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(57) ABSTRACT 

A rnulti-chip module includes a housing having insulative 
side Walls and an end plate, conductive leads extending from 
the side Walls, integrated circuit (IC) dies mounted to the end 
plate, and one or more interconnect dies mounted to the end 
plate. The end plate is made from a heat sink material, such 
as copper. Each interconnect die is positioned betWeen a pair 
of the IC dies. Electrically conductive material connects the 
IC dies to the interconnect die, connects the IC dies to the 
conductive leads, and connects the interconnect dies to the 
conductive leads. The interconnect dies function to inter 
connect the IC dies and to interconnect the IC dies to the 
conductive leads. The interconnect die may be embodied by 
Wiring layers formed on a silicon substrate. 
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MULTI-CHIP MODULE HAVING INTERCONNECT 
DIES 

RELATED APPLICATIONS 

[0001] This application is related in subject matter to US. 
Application Ser. No. 08/208,586, entitled “Prefabricated 
Semiconductor Chip Carrier”, ?led Mar. 11, 1994, and 
expressly incorporated by reference herein, and to US. 
Application Ser. No. 08/487,103, entitled “Semiconductor 
Die Carrier Having Double-Sided Die Attach Plate”, ?led 
Jun. 7, 1995, and expressly incorporated by reference herein. 
Furthermore, this application is related to several other 
patent applications Which are commonly oWned by the 
Assignee of this application. Those related applications are: 
US. Design Patent Application, serial number 
(Attorney docket number 040879-5076) entitled Computer 
Cabinet, US. Patent Application, serial number 
(Attorney docket number 040879-5077) entitled Cooling 
System for Semiconductor Die Carrier, US. Patent Appli 
cation, serial number (Attorney docket number 
040879-5079) entitled Interface OptimiZed Computer Sys 
tem Architecture, and US. Patent Application, serial 
number (Attorney docket number 040879-5081) 
entitled Decorative Panel for Computer Enclosure, all of 
Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a multi-chip mod 
ule and, more particularly, to a multi-chip module that 
includes one or more interconnect dies for interconnecting 
integrated circuit (IC) dies in the multi-chip module and for 
interconnecting the IC dies to the leads of the multi-chip 
module. 

[0004] 2. Description of the Prior Art 

[0005] Operation speed continues to be one of the main 
selling points for electronic systems, such as computers and 
other data processing equipment. Increases in operation 
speed lead to expanded capabilities in graphics, communi 
cations, and database applications, to name just a feW. One 
Way of increasing the operation speed of an electronic 
system is to increase the speed of the IC dies used in the 
electronic system. To date, a great deal of effort has been 
focused on developing improved designs and architectures 
for increasing the operation speed of the IC dies. 

[0006] Several factors besides IC die design affect opera 
tion speed in modem electronic systems. For a given archi 
tecture, the temperature at Which an IC die is operated affects 
its operation speed. In general, a cool IC die may be reliably 
operated at higher speeds than a hot IC die. Modern high 
speed dies have demanding cooling requirements, and future 
designs are likely to be even more demanding. Accordingly, 
the ability to cool IC dies is an important factor in obtaining 
reliable, high speed operations of electronic systems. 

[0007] In addition, as the operation speeds of IC dies 
increase, the propagation delay of signals passing betWeen 
IC dies in the electronic system becomes signi?cant. Propa 
gation delay increases as the length of the Wiring path 
betWeen IC dies increases. HoWever, simply locating IC dies 
closer together to reduce the Wiring path betWeen the IC dies 
presents several dif?culties. For one thing, con?gurations 
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With a high concentration of IC dies are dif?cult to cool. 
Therefore, any reduction in propagation delay may be more 
than offset by a reduction in the operating speed of the IC 
dies. 

[0008] Multi-chip modules, Which are sometimes referred 
to as multi-chip carriers, have been proposed as a Way to 
miniaturiZe electronic systems. Multi-chip modules are 
semiconductor die carriers that house multiple semiconduc 
tor IC dies. The multi-chip modules generally include an 
insulative housing that protects and supports the IC dies and 
a plurality of leads that extend from the housing to couple 
electrical signals to and from the IC dies. The IC dies are 
active components, such as a microprocessor die and a static 
random access memory (SRAM) die. 

[0009] In conventional multi-chip modules, the insulative 
housing holds the IC dies in one of tWo different arrange 
ments. In a ?rst arrangement, the IC dies are mounted 
back-to-back to an insulative substrate. Alternatively, the IC 
dies are mounted side-by-side on a planar substrate. 

[0010] The back-to-back arrangement has several de? 
ciencies. For example, the back-to-back arrangement limits 
the number of IC dies that may be housed in a single 
package. In addition, the back-to-back arrangement does not 
permit efficient interconnection betWeen the IC dies Within 
the housing or the ef?cient transfer of heat aWay from the IC 
dies. Moreover, in the back-to-back arrangement, the back 
of the dies are mounted to the interior of the module. This 
effectively traps heat in the module and, thus, limits the 
operation speed of the IC dies. 

[0011] In the side-by-side arrangement, the IC dies in the 
multi-chip module are interconnected by a multilayer 
ceramic or multilayer printed circuit board (PCB) intercon 
nectors. HoWever, the ceramic and PCB interconnectors are 
relatively expensive to manufacture. In addition, these inter 
connectors typically require numerous layers, Which not 
only adds to the expense, but block the transfer of heat from 
the IC dies to the exterior of the multi-chip module, thereby 
preventing effective cooling of the IC dies. Because these 
interconnectors typically require numerous layers PCB siZe, 
as Well as pad and trace siZe become an issue. 

[0012] Accordingly, there exists a need in the art to 
provide an economical multi-chip module that supports high 
speed applications 

SUMMARY OF THE INVENTION 

[0013] The present invention has been made in vieW of the 
above circumstances and has as an object to provide a 
multi-chip module having an inexpensive and reliable inter 
connect system. 

[0014] A further object of the present invention is to 
provide a multi-chip module that effectively supports high 
speed applications. 
[0015] A further object of the invention is to provide a 
multi-chip module capable of ef?ciently transferring heat 
from the integrated circuit dies housed Within the multi-chip 
module to the outside of the multi-chip module. 

[0016] A further object of the invention is to provide a 
multi-chip module in Which the die interconnect component 
includes logic for selectively routing signals betWeen the 
integrated circuit dies mounted in the multi-chip module. 
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[0017] A further object of the invention is to provide a 
multi-chip module in Which the integrated circuit die inter 
connect component has substantially the same thermal 
expansion coef?cient as the integrated circuit dies. 

[0018] Additional objects and advantages of the invention 
Will be set forth in part in the description Which folloWs, and 
in part Will be obvious from the description, or may be 
learned by practice of the invention. The objects and advan 
tages of the invention Will be realiZed and attained by means 
of the elements and combinations particularly pointed out in 
the appended claims. 

[0019] To achieve the objects and in accordance With the 
purpose of the invention, as embodied and broadly described 
herein, the invention comprises a multi-chip module for 
housing multiple integrated circuit dies that includes a 
housing, a plurality of electrically conductive leads held in 
the housing, ?rst and second integrated circuit dies mounted 
Within the housing, and an interconnect die mounted Within 
the housing betWeen the ?rst and second integrated circuit 
dies. Each of the conductive leads includes an internal lead 
section extending Within the housing and an external lead 
section extending outside of the housing. The interconnect 
die is electrically connected to the internal lead section of at 
least one of the electrically conductive leads. The intercon 
nect die transmits signals betWeen the ?rst integrated circuit 
die, the second integrated circuit die, and the at least one 
conductive lead. 

[0020] In one preferred embodiment, the interconnect die 
receives signals from the ?rst integrated circuit die and 
outputs the received signals to the second integrated circuit 
die, and receives signals from the at least one conductive 
lead and outputs the received signals to at least one of the 
?rst and second integrated circuit dies. 

[0021] The housing may include a plurality of insulative 
side Walls that de?ne at least a portion of the exterior surface 
of the housing, With the plurality of conductive leads held in 
the side Walls, for example, in multiple, vertically-spaced 
tiers. The insulative side Walls may receive the conductive 
leads in a plurality of tombstone-shaped openings. 

[0022] The housing may further include an end plate 
joined to the insulative side Walls, the end plate being 
formed of a heat sink material, such as copper. The ?rst and 
second integrated circuit dies and the interconnect die may 
be mounted to the end plate. 

[0023] The interconnect die may include a silicon sub 
strate, a plurality of bonding pads, and Wiring layers con 
necting pairs of the bonding pads. The interconnect die may 
include only passive components and the ?rst and second 
integrated circuit dies may include active components. 

[0024] The invention further comprises a multi-chip mod 
ule for housing multiple integrated circuit dies that includes 
a housing having a plurality of insulative side Walls and an 
end plate, Where the end plate joined to the side Walls to 
de?ne a cavity. A plurality of electrically conductive leads 
are held in the side Walls, each of the conductive leads 
includes an internal lead section extending Within the cavity 
and an external lead section extending outside of the hous 
ing. A plurality of integrated circuit dies and a plurality of 
interconnect dies are mounted to the end plate Within the 
cavity. Each interconnect die is positioned adjacent to at 
least tWo of the plurality of integrated circuit dies. Electri 
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cally conductive material electrically connects the electri 
cally conductive leads, the integrated circuit dies, and the 
interconnect dies. 

[0025] The electrically conductive material may couple 
(1) at least one of the interconnect dies to the internal lead 
section of at least one of the conductive leads, (2) at least one 
of the integrated circuit dies to the internal lead section of at 
least one other of the conductive leads, and (3) the integrated 
circuit dies to the interconnect dies. At least one of the 
interconnect dies may receive signals from at least one of the 
integrated circuit dies and output the received signals either 
to the electrically conductive leads or to another of the 
integrated circuit dies. 

[0026] At least one of the interconnect dies may comprise 
a ?rst bonding pad electrically coupled to a ?rst one of the 
integrated circuit dies by the electrically conductive mate 
rial, a second bonding pad electrically coupled to either a 
second one of the integrated circuit dies or one of the 
electrically conductive leads by the electrically conductive 
material, and a Wiring path coupling the ?rst bonding pad to 
the second bonding pad. 

[0027] A?rst one of the interconnect dies may comprise a 
?rst bonding pad electrically coupled to a ?rst one of the 
integrated circuit dies by the electrically conductive mate 
rial, a second bonding pad electrically coupled to a third 
bonding pad of a second one of the interconnect dies by the 
electrically conductive material, and a Wiring path coupling 
the ?rst bonding pad to the second bonding pad. The second 
one of the interconnect dies may comprise the third bonding 
pad, a fourth bonding pad electrically coupled to either a 
second one of the integrated circuit dies or one of the 
conductive leads by the electrically conductive material, and 
a Wiring path coupling the third bonding pad to the fourth 
bonding pad. 

[0028] The invention further comprises a multi-chip mod 
ule for housing multiple integrated circuit dies including a 
housing having a plurality of insulative side Walls and an end 
plate joining the side Walls to de?ne a cavity, a plurality of 
electrically conductive leads held in the side Walls, ?rst, 
second, third, and fourth integrated circuit dies mounted to 
the end plate Within the cavity, ?rst, second, third, and fourth 
interconnect dies mounted to the end plate Within the cavity, 
and electrically conductive material coupling the conductive 
leads and the interconnect dies, the conductive leads and the 
integrated circuit dies, and the integrated circuit dies and the 
interconnect dies. Each of the conductive leads include an 
internal lead section extending Within the cavity and an 
external lead section extending outside of the housing. In 
addition, the ?rst interconnect die is mounted betWeen the 
?rst and second integrated circuit dies, the second intercon 
nect die mounted betWeen the second and third integrated 
circuit dies, the third interconnect die mounted betWeen the 
third and fourth integrated circuit dies, and the fourth 
interconnect die mounted betWeen the ?rst and fourth inte 
grated circuit dies. 

[0029] Each of the interconnect dies may comprise a 
silicon substrate. The housing may include four side Walls 
joined together in a rectangular shape and the ?rst, second, 
third, and fourth integrated circuit dies may be mounted to 
the end plate adjacent the comers of the side Walls, respec 
tively. The interconnect dies may be rectangular-shaped, 
With the ?rst and third interconnect dies positioned end-to 
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end With respect to each other and the second and fourth 
interconnect dies positioned end-to-end With respect to each 
other and separating the ?rst and third interconnect dies. 

[0030] It is to be understood that both the foregoing 
general description and the following detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
embodiment(s) of the invention and together With the 
description, serve to eXplain the principles of the invention. 

[0032] FIG. 1 illustrates an embodiment of a multi-chip 
module in accordance With the present invention, in Which 
IC dies are coupled to leads projecting from the multi-chip 
module. 

[0033] FIG. 2 provides a partial cross-sectional vieW of 
the multi-chip module shoWn in Figure 

[0034] FIG. 3 provides a detailed vieW of the cross 
sectional vieW of FIG. 2. 

[0035] FIG. 4 provides a detailed vieW of a side Wall of a 
multi-chip module according to the present invention. 

[0036] FIG. 5 illustrates one embodiment of an end plate 
of a multi-chip module according to the present invention. 

[0037] FIG. 6 illustrates a lead for use in a multi-chip 
module according to the present invention. 

[0038] FIG. 7 illustrates an embodiment of an intercon 
nect die 400. 

[0039] FIGS. 8 and 9 provide a detailed illustration of an 
interconnect die 400. 

[0040] FIG. 10 illustrates one arrangement of bonding 
pads on an interconnect die 400 that may be used consistent 
With the present invention. 

[0041] FIG. 11 illustrates one Way of interconnecting IC 
dies using the interconnect dies shoWn in FIG. 10. 

[0042] FIG. 12 illustrates a farther embodiment of a 
multi-chip module in accordance With the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0043] Reference Will noW be made in detail to the present 
eXemplary embodiment(s) of the invention illustrated in the 
accompanying draWings. Wherever possible, the same ref 
erence numbers Will be used throughout the draWings to 
refer to the same or like parts. 

[0044] FIG. 1 illustrates an embodiment of a multi-chip 
module 10 according to the present invention. The multi 
chip module 10 includes multiple IC dies 100, a housing 
200, leads 300, one or more interconnect dies 400, and 
electrically conductive material 500 for electrically connect 
ing IC dies 100, leads 300, and interconnect dies 400. The 
multi-chip module may embody a cavity-doWn or ?ip-chip 
con?guration in Which, if the multi-chip module 10 Were 
mounted to a printed circuit board, the dies 100 and 400 
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Would face the printed circuit board. Of course, the multi 
chip module may be embodied in a cavity-up con?guration 
as Well. 

[0045] By Way of example, FIG. 1 shoWs four IC dies 
100-1, 100-2, 100-3, and 100-4. Of course, the multi-chip 
module 10 may include any plural number of IC dies 100. 
The IC dies 100 may be any active integrated circuit 
component. For eXample, the IC dies 100 may include one 
or more microprocessor dies; application speci?c integrated 
circuit (ASIC) dies; various sensor dies; memory dies, such 
as, but not limited to, dynamic random access memory 
(DRAM), static random access memory (SRAM), video 
random access memory (VRAM), electrically erasable pro 
grammable read-only memory (EEPROMs), and ?ash 
memory, among others; semiconductor lasers or LEDs; 
charge-coupled devices; or other processing, logic- and/or 
sensing dies, or any combination of these components. In 
one preferred embodiment, IC dies 100 comprise four 
SRAM dies. 

[0046] The housing 200 and leads 300 Will noW be 
described in detail With reference to FIGS. 2-6. It should be 
understood that the housing and lead arrangements may be 
applied not only to multi-chip modules but to single die 
carriers as Well. 

[0047] FIG. 2 provides a cross sectional vieW of the 
housing 200 and leads 300 of the multi-chip module 10. 
FIG. 3 is a detailed vieW of one end of FIG. 2. As shoWn 
in FIGS. 2 and 3, the housing 200 includes side Walls 210 
and an end plate 220. In one preferred embodiment, one or 
more of the side Walls 210 may include openings 212 formed 
therethrough for receiving leads 300. As best seen in FIG. 
4, the openings 212 are preferably shaped like tombstones, 
i.e., generally rectangular With tWo square comers opposite 
tWo rounded comers, to facilitate retention and accurate 
positioning of the leads 300. The openings 212 may be 
arranged in multiple, vertically spaced roWs. For eXample, 
tWo, three, or four or more vertically spaced roWs of 
openings 212 may be provided. As shoWn in FIGS. 2 and 
3, the openings 212 may be aligned vertically. Of course, the 
openings 212 in adjacent roWs may be staggered. 

[0048] In each roW, the openings 212 may be arranged in 
pairs, such that each pair of openings is spaced apart a 
distance greater than the distance that the openings 212 in 
each pair are spaced from each other. This spacing prefer 
ably corresponds to the spacing of the leads 300, Which 
facilitates bonding arrangements on a printed circuit board 
to Which the multi-chip module may be mounted. 

[0049] FIGS. 2 and 3 shoW that the inner surface of side 
Walls 210 may include steps 214 that are aligned With 
openings 212 for supporting and locating multiple tiers of 
leads 300. The side Walls 210 are preferably molded from an 
insulative, polymeric material, such as a liquid crystal 
polymer. One suitable liquid crystal polymer is VEC 
TRATM Which is available from Hoechst-Celanese. Of 
course, housing 200 may be made of any suitable organic or 
inorganic material or combination of materials. The open 
ings 212 may be molded into the side Walls 210 or may be 
formed after molding by removing material from the side 
Walls 210. 

[0050] The end plate 220 may be formed of the same 
material as the side Walls 210 and integrally molded With the 
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side Walls 210, or the end plate 220 may be formed sepa 
rately and then attached. The thickness of the end plate 220 
may be uniform. Alternatively, as shown for example in 
FIG. 5, the periphery of the end plate 220 may include a step 
222 and a narroWed peripheral portion 224. When molded 
into the side Walls 210, the narroWed peripheral portion 224 
increases the length of the interface betWeen the side Walls 
210 and the end plate 220, thereby more effectively pre 
venting moisture and other possible contaminants from 
entering the housing 200. 

[0051] In a preferred embodiment, the side Walls 210 and 
end plate 220 are made from different materials. For 
example, the end plate 220 may be made of a heat sink 
material or combination of materials, such as copper, copper 
With a diamond coating, copper With a black oxide coating, 
or other material(s) having a high thermal conductivity. The 
IC dies 100 and the interconnect dies 400 may be mounted 
directly to the end plate 220. This enables heat generated by 
the IC dies and the interconnect dies to be efficiently 
transferred to the exterior of the multi-chip module 10 
through the end plate 220. Cooling structure may be 
mounted to the opposite (external) side of the end plate 220. 
For example, cooling ?ns, a fan, an electrothermal cooling 
plate, or a combination of these features may be coupled to 
the external side of end plate 220. In one preferred embodi 
ment, the end plate 220 may be equipped With the cooling 
device disclosed in Us. Application No. [Attorney Docket 
No. 40879-5077], ?led concurrently hereWith, and incorpo 
rated by reference herein. 

[0052] FIG. 6 illustrates one embodiment of the conduc 
tive leads 300. As shoWn in FIG. 6, the conductive leads 300 
are preferably IL-shaped. The conductive leads 300 each 
include an internal lead section 310, a stabiliZing section 
320, and an external lead section 330. The internal lead 
section 310 resides inside the housing 200. The internal lead 
section 310 may be relatively narroW compared to the 
stabiliZing section 320 to facilitate insertion of the lead 300 
into the opening 212 of the housing 200. A sloping transi 
tional section 315 couples the internal lead section 310 to the 
stabiliZing section 320. Sloping transitional section 315 
prevents the lead from digging in upon insertion The internal 
lead section 310 includes a ?at bonding surface 312 for 
contacting the electrically conductive material 500. The 
bonding surface 312 may be plated With gold or another 
highly conductive material to ensure a reliable electrical 
connection. 

[0053] Stabilizing section 320 frictionally engages the 
inner Walls of housing 200 in opening 212. The strength of 
the frictional engagement may be sufficient to retain lead 
300 in housing 200. Alternatively, the leads 300 may be 
bonded to the housing 200 using a suitable adhesive. In a 
preferred embodiment, the stabiliZing section 320 has a 
rectangular cross section With its height greater than its 
Width. When the opening 212 is tombstone-shaped, the 
rounded comers of the opening 212 force the sides of 
stabiliZing section 320 against the ?at sides of the opening 
212, Which are opposite the rounded comers, to accurately 
position the lead 300 against the step 214. In addition, the 
comers of the stabiliZing section 320 of the lead 300 press 
into the rounded comers of the opening 212 to help secure 
the lead 300. 

[0054] The external lead section 330 extends from the side 
Wall 210 of the housing 200 and may have the same axial 
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dimensions as the stabiliZing section 320 to produce robust, 
rigid leads that inhibit bending. The leads 300 may be 
arranged in multiple, vertically spaced roWs or tiers through 
the side Walls 210. The tiers of leads 300 tiers are preferably 
aligned vertically. Within each tier, the leads 300 may be 
grouped into pairs such that the distance betWeen each pair 
of leads is greater than the distance betWeen each lead in a 
pair. This arrangement facilitates bonding pad design on a 
printed circuit board (PCB). The ends of external lead 
sections 330 may be shaped for surface mounting to bonding 
pads on the surface of a printed circuit board. Of course, the 
ends of the external lead sections 330 may be mounted to a 
printed circuit board or other substrate by other means, such 
as, for example, plated through hole (PTH) technology. 
[0055] The leads 300 are preferably stamped from a metal 
blank into an L-shape and then ?nished by machining. In 
this Way, the leads 300 are extremely rigid because they are 
not bent or designed to be bent during manufacture. 

[0056] The interconnect dies 400 function to transmit or 
route signals betWeen the IC dies 100 and/or betWeen an IC 
die 100 and a conductive lead 300. In this regard, an 
interconnect die 400 may form part of the electrical path 
betWeen tWo IC dies 100 or betWeen an IC die and a 
conductive lead 300. Of course, the signal path betWeen tWo 
IC dies 100 or betWeen an IC die 100 and a conductive lead 
300 may include tWo or more interconnect dies 400. In one 

preferred embodiment, the interconnect die 400 Will receive 
a signal from an IC die 100 or a conductive lead and output 
the signal to another IC die 100 or to a conductive lead 300. 
In this regard, the interconnect die 400 functions similar to 
a printed circuit board With Wiring traces. 

[0057] FIG. 7 illustrates one embodiment of an intercon 
nect die 400. As shoWn in FIG. 7, the interconnect die 400 
includes a substrate 410 and bonding pads 430. The bonding 
pads 430 may be provided in multiple roWs along the 
periphery of an upper face of the substrate 410 to facilitate 
connection to IC dies IOC, to other interconnect dies 400, 
and/or to the conductive leads 300 via conductive material 
500. As shoWn, the roWs of bonding pads 430 may be 
aligned or, alternatively, may be staggered. A plurality of 
conductive Wiring paths 420 (not shoWn) connect pairs of 
bonding pads 430. 
[0058] FIG. 8 and 9 provide a detailed illustration of an 
interconnect die 400. As shoWn in FIGS. 8 and 9, the 
interconnect die 400 includes conductive Wiring paths 420 
coupling pairs of bonding pads 430. The Wiring paths 420 
may be formed using multiple Wiring layers 422 formed on 
the substrate 410. One or more insulative layers 440 may be 
provided to insulate betWeen the Wiring layers 422. Contact 
holes 445 may be provided through the insulative layers 440 
to enable interlayer connection of the Wiring layers 422 
and/or connection of the Wiring layers 422 to the bonding 
pads 430. The interconnect dies 400 may be manufactured in 
the same Well knoWn manner as the Wiring and interconnect 
layers on IC dies. For example, the Wiring layers 422 may 
be deposited, for example, by chemical vapor deposition 
and/or sputtering, and the insulative layers 440 may be 
groWn or deposited. The Wiring layers 422 and insulative 
layers 440 may be patterned as necessary using knoWn photo 
or x-ray lithography techniques, for example, to form the 
various patterns and interlevel contacts. In this Way, the 
Wiring layers 422 may be formed as Wide as 2-4 pm or less, 
compared With about 25 pm of ceramic or PCB substrates. 



US 2002/0176238 A1 

[0059] The substrate 410 may be formed of silicon, gal 
lium arsenide, or another semiconductor material, or of an 
insulative material, such as glass. The conductive Wiring 
layers 422 may be formed of aluminum, copper, tungsten, 
titanium or alloys thereof, among other metals and metal 
alloys, or doped polysilicon Of course, the Wiring layers 420 
may be protected by various barrier layers, as is knoWn in 
the art. In a preferred embodiment, the substrate 410 is 
formed of silicon, Which has the same thermal eXpansion 
properties as the IC dies 100, and the Wiring layers 422 are 
made of copper With gallium arsenide. 

[0060] In one preferred embodiment, the interconnect dies 
400 are passive components, e.g., formed only of Wiring 
paths 420 coupling pairs of bonding pads 430. Alternatively, 
one or more of the interconnect dies 400 may include control 
logic and routing components to enable selective connection 
of various bonding pads. Also, one or more of the intercon 
nect dies 400 may include a built-in self-test feature. The 
routing components may comprise sWitching devices oper 
ated by the control logic that selectively connect pairs of 
bonding pads 430. For eXample, the control logic and 
routing components may comprise transistors formed in or 
on the substrate 410, such as in an epitaXial layer formed on 
the substrate 410. In this case, one or more of the bonding 
pads 430 may be used to receive control signals for supply 
to the control logic to enable selection of the routing paths 
on the interconnect die 400. 

[0061] Each interconnect die 400 may include a suf?cient 
number of interconnection arrangements for use With mul 
tiple different types of IC dies 100 and/or multiple locations 
Within the multi-chip module. Alternatively, several differ 
ent interconnect die designs may be used depending on the 
function to be performed by the die. FIG. 10 illustrates an 
embodiment of an interconnect die 400 in Which the bonding 
pads 430 are arranged in pad groups 430-n, for eXample, ten 
pad groups 430-1 to 430-10. The pad groups 430-n may be 
arranged to perform multiple different interconnect func 
tions depending on the location of the die Within the multi 
chip module 10. For eXample, the ten pad groups 430-1 to 
430-n may be arranged to support tWo separate functions, 
Which Will be referred to as an A function and a B function. 
An interconnect die connected to perform an A function Will 
be referred to as an interconnect die 400-A and an intercon 
nect die connected to perform a B function Will be referred 
to as an interconnect die 400-B. 

[0062] Interconnect die 400-A uses pad groups 430-2, 
4304 and 430-5 to complete interconnections betWeen tWo 
IC dies 100. Interconnect die 400-B uses pad groups 430 
1430-3, 430-6, 430-7, and 430-8 to complete interconnec 
tion of control signals betWeen tWo IC dies. Pad groups 
430-9 and 430-10 provide poWer and ground connections to 
pad group 430-8. Pad group 430-5 provides, for eXample, 54 
connections to the leads 300. To reduce congestion of Wires 
on the printed circuit board to Which the multi-chip module 
10 may be connected, over?oW Wires from pad group 430-5 
may be coupled to pad group 430-9 and 430-10. 

[0063] Each poWer and ground pad of the IC dies 100 may 
be bonded to tWo bonding pads on the interconnect dies 400. 
The poWer and ground pads of the interconnect dies 400 may 
then be double-bonded to the leads 300. Within the inter 
connect dies 400, the poWer/ground lines may be separate 
from one another to provide an added measure of ?exibility 
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and to reduce lead and packaging inductance. The intercon 
nect dies 400 may include NC pads (“No Connect” pads—a 
land to attached one bridge panel to promote jumpering 
betWeen another pad Which is harder to bond) for Which 
there is no connection. These pads may be provided to match 
NC pads of the IC dies 100 to give the best bonding angles. 
Not all of the bonding pads of the interconnect dies 400 need 
to be connected. Bonding pads may be left unconnected 
Without interfering With the operation of other bonding pads 
that are connected. 

[0064] As shoWn in Figure 11, pads of pad group 430-S 
serve a different purpose in interconnect dies 400-1B and 
400-3B as they do in interconnect dies 400-2A and 400-4A. 
For eXample, the bonding pads of pad group 5 may be used 
by interconnect dies 400-2A and 4004A to connect to leads 
300. In contrast, the bonding pads of pad group 8 may be 
used by interconnect dies 400-1B and 400-3B to connect to 
leads 300. As a further eXample, poWer pads 4, 5 of IC die 
100-1 may be coupled to bonding pads 56, 58 and 60, 62, 
respectively, of interconnect die 400-2A. Bonding pads 56, 
58, 60, and 62 then couple to bonding pads f1, f2, f3, and f4, 
respectively, of interconnect die 400-2A. Bonding pads f1, 
f2, f3, and f4 of interconnect die 400-2A couple to bonding 
pads fR1, fR2, fR3, and fR4, respectively, of interconnect 
die 400- 1B. Bonding pads fR1, fR2, f3, and fR4 intercon 
nect die 400-1B couple to bonding pads f1, f2, f3, and f4, 
respectively, of interconnect die 400-1B, Which in turn 
couple to leads 300. The other IC dies 100-2, 100-3, and 
100-4 may be similarly connected through the interconnect 
dies. In a situation Were the use of several packages With 
multiple bonding and board traces is necessary, this arrange 
ment serves to reduce the number of bond Wires from the 
interconnect dies 400 to the leads 300. 

[0065] Returning to FIG. 1, the IC dies 100, the leads 300, 
and the interconnect dies 400 are interconnected using 
conductive material 500. The conductive material 500 may 
include Wire bonding, tape automated bonding, or other Well 
knoWn bonding methods. FIG. I shoWs that the four inter 
connect dies 400 are arranged such that interconnect die 
400-2 and interconnect dies 400-3 are end-to-end and sepa 
rate interconnect dies 400-1 and 400-4. This arrangement 
facilitates interconnections betWeen the interconnect dies 
400. Alternatively, a ?fth interconnect die 400-5 may be 
provided at the intersection of the four interconnect dies 
400-1, 400-2, 400-3, and 400-4, such that a side of the ?fth 
interconnect die 400-5 is adjacent a side of each of the other 
four interconnect dies. 

[0066] The multi-chip module 10 may be ?nished by 
encapsulating and/or capping to enclose and seal the interior 
of the module 10. Under?ll or underside heat sinks may also 
be added. In one preferred embodiment. the multi-chip 
module 10 includes four SRAM IC dies, for eXample, 
Galvantech model number GVT71256E18Z, and four inter 
connect dies 400 mounted in a housing 200 With 516 leads 
300 extending from the side Walls thereof in three, verti 
cally-spaced tiers. 

[0067] FIG. 12 illustrates a further embodiment of a 
multi-chip module 20 in accordance With the present inven 
tion. Multi-chip module 20 is similar to multi-chip module 
10 described above, but includes a different number and 
arrangement of IC dies 100 and interconnect dies 400. As 
shoWn in FIG. 12, the multi-chip module 20 includes nine 
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IC dies 100-1, 100-2, 100-3, 100-4, 100-5, 100-6, 100-7, 
100-8, and 100-9. The IC dies 100 are connected by eight 
interconnect dies 400-1, 400-2, 400-3, 400-4, 400-5, 400-6, 
400-7, and 400-8. Interconnect dies 400-1, 400-2, 4004, 
400-5, 400-7, and 400-8 may be relatively small dies inter 
posed betWeen pairs of IC dies. Interconnect dies 400-3 and 
400-6 may extend from one side of housing 200 to another 
to thus divide the IC dies into three groups. In this Way, the 
number of interconnections betWeen IC dies and intercon 
nect dies may be reduced to simplify manufacture. Thus, IC 
interconnect dies may be utiliZed in multiple applications. 

[0068] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made Without 
departing from the scope or spirit of the invention. Other 
embodiments of the invention Will be apparent to those 
skilled in the art from consideration of the speci?cation and 
practice of the invention disclosed herein. For example, the 
multi-chip module may include any plural number of IC dies 
and at least one interconnect die, and different arrangements 
of IC dies and interconnected dies can be used and are 
intended to be Within the scope of the invention. It is 
intended that the speci?cation and examples be considered 
as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims. 

What is claimed is: 
1. A multi-chip module for housing multiple integrated 

circuit dies comprising: 

a housing; 

a plurality of electrically conductive leads held in said 
housing, each of said conductive leads including an 
internal lead section extending Within said housing and 
an external lead section extending outside of said 
housing; 

?rst and second integrated circuit dies mounted Within 
said housing; and 

an interconnect die mounted Within said housing betWeen 
said ?rst and second integrated circuit dies, said inter 
connect die being electrically connected to the internal 
lead section of at least one of said electrically conduc 
tive leads, Wherein said interconnect die transmits 
signals betWeen said ?rst integrated circuit die, said 
second integrated circuit die, and said at least one 
conductive lead. 

2. Amulti-chip module according to claim 1, Wherein said 
interconnect die receives signals from said ?rst integrated 
circuit die and outputs the received signals to said second 
integrated circuit die, and receives signals from said at least 
one conductive lead and outputs the received signals to at 
least one of said ?rst and second integrated circuit dies. 

3. Amulti-chip module according to claim 1, Wherein said 
housing includes a plurality of insulative side Walls that 
de?ne at least a portion of the exterior surface of said 
housing and said plurality of conductive leads are held in 
said side Walls. 

4. Amulti-chip module according to claim 3, Wherein said 
conductive leads extend through said side Walls in multiple, 
vertically-spaced tiers. 

5. Amulti-chip module according to claim 3, Wherein said 
insulative side Walls include a plurality of tombstone-shaped 
openings for receiving said conductive leads. 
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6. A multi-chip module according to claim 3, Wherein said 
housing further comprises an end plate joined to said insu 
lative side Walls, said end plate being formed of a heat sink 
material. 

7. Amulti-chip module according to claim 6, Wherein ?rst 
and second integrated circuit dies and said interconnect die 
are mounted to said end plate. 

8. A multi-chip module according to claim 7, Wherein said 
end plate comprises copper. 

9. A multi-chip module according to claim 1, Wherein said 
interconnect die comprises a silicon substrate, a plurality of 
bonding pads, and Wiring layers connecting pairs of said 
bonding pads. 

10. A multi-chip module according to claim 1, Wherein 
said interconnect die comprises only passive components 
and said ?rst and second integrated circuit dies comprise 
active components. 

11. A multi-chip module according to claim 1, Wherein 
said ?rst integrated circuit die is electrically connected to the 
internal lead section of at least a ?rst one of said electrically 
conductive leads and said second integrated circuit die is 
electrically connected to the internal lead section of at least 
a second one of said electrically conductive leads. 

12. A multi-chip module for housing multiple integrated 
circuit dies comprising: 

a housing including a plurality of insulative side Walls and 
an end plate, said end plate joined to the side Walls to 
de?ne a cavity; 

a plurality of electrically conductive leads held in said 
side Walls, each of said conductive leads including an 
internal lead section extending Within the cavity and an 
external lead section extending outside of said housing; 

a plurality of integrated circuit dies mounted to said end 
plate Within the cavity; 

a plurality of interconnect dies mounted to said end plate 
Within the cavity, each said interconnect die positioned 
adjacent to at least tWo of said plurality of integrated 
circuit dies; and 

electrically conductive material electrically connecting 
said electrically conductive leads, said integrated cir 
cuit dies, and said interconnect dies. 

13. A multi-chip module according to claim 12, Wherein 
said electrically conductive material couples (1) at least one 
of said interconnect dies to the internal lead section of at 
least one of said conductive leads, (2) at least one of said 
integrated circuit dies to the internal lead section of at least 
one other of said conductive leads, and (3) said integrated 
circuit dies to said interconnect dies. 

14. A multi-chip module according to claim 12, Wherein 
at least one of said interconnect dies receives signals from at 
least one of said integrated circuit dies and outputs the 
received signals either to the electrically conductive leads or 
to another of said integrated circuit dies. 

15. A multi-chip module according to claim 12, Wherein 
at least one of said interconnect dies comprises: 

a ?rst bonding pad electrically coupled to a ?rst one of 
said integrated circuit dies by said electrically conduc 
tive material; 

a second bonding pad electrically coupled to a second one 
of said integrated circuit dies by said electrically con 
ductive material; and 
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a Wiring path coupling said ?rst bonding pad to said 
second bonding pad. 

16. A multi-chip module according to claim 12, wherein 
at least one of said interconnect dies comprises: 

a ?rst bonding pad electrically coupled to one of said 
integrated circuit dies by said electrically conductive 
material; 

a second bonding pad electrically coupled to one of said 
electrically conductive leads by said electrically con 
ductive material; and 

a Wiring path coupling said ?rst bonding pad to said 
second bonding pad. 

17. A multi-chip module according to claim 12, Wherein: 

a ?rst one of said interconnect dies comprises a ?rst 
bonding pad electrically coupled to a ?rst one of said 
integrated circuit dies by said electrically conductive 
material, a second bonding pad electrically coupled to 
a third bonding pad of a second one of said interconnect 
dies by said electrically conductive material, and a 
Wiring path coupling said ?rst bonding pad to said 
second bonding pad; and 

the second one of said interconnect dies comprises the 
third bonding pad, a fourth bonding pad electrically 
coupled to a second one of said integrated circuit dies 
by said electrically conductive material, and a Wiring 
path coupling said third bonding pad to said fourth 
bonding pad. 

18. A multi-chip module according to claim 12, Wherein: 

a ?rst one of said interconnect dies comprises a ?rst 
bonding pad electrically coupled to one of said inte 
grated circuit dies by said electrically conductive mate 
rial, a second bonding pad electrically coupled to a 
third bonding pad of a second one of said interconnect 
dies by said electrically conductive material, and a 
Wiring path coupling said ?rst bonding pad to said 
second bonding pad; and 

the second one of said interconnect dies comprises the 
third bonding pad, a fourth bonding pad electrically 
coupled to one of said electrically conductive leads by 
said electrically conductive material, and a Wiring path 
coupling said third bonding pad to said fourth bonding 
pad. 

19. A multi-chip module according to claim 12, Wherein 
said end plate comprises a heat sink material. 

20. A multi-chip module according to claim 19, Wherein 
said end plate comprises copper. 

21. A multi-chip module according to claim 12, Wherein 
each of said interconnect dies comprises a silicon substrate. 

22. A multi-chip module according to claim 12, Wherein 
said interconnect dies comprise only passive components 
and said integrated circuit dies comprise active components. 
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23. A multi-chip module according to claim 12, Wherein 
said conductive leads eXtend through said side Walls in 
multiple, vertically-spaced tiers. 

24. A multi-chip module for housing multiple integrated 
circuit dies comprising: 

a housing including a plurality of insulative side Walls and 
an end plate joined to the side Walls to de?ne a cavity; 

a plurality of electrically conductive leads held in said 
side Walls, each of said conductive leads including an 
internal lead section extending Within the cavity and an 
eXternal lead section eXtending outside of said housing; 

?rst, second, third, and fourth integrated circuit dies 
mounted to said end plate Within the cavity; 

?rst, second, third, and fourth interconnect dies mounted 
to said end plate Within the cavity, said ?rst intercon 
nect die mounted betWeen said ?rst and second inte 
grated circuit dies, said second interconnect die 
mounted betWeen said second and third integrated 
circuit dies, said third interconnect die mounted 
betWeen said third and fourth integrated circuit dies, 
and said fourth interconnect die mounted betWeen said 
?rst and fourth integrated circuit dies; and 

electrically conductive material coupling said conductive 
leads and said interconnect dies, said conductive leads 
and said integrated circuit dies, and said integrated 
circuit dies and said interconnect dies. 

25. A multi-chip module according to claim 24, Wherein 
said end plate comprises a heat sink material. 

26. A multi-chip module according to claim 25, Wherein 
said end plate comprises copper. 

27. A multi-chip module according to claim 24, Wherein 
each of said interconnect dies comprises a silicon substrate. 

28. A multi-chip module according to claim 24, Wherein 
said interconnect dies comprise only passive components 
and said plurality of integrated circuit dies comprise active 
components. 

29. A multi-chip module according to claim 24, Wherein 
said conductive leads eXtend through said side Walls in 
multiple, vertically-spaced tiers. 

30. A multi-chip module according to claim 24, Wherein 
housing includes four side Walls joined together in a rect 
angular shape and said ?rst, second, third, and fourth inte 
grated circuit dies are mounted to the end plate adjacent the 
corners of the side Walls, respectively. 

31. A multi-chip module according to claim 30, Wherein 
said interconnect dies are rectangular-shaped, and said ?rst 
and third interconnect dies are positioned end-to-end With 
respect to each other and said second and fourth interconnect 
dies are positioned end-to-end With respect to each other and 
separate said ?rst and third interconnect dies. 

* * * * * 


