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 miniaturization of components, and
greater packaging density of integrated circuits ("IC's"). As new generations of IC products are released,
their functionality incMEseH GHIP MODUDRE A KAGIOANDFASRIETADIONMEBET IOM decreases.
Semiconductor devices are constructed from a silicon ("Si") or gallium arsenide ("GaAs") wafer through a
process that comprises a number of deposition, masking, diffusion, etching, and implanting steps. Usually
many individual devices are constructed on the same wafer. When the devices are separated into
individual rectangular units, each takes the fOEQHYEMAICHKE.D  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 findersD'E®eh digeRasmhopldity peidsathattarectnendaioduzdbkegninee diarg

wire-bonding ppgratiap wrﬁaﬁmp%mﬁé}mggﬁpgﬁaw&iegs@zs;rﬁmfabﬁf&a@ogqﬁél@zﬁu") 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 sybgiaipbibRiPAfafels 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 physicabsizgaand®hape aftmeenicayiibatararnarenepmpashard, iba&goificant increase
in overall IC density. Hawever, |C density continues.to be limit several factors. One factor that

imts 16 dendIg R VL PR (370 LU AvASeRE 1 FSDPATG SRAN AL e o Sbate
Another limitiidgdaciords thw igreasing sedpiodigher agichkidhbein datdiesipatioardasesnehibnly to the
higher dens Ithé@llﬂHﬁ&r @flg&dﬁyr?éﬁtsm&@éﬁ%%&ﬁpce them decreases.

Semiconductor devices are constructed from a silicon (“Si”) or gallium arsenide
(“GaAs”) wafer through a process that comprises a number of deposition, masking, diffusion,
etching, and implanting steps. Usually, many individual devices are constructed on the same
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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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, thermally
enhanced package designs, such as enhanced ball grid array ("EBGA") packages, have been developed.
Such packagés ayerpegesiaglgndirsaRticapigh of dhirogedactededseandilwiogher Hartisnk to
dissipate the gepsiderpblg-heal thalidoengsateddoy %Qi%@gwgﬁﬁr@j&@eguﬁo&g%@@&@ontained

therein. To further condense the packaging of individual devices, multichip-module ("MCM") packages
have been débdigped HesihRHmSTRRRAUSHY devireolaycdr g dros Do P HEHRligEd in the same
package. ExamplesTlofithesrmaliy 2 ahaeedinbbifuncfieniaddeal gaidawaly(IBGALYpackagasdnclude the
MCM enhanced BGA ("MCM- ").with an attached multicavity heat spreader, and the MCM drop-in
oat spreader I Bl e Bk e P e 08 A st N FSCHR e e for mivec
signal packagé&satadite hisbréeid sesunionolsalings. andwinizcfohexample, differnthenipnsisterablde integrated

into a single pagkage QpreyidernuLitpetionRl Q&Hféﬂ?{tﬂf&%?r- devidhy _é&%@@%@é«emultichip devices can be
fabricated faster and more cheaply than a corresponding single IC die that incorporates the same

features and functiols e8I & MR dhesiassrab ity e livisearapisein eyt NNt which a set
of separate |gackigestimparenitizidactlyaitached: QiaenMEM oniaviot anddattasbamudiipleldies on a
single leadframe,. Following assembly, the MCM' s are then encapsulated to pr. t damage or
contamination. gnsya%lﬁc%%&%s é}%}%l %8a§y%eg%%ge§né}?8ﬁ?§ eﬁl{sﬁ}tﬁl/ng:rﬁl I?%lfrﬁggu rzlgn%rr%}improved
signal propadaBiorSheeackagsduoelddsyvdralMiaVicenkinecd nBGveigMGMdeB(ed parfbramantechedd lowered

costs - all p”mﬁfr)(c%%l%{?&tt@?r_&ﬂgfpHﬁ%rtﬁldmﬁ\)i- dropGif M%B@ﬂ@&t%ﬁﬁ%tﬁoﬁ_@kc@ﬁ%@@%kaglng
designs are considerations of input/output lead count, heat dissipation, the differing voltage requirements
of the severaP¥&EAFEONHIOPEBYILRESH 0B FaRRYESPIMAtEHvIgBr A Al RaghagIdH I Bntraction
between a mbifteiboactd @ndtits Aldache dcaxpopientsifeesischipran ufaatutilgraeaisaofdniegkation into an
automated maargf%agt%rir}%vfi%(e:i}mg#a&@%e relir?brirlrilté/ Cand easy adaptability of the package to additional
packaging infarfaces stch as a PCB' E]r?feor una eﬁ], existing multichip modules do not satisfactorily
meet these requiredvesisicRasexamplehipxistirgsMaVE BB A designsemgployn singldhdansink plane and

therefore do gt i‘fl%fﬁﬁ%ﬂst feRagksidS Rlecical NAlRRTalR Al fabie yaroNRagmiconductor

devices therein. Thermally enhanced PBGA designs utilize a drop-in heat spreader that accommodates

high-power deRitiss that Madedcoritiemsb GBEPdIsSIBHRIR BriP CARisBtssppdrboRram [Hifdient die
backside potesiiplsients i§ Rliiscaeapiehtide advamagesohtraeahdaratapmeiii ivisesniaoncetor
fabrication and packaging techniques, there is tinuing need for improved packaging designs,
et R T T A R B e e
particularly remingfernauch iMprovedgpacdédd soliionsanal havereaitdncegulierdaadiperfoxdnance while

simultaneously: heifig, sana ble,of iniegEating Jpultishinsels thatsaauite.sifferent die hakside potentials. In

view of the need to increase package efficiency and capacity, reduce package thicknesses, increase
package heat Q54 msH UaRpanmtad lanerelppsbromillsiaehie s0atsides sotertigidnitihcreasingly
critical that answersdpe ifapsichiodhesewpbiemslicated 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



Solutions to these problems have been long sought but prior developments have not taught or suggested
any solutions and, thus, solutions to these problems have long eluded those skilled in the art.
DISCLOSURE OF THE INVENTION The present invention provides a method for fabricating a
multichip module package. A first heat sink is provided and positioned for releasing heat from the
package. A ssuerhdat a¢arnisnoraidel bt wostivedthrorpetheentidefitblchat dipkpativa ekt sinks are

thermally couplaghangd iecticallviselatedita andifopp@ngrnother. A first semiconductor device is
attached to the first heat sink in thermal and electrical communication therewith and electrically insulated

from the second heAP&inflesRIEHBE ANVARRAED ALITEESF (NGB TE N A AR ¢ongHS 'Qa LM HIeRA8hK in thermal
and electricapecmgimgnieatitqithe et ancheli@atng akbydrist iatech fkanpdtienfirst headsingstemsCertain

embodimentsa 19({ th iggseption Q@ve other,advanta es in dadg]jition to or iﬂi@Lace of those %genet(ijoned above.

m O €na increased S€mico Clor. di ensity m mu 1 ac €S. .
The advantages will become apparenf1 10 those skilled in the art from & read?n% of the fo owing detailed

description wirshcken veithpesfeiensecto tiheraebmisdagin godiraovin BB RICFDESCRIPTION OF THE

DRAWINGS perfcﬁh%néei%vﬁif'&lM@ﬁh‘{&%@ﬁ?%@ﬁ@oaa?aﬁigV&pﬁ@egﬁmﬂgmm%}%ﬂ%@%ﬁ%ording to an
embodiment of the present invention; and FIG. 2 is a flow chart of a method for fabricating a multichip

module packddETPadioRISkEaRncaREMIBdiRENt o thachreCe HEtEnh 2 BEL Fitsh EEOR
CARRYING Qigdcity EctNWEPITKIN thickadhResfollowing gedeription; rikvipiaus spediiticetals are given to
provide a thorough understandi f.the invention, However, it will.be rent that the inyention may be
Dracticed witt G das e MEAS S oL AT e BT e B
well-known pickagellivnisit configurations and fabrication process steps are not disclosed in detail.

Like_wise, the draWi@Eﬁﬁ&%WH‘%_é‘s@BR%@]ﬁ{‘%@ %&%ﬁ?%ﬁg&%ﬁﬁé@%@%&@ﬁﬁ@%@ scale and,
particularly, some of the dimensions are for the clarity of presentation and may be exaggerated. Also, for

clarity and ed&828F MUStESARARD JEEIHETS 499 cBHTproHEiRsio e, E?ﬁ%ﬂéffﬁlﬂani’ikéaf‘éeaiﬁ%s%ﬁédto another
will typically heostesdrtibech\tithatike reference numerals.

DISCLOSURE OF THE INVENTION

The present invention provides a method for fabricating a multichip module package.
A first heat sink is provided and positioned for releasing heat from the package. A second
heat sink is provided and positioned proximate 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 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



The term "horizontal" as used herein is defined as a plane parallel to the conventional plane or surface of
a multichip-module ("MCM") package, regardless of its orientation. The term 'vertical" refers to a direction
perpendicular to the horizontal as just defined. Terms, such as "on", "above", "below", "bottom", "top",
"side" (as in "sidewall"), "higher", "lower", "upper"”, "over", and "under"”, are defined with respect to the

horizontal plane. FIfhé pres@avirberitinaralateedgiondrbiipadngemiedielictordatkagdegsueh as MCM
packages, and to-mgtbods tar dhe Janricriomthaeeol Ihragigularly 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 diggmyft aeybstiair. AQeRRaNENs e fagtanistRernggd for higher and higher
levels of heat dissipation due, in part, to higher density IC integration levels and the ever-increasing
operating frequencigs glesemisondustodrvsesuitiioanaihiritimitingifaater isthe wepdiripravide
customized pttﬂxsic ang eltechcaI L port f(t).r the differing ne.(?ﬂ%s of the ste%etrtl s.emictonductor devices in
such high densﬁ?%on%gﬁ?% BHEE Of U A RSP increasEn \650 %16Pr9§r ens‘f‘ty, ﬁ/llamnplggl%@'es have
therefore bedr gevelapeditmwhichermprafibantaie $emitonducial adevicergar lpechectunieahiiorthe same
package. These highaninieeralieR.eehnigres sievids: fas mixed.signabnaskrags gt epabis higher
functionality, allowing, for example, different chip Sets to be integrated into a single package to provide
multifunction&i$s rﬁhﬁ@é@lséﬁ)ﬂféwﬁem@ chHgisevrhepitashBadiene AdtepteBer stibstdte onto which
a set of sepagateri@Bhie cAMRRREHIS iSfigsthiatiashesmOtherMEMsibHRUAL ARdrattashwltiple dies on
a single leadframe, F.ollow(ijngtas embly, the Q/IC sulated tq prevent da e or

i 'S rz?,]re einca ?ﬁi v éna
contaminatioR S YAt AN exi8aRY Hditichis mIduiES 8 h 6t SatistatiBRIY &L 1RE
requirementsaofl compitbavschpackagimgdbkegiesturor @xamphehexistih gy MQNY dahizrodgagballtyrid array
("MCM-EBGA).designs.emnloy @ single heat sink plane and therefore do not make different die backside
electrical potentials available for the various semiconductor devices therein. Thermally enhanced plastic

ball grid array ("PB&ReJedBsi§Adzatze 2 vreplicrHieat diaedier apbngdeste sdesonishtisealer devices

that need considei@higheabissipatinn Mieanpoteyepercrestair difderanirdie hagksida. pokentials. A
need thus particularly ,remai%}s for improved packa}f%e solutions that hav enhar#:%g‘éaer?al erformance
while simultal&8usiy Bethg ¥5paifié SHiTterafms HTH IS L R4 TG i e HaSE did BBekside

potent@als. Adudmtagé‘ou&ly,‘m,p‘t‘hmicamt’nébdmgﬁ’d Iimﬁéti&i@ﬁr@e@rébwmmy’me“pigse’ht invention.
Referring ”OWlé%zr'(?ﬁé]%‘é?e,r%%?’,SQ{H""HI%J{QH&F&F‘X&iﬁéﬁ%@é‘é&%&?B’{H%BB%M@MHB?‘Ckage 100

according to an embodiment of the present invention. The MCM package 100, as depicted in FIG. 1, is an
MCM-EBGA packad&¢ HEnsVenvieiiipnbielaetdgsnamidirtosanisesbg iopoirkectisadsareMf Me

em bOdimentﬁ)mﬂ‘g%sPE&aQB&iﬂMQ& ﬁﬁ@fam&ﬁaﬁhﬂﬁ%ﬂ]%%ffﬁeﬁw&eam@ﬂ&siﬂf@&@ﬁkﬁﬁ%intO other
MCM packagegc(é)nfiguratior}}ﬁg%]s well. The MCM pag%??e 100 includes a first heat sink 102 on the top
iti

thereof and pESHIEhEE QRS S LEY RELFTRE SAREYY SUttAR FIEP I RS KO FotRV e MCM package
100. A secondidibaitgipkat®fsiscpositibered proximate the first heat sink 102. The first and second heat

sinks 102 and 104 may Q%tﬁﬂﬁh%%ﬂf&‘é‘%8r%ﬁﬁﬁ%#&l%’}8§*'1%%1%%%“) Withithe SRERNRLPERLRIN 104

positioned beneath the first heat sink 102. The heat sinks 102 and 104 are attached to one another by an
adhesive layétdioduterspepndiiondiehanchisbiitient) tedheiotiagive fager ToBadens dnedngbally insulating

but thermally gandsictinegvagdhsasive: laxapatibe electiically i swating-pepartynallowv thewaltage (or
potential) on each of the heat sinks 102 and 104 to be at different levels. By thus ([:))roviiiiana plurality of
heat sinks thA1SaFEEIBEERRANG MRSTLRSIFRIHT BT gﬁéfﬁé‘ﬁ"\‘}é{e}’%ﬁfs é’r‘ﬁ?éon%‘ﬂ):t%‘} 5 CIYYAR require

different respfactivasatecitichiotendiats canibel phgenainodaiecias! futhet tesbeibegtt fieyekeds
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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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 design considerations at hand. The
heat that is absorbed by each of the heatsinks (e.g., the second heat sink 104) within the MCM package
will be conducted by the adhesive layer (e.g., the adhesive layer 106) to those heat sinks (e.g., the first
heat sink 10Dcthat dreBocatbeais ontathislextetiof shieipickbige@ppnene Mdmcpackaged00). A
substrate 10§jigsaliedhersslip e secandhgpksink 304 Qﬁ‘g‘i@QeQ@FF%.Siﬁglﬂikﬁfl%’ngﬁ%ﬁﬁe the

adhesive layer 106 and the first heat sink 102 thereabove. The substrate 108 may be a conventional
substrate sucAGNES AFF GAFEGTHIAETAY PRIEH JAHER L5 88N UPBRATple, a pre-impregnated bismaleimide
triazine ("BT") substatertunatélyrcuitiytihd Onsiithas aanvdsstialoaljorinteds ticautitsy, isckacatediand
configured in known fa§hi non }he b(q)ttorpaof thgegubstriqle 108, qn the ﬁilgel\;f&;leé)fhogg%sibtﬁlthe second

. equirements of, complicate ac 1 1211S. Or exam €, €X18 nna
heat sink 10éf, fore ectrlcallg/ Interconnecting the various circuit omponerﬁs that are 10 be mounted on

the substrategtidgafenincutpbtdiRfpAntaltiemenpsackatleotat sink slalefeprddbRrafore dsanotand covers
the bottom of the. sufpgliale 408 andi b e firauitly phiQ RreomidBIc gV eRticRabiRsRigR JiRRYide an

electrical and environmental barrier for the MCM package 100. Similas%%in known fashion, solder balls
114 are attacPedres Bt Supisrad s s hereelriesHiad 2l f5ra31 RSy FREMEGHNG 4hE FREM package
100 to other eletticadgiradatrytiandiofdiiauitnsatdsh(polshawiikeasthaaynbal desikatkrdthe selder balls 114

make contact,with §I(§acgrd(f‘al ele{’nents I1_‘}/\/ithin t%?fMgM (%E)eagk&ge 100 Sltll%‘ls as elements of the circuitry 110,
uc

vias 116 anddﬂsér,)aalna SO Fgﬁlllﬁ(.) SUP%(\) |rcsq[rgé?mcon eV|c1:%e f?&nsuch as a semiconductor die, is

or
mounted in the subgtrated 108 dariievdshds tere fioroogiosnd Rbvkaggrsehisectnat heaeshikeeds and the
adhesive layey 108 toethé: firstbeati RNk Adnd fRIPRRIHPE {pAHREfirsh S RGO RANGION ARYICH 1 20 through

the second heat sink 104 is larger than the lateral dimensions of the first semiconductor device 120, as
illustrated, to"S8Y&Fatll et eldictrRagy s Bif@ i om AHEBEES AL RedPSTAKPIA. Xh BfSLtieatly and
thermally condticiitiene pexyvdi2dmsebytas gt elecieaally and thermally connects the backside (i.e., the
top) of the first sem'tgquuctor de\t/(i)clgIéZ? t%the first ﬁeat sink 10 thermal gnd Flectric I

.in th
communication therewith. ©n the opposité side of the first Senficonductor device 28,6 %Vo(r)\df‘r?g wires 124

electrically cavidétivekatingl pAdsqerdinshdwn) emitedifirstitseimito mderctor idesicien 20hs thECAikcuitry 110 in

conventional § 4Qe,n_io(_), A 0BReaPrHant 120 tHancratsbg firsksemigeraustar davicedzfiand the
bonding wires 124 within the MCM package 100. The encapsulant 126 surrounds and separates the
understood, based upon the disclosure of the embodiments of the present invention, that the

teachings hereof may be readily incorporated into other MCM package configurations as
well.

The MCM 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 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



sides and bottom of the first semiconductor device 120, environmentally protecting it and insulating it
electrically from the second heat sink 104. A second semiconductor device 128 is also mounted in
and extends through the substrate 108. However, the second semiconductor device 128 is positioned
lower within the MCM package 100, electrically contacting rather than penetrating the second heat sink

104. Thus, théepaelesietedefatimns atbil serhicorid tatbrsddvicked 18 isneleetrieahyasniekihergmally connected
to the second gl sink slﬂgé1M)tm@@@@?ﬁmﬁ%&@mm@%ﬁ%&@dm?EﬁW&ﬁhe@D{/@l&%’«éﬁe{e@ the

electrically and thermally conductive epoxy 122. Additional bonding wires 124 then electrically connect
the bonding PRURIFSSTSHBHY S eehase dat sificesdRedi it 154 ¥3)rBehAEivEd5HIBI9 of the
circuitry 110, ;amict additions] e pagsigacd d 2heMcivicadbkaed edvironmentally seals the second
semiconductor devige 128 withig the MC kage 100. n. mbadiment, the MCM package 100
s s configured sich T et o A e el L e plec
to the first heermsisike 10 adkgsitteidayerdibatiithiseliappiradl tinto ligfh trecahertricdlly avlbtiatertiily

conductive eppxy 22 abiteficsheemicenductar deviee 12840 tha backsidaderepidhg.configuration of

the MCM package 100 is also such that a second, different electrical potential, such as a potential of +Ye,
can be appliéd18RHe SBEGIRPHREAtEHRITBAC IR irte B s’ Spplied through the electrically and
thermally conductiveiepixy 122, atdthexseconshsemigandeciaraawceasld8atedhadacksigesthareof In this
manner, different respective backside electrical potentials can.be provided.. through the respective heat
Ginko. 6 the BTG A SR e D e R R B SR 05 ot
disclosure, it ez vioky 19é. Seenl tatitcatinitiverappestetntiatbeof adiffes sevio tagws fonta deiitiersalodessices may
similarly be sppplied sither dypartitioring Meheakinksdnie siteigntregnents, according to the
locations of the several devices, by providing additional heat sink layers, or t@/ combinations of both of
these solutions. Suitatféexitial CorttaBRS T iR thesdhpotdntials tdRBHECEME hat are
internal to tha M@Mrgackagesweandaal grericiedo fproexrnaplelctiriongh ¢ erasponding soltertballs 114 and
vias 116 connected. thereto, s as.illustrated., Similagly, connections,internally to the circuitry 110 to and
fom the vardie T Sreeci Do SraUTHLD, T i S S R o A Wt 176
Referring nowip @IS o theseldeisnstsbwih2af flovlechimet ofiatenfathegi RO oY farieatin § bterittéchip module
package in aEf‘eQ[Hé‘ﬁ%?ré’ﬁﬂPy%‘ﬂc%?@R@'ﬁ%%G&r@@ the Qﬁ%%ﬁ‘td@%@%ﬁe@i‘i‘@dmﬁﬁ@?@@&%mg'}lﬂﬁs providing

a first heat sink positioned for releasing heat from the package in a block 202; providing a second heat
sink positiondefpFekate e Hrstiraht SR X BIBtRoOK Mhenciars LBUMHy At BREH RN isolating the
heat sinks to ardifromi onaaanathatdn B hlacko2Qemhattaching a first semiconductor device to the first heat
sink in thermal and glectiical,communication therewith, and electrically insylated from the sggond heat
sink in a block 208; and attac INng a secon semléonélﬁc?tor device to the secon eaE sink M thermal and
electrical connbsmitati®n thetesyitndinthedebtriegilyains thateghfrim theofidshértatisnk A atslodk 210.
Thus, it has %ﬁ&@@%@rﬁﬁ thahihe MM package fﬂ@%ﬁ@ﬁ'ﬂ@ foetod:and ArRBAIRNUS afihe present

invention furnish important and heretofore unknown and unavailable solutions, capabilities, and functional
advantages fof in&re4gih g enesrnh eabriisk skihitbiigtidhdbce st afjesnsionn g6 thie BEA family of
packages. MesmipaitiGetar e the presentimuentian pravidesdapiovespadkageusatutionsithaichave
enhanced thermaldpﬁrf(t)rm%nf& and that stimu Iane utinlé/ in a(grate Clantd sup ort li%lti-chlgsetsdwith different
die backside SpeS?élntia?g, lsjlsnlng ezf'ec rical ;elclsno qredhea srglrae ders. 1he re L?I’t%g prosggésésagnd
configurationslereithilis strhigbtfarlvardnectndmibatksidedmplitatedp hightireversasitermaddeffective, can be
implemented fay; adapiing kO awp fegnaaloges, adhaie.HausdeadiVeshitgeh o ieduahly £ isient

manufacturin% of highly integrated MCM packages using conventional manufacturing processes and
technologies e PRt thidinde Mfohiths BrisAdesEriskdifs dofjubribinanitiea dgdcstrebisatiinode, it is to

be understooghhnatirpanyimlieimativeshenegifeations: andivaiipkanrsiwitbeappateitaitipseoskilled in the
art in light of }Q%OaQﬁ%oLﬂ%%lﬁf’%”ption' 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 showmimtteyadoonipanlyingcrawinds dree o dadneerprstect in 28naid shrativedared
non-limiting S¢lIe€124 within the MCM package 100. The encapsulant 126 surrounds and separates the



THE INVENTION CLAIMED IS 1. 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 electricalif¢nsindteelfronefitiec Seisbaemendsivike dadcs déBopel senmicoiduqorersinigdt stdched to the

second heat gmggn@grm{m@ﬁmmlSggmmipggmdmerewith and electrically insulated from the first

heat sink. 2. The package of claim 1: further c_om?rising: _
second semiconductor device 128 is also mounted in and extends through the

substrate 108. However, the second semiconductor device 128 is positioned lower within the
MCM package 100, electrically contacting rather than penetrating the second heat sink 104.
Thus, the backside of the second semiconductor device 128 is electrically and thermally
connected to the second heat sink 104, in thermal and electrical communication therewith, by
a layer of the electrically and thermally conductive epoxy 122. Additional bonding wires 124
then electrically connect the bonding pads (not shown) of the second semiconductor device
128 to respective portions of the circuitry 110, and additional encapsulant 126 electrically and
environmentally seals the second semiconductor device 128 within the MCM package 100.

In one embodiment, the MCM package 100 is thus configured such that a first
electrical potential, such as a ground electrical potential, can be applied to the first heat sink
102, and this potential will be applied through the electrically and thermally conductive
epoxy 122 at the first semiconductor device 120 to the backside thereof. The configuration of
the MCM package 100 is also such that a second, different electrical potential, such as a
potential of +V., 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 backside thereof. In this manner, different respective
backside electrical potentials can be provided, through the respective heat sinks, to the
different respective semiconductor devices according to the needs thereof.

Based on this disclosure, it can 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, 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



a substrate attached to the second heat sink on the side thereof opposite the first heat sink; and electrical
circuitry on the substrate on the side thereof opposite the second heat sink; and wherein: the
semiconductor devices are electrically connected to the electrical circuitry. 3. The package of claim 1
further comprising an electrically conductive epoxy electrically connecting the semiconductor devices to
their respectiveckegstisialdock 202, praeigagkagecot dledhyinkpesieinetherpeatasirike s ktanarkn two

substantially pagalletiplaneshermal®y IpRACkRIBIANSIRIN LyheietndheRachads seanfigered for
applying different electrical potentials respectively to the first heat sink and to the second heat sink. 6.

A multichip niBate PheRiss, Loriiasiing & Brlsrmiiaaicioodtidrete 5 farthsmgine it B8 the package:

and electrical communication therewith and electrically insulated from the second heat sink
in a block 208; 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 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.



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 semiddHAINAFNEWRDE GABHER #:the second heat sink in thermal and electrical communication
therewith and electrically insulated. from the first heat sink; and an encapsulant environmentally

encapsulating the fitst and*<BEBIKE BEMIELRBLERHEURREE ™S 7. The package of claim 6 further
comprising electrical fiisctitny sork theisobsirferdppasitecthérsechngdekagsink, and wherein the

semiconductor devigggcggg l%gfcgﬂfl I(gsﬁ%ggggggiﬁ%{p%gE:r%[rlil(ég! gliﬁﬁ’u_itry. 8. The package of claim 6
y CO

further comprising an electrically conductive epoxy electrically connecting the semiconductor devices to
their respective heahsikghermally 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.

2. The package of claim 1:
further comprising:
a substrate attached to the second heat sink on the side thereof opposite the
first heat sink; and
electrical circuitry on the substrate on the side thereof opposite the second heat
sink;
and wherein:

the semiconductor devices are electrically connected to the electrical circuitry.

3. The package of claim 1 further comprising an electrically conductive epoxy

electrically connecting the semiconductor devices to their respective heat sinks.

4. The package of claim 1 wherein the heat sinks are planar in two substantially

parallel planes.

5. The package of claim 1 wherein the package is configured for applying

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

6. 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;



9. The package of claim 6 wherein the heat sinks are planar in two substantially parallel planes. 10.
The package of claim 6 wherein the package is configured for applying different electrical potentials
respectively to the first heat sink and to the second heat sink.
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.

7. The package of claim 6 further comprising electrical circuitry on the substrate
opposite the second heat sink, and wherein the semiconductor devices are electrically

connected to the electrical circuitry.

8. The package of claim 6 further comprising an electrically conductive epoxy

electrically connecting the semiconductor devices to their respective heat sinks.

9. The package of claim 6 wherein the heat sinks are planar in two substantially

parallel planes.

10. The package of claim 6 wherein the package is configured for applying

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

10



