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' Controlled Profile Multiple Chip Modules

Field of the Invention

The present invention relates generally to the
packaging of integrated circuit chips. More
particularly, the invention is directed to multiple chip
modules of high density and controlled profile.

éackgmd of the Invention .
Personal computers, workstations and similar digital

data processing equipment continue to increase in
functional capability at an exceptional rate. Even
through the electronic devices which create the functions
have continued to shrink, the number of integrated
circuit chips on the boards which form the basis for such
products continue to increase both in number and
interconnect complexity. Furthermore, the usexs of the
systems continue to expect decreases in size and weight,
a particularly poignant example being portable personal
computers. As a consequence of the trend, the
manufacturers of such equipment are woving in the
direction of multiple chip modules, which modules provide
a high functional density in a small i)hysical volume.
Unfortunately, most presently proposed multiple chip
module designs are complex, expen'sive and economically
unserviceable.

The need for high packaging density is particularly
acute in the area of memory devices. With the expanded
use of complex operating system, elaborate application
programs, and high pixel and color resolution video
displays, memory usage, typically DRAM devices, has
increased dramatically. . Thgse trends have led to the
development of memory packaglng “: hniques beyond the

h
0



repl acenent at the conputer system board | evel

Sunwery ef the Invention It is an object of the present invention
to aneli orate one or nore disadvantages of the prior art.

According to an aspect of the present invention there is provided a nethod
for fabricating a nultiple chip nodule, conprisin the steps of :

enclosing nmultiple first | evel nodules wthin a se Bmm ste@, the
first 1level nodules characterized in their having: t support
medi a enclosing a chip to electrically route chip i nnecti ons
froma first plane, defined by pads on the chip, to a secon an ,

conventional use of SIMM comnmectors. The SIMM technology
Provides computer users with reasonably priced, fairly
compact and readily serviceable or interchangeable
packaging for wemory devices. Unfortunately, the
densities of SIMM board wemory devices and the profiles
of SIMM connected boards will no longer satisfy the
volume and profile demands of nmew comwputer systems. What
is needed is a multiple chip module technology which
perwits 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.

f The present invention solves the problems of the
pPrior art by providing a multiple chip package,
comprising multiple first level modules, the first level
modules enclosing a chip within a first support means for
electrically routing chip input/ocutput connections from a
first plane, defined by pads on a chip, to a second
plane, orthogonal to the first plane, first contacts of
the first level wmodules distributed in the second plane
on the first support means, wmeans for forming second
level modules, the second level modules enclosing
multiple first level modules within a second support
means for routing conmections with the first contacts of

- multiple first level modules in the second plane to
positions coplanar with the first plane, and second
contacts of the second level module situated coplanar
with the first plane on the second support means.

In another form, the invention relates to a method
for fabricating a multiple chip module, comprising the
steps of enclosing multiple first level modules within a



orthogonal to the first plane; and first contacts distributed in the second
pl ahe angthe first support nedia; bendi ng the second support
media to route connections with the first contacts of the multiple first

| evel nmodules in the second plane to positions coplanar with the first

pl ane; - orienting second contacts on the second,ﬁuppeﬁ-frrgd”l’a’ of
the second | evel nodul e to be coplanar with the first pI a BeenRe 1aced

T

second support media, the first level modules
characterized in their baving a first support media
enclosing a chip to electrically route chip input/output
connectione from a first plane, defined by pads on the
chip, to a second plame, orthogonal to the first plane,
and first contacts distributed in the second plane on the
first support wmedia; bending the second support media to
route comnections with the first contacts of the multiple
first level wmodules in tlie 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. '

In one particularized practice of the invention,

B integrated circuit chips are bonded to a metallic heat
spreader and electrically connected on the opposite
surface to a flexible polymer supporting substrate which
is wrapped around the edge of the chip and onto the metal
heat spreader. Plated copper intercomnects on the
polymer extend from the plane defined by the pads of the
integrated circuit chip to a perpendicular plane aligned
with the edge of the chip.

The first level modules are then connected through
contacts on the polymexr into second level modules. The
number of first level modules combined into a second
level module is dictated by the relative aspect ratio
sought of the second level module. If the second module
is to be relatively thin, only a few chips are stacked.
If a high aspect ratio second level module is desired,
numerous first level modules are stacked.

In one practice of the invention, the second level
module is composed of multiple first level modules
connected through contacts extending along the thin edge
of the first level modules, through a printed circuit



3 .. " enclosing multiple second | evel nodules within a third support
nmedia; ;5 bending the third support nedia to route connections with
the second contacts of the nultiple second | evel nopdul es situated copl anar
with the first plane to positions coplanar with the second plane; and

orienting third contacts on the third support nedi a Thi Shebtdlas Béen Heplene|
nodul e to be coplanar with the second plane. er
features of the invention will be nore clearly under eci ated
upon considering the detail ed enbodi nent descri bed hereinafter.

4

board substrate, and to conductors on a second level
module supporting layer of flexible polymer. Contacts
formed on the polymer are oriented coplanar with the pads
on the chips of the first level wmodules by bending the
polymer and attached copper interconnect. Multiple
second level modules are further heirarchically
interconnectable through successive reorientations and
connections of contacts to create multiple chip wmodules
of selectable size and shape. ,

In one form of the invention, second and higher
level module structures are connected through compreséion
to supporting printed circuit board base layers using
dendrites on seiected contacts. Connections using
dendrites may be accomplished directly between contacts,
or may be accomplished through the use of a flexible
interposer of dendritically fortified vias and low
melting point solder contacts on the mat:.ng polymer and
printed circuit board structures. '

These and other features of the invention will be
more clearly understood and appreciated upon considering
the detailed embodiment described hereinafter. '

Brief Pescription 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 arxt of
Fig. 1.

Fig. 3 schematically illustrates various forms of
second level wodules formed according to the present
invention when using multiple first level moduies.



Bri ef Description of the Draw ngs Fig. 1 schematically depicts the
creati gn of a first level nodule as known in the prior art.
depicts ‘by schematic cross section a first |level nodule created in the
practice of the prior art of Fig. 1. Fig, 3 tically
il lustrates various forns of second |evel nodules fQrned according—to the

pr esent

I nvention when using nultiple first |evel lﬁﬁiaSBeenR

e

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 wmodule preferalily 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

Fig. 2

polymer support structure and accompanying wiring patterm

covers chip 8 as generally shown by dashed line 11. A
cross section of the concluding structure is depidted in
Fig. 2.

The reference numerals used in the cross section of
Fig. 2 match those of Fig. 1 for like elements. Solder



4 . “Fig. 4 schematically illustrates a third hierarchical |evel nodule
conpesed;of multiple second | evel nodul es. Description of the
Preferred Enbodi nent Fig. 1 schematically illustrates the formation of
the level 1 nodule preferably used in the practi ce—of-the present _ _

I nvention. The details of the design are described_in U S. Patent
5,229,916, the subject matter of which is incorpor e lacedf er ence.
As shown in Fig. 1, a flexible polynmer supporting s n bonded
thereto a heat spreading netallic layer 2 and a sti r the

Iihke | ayer 3. Copper interconnect conductors 4 are plated onto pol yner 1,
t he - 6

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 extehding along the edge of chip
8. | _

The bend in polymer 1 and copper 4 reorients the
interconnect plane from that defined by chip pads 92 to a
plane orthogonal thereto. Nbﬁe that contacts 7 lie in '

e the plane along the narrow edge of first level module 16.
The prior art contemplates the direct inserxtion 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 earliexr, the
thinking dimensions of digital processing systems have
clearly established the need for low aspect ratio
multiple chip modules. _

The piresent 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 ahd heat dissipation capabilities



poLyner‘l preferably being a thin, low dielectric constant polyim de.

Pl ated st hrough vias are forned at pads 6 of polyner 1, thereby electrically
projecting through polyner 1 at the selected |ocations. Contacts 7 of
solder or the |like are formed onto conductors 4 along a |ine defined by
stiffener 3. The support structure forned by polyner 1, heat spreader
2, and stiffener 3 is then wapped around and bonded—fﬁ‘rﬁregrated—C|rCU|t
chip 8 so that stiffener 3 aligns with the edge oflhb&&aﬁhsﬁaﬁngﬁgggrn of

vias through polyner 1 at pads 6 align with pads 9 pr eader
2 contacts the back of chip 8. Once positioned and rat ed

circuit chip 8, the polyner support structd@re and accC I ng
pattern covers chip 8 as generally shown by dashed |ine 11 A cross section

O e, concl Ut S ML S Rl LD oe BEeRREE S 1 ke
el enents. Sol dewse is schematlcally 111ustrated in Fig. 3. As shown in

Fig. 3, first level mbdule 16 forms one of multiple
elements in a relatively low aspect ratio second level
miltiple 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 patterm 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
refilowed solder. Morxre 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



deposi t$ 12 are used on vias 13 to make the electrical connection between
pl ated 4 gt er connect copper 4 and pads 9 of chip 8. Note that heat spreader

netal 2 extends beyond the surface of integrated CI--I’—-GU—I—I——G-h—l—p—%—l—H——F-egI on

given that chip 8 is relatively enclosed within a |lo
polymer. Stiffener 3 provides chip edge support and p

essary
Ivity

14. This arrangenment provides heat dissipation capabj I| ﬁ[m

7 extending along the edge of chip

of a dendrite interposer, where contacts 23 and pads 24
are both cémposed of solder and the interposer is
situated therebetween. The intexrposexr body is composed
of a thin and flexible dielectric with vias alignmed to
wmatch 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 "Dmxble-éided_, Replaceable, Dendrite-Plated
Interposer for Comnector 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 Arrafy 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 wmodules, but complicates the overall structure in that
a socket is likely to be needed to wmaintain 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

nt acts



8. - “The bend in polymer 1 and copper 4 reorients the interconnect plane
from thaty defined by chip pads 9 to a plane orthogonal thereto. Note that
contacts 7 lie in the plane along the narrow edge of _first |evel nodule 16.
The prior art contenplates the direct insertion of the nodufes—n-Fig. 2
into sockets mounted on printed circuit boards, so thdbissmetpehs., . Goul d be

bonded directly by solder reflowto wiring pads on the cgd
board. See U.S. Patent No. 5,229, 916. The present Hﬂl gnhi zes
I

and utilizes the benefits of the asymetry exhibited by

dul e

16 in Fig. 2 to selectively create high or | ow aspect ratio second | evel
nodul es. As noted earlier, the shrinking & nensions of digital processing

systens have clearly established the need for |ow aspect

ratio multiple

chi p nodul es. The present invention is directed to the integrati on of
mul tiple first SeFplenppadule (kbds nedativedy dderse yethexhidhiseng in U S.
Patent 5,229, O¥elatlivelgCloW @jfbect 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 comnect the contacts of module 28 with

f:he pads. of printed circuit board 26.

The flexibility in defining the aspect ratio is
further illustrated in high aspecf. ratio second level
~multiple chip module 29. The same structural concepts
" are applied and benefits gained, but in this case the
B ‘objective is to create a high aspect ratio multiple chip

configuration.

Fig. 4 illus'fr_atés 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 devel
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 rumns 39 and

via structures 41.



hei.rarchically greater levels of nultiple chip nmodule structures which can
be sel gctively configured to exhibit high or |ow aspect ratios while
retaining the high packaging density and heat dissipation capabilities
6 characterizing the first |evel nodule. The diversity—of use is
schematically illustrated in Fig. 3. As shown in Iﬁ,,gShS, first Tevel nodul e
16 forms one of nultiple //II/I??;’T?/?//T]II/TIW

10

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 methodé .
encompassed iay the invention should be interpreted to be
in keeping with the breath of the claims set forth
hereinafter.



elements in a relatively |ow aspect ratio second | evel Th scBe lageddul e
17.¢ As, embodied in Fig. 3, second |evel nodule 17 has t H ﬂ el
nodul es 16 connect ed by contacts 7 to a conductive inte rn on
printed circuit board or the |ike 18. Upper and | ower stiffeners,
respectively 19 and 21, are bonded to board 18. Another polynmer 22 is

wr apped and bonded as an aspect of the second |evel nodule—structure 17.7°
Pol ymer 22 again includes an interconnect pattern of co t § ne
a reorientation of the wring plane fromthat of cont acﬂ%ﬂm@@i&#mmﬁm
contacts 23. Second | evel multiple nodule contacts LSN@WNs — *
electrically connected to patterned coppéFlpads 24 of printed circuit board
26. The connections between contacts 23 and pads 24 may be ‘acconplished in

nunmerous different ways. The sinpl est qég%£&£ i nvol ves the use of refl owed
sol der. Mre advanced techniques utiliZe dendrites, forned in the nmanner
described in ULs. Phtewitiple;£hip package FIMTIREES: of which is

i ncorporated herein by reference. The dendrites nay be formed on

multiple first level modules, the first level
modules enclosing a chip within a first support weans f’oz_'
" electrically routing chip input/output connections from a
first blane, defined by pads on the chip, to a second -
plane, orthogonal to the first plane;

first contacts of the first level modules
distributed in the second plane on the first support
means ; '

means for forming second level wmodules, the second
level modules ienclos:&.ng multiple first level modules
within a second support means for routing connections
with the first contacts of multiple first level wodules
in the second plane to positions coplanar with the first
plane; and

second contacts of the second level modules situated
coplanar with the first plane on the second support
means.

- 2. The apparatus recited in claim 1, further
comprising:

means for forming third level modules, the third
level modules enclosing multiple second level modules
within a third support means for routing connections with
second contacts of multiple second level modules situated
coplanar with the first plane to positions coplanar with
the second plane; and



ei f her tontacts 23 or pads 24, or both. Preferably one surface woul'd have
the dggdrltes whi |l e the other would be conposed OfTQSSQ%ﬂﬂEBQW' hded NQ

point solder. In such a practice, the application of duIe 17
woul d produce an el ectrical connection by netal urgi cHumBﬂ! the
dendrites on one surface and the soft sol der deposit

conpressed surface. A further variation of structures and nethods

suitable to electrically connect contacts 23 of nDduLe 17 with pads 24 of
printed circuit board 26 involves the use

. IR

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 wmeans.

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.



7 of a‘dendrite I nt er poser, where contacts 23 and pads 24-are both__._ __

conpoged pf solder and the interposer is situated ther n. The
i nt erposer body is conposed of a thin and flexible di eﬁ@ﬂ'@ﬁl’wwmumL
aligned to match the pattern of the contacts and pads. A y SRl tdes
of the vias are covered wth plated dendrites. Exanples of dendritic

I nterposers are described in two | BM Techni cal Di scl '

first is entitled "Doubl e-Si ded, Replaceable, Dendri teTﬂLﬁﬁE‘ te

se
for Connector Applications" as appeared in Volunme 37, . o Nbcse 1994,
pp. 35-36. The second appeared in the earlier publi catim m L
“"Interposer for Direct Chip Attach or Sufdflace Mount Arr ' | unme
36, No. 7, July 1993 on pp. 137-138. The subject matter of both references
s i ncorporat g herfhl JoJ.ehereRes:edf%d'tath §) WALELRROEhe SHIBL T oS
- 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 iﬂ 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. '

i5. A wmethod for fabricating a multiple chip module,
comprising the steps of:



of-ﬂDduVes, but conplicates the overall structure in t a socket S
li kelyat g be needed to maintain a reliable electrical mwgummjm”m
presence of thermal and nmechanical stresses. A preferr
described in copending U S. Patent Application No. 08/536, 88 fi18&d *
Sept ember 29, 1995, the subject matter of which is incorporated herein by

ref erence. Consi deration of second |evel nmpdule 17 shows that the use
of polymer with a copper interconnect pattern again facilitates
reorientation of the contact plane. Nanely, the plane Tha h&SHAMBte& Beefads
of the integrated circuit chip, is rotated orthogonally ar
wth contacts at the edge of the chip, and then is furt :
orthogonally to again lie coplanar with the chip pads. tion

of the connections fromnodul e | evel to nodul e | evel alloms for a selectlve
control of the nod§mElespegtmieiple fjrst 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



8 - exdnple, nodule 17 is relatively dense yet exhibits a relatively |ow
asgegtmr@ti 0. Module 28, simlar to nodule 17, contain l, ll
ratio with a nerged configuration equivalent to two m)g'mmm mlmf Hat
the cooling surfaces of the heat spreaders remain exposéd to i nginding
airflow through the nultiple nodule | evels. Mdul e 28 +s—also-cannect ed

using force 27 if dendrites are utilized to connect therh(}cgn ts of m)dul e

N IIIIIIIHI"IHIIHIHHI

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

15



the pads of printed circuit board 26. The flexibility in defining the
aspeef 2ratio is further illustrated in high aspect ratio second | evel
mul tiple chip nmodule 29. The sane structural concepts are applied and
benefits gained, but in this case the objective is to create—ahigh aspect
ratio multiple chip configuration. Fig. 4 illustrates thiaheeli gh aspect
ratio multiple chip nmodule 29 lends itself to fu¥ TR I ntegration
t hrough an extension of the same heirarchical con “\ g % | evel
nmodule 31 in Fig. 4 includes a multiplicity of se i ple chip
modul es 29, and is itself further ggenable to higher levels of integration
in |ike manner. Contacts 32 of second | evel nodule 29 are electrically
connected to pads 33 of printed circuit board base structure 34. Support
wal |s 36 may be added by bonding to printed circuit board 34 to isolate and
support the third | GortrofbetiPeotidgablultinlé ICkp Modupad ymer 37 i's used to
reorient the plane of the wiring connection from being coplanar with the
pads of

Abstract

A multiple chip module architecture capable of forming
structures having selectable aspect ratios which themselves form
the basis for higher levels of integrations in analogous manner.
The modular architecture having first level modules.(lﬁ) and
second level module (17) uses a flexible interconnect (22) of
patterned copper on polymer to successibly reorient the
connection plane between successive levels (for example, a
reorientation of the wiring plane from that of contacts 7 to
that of contacts 23), permitting the selective stacking of
module levels to create the desired aspect ratio of the multiple
chip module. Interconnection between levels, for example by
contacts (23) and pads (24) may be accomplished by solder
reflow, direct dendritic bonding, or connection through a

dendritic interposer.

Figure 3



the integrated circuit chips to a plane orthogonal thereto. Contacts 38 of

thi®d | evel nodule 31 are connected to the pads 33 using plated copper runs

39 and via structures 41. The present invention inits
varisus fornms and practices provides a structural and procedural framework

)

1/4

FIG. 1



fQr cmeating nmultiple chip nodules at nultiple levels of integration and
wFth sel ectively defined aspect ratios as may be necessary for the data
processi ng system The invention incorporates elenents for heat dissipation
and structural support as needed for the silicon integrated circuit chips.
Lastly, the invention efficiently and effectively utilizes new
technol ogi es, such as the dendrite interconnection and flexible |ow
dielectric polyimd interconnects, to create dense but serviceabl e

mul tiple chip nodule structure. The inv i on has been descri bed and
illustrated by way of specific enbodi nents, the systens and nethods
enconpassed by the invention should be interpreted to be in keeping with

the breath of the clains set forth hereinafter
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Caing 1. A method for fabricating a nultiple chip nodule, conprising

the steps of: enclosing multiple first Ievel nodules within a
second suppert nmedia, the first |evel nodules characterized in their
havi ng: a first support nedia enclosing a chip to electrically

route chip input/output connections froma 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 3t/‘{le
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first support nedia; bendi ng the second support nedia to route
£onfections with the first contacts of the multiple first |Ievel nobdules in
the second.plane to positions coplanar with the first plane;

orienting second contacts on the second support nedia of the second |evel
nmodul e to be coplanar with the first plane; enclosing multiple
second | evel nodules within a third support nedia; bendi ng the
third support nmedia to route connections w t he second contacts of the
mul ti pl e second | evel nodul es situated copl@dhar with the first plane to
positions coplanar with the second pl ane; and T 11
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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 2 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
s replacement at the computer system board leve],
¢ Inventi

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:

feus a first support media enclosing a chip to electrically route lchip 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;

otienting second contacts on the second support media of the second level

module to be coplanar with the first plane;



3: The method recited in claim?2, wherein the step of enclosing nultiple
first level nodules within the second support nedia concludes with a
connection between first contacts of the first support nedia and the
pattern of electrical wiring on the second support nedia through sol der.
4. The nethod recited in claim2, whérein the step of enclosing nultiple
first level nodules within the second support nedia concludes with a
connecti on between fifst “éntac of the first support nmedi a and the

pattern of el ect r FEHsngmyliple srrondisvaldradhiss withisadhird smunper mediaiendr it es.

bending the third support media to route connections with the second contacts
of the multii:lc second level modules situated coplanar with the first plane 10 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

s appreciated upon considering the detailed embodiment described hereinafter,
ion o )¢

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.
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12 third contacts of the third | evel nodul es situated coplanar with
the second plane on the third support neans. 3. The apparatus recited in
claiml, wherein the second

Fig. 4 schematically illustrates a third
hierarchical level module composed of multiple second
‘level modules.

Description of the Preferred Embodiment
Pig. 1 schematically illustrates the formation of
the level 1 module preferably used in the practice of the
present invention. The details of the desigmn are
described in U.S. Patent 5,229,916, the subject matter of
which is incorporated herein by reference. As shown in
s Fig. 1, a flexible polymer supporting substrate 1 has
bonded thereto a heat spreading metallic layer 2 and a
stiffening wetal or the like layer 3. Copper
interconnect conductors 4 are plated ounto polymer 1, the
polymer 1 preferably being a thin, low dielectric
constant polyimide. Plated through vias are foxrmed 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 stiffenexr 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 1i. &
cross section of the concluding structure is depicted in
Pig. 2.

The reference numerals used in the cross section of
Fig. 2 match those of Fig. 1 for like elements. Solder
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support neans conprises a flexible polymer with an attached pattern of

el ectrical wring. 4. The apparatus recited in claim3, wherein the
second support nmeans further conprises a first printed circuit board
structure with an attached pattern of electrical wring. 5. The

apparatus recited in claim4, wherein tghe first contacts of the first |evel
nodul es are connected by solder to the-pattern of the electrical wiring on
t he second support neans. 6. The apparatus recited in claim4, wherein
the first c66Pasits ol2 taxe fusedt ohevists #3dgice yake cthe rgikentadcsd sol der to

g thfuf:’?ﬂ ter N cBhnkbEi&h Wdthided pihtsd %riterdddneet Stoppd £ hrd paykt board
' 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
N interconnect plane from that defined by chip pads 9 to a
plane orthogonal thereto. Note that contacts 7 lie in
the plane along the marrow edge of first level module 16.
The prior art contemplates the direct insertion of the
modules in Pig. 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 tl:xe high
packaging density aﬁd heat dissipation capabilities
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7:

8.

The apparatus recited in claim2, wherein the second support means
conprises a flexible polyner with an attached pattern of electrical
The apparatus recited in claim?7, wherein the second support neans

W ring.

further conprises a first printed circuit board structure with an attached
pattern of electrical wiring.

11

charactexizing the first level module. The diversity of
use is achemat:ically illustrated in Fig. 3. As shown in
Pig. 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 Pig. 3, second
level module 17 has three first level modules 16
connected by contacts 7 to a conductive interconnect
pattexn 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 gsecond level wmodule structure 17.
Polymer 22 again includes an interconnect pattern of
copper s0 as to define a xeorientation 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 pattermed copper pads 24 of
printed cirxcuit 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. 1In 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.

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
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13 9. The apparatus recited in claim@8, wherein the first contacts of
the first |evel nodules are connected by solder to the pattern of the
‘electrical wiring on the second support neans. 10. The apparatus recited

in claim8, wherein the first contacts of the first |evel nodules are

‘connected by solder to the pattern of the electrlcal ~wiring on the first
printed circuit board structure.

of a dendrite interposer, where contacts 23 and pads 24 :
are both composed of solder and the interposer is

situated thexebetween. The interposer body is composed

of a thin and flexible dielectric with vias aligmed 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

(N Interposer for Commector Bpplications" 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 Suxface 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 interposex simplifies removal
of modules, but complicates the overall structure inmghat

" a socket is likely to be needed to waintain a reliable
electrical connection in the presence of thermal and
mechanical stresses. A preferred socket is descxibed in
copending U.S. Patent Application No. 08/536,880, filed

s - September 29, 19395, 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 recoriented orthogonally to again lie coplanar
with the Chlp pads. This reorientation of the
comnections from module level to module level allows for
& selective control of the module aspect ratio. For
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11. The apparatus recited in claim 7, wherein the third support neans
conprises a flexible polynmer with an attached pattern of electrical wring.
12. The apparatus recited in claim1ll, wherein the third support neans
further conprises a second printed circuit board structure with an attached
pattern of electrical wring. 13. The apparatus recited in claim 12,
wherein the second contacts of the second | evel nodules are electrically
connected by dendrites to the pattern of electrical wiring on the third
support neans. 14. The apparatus reg@gted in claim 12, wherein the second
contacts of the second | evel nodules are electrically connected by
dendrites to the pattern’ of

example, module 17 is relatively dense yet exhibits a
relatively low aspect ratio. Module 28, similar to
module 17, contains the low aspect xatio with a merged
configuration equivalent to two modules 17. Note that
tpe 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.

N The flexibility in defining the aspect ratio is
further illustrated in high aspect ratio second level
multiple chip module 25. The same structural concepts
are applied and benefits gained, but in this case the
objective is to create a high aspect ratioc mmltiple chip
confiquration. |

Pig. 4 illustrares 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 Pig. 4 includes a
multiplicity of second level multiple chip modules 289,
and is itself further amenable to higher levels of

s 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 axe”
‘connected to the pads 33 using plated copper runs 39 and
via structures 41. ' .
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el ectrical wring on the second printed circuit board structure. 15.

14

nmet hod for fabricating a nmultiple chip nodule, conprising the steps of:

-9

The present invention in its vaxious forms and

'practices provides a structural and procedural framework

for creating mmltiple 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 wodule structure.

The invention has been described and illustrated by
way of specific embodiments, the systems and methods
encompassed iay the invention should be interpreted to be
in keeping with the breath of  the claims set forth

‘hereinafter.
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enclosing multiple first |evel nodules within a second support nedia, the

first level nodul es characterized in their having: a first
support nedia enclosing a chip to electrically route chip

i nput / out put connections froma first plane, defined by pads
Qn the chip, to a second plane, orthogonal to the first plane;

?Rg first suppoH rﬁéd?gnt acts dlt)ZL(rj: ﬁg ?ﬂel rs]ezzgﬁdsgﬁ}ﬂﬁ“‘“ﬂ@ﬂlﬂ“lu“ l“lut e
connections with the first contacts of the nultiple firrst |evel noddl es in
t he second plane to positions copl anarClainmsh the first plane; and
orienting second contacts on the second support
1. A method for fabricating a multiple chip module, comprising the steps of:
enclosing multipie first level modules within a second support medis, the first
level modules chmact&izcd 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 pattem of electrical wiring.
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nedi a of the second |l evel nodule to be coplanar wwth the first plane. 16.
The nmethod recited in claim15, conprising the further steps of:
enclosing nultiple second | evel nodules within a third-support—pedi-a;

bending the third support nmedia to route connections w second
centacts of the nultiple second |evel nq)ﬁul es situat e\c/i\u H"Mﬂ"”me
‘first plane to positions coplanar with the second pl ane; e AL

o

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
| W contacts of the first support media and the pattern of electrical wiring on the second

support media by dendrites.
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15 orienting third contacts on the third support nedia of the third
| evel nodule to be coplanar with the second pl ane.

©

<120

Controlled Profile Multiple Chip Modules

Abstract

A multiple chip module architecture capable of forming
structures having selectable aspect ratios which themssives form
the basis for higher levels of integrations in analogous manner.
The modular architecture having first level modules (16) and
second level module (17) uses a flexible interconnect (22) of
patterned copper on polymer to successibly rsorient the
connection plane between successive levels (for exampls, a
reorientation of the wiring plane from that of contacts 7 to
that of contacts 23), permitting the selective stacking of
module levels to create the desired aspect ratio of the multiple
chip module. Interconnection between levels, for example by
contacts (23) and pads (24) may be accomplished by solder
reflow, direct dendritic bonding, or connsction through a

dendritic interposer.

Figure 3
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