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(57) Abstract: Embodiments herein may relate to a substrate that includes a coaxial via with a signal portion and a ground shield
portion. In embodiments, the via may further include a pad that is coupled with the signal portion. The pad and the ground shield
portion may not be coplanar with one another. In embodiments, the substrate may have a plurality of vias that may be formed in a
o staged and/or skipped manner. Other embodiments may be described and/or claimed.
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COAXIAL VIAS

Technical Field
The present disclosure relates generally to the field of integrated circuit (iC)
packages, and more particularly to the coaxial vias used in IC packages.

Background

Vias may be used to transfer power and signals vertically through packages and
circuit boards. However, via-to-via crosstalk may be detrimental {0 buses at high data
rates. Further, the crosstalk may increase in severity for longer and tightly spaced vias.
Generally, coaxial vias may be usead {0 decrease the via crossialk through the use of an
outer ground shield and an inner conductor. Crosstalk may be a particular problem in
packages that include vias that have a pitch less than 0.5 millimeters {(mm), which may
make the use of coaxial vias desirable. As used herein, pitch may refer to the distance
from the center of one via o the center of another adjacent via.

However, most coaxial vias may be difficull to manufacture in sub 0.5 mm
pitches. This difficulty may be because the vias may require a relatively large pad that
can be used to electrically andfor physically couple the via with another component. The
use of a relatively large pad may require the ground shield o have a relatively large
circumference. The relatively large circumference may make drilling muiltiple vias in a
substrate difficull, because the webbing, that is the portion of the substrate between the

vias, may become very thin and structurally unstable during the manufacturing process.

Brief Description of the Drawings
Embodiments will be readily understood by the foliowing detailed description
in conjunclion with the accompanying drawings. To facilifate this description, like
reference numerals designate like structural elements. Embodiments are illustrated by
way of example, and not by way of limitation, in the figures of the accompanying
drawings.
Figure 1 is a simplified cross-sectional side view of a coaxial via, in accordance

with various embodimeants.
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Figures 2-A, 2-B, 2-C, 2-D, 2-E, and 2-F are simpiified cross-sectional side views
of stages of manufacturing the coaxial via of Figure 1, in accordance with various
embodiments.

Figure 3 is an example of a subsirate with staged vias, in accordance with
varicus embodiments.

Figure 4 is an exampile of a substrate with skipped vias, in accordance with
various embodiments.

Figure 5 is an exampile process for making the coaxial via of Figure 1, in
accardance with various embodiments.

Figure § is an example process for making the substrates of Figures 3or 4, in
accordance with various embodiments.

Figure 7 schematically illustrates a cross-section side view of an integrated circuit
{1C) assembly that may include the coaxdial via of Figure 1 or the subsirates of Figures 3
or 4, in accordance with some embodiments.

Figure 8 schematically illustrates a computing device that may include one or
mare of the coaxial vias of Figure 1 or the substrates of Figures 3 or 4, in accordance

with some embodiments.

Detailed Description

Embodiments may include a subsirate with one or more coaxial vias. In
embadiments, the coaxial vias may include a ground shield portion and a signal portion.
The signal portion may be coupled with a pad. In embodiments, the pad and the ground
shield portion may not be coplanar with one another. In some embodiments, various of
the vias may be deposited in a staged or skipped manner.

in the foliowing detailed description, reference is made o the accompanying
drawings which form a part hereof, wherein like numerals designate like parts
throughout, and in which is shown by way of illustration embodiments in which the
subject matter of the present disclosure may be practiced. it is to be understood that
other embodiments may be utilized and structural or logical changes may be made
without departing from the scope of the present disclosure. Therefore, the following
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detailed description is not to be taken in a limiting sense, and the scope of embodiments
is defined by the appended claims and their egquivalents.

For the purposes of the present disclosure, the phrase “A and/or B” means {A),
{B), or {A and B). Forthe purposes of the present disclosure, the phrase “A, B, and/or
Chmeans (A}, (B), (CL (Aand B), (Aand C), (B and C), or (A, B and C).

The description may use the phrases “in an embodiment,” or "in embodiments,”
which may each refer 1o one or more of the same or different embodiments.
Furthermore, the terms “comprising,” “including,” "having,” and the like, as used with
respect to embodiments of the present disclosure, ara synonymous.

The term “coupled with,” along with its derivalives, may be used herein.
“‘Coupled” may mean one or more of the following. "Coupled” may mean that two or
more elements are in direct physical or electrical contact. However, “coupled” may aiso
mean that two or more elements indirectly contact each other, but yet stili cooperate or
interact with each other, and may mean that one or more other elements are coupled or
connected between the elements that are said 10 be coupled with each other.

in various embodiments, the phrase “a first layer formed on a second layer” may
mean that the first layer is formed over the second layer, and at least a part of the first
layer may be in direct contact {e.g., direct physical and/or electrical contact) or indirect
contact {e.g., having one or more other layers between the first layer and the second
layer) with at least a part of the second layer.

Figure 1 is a simplified cross-sectional side view of a coaxial via 120, in
accordance with various embodiments. Generally, the image depicted in Figure 118
both horizontally and vertically symmelrical. For example, the image may be viewed as
symmetrical about the axis 170. Therefore only certain pieces or parts may be
specifically enumerated, and otherwise be understood o be present at other un-
numbered parts of the Figure. For example, resin 130 may only be iabeled on the right
portion of Figure 1, but may be understood 10 also be present on the left portion of
Figure 1 as depicted by a similarly shaped and shaded element in Figure 1. This
tabeling is for the sake of clarity and ease of viewing the Figure, and is not intended o
restrict or limit the spirit or scope of the embodiment depicted in the Figure.
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Generally, a package 100 may include a substrate core layer 110. The substrate
core layer 110 may be a subsirate core layer of a substrate 190 used in, on, or as part
of a paich, a die, an interposer, a printed circuit board (PCB), a spacer, and/or some
other type of substrate of a package. Generally, the substrate core layer 110 may be
formed of some elecirically and/or thermally neutral dielectric material such as a resin,
apoxy, polytetrafiuoroethyiene (PTHLE), or some other material. Example materials may
include an epoxy material such as an FR-4 material. Generally, the resin or epoxy may
surround a glass fabric weave. The resin or epoxy may be allowed io flow and set up
solid under a specific temperature and/or pressure. In some cases, the PTFE or some
similar material may not inciude the glass weave.

The substrate core layer 110 may be between a conductive ground material that
includes a top layer 105, a bottom layer 115, and a ground shield portion 125 of coaxial
via 120. As noted earlier, Figure 1 is a simplified cross-sectional side view, and so it will
be understood that the ground shield portion 125 may be circular or some other shape
when viewed from the top of the package 100, and have a diameter that is denoled as
Y. In some embodiments, the top layer 105 and/or the bottom layer 115 may have
additional interconnect dielectric and metal layers {not shown) above and/or below the
coaxial via 120. These additional layers are not shown for the sake of clarily of the
Figure. The ground shield portion 125 may have an axis that is generaily coaxial with
axis 170. In specific embodiments, the diameter of the ground shield portion 125 may
be based on variables such as a fabrication registration tolerance (g.g., the minimum of
the fabrication registration tolerance), a fabrication web tolerance {(e.g., a maximum of
the fabrication regisiration tolerance), and/or a desired pitch. In some embodiments, the
diameter of the ground shield portion 125 may be approximately 13 mils, though in other
embodiments the diameater of the ground shieid portion 125 may be higher or lower. For
example, in some embodiments the diameter of the ground shield portion 125 may be
between approximately 10 mils and 15 mils.

The top layer 105 and bottom layer 115 may be traces, lines, or some other
configuration of conductive material to couple the ground shield portion 125 o one or
more other components or elements of the package 100 or an electronic device with
which the package 100 is coupled. In some embodiments, the top layer 105 and/or



16

15

20

WO 2017/039631 PCT/US2015/047823

bottom layer 115 may be considered to be ground layers. In embodiments, the top layer
105, bottom layer 115, and or ground shield portion may be copper, gold silver,
aluminum, lead, or some other similar material. In some embodiments, the ground
shield portion may be or may include a solder material.

The via 120 may further include a signal portion 150. Similarly to the ground
shield portion 125, the signail portion 150 may be generally circular or some other shape
when viewed from the top of the package 100. The signal portion 150 may have a
diameter, which is denoted gs X in Figure 1. The diameter may be smaller than the
diameter Y of ground shield portion 125. In specific embodiments, the diametear of the
signal portion 150 may be approximately & mils, though in other embodiments the
diameter of the signal portion 150 may be higher or lower. As can be seen in Figure 1,
the signal portion 150 may have an axis that may be coaxial with axis 170 and the axis
of the ground shield portion 125.

Between the ground shield portion 125 and the signal portion 150, the substrate
190 may further include a resin 130 which may be, for example, a non-conductive epoxy
resin. The resin 130 may generally laterally encapsulate the signal portion 150, and
electrically isolate the signal portion 150 from the ground shield portion 125. Generally,
the dielectric constant of the resin 130 may substantially affect the overall impedence of
the coaxial via 120,

The substrate 180 may further include a pre-preg layer 135 on either side of the
substrate 190. Specificaily, the pre-preg layers 135 may serve o electrically and
thermally isolate the top iayer 105 the bottom layer 115, and the ground shield portion
125 to the internal area of the substirate 190. Although not shown, the top layer 105
and/or bottom layer 115 may couple with a ground shield portion of ancther via {not
shown}, or one or more pads, ping, or some other connection through the pre-preg
layer{s) 135 such that the top layer 105 and/or bottom layer 115 may be coupled with a
ground exiernal to the package 100. In some embodiments, ong or both of the pre-preg
laver{s) may be some other electrically and/or thermally neutral dieleciric material or
some other material. In embodiments herein, the ground shield portion 125 and the via

120 in general may be referred 1o as "buried.” Specifically, the ground shield portion 125



16

15

20

WO 2017/039631 PCT/US2015/047823

may extend through the majority of the substrate 180 with the exception of the pre-preg
layers 135.

in some embodiments, the signal portion 150 may be hollow or semi-hollow, and
filled with a dielectrically and/or thermally neutral filler 155, In embodiments, the filler
155 may be the same or a similar matenial as resin 130, In some embodiments, the filler
155 may be either conductive or non-conductive. Generally, a non-conductive material
may be used to control possible thermal expansion thal may cccur during
manufaciuring and/or use of the package 100

The package 100 may further include a pad 165 on one or both sides of the
substrate 190. As shown in Figure 1, the pad(s) 165 may be directly electrically and
physically coupled with the signal portion 150. Generally, the pad{s) 165 may be circular
or have some other shape when viewed from the top of the package 100. In
embodiments where the pad{s) 165 are circular, the pad{s) may have a diameter as
ndicated by Z, which may be larger than the diameter X of the signal portion 150. In
embodiments, the diameter £ may be approximately 10 mils, though in other
ambodiments the pad(s) may have a higher or lower diameter. In embodiments, the
pad(s} 165 may be formed of a conductive material such as copper. In some
embodiments, the copper may include an additional plating finish of a material such as
hard gold or electroless nickel immersion gold (ENIG). In other embodiments, the
pad{s} 165 may be formed of some additional or alternative conductive material.
Specifically, the pad(s) 165 may be configured (o couple with some other subsirate,
pad, solder material, die, chip, package, or other computing element that is configured
to provide an electrical signal to the pad 165, The signal may pass from one pad 165,
along the signal portion 150, and to the other pad 165 where the signal may pass from
the pad 165 to ancther substrate, pad, solder material, dig, chip, package, stc.

Generally, as shown in Figure 1, the ground shield portion 125 may be generally
positioned within the subsirate 180, that is coupled with the faces of the pre-preg layers
135 that are generally facing one another. By contrast, the pads 165 may be coupled
with the outer portion of the substrate 180, that is coupled with the faces of the pre-preg
layers 135 that are facing away from one another. The pads 165 and the ground shigld
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portion 125 may be described as being not co-planar with one another in a direction
perpendicular 1o the axis 170,

As noted above, previously it may have been difficult o manufaciure packages
that included sub 0.5 mm pitch coaxial vias with pads that were co-planar with the
ground shield portion of the coaxial via. This difficulty may have been because, when
the pads were co-planar with the signal portion, the pads may have forced the diameter
of the ground shield portion to be larger than the diameter of the pads. This increase in
diameter of the ground shield portion may have caused the overall diameter of the vias
o be relatively large. The relatively large diameter of the vias may have resuited in
significant structural instabililies due o lack of subsirate webbing during the
manufacturing process.

In embodiments, the combination of the external pads 165 and the buried ground
shield portion 125 may allow the pads 165 o have as large of a diameter £ as
necessary (o conform the package 100 (o manufacturing requirements or specifications,
while eliminating or reducing size limitations that may be caused by the pads 165 being
co-planar with the ground shield portion 125. Specifically, the diameter £ of the pads
165 may be as large as, or larger than, the diameter Y of the ground shield portion 125.
Removing or reducing this size limitation may allow the diameter of the ground shield
portion 125 to be reduced such that vias with a pitch of less than approximately 0.5 mm
{e.g., 0.4 mm or less) may be manufactured and used in arrays such as ball grid arrays
(BGAS).

Figure 2-A through 2-F depict various stages of manufacturing a package such
as package 100. Each element will not be repeated in each Figure for the sake of
clarity. Additionally, as indicated for Figure 1, where the image in the Figura is
symmetrical and contains multiples of the same glement, each multiple may not be
numbered for the sake of clarity.

Initially, at Figure 2-A, a2 top layer 205 and bottom layer 215 may be deposited
on, laminated on, and/or otherwise formed or coupled with a substrate core layer 210.
Top layer 205, bottom layer 215, and subsirate core layer 210 may be respectively
similar to top layer 105, botlom layer 1185, and substrate core layer 110,
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Next, as shown in Figure 2-B, a hole 220 may be formed in the top layer 205,
bottom layer 215, and substrate core layer 210, and plated {0 form ground shigld portion
225, Ground shield portion 225 may be similar to ground shield portion 125. In
embodiments, the hole 220 may be formed with a diameter of approximately may be
approximately 13 mils, though in other embaodiments the diameter of the ground shield
portion 220 may be higher or lower]. For example, as described above, in some
embadiments the diameter of the ground shield portion 220 may be between
approximately 10 to approximately 15 mils. The specific placement and diameter of the
hole may be based on a number of faciors such as specific manufacturing tolerances of
the subsirate core 210, the desired use of the resultant package 100, the specific BGA
pattern that was intended, the desired piich of the vias on the package, and/or one or
more other factors. in embodiments, the hole 220 may be drilled, eiched, or formed by
some other chemical, optical, and/or mechanical process. Additionally, although the
ground shield portion 225 is described as being plated, in other embodiments the
ground shield portion 225 may be formed through some other process such as
sputtering, deposition, or some other process.

As shown in Figure 2-C, the hole 220 may be atl least partially or wholly filled with
a resin 230, which may be similar to resin 130.

Az shown in Figure 2-D, pre-preg layers 235 and conductive metal layers 240
may be couplad with either side of the resin 230, the top layer 205, and the botlom layer
215. The pre-preg layers 235 may be similar to pre-preg layers 135 of Figure 1. The
conductive metal lavers 240 may be, for example, copper, gold, aluminum, elc. as
described above. In embodiments, the pre-preg layers 235 may be glued, laminated, or
otherwise directly coupled with the top layer 205 and botiom layer 215. The conductive
metal lavers 240 may be glued, laminated, deposited, sputltered, or otharwise coupled
directly with the pre-preg layers 235. In some embodiments, the conductive metal layers
240 may be coupled with the pre-preg layers 235 prior to coupling of the pre-preg layers
235 with the top layer 205 and/or botiom layer 215,

Subseguently, as shown in Figure 2-k&, a second hole 245 may be formed in the
pre-preg layers 235, conductive melal layers 240, and resin 230. The hole 245 may be
drilled, etched, or formed by some other chemical, laser, optical, and/or mechanical
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process. In embodiments, the hole 245 may have a diameter of gpproximately 5 mils.
The hole may then be plated to form the signal portion 250. As shown in Figure 2-E, the
signal portion 250 may generally extend through the hole 245 and along the pre-preg
lavers. Generally, the signal portion 250 may be formed of the same or similar material
as (o that described for signal portion 150, above.

As shown in Figure 2-F, the signal portion 250 may be filled with a filler 255,
which may be similar o filler 155 above. The subsirate may be plated with a further
conductive metal layer 260 as depicted which may serve io form a conductive metal cap
over the filler 255, The conductive metal laver 260 and the signal portion 250 may then
be etched through mechanical, optical, and/or chemical means to form pad 165 and the
resultant package 100 depicted in Figure 1.

it will be undersiood that the process described above with respect to Figures 2-
A through 2-F may be one example process, and in other embodiments certain
elements may be formed in a different manner, or certain steps may be added or
skipped.

As described above, in packages that include a plurality of vias with a relatively
smail pitch (2.g., less than 0.5 mm), the webbing between buried ground shields may
become too thin for mechanical stiffness and/or support during the manufaciuring
process. One way o overcome this thinness may be 1o shrink the diameter of the
ground shield portion of the coaxial vias; however, doing so may result in a significant
decrease in impedance of the via, which may not be a desired cutcome for signal
integrity reasons. For example, the decreased impedance may be be detrimental to the
signal quality.

in embodiments, 1o increase mechanical support while not increasing the
impeadance, staged drilling may be used during the manufacturing process. Generally, a
pattern such as a BGA pattern that includes a plurality of vias may be identified. A first
portion of the plurality of vias, which may be non-adjacent vias, may be identified and
drilled. The drilled vias may then be structurally reinforced, for example, through plating
and/or the use of a resin material similar to resin 130. Then, a second portion of the
plurality of vias, which may also be non-adjacent vias, may be identified and drilled.
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Because only a few vias of the overall pattern are drilled at a time, the effeclive
spacing between the vias during manufacturing may be increased. Thus, the webbing
between the various vias may not be too thin or completely drilled away. As a result, the
diameter of the ground shield portion of the various coaxial vias may be increased while
reducing or eliminating any impedance discontinuities or increasing crosstalk.

Figure 3 depicts a top-down example of a staged pattern by which various vias
can be drilled. Specifically, the image depicts a cross-sectional top-down image along
line A-A of Figure 1. In embodiments, package 300 may include a substrate 320, which
may be similar to substrate 180, and include a plurality of coaxial vies 301, 302, and
303, which may be similar to coaxial via 120. As described above, the substrate may be
a substrate of a spacer, interposer, dig, paich, PCB, and/or some other substrate.

Respective vias 301/302/303 may be coaxial and have a signai portion 315,
which may be similar {o signal portion 150, and a ground shield portion 305 which may
be similar {o ground shield portion 125. The vias 301/302/303 may further include a
resin portion 310 that may be similar to resin 130. Certain elements such as the filler
155 may not be depicted for the sake of clarity in Figure 3.

in embodiments, a first portion of the plurality of vias, for example, all vias 301,
may be identified. As can be seen in Figure 3, vias 301 may not be adjacent io one
another. The vias 301 may be manufactured 1o a stage such as the stage depicted in at
least Figure 2-C. For example, a hole such as hole 220 may be drilled in each of vias
301 and the vias 301 may be filled with a resin such as resin 230. In other
embodiments, the vias 301 may be fully formed as depicted in Figure 1. in other
embodiments, the vias 301 may be at a stage as shown in one of Figures 2-D through
2-F.

Subsegquently, vias 302 may be ideniified. As can be seen in Figure 3, vias 302
may not be adjacent to one ancther. The vias 302 may be manufactured similarly to
vias 301 as described above. Finally, vias 303, which may aiso not be adjacent to one
another, may be identified and manufaclured similar to vias 301 as described above. In
some embodiments, vias 301, 302, and 303 may be manufactured in a staged manner
through the stage depicted in Figure 2-C and/or 2-D, and then the remainder of the
manufacturing process {i.e., the stages depicted in Figures 2-E, 2-F, and the final stage

10
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depicted in Figure 1) may be performed on all of the vias simultaneously. That is, the
vias 301, 302, and 303 may be drilled and filled with resin in a staged manner, and then
the formation of the signal portion 315 may be performed generally at the same time for
gach of vias 301, 302, and 303.

in embodiments, the pattern of vias 301/302/303 may be a BGA patiem that is o
be formed for a set of given package requirements. Although only 12 vias are depicted
in Figure 3, it will be undersiood that other embodiments may have more or fewer vias.
In some embodiments, the patiern may be a different type of pattern such as a land grid
array (LGA) pattern or some other configuration of vias. In some embodiments, a
greater number of portions of vias {i.e., 4, 5, 6, elc.) may be identified and processed in
a staged manner. In some embodiments, the vias may be arranged in some other
pattern such as a square grid or some other pattern. In those embaodiments, a different
number of portions of vias may be identified such that different vias in the respective
portions may not be adjacent to one ancther.

As discussed earlier, previous techniques may have drilled ail of the ground
shield portions 305 of vias 301/302/303 generally concurrently. This concurrent drilling
may have resulted in very litle webbing between adjacent vigs, which may have
resulted in having o shrink the diameter of the ground shield portions to maintain
structural integrity during manufacturing. However, this shrinking may have resulted in a
lower impedance for the via and/or caused shorts between the signal portions and the
ground shield portions of the vias. The lower impedance may have meant that any
signal in the via that was not matched to the lower impedance may have caused an
impedance discontinuity, which would result in a signal reflection occurring in the signal
portion of the via. Such a signal reflection may have been problematic in high speed
designs.

By driliing the vias 301/302/303 in a staged manner, the structural integrity during
manufacturing may be maintained, which may ailow the diameter of the ground shield
portions 305 to be maintained or increased. This larger diameter may therefore increase
the impedance of the vias 301/302/303, thus decreasing or eliminating the discontinuity.

Figure 4 depicts an alternate top-down example of a skipped pattern by which
various vias can be drilled. Similarly to Figure 3, the image specifically depicts a cross-

11
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seclional top-down image along line A-A of Figure 1. in embodiments, package 400
may include a substrate 420, which may be similar to substrate 320. The package 400
may further include a plurality of vias 401 and 402. Vias 401 may be coaxial and have a
signal portion 415, ground shield portion 405, and resin 410, which may be respectively
simitar to signal portion 315, ground shield portion 305, and resin 310. Vias 402 may not
be coaxial.

In embodiments, the ground shield portion 405 of the coaxial vias 401 may be
drilied concurrently with the non-coaxial vias 402, or in a staged manner as described
above. By having only part of the patiern of vias by coaxial 401 and another part of the
vias be non-coaxial 402, the ground shield portions 405 of the coaxial vias 401 may
serve o effectively “wall off” the non-coaxial vias 402 from one ancther such that via
crosstalk may be reduced or eliminated.

it will be understood that Figure 3 depicts a via patiern that may be considered o
be “hexagonal” and Figure 4 depicts a via patlern that may be considered o be a
“square” patiern. That is, the square patiern may be generaily aligned along an X and 3
Y axis as shown. Howeaver, it will be understood that in other embodiments the
techniques described above with respect to Figures 3 and 4 may be applied to different
patierns. For example, the staged technique of Figure 3 may be applied {0 a square
patiern of vias such as that shown in Figure 4, or some other pattern. Additionally, the
skipped fechnigue of Figure 4 may be applied to a hexagonal pattern of vias such as
that shown in Figure 3, or some other pattern.

Additionally, to the extent that certain of the coaxial vias such as vias 301, 302,
and 303 are shown as adjacent o one another, in some embpodiments the staged
drilling technigue may have some amount of imprecision which may result in the ground
shield portions 305 of one or more of the vias 301, 302, and/or 303 at least partially
overtapping one another.

Figure 5 is an example process for making a coaxial vie such as coaxial via 120
of Figure 1, in accordance with various embodiments. Specifically, the process may
include forming, at 505, a ground shield portion of a via such as ground shield portion
125 of via 120 with a first diameter such as diameter Y. The via may have a thickness

12
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that is less than a thickness of a substrate such as substrate 190, as depicted in Figure
1.

The process may then include forming a signal portion such as signal portion 150
at 510. The signal portion may have a diameter such as diameter X and a thickness that
is at least equal to the thickness of the substrate, as shown in Figure 1.

The process may then include forming, at 515 a pad such as pad 165 that has a
diameter such as diameter £, The diameler £ may be greater than diameter X as shown
in Figure 1, and the pad may be electrically coupled with the signal portion of the via, as
shown in Figure 1.

Figure § is an example process for making the substrates of Figures 3or 4, in
accordance with various embodiments. The process may include, for exampie,
identifying at least & first portion of vias and a second portion of vias at 8605, The first
portion of vias may be, for example, 301 or 401, and the second portion of vias may be,
for example 302 or 402, In embodiments, a third portion such as 303 or further
additional portions may also be identified. However, for the sake of conciseness, only
first portion and second portion will be described with respect 1o this example.

Next, the process may include generating coaxial vias in accordance with the first
portion of vias at 610, The coaxial vias may be similar to via 120, and may be vias 301
or 401 as shown in Figures 3 or 4 respectively. The process may then include
generating vias in accordance with the second portion of vias at 615, In embodimenits,
the vias generated in accordance with the second portion of vias may be coaxial such
as vias 302 or 120, or the second portion of vias may be non-coaxial such as vias 402.

in embodiments where the second portion of vias are coaxial, element 615 may
be performed subsequent (o element 610. In embodiments where the second portion of
vias are non-coaxial, element 815 may be performed subsequent {0 or concurrently with
element 610, as described above. In some embodiments, certain of the elements may
be performed out of order, or split up. For example, in some embodimaents, the first
portion of vias may be identified and generated prior to the identification of the second
portion of vias. Additionally, aithough the above Figures 3-6 are described with respect
to plural vias, in some embodiments each portion of vias in the plurality of vias may

include only a single via,
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FiG. 7 schematically Hlustrates a cross-section side view of an integrated circuit
(I1C) assembly 700 that may include one or more of the vias 120, 301/302/303, and/or
401/402. In some embodiments, the IC assembly 700 may include one or more dies
{hereinafter “die 7027 electrically and/or physically coupled with a package substrate
721. In some embodiments, the package substrate 721 may be slectricaily coupled with
a PCB 722, as can be seen. in some embodiments, the IC assembly 700 may include
one or more of the die 702, package substrate 721 and/or PCB 722, according to
various embodiments. In some embodiments, the die 702, package subsirate 721,
and/or PCB 722 may include a substrate such as subsirates 180, 320 and/or 420, with
respective vias 120, 301/302/303, and/or 401/402 as described above.

The die 702 may represent a discrete product made from a semiconductor
material {(g.g., silicon) using semiconducior fabrication technigues such as thin film
deposition, lithography, etching and the like used in connection with forming
compiementary metal-oxide semiconductor {CMOS) devices. In some embodiments,
the die 702 may be, include, or be a part of a processor, memory, system on a chip
(SoC) or application-specific 1C (ASIC). In some embodiments, an elecirically insulative
material such as, for example, molding compound or underfill material {not shown} may
gncapsulate at lgast a portion of the die 702 and/or die-level interconnect structures
7086.

The die 702 can be atlached to the package substrate 721 according o a wide
variety of suilable configurations including, for example, being directly coupled with the
package substrate 721 in a flip-chip configuration, as depicted. In the flip-chip
configuration, an active side, 81, of the die 702 including circuitry is attached to a
surface of the package subsirate 721 using die-level interconnect structures 706 such
as bumps, pillars, or other suitable structures that may also electrically couple the die
702 with the package substrate 721. The aclive side $1 of the die 702 may include
active devices such as, for example, transistor devices. An inactive side, 52, may be
disposed opposite {0 the active side 51, as can be seen.

The die 702 may generally include a semiconductor substrate 702a, one or more
device layers (hereinafler “device fayer 702b") and one or more interconnect layers
{hereinafter “interconnect layer 702¢"). The semiconductor substrate 702a may be
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similar o one or more of subsirates 190, 320 and/or 420, and be substantially
composed of a bulk semiconducior material such as, for exampile, silicon, in some
embodiments. The device layer 7020 may represent a region where active devices such
as transistor devices are formed on the semiconductor substrate. The device layer 702b
may include, for example, transistor structures such as channel bodies and/or
source/drain regions of fransistor devices. The interconnect layer 702¢ may include
interconnect structures (e.g., electrode terminals) that are to route electrical signals o or
from the active devices in the device layer 702b. For exampie, the interconnect layer
702¢ may include horizontal lines {&.g., trenches) and/or vertical plugs (e.g., vias) or
other suitable features io provide electrical routing and/or contacts. In embodiments, the
interconnect layer may include one or more of vias 120, 301/302/343, and 401/402
and/or one or more of top layer 105 and bottom layer 115,

in some embodiments, the die-level interconnect structures 706 may be
electrically coupled with the interconnect layer 702¢ and configured to route electrical
signals between the die 702 and other electrical devices. The electrical signals may
include, for example, input/output (O) signals and/or power/ground signals that are
used in connection with operation of the die 702.

In some embodiments, the package substirate 721 is an epoxy-based laminate
substraie having a core and/or build-up layers such as, for example, an Ajinomoto
Build-up Film (ABF) substrate. The package substrate 721 may include other suitable
types of substrales in other embadiments including, for example, substrates formed
from giass, ceramic, or semiconductor materials. The core may be similar o, for
example, substraie core 110.

The package substrate 721 may include electrical routing features configured o
route electrical signals to or from the die 702. The electrical routing features may
include, for example, pads or fraces {not shown) disposed on one or more surfaces of
the package substrate 721 and/or internal routing features (not shown) such as, for
example, trenches, vias or other interconnect structures o route electrical signals
through the package substrate 721. For example, in some embodiments, the package
substrate 721 may include elecirical routing features such as pads {(not shown)
configured to receive the respective die-level interconnect structures 706 of the die 702.
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The PCB 722 may include an electrically insulative material such as an epoxy
laminate. For example, the PCEB 722 may include electrically insulating layers
composed of materials such as, for example, polytetrafluorcethyliene, phenolic cotton
paper materials such as Flame Retardant 4 (FR-4), FR-1, cotton paper and epoxy
materials such as CEM-1 or CEM-3, or woven glass materials that are iaminaied
together using an epoxy resin pre-preg material. Interconnect structures {not shown}
such as traces, trenches, or vias may be formed through the electrically insulating
layers to route the electrical signais of the die 702 through the PCB 722. The PCB 722
may be composed of other suitable materials in other embodiments. In some
embodiments, the PCB 722 is a motherboard.

Package-level interconnects such as, for example, solder balls 712 may be
coupled to one or more pads {(hereinafter “pads 7107} on the package substrate 721
and/or on the PCB 722 to form corresponding solder joints that are configured {o further
route the electrical signals between the package substrate 721 and the PCB 722. The
pads 710 may be composed of any suitable electrically conductive material such as
metal including, for example, nickel (NI}, palladium (Pd}, gold (Au}, silver {Ag), copper
{Cu}, and combinations thereof. Other suitable techniques to physically and/or
elecirically couple the package substrate 721 with the PCB 722 may be used in other
embodiments.

The IC assembly 700 may include a wide variety of other suitable configurations
in other embodiments including, for example, suilable combinations of flip-chip and/or
wire-bonding configurations, interposers, multi-chip package configurations including
system-in-package (SiF) and/or package-on-package {(PoP) configurations. Other
suitable technigues o route elecirical signals between the die 702 and other
compaoneants of the IC assembly 700 may be used in some embodiments.

Embodiments of the present disclosure may be implemented inlo a system using
any suitable hardware and/or software (o configure as desired. FIG. 8 schematically
Hustrates a computing device 800 that may include one or more of vias 120,
301/302/303, and/or 401 and 402, in accordance with some embodimenis. The
computing device 800 may house a board such as motherboard 802 {e.g., in housing
808}). The motherboard 802 may include a number of components, including but not
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fimited 1o a processor 804 and at least one communication chip 806. The processor 804
may be physically and electrically coupled {0 the motherboard 802, In some
implementations, the at least one communication chip 806 may also be physically and
glectrically coupled to the motherboard 802. In further implementations, the
communication chip 806 may be part of the processor 804,

Depending on its applications, computing device 800 may include other
components that may or may not be physically and electrically coupled (o the
motherboard 802. These other components may include, but are not limited to, volatile
memaory (e.g., dynamic random access mamory {(DRAM}), non-volatile memory (8.9,
read only memory (ROM)), flash memory, a graphics processor, a digital signal
processor, a cryplo processor, a chipsel, an antenna, a display, a touchscreen display,
a touchscreen coniroller, a batlery, an audio codec, a video codec, a power ampilifier, a
global positioning system (GPS) device, a compass, microelecirical mechanical sensor
(MEMS) sensors, a Geiger counter, an accelerometer, a gyroscope, a speaker, a
camera, and a mass storage device (such as hard disk drive, compact disk {CD}, digital
vergatile disk (DVD), and so forth).

The communication chip 806 may enable wireless communications for the
transfer of data (o and from the computing device 800. The term “wirgless” and iis
derivatives may be used to describe circuits, devices, sysiems, methods, technigues,
communications channels, efc, that may communicate data through the use of
madulated electromagnetic radiation through a non-solid medium. The ferm does not
imply that the associated devices do not contain any wires, although in some
embodiments they might nol. The communication chip 806 may implement any of a
number of wireless standards or protocols, including but not limited to Institute for
Electrical and Electronic Engineers (IEEE) standards including WiGig, Wi-Fi (IEEE
802.11 family), IEEE 802.16 standards {e.g., IEEE 802.16-2005 Amendment), Long-
Term Evolution {(LTE) project along with any amendments, updates, and/or revisions
{e.g., advanced LTE project, ulira mobile broadband (UMB) project {also referred to as
“3GPP27Y, ete.). IEEE 802.16 compatible broadband wireless access (BWA) networks
are generally referred to as WIMAX networks, an acronym that stands for Worldwide
interoperability for Microwave Access, which is a certification mark for products that
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pass conformity and inferoperability tests for the IEEE 802.16 standards. The
communication chip 806 may operate in accordance with a Global System for Mobile
Communication {GSM}, General Packet Radio Service (GPRS), Universal Mobile
Telecommunications System (UMTS), High Speed Packet Access (HSPA), Evolved
HSPA (E-HSPA}, or LTE network. The communication chip 806 may operate in
accordance with Enhanced Data for GSM Ebvolution (EDGE), GSM EDGE Radio Access
Network (GERAN]), Universal Terrestrial Radio Access Network (UTRAN), or Evolved
UTRAN (E-UTRAN). The communication chip 806 may operate in accordance with
Code Division Multiple Access (CDMA), Time Division Mulliple Access (TDMA), Digital
Enhanced Cordless Telecommunications {DECT), Evolution-Data Optimized (EV-DO),
derivatives thereof, as well as any other wireless protocols that are designated as 3G,
4G, 56, and beyond. The communication chip 806 may operale in accordance with
other wirgless protocols in other embodimenis.

The computing device 800 may include a plurality of communication chips 806.
For instance, a first communication chip 806 may be dedicated o shorter range wireless
communications such as WiGig, Wi-Fi and Bluetooth and a second communication chip
806 may be dedicated to longer range wireless communications such as GPS, EDGE,
GPRS, COMA, WIMAX, LTE, EV-DO, and cthers.

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 elecironic data that may be stored in registers and/or memaory.

in various implementations, the computing device 800 may be a laptop, a
netbook, a notebook, an uitrabook, a smartphone, a tablet, a personal digital assistant
(PDA), an ultra mobile PC, a mobile phone, a deskiop computer, a server, a printer, a
scanner, a monitor, a set-top box, an entertainment control unit, a digital camera, a
portable music player, or a digital video recorder. The computing device 800 may be a
mobile computing device in some embodiments. In further implementations, the
computing device 800 may be any other electronic device that processes data.

in various embodiments, the computing device 800 may include one or more
coolers coupled to the various compaonents described herein, including housing 808,
motherboard 802, processor 804, DRAM 814, random access memory (RAM) 816,
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ROM 818, compass 822, GPS 820, controllers 830, communications chip 808, chipset
812, amp 824, graphics CPU 828, touchscreen coniroller 828, speaker 834, camera
810, touchscreen display 836, microphone 838, jacks 840, sensors 842,
battery/charging system 844, and/or antenna 832.

The following paragraphs provide examples of various ones of the embodimenis
disclosed herein.

Example 1 may include a substrate comprising: a dielectric layer at an ouler side
of the substrate; an axis that is perpendicular io the dielectric layer; and a via that
includes: a signal portion with a signal axis that is coaxial with the axis; a pad that is
coupled with the signal portion and is generally parallel to the diglectric layer; and a
ground shield portion with a ground axis that is coaxial with the axis and the signal axis,
wherein the ground shield portion is disposed around the signal portion, whergin the
ground shield portion and the pad are not coplanar in a direction perpendicular to the
axis.

Example 2 may include the substrate of example 1, further comprising a resin
portion disposed between the signal portion and the ground shield portion.

Example 3 may include the substrate of example 1, wherein the signal portion is
a first signal portion, the signal axis is a first signal axis, the pad is a first pad, the
ground shield portion is a Tirst ground shield portion, and the ground axis is a first
ground axis, the substrate further comprising a second via that includes: a second
signal portion with a second signal axis that is paraliel with the axis; a second pad that
is coupled with the second signal portion and is generally coplanar with the first pad;
and a second ground shield portion with a second ground axis that is parallel with the
axis and coaxial with the second signal axis, wherein the second ground shield portion
is disposed around the second signal portion, and wherein the second ground shield
portion and the second pad are not coplanar in a direction perpendicular o the axis.

Example 4 may include the subsirate of exampile 3, wherein the first ground
shield portion is directly physically coupled with the second ground shield portion.

Example & may include the substrate of example 4, wherein a distance between
a center of the first pad and a center of the second pad is less than approximately 0.5

millimeters {(mmj}.
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Example & may include the substirate of any of examples 1-5, wherein the signal
portion is a conductive signal portion electrically coupled with the pad.

Example 7 may include a method comprising: forming a ground shield portion of
a via between a first side and a second side of a substrate, the ground shield portion
having a first diameter and having a length along an axis of the ground shield portion
that is less than a thickness of the substrate from the first side to the second side;
forming a signal portion of the via between the first side and the second side of the
substrate, the signal portion having a second diameter that is less than the first diameter
and having an axis that is coaxial with the axis of the ground shield portion, wherein the
signal portion has a length that is al least the thickness of the substrate; and forming a
pad on the first side of the substrate, the pad having a diameter greater than the second
diameter and being electrically coupled with the signal portion and electrically isolated
from the ground shield portion.

Example 8 may include the meathod of example 7, wherein the pad is at a first
plane parallel with the first side, and the ground shield portion is at a8 second plane
parallel with the first side, and the first plang is not coplanar with the second plane.

Example 9 may include the method of example 7, wherein forming the ground
shield portion includes drilling a cavity in at least a portion of the substrate and plating
the cavily with a conductive material.

Example 10 may include the method of example 9, further comprising filling,
subsequent to the plating, the cavity with a resin material.

Example 11 may include the method of example 10, wherein forming the signal
portion includes drilling a cavily in the resin material and plating the cavity with a
conductive material.

Example 12 may include the method of any of examples 7-11, wherein the axis
of the signal portion is approximately 0.4 mm from an axis of another via.

Example 13 may include a method comprising: identifying a first portion of vias
and a second portion of vias in a pallern of vias that are 1o be formed in a subsirate,
wherein the first portion of vias is less than all of the vias in the pattern and is different
than the second portion of vias; generating, in the substrate, first coaxial vias in
accordance with the first portion of the vias in the pattern of vias that are o be formed in
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the subsirate; and generating, in the substrate subsequent to the generating the first
coaxial vias, second vias in accordance with the second portion of the vias in the
pattern of vias that are o be formed in the substrate.

xample 14 may include the method of example 13, wherein the pattem is a hex
grid pattern.

Example 15 may include the method of exampie 14, wherein vias in the first
portion of vias are not adjacent to one another in the hex grid patlern.

Example 16 may include the method of example 13, wherein the pattem is a
sguare grid pattern wherein the vias in the pattern are arranged according o an x axis
and a y axis that is perpendicular to the x axis.

Example 17 may include the method of example 16, wherein vias in the first
portion of vias are not adjiacent o one another along the x axis or the y axis.

Example 18 may include the method of any of examples 13-17, wherein the
second vias are second coaxial vias.

Example 19 may include the method of exampie 18, wherein respective ground
shield portions of the first coaxial vias and second coaxial vias are physically and
electrically coupled with one another.

Example 20 may include the method of any of examples 13-17, wherein a
distance from a center of a first via in the pattern of vias and a center of a second via in
the patiern of vias is less than 0.5 millimeters.

Example 21 may include a method comprising: identifying a first portion of
coaxial vias and a second portion of non-coaxial vias in a pattemn of vias that are o be
formed in a substrale, wherein non-coaxial vias in the second portion of non-coaxial
vias are not adjacent 1o one ancther in the pattern; generating, in the substrate, first
coaxial vias in accordance with the first portion of coaxial vias; and generating, in the
substrate, second non-coaxial vias in accordance with the second portion of non-coaxial
vias.

Example 22 may include the method of example 21, wherein the pattern is a hex

grid pattern.
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Example 23 may include the method of example 21, wherein the pattern is a
square grid pattern wherein the vias in the pattern are arranged according 10 an x axis
and a v axis that is perpendicular to the x axis.

Example 24 may include the method of example 21, wherein respective ground
shield portions of at [east two coaxial vias in the first coaxial vias are physically and
electrically coupled with one another,

Example 25 may include the method of any of examples 21-24, wherein a
distance from a center of a first via in the patlern of vias and a center of a second via in

the pattern of vias s less than 0.5 millimeters.
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What is claimed is:

1. A substrate comprising:
a diglectric layer at an outer side of the substrate;
an axis that is perpendicular to the dielectric layer; and
a via that includes:

a signal portion with a signal axis that is coaxial with the axis;

a pad that is coupled with the signal portion and is generally parallel to the
dislectric layer; and

a ground shield portion with a ground axis that is coaxial with the axis and
the signal axis, wherein the ground shield portion is disposed around the signal
portion, wherein the ground shield portion and the pad are not coplanarin a
direction perpendicular to the axis.

2. The substrate of claim 1, further comprising a resin portion disposed between

the signal portion and the ground shield portion.

3. The substrate of claim 1, wherein the signal portion is a first signal portion, the
signal axis is a first signal axis, the pad is a first pad, the ground shield portion is a first
ground shield portion, and the ground axis is a first ground axis, the subsirate further
comprising a second via that includes:

a second signal portion with a second signal axis that is parallel with the axis;

a second pad that is coupled with the second signal portion and is generally
coplanar with the first pad; and

a second ground shield portion with a second ground axis that is paraliel with the
axis and coaxial with the second signal axis, wherein the second ground shield portion
is disposed around the second signal portion, and wherein the second ground shield
portion and the second pad are not coplanar in a direction perpendicular {0 the axis.

4. The substrate of claim 3, wherein the first ground shigld portion is directly
physically coupled with the second ground shield portion.
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5. The substrate of claim 4, wherein a distance between a center of the first pad
and a center of the second pad is less than approximately 0.5 millimeters {(mm}.

6. The substrale of any of claims 1-5, wherein the signal portion is a conductive
signal portion electrically coupled with the pad.

7. A method comprising:

forming a ground shield portion of a via between a first side and a second side of
a substrate, the ground shield portion having a first diameter and having a length along
an axis of the ground shield portion that is less than a thickness of the substrate from
the first side to the second side;

forming a signal portion of the via between the first side and the second side of
the subsirate, the signal portion having a second diameter that is less than the first
diameter and having an axis that is coaxial with the axis of the ground shield portion,
wherein the signal portion has a length that is at least the thickness of the substrate;
and

forming a pad on the first side of the subsirate, the pad having & diameter greater
than the second diameter and being electrically coupled with the signal portion and
electrically isclated from the ground shield portion.

8. The method of ¢laim 7, wherein the pad is at a first plane parallel with the first
side, and the ground shield portion is at a second plane paralle! with the first side, and
the first plane is not coplanar with the second plane.

9. The method of claim 7, wherein forming the ground shield portion includes
drilling a cavity in at least a portion of the substrate and plating the cavity with a

conductive material.

10, The method of claim 9, further comprising filling, subsequent o the plating,

the cavity with a resin malerial.
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11. The method of claim 10, wherein forming the signal portion includes drilling a

cavily in the resin material and plating the cavity with 8 conductive material.

12. The method of any of claims 7-11, wherein the axis of the signal portion is

approximately 0.4 mm from an axis of another via.

13. A method comprising:

identifving a first portion of vias and a second portion of vias in a pattern of vias
that are 0 be formed in a substrate, wherein the first portion of vias is less than all of
the vias in the patlern and is different than the second portion of vias;

generaling, in the subsirate, first coaxial vias in accordance with the first portion
of the vias in the pattern of vias that are 1o be formed in the substrate; and

generating, in the substrate subsequent to the generating the first coaxial vias,
second vias in accordance with the second portion of the vias in the pattern of vias that

are o be formed in the subsiraie.

14. The method of claim 13, wherein the pattern is a hex grid patlern.

15. The method of claim 14, wherein vias in the first portion of vias are not

adjacent to one anocther in the hex grid patiem.
16. The method of claim 13, wherein the pattern is a square grid paltern wherein
the vias in the pattern are arranged according to an x axis and a y axis that is

perpendicular 1o the x axis.

17. The method of claim 16, whereain vias in the first portion of vias are not

adjacent to one another along the x axis or the y axis.

18. The method of any of claims 13-17, wherein the second vias are second

coaxial vias.
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149, The method of claim 18, wherein respective ground shield portions of the first
coaxial vias and second coaxial vias are physically and electrically coupled with one

another.

20. The method of any of claims 13-17, wherein a distance from a center of a first
via in the pattern of vias and a center of a second via in the pattern of vias is less than

0.5 millimaters.

21. A method comprising:

identifying a first portion of coaxial viag and a second portion of non-coaxial vias
in a pattern of vias that are o be formed in a substrate, whergin non-coaxial vias in the
second portion of non-coaxial vias are not adjacent to one another in the patiern;

generating, in the substrate, first coaxial vias in accordance with the first portion
of coaxial vias; and

generaling, in the substrate, second non-coaxial vias in accordance with the

second portion of non-coaxial vias.

22. The method of ¢laim 21, wherein the pattern is a hex grid patliern.

23. The method of claim 21, wherein the paltern is a square grid pattern wherein
the vias in the paltern are arranged according to an x axis and a y axis that is

perpendicular o the x axis.

24. The method of claim 21, wherein respective ground shield portions of at least
two coaxial vias in the first coaxial vias are physically and electrically coupled with one
another.

25. The method of any of claims 21-24, wherein a distance from a center of a first

via in the pattern of vias and a center of a second via in the pattern of vias is less than

8.5 millimeters.

26



WO 2017/039631 1/9 PCT/US2015/047823

190

= 100




WO 2017/039631 2/9 PCT/US2015/047823

205 210




WO 2017/039631 3l9 PCT/US2015/047823

g@235 7240

235 240

Figure 2-D

245m§§

D50

Figure 2-E




WO 2017/039631 4/9 PCT/US2015/047823

Figure 3




WO 2017/039631 5l9 PCT/US2015/047823

4G0

420 J

Figure 4




WO 2017/039631 6l9 PCT/US2015/047823

Forming ground shield portion of via with a first
diameter and a thickness that is less than a thickness
of a substrate 585

Forming signal portion of via with a second diameter
and a thickness that is at least sgual 1o the thickness
of the substrate 310

Forming a pad that has a diameter greater than the
second diameter and is electrically coupled with the
signal portion 315

Figure 5



WO 2017/039631 7/9 PCT/US2015/047823

Identifying first portion of vias and second portion of
vias §05

Generating coaxial vias in accordance with the first
portion of vias 810

Generating vias in accordance with the second portion
of vias 8§15

Figure ©



8/9 PCT/US2015/047823

WO 2017/039631

] 8inbi4g

3EFEFEFEIEREFE

7 5 2
15 PC0L—2 1 904

qQZ0L~T ;
s K mNQN\ W/IINQN




WO 2017/039631 9/9 PCT/US2015/047823

/ 840

MOTHERBOARD
51874

PROCESSOR COMMUNICATIONS
804 CHIR
306

DEAM
814

CHIPSET

RAM ROM 812
316 818

COMPASS
822 GRAPHICS
CPU
GPS 826
820

28 YNNIINY

TOUCHSCOREEN
CONTROLLERS CONTROLLER

830 228

TOUCHBCREEN
DISPLAY
836

SPEAKER CAMERA
834 810

MICROPHONE SENSORS
838 842

BATTERY/CHARGING SYSTEM
844

Figure 8



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2015/047823

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 23/48(2006.01)i, HO1L 25/065(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 23/48, HO1L 21/768; HO1L 29/92; HO1L 23/00, HO1L 21/02; HO1L 25/065

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: coaxial, substrate, vias, difference, ground shield

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2015-0028482 A1 (GLOBALFOUNDRIES INC.) 29 January 2015 1,6-9,12
See abstract, paragraphs [0053]-[0077] and figures 5, 10, 13.

Y 2-5,10-11,13-25

Y US 2013-0040436 A1 (QUALCOMM INCORPORATED) 14 February 2013 3-5,13-25
See abstract, paragraph [0034], claim 15 and figures GA-GB.

Y US 2012-0258589 A1 (RICHARD P. VOLANT et al.) 11 October 2012 2,10-11
See abstract, paragraph [0038] and figure 7.

A US 2014-0199834 A1 (INTERNATIONAL BUSINESS MACHINES CORPORATION) 17 July 201 1-25
4
See abstract, paragraphs [0006]-[0013] and figure 3.

A US 2009-0267183 A1 (DOROTA TEMPLE et al.) 29 October 2009 1-25
See abstract, paragraphs [0012]-[0019] and figure 17.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later
than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search
13 June 2016 (13.06.2016)

Date of mailing of the international search report

13 June 2016 (13.06.2016)

Name and mailing address of the [SA/KR
International Application Division
¢ Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

KIM, KI HO

Telephone No. +82-42-481-8691

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2015/047823

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2015-0028482 Al 29/01/2015 None

US 2013-0040436 Al 14/02/2013 TW 201125099 A 16/07/2011
US 2010-0308435 Al 09/12/2010
US 8294240 B2 23/10/2012
US 8536678 B2 17/09/2013
WO 2010-144467 Al 16/12/2010

US 2012-0258589 Al 11/10/2012 CN 102598245 A 18/07/2012
CN 102598245 B 10/12/2014
DE 112010004204 TbH 30/08/2012
GB 2487154 A 11/07/2012
GB 2487154 B 05/02/2014
TW 201126684 A 01/08/2011
TW 1487081 B 01/06/2015
US 2011-0095435 Al 28/04/2011
US 8242604 B2 14/08/2012
US 8394715 B2 12/03/2013
WO 2011-056374 A2 12/05/2011
WO 2011-056374 A3 28/07/2011

US 2014-0199834 Al 17/07/2014 US 2014-0197522 Al 17/07/2014
US 8791550 B1 29/07/2014
US 8796140 B1 05/08/2014

US 2009-0267183 Al 29/10/2009 None

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - wo-search-report
	Page 38 - wo-search-report

