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,
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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
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more compact, and in a significant increase in overall IC density
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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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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
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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 {8!fHfelSeebirdr Kt ikl N\IFYAHSINNd electrical

communication therewith and electrically insulated from the first heat sink.
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apparent to those skilled in the art from a reading of the following detailed
heat deksclspBeayiderdmndkensitiensdrerentaais 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



accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS
FIG. | 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
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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
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well 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
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



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
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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 1 10, vias 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

sides SAMERRSHAGORKIEYIER sbAAdBauadrtrR\Eesand hadlifdRindMalig lpreRtting it and

than_the lateral dimensions of the first semiconductor device 120, as

insulafiija itgleqtricallydaemdne g Rt RN dfte it from the second heat

sinksbBdnd\Repifsirigadtio faeirermzdi CanduaitithReoKY 72 sReHERStARfligh the
electrica% and thermally connects the backside (i.e., the top) of the first

subsiraer 0 n UG ek S0 SIS RN FIOk eivkeL B2 i pRsineghigwer within the

MCM%@H&@@'mmmgﬂcﬁma@ﬂh@r%rthﬁﬂpﬁﬁ@dmlﬁ@%f%@ﬁkﬂ%em sink 104.
semiconductor dﬁfwce 120, bondin % wires 124 electrlcallglecon

ct
Thus, 1R AGSKHEs Yh e BHART i THE I LahFlexHRsudest Bebleeti 'Yo%ﬂ% thermally
conne@'t@wu'bryzhéJs,@cdjnd:ﬁ@aaeﬁﬁnn@hfaahmnﬁnaﬁa@mu@ntcbaﬁﬁuhﬁmmlﬂm@wnh by
firs emlcondu tor deyice 120 and the bondin W|resq11qzi4 wit lhaq
alaye %%8&2[&@ NS SR Xﬁ&ﬁ%‘#ﬁ%’%‘*%ﬂ% olffds’a ‘é‘?él?l Bdiggengres 124
then eedascany benteat Qiethmfﬁmﬁtgsgammn@wt@wﬁlpwmé%@c@rm/mﬂmaﬁuaﬂsor device

rotecting it and insulating it electricall the second heat s 04, A
128 RN AR SPGB AR SHCAPRHA A R PRy and
enV|rdhmeﬁtdmt@‘mslt%sbt@wy@mlﬂaﬂcﬁﬁmndbsw@mdﬂmmrtﬁewr@\l%&dﬁage 100.

positioned low ?fr within th gﬁQb lectrically contacti fi
ﬂm&“ﬂm&ﬁ“ﬁ% R th 14N U ERTHGUTEE RS tB"l“ a first
electrﬁhﬂ pemndlsgmmamdtgmrrﬂea&mrﬂc%pStemmh@aHyoamﬁJ;bhennt@Hye first heat sink
nected to th ond heat sjnk 104, in thermala electrica
102, Rl 209 5 LSRG o il conductive
epoxmmieﬂ%mmdedditm&m@ mghmbeekk% tiereot)eTheaailyfiguration of
nect the ding pads hown) o eml nductor
the M BroKae TSR0 ol 676 P TR T e RUHSRGR. such as
potenﬁaicapsu@ntaﬁﬁaelapmllwlI}oamé ssvoindnimaen kil sealsaﬂrcemmneh be similarly
. on e 128 withi the kage 100. In o
applied R e APk HEETE Wh S RN R e daaih e hedpe second
semicehemn:toal gevtientidlsstehttas laagkemiedtledzeabﬂcalrpat&mtiahm&n ki fégopliedespective
f| st he 2, and thls il b lied through th
backs g ARG RIS P et P05 T LR Sl o the
d|fferd&vmdd@écséh&cbadkstdedémoeehc‘fb&jnmﬁlglh&aumd@fnereof.

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



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
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and e @gte_ntials of different voltages for additional devices may simijlarly be

H&?é&%%?ﬁﬂaﬁilmﬁ%tfh@ﬂe%{?%ﬁﬂﬁ%"Yn't%SHWSF’eﬁPEéH?ﬁéﬁfg’,”d heat sink

in a F6ERIA0%Y EhdhetQsaHgNS Sidh1R] seveiaiiRidier ddwcerayitheGscadndiangl sink in
heat sink layers, or by combinations of both of these solutions. Suitable

thermal 3t 8leiElAk AR RIF RS RN ESA R RlRGk Sally s WLt D dhaifirst heat
sink iREehiivgrrabto the MCM packages can be provided, for example, through

carresponding solder balls 114 and vias 116, connected thereto, such as
S8 T oG TRt M G0 S8 ERPr o vt
of thetpsemtidgehteh SiINKBICM L tRROYIdERe bR MIkaoRY Yias HiasaiRble solutions,

capabLfit o HBEHBEES 36 A LSk A ER 5 ASA0 PSR Lcto cevice
packages,osdenes YshBGL rapsitimeniakiteprasrpng ipyeitidryl ae rpaiteed invention

. 200.includes proyiding a first heat sink positioned for relegsing _heat from
providy, IR P S HotR FSpIBUAIIRY & SBISAh A2 Bk BERRIGHEGE and that
simultaresiueBtaritigfitst reptspporimauhlostkpaed; tneinaiifyreatpindautdide potentials,

. electric ‘ijs Iatin%the heat sinks to and from one anoth rin]a block h
using 5 Fré‘ii’ié’hﬁ?@aéeﬂr PUSRRUIRIR DT ETIIENG RRACAPSE M SRS re thus
straiglatfichwierdiricalopomivalnicaticomipiécaedth aighslectsicatijeinanthtedfémivethecan be
. second heat sink in a block 208: and attaching a second.semiconductgr .
mpIeEOTEE £ gL AR SHo T B EAm A e b oA LB e oA iy
efficigherendtifaotletectrsfallyigisylatiedetiamdheMiGiihepdckagksn asimgckcdhOentional

us, it has been di covereﬁ}that the MCM package fabrication method

Th
manu%ﬁjgﬂ%&[gfﬁgseéf% ISFQE(Q B¥ention furnish important and heretofore
ulikhbevin@imlentéoratab leesolddsenibe Capednijitiesti @andithrectpeefic best mode, it is
advan s for increasj tt}j} integration of semiconductor devi
to-be BRGNS LoNSL B Ve aoea Wi g capparent to
those pkéisethinnherdrom 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.



provides improved package solutions that have enhanced thermal
performance and that simultaneously integrate and support multi-chipseta
with different die backside potentials, using electrically isolated beat
spreaders. The resulting, processes and configurations are thus

THE giratfennecd, fparpmisal, uncomplicated, highly versatile and effective,

can be implemented by adapting known technologies, and are thus readily
suited foAthethghfgrefiflmieati ngranofalcichipgnotinlg iplyckegs redamb ATt
packages using conventional manufacturing. processes and technologies.
R e S e o e R R T e SRR e
mudeiding toskm nhteas tdad tbsitionedypedtennattithes fimsotiataiidgs, and

variations will be apparent to those skilled in tEe rt in light of the .

T R SR Sl S B T R B L i gog anotrer

aletachinge g, finsiditicatiom choddeaictitnthevhich fiabtwitiknnntesomband tectrical

included cIaims..AI{.ma% ers hiE ert8f0're set[ rth h(?r iH Pr sht%wn in thqe .
cammunication therewitn an %ectn ally. insu aﬁe Tom (e secon heat sink;

accompanying drawings are to be interpretéd’in an illustrative an

non-limitind sense. 8 THE INVENTION CLAIMED IS: 1. A method for

fb.‘atflgé%%‘i'ﬁ‘gg g srgtc‘f.'@th%!”' er%%gHé@&aFkuae%gﬁC‘t’énH{és's”e%brPJ PAANG & St %?ﬁau and

sink positioned for reléasing heat from the package; providing a secon

heat sinlklpositiehednpmoxiroatiert b diesy itie ansirdte chrérabigl ynsolagdohdrand the first

electricaHgaitssolrﬂyng the heat sinks to and from one another; attaching a

first semiconductor device to the first heat sink in thermal and electrical

c%mmunmtﬁghm%rgwagi%npfﬁmépiggﬂ}l?gﬁﬁéqted from the second heat

sink; and attaching a second semicon evice to the second heat
sitlkapnihe esabslifiate dietieicatoatirealfitdtion tresisleitheserl eruasitaliye first heat
insulated;from the first heat sink. 2. The method of claim | further

comprising: attaching a substrate to the second heat sink on the side
theraadiagpenisi eak diret ilya@nsihk sppstrRithgnelee sidaltbiicotgpasite: the second
substratﬁéaw?&;s‘;qg 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;

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 | further comprising connecting the semiconductor
devices to their respective heat sinks by an electrically conductive epoxy.
4. The method of claim | wherein providing a first heat sink and providing

aa8066Ng hersisiahitbHieteR Hevise Brovding eatriRkerfihatsinlatRimal and
in two substantially parallel planes. 5. The method of claim | further

comprisitl§ SO TGRS HARIK SRS eH LA AT Ui AR D ategclpm the second

potentialserespagctively to the first heat sink and to the second heat sink.
6. A method for fabricating a multichip module package, comprising:

AR airSC ARG SR BOLH A Y PelRaliR S HROACHBFAL R Bk Higsmal and

providinglacsgesinebheat sicatioasitionedihenratichadisy NaalIsted; from the first
thermall;r/1 coupling and electrically isolating the heat sinks to and from one

another:Ne#t2MnE"Y substrate to the second heat sink on the side thereof

OpREBBAMHRAtHISE divtabstiaking aiéFoling @ JusimesitRoduGtesrdrviRed0 the
first heat sink through and in thermal and electrical communication

therewitThachelrotrichdizimse fnebeiroomihésserpruvidiegtedéck:i cttadhing v on the

subst g o o OO LT S L Ay O LRE g I RS device
theretbeat sink; and environmentally encapsulating the first and second

semiconductor devices. 7. The method of claim 6 further comprising
poviding kéeotetaicciofuitizimnéhiirfgnstatgpogpgsitentrestsegdhed lseiconductor

cevic g e L g e Dk Comac

aim er’comprising conne liconductor

devi ) i . ; . D
oS The mh 0 HaCE AR PR i 1 R SRR SR S fircing
second hsat stk Hugthsmeofoptiss pravisting peat/Rilkg Heaitash kéaneatiarvelsnastantially

parallm |5Ygﬂe§lﬁb5tantia”y

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

thep packpgeparicReUTERGAtZink positioned proximate the first heat sink;
means thermally coupling and electrically isolating the heat sinks to and
frHHRCOBRIFIBE a first semiconductor device attached to the first heat

sink in thesmatand glgsidgab eemmiongatian shtrenithasdelaetistbyposite the
insulated from the second heat sink; and a second semiconductor device

attached to the 'SSEORY AL &tk in thermal and electrical communication
therewitljangielpelrically tistHarmdteme thethssidoemdstifopdsie thegecond heat

package of claim 11: further comprising: a substrate attached to the
second heat sift'6n the side thereof opposite the first heat sink; and
elaaingaeiiicuitry on the substrate on the side thereof opposite the second

heat sink; and wherein: th ' t ' lectrically .~ . .
connoctdiP S NGRURA SRR DAY HE LRSS B JHF EERgRLeiruity.

O conb L BH HAOREL 07 e LB LT Ly s el o AORAEyp epoxy
electriciaig chhnebiingitht sz iéatnsinks radevidanar ineiwie speotitantisdtysipierallel

planes. 15. The package of claim 11 wherein the package is configured
fardapplyiihg mhtkagnottaimichl pdenatathe dspesitikelgréopihrafinst taansigistantially

parallar}ﬂatﬁ)eghe 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
thegseconpehpakaikattiiimsiderthersionpesiig theclistany simsuadistepoxy
semiconductor device attached to the first heat sink through and in

electrigally RANRSal AR iseN T HEIRC AR ah G eapg e B N s ulated

from the_second heat sink; a second.semiconductor device attached t .

D seoomF RS AT AT eI D2 kAT ELaah thepasHAstantally
parall@inslzglegtrically insulated from the first heat sink; and an encapsulant

environmentally encapsulating the first and second semiconductor
dedices.The Phekpgelatgel mhtlaéwire feirthite cpsnketEnGg aectigeatdifouitypplying

aitter ] 16 SHBSUEA1S OReDRIE (i, Rpond Begh il ARG MASTBINDG 1 heat sink
Semiconductor devices are electrica y connectea to the elec rical

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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