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BENT-BRIDGE SEMICONDUCTIVE APPARATUS

PRIORITY APPLICATION
This application claims the benefit of priority to U.S. Application Serial
5 No. 15/394,388, filed 29 December 2016, which is incorporated herein by

reference in its entirety.

FIELD
This disclosure relates to bent-bridge semiconductive apparatus that

10 includes bent silicon after front-end fabrication is completed.

BACKGROUND
Package miniaturization poses device-integration challenges, where
small footprint and thin-profile form factors are usetul, but high-speed

15 interconnections between devices are challenging.

BRIEF DESCRIPTION OF THE DRAWINGS

Disclosed embodiments are illustrated by way of example, and not by
way of limitation, in the figures of the accompanying drawings where like

20 reference numerals may refer to similar elerents, in which:

Figure 1A is a cross-section elevation of a bent-bridge semiconductive
apparatus during {abrication according to an embodiment;

Figure 1B is a cross-section elevation of the bent-bridge semiconductive
apparatus depicted in Figure 1A after further processing according to an

25  embodiment:

Figure 1C is a cross-section elevation of the bent-bridge semiconductive
apparatus depicted in Figure 1B after further processing according to an
embodiment;

Figure 1D 15 a cross-section elevation of the beot-bridge semiconductive

3¢  apparatus depicted in Figure 1C after further processing according to an

embodiment;
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Figure 1E s a cross-section elevation of the bent-bridge semiconductive
apparatus depicted in Figure 1D after further processing according to an
embodiment:

Figure 1F is a cross-section elevation of the bent-bridge semiconductive

5 apparatus depicted in Figure 1D afier further processing according to an
embodiment;

Figure 2 1s a top plan of the structure depicted 1 Figure 1C according to
an embodiment;

Figure 3 is a cross-section elevation of a bent-bridge semiconductive

10 apparatus according to an embodiment;

Figure 4 is a cross-section clevation of a bent-bridge semiconductive
apparatus according to an ermbodiment;

Figure 5 is a cross-section elevation of the bent-bridge semiconductive
apparatus according to an embodiment;

15 Figure 6 is a cross-section elevation of a bent-bridge semiconductive
apparatus during processing according to an crmbodiment;

Figure 7 1s a cross-section elevation of a bent-bridge semiconductive
apparatus during processing according to an embodiment;

Figure 8 is a process flow diagram that illustrates assembly of a bent-

20 bridge semiconductive apparatus according to an embodiment;

Figure 9 1s included to show an example of a higher level device
application for the disclosed cmbodiments;

Figure 10 is a cross-section elevation of a bent-bridge semicondactive
apparatus according to an embodiment;

25 Figure 11 is a cross-section elevation of the bent-bridge semiconductive
apparatus depicted in Figure 1B after further processing according to an
embodiment; and

Figure 12 is a cross-section elevation of the bent-bridge semicondactive
apparatus depicted in Figure 1B after further processing according to an

30  embodiment.

DETAILED DESCRIPTION
Disclosed embodiments include bent-bridge apparatus where at least one

semiconductive device s mntegral with a semiconductive bridge and the
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semiconductive bridge is bent out of a typically planar arrangement. Disclosed
embodiments include bent-bridge apparatus with two semiconductive devices
integrally part of a processed die that also includes an integral semiconductive
bridge between the two devices. Disclosed embodiments include a plurality (N}
of bent-bridge apparatus where more than two semiconductive devices are
integral with an N-1 plurality of integral semiconductive bent bridges.

Figure 1A 15 a cross-section elevation of a bent-bridge semiconductive
apparatus 101 during fabrication according to an embodiment. A processed die
100 1s an integral piece of semiconductive material. In an embodiment, the
processed die 100 15 doped silicon. In an embodiment, the processed die 100 is a
-V semiconductive material. In an cmbodiment, the processed die 100 1s
differently doped at the region that will becorne the semiconductive bridge.

'The processed die 100 may be referred to as a front-end (FE) die 100
where active devices and other devices are formed in the senuconductive
material. Although several semiconductive materials may be employed as useful
for a given application, the material will often be referred to herein as “silicon”
etc. Semiconductive materials may inclade sihicon and doped silicon i an
embodiment. Sermiconductive materials moay include a HI-V composition and a
doped III-V composition in an embodiment. In particular where a given integral
device may be referred to as “semiconductive device”, an integral bridge
structure will be referred to as a “silicon bridge” but the integral semiconductive
devices will be referred to as “semiconductive device.”

The processed die 100 includes a first device 10 that occupies a first X-Y
footprint 10" and a backside surface 116 that also occupies the first X-Y
footprint 107, A subsequent device 11 occupies a subsequent X-Y footprint 117
and a backside surface 120 that also occupies the subsequent X-Y footprint 117,
And a silicon bridge region 12 occapies a silicon bridge X-Y footprint 127,
Active devices, including devices that may be fabricated within the silicon
bridge region 12 are located at an active surface 114. The active devices have
been integrally fabricated on the processed die 100 and they will be further
delineated hereinalter.

Figure 1B is a cross-section elevation 102 of the bent-bridge
semiconductive apparatus 101 depicted in Figure 1A after further processing

according to an embodiment. In an embodiment, roctallization 122 has been
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formed over the semiconductive devices 10 and 11 and the silicon bridge region
12 that occupy the active surface 114 in a back-end-of-line (BEOL) process.
Metallization 122 for the several regions of semiconductive devices and the
silicon bridge will be further delineated. In an embodiment, the metallization
122 1s structured with copper that touches or couples to serniconductive maternial,
and the metallization 122 is interlayered with interlayer dielectric (1ILD)
materials to assure completed circuits and electrical insulation.

Figure 1C 1s a cross-section elevation 103 of the bent-bridge
sermiconductive apparatus 102 depicted in Figure 1B after further processing
according to an embodiment. Figure 1C is illustrated in negative-Z dimensions
as the structure 102 in Figure 1B has been inverted. The processed die 100
depicted in Figure 1B has been thinned to a thinned-bridge die 100C such that a
structural change has occurred.

A silicon thinning process has been carried out within the bridge
footprint 12 such that the silicon bridge 12 has been thinned to expose a bridge
backside surface 118. By the bridge-thinning process, the bridge backside
surface 118 1s below the first backside surface 116 as well as below the
subsequent backside surface 120, It can now be seen that an integral unit of
semiconductive material includes a {irst semiconductive device 10, a subsequent
semiconductive device 11 and a silicon bridge 12. Further, the first
semiconductive device 10 includes the BEOL metallization 122 and the first
backside surface 116. The silicon bridge 12 includes the BEOL metallization
122 and the bridge backside surface 118. And the subsequent semiconductive
device 11 includes the BEOL metallization 122 and the subsequent
semiconductive device backside surface 120,

In an embodiment, thinning of the silicon bridge 12 is carried out by an
etching process. In an embodiment, thinning of the sthicon bridge 12 is carried
out by a reactive jon etch (RIE) process. In an embodiment, thinning of the
silicon bridge 12 is carried out by a wet etching process. In an embodiment,
thinning of the silicon bridge 12 is carried out by a wet etching process, followed
by an RIE process.

Io an embodiment where dimensions allow, a die-backside partial dicing
is carried out with a dicing saw that opens the recess that creates the thinned

silicon bridge 12 with the bridge backside surface 118.
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In any event whether by etching, die-backside partial dicing, or
combinations thereof, thinning to achieve the bridge backside surface 118 is
accomplished such that bending of the silicon bridge 12 may be accomplished
while maintaining useful silicon bridge gualities.

In an embodiment, a doping process is carried out with the processed die
100C in the depicted orientation such that doping into the silicon bridge 12 may
penetrate through the bridge backside surface 118 into the active regions of the
silicon bridge 12, but penetration through the die backside surfaces 116 and 120
does not reach the active regions of the first and subsequent dies, 10 and 11
respectively.

Figure 11 is a cross-section clevation 1103 of the bent-bridge
semiconductive apparatus 102 depicted in Figure 1B after {urther processing
according to an embodiment. A redistribution layer (RDL) 1122 is formed on
the active surface 114 and wmetallization 122 that includes a series of electrical
bumps that couple to the RDL 1122, On a land side 1124 of the RDL 1122, a
series of electrical bumps, one of which is indicated with reference numeral
1126, provides further electronic communication for after the silicon bridge 12 is
deflected out of planarity. Thus, it may be understood

Figure 12 is a cross-section elevation 1203 of the bent-bridge
semiconductive apparatus 102 depicted in Figure 1B after further processing
according to an embodiment. In an embodiment, a redistribution layer (RBL)
1222 1s formed directly on the active surface 114 and metallization 122 such as
by burapless build-up layer (BBUL) technology. Cousequently although bond
pads are depicted in the active surface 114 and metallization 122, the BBUL
RDL 1222 divectly contacts the bond pads. Ou a land side 1224 of the RDL
1222, a series of electrical bumps, one of which is indicated with reference
numeral 1226, provides further electronic communication for afier the silicon
bridge 12 is deflected out of planarity.

Figure 2 is a top plan 200 of the structure depicted in Figure 1C
according to an embodiment. The integral metallization 122 as seen in Figure
1C 1s now delineated as tems 210, 211, and 212. The first semiconductive
device 10 has a first metallization 210, the subsequent semiconductive device 11
has a subseguent metallization 211, and the silicon bridge 12 has a silicon bridge

metallization 212, The dashed lines seen in Figures 1A through 1C are now
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extended in the Y-direction to schematically separate the respective X-Y
footprints of the first, bridge, and subsequent regions 107, 127, and 11", Only
bridge metallization 212 is depicted in detail, and it is depicted 1o simplified
form. The bridge metallization 212 is illustrated in simplified form as a few

5 traces, as a principal function of the silicon bridge 12 1s commmuunication between
the first semiconductive device 10 and the subsequent semiconductive device 11.

In an embodiment, a logic region 127 is located on the silicon bridge 12

within the bridge metallization 212. For example in an embodiment, the first
semiconductive device 10 is a processor such as using Intel Architecture (IA}

10 and {abricated by Intel Corporation of Santa Clara, California. For example in an
embodiment, the first semiconductive device 10 is a processor such as using
Advanced RISK Machines (ARM) technology. In an embodiment, the first
semiconductive device 10 as a processor uses the silicon bridge 12 to
coromunicate to the subsequent sermuconductive device 11 where the subseguent

15 semiconductive device 11 is memory device. Consequently, the logic region
1277 is @ memory-controller hub (MCH) 127 that relieves controller function
from necessarily being within the subsequent semiconductive device 11.
Although the Jogic region 1277 is approximately centrally located in the silicon
bridge 12 in Figure 2, both in X- and Y-directions, it may be located within the

20 bridge other than centrally. In an embodiment where the subsequent
semiconductive device 11 is a memory device 11 and the first semiconductive
device 10 1s a processor 10, the logic region 12”7 is located closer to the memory
device 11 than to the processor 10. In an embodiment, the logic region 1277 is
located closer to the edge appearing at the bottom of the drawing than to the top.

25  In an embodiment, the Jogic region 1277 1s located closer to the edge appearing at
the top of the drawing than to the bottom. In an embodiment, the logic region
1277 15 located closer to the first sermiconductive device 10 than to the
subsequent device 11,

Figure 1D 1s a cross-section elevation 104 of the bent-bridge

30 semiconductive apparatus 103 depicted in Figure 1C afier further processing
according to an crmbodiment. Figure 1D is iHlustrated in positive-Z, dimensions
as the strocture 103 in Figure 1C has been inverted again. During processing,
the silicon bridge 12 is bent to a given angle 124. By “bent” it is intended for

the iHustrated ermnbodiroent, that the silicon bridge 12 1s detflected out of planarity
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with respect to the planarity of the metallizations 210 and 211 depicted in the
processed die before silicon bridge thinning.

In an embodiment, where the silicon bridge 12 is deflected out of
planarity, all of the processed dic has been thinned to a degree illustrated
qualitatively as the thickness of the silicon bridge 12 between the metallization
122 and the bridge backside 118. In this embodiment of the bridge being
deflected out of planarity is equivalent to wrapping a ribbon form factor, where
the silicon bridge 12 portion of the processed silicon is deflected, regardiess of
whether the first semiconductive device 10 1s also deflected. In an embodiment,
where a ribbon form factor is created by thinning, a torsional deflection out of
planarity may be accomplished such that at least one silicon bridge in the
apparatus forms at Jeast a portion of a helix.

As illustrated in Figure 1D, the angle 124 appears to be about 45° and it
may be quantified by projecting with longer dashed lines from a substantially
planar region of the first metallization 210 and hkewise from the substantially
planar region of the subsequent metallization 211,

Quantification of the angle 124 is useful in embodiments where the
adjacent devices 10 and 11 do vot significantly bend compared to the bent
silicon bridge 12. In an embodiment, the angle 124 is about 1°. Inan
embodiment, the angle 124 is between about 1° and 10°. In an embodiment, the
angle 124 is between about 10° and 30°. In an embodiment, the angle 124 is
between about 30° and 90°. In an embodiment, the angle 124 is between about
90° and 180°. Where the angle 124 approaches 18(0°, measurement of the angle
124 may be estimated as the apex moves far away. In any event, when the angle
approaches 180° the two metallizations 210 become parallel planar but not
coplanar.

Reference is made to Figure 2 and Figure 1D. In an emabodiment, the
silicon bridge 12 may be deflected owt of planarity by torsional bending. For
example, where the subscquent semiconductive die 11 depicted in Figure 1D i
illustrated bending uniformly in the Z-direction, the silicon bridge 12 may also
be bent such that the top corner 117 depicted in Figure 2 may be held
substantially within the plane of the first metallization 210, while the bottom
corner 118 may be bent into the positive-Z direction (out of the plane of the

drawing) such that the silicon bridge 12 forms at least a portion of a helix. Io an

PCT/US2017/063978
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embodiment, the deflection of the silicon bridge may include translational
displacing of both corners 11T and 11B.

Figure 1E is a cross-section elevation 105 of the bent-bridge
semiconductive apparatus 104 depicted in Figure 1D after further processing
according to an ermbodiment. The processed die is enumerated as item 100E as a
structural change has occurred with the integral semiconductive material.
During processing, the silicon bridge 12 1s bent to a 180° angle, or it 1s folded in
half as in this iHustrated embodiment, where an essentially bilaterally
symmetrical structure is being folded. By completing an approximate 180° fold,
the X-Y footprint is halved, although the Z-direction footprint is increased.

In an embodiment, a thinned silicon bridge includes the thinned backside
surface 118, but the bridge has discrete ends that are mated to a first die and a
subsequent die, such that the bend bridge is a discrete silicon bridge and not
integral with the first and subsequent dice. For example where a bent silicon
bridge 12 depicted in Figure 4 may be applied to a form-factor device housing
432

Figure 1F is a cross-section elevation 106 of the bent-bridge
semiconductive apparatus 105 depicied in Figore 1D after further processing
according to an embodiment. During processing, the silicon bridge 12 is bent to
the approximate 180° angle while it is bonded onto a substrate 126. Inan
embodiment, the substrate 126 is made from useful materials such as FR4
construction used in a printed wiring board. During bonding. the metallization
122 1s bonded to substrate traces 128 (two occurrences illustrated) such as
through interconnects 130 (several occurrences illustrated) such as copper piliars
130. In an embodiment, an apparatus housing 132 1s formed such as by
overmold processing.

Figure 3 is a cross-section elevation of a bent-bridge semiconductive
apparatus 300 according to an embodiment. A processed die 100 mcludes a first
semiconductive device 10, a silicon bridge 12, and a subscquent semiconductive
device 11. The bent-bridge semiconductive apparatus 300 also includes a
connected die 30 that is coupled to the processed die 100 by a wire bond 336
according to an embodiment. A connected-die metalliization 310 is formed on
the connected die 30 and the wire bond 336 couples to the first metallization 210

on the first device 10 according to an embodiment. It may now be understood
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that the connected die 30 could wire bond to metallizations 212 and 211
depending upon the specific application. In other words, the form factor of the
illustrated device housing 332 could be maintained, while wire bonds could
reach all three metallizations 210, 211, and 212, or a subset thereof
5 The device housing 332 takes a shape that {acilitates the bend angle. As

illustrated, the device housing 332 forms an angle. In an embodiment, an
application is needed to fit a bent-bridge semiconductive apparatus, and the
illustrated device housing 332 is useful to fit the bent-bridge semiconductive
apparatus 300 into a space that accommodates the form factor of the device

10 housing 332.

Figure 4 is a cross-section clevation of a bent-bridge semiconductive
apparatus 400 according to an embodiment. A processed die 100 includes a first
semiconductive device 10, a silicon bridge 12, and a subsequent semiconductive
device 11. The bent-bridge semiconductive apparatus 400 has been buroped

15 with a series of electrical bumps, one of which is indicated with reference
number 438, The electrical bumps 438 are bonded both to the first
semiconductive device 10 and to the subsequent semiconductive device 11.

An apparatus housing 432 takes a shape that facilitates the bend angle.

As illustrated, the device housing 432 forms an angle. In an embodiment, an

20 application is needed to fit a bent-bridge semiconductive apparatus, and the
illustrated device housing 432 is useful to fit the bent-bridge semiconductive
apparatus 400 into a space that accommeodates the form factor of the device
housing 432.

Figure 5 is a cross-section elevation of the bent-bridge semiconductive

25  apparatus 500 according to an embodiment. A first semiconductive device 10
and a subsequent semiconductive device 11 are set apart with an integral silicon
bridge 12 that is bent to an approximate 180° or, in hall. During processing, the
silicon bridge 12 is bent to the 180° angle while it is bonded onto a substrate
526. During bonding, a metallization 522 is bonded to a substrate traces 528

30 such as through interconnects 530 (several occurrences ilustrated). Inthe
illustrated embodiment. the first semiconductive device 10 is coupled to a flip-
chip 50 through a series of bumps, one of which is indicated with reference
number 538. In an embodiment, the first semiconductive device 10 is a

processor, the tlip-chip 50 is a memory die, and the subsequent semiconductive
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device 11 is a baseband processor that is shielded such as with shielding 540
within the substrate 526.
In an embodiment, an apparatus housing 532 1s formed such as by
overmold processing.
5 Figure 6 15 a cross-section elevation of a bent-bridge semiconductive
apparatus 601 during processing according to an embodiment. A processed die
600 is an integral picce of silicon that has been deflected (o follow the arc of a
mandrel 60. The processed die 600 may be referred to as a front-end (FE) die
600 where active devices and other devices are formed in the silicon. The
10 processed die 600 includes a first semiconductive device 10, a second
semiconductive device 12, a third semiconductive device 13, a fourth
semiconductive device 14, and a subsequent sermiconductive device 11,
Between the first semiconductive device 10 and second semiconductive device
12 1s a first silicon bridge 15. Between the second semiconductive device 12
15 and the third semiconductive device 13 is a second silicon bridge 16. Between
the third semiconductive device 13 and the fourth semiconductive device 14 isa
third silicon bridge 17. And between the fourth semiconductive device 14 and
the subsequent semiconductive device 11 is a subsequent silicon bridge 18.
The processed die 600 is illustrated in simplified form without active
20 areas and metallizations particularly illustrated. It may be understood that active
areas lie along an active surface 614. Afier further processing, but before
bending along the arc of the mandrel 60, metallization is formed on the active
surface 614. In an embodiment, the structure 60 is a permanent part of the bent-
bridge semiconductive apparatus 601 such as a form-factor shaping structure. In
25  an embodiment, the structure 60 15 a permanent part of the beot-bridge
semiconductive apparatus 601 such as a form-factor shaping structure that
provides a permanent supporting surface for the processed die 600. In an
embodiment, the processed die 600 1s {it into a form factor such as a writing
implement. In an embodiment, the writing implement is a pen with computing
3¢ functionality.
In an embodiment, the processed die 600 has been bent along an arc that
is described by the mandrel 60 and the mandrel 60 has heat-transfer
functionality. As far at the form factor, i is seen the active surface 614 is

convex to the overall {orm factor of the processed die 600.

10
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Figure 7 is a cross-section elevation of a bent-bridge semiconductive
apparatus 701 during processing according to an crmbodiment. A processed dic
700 is an integral piece of silicon that has been deflected along the arc of a
mandrel 70. The processed die 700 may be referred to as a front-end (FE) die
700 where active devices and other devices are formed in the silicon. The
processed die 700 includes a first semiconductive device 10, a second
semiconductive device 12, a third semiconductive device 13, a fourth
semiconductive device 14, and a subsequent semiconductive device 11.
Between the first semiconductive device 10 and a second semiconductive device
12 1s a first silicon bridge 15. Between the second semiconductive device 12
and the third semiconductive device 13 is a second silicon bridge 16. Between
the third semiconductive device 13 and the fourth semiconductive device 14 s a
third silicon bridge 17. And between the fourth semiconductive device 14 and
the subsequent semiconductive device 11 is a subsequent silicon bridge 18.

The processed die 700 is illustrated in simplified form without active
arcas and metallizations particularly illustrated. It may be understood that active
areas liec along an active surface 714. After further processing, but before
bending along the arc of the mandrel 70, metallization is formed on the active
surface 714. In an embodiment, the structure 70 is a permanent part of the bent-
bridge semiconductive apparatus 701 such as a form-{actor shaping structure
with FR4 qualities of a printed wiring board. For example, a wearable device
may be constructed with the processed dic 700 and the structure 70 being a
shape that is complementary to a contour on an animal wearer.

In an embodiment, the processed die 700 has been bent along an arc that
15 described by the mandrel 70. As far at the form factor, it is seen that the
active surface 714 is concave to the overall form factor of the processed die 700.

It may now be understood that the processed die 700 may be contoured
in an active-surface-concave configuration and described along the arc of the
mandrel 70, Similarly, it may now be understood that the processed die 700 may
be contoured in an active-surface-convex configuration and described along the
arc of the mandrel 70.

Figure & 15 a process tlow diagram 800 that Ulustrates assembly of a

bent-bridge semiconductive apparatus according to an embodiment.

i1
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At 810, the process includes fabricating an integral first semiconductive
device and first silicon bridge as a processed die. At 812, the process includes
{abricating a subsequent semiconductive device imtegral with the first
semiconductive device and first silicon bridge. In a non-limiting example

5  embodiment, the first semiconductive device 10, the second semiconductive
device 11 and the silicon bridge 12 are fabricated as a processed die 100 as seen
in Figure 1A, At 814, the process includes fabricating a second semiconductive
device and a subsequent silicon bridge integral with the first semiconductive
device, the first senmiconductive bridge, and subsequent semiconductive device.

10 it is now understandable that more semiconductive devices and silicon
bridges may be formed from an integral processed die as illustrated by way of
non-limiting exaroples in Figures 6 and 7.

At 820, the process includes forming a metallization on the active

surfaces of the semuconductive devices and the silicon bridges, as many as are

15 present. In an embodiment, the process of forming the metallization is added to
by forming an RDL according to any embodiment disclosed with respect to one
of Figures 11 or 12.

At 830, the process includes thinning at least one silicon bridge. Ina
non-limiting example embodiment, all silicon bridge areas are thinned. In a non-

20 lhmiting example embodiment, the entire processed die is thinned to a degree
that it may be bent without breaking.

At 840, the process includes bending the processed die at least at the first
silicon bridge. In a non-limiting example embodiment, the processed die 100
depicted initially in Figure 1A, is bent to form the processed die 100E depicted

25  in Figure 1E.

At 850, the process includes assembling the bent-bridge device to a
substrate.

At 852, the process includes coupling a connected die to the processed
die by one of wire bonding or bumping. In a non-limiting example embodiment,

30 abond wire 336 couples the metallization 210 of the first semiconductive device
10 to a connected die 30 as illustrated in Figure 3. In a non-limiting and non-
equivalent example embodiment, a bump 538 couples a connected die 50 to the

first semiconductive device 10 as illustrated in Figure 5.
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At 860, the process includes affixing a bent-bridge device into a housing.
In a non-limiting example embodiment, the processed silicon 100 18 affixed mto
an apparatus housing such as a mold-material bousing 432 as illustrated in
Figure 4.

5 At 870, the process includes assembling the bent-bridge device inlo a
computing system. Examples of assembling the bent-bridge device into a
computing system is given herein.

Figure 9 1s included to show an example of a higher level device

application for the disclosed cmmbodiments. In an embodiment, a computing

10 system 900 includes, but is not limited to, a desktop computer. In an
embodiment, a system 900 includes, but is not limited to a laptop computer. In
an embodiment, a system 900 includes, but is not himited {o a netbook. Inan
embodiment, a system 900 includes, but is not limited to a tablet. Inan
embodiment, a system 900 includes, but is not imited to a notebook coraputer.

15 Inan embodiment, a system 900 includes, but is not limited to a personal digital
assistant (PDA). In an embodiment, a systerm 900 includes, but is not limited to
a server. In an embodiment, a system 900 includes, but 1s not hmited to a
wotkstation. In ao embodiment, a system 900 includes, but is not hmited to a
cellular telephone. In an embodiment, a system 900 includes, but is not limited

20 to a mobile computing device. In an embodiment, a system 900 includes, but 15
not limited to a smart phone. In an embodiment, a system 900 includes, but 1s
not limited to an internet appliance. Other types of computing device may be
configured with the microelectronic device that includes a bent-bridge
semiconductive device embodiment.

25 In some embodiments, the beni-bridge embodiment 900 mcludes a
system on a chip (SOC) system.

In an embodiment, the processor 910 has one or more processing cores

912 and 912N, where 912N represents the Nth processor core inside processor
910 where N is a positive integer. In an embodiment, the electronic device

30 system 900 using a bent-bridge embodiment that includes multiple processors
including 910 and 905, where the processor 905 has logic similar or identical to
the logic of the processor 910. Tn an embodiment, the processing core 912
includes, but is not limited to, pre-fetch logic to fetch instructions, decode logic

to decode the instructions, execution logic {o execute instructions and the hike.
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In an embodiment, the processor 910 has a cache memory 916 to cache at least
one of instructions and data for the bent-bridge device system 900. The cache
memory 916 may be organized into a hierarchal structure including one or more
levels of cache memory.

5 In an embodiment, the processor 910 includes a memory controller 914,
which is operable to perform functions that enable the processor 910 to access
and communicate with roemeory 930 that includes at least ove of a volatile
memory 932 and a non-volatile memory 934, In an embodiment, the processor
910 is coupled with memory 930 and chipset 920. The processor 910 may also

10 be coupled to a wireless antenna 978 to communicate with any device
configured to at least one of transmit and receive wireless signals. Inan
embodiment, the wireless antenna inter{ace 978 operates in accordance with, but
is not limited to, the IEEE &02.11 standard and its related family, Home Plug
AV (HPAV), Ultra Wide Band (UWB), Bluetooth, WiMax, or any form of

15 wireless comumunication protocol.

In an embodiment, the volatile memory 932 includes, but is not limited
to, Synchronous Dynamic Random Access Memory (SDRAM), Dynamic
Random Access Memory (DRAM), RAMBUS Dynamic Random Access
Memory (RDRAM), and/or any other type of random access memory device.

20 The non-volatile memory 934 includes, but is not limited to, {lash memory,
phase change memory (PCM), read-only memory (ROM), electrically erasable
programmable read-only memory (EEPROM), or any other type of non-volatile
memory device.

The memory 930 stores information and instructions to be executed by

25  the processor 910. In an embodiroent, the roemory 930 may also store
temporary variables or other intermediate information while the processor 910 is
executing mstructions. In the iHustrated embodiment, the chipset 920 comnects
with processor 910 via Point-to-Point (PtP or P-P) interfaces 917 and 922.
Either of these PtP embodiments may be achicved using a bent-bridge

30 embodiment as set forth in this disclosare. The chipset 920 enables the
processor 910 to connect to other elements in the bent-bridge device system 900.
In an exobodiment, terfaces 917 and 922 operate in accordance with a PtP
conununication protocol such as the Intel® QuickPath Interconnect (QFI) or the

like. In other embodiments, a different interconnect may be used.
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In an embodiment, the chipset 920 1s operable to communicate with the
processor 910, 905N, the display device 940, and other devices 972, 976, 974,
960, 962, 964, 966, 977, etec. The chipset 920 may also be coupled to a wireless
antenna Y78 to communicate with any device configured to at least do one of
5 transmil and receive wireless signals.
The chipset 920 connects to the display device 940 via the mterface 926.
The display 940 may be, for example, a iguid crystal display (LCD), a plasma
display, cathode ray tube (CRT) display, or any other form of visual display
device. In and embodiment, the processor 910 and the chipset 920 are merged
10 into a single bent-bridge device SOC. Additionally, the chipset 920 connects to
one or more buses 950 and 955 that interconnect various elements 974, 960, 962,
964, and 966. Buses 950 and 955 may be interconnected together via a bus
bridge 972 such as at least one bent-bridge structure. In an embodiment, the
chipset 920 couples with a von-volatile memory 960, a mass storage device(s)
15 962, a keyboard/mouse 964, and a network interface 966 by way of at least one
of the interface 924 and 974, the smart TV 976, and the consumer electronics
977, etc.
In and embodiment, the mass storage device 962 includes, but is not
iimited to, a solid state drive, a hard disk drive, a universal serial bus flash
20 memory drive, or any other form of computer data storage medium. Inone
embodiment, network interface 966 is implemented by any type of well-known
network interface standard including, but not limited to, an Ethernet interface, a
universal serial bus (USB) interface, a Peripheral Component Interconnect (PCT)
Express interface, a wireless interface and/or any other suitable type of interface.
25  In one embodiment, the wireless interface operates in accordance with, but is not
limited to, the IEEE 802.11 standard and its related family, Home Plug AV
(HPAV), Ulira Wide Band (UWB), Bluetooth, WiMax, or any form of wireless
communication protocol.
While the modules shown in Figure 9 are depicted as separate blocks
30 within the bent-bridge device apparatus in a computing system 900, the
functions performed by some of these blocks may be integrated within a single
semiconductor circuit or may be noplemented using two or more separale

integrated circuits. For example, although cache memory 916 is depicied as a
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separate block within processor 910, cache memory 916 (or selected aspects of
916) can be incorporated into the processor core 912,

Where aseful, the computing system 900 may have an outer shell such as

a housing 132 depicted in Figure 1F. In an embodiment, an outer shell is an
5 electrically insulated structure that also provides physical protection for the bent-
bridge device apparatus.

Figure 10 is a cross-section elevation of a beni-bridge semiconductive
apparatus 1000 according to an embodiment. A bent bridge 12 includes an
active surface 114 and metallization 122. A backside surface 118 is opposite the

10 active surface 114, In this embodiment, the bent bridge 12 not integral with a
semiconductive device, rather, a first semiconductive device 10 is {lip-chip
mated to and in any event, electrically contacting the bent bridge 12 at the active
surface 114 by at least one electrical bump, one of which is indicated with
reference nuraber 438,

15 In an embodiment, the bent bridge semiconductive apparatus 1000
includes the first sermiconductive device 10 and a subsequent semiconductive
device 11 also disposed on the active surface 114 of the bent bridge 12, Inan
embodiment, the bent bridge semiconductive apparatus 1000 includes the first
semiconductive device 10, a second semiconductive device 14, and a subsequent

20 scmiconductive device 11, each also disposed on the active surface 114 of the
bent bridge 12. In this embodiment, the second semiconductive device 14 15
adjacent the first semiconductive device 10.

In an embodiment, the bent bridge semiconductive apparatus 1000
ncludes the first semiconductive device 10, a second semiconductive device 14,

25  athird semiconductive device 13, and a subsequent semiconductive device 11,
each also disposed on the active surface 114 of the bent bridge 12. Inthis
embodiment, the third semiconductive device 13 is adjacent the subsequent
semiconductive device 11.

It may now be understood that at least one of the several semiconductive

30 devices may be integral with the beut bridge 12.

To illustrate the memory-die stacked memory module in a system in
package apparatus embodiments and methods disclosed herein, a non-hmiting

list of examples is provided herein:
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Example 1 is a bent-bridge semiconductive apparatus comprising: a first
semiconductive device; and a silicon bridge that is integrally part of the first
semiconductive device, wherein the silicon bridge is deflected out of planarity
with respect to the first semiconductive device.

In Example 2, the subject matter of Example 1 optionally includes a
subsequent semiconductive device that is integrally part of the first
semiconductive device, and wherein the subsequent semiconductive device is
spaced apart from the first semiconductive device by the silicon bridge.

In Example 3, the subject matter of any one or more of Examples 1-2
optionally include wherein the silicon bridge is a first silicon bridge, further
including: a subsequent semiconductive device that is integrally part of the first
semiconductive device, and wherein the subsequent semiconductive device is
spaced apart from the first semiconductive device by the first silicon bridge; a
second semiconductive device that is totegrally part of the first semiconductive
device; and a subsequent silicon bridge that is integrally part of the first
semiconductive device, wherein the first and second semiconductive devices are
spaced apart by the first silicon bridge, and wherein the second and subsequent
semiconductive devices are spaced apart by the subsequent silicon bridge.

In Example 4, the subject matter of any one or more of Examples 1-3
optionally include wherein the silicon bridge is a first silicon bridge, further
including: a subsequent semiconductive device that is integrally part of the first
semiconductive device, and wherein the subsequent semiconductive device is
spaced apart from the {irst semiconductive device by the first silicon bindge; a
second semiconductive device that is integrally part of the first semiconductive
device; a third silicon bridge that is integrally part of the first semiconductive
device, wherein the second and third semiconductive devices are spaced apart by
the third silicon bridge; a third semiconductive device that is mtegrally part of
the first semiconductive device; and a subsequent silicon bridge that is integrally
part of the {irst semiconductive device, wherein the third and subsequent
semiconductive devices are spaced apart by the subsequent silicon bridge.

In Example 5, the subject matter of any onc or more of Examples 1-4
optionally include a substrate coupled to the first semiconductive device at

metallization by at least one of a pillar interconnect and an electrical bump.
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in Example 6, the subject matter of any one or more of Examples 1-3
optionally include a substrate coupled to the first semiconductive device at
metallization by at least one of a pillar interconnect and an electrical bump; a
subsequent semiconductive device that is integrally part of the first
semiconductive device, and wherein the subsequent semuconductive device s
spaced apart from the {irst semiconductive device by the silicon bridge.

In Example 7, the subject matter of any one or more of Examples 1-6
optionally include a substrate coupled o the first semiconductive device at
metallization by at least one of a pillar interconnect and an electrical bump; a
subsequent semiconductive device that is integrally part of the first
semiconductive device, and wherein the subsequent semiconductive device is
spaced apart from the first semiconduactive device by the silicon bridge, and
wherein the subsequent semiconductive device 15 also coupled to the substrate
device as metallization by at least one of a pillar and an electrical bump.

In Example 8, the subject matier of any one or more of Examples 1-7
optionally include the silicon bridge is deflected out of planarity in a range from
1910 180°.

In Example 9, the subject matter of any one or more of Exaraples 1-8
optionally include wherein the silicon bridge is a first silicon bridge. further
including; a second semiconductive device, wherein the first silicon bridge is
integrally between the {irst semiconductive device and the second
sermiconductive device; a second silicon bridge: a third semiconductive device,
wherein the second silicon bridge is integrally between the second
semiconductive device and the third semiconductive device; a third silicon
bridge; a fourth semiconductive device, wherein the third silicon bridge is
itegrally between the third semiconductive device and the fourth
semiconductive device; a subsequent silicon bridge, wherein the subseqguent
silicon bridge 1s integrally between the {ourth semiconductive device and the
subsequent semiconductive device; and wherein the first, second, third, fourth
and subsequent semiconductive devices are described along an arc.

In Example 10, the subject matter of Example 9 optionally includes a

mandrel that describes the arc.
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in Example 11, the subject matter of any one or more of Examples 9-10
optionally include wherein cach semiconductive device includes an active
surface, and wherein the arc creates a convex form factor at the active surfaces.

In Example 12, the subject matter of any one or more of Examples 9-11
optionally include wherein each semiconductive device includes an active
surface, and wherein the arc creates a concave form factor at the active surfaces.

In Example 13, the subject matter of any one or more of Examples 1-12
optionally include an active device within the silicon bridge, wherein the active
device is part of a logic region.

in Example 14, the subject matter of any one or more of Examples 1-13
optionally include a connected die that is coupled to the first semiconductive
device by a bound wire.

In Example 15, the subject matter of any one or more of Examples 1-14
optionally include a connected die that is coupled to the first semiconductive
device by an electrical bump.

In Example 16, the subject matter of any one or more of Examples 1-15
optionally include electrical connection selected from the group consisting of an
electrical bump and an RDL coupled to the first semiconductive device at
metallization on an active surface thereof.

In Example 17, the subject matter of any one or more of Examples 1-16
optionally include wherein the silicon bridge is deflected out of planarity to form
at least a portion of a helix.

Example 18 is a method of assembling a bent-bridge semiconductive
apparatus comprising: {abricating an integral {irst semiconductive device and a
silicon bridge as a processed die; forming metallizations oun the first
semiconductive device and the silicon bridge; deflecting the silicon bridge out of
planarity; and assembling the beunt-bridge and first semiconductive device to a
substrate.

In Example 19, the subject matter of Example 18 optionally includes
{abricating a subsequent semiconductive device integral to the {irst
semiconductive device and the silicon bridge, wherein the first and subsequent
semiconductive devices are spaced apart by the silicon bridge.

In Example 20, the subject matter of Example 19 optionally includes

folding the silicon bridge to about 180°.
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in Example 21, the subject matter of any one or more of Examples 18-20
optionally include wherein the silicon bridge is a first silicon bridge further
including: {abricating a subsequent semiconductive device integral to the first
semiconductive device and {irst silicon bridge, wherein the {irst and subsequent
semiconductive devices are spaced apart by the first silicon bridge; and
fabricating a second semiconductive device integral to the first semiconductive
device and the first silicon bridge; fabricating a subsequent semiconductive
device integral to the first semiconductive device, wherein the second and
subsequent semiconductive devices are spaced apart by the subsequent silicon
bridge.

Example 22 1s a computing system containing bent-bridge
semiconductive apparatus, comprising: a first semiconductive device; a silicon
bridge that is integrally part of the first semiconductive device, wherein the
silicon bridge is deflected out of planarity with respect to the {irst
semiconductive device; a subsequent semiconductive device that is integrally
part of the f{irst semiconductive device, and wherein the subsequent
semiconductive device is spaced apart from the first semiconductive device by
the silicon bridge, wherein the first and subsequent devices and the silicon
bridge are affixed to a substrate; and a housing onto which the substrate is
assembled.

In Example 23, the subject matter of Example 22 optionally includes
wherein the housing is an outer shell.

Example 24 15 a bent-bridge semiconductive apparatus comprising: a first
semiconductive device; and a silicon bridge electrically contacting the first
semiconductive device, wherein the silicon bridge is deflected out of planarity
with respect to the first semiconductive device.

In Example 25, the subject matier of Example 24 optionally includes a
subsequent semiconductive device that is electrically contacting silicon bridge,
and wherein the subsequent semiconductive device is spaced apart from the first
semiconductive device by the silicon bridge.

In Example 26, the subject matter of any one or more of Examples 24-25
optionally include a second semuconductive device that 1s electrically contacting
the silicon bridge, wherein the second semiconductive device is adjacent the first

semiconductive device; and a subsequent semiconductive device that is

20



WO 2018/125505 PCT/US2017/063978

electrically contacting silicon bridge, and wherein the subseguent
semiconductive device is spaced apart from the first semiconductive device by
the silicon bridge where the silicon bridge is deflected out of planarity.

In Example 27, the subject matter of any one or more of Examples 24-26

5 optionally include a second semiconductive device that is electrically contacting
the silicon bridge, wherein the second semiconductive device is adjacent the first
semiconductive device; a subsequent semiconductive device that is electrically
contacting silicon bridge, and wherein the subsequent semiconductive device is
spaced apart from the {irst semiconductive device by the silicon bridge where the

10 silicon bridge is deflected out of planarity; and a third semiconductive device
that 1s clectrically contacting the silicon bridge, wherein the third
semiconductive device is adjacent the subsequent serniconductive device.

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

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

20 contemplate examples using any combination or permutation of those elements
shown or described {or one or more aspects thereof), either with respect (o a
particular example (or one or more aspects thercof), or with respect to other
examples {(or one or more aspects thereof) shown or described herein.

In the event of inconsistent usages between this document and any

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

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

302 buinot A, and “A and B,” unless otherwise indicated. In this document, the
terms “including” and “in which™ are used as the plain-English equivalents of
the respective terms “comprising” and “wherein.” Also, in the following claims,
the terms “including” and “comprising” are open-ended, that is, a system,

device, article, composition, {ormulation, or process that inclades elements in
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addition to those Histed after such a term in a claim are still deemed to {all within
the scope of that claim. Moreover, in the following claims, the terms “first,”
“second,” and “third,” etc. are used merely as labels, and are not intended to
impose numerical requirements on their objects.

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

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

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

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

25 o quickly ascertain the nature of the technical disclosure. It is submitted with
the understanding that it will not be used to interpret or limit the scope or
meaning of the claims. Also, in the above Detailed Description, various features
may be grouped together to streamline the disclosure. This should not be
interpreted as intending that an unclaimed disclosed feature 1s essential to any

3¢ claim. Rather, inventive subject matter may lie in less than all features of a
particular disclosed embodiment. Thus, the following claims are hereby
incorporated into the Detailed Description as examples or embodiments, with
each claim standing on its own as a separate embodiment, and it is contemplated

that such embodiments can be combined with each other in various
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combinations or permutations. The scope of the invention should be determined
with reference to the appended claims, along with the full scope of equivalents to

which such claims are entitled.
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CLAIMS

1. A bent-bridge semiconductive apparatus comprising:
5 afirst semdconductive device; and
a stlicon bridge that is integrally part of the first semiconductive device, wherein
the silicon bridge is deflected out of planarity with respect to the first

sermiconductive device.

[

10 The bent-bridge semiconductive apparatus of claim 1, further including a
subsequent seniconductive device that is integrally part of the first
sermiconductive device, and wherein the subsequent semuiconductive device

is spaced apart from the first semiconductive device by the silicon bridge.

15 3. The bent-bridge semiconductive apparatus of claim 1, wherein the silicon
bridge is a first silicon bridge, further including:

a subsequent semiconductive device that s integrally part of the first
semiconductive device, and wherein the subsequent semiconductive device
is spaced apart from the {irst semiconductive device by the first silicon

20 bridge;

a second semyiconductive device that is integrally part of the first semiconductive
device: and

a subsequent silicon bridge that is integrally part of the {irst semiconductive
device, wherein the first and second semiconductive devices are spaced apart

25 by the first silicon bridge, and wherein the second and subsequent

semiconductive devices are spaced apart by the subsequent silicon bridge.

4. The bent-bridge semiconductive apparatus of claim 1, wherein the silicon
bridge is a first silicon bridge, further including:
30 assbsequent semiconductive device that is integrally part of the first
semiconductive device, and wherein the subsequent semiconductive device
is spaced apart from the {rst senuconductive device by the first silicon

bridge;
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a second semiconductive device that s integrally part of the first semiconductive
device;

a third silicon bridge that is integrally part of the first semiconductive device,
wherein the second and third semiconductive devices are spaced apart by the

5 third silicon bridge;

a third semiconductive device that is integrally part of the first semiconductive
device; and

a subsequent silicon bridge that is integrally part of the first semuconductive
device, wherein the third and subsequent semiconductive devices are spaced

10 apart by the subsequent silicon bridge.

5. The bent-bridge semiconductive apparatus of claim 1, further including:
a substrate coupled to the {irst semiconductive device at metallization by at least

one of a pillar interconnect and an electrical bump.

15

6. The bent-bridge semiconductive apparatus of claim 1, further including:

a substrate coupled to the {irst semiconductive device at metallization by at least
one of a pillar interconnect and an electrical bump;

a subsequent senmiconductive device that is integrally part of the first

20 sermmiconductive device, and wherein the subsequent semiconductive device
is spaced apart from the first semiconductive device by the silicon bridge.

7. The bent-bridge semiconductive apparatus of claim 1, further including:

a substrate coupled to the first semiconductive device at metallization by at least

25 one of a pillar interconnect and an electrical bump;

a subsequent semiconductive device that is integrally part of the first
semiconductive device, and wherein the subsequent semiconductive device
is spaced apart from the {irst semiconductive device by the silicon bridge,
and wherein the subsequent semiconductive device is also coupled to the

30 substrate device as metallization by at least one of a pillar and an electrical

bump.

8. The bent-bridge semiconductive apparatus of claim 1, wherein the silicon

bridge is deflected out of planarity in a range from 1° to 180°.
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9. The bent-bridge semiconductive apparatus of claim 1, wherein the silicon
bridge is a first silicon bridge, further including;

a second semiconductive device, wherein the first silicon bridge is integrally

5 between the first semiconductive device and the second semiconductive
device;

a second silicon bridge;

a third semiconductive device, wherein the second silicon bridge is integrally
between the second semiconductive device and the third semiconductive

10 device:

a third silicon bridge;

a fourth semiconductive device, wherein the third silicon bridge s integrally
between the third semiconductive device and the fourth semiconductive
device;

15 a subsequent silicon bridge, wherein the subsequent silicon bridge is integrally
between the fourth semiconductive device and the subseguent
serpiconductive device; and

wherein the first, second, third, fourth and subsequent semiconductive devices
are described along an arc.

20

10. The bent-bridge semicondactive apparatus of claim 9, further including a

mandre] that describes the arc.

11. The bent-bridge semiconductive apparatus of claim 9, wherein each
25 semmeonductive device includes an active surface, and wherein the arc

creates a convex form factor at the active surfaces.

12. The bent-bridge semiconductive apparatus of claim 9, wherein each
sermiconductive device includes an active surface, and wherein the arc

30 creates a concave form factor at the active surfaces.
13. The bent-bridge semiconductive apparatus of claim 1, further including an
active device within the silicon bridge, wherein the active devise is part of a

logic region.
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14, The bent-bridge semiconductive apparatus of claim 1, further including a

connected die that is coupled to the first semiconductive device by a bond wire.

15. The bent-bridge semiconductive apparatus of claim 1, further including a
connected die that is coupled to the first semiconductive device by an electrical

bump.

16. The bent-bridge semiconductive apparatus of claim 1, further incloding an
electrical bump coupled to the first semiconductive device at metallization on an

active surface thereof.

17. 'The bent-bridge semiconductive apparatus of claim 1, wherein the silicon

bridge 1s deflected out of planarity to form at least a portion of a helix.

18. A method of assembling a bent-bridge semiconductive apparatus comprising:

{abricating an integral first semiconductive device and a silicon bridge as a
processed die;

forming metallizations on the first semiconductive device and the silicon bridge;

deflecting the silicon bridge out of planarity; and

assembling the bent-bridge and first semiconductive device to a substrate.

19. The method of claim I8, {urther 1clading fabricating a subseguent
semiconductive device integral to the first semiconductive device and the
silicon bridge, wherein the first and subsequent semiconductive devices are

spaced apart by the silicon bridge.

20. The method of claim 19, wherein deflecting the silicon bridge out of

planarity includes folding the silicon bridge to about 180°.

21. The method of claim 18, wherein the silicon bridge is a first silicon bridge
further including:
fabricating a subsequent semiconductive device integral to the first

semtconductive device and first silicon bridge, wherein the first and
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subsequent sennconductive devices are spaced apart by the {irst silicon
bridge; and
{abricating a second semiconductive device integral to the first semiconductive
device and the first silicon bridge;
5 fabricating a subsequent semiconductive device integral to the first
semiconductive device, wherein the second and subsequent semiconductive

devices are spaced apart by the subsequent silicon bridge.

22. A computing system containing bent-bridge semiconductive apparatus,

10 comprising:

a first semiconductive device;

a silicon bridge that s integrally part of the first semiconduactive device, wherein
the silicon bridge is deflected out of planarity with respect to the first
semiconductive device;

15 a subsequent semiconductive device that is integrally part of the first
sermmiconductive device, and wherein the subsequent semiconductive device
is spaced apart from the first semiconductive device by the silicon bridge,
wherein the first and subsequent devices and the silicon bridge are af{ixed to
a substrate:; and

20 a housing onto which the substrate is assembled.

23. The computing system of claim 22, wherein the housing 1s an outer shell.

24. A bent-bridge semiconductive apparatus comprising:
25  a first semiconductive device; and
a silicon bridge electrically contacting the first semiconductive device, wherein
the silicon bridge 1s deflected out of planarity with respect o the first

semiconductive device.

30 25. The bent-bridge semiconductive apparatus of claim 24, further incinding a
subsequent semiconductive device that is clectrically contacting silicon
bridge, and wherein the subsequent semiconductive device is spaced apart

from the first semiconductive device by the silicon bridge.
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26. The bent-bridge semiconductive apparatus of claim 24, further including:

a second semiconductive device that is clectrically contacting the silicon bridge,
wherein the second semiconductive device is adjacent the {irst
semiconductive device; and

5 asubsequent serniconductive device that is electrically contacting silicon bridge.,
and wherein the subsequent semiconductive device is spaced apart from the
first semiconduoctive device by the silicon bridge where the silicon bridge 15

detlected out of planarity.

10 27. The bent-bridge semiconductive apparatus of claim 24, further including:

a second semiconductive device that is clectrically contacting the silicon bridge,
wherein the second semiconduactive device 1s adjacent the first
semiconductive device:

a subsequent sermconductive device that is electrically contacting silicon bridge,

15 and wherein the subsequent semiconductive device is spaced apart from the
first semiconductive device by the silicon bridge where the silicon bridge 1s
detlected out of planarity; and

a third semiconductive device that is electrically contacting the silicon bridge,
wherein the third semiconductive device is adjacent the subsequent

20 sermconductive device.

25
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