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ALIGNMENT CARRIER FOR INTERCONNECT BRIDGE ASSEMBLY

BACKGROUND

[0001] The invention relates to semiconductor technology, and more particularly to the alignment and assembly of

two or more semiconductor die using an interconnect bridge.

[0002] Semiconductor die (i.e., chips) have continued to become more complex and grow in size. This has resulted
in lower yielding semiconductor die due to the defect density staying the same, but semiconductor die size having a
greater chance to be impacted by random defects. In order to reduce yield loss, the semiconductor die are being
split in size, but now need to have a greater amount of input/output (I/0) to communicate between chips at fast

enough rates.

[0003] In order to enable fast communication between semiconductor die, wiring dimensions that are achievable in
semiconductor fabrication are needed. Interconnect bridges, such as, for example, silicon (Si) bridges, have been
attempted in the past. However, prior art interconnect bridges can lead to significant challenges in assembly. For
example, multiple interconnect bridges are typically needed to assemble multiple semiconductor die. This makes

alignment of interconnect bridge area between the semiconductor die and attachment of the interconnect bridge to

multiple semiconductor die difficult in assembly.

[0004] Since the interconnect bridge connection area may be plated first and the large bump areas plated second,
there is typically some mis-registration between the low density interconnect (LDI) regions and the high density
interconnect (HDI) regions of the semiconductor die due to this two step plating process. This makes using the
large pitch controlled collapse chip connection (C4s) solder for alignment in interconnect bridges less than ideal. At
the same time, it is necessary to handle properly aligned semiconductor die while having attached a very thin

interconnect bridge.

[0005] There is thus a need to provide alignment and assembly of two or more semiconductor die using an

interconnect bridge that circumvents the problems noted above.

SUMMARY

[0006] The invention provides an alignment carrier, assembly and methods that enable the precise alignment and
assembly of two or more semiconductor die using an interconnect bridge that circumvents the problems noted

above.

[0007] In one aspect of the invention, an alignment carrier is provided that can be used for alignment and assembly

of two or more semiconductor die (i.e., chips) using an interconnect bridge. In one embodiment, the alignment
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carrier includes a substrate having a coefficient of thermal expansion (CTE) that substantially matches that of an
interconnect bridge. The alignment carrier further includes a plurality of solder balls located on a surface of the
substrate and configured for alignment of two or more semiconductor die. In an embodiment, the solder balls that
are present on the substrate of the alignment carrier are formed in locations that correspond to a periphery region of

each semiconductor die that is to be subsequently aligned thereto.

[0008] In some embodiments, and when the interconnect bridge is composed of silicon, the substrate is composed
of silicon or glass. In some embodiments, the solder balls of the alignment carrier are located on a surface of the
substrate that corresponds to the corners of each of the semiconductor die to be aligned. In some embodiments,
the alignment carrier includes a window (i.e., opening) that is located in a central region of the substrate. In such an
embodiment, the window is configured for placement and access of the interconnect bridge. The presence of the
window provides access to the high density interconnect (HDI) region of the semiconductor die for interconnect

bridge placement.

[0009] In some embodiments, the plurality of solder balls that are present on the substrate have a size that is
greater than solder balls that are present in a low density interconnect (LDI) region of the two or more
semiconductor die. This size difference in the solder balls allows for the solder balls present on the substrate of the
alignment carrier to contact sacrificial bond pads that are located at a periphery region of the semiconductor die,
without allowing the solder balls present on the semiconductor die to contact the alignment carrier. In some
embodiments, each solder ball of the plurality of solder balls is a controlled collapse chip connection (C4) solder

ball.

[0010] In another aspect of the invention, an assembly is provided. In one embodiment, the assembly includes a
first semiconductor die including a plurality of first sacrificial bond pads located at a periphery region of the first
semiconductor die, first solder balls located in a low density interconnect (LDI) region of the first semiconductor die,
and first bond pads located in a high density interconnect (HDI) region of the first semiconductor die. A second
semiconductor die is located laterally adjacent to the first semiconductor die and includes a plurality of second
sacrificial bond pads located at a periphery region of the second semiconductor die, second solder balls located in a
LDl region of the second semiconductor die, and second bond pads located in a HDI region of the second

semiconductor die.

[0011] The assembly further includes an alignment carrier that includes a substrate having a coefficient of thermal
expansion that substantially matches that of an interconnect bridge, and a plurality of solder balls located on the
substrate that correspond to the periphery region of the first semiconductor die and the second semiconductor die
being aligned. In accordnace with an embodiment, a first set of the plurality solder balls located on the substrate is
aligned to, and in contact with, the plurality of first sacrificial bond pads located at the periphery region of the first
semiconductor die, and a second set of the plurality solder balls located on the substrate is aligned to, and in

contact with, the plurality of second sacrificial bond pads located at the periphery region of the second
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semiconductor die.

[0012] In some embodiments, the alignment carrier includes a window present in the central region of the substrate
which corresponds to the HDI region of the first semiconductor die and the HDI region of the second semiconductor
die allowing access for placement of the interconnect bridge. In some embodiments, the interconnect bridge
present in the assembly is composed of silicon, and the substrate of the alignment carrier is composed of silicon or
glass. In some embodiments, the plurality of first sacrificial bond pads are located at each corner of the first
semiconductor die, and the plurality of second sacrificial bond pads are located at each corner of the second
semiconductor die. In some embodiments, the plurality of solder balls of the alignment carrier have a size that is
greater than the solder balls that are present in the first LDI region of the first semiconductor die and the second LDI
region of the second semiconductor die. In some embodiments, a backer structure can be attached to a backside

of the first semiconductor die and the second semiconductor die.

[0013] In some embodiments, an interconnect bridge is present in the assembly that spans the first semiconductor
die and the second semiconductor die. In an embodiment, the interconnect bridge connects the HDI region of the

first semiconductor die to the HDI region of the second semiconductor die.

[0014] In yet another aspect of the invention, a method for alignment and assembly of two or more semiconductor
die (i.e., semiconductor chips) using an interconnect bridge is provided. In a first embodiment, the method includes
providing a first assembly including a first semiconductor die, a second semiconductor die located laterally adjacent
to the first semiconductor die, and an alignment carrier. The first semiconductor die includes a plurality of first
sacrificial bond pads located at a periphery region of the first semiconductor die, first solder balls located in a low
density interconnect (LDI) region of the first semiconductor die and first bond pads located in a high density
interconnect (HDI) region of the first semiconductor die. The second semiconductor die includes a plurality of
second sacrificial bond pads located at a periphery region of the second semiconductor die, second solder balls
located in a LDl region of the second semiconductor die and second bond pads located in a HDI region of the
second semiconductor die. The alignment carrier includes a substrate having a coefficient of thermal expansion
that substantially matches that of an interconnect bridge, and a plurality of solder balls located on the substrate that
corresponds to the periphery region of both the first semiconductor die and the second semiconductor die. In the
first assembly, a first set of the plurality of solder balls located on the substrate is aligned to, and in contact with, the
plurality of first sacrificial bond pads located at the periphery region of the first semiconductor die, and a second set
of the plurality of solder balls located on the substrate is aligned to, and in contact with, the plurality of second

sacrificial bond pads located at the periphery region of the second semiconductor die.

[0015] The method of the first embodiment further includes first attaching a backer structure to a backside of the
first semiconductor die and the second semiconductor die. Next, the alignment carrier is removed to provide a
second assembly including the first semiconductor die, the second semiconductor die and the backer structure.

The method of the first embodiment continues by second attaching the interconnect bridge between the first
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semiconductor die and the second semiconductor die to provide a third assembly including the first semiconductor
die, the second semiconductor die, the backer structure and the interconnect bridge. In the third assembly, the
interconnect bridge connects the HDI region of the first semiconductor die to the HDI region of the second
semiconductor die. The method of the first embodiment continues by third attaching a laminate to the third

assembly.

[0016] In a second embodiment, the method includes providing a first assembly comprising a first semiconductor
die, a second semiconductor die located laterally adjacent to the first semiconductor die, and an alignment carrier.
The first semiconductor die includes a plurality of first sacrificial bond pads located at a periphery region of the first
semiconductor die, first solder balls located in a low density interconnect (LDI) region of the first semiconductor die
and first bond pads located in a high density interconnect (HDI) region of the first semiconductor die. The second
semiconductor die includes a plurality of second sacrificial bond pads located at a periphery region of the second
semiconductor die, second solder balls located in a LDI region of the second semiconductor die and second bond
pads located in a HDI region of the second semiconductor die. The alignment carrier includes a substrate having a
coefficient of thermal expansion that substantially matches that of an interconnect bridge, a window located in a
central portion of the substrate, and a plurality of solder balls located on the substrate that corresponds to the
periphery region of both the first semiconductor die and the second semiconductor die. In the first assembly, a first
set of the plurality solder balls located on the substrate is aligned to, and in contact with, the plurality of first
sacrificial bond pads located at the periphery region of the first semiconductor die, and a second set of the plurality
solder balls located on the substrate is aligned to, and in contact with, the plurality of second sacrificial bond pads

located at the periphery region of the second semiconductor die.

[0017] The method of the second embodiment further includes forming the interconnect bridge through the window
and spanning the first semiconductor die and the second semiconductor die to provide a second assembly including
the first semiconductor die, the second semiconductor die, and the interconnect bridge, wherein the interconnect
bridge connects the HDI region of the first semiconductor die to the HDI region of the second semiconductor die,
and thereafter first attaching a backer structure to a backside of the first semiconductor die and the second
semiconductor die of the second assembly. Next, the alignment carrier is removed to provide a third assembly
including the first semiconductor die, the second semiconductor die, the interconnect bridge and the backer

structure. The method of the second embodiment continues by second attaching a laminate to the third assembly.

[0018] A third embodiment is also provided that is similar to the second embodiment but without attaching a backer

structure to the first semiconductor die and the second semiconductor die during the assembly process.

[0019] In any of the method embodiments mentioned above, the plurality of first sacrificial bond pads are formed at
the same time as the first bond pads in the HDI region of the first semiconductor die, and the plurality of second
sacrificial bond pads are formed at the same time as the second bond pads in the HDI region of the second

semiconductor die. By forming the sacrificial bond bands at the same time as the bond pads in the HDI region of
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the semiconductor die, mis-registration between the low density interconnect (LDI) regions and high density
interconnect (HDI) regions of the semiconductor die due to a two step plating process is no longer of consequence

for alignment of the HDI regions of the semiconductor die.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1 is a top down view of an alignment carrier in an embodiment of the invention.

[0021] FIG. 2 is a top down view of two semiconductor die in an embodiment of the invention.

[0022] FIG. 3 is a cross sectional view of a first assembly including the two semiconductor die of FIG. 2 aligned and

attached to the alignment carrier of FIG. 1.

[0023] FIG. 4 is a cross sectional view of the first assembly of FIG. 3 after first attaching a backer structure to a

backside of the first and second dies.

[0024] FIG. 5 is a cross sectional view of the first assembly of FIG. 4 after removing the alignment carrier to provide

a second assembly including the first die and second dies and the backer structure.

[0025] FIG. 6 is a cross sectional view of the second assembly of FIG. 5 after second attaching an interconnect
bridge between the first and second dies to provide a third assembly including the first and second dies, the backer
structure and the interconnect bridge, wherein the interconnect bridge connects a high density interconnect region

of the first die to a high density interconnect region of the second die.

[0026] FIG. 7 is a cross sectional view of the third assembly of FIG. 6 after third attaching a laminate to the third

assembly to provide a fourth assembly.

[0027] FIG. 8 is a cross sectional view of the fourth assembly of FIG. 7 after performing underfill and removing of

the backer structure.

[0028] FIG. 9 is a cross sectional view of a first assembly including a first semiconductor die, a second
semiconductor die located laterally adjacent to the first die, and an alignment carrier including a window in another

embodiment of the invention.

[0029] FIG. 10 is a cross sectional view of the first assembly of FIG. 9 after forming an interconnect bridge through
the window and spanning the first and second dies to provide a second assembly including the first and second
dies, and the interconnect bridge, wherein the interconnect bridge connects a high density interconnect region of

the first die to a high density interconnect region of the second die.
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[0030] FIG. 11 is a cross sectional view of the second assembly of FIG. 10 after first attaching a backer structure to

a backside of the first and second dies of the second assembly.

[0031] FIG. 12 is a cross sectional view of the second assembly of FIG. 11 after removing the alignment carrier to

provide a third assembly including the first and second dies, the interconnect bridge and the backer structure.

[0032] FIG. 13 is a cross sectional view of the third assembly of FIG. 12 after second attaching a laminate to the

third assembly to provide a fourth assembly.

[0033] FIG. 14 is a cross sectional view of the fourth assembly of FIG. 13 after performing underfill and removing of

the backer structure.

[0034] FIG. 15 is a cross sectional view of a first assembly including a first semiconductor die, a second
semiconductor die located laterally adjacent to the first die, and an alignment carrier including a window in yet

another embodiment of the invention.

[0035] FIG. 16 is a cross sectional view of the first assembly of FIG. 15 after forming an interconnect bridge through
the window and spanning the first and second dies to provide a second assembly including the first and second
dies, and the interconnect bridge, wherein the interconnect bridge connects a high density interconnect region of

the first die to a high density interconnect region of the second die.

[0036] FIG. 17 is a cross sectional view of the second assembly of FIG. 16 after removing the alignment carrier to

provide a third assembly including the first and second dies and the interconnect bridge.

[0037] FIG. 18 is a cross sectional view of the third assembly of FIG. 17 after attaching a laminate to the third

assembly to provide a fourth assembly, and after performing underfill.

DETAILED DESCRIPTION

[0038] Embodiments of the invention will now be described in greater detail by referring to the following discussion
and accompanying drawings. Itis noted that the drawings are provided for illustrative purposes only and, as such,
the drawings are not drawn to scale. Itis also noted that like and corresponding elements are referred to by like

reference numerals.

[0039] In the following description, numerous specific details are set forth, such as particular structures,
components, materials, dimensions, processing steps and techniques, in order to provide an understanding of the
various embodiments. However, it will be appreciated by one of ordinary skill in the art that the various

embodiments may be practiced without these specific details. In other instances, well-known structures or
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processing steps have not been described in detail in order to avoid obscuring the invention.

[0040] It will be understood that when an element as a layer, region or substrate is referred to as being “on” or
“‘over” another element, it can be directly on the other element or intervening elements may also be present. In
contrast, when an element is referred to as being “directly on” or “directly over’ another element, there are no
intervening elements present. It will also be understood that when an element is referred to as being “beneath” or
“‘under’ another element, it can be directly beneath or under the other element, or intervening elements may be
present. In contrast, when an element is referred to as being “directly beneath” or “directly under” another element,

there are no intervening elements present.

[0041] Referring first to FIG. 1, an alignment carrier 10 is used for the precise alignment and assembly of
semiconductor die. The alignment carrier 10 includes a substrate 12 that contains a plurality of solder balls 14
located on a surface of the substrate 12. In an embodiment the solder balls are configured for alignment of two or
more semiconductor die. Notably, the solder balls 14 that are present on substrate 12 are located in regions of the
substrate 12 that corresponds to the periphery region of each of the semiconductor die being aligned thereto. By
“periphery region” it is meant a region of a material that is located away from a central (or middle) region of the
material; the periphery region of a material is typically near the edges of the material. In some embodiments, the
plurality of solder balls 14 are located on the substrate 12 in regions that correspond to each corner of the

semiconductor die that is to be subsequently aligned thereto.

[0042] The substrate 12 that provides alignment carrier 10 has coefficient of thermal expansion (CTE) that
substantially matches that of an interconnect bridge; CTE is a measure of the change in a length of a material in
response to a change in the temperature of the material. By “substantially matches” it meant that the substrate 12
has a CTE thatis = 10%, preferably + 5%, more preferably + 2, from the CTE of the interconnect bridge. The
substantial matching of the CTE of the substrate 12 with the interconnect bridge reduces mis-alignment during die
assembly. The term “interconnect bridge” is used herein to denote a structure that is used during die assembly to
connect a high density interconnect (HD!) region of one semiconductor die to a HDI region of another

semiconductor die.

[0043] In one embodiment, and when the interconnect bridge is composed of silicon (Si), then substrate 12 is
composed of silicon or glass. Other materials for substrate 12 can be used as long as the material selected for
substrate 12 has a CTE that substantially matches the CTE of the interconnect bridge.

[0044] In some embodiments, a window 16 (i.e., opening) is located in a central region of the substrate 12 and is
configured for placement and access of the interconnect bridge. When present, the window 16 can be formed by
lithography and etching. Window 16 extends completely through substrate 12. Window formation can occur prior
to, or after, solder ball 14 formation. The window 16 is designed to have a size that is larger than a size of the

interconnect bridge.
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[0045] In some embodiments, the plurality of solder balls 14 which are present on substrate 12 have a size that is
greater than the solder balls that are present in a LDI region of the semiconductor die. The plurality of solder balls
14 that are present on substrate 12 can be composed of any conventional solder ball material. The solder ball
material can contain lead or can be lead-free. In some embodiments, each solder ball of the plurality of solder balls
14 is a controlled collapse chip connection (C4) solder ball. In other embodiments, the solder balls 14 can be
composed of a low temperature (150°C or less) solder. The solder balls 14 that are present on the substrate 12
can be formed utilizing conventional techniques that are well known to those skilled in the art. In some
embodiments, the solder balls 14 can be formed directly on the surface of substrate 12. In other embodiments (not
shown), the solder balls 14 can be formed on a bond pad such as, for example, an under bump metallization (UBM)

bond pad.

[0046] Referring now FIG. 2, FIG. 2 shows a first semiconductor die 50L and a second semiconductor die 50R.
The first and second die (50L, 50R) include materials and components that are well known to those skilled in the
art. The first and second die (50L, 50R) can be formed utilizing techniques that are also well known to those skilled
in the art. So as not to obscure any aspect of the invention, details regarding the materials/components of the die
and the method used in forming the same are not provided herein. Itis noted that although two dies are described

and illustrated, a plurality of die can be used.

[0047] The first die 50L includes a plurality of first sacrificial bond pads 52L located at a periphery region of the first
die 50L, first solder balls 54L located in a low density interconnect (LDI) region of the first die 50L and first bond
pads 56L located in a high density interconnect (HDI) region of the first die 50L.

[0048] The second die 50R includes a plurality of second sacrificial bond pads 52R located at a periphery region of
the second die 50R, second solder balls 54R located in a LD region of the second die 50R and second bond pads
56R located in a HDI region of the second die 50R.

[0049] The term “LDI region” is used herein to denote an area of a semiconductor die in which solder bonds (54L,
54R) are present and those solder balls (54L, 54R) are spaced far apart from each other. In some embodiments,
the pitch between each solder ball (54L, 54R) that is present in the LDI region can be from 100 microns to 200

microns.

[0050] The term “HDI region” denotes an area of a semiconductor die in which bond pads (56L, 56R) are present
and those bond pads (56L, 56R) are spaced close to each other. In some embodiments, the pitch between each

bond pad (56L, 56R) that is present in the HDI region can be from 10 microns to 100 microns.

[0051] The sacrificial bond pads (52L, 52R) are dummy features of the die (50L, 50R) that are employed for
alignment purposes. That is, the sacrificial bond pads (52L, 52R) can be joined to the solder balls 14 that are

located on the substrate 12 that provides the alignment carrier 10. The die (50L, 50R) will align to each other using
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the self-centering feature of mass reflow. The term “self centering” refers to the wetting force in conjunction with the
surface tension of the solder ball pulling the component into the correct position on the bond pad during a solder
reflow process. This allows for proper alignment of the HDI regions of the die (50L, 50R) that need to have an

interconnect bridge attachment.

[0052] In some embodiments, the sacrificial bond pads (52L, 52R) are present at the corners of each of the die
(50L, 50R). Corner placement for the sacrificial bond pads (52L, 52R) does not interfere with the LDI or HDI
regions of the die (50L, 50L) and, in some instances, provides for best alignment. The pitch between each
sacrificial bond pads (52L, 52R) that is located at the periphery region of the die (50L, 50R) can be from 100

microns to 400 microns.

[0053] In an embodiment, the plurality of first sacrificial bond pads 52L are formed at the same time as the first
bond pads 56L in the HDI region of the first die 50L, and the plurality of second sacrificial bond pads 52R are
formed at the same time as the second bond pads 56R in the HDI region of the second die 50R. By forming the
sacrificial bond bands (52L, 52R) at the same time as the bond pads (56L, 56R) in the HDI region of the die, mis-
registration between the LDI regions and HDI regions of the die due to a two step plating process is circumvented.
In instances in which the features that were formed during the patterning of the LDI regions of the die for alignment
of the HDI regions are needed for interconnect bridge placement, the mis-registration between patterning of the LDI

regions and the HDI regions could introduce alignment errors.

[0054] In some embodiments, the sacrificial bond pads (52, 52R) can be of a same size as the bond pads (56L,
56R). In other embodiments, the sacrificial bond pads (521, 52R) can have a size that is larger than a size of the
bond pads (56L, 56R). In one example, the sacrificial bond pads (52L, 52R) are 2 times larger than the bond pads
(56L, 56R).

[0055] The sacrificial bond pads (52L, 52R) and the bond pads (56L, 56R) may be composed of any conventional
bond pad material (i.e., copper) or bond pad material stack. The sacrificial bond pads (52L, 52R) and the bond

pads (56L, 56R) can be formed by deposition of the bond pad material or bond material stack and then subjecting
the deposited layer(s) to a patterning process. Again the sacrificial bond pads (52L, 52R) and the bond pads (56L,

56R) that are present in the HDI region of the semiconductor die (50R, 50L) are formed at the same time.

[0056] The solder balls (54L, 54R) that are present in the LDI region of the die (50L, 50R) are composed of any
conventional solder ball material. Solder balls (54L, 54R) may be compositionally the same as, or compositionally
different from, solder balls 14. In some embodiments, solder balls (54L, 54R) that are present in the LDI region of
the die (50L, 50R) is a controlled collapse chip connection (C4) solder ball. The solder balls (54L, 54R) that are
present in the LDI region of the die (50L, 50R) can be formed utilizing conventional techniques that are well known
to those skilled in the art. The solder balls (54L, 54R) that are present in the LDI region of the die (50L, 50R)

generally have a size that is smaller than the size of the plurality of solder balls 14 that are present on substrate 12
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of the alignment carrier 10. Smaller size solder balls (54L, 54R) as compared to solder balls 14 prevents unwanted

interference of the solder balls (54L, 54R) with the alignment carrier 10 in the LDI regions of the die.

[0057] Reference is now made to FIGS. 3-8 which illustrate a method in a first embodiment. In the first
embodiment, a first assembly A1 as shown in FIG. 3is first provided. The first assembly includes a first
semiconductor die 50L, a second semiconductor die 50R and alignment carrier 10. It is noted that alignment carrier
10 of this embodiment does not include window 16. A backer structure 100 as shown in FIG. 4 is then attached to
the die (50L, 50R) of the first assembly A1. Next, the alignment carrier 10 is removed as shown in FIG. 5 to provide
a second assembly A2 including the first die 50L, the second die 50R and the backer structure 100. An
interconnect bridge 102 is then attached between the first die 50L and the second die 50R to provide a third
assembly A3 as shown in FIG. 6. The third assembly A3 includes the first die 50L, the second die 50R, the backer
structure 100 and the interconnect bridge 102. In an embodiment, the interconnect bridge 102 connects the HDI
region of the first die 50L to the HDI region of the second die 50R. Next, a laminate 104 as shown in FIG. 7 is
attached to the third assembly A3 to provide a fourth assembly A4. An underfill epoxy 106 as shown in FIG. 8 can
be formed. In some embodiments, and as also shown in FIG. 8, the backer structure 100 can be removed from

assembly. The method of the first embodiment will now be described in greater detail.

[0058] Referring is first made to FIG. 3, there is illustrated a first assembly A1 including the two semiconductor die
(50L, 50R) of FIG. 2 aligned and attached to the alignment carrier 10 of FIG. without the window 16. In an
embodiment, the first assembly A1 can be formed by bringing the two die (50L, 50R) into intimate contact with the
alignment carrier such that a first set of the plurality solder balls 14X located on the substrate 12 is aligned to, and
in contact with, the plurality of first sacrificial bond pads (not shown for clarity) located at the periphery region of the
first die 50L, and a second set of the plurality solder balls 14Y on the substrate 12 is aligned to, and in contact with,
the plurality of second sacrificial bond pads (not shown for clarity) located at the periphery region of the second die
50R. Solder balls 14X, 14Y correspond with solder balls 14 of FIG. 1.

[0059] A mass reflow anneal can then be performed to join the die (50L, 50R) to the alignment carrier 10. The die
(50L, 50R) will align to each other using the self-centering feature of mass reflow, as described above. The mass
reflow can be performed utilizing conditions that are well known to those skilled in the art. In one example, the

mass reflow can be performed at a peak temperature from 235°C to 255°C.

[0060] Referring now to FIG. 4, there is illustrated the first assembly A1 of FIG. 3 after first attaching a backer
structure 100 to a backside of the first die 50L and the second die 50R. In an embodiment, the backside of the first
and second die (50L, 50R) is the surface that is opposite a surface that includes the sacrificial bond pads (52L,
52R), solder balls (54L, 54R) and bond pads (56L, 56R).

[0061] The backer structure 100 can be composed of any material that has a CTE that substantially matches the

CTE of the die and such material is well known to those skilled in the art including, for example, silicon, glass, or
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silicon carbide. In one embodiment, the backer structure 100 can be attached to the backside of the first and
second die (50L, 50R) using a high temperature (greater than 260°C) reworkable tape or liquid adhesive. In such
an embodiment, the backer structure 100 can be a temporary structure which can be removed later on in the
assembly process. In other embodiments, the backer structure 100 can be a permanent structure if the backer
structure 100 is composed of a material that provides minimal impact to the final assembly. Possible impacts to the

final assembly could be a combination of mechanical and thermal.

[0062] Referring now to FIG. 5, there is illustrated the first assembly A1 of FIG. 4 after removing the alignment
carrier 10 to provide a second assembly A2 including the first die 50L, the second die 50R and the backer structure
100. In some embodiments, the alignment carrier 10 can be removed by re-melting the solder joint formed by the
mass reflow mentioned above. In such an embodiment, the structure can be heated to a temperature which melts
the solder joint so that the alignment carrier 10 detaches from the second assembly A2. In another embodiment,
the alignment carrier 10 can be removed by mechanical shearing. In such an embodiment, a force can be applied
which breaks the sacrificial bond pads (52L, 52R) away from the die (50L, 50R) such that the solder balls (14X,

14Y) remain on the alignment carrier 10 and are not transferred to the die (50L, 50R).

[0063] Referring now to FIG. 6, there is illustrated the second assembly A2 of FIG. 5 after second attaching an
interconnect bridge 102 between the first die 50L and the second die 50R to provide a third assembly A3. The third
assembly A3 shown in FIG. 6 is rotated 180° from the second assembly shown in FIG. 5. The third assembly A3
includes the first die 50L, the second die 50R, the backer structure 100 and the interconnect bridge 102. In an
embodiment, the interconnect bridge 102 connects the HDI region of the first die 50L to the HDI region of the
second die 50R.

[0064] In one embodiment, the interconnect bridge 102 is composed of silicon. Other materials besides silicon
such as, for example, glass can be used as the interconnect bridge 102. In the first embodiment, the interconnect
bridge 102 can be attached with Thermo-Compression Bonding (TCB). TCB allows for copper to copper bonding
and the use of a thin (less than 50 micron) interconnect bridge 102.

[0065] Referring now to FIG. 7, there is illustrated the third assembly A3 of FIG. 6 after third attaching a laminate
104 to the third assembly A3. The third assembly A3 shown in FIG. 7 is rotated 180° from the third assembly
shown in FIG. 6. Laminate 104 includes materials well known to those skilled in the art. For example, laminate
104 can comprise a circuit board made from layers of insulating material and copper wiring. Laminate 104 can be
attached to the third assembly shown in FIG. 6 by performing a mass reflow as described above. During this mass
reflow process, solder balls (52L, 52R) are reflowed and a solder joint is formed between the laminate 104 and the
third assembly A3 of FIG. 6. The assembly shown in FIG. 7 is a fourth assembly that includes, the first die 50L, the
second die 50R, the backer structure 100, the interconnect bridge 102 and the laminate 104. In some

embodiments, the fourth assembly A4 is a final assembly of the invention.
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[0066] Referring now to FIG. 8, there is illustrated the fourth assembly A4 of FIG. 7 after performing underfill and
removing of the backer structure 100. In some embodiments, the step of removing the backer structure 100 is not

performed.

[0067] The underfill process includes forming an underfill epoxy in the space of the fourth assembly A4 that is
located between the laminate 104, the first and second semiconductor (50L, 50R) and the interconnect bridge 102.
To ensure that the space is completed filled with the underfill epoxy, the fourth assembly is typically heated to

enhance flow of the underfill epoxy and initiate curing. In FIG. 8, element 106 denotes a harden underfill epoxy.

[0068] In some embodiments, the backer structure 100 can be removed from the final assembly utilizing technique
well known to those skilled in the art. In some embodiments, the removal of the backer structure 100 can be

performed by a peeling process.

[0069] Reference is now made to FIGS. 9-14 which illustrate a method in a second embodiment. In the second
embodiment, afirst assembly A1 as shown in FIG. 9 is first provided. The first assembly A1 includes a first
semiconductor die 50L, a second semiconductor die 50R and alignment carrier 10 with a window 16 for bridge
placement and alignment. An interconnect bridge 102 as shown in FIG. 10 is then formed through the window 16 of
the alignment carrier 10 and spanning the first die 50L and the second die 50R to provide a second assembly A2
including the first die 50L, the second die 50R, and the interconnect bridge 102. In an embodiment, the
interconnect bridge 102 connects the HDI region of the first die 0L to the HDI region of the second die 50R. A
backer structure 100 is then attached to a backside of the first die 50R and the second die 50L of the second
assembly A2. Next, and as shown in FIG. 12, the alignment carrier 10 is removed to provide a third assembly A3
including the first die 50L, the second die 50R, the interconnect bridge 102 and the backer structure 100. Laminate
104 as shown in FIG. 13 is then attached to the third assembly to provide a fourth assembly A4. An underfill epoxy
106 as shown in FIG. 14 can be formed. In some embodiments, and as also shown in FIG. 14, the backer structure
100 can be removed from assembly. The method of the second embodiment will now be described in greater
detail.

[0070] Referring is first made to FIG. 9, there is illustrated a first assembly A1 including the two die (50L, 50R) of
FIG. 2 aligned and attached to the alignment carrier 10 of FIG. 1 with window 16. In an embodiment, the first
assembly A1 can be formed by bringing the two die (50L, 50R) into intimate contact with the alignment carrier such
that a first set of the plurality solder balls 14X located on the substrate 12 is aligned to, and in contact with, the
plurality of first sacrificial bond pads (not shown for clarity) located at the periphery region of the first die 50L, and a
second set of the plurality solder balls 14Y located on the substrate 12 is aligned to, and in contact with, the plurality
of second sacrificial bond pads (not shown for clarity) located at the periphery region of the second die 50R. Solder
balls 14X, 14Y correspond with solder balls 14 of FIG. 1.

[0071] Referring now to FIG. 10, there is illustrated the first assembly A1 of FIG. 9 after forming an interconnect
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bridge 102 through the window 16 of the alignment carrier 10 and spanning the first die 50L and the second die 50R
to provide a second assembly A2. The second assembly A2 shown in FIG. 10 is rotated 180° from the first
assembly shown in FIG. 9. The second assembly A2 includes the first die 50L, the second die 50R, and the
interconnect bridge 102. In an embodiment, the interconnect bridge 102 connects the HDI region of the first die 50L
to the HDI region of the second die 50R.

[0072] In one embodiment, the interconnect bridge 102 is composed of silicon. Other materials besides silicon
such as, for example, glass can be used as the interconnect bridge 102. In the second embodiment, the
interconnect bridge 102 can be attached using a mass reflow process. During the mass reflow process, the dies
can re-align and self-center with the interconnect bridge 102. In the second embodiment, the window 16 that is
present in the alignment carrier 10 allows access within the first assembly A1 for interconnect bridge 102
attachment.

[0073] Referring now to FIG. 11, there is illustrated the second assembly A2 of FIG. 10 after first attaching a backer
structure 100 to a backside of the first die 50L and the second die 50R of the second assembly A2, The second
assembly A2 shown in FIG. 11 is rotated 180° from the second assembly shown in FIG. 10. The backer structure

100 of this embodiment is the same as in the previous embodiment.

[0074] Referring now to FIG. 12, there is illustrated the second assembly A2 of FIG. 11 after removing the
alignment carrier 10 to provide a third assembly A3 including the first die 50L, the second die 50R, the interconnect
bridge 102 and the backer structure 100. The third assembly A3 shown in FIG. 12 is rotated 180° from the second
assembly shown in FIG. 11. The removal of the alignment carrier 10 used in this embodiment can include a heating

process or a mechanical shear process as mentioned above.

[0075] Referring now to FIG. 13, there is illustrated the third assembly A3 of FIG. 12 after second attaching a
laminate 104 to the third assembly A3. Laminate 104 includes one of materials mentioned above. Laminate 104
can be attached to the third assembly using a mass reflow anneal as defined above for the previous attachment of
the laminate 104. A fourth assembly A4 is provided that includes, the first die 50L, the second die 50R, the
interconnect bridge 102, the backer structure 100 and the laminate 104. The fourth assembly A3 shown in FIG. 13
is rotated 180° from the third assembly shown in FIG. 12.

[0076] Referring now to FIG. 14, there is illustrated the fourth assembly A4 of FIG. 13 after performing underfill and
removing of the backer structure 100. In some embodiments, the step of removing the backer structure 100 is not

performed.

[0077] The underfill process includes forming an underfill epoxy in the space of the fourth assembly A4 that is
located between the laminate 104, the first and second semiconductor (50L, 50R) and the interconnect bridge 102.

To ensure that the space is completed filled with the underfill epoxy, the fourth assembly is typically heated to
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enhance flow of the underfill epoxy and initiate curing of the underfill epoxy. In FIG. 14, element 106 denotes a

harden underfill epoxy.

[0078] In some embodiments, the backer structure 100 can be removed from the final assembly utilizing technique
well known to those skilled in the art. In some embodiments, the removal of the backer structure 100 can be

performed by a peeling process.

[0079] Reference is now made to FIGS. 15-18 which illustrate a method in accordance with a third embodiment.
The third embodiment is similar to the second embodiment except no backer structure is employed. In the third
embodiment, a first assembly A1 as shown in FIG. 15 is first provided. The first assembly A1 includes a first die
50L, a second die 50R and alignment carrier 10 with an alignment window 16. An interconnect bridge 102 as
shown in FIG. 16 is then formed through the window 16 of the alignment carrier 10 and spanning the first die 50L
and the second die 50R to provide a second assembly A2 including the first die 50L, the second die 50R, and the
interconnect bridge 102. In an embodiment, the interconnect bridge 102 connects the HDI region of the first die 50L
to the HDI region of the second die 50R. Next, and as shown in FIG. 17, the alignment carrier 10 is removed to
provide a third assembly A3 including the first die 50L, the second die 50R, and the interconnect bridge 102.
Laminate 104 as shown in FIG. 18 is then attached to the third assembly to provide a fourth assembly A4. An

underfill epoxy 106 as shown in FIG. 18 can be formed.

[0080] While the invention has been particularly shown and described with respect to preferred embodiments
thereof, it will be understood by those skilled in the art that the foregoing and other changes in forms and details
may be made without departing from the scope of the invention. It is therefore intended that the invention not be

limited to the exact forms and details described and illustrated, but fall within the scope of the appended claims.

[0081] In a preferred embodiment of the present invention, there is now provided a method comprising: providing a
first assembly comprising a first semiconductor die, a second semiconductor die located laterally adjacent to the
first semiconductor die, and an alignment carrier, wherein the first semiconductor die comprises a plurality of first
sacrificial bond pads located at a periphery region of the first semiconductor die, first solder balls located in a low
density interconnect (LDI) region of the first semiconductor die and first bond pads located in a high density
interconnect (HDI) region of the first semiconductor die, the second semiconductor die comprises a plurality of
second sacrificial bond pads located at a periphery region of the second semiconductor die, second solder balls
located in a LDl region of the second semiconductor die and second bond pads located in a HDI region of the
second semiconductor die, and the alignment carrier comprises a substrate having a coefficient of thermal
expansion that substantially matches that of an interconnect bridge, a window located in a central portion of the
substrate, and a plurality of solder balls located on the substrate, wherein a first set of the plurality solder balls
located on the substrate is aligned to, and in contact with, the plurality of first sacrificial bond pads located at the
periphery region of the first semiconductor die, and a second set of the plurality solder balls located on the

substrate is aligned to, and in contact with, the plurality of second sacrificial bond pads located at the periphery
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region of the second semiconductor die; forming the interconnect bridge through the window and spanning the first
semiconductor die and the second semiconductor die to provide a second assembly comprising the first
semiconductor die, the second semiconductor die, and the interconnect bridge, wherein the interconnect bridge
conneots the HDI region of the first semiconductor die to the HDI region of the second semiconductor die; first
attaching a backer structure to a backside of the first semiconductor die and the second semiconductor die of the
second assembly; removing the alignment carrier to provide a third assembly comprising the first semiconductor
die, the second semiconductor die, the interconnect bridge and the backer structure; and, second attaching a
laminate to the third assembly. The third attaching preferably comprises a mass reflow of the first and second
solder balls. The plurality of first sacrificial bond pads are preferably formed at the same time as the first bond pads
in the HDI region of the first semiconductor die, and the plurality of second sacrificial bond pads are formed at the
same time as the second bond pads in the HDI region of the second semiconductor die. The method may further

comprise removing the backer structure after the second attaching of the laminate.

[0082] In a preferred embodiment of the present invention described herein, there is provided a method comprising:
providing a first assembly comprising a first semiconductor die, a second semiconductor die located laterally
adjacent to the first semiconductor die, and an alignment carrier, wherein the first semiconductor die comprises a
plurality of first sacrificial bond pads located at a periphery region of the first semiconductor die, first solder balls
located in a low density interconnect (LDI) region of the first semiconductor die and first bond pads located in a high
density interconnect (HDI) region of the first semiconductor die, the second semiconductor die comprises a plurality
of second sacrificial bond pads located at a periphery region of the second semiconductor die, second solder balls
located in a LDl region of the second semiconductor die and second bond pads located in a HDI region of the
second semiconductor die, and the alignment carrier comprises a substrate having a coefficient of thermal
expansion that substantially matches that of an interconnect bridge, a window located in a central portion of the
substrate, and a plurality of solder balls located on the substrate, wherein a first set of the plurality solder balls
located on the substrate is aligned to, and in contact with, the plurality of first sacrificial bond pads located at the
periphery region of the first semiconductor die, and a second set of the plurality solder balls located on the
substrate is aligned to, and in contact with, the plurality of second sacrificial bond pads located at the periphery
region of the second semiconductor die; forming the interconnect bridge through the window and spanning the first
semiconductor die and the second semiconductor die to provide a second assembly comprising the first
semiconductor die, the second semiconductor die, and the interconnect bridge, wherein the interconnect bridge
conneots the HDI region of the first semiconductor die to the HDI region of the second semiconductor die; removing
the alignment carrier to provide a second assembly comprising the first semiconductor die, the second
semiconductor die, and the interconnect bridge; and attaching a laminate to the second assembly. The plurality of
first sacrificial bond pads are preferably formed at the same time as the first bond pads in the HDI region of the first
semiconductor die, and the plurality of second sacrificial bond pads are formed at the same time as the second

bond pads in the HDI region of the second semiconductor die.
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CLAIMS

1. A method comprising:

providing a first assembly comprising a first semiconductor die, a second semiconductor die
located laterally adjacent to the first semiconductor die, and an alignment carrier, wherein the first
semiconductor die comprises a plurality of first sacrificial bond pads located at a periphery region of
the first semiconductor die, first solder balls located in a low density interconnect (LDI) region of the
first semiconductor die and first bond pads located in a high density interconnect (HDI) region of the
first semiconductor die, the second semiconductor die comprises a plurality of second sacrificial bond
pads located at a periphery region of the second semiconductor die, second solder balls located in a
LDI region of the second semiconductor die and second bond pads located in a HDI region of the
second semiconductor die, and the alignment carrier comprises a substrate having a coefficient of
thermal expansion that substantially matches that of an interconnect bridge, and a plurality of solder
balls located on the substrate, wherein a first set of the plurality of solder balls located on the
substrate are aligned to, and in contact with, the plurality of first sacrificial bond pads located at the
periphery region of the first semiconductor die, and a second set of the plurality of solder balls located
on the substrate are aligned to, and in contact with, the plurality of second sacrificial bond pads
located at the periphery region of the second semiconductor die;

first attaching a backer structure to a backside of the first semiconductor die and the second
semiconductor die;

removing the alignment carrier to provide a second assembly comprising the first
semiconductor die, the second semiconductor die and the backer structure;

second attaching the interconnect bridge between the first semiconductor die and the second
semiconductor die to provide a third assembly comprising the first semiconductor die, the second
semiconductor die, the backer structure and the interconnect bridge, wherein the interconnect bridge
connects the HDI region of the first semiconductor die to the HDI region of the second semiconductor
die; and

third attaching a laminate to the third assembly.

2. The method of claim 1, further comprising removing the backer structure from the third assembly.

3. The method of claim 1, wherein the third attaching comprises a mass reflow of the first and second
solder balls.

4. The method of claim 1, wherein the plurality of first sacrificial bond pads are formed at the same
time as the first bond pads in the HDI region of the first semiconductor die, and the plurality of second
sacrificial bond pads are formed at the same time as the second bond pads in the HDI region of the
second semiconductor die.

5. The method of claim 1, further comprising removing the backer structure after the third attaching of
the laminate.
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6. A method comprising:

providing a first assembly comprising a first semiconductor die, a second semiconductor die
located laterally adjacent to the first semiconductor die, and an alignment carrier, wherein the first
semiconductor die comprises a plurality of first sacrificial bond pads located at a periphery region of
the first semiconductor die, first solder balls located in a low density interconnect (LDI) region of the
first semiconductor die and first bond pads located in a high density interconnect (HDI) region of the
first semiconductor die, the second semiconductor die comprises a plurality of second sacrificial bond
pads located at a periphery region of the second semiconductor die, second solder balls located in a
LDI region of the second semiconductor die and second bond pads located in a HDI region of the
second semiconductor die, and the alignment carrier comprises a substrate having a coefficient of
thermal expansion that substantially matches that of an interconnect bridge, a window located in a
central portion of the substrate, and a plurality of solder balls located on the substrate, wherein a first
set of the plurality of solder balls located on the substrate is aligned to, and in contact with, the
plurality of first sacrificial bond pads located at the periphery region of the first semiconductor die, and
a second set of the plurality of solder balls located on the substrate is aligned to, and in contact with,
the plurality of second sacrificial bond pads located at the periphery region of the second
semiconductor die;

forming the interconnect bridge through the window and spanning the first semiconductor die
and the second semiconductor die to provide a second assembly comprising the first semiconductor
die, the second semiconductor die, the interconnect bridge, and the alignment carrier, wherein the
interconnect bridge connects the HDI region of the first semiconductor die to the HDI region of the
second semiconductor die;

first attaching a backer structure to a backside of the first semiconductor die and the second
semiconductor die of the second assembly;

removing the alignment carrier to provide a third assembly comprising the first semiconductor
die, the second semiconductor die, the interconnect bridge and the backer structure; and

second attaching a laminate to the third assembly.

7. The method of claim 6, wherein the second attaching comprises a mass reflow of the first and
second solder balls.

8. The method of claim 6, wherein the plurality of first sacrificial bond pads are formed at the same
time as the first bond pads in the HDI region of the first semiconductor die, and the plurality of second
sacrificial bond pads are formed at the same time as the second bond pads in the HDI region of the
second semiconductor die.

9. The method of claim 6, further comprising removing the backer structure after the second attaching
of the laminate.
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10. A method comprising:

providing a first assembly comprising a first semiconductor die, a second semiconductor die
located laterally adjacent to the first semiconductor die, and an alignment carrier, wherein the first
semiconductor die comprises a plurality of first sacrificial bond pads located at a periphery region of
the first semiconductor die, first solder balls located in a low density interconnect (LDI) region of the
first semiconductor die and first bond pads located in a high density interconnect (HDI) region of the
first semiconductor die, the second semiconductor die comprises a plurality of second sacrificial bond
pads located at a periphery region of the second semiconductor die, second solder balls located in a
LDI region of the second semiconductor die and second bond pads located in a HDI region of the
second semiconductor die, and the alignment carrier comprises a substrate having a coefficient of
thermal expansion that substantially matches that of an interconnect bridge, a window located in a
central portion of the substrate, and a plurality of solder balls located on the substrate, wherein a first
set of the plurality of solder balls located on the substrate is aligned to, and in contact with, the
plurality of first sacrificial bond pads located at the periphery region of the first semiconductor die, and
a second set of the plurality of solder balls located on the substrate is aligned to, and in contact with,
the plurality of second sacrificial bond pads located at the periphery region of the second
semiconductor die;

forming the interconnect bridge through the window and spanning the first semiconductor die
and the second semiconductor die to provide a second assembly comprising the first semiconductor
die, the second semiconductor die, the interconnect bridge, and the alignment carrier, wherein the
interconnect bridge connects the HDI region of the first semiconductor die to the HDI region of the
second semiconductor die;

removing the alignment carrier to provide a third assembly comprising the first semiconductor
die, the second semiconductor die, and the interconnect bridge; and

attaching a laminate to the third assembly.

11. The method of claim 10, wherein the plurality of first sacrificial bond pads are formed at the same
time as the first bond pads in the HDI region of the first semiconductor die, and the plurality of second
sacrificial bond pads are formed at the same time as the second bond pads in the HDI region of the
second semiconductor die.
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