,
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wherein the second integrated device is configured to be coupled to the
substrate,
wherein the second integrated device includes a front side and a back side, and

wherein the front side of the sccond integrated device faces the substrate.

22. The method of claim 21, wherein the second integrated device is coupled to the
substrate through at least one pillar interconnect, at least one solder interconnect, and/or

afl interposet.

23. The method of claim 21, wherein the second integrated device is coupled to the

first integrated device through an adhesive.

24, The method of claim 21, further comprising forming an encapsulation layer over

the substrate.

25. The method of claim 21, further comprising coupling a third integrated device to
the first integrated device,
wherein a portion of the third integrated device overhangs over the first
integrated device, and

wherein the third integrated device is configured to be coupled to the substrate.
26. The method of claim 25, wherein the third integrated device is coupled to the

substrate through at least one pillar interconnect, at keast one solder interconnect, and/or

an intorposer.
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