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CONDUCTIVE BASE EMBEDDED INTERCONNECT

TECHNICAL FIELD
{0001] Embodiments described herein generally relate to the field of
electronic devices and, more particularly, to a conductive base embedded

interconnect.

BACKGROUND

[0002] In the fabrication of electronic devices, the interfaces of devices
with other devices become more complex as the device structure increases. One
structure that is utilized to provide an in-package high density interconnect of chips is
the Embedded Multi-Die Interconnect Bridge (EMIB) of Intel Corporation.

[0003] However, the use of such an embedded interconnect can be
enhanced by providing power through the bridge via vertical connéctions. For
example, a current interconnect bridge structure has horizontal wires supplying power
to contact bumps, such as to provide power to a die that is above the bridge. The
interconnect bridge structure does not include a vertical conduction path, and power to
the bump contacts above the bridge is supplied laterally from outside the bridge. A
vertical current path for power delivery offers an enhanced solution with a lower

resistance and inductance than the lateral paths.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Embodiments described here are illustrated by way. of example,
and not by way of limitation, in the figures of the accompanying drawings in which
like reference numerals refer to similar elements.

[0005] Figure 1 is an illustration of a conductive base embedded
interconnect according to an embodiment;

[0006] Figure 2 is an illustration of an embedded multi-chip interconnect
bridge (EMIB);

[0007] Figures 3A-3F illustrate fabrication of a conductive base
interconnect bridge on a silicon substrate using through silicon via technology

according to an embodiment;
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[0008] Figure 4A-4E illustrate fabrication of a conductive base
interconnect bridge on a conductive substrate according to an embodiment;

[0009] Figure 5 illustrates coupling of a conductive base interconnect
bridge on a silicon substrate using through silicon via technology with an organic
substrate according to an embodiment;

[0010] Figure 6 illustrates coupling of a conductive base interconnect
bridge on a silicon substrate using through silicon via technology with an organic
substrate according to an embodiment;

{0011] Figure 7 is a flowchart to illustrate fabrication of a conductive path
for an interconnect bridge on a silicon substrate using through silicon via technology
according to an embodiment; and

[0012] Figure 8 is a flowchart to illustrate fabrication of a conductive path

for an interconnect bridge on a conductive substrate according to an embodiment.

DETAILED DESCRIPTION

[0013] Embodiments described herein are generally directed to conductive
base embedded interconnect.

[0014] For the purposes of this description:

[0015] “Through silicon via” or “TSV” refers to a vertical (perpendicular
to a surface) electrical conneg:tion (or via) that passes through a silicon wafer or die.

[0016] “Substrate” or “wafer” refers to a slice of a substance, including a
slice of semiconductor material, such as silicon, used in electronics for the fabrication
of integrated circuits and in photovoltaics for conventional, wafer-based solar cells.

[0017] “Embedded interconnects” means interconnects that are embedded
within a substrate. Embedded interconnects include, but is not limited to, the
Embedded Multi-Die Interconnect Bridge of Intel Corporation. An Embedded Multi-
Die Interconnect Bridge is generally referred to as an EMIB or interconnect bridge
herein

[0018] In some embodiments, an apparatus, system, or method includes a
conductive base embedded interconnect. In some embodiments, an embedded
interconnect, including but not limited to an EMIB, includes one or more conductive
paths from below the embedded interconnect to a surface contact for the embedded
interconnection. In some embodiments, a conductive path provides power via a

conductive base that is formed below the embedded interconnect.
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[0019] An EMIB provides a high density interconnect within a package
for connection of chips, wherein EMIB includes a fine network of metal and dielectric
layers, the layers being embedded below a surface of a substrate, with bump contacts
above the metal and dielectric layers. However, certain of the bumps require a
connection with a power supply.

[0020] However, a current EMIB solution lacks a vertical conduction path
that originates from the organic substrate layers directly below the Interconnect
Bridge, and then through the Interconnect Bridge to its top surface. To provide a
connection to a power supply, power to the bumps above the interconnect bridge are
supplied laterally from outside the bridge. This structure creates relatively long paths
for power, with supply noise due to the inductance and resistance of these paths. '

[0021] In some embodiments, a conduction base embedded interconnect
bridge provides a conductive path from the organic substrate wires to the interconnect
bridge and ultimately to the topside contacts. In some embodiments, a conductive
path includes one of:

[0022] (1) A conductive path for the bridge including multiple through
silicon vias (TSVs) and an electrical connection between the plurality of TSVs
utilizing a conductive film, wherein the conductive film may include an anisotropic
(directional dependent) conductive adhesive film. The connection utilizing the TSVs
and conductive film provides a multiple independent current paths to the interconnect
bridge.

[0023] (2) A conductive path for the bridge utilizing a conductive
substrate, wherein the conductive path is connected via ohmic contacts and a
conductive adhesive film. The connection utilizing the conductive substrate provides
a single conductive path to the interconnect bridge.

[0024] The conductive paths for the bridge apply known technologies for
chip packaging, which such technologies are applied to create a conductive path for
an EMIB. In some embodiments, such technologies may be tailored for application in
a conductive interconnect bridge by adjusting CTE (Coefficient of Thermal
Expansion), Tg (Glass Transition Temperature relating to temperature at which
material transitions between liquid and glassy state), and other key material
properties. In some embodiments, material of a conductive substrate includes
material with a CTE that is in or near the range of the CTE of silicon (CTE ~3
ppm/°C) (parts per million per degree Celsius) and an organic substrate (CTE ~15
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ppm/°C). Materials may include, but are not limited to, copper (CTE ~3 ppm/°C),
stainless steel (CTE ~10 to 17 ppm/°C), nickel (CTE ~13 ppm/°C), or other various
metal alloys. However, embodiments are not limited to particular conductive
substrate materials.

[0025] An ohmic contact is a non-rectifying junction, and herein refers to
the ohmic contact of a metal to a semiconductor material. Ohmic contacts are also
well understood in fields including semicondﬁctor packaging.

[0026] In some embodiments, a conductive adhesive includes conductive
particles (such as particles of metal) in the adhesive. In some embodiments, the
conductive adhesive is anisotropic (directionally dependent), wherein pressure will
cause the conductive particles in a direction of a force to make contact and create an
electrical connections. However, particles in a different direction from the force will
not be forced together and will not create an electrical connection. In this manner,
multiple independent connections between TSVs and substrate wires may be made
without inducing a short between the TSVs as the rest of the adhesive will act as an
insulator.

[0027] Figure 1 is an illustration of a conductive base embedded
interconnect according to an embodiment. Figure 1 provides a general illustration of
an embodiment, wherein more specific embodiments are illustrated in Figures 3A to
6.

[0028] In some embodiments, an apparatus may include an interconnect
bridge structure coupled with substrate wires 140 of an organic substrate 150. In
some embodiments, the bridge structure includes metal and dielectric layers
embedded within a bridge substrate 120.

[0029] In some embodiments, an apparatus, system, or process provides
for one or more conductive paths 130 through the bridge substrate 120. In some
embodiments, the one or more conductive paths may include multiple conductive
paths enabled with multiple through silicon vias, such as illustrated in Figures 3A to
3F. In some embodiments, the one or more conductive paths may include a single
conductive path through a conductive substrate, such as illustrated in Figure 4A to 4E.

[0030] Figure 2 is an illustration of an embedded multi-chip interconnect
bridge (EMIB). In Figure 2, a EMIB 200 includes a silicon substrate 210; metal and
dielectric layers 220 embedded in the substrate 210, the metal layers including
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contacts on a surface of the substrate; and a backside adhesive 230 for coupling with a
substrate below (which is not illustrated in Figure 2).

[0031] However, in a conventional structure, there is no conductive path
through the substrate 210 to provide a connection between the metal layers 220 and
wire connections of the attached substrate below.

[0032] Figures 3A-3F illustrate fabrication of a conductive base
interconnect bridge on a silicon substrate using through silicon via technology
according to an embodiment.

[0033] Figure 3A: A silicon wafer 310 is fabricated for a substrate of the
interconnect bridge.

[0034] Figure 3B: Multiple through silicon vias 315 are formed in the
silicon wafer 310, where the through silicon vias 315 may be formed by a means
known by those of skill in the art.

[0035] Figure 3C: Processing of frontside layers, whereby metal and
dielectric layers 320 are embedded in a top surface of the silicon wafer 310 to connect
with the through silicon vias 315 and provide a conductive path to contacts on the
surface of the silicon wafer 310.

[0036] Figure 3D: The silicon wafer 310 is processed (removing a layer of
silicon) to reveal the through silicon vias 315.

[0037] Figure 3E: A backside RDL (redistribution layer) is attached to
provide connection with the frbntside layers 320 by way of the through silicon vias.

[0038] Figure 3F: A conductive adhesive 330 is attached to the backside
of the silicon substrate 310, thereby generating the conductive base embedded
interconnect 300. In some embodiments, the adhesive 330 is an anisotropic
conductive adhesive containing conductive particles.

[0039] Figure 4A-4E illustrate fabrication of a conductive base
interconnect bridge on a conductive substrate according to an embodiment.

[0040] Figure 4A: A carrier wafer 450 is provided for the fabrication of
the interconnect bridge.

[0041] Figure 4B: A conductive bridge substrate 410 is bonded to the
carrier 450.

[0042] Figure 4C: Processing of frontside layers, whereby metal and

dielectric layers 420 are embedded in a top surface of the bridge substrate 410 to
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provide ohmic contact between the metal layers of the frontside layers 420 and the
conductive base.

[0043] Figure 4D: The bridge substrate 410 is de-bonded from the carrier
wafer 450.

[0044] Figure 4E: A conductive adhesive 430 is attached to the backside
of the bridge substrate 410, thereby generating the conductive base embedded
interconnect 410.

[0045] Figure 5 illustrates coupling of a conductive base interconnect
bridge on a silicon substrate using through silicon via technology with an organic
substrate according to an embodiment. In some embodiments, a conductive base
interconnect bridge 300, such as illustrated in Figure 3F, is attached with a metal wire
layer 570 in a cavity of an organic substrate 580 utilizing an anisotropic conductive
adhesive 560. In some embodiments, the pressure applied in the attachment of the
interconnect bridge 300 with the organic substrate 580 generates an electrical
connection between an RDL layer of the conductive base interconnect bridge 300 and
the wires of the wire layer 570 while maintaining insulation between the through
silicon vias.

[0046] Figure 6 illustrates coupling of a conductive base interconnect
bridge on a silicon substrate using through silicon via technology with an organic
substrate according to an embodiment. In some embodiments, a conductive base
interconnect bridge 400, such as illustrated in Figure 4E, is attached with a metal wire
layer 670 in a cavity of an organic substrate 680 utilizing a conductive adhesive 665.
In some embodiments, the conductive adhesive 665 creates a conductive path from
the wire layer 670 to the upper contacts of the interconnect bridge 400 utilizing the
ohmic contact 590 between the frontside layer and conductive bridge substrate of the
interconnect bridge 400.

[0047] Figure 7 is a flowchart to illustrate fabrication of a conductive path
for an interconnect bridge on a silicon substrate using through silicon via technology
according to an embodiment. In some embodiments, a fabrication process 700 may
include the following:

[0048] 704: Fabrication of a silicon wafer as a substrate for the
interconnect bridge.

[0049] 706: Formation of multiple through silicon vias in the silicon

wafer.
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[0050] 708: Processing of frontside layers including embedding metal and
dielectric layers in a top surface of the silicon wafer.

[0051] 710: Revealing the through silicon vias by processing of the silicon
wafer.

[0052] 712: Forming a back side RDL (redistribution layer) on the silicon
bridge substrate.

[0053] 714: Application of anisotropic conductive adhesive to backside of
silicon bridge substrate.

[0054] 716: Coupling of silicon bridge substrate with organic substrate.

[0055] 718: Producing multiple conductive paths between interconnect
bridge and organic substrate wires via the through the silicon vias, RDL, and
conductive adhesive, while maintaining insulation between the through silicon vias.

[0056] Figure 8 is a flowchart to illustrate fabrication of a conductive path
for an interconnect bridge on a conductive substrate according to an embodiment. In
some embodiments, a fabrication process 800 may include the following:

[0057] 804: Providing carrier wafer for the fabrication of an interconnect
bridge.

[0058] 806: Bonding conductive bridge substrate to the carrier.

[0059] 808: Processing frontside layers, whereby metal and dielectric
layers are embedded in a top surface of the bridge substrate.

[0060] 810: De-bonding bridge substrate the carrier wafer.

[0061] 812: Applying conductive adhesive to the backside of the bridge
substrate. V

[0062] 814: Coupling bridge substrate with the organic substrate.

[0063] 816: Producing conductive path with organic substrate wires via
ohmic contract with frontside layer, conductive substrate, and conductive adhesive.

[0064] In the description above, for the purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the
described embodiments. It will be apparent, however, to one skilled in the art that
embodiments may be practiced without some of these specific details. In other
instances, well-known structures and devices are shown in block diagram form.
There may be intermediate structure between illustrated components. The
components described or illustrated herein may have additional inputs or outputs that

are not illustrated or described.
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[0065] Various embodiments may include various processes. These
processes may be performed by hardware components or may be embodied in
computer program or machine-executable instructions, which may be used to cause a
general-purpose or special-purpose processor or logic circuits programmed with the
instructions to perform the processes. Alternatively, the processes may be performed
by a combination of hardware and software.

[0066] Portions of various embodiments may be provided as a computer
program product, which may include a computer-readable medium having stored
thereon computer program instructions, which may be used to program a computer (or
other electrbnic devices) for execution by one or more processors to perform a process
according to certain embodiments. The computer-readable medium may include, but
is not limited to, magnetic disks, optical disks, read-only memory (ROM), random
access memory (RAM), erasable programmable read-only memory (EPROM)),
electrically-erasable programmable read-only memory (EEPROM), magnetic or
optical cards, flash memory, or other type of computer-readable medium suitable for
storing electronic instructions. Moreover, embodiments may also be downloaded as a
computer program product, wherein the program may be transferred from a remote
computer to a requesting computer.

[0067] Many of the methods are described in their most basic form, but
processes can be added to or deleted from any of the methods and information can be
added or subtracted from any of the described messages without departing from the
basic scope of the present embodiments. It will be apparent to those skilled in the art
that many further modifications and adaptations can be made. The particular
embodiments are not provided to limit the concept but to illustrate it. The scope of
the embodiments is not to be determined by the specific examples provided above but
only by the claims below.

[0068] If it is said that an element “A” is coupled to or with element
“B,” element A may be directly coupled to element B or be indirectly coupled
through, for example, element C. When the specification or claims state that a
component, feature, structure, process, or characteristic A “causes” a component,
feature, structure, process, or characteristic B, it means that “A” is at least a partial
cause of “B” but that there may also be at least one other component, feature,
structure, process, or characteristic that assists in causing “B.” If the specification

indicates that a component, feature, structure, process, or characteristic “may”,
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“might”, or “could” be included, that particular component, feature, structure, process,
or characteristic is not required to be included. If the specification or claim refers to
“a” or “an” element, this does not mean there is only one of the described elements.

[0069] An embodiment is an implementation or example. Reference in the
specification to “an embodiment,” “one embodiment,” “some embodiments,” or
“other embodiments” means that a particular feature, structure, or characteristic
described in connection with the embodiments is included in at least some
embodiments, but not necessarily all embodiments. The various appearances of “an
embodiment,” “one embodiment,” or “some embodiments” are not necessarily all
referring to the same embodiments. It should be appreciated that in the foregoing
description of exemplary embodiments, various features are sometimes grouped
together in a single embodiment, figure, or description thereof for the purpose of
streamlining the disclosure and aiding in the understanding of one or more of the
various novel aspects. This method of disclosure, however, is not to be interpreted as
reflecting an intention that the claimed embodiments requires more features than are
expressly recited in each claim. Rather, as the following claims reflect, novel aspects
lie in less than all features of a single foregoing disclosed embodiment. Thus, the
claims are hereby expressly incorporated into this description, with each claim

standing on its own as a separate embodiment.

[0070] In some embodiments, an apparatus includes a substrate; an
embedded interconnect layer in a first side of the substrate, the embedded interconnect
layer including a plurality of contacts; and one or more conductive paths through the
substrate, the one or more conductive paths being connected with the embedded
interconnect layers.

[0071] In some embodiments, the substrate is a silicon substrate including
a plurality of through silicon vias, the embedded interconnect layer being coupled to a
first end of the plurality of through silicon vias, and the apparatus further including a
redistribution layer coupled with a second end of the plurality of through silicon vias
at the second side of the silicon substrate.

[0072] In some embodiments, the apparatus is coupled with a wire layer of
an organic substrate using a conductive adhesive applied to the second side of the

silicon substrate. In some embodiments, the conductive adhesive is an anisotropic
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conductive adhesive, wherein applying pressure to the anisotropic conductive
adhesive creates an electrical connection by compression of conductive particles.

{0073} In some embodiments, the one or more conductive paths include a
pluratity of conductive paths from the wire layer of the organic substrate to the
embedded interconnect layer through the through silicon vias.

[0074] In some embodiments, the substrate is a conductive substrate, the
embedded interconnect layer having an ohmic contact with the conductive substrate.

[0075] In some embodiments, the apparatus is coupled with a wire layer of
an organic substrate using a conductive adhesive applied to the second side of the
conductive substrate.

[0076] In some embodiments, the one of more conductive paths include a
single conductive path from the wire layer of the organic substrate to the embedded
interconnect layer through the conductive substrate.

[0077] In some embodiments, a method includes fabricating a substrate;
embedding metal and dielectric layers in a first side of the substrate, the embedded
interconnect layer including a plurality of contacts; and generating one or more
conductive paths through the substrate, the one or more conductive paths being
connected with the embedded interconnect layers.

[0078] In some embodiments, fabricating the substrate includes fabricating
a silicon substrate, and the method further including forming a plurality of through
silicon via through the silicon substrate, the embedded interconnect layer being
coupled to a first end of the plurality of through silicon vias.

[0079] In some embodiments, the method further includes processing the
silicon substrate to expose the through silicon vias on a second, opposite side of the
silicon substrate.

[0080] In some embodiments, the method further includes forming a
redistribution layer (RDL) coupled with a second end of the plurality of through
silicon vias at the second side of the silicon substrate.

[0081] In some embodiments, the method further includes applying a
conductive adhesive to the second side of the silicon substrate, and coupling the
silicon substrate with a wire layer of an organic substrate using the conductive
adhesive.

[0082] In some embodiments, the method further includes the conductive

adhesive is an anisotropic conductive adhesive, further comprising applying pressure
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to the anisotropic conductive adhesive to create an electrical connection by
compression of conductive particles.

{0083] In some embodiments, generating the one or more conductive paths
includes generating a plurality of conductive paths from the wire layer of the organic
substrate to the embedded interconnect layer through the through silicon vias.

[0084] In some embodiments, fabricating the substrate includes bonding a
conductive bridge substrate to a carrier wafer; embedding the metal and dielectric
layers in a first side of the conductive bridge substrate; and de-bonding the conductive
bridge substrate from the carrier wafer.

[0085] In some embodiments, the method further includes applying a
conductive adhesive to a second side of the conductive bridge substrate, and coupling
the silicon substrate with a wire layer of an organic substrate using the conductive
adhesive.

[0086] In some embodiments, generating the one or more conductive paths
includes generating a single conductive path from the wire layer of the organic
substrate to the embedded interconnect layer through the conductive bridge substrate.

[0087] In some embodiments, a package includes a plurality of chips; an
organic substrate; and an interconnect bridge coupled with the organic substrate to
connect one or more of the plurality of chips, the interconnect bridge including a
substrate, an embedded interconnect layer in a first side of the substrate, the
embedded interconnect layer including a plurality of contacts, and one or more
conductive paths through the substrate to the organic substrate, the one or more
conductive paths being connected with the embedded interconnect layers.

[0088] In some embodiments, the substrate is a silicon substrate including
a plurality of through silicon vias, the embedded interconnect layer being coupled to a
first end of the plurality of through silicon vias, the bridge interconnect further
including a redistribution layer coupled with a second end of the plurality of through
silicon vias at the second side of the silicon substrate.

[0089] In some embodiments, the interconnect bridge is coupled with a
wire layer of the organic substrate using a conductive adhesive applied to the second
side of the silicon substrate.

[0090] In some embodiments, the conductive adhesive is an anisotropic
conductive adhesive, wherein applying pressure to the anisotropic conductive

adhesive creates an electrical connection by compression of conductive particles.
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[0091] In some embodiments, the substrate of the interconnect bridge is a
conductive substrate, the embedded interconnect layer having an ohmic contact with
the conductive substrate.

[0092] In some embodiments, the interconnect bridge is coupled with a

5 wire layer of the organic substrate using a conductive adhesive applied to the second

side of the conductive substrate.
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CLAIMS
What is claimed is:
1. An apparatus comprising:
a substrate;
5 an embedded interconnect layer in a first side of the substrate, the embedded

interconnect layer including a plurality of contacts; and
one or more conductive paths through the substrate, the one or more

conductive paths being connected with the embedded interconnect layers.

2. The apparatus of claim 1, wherein the substrate is a silicon substrate including
10  aplurality of through silicon vias, the embedded interconnect layer being coupled to a
first end of the plurality of through silicon vias, and further comprising:
a redistribution layer coupled with a second end of the plurality of through

silicon vias at the second side of the silicon substrate.

3. The apparatus of claim 2, wherein the apparatus is coupled with a wire layer of
15  an organic substrate using a conductive adhesive applied to the second side of the

silicon substrate.

4. The apparatus of claim 3, wherein the conductive adhesive is an anisotropic
conductive adhesive, wherein applying pressure to the anisotropic conductive

adhesive creates an electrical connection by compression of conductive particles.

20 5. The apparatus of claim 3, wherein the one or more conductive paths include a
plurality of conductive paths from the wire layer of the organic substrate to the

embedded interconnect layer through the through silicon vias.

6. The apparatus of claim 1, wherein the substrate is a conductive substrate, the

embedded interconnect layer having an ohmic contact with the conductive substrate.

25 T The apparatus of claim 6, wherein the apparatus is coupled with a wire layer of
an organic substrate using a conductive adhesive applied to the second side of the

conductive substrate.
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8. The apparatus of claim 7, wherein the one of more conductive paths include a
single conductive path from the wire layer of the organic substrate to the embedded

interconnect layer through the conductive substrate.

9. A method comprising:

fabricating a substrate;

embedding metal and dielectric layers in a first side of the substrate, the
embedded interconnect layer including a plurality of cohtacts; and

generating one or more conductive paths through the substrate, the one or

more conductive paths being connected with the embedded interconnect layers.

10.  The method of claim 9, wherein fabricating the substrate includes fabricating a
silicon substrate, and further comprising;:

forming a plurality of through silicon via through the silicon substrate, the
embedded interconnect layer being coupled to a first end of the plurality of through

silicon vias.

11.  The method of claim 10, and further comprising:
processing the silicon substrate to expose the through silicon vias on a second,

opposite side of the silicon substrate.

12.  The method of claim 11, and further comprising:
forming a redistribution layer (RDL) coupled with a second end of the

plurality of through silicon vias at the second side of the silicon substrate.

13.  The method of claim 12, further comprising applying a conductive adhesive to
the second side of the silicon substrate, and coupling the silicon substrate with a wire

layer of an organic substrate using the conductive adhesive.

14. The method of claim 13, wherein the conductive adhesive is an anisotropic
conductive adhesive, further comprising applying pressure to the anisotropic
conductive adhesive to create an electrical connection by compression of conductive

particles.

-14-



WO 2017/111840 PCT/US2015/000398

10

15

20

25

30

15.  The method of claim 13, wherein generating the one or more conductive paths
includes generating a plurality of conductive paths from the wire layer of the organic

substrate to the embedded interconnect layer through the through silicon vias.

16.  The method of claim 9, wherein fabricating the substrate includes:
bonding a conductive bridge substrate to a carrier wafer;
embedding the metal and dielectric layers in a first side of the conductive
bridge substrate; and

de-bonding the conductive bridge substrate from the carrier wafer.

17.  The method of claim 16, further comprising applying a conductive adhesive to
a second side of the conductive bridge substrate, and coupling the silicon substrate

with a wire layer of an organic substrate using the conductive adhesive.

18. The method of claim 17, wherein generating the one or more conductive paths
includes generating a single conductive path from the wire layer of the organic

substrate to the embedded interconnect layer through the conductive bridge substrate.

19. A package comprising:
a plurality of chips;
an organic substrate; and
an interconnect bridge coupled with the organic substrate to connect one or
more of the plurality of chips, the interconnect bridge including:
a substrate,
an embedded interconnect layer in a first side of the substrate, the
embedded interconnect layer including a plurality of contacts, and
one or more conductive paths through the substrate to the organic
substrate, the one or more conductive paths being connected with the

embedded interconnect layers.

20.  The package of claim 19, wherein the substrate is a silicon substrate including
a plurality of through silicon vias, the embedded interconnect layer being coupled to a
first end of the plurality of through silicon vias, the bridge interconnect further
including:

a redistribution layer coupled with a second end of the plurality of through

silicor! vias at the second side of the silicon substrate.
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21.  The package of claim 20, wherein the interconnect bridge is coupled with a
wire layer of the organic substrate using a conductive adhesive applied to the second

side of the silicon substrate.

22.  The package of claim 21, wherein the conductive adhesive is an anisotropic
conductive adhesive, wherein applying pressure to the anisotropic conductive

adhesive creates an electrical connection by compression of conductive particles.

23. The package of claim 19, wherein the substrate of the interconnect bridge is a
conductive substrate, the embedded interconnect layer having an ohmic contact with

the conductive substrate.

24, The package of claim 23, wherein the interconnect bridge is coupled with a
wire layer of the organic substrate using a conductive adhesive applied to the second

side of the conductive substrate.
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WO 2017/111840 PCT/US2015/000398

110
BRIDGE
SUBSTRATE v
120 BRIDGE - METAL AND DIELECTRIC LAYERS

110

CONDUCTIVE PATH(S)
THROUGH SUBSTRATE
130

ORGANIC SUBSTRATE WIRES 140

ORGANIC SUBSTRATE
150

FIG. 1



PCT/US2015/000398

WO 2017/111840

210

¢ 'Old

0L¢
NOQITIS

NN NN NN SUNS NN NN NN NN SNNN SINN NN NN N NN N NNANN

N7 DN 27 A N2 Y20\ 32 A vz 4 Nz Yegeapd ez Negczzzgh YizzaN\ e

SOVANS SN NNEINN N NN N VAN NN N NN SN A NNNNNNAN N

N YA o7 N2 N2z 4. Y2\ Yozzzza N4 Nzzzzgh YzzzgeqN\Jevgr d Nz Yoa

SNIDANANANNNYANNNNNNEINN NYANN SOANNNNNN PN NN

A

0€¢
JAISIHAY 3AISHIOVE

02¢
<« SYIAVT
141031314
ANV VL3N

00¢



PCT/US2015/000398

WO 2017/111840

310

310

FIG. 3A

SILICON WAFER

SILICON WAFER

315\

310

FIG. 3B

SN YN SN S SN SPEISN SN N NN NN SN NYIN NS N NPFIN NN N NP

AN AN /d YA VN YA zd N2 Ny

320 \

WAFER

SILICON

310

FIG. 3C



310

SILICON WAFER

AN

SILICON WAFER

310

PCT/US2015/000398

NN

AN A Y /A

AMANANANANANANAN

N\

AN

300
/

ANANAN Z ANANANANAN 7 SAVANANANA 7 0N

S\

SASSSSSSNSSN

MANN

4110

SR NS N N YIN NN N NN NN N NEFR N

FIG. 3D

FIG. 3E

AN\

AN N N AN S N NN PN N NN OSEFL N N N N NIN N

SN N NN NNV

SSSSSNSISSISSS

A 7Z NANANANANE % ANAN

77777, N 117445 N 774, N A1773 W 4417, Q 71479 R 144475 \ Y1777 N 147445 N 74747, 177775 W §

AV A Vb AN AN A Yoo A Yo7 A Voo A\ o\ N A

7. /7775 /477 N 77747\ 17447 N Y977\ 147475 W 7/747. @ 174775 R 1/777: N\ HSSD N ASHHVG N s

TS SSS SN

N N N
=
315

7

N\

. f ¢ T— 2T 5 e
325

| 777 N D4977, N V/1175 N Y7777, A 1747474 R 74747, N 77779 N ¥4747: \\ 7.
A NANANA VA WA VA VA V. N VA VA VA VA VA N VANA AL VAN NN

A YA VAV A VAN A e f A Yo/ f A Vi Y d Y AN 224

NN AN NN

>

310

1

SILICON WAFER

SSSSSSS

)

S

N

FIG. 3F

sy

NN

72 N NS

.

N

320 \

WO 2017/111840
320

320 \

N

330 /



WO 2017/111840 PCT/US2015/000398

510

CARRIER WAFER
450

FIG. 4A

CARRIER WAFER
450

FIG. 4B



WO 2017/111840 PCT/US2015/000398

6/10

CARRIER WAFER
450

FIG. 4C

AVANA 7 NAN N ETAN N NN AN N NN SN NN N AN NN

2 N7 N 104777 R 147747, R 74779 N 177775 N 74447, \ 474/45 \ Y4444, /1444 W 17774 R G177\
AN 7 N AN N N N NEL N NN N NN NN NN NN N
AN A Yo A Vo el Y id ANV A A N A YA YA Vo V7 AN ¢

N SN NN N NN S NN NN NNN NSNS N NNNNNNANNNN

420 \ / .

SN AN NN N NP N NN NN NN N SN AN NN

LN AN N A N NN N
7. Q77775 N 1/447. \ /4449 \ 14774, \ 74777\ 1/447. R 744714 R 7.

SN \\\\\\\\\\\\\\\/\ L (\A/////
410
| [l (/I///%

.

THIHHIHHHH

LA

[ORRRRRRIED

il

430

FIG. 4E



PCT/US2015/000398

WO 2017/111840

7110

G "Old

096
0.5 JAISFHAY m_>:.o:ozoo.o_n_om._.0w_z<

\

omm

o, \\\\\\\\\\

VA

| A S SSS, \\ LLLLLA NN Yo \\\\\\h ///_V\\ LLLLDN, A 7. \\\\\\\s— /h/ /_\\\\\\\\\\\a/ A\\\\ LLLAN,

(AS1) SVIA
IS HONOYHL
HLIM 31v¥1S8nS
NOQITIS



PCT/US2015/000398

WO 2017/111840

810

9

owm

Old

G99

m>_mm_._o< JAILONANOD

AIILL IS,

1\\ L

VSIS LSS LSS LS IS ISS IS IS S,

1L IISLSSIISSY \\ \\\\\\\\\\\ T
_::::_:::::::_::___________::::::_:_E:E :

::_::::::__:_:::_ _: : 1]

LLLLI LIS LSS IS LSS LSS SIS LSS YY)
::_: :_: 111]

065

049

[0

j¥]Njiz

AN S NN VAN NN NN TN N

/—\L/////

1OVINOD
\ JINHO

i Yddd Yo A VrZn _\\\\\\7 H\\\\\_/_\\\\\\M /_\\\\\\_ YA Vi il W2

N A ANANAN/Z NAN

ANANAN 7 ANANANANANZ ANANA 7 AN

A YA VoA VN ﬁ\\\\\\*/_V\\ AN A Y d Yo A Vi U AN A/ /A N

N AN N NN NN N NN NN NN

AN N NS NPFAN N NN NN N

00¥ \




WO 2017/111840 PCT/US2015/000398

910

700
( CONDUCTIVE PATH - TSV CONNECTION )’\/

' 704
FABRICATE SILICON WAFER —~
A 706
FORM THROUGH SILICON VIAS IN SILICON WAFER —~
L 708
PROCESS FRONTSIDE LAYERS — METAL AND DIELECTRIC LAYERS [
r 710
REVEAL THROUGH SILICON VIAS ad
-Y 712
FORM BACKSIDE REDISTRIBUTION LAYER —~
l 714
APPLY ANISOTROPIC CONDUCTIVE ADHESIVE —
' 716

COUPLE SILICON SUBSTRATE WITH ORGANIC SUBSTRATE —~

y
718
CONDUCTIVE PATHS WITH ORGANIC SUBSTRATE WIRES —~—
VIA TSVS AND CONDUCTIVE ADHESIVE

FIG. 7



WO 2017/111840 PCT/US2015/000398

1010

800
[CONDUCTIVE PATH — CONDUCTIVE SUBSTRATQ’\/

y

CARRIER WAFER FOR FABRICATION

804

y

BOND CONDUCTIVE BRIDGE SUBSTRATE TO CARRIER WAFER

806

y

PROCESS FRONTSIDE LAYERS — METAL AND DIELECTRIC LAYERS

808

y

DE-BOND BRIDGE SUBSTRATE FROM CARRIER WAFER

810

A 4

APPLY CONDUCTIVE BACKSIDE ADHESIVE FILM

812

y

COUPLE BRIDGE SUBSTRATE WITH ORGANIC SUBSTRATE

814

v

CONDUCTIVE PATH WITH ORGANIC SUBSTRATE WIRES
VIA OHMIC CONTACT, CONDUCTIVE SUBSTRATE AND CONDUCTIVE
ADHESIVE

816
—~—

FIG. 8



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2015/000398

A. CLASSIFICATION OF SUBJECT MATTER
HO1L 23/12(2006.01)i, HO1L 23/48(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 23/12; HO1L 21/22; HO1L 21/50; HO1L 23/48; HO1L 21/762; HO1L 21/66; HO1L 23/522; HO1L 23/538; HO1L 23/495

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models

Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: bridge, interconnect, source, conductive adhesive, substrate, package

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2014-0042643 A1 (CHEN-HUA YU et al.) 13 February 2014 1-2,9-12,19-20
See abstract, paragraphs [0016]-[0070] and figures 1-8.
Y 3-8,13-18,21-24
Y US 8802454 Bl (ARIFUR RAHMAN et al.) 12 August 2014 3-5,7-8,13-15
See abstract, column 3, line 19 — column 4, line 44 and figures 1-1 - 3. ,17-18,21-22,24
Y US 2013-0154109 A1 (RAMNATH VENKATRAMAN et al.) 20 June 2013 6-8,23-24

See abstract, paragraph [0019] and figure 1.

Y US 2013-0214423 A1 (MARIAM SADAKA) 22 August 2013 16-18
See abstract, paragraphs [0056]-[0057] and figures 8-9.

A US 2012-0104578 A1 (HSIEN-PIN HU et al.) 03 May 2012 1-24
See abstract, paragraphs [0014]-[0021] and figure 1D.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
26 September 2016 (26.09.2016) 26 September 2016 (26.09.2016)
Name and mailing address of the [SA/KR Authorized officer %

International Application Division
¢ Korean Intellectual Property Office CHOIL Sang Won
Y 189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

inb;imile No. +82-42-481-8578 Telephone No. +82-42-481-8291

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




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2015/000398

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2014-0042643 Al 13/02/2014 CN 103579183 A 12/02/2014
TW 201407750 A 16/02/2014
TW 1520308 B 01/02/2016
US 8810006 B2 19/08/2014

US 8802454 Bl 12/08/2014 None

US 2013-0154109 A1l 20/06/2013 WO 2013-090914 Al 20/06/2013

US 2013-0214423 Al 22/08/2013 CN 103258782 A 21/08/2013
FR 2987494 Al 30/08/2013
KR 10-2013-0094750 A 26/08/2013
TW 201336000 A 01/09/2013
US 8970045 B2 03/03/2015

US 2012-0104578 Al 03/05/2012 US 2012-0238057 Al 20/09/2012
US 8105875 Bl 31/01/2012
US 8319349 B2 27/11/2012
US 8759150 B2 24/06/2014

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 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report

