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(57) Abstract: An MCM includes a two-dimensional array of facing chips, including island chips and bridge chips that communic-
ate with each other using overlapping connectors. In order to maintain the relative vertical spacing of these connectors, compressible
structures are in cavities in a substrate, which house the bridge chips, provide a compressive force on back surfaces of the bridge
chips. These compressible structures include a compliant material with shape and volume compression. In this way, the MCM may
ensure that facing surfaces of the island chips and the bridge chips, as well as connectors on these surfaces, are approximately co-
planar without bending the bridge chips.
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MAINTAINING ALIGNMENT IN A MULTI-CHIP
MODULE USING A COMPRESSIBLE STRUCTURE

Inventors: Hiren D. Thacker, Hyung Suk Yang, Ivan Shubin, and John E. Cunningham

BACKGROUND

Field
[001] The present disclosure generally relates to a multi-chip module (MCM) which
accommodates semiconductor chips. More specifically, the present disclosure relates to an MCM

that includes a compressible structure that maintains alignment between components in the

MCM.

Related Art

[002] As integrated-circuit (/C) technology continues to scale to smaller critical
dimensions, it is increasingly difficult for existing interconnection technologies to provide
suitable communication characteristics, such as: high bandwidth, low power, reliability and low
cost. Engineers and researchers are investigating chip stacking in multi-chip modules (MCMs) to
address these problems, and to enable future high-density, high-performance systems.

[003] However, because MCMs include multiple chips, it is all the more important to
solve the so-called ‘known-good die’ problem. In particular, manufacturing yields can be
improved (and cost can be reduced) by ensuring that only good semiconductor dies or chips are
included in an MCM. This can be achieved by increasing the amount of testing at the die level.
Because of cost and test-time limitations, this additional testing typically needs to be performed
at the speed of the /Cs at the wafer-level, which can be technically challenging. Alternatively,
the manufacturing yield can be improved if the MCM is assembled in a remateable fashion, so
that bad chips can be swapped out with good ones either during assembly and final testing, or
even in the field.

[004] Furthermore, it is often difficult to position and maintain the alignment of
remateable components in MCMs. This is a problem because the degrees of freedom that allow
the components to be remateable often result in misalignment between components, which can

degrade inter-component communication in an MCM.
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[005] Hence, what is needed is an MCM that does not suffer from the above-described

problems.

SUMMARY

[006] One embodiment of the present disclosure provides a multi-chip module (MCM)
that includes: a substrate, an island chip, a bridge chip and a compressible structure. The
substrate has a first surface and a cavity defined by an edge in the first surface, where a bottom of
the cavity is vertically offset from the first surface. Moreover, the island chip has a second
surface that is mechanically coupled to the first surface, and the bridge chip has a third surface
that faces the second surface, where the bridge chip is positioned in the cavity and is
mechanically coupled to the island chip. Furthermore, the compressible structure is positioned
between the bottom of the cavity and a fourth surface of the bridge chip which is on an opposite
side of the bridge chip from the third surface. This compressible structure includes a compliant
material with shape and volume compression, and the compressible structure provides a force on
the bridge chip so that the second surface and the third surface are approximately coplanar
without bending the bridge chip.

[007] Note that the bridge chip may be electrically coupled to the island chip by
proximity-communication connectors. For example, the proximity-communication connectors
may include: capacitive proximity-communication connectors, inductive proximity-
communication connectors, conductive proximity-communication connectors, and/or optical
proximity-communication connectors. In some embodiments, the proximity-communication
connectors include micro-spring connectors.

[008] Additionally, the island chip may be electrically coupled to the first surface by
solder.

[009] In some embodiments, the bridge chip is mechanically coupled to the island chip
by pairs of negative features on the second surface and the third surface and positive features that
mate with the corresponding pairs of negative features. For example, the negative features may
include pits and the positive features may include spherical balls. Alternatively or additionally,
the pairs of negative features may be proximate to corners of the bridge chip and the island chip.

[010] Furthermore, the compressible structure may include: a cylindrically shaped
feature, an elliptically shaped bump, and/or a follicle-shaped feature. More generally, the
compressible structure may be other than a spring. In some embodiments, the compliant material

includes an elastomer.
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[011] Another embodiment provides a system that includes the MCM. This system may

include a processor and a memory.

[012] Another embodiment provides an electronic device that includes the MCM.

[013] Another embodiment provides a method for maintaining alignment of an island
chip and a bridge chip in the MCM. During this method, the compressible structure is positioned
in the cavity, defined by the edge, in the first surface of the substrate in the MCM, where the
compressible structure includes the compliant material with shape and volume compression, and
where the bottom of the cavity is vertically offset from the first surface. Then, the bridge chip,
which has a third surface and a fourth surface on the opposite side of the bridge chip from the
third surface, is positioned in the cavity on top of the compressible structure, where the fourth
surface is mechanically coupled to the compressible structure. Moreover, the island chip, having
the second surface, is mechanically coupled to the first surface and the third surface, where the
compressible structure provides the force on the bridge chip so that the second surface and the

third surface are approximately coplanar without bending the bridge chip.

BRIEF DESCRIPTION OF THE FIGURES

[014] FIG. 1 is a block diagram illustrating a side view of a multi-chip module (MCM)
in accordance with an embodiment of the present disclosure.

[015] FIG. 2 is a block diagram illustrating a side view of an MCM in accordance with
an embodiment of the present disclosure.

[016] FIG. 3 is a block diagram illustrating a compressible structure in accordance with
an embodiment of the present disclosure.

[017] FIG. 4 is a block diagram illustrating a compressible structure in accordance with
an embodiment of the present disclosure.

[018] FIG. 5 is a flow diagram illustrating fabrication of a mold for a compressible
structure in accordance with an embodiment of the present disclosure.

[019] FIG. 6 is a flow diagram illustrating fabrication of a mold for a compressible
structure in accordance with an embodiment of the present disclosure.

[020] FIG. 7 is a flow diagram illustrating fabrication of a compressible structure in
accordance with an embodiment of the present disclosure.

[021] FIG. 8 is a block diagram illustrating an electronic device that includes an MCM
in accordance with an embodiment of the present disclosure.

[022] FIG. 9 is a block diagram illustrating a system that includes an MCM in

accordance with an embodiment of the present disclosure.
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[023] FIG. 10 is a flow diagram illustrating a method for maintaining alignment of an

island chip and a bridge chip in an MCM in accordance with an embodiment of the present
disclosure.

[024] Note that like reference numerals refer to corresponding parts throughout the
drawings. Moreover, multiple instances of the same part are designated by a common prefix

separated from an instance number by a dash.

DETAILED DESCRIPTION

[025] Embodiments of a multi-chip module (MCM), an electronic device or a system
that includes the MCM, and a technique for maintaining alignment of an island chip and a bridge
chip in the MCM are described. This MCM includes a two-dimensional array of facing chips,
including island chips and bridge chips that communicate with each other using overlapping
connectors. In order to maintain the relative vertical spacing of these connectors, compressible
structures are in cavities in a substrate, which house the bridge chips, provide a compressive
force on back surfaces of the bridge chips. These compressible structures include a compliant
material with shape and volume compression. In this way, the MCM may ensure that facing
surfaces of the island chips and the bridge chips, as well as connectors on these surfaces, are
approximately coplanar without bending the bridge chips.

[026] This assembly technique may increase the yield and manufacturing throughput of
the MCM. For example, in conjunction with passive alignment (such as ball-and-pit structures)
and/or remateable input/output (//0) interconnects (such as micro-spring connectors), the MCM
may facilitate simultaneous alignment and assembly of multiple chips (such as the bridge chips
and the island chips) in the MCM. Consequently, the MCM may facilitate lower-cost integration
of multiple chips in the MCM, with commensurate improvements in performance.

[027] We now describe the MCM. FIG. 1 presents a block diagram illustrating a side
view of an MCM 100. This MCM includes a substrate 110, island chips 120, a bridge chip 122
and a compressible structure 124. Substrate 110 has a surface 112-1 and a cavity 114 defined by
an edge 116 in surface 112-1, where a bottom 118 of cavity 114 is vertically offset from surface
112-1.

[028] Moreover, island chip 120-1 has a surface 112-2 that is mechanically and/or
electrically coupled to surface 112-1 (for example, by C4 solder), and bridge chip 122 has
surfaces 112-3 and 112-4, where surface 112-3 faces and partially overlaps surface 112-2. Note
that bridge chip 122 is positioned in cavity 114 and is mechanically and/or electrically coupled to

island chips 120. For example, bridge chip 122 may be electrically coupled to island chips 120
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by (at least partially) overlapping proximity-communication (PxC) connectors on surfaces 112-2

and 112-3, such as: capacitive PxC connectors, inductive PxC connectors, conductive PxC
connectors, and/or optical PxC connectors. As shown in FIG. 2, which presents a block diagram
illustrating a side view of an MCM 200, the PxC connectors may include compression-compliant
micro-spring connectors 210. Note that, while bridge chip 122 communicates with island chips
120 using PxC, bridge chip 122 may be powered directly by island chips 120 or independently
by substrate 110 (for example, using wire bonds).

[029] Referring back to FIG. 1, when assembled in MCM 100, bridge chip 122 typically
is pushed up against island chips 120 in order to minimize a gap between surfaces 112-2 and
112-3 (and, thus, between PxC connectors) and to make sure that 128-1 and 128-2 are engaged to
provide lateral alignment. In MCM 100, this force may be provided by compressible structure
124, which is positioned between bottom 118 of cavity 114 and surface 112-4 of bridge chip 122.
In particular, this compressible structure includes a compliant material with shape and volume
compression. When partially compressed, compressible structure 124 provides a force on bridge
chip 122 so that surfaces 112-2 and 112-3 are approximately coplanar without bending bridge
chip 122 (e.g., without a vertical gap larger than 0.1-1 um developing between island chips 120
and bridge chip 122), which may enable communication using the PxC connectors. Thus,
compressible structure 124 may facilitate assembly and may help maintain (relative) alignment of
components in MCM 100. For example, compressible structure 124 can absorb stress, such as
that associated with different coefficients of thermal expansion and lateral shear force, thereby
increasing the reliability of MCM 100 during operation. In addition, compressible structure 124
is also separate from substrate 110. This allows compressible structure 124 to ‘slide’ laterally as
positive features 128 engage and align themselves.

[030] MCM 100 may also include additional features that facilitate assembly and that
may help maintain in-plane (XY) alignment of components. In particular, bridge chip 122 may be
mechanically coupled to island chips 120 by pairs of negative features 126 on surfaces 112-2 and
112-3 and positive features 128 that mate with the corresponding pairs of negative features 126.
For example, negative features 126 may include pits that are recessed below surfaces 112-2 and
112-3, and positive features 128 may include spherical balls that mate with negative features 126
(such as a ball-and-etch-pit structure), thereby aligning island chips 120 and bridge chip 122.
(Alternatively or additionally, alignment in MCM 100 may be facilitated using positive features
on surfaces 112-2 and 112-3, where these positive features protrude above these surfaces). In
some embodiments, the pairs of negative features 126 are proximate to corners of bridge chip

122 and island chips 120.
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[031] Asnoted above, mating negative features 126 and positive features 128 can

provide highly accurate self-alignment in the XY plane of island chips 120 and bridge chip 122,
as well as coplanarity control during assembly. For example, the alignment over surfaces 112-2
and 112-3 may be within £ 1 um in the XY plane.

[032] In some embodiments, components in MCM 100 are permanently attached after
remateable alignment, for example, by using a post-alignment technique to permanently fix the
chip-to-chip alignment. In particular, solder may be partially melted or reflowed at an elevated
temperature to fuse components in MCM 100 to create a more permanent bond. However, in
other embodiments, components in MCM 100 are remateably coupled, thereby facilitating
rework of MCM 100.

[033] In an exemplary embodiment, MCM 100 includes four positive features 128 per
bridge chip. Moreover, compressible structure 124 may provide 1-2 pounds of compressive
force per positive feature. Compressible structure 124 may have an uncompressed thickness of
100-200 um and a compressed thickness of 50-60 um when MCM 100 is assembled.
Furthermore, cavity 114 may have a depth of 200-300 um and bridge chip 122 may have a
thickness of 150 um. This reduced thickness of bridge chip 122 may reduce stiffness, but in
conjunction with compressible structure 124, bridge chip 122 may remain ‘flat’ throughout
assembly and operation of MCM 100. The compressible structure 124 may provide the necessary
counter-forces in a uniform manner to a thinned bridge chip 122 preventing bowing of the bridge
chip 122 or disrupting communication, such as PxC. For example, changes in the vertical gap or
spacing between surfaces 112-2 and 112-3 may be less than 10% of the nominal gap.

[034] As described further below with reference to FIGs. 3-7, a wide variety of features
and shapes may be used to provide the force in compressible structure 124, including: a
cylindrically shaped feature, an elliptically shaped bump, a hemispherically shaped bump, a
truncated hemispherically shaped bump, a rectangularly shaped bump (such as a top hat), a
pyramidally shaped bump, truncated pyramidally shaped bump and/or a follicle-shaped feature
(for example, tilted finger-like structures). More generally, the compressible structure 124 may
be other than a spring. In some embodiments, the compliant material in compressible structure
124 includes an elastomer.

[035] Note that the compliant material may be fabricated using an additive fabrication
process in which material is deposited or, more generally, added. However, in other
embodiments a subtractive process, in which material is removed, is used either separately or in

conjunction with the additive process. Furthermore, note that substrate 110 may include: a
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semiconductor (such as silicon or a silicon-on-insulator wafer), an organic material, a ceramic,

glass, and/or a plastic.

[036] During assembly of MCM 100, bridge chip 122 may be placed face-up in cavity
114 (on top of substrate 110). In addition, if there are negative features 126 on surface 112-3,
positive features 128 may be placed in negative features 126. Then, a mechanical fixture may
push down on bridge chip 122 while island chips 120 are aligned and attached to substrate 110,
for example, using a reflow-attachment process. Once the reflow cycle is complete, the external
mechanical load on bridge chip 122 is released, causing bridge chip 122 to be pushed away from
substrate 110 by compressible structure 124. This upward force may cause the ball-in-pit
structure to be engaged with a predetermined amount of force (against a reference mechanical
plane provided by island chips 120) that was targeted in the design of MCM 100. Thus, using
this assembly technique, island chips 120 can be attached to substrate 110, yet can still move
freely to maintain (relative) alignment of connectors on surfaces 112-2 and 112-3 over the life of
MCM 100.

[037] A similar assembly technique may be used if bridge chip 122 includes micro-
spring connectors 210 (FIG. 2) to provide remateable electrical connections between island chips
120 and bridge chip 122. However, in these embodiments the force applied by compressible
structure 124 may be larger than the force applied by micro-spring connectors 210 (FIG. 2).

[038] We now further describe the compressible structure. As shown in FIG. 3, which
presents a block diagram illustrating a compressible structure 300, the compressible structure
may include an array of elastomeric structures (and, more generally, a compliant material)
fabricated on a thin substrate. The shapes and sizes of the individual elastomeric structures may
be varied to fit the needs of the MCM. For example, as shown in FIG. 3, the elastomeric
structures may be cylindrical (ranging from low to high aspect ratios). Alternatively, as shown in
FIG. 4, which presents a block diagram illustrating a compressible structure 400, the elastomeric
structures may be hemispherical domes.

[039] The choice of material, shape, dimensions, placement, and number of elastomeric
structures across substrate 110 (FIG. 1) may be varied to achieve the force-displacement
characteristics required for the MCM. For example, a given compressible structure in the MCM
may include single or multiple bumps at each desired location or may include an array of high-
aspect ratio (hair-like) structures. These bumps may range in height from 50-500 um and may be
fabricated on a thin (50-200 um) elastic substrate (such as tungsten foil, alumina, etc.). Note that
the substrate in the compressible structure may be thin, and flat to facilitate fabrication and to fit

into cavities (such as cavity 114 in FIG. 1) without significantly increasing the form factor. In
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addition, the substrate in the compressible structure may be stiff to reduce chip warpage or

bending when the mechanical fixture is disengaged during the assembly technique.

[040] We now describe techniques for fabricating the compliant material on a thin
substrate in the compressible structure. In particular, large numbers of compressible structures
may be fabricated from a reusable master mold using a stamping technique. By combining
lithographic processes with the stamping technique, the fabricated compressible structures may
be accurate at the micron scale and may be fabricated in batches (at the wafer or panel level),
thereby significantly reducing the manufacturing cost.

[041] In some embodiments, the fabrication technique includes two principal operations:
fabrication of the reusable molds; and fabrication of the compressible structures by
stamping/molding. During fabrication of the reusable molds, the shape of the compliant material
(such as the elastomeric bumps) may be determined (because the shapes created in the molds will
be replicated onto the compliant material). As noted previously, bumps with different
mechanical characteristics (and, thus, different shapes and sizes) may be used depending on the
MCM configuration. In addition, the number of bumps may be varied depending on the
configuration.

[042] One technique for fabricating a mold is shown in FIG. 5, which presents a flow
diagram 500 illustrating fabrication of a mold for a compressible structure. In this example, a
negative photoresist (for example, a 100 um thick film of NR21) is spun onto a substrate (such as
silicon), and is patterned using photolithography to yield positive photoresist features at the
locations of the bumps. (However, in other embodiments a positive photoresist may also be
used.) Then, the photoresist features are reflowed using a thermal profile and transformed into
hemispherical domes (such as domes having a diameter of 180 um) with adequate adhesion to
the substrate.

[043] These positive features may be used to create the reusable negative mold. This is
shown in FIG. 6, which presents a flow diagram 600 illustrating fabrication of a mold for a
compressible structure. In particular, a sacrificial layer process may be used to build the mold
from the positive reflowed features shown in FIG. 5. A titanium layer (which may have a
thickness of 30 nm) and a gold layer (which may have a thickness of 300 nm) may be
conformally deposited on the reflowed features. Then, a negative-resist layer (which may have a
thickness of 2 um) and another set of titanium and gold layers may be deposited. As described
further below, note that the negative-resist layer may make it easier to separate the components

after the mold has been fabricated.
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[044] Once the sacrificial layer and two instances of the metal layers are deposited, a

photoresist, such as SUS, may be poured over the positive dome structure and a glass substrate
may be placed over the SUS. Then, the SU8 may be crosslinked by exposing it in UV light
through the glass slide and placing the structure in an oven at 90 C for a post-exposure bake.
Note that the glass substrate is not a part of the final mold. Instead, the glass substrate may act as
a carrier for the SU8 mold. However, one of a variety of UV -transparent substrates can be used.
In principle, this fabrication process may be performed on a large glass panel so that multiple
molds can be fabricated in parallel. These molds may correspond to different designs.

[045] Once the SUS8 layer has been fully crosslinked, the mold can be separated by
placing it on a 150 C hot plate for few seconds. This may soften the negative-resist (sacrificial)
layer and may make it easier to separate the mold from the positive features. Without this
sacrificial-layer operation, the yield may be significantly reduced because the positive features
may adhere to the mold. Once separated, the negative resist can also be cleaned and removed on
both surfaces using appropriate solvents.

[046] As shown in FIG. 7, which presents a flow diagram 700 illustrating fabrication of
a compressible structure, once the mold is created an elastomeric material (and, more generally,
the compliant material), such as silicone or Sylgard® 160 (from Dow Corning Corporation, of
Midland, MI), may be poured over the mold and a thin substrate (for example, tungsten plate
with a thin Si0; layer) in the compressible structure is placed on top. Then, a vertical force is
exerted on the back of the compressible-structure substrate. This force may determine the
thickness of the elastomer. The magnitude of the force should be high enough to yield a very
thin base layer of elastomer. Next, the sample may be placed in a vacuum chamber to degas the
compliant material, and then in an oven to cure and harden. Once the compliant material has
cured and cooled to room temperature, it can be separated from the SU8 mold because SU8 and
silicone typically have poor adhesion strength, while the silicone and the Si0O, film on the
Tungsten substrate usually have an excellent adhesion strength. Note that the SiO; film may play
an important function in this regard, because adhesion of silicone to tungsten is usually not very
good. As noted previously, after the components are separated, the negative resist can be cleaned
and removed on both surfaces using one or more solvents. In an exemplary embodiment, the
compressible structure includes 200 um high silicone bumps fabricated on a 100 um thick
tungsten foil.

[047] Thus, using the fabrication technique, a large array of compressible structures may

be fabricated simultancously. After fabrication, the compressible structures may be diced to their
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final size using a wafer dicing technique. Moreover, the molds may be reused to fabricate

additional compressible structures.

[048] Embodiments of the MCM may be used in a wide variety of applications. A
general application of an MCM is shown in FIG. 8, which presents a block diagram illustrating an
electronic device 800. This electronic device includes MCM 810, which may be MCM 100 (FIG.
1) or 200 (FIG. 2).

[049] FIG. 9 presents a block diagram illustrating a system 900 that includes one or
more MCMs 908, such as MCM 100 (FIG. 1) or 200 (FIG. 2). System 900 may include: one or
more processors 910, a communication interface 912 and a user interface 914, which may be
coupled to other components in system 900 by one or more signal lines 922. Note that the one or
more processors (or processor cores) 910 may support parallel processing and/or multi-threaded
operation, the communication interface 912 may have a persistent communication connection,
and the one or more signal lines 922 may constitute a communication bus. Moreover, the user
interface 914 may include: a display 916, a keyboard 918, and/or a pointer 920, such as a mouse.

[050] Memory 924 in system 900 may include volatile memory and/or non-volatile
memory. More specifically, memory 924 may include: ROM, RAM, EPROM, EEPROM, flash,
one or more smart cards, one or more magnetic disc storage devices, and/or one or more optical
storage devices. Memory 924 may store an operating system 926 that includes procedures (or a
set of instructions) for handling various basic system services for performing hardware-
dependent tasks. Moreover, memory 924 may also store communications procedures (or a set of
instructions) in a communication module 928. These communication procedures may be used for
communicating with one or more computers, devices and/or servers, including computers,
devices and/or servers that are remotely located with respect to the system 900.

[051] Memory 924 may also include one or more program modules 930 (or a set of
instructions). Note that one or more of program modules 930 may constitute a computer-
program mechanism. Instructions in the various modules in the memory 924 may be
implemented in: a high-level procedural language, an object-oriented programming language,
and/or in an assembly or machine language. The programming language may be compiled or
interpreted, i.e., configurable or configured, to be executed by the one or more processors (or
processor cores) 910.

[052] System 900 may include, but is not limited to: a server, a laptop computer, a
communication device or system, a personal computer, a work station, a mainframe computer, a

blade, an enterprise computer, a data center, a portable-computing device, a tablet computer, a
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cellular telephone, a supercomputer, a network-attached-storage (NAS) system, a storage-area-

network (SAN) system, an electronic device, and/or another electronic computing device.

[053] Note that embodiments of the one or more MCMs 908 may be used in a variety of
applications, including: VLSI circuits, communication systems (such as in wavelength division
multiplexing), storage arca networks, data centers, networks (such as local area networks), and/or
computer systems (such as multiple-core processor computer systems). For example, the one or
more MCMs 908 may be included in a backplane that is coupled to multiple processor blades, or
the one or more MCMs 908 may couple different types of components (such as processors,
memory, input/output devices, and/or peripheral devices). Thus, the one or more MCMs 908
may perform the functions of: a switch, a hub, a bridge, and/or a router.

[054] In general, system 900 may be at one location or may be distributed over multiple,
geographically dispersed locations. Moreover, some or all of the functionality of system 900
may be implemented in one or more application-specific integrated circuits (4S/Cs) and/or one or
more digital signal processors (DSPs). Furthermore, functionality in the preceding embodiments
may be implemented more in hardware and less in software, or less in hardware and more in
software, as is known in the art.

[055] The preceding embodiments may include fewer components or additional
components. For example, in FIG. 1 island chips 120 may be electrically coupled to substrate
110 using micro-spring connectors. In this case, an external clamping force may be applied to
MCM 100 to hold the chips together. Moreover, although the MCM and system are illustrated as
having a number of discrete items, these embodiments are intended to be functional descriptions
of the various features that may be present rather than structural schematics of the embodiments
described herein. Consequently, in these embodiments, two or more components may be
combined into a single component and/or a position of one or more components may be changed.
Furthermore, features in two or more of the preceding embodiments may be combined with one
another.

[056] Note that surfaces on components (such as the substrate, the island chips and/or
the bridge chip) should be understood to include surfaces of substrates or surfaces of layers
deposited on these substrates (such as a dielectric layer deposited on a substrate). Additionally,
note that components in the MCM may be fabricated, and the MCM may be assembled, using a
wide variety of techniques, as is known to one of skill in the art.

[057] We now describe embodiments of the method. FIG. 10 presents a flow diagram
1000 illustrating a method for maintaining alignment of an island chip and a bridge chip in an

MCM, such as MCM 100 (FIG. 1) or 200 (FIG. 2). During this method, a compressible structure
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is positioned in a cavity, defined by an edge, in a first surface of a substrate in the MCM

(operation 1010), where the compressible structure includes a compliant material with shape and
volume compression, and where a bottom of the cavity is vertically offset from the first surface.
Then, a bridge chip, which has a third surface and a fourth surface (on an opposite side of the
bridge chip from the third surface), is positioned in the cavity on top of the compressible
structure (operation 1012), where the fourth surface is mechanically coupled to the compressible
structure. Moreover, an island chip, having a second surface, is mechanically coupled to the first
surface and the third surface (operation 1014), where the compressible structure provides a force
on the bridge chip so that the second surface and the third surface are approximately coplanar
without bending the bridge chip.

[058] In some embodiments, method 1000 includes additional or fewer operations.
Moreover, the order of the operations may be changed, and/or two or more operations may be
combined into a single operation.

[059] The foregoing description is intended to enable any person skilled in the art to
make and use the disclosure, and is provided in the context of a particular application and its
requirements. Moreover, the foregoing descriptions of embodiments of the present disclosure
have been presented for purposes of illustration and description only. They are not intended to
be exhaustive or to limit the present disclosure to the forms disclosed. Accordingly, many
modifications and variations will be apparent to practitioners skilled in the art, and the general
principles defined herein may be applied to other embodiments and applications without
departing from the spirit and scope of the present disclosure. Additionally, the discussion of the
preceding embodiments is not intended to limit the present disclosure. Thus, the present
disclosure is not intended to be limited to the embodiments shown, but is to be accorded the

widest scope consistent with the principles and features disclosed herein.
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What is claimed is:

1. A multi-chip module (MCM), comprising:

a substrate having a first surface and a cavity defined by an edge in the first surface,
wherein a bottom of the cavity is vertically offset from the first surface;

an island chip having a second surface, wherein the island chip is mechanically coupled
to the first surface;

a bridge chip having a third surface that faces the second surface, wherein the bridge chip
is mechanically coupled to the island chip, and wherein the bridge chip is positioned in the
cavity; and

a compressible structure positioned between the bottom of the cavity and a fourth surface
of the bridge chip which is on an opposite side of the bridge chip from the third surface, wherein
the compressible structure includes a compliant material with shape and volume compression;
and

wherein the compressible structure provides a force on the bridge chip so that the second

surface and the third surface are approximately coplanar without bending the bridge chip.

2. The MCM of claim 1, wherein the bridge chip is electrically coupled to the island chip by

proximity-communication connectors.

3. The MCM of claim 2, wherein the proximity-communication connectors include one of:
capacitive proximity-communication connectors, inductive proximity-communication
connectors, conductive proximity-communication connectors, and optical proximity-

communication connectors.

4. The MCM of claim 2, wherein the proximity-communication connectors include micro-

spring connectors.

5. The MCM of claim 1, wherein the island chip is electrically coupled to the first surface by

solder.

6. The MCM of claim 1, wherein the bridge chip is mechanically coupled to the island chip
by pairs of negative features on the second surface and the third surface and positive features that

mate with corresponding pairs of negative features.

7. The MCM of claim 6, wherein the negative features include pits and the positive features

includes spherical balls.
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8. The MCM of claim 6, wherein the pairs of negative features are proximate to corners of

the bridge chip and the island chip.

9. The MCM of claim 1, wherein the compressible structure includes one of: a cylindrically

shaped feature, an elliptically shaped bump, and a follicle-shaped feature.

10.  The MCM of claim 1, wherein the compressible structure is other than a spring.
11.  The MCM of claim 1, wherein the compliant material includes an elastomer.
12. A system, comprising:

a processor;

a memory storing a program module that is configured to be executed by the processor;
and

an MCM, wherein the MCM includes:

a substrate having a first surface and a cavity defined by an edge in the first
surface, wherein a bottom of the cavity is vertically offset from the surface;

an island chip having a second surface, wherein the island chip is mechanically
coupled to the first surface;

a bridge chip having a third surface that faces the second surface, wherein the
bridge chip is mechanically coupled to the island chip, and wherein the bridge chip is positioned
in the cavity; and

a compressible structure positioned between the bottom of the cavity and a fourth
surface of the bridge chip which is on an opposite side of the bridge chip from the third surface,
wherein the compressible structure includes a compliant material with shape and volume
compression; and

wherein the compressible structure provides a force on the bridge chip so that the

second surface and the third surface are approximately coplanar without bending the bridge chip.

13.  The system of claim 12, wherein the bridge chip is electrically coupled to the island chip

by proximity-communication connectors.

14.  The system of claim 13, wherein the proximity-communication connectors include one
of’ capacitive proximity-communication connectors, inductive proximity-communication
connectors, conductive proximity-communication connectors, and optical proximity-

communication connectors.

15.  The system of claim 13, wherein the proximity-communication connectors include micro-

spring connectors.
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16.  The system of claim 12, wherein the island chip is electrically coupled to the first surface

by solder.

17.  The system of claim 12, wherein the bridge chip is mechanically coupled to the island
chip by pairs of negative features on the second surface and the third surface and positive

features that mate with corresponding pairs of negative features.
18.  The system of claim 12, wherein the compressible structure is other than a spring.
19.  The system of claim 12, wherein the compliant material includes an elastomer.

20. A method for maintaining alignment of an island chip and a bridge chip in an MCM, the
method comprising:

positioning a compressible structure in a cavity, defined by an edge, in a first surface of a
substrate in the MCM, wherein the compressible structure includes a compliant material with
shape and volume compression, and where a bottom of the cavity is vertically offset from the
first surface;

positioning a bridge chip, which has a third surface and a fourth surface on an opposite
side of the bridge chip from the third surface, in the cavity on top of the compressible structure,
wherein the fourth surface is mechanically coupled to the compressible structure; and

mechanically coupling an island chip, having a second surface, to the first surface and

the third surface, wherein the compressible structure provides a force on the bridge chip so that
the second surface and the third surface are approximately coplanar without bending the bridge

chip.
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