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CONDUCTIVE POST PROTECTION FOR INTEGRATED
CIRCUIT PACKAGES

Claim of Priority under 35 U.S.C. § 119

The present Application for Patent claims priority to Provisional Application
No. 62/118,886, entitled “COPPER POST PROTECTION FOR INTEGRATED
CIRCUIT PACKAGES,” filed February 20, 2015, and assigned to the assignee

hereof and hereby expressly incorporated by reference herein.

Field of Disclosure
Various examples described herein relate to integrated circuit packages, and

more particularly, to conductive post protection for integrated circuit packages.

Background

In a conventional integrated circuit package, such as a conventional flip chip
package, a plurality of conductive posts may be provided between top and bottom
substrates or interposers. An integrated circuit die, for example, a flip chip die, may
be attached to one of the substrates or interposers, for example, the bottom substrate
or interposer, and positioned between the two substrates or interposers. A plurality
of conductive posts are provided between the top and bottom substrates or
interposers to provide mechanical support as well as electrical connections for the
integrated circuit package. These conductive posts may be copper posts for good
electrical conductivity. Each of the top and bottom substrates or interposers may
include a plurality of conductive contacts, and the conductive posts may be coupled
between some of the conductive contacts in the bottom substrate or interposer and
some of the conductive contacts in the top substrate or interposer.

In a conventional process for making such an integrated circuit package, the
conductive posts, such as copper posts, are provided directly on respective
conductive contacts in one of the substrates or interposers, for example, the top
substrate or interposer. A plurality of solder balls may be provided on respective
conductive contacts in the other substrate or interposer, for example, the bottom
substrate or interposer. The copper posts, which are attached to the respective

conductive contacts in the top substrate or interposer, are soldered to respective



WO 2016/134165 PCT/US2016/018504

[0005]

[0006]

[0007]

conductive contacts in the bottom substrate or interposer with respective solder balls.
After the top and bottom substrates or interposers with copper posts are assembled to
form an integrated circuit package, which may sit on the bottom substrate or
interposer, the only mechanical support for the top substrate or interposer may be
provided by the copper posts.

In such a conventional integrated circuit package, the copper posts may have
a tendency of cracking or breaking in the manufacturing of the top substrate or
interposer to which the copper posts are attached. Such a tendency for cracking or
breaking of copper posts may results in a low yield in the manufacturing of the
copper post substrate, low yield in the assembly of copper post package and a high
risk of reliability test failure, thereby increasing the cost of manufacturing. Various
schemes have been devised in attempts to increase the manufacturing yield for the
copper posts and to decrease the risk of reliability test failure. One such scheme is to
provide a mold or epoxy flux that fills the entire interior space between the top and
bottom substrates or interposers of the integrated circuit package to protect the
copper posts. However, such a scheme may involve an expensive manufacturing

process and still may not improve the yield for copper substrate manufacturing.

SUMMARY

Examples of the disclosure are directed to integrated circuit devices and
methods of making the same. Integrated circuit devices and methods according to
examples of the disclosure are expected to increase yields for the manufacturing of
the conductive post substrate as well as for the assembly of the conductive post
package. Moreover, tighter interposer pitches, and in package-on-package (POP)
configurations, tighter POP pitches, may be achieved with devices and methods
according to examples of the disclosure, thereby allowing the overall package size to
be decreased.

In one example, a device is provided, the device comprising: a first substrate
comprising first and second surfaces; a plurality of conductive contacts on the first
surface of the first substrate; a dielectric on the first surface of the first substrate and

having a plurality of openings; and a plurality of conductive posts coupled to at least
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some of the conductive contacts, the dielectric at least partially surrounding the
plurality of conductive posts.

In another example, an integrated circuit package is provided, the package
comprising: a first substrate having first and second surfaces; a first plurality of
conductive contacts on the first surface of the first substrate; a second substrate
having first and second surfaces; a second plurality of conductive contacts on the first
surface of the second substrate; a dielectric disposed between the first surface of the
first substrate and the first surface of the second substrate, the dielectric having a
plurality of openings; a plurality of conductive posts disposed within some but not all
of the openings in the dielectric, the conductive posts electrically coupled to at least
some of the first plurality of conductive contacts on the first surface of the first
substrate and at least some of the second plurality of conductive contacts on the first
surface of the second substrate; and an integrated circuit die disposed on the first
surface of the second substrate within one of the openings of the dielectric not
occupied by one of the conductive posts.

In yet another example, a method of making a device is provided, the method
comprising: providing a substrate having first and second surfaces; forming a
plurality of conductive contacts at least on the first surface of the substrate; forming a
dielectric on the first surface of the substrate; forming a plurality of openings in the
dielectric; and forming a plurality of conductive posts within some but not all of the

openings in the dielectric.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are presented to aid in the description of
examples of the disclosure and are provided solely for illustration of the examples
and not limitation thereof.

FIG. 1 1is a cross-sectional view illustrating an example of a
substrate/interposer assembly with conductive posts protected by a dielectric.

FIG. 2 is a cross-sectional view illustrating another example of a
substrate/interposer assembly with conductive pads added to the conductive posts.

FIG. 3 is a cross-sectional view illustrating an example of an integrated

circuit package with conductive posts protected by a dielectric.
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FIG. 4 is a cross-sectional view illustrating another example of an integrated
circuit package similar to the example shown in FIG. 3, except that conductive posts
are provided on conductive contacts of the bottom substrate/interposer assembly
instead of the top substrate/interposer assembly.

FIG. 5 is a cross-sectional view illustrating another example of an integrated
circuit package in which the top and bottom substrate/interposer assemblies are each
provided a separate set of conductive posts.

FIG. 6 is a cross-sectional view illustrating yet another example in which top
and bottom substrate/interposer assemblies are provided in a package-on-package
(POP) configuration.

FIGs. 7A-71 are cross-sectional views illustrating an example of a process of
making a structure with a substrate/interposer assembly and dielectric-protected
conductive posts as shown in FIG. 1.

FIGs. 8A-8J are cross-sectional views illustrating an example of a process of
making a structure with a substrate/interposer assembly and dielectric-protected

conductive posts with associated conductive pads as shown in FIG. 2.

DETAILED DESCRIPTION

Aspects of the disclosure are described in the following description and
related drawings directed to specific examples. Alternate examples may be devised
without departing from the scope of the disclosure. Additionally, well-known
elements will not be described in detail or will be omitted so as not to obscure the
relevant details of the disclosure.

The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any example described herein as “exemplary” is not
necessarily to be construed as preferred or advantageous over other examples.
Likewise, the term “examples” does not require that all examples include the
discussed feature, advantage or mode of operation.

The terminology used herein is for the purpose of describing particular
examples and is not intended to be limiting of the examples. As used herein, the

singular forms “a,” “an” and “the” are intended to include the plural forms as well,

unless the context clearly indicates otherwise. It will be further understood that the
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terms “comprises,” “comprising,” “includes” or “including,” when used herein,
specify the presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components, or groups thereof.
Moreover, it is understood that the word “or” has the same meaning as the Boolean
operator “OR,” that is, it encompasses the possibilities of “either” and “both” and is
not limited to “exclusive or” (“XOR”), unless expressly stated otherwise. It is also
understood that the symbol “/” between two adjacent words has the same meaning as
“or” unless expressly stated otherwise. Moreover, phrases such as “connected to,”
“coupled to” or “in communication with” are not limited to direct connections unless

29 LC

expressly stated otherwise. Furthermore, words such as “top,” “bottom,” “upper,”
“lower,” “left” or “right” are used merely to describe relative positions or orientations
in the figures and do not require that any element in a device be positioned or
oriented in a certain manner in its manufacturing or use. For example, a “bottom
substrate” in a device may become a “top substrate” and vice versa if the device is
turned upside down.

FIG. 1 1is a cross-sectional view illustrating an example of a
substrate/interposer assembly 100 with conductive posts protected by a dielectric. In
FIG. 1, a substrate or interposer structure 104 is provided, and a plurality of
conductive contacts (e.g. through substrate vias), including conductive contacts 106a,
106b, 106¢ and 106d, are implemented in the substrate or interposer structure 104 to
provide electrical connections between opposite surfaces of the substrate or
interposer structure 104substrate or interposer structure 104. In an example, the
substrate or interposer structure 104 may include a solder resist 102. Such a
substrate/interposer assembly 100 may be manufactured in a conventional manner.
In an example, a plurality of conductive posts 108a, 108b, 108c and 108d, such as
copper posts, are coupled to the conductive contacts 106a, 106b, 106¢ and 106d in
the substrate/interposer assembly 100, respectively. In an example, a dielectric 110 is
provided that at least partially surrounds and protects the conductive posts 108a,
108b, 108¢c and 108d. In a further example, the dielectric 110 comprises a
photoimageable dielectric (PID) material.
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In the example shown in FIG. 1, the height h; of the dielectric 110 is slightly
greater than the height h, of the conductive posts 108a, 108b, 108¢ and 108d, such
that the conductive posts 108a, 108b, 108¢c and 108d are slight recessed within the
surrounding dielectric 110. Moreover, in the example shown in FIG. 1, the dielectric
110 does not cover the entire area 112 of the substrate/interposer assembly 100
between the conductive posts 108b and 108c. Instead, some of the inner walls of the
dielectric 110 leave open an interior space 112 for housing one or more integrated
circuit dies (not shown in FIG. 1), which will be described in further detail below.

FIG. 2 is a cross-sectional view illustrating another example of a
substrate/interposer assembly 100 with conductive posts 108a, 108b, 108¢ and 108d
protected by a dielectric 110 in a manner similar to FIG. 1, except that a plurality of
conductive pads 202a, 202b, 202¢ and 202d, such as copper pads, are added to the
conductive posts 108a, 108b, 108c and 108d, respectively. Like FIG. 1, a plurality of
conductive contacts, including conductive contacts 106a, 106b, 106¢ and 106d, are
provided in the substrate/interposer assembly 100 in FIG. 2. Again, such a
substrate/interposer assembly 100 may be manufactured in a conventional manner. A
plurality of conductive posts 108a, 108b, 108c and 108d, such as copper posts, are
coupled to the conductive contacts 106a, 106b, 106¢c and 106d in the
substrate/interposer assembly 100, respectively. In an example, a dielectric 110 is
provided that surrounds and protects the conductive posts 108a, 108b, 108c and
108d. In a further example, the dielectric 110 comprises a photoimageable dielectric
(PID) material.

In the example shown in FIG. 2, the conductive pads 202a, 202b, 202¢ and
202d, such as copper pads, are directly coupled to the conductive posts 108a, 108b,
108c and 108d, such as copper posts, respectively. In an example, the conductive
pads 202a, 202b, 202c¢ and 202d may be manufactured as integral parts of the
conductive posts 108a, 108b, 108c and 108d, respectively, which extend beyond the
height h; of the dielectric 110. The conductive pads 202a-d may extend beyond the
dielectric 110. As shown in FIG. 2, the height h; of the dielectric 110 is slightly less
than the combined height h; of the conductive posts 108a, 108b, 108¢c and 108d and
the conductive pads 202a, 202b, 202¢ and 202d. Moreover, similar to the example

shown in FIG. 1, the dielectric 110 in the example shown in FIG. 2 also does not
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cover the entire area 112 of the substrate/interposer assembly 100 between the
conductive posts 108b and 108¢. Instead, some of the inner walls of the dielectric
110 leave open an interior space 112 for housing one or more integrated circuit dies
(not shown in FIG. 2), which will be described in further detail below.

FIG. 3 is a cross-sectional view illustrating an example of an integrated
circuit package with conductive posts protected by a dielectric. In FIG. 3, a first (e.g.
bottom) substrate/interposer assembly 302, an integrated circuit die 304 positioned
over the first substrate/interposer assembly 302, and a second (e.g top)
substrate/interposer assembly 306. In the example shown in FIG. 3, a plurality of
conductive posts 308a, 308b, 308c and 308d, such as copper posts, are in contact
with conductive contacts 310a, 310b, 310c and 310d in the top substrate/interposer
assembly 306, respectively. In an example, a dielectric 312, such as a PID, is
provided that surrounds and protects each of the conductive posts 308a, 308b, 308c
and 308d. In the example shown in FIG. 3, the combination of top
substrate/interposer assembly 306, the conductive posts 308a, 308b, 308¢ and 308d,
and the dielectric 312 protecting the conductive posts 308a, 308b, 308¢ and 308d is
similar to the example of the assembly shown in FIG. 1 and described above.

In the example shown in FIG. 3, a plurality of solder balls 314a, 314b, 314c¢
and 314d are provided on conductive contacts 316a, 316b, 316¢ and 316d of the
bottom substrate/interposer assembly 302, respectively. In an example, the bottom
substrate/interposer assembly 302 with the integrated circuit die 304 and the top
substrate/interposer assembly 306 with the conductive posts 308a, 308b, 308¢ and
308d and the protective dielectric 312 may be manufactured separately before the
conductive posts 308a, 308b, 308c and 308d are soldered to the conductive contacts
316a, 316b, 316¢c and 316d of the bottom substrate/interposer assembly 302 with
solder balls 314a, 314b, 314c and 314d, respectively. In the example shown in FIG.
3, the bottom substrate/interposer assembly 302 may be regarded as a substrate of an
integrated circuit package whereas the top substrate/interposer assembly 306 with its
associated conductive posts 308a, 308b, 308¢c and 308d surrounded by a protective
dielectric 312 may be regarded as an interposer of the package.

In FIG. 3, the conductive posts 308a, 308b, 308c and 308d, which are
soldered to the conductive contacts 314a, 314b, 314¢ and 314d of the bottom
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substrate/interposer assembly 302, provide structural support as well as electrical
connections between the bottom and top substrate/interposer assemblies 302 and 306.
Moreover, in the example shown in FIG. 3, the integrated circuit die 304 is housed
within an interior space between the bottom and top substrate/interposer assemblies
302 and 306 and the protective dielectric 312. The conductive posts 308a, 308b,
308c and 308d, such as copper posts, and the protective dielectric 312, such as PID,
may be manufactured such that the copper posts have a relatively large aspect ratio,
that is, the height-to-diameter ratio, thereby allowing for a sufficient interior space
for the die 304. Although FIG. 3 illustrates an example in which solder balls are used
to couple the conductive posts to respective conductive contacts on the substrate,
other implementations of substrate/interposer assemblies with or without the use of
solder balls may be devised within the scope of the disclosure.

FIG. 4 is a cross-sectional view illustrating another example of an integrated
circuit package similar to the example shown in FIG. 3 and described above, except
that conductive posts 408a, 408b, 408c and 408d are provided on conductive contacts
416a, 416b, 416¢ and 416d, respectively, of the bottom substrate/interposer assembly
402 instead of the top substrate/interposer assembly 406. In the example shown in
FIG. 4, an integrated circuit die 404 is provided on the bottom substrate/interposer
assembly 402 in the space between the dielectric 412 protecting the conductive posts
408b and 408c. The protective dielectric 412 may comprise a PID material, for
example. In the example shown in FIG. 4, a plurality of solder balls 414a, 414b,
414c and 414d are provided on conductive contacts 410a, 410b, 410c and 410d of the
top substrate/interposer assembly 406, respectively. The conductive posts 408a,
408b, 408c and 408d, such as copper posts, may be soldered to the conductive
contacts 416a, 416b, 416¢ and 416d of the top substrate/interposer assembly 406 with
solder balls 410a, 410b, 410c and 410d, respectively. After the bottom and top
substrate/interposer assemblies 402 and 406 are assembled together, an interior space
418 is formed which houses the integrated circuit die 404.

FIG. 5 is a cross-sectional view illustrating another example of an integrated
circuit package in which the top and bottom substrate/interposer assemblies are each
provided a separate set of conductive posts. In FIG. 5, an integrated circuit die 504 is

attached to the bottom substrate/interposer assembly 502, and a top
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substrate/interposer assembly 506 is initially provided separately from the bottom
substrate/interposer assembly 502. In an example, a first plurality of conductive
posts 508a, 508b, 508c and 508d, such as copper posts, are provided on conductive
contacts 510a, 510b, 510c and 510d of the bottom substrate/interposer assembly 502,
respectively. In a similar manner, a second plurality of conductive posts 512a, 512b,
512¢ and 512d, such as copper posts, are provided on conductive contacts S14a,
514b, 514c and 514d of the top substrate/interposer assembly 506, respectively.

Moreover, a dielectric 516, such as a PID, surrounds and protects each of the
first plurality of conductive posts 508a, 508b, 508c and 508d coupled to the bottom
substrate/interposer assembly 502, whereas another dielectric 518, such as a PID,
surrounds and protects each of the second plurality of conductive posts 512a, 512b,
512¢ and 512d coupled to the top substrate/interposer assembly 506. In an example,
a plurality of solder balls 520a, 520b, 520c and 520d are provided to solder the first
plurality of conductive posts 508a, 508b, 508¢ and 508d with the second plurality of
conductive posts 512a, 512b, 512¢ and 512d, respectively. As shown in FIG. 5, an
interior space 522 formed by the bottom substrate/interposer assembly 502, the top
substrate/interpose assembly 506, the dielectric 516 protecting the first plurality of
conductive posts 508a, 508b, 508c and 508d and the dielectric 518 protecting the
second plurality of conductive posts 512a, 512b, 512¢ and 512d houses the integrated
circuit die 504.

FIG. 6 is a cross-sectional view illustrating yet another example in which top
and bottom substrate/interposer assemblies are provided in a package-on-package
(POP) configuration. In FIG. 6, a plurality of conductive posts 608a, 608b, 608c and
608d, such as copper posts, are provided on conductive contacts 616a, 616b, 616¢
and 616d, respectively, of the bottom substrate/interposer assembly 602, which also
supports a first integrated circuit die 604. A dielectric 612, which in an example
comprises a PID material, surrounds and protects each of the conductive posts 608a,
608b, 608c and 608d. A plurality of solder balls 614a, 614b, 614c and 614d are
provided on conductive contacts 610a, 610b, 610c and 610d of the top
substrate/interposer 606. An interior space 618 formed by the bottom and top
substrate/interposer assemblies 602 and 606 and the dielectric 612 houses the first

integrated circuit die 604. Before a second die is implemented to form a POP, the



WO 2016/134165 PCT/US2016/018504

[0033]

[0034]

[0035]

10

bottom and top substrate/interposer assemblies 602 and 606 with conductive posts
608a, 608b, 608c and 608d surrounded by the dielectric 612 for housing the first
integrated circuit die 604 is similar to the configuration shown in FIG. 4 and
described above.

In the example shown in FIG. 6, a second integrated circuit die 620 is formed
on top of the top substrate/interposer assembly 606 outside the space 618 for housing
the first integrated circuit die 604. In a further example, a mold or epoxy flux 622
may be provided over the second integrated circuit die 620 in a conventional manner
to form a POP configuration as shown in FIG. 6. Alternatively, additional
conductive posts, such as copper posts, and surrounding dielectric, such as PID, to
protect the copper posts may be provided on top of the top substrate/interposer
assembly 606 in a similar manner to the conductive posts 608a, 608b, 608¢ and 608d
and surrounding dielectric 612 provided to the bottom substrate/interposer assembly
602. In yet a further example, one or more additional substrates or interposers may
be provided above the second integrated circuit die 622 in a similar manner for
stacking of one or additional dies in various POP configurations.

FIGs. 7A-71 are cross-sectional views illustrating an example of a process of
making a structure with a substrate/interposer assembly and conductive posts
protected by a dielectric as shown in FIG. 1 and described above. The process
illustrated in FIGs. 7A-71 is merely one of many examples of processes for making
the structure of FIG. 1. Referring to FIG. 7A, a core material 702 and top and bottom
metal layers 704 and 706 on opposite surfaces of the core material 702 are initially
provided in preparation for making an interposer. FIG. 7B illustrates the next stage
of making an interposer after the top and bottom metal layers are patterned and vias
are formed through the core material. In the example illustrated in FIG. 7B, the top
metal layer 704 has been patterned and etched to form conductive contacts 704a,
704b, ... 704f, whereas the bottom metal layer 706 has been patterned and etched to
form conductive contacts 706a, 706b, ... 706f.

A plurality of vias 708a, 708d and 708e are provided through the core
material 702. Conductors such as metals are provided in the vias 708a, 708d and
708e to form electrical connections between conductive contacts 704a and 706a,

between conductive contacts 704d and 706d, and between 704e and 706e,
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respectively. In the example shown in FIG. 7B, some but not all of the conductive
contacts in the top metal layer and corresponding conductive contacts in the bottom
metal layer are electrically coupled through vias. FIG. 7C illustrates a
substrate/interposer assembly 714 after substrate materials 710 and 712 are formed
on the top and bottom surfaces of the core material 702. In an example, the
substrate/interposer assembly 714 may be manufactured in a conventional manner up
to the stage as shown in FIG. 7C.

FIG. 7D is a cross-sectional view illustrating a dielectric coating 716 formed
on the bottom of the substrate/interposer assembly. In an example, the dielectric
coating 716 comprises a PID material. Among many types of dielectric materials that
may be suitable for the protection of conductive posts such as copper posts, PID may
be regarded as having advantages of relatively low material cost and ease of
manufacturing. After the dielectric coating 716 is applied to the substrate/interposer
assembly 714, portions of the dielectric coating 716 are removed to form openings
718a, 718D, ... 718e, as illustrated in FIG. 7E. In the example shown in FIG. 7E, the
openings 718a, 718b, 718d and 718e are spaces reserved for conductive posts, such
as copper posts, whereas the center opening 718c is reserved as part of the interior
space for housing an integrated circuit die.

FIG. 7F is a cross-sectional view illustrating an example in which backside
masking is applied to the substrate/interposer assembly 714. In FIG. 7F, a backside
mask 720 is applied to the top of the substrate/interposer assembly 714. FIG. 7Gis a
cross-sectional view illustrating the plating of a metal, such as copper, to form
conductive posts 722a, 722b, 722c¢ and 722d, such as copper posts, within the
openings 718a, 718b, 718d and 718e in the dielectric coating 716, respectively, as
shown in FIG. 7E. As shown in FIG. 7G, the height of the conductive posts 722a,
722b, 722¢ and 722d are slightly less than the height of the dielectric coating 716, as
illustrated in FIG. 1 and described above, such that the conductive posts 722a, 722b,
722¢ and 722d are slightly recessed within the dielectric coating 716. FIG. 7H is a
cross-sectional view illustrating the substrate/interposer assembly after the backside
mask has been stripped or removed. FIG. 71is a cross-sectional view illustrating the
substrate/interposer assembly after further processes, such as a surface finish process

on the top of the substrate/interposer assembly 714, for example.
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FIGs. 8A-8J are cross-sectional views illustrating an example of a process of
making a structure with a substrate/interposer assembly and dielectric-protected
conductive posts with associated conductive pads as shown in FIG. 2 and described
above. The process illustrated in FIGs. 8 A-8J is merely one of many examples of
processes for making the structure of FIG. 2. Referring to FIG. 8A, a core material
702 and top and bottom metal layers 704 and 706 on opposite surfaces of the core
material 702 are initially provided in preparation for making an interposer. FIG. 8B
illustrates the next stage of making an interposer after the top and bottom metal
layers are patterned and vias are formed through the core material. In the example
illustrated in FIG. 7B, the top metal layer 704 has been patterned and etched to form
conductive contacts 704a, 704b, ... 704f, whereas the bottom metal layer 706 has
been patterned and etched to form conductive contacts 706a, 706b, ... 706f.

A plurality of vias 708a, 708d and 708e are provided through the core
material 702. Conductors such as metals are provided in the vias 708a, 708d and
708e to form electrical connections between conductive contacts 704a and 706a,
between conductive contacts 704d and 706d, and between 704e and 706e,
respectively. In the example shown in FIG. 8B, some but not all of the conductive
contacts in the top metal layer and corresponding conductive contacts in the bottom
metal layer are electrically coupled through wvias. FIG. 8C illustrates a
substrate/interposer assembly 714 after substrate materials 710 and 712 are formed
on the top and bottom surfaces of the core material 702. In the example shown in
FIG. 8C, the substrate/interposer assembly 714 includes solder resists 710 and 712
and a substrate/interposer core 702.

FIG. 8D is a cross-sectional view illustrating a dielectric coating 716 formed
on the bottom of the substrate/interposer assembly. In an example, the dielectric
coating 716 comprises a PID material. In an example, PID may be chosen as the
material for the dielectric coating 716 because of its relatively low material cost and
ease of manufacturing. Alternatively, another material such as phenolic resin,
polyimide resin, acrylic resin, or polyhydroxystyrene may also be used as the material
for the dielectric coating 716. After the dielectric coating 716 is applied to the
substrate/interposer assembly 714, portions of the dielectric coating 716 are removed

to form openings 718a, 718b, ... 718e, as illustrated in FIG. 8E. In the example
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shown in FIG. 8E, the openings 718a, 718b, 718d and 718e are spaces reserved for
conductive posts, such as copper posts, whereas the center opening 718c is reserved
as part of the interior space for housing an integrated circuit die.

FIG. 8F is a cross-sectional view illustrating an example in which a seed layer
802 is coated on the top and bottom surfaces of the substrate/interposer assembly 714
and over the dielectric coating 716. FIG. 8G is a cross-sectional view illustrating an
example in which backside masking is applied to the substrate/interposer assembly
714. In FIG. 8@, a backside mask 804 is applied over the seed layer 802 on top of
the substrate/interposer assembly 714, and another mask 806 is also applied over the
seed layer 802 on the bottom of the substrate/interposer assembly 714 and on the
dielectric coating 716. FIG. 8H is a cross-sectional view illustrating the plating of a
metal, such as copper, to form conductive posts 806a, 806b, 806¢ and 806d, such as
copper posts, within the openings 718a, 718b, 718d and 718e in the dielectric coating
716, respectively, as shown in FIG. 8E. In FIG. 8H, metal plating is applied to form
the conductive posts 806a, 806b, 806¢ and 806d while the masks 804 and 806 remain
on the substrate/interposer assembly 714.

In the example shown in FIG. 8H, the height of the conductive posts 806a,
806b, 806¢ and 806d are slightly greater than the height of the dielectric coating 716,
as illustrated in FIG. 2 and described above. In an example, after the conductive
posts 806a, 806b, 806¢c and 806d, such as copper posts, are formed within the
openings of the dielectric coating 716, the masks 804 and 806 above and below the
substrate/interposer assembly 714 are stripped or removed, following by the removal
of the seed layer 802. FIG. 8I is a cross-sectional view illustrating the
substrate/interposer assembly after the masks 804 and 806 and the seed layer 802
have been removed.  FIG. 8] 1is a cross-sectional view illustrating the
substrate/interposer assembly after further processes, such as a surface finish process
on the top of the substrate/interposer assembly 714, for example. In the example
shown in FIG. 8], the bottom portions 808a, 808b, 808c and 808d of the conductive
posts 806a, 806b, 806¢ and 806d, respectively, extend beyond the dielectric coating
716 and serve as conductive pads for the respective conductive posts. In this
example, the conductive pads are formed as integral extensions of respective

conductive posts protected by the dielectric coating. Alternatively, conductive pads
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extending beyond the dielectric coating may be formed over respective conductive
pads in separate processes.

While the foregoing disclosure shows illustrative examples, it should be
noted that various changes and modifications could be made herein without departing
from the scope of the appended claims. The functions or actions of the method
claims in accordance with examples described herein need not be performed in any
particular order unless expressly stated otherwise. Furthermore, although elements
may be described or claimed in the singular, the plural is contemplated unless

limitation to the singular is explicitly stated.
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CLAIMS

L. A device, comprising: a first substrate comprising first and second surfaces; a plurality of
conductive contacts on the first surface of the first substrate; a dielectric on the first surface of
the first substrate and having a plurality of openings; and a plurality of conductive posts coupled
to at least some of the plurality of conductive contacts, wherein the dielectric at least partially
surrounds the plurality of conductive posts, wherein the plurality of conductive contacts are in
contact with and protrude beyond the first surface of the first substrate, and wherein at least one
of the plurality of conductive contacts extends through the first substrate so as to be in contact
with and protrude beyond the second surface of the first substrate.

2. The device of claim 1, wherein the first substrate comprises a first interposer.

3. The device of claim 1, wherein the dielectric comprises a photoimageable dielectric (PID).

4. The device of claim 1, wherein the plurality of conductive posts comprise a plurality of
copper posts.

5. The device of claim 1, further comprising a plurality of conductive pads coupled to the
plurality of conductive posts, respectively.

6. The device of claim 5, wherein the plurality of conductive pads comprise a plurality of copper
pads.

7. The device of claim 1, wherein the plurality of conductive contacts are a first plurality of
conductive contacts, and wherein the device further comprises: a second substrate comprising
first and second surfaces; and a second plurality of conductive contacts on the first surface of the
second substrate.

8. The device of claim 7, wherein the second substrate comprises a second interposer.

9. The device of claim 7, wherein the plurality of conductive posts are electrically coupled to at
least some of the second plurality of conductive contacts.
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10. The device of claim 9, further comprising a plurality of solder balls coupled between the
plurality of conductive posts and the at least some of the second plurality of conductive contacts,
respectively.

11. The device of claim 7, further comprising an integrated circuit die within an opening in the
dielectric.

12. The device of claim 11, wherein the integrated circuit die is disposed on the first surface of
the second substrate.

13. The device of claim 12, wherein the integrated circuit die is a first the integrated circuit die,
and wherein the device further comprises a second integrated circuit die disposed on the second
surface of the second substrate.

14. The device of claim 13, further comprising a mold on the second surface of the first
substrate and the second integrated circuit die.

15. An integrated circuit package, comprising: a first substrate having first and second surfaces;
a first plurality of conductive contacts on the first surface of the first substrate; a second substrate
having first and second surfaces; a second plurality of conductive contacts on the first surface of
the second substrate; a dielectric disposed between the first surface of the first substrate and the
first surface of the second substrate, the dielectric having a plurality of openings; a plurality of
conductive posts disposed within some but not all of the openings in the dielectric, the plurality
of conductive posts electrically coupled to at least some of the first plurality of conductive
contacts on the first surface of the first substrate and at least some of the second plurality of
conductive contacts on the first surface of the second substrate; and an integrated circuit die
disposed on the first surface of the second substrate within one of the openings of the dielectric
not occupied by one of the plurality of conductive posts, wherein the plurality of conductive
contacts are in contact with and protrude beyond the first surface of the first substrate, and
wherein at least one of the plurality of conductive contacts extends through the first subsirate so
as to be in contact with and protrude beyond the second surface of the first substrate.

16. The integrated circuit package of claim 15, wherein the first substrate comprises a first
interposer, and wherein the second substrate comprises a second interposer.



17

17. The integrated circuit package of claim 15, wherein the dielectric comprises a
photoimageable dielectric (PID).

18. The integrated circuit package of claim 15, wherein the plurality of conductive posts
comprise a plurality of copper posts.

19. The integrated circuit package of claim 15, further comprising a plurality of conductive pads
coupled to the plurality of conductive posts, respectively.

20. The integrated circuit package of claim 19, wherein the plurality of conductive pads
comprise a plurality of copper pads.

21. The integrated circuit package of claim 15, further comprising a plurality of solder balls
coupled between the plurality of conductive posts and the at least some of the second plurality of
conductive contacts on the first surface of the second substrate, respectively.

22. The integrated circuit package of claim 15, wherein the integrated circuit die is a first the
integrated circuit die, and wherein the integrated circuit package further comprises a second
integrated circuit die disposed on the second surface of the first substrate.

23. The integrated circuit package of claim 22, further comprising a mold on the second surface
of the first substrate and the second integrated circuit die.

24. The device of claim 5, wherein a combined height of the plurality of conductive posts and
the plurality of conductive pads extend beyond a height of the dielectric.

25. The integrated circuit package of claim 19, wherein a combined height of the plurality of
conductive posts and the plurality of conductive pads extend beyond a height of the dielectric.

26. The integrated circuit package of claim 15, further comprising a plurality of solder balls
coupled between the plurality of conductive posts and the at least some of the first plurality of
conductive contacts on the first surface of the first substrate, respectively.



