TITLE OF INVENTION: VARIED BALL BALL-GRID-ARRAY (BGA)
PACKAGES

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to semiconductor devices, and
more particularly to interconnect architectures that include first solder balls and second

solder balls to provide improved yield in assembly processes.

BACKGROUND

[0002] The dynamic warpage of flip chip ball-grid-array (BGA) packages induces a
variety of defects during surface mount technology (SMT) processes. Figure 1 is a
cross-sectional illustration of a BGA package 100 that illustrates examples of some of
the typical defects. The BGA package 100 may include a board 105 with a package
substrate 115 attached to the board 105 by interconnects 125 between pads 107 and
117. A die 120 may be attached to the package substrate 115. As shown, warpage of the
package substrate 115 may result in several of the defects. Defect 126 illustrates solder
ball bridging (SBB). SBB defects occur when the solder balls are compressed, resulting
in the interconnect width extending beyond tolerances and coalesce with a neighboring
interconnect. Compression may be the result of increased warpage due to thinner
substrate layer count, package shape variation due to the presence of large and thick
stiffeners, and/or increased weight per bump due to the increased die size and package
form factor. Warpage may also lead to other defects. For example, defect 127 is a head
on pillow (HoP) defect that results from the solder ball not coalescing with the solder
paste. Defect 128 is a non-contact open (NCO), and defect 129 is a non-wet open

(NWO).



[0003] Warpage may be addressed by adding stiffeners onto the package substrate.
However, stiffeners (and their necessary keep out zones) occupy valuable real estate on
the top side of the package. In order to account for the warpage, stencil design
optimization to tailor paste volumes to control solder volumes at different locations has
been proposed. However, stencil designs are approaching the printing process limits to
further reduce paste volume to prevent SBBs. Another proposed option is to use land side
components (LSCs) on the backside of the package as a stand-off during SMT to prevent
SBBs. However, the choice of LSC height is limited and are often too short to function as
a stand-off, or are too tall and induce NCO defects. Also, height variations of LSCs
between suppliers is large and not easily controllable. Another option is to use copper
bumps or pillars on the motherboard to serve as a stand-off during SMT. However, this
requires SMT process changes to attach the pillars using pick and place equipment, as

well as occupying the constrained package and mother board real estate.



BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 is a cross-sectional illustration of an electronic package with a
plurality of defects arising from the warpage of the package substrate.

[0005] Figure 2A is a cross-sectional illustration of a package substrate with first
solder balls and second solder balls, in accordance with an embodiment.

[0006] Figure 2B is a cross-sectional illustration of the package substrate being
attached to a board, in accordance with an embodiment.

[0007] Figure 2C is a cross-sectional illustration of an electronic package with
interconnects formed from the first solder balls and the second solder balls, in accordance
with an embodiment.

[0008] Figure 3A is a cross-sectional illustration of a first solder ball and a second
solder ball after ball attach (BA) reflow, in accordance with an embodiment.

[0009] Figure 3B is a cross-sectional illustration of a first interconnect and a second
interconnect after SMT, in accordance with an embodiment.

[0010] Figure 4A is a plan view illustration of a package substrate that illustrates the
pin map with second solder balls at the corners of the package substrate, in accordance
with an embodiment.

[0011] Figure 4B is a plan view illustration of a package substrate that illustrates the
pin map with second solder balls at the corners and the center of the package substrate, in
accordance with an embodiment.

[0012] Figure 4C is a plan view illustration of a package substrate that illustrates the
pin map with second solder balls at the corners, the interior, and the center of the package

substrate, in accordance with an embodiment.



[0013] Figure 4D is a plan view illustration of the package substrate that illustrates
the pin map with the second solder balls along a perimeter and in the center of the
package substrate, in accordance with an embodiment.

[0014] Figure 5A is a cross-sectional illustration of a first solder ball and a second
solder ball, where the first solder ball and the second solder ball have different material
compositions, in accordance with an embodiment.

[0015] Figure 5B is a cross-sectional illustration of a first solder ball and a second
solder ball, where the first solder ball and the second solder ball have different volumes,
in accordance with an embodiment.

[0016] Figure 5C is a cross-sectional illustration of a first solder ball and a second
solder ball, where the second solder ball comprises a core, in accordance with an
embodiment.

[0017] Figure 5D is a cross-sectional illustration of a first solder ball and a second
solder ball, where the second solder ball comprises a core and a solder composition
different than the solder composition of the first solder ball, in accordance with an
embodiment.

[0018] Figure 6 is a cross-sectional illustration of an electronic system that comprises
first level interconnects and second level interconnects, where the first level
interconnects and the second level interconnects both comprise first solder balls and
second solder balls, in accordance with an embodiment.

[0019] Figure 7 is a schematic of a computing device built in accordance with an

embodiment.



EMBODIMENTS OF THE PRESENT DISCLOSURE

[0020] Described herein are electronic packages with interconnect architectures that
include first solder balls and second solder balls to provide improved yield in assembly
processes, in accordance with various embodiments. In the following description, various
aspects of the illustrative implementations will be described using terms commonly
employed by those skilled in the art to convey the substance of their work to others
skilled in the art. However, it will be apparent to those skilled in the art that the present
invention may be practiced with only some of the described aspects. For purposes of
explanation, specific numbers, materials and configurations are set forth in order to
provide a thorough understanding of the illustrative implementations. However, it will be
apparent to one skilled in the art that the present invention may be practiced without the
specific details. In other instances, well-known features are omitted or simplified in order
not to obscure the illustrative implementations.

[0021] Various operations will be described as multiple discrete operations, in turn,
in a manner that is most helpful in understanding the present invention, however, the
order of description should not be construed to imply that these operations are necessarily
order dependent. In particular, these operations need not be performed in the order of
presentation.

[0022] As noted above, warpage is a significant problem in the assembly of
packages. Particularly, warpage of the package substrate results in a variety of
interconnect defects during surface mount technology (SMT) processes. One of the
typical defects observed is solder bump bridging (SBB) that occurs when the solder balls
are collapsed beyond tolerances. Accordingly, embodiments disclosed herein use variable

ball architectures to reduced or eliminate SMT defects.



[0023] Embodiments include the use of first solder balls for the majority of the
interconnects and second solder balls that are strategically placed to minimize defects.
The second solder balls may differ from the first solder balls with respect to volume
and/or composition. Composition differences may include different solders (for different
reflow temperatures), as well as the use of cored solder balls (i.e., a core that remains
substantially solid during reflow and that is surrounded by a reflowable solder). Second
solder balls, that include different solder metallurgy with different melting and collapse
behavior during SMT reflow, function as a collapse limiter to provide improved SBB
margins while maintaining head on pillow (HoP), non-contact open (NCO), and non-wet
open (NWO) margins.

[0024] The use of such varied ball architectures provides significant SMT benefits.
For example, yield is improved and the process is more tolerant to assembly/test
variations and handling induced package warpage variations. Additionally, fewer solder
paste stencil revisions are needed to provide high yielding processes. In embodiments
that utilize cored solder balls, the size of the core can be chosen to provide stand-offs
with tight tolerances. Varying the size of the core can also be used to control the stand-
off height needed for different package architectures. Furthermore, the use of cored
solder balls does not occupy additional real estate of the package and mother board since
the cored balls can function electrically, so long as reliability and performance
requirements are met. Alternatively, the cored solder balls may be populated at non-
critical-to-function (NCTF) locations, redundant power/ground locations, and/or non-
connect locations designated to each package. Furthermore, due to the improved

accommodation of warpage, embodiments disclosed herein may eliminate the need for



stiffeners (or relax the stiffener dimensions) to control package warpage for addressing
SMT challenges.

[0025] Referring now to Figures 2A-2C, a series of cross-sectional illustrations
depict a process for attaching a first substrate to a second substrate using a variable ball
architecture is shown, in accordance with an embodiment. In a particular embodiment,
the process may be an SMT process. That is, the first substrate may be a package
substrate, and the second substrate may be a board (e.g., a printed circuit board (PCB)).
However, it is to be appreciated that similar attachment processes that use an array of
solder interconnects with variable ball architectures may be used to attach any two
substrates together.

[0026] Referring now to Figure 2A, a cross-sectional illustration of a first substrate
215 is shown, in accordance with an embodiment. In a particular embodiment, the first
substrate 215 may be an organic package substrate. For example, the first substrate 215
may comprise a plurality of laminated organic layers with (or without) a core. In an
embodiment, conductive features (not shown) may be embedded in the first substrate 215
to provide electrical coupling between pads 217 and a component 220. For example, the
component 220 may be a semiconductor die (e.g., a processor die, a memory die, etc.).
While a single component 220 is shown on the first substrate 215, it is to be appreciated
that any number of components 220 may be coupled to the first substrate 215.

[0027] In an embodiment, the first substrate 215 may exhibit warpage. For example,
the corners of the first substrate 215 may bend away from the component 220. That is,
the surface of the first substrate 215 on which the pads 217 are located may be concave,
and the surface of the first substrate 215 on which the component 220 is located may be

convex.



[0028] In an embodiment, a solder ball 231/232 may be positioned on each of the
pads 217. Embodiments include varied solder balls 231/232. For example, a first solder
ball 231 or a second solder ball 232 may be disposed over each of the pads 217. The first
solder balls 231 are different than the second solder balls 232. For example, the first
solder balls 231 may have a first volume and a first composition, and the second solder
balls 232 may have a second volume and a second composition. In an embodiment, the
first volume is different than the second volume, the first composition is different than
the second composition, or the first and second volumes are different from each other and
the first and second compositions are different from each other.

[0029] In the embodiment illustrated in Figure 2A, the first solder balls 231 comprise
a uniform composition and the second solder balls 232 are cored solder balls. That is, the
second solder balls 232 comprise a core 233 and solder 234 surrounding the core 233.
The core 233 may be a material that remains substantially solid during a reflow that melts
the solder 234. In an embodiment, the core 233 may be a metallic material, such as
copper or nickel. Other embodiments may include a core 233 that is a polymeric material.
The use of a polymeric core 233 may improve compliance of the second solder balls 232
and allow for improved reliability.

[0030] Since the core 233 does not substantially melt, the core 233 may function as a
stand-off during an SMT process (or any other reflow process). Accordingly, the
diameter of the core 233 may be chosen to provide a desired stand-off height during an
SMT process. In an embodiment, the core 233 may have a diameter that is approximately
300um or less, approximately 250pum or less, or approximately 100um or less.

[0031] In an embodiment, the ball attach of the first solder balls 231 and the second

solder balls 232 onto the pads 217 of the first substrate 215 may be implemented with a



pick-and-place tool. In a particular embodiment, the pick-and-place tool is configured to
dispense both the first solder balls 231 and the second solder balls 232. After the ball
attach of the first solder balls 231 and the second solder balls 232, a ball attach reflow
may be implemented.

[0032] In an embodiment, the second solder balls 232 may be selectively placed at
locations that will provide improved assembly yield. Generally, the second solder balls
232 may be placed at locations where the risk of SBB is high. For example, high risk for
SBB typically occurs at corners of the first substrate 215 and at the center of the first
substrate 215. However, other locations may be chosen for second solder balls 232
depending on the shape of the first substrate 215 and the dynamic warpage behavior
during attachment to a second substrate. A more detailed description of the locations
where second solder balls 232 may be positioned is provided below with respect to
Figures 4A-4D.

[0033] Referring now to Figure 2B, a cross-sectional illustration of an electronic
package 200 is shown, in accordance with an embodiment. The electronic package 200 is
shown during an attachment process as the solder balls 231/232 of the first substrate 215
are brought into contact with a second substrate 205, as indicated by the arrow.
Particularly, the solder balls 231/232 are brought into contact with solder paste 208 that
is over pads 207 on the second substrate 205. In an embodiment, the second substrate 205
may be a board, (e.g., mother board, PCB, or the like). In such embodiments, the
attachment process may be an SMT process.

[0034] In some embodiments, the attachment process may also include the
application of force (e.g., applied by a pick-and-place tool used to attach the first

substrate 215 to the second substrate 205). Application of force may be used to decrease



warpage during the SMT process. Without the inclusion of second solder balls 232, the
application of force would collapse the solder balls 231 beyond tolerances and result in
SBB defects. In embodiments disclosed herein, however, allow for the extra application
of force because the second solder balls 232 provide a uniform stand-off height and
prevent the collapse of solder balls 231/232.

[0035] Referring now to Figure 2C, a cross-sectional illustration of the electronic
package 200 after a reflow during the attachment process has been completed is shown,
in accordance with an embodiment. In an embodiment, the reflow process causes the first
solder balls 231 to coalesce with the paste 208 to form first interconnects 225, and causes
the solder 234 of the second balls 232 to coalesce with the paste 208 to form second
interconnects 235. Since the first interconnects 225 and the second interconnects 235 are
formed with different solder balls 231/232, the first interconnects 225 are different than
the second interconnects 235. For example, in the case where the second solder balls 232
include cored solder balls, an entire volume of the first interconnects 225 may be
substantially solder and a volume of the second interconnects 235 may comprise the core
233 and solder 234.

[0036] Referring now to Figure 3A, a zoomed in cross-sectional illustration of the
profile of a first solder ball 331 and a second solder ball 332 after ball attach reflow is
shown, in accordance with an embodiment. The first solder ball 331 and the second
solder ball 332 may be reflown over pads 317 on a first substrate 315. In the illustrated
embodiment, the second solder ball 332 is a cored solder ball that comprises a core 333
and solder 334 surrounding the core 333.

[0037] As shown, subsequent to reflow, the profile of the second solder ball 332 is

clearly distinguishable from that of the first solder ball 331. One difference between the
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first solder ball 331 and the second solder ball 332 may be that the first solder ball 331
has a first height Hi that is greater than a second height Hz of the second solder ball 332.
In an embodiment, the first solder ball 331 may comprise a substantially circular cross-
section with a flat bottom interfacing with the pad 317. In contrast, the second solder ball
332 may have a fillet 336 extending towards the pad 317 from a rounded top surface. The
solder 334 may therefore have a non-uniform thickness surrounding the core 333. For
example, a first thickness T1 of the solder 334 above the core 333 may be smaller than a
second thickness T2 of the solder 334 on the side of the core 333. In a particular
embodiment, the first thickness T1 may be between approximately 1pum or greater.

[0038] Referring now to Figure 3B, a zoomed in cross-sectional illustration of a first
interconnect 325 and a second interconnect 335 after a reflow to attach a first substrate
315 to a second substrate 305 is shown, in accordance with an embodiment. In an
embodiment, the first interconnect 325 may have a substantially uniform composition
(e.g., solder), and the second interconnect 335 may have a composition that comprises
solder 334 surrounding a core 333. In an embodiment, the second interconnect 335 may
comprise solder 334 that completely surrounds all surfaces of the core 333. However, in
other embodiments, portions of the core 333 may be in direct contact with the pad 317 of
the first substrate 315 and/or the pad 307 of the second substrate 305. Since the core 333
does not melt during the reflow, the core 333 may provide a highly uniform stand-off
height between the first substrate 315 and the second substrate 305. Accordingly, the core
333 in the second interconnects 335 may prevent excessive collapse of the second solder
balls 332 (as well as the first solder balls 331) that may otherwise result in SBB defects.
[0039] Referring now to Figures 4A-4D, plan view illustrations of exemplary pin

maps of a first substrate 415 are shown, in accordance with an embodiment. It is to be
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appreciated that the number of pins in the pin maps shown in Figures 4A-4D are reduced
in order to simplify the Figures. That is, embodiments may include solder ball arrays that
include hundreds of solder balls or thousands of solder balls, depending on the particular
package. In the illustrated embodiments, the number of first solder balls 431 is greater
than the number of second solder balls 432. Depending on the package architecture, the
number of first solder balls 431 may be tens, hundreds, or thousands of times larger than
the number of second solder balls 432. The second solder balls 432 are different than the
first solder balls 431. For example, the second solder balls 432 may be cored solder balls,
may be a different volume than the first solder balls 431, or may include a different
solder composition than the first solder balls.

[0040] Referring now to Figure 4A, a plan view illustration of a pin map of a first
substrate 415 is shown, in accordance with an embodiment. In the illustrated
embodiment, second solder balls 432 are located proximate to the corner of the array of
first solder balls 431. Particularly, the second solder balls 432 are shown as being the
absolute corners of the array of first solder balls 431. However, it is to be appreciated that
the second solder balls 432 may be located in a corner region of the array of first solder
balls 431. That is, the second solder balls 432 may not be at the absolute corner of the
array of first solder balls 431. In the illustrated embodiment, a second solder ball 432 is
located at each corner of the array of solder balls 431. However, it is to be appreciated
that not all corner regions may include a second solder ball 432 in some embodiments.
Furthermore, the array of first solder balls 431 in Figure 4A includes four corner regions.
However, it is to be appreciated that the array may comprise shapes other than rectangles,
and therefore, may include more than four corner regions. In such embodiments, there

may be more than four second solder balls 432. Additionally, while a single second
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solder ball 432 is located in each corner region, it is to be appreciated that in some
embodiments, a plurality of second solder balls 432 may be located in one or more of the
corner regions of the array of first solder balls 431.

[0041] Referring now to Figure 4B, a plan view illustration of a pin map of a first
substrate 415 is shown, in accordance with an additional embodiment. As shown, second
solder balls 432 may be populated in the corner regions and the middle of the array of
first solder balls 431. For example, second solder balls 432 are at the corner regions and
second solder balls 432w at the middle of the array of first solder balls 431. While four
middle second solder balls 432m are shown, it is to be appreciated that any number (i.e.,
one or more) middle second solder balls 432m may be included in the array of first solder
balls 431. Furthermore, while referred to as “middle” second solder balls 432w it is to be
appreciated that the middle second solder balls 432m may be proximate to a middle of the
array, and need not be exactly centered in the middle of the array of first solder balls 431.
Furthermore, while middle second solder balls 432m and corner second solder balls 432¢
are both shown, it is to be appreciated that in some embodiments, the corner second
solder balls 432¢ may be optionally omitted and only middle second solder balls 432m
are included.

[0042] Referring now to Figure 4C, a plan view illustration of a pin map of a first
substrate 415 is shown, in accordance with an additional embodiment. The pin map in
Figure 4C may be substantially similar to the pin map in Figure 4B, with the exception
that interior second solder balls 432 are also included. The interior second solder balls
4321 may be populated at locations within the array that are more susceptible to SBB
defects. For example, interior corners of the array of first solder balls 431 may be

populated by interior second solder balls 4321. While four interior second solder balls

13



4321 are shown, it is to be appreciated that embodiments may include any number (i.e.,
one or more) interior second solder balls 4321.

[0043] Referring now to Figure 4D, a plan view illustration of a pin map of a first
substrate 415 is shown, in accordance with an additional embodiment. The pin map in
Figure 4D may be substantially similar to the pin map in Figure 4B, with the exception
that the entire outer perimeter of the array of first solder balls 431 is populated by outer
second solder balls 4320. While the entire outer perimeter includes second solder balls
4320 in Figure 4D, it is to be appreciated that any portion of the outer perimeter of the
array of first solder balls 431 may be populated by outer second solder balls 4320.
[0044] In the embodiments illustrated in Figures 4A-4D, the second solder balls 432
are positioned within the array of first solder balls 431 without consideration to changes
in electrical performance. The positioning and number of second solder balls 432 is not
limited when the second solder balls 432 can meet reliability and performance
requirements. That is, in some embodiments, the second solder balls 432 may have an
electrical performance that is similar enough to the first solder balls 431 so that they may
be interchangeable. Alternatively, when the second solder balls 432 do not have the same
reliability and/or performance characteristics of the first solder balls 431, the second
solder balls 432 may be populated at non-critical-to-function (NCTF) locations,
redundant power/ground locations, and/or non-connect locations designated to each
package.

[0045] Referring now to Figures SA-5D, a series of cross-sectional illustrations that
depict first solder balls 531 and second solder balls 532 are shown, in accordance with

various embodiments.
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[0046] Referring now to Figure 5A, a cross-sectional illustration of a first solder ball
531 and a second solder ball 532 on pads 517 on a first substrate 515 is shown, in
accordance with an embodiment. The first solder ball 531 may have a first radius R1 and
the second solder ball 532 may have a second radius R> that is substantially the same as
the first radius Ri. In an embodiment, the first solder ball 531 may have a first material
composition and the second solder ball 532 may have a second material composition that
is different than the first material composition. Accordingly, the reflow temperature (and
the collapse behavior) of the first solder ball 531 may be different than that of the second
solder ball 532. In a particular embodiment, the first solder ball 531 may be a SnAgCu
(SAC) solder and the second solder ball 532 may be a low temperature solder (e.g., SnBi
solder or the like).

[0047] Referring now to Figure 5B, a cross-sectional illustration of a first solder ball
531 and a second solder ball 532 is shown, in accordance with a different embodiment. In
the illustrated embodiment, the first solder ball 531 and the second solder ball 532 may
have different compositions and different volumes. For example, the first solder ball 531
may have a volume defined by a first radius R1 that is larger than a second radius Rz of
the second solder ball 532. While shown as having different compositions (i.e., the
shadings are different), the first solder ball 531 may optionally have the same
composition as the second solder ball 532 so long as there is at least some difference
(e.g., the volumes are different).

[0048] Referring now to Figure 5C, a cross-sectional illustration of a first solder ball
531 and a second solder ball 532 is shown, in accordance with an embodiment. In an
embodiment, the first solder ball 531 may have a composition that is substantially all

solder and the second solder ball 532 may be a cored solder ball that comprises a core
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533 and solder 534 surrounding the core 533. In an embodiment, the core 533 may be a
non-solder material. For example, the core 533 may comprise copper, nickel, polymeric
materials, or a polymeric material coated by copper or nickel. In an embodiment, the
solder 534 surrounding the core 533 may be substantially the same solder composition as
the solder in the first solder ball 531.

[0049] Referring now to Figure 5D, a cross-sectional illustration of a first solder ball
531 and a second solder ball 532 is shown, in accordance with an embodiment. In an
embodiment, the second solder ball 532 in Figure 5D may be substantially similar to the
second solder ball 532 in Figure 5C, with the exception that the solder 534 is a different
material composition than the solder of the first solder ball 531.

[0050] Referring now to Figure 6, a cross-sectional illustration of an electronic
system 670 is shown, in accordance with an embodiment. The electronic system 670 may
comprise a plurality of substrates that are coupled together by different levels of
interconnects. For example, the electronic system 670 may comprise a first substrate 605,
a second substrate 615, and a third substrate 620. First level interconnects 661 may
couple the third substrate 620 to the second substrate 615, and second level interconnects
662 may couple the second substrate 615 to the first substrate 605. In an embodiment,
each interconnect level 661/662 may comprise variable interconnect architectures. For
example, the first interconnect level 661 comprises first interconnects 691 and second
interconnects 692, and the second interconnect level 662 comprises third interconnects
681 and fourth interconnects 682. The first interconnects 691 are different than the
second interconnects 692, and the third interconnects 681 are different than the fourth

interconnects 682.
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[0051] In a particular embodiment, the third substrate 620 is a semiconductor die, the
second substrate 615 is a package substrate, and the first substrate 605 is a board.
However, it is to be appreciated that variable solder ball/interconnect architectures may
be used for any interconnect architecture in many different electronic systems. For
example variable solder ball/interconnect architectures may be used in die to package
substrate attachments (e.g., first level interconnects (FLIs) such as the first interconnect
level 661), die to patch attachments (e.g., package on interposer (PoINT) architectures),
die to die attachments (e.g., logic to memory interconnects (LMI) or memory to memory
interconnects (MMI)), or die to interposer attachments (e.g., architectures that are
sometimes referred to as “2.5D stacking”). While a list of different architectures to which
such variable solder ball/interconnect architectures may be beneficial is provided, it is to
be appreciated that such interconnect architectures are suitable for many different
electronic system architectures that include solder balls or which could be modified to
use solder balls.

[0052] In the description above the cored solder balls are described as having a non-
melting core over which a reflowable solder is disposed. However, it is to be appreciated
that in some embodiments, the reflowable solder may be modified. For example, during
one or more reflow processes, the solder around the core may be converted into an
intermetallic compound (IMC) through diffusion with the core and/or pad. In such
embodiments, the core may be covered by either a low-temperature solder (LTS) (e.g.,
Sn-Bi, Sn-In) or standard lead-free solders (e.g., SAC, SnAg, or SnCu), where all of the
solder would be converted completely to IMC after ball attach reflow or during initial
SMT process. Alternative embodiments may include high-temperature solder (e.g., Sn-

Sb), which will form the joint through solid state diffusion, but will not melt through a
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260°C reflow. The rigid IMC-Cu structure (or high-melting point solder) will keep the
package substrate firmly attached to the board, and also the package shape will be
synchronized to that of the board. At high temperatures (e.g., 200°C to 260°C), the IMC
covered joints would prevent the package from bending away from the board into a
concave shape, thus preventing NCO defects in corner areas and SBB defects in the
center. As such, yield is improved.

[0053] Figure 7 illustrates a computing device 700 in accordance with one
implementation of the invention. The computing device 700 houses a board 702. The
board 702 may include a number of components, including but not limited to a processor
704 and at least one communication chip 706. The processor 704 is physically and
electrically coupled to the board 702. In some implementations the at least one
communication chip 706 is also physically and electrically coupled to the board 702. In
further implementations, the communication chip 706 is part of the processor 704.
[0054] These other components include, but are not limited to, volatile memory (e.g.,
DRAM), non-volatile memory (e.g., ROM), flash memory, a graphics processor, a digital
signal processor, a crypto processor, a chipset, an antenna, a display, a touchscreen
display, a touchscreen controller, a battery, an audio codec, a video codec, a power
amplifier, a global positioning system (GPS) device, a compass, an accelerometer, a
gyroscope, a speaker, a camera, and a mass storage device (such as hard disk drive,
compact disk (CD), digital versatile disk (DVD), and so forth).

[0055] The communication chip 706 enables wireless communications for the
transfer of data to and from the computing device 700. The term “wireless” and its
derivatives may be used to describe circuits, devices, systems, methods, techniques,

communications channels, etc., that may communicate data through the use of modulated
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electromagnetic radiation through a non-solid medium. The term does not imply that the
associated devices do not contain any wires, although in some embodiments they might
not. The communication chip 706 may implement any of a number of wireless standards
or protocols, including but not limited to Wi-Fi (IEEE 802.11 family), WiMAX (IEEE
802.16 family), IEEE 802.20, long term evolution (LTE), Ev-DO, HSPA+, HSDPA+,
HSUPA+, EDGE, GSM, GPRS, CDMA, TDMA, DECT, Bluetooth, derivatives thereof,
as well as any other wireless protocols that are designated as 3G, 4G, 5G, and beyond.
The computing device 700 may include a plurality of communication chips 706. For
instance, a first communication chip 706 may be dedicated to shorter range wireless
communications such as Wi-Fi and Bluetooth and a second communication chip 706 may
be dedicated to longer range wireless communications such as GPS, EDGE, GPRS,
CDMA, WiMAX, LTE, Ev-DO, and others.

[0056] The processor 704 of the computing device 700 includes an integrated circuit
die packaged within the processor 704. In some implementations of the invention, the
integrated circuit die of the processor 704 may be part of an electronic package that
comprises a variable interconnect architecture, in accordance with embodiments
described herein. The term “processor” may refer to any device or portion of a device
that processes electronic data from registers and/or memory to transform that electronic
data into other electronic data that may be stored in registers and/or memory.

[0057] The communication chip 706 also includes an integrated circuit die packaged
within the communication chip 706. In accordance with another implementation of the
invention, the integrated circuit die of the communication chip 706 may be part of an
electronic package that comprises a variable interconnect architecture, in accordance with

embodiments described herein.
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[0058] The above description of illustrated implementations of the invention,
including what is described in the Abstract, is not intended to be exhaustive or to limit
the invention to the precise forms disclosed. While specific implementations of, and
examples for, the invention are described herein for illustrative purposes, various
equivalent modifications are possible within the scope of the invention, as those skilled in
the relevant art will recognize.

[0059] These modifications may be made to the invention in light of the above
detailed description. The terms used in the following claims should not be construed to
limit the invention to the specific implementations disclosed in the specification and the
claims. Rather, the scope of the invention is to be determined entirely by the following
claims, which are to be construed in accordance with established doctrines of claim
interpretation.

[0060] Example 1: an electronic package, comprising: a first substrate; a second
substrate; and an array of interconnects electrically coupling the first substrate to the
second substrate, wherein the array of interconnects comprises: first interconnects,
wherein the first interconnects have a first volume and a first material composition; and
second interconnects, wherein the second interconnects have a second volume and a
second material composition, and wherein the first volume is different than the second
volume and/or the first material composition is different than the second material
composition.

[0061] Example 2: the electronic package of Example 1, wherein a number of first

interconnects is greater than a number of second interconnects.
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[0062] Example 3: the electronic package of Example 2, wherein the number of first
interconnects is at least one-hundred times greater than the number of second
interconnects.

[0063] Example 4: the electronic package of Examples 1-3, wherein one or more
corner locations in the array of interconnects are each populated by second interconnects.
[0064] Example 5: the electronic package of Examples 1-4, wherein one or more
center locations in the array of interconnects are each populated by second interconnects.
[0065] Example 6: the electronic package of Examples 1-5, wherein second
interconnects are located at a non-critical-to-function (NCTF) pin, a redundant power
pin, a redundant ground pin, or a non-connect location of the electronic package.

[0066] Example 7: the electronic package of Examples 1-6, wherein the second
interconnects each comprise: a core; and solder surrounding the core.

[0067] Example 8: the electronic package of Example 7, wherein the core is a
metallic material.

[0068] Example 9: the electronic package of Example 8, wherein the core comprises
copper or nickel.

[0069] Example 10: the electronic package of Example 7, wherein the core is a
polymeric material.

[0070] Example 11: the electronic package of Examples 1-10, wherein the first
substrate is a package substrate, and wherein the second substrate is a board.

[0071] Example 12: the electronic package of Examples 1-10, wherein the first
substrate is a package substrate, and wherein the second substrate is an interposer.
[0072] Example 13: the electronic package of Examples 1-10, wherein the first

substrate is a die, and wherein the second substrate is a package substrate.
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[0073] Example 14: an electronic package, comprising: a package substrate having a
first surface and a second surface opposite from the first surface; a die attached to the
first surface of the package substrate; an array of pads over the second surface of the
package substrate; and a plurality of solder balls, wherein each solder ball is over one of
the pads in the array of pads, and wherein the plurality of solder balls comprises: first
solder balls; and second solder balls that are different than the first solder balls.

[0074] Example 15: the electronic package of Example 14, wherein the second solder
balls each comprise: a core; and solder around the core.

[0075] Example 16: the electronic package of Example 15, wherein a thickness of the
solder around the core is not uniform.

[0076] Example 17: the electronic package of claim 16, wherein the solder around the
core comprises a fillet.

[0077] Example 18: the electronic package of Examples 14-17, wherein a height of
the first solder balls is greater than a height of the second solder balls.

[0078] Example 19: the electronic package of Examples 14-18, wherein one or more
corner pads of the array of pads are each covered by one of the second solder balls.
[0079] Example 20: the electronic package of Examples 14-19, wherein one or more
center pads of the array of pads are each covered by one of the second solder balls.
[0080] Example 21: the electronic package of Examples 14-20, wherein the first
solder balls have a first volume and a first material composition, wherein the second
solder balls have a second volume and a second material composition, and wherein the
first volume is different than the second volume and/or the first material composition is

different than the second material composition.
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[0081] Example 22: an electronic system, comprising: a first substrate; a second
substrate attached to the first substrate by an array of first level of interconnects; and a
third substrate attached to the second substrate by an array of second level of
interconnects, wherein at least one of the array of first level interconnects and the array of
second level interconnects comprises: first interconnects; and second interconnects,
wherein a number of first interconnects is greater than a number of second interconnects.
[0082] Example 23: the electronic system of Example 22, wherein the first substrate
is a die, wherein the second substrate is a package substrate, and wherein the third
substrate is a printed circuit board (PCB).

[0083] Example 24: the electronic system of Example 22 or Example 23, wherein the
second interconnects each comprise: a core; and solder around the core.

[0084] Example 25: the electronic system of Examples 22-23, wherein the second
interconnects are located at corner locations and/or center locations of the array of first

level interconnects and/or the array of second level interconnects.
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CLAIMS
What is claimed is:
1. An electronic package, comprising:
a first substrate;
a second substrate; and
an array of interconnects electrically coupling the first substrate to the
second substrate, wherein the array of interconnects comprises:
first interconnects, wherein the first interconnects have a first
volume and a first material composition; and
second interconnects, wherein the second interconnects have a
second volume and a second material composition, and wherein the first volume
is different than the second volume and/or the first material composition is

different than the second material composition.

2. The electronic package of claim 1, wherein a number of first interconnects is

greater than a number of second interconnects.

3. The electronic package of claim 2, wherein the number of first interconnects is at

least one-hundred times greater than the number of second interconnects.

4. The electronic package of claim 1, wherein one or more corner locations in the

array of interconnects are each populated by second interconnects.
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10.

11.

12.

The electronic package of claim 1, wherein one or more center locations in the

array of interconnects are each populated by second interconnects.

The electronic package of claim 1, wherein second interconnects are located at a
non-critical-to-function (NCTF) pin, a redundant power pin, a redundant ground

pin, or a non-connect location of the electronic package.

The electronic package of claim 1, wherein the second interconnects each
comprise:
a core; and

solder surrounding the core.

The electronic package of claim 7, wherein the core is a metallic material.

The electronic package of claim 8, wherein the core comprises copper or nickel.

The electronic package of claim 7, wherein the core is a polymeric material.

The electronic package of claim 1, wherein the first substrate is a package

substrate, and wherein the second substrate is a board.

The electronic package of claim 1, wherein the first substrate is a package

substrate, and wherein the second substrate is an interposer.
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13.

14.

15.

16.

17.

The electronic package of claim 1, wherein the first substrate is a die, and wherein

the second substrate is a package substrate.

An electronic package, comprising:

a package substrate having a first surface and a second surface opposite
from the first surface;

a die attached to the first surface of the package substrate;

an array of pads over the second surface of the package substrate; and

a plurality of solder balls, wherein each solder ball is over one of the pads
in the array of pads, and wherein the plurality of solder balls comprises:

first solder balls; and

second solder balls that are different than the first solder balls.

The electronic package of claim 14, wherein the second solder balls each
comprise:
a core; and

solder around the core.

The electronic package of claim 15, wherein a thickness of the solder around the

core is not uniform.

The electronic package of claim 16, wherein the solder around the core comprises

a fillet.
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18.

19.

20.

21.

22.

The electronic package of claim 15, wherein a height of the first solder balls is

greater than a height of the second solder balls.

The electronic package of claim 14, wherein one or more corner pads of the array

of pads are each covered by one of the second solder balls.

The electronic package of claim 14, wherein one or more center pads of the array

of pads are each covered by one of the second solder balls.

The electronic package of claim 14, wherein the first solder balls have a first
volume and a first material composition, wherein the second solder balls have a
second volume and a second material composition, and wherein the first volume
is different than the second volume and/or the first material composition is

different than the second material composition.

An electronic system, comprising:

a first substrate;

a second substrate attached to the first substrate by an array of first level
of interconnects; and

a third substrate attached to the second substrate by an array of second
level of interconnects, wherein at least one of the array of first level interconnects
and the array of second level interconnects comprises:

first interconnects; and
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23.

24.

25.

second interconnects, wherein a number of first interconnects is

greater than a number of second interconnects.

The electronic system of claim 22, wherein the first substrate is a die, wherein the
second substrate is a package substrate, and wherein the third substrate is a

printed circuit board (PCB).

The electronic system of claim 22, wherein the second interconnects each
comprise:
a core; and

solder around the core.

The electronic system of claim 22, wherein the second interconnects are located
at corner locations and/or center locations of the array of first level interconnects

and/or the array of second level interconnects.
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