MULTICHIP MODULE PACKAGE AND FABRICATION METHOD
TECHNICAL FIELD The present invention relates generally to
semiconductor packages, and more particularly to multichip module
packages and methods for the fabrication thereof BACKGROUND ART

The computer industry continually strives toward higher performance, lower
cost, iMIgasedHIIMMODIALE P ATIONEE AN FABRICRETEOPERKEDIQDIensity
of integrated circuits ("IC's"). As new generations of IC products are released,
their functionality increases while the number of components needed to
produce them decreases. Semiconductor devices are constructed from a
silicon ("Si") or gallium arsenid&CIEEAX). WafEPthrough a process that
comprises a number of deposition, masking, diffusion, etching, and
implahtingPEteans. Weeiin miglaiesndrieialy desvieesispadssiostriralstion thisl more

pSHNRRIEm M@ﬁﬁt%aﬁym@@% sePalatRdnte dndivididal sackrrgylar

units, each takes the form of an IC die. In order to interface a die with
other circuitry, it is common to mount it on a leadframe or on a multichip
module substrate that is surreueReRyENTYMRRET of lead fingers. Each die
has bonding pads that are then individually connected in a wire-bonding
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the reduction in the number of Components that are needed for a circuit. This

resulfTRIGRANKA I JAESY REctsaP dFectd reuB rApalieom forin faetatdifiRearsenide
(hysicphaize Brtghape asadadsmpihat aifimie £appasbnrffdikis, diffusion,

cniicant ingresse 1noverall I density, Howeyer, IC densiy contiuesio be
wafer. When the devices are separated into individual rectangular units, each takes the form
of an IC die.

In order to interface a die with other circuitry, it is common to mount it on a leadframe
or on a multichip module substrate that is surrounded by a number of lead fingers. Each die
has bonding pads that are then individually connected in a wire-bonding operation to the
leadframe's lead fingers using extremely fine gold (“Au”) or aluminum (“Al”) wires. The
assemblies are then packaged by individually encapsulating them in molded plastic or
ceramic bodies.

IC packaging technology has shown an increase in semiconductor chip density (the
number of chips mounted on a single circuit board or substrate) that parallels the reduction in
the number of components that are needed for a circuit. This results in packaging designs
that are more compact, in form factors (the physical size and shape of a device) that are more
compact, and in a significant increase in overall IC density. However, IC density continues
to be limited by several factors.

One factor that limits IC density is the space (or "real estate") available for mounting
individual dies on a substrate. Another limiting factor is the increasing need for higher and

higher heat dissipation due not only to the higher density IC integration levels, but also due to
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One factor that limits IC density is the space (or "real estate") available for

mounting individual dies on a substrate. Another limiting factor is the

increasing need for higher and higher heat dissipation due not only to the

higher density IC integration levels, but also due to the ever-increasing
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different chip sets to be integrated into a single package to provide
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_the various semiconductor devices therein. Thermally enhanced PBG
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adaptability of the package to additional packaging interfaces such as a PCB.

Unfortunately, existing multichip modules do not satisfactorily meet these
requirements. For example, existing MCM-EBGA designs employ a single heat sink plane
and therefore do not make different die backside electrical potentials available for the various

semiconductor devices therein. Thermally enhanced PBGA designs utilize a drop-in heat



spreader that accommodates high-power devices that need considerable
heat dissipation but cannot support certain different die backside potentials.
Thus, despite the advantages of recent developments in semiconductor
fabrication and packaging techniques, there is a continuing need for
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device is attached to the first heat sink in thermal and electrical
S AL TSR FCABY eI A cPB RS a g TSRt dNr PR BT BAYF Heng stired
thdssekianrd semicenductor device is attached to the second heat sink in
thermal and electrical communication therewith and electrically insulated from
the first heat sink. Certain embodiments of the invention have other
advantages in additiormirs OLOSRIRESON THISENVENIaoed above. The
advantages will become apparent to those skilled in the art from a reading of
the fdllowingedetailedide porptornwiramtatoe mahmittn iefesende¢bipheodule package.
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1is a figurative cross-sectional view of a multichip module package
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thermally coupled and electrically isolated to and from one another. A first semiconductor
device is attached to the first heat sink in thermal and electrical communication therewith and
electrically insulated from the second heat sink. A second semiconductor device is attached
to the second heat sink in thermal and electrical communication therewith and electrically
insulated from the first heat sink.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a figurative cross-sectional view of a multichip module package according to

an embodiment of the present invention; and



FIG. 2 is a flow chart of a method for fabricating a multichip module package
in accordance with an embodiment of the present invention. BEST MODE
FOR CARRYING OUT THE INVENTION In the following description,
numerous specific details are given to provide a thorough understanding of
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invention, some well-known package circuit configurations and fabrication
process steps are not disclosed in detail. Likewise, the drawings showing
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particularly, some of the dimensions are for the clarity of presentation and
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iifhe density qfintegrated circuit ("IC") packaging, by overcoming several of
the limiting factors related thereto. One such limiting factor is the space
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high density configurations. To further increase 1C packaging density,
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chip components is directly attac CM's mount and attach multiple
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k@ RIGNE N R RAGLRULIIHAIMNANOM part, to higher density IC integration levels and

the ever-increasing operating frequencies of semiconductor devices. Still another limiting
factor is the need to provide customized physical and electrical support for the differing needs
of the several semiconductor devices in such high density configurations.

To further increase IC packaging density, MCM packages have therefore been
developed in which more than one semiconductor device can be included in the same
package. These higher integration techniques provide for mixed signal packages that enable
higher functionality, allowing, for example, different chip sets to be integrated into a single

package to provide multifunctional performance. Some MCM’s consist of a printed circuit
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Unfortunately, existing multichip modules do not satisfactorily meet all the
requirements of complicated packaging designs. For example, existing MCM
enhanced ball grid array ("MCM-EBGA") designs employ a single heat sink
plane and therefore do not make different die backside electrical potentials
beaydilaBfeBiorstthstipagions sdrmicosrivitspaeiddesihieeeinpaisermadlirestiiatieelpd.
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accommodates high-power devices that need considerable heat dissipation
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an MCM package 100 according to an embodiment of the present invention.
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A solder mask 112 coats and covers the bottom of the substrate 108 and the
circuitry 110 thereon, in conventional fashion, to provide an electrical and
environmental barrier for the MCM package 100. Similarly, in known fashion,
solder balls 114 are attached to and supported on the solder mask 112 for
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fashion. An encapsulant 126 then seals the first semiconductor device
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additional encapsulant 126 electrically and environmentally seals the second
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100 is also such that a second, different electrical potential, such as a .
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now be seen that additional potentials of different voltages for additional
devices may similarly be supplied either by partitioning the heat sinks into
different segments, according to the locations of the several devices, by
providing additional heat sink layers,@r by combinations of both of these
solutions. Suitable external connections for applying these potentials to the
heat sinks that are internal to the MCM packages can be provided, for
example, through corresponding solder balls 114 and vias 116 connected
thereto, such as illustrated. Similarly, connections internally to the circuitry



package in a block 202; providing a second heat sink positioned proximate

the first heat sink in a block 204; thermally coupling and electrically isolating

the heat sinks to and from one another in a block 206; attaching a first
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theaNKineaokaizsh ol within thiehstope ofthrdindififieient cleiiaAfateatialrssuch as a
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|nter reted in an illustrative and non-limiting sense. THE INVENTION
IBIMEUER fhon AiReGH Ror abriBERY ™ fRHRA BRI Jakabehe second
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first h?z?s'ééilaﬁ iﬂﬂiﬁ‘&i@@é&@ﬂiﬁ&‘ﬁt%@l be seen that additional potentials of different

voltages for additional devices may similarly be supplied either by partitioning the heat sinks
into different segments, according to the locations of the several devices, by providing
additional heat sink layers, or by combinations of both of these solutions. Suitable external
connections for applying these potentials to the heat sinks that are internal to the MCM
packages can be provided, for example, through corresponding solder balls 114 and vias 116
connected thereto, such as illustrated. Similarly, connections internally to the circuitry 110 to
and from the various heat sinks can be provided, for example, by vias such as illustrated by
the via 118.

Referring now to FIG. 2, therein is shown a flow chart of a method 200 for fabricating
a multichip module package in accordance with an embodiment of the present invention. The

method 200 includes providing a first heat sink positioned for releasing heat from the



communication therewith and electrically insulated from the second heat sink;
and attaching a second semiconductor device to the second heat sink in
thermal and electrical communication therewith and electrically insulated from
the first heat sink. 2. The method of claim 1 further comprising: attaching a
Paghastrate i atle26Bcory idawt Shakood baet sidke Rhsreotdppositatehadririsstteat sink

isinkidroviding SleailiclpEauItH A tassHP HERteRMNID & Side thersahd from one

opposite the second heat sink; and electrically connecting the semiconductor
RRRTE AR A ISP BB SORHEIRR AR & IS L RGHAGR I thermal
andBlgyising connecitagoih ensemitonduciatialic st tbe it sespe clivenkddaht sink
inSi;? lﬁopzl\\( 388?'2%2 ri&%!%i%%ng ‘égéié’n es%ron)l(é/(')nductor device to the second heat sink in
thermal and electrical communication therewith and electrically insulated from the first heat
sink in a block 210.

Thus, it has been discovered that the MCM package fabrication method and apparatus
of the present invention furnish important and heretofore unknown and unavailable solutions,
capabilities, and functional advantages for increasing the integration of semiconductor device
packages, such as the BGA family of packages. More particularly, the present invention
provides improved package solutions that have enhanced thermal performance and that
simultaneously integrate and support multi-chipsets with different die backside potentials,
using electrically isolated heat spreaders. The resulting processes and configurations are thus
straightforward, economical, uncomplicated, highly versatile and effective, can be
implemented by adapting known technologies, and are thus readily suited for the highly
efficient manufacturing of highly integrated MCM packages using conventional
manufacturing processes and technologies.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the scope of the

included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



4. The method of claim 1 wherein providing a first heat sink and providing a
second heat sink further comprise providing heat sinks that are planar in two
substantially parallel planes. 5. The method of claim 1 further comprising

configuring the package for applying different electrical potentials respectively
TIHERY YiIFST HERY SihREMIERdShe second heat sink. 6. A method for fabricating

a multichip module package, comprising: providing a first heat sink positioned
for re}easingAH]éeéPWg%’fE‘?grfﬂERg é" ﬁf\l}’i%iﬁlf %u?e‘?:ac?ﬁagﬁe‘é%?ﬁﬁlﬂ%:sitioned

beneathvilenikstiise at sinklapas @aidhesive ky lbangebeth éretoththgrekady, coupling
and elecically, isolating dhe sitsla M ORe ARG s AAGHINGD Red
subs a(%e to‘?%nae secongl heasfnsﬁl(ﬁk on the s?jgj( t ere(%%ppos% thsé irst heat ©
sink; attachigf@&idirst semiconductor device to the first heat sink through and

in thesmaland slgaHicH convmemisatonherrvitaankels aicalin balaiader;

from the %econctl,heat sink; _ , L .
attaching a first semiconductor device to the first heat sink in thermal and electrical

communication therewith and electrically insulated from the second heat sink;
and

attaching a second semiconductor device to the second heat sink in thermal and
electrical communication therewith and electrically insulated from the first

heat sink.

2. The method of claim 1 further comprising:

attaching a substrate to the second heat sink on the side thereof opposite the first heat
sink;

providing electrical circuitry on the substrate on the side thereof opposite the second
heat sink; and

electrically connecting the semiconductor devices to the electrical circuitry.

3. The method of claim 1 further comprising connecting the semiconductor

devices to their respective heat sinks by an electrically conductive epoxy.

4. The method of claim 1 wherein providing a first heat sink and providing a
second heat sink further comprise providing heat sinks that are planar in two substantially

parallel planes.

5. The method of claim 1 further comprising configuring the package for
applying different electrical potentials respectively to the first heat sink and to the second

heat sink.

6. A method for fabricating a multichip module package, comprising:

providing a first heat sink positioned for releasing heat from the package;

providing a second heat sink positioned beneath the first heat sink and adhesively
bonded thereto;

thermally coupling and electrically isolating the heat sinks to and from one another;



attaching a second semiconductor device to the second heat sink in thermal
and electrical communication therewith and electrically insulated from the first
heat sink; and environmentally encapsulating the first and second
semiconductor devices. 7. The method of claim 6 further comprising
providitiglengatriehsteieditipoieehreddigastiakeonpiosiide trscoécopebiretiedimi heat
and electricglly.connecting the semiconductor devices thereto. 8. The
method of claim 6 further comprising connecting the semiconductor devices

to thel FEUPB AN ER SRR Ly EreeHHicaliy tefvBrapEignd in therpjgh and
method of ctaioariGavbanainicanid ng: first heladlstnkcainygipsomMidihtyans@esacbnd
heat sink fuB%ra(?rSic mprise providing heat sinks that are planar in two
substantially paraI} €l planes. 10. The method of claim 6 further comprising
configtireignthe paeksyecfoicapplyion dificrein Blecwicadpetantials redpeoilepd
to the first hgatsink andiRdherecandhaat zﬁmkelectrically insulated from the first

heat sink; and

environmentally encapsulating the first and second semiconductor devices.

7. The method of claim 6 further comprising providing electrical circuitry on the
substrate opposite the second heat sink and electrically connecting the semiconductor devices

thereto.

8. The method of claim 6 further comprising connecting the semiconductor

devices to their respective heat sinks by an electrically conductive epoxy.

9. The method of claim 6 wherein providing a first heat sink and providing a
second heat sink further comprise providing heat sinks that are planar in two substantially

parallel planes.

10. The method of claim 6 further comprising configuring the package for
applying different electrical potentials respectively to the first heat sink and to the second

heat sink.
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