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Ccm.tro11ed Profi1e Mu1tip1e Chip Modu1es 

Field of the Invention 

The present invention relates generally to the 

packaging of integrated circuit chips. More 

particu1arly. the invention is directed to tttUltiple chip 

modules of high_ density and control.led profile. 

Background of the Invention 

Personal computers. workstations and simil.ar digital 

data processing equipment continue to increase in 

functiona1 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 

intercC>DD.ect compl.exity. Furthennore, the users of the 

systems continue to expect decreases in size and weight, 

a particul.arly poignant exampl.e being portable personal. 

computers. As a consequence of the trend, the 

manufacturers of such equipment are moving in the 

direction of multiple chip modules, which modules provide 

a high functional density in a sma.11 physical 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_ ....... ~~s~ t:z.:-ends have led to the 

development of memory packaging·: · hniques beyond the 
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conventional use of SZMM 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 SDIM board memory devices and the profiles 

of SIMM connected boards will no 1onger satis:fy 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. 

Snmmary of the Invention 

The present invention solves the problems of the 

prior art by providing .a multiple chip package; 

comprising mu1tiple first level modules, the first l.evel. 

modules enc1osing a chip within a first support means for 
electrically routing chip input/output connections from a 

first plane, defined by pads on a chip,. to a second 

pl.ane, 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. modules, · the second level modules enclosing 

multiple first level modules within a second support 

means for routing connections 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 fonn, the invention relates to a method 

for fabricating a multiple chip module, comprising the 

steps of enclosing multiple first level modules within a 
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Second SuppOrt media, the first 1evel modules 

characterized in their having a first support media 
enc1osiD.g a chip to e1ectrical.ly route chip input/output 
connect~ons from a first plane, defined by pads on the 
chip, to a se~ond p1ane, orthogonal to the first plane, 
and first contacts d:lstributed 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 ~es 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. 

Xn one particul.arized practice of the invention, 
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 interconnects 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 pol.ymer into second level modul.es. The 
number of first level modules combined into a second 
level modu1e 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 m0dules are stacked. 

In one practice of the invention, .the second level 
module is composed of multipl~ first level modules 
connected through contacts extending along the thin edge 
of the first level modules, through a printed circuit 
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board substrate, and to conductors on a second 1eve1 

modu1e supporting 1ayer of f1exible polymer. Contacts 

foJ:'Dled on the polymer are oriented coplanar with the pads 

on the chips of the first 1evel lllOdul.es by bending the 

polymer and attached copper ihterconnect. Mu1tip1e . . 
second level modules are further heirarchica11y 

interconnectable through successive reorientations ·and 

connections of contacts to create multiple chip modules 

of selectable size and shape. 

In one form of the invention, second and higher 

level module structures are connected through compression 

to supporting printed circuit board base layers using 

dendrites on selected contacts. connections using 

dendrites may be accomplished directly between contacts, 
I 

or may be accomplished through the use of a flexible 

interposer of dendritica11y fortified vias ana.· low 

melting point solder contacts on the mating polymer and 

printed circuit bo~ structures. 

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 f_irst 

level module created in the practice of the prior art of 

Fig. 1. 

Fig. 3 schematicaily illustrates various forms of 

second level modules fanned according to the present 

invention when using multiple first level modules. 
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Fig. 4. schematica11y i11ustrates a third 

hierarchica1 level module composed of mu1tip1e second . 

level modules. 

Descripti0n of the Pref erred Bmbodiment 

Fig. 1 schematica11y illustrates the fonnation of 

the 1eve1 1 modu1e prefe~ly ~ed ·in the practice· of the 

present invention.. ~e 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 po1ymer support1rig substrate 1 bas 

bonded thereto a heat spreading metallic layer 2 and a 

stiffening metal or the 1ike 1ayer 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 sti~f ener 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 in~egrated 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 
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dep0sits 12 are used on vias 13 to make the electrica1 

connection between p1ated interconnect copper 4 and pads 

9 of chip 8. Note that heat spreader m.eta1 2 extends 

.beyond the surface of integrated circuit chip 8 in region 

14. This arrangement provides heat dissil;>ation 

capabi1ity where necessary given that chip 8 is 

rel.ative1y enc1osed within a low 'theI.1Dill 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 

p1ane orthogonal thereto. Note that contacts 7 lie in 

the plane along the. narrow e~e of first level module 16 _ 

The prior art contemplates the direct insertion of the 

modu1es in Pig. 2 into sockets mounted on printed circuit 

boards, so that contacts 7 cou1d 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 asynmetry exhibited by first level module 

16 in Fig. 2 to selectively create high or low aspect 

ratio second level modul.es. As noted earlier, the 

shrinking dimensions of digital processing systems have 

clearly established the need for 1ow 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 
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characterizing the first level modu1e. The ·diversity of 

use is schematically illustrated in Pig. 3. As shown in 

Pig. 3, first 1evel module 16 forms one of mu1tip1e 

elements in a relatively low aspect ratio second 1evel 

multiple chip 1110dule 17. As embodied in Fig. 3. second 
1evel modul.e 17 bas three first 1eve1 modu1es 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 lev~l 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 
ref lowed 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 fonned on 
either contacts 23 or pads 24, or both. Preferably one 

surf ace 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 
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of a dendr~te inteq><>ser, where contac~s 23 and pads 24 

are both composed of solder and the interposer is · 

situated therebetween. The intezposer body is composed 

of a thin and flexib1e dielectric with vias a1igned to 

match the pattexn of the contacts and pads. The. outer 

surfaces of the· vias are covered with p1ated dendrites. 

Examples of dendritic interposers are described in two 

:IBM Technica1 Disclosure Bu1letins. Tlie first is 

entitled "Double-Sided, Rep1aceabl.e, Dendrite-P1ated 

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, JuJ.y 1993 on pp. 137-138. The subject 
I 

matter of both references is incoxporated herein by 

reference. The use of an intex:poser simplifies removal 

of modules, but complicates the overall structure in that 

a socket is l.ikel.y 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 
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e.YOmple, module 17 is re1atively dense yet exhibits a 
relati.vely low aspect ratio. Module 28, similar to 

modu1~ 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 c0nnected using force 27 if dendrites 

are utilized to connect the contacts of module 28 ~ith 
the pads of printed circuit board 26. 

The flexibility in defining the aspect ratio is 
further i11ustrated·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 

utu.ltiplicity of second level multiple chip modules 29, 
and is itself further amenable to higher levels of 
integration in like manner. Contacts 32 of second 1..evel 
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. 

• 
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The present invention in its various forms and 
practices provides a structural and procedura1 framework 
for creating multiple chip modules at mu1tip1e levels of 
integration and with se1ectively defined aspect ratios as 
may be necessary for the data processing _system. The 
invention incoxporates e1ements for heat dissipation and 
structural support as needed for the silicon integrated 
circuit chips. Lastly, the inventi<>J;l efficiently and 
effective1y utilizes new technologies, such as the 
dendrite interconnection and flexible low die1ectric 
po1yimid interconnects, to create a dense but serviceable 
multiple chip module struct~. 

The invention has been described and i11ustrated 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. 
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Claims 

1. · A lllUl.tiple chip package, comprising: 

multiple first level modules, the first level 

modules enclosing a chip within a-first support_means for 

·eiectrical1y i:outing chip input/output connections from a 

first p1ane, defined by pads on the chip, to .a second 

plane, orthogonal to the first p1ane; 

first contacts of the first level modules 

distributed in the second plane on the first support 

means; 

means for forming second level modules, the second 
I 

level modul.es enclosing multiple first level modu1es 

within a second support means for routing connections 

with the first contacts of multiple first level modules 

in the second plane to positions coplanar with the first 

plane; and 

second co~tacts of the second level modules situated 

coplanar with the first plane on the second suppore 

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 
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third contacts· of the third 1eve1 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 patteni of electrical wiring •. 

4. The apparatus recited in cl.aim. 3, wherein the second 

support means further compr:i.ses a first printed circuit 

board structure with an attached pattern of electrical 

wiring. 

s. 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 f:irst 

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 st~cture with an attached pattern of electrical 

wiring. 
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9. The apparatus recited in claim 8 # wherein the first 
contacts of the first level modul.es are connected. by 

solder to the pattern of the electrical wiring on the 

second support means. 

10. The apparatus recited in c1aim 8 # wherein the first 
·eontacts of the first 1evel modules are connected by 

solder to the pattern of the electrical wiring on the 

first printed circuit board structure,. 

11. The apparatus recited in cl.a:im . 7, wherein the third 

support means comprises a flexible polymer with an 
attached pattern of electrical wiring. 

i 

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 -0f 
electrica1 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 ~endrites 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: 
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enclosing multiple first level modu1es within a 
second support media, the first 1eve1 modules 
characterized in their having: 

a first support Edi.a enclosing a chip to 
electrically route chip input/output 
connections from a first plane, defined by pads 
on the chip, to a second p1.ane, orthogonal to 
the first planei 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 mo~ules.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 
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. orienting third contacts on the third support media 

of the third 1evel module to be coplanar with the second 

plane. 


