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(57) ABSTRACT

System and method for vertically interconnecting a plurality
of chips to provide increased volume circuit density for a
given surface chip footprint. One embodiment provides a
chip stack where two smaller chips are interconnected to a
larger third chip on both sides thereof with the lower smaller
chip flipped and connected below the larger chip. Further, in
another embodiment, interconnecting structures extend from
the larger chip beyond the extent of the lower smaller chip
to facilitate the electronic connection of the chip stack with
other computer components or circuit board. Another
embodiment provides a method for stacking chips where
two smaller chips are interconnected to a larger third chip on
both sides thereof with the lower smaller chip flipped and
connected below the larger chip.
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SYSTEM AND METHOD FOR VERTICALLY
STACKING COMPUTER MEMORY COMPONENTS

RELATED APPLICATIONS

[0001] This application is a continuation of U.S. applica-
tion No. 10/853,865, filed May 25, 2004, which is a con-
tinuation of U.S. application No. 10/127,343, filed Apr. 19,
2002, which claimed the benefit of U.S. Provisional Appli-
cation No. 60/285,089 filed Apr. 19, 2001.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The invention relates to the field of integrated
circuit interconnections and, in particular, to structures and
methods for vertically stacking chips for increased volume
density without increased footprint.

[0004] 2. Description of the Related Art

[0005] Modern electronic devices, such as computers and
the like, typically include integrated circuits encapsulated in
packages generally referred to generically as “chips”. Chips
are generally planar structures and typically include a plu-
rality of conducting pads disposed as surface contacts about
a surface of the chip and/or “pins” along an edge thereof.
The conducting pads generally interconnect to a plurality of
interconnecting conductive traces that extend from the pads
to the electronic devices within the chip and allow intercon-
nection of the electronic devices to external circuits to allow
a system level circuit.

[0006] With advances in semiconductor device processing
has come a continuing increase in device count and density
within chips and this has driven a corresponding increase in
the count and density of the external conducting pads.
Current technology places a limit on how small external
contacts can be made and how closely they can be placed
adjacent one another while still maintaining circuit integrity.
Limits are imposed both by the limitations of machinery to
form ever smaller conductive elements and the reduction in
production yield as the limits are pushed.

[0007] An additional concern is an overall system level
consideration of packaging. As previously mentioned, chips
are generally planar structures with relatively thin, flat
profile. Acommon practice has been to interconnect chips on
another generally planar support structure often referred to
as a “mother board”. However, the desire to provide the
capability of integrated circuits to relatively small devices
limits the extent to which multiple chips can be laterally
interconnected while still fitting within the device. In addi-
tion, lateral extension and interconnection of chips tends to
lead to relatively long interconnects between chips and thus
between circuit components thus introducing propagation
delays that can limit the practical speed of operation of the
system level circuits.

[0008] From the foregoing, it can be appreciated that there
is an ongoing need for structures and methods for intercon-
necting chips to increase circuit density without increasing
the chip footprint and with minimal increase in intercon-
nection length.

SUMMARY OF THE INVENTION

[0009] The aforementioned needs are satisfied by the
invention which in one aspect is various structures and
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methods for interconnecting a plurality of generally planar
chips in a vertical stack such that the stack chips define
interstitial spaces that provide clearance for additional chips
to be placed therein. The various structures and methods
include the aspect that the total footprint of the stack does
not exceed the footprint of the single largest component
chip.

[0010] A certain aspect of the invention is a chip stack of
a preformed support structure vertically interconnecting a
first chip to a second chip with a third chip interposed
therebetween wherein the support structure comprises a
rigid annular housing defining an opening adapted to pro-
vide clearance for the third chip and a plurality of conductor
cavities disposed about the periphery of the housing and
extending between a first face and an opposite second face
of the housing and a plurality of conductive elements
positioned within the conductor cavities such that a portion
of each conductive element extends slightly beyond the first
and second faces of the housing so as to interconnect the first
and second chips and such that each of the conductive
element extends substantially flush with the edges of the
conductor cavities on the first and second faces of the
housing so as to substantially fill the corresponding conduc-
tor cavity. A particular aspect therein is wherein the con-
ductor cavities of the support structure are substantially
rectangular in horizontal cross-section or more particularly
wherein the conductor cavities of the support structure are
substantially square in horizontal cross-section.

[0011] Other aspects of the invention are wherein walls of
the conductor cavities are substantially parallel to other
conductor cavity walls along their adjacency to the adjacent
conductor cavities and/or wherein the conductor cavities
define first opposing walls facing adjacent conductor cavi-
ties and second opposing walls between the first walls
wherein the first walls are generally planar and parallel to the
first walls of adjacent conductor cavities and wherein the
second walls are generally convexly curved.

[0012] The invention also includes the aspects of a pre-
formed support structure for vertically interconnecting a first
chip to a second chip with a third chip interposed therebe-
tween wherein the support structure comprises a rigid annu-
lar housing defining an opening adapted to provide clearance
for the third chip and a plurality of conductor cavities
disposed about the periphery of the housing and extending
between a first face and an opposite second face of the
housing and a plurality of conductive elements positioned
within the conductor cavities such that a portion of each
conductive element extends slightly beyond the first and
second faces of the housing and such that each of the
conductive element extends substantially flush with the
edges of the conductor cavities on the first and second faces
of the housing so as to substantially fill the corresponding
conductor cavity. A particular aspect therein is wherein the
conductor cavities of the support structure are substantially
rectangular in horizontal cross-section and more particularly
wherein the conductor cavities of the support structure are
substantially square in horizontal cross-section.

[0013] The invention further includes the aspect wherein
walls of the conductor cavities are substantially parallel to
other conductor cavity walls along their adjacency to the
adjacent conductor cavities and wherein the conductor cavi-
ties define first opposing walls facing adjacent conductor
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cavities and second opposing walls between the first walls
wherein the first walls are generally planar and parallel to the
first walls of adjacent conductor cavities and wherein the
second walls are generally convexly curved.

[0014] The invention is also a method of interconnecting
chips having surface contacts comprising forming a gener-
ally annular support structure with a plurality of conductor
cavities extending between opposite faces of the support
structure and aligned with the surface contacts, filling the
conductor cavities with conductive material such that the
conductive material substantially fills the conductor cavities
and extends slightly beyond the opposite faces of the support
structure, placing chips on the support structure such that the
surface contacts are adjacent and aligned with the conductor
cavities so as to form a stack of the chips and the support
structure, and processing the stack so as to induce the
conductive material to connect to the surface contacts.

[0015] Yet another aspect of the invention is a chip stack
of at least a first, a second, and a third chip and conductive
interconnecting structures of at least a first size and a second
smaller size interconnecting the chips wherein the third chip
has a smaller footprint than either of the first or second chips
and wherein the first conductive structures interconnect the
first and second chips so as to define an interstitial space
therebetween and the third chip is connected to at least one
of the first and the second chips via the second conductive
structures and is positioned within the interstitial space such
that the vertical extent of the first conductive support struc-
tures is greater than the combined vertical extent of the third
chip and the second conductive support structures. Particu-
larly therein, the invention includes wherein the third chip is
connected to one of the first or the second chips via the
second conductive structures.

[0016] An additional aspect of the invention is a chip stack
of at least a first, a second, and a third chip and conductive
interconnecting structures of a first size interconnecting the
first and second chips to the third chip wherein the third chip
has a larger footprint than either of the first or second chips
and further comprising second conductive support structures
connected to the third chip such that the vertical extent of the
second conductive support structures is greater than the
combined vertical extent of either the first or second chips
and the associated first conductive support structures.

[0017] These and other objects and advantages of the
present invention will be more apparent from the following
description taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is an exploded, perspective view of one
embodiment of a preformed support structure vertically
interconnecting a first chip to a second chip with a third chip
interposed therebetween;

[0019] FIG. 2 is a detail, perspective view of a portion of
one embodiment of the preformed support structure of FIG.
I wherein conductor cavities of the support have a generally
square cross-section;

[0020] FIG. 3 is a detail, perspective view of a portion of
another embodiment of the preformed support structure of
FIG. 1 wherein conductor cavities of the support have
generally planar walls generally parallel to the walls of
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adjacent cavities and a generally convex outward curve on
the sides between the planar sides;

[0021] FIG. 4 is a side view of one embodiment of a
preformed support structure vertically interconnecting a first
chip to a second chip with a third chip interposed therebe-
tween;

[0022] FIG. 5 is a side view of another embodiment of a
preformed support structure vertically interconnecting a first
chip to a second chip with a third chip interposed therebe-
tween;

[0023] FIG. 6 is an exploded perspective view of one
embodiment of a chip stack of at least a first, a second, and
a third chip and conductive interconnecting structures of at
least a first size and a second smaller size interconnecting the
chips;

[0024] FIG. 7 is a side view of the chip stack of FIG. 6;

[0025] FIG. 8 is an exploded perspective view of one
embodiment of a chip stack of at least a first, a second, and
a third chip and conductive interconnecting structures of a
first size interconnecting the first and second chips to the
third chip; and

[0026] FIG. 9 is a side view of the chip stack of FIG. 8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0027] Reference will now be made to the drawings
wherein like numerals refer to like parts throughout. FIG. 1
is an exploded, perspective view of one embodiment of a
chip stack 100 of the invention. The chip stack 100, in this
embodiment, comprises a first chip 102, a second chip 104
and a third chip 106. The chip stack 100 as illustrated in
FIG. 1 further comprises a fourth chip 110. The chips 102,
104, 106, 110 comprise packaged integrated circuits with
exposed contacts of types generally well known in the art.

[0028] The chip stack 100 also comprises a preformed
support 112 vertically interconnecting the first chip 102 and
the second chip 104. The support 112 in this particular
embodiment is generally rectangular and is sized to gener-
ally match the shape and size of the first 102 and second 104
chips. The support 112 is also annular, defining an internal
opening 114. The opening 114 in this particular embodiment
is also generally rectangular and sized to provide clearance
for the third chip 106 within the opening 114. The support
112 is made of a rigid, non-conducting material.

[0029] The support 112 also includes a plurality of con-
ductor cavities 116. The conductor cavities 116 extend
generally vertically between a first face 120 and an opposite
second face 122 of the support 112. The conductor cavities
116 are substantially filled with a conductive material 124.
In certain embodiments, the conductive material 124 com-
prises a metal of relatively low melting point, such as solder
and in alternative embodiments, the conductive material 124
comprises a conductive adhesive material, such as epoxy. An
advantageous aspect of this embodiment is that the support
112 is provided in a preformed manner with the conductor
cavities 116 substantially filled with the conductive material
124. This aspect of this embodiment facilitates alignment of
the conductive material 124 within the rigid support 112 and
maintains the alignment as the first 102 and second 104
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chips are interconnected via the support 112 in a manner that
will be described in greater detail below.

[0030] The conductor cavities 116 are disposed mutually
aligned with contacts 142 of the first 102 and second 104
chips arrayed in a first pattern about the periphery of the
support 112 (corresponding to the periphery of the first 102
and second 104 chips) with a spacing 126 as shown in FIGS.
2 and 3. As understood herein, the spacing 126 is the lateral
separation between adjacent conductor cavities 116 as filled
with the conductive material 124 as considered generally
orthogonal to the generally vertical orientation of the con-
ductor cavities 116. It is to be understood that the terms
“vertical” and “vertically” as used herein refer to a generally
orthogonal orientation with respect to the major plane of the
chips.

[0031] As shown in FIGS. 2 and 3, the conductor cavities
116 extend generally along the y-axis and have generally
planar first walls 130 aligned generally along the y-z plane.
The conductor cavities 116 also have second walls 132
between the first walls 130. In the embodiment shown in
FIG. 2, the first walls 130 and second walls 132 are
generally planar and respectively parallel to each other. The
first walls 130 are also perpendicular to the second walls 132
such that the conductor cavities 116 are generally rectangu-
lar in cross-section as considered along the horizontal x-z
plane. In certain embodiments, the conductor cavities 116
are square in cross-section. It should also be understood that
in further embodiments, the conductor cavities 116 can be
circular, oval, or other cross-sectional shapes without
detracting from the spirit of the invention.

[0032] 1t will be understood that the conductor cavities
116 filled with the conductive material 124 define signal
lines conducting signals between the various electronic
devices of the various chips 102, 104, 106, 110. It is
generally essential to proper circuit operation that each of
the plurality of conductive cavities 116 filled with conduc-
tive material 124 maintain signal integrity. Cross-talk
between the conductor cavities 116 should preferably be
inhibited. Cross-talk can arise because of conductive mate-
rial 124 bridging across conductor cavities or excessive
electric field intensity causing arcing across adjacent con-
ductor cavities. Thus, the spacing 126 between adjacent
conductor cavities 116 as filled with the conductive material
124 is subject to lower limits. In particular, a lower limit to
the spacing 126 will be imposed by process limitations to
forming smaller conductor cavities 116 or closer spacing
126 while maintaining reliable conductive integrity there-
through.

[0033] However, there is also a desire to increase conduc-
tivity of the conductor cavities 116 filled with conductive
material 124 to reduce signal loss. One manner of increasing
the conductivity is to increase the cross-sectional area of the
conductor cavities 116, thereby increasing the available
volume for filling the cavities 116 with the conductive
material 124. Within a given width and thickness envelope,
ie. along the x and z directions, for placement of the
conductor cavities 116, a square cross-sectional aspect of the
conductor cavities 116 as shown in FIG. 2 will increase the
available conductive material 124 for signal transmission
and thus increase the conductance thereof.

[0034] FIG. 3 illustrates an alternative embodiment of
configuration for the conductor cavities 116 that may be
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advantageous in certain applications. In particular, the con-
ductor cavities 116 of FIG. 3 have first walls 130 that are
generally planar and mutually parallel. The second walls
132, positioned between the first walls 130, in this embodi-
ment, are convexly curved. This embodiment offers the
advantage that the junction between the first 130 and second
132 walls has a larger radius of curvature, i.e. is less sharp.
Thus a potential difference between conductor cavities 116
filled with conductive material 124 will result in a lower
electric field intensity adjacent the conductor cavities 116
than an otherwise equivalent case with sharper corners thus
reducing the likelihood of arcing across conductor cavities
116 of reduced dimensions and smaller spacing 126. In
certain applications, the embodiment of conductor cavities
illustrated in FIG. 3 may also offer advantages in manufac-
turing ease as opposed to embodiments with sharper comers
between first 130 and second 132 walls.

[0035] In order to form the chip stack 100, the chips 102,
104, 106, 110 are preferably provided with a plurality of
surface mount contacts 142, 144 comprising solder balls or
bumps of types generally well known in the art such that the
solder balls or bumps are positioned mutually aligned with
respect to each other such that the third chip 106 is generally
centered on a face of the first chip 102 and that contacts 144
of the first 102 and third 106 chips are aligned in a second
pattern as well as contacts 142 of the first 102 and second
104 chips aligned in a first pattern. The third chip 106 is
attached to the first chip 102 by positioning the first chip 102
adjacent the third chip 106 so as to achieve alignment
between the plurality of solder balls/bumps thereof. The first
102 and third 106 chips are then processed to induce the
solder balls/bumps to partially liquefy and reflow and sub-
sequently the first 102 and third 106 chips are further
processed to induce the solder to resolidify thereby mutually
affixing and interconnecting the first 102 and third 106 chips
via the contacts 144.

[0036] The support 112 is then placed between the first
102 and second 104 chips such that the third chip 106 is
positioned within the internal opening 114 of the support 112
and such that the contacts 142 disposed about the periphery
of the first 102 and second 104 chips are aligned with the
conductor cavities 116. In embodiments wherein the con-
ductive material 124 is solder, the support 112 and first 102
and second 104 chips are then exposed to a heat process to
induce the solder to partially liquefy and then allowed to
cool to form a solder joint between the first 102 and second
104 chips at the contacts 142 via the support 112 with the
preformed conductive material 124 in the conductor cavities
116. In embodiments wherein the conductive material 124
comprises a conductive adhesive, the support 112 and first
102 and second 104 chips are maintained in alighment until
the adhesive components of the conductive material 124 set.

[0037] FIG. 4 illustrates an embodiment of the invention
wherein the fourth chip 110 is attached to the second chip
104 in a similar manner to the connection of the third chip
106 to the first chip 102. The fourth chip 100 can be attached
to the second chip 104 in the manner previously described
for the first 102 and third 106 chips either before or after the
interconnection of the first 102 and second 104 chips. It will
be appreciated that in additional embodiments, additional
layers of supports 112 and chips could be formed to extend
the height of and number of chips in the chip stack 100 in
the manner previously described.
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[0038] FIG. 5 illustrates a further embodiment of the
invention otherwise similar to the embodiments described
with respect to FIGS. 1-4 and further comprising a plurality
of conductive supports 134 are attached to a lower face 136
of'the first chip 102 at contacts 146. In certain embodiments,
the conductive supports 134 comprise balls or bumps of
solder and, in other embodiments, a conductive, adhesive
material such as conductive epoxy 138. As can be seen in
FIG. 5, the conductive supports 134 extend beyond the
lower face 136 a vertical distance. In embodiments wherein
the conductive supports 134 are generally positioned about
the periphery of the lower face 136 of the first chip 102, the
conductive supports 136 define an interstitial space 140. The
interstitial space 140 provides clearance for the attachment
of additional chips to the lower face 136 of the first chip 102
in a similar manner to that in which the internal opening 114
of the support 112 provides clearance for the third chip 106
on an upper face 142 of the first chip 102.

[0039] The conductive supports 134 also provide mecha-
nism for attaching the lower face of the first chip 102 to other
chips or structures that have a footprint at least generally as
large as that of the first chip 102. It will be appreciated that
the various electronic devices of the chips 102, 104, 106, 110
can thus be interconnected to underlying circuits or struc-
tures without exceeding the footprint of the single first chip
102. These aspects of the invention facilitate efficient attach-
ment of the first chip 102 and thus the chip stack 100 to other
electronic structures or devices.

[0040] FIG. 6 is an exploded, perspective view of another
embodiment of a chip stack 200. The chip stack 200
comprises a first chip 202, a second chip 204, and a third
chip 206. The chips 202, 204, and 206 are similar to the
chips 102, 104, 106, 110 previously described being encap-
sulated integrated circuits of types generally well known in
the art. The chips 202, 204, 206 are also provided with a
plurality of contacts 220, 222 of types well known in the art
as previously described for the chip stack 100. The contacts
220 of the first 202 and second 204 chips are arrayed in a
first pattern aligned with contacts 220 on a lower 210 and an
upper 212 face respectively of the third chip 206.

[0041] In this embodiment, the first 202 and second 204
chips have smaller footprints than that of the third chip 206.
The first contacts 220 of the third 206 chips are positioned
generally centrally on the lower 210 and upper 212 faces of
the third chip 206.

[0042] The chip stack 200 also comprises a plurality of
first conductive interconnecting structures 214. The first
interconnecting structures 214 in this embodiment comprise
balls/bumps of solder arrayed about a face of the first 202
and second 204 chips and aligned with the contacts 222
thereof. The first interconnecting structures 214 are aligned
between the contacts 220 of the first chip 202 and the first
contacts 220 on the lower face 210 of the third chip 206 and
between the contacts 220 of the second chip 204 and the first
contacts 220 on the upper face 212 of the third chip 206. The
first interconnecting structures 214 and the chips 202, 204,
206 are processed to induce the first interconnecting struc-
tures 214 to partially liquefy and then allowed to cool so as
to form a solder joint between the first 202 and third 206 and
the second 204 and third 206 chips at the contacts 220.

[0043] The third chip 206 also comprises a plurality of
second contacts 222 disposed about the lower face 210 and
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positioned outside the attachment of the first chip 202 to the
third chip 206. The chip stack 200 also comprises a plurality
of second interconnecting structures 216 similar in compo-
sition and form to the first interconnecting structures 214.
However, the first interconnecting structures 214 are of a
first size and the second interconnecting structures 216 are
of a larger second size. In particular, the vertical dimension
of the second interconnecting structures 216 is greater than
the combined vertical dimension of the first chip 202 and the
first interconnecting structures 214 as interconnecting the
first 202 and the third 206 chips.

[0044] Thus, as can be seen in FIG. 7, the second inter-
connecting structures extend vertically beyond the first chip
202 as interconnected to the third chip 206. The second
interconnecting structures 216 facilitate interconnection of
the third chip 206, and thus as desired, the first 202 and
second 204 chips, via the third chip 206, to an underlying
chip or structure. These aspects provide alternative efficient
interconnection mechanism for connecting a plurality of
chips 202, 204, 206 to an underlying structure without
exceeding the footprint of the largest single (third 206) chip.

[0045] FIGS. 8 and 9 illustrate an additional alternative
embodiment of a chip stack 300. The chip stack 300
comprises a first chip 302, a second chip 304, a third chip
306, and a fourth chip 310. The chips 302, 304, 306, 310 are
generally planar encapsulated integrated circuits of types
well known in the art. In this embodiment, the first 302 and
the third 306 chips and the second 304 and the fourth 310
chips respectively have substantially similar footprints. The
chip stack 300 also comprises first 312 and second 314
interconnecting structures. The interconnecting structures
312, 314 comprise solder balls/bumps and the first intercon-
necting structures 312 are of a first size and the second
interconnecting structures 314 are of a second larger size. In
particular, the second interconnecting structures 314 are
larger in vertical dimension than the combined vertical
dimension of the first interconnecting structures 312 and one
of the chips 304 and 310.

[0046] The chips 302, 304, 306, 310 comprise contacts
320, 322 disposed about faces of the chips 302, 304, 306,
310. In this embodiment, first contacts 320 are disposed on
upper faces of the first 302 and third 306 chips and on lower
faces of the second 304 and fourth 310 chips such that the
first contacts 320 are aligned between the respective faces of
the first 302 and second 304 chips and between the third 306
and fourth 310 chips.

[0047] The chips 302, 306 also comprise second contacts
322 disposed on vertically corresponding positions on
opposing upper and lower faces of the chips 302, 306. The
second contacts 322 are disposed generally about the periph-
ery of the chips 302, 306 and outside the footprint of the
chips 304 and 310.

[0048] The chip stack 300 is formed by positioning first
interconnecting structures 312 so as to be aligned between
the first contacts 320 of the first 302 and second 304 chips
as well as between the third 304 and the fourth 310 chips.
Second interconnecting structures 314 are further positioned
s0 as to be aligned between the second contacts 322 of the
first 302 and third 306 chips. The chips 302, 304, 306, 310
and first 312 and second 314 interconnecting structures are
then processed so as to induce the first 312 and second 314
interconnecting structures to partial liquefy and then allowed
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to cool so as to resolidify and form solder joints between the
chips 302, 304, 306, 310 via the contacts 320, 322.

[0049] 1t can be seen in FIG. 9, that as the second
interconnecting structures 314 are greater in vertical dimen-
sion than the combined vertical dimension of either the
second 304 or fourth 310 chips plus the vertical dimension
of a first interconnecting structure 312, the attachment of the
first 302 and third 306 chips via the second interconnecting
structures 314 defines an interstitial space 316. The inter-
stitial space 316 provides clearance for the second chip 304
between the first 302 and third 306 chips. It can be appre-
ciated that additional layers of chips and first 312 and second
314 interconnecting structures can be added to the chip stack
300 creating additional interstitial spaces 316 in alternative
embodiments of the invention.

[0050] Although the foregoing description of the preferred
embodiment of the present invention has shown, described,
and pointed out the fundamental novel features of the
invention, it will be understood that various omissions,
substitutions, and changes in the form of the detail of the
apparatus as illustrated, as well as the uses thereof, may be
made by those skilled in the art without departing from the
spirit of the present invention.

What is claimed is:
1-21. (canceled)
43. A chip stack comprising:

a first chip having a first and a second side, wherein a first
plurality of contacts are formed on the first side in a first
pattern and a second plurality of contacts are formed on
the second side in a second pattern;

a second chip having a first and a second side, wherein the
first side of the second chip includes a first plurality of
contacts arranged in the first pattern, wherein the sec-
ond chip is located proximate the first side of the first
chip, and wherein the second chip is positioned so that
the first plurality of contacts on the second chip are
aligned with the first plurality of contacts on the first
chip;

a third chip having a first and a second side wherein the
third chip includes a first plurality of contacts arranged
in the second pattern on the first side wherein the third
chip is located proximate the second side of the first
chip such that the first chip is interposed between the
second and third chips and so that the first plurality of
contacts on the third chip are aligned with the second
plurality of contacts on the first chip;

a first set of interconnecting structures having a first
length that are interposed between the first plurality of
contacts on the first chip and the first plurality of
contacts on the second chip so as to interconnect the
first plurality of contacts on the first chip and the first
plurality of contacts on the second chip; and

a second set of interconnecting structures having a second
length that are interposed between the second plurality
of contacts on the first chip and the first plurality of
contacts on the third chip so as to interconnect the
second plurality of contacts on the first chip and the first
plurality of contacts on the third chip.

44. The chip stack of claim 43, wherein the first pattern is

a substantially similar pattern as the second pattern.
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45. The chip stack of claim 43, wherein the first chip
further comprises a third plurality of contacts arranged in a
third pattern on the second side.

46. The chip stack of claim 45, further comprising a third
set of interconnecting structures having the second length
interconnected to the third plurality of contacts.

47. The chip stack of claim 46, wherein the first chip and
the third set of interconnecting structures are arranged in a
modular unit defining an interstitial space around the third
chip.

48. The chip stack of claim 46, wherein the first chip
defines a platform over the third chip and wherein the third
set of interconnecting structures define side struts supporting
the platform.

49. The chip stack of claim 46, wherein the first chip and
the third set of interconnecting structures are arranged in
contiguous non-conductive material.

50. The chip stack of claim 46, wherein the first chip and
the third set of interconnecting structures define a carrier for
positioning one or more chips above the second chip.

51. The chip stack of claim 46, wherein the first chip and
the third set of interconnecting structures are arranged
within a modular unit that can accept one or more chips, and
the modular unit further provides an interstitial space around
the third chip.

52. The chip stack of claim 46, wherein the first chip
comprises a preformed support structure.

53. A method of stacking chips comprising:

providing a first chip having a first and a second side,
wherein a first plurality of contacts are formed on the
first side in a first pattern and a second plurality of
contacts are formed on the second side in a second
pattern;

providing a second chip having a first and a second side,
wherein the first side of the second chip includes a first
plurality of contacts arranged in the first pattern,
wherein the second chip is located proximate the first
side of the first chip, and wherein the second chip is
positioned so that the first plurality of contacts on the
second chip are aligned with the first plurality of
contacts on the first chip;

providing a third chip having a first and a second side
wherein the third chip includes a first plurality of
contacts arranged in the second pattern on the first side,
and wherein the third chip is located proximate the
second side of the first chip such that the first chip is
interposed between the second and third chips and so
that the first plurality of contacts on the third chip are
aligned with the second plurality of contacts on the first
chip;

providing a first set of interconnecting structures having a
first length that are interposed between the first plural-
ity of contacts on the first chip and the first plurality of
contacts on the second chip so as to interconnect the
first plurality of contacts on the first chip and the first
plurality of contacts on the second chip; and

providing a second set of interconnecting structures hav-
ing a second length that are interposed between the
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second plurality of contacts on the first chip and the first
plurality of contacts on the third chip so as to inter-
connect the second plurality of contacts on the first chip
and the first plurality of contacts on the third chip.

54. The method of stacking chips of claim 53, wherein the
first pattern is a substantially similar pattern as the second
pattern.

55. The method of stacking chips of claim 53, wherein the
first chip further comprises a third plurality of contacts
arranged in a third pattern on the second side.

56. The method of stacking chips of claim 55, further
comprising providing a third set of interconnecting struc-
tures having a third length interconnected to the third
plurality of contacts.

57. The method of stacking chips of claim 56, wherein the
first chip and the third set of interconnecting structures are
arranged in a modular unit defining an interstitial space
around the third chip.

58. The method of stacking chips of claim 56, wherein the
first chip defines a platform over the third chip and wherein
the third set of interconnecting structures define side struts
supporting the platform.

59. The method of stacking chips of claim 56, wherein the
first chip and the third set of interconnecting structures are
arranged in contiguous non-conductive material.

60. The method of stacking chips of claim 56, wherein the
first chip and the third set of interconnecting structures
define a carrier for positioning one or more chips above the
second chip.

61. The method of stacking chips of claim 56, wherein the
first chip and the third set of interconnecting structures are
arranged within a modular unit that can accept one or more
chips, and the modular unit further provides an interstitial
space around the third chip.
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62. A chip stack comprising:

a first chip having a first and a second side, wherein a first
plurality of contacts are formed on the first side in a first
pattern and a second plurality of contacts are formed on
the second side in a second pattern;

a second chip having a first and a second side and a
selected thickness, wherein the first side of the second
chip includes a first plurality of contacts arranged in the
first pattern, wherein the second chip is located proxi-
mate the first side of the first chip, and wherein the
second chip is positioned so that the first plurality of
contacts on the second chip are aligned with the first
plurality of contacts on the first chip;

a third chip having a first and a second side wherein the
third chip includes a first plurality of contacts arranged
in the second pattern on the first side wherein the third
chip is located proximate the second side of the first
chip such that the first chip is interposed between the
second and third chips and so that the first plurality of
contacts on the third chip are aligned with the second
plurality of contacts on the first chip;

means for interconnecting the first plurality of contacts on
the first chip and the first plurality of contacts on the
second chip; and

means for interconnecting the second plurality of contacts
on the first chip and the first plurality of contacts on the
third chip, wherein the first chip is interposed between
the first side of the second chip and the first side of the
third.



