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, increased
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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 arsenide ("GaAs") WefeMNKraugRlELprocess that comprises a
number of deposition, masking, diffusion, etching, and implanting steps.
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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 lgaddingRisuRachgie has bonding pads that are
then individually connected in a wire-bonding operation to the leadframe's
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oNgreasing need for higher and higher heat dissipation due not only to the

higher density IC integration levels, but also due to 1 '
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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the ever-increasing operating frequencies of the semiconductor devices. Still
another limiting factor is the need to provide customized physical and
electrical support for the differing individual needs of the semiconductor
devices in such high density configurations. To increase heat dissipation,
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rdcfoB2AhL RREAGES DR RaSRCRY ?J%%Ql SHER BacKanes Bhe RBFtiaL @l ¥ering

directed to high-level integration devices, and utilize a heat sink to dissipate

infeidHartanid nERiIAeat TS geAersts A th ARy e BRI SP UsHiRB A uctor
devices toniain@dathiseipatido, flidhier gondansel the paekagings ofucid bdduhhnced

vices, multichip-modul (%M M") packages hayve peen developed in which
PSSy [ EHR DGR LA RASRAER BaN . SRARSNERnEE ANy

diEscied el - theinmatiyraithetroed multfundtion bt Balingrid derasat BGRsiderable
hPAGKAGE SRS IR MMEM Fhanead Bt (MEMERGRAhaaAttached

multicavity heat spreader, and the MCM drop-in heat spreader for plastic .
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Of importance to such complicated packaging designs are considerations of
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_existing multichip modules do not satisfactorily meet these ,
improved performance, and lowered costs — all primary goals of the computer industry.

Of importance to such complicated packaging designs are considerations of
input/output lead count, heat dissipation, the differing voltage requirements of the several
semiconductor devices in the packages, matching of thermal expansion and contraction
between a motherboard and its attached components, costs of manufacturing, ease of
integration into an automated manufacturing facility, package reliability, and easy
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



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 2 spreader that
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the advantages of recent developments in semiconductor fabrication and

packddifiy {eRSigiies v st L eI NG RReY Y87 SHTpRovdbcHy dRBsAgen and
pai&sgﬂg_,tsqlﬁfeim_, taad matbadmtmngn&b&f@d&emﬁ@gﬂk&gh@mﬁﬁgﬁh&ysmms,
SERRR MUlichip packages. Anesd, particularly remains fan sudh mpraved,
palcrf(age solutions that have enhanced therma pgr ormance while
paitisulpahyesumiynbeing stgbablowol psteppcinag nalitiaripbatshivat raieed thermal
p@f&?ﬁ%‘ﬁ%@@lﬁﬁc Mﬁéﬁ@&%@l@ﬂiﬁiﬂg VigupRf &@Qdﬂ@g‘?&ﬁfg InEleaSERASKAICrequire
efficiency and capacity, reduce p,ackg?e thicknesses, increase package heat
difempatinbesidiinRsriyly dappont Multpretld birgieise pstesaarslivigacy and
cipacaasirglycriickidhahrRevesrs hecfeasadpiekiize seardblepasobeiiivigite, and
these proplems have been long sought .but prior.developments have no
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multichip module package. A first heat sink is provided and positioned for
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tHoeskioneti praxiunate the first heat sink. The heat sinks are 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 therewnifsendseeetmrtiiyimnsyiagdriom the second heat
sink. A second semiconductor device is attached to the second heat sink in
thermidiegmndsede diricati @opnonideicationhtefewitbrianidne e otrtalhyp imsdldtqeickage.
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advantages in addition to or'in place of those mentioned above. The
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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



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 3 FIG. 2 is a flow chart of a
method for fabricating a multichip module package in accordance with an
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given to provide a thorough understanding of the invention. However, it will
be apparent that the invention may be practiced without these specific
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package circuit configurations and fabrication process steps are not
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liRLeseRt javention relates generally to semiconductor packages, such as
MCM packages, and to methods for the fabrication thereof. It particularly
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operating frequencies of semiconductor devices. Still another limiting
The present invention relates generally to semiconductor packages, such as MCM

packages, and to methods for the fabrication thereof. It particularly addresses the continuing
need to increase the density of integrated circuit (“IC”) packaging, by overcoming several of
the limiting factors related thereto.

One such limiting factor is the space (or "real estate") that is available for mounting
individual semiconductor dies on a substrate. Another limiting factor is the need for higher
and higher levels of heat dissipation due, in 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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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
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functionality, allowing, for example, different chip sets to be integrated into a
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Referring how 10 FIG. 1, therein is shown a flgurgattlve cross-sectional view of
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However, it will be readily understood, based upon the disclosure of the
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M package 100 includes a first heat sink 102 on the top thereof and

positioned, such as at or near the package surface, for releasing heat from
the MIChRA Md‘idag@ckage 100 includes a first heat sink 102 on the top thereof and

positioned, such as at or near the package surface, for releasing heat from the MCM package
100. A second heat sink 104 is positioned proximate the first heat sink 102. The first and
second heat sinks 102 and 104 may be planar in two parallel planes, as shown, with the
second heat sink 104 positioned beneath the first heat sink 102. The heat sinks 102 and 104
are attached to one another by an adhesive layer 106 therebetween. In one embodiment, the
adhesive layer 106 is an electrically insulating but thermally conducting adhesive layer. The
electrically insulating property allows the voltage (or potential) on each of the heat sinks 102
and 104 to be at different levels. By thus providing a plurality of heat sinks that are
electrically insulated from one another, various semiconductor devices that require different
respective electrical potentials can be accommodated, as further described herein.

By using an adhesive that is thermally conducting, one or more heat sinks may be

located within the MCM package, away from the outer surface thereof, according to the



100. A second heat sink 104 is positioned proximate the first heat sink 102.
The first and second heat sinks 102 and 104 may be planar in two parallel
planes, as shown, with the second heat sink 104 positioned beneath the first
heat sink 102. The heat sinks 102 and 104 are attached to one another by
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covers the bottom of the substrate 108 and the circuitry 110 thereon, in
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120 through the second heat sink 104 is larger than the lateral dimensions of the first
semiconductor device 120, as illustrated, to separate and electrically insulate it from the
second heat sink 104. An electrically and thermally conductive epoxy 122 secures and
electrically and thermally connects the backside (i.e., the top) of the first semiconductor
device 120 to the first heat sink 102 in thermal and electrical communication therewith. On
the opposite side of the first semiconductor device 120, bonding wires 124 electrically
connect bonding pads (not shown) on the first semiconductor device 120 to the circuitry 110
in conventional fashion.

An encapsulant 126 then seals the first semiconductor device 120 and the bonding

wires 124 within the MCM package 100. The encapsulant 126 surrounds and separates the



circuitry 110, vial 116 and 118, and so forth. A first semiconductor device
120, such as a semiconductor die, is mounted in the substrate 108 and
extends therethrough and through the second heat sink 104 and the
adhesive layer 106 to the first heat sink 102. The opening for the first
sidesried rigderorddbicérst 20mgontilstticledeorid heay siikneowlis [igjeqtihgadt and

ifQgalaieraldimeaniens Ritbedicsld semicandyctor device 120, as illustrated, to
separate and electrically insulate it from the second heat sink 104. An
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electrically contacting rather than penetrating the second heat sink 104.
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additional encageeulant 6 electrically and environmentally seals the second
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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



the MCM package 100 is also such that a second, different electrical
potential, such as a potential of +Ve, can be applied to the second heat sink
104, and will then be similarly applied through the electrically and thermally
conductive epoxy 122 at the second semiconductor device 128 to the
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provided, for example, through corresponding solder balls 114 and vial 116
conndBtditRarie SlEsP A SR SMRATTR e SRMEEESRAMARIh ARG 1BPETRMS
ofireuiagchl thtenandriidivhthepsatious haatesinks cambepiaviagedaf@able solutions,
ex le, by.vial such as illustrated by the vig 118. Referring now to FIG. 2, .
R B T e B R P MG vice
Paabtigie prdkaydinBiedofdadreoivitrkazemBdddimpatiofhly pleserasimentioion

p%*&ﬁle@%ﬁi?@'v@@%@ﬁé%@%ﬂ%ﬂ?'Hﬁtaﬁé%t Qﬁ?atgéﬁaktﬂ&%ﬁ@ ?f&%&ﬁ&%aéh'agthat
heat from the 7 package in a block 202; providing a second heat sink _

SHuaifuT e g e THRKE At SRR DIk SO et IR EdipRAEtals,

uéing e aitgdylysisalating thehidatssimks tasanddioneans adedigicnaibioake thus

sEa) 't?&%‘v%?&“ge%&‘{ér%lsc%i“‘Cu%%duc‘i?cragﬁ"‘ G thevéirrssfi eeaénﬁ”'éép Jhermal, e
and electrical communication therewith’ and-erectrica y insulate From the

ingpleordthédysidkping blovk 208makdiattauhirmycatbecormditemitehdorctbe highly
HRYiGe hihersacAnd heat sipkyn ihesrmahand@ectpcalcemmynicalignentional

therewith and electrically insulated from the first heat sink in a block 210.
MPRYECHH RS SR SailVEFEaNEthe MCM package fabrication method and
appamtik @t hecptiesaak ibvaenieoriraishcinjpactant vl heyaiviote suatdiennis
S yvalabls solutionsy capRbiities, and Anclonal aduaages 0h cn 1o
INCreasing tne Integratron or semiconaductor evice packages, sucn a e
iR ANalevlynohpackagesht Mbtee pdeticadagydatve prese dtdavdntidn 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.



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

TEtFRY YA, eORGFREY: uncomplicated, highly versatile and effective,
can be implemented by adapting known technologies, and are thus readily
suited for th PRAR SFHEIEHRARSt PN BTG T SRR
pac.k@gasqnmmgflirsn’tmnsioh@bﬂhﬁ@ﬂgﬂ@tgﬂhgs@lg)h@fﬁﬁ@hd peckugglogies.
While fhednyentian s hesndeserines i eaninglian ih.a secifi best

mod£ itis to be understood that many alternatives, modifications, and
variafisH sl sialpisaredeies titsplde ispindeeimerhsa i v digHngf e afsyaphiss;
descriptignn A G5 IRGedhimdiendaste, arBraceallssuch alarRativeBelectrical
modifications, and variations which fall Withinﬁhe sco%%?f the included

claims. All rHaRBPEHitHeP Bt 4B P HHG B O SHBIRN O thE St SR ATY B

drawings arantb be interpreted in an illustrative and non-limiting sense. 8 THE

INVE!i\ét-Ia-ulzgllr\ll CaLééIMEGD sle%iiggﬁ%uﬂ%ffh&)edvif&r Igbtﬁg asté@gnﬂ Wel'églgﬁhp i QH&J al and
package, comprising: providing a first heat sink positioned ftor releasing heat
from the pagleaiecalproviainicatisacthets neht HiAkelsositahe dnprbkm dtenhideifstst
heat sink; thgpmnally coupling and electrically isolating the heat sinks to and
from one another; attaching a first semiconductor device to the first heat sink

in thezmal anikelediodcal deimndinitatioonipasawith and electrically insulated

from fhy c%ecoggu%.gt%tgi '&heas”edo%H}%QF‘s%ﬁ‘ SeadRemic Pc?ﬁc&%[e %‘e/iﬁ?sttgeat
the secondnﬁeat sink in thermal and  electrical communication therewith an
electrically i#i8klated from the first heat sink. 2. The method of claim 1 further

compgisinginattachingia selhsy e dr theserons heatsinkRBDEIYe theresind

opposite the first heat sink; providing electrical circuitry on the substrate on
the side theP&8r8Pp3e 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;

thermally coupling and electrically isolating the heat sinks to and from one another;
attaching a substrate to the second heat sink on the side thereof opposite the first heat

sink;



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
secontidsbmesinksfnemesondneprisis pro ity hietdeaimkak thaeuaieapthinahannpaland
substantially| ggaliel Riangs. fioh e ihrshelrlaim iiurthescomprisinGecond
configuring the package for applying different electrical potentials
respectively"f8H8Kirst heat sink and to the second heat sink. 6. A method
for fabmicaiing & secdtic ipniitoddibe (padkaige, oomprisiogd peavidihgia firsthheaind
sink positioned, for releasing: heah R\ Package:prRviding & seeondiieat.,
sink positione benheath the first heat smk; therma y couf)llng and electrically

isolating thehbrsaindinklto and from one another; attaching a substrate to the

secongheahsinkign tg:sidaitharrat opnesite dhe Jirsikbralcsink, Laltaching

a first semiconductor device to the first heat sink through and in thermal and

electrical corhmmbicadion dharesvititesid @lgetsiaalprinisinatedciiam the segandhe

eat sink: attaching a second.semiconductor device o the second heat sink

S e e T R e TR e e
theesite-the first heat sink; and environmentally encapsulating the first and

second semiconductor devices. 7. The method of claim 6 further comprising

provifiing el&BErEARAE Ry BHRHf TeUB SRRSO YBE Rt FraRicsiictor
danckelectidoaltypeonnentngithe Seaietpdualor devieas ctbesejo. 8. The

method of claim 6 further comprising connecting the semiconductor devices

to thélr respEativesthedtinkshyoanhetettrivaiidiognd fictivecaponry. @dTiveviding a
s&@{@%aqfsﬁlﬁlmrﬁquﬁmiwgwaglg fitst HeR! gink A0S iHaVidingAsRRERRdy

heat sink further comprise providing heat sinks that are planar in two
Pabstattisny

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.

11. A multichip module package, comprising:

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

a second heat sink positioned proximate the first heat sink;

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

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

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

heat sink.

10



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. 11. A multichip module package,
comprising: a first heat sink positioned for releasing heat from the package;

a secbhd hddedinkpgssitohea ploximate the first heat sink; means thermally
couplipgrapeLalpstiically isolating the heat sinks to and from one another; a
first semiconductor device attached to the first heat sink in thermal and
electrical c8ritRtFatGRRL QW sshordiBetticialy SRdhratish fsHidhereatisnhie
heat sink; and a saeohehséanticarductor device attached to the second heat
sink in thermal and. electrical communication therewith apd electricall
insulated from ke Tl REACOIK 0L P KA oS o7 BRI Mrurthgy hee
comprising: a substréite attached to the second heat sink on the side thereof
opposiig $hedirst heat sink; and electrical circuitry on the substrate on the

side thereof opposite the second heat sink; and wherein: the semiconductor

devices are'BfeCtcaily oM letses Al eriaiicapuirelith hackPrE FhckayeY-

of clajm 11 fyrther comprisin lectrically conductive epoxy electricall

il £ eSS e S S e
clsaickatr ohokding thevisareimdnetdredey siekts drelpletmagtinetiiaisubistantially

parallel planes. 15. The package of claim 11 wherein the package is )

co nfidﬁred fE'Fealﬁf’ﬁMﬁ@ OEFI]FE-Pé 11 éYBE‘E?iBéPE)B’Fé‘hﬂ&]@ FESB aWte fHBsHrally
phaatisnieand to the second heat sink.

15. The package of claim 11 wherein the package is configured for applying

different electrical potentials respectively to the first heat sink and to the second heat sink.

16. A multichip module package, comprising:

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

a second heat sink positioned beneath the first heat sink;

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

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

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

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

an encapsulant environmentally encapsulating the first and second semiconductor

devices.

17. The package of claim 16 further comprising electrical circuitry on the
substrate opposite the second heat sink, and wherein the semiconductor devices are

electrically connected to the electrical circuitry.

11



16. A multichip module package, comprising: a first heat sink positioned for
releasing heat from the package; a second heat sink positioned beneath the
first heat sink; means thermally coupling and electrically isolating the heat
sinks to and from one another; a substrate attached to the second heat sink
on théSside Therpeskappobitkaithel firdtthentosinksiagipst deeHicald uerdpeiaiwepoxy
cREGRIRY donthedirsteahsiok dirrrabad 5 dherrmglend. slactinal
communication therewith and electrically insulated from the second heat
sink; g9secorigt pachicendution deviteraiiathachtcitite aegondineatveinkbittantially
t;}ﬁgpa{aagsd electrical communication therewith and electrically insulated
P¥rom the Tirst heat sink; and an encapsulant environmentally encapsulating
the firgf andgeCHNE SRMYEQRNEMCIY WRHEEShd halhEPRCHRARLELIAT Iplying
further comprising electrical circuitry on the substrate opposite the second
difbexedintecuical wHsRLH s RssHYE Ha deadF tdvitiednkrandelie BificainPe SMettéd
to the electrical circuitry. 11 18. The package of claim 16 further comprising
an electrically conductive epoxy electrically connecting the semiconductor
devices to their respective heat sinks. 19. The package of claim 16 wherein
the heat sinks are planar in two substantially parallel planes. 20. The
package of claim 16 wherein the package is configured for applying different
electrical potentials respectively to the first heat sink and to the second heat
sink. 12
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