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HIGH PERFORMANCE, LOW COST llUL'l'I-CBJ:P 

MODULE PACKAGE 

DESCRIPTION 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention qenerally relates to 
semiconductor chip packaqinq and, more_~articularly, 
to multi-chips packaqes and the interconnecting of 
the chips within the packaqe usinq thin film or 
internal substrate wirinq. 

Background Description 

There is a need in the semiconductor packaqinq 
industry for high performance, low cost, small size 
multi-chip module packaging technology. Current 
solutions such as or·ganic chip carriers, ceramic chip 
carriers or silicon chips on silicon substrates all 
have limitations related either to small size (as in 
quad flat packs where the interconnect to the next 
level is around the perimeter and takes up much 
space), limited thermal capability (ability to keep 
high power chips cool), or have a complex costly 
assembly process (with a separate base or stiffener, 
lids, covers and h~at sinks), or a combination of all 
three factors. 

A conventional module package is shown in Figure 
1 where a cross-section of a ·multi-chip "chip up" 
package of which only one chip is shown. An organic 
or ceramic substrate 1 with internal or surface . 
wiring (integral wiring) is shown with a silicon chip 



i 

2 

2. A lid or overmold 3 covers the substrate 1 and 
chip 2. A thermal adhesive 4 holds a heat sink 5 of 
cast or extruded aluminum to the lid 3. Thermal 
transfer of heat from the chip 2 to the lid 3 may be 
facilitated by a thermal grease 7 between the chip 2 
and lid 3. Underneath the substrate 1 there are 

·interconnect pins 6. Alternatively, columns or balls 
(not shown) can be used instead of pins. This package 
has a relatively complex assembly process with three 
parts; substrate/chip carrier, lid and heatsink. 

Figure 2 shows a cavity down module package, 
also known in the prior art. A downward cavity 13 is 
formed in an opening in the substrate 11. A slug 14 
having good thermal conductivity is shown molded into 
the substrate and spanning the width of the cavity 
13. Attached to the slug 14 on a side opposite the 
thermal adhesive 12 is a chip 15. A lid or overmold 
16 spans the length of the cavity and is attached to 
the substrate 11 on either side of the cavity. 
Interconnect pins 17 are attached to the bottom 
portion of the substrate as in the "chip up" package · 
described in Figure 1. A heatsink 18 of cast or 
extruded aluminum is attached using heat sink 
adhesive 12 to the opposite side of the substrate 11. 
This package also has a relatively complex assembly 
process again with multiple parts; substrate/chip 
carrier, lid, heat slug and heatsink. 

Figures 3A, 3B, and JC show a top view, a front 
view, and a side view, respectively, of a silicon on 
silicon multi-chip module known in the prior art. 
Chips 21 are wire bonded or flip-chip bonded to a 
silicon substrate 22. The silicon substrate has thin 
film wiring circuitry on its top surface 23 to which 
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the chips are connected and which interconnects the 
chips. Circuitry to be connected to the next level of 
assembly is routed to the perimeter of the silicon 
substrate and ls then jumped by wired bonds 24 to a 
stiffener/carrier base 25 that has either perimeter 
surface mount contacts like a quad flat pack 26 (as 
shown in Figure 3C) or pins 27 (as shown in Figure· · 
38). The overall package may then be covered with a 
lid 28 and, if required, a heat sink 29. Thermal 
grease 30 may also be used to enhance the thermal 
path. 

This package not only has a complex assembly 
process with many parts but also takes up a lot of 
space at the next level of assembly. A module package 
design that maintains qr improves the thermal and 

! 

electrical performance of current art while providing 
smaller size and lower cost is the goal of this 
invention. 

A single chip module has been developed using 
wire bonding techniques on a heat sink _which also 
acts as a substrate. See, for example, IBM Technical 
Disclosure Bulletin, Vol. 31, No. 11, April 1989. 
This technique is not applicable to multi-chip 
modules as it does not teach how to implement 
interchip wiring. The use of pins does not facilitate 
a dense interconnect structure as used in multi-chip 
production. The techniques also does not make use of 
flip-chip and thin film interconnect technologies. 

What is needed, therefore, is a multi-chip 
module design that improves both the efficiency of 
the prior art heatsinks, adds minimal cost, and can 
accommodate a variety of chip interconnect 
technologies. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present 
invention to provide a packaging technology which 
results in a low cost, high performance (thermal and 
electrical) package for multiple, high density chips. 

It is another object of the invention to provide 
a packaging technology that is simple .to manufacture 
(reduced st~ps, fewer parts) and small in size 
relative to current art. 

According to the invention, there is provided 
the ability to treat a conventional heat sink as a 
chip carrier package and provide a normal surface 
mountable module to the next level of assembly 
without ~he cost, size or performance impacts of ' . . 

current industry standard practice. The base 
substrate is a heat sink/stiffener .of cast or molded 
aluminum nitride, silicon carbide, or other material 
which can act as both a heat sink and substrate. 
Inter~onnection to a next level packaging is via 
solder balls or solder columns. Chip interconnection 
is via wire-bond or flip-chip via solder ball or 
column interconnect or thermal compression bonding or 
solder process for gold bumped wire/tab bond chips to 
permit flip-chip and wire/tab chips on the same 
substrate without the hig~ cost of redistribution and 
flip-chip bumping for the wire bond/tab chips. The 
gold bumps are thermo compression bonded to the 
substrate or joined with~ solder to_this advantage. 
Interconnect between chips on the module and to the 
.input/output connections (solder balls or columns) is 
via thin film wiring placed on the top surface of the 
heatsink/substrate or via multi-level ceramic wir~ng 
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laminated into the top layers of the 
heatsink/substrate. The circuit/chip side of the 
module is protected by an epoxy or similar material. 
In this structure, the number of parts and the 
assembly of those parts is greatly simpli~ied. 

· An alternative is to have a base substrate of 
thin films on silicon, diamond, aluminum or other 
suitable substrate material bonded to a heat 
sink/stiffener having a matched thermal coefficient 
of expansion. Interconnection is the same as if the 
base substrate was the heat sink/stiffener. In this 
structure, not only are there less parts and a 
simpler assembly process, but the resulting module is 
smaller. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing.and other objects, aspects and 
advantages will be better understood from the 
following detailed description of a preferred 
embodiment of the invention with reference to the 
drawings, in which: 

Figure 1 is cross-sectional view of a chip up 
substrate as it is known in the prior art; 

Figure 2 is a cross-sectional view of a cavity 
down substrate as it is known in the prior art; 

Figures 3A, 3B and 3C are, respectively, a top 
view, a front view and a side view of a silicon on 
silicon multi-chip module as it is known in the prior 
art; 

Figure 4 is a cross-sectional view of the 
structure of the present invention; and 

Figure 5 is a bottom view of the structure of 
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the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

Referring again to the drawings, and more 
particularly to Figure 4, there is shown a side view 
in cross section of the inventive structure. The heat 
sink 41 of cast or extruded aluminum or other 
suitable material also acts as the substrate. 
Interconnect wiring is on the bottom surface 42 of 
the heatsink/substrate 41. Multiple chips.43 are 
mounted directly on the heatsink/substrate 41,.by 
flip-chip, solder ball or gold bump interconnects or 
die bonding/wire bonding. An array of solder 
interconnects 44 (solder columns, solder balls or 
gold bumps) are attached to the same side of the 
heatsink/substrate 41 surrounding the chips 43 to 
create a space between the heatsink/substrate 41 and 
the next level of packaging ·(the printed circuit 
board, not shown) and act as the interconnect to the 
next level of packaging. 

Figure 5 shows a bottom view of the same multi­
chip structure as in Figure 4. This figure more 
clearly shows chips 43 of various sizes attached to 
the heatsink/substrate. An underfill or plastic may 
be used as required to strengthen bonding and protect 
the chips. 

In both conventional techniques and in this 
invention, chips are attached and electrically 
interconnected to the next level of packaging with 
the following industry standard options. 
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Wire Bond 

The chip •backside• is bonded to the substrate 

through the use of a die bond adhesive or a 
metallurgical (e.g., solder) joint. The electrical 
interconnection is then made by bonding sm~ll wires 

of gold or aluminum between pads on the chip and pads 

on the s~bstrate. The pads on the substrate ar~ 
connected via circuitry to other chips. The wiring on 

the module may be surface and/or internal wiring such 

as found on printed circuit cards or multi layer 

ceramic substrates or thin films that are deposited 

in multiple layers with insulation between the 

layers, similar to the interconnect circuitry on a 

chip, either directly on the substrate or transferred 

to the substrate as a •decal•. The interconnect to 
the next level.of packaging may be surface mount tabs 

extending from the sides of the package or pins, or 

in the preferred embodiment, solder balls or solder 

columns in an array format on the bottom of the 
package. 

Flip Chip 

Flip chips generally have an array of small pads 

across the circuitry side of the chip or in a pattern 
around the perimeter of the circuit side of the chip. 
To these pads is attached the interconnect •balls.• 
These balls may be made of solder, gold or other 
materials. The substrate has a matching set of pads 

to which the chip is placed and subsequently attached 

by use of solder, thermal bonding or an adhesive. The 
pads on the substrate to which the chip is attached 
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are interconnected and connected to the next level of 
packaging in a similar manner to the wire bond 
process above. 

With advanced silicon on silicon (or other 
substrate material such as aluminum or diamond) 
multi-chip module packages, the chips are die 
bo~ded/wire bonded or flip chip attached to the 
substrate and interconnected between chips and to the 
next level of interbonnect via thin film wiring as 
described above. Since silicon, diamond, alumina or 
other substrates lack mechanical strength, they are 
typically bonded to a ceramic carrier or interposer 
which provides both mechanical enhancement and the 
interconnect to the next packaging level via edge 
tabs or pins •. To electrically connect the substrate 
with chips to the carrier, perimeter wire bonding 
between pads on.the substrate and pads on the carrier 
is performed. The substrate/carrier assembly is then 
generally covered with a lid and, if required, a heat 
sink added to the lid (see Figure 4). 

The disclosed package eliminates the need for 
the substrate to carrier perimeter wire bonding 
operation since solder balls or solder columns 
attached directly to the substrate around the chips 
provides this function. The lid and heatsink assembly 
operations are also eliminated since the chips can be 
protected via epoxy or plastic encapsulation directly 
on the substrate (this is possible because the chips 
will be between the substrate and next level of 
assembly, a printed circuit card, and not facing_ up 
exposed to handling damage) and the disclosed 
stiffener/carrier is also the heatsink. 

In all cases, since the chips will be mounted on 
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the substrate/chip carrier on the same side as the 
interconnect to the next level, they will be situated 
between the chip carrier and the printed circuit 
card. If enhanced thermal performance is required, a 
thermal path could be provided between the chip 
backside (as in flip chip technology) and the printed 
circuit card via a metal •spring"' or thermally 
conductive elastomer or other known thermal 
enhancement technique. 

The unique aspects of this disclosure are the 
combination of thin film wirinq for chip to chip and 
input/output interconnect along with solder column or 
solder ball interconnect to the next level of 
assembly allowing the use of standard heatslnks as a 
single package component. Alternately, this 

; 
disclosure allows for the use of the other heat sink 
material including but not limited to cast or molded 
aluminum nitride, multi-layer ceramic substrates 
laminated to molded, cast or extruded heatsinks or 
ceramic, aluminum, or other suitable material, 
silicon, diamond or other substrate material 
laminated to suitable heat sink material. 

This co~ination provides a unique, low cost, 
small size, high performance multi-chip module 
package with potential for high demand across the 
electronics packaging industry. 

While the invention has been described in terms 
of preferred embodiments, those skilled in the art 

· will recognize that the invention can be practiced 
with modification within the spirit and scope of the 
appended claims. 
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CLAIMS 

Having thus described our invention, what we 
claim as new and desire to secure by Letters Patent 

is as follows: 

1. A high.performance multi-chip module package 

comprising: 
a combined heatsink and substrate, said heat 

sink substrate combination including 
integral wiring; 

an array of interconnects bonded to said heat 
sink substrate combination to connect to a 
next level of packaging; and 

chip interconnects bonded to said heat sink 
substrate combination. 

2 • The high performance multi-chip module package 
as recited in claim 1 wherein said integral wiring 
comprises surface wiring on said heat sink substrate 
combination, said surface wiring interconnecting said 
array of interconnects with said chip interconnects. 

3. The high performance multi-chip module package 
as recited in claim 2 wherein said chip interconnects 
are bonded by flip-chip connection. 

4. The high performance multi-chip module package 
as recited in claim 2 wherein said chip interconnects 
are wire bonded. 

5. The high performance multi-chip module package 
as recited in claim 2 wherein said chip interconnects 
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is selected from the group comprising flip chips and 

wirebonds. 

6 • The high performance multi-chip module package 
as recited in claim 1 wherein said integral wiring 
comprises embedded wiring in said heat sink substrate 
combination, said embedded wiring interconnecting 
.said array of interconnects with said chip 
interconnects. 

7. The high performance multi-chip module package 
as recited in claim 6 wherein said chip interconnects 
are bonded by flip-chip connection. 

8. The high performance multi-chip module package 
as recited in claim 6 wherein said chip interconnects 
are wire bonded. 

9. The high performance multi-chip module package 
as recited in claim 6 wherein said chip interconnects 
is selected from the group comprising flip chips and 
wirebonds. 

10. The high performance multi-chip module package 
as recited in claim 1 wherein said heat sink 
substrate combination comprises a heat sink glued to 
a substra~e, said integral wiring being a part of 
said substrate·. 
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11. The hiqh performance multi-chip module packaqe 
as recited in claim 1 further comprising an array of 
interconnects for connection to a next level of 
packaging, the array providing spacing to receive a 
chip-therein. 
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