
WO 03/073506 PCT/US03/05359  A Modular Integrated Circuit Chip Carrier The
present application claims priority under 35 USC 1 19(e) from United States
provisional  application serial number 60/360,473, filed 26 February 2002
and entitled A Modular Integrated  Circuit Chip Carrier. A portion of the
disclosure of this patent document contains material that is subject to
copyright protection. The copyright owner has no objection to facsimile
reproduction by anyone of  the patent disclosure, as it appears in the
Patent and Trademark Office patent files or records, but  otherwise
reserves all copyright rights whatsoever. FIELD OF THE INVENTION The
present invention relates to an integrated circuit chip carrier. More
particularly a carrier  that allows for an increase in the density of
integrated circuit (IC) chips mounted on a printed circuit  board and among
other things, is adaptable to connecting a wide variety of standard IC chip
package  designs to a printed circuit board in a three dimensional array as
well as a system and method for  testing the carrier and chips while all
are connected into the circuitry of a larger system. BACKGROUND OF THE
INVENTION Semiconductor chips are typically connected to a printed circuit
board or similar structure  that in turn interconnects the chips into the
rest of circuitry of the computer with which the chip will  operate,
including other chips on the printed circuit board. In the past the chips
were spread out  across the printed circuit board on their large flat sides
in a simple two-dimensional array. Over the  years the trend in the
computer industry has been towards more densely packed configurations of
chips on a printed circuit boards. Among the causes for this are the
increasing demand for larger  random access computer memories, demand for
faster computers, demand for more compact  computers and a push to decrease
costs of printed circuit boards by increasing the circuit density on  the
printed circuit board. In the mid to late 1980's the industry switched over
from a technology that  attached computer chips to a printed circuit board
through holes in the printed circuit board to one  -1 



WO 03/073506 PCT/US03/05359  that uses various surface mount technologies.
With the advent of surface mounting technology,  conventional through-holes
on printed circuit boards have been replaced with conductive mounting  pads
mounted on the surface of the printed circuit board. The chips are
connected to the board by  leads in various configurations such as DIP,
etc. This allows for multiple layered circuit boards with  a complex
network of interconnect lines running between the layers of the circuit
board. In turn this  allowed for the increase in the density of chips on a
printed circuit board that not only decreases the  size of the board but
also increases the operating speed of the computer by reducing the distance
signals have to travel between chips on the board. The move to surface
mount technology resulted in the practice of positioning the chips on  the
printed circuit board in a variety of configurations to increase chip
density on the circuit board  and thereby decrease the distance between the
chips to speed up operation of the overall system.  Layering or positioning
the chips on one another to form a three dimensional array is one of the
means used to increase chip density on the printed circuit board. The
practice of positioning or  layering the chips on one another to form a
three dimensional array is particularly adaptable to  memory chips given
the redundancies in their circuits. An example of a significant advance in
the  stacking of semiconductor chips on a printed circuit board is
described in US patent 6,313,998,  which is incorporated by reference
herein, it being owned by the same entity as the instant  application. US
patent 6,313,998 discloses a carrier with leads and a unique way of
positioning one  chip over another. However, as is so typical of the
computer industry the technology rushes on and the general  trend in the
industry is now moving to the use of ball grid array (BGA) type of
connections for most  semiconductor chip packages. A typical BGA
arrangement consists of a set of BGA pads on the  bottom of the chip
package and a corresponding mirror image array on the printed circuit
board. The  chip package is then connected to the circuit board by solder
balls. BGA types of connectors  provide a number advantages among them is
elimination of the leads to connect the chip package to  the board. Use of
a BGA connector decreases the distance the signal has to travel and also
eliminate  



impedance and other interference that can be generated by the leads. There
are other advantages  well known to those skilled in the art. However, BGA
types of connectors have their own problems among them being an inability
-2 WO 03/073506 PCT/US03/05359  to test the BGA connected device while it
is connected into the circuitry of a board or other device.  IC packages
that are connected by leads on the other hand are very easy to test while
the device is  still connected into the circuit since the long leads can
readily have test probes attached to them. On  the other hand BGA connected
devices by the very nature of the connection are impossible to  directly or
even indirectly test while they are connected into the circuit. A BGA
packaged chip by  its very nature is connected by blind pads, i.e.
non-exposed pads that cannot be accessed. Another  problem with BGA type of
connectors is the need to develop new techniques that will allow for
stacking chips since many if not most of the techniques used to stack chips
are for integrated circuit  packages that use leads and cannot be readily
adapt to BGA type of connectors. Additionally, most  of the existing chip
stacking devices and methods used to form chips into a three dimensional
array  tend to be very complicated. They typically cannot work with
standard IC packages, be they the lead  type or BGA type and generally
require the modification of the chip package itself for  implementation.
Additionally, many if not most of the existing stacking methodologies
require  special manufacturing steps and/or machines in order to integrate
them into standard circuit board  assembly and similar processes. The
industry continues to develop new packing techniques to reduce size and
enhance signal  quality. Among the more recent developments are chip scale
packages (CSP). Flip chips are a  variation of this type of packaging. Like
BGA connections flip chip or CSP packaging relies on  blind pads that are
not exposed. Thus, what is needed is a technique and apparatus that will
allow for the stacking of  semiconductor chip packages on a circuit board
that can be used with packages connected by  BGA's, CSP, or other type of
technology. Such a technique and related devices have to be capable  



of accepting and connecting in a stacked, three dimensional array on the
circuit board without the  need for modification of standard semiconductor
chip packages that would be used with the  apparatus and method.
Additionally, such a technique and apparatus should be able to allow for
the  testing of the various chips and related items without the need for
removing the chip or item to be  tested from its connection into the
circuitry of the overall system. SUMMARY  -3 WO 03/073506 PCT/US03/05359 It
is an objective of the present invention to provide a method and apparatus
that will allow  for the stacking of semiconductor chips on a circuit
board. It is a further objective of the present  invention to provide a
method and apparatus that can be integrated into current circuit board
assembly operations without modification of existing practices. It is
further objective of the present  invention to provide a method and
apparatus that can be used to stack semiconductor chips without  the
modification of existing semiconductor chip packages. These and other
objectives are accomplished by providing a carrier for stacking integrated
circuit chips, the carrier having: a.) a platform with a top surface and a
bottom surface; b) a first  strut at a first side of the platform and a
second strut at a second side of the platform, the struts  providing
support for the platform and thereby creating a space below the bottom
surface of the  platform; c) the platform having a pattern of BGA pads on
its top surface for receiving at least one  integrated chip on the top
surface on the pattern of BGA pads, a bottom side of each pad of the
pattern of pads being connected to a via that pass down through the
platform to a lower layer in the  platform wherein the via connects to a
conductive path that extend towards the first or second strut;  d) the
first and second struts having strut vias that extend up through each strut
from the bottom of  the strut to the top of the strut wherein each of the
strut vias connect to a specific conductive path in  the platform which
specific conductive path connects to a specific via descending from a pad
of the  pads of the pattern of pads; and e) wherein the carrier forms a
modular unit that can accept at least  one integrated chip on the top
surface of the platform and connect that chip to a printed circuit board  



to which the carrier is attached and provide in the space below the bottom
surface of the carrier room  for attaching at least one other integrated
circuit chip to the board on which the carrier is attached. In a further
aspect of the present invention of the carrier the upwardly extending vias
in the  first strut extend up to a top edge of the first side of the
platform to thereby expose a top surface of  the upwardly extending vias on
the top surface of the platform and the upwardly extending vial in  the
second strut extend up to top edge of the second side of the platform to
expose a top edge of the  upwardly extending vias on the top surface of the
platform. In another variation of the invention it provides a way to
position the pads on which a chip  rests directly over a descending via. It
does this by filing in the hollow portions left in a via after its
fabrication with a non-conductive or conductive filler material. This
reduces the space necessary for  -4 WO 03/073506 PCT/US03/05359  the pads
by avoiding the need to offset the pads from the vias. In another aspect of
the invention it provides a system that can be used with BGA type of
connectors, CSP type of connectors or other similar connection
arrangements. Additionally, it  provides away for testing the components
when they are still connected to the carrier of the present  invention and
connected to a circuit board by providing accessible contact pads points
that in one  preferred embodiment include adjacent electrical grounds for a
testing probe. BRIEF DESCRIPTION OF THE DRAWINGS The invention will be
better understood by an examination of the following description,  together
with the accompanying drawings, in which: Fig. 1 is a perspective view of a
preferred embodiment of the carrier of the present invention;  Fig. 2 is a
side view of a carrier of the present invention connected to a circuit
board and  stacked with two IC chips; Fig. 3 is an exploded view of the
carrier of the present invention and components with which  it would be
connected to a circuit board; Fig. 4 is a cross sectional view along line I
- I of the carrier depicted in Fig. 1; 



Fig. 5 A is a schematic view of a prior art method for connecting a BGA pad
to a circuit  board; Fig. 5B is a cross sectional view of the BGA pad and
connection in Fig. 5A; Fig. 5C is a cross sectional view of a connection
technique use in a preferred embodiment of  the present invention; Fig. 5D
is a cross-sectional view of a connection technique used in a preferred
embodiment of the present invention; Fig. 6 is a schematic view of typical
circuitry on a lower routing layer of the carrier of the  present
invention; Fig. 7A - 7D provide one example of primary layers that make up
the various layers of one  example of the carrier of the present invention;
Fig. 8A is a cross sectional schematic view of the principal layers of one
version of the  carrier of the present invention; -5 WO 03/073506
PCT/US03/05359  Fig. 8B is a cross section of a portion of the carrier of
the present invention that shows the  layers that make up the carrier; Fig.
8C is a cross sectional view of one embodiment of a pad and part of a via
in the strut  of. Fig. 9 is a cut away perspective view of a version of the
carrier of the present invention  attached to a circuit board with stacked
BGA devices; Fig. 10 is an exploded view of double-stacked carriers of the
present invention with BGA  devices; Fig. 11 is an end view of two carriers
of the present invention stacked with BGA devices;  Fig. 12 is a side view
of two carriers of the present invention stacked with BGA devices;  Fig. 13
is a view of another version of the carrier of the present invention in
which IC chips  are attached to both sides of the carrier; 



Fig. 14 provides a schematic type diagram of one way to connect the pads on
the version of  the carrier depicted in Fig. 13; Fig. 15 is a cross
sectional view along line II - II of Fig. 14; Fig. 16 is a top view of a
circuit board to which the carriers of the present invention have  been
attached and before IC chips are placed on top of the carriers; Fig. 17 is
a view of the board of Fig. 16 in which IC chips have been attached to the
top of  each carrier; Fig. 18 is a schematic diagram of another type of BGA
array with which the present  invention can work; Fig. 19 provides a table
of pin connections between the pads of the carrier as depicted in Fig.  18;
Fig. 20 is a view of a corner of a carrier of the present invention showing
a via descending  from a decoupling capacitor pad; Fig. 21 is a perspective
view of the carrier of the present invention with an alternate  placement
of decoupling capacitors; Fig. 21A is a cross sectional view of the carrier
in Fig. 21 along line XX-XX; Fig. 21 B is a view of a corner of a carrier
of the present invention showing an alternative way  -6 WO 03/073506
PCT/US03/05359  for connecting the decoupling capacitors; and Fig. 22 is a
schematic of electrical connections on a substrate layer of the carrier of
the  present invention. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The present invention provides a chip carrier that allows for the stacking
or arranging in a  three dimensional array of two or more chips together on
a printed circuit board and the  interconnection of the stacked chips into
the circuitry of the board. Fig. 1 is a perspective view of a  preferred
embodiment of the chip carrier 21 of the present invention. Chip carrier 21
has top  



platform 23 and two side struts 25 and 27. An array of BGA pads 29A and 29B
on the top of  platform 23 are positioned to receive an IC chip that
connects by means of a BGA pad array. As will  be discussed and illustrated
below, pads 29A and 29B connect to vias that descend into platform 23  and
then connect by conduction lines running laterally to vias in struts 25 and
27. Top exposed  portions 33 of each of the vias in struts 25 and 27 can be
seen at the top edge of platform 23 above  each stint, 25 and 27. As will
be described and illustrated below each of the vias in strut 25 and 27
descent down through strut 25 and 27 and end at a pad or exposed portion to
which a solder ball 37  can be attached. Carrier 21 in one of its preferred
embodiments has pads 41 for receiving  decoupling capacitors 43 on the top
of plate form 23. As will be illustrated below the decoupling  capacitors
connect into the circuitry through appropriately placed vias and conduction
lines.  Additionally, placement of the decoupling capacitor next to the IC
chip enhances operation. The  invention thus provides for proper
decapacitive decoupling. Fig. 2 provides a side profile view of a carrier
21 of the present invention connected to a  circuit board 49 with
integrated circuit (IC) chips 51 and 52. IC chip 51 connects to carrier 21
by  means of pads sets 29A and 29B (shown in Fig. 1). IC chip 52 connects
by means of a similar BGA  pad array sets to board 49. Decoupling
capacitors 43 are positioned on carrier 21 at the corners of its  platform
23. As noted above the array of pads 29A and 29B on platform 23, to which
balls 61 of the  BGA array of IC chip 51 attach, have vias descending below
them into platform 23 which connect to  conductive lines that connect to
vias in struts 25 and 27. Solder balls 37 connect to the bottoms of  the
vias in struts 25 and 27 to board 49 and provide the final electrical
connection to board 49. IC  -7 WO 03/073506 PCT/US03/05359  chip 52
connects to board 49 through solder balls 63 in the typical BGA pad array
on board 49 not  shown. In the embodiment of the invention depicted in
Figs. 1 and 2 the pads of the decoupling  capacitors 43 have their own
conductive vias descending down through each strut 25 and 27 that
terminate in a solder ball 37. The decoupling capacitors allow for
impedance control, help control  



return current and store charge. Fig. 3 provides an exploded view of board
49, IC chip 52, carrier 21 and IC chip 51. Carrier  21 connects to board 49
by means of BGA pad array 65A and 65B. Board 49 would have a series of
sets of IC chips arranged in a three dimensional array by use of carriers
which are the same as or  similar to carrier 21. Board 49 is the typical
printed circuit board with layers of metalized and  prepreged sheets that
form a laminate structure with various conducting lines in it, not shown,
that  connect the devices, in this case IC chip 52 and carrier 21 and thus
IC chip 51. Board 49 has  connectors 69 along its bottom edge that connect
the internal lines within board 49 to the rest of a  system when board 49
is plugged into the appropriate socket in a computer. Board 49 is the
typical  board that might hold IC memory chips or similar chips. Fig. 3 is
only meant to provide an example  of one setting in which the present
invention and can be used. The present invention can be used in a  wide
variety of other configurations of printed circuit boards including
positioning them on the main  motherboard of a computer. Carrier 21 in its
preferred embodiment is made in the same fashion as a printed circuit board
in that it has laminate layers with vias and conducting lines laid out in
the layers of platform 23 and  struts 25 and 27 of carrier 21. Fig. 4
provides a cross-sectional view of carrier 21 along line I - I of  Fig. 1.
Platform 21 has pads sets 29A and 29B on top and vias 73A, 73B, 73C and
73D. Vias 73A,  73B, 73C and 73D descend to connecting paths 75A, 75B, 75C
and 75D. The connecting path for  pad 75B is behind path 75A and thus
hidden by 75A. Also, connecting path 75C is partially hidden  by connecting
path 75D. Naturally, all of the connecting paths are electrically isolated
from each  other. Although from this perspective the connecting paths 75A
and 75B and 75C and 75D appear  to run into together as will be explained
below with another figure it is a matter of the perspective of  the
drawing. The conductive paths 75 A, 75B, 75C and 75D from each of the vias
73A, 7313, 73C  and 73D run to vias in one of the struts 25 and 27. This is
best illustrated by conductive path 75D  -8 WO 03/073506 PCT/US03/05359
that runs from via 73D to via 77D in strut 27 and conductive path 75A that
runs from via 73A to via  



77A in strut 25. The conductive paths and vias are electrically conductive
paths. The vias are made of a copper core in the preferred embodiment and
the conductive paths  also are made of copper. Thus, via 77D and 77A are
copper cores and vias 73A, 73B, 73C and 73D  are copper cores. Conductive
paths 75A, 75B and 75D are all made of copper in the preferred  embodiment.
Naturally, all of the other vias and conductive paths of carrier 21 are
made of copper  in the same fashion as those shown in Fig. 4. However, any
suitable electrically conductive material  can be used. As depicted in Fig.
4 and can be seen in Figs. 1 and 3 the top ends of the vias in struts  25
and 27 have exposed ends that appear at two of the top edges of platform 23
at the top of struts 25  and 27. The vias in struts 25 and 27 do not have
to have exposed top ends such as 79A of via 77A  and 79D of via 77D to
provide a functioning carrier, and in fact the top ends could be covered by
platform 23 as an alternative design. However, constructing these vias with
the exposed top ends  gives carrier 21 a number of unique features that
will be mentioned here briefly and explained in  more detail below. The
exposed top ends on the vias in struts 25 and 27 provide exposed contacts
points with which to test the internal circuitry of carrier 21 and IC chips
51 and 52 when they are all  connected to a printed circuit board. Exposed
top ends of the vias also provide an avenue for  dissipation of heat.
Additionally, the exposed top ends provide pads for placing one or more
carriers  similar to carrier 21 on top of each other to form a
multi-stacked, three-dimensional array of carriers  and IC chips. Also,
extending vias 73A, 73B, 73C and 73D from the BGA pads on platform 23  down
to the bottom of platform 23 adds additional heat dissipation capability to
carrier 21. Another  option is to leave the tops of the vias in the struts
exposed during installation and testing and to cover  them after this is
completed. Additionally, the given the fact that in a preferred embodiment
the  carrier is fabricated in layered fashion similar to a circuit board
the vias can also be blind or buried  as well as through vias. In the
preferred embodiment of the present invention the vias 73 of BGA pads 29A
and 29B  are placed directly under the pads of the BGA array on the top of
platform 23. This is a unique way  of placing vias since it has been
customary to offset the vias from the pads as depicted in Fig. 5A a  top
view showing one BGA pad 81 and top end of a via 83 and the connecting
conductive link 84.  



One of the reasons pad 81 is offset from pad 83 is the fact that it has a
hollow center core 86.  -9 WO 03/073506 PCT/US03/05359  Hollow center core
86 is a result of the fact that copper 82, or some other conductive
material, is  applied by a plating process that typically leaves a hollow
core. Thus with the existence of hollow  core 86 it is impossible to
construct a pad over via 83. Fig. 5B is a cross sectional view of via 83
along v-v of Fig. 5A. Fig. 5B shows hollow core 86 in via 85 with copper
lining 83. In one standard  fabrication process, vias, which descend
through one or more layers of a circuit board are cut by a  small
mechanical drill bit, a laser drilling appliance, or some other device,
that can achieve a similar  result. Once the via is bored, it is plated
with a conductive material, typically copper. However, the  pads could be
offset from the vias as depicted in Figs. 5A and 5B without departing from
the spirit of  the present invention. However, these techniques as noted
have their drawbacks. The present invention, in a preferred embodiment,
provides a solid core via without a hollow  shaft or core 86. One version
is depicted in fig. 5C. Fig. 5C shows via 87 and BGA pad 89  configuration
according to one alternative embodiment of the present invention. The via
88 in fig.  5C could be fabricated by a layering of copper 88 or other
conductive material 87 as the layers of the  carrier are formed in to form
via 88 channel. As noted above placing of the downwardly descending  vias
directly under the pads on top of the carrier reduces the space needed for
the carrier and related  circuitry. Another alternative, the present
invention provides, is the filling of the hollow core left in  the via
after the application of the conductive material with a non-conductive, or
conductive  material. Fig. 5D shows the hollow core 86, after it is filled
with a conducting, or non-conducting  material 91, thus via 90 is filled
solidly with the conductive material 92 and material 91 applied to fill
hollow core 86. Thus pad 93 can be applied to the top of via 90. Naturally,
the vias in carrier 21 and  those in the struts 25 and 27 can be fabricated
in the same fashion. Fig. 6, a diagram of a lower routing layer of the
carrier, provides a schematic diagram of an  example of how the circuitry
can be configured for a carrier made according to a preferred  embodiment
of the present invention. The vias 73 of the BGA array of carrier 21
connect by  



conduction paths 75 to specific vias 77 in the struts. For reference the
cross sectional view of Fig. 4  would be along line I - I as noted in Fig.
6. As can be seen in Fig. 6 as well as some of the other  Figs. vias 77 of
the struts in the preferred embodiment are arranged in a staggered array to
optimize  space along the edges of carrier 21. Connections 93 for the
decoupling capacitor pads can also be  seen in Fig. 6. One of the unique
features of the carrier of the present invention is that the pattern of
-10 WO 03/073506 PCT/US03/05359  the array of pads on the top platform can
be easily configured to accommodate a wide variety of  currently
manufacture IC chip packages with little or no changes in the structure of
the carrier. The  internal circuitry of carrier 21 can be configured to
accommodate a wide variety IC chip and provide  an appropriate connection
of the IC chip to the circuit board. As noted above, in its preferred
embodiment, the carrier of the present invention is fabricated  in the same
fashion as the standard printed circuit board. In its preferred embodiment
the carrier  would have from two to four or more layers. Figs. 7 A, 7B, 7C
and 7D provide a schematic view of  the various layers that could make up
the top platform of the carrier. Fig. 7A depicts the bottom  layer that
contains electrically conductive paths 75. Fig. 7B depicts the internal
ground layer, Fig.  7C depicts the internal power layer and Fig. 7D depicts
the top layer with the arrangement of pads to  which an IC chip would be
connected. Figs. 7B and 7C are negative views of the layer depicted  while
Figs. 7A and 7D are the positive views. Additionally, in Fig. 7D in the
preferred embodiment  of the invention the exposed ends 79 of the vias and
the pads 73 of the BGA array are electrically  isolated from the
surrounding to surface 67 of the carrier. In the preferred embodiment the
surface  area 73 is an electrically conductive material such as copper. In
a preferred embodiment a small  Area 67, surrounding each pad 73, but
electrically isolated from pad 73 provide a ground areas  adjacent to each
pad 73 and tops of the vias 79 for testing purposes, etc. As is well known
in the art  the layers depicted in Figs. 7A, 7B, 7C and 7D are separated by
prepreg layers that bond the layers  together and also electrically isolate
them. Fig. 8A is a schematic side view of the sequence of layers that could
make up the carrier with  



the layers depicted in Figs. 7A to 7D. In Fig. 8A routing layer 101 is the
bottom most layer. Next is  prepreg layer 102 with ground layer 103 above
it. Core layer 104, located at the center of the carrier,  would next
follow ground layer 103. Then, power layer 105, would be next followed by
perpreg  layer 106, and finally, top routing layer 107. Making chip carrier
21 out of the same material as the printed circuit board to which it will
be attached provides a number of significant advantages. Among them are
that carrier 21 will be  compatible with the other items in the circuitry
of the printed circuit board to which it will connect.  Incorporation of
chip carrier 21 of the present invention into the circuitry of a board
during the  design process will not pose a significant problem since the
electrical characteristics of the carrier  -11 WO 03/073506 PCT/US03/05359
will be well known and compatible with the other elements of the circuitry.
In the preferred embodiment of the present invention struts 110 and 111 are
made of prepreg  laminate type of materials also. The struts are built up
in layers of laminated material. Other  methods are possible such as an
injection molding process. Fig. 8B provides another cross sectional view of
a strut 112 and a portion of the platform 113  of the carrier of the
present invention. The layers discussed above can be seen starting with the
top  layer 114, which has the pattern of BGA pads, below that is first
prepreg layer 115. The prepreg  layers as is well known in the industry is
a laminate material that provides insulation between the  conductive layers
as well as the rigidity and support necessary to form the circuit board or
in this  case the carrier. Below first prepreg layer 115 is power plane
layer 116, which has on its lower side  a second prepreg layer 117. Below
the second prepreg layer 117 is ground plane 118 followed by  third prepreg
layer 119 below it. Finally at the bottom of platform 113 is lower routing
layer 120.  Layers 114, 115, 116, 117, 118, 119 and 120 thus form platform
113 in a preferred embodiment. The  layers continue with the formation of
strut 112 by a fourth prepreg layer 121 another intermediate  layer 122, a
fifth prepreg layer 123 and ending in bottom layer 124 at bottom of which
are pads 125  of vias 77. Vias 77 as discussed above descend down through
the top edge of platform 113 through  



strut 112 to terminate in apad 125 to which a solder ball 126 is attached
for connecting the carrier to  a circuit board or another carrier as will
be discussed below. In the preferred embodiment of the  present tops 79 of
vias 77 in strut 112 terminate in pads 127. Only one of the vias 77A of
strut 112 is shown in cross section in Fig. 8B since in the  preferred
embodiment the vias 77 along the edge of the carrier are staggered to
economize on space.  Strut vias that descend through the edge of the
platform into the strut could be aligned side by side  without departing
from the principals of the present invention. Via 73 shown in cross section
and as  discussed above and depicted in other Figs. in this specification
connects pad 128 of the array of  BGA pads of the IC chip package to
conductive line 75 that in turn connects to via 77A. Conductive  path 75 as
noted above is made of a copper trace. However, any other suitable
conductive material  can be used. As noted elsewhere in this specification,
in the preferred embodiment vias 77 and 73  are solid copper cores that are
laid down during the fabrication process of the carrier. The  conductive
cores that make up the vias terminate at the top and bottom of each strut
of the carrier  -12 WO 03/073506 PCT/US03/05359  and thus provide heat
dissipation channels. As noted elsewhere in this specification the channels
in  which the vias are formed could also be made by drilling a hole into
the layers of the carrier and  plating that hole with copper or other
suitable conductive material. Fabricating the carrier in a multiplayer
fashion as noted provides a number of advantages it  allows for impedance
and matching of the carrier with circuit board, the carrier can be tailored
to  work with any standard IC chip without having to modify the chip, etc.
Additionally, a stepped  laminate process, depth routing or other
construction method, can be used to fabricate the vias and  conductive
paths in the carrier. Although the preferred embodiment disclosed is a
fabricated in the  same fashion as a circuit board with multiple layers
there are may applications that do not require a  carrier with multiple
layers. The carrier for a variety of applications could be fabricated by an
injection molding processor similar process. Even with a carrier fabricated
by an injection molding  process its structure can be tailored 



As noted above the semiconductor industry has generally adopted the use of
the BGA  type of connectors for integrated circuit chips. The improvements
in performance of the systems  connected with BGA type of connectors as
well as a host of other reasons have dictated this  transition to BGA
connections from leads. However, one of the advantages of using leads to
connect  integrated circuit chips to the board or other holders was the
fact that if problems developed after  installation with the chip or
related devices the leads could be easily accessed to conduct tests on the
components without there removal from the circuit. However, with chips
connected by BGA's  removal of the problem unit from the circuit of the
printed circuit board or other device is attached is  necessary in order to
test components since all of the balls connecting the unit are not
accessible  when the subject unit is connected to the circuit. However,
removing a chip or other unit from the  circuitry in which it is
experiencing problems can completely change its operational characteristics
and thus make it difficult if not impossible to determine the actual cause
of the original problem.  There are ways to approximate the operational
setting in which the chip or device is experiencing  problems however the
time and effort to do this makes it a very expensive, inefficient and an
error  prone process. One of the significant advantages of the present
invention is that it provides a means and  method for testing the IC chips
as well as the carrier while they are all still connected into the  -13 WO
03/073506 PCT/US03/05359  circuitry of the printed circuit board. This, as
noted above, can be done through the exposed top  ends 79 of the vias 77 in
the struts, not shown in Fig. 9. Fig. 9 provides a perspective view of a
corner of a carrier 130 of the present invention connected to a circuit
board 131. Connected to the  top of carrier is an IC chip 132 connected to
carrier 130 by a BGA array. Connected to circuit board  131, underneath
carrier 130, is another IC chip 133. Exposed along the top edge of carrier
130, are  part of an array of exposed top ends 134 of the vial in strut
135. Given the exposed position of the  top ends 79 of the vias, probe
points 136 and 137 from one or more test devices can be placed  against the
exposed top ends and a variety of test conducted to determine the cause of
any problems  



with the circuitry and devices. This ability to test the carrier of the
present invention and the IC  chips or other BGA devices connected to it
and positioned underneath it while all are still connected  to the printed
circuit board not only makes the test results very accurate it makes it
very efficient and  easy to do. Tests using the exposed top ends 79 of the
vias of the struts could be made part of the  standard quality control
tests conducted during an automated fabrication process. This could be
done in a number of ways including using a clamshell type of testing device
with multiple probe  points that would be momentarily connected to the
exposed array 134 of the tops of the vias in the  struts. Referring to Fig.
8C, and 9, top exposed ends 79 of the upwardly extending vias are
electrically isolated from the surrounding area 67 on the top of platform.
The vias and pads of the  BGA array 69 are also electrically isolated by
material 80 from the surrounding area 67 of the top of  platform 23. In the
preferred embodiment much of top area 67 is covered with a copper layer.
This  copper layer 67 acts as a heat sink. A top insulating layer 68,
covers a portion of layer 67. It also  provides a convenient ground contact
point for testing the unit 71. For example one of the probes  136 or 137 in
Fig. 9 and Fig. 8C could be placed against a top end 79 of one of the vias
and the other  could be placed against area 67 to form the ground. Given
the speed and sophistication of the  circuits being tested on the carrier
of the present invention and related IC chips, very precise test  equipment
is needed to conduct the tests. Having the ground adjacent to the contact
point at which  the test is to be conducted makes it very convenient since
the probe points 136 and 137 of the testing  equipment are often placed
adjacent to each other in the test probe 71 as illustrated in Fig. 8C. The
structure of the carrier of the present invention provides an additional
alternative for  -14 WO 03/073506 PCT/US03/05359  providing an adjacent
ground for testing of the circuits. One or more of the tops of the exposed
vias  in the strut will most likely be a ground connection. Thus, is
conducting a test this exposed via can  be used as the ground test and it
would be not be necessary to provide a special adjacent ground  location
for a test point. 



Another advantage alluded to above with respect to the providing of the
array of exposed via  tops 134 (Fig. 9) is the ability to stack multiple
carriers and IC chips in an enlarged three  dimensional array. Fig. 10 is
an exploded view of how the chips and carriers would be stacked. In  Fig.
10 the first BGA device 139 attaches to circuit board 140 by a standard BGA
array. In turn  carrier 141 connects to circuit board by an array of BGA
pads 142 located on either side of BGA  device 139. In turn BGA device 145
connects to the top of carrier 141 with BGA pad array 147. In  turn carrier
149 attaches to carrier 141 on by means of the array 150 of exposed top
ends of the vias  in the struts of carrier 141. Finally, BGA device 153
attaches to carrier 149 by means of an array of  BGA pads 154 on top of
carrier 149. While only two stackable carriers are illustrated in Fig. 10 a
multiplicity of carriers could be stacked on each other with attached BGA
devices. Fig. 11 provides  an end of view of two tiered carriers 161 and
attached BGA devices 163 on circuit board 167 that  form an enlarged
three-dimensional array. Fig. 12 provides a side view of a stacked array of
carriers  and BGA devices. In Fig. 12 the BGA devices underneath each of
the carriers 161 cannot be seen  due to position of struts 169 of each
carrier 161. Another version of the carrier 201 of the present invention is
depicted in Fig. 13. Carrier 201  is attached to printed circuit board 205.
An IC chip 210 is attached to carrier 201 in the manner  described above.
However, IC chip 211 instead of being attached to board 205 underneath
carrier is  attached to the bottom surface 213 of platform 215 of carrier
201. Attaching of IC chip 211 to the  bottom of carrier 201 is done with an
array of BGA pads that are positioned along the bottom surface  213 of
carrier 201. This array would be the same as that depicted above. Any
number of different  circuitry connections could be made to in turn connect
IC chip 210 and 211 into the circuitry through  carrier 201. In fact they
are too numerous to mention. This is one of the significant advantages of
the present invention in that the carrier can be configured with
appropriate BGA pad arrays and  circuitry to hold virtually any IC chip
that can fit into the space on the top or bottom of platform 215  of
carrier 201. -15 WO 03/073506 PCT/US03/05359  



Fig. 14 provides a view of one potential circuitry arrangement of pads that
might be used with memory IC chips given the redundancies of their circuits
with carrier 201 (Fig. 13). In Fig. 14  top pads 220 in solid outline are
located on the top of the platform of the carrier. Each pad 220 on  top
connects by a solid line 223 to one of the vias 225. As noted previously
the vias descend through  the platform to the bottom layer of the platform
where they each connect to a line 227 shown in  outline form. In turn each
line 227 connects to a pad 229, shown in outline form on the bottom of  the
carrier. As can be seen a pad 220 on top and a pad 229 on the bottom each
connect to the same  via. However, the one on the bottom is offset from the
one on top. This is due to the fact that the  example used here is that of
memory chips that will have the same arrangement and when placed on  either
side of a carrier like pads that can be connected together from each IC
memory chip used in  this example will be offset form each other when the
bottoms of each of the chips face each other.  Fig. 15 provides a cross
sectional view along line II - II of the platform shown in Fig. 14. As can
be  seen a pad on top 220A connects by line 223A to via 225A. Via 225A
descends down through  platform 230. Via 225A connects to line 227A. Line
227A in turn connects to pad 229A. One advantage of the version of the
carrier depicted in Fig. 13 is that the printed circuit board  can be made
to a standard configuration to work with the carrier 201 depicted in Fig.
13. Thus, the  only item that has to be wired to handle the IC chips are
carrier 201. Fig. 16 provides one example of a printed circuit board 251
populated with the carriers 253  of the present invention. In Fig. 16 the
IC chips that would go on top of carriers 253 have not been  added yet.
Thus one can see the BGA pads 255 with which IC chips will be attached to
the top of  each carrier 253. Also visible are the pads 257 at the tops of
the vias that descend down through the  platform and struts underneath. In
Fig. 17 the IC chips 259 have been attached to the tops of the  carriers
253. BGA pads 255 are no longer visible, since the chips 259 now cover
them. However,  the pads 257 at the top of each via that descends down
through the platform and struts of the carrier  are clearly visible and
accessible for testing and other purposes described above and below.
Naturally, the BGA pad arrays 255 on each carrier can be configured in any
number of a  variety of different ways to thereby accept any type of BGA
pad array an IC chip might have, be it in  



the arrays depicted in Fig. 16 or any other configuration such as the
matrix type of array depicted in  Fig. 18. Since the carrier can be easily
wired in a wide variety of different ways the carrier can be  -16 WO
03/073506 PCT/US03/05359  designed to work with any standard IC chip
package without the need to modify the IC chip  package. The carrier of the
present invention is truly a modular device. In fact the carriers provide a
standard but flexible pin assignments for attaching IC chips to a circuit
board. Also noted above the present invention provides a unique
three-dimensional assembly for  BGA, CSP, flip chips or and many other
types of IC chip packages. The invention also provides for  proper
capacitive decoupling. Additionally, it provides probe or test points,
arrays 257 (79 in some  of the Figs.) for signal sampling, test points for
subassembly, etc. Also, it provides close proximity  ground points adjacent
to the probe points on the top of the carrier, which are available whether
or  not an IC chip is placed on top of the carrier. An additional advantage
of the present invention is that it can be used in a three-dimensional
single sided reflow manufacturing process. The first layer of IC chips can
be placed on the circuit  board, then the carriers placed over them as
appears in Fig. 16 and finally the second set of IC chips  can be placed on
top of the carriers as depicted in Fig. 17. Once this configuration has
been  completed the entire board with parts placed on top of the board only
has to go through a single  reflow process to complete fabrication.
Standard manufacturing machinery, such as standard pick  and place machines
can be used to place all of the IC chips as well as the carriers. As noted
above at  several places standard unmodified IC chip packages can be used,
since the carrier can be tailored to  accept any standard IC chip, this
could also include those with leads as well as BGA pads, flip chips,  CSP
etc. Additionally, the carriers could be placed on a strip for the
manufacturing process or  delivered in standard JEDEC style trays. Fig. 18
provides a schematic diagram of the pads that would appear on top of the
carrier 301  in one preferred embodiment. As can be seen thereon, there is
a matrix of pads, 303, for connecting  an IC chip to. As depicted therein,
there is a solid matrix of eight columns and fifteen rows of pads  



to receive an IC chip. All of them, or any combination thereof, as is well
known in the art, could be  used to connect the appropriate IC chip.
Additionally, as can be seen on each side, an array of strut  pads, 305A,
and 305B appear. These, as indicated above, are connected to the IC pad
matrix 303, in  an appropriate pattern. Additionally, at each corner 307,
there are pads for capacitors or other type  of appropriate devices. As can
be seen, each pin has an appropriate designation, such as Vdd, or  DQ2, or
NC, etc. For instance, Pad DQO, in the configuration shown in Figure 18, is
connected to  -17 WO 03/073506 PCT/US03/05359  strut via pad 310. As can be
seen, the strut pads are designated as various pins in a traditional
fashion. by referring to the table in figure 19, the connections between
the matrix of pads 303, and  the pads on each strut, are indicated by the
pin conversion table. This is just one example of the  possible pad
connections that can be made to allow a large variety of different types of
chips, with  different pad configurations that can be connected with
carrier 301. Fig. 20 provides a schematic diagram of how decoupling
capacitors 43 is electrically  connected as described above. Capacitor 43
sits on two separate pads (Fig. 1) and each of the pads  connect to
separate vias one which connects to ground and the other which connects to
power. In  Fig. 20 decoupling capacitor 43 is placed on pad 41. Pad 41 is
connected to via 300 that descends  through strut 27 of carrier 21 a corner
of which is visible in Fig. 20. Via 300 would than connect to  an
appropriate pad on a circuit board not shown. Naturally, decoupling
capacitor connects two pads  is depicted in Fig. 1 and each pad connects by
a separate via either to a power or ground connection  to thereby become
part of the electronic structure of the circuit. The present invention in
another variation allows for the positioning of the decoupling  capacitors
303 at a variety of locations on carrier 301 as depicted in Fig. 21.
Electrical connection  of decoupling capacitors 303 to the system can be
accomplished in a variety of way. One variation  depicted in Fig. 21A a
cross-sectional view of carrier 301 along line XX in Fig. 20 depicts how
pads  305 and 306 on which decoupling capacitors 303 sit connect by vias to
internal ground 309 and  power plane 310 which make up the structure of
carrier 301 as described above. Internal power  



plane 310 connects to at least one via 311 in a strut and internal power
plane 309 connects to one via  312 in a strut. Naturally, all connections
to internal power plane 310 are electrically isolated from all  of the
connections to internal power plane 309. In another variation depicted in
Fig. 21B vias 314  and 315 descending from pads 305 and 306 on which
decoupling capacitors 303 sits connect to  conduction lines 317 and 318
that in turn connect directly to vias 320 and 321 in strut 325 which
provide power and ground connections. Fig. 22 provides a schematic of one
version of a wiring layout on a wiring substrate layer 401  of the carrier
of the present invention. In the wiring layout in Fig. 22, a portion of the
Vias 403 that  descend from the Pads at the top of the platform to which
the IC Chip connection can be seen.  Additionally, portions of the Vias 405
in the Struts appear along the edge of the carrier. Additionally  -18 WO
03/073506 PCT/US03/05359  conducive paths 407 run between Via portions 403,
and the Via portions 405. One of the important  operational aspects of any
computer system is providing appropriate timing of signal movement.
Signals that may be off by a millisecond, or even a picosecond can often
create operational problems  given the speeds at which computers currently
operate. Additionally, the trend is to increase the  operational clock
times and speed of computers, thus, timing will become even more crucial in
the  future. One of the advantages of the current invention is that it
allows for the arranging of memory  or other types of chips in a
three-dimensional fashion that allows the reduction of connecting line
lengths. This is often crucial in computer architecture and significantly
aids in increasing the speed  of operation. In fact, during the rapid clock
cycles of a computer's operation system, signals have to  move in a
coordinated fashion and arrive at a specific end point during the clock
cycle. If the lines  over which signals must move in a coordinated fashion
can be the same length for each signal, a  significant reduction in
problems which arise from coordinating signals can be achieved. Another
advantage of the carriers of the present invention is that if several
signals must move over adjacent  lines at the same time, by matching line
lengths on the substrate by staggering the Via locations, the  lines can be
made exactly the same length. As can be seen in the wiring layout depicted
in Fig. 22,  



some of the conductive lines 407 that run between Viaset 403 to Viaset 405
are of equal length in a  number of connections. For instance, all
conducive lines labeled 407 in fig. 22 are of the same  length.
Additionally, on the other side of the wiring layout in Fig. 22, the
conducive lines running  between the Via portions 403 and Via portions 405
are the same length 410. Thus, if a chip placed  on the carrier requires a
precise parallel transmission of multiple signals simultaneously, the
providing of transmission lines on the carrier, of the same length,
significantly reduces possible loss  of coordination of the transmission of
the parallel signals. While the invention has been particularly shown and
described with reference to a preferred  embodiment thereof, it will be
understood by those skilled in the art that various changes in form and
detail may be made to it without departing from the spirit and scope of the
invention. -19 WO 03/073506 PCT/US03/05359  CLAIMS  We claim: 1. A carrier
for arranging integrated circuit chips in a three-dimensional array on a
circuit  board, said carrier comprising: a) a platform with a top surface
and a bottom surface; b) a first strut at a first side of said platform and
a second strut at a second side of said  platform, said struts providing
support for said platform and thereby creating a space  below the bottom
surface of said platform; c) said platform having a pattern of connection
pads on its top surface for receiving at  least one integrated chip on the
top surface on the pattern of connection pads, a  bottom side of each pad
of said pattern of pads being connected to a via that pass  down through
said platform to a lower layer in said platform wherein said via  connects
to a conductive path that extend towards said first or second strut; d)
said first and second struts having strut vias that extend up through each
strut from  the bottom of said strut to the top of said strut wherein each
of said strut vias connect  



to a specific conductive path in said platform which specific conductive
path  connects to a specific via descending from a pad of the pads of the
pattern of  connection pads; and e) wherein said carrier forms a modular
unit that can accept at least one integrated chip  on the top surface of
said platform on said pattern of connection pads and connect  that chip to
a printed circuit board to which said carrier is attached and provide in
the  -20 WO 03/073506 PCT/US03/05359  space below the bottom surface of
said carrier room for attaching at least a second  integrated circuit chip
to a circuit board on which said carrier is attached. 2. The carrier of
claim 1 wherein said upwardly extending vias in said first strut extend up
to a  top edge of said first side of said platform to thereby expose a top
surface of said upwardly  extending vias on said top surface of said
platform and said upwardly extending vial in said  second strut extend up
to top edge of said second side of said platform to expose a top edge  of
said upwardly extending vias on said top surface of said platform. 3. The
carrier of claim 1 wherein each of said upwardly extending vias are in the
shape of core  of electrically conductive material. 4. The carrier of claim
2 wherein said upwardly extending vias provide heat dissipation.  5. The
carrier of claim 2 wherein: a) said top exposed ends of said upwardly
extending vias in said first strut are  positioned at a top peripheral edge
of said first side of said platform in a first  predetermined pattern and
said top exposed ends of said upwardly extending vias in  said second strut
are positioned at a top peripheral edge of said second side of said
platform in a second predetermined pattern, b) an area dimension of said
top suface of said platform is such that said top surface of  said platform
can accommodate at least one integrated chip connected by the pattern  of
connection pads on said top surface while leaving uncovered and accessible
said  



first predetermined pattern of top exposed ends of said upwardly extending
vias and  said second predetermined pattern of top exposed ends of said
upwardly extending  vias; -21 WO 03/073506 PCT/US03/05359 c) wherein said
bottom exposed ends of said vias of said first strut are in a
predetermined pattern that is a mirror image of said first predetermined
pattern and  said bottom exposed ends of said vias of said second strut are
in a predetermined  pattern that is a mirror image of said second
predetermined pattern; and d) wherein a second carrier identical to said
first carrier in dimensions and arrangement  of said predetermined first
and second predetermined patterns and said mirror image  first and second
predetermined patterns can be stacked on said first carrier and said  top
exposed ends of said vias of said first carrier make electrical contact
with said  bottom exposed ends of said second carrier. 6. The apparatus of
claim 5 wherein at least one integrated circuit chip can be connected to
said  board in the space below the bottom surface of said first carrier, at
least one integrated circuit  chip can be connected to said top surface of
said platform on said first carrier and at least one  integrated circuit
chip can be connected said top surface of said platform of said second
carrier and all of said integrated circuit chips can electrically connected
to circuitry in said  board. 7. The apparatus of claim 5 wherein a
plurality of like carriers can be placed one on the other to  form a three
dimensional array of carriers electrically connected to each other. 8. The
carrier of claim 1 wherein said pattern of connection pads on said platform
can be varied  to form a variety of different array patterns to allow said
carrier to accommodate a wide  variety of integrated circuit chips, with
different array patterns and wherein said conductive  paths between said
vias of said pads of said connection pads and said vias of said struts can
be configured to connect said patern of connection pads on said platform in
a plurality of  



different configurations to a circuit board. 9. The apparatus of claim 6
wherein said pattern of connection pads on said platforms of both  -22 WO
03/073506 PCT/US03/05359  carriers can be varied to allow said carrier to
accommodate a wide variety of IC chips with  different patterns of
connection pads, and wherein said conductive paths between said vias of
said pads of said pads and said vias of said struts can be configured to
connect said pads on  said platform in a plurality of different
configurations to a circuit board. 10. The apparatus of said claim 7
wherein said pattern of connection pad arrays on said  platforms of said
plurality of carriers can be varied to allow said carrier to accommodate a
wide variety of IC chip pad array patterns and wherein said conductive
paths between said  vias of said pads of said connection pad array and said
vias of said struts can be configured to  connect said pads on said
platform in a plurality of different configurations to said vias in  said
first and second struts. It. The carrier of claim 2 wherein said exposed
top ends of said vias provide test points to test  said carrier connections
while said carrier is connected to a circuit.  12. The apparatus of claim 5
wherein said exposed top ends of said upwardly extending vias in said
struts of a said second carrier provide contact points for testing said
first and second  carriers and any attached integrated circuit chips while
the same are connected to the board.  13. The apparatus of claim 6 wherein
said exposed top ends of said upwardly extending vias in said struts of a
said second carrier provide contact points for testing said first and
second  carriers and any attached integrated circuit chips will same are
connected in circuit. 14. The apparatus of claim 7 wherein said exposed top
ends of said upwardly extending vias in  said struts of a top most carrier
provide contact points for testing said plurality of stacked  carriers and
any attached IC chips will same are connected in circuit. 15. The carrier
of claim 1 wherein an integrated circuit Chip can be connected to an array
of  pads by leads. 



-23 WO 03/073506 PCT/US03/05359  16. The carrier of claim 1 wherein said
vias are formed by plating an aperture with a conductive  material. 17. The
carrier of claim 16 wherein hollow spaces left in said apertures after
plating said  aperture with a conductive material are filed with a
pre-selected material to thereby remove  said hollow spaces and allow for
the positioning of a connection pad on top of said via and  thus having to
avoid offsetting said pad from said vias. 18. The carrier of claim 17
wherein said pre-selected material is a non-conductive material.  19. The
carrier of claim 17 wherein said pre-selected material is a conductive
material. 20. The carrier of claim 2 wherein said strut vial are formed by
plating an aperture with a  conductive material. 21. The carrier of claim
20 wherein hollow spaces left in said apertures after plating said
aperture with a conductive material are filed with a pre-selected material
to thereby remove  said hollow spaces and allow for the positioning of a
connection pad on top of said via and  thus avoiding having to offset said
pad from said vias. 22. The carrier of claim 21 wherein said pre-selected
material is a non-conductive material.  23. The carrier of claim 21 wherein
said pre-selected material is a conductive material. 24. The carrier of
claim 2 wherein: a) Said top exposed ends of said upwardly extending vias
in said first strut are  positioned at a top peripheral edge of said first
side of said platform in a first  -24 WO 03/073506 PCT/US03/05359
predetermined pattern and said top exposed ends of said upwardly extending
vias in  said second strut are positioned at a top peripheral edge of said
second side of said  platform in a second predetermined pattern, and b) An
area dimension of said top suface of said platform is such that said top
surface of  



said platform can accommodate at least one integrated chip connected by
said pattern  of connection pads on said top surface while leaving
uncovered and accessible said  first predetermined pattern of top exposed
ends of said upwardly extending vias and  said second predetermined pattern
of top exposed ends of said upwardly extending  vias. 25. The carrier of
claim 17 wherein: a) Said top exposed ends of said upwardly extending vias
in said first strut are  positioned at a top peripheral edge of said first
side of said platform in a first  predetermined pattern and said top
exposed ends of said upwardly extending vias in  said second strut are
positioned at a top peripheral edge of said second side of said  platform
in a second predetermined pattern, and b) An area dimension of said top
suface of said platform is such that said top surface of said  platform can
accommodate at least one integrated chip connected by said pattern of
connection pads on said top surface while leaving uncovered and accessible
said first  predetermined pattern of top exposed ends of said upwardly
extending vias and said second  predetermined pattern of top exposed ends
of said upwardly extending vias. 26. The carrier of claim 1 wherein said
first and second strut are a plurality of struts which  support said
platform. 27. The carrier of claim 1 wherein said pads are directly above
said vias.  -25 WO 03/073506 PCT/US03/05359  28. The carrier of claim 1
wherein said pads are offset from said vias. 29. The carrier of claim 2
wherein said pads are directly above said vias.  30. The carrier of claim 2
wherein said pads are offset from said vias. 31. The carrier of claim 1
wherein the connection pads used are selected from the group of BGA  pads
or Chip scale pads. 32. The carrier of claim 1 wherein said second
integrated circuit chip is positioned on a bottom  



surface of said surface of said platform and connects to a circuit board
through vias and  conductive lines in said platform and said first and
second struts. 33. The carrier of claim 1 further including pads for
electrcially connecting at least one  decoupling capacitor to said carrier.
34. The carrier of claim 33 wherein said pads for said at least one
decoupling capacitor connect  to either a power or ground layer in said
carrier to thereby connect said at least one  decoupling capacitor into an
electrical circuit. 35. The carrier of claim 33 wherein saidpads for said
at least one decoupling capacitor connects  to vias in a strut and when
said carrier is attached to a circuit board said vias connect to  power and
ground connections on said circuit board to thereby connect said at least
one  decoupling capacitor into an electrical circuit. 36. The carrier of
claim 35 wherein said pads are positioned at a top of said strut. 37. The
carrier of claim 35 wherein said pads for the at least one decoupling
capacitor connects  -26 WO 03/073506 PCT/US03/05359 to said vias in said
struts by secondary vias that connect to conductive paths which in turn
connects  to said vias in said strut. 38. The carrier of claim 1 wherein it
is constructed to match the electrical characteristics of a  circuit board
to which it will be connected. 39. The carrier of claim 1 wherein said
carrier is fabricated as a multiple layer board in a fashion  similar to a
standard circuit board. 40. The carrier of claim 1 wherein said carrier is
fabricated by an injection molding process.  41. The carrier of claim 1
wherein said vias are fabricated by a process selected from a group of  a
step laminate method or depth routing method. 42. The carrier of claim 2
wherein said top exposed ends of vias in said struts provide points to
conduct single analysis of said carrier when connected to a circuit board
with at least one IC  chip connected to said carrier. 



43. The carrier of claim 2 wherein said top exposed ends of said vias in
said struts are used for  testing or signal analysis at least one ground
point is adjacent to said for facilitating the  signal analysis or testing.
44. The carrier of claim 43 wherein said at least on ground point is
selected from a group of a  special ground area adjacent to said top
exposed ends of said vias in said strut or at least on  of said top exposed
ends of said vias is a ground point. 45. The carrier of claim 44 wherein
said signal analysis or testing is conducted by probe points.  46. The
carrier of claim 1 wherein said second integrated circuit chip connects
directly to a  -27 WO 03/073506 PCT/US03/05359  circuit board beneath the
bottom surface of said platform of said carrier when said carrier is
attached to a circuit board. 47. A method for arranging IC chips on a
circuit board in a three-dimensional array, said method  comprising the
steps of a) providing a platform for receiving a first IC chip; b)
providing at least one support strut to support said platform and thereby
form  a carrier; c) connecting electronically said chip through the
platform and the strut to a  circuit board when the carrier is connected to
a circuit board; d) forming the at least one strut and platform in a
configuration that allows for  space beneath a bottom portion of the
platform so that when the carrier is  attached to a circuit board there is
space beneath the platform for connecting  a second IC chip to a circuit
board; and e) providing test contacts on the carrier that are accessible
when the carrier is  attached to the board and an IC chip is connected to
the top of the platform.  48. The method of claim 47 with the further step
of stacking a plurality of carriers with at least  on IC chip on each
carrier. 



49. The method of claim 47 wherein the step of connecting an IC chip
electronically to a board  to which the carrier might be attached includes
the steps of: a) providing electrically conductive vias which extend down
from connection pads on  -28 WO 03/073506 PCT/US03/05359  the top of the
platform to a connection level in the carrier; b) connecting the vias to
electrically conductive lines in the connection layer;  c) running the
electrically conductive lines to the at least one strut; d) providing
electrically conductive vias in the at least one sturt to which to connect
the  electrically conductive lines in a pre-selected pattern, e) having the
electrically conductive vias in the at least one strut descend from the
point  where they connect to the electrically conductive lines to a bottom
of the at least one  strut; and f) terminating the electrically conductive
vias at the bottom of the at least one strut at  connection pads that allow
for connection of the carrier to a circuit board. 50. The method of claim
49 wherein the steps of providing vias descending from the platform,  and
vias in the at least one strut, includes the steps of: a) providing
apertures in the platform or strut; and b) depositing in the apertures an
electrically conductive material. 51. The method of claim 50 including the
further step of depositing additional fill material into  hollow spaces
left by the step of depositing electrically conductive material in the
apertures.  52. The method of claim 51 wherein the step depositing
additional fill material comprises  depositing non-conductive fill
material. -29 WO 03/073506 PCT/US03/05359  53. The method of claim 52
wherein the step of depositing additional fill material comprises
depositing conductive fill material. 



54. The method of claim 52 wherein the step of providing test contact
points on the carrier  accessible when the carrier is attached to a circuit
board and a first IC chip is connected to  the platform includes the step
of providing at the top of the at least one strut exposed top  ends of the
vias. 55. A carrier for arranging IC chips on a circuit board in a
three-dimensional array, said carrier  comprising: a) means for providing a
platform for receiving a first IC chip; b) means for supporting said
platform to thereby form a carrier with a space beneath  said carrier to
thereby provide room for connection of a second IC chip to a circuit  board
when said carrier is a attached to a circuit board; and c) means for
electrically connecting, through said means for supporting said platform, a
first IC chip that is connected to the top of said carrier to a circuit
board when the  said carrier is connected to a board. 56. The carrier of
claim 55 with further means for providing test contacts on the carrier that
are  accessible when said carrier is attached to a circuit board and an IC
chip is connected to the  top of said platform. 57. The carrier of claim 55
with means for stacking a second carrier on top of said carrier. 58. The
carrier of claim 55 with means for stacking a plurality of carriers on top
of said carrier.  -30 WO 03/073506 PCT/US03/05359  59. The carrier of claim
55 wherein the means for electrically connecting, through said means for
supporting said platform, a first IC chip that is connected to the top of
said carrier to a circuit  board when the said carrier is connected to a
board comprises: a) electrically conductive vias which extend down from
connection pads on the top of  the platform to a connection level in said
carrier; b) conductive lines in said connection layer connect to the
conductive vias which extend  down from the connection pads; 



c) wherein the support means is at least one strut and the electrically
conductive lines  run to the at least one strut; d) conductive vias in the
at least one strut to which to connect the electrically  conductive lines
in a pre-selected pattern, and e) wherein the electrically conductive vias
in the at least one strut descend from the  point where they connect to the
electrically conductive lines to a bottom of the at  least one strut; and
terminate at a bottom of the at least one struts at connection pads  that
allow for connection of the carrier to a circuit board. 60. The carrier of
claim 59 wherein the electrically conductive vias in the platform and the
at  least one strut are formed by apertures into which a conductive
material is deposited. 61. The carrier of claim 60 wherein the apertures
include fill material into hollow spaces left  electrically conductive
material is deposited into the apertures to thereby provide support for  a
pad placed on said a top end exposed end of the via. 62. The carrier of
claim 61 wherein the fill material is non-conductive fill material.  -31 WO
03/073506 PCT/US03/05359  63. The carrier of claim 62 wherein the fill
material is a conductive fill material.  64. The carrier of claim 63
wherein the test contact points on the carrier accessible when the carrier
is attached to a circuit board and a first IC chip is connected to the
platform are  formed by providing at the top of the at least one strut
exposed top ends of the vias. 65. The carrier of claim 64 wherein the at
least one strut is two struts. 66. A carrier for arranging IC chips on a
circuit board in a three-dimensional array, said carrier  comprising: a) a
platform for receiving a first IC chip; b) at least one strut for
supporting said platform to thereby form a carrier with a space  beneath
said carrier to thereby provide room for connection of a second IC chip to
a  circuit board when said carrier is a attached to a circuit board; and 



c) an electrically connecting path from connection pads on a top of said
platform for  receiving and connecting a first IC chip, through said
platform, and said at least one  strut to connection points at at a bottom
of said one strut when said carrier is  connected to a circuit board. 67.
The carrier of claim 66 with test contacts on the carrier that are
accessible when said carrier  is attached to a circuit board and an IC chip
is connected to the top of said platform. 68. The carrier of claim 67
wherein said test contacts on the carrier can be used for stacking and  a
electrically connecting a second carrier on top of said carrier. -32 WO
03/073506 PCT/US03/05359  69. The carrier of claim 67 wherein said test
contacts can be used for stacking a plurality of  carriers on top of said
carrier. 70. The carrier of claim 66 wherein the electrically connecting
path comprises: a) electrically conductive vias which extend down from a
plurality of connection pads  on the top of the platform to a connection
level in said carrier; b) conductive lines in said connection layer that
connect to the conductive vias which  extend down from the connection pads;
c) conductive vias in the at least one strut to which the electrically
conductive lines  connect in a pre-selected pattern; and d) wherein the
electrically conductive vias in the at least one strut descend from the
point where they connect to the electrically conductive lines to a bottom
of the at  least one strut; and terminate at a bottom of the at least one
struts at connection pads  that allow for connection of the carrier to a
circuit board. 71. The carrier of claim 70 wherein the electrically
conductive vias in the platform and the at  least one strut are formed by
apertures into which a conductive material is deposited. 72. The carrier of
claim 71 wherein the apertures include fill material deposited into hollow
spaces left electrically conductive material is deposited into the
apertures to thereby provide  



support for a pad placed on said a top end exposed end of the via. 73. The
carrier of claim 72 wherein the fill material is non-conductive fill
material. 74. The carrier of claim 72 wherein the fill material is a
conductive fill material.  -33 WO 03/073506 PCT/US03/05359  75. The carrier
of claim 70 wherein the test contact points on the carrier accessible when
the carrier is attached to a circuit board and a first IC chip is connected
to the platform are  formed by providing at the top of the at least one
strut exposed top ends of said vias in said at  least one strut. 76. The
carrier of claim 75 wherein the carrier is fabricated in a the same fashion
as a printed  circuit board. 77. The carrier of claim 70 with test contacts
on the carrier that are accessible when said carrier  is attached to a
circuit board and an IC chip is connected to the top of said platform. 78.
The carrier of claim 77 wherein the test contact points are formed by top
exposed ends of  said vias in the at least one strut. 79. The carrier of
claim 67 wherein the test contact points are formed by top exposed ends of
a  plurality of vias in the at least one strut. 80. The carrier of claim 66
wherein the at least one strut is two struts. 81. The carrier of claim 66
further including pads for electrcially connecting at least one  decoupling
capacitor to said carrier. 82. The carrier of claim 81 wherein said pads
for said at least one decoupling capacitor connect  to either a power or
ground layer in said carrier to thereby connect said at least one
decoupling capacitor into an electrical circuit. 83. The carrier of claim
81 wherein said pads for said at least one decoupling capacitor connects
to vias in a strut and when said carrier is attached to a circuit board
said vias connect to  -34 WO 03/073506 PCT/US03/05359  



power and ground connections on said circuit board to thereby connect said
at least one  decoupling capacitor into an electrical circuit. 84. The
carrier of claim 83 wherein said pads are positioned at a top of said
strut. 85. The carrier of claim 83 wherein said pads for the at least one
decoupling capacitor connects  to said vias in said struts by secondary
vias that connect to conductive paths which in turn  connects to said vias
in said strut. 86. The carrier of claim 81 wherein it is constructed to
match the electrical characteristics of a  circuit board to which it will
be connected. 87. The carrier of claim 81 wherein said carrier is
fabricated as a multiple layer board in a  fashion similar to a standard
circuit board. 88. The carrier of claim 81 wherein said carrier is
fabricated by an injection molding process.  89. The carrier of claim 811
wherein said vias are fabricated by a process selected from a group  of a
step laminate method or depth routing method. 90. The carrier of claim 82
wherein said top exposed ends of vias in said struts provide points to
conduct single analysis of said carrier when connected to a circuit board
with at least one IC  chip connected to said carrier. 91. The carrier of
claim 82 wherein said top exposed ends of said vias in said struts are used
for  testing or signal analysis at least one ground point is adjacent to
said for facilitating the  signal analysis or testing. 92. The carrier of
claim 91 wherein said at least on ground point is selected from a group of
a  -35 WO 03/073506 PCT/US03/05359  special ground area adjacent to said
top exposed ends of said vias in said strut or at least on  of said top
exposed ends of said vias is a ground point. 93. The carrier of claim 92
wherein said signal analysis or testing is conducted by probe points.  -36 




