
2   conventional use of SIMM connectors. The SIMM technology provides
computer  users with reasonably priced, fairly compact and readily
serviceable or interchangeable  packaging for memory devices.
Unfortunately, the densities of SIMM board memory  devices and the profiles
of SIMM connected boards will no longer satisfy the volume  and profile
demands of new computer systems. What is needed is a multiple chip  module
technology which permits the creation of modules at a low cost, with a high
chip density, provides resources for chip cooling, and is interconnected to
allow easy 



replacement at the computer system board level,
Summary of the Invention         It is an object of the present invention
to ameliorate one or more disadvantages  of the prior art.
According to an aspect of the present invention there is provided a method
for  fabricating a multiple chip module, comprising the steps of:
enclosing multiple first level modules within a second support media, the
first  level modules characterized in their having:         a first support
media enclosing a chip to electrically route chip input/output  connections
from a first plane, defined by pads on the chip, to a second plane, 



orthogonal to the first plane; and first contacts distributed in the second
plane on the  first support media;          bending the second support
media to route connections with the first contacts   of the multiple first
level modules in the second plane to positions coplanar with the   first
plane;          orienting second contacts on the second support media of
the second level   module to be coplanar with the first plane;       



3          enclosing multiple second level modules within a third support
media;         bending the third support media to route connections with
the second contacts  of the multiple second level modules situated coplanar
with the first plane to positions  coplanar with the second plane; and
orienting third contacts on the third support media of the third level
module to  be coplanar with the second plane.         These and other
features of the invention will be more clearly understood and  appreciated
upon considering the detailed embodiment described hereinafter.  



Brief Description of the Drawings         Fig. 1 schematically depicts the
creation of a first level module as known in the  prior art.         Fig. 2
depicts by schematic cross section a first level module created in the
practice of the prior art of Fig. 1.         Fig, 3 schematically
illustrates various forms of second level modules formed  according to the
present invention when using multiple first level modules.        



4       Fig. 4 schematically illustrates a third hierarchical level module
composed of multiple second level modules.            Description of the
Preferred Embodiment     Fig. 1 schematically illustrates the formation of
the level 1 module preferably used in the practice of the present
invention. The details of the design are described in U.S. Patent
5,229,916, the subject matter of which is incorporated herein by reference.
As shown in Fig. 1, a flexible polymer supporting substrate 1 has bonded
thereto a heat spreading metallic layer 2 and a stiffening metal or the
like layer 3. Copper interconnect conductors 4 are plated onto polymer 1,
the 



polymer 1 preferably being a thin, low dielectric constant polyimide.
Plated through vias are formed at pads 6 of polymer 1, thereby electrically
projecting through polymer 1 at the selected locations. Contacts 7 of
solder or the like are formed onto conductors 4 along a line defined by
stiffener 3.      The support structure formed by polymer 1, heat spreader
2, and stiffener 3 is then wrapped around  and bonded to integrated circuit
chip 8 so that stiffener 3 aligns with the edge of chip 8. The pattern of
vias through polymer 1 at pads 6 align with pads 9 on chip 8. Heat spreader
2 contacts the back of chip 8. Once positioned and bonded to integrated
circuit chip 8, the polymer support structure and accompanying wiring
pattern covers chip 8 as generally shown by dashed line 11. A cross section
of the concluding structure is depicted in Fig  2.      The reference
numerals used in the cross section of Fig. 2 match those of Fig. 1 for like
elements. Solder  



deposits 12 are used on vias 13 to make the electrical connection between
plated interconnect copper 4 and pads 9 of chip 8. Note that heat spreader
metal 2 extends beyond the surface of integrated circuit chip 8 in region
14. This arrangement provides heat dissipation capability where necessary
given that chip 8 is relatively enclosed within a low thermal conductivity
polymer. Stiffener 3 provides chip edge support and planarity for contacts
7 extending along the edge of chip 



8.      The bend in polymer 1 and copper 4 reorients the interconnect plane
from that defined by chip pads 9 to a plane orthogonal thereto. Note that
contacts 7 lie in the plane along the narrow edge of first level module 16.
The prior art contemplates the direct insertion of the modules in Fig. 2
into sockets mounted on printed circuit boards, so that contacts 7 could be
bonded directly by solder reflow to wiring pads on the printed circuit
board. See U.S. Patent No. 5,229,916.      The present invention recognizes
and utilizes the benefits of the asymmetry exhibited by first level module
16 in Fig. 2 to selectively create high or low aspect ratio second level
modules. As noted earlier, the shrinking dimensions of digital processing
systems have clearly established the need for low aspect ratio multiple
chip modules.      The present invention is directed to the integration of
multiple first level modules fabricated according to the teaching in U.S.
Patent 5,229,916 into second and 



heirarchically greater levels of multiple chip module structures which can
be selectively configured to exhibit high or low aspect ratios while
retaining the high packaging density and heat dissipation capabilities
6  characterizing the first level module. The diversity of use is
schematically illustrated in Fig. 3. As shown in Fig. 3, first level module
16 forms one of multiple 



elements in a relatively low aspect ratio second level multiple chip module
17. As embodied in Fig. 3, second level module 17 has three first level
modules 16 connected by contacts 7 to a conductive interconnect pattern on
printed circuit board or the like 18.  Upper and lower stiffeners,
respectively 19 and 21, are bonded to board 18. Another polymer 22 is
wrapped and bonded as an aspect of the second level module structure 17.
Polymer 22 again includes an interconnect pattern of copper so as to define
a reorientation of the wiring plane from that of contacts 7 to that of
contacts 23.      Second level multiple module contacts 23 are shown
electrically connected to patterned copper pads 24 of printed circuit board
26. The connections between contacts 23 and pads 24 may be accomplished in
numerous different ways. The simplest example involves the use of reflowed
solder. More advanced techniques utilize dendrites formed in the manner
described in U.S. Patent 5,137,461, the subject matter of which is
incorporated herein by reference. The dendrites may be formed on 



either contacts 23 or pads 24, or both. Preferably one surface would have
the dendrites while the other would be composed of a soft, low melting
point solder. In such a practice, the application of force 27 on module 17
would produce an electrical connection by metalurgical bond between the
dendrites on one surface and the soft solder deposit on the opposite
compressed surface.      A further variation of structures and methods
suitable to electrically connect contacts 23 of module 17 with pads 24 of
printed circuit board 26 involves the use           



7  of a dendrite interposer, where contacts 23 and pads 24 are both
composed of solder and the interposer is situated therebetween. The
interposer body is composed of a thin and flexible dielectric with vias
aligned to match the pattern of the contacts and pads. The outer surfaces
of the vias are covered with plated dendrites. Examples of dendritic
interposers are described in two IBM Technical Disclosure Bulletins. The
first is entitled "Double-Sided, Replaceable, Dendrite-Plated Interposer
for Connector Applications" as appeared in Volume 37, No. 10, October 1994,
pp. 35-36.  The second appeared in the earlier publication entitled
"Interposer for Direct Chip Attach or Surface Mount Array Devices", Volume
36, No. 7, July 1993 on pp. 137-138.  The subject matter of both references
is incorporated herein by reference. The use of an interposer simplifies
removal 



of modules, but complicates the overall structure in that a socket is
likely to be needed to maintain a reliable electrical connection in the
presence of thermal and mechanical stresses. A preferred socket is
described in copending U.S. Patent Application No. 08/536,880, filed
September 29, 1995, the subject matter of which is incorporated herein by
reference.      Consideration of second level module 17 shows that the use
of polymer with a copper interconnect pattern again facilitates
reorientation of the contact plane. Namely, the plane begins with the pads
of the integrated circuit chip, is rotated orthogonally to lie coplanar
with contacts at the edge of the chip, and then is further reoriented
orthogonally to again lie coplanar with the chip pads. This reorientation
of the connections from module level to module level allows for a selective
control of the module aspect ratio. For    



8   example, module 17 is relatively dense yet exhibits a relatively low
aspect ratio. Module 28, similar to module 17, contains the low aspect
ratio with a merged configuration equivalent to two modules 17. Note that
the cooling surfaces of the heat spreaders remain exposed to impinging
airflow through the multiple module levels. Module 28 is also connected
using force 27 if dendrites are utilized to connect the contacts of module
28 with 



the pads of printed circuit board 26.     The flexibility in defining the
aspect ratio is further illustrated in high aspect ratio second level
multiple chip module 29. The same structural concepts are applied and
benefits gained, but in this case the objective is to create a high aspect
ratio multiple chip configuration.      Fig. 4 illustrates that high aspect
ratio multiple chip module 29 lends itself to further levels of integration
through an extension of the same heirarchical concept. The third level
module 31 in Fig. 4 includes a multiplicity of second level multiple chip
modules 29, and is itself further amenable to higher levels of integration
in like manner. Contacts 32 of second level module 29 are electrically
connected to pads 33 of printed circuit board base structure 34. Support
walls 36 may be added by bonding to printed circuit board 34 to isolate and
support the third level module. Again, a flexible polymer 37 is used to
reorient the plane of the wiring connection from being coplanar with the
pads of 



the integrated circuit chips to a plane orthogonal thereto.  Contacts 38 of
third level module 31 are connected to the pads 33 using plated copper runs
39 and via structures 41.                    The present invention in its
various forms and practices provides a structural and procedural framework 



for creating multiple chip modules at multiple levels of integration and
with selectively defined aspect ratios as may be necessary for the data
processing system. The invention incorporates elements for heat dissipation
and structural support as needed for the silicon integrated circuit chips.
Lastly, the invention efficiently and effectively utilizes new
technologies, such as the dendrite interconnection and flexible low
dielectric polyimid interconnects, to create a dense but serviceable
multiple chip module structure.      The invention has been described and
illustrated by way of specific embodiments, the systems and methods
encompassed by the invention should be interpreted to be in keeping with
the breath of the claims set forth hereinafter.      



Claims  1.    A method for fabricating a multiple chip module, comprising
the steps of:         enclosing multiple first level modules within a
second support media, the first  level modules characterized in their
having:         a first support media enclosing a chip to electrically
route chip input/output  connections from a first plane, defined by pads on
the chip, to a second plane,  orthogonal to the first plane; and first
contacts distributed in the second plane on the 



first support media;         bending the second support media to route
connections with the first contacts  of the multiple first level modules in
the second plane to positions coplanar with the  first plane;
orienting second contacts on the second support media of the second level
module to be coplanar with the first plane;         enclosing multiple
second level modules within a third support media;         bending the
third support media to route connections with the second contacts  of the
multiple second level modules situated coplanar with the first plane to
positions  coplanar with the second plane; and 



orienting third contacts on the third support media of the third level
module to  be coplanar with the second plane.  2.    The method recited in
claim 1, wherein the second support media is composed  of a flexible
polymer having an attached pattern of electrical wiring.             



3.    The method recited in claim 2, wherein the step of enclosing multiple
first level  modules within the second support media concludes with a
connection between first  contacts of the first support media and the
pattern of electrical wiring on the second  support media through solder.
4.    The method recited in claim 2, wherein the step of enclosing multiple
first level  modules within the second support media concludes with a
connection between first  contacts of the first support media and the
pattern of electrical wiring on the second  support media by dendrites.    



12        third contacts of the third level modules situated coplanar with
the second plane on the third support means.   3.  The apparatus recited in
claim 1, wherein the second 



support means comprises a flexible polymer with an attached pattern of
electrical wiring.   4.  The apparatus recited in claim 3, wherein the
second support means further comprises a first printed circuit board
structure with an attached pattern of electrical wiring.   5.  The
apparatus recited in claim 4, wherein the first contacts of the first level
modules are connected by solder to the pattern of the electrical wiring on
the second support means.   6.  The apparatus recited in claim 4, wherein
the first contacts of the first level modules are connected by solder to
the pattern of the electrical wiring on the first printed circuit board
structure. 



7.  The apparatus recited in claim 2, wherein the second support means
comprises a flexible polymer with an attached pattern of electrical wiring.
8.  The apparatus recited in claim 7, wherein the second support means
further comprises a first printed circuit board structure with an attached
pattern of electrical wiring.          



13   9.  The apparatus recited in claim 8, wherein the first contacts of
the first level modules are connected  by solder to the pattern of the
electrical wiring on the second support means.   10. The apparatus recited
in claim 8, wherein the first contacts of the first level modules are
connected by solder to the pattern of the electrical wiring on the first
printed circuit board structure.   



11. The apparatus recited in claim  7, wherein the third support means
comprises a flexible polymer with an attached pattern of electrical wiring.
12. The apparatus recited in claim 11, wherein the third support means
further comprises a second printed circuit board structure with an attached
pattern of electrical wiring.   13. The apparatus recited in claim 12,
wherein the second contacts of the second level modules are electrically
connected by dendrites to the pattern of electrical wiring on the third
support means.   14. The apparatus recited in claim 12, wherein the second
contacts of the second level modules are electrically connected by
dendrites to the pattern of 



electrical wiring on the second printed circuit board structure.   15. A
method for fabricating a multiple chip module, comprising the steps of:
14 



enclosing multiple first level modules within a second support media, the
first level modules characterized in their having:            a first
support media enclosing a chip to           electrically route chip
input/output           connections from a first plane, defined by pads
on the chip, to a second plane, orthogonal to           the first plane;
and            first contacts distributed in the second plane           on
the first support media;       bending the second support media to route
connections with the first contacts of the multiple first level modules in
the second plane to positions coplanar with the first plane; and
orienting second contacts on the second support 



media of the second level module to be coplanar with the first plane.  16.
The method recited in claim 15, comprising the further steps of:
enclosing multiple second level modules within a third support media;
bending the third support media to route connections with the second
contacts of the multiple second level modules situated coplanar with the
first plane to positions coplanar with the second plane; and        



15        orienting third contacts on the third support media of the third
level module to be coplanar with the second plane.    


