METHOD AND APPARATUS FOR STACKED DIE PACKAGING
TECHNICAL FIELD The present invention relates generally to semiconductor
packages, and more particularly to stacked semiconductor assembly
packages and methods for the fabrication thereof. BACKGROUND ART The
computer industry continually strives toward higher performance, lower cost,
increased MIAAHODAAND PPARATES FGR G JreCIEE P DIRBRgKI& 0INGOf
integrated circuits ("IC's"). As new generations of IC products are released,
their functionality increases while the number of components needed to
produce them decreases. Semiconductor devices are constructed from a
silicon or gallium arsenide waigiCthiNd(igt. &lipildeess that comprises a number
of deposition, masking, diffusion, etching, and implanting steps. Usually,
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an IC die. In order to interface a die with other circuitry, it is common to
tefstiht it on a leadframe or on a multi-chip 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 W&&&QPSI% dm wires. The assemblies are

then packaged by individually encapsulating them jn molded plastic o
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that are needed for a circuit. This results in packaging designs that are more
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ackage. Of importance to such complicated packaging designs are
dconigigetationateratsdptie sath atheatirebiyt, 1hiS AP AN cR Ua g e frame
oftRrmalRXPAP IO duGOMiERaLRNs 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 or aluminum 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 the space (or "real estate") available for mounting individual dies on a
substrate.

To further condense the packaging of individual devices, multi-chip packages have
been developed in which more than one device (such as an IC die) can be included in the

same package. Of importance to such complicated packaging designs are considerations of
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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 printed circuit board ("PCB"). In some cases,
inpiffiiuepip ediceuntahepe dibinencad faascbimgne risrarghesgsiystpmangd contraction
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functions. Some multi- chip modules consist of a PCB substrate onto which a
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the dies can be very close vertically since the electrical bond pads on the

ab M gl BPIRXC REF Rt e AR BNSFY dPtSeagds RSTTReY sHalfer dhe ermByer

indlithgame-size die stacking, the upper and lower dies are spaced more

Ve“‘ﬁﬂ%é‘»%?“sﬁolﬁ%’ e sutlicient clearancs, Jor the wine bonds of e, Jower. 4
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esigns for mounting multig%e semiconductor IC chips in a single, multi-chip

PieRagd HalsTrRsridBE 5Tt \rdentiiés mounted on opposite sides of a
leadfameopaddiemiveg albpstraignieahodstwe: leadiraeneopaddiesoaitenebipith a
mounted over a le and gne below mounted o rd, an oblong chi
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di%?tgg S;aéizc? rr]r(leEQ Sertically apart to provide sufficient clearance for the wire bonds of the
lower die. Then, once the dies are mounted, gold or aluminum bond wires are attached to
connect the wire bonding pads on the upper die and on the lower die with the ends of their
associated leadframe lead extensions.

Other designs for mounting multiple semiconductor IC chips in a single, multi-chip
package have included: a pair of IC dies mounted on opposite sides of a leadframe paddle,
two chips mounted on two leadframe paddles, one chip mounted over a paddle and one below
mounted on a board, an oblong chip that is rotated and attached on top of another oblong chip

attached to a paddle below, one chip attached offset on top of another chip that is attached to

a paddle below, one chip attached over another chip by separate spacers between it and the



2 paddle, and various combinations thereof. Such configurations have also
been extended to include three or more chips mounted together vertically in
a single package. Unfortunately, such practices for stacked and overlapping
dies cause significant limitations for the wire bonding. These stacking
Padim germeriouy sivakinaiail thersehinduthecanbigeragiend htyor imrsdiatédypded to
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provided that is configured for supporting a lower semiconductor the. At least
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an IIll%yhelgﬁ%o Such & fowersemiconauélor die plus the height of bonding
wiresSidngohta fosve psércios hductmedimus eehrdédeteionidedlopments 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 and apparatus for stacked die packaging. A
leadframe is provided that is configured for supporting a lower semiconductor die. At least
one pillar is formed on the leadframe for supporting an upper semiconductor die. The pillar
is formed integrally with and of the same material as the leadframe. The pillar is sized to
have a predetermined height that is higher than the height of such a lower semiconductor die
plus the height of bonding wires for such a lower semiconductor die plus a predetermined
spacing between such bonding wires and the bottom of an upper semiconductor die to be

supported on the at least one pillar.



spacing between such bonding wires and the bottom of an upper
semiconductor the to be supported on the at least one pillar. 3 Certain
embodiments of the invention have other advantages in addition to or in
place of those mentioned above. The advantages will become apparent to

thoseCskiiad:nbasinzantsid e reaifing bfvihetholedvitigagetaileddieae peion place
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DESCRIPTION OF THE DRAWINGS FIG. 1.is an isometric view of a
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astiemvpahampadkagesincorporating the leadframe shown in FIG. 1; FIG. 3is a
side cross-sectional view of a leaded package incorporating a leadframe
similar to the leadframe shown in FIG. 1; FIG. 4 is an isometric view of
another leadframe BRIBE8dIPSOR BCCONIOF (DHADREBANGHIVention; FIG. 5 is
a side cross-sectional view of a package incorporating the leadframe shown
in FIGIG&,; FiinGssnzesideicrost aSeetivmat viewrding e ddeptqsankiagention;

incorpgrating A4aadiRme SiRiALLS, el SQQIE%Q]&%W&H} Gk Re dhisivn

_an isometric view of still another leadframe embodiment according to the
ll’pFé@th invention; FIG. 8 is a side cross-sectional view of a package

incorporating ihgdeasfiamermhemiew dfl 6 leddéd Gadkiginide 6raSSr SERUAname
view of a leaded aéha ein rating a leadframe similar to the leadframe
SIHERIP ﬁeﬁlﬁﬁfa’% .ﬁ‘%"ién;i){i;[s)gmetric view of the leadframe of FIG. 7
illustriekingt as wir e doctde diese nfienrtiectod tienth emdod id @ atdoshogus the present
Siruetyre of FIG. 10 with the dispensing thereupon of adhesive; FIG. 12
shows the structure of FIG. 11 with an upper semiconductor die mounted and

wire-bHadR# thEfEdHOFISCIdhyf the sakeasaefPGting fssadigme shown
inmgsling of an encapsulant

FIG. 6 is a side cross-sectional view of a leaded package incorporating a leadframe
similar to the leadframe shown in FIG. 4;

FIG. 7 is an isometric view of still another leadframe embodiment according to the
present invention;

FIG. 8 is a side cross-sectional view of a package incorporating the leadframe shown
in FIG. 7;

FIG. 9 is a side cross-sectional view of a leaded package incorporating a leadframe
similar to the leadframe shown in FIG. 7;

FIG. 10 is an isometric view of the leadframe of FIG. 7 illustrating a wire bonded
semiconductor die thereon;

FIG. 11 shows the structure of FIG. 10 with the dispensing thereupon of adhesive;

FIG. 12 shows the structure of FIG. 11 with an upper semiconductor die mounted and
wire-bonded thereon;

FIG. 13 shows the structure of FIG. 12 following molding of an encapsulant
therearound to form a package;

FIG. 14 shows a structure similar to that of FIG. 12 following molding of an

encapsulant therearound to form another package configuration;



therearound to form a package; FIG. 14 shows a structure similar to that of
FIG. 12 following molding of an encapsulant therearound to form another
package configuration; 4 FIG. 15 is a top view of another leadframe
embodiment according to the present invention; FIG. 16 is a cross-sectional
view Bf@héSaadfriameisionnarp hrs 1aalfrakeen corplifieng - 4@ erbrgiho FiG piepent
ilSedt@ss-sectional view of the leadframe shown in FIG. 15 taken on line 17-
17 therein; FIG. 18 is a cross-sectional view of the leadframe shown in FIG.
15 tak&P IR Tifecias-tectioordinew ef holredirarsehenaigtalibwademen line 16-
1teddfeame shown in FIG. 15 taken on line 19- 19 therein; FIG. 20 is a
crossyectional visw of ihe pedliame.shown n FIR. A5 aken Aling 8012017
therein; F 2 Showsa ‘somewhat Igurative cross-sectional view of a
I'pehskeigie incorporating the leadframe shown in FIG. 15; FIG. 22 shows a
figurative 1gRViQWQELNGiPRgkAGE ShAWRIBRIR $bfllawiRg HNSRING: tine 18-
thereof; FIG. 23 is a cross-sectional view of the leadframe shown in FIG. 22
134RE18h line 23- 23 therein; FIG. 24 is a cross-sectional view of the
leadframel showerds sEGu @dRtakenod thinead#amdd dnarai; MG . 135alsa on line 19—
rtggrse-i%ectional view of the leadframe shown in FIG. 22 taken on line 25- 25
herein; and FIG. 26 is a flow chart of a method for stacked die packaging in
accoftdéné witrripre-sseaisanlt Vraveatithe. IBESTMY SDFIROR G ARRNING DY P0-
20 MEJNVENTION In the following description, numerous specific details are
given to provide a thorough understanding of the invention. However, it will

be aﬁﬁgre%'}t %\ﬁﬁes %ﬁlgﬁ.}wbeecross—sectional view of a package incorporating

the leadframe shown in FIG. 15;
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FIG. 22 shows a figurative top view of the package shown in FIG. 21 following
finishing thereof;

FIG. 23 is a cross-sectional view of the leadframe shown in FIG. 22 taken on line 23—
23 therein;

FIG. 24 is a cross-sectional view of the leadframe shown in FIG. 22 taken on line 24—
24 therein;

FIG. 25 is a cross-sectional view of the leadframe shown in FIG. 22 taken on line 25—
25 therein; and

FIG. 26 is a flow chart of a method for stacked die packaging in accordance with the

present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known configurations and process steps are not disclosed in detail. Likewise, the
drawings showing embodiments of the invention are semi-diagrammatic and not to scale and,
particularly, some of the dimensions are for the clarity of presentation and are shown

exaggerated in the FIGs. In addition, where multiple embodiments are disclosed and
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practiced without these specific details. In order to avoid obscuring the

present invention, some well-known configurations and process steps are

not disclosed in detail. Likewise, the drawings showing embodiments of the

invention are semi-diagrammatic and not to scale and, particularly, some of
deperifipchdavieh soare fortars dlagitpoPpréseeiativ iihehserofshivwritioradeferitaen

aifd thénpiEiRnloadditiens, whsiiermulinige RRAGIMEISGrendifSIoRad afacharily be
described having some features in common, for clarity and ease of

dasgehsdiyith iksdRistdire BBy mprehension thereof, similar and like features
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erm "horizontal; as.used herein is defined as a plane parallel to the
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presertdpresnrtiomisdikecie diiecstdasedadie parkpgiRgracapagieagee fabrication
fabrication methods for stacked dies and/or,overlapping dies that are .
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therefore, it is particularly important to support and position the stacked die
dicoRfidaratihFSé tRattdt tHESatmibo HBRRABRIR BERATh GBI bhEh tis&drdic
cadeassible andacaln the eoribeciecsidis bangiayydRefettngiaometacEdssible and
Cetlg%rein iS spe wn aﬂﬁifomeftric view of a leadframe 100 according to the

pregecﬁ invention. the leadframe 100 includes a die attach pad 102 in the

centdrafrariasf fowsiopplistihg thelwiveisdibofmotashpametbiat wew thieddezsiframe 100
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leadfingers 104 that are disposed and supported around the periphery of the
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108 are formed in the leadframe. 100 for s rting an r iconductor
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the disisteibedir{éht, the pillars 108 are created, as by stamping and forming,

at foup, carneiRYati i Sifes) Qfdhedeadiiame iilQrated in FIG. 1, pillars 108 are

formed in the leadframe 100 for supporting an upper semiconductor die (not shown, but see
the upper semiconductor die 204 in FIGs. 2 and 3). In this embodiment, the pillars 108 are
created, as by stamping and forming, at four corners (or four sides) of the leadframe 100.
The pillars 108 are thus integral with and formed of the same material as the leadframe 100
itself, thereby eliminating the need for, and expense associated with, separate pillars.

The pillars 108 are sized to have a height that is higher than the height of the lower
semiconductor die plus the height of the bonding wires for the lower semiconductor die (not
shown, but see the bonding wires 208 in FIGs. 2 and 3) plus a desired spacing or gap (not
shown, but see the spacing 212 in FIG. 2) between the bonding wires for the lower

semiconductor die and the bottom of the upper semiconductor die.



The pillars 108 are thus integral with and formed of the same material as the
leadframe 100 itself, thereby eliminating the need for, and expense
associated with, separate pillars. The pillars 108 are sized to have a height
that is higher than the height of the lower semiconductor die plus the height

of thekbtsrdieganrds FdCte therein dentienndutids dis{nettishdwiehef seeackage
260RdingMEES 2081 S 2RNELDBINS @ dRSHRERPARING oK. 9aRdMAtkage 200
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connect the bonding pads thereof (not shown) to the leadfingers 104. The
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illustrated. The assembly (i.e., the lower and upper semiconductor dies 202
a%lﬂl&sé‘@zﬁdthe bonding wires 208 and 210, and all but the outer perimeter of
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mol lastic. or ceramic body, Referring now tq FIG. 3, therein js shown a | .
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Referring now to FIG. 3, therein is shown a side cross-sectional view of a leaded
package 300 incorporating a leadframe 302 similar to the leadframe 100 (FIG. 1). The
components within the leaded package 300 are substantially the same as those in the package
200. The principle difference is in the external package configuration, wherein the leaded
package 300 and the leadframe 302 include external leads 304, and the leaded package 300
has an encapsulant 306 shaped appropriately for the accommodation thereof.

Referring now to FIG. 4, therein is shown an isometric view of a leadframe 400
according to the present invention. The leadframe 400 includes a die attach pad 102 in the
center thereof for supporting a lower die (not shown, but see the lower semiconductor die 202
in FIGs. 5 and 6). The leadframe 400 also includes leadfingers 104 that are disposed and
supported around the periphery of the die attach pad 102 by ground leads 106 extending from
the die attach pad 102.



components within the leaded package 300 are substantially the same as
those in the package 200. The principle difference is in the external package
configuration, wherein the leaded package 300 and the leadframe 302
include external leads 304, and the leaded package 300 has an encapsulant
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tonevideprd dificead pilaspinat shavn bahathar Rightsdabevethaddie attach such

nB3f 10f %Reﬁ”d%gl%t e‘f“r%'i‘ﬁlség) 340t h%‘{‘é”%ha tﬁ%"éﬁg"&%’ﬁt}’ﬁgﬁgﬁﬁ? t\?gkév éi%qh”tq It
upper semiconductor die an 4, with appr Brla e agjustments 10 the
whiéigbndofitdervand s pitlenscasawentive faedethrEmel kuehliged of fimgerschisuch
r&AR0 pueR Reighipvllhemdefing Aoresting PIRRG IO tR.CiGIBRL i SLeRAHEDre
thereon at that height. It _ o _ ,
maintained and balanced as appropriate for the application and configuration at hand.
Referring now to FIG. 5, therein is shown a side cross-sectional view of a package
500 incorporating the leadframe 400 according to the present invention. The package 500
may be, for example, a QLP or a QFN package configuration. A lower semiconductor die
202 is supported in the package 500 on the die attach pad 102, and an upper semiconductor
die 204 is supported on the pillars 402 above the lower semiconductor die 202. An adhesive
206 secures the lower semiconductor die 202 to the die attach pad 102, the upper
semiconductor die 204 to the pillars 402, and the semiconductors dies themselves to each
other.

Bonding wires 208 for the lower semiconductor die 202 connect the bonding pads

thereof (not shown) to the leadfingers 104 of the leadframe 400. Similarly, bonding wires



will also be understood that more or fewer than four pillars may be utilized to
form each such resting plane for each such the, as long as the placement
and weight of each the are maintained and balanced as appropriate for the
application and configuration at hand. Referring now to FIG. 5, therein is
2Epdwitha wider croysosdetiondioféh whacpbidkaadBgide dhpseating thewn) to the
1d&asfrarnepd00 according to the present invention. The package 500 may be,
for example, a %LP or a QFN package configuration. A lower semiconductor
die 20 RIGTHABHSPRYTHBHERAGEBHE Gt et i ke pa ti5adibnapgre the
lavap ek saruiconcd cier20ear04his Sopar tettarntiteapitaks] 402 ahohihelowen2
semiconductor the 202. An adhesive 206 secures the lower semicondu
S L M R o S R i o
theibansliag 2 isgs FReas erplictsrid aborndietcoriaé meuines 1 Bache denised Bemdivigthe
bIHES: AR {0 tha IPWE bR R ROLEHRE dign a0 SRNDEEE the: banding Rads

thereof (not shown) to the leadfingers 104 of the leadframe 400. Similarllyj/, )
bondiHy WiPeLPY 51%-1the the s SRR SR ORTYF afelB6 4 Lo b thide bonding
whendiogapads dhereafl (natish owey periletcleatfin gersihod. Alog ipitlats phokaged in

support the er emicor:jg tor die 204 firmly and steadily above the lower
o S L R S A B e toreto. The
pillarKaBxitgaveva teckdGt Sufficient 1o hosonmstiateothedetigialsvafwhel leviended

pREMUCOTGIOS HiRdRE andadieROBING WireSe QR aSWelhRS4002H8Y. 4). The

additional clearance as may be desired between the bonding wires 208 and
COMP ARG BFith i fspdr Seinkasn Al AF tyesHmsaty eistratd these adbemaskpee
56¢0e. Tie paneplanirieppet s€midaneuctos diek2@2canflisatdioifevbendinge leaded
pickase %%ﬁ and g1 u.apd all oy itﬁ‘c‘iug”te{t?eaﬁfﬁ‘e%t&r Qldhe leadirame 40918, oo

{he pac ageé IN"an encapsulan 14°such as®a molaéd p‘as IC OF CRranc
higoyeRaperkng 300whepFl @ppsonteidiniis dlecwevanidiaicrodeerettional view of

a leaged PRCKARE ROPIHCOTRAING AlBRATAMERRESIMA 17 €adframe 700
leadframe 400 (FIG. 4). The components within the leaded package 600 are

aqdinmitiRe treseahiRvartitibsdhin trrdisamk-g8 Belsdes e diriatashRifidPariaghe
ctatht theX®imabpatkaga soafiguatomovheseirdhtidadedsdpackagr ©bdie 202
. apd-the le a 602 includ ternal leads 604,.and the | ed packal

RS b b LA TR el A DA T S
suhposod. dRefedirgpaopheay PIGhe7dithataih e &ROWLY @roisohiedicl feexiohding from

HeadRmE 429702

Pillars 704 are formed in the leadframe 700 for supporting an upper semiconductor
die (not shown, but see the upper semiconductor die 204 in FIGs. 8 and 9). In this
embodiment, the pillars 704 are created, as by stamping and forming, from the material at
four sides (such as the four corners) of the die attach pad 702. The pillars 704 are formed in
this manner from the material of the leadframe 700 to stay integral with and attached thereto.
In this manner, the expense and need for separate pillars are eliminated.

The pillars 704 are sized to have a height that is higher than the height of the lower
semiconductor die plus the height of the bonding wires for the lower semiconductor die (not
shown, but see the bonding wires 208 in FIGs. 8 and 9) plus the desired spacing or gap (not
shown, but see the spacing 212 in FIG. 8) between the bonding wires for the lower

semiconductor die and the bottom of the upper semiconductor die.



according to the present invention. The leadframe 700 includes a die attach
pad 702 in the center thereof for supporting a lower the (not shown, but see
the lower semiconductor the 202 in FIGs. 8 and 9). The leadframe 700 also
includes leadfingers 104 that are disposed and supported around the
peripheyiotenBgivatinatie pathpoRedpmred aed eded OBhex tdading fiesmpide/ 02
it%ﬁ,@“ﬁ&h iP@@VZlqggé%)ﬂ@& Z%ﬁ?ﬁoﬁ%ﬁﬂggdﬁﬁ@ﬁé%gtfé}ml?&{ét@fdies and larger

supporting an upper semiconductor die (not shown, but see the ugper .
URRTHREBHER AT i isb 4 TRYE1 b1 B g tHigretibdintent 1he pRfdresioned
sEr@antediied; as byrstanypitig drechfokming, Toamithel hatehiddrabdausasidason this

such as the four.cor of the die attach pad 702. The pillars 7 re
et g S MR M
degithdanetededctrad/ thetepsopiiihisomdimeappliratexpanhdeethd deedlopimilarly be
uRERARIE {Piiﬁafﬁeaﬁ%rﬁﬂ@éﬂ?@ﬂio-ﬁ@,e ol %ﬁ%o@rﬁléiéﬁﬁﬁ@ gy %q@yhﬁégbiﬁ@@tto

is hcllgher than the height of the lower semiconductor die plus the height of
PERE oM ARG irREYOF tREYB R s & ARNE AT tHRPER STTERRMINC BU IS 8%t oned
tHeasvalinQ\d st 2 QBpipoft| Ga. Beastd) Alpls thvdiedifed shicongl GEgap{Mator dies
AN BULoeR 0, 3pacing 2A2 RS- Bhbaween thebonding.wies for the

ower semiconductdr the and-the bottom (glfatlllleplﬁ)pper semiconductor the. 9

In thiRelsrfiegiretiorr, HE pilldrsreire ifovhean arrddplacssshseitivonane diecattardrkage
8@@%_2&%0}5%&'& éﬁ’é‘ iehdg Ay W%@E@W@%@%ﬁ@'@ﬁé%&age 800

semiconductor dies and larger g};per semiconductor dies. Thus, while the
maNArs A ERRst Rl Th HIE T Rask3ss iR LBt hiAT At Qs die
201 iheupisatiaoh tha@at2gd 3ol dehinderstaadphnger] updanthipediseiosiéctor

that the pillars 704 ma located an re on the die attach 702, .
S S e e I A S R e e e
2@ﬁn$mdpebethgnl@e«gto®mtmdméonmé@ posth@r@,eamvhdﬂaé &Dﬂaetbﬂlalm)er
sehRR RN B Xj%rﬁﬂ ) ﬁ@ﬁiﬁ@rs’s#Bﬁ{oéﬁ«ﬁh@@é{&@oﬁ%g%?sddfi% YiRHAQUA EQrS ach

of upper semiconductor dies positioned thereon. Adequate support can
OWFéreby also be afforded for additional semiconductor dies (not shown)

positiBo&dgP@ i) S Upp aited by suthicandupioedseniizedduetothdi®onding pads

Referring now to FIG. 8, therein is sho side cross-sectional.view of a .
SRR BRSSO S T, R R wires
2 ifVieontionupblhe spaickagle SO0l e benfort dhahoptbnar@dsPhereafQiN shaskatethe
1GanRfiguatipn. A lower semiconductor die 202 is supported in the package

800 on the die attach pad 702, and an upper semiconductor ,
The pillars 704 support the upper semiconductor die 204 firmly and steadily above the

lower semiconductor die 202 and the bonding wires 208 attached thereto. The pillars 704
have a height sufficient to accommodate the heights of the lower semiconductor die 202 and
the bonding wires 208, as well as to allow additional clearance as may be desired between the
bonding wires 208 and the bottom of the upper semiconductor die 204, as illustrated.

The assembly (i.e., the lower and upper semiconductor dies 202 and 204, the bonding
wires 208 and 210, and all but the outer perimeter of the leadframe 700) is then packaged in
an encapsulant 214 such as a molded plastic or ceramic body. As illustrated, the bottom of
the die attach pad 702, opposite the semiconductor dies, is not so encapsulated but is

externally exposed. Since the die attach pad 702 is directly in contact with the lower and
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die 204 is supported on the pillars 704 above the lower semiconductor die

202. An adhesive 206 secures the lower semiconductor die 202 to the the

attach pad 702, the upper semiconductor the 204 to the pillars 704, and the

semiconductors dies themselves to each other. Bonding wires 208 for the
uppRetestpritdistiuclor die22oR oAneshiththdondings R8s thh dre aftiabtrsd oA can
Hadbe deqdtivgersHat Rbithe ieagirame 8. Similarly, bonding wires 210 for

the upper semiconductor die 204 connect the bonding pads thereof (not
showR§5A& MY dfntts 1 02 d R Hitferer7d A1de Satt thetapleyiew of a leaded
psevmieFmuaiosrfieafod firtalyfantdestdadiyndbove tine 1dodtainse MICqQRTUGCIOr The

die 202 and the bonding wires 2 ttached theretq, The pillars 704 have
T B S e R R R e A B R R BB e
8002 "Hrdptineiploriiffiyaniceis 208hcasxivaiphagkatioopridkiitisionl eibeirimdeedsaded

piBRY:LO RSO RINMESH LR 20APMINT.WirES 1405120046 H e tom A ERENRRES00

semiconductor the 204, as illustrated. The assembly (i.e., the lower and
DS AR AT SRR PBP IR DOR! the 1SRRG IR LISESand 210, and
all bur¢heroigtenpeacimaten of tiedeadfsame 400)dmEhanvpackagre lkadaame 700,

.encapsulant 214 such,as a mold lastic or ceramic¢ body. As illustrated, the
AR B SN A5 MO HR TR L SEIRILE RO AR RHRS! o Mifer
sapicapdutedihefisodhedmadiipexgosedn Sincentive thed ewricispindidootgs die 202

is@ﬁ@%ﬂ%&ﬁﬂ@ﬁ%&ﬂﬁ%ﬁW&'% afcand el BddrRersamicanduaiordies 492 80sking
204 within the package 800, the the attach pad 702 can_thereby serve as a

Wiy AT Ha oM hepRrKiage o MRk femiRg APt eI 00ty FAGEnas B h of
tisideadfosse SECiomak vieke iialeadas packayatdRe Fichpoitating aleadicalmeer

902 similar to. t ead%ra e 700 (FIG. The c onents, within the le d
eI e L BUEE (i ot 0 NS PRI, K ee 268 e
agtiheible difference is in the external package configuration, wherein the

leadegl. packaga R0med thedpadirame RO dclyde eXealde 91RO @ e

the leaded package 900 has an encapsulant 306 shaped appropriately for
ditpensirpMFTriancn thetdbtsirterdfin RBWGY 31 & ItaCrHBRRR LS AbtIRRCNses
tHsaaelic\2ew efithedeagfsamnec£Q4, tilusiratingnitedocatioaiandfaimatepithrs
{ue attachment and of the wire bonding of the lower semiconductor die 202
o the leadframe 700. In particular, the lower semiconductor die 202 is
showRdifepositisnvniouhited 18n thedie attduhvpada GRuwhihe dabdffarhe kQOwing

p@ﬁgomﬁgbﬂadai{ﬂzg:hment of the upper semiconductor die 204 over the lower semiconductor
die 202. As previously described, the upper semiconductor die 204 is secured in place by the
adhesive 206. After the adhesive 206 is cured, the upper semiconductor die 204 is wire
bonded to the leadframe 700 by attaching the bonding wires 210 between the upper
semiconductor die 204 and the leadfingers 104.

Referring now to FIG. 13, therein is shown the structure of FIG. 12 following molding
of the encapsulant 214 therearound to form the package 800 (prior to final trimming of the
leadframe 700), such as, for example, a QLP or a QFN package.

Referring now to FIG. 14, therein is shown a structure similar to that of FIG. 12,
incorporating the leadframe 902, following molding of the encapsulant 306 therearound to
form the leaded package 900 (prior to final trimming of the leadframe 902), such as, for

example, a molded leaded package.
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wires 208 are shown connecting the lower semiconductor die 202 to the
leadfingers 104 of the leadframe 700. The adhesive 206 (not shown, but see
FIG. 8) that attaches the lower semiconductor die 202 to the die attach pad
702 is cured before the bonding wires 208 are attached. Referring now to

FIG. Refeiagene s teHdwnl théhstriieis rdof FGop Dighustrairigitamedispfe astagging

dhesepQn ahthgRAhesive 208 e Paiiis walu R diSBRNSIAhN8aHS 13 1d0he center
dispenses the adhesive 206 onto the top surfaces of the lower

thegehf SORGHReSH e %WS&&%@% AL/ Dyt P?éf&?iﬁ@”ﬁbﬁ??&‘%ﬁfé‘}‘it% fierdp in
FissshowmThladeatitumiu @ 300FlIc ihtlidbevenifingesitionimg taind diiactinadtsappoeed
u r.semicqnductor die 204 qver er semiconductor die 202.As .
o Y L 1o M RSO0 IR B EREr R g e
afifaeh aethéside 206 dikfesiachead haBhaaPOBYs U &l uhe Qippbesehied nguldr or

QiR P4 IsWirg rhoRged iR the-leadiiamend00 by attaching the bonding wires
210 between the u§) er semiconductor the 204 and the leadfingers 104.

ReferfRY Ml F16 2ad (RURSiIRIash datP tAE SteRdrd ot deadBagfolniiy for
rddpeldingy cliperengapsutahdiiddhentasatndoiodierasdha papkagenBOd@ior die

to final trimming qf the leadframe 700),.such as, example, a OLP or a
e S R e T
dio ihed of FIG. 212, Indbrpordwdgtens. |gwdfresneidoz, igbwiddhmoldéngidfthéS06
aRNGaRsKIant 30aiharearaubrinfersmthe leadetPackeqa A98iPHeLIe SiNa! the

trimming of the leadframe 902), such as, for example, a molded leaded
l3dtipaga. P4 ROLHRGIAGH 0 PIS 2iscinerelre €Bwn BtoBrb R s 1504 are
fdeaeirameit Soenaecasding tactaeapreseninmventbed Theheaciiamae1580® as an

. includes a die attach,pad 1502 in the center thereof for supportir lqwer
e T MR ST ot L S AR
leadfiidimeént&0Dikdso ihtuaieb teaoifiny erfar04 Xfatwr éodispbeed] thaped in a cone

¢ rief, aruRddhe-ReriphELy ¢f e dig fitaehhpaddR02:.0y rowed aadsred,
106 extending from the die attach pad 1502. The die attach pad 1502 can

acerging Lo aeH APLaPRIFARP Y TP L L e padkages HPoessduerd
ieacka@atapphcaiitns tonerkpitarsitSddrnasauiet-atlars dhGhliare fosmeaet @ 7),
the leadframe 15%9 :fgr, ra%%ps%cft(i)\r/glly supporting an intermediate

agee\ﬁe]rl%eon{éu@té?v&re and an upper semiconductor die

The inner pillars 1504 are sized to have a height that is higher than the height of the
lower semiconductor die plus the height of the bonding wires for the lower semiconductor die
(not shown, but see the bonding wires 208 in FIG. 21) plus the desired spacing or gap
between the bonding wires for the lower semiconductor die and the bottom of the
intermediate semiconductor die. This creates space between the lower and intermediate
semiconductor dies as may be appropriate or needful for the particular application and
configuration at hand.

Similarly, the outer pillars 1506 are sized to have a height that is higher than the
height of the inner pillars 1504 plus the height of the intermediate semiconductor die thereon
and the height of the bonding wires for the intermediate semiconductor die (not shown, but

see the bonding wires 2106 in FIG. 21), plus the desired spacing or gap between the bonding

wires for the intermediate semiconductor die and the bottom of the upper semiconductor die.
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(not shown, but see the intermediate semiconductor the 2102 and the upper

semiconductor die 2104 in FIG. 21). In this embodiment, the inner pillars

1504 and the outer pillars 1506 are created, as by stamping and forming,

from the leadframe material within the region of the leadfingers 104 (and the
Thies [sapatasopresdtieaen theeraioinydipke A cpIassB04daetorfshaseasinhisbe

aPPRIPAaIB SHERu e ﬁl%&ﬁi@ﬁ‘fé@%ﬁﬁ@ﬁﬂ;ﬁ%ﬁ'ﬁ%&%ﬂgfﬁéﬂ& 200 s an

integrated part thereof. The e)ifense and need for separate pillars are )

accordiifily eivhilsatla s mlr dindtsadgheany thalBerer pivarse1 Blygared in
Fiarmgdsaochsldapegaritoaehautsamtiglyations aseandiehseenlirahéGs00.6; 48] be

and 20. Qther,shapes.m Iso be considered,..according to, the needs an
R e AR O PSS DR AT 0o
magtlseldigpied o g \apsad (thesHigpeitigh ithdstizitedabyriie bsiltiessr abneadeiicand

aﬂﬁroﬁi%%é/ gE3@hdapRiaUBISE: "Mndngl %@ﬂ%ﬁhﬂlﬁ&e HenglaRiliany 1pQ4 Y e SR,
to have a height that is higher than the height of the lower semiconductor the

PRI BeRLIGIMBFPRS BOHSIA GRS A0 RldPSrESHEG (o 0qiBapnlt varied
s pawide buppee iberhondingywitast208ativ i Gordik) okl ariecdesitados paeing ditite
a‘ggaF be?tsvve?cr(l) ﬁ ec%(%ragiQ?OvsviitrigIsle@{hthgolower semiconductor die and the

ottdm of the  Intermediate semiconductor die. This creates space between

the |d%w&ereing e ridddifatéo sdmidong seeomdies @s-saehiobd apropribgelandirame

15GqediwLfen the parigylpr@pnkcation and configuration at hand. Similarly, the
outer pillars 1506 are sized to have a height that is higher than the height of

the invaFBinaraosiaiifis! thesEghisohmnintsrpssaratiod niies fiufoleastrame
1 soenaken anddhe7heigihtiathe bonding wires for the intermediate

Sem't%%’f‘%‘j%%%’ﬁt*v‘veténﬁ‘féﬁ%‘{v{he?‘fﬁ 265405 hondind e\é\ﬁroensalz\%g\?/ N S 1eadtbame
plus the desited spacing or gap between the bonding wires for the
1 ik rekediardie Middniduder idie and the bottom of the upper semiconductor

die. i{%fl—ll?f-ﬁgcﬁ%@@§ ﬁf@cﬁ),bﬁM&ﬁI]st@ﬁomlipﬁr@ﬁg@&ﬁ%}"pfaw of the leadframe

semiconductor dies as m%% be appropriate or needful for the particular
13biksnon bng Configufdiiod At hand. Notably, while the inner pillars 1504

and tRefenigy pilans FpQ62areHBtsirateBoiwn ll Godsastocdterdand pesitimeche

ntially. at the cor éthe leadframe 1500, it will be understood,
lib@aj(g%?eﬁlp%]n}llfﬁs}%%gglﬁ(gﬁ at the inner pillars 1504 and the outer pillars

1506Rntayibe lovvatedd@ydhdheaoundhtendie etteethgadzt 502 ¢ agasraseeonal
vilGSiEs pRaeded: 89 RRRCPHRIAIP LR APRICGEHPR AHRRNGh AW SiBHi ¥ ing
the:eleglrc]l(fjr?lgeEOIOS%(gh;ﬁ:tcgﬁgir?gu2)] tgl?ersﬁresent invention. A lower semiconductor die 202 is
supported in the package 2100 on the die attach pad 1502. An intermediate semiconductor
die 2102 is supported on the inner pillars 1504 (not shown, but see the inner pillars 1504 in
FIG. 25) above the lower semiconductor die 202. An upper semiconductor die 2104 is
supported on the outer pillars 1506 (not shown, but see the outer pillars 1506 in FIG. 25)
above the intermediate semiconductor die 2102. An adhesive 206 secures the lower
semiconductor die 202, the intermediate semiconductor die 2102, and the upper
semiconductor die 2104 in position.
Bonding wires 208 for the lower semiconductor die 202 connect the bonding pads

thereof (not shown) to the leadfingers 104 of the leadframe 100. Similarly, bonding wires

2106 for the intermediate semiconductor die 2102 and bonding wires 2108 for the upper

13



positions, and dimensions of the inner pillars 1504 and the outer pillars 1506
may be varied to provide support as may be required for various forms and
arrangements of intermediate and upper semiconductor dies positioned
thereon. Referring now to FIG. 16, therein is shown a cross-sectional view of

seheciaddftamelicl SH04alkkennset litke 18018ing FpSls15nRefbAiiy ridwths RIGPeLTve
sdhgesiasshaun Ak ossgRstionah viewef ihe eadiameadirfftaken ordiRg:s is

17-17 in FIG. 15. Referring now to FIG. 18, therein is shown a cross-sectional
PiRRinedt M ete araRandiBd eikeh Yn thrdmrsiadnth ey Rt elirhdny as

d&l&Ebd@atthesein is shown a cross-sectional view of the leadframe 1500 taken

onling 19-19 i FéG.l . Referring now.to FIG, 20, therein is,shown a
orosal g assebiy (e e Topet b edihe o domer SCIar B8 200, 2102,

aRle?d fn ghadwidRIiis 20fer2lRGs aibAd% somalvhat fguertivererimeter of the
1GERRSHRasiON A (Vg W.ef ARRFKAE 2INMLsHER a3 RIMRIIsR mtackedidis: Qbnic

or QEN package, incorporating the leadframe 1500 accordig]g to the present

biiNertitrhaknsnel Wb inidyaictor iodb s the iissrBenatiienh lerjatpting
obhékadisdatiac? mdib2oArdnignedidtespnikagaductor die 2102 is
suppeorted on.the inner pillars 4 (not show ts inner pillars 1504
ittt s et SR e it S i
shhe 2agianis wharspbrredcdsagthe180ter fpiishes 1506 ynett slvoganddireeghtHe datbars
15ars d20RiD FlRian) RRQVerthe iNgimediateseniconductontng 2AAe-ons

adhesive 206 secures the lower semiconductor die 202, the intermediate
whihidisnerskRse the AT d ARSNGB Ee thicaRiTE Bt IS PR sSE O to
rdB@veifg wiles 08 fotidh e fl akvele séfinieon doctaidire 202:c eagach e kaoshng@ant
Zﬂjs thereof (not shown) to the leadfingers 104 of the leadframe 100.
imilarly, bonding wires 2106 for the intermediate semiconductor die 2102
and bordinglwiten@ 10dfaruhdasppesd 18 herpiparidactor diedfao doAReed the

pibRaONAtig B@%ﬁ‘f@hﬁ@‘%&)lfé&mﬁ (STHACUNR SERICOREMGIRIALCSAQ MGstrate

leadfingers 104. Proper and sufficient spacing for these elements is provided
SiBgAiReE ABTPELPB I G HETGRESFTHEHREFAHE BRREP HiltrS 4B TLcG 66, as
descieegralpomsy to FIG. 22, therein is shown a figurative top view of the package 2100

shown in FIG. 21, following completion thereof by sawing the saw streets 2112, 2114, and
2116 as described above. For clarity of illustration, some elements have been omitted, and
the encapsulant 2212, the intermediate semiconductor die 2102, and the upper semiconductor
die 2104 are shown as transparent so that the relationships among the features of the package
2100 can be more readily appreciated.

Referring now to FIG. 23, therein is shown a cross-sectional view of the completed
package 2100 taken on line 23-23 in FIG. 22.

Referring now to FIG. 24, therein is shown a cross-sectional view of the completed
package 2100 taken on line 24-24 in FIG. 22.

Referring now to FIG. 25, therein is shown a cross-sectional view of the completed
package 2100 taken on line 25-25 in FIG. 22. As shown therein, the inner pillars 1504 and
the outer pillars 1506 have been sized, as described above, to have respective predetermined

heights for supporting the upper semiconductor die 2104 and the intermediate semiconductor
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The assembly (i.e., the lower, intermediate, and upper semiconductor dies
202, 2102, and 2104, the bonding wires 208, 2106, and 2108, and all but the
outer perimeter of the leadframe 1500) is then packaged in an encapsulant
2212 such as a molded plastic or ceramic body. The package 2100 is

dif ZdraredhithF igepmeihath e csiaggadrstne dia ) rbrovergtin dleitagscafigeaductor die

2 ECARBHANWR L2mand Reforaicompletion of the package 2100. For
completing the pack%?é 2100, saw. streets 2112 and 2114, illustrated in

phanfSiF TSRO g %é?&rﬂ%lbé%‘k%é Qiﬁcfl?érﬁﬂf%%tlﬁs?aﬁﬁ?r@ra%‘ibed
denddkagiug hinthe: tiel hireswitb @& {oceparataiiodivithtahlehas20hthadrdddipgeising
04, Saw stree ts 2 63howr |on where the package is fInISh d b
T e e M e e S BB e A T s an
f@mmmtuéﬂ@%mﬁen@adﬁngwsl%frmfmémleﬂgequh&e@mﬁsm@m@e the

pARLBeihBeNRIAGR NS i ChNIAHE deseribad With-resRethiadhgeRd i aMGzed to
1500 and the _package 2100 are partlcularﬁppllcable to QLP and QFN

byt gIRdtiTREneh AoiRhs iR Sigheitbraibedidin 2 W B %FW&H‘E@H%F‘I@
pmwthdmﬁigﬁoufpbﬁmuglmqoaﬁkagmg laeefesﬂﬂgcﬁﬁxwmﬂﬁ s th@fcﬁlﬂdﬁmned

ow f| uratlv EE |ew of the H%ﬁe tom ?leh%va)%lgeﬁllgoﬁbf&ll p(gbe

Spacin WlI‘C
l?:om Ie |on%ﬂere ysa ing the s saws reets 4,’an

sefwociided Hisowdeasopnslarityromidudadtidrisome elements have been omitted,
and g eRcaRRHIqRts2 1&&%‘%m%@%&%%%%@%&oﬂ'%&%%ng%q&b&e

upper semiconductor die 2104 are shown as transparent so that the
eﬁ%‘féﬁﬂ?ﬁsﬁﬂﬁ’s Sﬁ‘ﬂi‘ﬁﬁ@ 1 fe AESS E?F‘l‘l’?é“ﬁa%d@c?fﬁo @%‘Eésmorésre‘&‘dwbed
cappiasiate df Refarvingaopdadel @ staa;emn skRitdsdGhawdia asmﬁsasemonaludes a

flﬁ? \?Aémolc%r}leduc?(r)n %leté 2% E gd%%q 1e eﬂtac Im 23 2 In th{\(/?e’: %st electrically
eferring now O ereln ISS OWH a CI‘ S SEC |ona view O

inteenpieteidd ﬁadlbagleaﬂiire@lqawm lipreding-2irirs. FI6 . sRoorReferriegpdesppralie is

at'?d&e@%“ﬂ?er%ig?ﬁ sQﬁmé%%Bf?%M%c%ﬁ}%&%@&%ﬁ?%do?eﬁhﬂgﬁle to
2100 taken on line 25-25 in FIG. 22. As shown therein, the mner(i)lllarS 1504
t

allpye) Uhe SRS SSIMALG IR ik £ i i Bl s teadibe fissepan Gnadigepads on the
sé@spectivecpradater i hﬁéghiﬁtéﬂfoﬁﬂ@mwtlmg tmeluwﬁfnseernslyceaﬁﬂmgomfes.

cfltlzojﬁgél%) e%stg% rgte%rlrgg dja %ié?l%g uf:stoo%e qu%ezdlzgzd\é\gllr%c} 0 eedecél The
ntermediate semiconduc OI’ etween e upper semlcon uctor die
p&i@geamdlmeemomulgmmhdmhhmmmﬁound

It has been discovered that the present invention thus has numerous advantages. For
example, it enables and supports high package capacity, efficiency, and performance.

Another advantage is that it enables full die pad wire bonding while reducing package
thickness.

An additional advantage is that it affords high levels of integration and package
density.

A still further advantage is that the present invention facilitates enhancing the circuit
capabilities by incorporating multiple dies that can thus support multiple functions in a single
package, while reducing the package volume.

Another advantage is that the invention is uncomplicated and thus amenable to lower-

cost, rapid volume fabrication and manufacturing.
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Referring now to FIG. 26, therein is shown a flow chart of a method 2600 for
stacked die packaging in accordance with the present invention. The method
2600 includes providing a leadframe configured for supporting a lower
semiconductor the, in a block 2602; and forming at least one pillar on the

leadfréme fohasUpssodingpaeradopet beriksbad detamacdiegiremeihad batheproratedof
Hotegaly with @ndrefibe samRmaleliakasie: IarRditamenanfhsizeshio shavens,

a predetermined height that is higher than the height of such a lower )
YRRt R PRl LthaRaGh{Br BEKaTHYE §orLigANSY R capacity and
resRmiconpiukigie diehjplkis agpredeBiminedilspacingdestvweemsuchndneliigns  are
st %%f%‘PVQaEQ,e_tﬁ’%ﬁ%%gflra”@g@géﬁer@!f_o%ﬁé}]h‘itorv”}%ah e, unppried onthe o

at feast one pillar, in‘a'bloc e inventron thus provides a useful
impsmedtethbystrapting Meorvindrsheitegisackedercatficicrndil n e ted percipanafadturing
Sgag&pd[ggy&iggghe package thickness. As described, embodiments of the

invention provide a stacked semiconductor die assembly that includes a first

semicORSULID IO PR TSR HEY ARFtHE £9RTUREHN BAG AviltF e Ref R Plgal s
e lectridatyodateiconnagtelkiaadie de adidainaitiough bandiog Witk belappaeiidio

REgdiciar s s puschenon e ntegial plars Lty be

W fhe seconagé%’mlcon uctor
euiestee ol ety avongsadinp dHesioms Bor dirippeisdicthialiseigoindhe scope of the

i&%ﬂ@&%ﬁé_@r Aie Iﬁﬁ%éﬁelﬁlti{gﬁ&%&{% Q%Ptﬁgtﬁ%ﬁ}éﬂe&d fiRg 91\’ e Q@U&%panyin g
wires. Additional pillars and semiconductor dies may also be included as

dedpeTRE: HESIBETPrHE] Bk AYs e ke AN MOAT SRS With a molding
compound. It has been discovered that the present invention thus has
numerous advantages. For example, it enables and supports high package
capacity, efficiency, and performance. Another advantage is that it enables
full die pad wire bonding while reducing package thickness. An additional
advantage is that it affords high levels of integration and package density. A
still further advantage is that the present invention facilitates enhancing the
circuit capabilities by incorporating multiple dies that can thus support
multiple functions in a single package, while reducing the package volume.
Another advantage is that the invention is uncomplicated and thus amenable
to lower- cost, rapid volume fabrication and manufacturing. 15

\ (%n .
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Thus, it has been discovered that the stacked the packaging method and
apparatus of the present invention furnish important and heretofore unknown
and unavailable solutions, capabilities, and functional advantages for
increasing package efficiency and capacity and reducing package

T NEESED OPhelrddMEiRYLProcesses and configurations are straightforward,
economical, uncomplicated, highly versatile and effective, can be
impletente Bg?%ai)ﬁ?ﬁﬁé% “tBLHI6188i &8 BHE Hre thus readily suited for
manufastidiinegn staltkeokdienfigekddessipiitatpe Inwentionidiagesnlie; and

Ig SPINLRSHIQ %WQP&%R@%Q&P&% %9Qﬁmi%{'éﬁn%)sgﬁlel#t‘e?gsr&ﬁ%’o%&n&%r

descriigr%qli
many alternatives, modifications, and variations w a those
skilled in thdiartths Igardieie &foregddineschiptiomndadictraiagly, masrial as the

intended to @iRee Al Syl afernatiygsedbedificaiioemnamchVa iRliaBS than the
which fall within the scope of the included cﬁ%{rips. All matters hithertofore set

forth herein 5 &h TS S R IS 82 1 b & Rt Rl o
an illustrativedna lerdismiticgrsianse . d6 plidE: IDRdeNmdbl GhaiMBER el .sAch
method for giagkiee e PACkAQ Bg. SRTPLS G AR AIEREIATE: supported
configured for sup?portlng a lower semiconductor die; an ?ormlng at ea&p
one pillar orftrbelablgpdrie fHaupporting an upper semiconductor die, the
pillar being formed integrally with and of the same material as the leadframe,

and sized to' RaVE LBt Staimhih S HEIBHP RS S hiGHL it te Oh SigHE Yt ame
fistlch elopyestmicondi¢ctokaieoplusithe dnaighte ad fieoneling wires foeresidich a

lower semiconductor die plus a predetermined spacing between such

bondihg wiréseanethné Potkam bivaareipper semiconductor die to be supported

on the 8t ilgastonadeitale 2.dihe rehedobrlaimd whetgindermingaldefalsers;
one pillar on the leadframe further comprises forming the at least one pillar

on the lead#&ne at a corner thereof. 3. The method of claim 1 wherein:
providingiadeatfraros: fpitthesc o prigaan dvidiageanpadésaioreing\tiroat least one

leadfingers; .?lgd formaipg at (I)%%s(;[f ne, 2{Ic@r on the leadframe further

. f . .
comprises fglrmfngr,]o{ﬂe at least one pillar Hr6m at least one of the leadfingers.
4, The method of claim 1 wherein:

providing a leadframe further comprises providing a leadframe having a die attach
pad; and
forming at least one pillar on the leadframe further comprises forming the at least one

pillar in the die attach pad.

5. The method of claim 1 wherein forming at least one pillar on the leadframe
further comprises forming at least one outer pillar and at least one inner pillar sized to have
respective predetermined heights for supporting an intermediate semiconductor die and such
an upper semiconductor die with such an intermediate semiconductor die supported between

such an upper semiconductor die and such a lower semiconductor die.

6. A method for stacked die packaging, comprising:
providing a leadframe configured for supporting a lower semiconductor die, the
leadframe having a die attach pad and leadfingers disposed and supported

around the periphery of the die attach pad;
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4. The method of claim 1 wherein: providing a leadframe further comprises
providing a leadframe having a die attach pad; and forming at least one pillar
on the leadframe further comprises forming the at least one pillar in the die
attach pad. 5. The method of claim 1 wherein forming at least one pillar on

the letigifraingeard fitiarieopiltis s fhererranke EstsoPROGULR A HIzica pRiNdt dadisttor

one inner pijjar gizedilgheMGe EsREStNR RLeelgiMine dh@ig M Ohaterial as the
supporting an intermediate semiconductor die and such an upper

semicondu IS A P S BESE SR IE it el s igperddan the

between suchehnodippdr semigordlicioddienadid sluciha lewsr ichinduwdiar for
die. 6. A method f?r stacked di §ckgx.gin% comgéi ing. rgvidin%ab

sucpn a lower semiconductor S a préactermined Spaci etween such
leadframe configured for supporting a lower sercon' uctor d?e,.t e
leadframe Hzvifig & veie saatlcthdp beltamdoleaifipips rsealispodecion it $0 o orterprted
around the ggriphensQf the die attach pad; 17 stamping and forming pillars
on the leadframe for supporting an upper semiconductor die, the pillars

being fHaa THEBGr AN T a BrctAeds R dhridifetic P e 18 &, and
sizedv@rdibvelm P reeriesmiaai heighbilad is figheadfinaan dhathsighihgfaush a
lower semiconductor die plus.the height of bgnding. wires for such a lower
el s e b e S o v
wiresvairdtpialivgttbenv pifeaneup pardsein conubtolealiénechevg tppardart wiethend

pillars;,attaching RUGHHR: IRWEF SEMiERAAUEIRIHIR LR thgthe @iRchRast Milhes in

adhesive; wire-bonding the lower semiconductor the to the leadfingers with
bonding wirt%E583HAY an upper semiconductor the to the pillars with

adhesive; Wﬁé%@%ﬁ% e Hppen.semiconductor the 1o the lnadnngers with, .
bonding wires; and packaging é’%}feasl% ?hé“r% f'and upp% sémiconductor

futiber anuiphiech otadipigavindSermmg dheqapsislanthy lepdamethidbesfoctaimtigreof.
wherein stamping and forming pillars on the |leadframe further comprises

stamfing arldi$draihieg & pimPdraie seqwingmaddotringditiers A dhedragframe
fukverroatipeideatselaipmg mibesenn siane pingrandfonpirgdpiiges on the leadframe

9. The method of claim 6 wherein stamping and forming pillars on the leadframe

further comprises stamping and forming the pillars in the die attach pad.

10. The method of claim 6 wherein stamping and forming pillars on the leadframe
further comprises stamping and forming outer pillars and inner pillars sized to have
respective predetermined heights for supporting an intermediate semiconductor die and such
an upper semiconductor die with such an intermediate semiconductor die supported between

such an upper semiconductor die and such a lower semiconductor die.

11. Apparatus for stacked die packaging, comprising:

a leadframe configured for supporting a lower semiconductor die; and

at least one pillar on the leadframe for supporting an upper semiconductor die, the
pillar being formed integrally with and of the same material as the leadframe,
and sized to have a predetermined height that is higher than the height of such
a lower semiconductor die plus the height of bonding wires for such a lower

semiconductor die plus a predetermined spacing between such bonding wires
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further comprises stamping and forming the pillars from the leadfingers. 9.
The method of claim 6 wherein stamping and forming pillars on the leadframe
further comprises stamping and forming the pillars in the die attach pad. 10.
The method of claim 6 wherein stamping and forming pillars on the leadframe
further compribéie dteftapireg athdPiesraireieubicsildrs Qritt inmepisilaes Bigad lrgst
have respegfivgipiedetermined heights for supporting an intermediate
semiconductor die and such an upper semiconductor die with such an
intermediatd ke ajpipaadidcio ctiens up pattednbeébvaeiaasuate ghlldppeformed on the
le%gfpiconguctor din%handfsuch a lower semiconductor die. 11. Apparatus for

Stacked ¢ i%cﬁé%‘i{ag?rrﬁo, comprising: a leadframe configured for supporting a

lower;gemicppdygctar dies@ng atileastine RillapR.the leadframe for

supporting an upper semiconductor die, the pillar being formed integrally

with aFfilidrars e e IrdfEras489he leadframe, and sized to have a

predetermineskheighpthat is highesddfamih edieightrafesualona dowekt one of the
semiconduqt%filiieeglus the height of bonding wires for such a lower
semiconductor the prs a predetermined spacing between such bonding

wires) 4.8 ang,thg, betiam el uPPeLeEMIGARGYELOr the to be supported on

the at least one pillar. 12. The apparatus of claim 11 wherein the at least one
pillar fdiB At 8A%AR the i HATR at™ corner thereof. 13. The apparatus of
claimtid sfusthe beopiiisinghe [Radfingens o thaleatitama: anstihadat least

one pillar on the leadframe being formed from at least one of the leadfingers.
14. The apphraappohiciaivh daifulthéntompeisinging thécattavk padrgnltieand at

14%@%?{@%%@%%&&4@%@%@ fﬁ%&fb‘? tR2dlAMARANC 0D SRR, and

die attach pad. 15. The apparatus of claim 11 further comprising at least one

SigedP Biter SIRIAL ISt SHENRFEPHANT FOFHPRIRRY AR SR Sirte oftHgonductor

dRamd Materal asthedaacbrmecand sizedichhavelespedtive pisidetainisnedie
heiglgletg {)otr su;ﬁpsorﬂn an intermedigte se .icoraduc}log{ldie and such an upper

Sgmiconductor die with BRich an Ttermediate Semiconductor die o e o e

16. Apparatus for stacked die packaging, comprising:

a leadframe configured for supporting a lower semiconductor die , the leadframe
having a die attach pad and leadfingers disposed and supported around the
periphery of the die attach pad;

pillars stamped and formed on the leadframe for supporting an upper semiconductor
die, the pillars being formed integrally with and of the same material as the
leadframe, and sized to have a predetermined height that is higher than the
height of such a lower semiconductor die plus the height of bonding wires for
such a lower semiconductor die plus a predetermined spacing between such
bonding wires and the bottom of an upper semiconductor die to be supported
on the pillars;

adhesive attaching such a lower semiconductor die to the die attach pad;

bonding wires wire-bonding the lower semiconductor die to the leadfingers;

adhesive attaching an upper semiconductor die to the pillars;

bonding wires wire-bonding the upper semiconductor die to the leadfingers; and
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supported between such an upper semiconductor die and such a lower

semiconductor die. 16. Apparatus for stacked die packaging, comprising: a

leadframe configured for supporting a lower semiconductor die , the

leadframe having a the attach pad and leadfingers disposed and supported

arourid gisapaviphancliging tideantadls paerpitdrappinipat aridomdes epd the

the Ieadframgnﬁgﬁgm@rtmg an upper semiconductor die, the pillars being

formed integrally with and of the same material as the leadframe, and sized

to have. a prEgeippatineddieighi thatischighde thidarthee baight OiisLithracdwethe
lea?ifn'conglf'l?tor dlesphu(;?‘r thF height of bonding wires for such a lower

rame a € COr
semiconductor die plus a predetermined spacing between such bonding

wiresignd the, bafiomaf 3P YRRLT SSTURIRAMCIRNIHEIR RESWAPHIGIHRRUDE the

pillars; adhesive attaching such a lower semiconductor die to the die attach
leﬁﬂﬁar’fﬂfoﬁﬂ‘ﬁﬁé}“m?@g\%ﬁé%ondmg the lower semiconductor die to the
leadfipgers;adhesive ataching %‘v%':?é?em g?a@d‘é%‘s’{ the EP e cﬁt”larchn the
bonding wires'w BBondi Ing the u per SemicoRductor die tothe Tea INgers;
leadttame mﬁf@rfbapgmamaéackagmg at least the lower and upper
semiconductor dies and the b,ondln(i; wires. 17. The apparatus of claim 16
wheréth the [ ARP &Rt ah i BHHsE qErPHREN dedtr it anh inrh@idars
fdhﬁéeaite“g&lwhenapmaratuﬁ: edmlaiiatdifai ereir deapil aiﬁdasﬁeeat&mpedréﬁpéctwe
re eterml Iﬁ %rrame gl‘ lrgl'| tgr? fealdl’fllg etresslglcTh i&pgfea taLIII SUC aanmu16er
Piherein t fars are sPé)mpe%l nd formed on the leadframe in PP
seamlaehdpat@r 2103 Thk syshavatoswiclaim smmﬁmt@om@ﬂmg@dtwmﬁammhchn
elailassaforned intearally with,anpebg:aaae material as the
eadframe, and sized to have respective predetermined heights for
supporting an intermediate semiconductor die and such an upper
semiconductor die with such an intermediate semiconductor die supported
between such an upper semiconductor die and such a lower semiconductor
die. 20
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