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HIGH DENSITY MULTIPLE DIE STRCUCTURE

(v

Technical Field
{0001} The disclosure herein relates generally to integrated circuit
packages and more particularly to apparatus and methods for dense stacking of

10 integrated circuits in an integrated circunt package.

Background
{8602} The latest mode! clectronic products such as mobile phones,

mobile computing, and various consamer products continue to value

15 miniaturization. previocus miniaturization efforts have reduced the size of the
ndividual electronic sub-components. Additional space saving techniques can
provide a competitive advantage to providing small or more capable electronic
products consumers like to purchase.

20 Brief Description of the Drawings

[8603]  In the drawings, which are not necessarily drawn to scale, like
numerals mav describe similar components in different views. Like numerals
having different letter suffixes may represent different instances of similar
components. Some embodiments are illustrated by way of example, and not

25 limitation, in the figures of the accompanying drawings in which:

[6004] FIGS. 1A and 1B iHustrate generally an vpper package of a
stacked integrated circuit package according to an example of the present subject
matter.

{0005] FIGS. ZA and 2B dlustrate general a lower package of a stacked

30 imtegrated circuit package according to an example of the present subject matter.
006} FIG. 3 illustrates generally a cross section view of an integrated
circuit package that includes an upper package and a lower package.

{0007 FIG. 4 illustrates generally an integrated circuit package including
a pair of stacked packages with low z-height.
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[B008] FIG. 5 illustrates generally a flowchart of a method for forming a
low z-height package-on-package mtegrated circuit package.

HEERY FIG. 6 15 a block diagram of an electronic device 600
meorporating at least one integrated circuit package 1n accordance with at least

one embodiment of the subject matter.

Detailed Description
6010} The following description and the drawings sufficiently illustrate
specific embodiments to enable those skilled in the art to practice them. Other
embodiments may incorporate structural, logical, electrical, process, and other
changes. Portions and features of some embodiments may be included in, or
substituted for, those of other embodiments. Embodiments set forth in the claims
encompass all available equivalents of those claims.
{B011]  FIGS. 1A and 1B tllustrate generally an upper package 101 of a
stacked integrated circuit package according to an example of the present subject
matter. The upper package 101 can include one or more mtegrated circuits 102
stacked on cach other and a frame-shaped, upper package substrate 103, In some
examples, the one or more integrated circuits 102 can include one or more
mtegrated circuit packages. In some examples, the one or more integrated
circuits 102 can include memory circuits mcluding but not limited to non-
volatile memory circuits. In somc examples, the one or more integrated circuits
102 can be clectnically coupled to terminals of the upper package substrate 103
by wire bonds 104, In some examples, the one or more integrated circints 102
can be electrically coupled to terminals of the upper package substrate 103 using
through silicon vias (TSVs). In some examples, the integrated circuit 105 of the
upper package 101 located adjacent the upper package substrate 103 can be
clectrically coupled to terminals of the upper package substrate 103 using solder
or solder balls. In certain examples, electrical signals can be exchanged between
the upper package substrate 103 and the one or more integrated circuits 102 of
the upper package 101 using wire bonds 104, TSVs, solder, solder balls or

combinations thereof
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[8812]  In certain examples, the upper package substrate 103 of the apper
package 101 can include a first set of terminations 106 for electneally
connecting to the one or more integrated circuits 102 and a second set of
terminations 107 for electrically connecting the upper package 101, and more

5 specifically, the upper package substrate 103 to a lower package 220. In certain
examples, the apper package substrate 103 can include multiple lavers. In some
cxamples, certain lavers of the upper package substrate 103 can include
glectrical traces for routing electrical connections between the first set of
terminations 106 and the second set of terminations 107,

160 {6613]  Io certain cxample, the upper package substrate 103 includes an
opening 108, In some examples, the upper package substrate 103 can define the
entire exterior of the opening 108, In some examples, the upper package
substrate 103 can define a portion of the exterior of the opening 108,

{0014]  In certain examples, upon asscmbly of the one or more integrated

15 circuits 102 with the upper package substrate 103, additional materials can be
added to protect the electronics of the apper package 101 and to assist in
coupling the one or more integrated circuits 102 with the upper package
substrate 103, In certain examples, the upper package 101 can mclude an
overmold 109 to protect both the one or more integrated circuits 102 and

20 portions of the upper package substrate 103 not covered by the ong or more
mtegrated circnits 102, In addition, the overmold 109 can assist in the
mechanical coupling of the one or more integrated cirenits 102 with the upper
package substrate 103,

10615] o certain examples, the upper package 101 can inchide an adhesive

25 110 applied to an mterface ot a v underside of the lower most integrated cirenit
103 and the upper package substrate 103 where the interface is located at an
extertor limit of the opening 108 defined by the upper package substrate 103,
The application of the adhesive 110 can be such that the adbesive 110 contacts
both the mtegrated circuit 105 and the upper package substrate 103 in the

30 immediate location of the interface. In some examples, the application of the

adhesive 110 can include one or more dabs. In some examples. the application
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of the adhesive 110 can melude a bead of adhesive 110 along at least a portion of
the interface.

[0616]  In certain examples, the stack of integrated circuits 102 can include
mdividual mmtegrated circut sub-packages that can include a pair of integrated
circuit dies or an intggrated circuit die and a sub-package substrate. The two
compeonents 131, 132 making up cach individual integrated circuit sub-package
can be stacked with at least one cdge offset. When stacked together, the upper
component 131 can have a wire bond 133 to the lower component 132, As the
mdividual integrated circoit sub-packages are stacked together on the upper
package substrate 103, wire bonds 104 can be assembled between the lower
component 132 of the individual mtegrated circuit sub-package and the upper
package substrate 103, In certain examples, the wire bonds 104 for a given
mdividual integrated circuit package are assembled to the vpper package
substrate 103 before the next individual integrated circuit sub-package is added
to the stack because the next integrated circuit sub-package can hmit
accessibility to the wire bond area of the individual integrated circuit sub-
package stacked below it

[8617) FIG. 1A sllustrates generally a cross section of the upper package 101
through the opening 108 defined by the upper package substrate 103, FIG. 1B
iustrates generally a top view of the upper package 101 of FIG. 1A with the
opering 108 under the one or more integrated circuits 102 shown in ghost lines.
It 1s understood that opening shapes other than a rectangle are possible for the
upper package substrate 103 without departing from the scope of the present
subject matter.

[6618] FIGS. 2A and 2B illustrate general a lower package 220 of a stacked
mtegrated circuit package according to an example of the present subject matter.
The lower package 220 includes one or more integrated circuits 221 mounted on
a lower package substrate 222, o the illustrated examples, the one or more
miegrated circuits 221 of the lower package 220 are shown stacked, however,
other orientations of the integrated circuits 221 are possible without departing
from the scope of the present subject matier. In certain examples, the one or

more integrated circuits 221 of the lower package 220 can be electrically
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connected to the lower package substrate 222 using wire bonds, TSVs, solder,
solder balls. or combination thereof. In ceriain examples, the one or more
mtegrated circuits 221 can include, but are not limited to, an application specific
mtegrated circwit (ASIC), a processor, memory chips such as, but not limited to,
5 volatile memory chips, mnterface chips, or combinations thereof.

8619}  In certain examples, the lower package substrate 222 can include top-
side ternunations 224 for mounting the tegrated circuits 221 of the lower
package 220, mounting an upper package, and mounting additional electronic
circuit elements 225, The lower package substrate 222 can also include botiom-

10 side terminations 226 for electrically connecting the package to other
components of a svstem. In certain examples, the lower package substrate 222
can include more than one layer. In some examples, certain layers of the lower
package substrate 222 can include electrical traces for routing electrical
connections between the top-side terminations 224 and the bottom-side

I35 terminations 226. In some examples, the lower package 220 can include
matenal 227, such as an overmold, to encapsulate the integrated circuits 221 of
the lower package 220. Such material 227 can provide physical isolation and
clectrical solation of exposed surfaces of the mounted mtegrated civenits 221
and the immediately adjacent surface of the lower package substrate 222,

20 {0028)  FIG. 2A dlustrates generally a cross section of the lower package 220
Fi(s. 2B illustrates generally a top-down view of the lower package 220 of FIG.
2A 1t is understood that shape and layout of the lower package 220 can be
different than that shown in FIGS. 2A and 2B without departing from the scope
of the present subject matter,

{8621} FIG. 3 illustrates generally a cross section view of an integrated
circuit package 300 that includes an upper package 301 {¢.g., the upper package
101 of FIGS. 1A and 1B) and a lower package 320 (¢ g, the lower package of
FIGS. 2A and ZB). In certain exaroples, the integrated circuits 321 of the lower
package 320 can mterface within an opening 308 of the upper package substrate
303 to allow for a compact and space efficient integrated circuit package 300,
Existing multi-package systems can include an upper package substrate without an
opening that when assembled occupies more height i order fullv accommodate the

3
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wnderlying integrated circuits of the lower package. As a result, the nesting of the
mtegrated circuits 321 of the lower package 320 within an opening 308 of the
upper package substrate 303 can provide a high-density, package-on-package
configuration with low vertical or low Z-height. In certain examples, the nesting
feature of the present subject matter can be well suited for storage svstems
containing a multi-dic memory stack and an ASIC memory controller. Such
storage systerns can contain from 4 to 16 NAND memory dies, an ASIC memory
controller, volatile memory and possibly other integrated cireuit chips and passive
components. In some examples, the lower package substrate can include an area
325 for additional component mounting, including components with a high z-
height.

0622} FI1G. 4 illustrates generally an integrated circunt package 400
mchiding a pair of stacked packages 441, 442 with low z-height. A first stacked
package 441 includes an upper substrate 403 with a first stack of integrated circuits
402 configured to stack i a low z-height configuration above a lower stack of
mtegrated circuits 421, A second stacked package 442 inclades an upper substrate
453 with an upper stack of integrated circuits 452 configured to stack m a low z-
height arrangerment above a number of individual passive components 455, a
number of mdividual active components 436, or a number of individual passive
compeonents 455 and a number of individual active components 456, Each of the
upper substrates 403, 453 can be mounted to a single lower package substrate 422
[6023] FIG. 5 illustrates generally a flowchart of an example method 500
for forming a low z-height package-on-package imtegrated circuit package. At
501, a first integrated circuit can be mounted to a sub-package substrate. In
certain examples, an edge of the first integrated circunt can be stacked offset

from an edge of the sub-package substrate to allow for wirg bond connections.

At 302, the termunations of the integrated circwit can be wirg-bonded to
terminations of the sub-package substrate to form a first integrated circuit sub-
package. In certain examples, additional integrated circuit sub-packages can be
formed and wire bonds can be connected between the individual components of
cach sub-package. At 503, a first integrated circuit sub-package can be mounted
to a first package substrate to form a first integrated circuit package. The first

6
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package substrate can include an opening. The opening is relatively large and on
the order of a footprint of an integrated cireuit. The opening is much larger than,
for example, a connection via of a substrate. In certain examples, additional
mtegrated circuit sub-packages can be stacked atop the first mtegrated circunt
sub-package. In some examples, wire bonds between the sub-package substrate
and the first package substrate are completed before an additional integrated
circuit sub-package is added atop the first integrated circuit sub-package. At
504, a second integrated circutt or integrated circuit sub-package can be mounted
1o a second package substrate. The second mtegrated circuit or integrated circuit
sub-package can include a stack of integrated circuits in cortain examples. At
505, the first package substrate can be mounted to the second package substrate
such that the second integrated circuit 1s posttioned within, or nested within, the
opening of the first package substrate. Such nesting can allow a package-on-
package integrated circuit package to provide the same functionality of existing
package on package system with reduced physical height.

[06024] An example of an electronic device using semiconductor chip
assemblics and solders as described in the present disclosure is included to show
an example of a higher level device application for the present subject matter,
FIG. 6 is a block diagram of an clectronic device 600 incorporating at least one
mtegrated circuit package in accordance with at least one embodiment of the
subject matter. Electronic device 600 is merely one example of an electronic
system in which embodiments of the present subject matier can be used.
Examples of clectronic devices 600 mclude, but are not limited to personal
computers, tablet computers, mobile telephones, game devices, MP3 or other
digital music plavers, ete. In this example, clectronic device 600 compnises a
data processing system that includes a system bus 602 to couple the various
components of the system. Svstem bus 602 provides communications links
among the various components of the clectronic device 600 and can be
mmplemented as a single bus, as a combination of busses, or in any other suitable
manner.

[6025] An electronic assembly 610 is coupled to systom bus 602, The

clectronic assembly 510 can mclude any circuit or combination of circuits. In

7
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one embodiment, the electronic assembly 6106 includes a processor 612 which
can be of any type.  As used herein, “processor” means any type of
computational circuit, such as but not inuted fo a microprocessor, a
microcontroller, a complex mstruction set computing {CISC) microprocessor, a
5 reduced instruction set computing {RISC) microprocessor, a very long
mstroction word {VLIW) microprocessor, a graphics processor, a digital signal
processor (DSP), multiple core processor, or any other type of processor or
processing circuit.
{0026] Other types of circuits that can be included in electronic assembly

10 610 arc a custom circuit, an application-specific integrated circuit (ASIC), or the
like, such as, for example, one or more circuwits (such as a communications
circuit 614) for use in wirgless devices Iike mobile telephones, personal data
assistants, portable compuiers, two-way radios, and similar electronic systems.
The IC can perform any other type of function.

15 [0e27) The electromic device 600 can also include an external memory
620, which in turn can include one or more memory clements suitable to the
particular application, such as a main memaory 622 in the form of random access
memory {RAM), one or more hard drives 624, and/or one or more drives that
handle removable media 626 such as compact disks (CD3, flash memory cards,

20 digital video disk {DVD), and the like.

[0028] The electronic device 600 can also include a display device 616,
one or more speakers 618, and a kevboard and/or controller 630, which can
mclude a mouse, trackball, touch screen, voice-recognition device, or any other
device that permits a system user to input information into and receive

25 mformation from the electronic device 600,

Additional Examples and Notes
[0029] In Example 1, an tntegrated circuit package system can include a
first substrate having an opening, a first integrated circuit package mounted on
30 the first substrate and configured to span the opening and define a volume, a
second substrate, a second integrated circuit memory package mounted to the

second substrate, wherein the first substrate 1s mounted to the second substrate,

3
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wherein the second mtegrated memory circuit package is configured to occupy at
least a portion of the volume, and wherein the first integrated circuit package
mcludes one or more sub-packages, cach sub-package mcluding a first integrated
circuit stacked with a sub-package substrate, and a first plurality of wire bonds
5 celectrically couphing the first integrated circuit package with the sub-package
substrate.
[B030] In Example 2, the sub-package substrate of Example 1 optionally
mcludes a second mtegrated circait.
{0031} In Example 3, the first integrated circuit package of any ong or
10 more of Examples 1-2 optionally includes a stack of non-volatile memory dies.
{86632} In Example 4, the second mitegrated circuit package of any one or
more of Examples 1-3 optionally inchudes a second stack of mtegrated circuit
dies.
{0033] In Example 5, the second stack of integrated circuit dies of any
I5  one or more of Examples 1-4 optionally includes a volatile memory die.
06034} In Example 6, the second stack of integrated circuit dies of any
one or more of Examples 1-5 optionally includes an application specific
mtegrated circuit (ASIC).
6635} In Example 7, the integrated circuit package system of any one or
20 more of Exampies 1-6 optionally mchides an adhesive configured to secure the
first mtegrated circuit package with the first substrate, wherein at least a portion
of the adhesive 1s located at an interface of the opening and an underside of the
first integrated circuit package.
{(3036] In Example 8, the integrated circuit package system of any one or
25 more of Examples 1-7 optionally includes a first overmold configured to
encapsulated the first mtegrated circuit package and a top surface of the first
substrate.
[BG37] In Example 9, the first overmold of anv one or more of Examples
1-8 optionally is configured to encapsulated first wire bonds electrically
30 connecting the first integrated circuit package with the first substrate.
[(3038] In Example 10, the integrated circuit package system of any one
or more of Examples 1-9 optionally includes a second overmold configured to

9
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encapsulated the second integrated circuit package and at least a portion of a top
surface of the second substrate.

{0039] In Example 11, the second overmold of anv one or more of
Examples 1-10 optionally 1s configured to encapsulated second wire bonds
clectrically connecting the second mtegrated circuit package with the second
substrate.

{0040] In Example 12, an electronic package can include a first substrate,
a first mtegrated circuit package mounted on the first substrate, a second
substrate mounted on the first substrate, the second substrate including an
opening configured to surround the first integrated circuit package when the
second substrate 1s mounted to the first substrate, a second integrated civcuit
package mounted on the second substrate, the second integrated circuit package
configured to span the opening, and wherein the second iniegrated circuit
package includes one or more sub-packages, cach sub-package mcluding a first
miegrated circuit stacked with a sub-package substrate, and a fivst plurality of
wire bonds electrically coupling the first integrated circuit package with the sub-
package substrate.

{06041} In Example 13, the first integrated circuit package of any one or
more of Examples 1-12 optionally includes a first stack of integrated circuit dies.
{0042} In Examaple 14, the first stack of mtegrated circuit dies of any ong
or more of Examples 1-13 optionally includes a volatile memory die.

043} In Example 15, the first stack of miegrated circuit dies of any one
or more of Examples 1-14 optionally includes an application specific mnfegrated
circuit (ASEC).

{0044} In Example 16, the sub-package substrate of any one or more of
Examples 1-15 optionally mcludes a second integrated cireait.

{0045} In Example, 17, the second mtegrated circuit package of any one
or more of Examples 1-16 optionally includes a stack of non-volatile memory
dics.

06046} In Example 18, the electronic package of any one or more of
Examples 1-17 optionally mchudes an adhesive configured to secure the second
mitegrated circuit package with the sccond substrate, wherein at least a portion of

10
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the adhesive 1s located at an interface of the opening and an underside of the
second integrated circuit package.

{6047} In Example 19, a method an include stacking a first mtegrated
circuit with a sub-package substrate to provide a first integrated circuit sub-

5 package, wire bonding the first integrated circuit to the sub-package substrate,
mounting the first integrated circuit sub-package to a first package substrate
wherein the sub-package substrate spans an opening of the first package
substrate, mounting a second integrated circuit package to a second package
substrate, and mounting the first package substrate with the second package

10 substratc wherein the mounting mncludes locating a portion of the second
mtegrated circwit package within the opening of the first package substrate.
{0048} In Example 20, the mounting the first integrated circuit sub-
package to the first package substrate of any one or more of Examples 1-19
optionally includes applving an adhesive to an interface of the opening and an

I35 underside of the sub-package substrate.

[0049] In Example 21, the moonting the first integrated circoit sub-
package to the first package substrate of any one or more of Examples 1-20
optionally mcludes encapsulating the first integrated circuit sub-package and a
top surface of the first intograted cirenit substrate with a first overmold, and the

20 mounting the second integrated circutt package to the second package substrate
of anv one or more of Examples 1-20 optionally mcludes encapsulating the
second ntegrated circuit and at least a portion of a top surface of the second
substrate with a second overmold.

[3050] Each of these non-limiting examples can stand on ifs own, or can

25 be combined with one or more of the other examples in any permutation or
combination.

{0651} The above detailed description inchudes references to the
accompanyimg drawings, which form a part of the detatled description. The
drawings show, by way of tllustration, specific embodiments in which the

30 invention can be practiced. These embodiments are also referred to herein as
“examples.” Such exampies can include elements in addition to those shown or
described. However, the present inventors also contemplate examples m which

3
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only those elements shown or described are provided. Moreover, the present
mventors also contemplate examples using any combination or permutation of
those elements shown or described {or one or more aspects thereof), either with
respect to a particular example {or one or more aspects thereof), or with respect
5 to other examples {or one or more aspects thereof) shown or described hercin,

{0652} In this document, the terms “a” or “an” are used, as is conunon in
patent documents, to include one or more than one, independent of any other
mstances or usages of “at least one™ or “one or more.” In this document, the
term “or’ 15 used to refer to a nonexclusive or, such that “A or B” includes A

10 butnotB,” “Bbutnot A, and “A and B,” unless otherwise indicated. in this
document, the terms “including”™ and “in which” are used as the plain-English
cquivalents of the respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “incloding” and “comprising”™ are open-ended, that
is, a system, device, article, composition, formulation, or process that includes

15 eclements in addition to those listed afier such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the following claims, the

9 ¢s

terms “first,” “second,” and “third,” etc. are used merely as labels, and are not
mtended to mpose numernical requirements on their objects.
{0653} The above description 1s intended to be illustrative, and not

20 restrictive. For example, the above-described examples {or one or more aspects
thercof) may be used in combination with cach other. Other embodiments can
be used, such as by one of ordinary skill 1n the art upon reviewing the above
description. The Abstract is provided to comply with 37 CF.R. §1.72(b}, to
allow the reader to quickly ascertain the nature of the technical disclosure. It is

25 submitted with the understanding that 1t will not be used to mterpret or himit the
scope or meaning of the claims. Also, in the above Detailed Description, various
features mayv be grouped together to streamline the disclosure. This should not
be wmiterpreted as intending that an unclaimed disclosed feature is essential to any
claim. Rather, mventive subject matter may lie in less than all features of a

30 particular disclosed embodiment. Thus, the following claims are hereby
meorporated into the Detailed Description, with each claim standing on its own

as a separate erabodiment, and it is contemplated that such embodiments can be

12
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combined with each other in various combinations or permutations. The scope
of the mvention should be determined with reference to the appended claims,

along with the full scope of equivalents to which such claims are legally entitled.
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CLAIMS

What is claimed is:

1. An integrated circuit package system comprising;
5 a first substrate having an opening;
a first integrated circuit package mounted on the first substrate and
configured to span the opening and define a volume;
a sccond substraie:
a second integrated circnit memory package mounted to the second
10 substrate;
wherem the first substrate 1s mounted to the second substrate;
wherein the second integrated memory circutt package 1s configured to
ocoupy at feast a portion of the volume; and
wherein the first integrated cireunit package includes one or more sub-
15 packages, cach sub-package including a first integrated circunt stacked with a
sub-package substrate, and a first plurality of wire bonds electrically coupling
the first integrated circuit package with the sub-package substrate.
2. The integrated circuit package of claim 1, wheremn sub-package substrate
20 mchides a second integrated circuit,
3. The mtegrated circuit package system of claim 1, wherem the first

mtegrated circuit package inchudes a stack of non-volatile memory dics.

25 4 The miegrated circuit package system of claim 1, wherein the second

mtegrated circuit package includes a second stack of integrated circuit dies.

5. The integrated circuit package system of claim 2, wherein the second
stack of integrated circutt dies includes a volatile memory die.
30
6. The integrated circuit package system of claim 2, wherein the second
stack of udegrated circuit dies includes an application specific integrated circuit
{ASIC).
14
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7. The integrated circuit package system of claim 1, including an adhesive
configured to secure the first integrated circuit package with the first substrate,
wherein at least a portion of the adhesive is located at an interface of the opening

5 and an underside of the first integrated circuit package.

8. The integrated circuit package syster of claim 1, including a first
overmold configured to encapsulated the first integrated circuit package and a

top surface of the first substrate.

10
9. The mtegrated circuit package system of claim 8, wherem the first
overmold is configured to encapsulated first wire bonds electnically connecting
the first integrated circuit package with the first substrate.

15 10 The integrated circuit package svstem of claim 8, including a second

overmold configured to encapsulated the second integrated circuit package and

at least a portion of a top surface of the sccond substrate.

11, The integrated circuit package system of elaim 10, wherein the second
20 overmold is configured to encapsulated second wire bonds electrically

connecting the second integrated circuit package with the second substrate.

12. An electronic package comprising:

a first substrate;

25 a first miegrated circuit package mounted on the first substrate;

a second substrate mounted on the first substrate, the second substrate
mchiding an opening configured to surround the first integrated circuit package
when the sccond substrate is mounted to the first substrate;

a second integrated circuit package mounted on the second substrate, the

30 second integrated circwnt package configured to span the opening; and
wherein the second integrated circuit package includes one or more sub-

packages, cach sub-package including a first infegrated circunt stacked with a

15
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sub-package substrate, and a first plurality of wire bonds electrically coupling
the first integrated circuit package with the sub-package substrate.
13, The electronic package of claim 12, wherein the first integrated circuit

5 package includes a first stack of mtegrated circuit dies.

14, The electronic package system of claim 13, wherein the first stack of

mtegrated circuit dies includes a volatile memory die.

16 15, The electronic package system of claim 14, wherein the first stack of

mtegrated circwit dies includes an application specific integrated circuit (ASIC).

16.  The electronic package system of claim 13, wherein the sub-package

substrate includes a second integrated circuit,

17. The electronic package system of claim 16, wherein the second

mtegrated circuit package includes a stack of non-volatile memory dics.

18.  The electronic package of claim 12, inclading an adhesive configured to
20 secure the second integrated circuit package with the second substrate, wherein
at least a portion of the adhesive is located at an mterface of the opening and an

underside of the second mtegrated circuit package.

19, A method comprising:
25 stacking a first integrated circuit with a sub-package substrate to provide
a first mtegrated circuit sub-package;
wire bonding the first integrated circuit to the sub-package substrate;
mounting the first integrated circuit sub-package to a first package
substrate wherein the sub-package substrate spans an opening of the first
30 package substrate;
mounting a second mtegrated circuit package to a second package

substrate; and

16
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10

mounting the first package substrate with the second package substrate
wherein the mounting includes locating a portion of the second integrated circuit

package within the opening of the first package substrate.

20.  The method of claim 19, wherein the mounting the first integrated circuit
sub-package to the first package substrate includes applying an adhesive to an

mterface of the opening and an underside of the sub-package substrate,

21, The method of claim 19, wherein the mouunting the first integrated circuit
sub-package to the first package substrate includes encapsulating the first
mtegrated circwit sub-package and a top surface of the first integrated circuit
substrate with a first overmold; and

wherein the mounting the second integrated circuit package to the second
package substrate includes encapsulating the second integrated circuit and at

cast a portion of a top surtace of the second substrate with a second overmold.

17
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