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SCALABLE EMBEDDED SILICON BRIDGE VIA PILLARS
IN LITHOGRAPHICALLY DEFINED VIAS,
AND METHODS OF MAKING SAME

5
PRIORITY APPLICATION
This application claims the benefit of priority to U.S. Application Serial
No. 15/389,100, filed 22 December 2016, which is incorporated herein by
reference in its entirety.
10
FIELD
This disclosure relates o embedded silicon bridge interconnects for
system-in-package (SiP) devices including stacked chip configurations.
15 BACKGROUND

Computing devices such as mobile telephones, smart phones and tablet
computers are restricted in available space becanse there are size limilations
dictated by mtended use. Size reduction preseunts challenges for packaging, both
in height and in footprint. Interconnections between in-package devices are also

20 challenged to being size-reduced without compromising performance.

BRIEF DESCRIPTION OF THE DRAWINGS
Various disclosed embodiments are illastrated by way of example, and
not by way of limi#tation, in the figures of the accompanying drawings and in
25  which:
Figure 1 is a cross-section elevation of an embedded silicon bridge with
tall via pillars according to an embodiment;
Figure 1A mncludes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1 during processing according to an
30  embodiment;
Figure 1B includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1A after further processing

according to an embodiment;
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Figure 10 includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1B after further processing
according to an embodiment;

Figure 1D includes cross-section and perspective elevations of the

5 embedded-bridge device depicted in Figure 1C after further processing
according to an embodiment;

Figure 1E includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1D after further processing
according to an embodiment;

10 Figure 1F includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1E after further processing according
to an embodiment:

Figure 1G includes cross-section and perspective elevations of the
embedded-bridge device depicied in Figure 1F after further processing according

15 to an embodiment;

Figure 1H includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 16 after further processing
according to an ermbodiment;

Figure 2 is a cross-section elevation of an embedded silicon bridge with

20 ganged via pillars according to an embodiment;

Figure 3 is a cross-section elevation of an embedded silicon bridge with
bond-pad-on-bridge reinforced tall via pillars according to an embodiment;

Figure 4 is a cross-section elevation of an embedded silicon bridge with
bond-pad-on-bridge reinforced tall via pillars that match a metallization

25  subsequent pad height according to an embodiment;

Figure 5 is a cross-section elevation of an embedded silicon bridge with
tall via pillars that match a metallization subsequent pad height according to an
embodiment;

Figure 6 is a process flow diagram that illustrates processing according to

30 anembodiment;

Figure 7 is a computing system according to an embodiment; and

Figure § is a perspective elevation with cuf-away and cross-section

portions illustrated according to an embodiment.
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DETAILED DESCRIPTION

A high-density interconnect is achieved to bridge between different
semiconductor devices in an organic package according to several disclosed
embodiments. This high-density interconnect is useful such as for a high-
bandwidth memory interface according to an embodiment. This high-density
interconnect is useful such as for a die-stitching interface according to an
embodiment. Other high-density uses may be employed. The disclosed
embodiments eliminate the need for a silicon interposer solution among others.

Figure | s a cross-section elevation of a scalable embedded silicon
bridge 100 with via pillars according to an embodiment. An embedded
semiconductive bridge 10 ¢hereinafter, “silicon bridge”) is disposed within an
organic substrate 20. In an embodiment, the bridge 10 is a planar inorganic
substrate. In an embodiment, the bridge 10 is a glass material. The via pillar
110 extends from the active surface of the silicon bridge 10. In an embodiment,
silicon bridge 10 has been seated with pre-existing via pillars 110 during
{abrication of the organic substrate 20. Illustrated in Figure 1 are six pre-
existing, via pillars 110, grouped in threes at the margins of the silicon bridge 10
as illustrated in this cross-section along the X-direction. In an embodiment, the
pre-existing via pillars 110 have a Y-X aspect ratio greater than 1:1. Inan
embodiment, the pre-existing via pillars 110 have a Y-X aspect ratio less than
1:1. In an embodiment, the pre-existing via pillars 110 have a Y-X aspect ratio
less than or equal to 1011, In an embodiment, the pre-existing via pillars 110
have a Y-X aspect ratio in a range from 9:1 to 2:1. In an embodiment, the pre-
existing via pillars 110 have a Y-X aspect ratio in a range from 8:1 to 3:1. Inan
embodiment, the pre-existing via pillars 110 have a Y-X aspect ratio in a range
from 7:1 to 4:1. In an embodiment, the pre-existing via pillars 110 have a Y-X
aspect ratio in a range from 6:1 to 5:1.

The organic substrate 20 may have a base layer 112 and a {irst trace layer
114, In an embodiment, a bridge-level organic layer 116 has been milled to
create a recess 118 (see Figure 1C) into which the silicon bridge 10 has been
seated.

Attention is directed in Figure 1 to the left side, from an arbitrary break

30 that is shown to assist illustrating selected process embodiments.
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Attention is directed to tems called out in Figure 1 at the left side
including structures touching the item indicated with reference numeral 124, In
an embodiment, a substrate-base interconnect includes a seed layer 120, a first
bond pad 122, a first via 124, and a subsequent bond pad 126. The first via 124
is above and on the subsequent bond pad 122 and it extends orthogonally from
the first bond pad within ordinary processing parameters. The first bond pad 122
has been plated upon the seed layer 120, and the first via 124 that has been
formed on the first bond pad 122 by a semi-additive plating technique. Inan
embodiment, photolithography techniques are used to first form the first bond
pad 122 by patterning a {irst dielectric layer 129, followed by plating such as
electroplating the first bond pad 122 onto the seed layer 120, In an embodiment,
the first diclectric layer 129 is first formed and patterned for the first bond pad
122 but at a Z-height that protects the pre-existing, tall via pillars 110 during
plating of the first bond pad 122. Thereafter, the first dielectric laver 129 1s
height reduced such as by wet etching, plasma etching, mechanical grinding, or
reactive-ion ctching (RIE) to achieve the first diclectric layer 129 as depicted,
such that the etch is selective to leaving the first bond pad 124 and the pre-
existing via pillars 110. Next, sermi-additive plating is done by forming and
patterning a second dielectric layer 131 that may also cover the pre-existing via
pillars 110 during plating of the first via 124, followed by another eich that
height-reduces the second dielectric layer 131 that exposes and stops at the Z-
height of both the first via 124 and the tops of the pre-existing via pillars 110,
Thereafter, the subsequent bond pad 126 is formed by patterning a subsequent
dielectric layer (not illustrated), followed by plating the subseguent bond pad
126 and via pillar bond pads 128, stripping the subsequent dielectric layer, and
further followed by forming a first metallization layer with openings 132. It may
now be understood that the via pillar bond pad 126 and the via pillar bond pad
128 may be formed sumultaneously where access to the via pillar 110 is achieved
through the metallization layer with openings 132, The metallization layer with
openings 132 may also be referred to as a solder-resist layer with openings 132.
it can be seen that solder-resist layer with openings 132 exposes the subsequent
bond pads 126. It may be understood the “metallization layer with opens 1327

may be colloquially used in the industry such as “solder resist opens™ (SROs)
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where the opens function as contact corridors that may facilitate an electrical
bump and a bond pad connection.

The {irst solder-resist layer with openings 132 represents an interface
between the organic substrate 20 and any metallization that might be needed for

5 a given specilic use of the embedded silicon bridge 10. 1t may be understood
throughout this disclosure that the subsequent bond pad 126 is above and in
electrical commuuication with the first via 124 including as llustrated o be
above and in direct electrical contact with the {irst via 124.

It can now be understood that photolithographic processing embodiments

10 depicted herein allow for small geometnies that may be otherwise limited if Jaser
drilling were used to open locations for both the first bond pad 122 and the first
via 124. For example, a conventional laser drill may not be able to create a
bond-pad open where it is limited to about 25 micrometer {ym) and to obtain a
smaller than 25 pm geometry, an ultraviolet (UV) laser may be used, but at the

15 expense of significantly slower throughput.

Attention is directed to #tems calied out in Figure 1 at the left side
including structures touching the item indicated with reference numeral 123. In
an embodiment, a substrate-base interconnect includes an mtegral first bond pad
and via 123 that has been plated upon a seed layer 120. In an embodiment,

20 photolithography techniques are used by patterning a first diclectric layer 129,
followed by filling a sacrificial dommy (not pictured) that takes up the space
cquivalent of the first bond pad 122 scen adjacent and to the left of the integral
first bond pad and via 123. Thereafter, the fivst dielectric layer 129 is height
reduced such as by wet etching, plasma etching, and RIE to achieve the first

25  dielectric layer 129 as depicted, such that the etch is selective (o leaving the pre-
existing via pillars 110, and the sacrificial dummy. Next, a second dielectric
layer 131 is formed that may also cover the pre-existing via pillars 110, and i 1s
patterned to open the via portion of the integral {first bond pad and via 123, After
patterning. the dummy layer is dissolved by any known, useful technique such as

30 awet etch that is selective to leaving the seed layer 120, the {irst dielectric layer
129 and the patterned second dielectric layer 131, This ctching removes the
dummy to create a negalive space to be filled in by plating the integral {irst bond
pad and via 123. Thereafier, second dielectric layer 131 is height reduced to

expose the Z-height of both the top of the mtegral first bond pad and via 123 and

5
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the tops of the pre-existing via pillars 110, It may be observed that the integral
first bond pad and via 123 may have a lower electrical resistance than that of the
{irst bond pad 122 and first via 124 becaunse of one less metal-to metal interface
within the integral first bond pad and via 123.

Thereafter, the subsequent bond pad 126 is {orroed by patterning a
subsequent dielectric layer (not illustrated), followed by plating the subsequent
bond pad 126 and via pillar bood pads 128, stripping the subsequent dielectric
layer, and further followed by forming a first solder-resist layer with openings
132. The first solder-resist layer with openings 132 represents an interface
between the organic substrate 20 and any metallization that might be needed for
a given specific use of the embedded silicon bridge 10.

It may now be observed in an embodiment that the first bond pad 122
and first via 124, depicted left of the arbitrary break 30, usefully will occupy all
via stractures useful at this level within the organic substrate 20. It may now be
observed in an embodiment that the integral bond pad and via 123, depicted left
of the arbitrary break 30, will occupy all via structures useful at this level within
the organic substrate 20.

Attention is directed in Figure | to the right side, from the arbitrary break
30 that is shown to assist illustrating selected process embodiments.

Attention is directed to tems called out in Figure 1 at the right side
including structures touching the item indicated with reference numeral 124. In
an embodiment, a substrate-base interconnect includes a seed layer, a first bond
pad 122, a {irst via 124, and a subsequent bond pad 126. The first bond pad 122
has been plated upon the seed layer 120, and the first via 124 has been formed on
the tirst bond pad 122 by a semi-additive plating techoique. In an embodiment,
photolithography techniques are used to first form the first bond pad 122 by
patierning a first dielectric layer 129, followed by plating such as electroplating
the first bond pad 122 onto the seed layer 120. In an embodiment, the first
dielectric layer (not pictured) 18 first formed and patterned for the first bond pad
122 but at a Z-height that protects the pre-existing via pillars 110 during plating
of the first bond pad 122. Thercafter, the first diclectric layer is stripped and
removed such as by wet etching, plasma etching, or reactive-ion etching (RIE),
such that the etch is selective to leaving the first bond pad 124 and the pre-

existing via pitlars 110. Next, semi-additive plating i1s done by forming and
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patierning a second dielectric layer 131 that may also cover the pre-existing via
pillars 110 during plating of the first via 124, followed by another eich that
height-reduces the second dielectric layer 131 to a height that exposes and stops
at the Z-height of both the first via 124 and the tops of the pre-existing via pillars
110. Thereafier, the subsequent bond pad 126 is formed by patterning a
subsequent dielectric layer (not illustrated), followed by plating the subsequent
bond pad 126 and via pillar bood pads 128, stripping the subsequent dielectric
layer, and further followed by forming a first solder-resist layer with openings
132. The first solder-resist layer with opens 132 represents an interface between
the organic substrate 20 and any metallization that might be needed for a given
specific use of the embedded silicon bridge 10.

Attention is directed to #tems called out in Figure 1 at the right side
including structures touching the item indicated with reference numeral 123. In
an embodiment, a substrate-base interconnect includes an mtegral first bond pad
and via 123 that has been plated upon a seed layer 120. In an embodiment,
photolithography techniques are used by patterning a first diclectric layer (not
pictured), followed by filling a sacrificial dummy (not pictured) that takes up the
space equivalent of the first bond pad 122 seen adjacent and to the left of the
integral {irst bond pad and via 123. Thereafter, the first dielectric layer is
stripped and removed such as by wet etching, plasma ctching, and RIE, such that
the etch is selective to leaving the pre-existing, tall via pillars 110, and the
sacrificial dummy. Next, a second diclectric layer 131 is formed that may also
cover the pre-existing via pillars 110, and it 15 patterned to open the via portion
of the integral first bond pad and via 123. After patterning, the duommy layer is
dissolved by any known, useflul technigue such as a wet etch that is selective o
leaving the seed layer 120 and the patterned second dielectric layer 131, This
etching removes the dumimy to create a negative space to be filled in by plating
the integral first bond pad and via 123. Thereafter, second dielectric layer 131 1s
height reduced to expose the Z-height of both the top of the integral first bond
pad and via 123 and the tops of the pre-existing, tall via pillars 110. It may be
observed that the integral first bond pad and via 123 may have a lower electrical
resistance than that of the {irst bond pad 122 and fivst via 124 because of one less

metal-to metal interface within the integral first bond pad and via 123.
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Thereafter, the subsequent bond pad 126 is formed by patterning a
subsequent dielectric layer (not illustrated), followed by plating the subsequent
bond pad 126 and via pillar bond pads 128, stripping the subsequent dielectric
layer, and further followed by forming a first solder-resist layer with openings
132. The first solder-resist layer with openings 132 represents an inter{ace
between the organic substrate 20 and any metallization that might be needed for
a given specific use of the embedded silicon bridge 10.

It may now be observed in an embodiment that the {irst bond pad 122
and first via 124, depicted right of the arbitrary break 30, usefully will occupy all
via structores useful at this level within the organic substrate 20. It may now be
observed in an embodiment that the integral bond pad and via 123, depicted right
of the arbitrary break 30, will occupy all via structures useful at this level within
the organic substrate 20.

Figure 1A includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1 during processing according o an
embodiment. The drawing to the left is an X-Z cross-section elevation of some
of the left portion of the illustration in Figure 1, and the drawing to the right s an
X-Y-Z perspective elevation of some of the left portion of the illustration in
Figure 1. The cross-section elevation is taken along the line 1-17 from the
perspective elevation. Processing conditions are illustrated and described for a
two-part, pad-and-via process that results in a first bond pad 122 and a first via
124, and not for the integral first bond pad and via 123 embodiment.

The base layer 112 and the bridge-level organic layer 116 may
encompass several layers, represented here as an intermediate layer 113. The
first bond pad 122 has been formed upon a seed layer (not pictured) such as the
seed layer 120 illustrated in Figure 1. A first trace 134 is also depicted running
along the surface of the bridge-level organic layer 116 and i may be an integral
stracture with the first bond pad 122 due to simultaneous photolithographic and
plating processing conditions.

Figure 1B inclades cross-section and perspective elevations of the
cmbedded-bridge device depicted in Figure 1A after further processing
according to an embodiment. The fivst via 124 has been formed by any of the
processes illustrated and described for formation of the first via 124 depicted in

Figure 1.
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Figure 10 includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1B after further processing
according to an embodiment. The bridge-level organic layer 116 has been
milled to create the recess 118 into which the silicon bridge 10 is to be seated.
In an emnbodiment, a seating surface 117 may be milled from the bridge-level
organic layer 116 such that the seating surface 117 is a remainder of the bridge-
level organic layer 116 as depicted in Figure 1. In an embodiment, the seating
surface 117 is a structure below the bridge-level organic layer 116 such that
milling has resulted in removal of all of the bridge-level organic layer 116.
Milling of the recess 118 in an embodiment includes laser dritling. Milling of
the recess 118 in an embodiment includes mechanical ablation or laser ablation.
Milling of the recess 118 in an embodirsent jnclades a photo-defined etch.
Milling of the recess 118 in an embodiment includes a photo-defined etch such
as reactive ion etching (RIE). Milling of the recess 118 in an embodiment
includes etching such as plasma etching.

Adhesion of the silicon bridge into the recess 118 may be assisted by
placing a die-attach film 119 such as an adhesive material according to an
embodiment. In an embodiment, the die-attach film 119 has a footprint that is
smaller than the silicon bridge 10. In an embodiment, the die-attach film 119
has a footprint that is substantially the same as the silicon bridge 10 under
ordinary processing parameters. In an embodiment, the die-attach {film 119 has a
footprint that is larger than the silicon bridge 10. In an embodiment, the die-
attach {ilm 119 has a footprnt that is narrower than the silicon bridge 10 when
viewed along the X-direction, but it is one of substantially the same as- or longer
than the silicon bridge 10 when viewed along the Y-direction,

In an embodiment, the adhesive material 119 is an anisotropic conductive
film. In an emnbodiment, the adhesive material 119 is an anisotropic conductive
filim that is fashioned from a conductive paste. In an embodiment, the adhesive
material 119 is a conductive {ilm that is achieved with a sinterable conductive
paste. In an embodiment, the adhesive material 119 15 a metal ink that is printed
into a pattern to accept and couple to a through-silicon via (TSV) in the silicon
bridge 10.

Attention is directed to Figure 8.
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Figure 8 is a perspective elevation with cuf-away and cross-section
portions illustrated according to an embodiment. An adhesive material 119 15
depicted in the recess 118 and the silicon bridge 810 is cut away compared to the
silicon bridge 10 depicted in Figure 1C (which is also cut away compared to e.g.
Figures 1, 2, 3, and 4).

A silicon bridge base 807 is depicted without metallization and active
devices, if any, and an active surface 809 is depicted with at least metallization
to connect to the pre-existing via pillars 110. A portion of the active surface is
cut away to reveal several through-silicon vias (TSVs), one of which is indicated
with reference numeral 811, The TSV 811 extends {rom the active surface of the
silicon bridge and in a direction opposite from the via pillar. Thus, the via pillar
110 extends vertically upward in the Z-direction from the active surface 809 and
the TSV 811 extends vertically downward in the Z-direction from the active
surface 809. Consequently. the via pillar 110 and the TSV 811 extend in
opposite directions away from the active surface 809.

It can be seen the TSVs 811 appear in “mouse-bite” form as some of the
silicon bridge base 807 is also cut away where it may have occupied the
footprint of the adhesive material 119 in the Y-direction. Additionally, the
“mouse-bite” displayed TSV 811 is coupled to a fan-out trace 834 in an
embodiment. Also in an embodiment, the “mouse-bite” displayed TSV 811 1s
coupled to an embedded via 824 that is also exposed in the cut-away perspective
view.

it may be understood i an emsbodiment that the active surface 809 is
mostly metallization to couple the pre-existing via pillar 110 at the iHustrated
end of the silicon bridge 810 and in the X-direction, to the non-ilusirated portion
but as would be seen in any of Figures 1-5.

In an embodiment, a TSV 811 is employed to leverage use of both X-Y
planar surfaces of the silicon bridge 810 for interconnection and power and
ground if needed. In an cmbodiment, a plurality of pre-existing via pillars 110 15
configured to connect to a semiconductive device in a die according to specific
design rules dictated by the semiconductive die, and a plurality of TSVs 811 15
configured to accommodate a fan-in infterconnection design according (o an
embodiment. With a fan-out embodiment, interconnects in the organic substrate

20 are {anned 1o {0 mate with the TSVs 811 according to specific design rules.

10



WO 2018/118322 PCT/US2017/062767

10

15

20

25

30

For example a portion of the adhesive layer 119 is an organic adhesive and
another portion is a metal ink that forms a fan-in interconnect pattern that
miniaturizes from larger pattern in the organic substrate 20 to a smaller pattern
that mates to the TSVs 811.

Attention is directed to Figure 1D,

Figure 1D includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1C after {urther processing
according to an embodiment. The silicon bridge 10 had been seated at the level
of the recess 118 (see Figure 1) that has been formed in the bridge-level
organic layer 116. It can be seen that the pre-existing via pillars 110 achieve a
height Z above the upper surface of the bridge-level organic layer 116 that
matches the beight of the top of the first via 124, Consequently, the pre-existing
via pillars 110 are sufficiently tall to on the silicon bridge 10, that the design
allows for a scalable embedded silicon bridge structure 1o a lithographically
defined via package.

Reference is made to Figures 4 and 5. It can be seen that the pre-
existing, tall via pillars 110 may achieve a Z-height above the apper surface of
the bridge-level organic layer 116 that will eventually match the height of the
subsequent bond pad 126 depicted in Figures 4 and 5. Hereinafter, a “tall via
pillar” extends to the same level as a subsequent bond pad 126. Consequently,
the pre-existing, tall via pillars 110 are sufficiently tall extending from the
silicon bridge 10, that the design allows for a scalable embedded silicon bridge
structure in a lithographically defined via package.

Figure 1E includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1D alier further processing
according to an embodiment. A second dielectric precursor laver 130 is formed
over the first vias 124, the silicon bridge 10, and the pre-existing via pillars 110
such that after height reduoction such as etchback, the second dielectric layer 131
depicted in Figure 1 will be achieved.

Figure 1F includes cross-section and perspective elevations of the
cmbedded-bridge device depicted in Figure 1E after further processing according
to an embodiment. An etchback process has been accomplished to height-reduce

the second dielectric layer precursor 130 (see Figure 1E) to achieve the second

i1
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dielectric layer 131 that exposes the tops of the first vias 124 and the tops of the
pre-existing via pillars 110 that extend from the silicon bridge 10.
Figure 1G includes cross-section and perspective elevations of the
embedded-bridge device depicted in Figure 1F after further processing according
5 toan embodiment. Subsequent bond pads 126 and via pillar bond pads 128 have
been formed on the subsequent dielectric layer 131 such as by patterning on the
subsequent dielectric layer 131, followed by plating the bond pads 126 and 128.
Figure 1H includes cross-section and perspective elevations of the
cmbedded-bridge device depicted in Figure 1G after further processing
10 according to an embodiment. A solder-resist layer with opens 132 has been
formed such that the subsequent bond pads 126 (see Figure 1G) and the pillar
boud pads 128 (see Figure 1G) are exposed through the layer 132,
Figure 2 is a cross-section elevation of an embedded silicon bridge 200
with ganged pre-existing, via pillars 210 according to an embodiment. The
15 ganged via pillar 210 is seen to be wider in the X-direction than an adjacent via
pillar 110. In an embodiment, the ganged via pillar 210 is wider than the
adjacent via pillar 110 in the X-direction and the same dimension as the adjacent
via pillar 110 in the Y-direction (not illustrated). Hereinatfter, it may be
understood that a ganged via pillar 210 has at least one dimension X- or Y
20 dimension that is larger than via pillar 110. In an embodiment, the ganged pillar
is eccentric shaped with the broadest dimension seen along the X-direction and
the narrowest dimension seen along the Y-direction (not tllustrated).
An embedded semiconductive bridge 10 (hereinafter, “silicon bridge”) is
disposed within an organic substrate 20. The silicon bridge 10 has been seated
25  with pre-existing via pillars 110 during fabrication of the organic substrate 20,
{Hustrated i Figure 2 are two pre-existing via pillars 110 and two ganged pre-
existing via pillars 210, grouped at the margius of the silicon bridge 10 as
illustrated in this cross-section along the X-direction. In an embodiment, the
pre-existing via pillars 110 have a Y-X aspect ratio greater than 1:1 and the
30 ganged pre-existing via pillars 210 bave a height that is sumilar to the pre-
cxisting via pillars under processing-parameter limitations. In an embodiment,
the pre-existing via pillars 110 have a Y-X aspect ratio Jess than 1:1 and the
ganged pre-existing via pillars 210 have a similar height. In an embodiment, the

preexisting via pillars 110 have a Y-X aspect ratio less than or equal to 10:1 and

12
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the ganged pre-existing via pillars 210 have a similar height. In an embodiment,
the pre-existing via pillars 110 have a Y-X aspect ratio in a range from 9:1 to 2:1
and the ganged pre-existing via pillars 210 have a similar height. In an
embodiment, the pre-existing via pillars 110 have a Y-X aspect ratio in a range

5 from&:1 to 3:1 and the ganged pre-existing via pillars 210 have a siroilar height.
In an embodiment, the pre-existing via pillars 110 have a Y-X aspect ratio in a
range from 7:1 to 4:1 and the ganged pre-existing, tall via pillars 210 have a
similar height. In an embodiment, the pre-existing, tall via pillars 110 have a Y-
X aspect ratio in a range from 6:1 to 5:1 and the ganged pre-existing, tall via

10 pillars 210 have a similar height.

The organic substrate 20 may have a base layer 112 and a first trace layer
114, o an embodiment, a bridge-level organic layer 116 has been milled to
create a recess into which the silicon bridge 10 has been seated.

Attention is directed in Figure 2 to the left side, from the arbitrary break

15 30 that is shown to assist illustrating selected process embodiments.

Attention is directed to #tems called out in Figure 2 at the left side
including structures touching the item indicated with reference numeral 124. In
an embodiment, a substrate-base interconnect includes a seed layer 120, a first
bond pad 122, a first via 124, and a subsequent bond pad 126. The first bond

20 pad 122 has been plated upon the seed layer 120, and the first via 124 that has
been formed on the {irst bond pad 122 by a semmi-additive plating techmgue. In
an embodiment, photolithography technigues are used to first form the first bond
pad 122 by patterning a {irst dielectric layer 129, followed by plating such as
electroplating the first bond pad 122 onto the seed layer 120. In an embodiment,

25  the first dielectric layer 129 1s first formed and patterned for the {irst bond pad
122 but at a Z-height that protects the pre-existing, tall via pillars 110 and 210
during plating of the first bond pad 122. Thereafier, the first dielectric layer 129
is height reduced such as by wet etching, plasma etching, and reactive-ion
etching (RIE) to achicve the first diclectric layer 129 as depicted, such that the

30 etch is selective to leaving the first bond pad 124 and the pre-existing via pillars
110 and 210. Next, semi-additive plating is done by forming and patterning a
second dielectric layer 131 that may also cover the pre-existing via pillars 110
and 210 during plating of the first via 124, followed by another etch that height-

reduces the second diclectric layer 131 that exposes and stops at the Z-height of
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both the first via 124 and the tops of the pre-existing via pillars 110, Thereafter,
the subsequent bond pad 126 is formed by patterning a subscquent diclectric
layer (not illustrated), {ollowed by plating the subsequent bond pad 126 and pre-
existing via pillar bond pads 128 and 12&’, stripping the subsequent dielectric
layer, and further followed by forming a first solder-resist layer with opens 132.
The first solder-resist layer with opens 132 exposes the subsequent bond pad 126
as well as the pillar bond pads 128 and 128" and it represents an interface
between the organic substrate 20 and any metallization that might be needed for
a given specific use of the embedded silicon bridge 10.

It can now be understood that photolithographic processing embodiments
depicted herein allow for small gecometries that may be otherwise Hmited if laser
drilling were used to open locations for both the first bond pad 122 and the first
via 124. For example, a conventional laser drill may not be able to create a
bond-pad open where it 1s limited to about 25 microrseter (um) and to obtain a
smaller than 25 um geometry, an uliraviolet (V) laser may be used, but to the
expense of significantly slower throughput.

Attention is directed to items called out in Figure 2 at the left side
meluding structures touching the ttem indicated with reference numeral 123, In
an cmbodiment, a substrate-base interconnect includes an integral first bond pad
and via 123 that has been plated upon a seed layer 120. In an embodiment,
photolithography technigues are used by patterning a first dielectric layer 129,
followed by filling a sacrificial dummy (not pictured) that takes up the space
equivalent of the first bond pad 122 seen adjacent and to the left of the integral
first bond pad and via 123. Thereafter, the first dielectric layer 129 is height
reduced such as by wet etching, plasma etching, and RIE to achieve the {irst
dielectric layer 129 as depicted, such that the etch is selective to leaving the pre-
existing via pillars 110 and 210, and the sacrificial dummy. Next, a second
dielectric layer 131 1s formed that may also cover the pre-existing via pillars 110
and 210, and it is patterned to open the via portion of the integral first bond pad
and via 123. After patterning, the dummy layer is dissolved by any koown,
useful technique such as a wet etch that is selective to the seed layer 120, the
first dielectric layer 129 and the patterned second dielectric layer 129, This
etching removes the dummy to create a negative space to be filled in by plating

the integral {irst bond pad and via 123. Thereafter, second dielectric Jayer 131 15
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height redoced to expose the Z-height of both the top of the integral first bond
pad and via 123 and the tops of the pre-existing via pillars 110 and 210, It may
be observed that the integral first bond pad and via 123 may have a lower
electrical resistance than that of the first bond pad 122 and first via 124 because

5 of one less metal-to metal iterface within the mtegral first boond pad and via
123.

Therealter, the subsequent bond pad 126 15 formed by patterning a
subsequent dielectric layer (not illastrated), followed by plating the subsequent
bond pad 126 and via pillar bond pads 128 and 128°, stripping the subsequent

10 dielectric layer, and further {ollowed by forming a first solder-resist layer with
openings 132, The via pillar bond pads 128 contact a ganged via pillar 210 and
the via pillar bond pads 128 contact a non-ganged via pillar 110. The first
solder-resist layer with openings 132 exposes the subsequent bond pad 126 as
well as the via bood pads 128 and 1287, and it represents an interface between

15 the organic substrate 20 and any metaliization that might be needed for a given
specific use of the embedded silicon bridge 10.

It may now be observed in an embodiment that the {irst bond pad 122
and first via 124, depicted left of the arbitrary break 30, asefully will occupy all
via structures useful at this level within the organic substrate 20. It may now be

20 observed in an embodiment that the integral bond pad and via 123, depicted left
of the arbitrary break 30, will occupy all via structures useful at this level within
the organic substrate 20.

Attention is directed in Figure 2 to the right side, from the arbitrary break
30 that is shown to assist illustrating selected process embodiments.

25 Attention is directed to #tems called out in Figure 2 at the right side
including structures touching the item indicated with reference numeral 124. In
an embodiment, a substrate-base interconnect includes a seed layer, a first bond
pad 122, a {irst via 124, and a subsequent bond pad 126. The first bond pad 122
has been plated upon the seed layer 120, and the first via 124 that has been

3¢ formed on the first bond pad 122 by a semi-additive plating technique. Inan
embodiment, photolithography techniques are used to first form the first bond
pad 122 by patterning a first dielectric layer (not pictured), followed by plating
such as electroplating the first bond pad 122 onto the seed layer 120. Inan

embodiment, the first dielectric layer is first formed and patterned for the first
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bond pad 122 but at a Z-height that protects the pre-existing via pillars 110 and
210 during plating of the first bond pad 122. Thereafter, the first diclectric layer
is stripped and removed such as by wet etching, plasma etching, and reactive-ion
etching (RIE) to achieve the first dielectric layer 129 as depicted, such that the
etch 1s selective to leaving the first bond pad 124 and the pre-existing via pillars
110 and 210. Next, semi-additive plating is done by forming and patterning a
second dielectric layer 131 that may also cover the pre-existing via pillars 110
and 210 during plating of the first via 124, followed by another etch that height-
reduces the second dielectric layer 131 to a height that exposcs and stops at the
Z-height of both the first via 124 and the tops of the pre-existing via pillars 110
and 210. Thereafter, the subsequent bond pad 126 is formed by patterning a
subsequent dielectric layer (not illustrated), followed by plating the subsequent
bond pad 126 and via pillar bond pads 128 and 12¥°, stripping the subsequent
dielectric layer, and further followed by forming a first solder-resist layer with
openings 132. The first solder-resist layer with openings 132 represents an
interface between the organic substrate 20 and any metallization that might be
needed for a given specific use of the embedded silicon bridge 10

Attention is directed to erms called out in Figure 2 at the right side
including structures touching the item indicated with reference numeral 123. In
an cmbodiment, a substrate-base interconnect includes an integral first bond pad
and via 123 that has been plated upon a seed layer 120. In an embodiment,
photolithography techniques are used by patterning a first dielectric layer (not
pictured), followed by filling a sacrificial dummy (not pictured) that takes up the
space equivalent of the first bond pad 122 seen adjacent and to the left of the
integral fivst bond pad and via 123. Therealier, the {irst dielectric layer is
stripped and removed such as by wet etching, plasma etching, and RIE, such that
the etch is selective to leaving the pre-existing via pillars 110 and 210, and the
sacrificial dummy. Next, a second dielectric layer 131 is formed that may also
cover the pre-existing via pillars 110 and 210, and it 1s patterned to open the via
portion of the integral first bond pad and via 123. After patterning, the dummy
layer is dissolved by any known, usctul technigue such as a wet ctch that is
selective to the seed layer 120 and the patterned second dielectric layer 131
This etching removes the dummy to create a negative space to be {illed in by

plating the integral fivst bond pad and via 123, Thereafier, second dielectric
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layer 131 is height reduced to expose the Z-height of both the top of the integral
first bond pad and via 123 and the tops of the via pillars 110 and 210. It may be
observed that the integral {ivst bond pad and via 123 may have a lower electrical
resistance than that of the first bond pad 122 and first via 124 because of one less
metal-to metal interface within the integral {irst bond pad and via 123.

Thereafter, the subsequent bond pad 126 is formed by patterning a
subsequent dielectric layer (not illustrated), followed by plating the subsequent
bond pad 126 and via pillar bond pads 128 and 1287, stripping the subsequent
dielectric layer, and further followed by forming a first solder-resist layer with
openings 132. The {irst solder-resist layer with openings 132 represents an
interface between the organic substrate 20 and any metallization that might be
needed for a given specific use of the ernbedded silicon bridge 10.

It may now be observed in an embodiment that the first bond pad 122
and first via 124, depicted right of the arbitrary break 30, usefully will occupy all
via structures useful at this level within the organic substrate 20. It may now be
observed in an embodiment that the integral bond pad and via 123, depicted right
of the arbitrary break 30, will occupy all via structures useful at this level within
the organic substrate 20.

Figure 3 is a cross-section elevation of an embedded silicon bridge 300
with bond-pad-on-bridge reinforced via pillars according to an embodiment. For
simplicity, stmilar structures are seen in Figure 1 to the right of the arbitrary
break 30 with respect to processing of the first via 124 and where the second
dielectric layer 131 has been formed after stripping away any previous dielectric
layers that may have affected the silicon bridge 10. It may be understood,
however, that integral first bond-pad-and-via structures may accoropany the
reinforced, pre-existing via pillars 311 during fabrication of the embedded
silicon bridge 300.

A rewnforcement via pillar pad 311 accompanies the pre-existing via
pillars 310. During processing when the silicon bridge 10 is seated ine.g. the
recess 118 as seen in Figures 1C and 1D, the reinforcement via pillar pad 311
and the pre-existing via pillars 310 have been previously assembled (o the silicon
bridge 10 before seating.

It can be seen that the pre-existing via pillars 110 achieve a height Z

above the upper surface of the bridge-level organic layer 116 that will eventually
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match the height at the bottom of the subsequent bond pad 126. Consequently,
the pre-existing via pillars 110 are sufficiently tall to on the silicon bridge 10,
that the design allows for a scalable embedded silicon bridge structure in a
lithographically defined via package.

Figure 4 15 a cross-section elevation of an emnbedded silicon bridge 400
with bond-pad-on-bridge reinforced, tall via pillars that match a metallization
subsequent pad height 401 according to an embodiment. Again, a “tall via
pillar” extends to the same level as a subsequent bond pad 126. Consequently,
the pre-existing, tall via pillars 410 are sufficiently tall extending from the
silicon bridge 10, that the design allows for a scalable embedded silicon bridge
structure in a lithographically defined via package.

For simplicity, similar structures are seen in Figure 3 with respect to
processing of the first via 124 and where the second dielectric layer 131 has been
formed after stripping away any previous dielectric layers that roay have affected
the silicon bridge 10. It may be understood, however, that integral first bond-
pad-and-via structures may accompany the reinforced. pre-existing, tall via
pillars 410 during {abrication of the embedded silicon bridge 400.

A reinforcement tall-via pillar pad 411 accompanies the pre-existing, tall
via pillars 410. During processing when the silicon bridge 10 is seated in e.g.
the recess 118 as seen in Figures 1C and 1D, the reinforcement tall-via pillar pad
411 and the pre-existing, tall via pillars 410 have been previously assembled to
the silicon bridge 10 before seating.

it can be seen that the pre-existing tall via pillars 410 achieve a Z-height
substantially as the top surface of the metallization subsequent pad height 401.
Consequently, the pre-existing, tall via pillars 410 are sufliciently tall oo the
silicon bridge 10, that the design allows for a scalable embedded silicon bridge
stracture in a hthographically defined via package.

It may now be understood that the boud-pad-on-bridge pre-existing, tall
via pillars 410 when reaching the same height as the subsequent pad height 401,
bond pad and a subscquent via, followed by the subsequent bond pad 126. This
means the bond-pad-on-bridge pre-existing, tall via pillar 410 may reach a height
involving the equivalent of a plurality of vias that are serigiim stacked above the

first bond pad 122.
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Figure 3 is a cross-section elevation of an embedded silicon bridge 500
with tall via pitlars 510 that match a metallization subsequent pad height 501
according to an embodiment.

For simplicity, similar structures are seen in Figure 4, with respect to
processing of the first via 124 and where the second dielectric layer 131 has been
formed after stripping away any previous dielectric layers that may have affected
the silicon bridge 10. It may be understood, however, that integral first bond-
pad-and-via structures way accompany the reinforced, pre-existing, tall via
pillars 510 during fabrication of the embedded silicon bridge 400.

During processing when the silicon bridge 10 is seated 1n e.g. the recess
118 as seen in Figures 1C and 1D, the pre-existing, tall via pillars 510 have been
previously assembled to the silicon bridge 10 before seating.

It can be seen that the pre-existing tail via pillars 510 achieve a Z-height
substantially as the top surface of the metallization subsequent pad height 501.
Consequently, the pre-existing, tall via pillars 510 are sufficiently tall on the
silicon bridge 10, that the design allows for a scalable erabedded silicon bridge
structure in a lithographically defined via package.

It may now be understood that the pre-existing, tall via pillar 510 when
reaching the same height as the subsequent pad height 501, may be sufficiently
tall such that the first via 124 may be followed by a second bond pad and a
subsequent via, folowed by the subsequent bond pad 126. This means the pre-
existing, tall via pillar 510 may reach a height involving the equivalent of a
plurality of vias that are seriatim stacked above the first bond pad 122.

Figure 5 also illustrates a semiconductor device in a die 50 that is
attached to an electrical bump 502 that occurs n the solder-resist layer with
openings 132 at the metallization subsequent pad height 501. It may now be
understood that the silicon bridge 10 is confligured fo provide communication
between the {irst semiconductor device in a die 50 (illastrated at the right) and a
subsequent sermiconductor device 1n a die 52 (illustrated by down-arrow
movement during mating) that is mounted at the left of the Figure 5 where the
top of the pre-existing tall via pillar 528 is exposed through the solder-resist
layer with openings 132.

It may now be understood that all iHustrated embodiments including but

not lumited to Figures 1-5, 1A-1H, and 6-8 may include at least ove
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semiconductor device in a die 50. Also in an embodiment, all illustrated
embodiments may also inchude the semiconductor device 1n a die 50 as a first
semiconductor device n a die 30 and a semiconductor device in a die 52 such as
the second semiconductor device in a die 52.

Figure 6 15 a process tlow diagram 600 that Ulustrates processing
according to an embodiment.

AL 610, the process includes forming a first bond pad on an organic
substrate by lithographic technique. In a non-Hmiting example embodiment, the
first bond pad 122 as well as the trace 134 are formed on the bridge-level organic
layer 116 as depicted in Figure 1A.

At 620, the process includes forming a first via on the first bond pad by
lithographic technique. In a non-lmiting example, the first via 124 15 formed on
the first bond pad 122 such as depicted in Figure 1B.

At 630, the process alternatively comroences with forming an integral
first bond-pad and via on an organic substrate by photolithographic technigue.
In a non-limiting example embodiment, the integral bond pad and via 123
depicted in Figure 1 is formed as described.

At 640, the process includes opening a recess in the organic substraie (o
accommodate a silicon bridge that includes a pre-existing via pillar. Milling
techniques may be used to form the recess as disclosed. In a non-limiting
example embodiment, an adhesive film may be formed in the recess such as the
adhesive {ilm 119 depicted in Figure 1C. In a non-limiting example
embodiment, at the level of an adhesive film, if any, a metal ink is patterned to
mate with a TSV such as the TSV 11 depicted in Figure 8.

AL 650, the process includes seating the silicon bridge in the recess. Ina
non-limiting example embodiment, the silicon bridge 10 has been seated in the
recess as depicted in Figure 1D,

At 660, the process includes forming a subsequent bond pad that is
coupled to the first via. In a non-limiting example ecmbodiment, the subsequent
bound pad 126 s formed on the top of the first via 124 as illustrated in Figure 1.

At 662, the process includes forming a bond pad above and on the pre-
existing via pillar. In a non-limiting example embodiment, a pre-existing-via

pitlar bond pad 128 is formed at the same level as the subsequent bond pad 126.
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At 670, the process includes forming a dielectric layer with opens that
exposcs the subscquent bond pad and at least one of the pre-existing via pillar or
a bond pad above and on the pre-existing via pillar.

At 680, the process includes assembling at least one die to the silicon

5 bridge to form a system-in-package (SiP) device. As iHustrated in Figore 5 in

simplified form, a semiconductive device in a die 50 has been assembled to the
silicon bridge 10 through bumps that have {illed some of the opens io the solder-
resist layer with openings 132, It may now be understood that another
semiconductive device in a die may be attached opposite the illustrated

10 semiconductive device in a die 50.

At 690, the process includes assembling the SiP to a computing system.

Figure 7 1s a computing system 700 according to an embodiment.

Further discussion of computing system 700 embodiments are set forth
heren.

15 Figure 7 is a computing system 700 according to an embodiment. Figure
7 illustrates a system level diagram, according to one embodiment of the
invention. For instance, Figure 7 depicts an example of a microelectronic device
that includes an embedded silicon bridge with pre-existing via pillars
embodiment as described in the present disclosure.

20 Figure 7 is included to show an example of a higher level device
application for the embedded silicon bridge with pre-existing via pillars
cmbodiments. In onc embodiment, a system 700 includes, but is not limited to, a
desktop computer, a laptop computer, a netbook, a tablet, a notebook computer,
a personal digital assistant (PDA), a server, a workstation, a cellular telephone, a

25  mobile computing device, a smart phone, an loternet appliance or any other type
of computing device. In some embodiments, the embedded silicon bridge with
pre-existing via pillars embodiment 15 part of a computing system 700.

In an embodiment, the processor 710 has one or more processing cores
712 and 712N, where 712N represents the Nth processor core inside processor

30 710 where N is a positive mnteger. In an embodiment, the electronic device
system 700 using a wire-bonded SiP embodiment includes multiple processors
including 710 and 703, where the processor 705 has logic similar or identical to
the logic of the processor 710. In an embodiment, the processing core 712

includes, but is not imited to, pre-fetch logic to fetch 1nstructions, decode logic
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to decode the instructions, execution logic to execute instractions and the like.
In an embodiment, the processor 710 has a cache memory 716 to cache at least
one of instructions and data for the embedded silicon bridge with pre-existing
via pillars embodiment computing system 700. The cache memory 716 may be
organized into a hierarchal siracture including one or more levels of cache
nmemory.

In an embodiment, the processor 710 includes a memory coniroller 714,
which is operable to perform functions that enable the processor 710 to access
and communicate with memory 730 that includes at least one of a volatile
memory 732 and a non-volatile memory 734. In an embodiment, the processor
710 1s coupled with memory 730 and chipset 720. The processor 710 may also
be coupled to an antenna 778 to comumunicate wirelessly with any device
configured to at least one of transmit and receive wireless signals. Inan
embodiment, the antenna interface 778 operates in accordance with, but is not
limited to, the IEEE 802.11 standard and its related family, Home Plug AV
(HPAV), Ultra Wide Band (UWB), Bluetooth, WiMax, or any form of wircless
communication protocol.

In an embodiment, the volatile memory 732 includes, but 15 not himited
to, Synchronous Dynamic Random Access Memory (SDRAM), Dynamic
Random Access Memory (DRAM), RAMBUS Dynamic Random Access
Mewmory (RBRAM), and/or any other type of random access memory device.
The non-volatile memory 734 includes, but is not limited to, flash memory,
phase change memory (PCM), read-only memory (ROM), electrically erasable
programmable read-only memory (EEPROM), or any other type of non-volatile
mermory device.

The memory 730 stores information and instructions to be executed by
the processor 710. In an embodiment, the memory 730 may also store teraporary
variables or other intermediate information while the processor 710 is executing
instructions. In the illustrated embodiment, the chipset 720 connects with
processor 710 via Point-to-Point (PtP or P-P) interfaces 717 and 722. Either of
these PtP embodiments may be achieved using an embedded silicon bridge with
pre-existing via pillars embodiment as set forth in this disclosure. The chipset
720 enables the processor 710 to connect to other elements in the wire-bonded

SiP embodiment system 700. In an embodiment, interfaces 717 and 722 operate
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in accordance with a PtP communication protocol sach as the Intel® QuickPath
Interconnect (QPD) or the like. In other embodiments, a different interconnect
imay be used.

In an embodiment, the chipset 720 is operable to communicate with the
processor 710, 705N, the display device 740, and other devices 772, 776, 774,
760, 762, 764, 766, 777, etc. The chipset 720 may also be coupled to an antenna
to coromunicate wirelessly 778 to comrunicate with any device configured {o at
least do one of transmit and receive wireless signals.

The chipset 720 connects to the display device 740 via the mterface 726.
The display 740 may be, for example, a liquid crystal display (LCD), a plasma
display, cathode ray tube (CRT) display, or any other form of visual display
device. In an embodiment, the processor 710 and the chipset 720 are merged
mto a single SOC such as selected stair-stacked memory module SiP
embodiments described herein. Additionally, the chipset 720 connects to one ot
more buses 750 and 755 that interconnect various elements 774, 760, 762, 764,
and 766. Buses 750 and 755 may be interconnected together via a bus bridge
772. o an embodiment, the chipset 720 couples with a non-volatile memory
760, a mass storage device(s) 662, a keyboard/mouse 664, and a network
interface 766 by way of at least one of the interface 724 and 704, the smart TV
776, and the consumer electronics 777, efe.

In an embodiment, the mass storage device 762 includes, but is not
Iimited {o, a solid staie drive, a hard disk drive, a universal serial bus flash
memory drive, or any other form of computer data storage medivm. In one
embodiment, network interface 766 is implemented by any type of well-known
network interface standard including, but not limited to, an Ethernet interface, a
universal serial bus (USB) interface, a Peripheral Component Interconnect (PCI)
Express interface, a wireless interface and/or any other suitable type of interface.
In one embodiment, the wireless interface operates in accordance with, but is not
limited to, the IEEE 802.11 standard and its related family, Home Plug AV
(HPAV), Ultra Wide Band (UWB), Bluetooth, WiMax, or any form of wireless
communication protocol.

While the modules shown in Figure 7 are depicted as separate blocks
within the embedded silicon bridge with pre-existing via pillars computing

system 700, the functions performed by some of these blocks may be integrated
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within a single semiconductor circuit or may be implemented using two or more
separate integrated circuits. For exaraple, although cache memory 716 18
depicted as a separate block within processor 718, cache memory 716 {or
selected aspects of 716) can be incorporated into the processor core 712.

Io an embodiment, the computing system 700 s contained in an outer
shell that houses any embedded silicon bridge with pre-existing via pillars
embodiment. In an embodiment, the base laver 112 is sufficiently constructed to
be an insulated outer sheli of a computing device. In an embodiment the outer
shell is part of a board.

To illustrate the system-in-package apparatus with a package bottom
interposer embodiment and methods disclosed herein, a non-limiting list of
examples s provided herein:

Example 1 is a semiconductive device in a package comprising: an
organic substrate, wherein the organic subsirate includes a fivst bond pad, a first
via above and on the first bond pad, wherein the {irst via extends orthogonally
from the {irst bond pad, and a subsequent bond pad above and in electrical
connection with the {irst via; a solder-resist layer with openings, wherein one
open exposes the subsequent boond pad; and a semiconductive bridge embedded
in the organic substrate, wherein the semiconductive bridge includes a via pillar
that extends vertically from the silicon bridge in the same vertical direction as
the first via, and wherein the via pillar extends vertically at least as far as the first
via.

in Example 2, the subject matter of Example 1 optionally includes a via
pillar bond pad disposed on the via pillar.

In Example 3, the subject matter of any one or more of Examples 1-2
optionally include a via pillar bond pad disposed on the via pillar, wherein the
metallization dielectric with openings also exposes the via pillar bond pad.

in Example 4, the subject matter of any one or more of Examples 1-3
optionally include a via pillar bond pad disposed on the via pillar, wherein the
via pillar bond pad and the subsequent bond pad are each disposed on a second
diclectric layer, and wherein the second dielectric layer s in contact with the
solder-resist layer with openings.

In Example 5, the subject matter of any one or more of Examples 1-4

optionally include wherein the via pillar 1s a ganged via pillar that contacts at
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least two via pillar bond pads, {urther including a second via pillar that extends
vertically from the silicon bridge and that contacts a single via pillar bond pad.

In Example 6, the subject matter of any one or more of Examples 1-5
optionally include the via pillar is a ganged via pillar that contacts at least two

5 via pillar bond pads, {urther jocluding a second via pillar that extends vertically
from the silicon bridge and that contacts a single via pillar bond pad.

In Example 7, the subject matter of any one or more of Examples 1-6
optionally include wherein the via pillar is seated upon a reinforcement via pillar
pad that 1s affixed to the silicon bridge.

10 in Example 8, the subject matier of Example 7 optionally includes a via
pillar bond pad disposed on the via pillar.

In Example 9, the subject matter of any one or more of Examples 7-8
optionally include a via pillar bond pad disposed on the via pillar, wherein the
via pillar bond pad and the subsequent bond pad are each disposed on a second

15 dielectric layer, and wherein the second dielectric layer is in contact with the
solder-resist layer with openings.

In Example 10, the subject matter of any one or more of Examples 7-9
optionally imnclude wherein the via pillar is a ganged via pillar that contacts at
least two via piilar bond pads, further including a second via pillar that extends

20 vertically from the silicon bridge and that contacts a single via pillar bond pad.

In Example 11, the subject matter of any one or more of Examples 7-10
optionally include the via pillar extends to a height that equals the subsequent
bond pad, and wherein each of the subsequent bond pad and the via pillar are
exposed through respective opens in the solder-resist layer with openings.

25 In Example 12, the subject matter of any one or more of Examples 1-11
optionally include a semiconductive device in a die, wherein the semiconductive
device i a die 1s attached (o the organic substrate and wherein the
semiconductive device in a die is electrically connected to at least the via pillar
through the solder-resist layer with openings.

30 In Example 13, the subject matter of any one or more of Examples 1-12
optionally include a first semiconductive device in a dic, wherein the first
semiconductive device in a die is attached o the organic subsirate and wherein
the first semiconductive device in a die is electrically connected to at least the

via pillar through the solder-resist layer with openings; and a subsequent
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semiconductive device in a die, wherein the subsequent semiconductive device
in a dic is attached to the organic substrate opposite the first semiconductive
device in a die, and wherein the subsequent semiconductive device in a die is
electrically connected to at least the via pillar through the solder-resist layer with
openings 132,

In Example 14, the subject matter of any one or more of Examples 1-13
optionally include wherein the silicon bridge includes an active surface from
which the via pillar extends, further including a through-silicon via (TSV) in the
silicon bridge, wherein the TSV exiends from the active surface and in a
direction opposite {rom the via pillar.

Example 15 is a method of embedding a silicon bridge, comprising:
forming a first bond pad on an organic substrate by patierning a mask and
plating the first bond pad onto a seed layer; forming a first via on the first bond
pad by patterning a mask and plating the first via oun the first bond pad; opening
a recess in the organic substrate to accommodate a silicon bridge, wherein the
silicon bridge includes a pre-existing via pillar disposed thereon; scating the
silicon bridge in the recess; forming a subsequent bond pad above the first via;
and formmng a dielectric layer with opens under conditions to expose the
subsequent bond pad and to expose access to the pre-existing via pillar.

In Example 16, the subject matter of Example 15 optionally includes
wherein forming the first bond pad and first via includes forming an integral first
bond pad and via by plating onto the seed layer.

fn Example 17, the subject matter of any one or more of Examples 15-16
optionally include forming a via pillar bond pad simultaneously when forming
the subsequent bond pad.

In Example 18, the subject matter of any one or more of Examples 15-17
optionally mnclude wherein the pre-existing via pillar is one of a plurality of via
pillars inclading at least one ganged via pillar, further including forming a
plurality of bond pads on the ganged via pillar simultaneously with forming the
subsequent bond pad.

In Example 19, the subject matter of any one or more of Examples 15-18
optionally include assembling at least one semiconductor device in a die to the

organic substrate in communication with the silicon bridge.
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Example 20 is a computing system comprising: an organic substrate,
wherein the organic substrate includes a first bond pad, a first via above and on
the first bond pad, wheremn the {irst via extends orthogonally from the first bond
pad, and a subsequent bond pad above- and in electrical communication with the
first via; a solder-resist layer with openings, wherein one open exposes the
subsequent bond pad; a semiconductive bridge embedded in the organic
substrate, wherein the sermconduoctive bridge includes a via pillar that extends
vertically {rom the silicon bridge in the same vertical direction as the first via,
and wherein the via pillar extends vertically at least as far as the {irst via; an
outer shell that houses the silicon bridge; a first semiconductive device in a dig,
wherein the {irst semiconductive device in a die is attached (o the organic
substrate and wherein the {irst semiconductive device in a die 1s electrically
connected to at least the via pillar through the solder-resist layer with openings
132; and a subseguent semuconductive device in a die, wherein the subsequent
semiconductive device in a die is attached to the organic substrate opposite the
first semiconductive device in a die, and wherein the subseguent semiconductive
device in a die is electrically connected to at least the via pillar through the
solder-resist layer with openings 132,

In Example 21, the subject matter of Example 20 optionally includes a
via pillar bond pad disposed on the via pillar, wherein the solder-resist layer with
openings also exposes the via pillar bond pad.

In Example 22, the subject matter of any one or more of Examples 20-21
optionally include a via pillar bond pad disposed on the via pillar, wherein the
via pillar bond pad and the subsequent bond pad are each disposed on a second
diclectric layer, and wherein the second dielectric layer is in contact with the
solder-resist layer with openings.

In Example 23, the subject matier of any one or more of Examples 20-22
optionally include wherein the via pillar is a ganged via pillar that contacts at
least two via pillar bond pads, further including a second via pillar that extends
vertically from the silicon bridge and that contacts a single via pillar bond pad.

In Example 24, the subject matter of any one or more of Examples 20-23
optionally include wherein the via pillar is one of a plurality of via pillars

including at least one ganged via pillar, further including forming a plurality of
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bond pads on the ganged via pillar simaltaneously with forming the subseguent
bond pad.

The above detailed description includes references to the accompanying
drawings, which form a part of the detailed description. The drawings show, by

5 way of illustration, specific embodiments in which the invention can be
practiced. These embodiments are also referred to herein as “examples.” Such
examples can include elements in addition to those shown or described.
However, the present inventors also contemplate examples i which only those
elements shown or described are provided. Moreover, the present inventors also

10 contemplate examples vsing any combination or permutation of those elements
shown or described (or one or more aspects thereof), cither with respect to a
particular example (or one or more aspects thereo{), or with respect to other
examples (or one or more aspects thereof) shown or described herein.

In the event of inconsistent usages between this document and any

15 documents so incorporated by reference, the usage in this document controls.

In this document, the terms “a” or “an’” are used, as 1S common in patent
documents, to inclade one or more than one, independent of any other instances
or usages of “at least one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B” includes “A but not B,” “B

20 butnot A,” and “A and B,” unless otherwise indicated. In this document, the
terms “inchuding” and “in whick™ are used as the plain-English equivalents of
the respective terms “comprising” and “wherein.” Also, in the following claims,
the terms “including” and “comprising” are open-ended, that i3, a system,
device, article, composition, formulation, or process that includes elements in

25  addition to those listed alter such a term 1o a claim are still deeroed to fall within
the scope of that claim. Moreover, in the following claims, the terms “first,”
“second,” and “third,” etc. are used merely as labels, and are vot intended to
impose numerical requirements on their objects.

Method examples described herein can be machine or computer-

30 implemented at least in part. Some examples can include a computer-readable
medinm or machine-readable medium encoded with instructions operable to
configure an electrical device to perform methods as described in the above
examples. An implementation of such methods can include code, such as

microcode, assembly language code, a higher-level language code, or the like.
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Such code can include computer readable imstructions for performing various
methods. The code may form portions of computer program products. Further,
in an example, the code can be tangibly stored on one or more volatile, non-
transitory, or non-volatile tangible computer-readable media, such as during

5 execution or at other times. Exaroples of these tangible computer-readable
media can include, but are not limited to, hard disks, removable magnetic disks,
removable optical disks (e.g., compact disks and digital video disks), magnetic
cassettes, memory cards or sticks, random access memories (RAMs), read only
memories (ROMzs), and the like.

10 The above description is intended to be llustrative, and not restrictive.
For example, the above-described examples {or onc or more aspects thereof)
may be used in combination with each other. Other embodiments can be used,
such as by one of ordinary skill in the art upon reviewing the above description.
The Abstract is provided to comply with 37 CF.R. §1.72(b), to allow the reader

15 to quickly ascertain the nature of the technical disclosure. It is submitted with
the understanding that it will not be used to interpret or limit the scope or
meaning of the claims. Also, in the above Detailed Description, various {eatures
may be grouped together to streamline the disclosure. This should not be
interpreted as intending that an unclaimed disclosed feature is essential to any

20 claim. Rather, inventive subject matter may lie in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby
incorporated into the Detailed Description as examples or embodiments, with
each claim standing on ils own as a separate embodiment, and it is contemplated
that such embodiments can be combined with each other in various combinations

25  or permutations. The scope of the invention should be determined with
reference to the appended claims, along with the full scope of equivalents to

which such claims are entitled.
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What is claimed is:

I. A semiconductive device in a package comprising:

an organic substrate, wherein the organic substrate includes a first bond pad, a
first via above and on the first bond pad, wherein the first via extends
orthogonally from the first bond pad, and a subsequent bond pad above and
in electrical connection with the first via;

a solder-resist layer with openings, wherein one open exposes the subsequent
bond pad; and

a semiconductive bridge embedded in the organic substrate, wherein the
semiconductive bridge includes a via pillar that extends vertically from the
stlicon bridge in the same vertical direction as the first via, and wherein the

via pillar extends vertically at least as far as the first via.

2. The semiconductive device of claim 1, further including a via pillar bond pad

disposed on the via pillar.

2

The semiconductive device of claim 1, further including a via piliar bond pad
disposed on the via pillar, wherein the metallization dielectric with openings

also exposes the via pillar bond pad.

4. The semiconductive device of claim 1, further including a via pillar bond pad
disposed on the via pillar, wherein the via pillar bond pad and the sobsequent
bond pad are each disposed on a second dielectric layer, and wherein the
second diglectric layer is in contact with the solder-resist layer with

openings.

5. The semiconductive device of claim 1, wherein the via pillar is a ganged via
pillar that contacts at least two via pillar bond pads, further inclading a
second via pillar that extends vertically from the silicon bridge and that

contacts a single via pillar bond pad.

6. The semiconductive device of claim 1, wherein the via pillar extends to a

height that equals the subseguent bond pad, and wherein each of the

30



WO 2018/118322 PCT/US2017/062767

subsequent bond pad and the via pillar are exposed through respective opens

in the solder-resist layer with openings.

7. The semiconductive device of claim 1, wherein the via pillar is seated upon a

5 reinforcement via pillar pad that is affixed to the silicon bridge.

8. The semiconductive device of claim 7, further including a via pillar bond pad

disposed on the via pillar.

10 9. The semiconductive device of claim 7, further including a via pillar bond pad
disposed on the via pillar, wherein the via pillar bond pad and the subsequent
bond pad are each disposed on a second diclectric layer, and wherein the
second dielectric layer is in contact with the solder-resist layer with

openings.

10. The semiconductive device of claim 7, wherein the via pillar is a ganged via
pillar that contacts at least two via pillar bond pads, further including a
second via pillar that extends vertically from the silicon bridge and that
contacts a single via pillar bond pad.
20
11. The semiconductive device of claim 7, wherein the via pillar extends to a
height that equals the subsequent bond pad, and wherein each of the
subsequent bond pad and the via pillar are exposed through respective opens
in the solder-resist layer with openings.
25
12. The semiconductive device of claim 1, further including a semiconductive
device in a die, whereln the semiconductive device in a die 1s attached to the
organic substrate and wherein the semiconductive device in a die is
clectrically connected to at least the via pillar through the solder-resist layer

30 with openings.

13. The semiconductive device of claim 1, further including:
a first semiconductive device in a die, wherein the first semiconductive device in

a die 15 attached to the organic substrate and wherein the {irst semiconductive
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device in a die is electrically connected to at least the via pillar through the
solder-resist layer with openings; and

a subsequent semiconductive device in a die, wherein the subsequent
semiconductive device in a die is attached to the organic substrate opposite
the first semiconductive device in a die, and wherein the subsequent
semiconductive device in a die is electrically connected to at least the via

pillar through the solder-resist layer with openings.

14. The semiconductive device of claim 1, wherein the silicon bridge inclades an
active surface from which the via pillar extends, further including a through-
stlicon via (TSV) in the silicon bridge, wherein the TSV extends from the

active surface and in a divection opposite from the via pillar.

15. A method of embedding a silicon bridge, comprising:

forming a first bond pad on an organic substrate by patterning a mask and
plating the first bond pad onto a sced layer;

forming a first via on the {irst bond pad by patterning a mask and plating the first
via on the first bond pad;

opening a recess in the organic substrate to accommodate a silicon bridge,
wherein the silicon bridge includes a pre-existing via pillar disposed thereon;

seating the silicon bridge in the recess;

forming a subsequent bond pad above the first via; and

forming a dielectric layer with opens under conditions to expose the subsequent

bond pad and to expose access to the pre-existing via pillar.

16. The method of claim 15, wherein forming the first bond pad and first via
mcludes forming an integral first bond pad and via by plating onto the seed

layer.

17. The method of claim 15, further including forming a via pillar bound pad

simuitaneously when forming the subsequent bond pad.

18. The method of claim 15, wherein the pre-existing via pillar is one of a

plurality of via pillars including at least one ganged via pillar, further
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including forming a plorality of bond pads on the ganged via pillar

simuitaneously with forming the subsequent bond pad.

19. The method of claim 15, further including assembling at least one
semiconductor device n a die to the organic substrate in communication with

the silicon bridge.

2¢. A computing system comprising:

an organic substrate, wherein the organic substrate includes a first bond pad, a
first via above and on the first bond pad, wherein the first via extends
orthogonally from the first bond pad, and a subscquent bond pad above- and
in electrical comumnunication with the first via;

a solder-resist layer with openings, wherein one open exposes the subsequent
bond pad;

a semiconductive bridge embedded in the organic substrate, wherein the
semiconductive bridge includes a via pillar that extends vertically from the
silicon bridge in the same vertical direction as the {irst via, and wherein the
via pillar extends vertically at least as far as the first via;

an outer shell that houses the silicon bridge;

a first semiconductive device in a die, wherein the first semiconductive device in
a die 1s attached to the organic substrate and wherein the first semiconductive
device in a die is clectrically connected to at least the via pillar through the
solder-resist layer with openings; and

a subsequent semiconductive device in a die, wherein the subsequent
sermiconductive device in a die is attached (o the organic substrate opposite
the first semiconductive device in a die, and wherein the subseguent
semiconductive device in a die is electrically connected to at least the via

pillar through the solder-resist layer with openins.

21. The computing system of claim 20, further including a via pillar bond pad
disposed on the via pillar, wherein the solder-resist layer with openings also

exposes the via pillar bond pad.
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22. The computing system of claim 20, further including a via pillar bond pad
disposed on the via pillar, wherein the via pillar bond pad and the subsequent
bond pad are each disposed on a second dielectric layer, and wherein the
second dielectric layer is in contact with the solder-resist layer with

openings.

23. The computing system of claim 20, wherein the via pillar is a ganged via
pillar that contacts at Jeast two via pillar bond pads, further including a second
via pillar that extends vertically from the silicon bridge and that contacts a single

via pillar bond pad.

24. The computing system of claim 20, wherein the via pillar is one of a
plurality of via pillars including at least one ganged via pillar, further including
forming a plurality of bond pads on the ganged via pillar simultaneously with

forming the subsequent bond pad.
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