THERMALLY ENHANCED STACKED DIE PACKAGE AND
FABRICATION METHOD TECHNICAL FIELD The present invention
relates generally to semiconductor packages having stacked dies, and
more particularly to a method and apparatus for manufacturing a thermally
enhanced stacked die semiconductor package. BACKGROUND ART
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The popularity of smaller and more complicated electronic products has placed

increased demands on the packaging for chips used in such devices. These increased
demands have led to new packaging concepts and approaches. Unpackaged chips are
referred to as die or dies, and current packaging methods include placing more than one die in
a single package. One such approach is to stack one die on top of another and then enclose
the stack of dies in one package. The final package for the multiple-stacked semiconductor
dies is much smaller than would result if the dies each were packaged separately. In addition
to providing a smaller size, these packages offer a number of advantages that relate to the
manufacturing of the package such as ease of handling and assembling.

An example of a die stacking technique incorporates a pair of stacked dies
encapsulated in a molded plastic package that has connectors or leads extending out from the
package that function as input/output terminals of the dies inside the package. The package
includes a substrate and a first die mounted on the top surface of the substrate. A second die

is then stacked on top of the first die.



sheet laminate, a co-fired ceramic coupon, or a flexible metal lead frame,
a ball grid array substrate or other well-known types of substrates in the
semiconductor industry, depending on the particular type of
semiconductor package being used. The first die is conventionally
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Despite efforts to overcome problems resulting in lower yields of semiconductor
packages with stacked dies problems still exist. In particular, dies within the stack fail
prematurely.

In conventional multi-chip modules, by packing a number of dies in close proximity
within a single package, thereby eliminating individual packages for each of the die,
electrical performance is improved and the board space occupied by the semiconductor is
reduced. Due to the increase in the packing density, however, the power density of the multi-

chip module typically is higher than when each die is separately packaged, thus requiring



2 more elaborate thermal design and thermal management schemes to
maintain the device temperatures within acceptable ranges.
Consequently, there remains a need for improved, more economical,
more efficient, and more readily manufactured and assembled heat sinks,
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second die are encapsulated. The present invention provides a thermally
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attached to the first die; FIG. 3 is the structure of FIG. 2 with a second die
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another embodiment of a semiconductor’in an intermediate stage o
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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 side view of a semiconductor in an intermediate stage of manufacture with
a substrate having a first die attached in accordance with an embodiment of the present
invention;

FIG. 2 is the structure of FIG. 1 with a heat sink attached to the first die;

FIG. 3 is the structure of FIG. 2 with a second die attached to the heat sink forming a
die stack;

FIG. 4 is the structure of FIG. 3 after encapsulating the semiconductor;

FIG. 5 is a side view of another embodiment of a semiconductor in an intermediate

stage of manufacture with a substrate having a first die attached;
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3 FIG. 6 is the structure of FIG. 5 with a heat sink attached to the first die
and connected to the substrate; FIG. 7 is the structure of FIG. 6 with a
second die attached to the heat sink forming a die stack; FIG. 8 is the
structure of FIG. 7 after covering the die stack with an encapsulating

maigrigli{aHoumRERMIELNIUSITiFAGe D ISk RIBR MaWohOB@st die and connected
embodiment of a heat sink; FIG. 10 is a cross-sectional view of the
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showing embodiments of the invention are semi-diagrammatic and. not to
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the device can be operated in any orientation. In addition, where multiple
presend {1Y5BiHBnts are disclosed and described having some features in

common, for clarity and ease of illustration and description thereof like

features one to another will ordinarily be described with like reference
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parallel to the conventional plane or surface of the substrate, regardless
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"bottom", "top", "side" as in "sidewall"), "higher' "lower", "over", an

practicgé geithoaitetiRsinmg safith detgplect to tdandazbieial phapetimnhéwepresent invention,
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photoresist, patterning, exposure, development, etching, cleaning, and/or

Likewisgndhaldsniriagnatavansr phierdresini f rdquirgenioi Bring aiddiseriagatic and
not to scale and, particularly, some of the dimensions are for the clarity of presentation and
are shown greatly exaggerated in the FIGs. Generally, the device can be operated in any
orientation. In addition, where multiple embodiments are disclosed and described having
some features in common, for clarity and ease of illustration and description thereof like
features one to another will ordinarily be described with like reference numerals.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the substrate, regardless of its orientation. The term “vertical” refers to a
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direction perpendicular to the horizontal as just defined. Terms, such as “on”, "above",
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"below", “bottom”, “top”,
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side” (as in “sidewall™), “higher”, “lower”, “over”, and “under”,
are defined with respect to the horizontal plane. The term “processing” as used herein
includes deposition of material or photoresist, patterning, exposure, development, etching,
cleaning, and/or removal of the material or photoresist as required in forming a described
structure.

Referring now to FIG. 1 therein is shown a side view of a semiconductor 100 in an
intermediate stage of manufacture with a substrate 102 having a first die 104 attached in

accordance with an embodiment of the present invention.
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structure. Referring now to FIG. | therein is shown a side view of a
semiconductor 100 in an intermediate stage of manufacture with a
substrate 102 having a first die 104 attached in accordance with an
embodiment of the present invention. 4 While the substrate 102 shown is
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Accordingly, the heat sink 200 can provide support for an additional die that is larger
than the first die 104 if necessary or desirable for a particular design. The thickness of the
heat sink 200 can be adjusted to meet the needs of a wide variety of designs. For example, if
the dies in a particular design generate a significant amount of heat during operation the heat
sink 200 can be made thicker. If on the other hand a lesser amount of heat is generated, a
heat sink 200 that is thinner can be used.

Additionally, the heat sink 200 provides protection for the first number of bonding
wires 108 during subsequent wire bonding of a die or dies that are attached to the upper
surface of the heat sink as discussed below.

Referring now to FIG. 3 therein is shown the structure of FIG. 2 with a second die 300
attached to the heat sink 200 forming a die stack. The heat sink 200 has a third adhesive
layer 302 attached to the upper surface of the heat sink 200. Preferably, the first adhesive
layer 106, and the second adhesive layer 202, and the third adhesive layer are a thermally

5



Additionally, the heat sink 200 provides protection for the first number of
bonding wires 108 during subsequent wire bonding of a die or dies that
are attached to the upper surface of the heat sink as discussed below.
Referring now to FIG. 3 therein is shown the structure of FIG. 2 with a

conduB¢enHatifi300 RiReRRd tRcthedhRaltkitkdd0 fREMPIR AsHieastaskinthRat sink by
heat sink 200 has a third adhesive layer 302 attached to the upper
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heat sink 200 to the substrate 102. Referring now to F|G. 4 therein is )
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Additiagilpvibe bbadisak 080 idw des depgr? 6 dansbeovidritid 30@daemnmmeodateonding
of thetggc%ir%(? I?IEIE’I eer of bonding wires 304 between the second die 300 and the substrate
102. As previously discussed, the undercut 204 can be varied to accommodate the size of the
second die 300. For example, if the second die 300 is larger than the first die 104, the
undercut 204 can extend over the number of bonding wires 108. The undercut 204 also
provides protection for the first number of bonding wires 108 during wire bonding of the
second number of bonding wires 304.

Referring now to FIG. 5 therein is shown a side view of another embodiment of a

semiconductor 500 in an intermediate stage of manufacture with a substrate 502 having a first
die 504 attached.

While the substrate 502 shown is a rigid sheet laminate, a wide variety of substrates

could be used without departing from the scope of the present invention as described and



second die 300. For example, if the second die 300 is larger than the first
die 104, the undercut 204 can extend over the number of bonding wires
108. The undercut 204 also provides protection for the first number of
bonding wires 108 during wire bonding of the second number of bonding

claim¥BS3R4. ReferHRP ROMITbGrectREreibissBownR:sisle Mey apanatheflexible
embadiment of a semiconductor 500 in an intermediate stage of

metal leadh frame, @ /ibs S lips 4881813 having a first die 504 attached. While
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attached to the er surface of the first die 5§4 using a sec¢ond adhesive
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OVl W B0t EEIY pRovid Elsp BBt & die that is larger than the first die 504 if
necessdinsbyr, deshablsiikredpastiguiaridesigporiforhedic siitk BArhastiean the first
. aund plane 604 formed, for example, by providi n electric
die 5(%{)5%8%?%3Wa%r%q%%g or a partlgu?ar ges1gn. LPgeaheat smli( 888 has a ground
plane 604 formed, for example, by providing an electrically conductive material on its
surface, such as by plating the electrically conductive material onto the heat sink 600.

In the embodiment shown in FIGs. 5-8, the heat sink 600 has an electrically
conductive surface that is formed, for example, by plating an electrically conductive material,
such as silver, on the surface of the heat sink 600. The heat sink 600 therefore can provide a
ground plane for the second die 700 if necessary for a particular design.

Accordingly, the heat sink 600 can provide support for an additional die that is larger
than the first die 504 if necessary or desirable for a particular design. The thickness of the
heat sink 600 can be adjusted to meet the needs of a wide variety of designs. For example, if
the dies in a particular design generate a significant amount of heat during operation the heat
sink 600 can be made thicker. If on the other hand a lesser amount of heat is generated, a

heat sink 600 that is thinner can be used.



surface, such as by plating the electrically conductive material onto the
heat sink 600. In the embodiment shown in FIGs. 5-8, the heat sink 600
has an electrically conductive surface that is formed, for example, by
plating an electrically conductive material, such as silver, on the surface
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design. The thickness of the heat sink 600 can be adjusted to meet the
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f .
layer 42 @aghebiguilf UPRIT LIk 60D R sa IR &0anteltrelly: #he first adhesive
layer AGKlitiaaalhy, §beohealdsieke0R yoyike s pdoles ivRdfad g lisstagemierafhermally

onding wires_108 during subsequent wire bonding of a die or dies that

Condugra%ffaaéﬂé%}-to%esa%@r%?%%& Sttarbackie BnrRReIesse s B digat sink 600

by theRBIRIHAGBRRN 19/&1G0Y traceiscisnahiwnoineastmicidiglief Hsn, hwiihe size as, or
Sﬁcond die 700 attached to the heat sink 600 fforming a die stack. The
largerdhan BEEEDEH20% third adhesive layer 702 attached to the upper

swfaeeed thenbeabsinknatl: Rieferallys tadistadhesie ayee@da, @8J00 and
he second adhesive layer 602, third adhesive layer are a

nd the
the supsiateal o g a4 mRbE:. 8@%%&%&%6@ cPRsd 18 prgkages of the
type déppeb&LNaet ofrthehiRab Sind600e Wyitbedhifdathasivadaygipéd2C T @aluminum

second die 700 can be smaller than, the same size as, or larger than the, .
(AD. RS b, SR RS R B SO 1URES T Linfboti Donded using
convehebhekERIhe gasauditie RNk tadiubstaieRgion besEagnshbi¢mMBEror other
f boHd.i$é; wires 704 typically used in packages of the type described

suitab e’f%‘i nigye

thade of very fine wires of metals such as copper (Cu),
alynfiirsu@roiAl, wirg oldq Auronhecaeicbask aetimbersetaahdis gy 0iresd7d4 iseat sink

jre bonded u i&fg. conventional tecgniqkﬁas s§ch asgé sonic bondin
t [

600.. b Bratials BRI Do oSt SRR ochAEdLs sk i grtund wire

708. g)mmtcvmmwm& mmfeme@l .éleMEﬁ.ll}thﬁ)mmadtdiﬁlz@ﬁlﬁﬂdtﬁﬁﬁ()ﬂethtough the
i O R S e S S OB o
wire 7T0Enmettad sedhel sitbstidiiei 020 edsgpriivéde a path for heat to be conducted away
from the heat sink 600 to the substrate 502.

Referring now to FIG. 8 therein is shown the structure of FIG. 7 after encapsulating
the semiconductor 500. An encapsulant 800 is formed using conventional methods of mold
formation and epoxy or plastic injection into the mold. Organic polymeric encapsulants such
as thermoplastics, thermoset plastics, ceramics, and elastomers can be used. The encapsulant
800 reduces the likelihood that moisture or other impurities can reach the first die 504 or the
second die 700 thereby enhancing reliability of the semiconductor 500.

It will be noted that the heat sink 600 also acts as a spacer between the first die 504
and the second die 700, and if properly sized prevents the second die 700 from contacting the
first number of bonding wires 508 that connect the first die 504 to the substrate 502.
Additionally, the heat sink 600 provides support for the second die 700 during wire bonding

of the second number of bonding wires 704 between the second die 700 and the substrate
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first ground wire 706, the heat sink 600, and the second ground wire 708.
The first ground wire 706 and the second ground wire 708 also provide a
path for heat to be conducted away from the heat sink 600 to the
substrate 502. Referring now to FIG. 8 therein is shown the structure of

502. Fl&s praltRiusncarsiaiingnthenaeriis @ndustobe Qi NeaRaMaB0thiSsize of
formed using conventional methods of mgld_formation and e%ox or .
%ééﬁ (yg 504, the

the segpadidlifhEiioh texterold. thsrgssREh 8ismBRidselieapstizm

underfiergoaniasticactiiesnasalcrlastics: ¢erasidneanst&lasigmergCcandeteout 604 also
used. The encapsulant 800 reduces the likelihood that moisture or other

ProviqfipRffieclieANPEAeh tHE! R S04 8rdMe et didydpenerekpnding of the

secon@nbaEngrisdianiibwatdhememiconductor 500. It will be noted that the
heat sink 600 also acts as a spacer between the first die 504 and the

SEH B0 R DIBFSH 18T i RlatdcSeebABCHE R G heat sink

900 tE@N@Gting thediist AttbkRRNeS ket ng: ViresROShthaticannemidhehirssiglie 900 is
504 to the substrate 502. Additionalli; the heat sink 600 provides support

represHEcselbiidane 0B tititePWitdbbitding bl Be SSAUHUNME B W in FIGs.

6-8. vapdig WiirRH00hbetvesdytperseaoysd digd/HGhanddhefsastraie B&RE] at each
As previously discussed, the ur}dercut 04 can be varied to accommodat

comefpl s bovtRAURRAI drs Ftits LAMGIacH HEKSEUb IR TR AN S sich as the

substriaegryARRoviRedIFIGdie S04Ae thestatdesontsa0¢ canfaxiend BvRE tat sink 900 is to
number of bondjng wires 508. The undercut 604 also provides protection

be usq i AL SFSPHGTRPEF U SOBBLFIY L SErRrl Bt (0 @ substrat

using S@ceBetncNhevaibhandindhwirs, MdhRefdmiagepoxy 1o AliditQihryeimdsheat sink

shown is a plan vjew of gne example of a heat sink 900 that can be us
900 1R G M eCs AT EHEB i oS G B0 Shov b FIGs. 5-5

aboverepresentative of the heat sink 200 shown in FIGs. 2-4, and the heat sink
6Q0 shown in FIG -8, . The heat sink 900 has a body portion 902 and a
n%?f%gﬂ%‘?f 9% @oﬁileﬁciPe LB DR SFARSBEUBbMION 8 Ffpptructure of

FIG. attkehriienpdfrihietheat Sinkh Waliorsiesategsooh ebiidacatibisitate0lideludes a
e A S S AL 90 goron
902. E_ﬁa@h@ploﬁ@ &ﬁﬂi@?f&t& tusiag;mme@aéri@mlﬂy@n&faﬁvai&dﬁhasﬁwqm@t@dmad under
o SRR SRR e Al R Dy oAt B S5 i
5. now to FIG. 10 therein is shown a cross-sectional view of the structure of

A substrate, and die stack are shown in phantom lines in FIG. 10 to show the
relationship of the heat sink 900 to the other components of a semiconductor package in FIG.
10 . The substrate and die stack can include, for example, the substrate 102 , the first die 104,
and the second die 300 shown in FIGs. 1-4, or the substrate 502, the first die 504 and the
second die 700, shown in FIGs. 5-8,

Referring now to FIG. 11 therein is shown the steps of a method 1100 of the present
invention. The method 1100 of assembling a semiconductor package with stacked dies
comprises providing a substrate in a block 1102; attaching a first die to the substrate in a
block 1104; electrically connecting the first die to the substrate in a block 1106; attaching a
heat sink having an undercut around its periphery to the first die in a block 1108; attaching a

second die to the heat sink in a block 1110; electrically connecting the second die to the



FIG. 9 taken along line 10- 10. Each of the number of legs 904 of the heat
sink 900 includes a base 1000 and a support 1002. The support 1002
connects the base 1000 to the body portion 902. The support can be
sized to accommodate the height of the die that is positioned under the
substrBRASIM R0} BUShiAS dheafitsl digel(d shawieinifel Geal sAIKNa AP dESRE die in
shown in FIG. A substrate, and die stack are shown in phantom lines in
a block|H 14 to show the relationship of the heat sink 900 to the other

CAMRORERES BEanSERUSRNEY G PRCKAGRID P apHarattR@sURSHAiSANthvention
die stack can include, for example, the substrate 102 , the first die 104,

furnisndrpRE &dtorfth Gie SSRGSV R YereBloL- 20 Bitins s bRtk 2, 3Ad fifgpctional
advan€iecR O Al csReRn dHiend0, shavnekin iitoriBeBRIFINGAGKedOdies. The

FIG. | | therein is shown the steps of a method | 100 of the present

resultipg LAGHS PR ASHBYAING BFaslaisibftivarde ASaiRloMBERIRYEARM highly

versatf@ckpd digsctoinRidsesoprRyidinglatstinsilaieel) aklogle 140Q%; athaahingided for
first die to the substrate in a block 1104; electricalgaconnecting the first

manuijRitgiRe LBt dtlodic1 it AaurHE'a YHht SHR HAlRY amanufacturing

processaslararaungids. periphery to the first die in a block 1108; attaching a
second die to the heat sink in.a block | |1 10; electrically connecting the

secBid e RPIREND QUBSHARE NS BIdBR RH1Dahiit Mt U iRy Rh i tion has

been digciibedeaihsiakeranckthe seeanehaimdbrabakaak M-ddiddusiditidasioges may be
discovered that the method and apparatus of the present invention
addedgify g SRS P HEPRAOIEHE LRGN SEIRSHLP e RpestRy caHan

funttienak adhaniagessfoemaesdastd moctiginaibhenfiaacgdcific best mode, it is
semiconductors with stacked dies. The resultin%ﬁ)i{ocess.and )
0 be SERREPAACHE P B ARy S AN, AR YARTHSRSHighty pparent 1o

those ¥RIBadile anrdLeffeclivs usalrorepinpalitechipidagiescardiagd/hiuss intended to
readjly suited for manufacturing such devices.and are fully cqmpatible
ernbra SIS G R Brot LS BE S Te R STAC T A Higpe of the
includedpadant toAhosetskiled fodihchartiiat, svaughttieapcosgnahifivgriionings are to
be i tbeen escrib v%/ith refer nce_[lo atsemiconductor having two dies,
© INtGTREHEHhE Y L& RGAeE 18R &I Bnductor without departing
from the scope of the present invention. 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 foregoing description. Accordingly, it
is intended to

10



embrace all such alternatives, modifications, and variations that fall within
the scope of the included claims. All matters set forth herein or shown in
the accompanying drawings are to be interpreted in an illustrative and
non-limiting sense. 10 THE INVENTION CLAIMED IS: 1. A method of

THE pssenNblionasemmaendpstor package with stacked dies comprising:
providing a substrate; attaching a first die to the substrate; electrically

cannecting thetiisat die isdbaidihstratscatiaching@ hpadksigk heivingsaoked dies

undercut around its periphery to the first die; attaching a second die to the
COMPUEEsink; electrically connecting the second die to the substrate; and

epeayiditgtingithadiest die, the heat sink, and the second die. 2. The

methqd of assembling a semiconductor package with stacked dies as

cl%tt’ﬁ'an%dn th CIdli trgiev&%gé}rlgiﬂ?‘%fé%%cally connecting the first die to the

sehstnatel ysamacatingodie dfrbodidingtheikedstane attaching a heat sink

attaches a heat sink that extends, laterally over the nymber of hondir

o B S R R S AR ae e e At he

stackddngies@enddimmedtie bkaitgidkwherein attaching a heat sink attaches

a heat sink that is electrically gro ngzﬂi 4. The methad of assembling a
e e B T o R T i 1 wherem
attacipeg @ihg sl stinlstatteche heahsak simid thatsbamdnlielectrically

conductive coating, further comprising: connecting the second die to the

elxctricallheconethotivefcessinthl angd acommieotidgctioe plekairalyithondaktidedies as

claim&?ﬁﬂ@ﬁﬁ% ?\g{]%ggg,plane. 5. The method of assembling a semiconductor
package with stacked dies as claimed in claim 1 wherein attaching a heat

sielkcitiedihe sanhesiingirtkeHasestiendshatsrodlyatoeyond therddyed bbtideng wires;
second %ed

attaching a heat sink attaches a heat sink that extends laterally over the number of

bonding wires.

3. The method of assembling a semiconductor package with stacked dies as
claimed in claim 1 wherein attaching a heat sink attaches a heat sink that is electrically

grounded.

4. The method of assembling a semiconductor package with stacked dies as
claimed in claim 1 wherein attaching a heat sink attaches a heat sink that has an electrically
conductive coating, further comprising:

connecting the second die to the electrically conductive coating; and

connecting the electrically conductive coating to a ground plane.

5. The method of assembling a semiconductor package with stacked dies as
claimed in claim 1 wherein attaching a heat sink attaches a heat sink that extends laterally

beyond the edges of the second die.

6. A method of thermally enhancing a semiconductor package with a stack of
dies comprising providing a heat sink having an undercut around its periphery between dies

in the stack.
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6. A method of thermally enhancing a semiconductor package with a stack
of dies comprising providing a heat sink having an undercut around its
periphery between dies in the stack. 11 7. The method of thermally
enhancing a semiconductor package with a stack of dies as claimed in

clkaim 6 wigrgisthBroyidingAdngatHakcatiaghema HRAleNHHREEXIRNAS stack of

_laterally over the lower die to which the heat sink is attached. 8. The
dies apflaiBadoRkim A BHEERcing a semiconductor package with a stack of

digs agiglimesinialain R Nberaipinuding exhert Sinkattpehes @deater die to
sink that is _electrically grounded. 9. The method of thermally enhancing a
semicontiBikrGEN ihathesk of dies as claimed in claim 6 wherein

providing.a heat sink attaches a heat sink that has an electrically .
cgnduct%gecﬂjﬁlti]?%q ﬂﬁfh%%aimpﬁ%ﬁ&%ﬁrﬁ@&fﬁa%ﬂa@t@f ARSHES Y fha stack of
dies stagkiofedics tolihe eleathiaaily penddaiyenchadinginRnataonaeatingaiheink that is

1 ﬁ\l@ftricauéﬁﬁnductive coating to a ground plane. 10. The method of
electril VN A iancing a semiconductor package with a stack of dies as

claimed in claim, 6 wherein providing a heat sink attaches a heat sink
tween SR LIAING T B TA T e 'STRAR P QIS RSk ES With a sack of
dies asectiooed uctolapackagkeweith stackkoodiebaaompkisingchassalistaatenia flrst has an

electrdieﬁlatéagpg i’g/oe thoea t?UbS%%tl%rthe I]r{irrslts ldnie_ being electrically connected to
tre SuBgta e, a Sat sin aving Uhdercut around its periphery

attachedibhg e frStldialies secbnd didk atfatbe thtththe dvtat dlgkcanductive coating;
eIectricalIX d:onnected to the substrate; and an encapsulant over the first

die, the feat sink, and the second die. 12. The semiconductor package
withnstatkeddiescasiclinachivdaierc ddtthgtioer goampnidang: a number of
bonding wires electrically connecting the first die to the substrate; and
wharein:The method of thermally enhancing a semiconductor package with a stack of

dies as claimed in claim 6 wherein providing a heat sink attaches a heat sink between each

adjoining pair of dies in the stack of dies.

11. A semiconductor package with stacked dies comprising:

a substrate;

a first die attached to the substrate;

the first die being electrically connected to the substrate;

a heat sink having an undercut around its periphery attached to the first die;

a second die attached to the heat sink and electrically connected to the substrate; and

an encapsulant over the first die, the heat sink, and the second die.

12. The semiconductor package with stacked dies as claimed in claim 11 further
comprising:

a number of bonding wires electrically connecting the first die to the substrate; and
wherein:

the undercut of the heat sink extends laterally over the number of bonding wires.

13. The semiconductor package with stacked dies as claimed in claim 11 wherein

the heat sink is electrically grounded.
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the undercut of the heat sink extends laterally over the number of bonding
wires. 13. The semiconductor package with stacked dies as claimed in
claim 11 wherein the heat sink is electrically grounded. 12 14. The
semiconductor package with stacked dies as claimed in claim 11 wherein:

theheat sk flagsndalestRIMEORsHGNa 60 ARG s enRReieth O Al OURMerein:
plane on the substrate; and the second die is connected to the electrically

cobfbeahandng AlscticalberARBISHIE PRaCRIR i S rEeParbRlape on the
claimed g lshavherein the undercut of the heat sink extends

laterally beyond the edges of the second die. 16. A thermally enhanced
séhristhRdclin Baorageswitn detlertrdidceniHpridiaitRat sink

haying an undercut around its periphery betwgen dies in the stack. 17.

The: therh ISP BHRAMEEICEMRFEBFAINCI P BEERAGESH R SRk BrdfiT dd Wherein

the undl@icoedfithelrém diandresain: itheralndesguh Otibedieatofitie extendslic.
laterally over the die to which the heat sink is attached. 18. The thermally
ebanced gemicolydtrdiandedckageonihcaos ik aicdieshas stiainoédiks comprising
claim 16.wherein the heat sink is electrically grounded. 19. The.thermally

o head g R AR e S SRS el i

clai 161\%he{ in; tlhe hea}; sink.;has an el ct{icall onductive coa%tinlg; qne.
of e diadsy, el tncc ShOGRGUROr PACAIE il & St of dies s
claimedatinlgirard thbeedasctrically conductive coating is connected to a ground

| .20.Th lly enh icond ' f. o .
R G I s Pl
each adjitainhggpair of dies in the stack of dies. 13

18. The thermally enhanced semiconductor package with a stack of dies as

claimed in claim 16 wherein the heat sink is electrically grounded.

19. The thermally enhanced semiconductor package with a stack of dies as
claimed in claim 16 wherein:
the heat sink has an electrically conductive coating;
one of the dies in the stack of dies is connected to the electrically conductive coating;
and

the electrically conductive coating is connected to a ground plane.

20. The thermally enhanced semiconductor package with a stack of dies as
claimed in claim 16 wherein a heat sink is positioned between each adjoining pair of dies in

the stack of dies.
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