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 Semiconductors, or computer
chips, have MEERVAILWEENIRANCED\SEVETK EIEDIICRATENGE
manufactured today. meﬂﬁ% F%r@wmicﬁéﬁophisticated industrial
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consumer items such as televisions, clothes washers and dryers, radios and
telephones. As many of these types of products become smaller but more
functional, there is a need to ihEH&dleF¥dnblconductors in these smaller
products. The reduction in size of cellular telephones is one example of how
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and approaches. Unpackaged chips are referred to as die or dies, and
current packaging methods includeg%?acﬁi)n mare than one die in a single
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~manufacturing of the package such as ease of handling and assembling. An
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a rigid fiber-glass/copper _ .
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 mounted to the top
surfad@opihgrsishaxateevriompidied Ramplexibltaipsinofaps adhgidivdergpss/copper
sRADeSHRAMIM: and ReRRIRRIICRINEAINEABELIe M SKRSTAIRDY BH Wil Yray

of fine, conductive wires, typically gold (Au) or aluminum (Al), that electrically
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problems resulting in lower yields of semiconductor packages with stacked
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typically is hlgher than when each die is sepa,ratelz‘ packaged, thus requiring_
wires are covered with plastic, or other suitable material, which encapsulates the stacked dies

and protects them from moisture and other environmental elements.

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, heat sink packages,
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the first die, the heat sink, and the second die are encapsulated. The present
ehpdrehifiose skisddR BeRErmally enhanced semiconductor package that is

more economical, more efficient, and more readily manufactured and

assembled. Certain embodiments of the invention have other advantages in
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sink forming a_die stack; FIG. 4 is the structure of FIG. 3 aft rencapﬁulatiﬂgt,
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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

the attached to the heat sink forming a die stack; FIG. 8 is the structure of

FIG. 7 after covering the the stack with an encapsulating material to form a
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and FIG. 11 is a flow chart of a method for in accordance with an
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Likewise, the drawings showing embodiments of the invention are
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the substrate, regardless of its orientation. The term "vertical” refers to a
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structure. Referring now to FIG. 1 therein is shown a side view o

arserRAvgh atreibr voegaraigd 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",

LRI LT3

"below", “bottom”, “top”,

% ¢

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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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 a rigid sheet laminate, a wide variety of
substrates could be used without departing from the scope of the present
inventidnathelsulritieel Bacheriimed HekbiieRdpaiaatapievite ulssirafeubopates
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material. A first adhesive layer 106 may be an adhesive tape or, as shown in
clejgaed herqiguilongHERRIE tHScEET S é\é% redlthRn aflihkidesind e ger exible
negllipaidiiaene rahyrisnawrel mikeiandustry. The first adhesive layer 106 can

compyi ide.variet nown the attach adhesives, although.it i o
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connected between the first the 104 and the substrate 102. The first number
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104. The heat sink 200 is attached to the upper surface of the first die. 104
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Ol‘SiOr%Ke%Ol(l)l tgfﬁtee ecciﬁ laterally over the first number of bonding wires 108.

Accordingly, the heat Sink 200 can provide support for an additional the that
is largefetiing thw firdildiel Xoardfmie chswarthosidestingoié e al paitticulanat sink 200
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needs of a wide variety of desiags. For example, if the dies in a particular
10 sigpederrsrad wiggnitaRt AMouhtoRréatduriitghaparatisliite Heatramg the
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Sink 2 Sprow eersopré)t%éﬂ%r\?/%rs e first number of bonding wires 108 during

subségueningise homdingiok 20heaomdiesithapacst dtachediiteotiad dipget 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
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surface of the heat sink as discussed below. Referring now to FIG. 3 therein

is shown the structure of FIG. 2 with a second the 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
ceithietkrempgiarl1 (deaneptitedseddhis adtrbsito|BpairPopsufigaieé tvirepat sink by
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attached to the upper surface of the heat sink by the third adhesive layer
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conventional techniques such as ultrasonic bonding, compression bonding,
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bonding wires 108 that connect the first die 104 to the substrate 102.
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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



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
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otk aLSashy” ofthe/sdmicBabitts! S0 IRsHrdEIADET SIBEHAthEeiviFes the
fibd ks sEnRciedsbeiwee 5(he Thestithen bddearnd thadsubsiraies 60 B.pldadlfitstd in
number of bonding wires 508 typically used in _packages of the type

P B R T R SR Ll o copoer
(Giralnomn YAl Adk goleblA(uThalfirdirsumbeeobbbemnding wires B3giisrivirdonded

uQQQQ@Qvéﬁ&%F%@HﬁQUQQ%J_ﬁ%@ﬂiﬁfﬁ%‘&ﬁ%&ﬁﬁq Jt%ﬁﬁa?é%smﬁ%ﬂging,_ soldering,
compression bonding, soldering, or other suitable techniques. Referring now

of QSRS HSTMBRSWN the structure of FIG. 5 with a heat sink 600
attacRectianhadwsb diEG564hdrbia heabsinkheQtstaitaghad 1o thighupiper sink 600
urface of the first di 4 using.a second adhesive, layer 602..The heat sink.
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a die that is larger than the first die 504 if necessary or desirable for a
oyrieUist AEEIBR. of hending Wik 888 has a path to a ground plane 610
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ground plane 610 formed, for example, by providing an electrically conductive material layer
608 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 material layer 608 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



In the embodiment shown in FIGs. 5-8, the heat sink 600 has an electrically
conductive material layer 608 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
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other hand & lesser amount of heat is generated, a heat sink 600 that is

thinnEeteanngeesde Falditiberallyistionadhsii@ne proliddspibtesaionddre 700

atRenfissti i Res: Qf RoBsiNG ke s, 108 diiingrsldreayeRt sbr RONAIRG QliRsive
the or dies that are attached to the u?per surface of the heat sink as

IR (S aHRIOP BErRPRAG RN TP IS, BrtheidiPtY sHORRTIRE sthaditie?ghesive
1y 566wl ateecepnadthehéfve aitachted, tanthenb elait Sindh 60 foryaingeaadiermally
stack. The heat sink 600 has.a third adhesi er 702 aftached tg the .
eSS S R e RS Y AT, SR RS S ey ooo
ba i the Gadmst abiiesiia.|alier GoMmdbdid TRE thirdcadhkivehiaytheapang size as, or
1dhermallncandurtivgsmaterial. The second the 700 is attached to the upper
surface of the heat sink 600 by the third adhesive layer 702. The second die
700 CANBE"SAAMEFERARCIENSaHESs28 K oarerirgdrtharntie firsetl¢lisgA0and
tineconchrus0beThd heodingiiiasol Bénifimoniectod hetvwdgnibeispacigdief the

7(6)3%98n91bglaehsubstrate 5(92. The second nur?ber f bondln% wires 8054 Aluminum

O pican et TR AtKaGes 3 TR e descibad Terdin ars tRAAE of vary He

(Aresrofotetais)suchhasseopyeni@byr attirhimding (Alyeor/gélds (Al Phaded using
cSRIANIAVLEERELARAAI MR SH{OFo R & BRAPARH d1SH3ga RNV RGN o other

techniques such as ultrasonic bonding, compression bonding, soldering, or
StHRIF SERBIS Yechniques. A first ground wire 706 is connected between the
secondfihe gfdfnandiiheoslectiaatite ¢ Gaciclivddnateni@diay®n6asd o bieadically

AR S SOREL R i 20, i RORSeL
608, in turn, is connected to the ground plane 610 on the substrate 502 by a second ground
wire 708. The second die 700 therefore is electrically connected to the ground plane 610 on
the substrate 502 through the first ground wire 706, the electrically conductive material layer
608, 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 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.



wire 708. The second die 700 therefore is electrically connected to the
ground plane 610 on the substrate 502 through the first ground wire 706, the
electrically conductive material layer 608, and the second ground wire 708.
The first ground wire 706 and the second ground wire 708 also provide a

path forhéae teisd domdhrchsdt 2ivEypHd phsthecertasinkeeDDety thie baldgttade 504
aPeREIGLIRG: POV 1aFIGrbinergindsRhen e StsHEMEEr00 Filsh doafieling the

encapsulating the semiconductor 500. An encapsulant 800 is formed using
AEd RESnal tiggs arshod foRhsaBrsntepbRy OF masde iHjectibatitie 202
Atihtioeldy Qg asic polkysoeneoenzapspiantsosuth sasitelimplasiits; wire bonding

rmoset.plastics, ceramics, and omers can be used, encapsulant
R N
Sefle BOSoF el ysdicordedidiP oD dprsrs 160 eetndrcingadiindifigpotafise the size of the

sSemicapdurorRAQ b willibepated thatithrbeat sink 600 AROBHIRS R, the

spacer between the first the 504 and the second die 700, and if properlg
RN OREGETTS THESE ORI e B Hrdth RaKiagtrY tha irstTREmssy @yt 004 also
pheitwdingratrasob08rtitat fianneeaitihedirsbaind0dtc HU8 subisiratér&02nding of the
Add(iitionzzl)té? ('gpg hgat sink S65)(5)4.[:)r0vides support for the second die 700 during

“Wire bonc Ing of the Second number of bonding wires 704 between the

secoRgidiezotarid e suhsteands SOMVINS pragiousty efiscasseapthef a heat sink

ol ARICULFAA %@@%V%&%F’déﬁc%c%{ﬂ‘ rﬂfédﬁﬁ%éhﬁ iﬁis?e‘%l;@é&.h ?Tﬁ@%ﬁ@' difk ¥ is
For example, if the second die 700 is larger than the first die 504, the

reppepsReatvsod tasrheateil SRETEHARIET SrbaRdittg bteumie)imhgwn in FIGs.
6\ndeHeUih04iatse0(pravides orpetianior the finsimibynbetegh Pondingtvdraseach

508 during, wire bondi the . secon er of.bopding wires 704.
A R L RERRAC MR A R et o he
sHstnsink2 9bovthat EHm beuibedubsaacordsitevwithiie preéeimt hevesitbA0T kreto

pOGa SRk IR IS aPiRsentatNe afdhehealsinkicof shawe IRfIGESs Aot
the heat sink 600 shown in FIGs. 6-8. The heat sink 900 has a body portion

ugp® Ahefes HgAp B Ts g o atatcras At L BPRYY- o a8 p i dRA0 6K
ofor attpcement Ohtheshenlgink S6ithéotiaswagtraie eaielliagkthehswhsiiareGk03-3
a (E]Vown in FIG. 1 or the substrate 502 shown in FIG. 5. If the heat sink 900 is
0 ' Be used as an electrical ground connection, the heat sink 900 can be
attacRetrtong sabstedfes ubngcarelectriveally constsetivenadhiesivé tsushuggire of

FRIVE AR Yo 3ARHIDAlY, FAE R SHMGIRDQMAY G BiARG AR GRRYMBGHI0des a

connection with the embodiment shown in FIGs. 5-8 ,
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 heat sink 900, such as the first die 104 shown in FIG.1, or the first die 504 shown in FIG.
5.

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

9



above. Referring now to FIG. 10 therein is shown a cross-sectional view of

the structure of 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
cemnrisessized din aectpivivdanearitopleigHtZofatks i thaiss dpoditidhrosbsithee in a
bif& Ne ok sinke AR pushasnediesidieitas shawming!a 4 oRicihe i LaiRRAg a

shown in FIG. 5. A substrate, and die stack are shown in phantom lines in .
PGSO R G HAES FtABIEhIE BPBRESRL I LIk 9bE td e oiHiet O%: attaching a
sompdrentshef e aesink andustieskpacik@agaeinrickBy déhnEhingubstsaiendndethe the

tack can includ r example, the substrate 102, the first die 104, and .
RS S0 SRR G R P e O e
afheclsétbhd die 700, shown in FIGs. 5-8, Referring now to FIG. 11 therein is

showiithe steRsyaER dnethed d 420 @t %@tﬂ&@sﬁﬁtaﬂﬂﬁ%@{)‘f e %f&%m Qfvention
1100 of assembling a semiconductor Package with stacked dies 9 comprises

PSRRI bsitite e Yifek 1ady2i akts cRmy amrstamstditse sadritectipa!
adlantigki G4 eleniificallyimomisaating éhraficst dientie dh@uswstratie imedladiks. The
1106; attachin heat sink having an undercut around.its periphery to the.
ol PR S R S IR G AR R TP Feny
varsaife e stridfitistizonection inised ofedhid agrah easli aser dbar s nrepdilyc kuited 2for
nAngrsncaps Watingdbrdirshdienthe, e atsipkisRd g 8600didig1 eItk ring
1114. Thus, it has been discovered that the method and apparatus of the
PISSETAR ESHBAO&IFRish important and heretofore unavailable solutions,
capah:u'I'wiielsbcaapbﬁnmtienabsaduamtage&éqrrmmuﬁaﬁwgn_gﬁhgféﬁa{lymvention has
bEanancef.semicanuciors with stackeddies, the [eeyltind pigeess #0d oy e
configurations are sefralgﬁt orward, economical, Lﬁmompﬁca ed, |gahly
a@@_f@mitb@ mi@ﬁé@ﬂ@yﬂﬁ@mﬂmr}tmfabmmmieé rmmefacettmgméadily
suiteqyigic MaRaRiUIMdsiech davighs A doafenttibh GAMRAYRIEAVIERSt mode, it is

conventional manufacturing processes and technologies. It will be apparent
G ehteskind oA tRearAFER HlF oyt tHe prasetdntetfionshid! Bedgparent to
tidescibrd withdeteranaghieabe miegbiidcieichipuisig twecoiengadditionakdira to
er%LG}Xc‘é’e%uas‘i'EE%ﬁ%’rﬁﬁ REmicandugior without deparing o, I8, 552R8 2L eime
present invention.
included claims. All matters set forth herein or shown in the accompanying drawings are to

be interpreted in an illustrative and non-limiting sense.
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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 embrace all such alternatives,

THBAFIYERIAONRE ABYEROIS that fall within the scope of the included claims.
All matters set forth herein or shown in the accompanying drawings are to be
interpreted M dASHSrs iv&sé‘?%bﬁ%-lﬁnﬁ?ﬁb"‘%ﬂ%ce&’rld’ﬁﬁ%ﬁg‘?w Pleskpd dies

c@hpridtigD IS: 1. A method of assembling a semiconductor package with

stackﬁr%‘q;ﬁ‘? g%gm{}ggg: providing a substrate; attaching a first die to the
substrate; e éctrical y connecting the first die to the substrate; attaching a

heat 8ifichorgelfrsdiieo Breewhe@Ely:connecting the heat sink to the substrate

usingefAHEARScof ReNFiNgYirasiide heatstpksomprising a body portion,
an undercut portion around a periphery thereof, and a plurality of legs

integ AR 1M WRITEHE BRABSE portion: attaching the plurality of legs to
the sabstratdly atiaching ahseéecondndtithdretheatsisiky @lectigalhf bomiiegtvigs;

thesceo ahse;n I‘(]) 11rt.0ndoi Pyl egl .ohnee ripher
sink,%n t([esetlgo!éng1 éig%%r%eg}%e%h%%%f%ﬁ%?% z;%é?r:%ogﬁ u%t(?rE phery

package witheseabkand diplgralticpailegsdnisglinfarmerath:tedamdreanyportion;

connggtingdbenfirst dipfo the:subgiatedises a number of bonding wires; and
attaching a heat sink attaches a heat sink that extends laterally over the

numBEEEE SRR MPELe SerifatiB¥hod of assembling a semiconductor
packagpetvidtil giacke ctidiethase ccadmrddanhel aitsttawhaiein attaching a heat

sink afiaghen 1! Atk fshiseleciiealy ioundedd. The method of
assembli g a semiconductor package with stacke Ies as

2. The method of assembling a semiconductor package with stacked dies as
claimed in claim 1 wherein:
electrically connecting the first die to the substrate uses a number of bonding wires;
and
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.
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claimed in claim 1 wherein attaching a heat sink attaches a heat sink that has
an electrically conductive coating, further comprising: connecting the second
the to the electrically conductive coating; and connecting the electrically
conductive coating to a ground plane. 5. The method of assembling a
semifonductomptickagfethvith dtadobdndiag asealmipnderipr dapkrde\riyaintack of

JRtashingA HeR%iNk attRchesIeiRAksiRl hatidardsiRteralyn PEYARE §BRding

edges of the second the. 11 6. A method of thermally enhancing a
WIS R AriiOE CpAELG8 ithsubstRtk Hre GrRat LB BNEIRG BPOViBIGCE Reatnd kM.
pbeineanudies ipetitatadicrtoe hgatsinly avieg hoaging feines toiehgieundlercut

pSoIReStion In a sybstrate. %Q%af%%‘%bhe?‘é'%a ROdy P 50?13 WS Jl%%t
d & , a plural ormed wit

portién around a periphery there ity oflfié%% |ntegra¥y

the updercuinpogtigRandielactically semiected Usia @R paResOH RRAAIRBK of
wires to the stack of dies. 7. The method of thermally enhancing a

digs Ay L I FHRKASEHRIA a stack of dies as claimed in claim 6 wherein:
provigiogidifeahsinkiakachasadieat sink thateaends taidialyeovier iheer die to
lower die to \ﬁ/.h'hcﬁltqle hea&sinlﬁkis ﬁ\taached. 8. The method of thermally
. winic € at sink 18 attached. . . . . .
enhancing a semiconguctor package with a stack of dies as claimed in claim

6 wherein pﬁ%@@&&iﬁﬁ%é&%@@%ﬁé@g Q%%hﬁ%&ﬁ&%ﬂspa%l%%@ IGAHYa stack of
grounded. 9. The method of thermally enhancing a semiconductor Papka%?t )
at 1s

difiita SAORGAdRY BsCIARRE PO HHEASIA P otidig ahast sk

cltiaiches adimdesink that has an electrically conductive coating, further
comprising: connecting one of the dies in the stack of dies to the electrically
condfctive dbatingthodnd dommelsinghinsieleetsicaltychatiugtivkagoatitigastack of

dROMNE RIANE inl Crath e Mathad pidtarmalneRNANCIG & SEMCNAHE Rt has an
eggl{%ka e with a stack of dies as claimed in claim 6 wherein providing a heat

AORBUS HE SR HEHDERPRRERI"Sdjoining pair of dies in the stack of
dies. dhnécaesniaendusiali foickage mithostdicked Hied «amprigingididtive coating;
substrate; and

connecting the electrically conductive coating to a ground plane.

10. 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 attached to the first die;

a number of bonding wires electrically connecting the heat sink to the substrate;

the heat sink having a body portion, an undercut portion around a periphery thereof,
and a plurality of legs integrally formed with the undercut portion;

the plurality of legs attached to the substrate;

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.
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a first die attached to the substrate; the first die being electrically connected

to the substrate; a heat sink attached to the first die; a number of bonding

wires electrically connecting the heat sink to the substrate; the heat sink

having a body portion, an undercut portion around a periphery thereof, and a

pluralig of 18§s sateigrallydormackegithmie trvdedcdicpastidnine iplokalityl bifurther
Bgsigtached to the substrate; a second die attached to the heat sink and

electrically connected to the substrate; and an encapsulant over the first die,

the hBALSRR" ShAMHE St UHY A8 pocoretamiBontitlcis PatrayBWAlR: 2nd

weiaeked dies as claimed in claim 11 further comprising: a number of bonding

wires Belect ically ?%m ct{'ngﬂt(he fir qi% toche su stratei)an whgrein:.the
Undel pndsieu ot R S R TG BvR R Hamba ot panti Wires

13. The senicondheiinaskaaa ithviRckerdigs as CRmed i Eaim 1 vherein

wherein the heat sink is electrically grounded. 14. The semiconductor

thsfarhgakinrletdiedy giewdedeiaimed in claim 11 wherein: the heat sink has
an electrically conductive coating connected to g.ground.plane on th :
ubsite; abtt B B R BB A g i
coatirleg 1t Tink smicdeductty parketieavithtsiackettdivsas gleindeanre on the
claim 11 whgggin,thggndercut of the heat sink extends laterally beyond the
edges of the second die. 16. A thermally enhanced semiconductor package

with A6tRI0YF diels COMPTIEthy: the AlestrGHI SeRTREH tIRo& A%he stack; the

heat sink haying a bod rtion, an undercut portion around a.peripher .

theredt. and S SOPATON L FeCAAERE ) Tk ED i e eI ngrein
theumdsae usfolb drdingf wire sxédedsriealiyllydenentity thigdiedtisinkdenthédies in

the stack; a substrate having a ground connection; and a number of bonding

wires @lectridAN5rEHH SBIHRY tH e WRISORIAR B RIS AFONHA 2 stack of dies comprising:

a heat sink between dies in the stack;

the heat sink having a body portion, an undercut portion around a periphery thereof,

and a plurality of legs integrally formed with the undercut portion;

a number of bonding wires electrically connecting the heat sink to the dies in the

stack;
a substrate having a ground connection; and

a number of bonding wires electrically connecting the heat sink to the ground

connection.

17. The thermally enhanced semiconductor package with a stack of dies as
claimed in claim 16 wherein:
the undercut of the heat sink extends laterally over the die to which the heat sink is

attached.

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

claimed in claim 16 wherein the heat sink is electrically grounded.
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connection. 17. The thermally enhanced semiconductor package with a stack
of dies as claimed in claim 16 wherein: the undercut of the heat sink extends
laterally over the die to which the heat sink is attached. 18. The thermally
enhanced semiconductor package with a stack of dies as claimed in claim

16 whérein The Hbemusiik inbiacedcatiigrodwmied Packa® ThH thesiarkiypf dies as

Bansed-semicenauaior package with a stack of dies as claimed in claim
16 wherein: the heat sink has an electrically conductive coating; one of the

dies il sirk HdrsirsEisAL cpadu itise @l ically conductive coating;

and theeeledicidallyicdrduaiiver diatingdsreordactdd tt:arfraunchbplaneve2thating;
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 dhelidecinctile eeadhkeoieliesting 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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