METHOD AND APPARATUS FOR STACKED DIE PACKAGING
ECHNICAL 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
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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
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interface a die with other circuitry, it is common to mount it on a leadframe
thereohy 4 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 fine gold oPALKIARUNIRAR e assemblies are then

packaged by individually encapsulating them in molded plastic or ceramic
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substrate.  To further condense the packaging of individual devices,
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~ to such compli chackagin designs are considerations of
die. In order to interface a die with other circuitry, it is common to mount it on a leadframe
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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 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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input/output lead count, heat dissipation, matching of thermal expansion

and contraction between a motherboard and its attached components,

costs of manufacturing, ease of integration into an automated

manufacturing facility, package reliability, and easy adaptability of the
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Solutions to these problems have been long sought but prior
developments have not taught or suggested any solutions and, thus,
solutions to these problems have long eluded those skilled in the art.
DISCLOSURE OF THE INVENTION The present invention provides a
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DESCRJPTION OF THE DRAWINGS FIG. 1 is anr_é1 sometric view of a
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thFhBreagsng;[l{Q\{ ntl8vantages of recent developments in semiconductor fabrication and
packaging techniques, there is a continuing need for improved packaging designs, systems,
and methods to enable increased semiconductor die density in multi-chip packages. A need
particularly still remains for such improved stacked die structures in which all the active die
pads can also be electrically interconnected to the lead fingers simultaneously. In view of the
need to increase package efficiency and capacity and to reduce package thicknesses, it is
increasingly critical that answers be found to these problems.
Solutions to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method 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.



FIG. 5 is a side cross-sectional view of a package incorporating the
leadframe shown in FIG. 4; 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
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FIG. 10 is an_isometric view of the leadframe of FIG. 7 illustrating a wire
acconpanying SEMitBductor 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; FIBREEHUSEREPSHNUOEF JTHEBRAWAINASNg molding of
an encapsulant therearound to form a package; FIG. 14 shows a
strifaturés simisamestiation PIG. ¢ adfollow g arbiding GF ancserdapsension;
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in FIG. 1;

FIG. 3 is 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 embodiment according to the present
invention;

FIG. 5 is a side cross-sectional view of a package incorporating the leadframe shown
in FIG. 4;

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;



FIG. 15 is a top view of another leadframe embodiment according to the
present invention; FIG. 16 is a cross-sectional view of the leadframe
shown in FIG. 15 taken on line 16- 16 therein; FIG. 17 is a cross-sectional
view of the leadframe shown in FIG. 15 taken on line 17- 17 therein; FIG.
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) line 18- 18 therein; FIG. 19 is a cross-sectional view of the leadframe
Ivend@lann in FIG. 15 taken on line 19-

FIG. 16 is a cross-sectional view of the leadframe shown in FIG. 15 taken on line 16—
16 therein;

FIG. 17 is a cross-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 taken on line 18—
18 therein;

FIG. 19 is a cross-sectional view of the leadframe shown in FIG. 15 taken on line 19—
19 therein;

FIG. 20 is a cross-sectional view of the leadframe shown in FIG. 15 taken on line 20—
20 therein;

FIG. 21 shows a somewhat figurative cross-sectional view of a package incorporating
the leadframe shown in FIG. 15;

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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19 therein; FIG. 20 is a cross-sectional view of the leadframe shown in
FIG. 15 taken on line 20- 20 therein; FIG. 21 shows a somewhat
figurative cross-sectional view of a package incorporating the leadframe
shown in FIG. 15; FIG. 22 shows a figurative top view of the package
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view of the leadframe shown in FIG. 22 taken on line 23- 23 therein; FIG.
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descrilbe@ ¥h2kEeraihice numerals.

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

The present invention is directed to stacked die packaging and package fabrication
methods for stacked dies and/or overlapping dies that are mounted on a leadframe. With
existing single-die contemporary designs, all the active pads on the semiconductor die are
simultaneously interconnected electrically to the lead fingers on the leadframe. For a stacked
die package, therefore, it is particularly important to support and position the stacked die
configuration so that all the semiconductor die bonding pads on both dies are accessible and
can be connected simultaneously.

Referring now to FIG. 1, therein is shown an isometric view of a leadframe 100
according to the present invention. The leadframe 100 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. 2 and 3). The leadframe 100 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.

In one embodiment of the present invention illustrated 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.



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
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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.



In one embodiment of the present invention illustrated 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
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other.400 also includes leadfingers 104 that are disposed and supported around

t riphery of ie attach pad 102 by, ground | 106 extending ,.

o e T4 R e R RS Wohaing pacs
therediofnue dlirovn )selabte thidadfinge 194 04' tbE thedadfea#e. 48infodndyppontling wires

an upper semiconductor die (not shown, but see the upper semiconductor

die 204 in FIGs. 5 and 6). In this embodiment, the pillars 402 are created,

as by stamping and forming, at fou18corners of the leadframe 400. The

pillars 402 are thus integral with and formed of the same material as the

leadframe 400 itself, thereby eliminating the need for, and expense

associated with, separate pillars.



The pillars 402 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. 5 and 6) plus the desired spacing or gap (not shown, but see the

210 fGPREINPpRL LlRibdrduibedern s RN IR OHVAESI YathQHOMSS (not shown) to the

~semiconductor die and the bottom of the upper semiconductor die.
leadfiggpfelfil pillars 402 in FIG. 4 are positioned substantially at the corners

offthe pré{rame dQritond ubpcr RSt c R CRsI%R, HASRCLHARRARIS above the

disclosure, that the pillars 402 may be located on any of the leadfinge

( IS,
lower ssmigeniic i difon bl Radpadresbicn st pehad dhet i heddisgpillars 402
have 2RE&itapPRORIA® tlctienanplicsaionathand. tHavdhaimitaiiydluctor die 202 and

understood that additional fingers may. be sized to provide additional

in i )
the bagpging Wikss i %F%ﬂ%ﬁoﬁrﬂawté‘dé‘b%?}éah?ée%“ﬁ&&éﬁ“ﬁéi&"’ié%%d between the
bondiftMacs hogheddiesHaiainsbe\we) aheye-alibatuaes: e weiand ippear.

semiconductor dies 202 and 204, with appropriate adjustments tq the .
heighSSIRE (hfio e PRIFS 24IHRDHSTHUSHRINEAFI S itdht YirgBpsbonding

wires 208aghl Suoh hright will thesudafineimeastorapasaifesteldm thakds packaged in
supported thereon at that h iglht. It will also_be understood that more or

an engapsiiaf o] FUF Bl PSR P D R'BHHAS Q8 G515 such resting plane for
eRreffestich digy as IPIG. 83 thedlaceriewandseight Gf Raabidieass of a leaded

maintained and balanced as appropriate for the ication an
package Gl REBFPARHIRR o ?ea‘%?‘éfﬁﬁ?iﬁé)zn&)&lt@ﬁé.%g?#&?’éjfﬁ@sﬁ%@ a&ide  The
comp®&iiess-sadiianat ledeafpapagkage a00simeipasdingdheneadftasee #hQBe package
500 cordin?t tgetpresent invefﬂtion. Thelpac age 500.may be, foh?exam Ie1 ded
- P 18?6 NifpaRE e Wb ERBAL RAGWET SERTESHE 8o BfEcoh S Ieade
packagel[oorted ithéhepackag eBOMhendbextigraitackipadl Qadand aadyapgickage 600
semiconductor die 204 is supported on the pillars 402 above the lower
has arg GO 0" BT AR A B O R PR R GO reor
smﬂeﬁn@%tm oltlte P2 M tﬁiﬁrdihﬁ aitaﬁhmddﬁgoﬂ?rupﬁMQTiﬁdﬂmme 700
ie 204 to the pillars 402, and the semiconductors djes themselves to .
sccor R P PR reL SOERIPE IooP eGP b 02 in the
centerabpreettithe lpgpodiing paos ¢haieoidndichovin) tede: lkadfingaik ddduodor die 202
) he Jeadframe, 40Q. Sjmilarly, bonding wires 210 for the r .
in PG RaR ot BAS0 R AR, B SBrLI (TSI Tht 5 sed and
suppoﬂt_r&il&ﬂﬁiﬂﬂghéSpﬂ:ﬁﬂhery &hbe@hmtd@zmdpnmpghgruppﬂeaé_mﬁﬁémimdfng from
the did'aettg 4 leirc[r)%zand steadily above the Iower_ semiconductor dle_202 and the
bAndiINgWires 208 attached thereto. The pillars 402 have a height
siificisnt@d accdonmal aietlibddadighis ofGbedowgseetinigamdupper déen2@hductor

) and the bonding wires 208, as well as to allow a 'ionalgcik?[ar nce.a, )
die (o e B TE ST e 206 a0 o Bitor Big) In this

embodippeit sérmipihdu Gl die 24teals diusratechping e fassenghlfréne ththenaterial at
lqwer and upper.semiconductor.dies 2 ndﬁ the bonding wires 208 .
four 5B R R e e R s A Ut B e Pormed in
this mpackafiechithamencapsifldrt 2idfsuch A¥) acnolydéoqedticitr aetamiched thereto.
. body. Referring now to FIG. 6, therein,js shown.a side cross-sectional
In thix fdier, (1S CXpEnsE AR newd ot sepatalc e A ke miar to the
|eBlafraitierd 004 RS sépdTiochavenp dneshisthdthintitghde dldedthadkage 60Che lower
. are substantially the.sa thqse in the aclfa 500. The principle )
semic B e e e e R FR e Mo (BRI or dic (nox
showpdekage 6@0banditigeweasiZfhm 60 in8lanié Sxpdus ahbedaisr&O4pamnaictioe gap (not
showiS351F,R2CR0% 000, has,an EnpRRSkIaRL A0 P ARHARRIEPUARY R thE tower
dccommodation‘theré&of.
semiconductor die and the bottom of the upper semiconductor die.



Referring now to FIG. 7, therein is shown an isometric view of a leadframe
700 according to the present invention. The leadframe 700 includes a die

attach pad 702 in the center thereof for supporting a lower die (not shown,
but see the lower semiconductor die 202 in FIGs. 8 and 9). The leadframe

700 pisehiglvdesiiradingarsd Ak thahie dignnsed anehsy PROHRGAROH A 702
the periphery of the die attach pad 702 by glround leads 106 extending

itself, el hre Hfsantpsensderassommesiptipe spallee! asrrnsamicons weplipgnd larger

upper SR QS RIeRATENRG. ATHRP LSRN dHEIg0digrtnalushaud iP¥ISee tReositioned
per semiconductor die 204 in FIGs. 8 and 9). In this embodiment, the

up .
substagiially ppshg coeneisal e Yy by aid-(driitlgbsrpdarionthipigdagpon this
disclofQeé, sidesHs pamashe foyromeis) ahiRemeie aitachdadiboR phdg elaksmay be

704 are formed in this manner from the material of the leadframe 700 to

desired; o DRAEHraf HHA afRPERRILHE ditHe B0 2RPHstina et exdberil sifpilarly be

underf1666 t@hseRAiaitPHtarasrietimiaaied:dths Téretpdl sl 40478 SizehéOvaried to
have a height that is higher than the height of the lower semiconductor die

Proviqg) URR hEIGROP tHE BEHHAG WAL b FHHRS SR RS HBY FARIBGG - thips tioned

therec®NOWdeluitseapperbendingranie s sOBdnaFiéage B RAA Q)i pbistRemRs e tor dies
spacing or gap (not shown, but see the spacing 212 in, FIG%lgth;etween

(not shie BORHE Wi PRk HE TBRRY SEMCBHIARIPARE SHBITRBBIGHBINGF the
URRErHRRIEONAVCIAGHRE . thereild ihishoamfigusidiaitotha daillanalave: feronedpackage

.and placed withjn the die aftach pad 702 itself, which is advantageous for
800 1%?6’68%%‘6‘&31%:?9‘ ﬂ%lf&@ﬁgé‘?ﬁ B%&%éitﬁ %‘i%?%ﬂ&fﬁ@%p% ¥ package 800
may HReTIceRawmpler aies.Pl bhis, @hNephik pilarsnfidatillustrasedindimondgtor die
. positioned substantiall e corners of the die ch pad 702, it will be
202 i RIS SBEdH 56 T hsHIBAUFeM A e SHard PO ARyebeemonductor
die 200¢ategsutsiharehepihardimatidohephd ivrasiiayidadesirR0®eedaddhesive

and/or ropriate for the lication and, It will similarly be
206 Gl et eAUBEIS o Stfor s ad ViU PU IS 79R il UPper

semicbedviatigddio poaviderls pipltuisaB0mayniderlie qdiigcotatuicasioutidomsmtliepad each
semiconductor dies positioned thereon. Adequate support can thereby

also be afforded for additional semiconductor dies (not shown) positioned
uponding supRO2Ed oy gucharuppricsaducondictd0liconnecRefemmngling pads

ow to FIG. 8, therein is . shown.a side cross-sectiong| view of a package )

thereq o B T LA D L P T R SRR e wires
210 forhkepggikagerBidomiaytdralitoR ekevnpbet ehQbbhding RAINthaekfgeot shown) to the
leadficonfsiqlér tion. A lower semiconductor die 202 is supported in the package

880°n the die attach pad 702, and an upper semiconductor die 204 is

sUhpgriiéd OM0h eup et Odpaboventhe ndweosérm RBh i talgradie s2O@ilfmabove the

adhesive, 206 sec the lower semiconductor.die 202 to,the die attackh
lower Ao 0 L R S Lo s e I St e Pilars 704
have sanigondfitorst diesctihemsaluestie daghotbethe lovBonding widestd08iéo202 and
thg lower seiB' ondu }or ie 202 cagﬂ

ect the bonding pads.thereof (not
the b A o L TR AR A SR Rowcen the

bondingres &1 WiHarntehappeose nfidondueiosciecafduvconnie e moiblisteppads
thereof (not shown) to the leadfingers 104, The pillar 4 rt th .
R B R A s LR RO B Bonaing
wires 86thipehdittandia 202 ardaiterhmnoirgenideth @ 08 ditachedihesetenThekaged in
illars 704 have a height sufficient.to accommodate the heights.of thﬁ
an en B S e T S B o5 T e borwom or
the dmllawaakldiidndz]eappooeagensgniiecdsirenl bigtyvesnibie wordiagsningsl but is
exter Zﬂg an dotsrc]: .b fr?crg fet%?euﬁPa%ElsﬁarHI%BqusjcdlorE:cd\g ‘1219 %8161‘%%%%{@ %‘ bower and
assembly (i.e., the lower and upper semiconductor dies 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 d}é)s, IS not so encapsulated but is
externally exposed. Since the die attach pad 702 is directly in contact with
the lower and

other.



upper semiconductor dies 202 and 204 within the package 800, the die
attach pad 702 can thereby serve as a thermal pad for the package 800.
Referring now to FIG. 9, therein is shown a side cross-sectional view of a
leaded package 900 incorporating a leadframe 902 similar to the

upper/eaitamRIABP (RIG2(7). shaeoampane ks Withindbedpaded Hackagr BRP 702 can

are substantially the same as those in the package 800. The principle

therebyjeirameridhiriine Raddnsdhpaersrps 0Rfiguration, wherein the leaded
packagm 9 wn@ thedeadfrrrem 90 Hklude exkerabicads 4. 3o ba leaded

leaded package 900 has an encapsulant 306 shaped appropriately for the

h
package IR mBRERBH RS dotcad ragerling oo ¢ 18C 182¢Hi@rRsn 19GHEWH ah  The

compésRMe WML mOfdhe iegdikaseed0ard kigsatinaiierocatirmanthiematiopackage
of the attachment and of the wire bonding of the lower semiconductor die

800. I dyiprdneaditichraceals. ih harfRIAEI thakAgE coahsusHiibtd g B ghag caded

packaSPO00 ihPasitiendhametedomehridieaitashipar 902, ahthenleadliamsackage 900
700, and the_honding wires 208 are shown connecting the lower

has an.enGIRSHATERIOGRPES ABRINRTELHN AgeHac HeA ST e L ARHE00. The

aghesine2AeWNNOtISIRWO, Mérsaeifieo ) thaieitashes/ibe IOUEE leadframe 700,
semiconductor die 202 to the die attach pad 702 is %;ured before the

illustrgtingiihe (DRAOB 8 fer iRy the agaghmen Ashpidha &g Ppding pidhe lower
semicGhoONefolNE STOZ it ehefl El@rakfei ostr atingattiedis persivg dheseii@aniadttialic 202

) adhesive 206. In partjcular, a dispensing needle 1100 dispen the )
19 Sho%ﬁ&é?\‘?él%%%ﬂk’g‘ WHEE %éhfﬂ‘?%eﬁ g\/%?é&fﬁ%&%&i&%i%@&e bonding
wires 208 Hie gilbavs éOdnectinRefiertsigenevniedridacio?, dhepoid is ghowndiesers 104 of

structur FIG. 11 following positioning and attac n§ of the upper
the 1eg o e AU B e Ulhep SH BhaTE bl d 23! AGRERes the lover
semicpraviauskyieescribedhetide: uppeh spmTondkicteedliec204 iaseoudbekivace0s are
by the adhesive 206. After the adhesive 206 is cured, the upper
alttalChggmiconductor die 204 is wire bonded to the leadframe 700 by attaching
teebandingowres PIG. hetwkenithé ubpemsemisencuaiasfd@ O afiddigting the
gers 104. Referrin w to FIG. ]]3, th%ein is.shown th

. leadfi :
dispengie TRESPRICT 5 ARG AUGRGPAF oA E SO AR S EHIS 5 lpenses
the adbefdven2be packdget8pGtiosstofital limeningrotdhadeadidaBZCMY the pillars
704 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
|eRefieaing Ry fadloRIGg IMoldingiof iheskowapshdasi-3Aortherfedigurd tdollowing
die 20 FAG pidyitheleitessishalytha wppevismnifon deadir dine 05 00sacnettinglae by the

the present jnvention, The leadframe 1500 includes a die attach pad 2 .
ades A A i e e S T g g? T wire
bondeldwer semicatiduato7tie BY2aimeHE g2t THuadéadfraine P300@ds0een the upper

._includes leagfingers 104 t tare%’ osed and supported around the
Semlcg%‘#fbdt%rré? ngﬁ%%d"‘és%l é%%gﬁggei% @ by ground leads 106 extending from

tHeettermigacivpad 1603, Thadieiatbohpad 1602 wantEiGe Hs falipeumgmolding
or a thermal or OLP or OFN packages, or for leaded package. .
of tne O 2P R o S B B Y R g e
leadfriead f@Nes UG0S fdorespaptivel S kppoxtpENpackegmediate semiconductor
die and an upper serpicondyctor die (not shown, but see the intermediat
B T R s R s SRS R . 12,
incorfijtihg this dradioaim &t tHellnwenpittedih S0 sinel ¢heapsitbmpil@bsth&@6round to

re created b ing andforming, from the, leadframe material
form R B S G RO R TR Sy . or
exampherewithled lvededhengiliges 1504 are formed in this manner to stay
integral with and attached to the leadframe 1500 as an integrated part

thereof. The expense and need forﬁeparate pillars are accordingly
eliminated.



The inner pillars 1504 and the outer pillars 1506 are formed and shaped in
a cone configuration, as can be seen in FIGs. 16, 19, and 20. Other
shapes may also be considered, according to the needs and applications
at hand. For example, in cross section, these would include (but not be

”'REf%Qriﬁé AV $8GLT ShaPR RS iHh@Wﬁ@%@le@% Bl”@'l%a?@ﬂafﬂeﬁlﬁ)oﬁecording
a reverse "U", a reverse "V", and so forth. The inner pillars 1504 are

to thegprasp MATRULReid e R EamghE M ARCIHA R ighie oYl Bk 502 in the center
therecFEIBHGRPPURIAL diadlies the hrgAlihekonding:Wwiwsfesttiedawetor die 202 in

semiconductor die (not shown, but see the bonding wires 208 in FIG. 21)

FIG. Thus e tadiamedadig'se pugetdertinsspdidifires riatd igeripported

aroun8€RYIGRAGHEEO ol ighalagk the bRtam Bithe ynissmadiaiesSEpieRRAUReTRIf: the die
his creates space between the lower and intermediate semiconductor

T
attachdpad La0ay e dip AHssh o 8<aFtor G HEFREDAPapIhcdPahdor QLP or
QFN pauKigusalioroatdaasd pack-sinapplivatidaouter pillars 1506 are sized to

have a hejght that is higher than the height of the inner. pillars 1504 plus
tHAME GHHGF tHaVrtéirletiies Q@r‘ﬁf&oﬁ%@&t&%f@%ﬂe% P Frdisaight oV for

respedfiGeBOBEMRE e s fom tberle sdiniersemiconteciad dit (pairshontolitictor die
ee the bonding wires 2106 in FIG. 21), plus_ the desired spacing or gap
(not SEBWFe Eﬁ@%@?&i‘?@%‘ﬁé@%ﬁ?ﬁé‘iﬂ fogidte sEMidBAdhE8PRE sicRRductor

die 2 loattenFh the)uppehseeitoadyeior tie inkiskiRaiesopasce! bedwaes Hdars 1506
intermediate and upper semiconductor dies as may be appropriate or .
are Cr??é%%rfﬁfcl&? if?énﬁg}gaﬁ‘ﬁf%{b‘ﬁﬁéag%“a‘r‘?& ]c?&‘ﬁif&m%ﬁ%%eé g the region of the
leadfilN@iably4wiaila the inaerapillasdd SQbanttthehorseitpjllarshtSRm@rillars 1504 are
illustrated in FIG. 15 as located and positioned sulystantially at the corners
formet) e RoscRPARG 100N ATIFEE (A oRRA 0 dpcarE e a0 as an
integriit@l pae: vhegsopill@ne ¢opkhanghthecodir pdfaiatd pAfarnayce doehigdy eliminated.
a here arqund ie attach pad 1502, ay be desired, neededq,.
PO e SRS Al SRR s bathaestaa @ cone
confighatithe nucabars spasiioRK;and, dinensiQts didie shapesiaysalkdlst apdsidered,
4he outz}r pillars 15@6 Eﬁg be varied ta provide support as magl be 1d
accordin PG dITaNA0E FORHSERE M ARG mERESEP SR GISES SHd'Oppdrse wou
includsaimicanduetomitiebtppsitiored tHerebipe (as Réfesititg bowhtopHlérs Y64 in FIG. 7),
therein is shown g ¢ross-se iorﬁal view of the leadframe 1500 taken on

aTevelife iﬁg-’fGr?rYﬁ&. 5. and ?Qef)eI}rmg now to FIG. 17, therein is shown a
crhissinactipilalrvie B0 ofdfees|eatlttame el b 0Ritdkanaois|inghkr -tharirttel Geight of the

(not shBwthetein isesiawboadirgssvaesti2itlividiCof2he phad tremie G500 dpkeng or gap
between ll{ﬂg ]b%_r:ll'(ﬁr{g Fv!zclzréslﬁ'or 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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Referring now to FIG. 20, therein is shown a cross-sectional view of the
leadframe 1500 taken on line 20-20 in FIG. 15. Referring now to FIG.
21, therein is shown a somewhat figurative cross-sectional view of a
package 2100, such as a molded stacked die QLP or QFN package,

This H}EREROLBHAY M@aﬂifﬁﬁ@%@%dﬁﬁ@fﬂﬁgdﬁm‘? RIBRANUIRYENURE As may be
lower semiconductor die 202 is supported in the package 2100 on the die

appropRiferPHAEF9810 S0mh s MtiREiaABRLICA I eB fid R isEreH 0B 35 haidhorted on
tmdféﬂﬂgf pilars HRO4nnet simavini Sud sea the ipaer pillans 1506 I@rElﬁﬁu&@ted in

bove the lower semiconductor die 202. An upper semiconductor die 2

FIG. {3 &y, SBHEEABH RREGRRET pHRsFarBHE thorSHINATS %E@%E?ﬂg%?eﬁ&ﬂ %Wﬂl be
underdt008, kB upSn ahe\Esthssinteimadiaiesemignaducion digi 2803uf pillars 1506

adhesive 206 secures the lower semiconductor die 202, the intermediate

may RelRehaRIBY S e ths d9aeh Sathibritiaptie saRd. needed, and

approp@sitiqor the Bppiiagonirashd8. for thelloar semikondustabsietB2the numbers,
connect the bonding pads thereof (not shown) to the leadfingers 104 of

positigng. RAHHURTESINY. Hifhtary hBHb g i a1 06 3t the Hts e ey be varied

to proSedBigappbietas aigy2882cqndoRGiRANvie TR A then@RBEnts of intermediate
semiconductor die 2104 connect the bonding pads (not shown) of the

and uppELSIRORIIGIRE Atfa AoH URRS HdNFHE Badfingers 104. Proper and

smzféfaﬁmgsr@awng fpmhesetﬁéeéneﬁEsSrﬁ)mowd;e@kbydaﬁ)ﬁ@rraapoadm leadframe
1500 Elghts % er pillars 1504 and 1506, as described above.
i %na(glz A% '( gmtﬁé er, intermediate, and upper semiconductor dies

Z%f&ihﬂg @ dLe1Gthe bmaf.hngmvmxaﬁa 23065 cridndil Q8eanst allebl¢hdframe
e ou eri adframe 1500) is then packaged in an
1500 KR g8 T3 G

a molded plastic or ceramic body. The package
2R@@et$1ﬂgmtsated NG G8 2thércthe stge immediatedy ol avwigvmdldiedefd frame

1500 e enc In r% Egg g efore completion of the package 2100.
ﬁg Ft8h ]i]gn%g age 2100, saw streets 2112 and 2114, illustrated

wmlmtﬂ)gm@haw Fegiorns et theshackageRk0Qdstitnishedwyosaldrigadframe
ng a 9@ E rs 1508 to separate individual leads of the
1500 %Héd’n% £§4 ‘éﬂ/\ﬁ&? ?a 2116 show regions where the package is
flmasfeeﬂﬂgyrﬁﬁwmgm@oﬂ@,htﬂa&ﬁntkemﬁ@hﬁ efdhe-pacioage W1d@0otothe leadframe
move ities of the leadfingers 104 and the outer edges of
1500 W‘]e eﬁcabnseu?g ? lﬁ@tﬂ he method and technique described with

redgfentihg mmeadnmme L50@raind iﬂwe}mmkaged&i@ﬂlateﬂgarﬁﬁumdmss sectional
licable to FN co urations, % }ystr@ tac

view B R p AR VER T Gl e Ik incorporating

the lepdickaging00 acRaféirmgng ribey e $eiics. 1ﬁs2eﬂhene|nqslshewnm1ﬁrgudaw&tmp 202 is

suppoBtg(W 1n tflh galgkaegs %600 ll}i\g?ez"% ;dZ@ﬁg (frcl)trg] caort]etkslgrgle 0(];nductor

sawi ng ree 23 escrl Hove For
die 2ldarltysopﬂhm{dammesumerQiﬂhmnlsmlam)bﬂmmnbuedeeaﬁd tin@er pillars 1504 in

ric. RN 21 e lnismesiats semsonducior de 2102 e e 2104 i

per Semiconductor are shown‘as ranggaren
supporeidtion shipsuaem @iidath el feétines didhm,pum(a@etﬁaeﬁltearpbkanmdﬁ@ﬁeadﬂm. 25)

above B 1nEjletre édi teRs%fr%mn Hgtvovrt?lf 18§ thgrel eS%hY?WEO% Secukes 2%}6 lower
cross-Sectional view of the completed package: 2 aken on line 23-
semicim@lGoR2die 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



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

semicPHRI&IO Nt ae eutaeaillans 15&@@%?@@”@%@11@&@?5&' ib@@ respective

above, to have respective predetermined heights for supporting the upper

semicgputiOndifsith tie loadfingris 404 inkePRss dndeWlicid aetBs (95 thegpelements is

providvihpineHptesmeataiseNNGEREUBIOfHIa P ZhetWiaen FiaHPR804 and 1506, as
semiconductor die 2104 and the lower semiconductor die 202.

descripedt@hONg now to FIG. 26, therein is shown a flow chart of a method 2600

forigtagkeduliepackngingvit, aaearanes Wit WHeresantdnuentedickim?, 2102,
method 2600 includes %rowdm a leadframe con 'ﬁured for supporting a

and 2|{¥e e RBEHSLRLEFHIZ)in 2l Bbckd 608 %aritidoithiRy ébfeag&ear%mswr of the

1eadfralﬁéh6m@aeﬁrmmﬁﬁm&g@@mtaﬁgea&panaﬁtmmmmarrﬁ&débepraﬂtw or ceramic
being formed integrally with and of the same material as the leadframe,

body. shhedackpgs RAVE S BuchtisimEShaibit thesiagsdnaial bhioHgiegnolding
of the 2ehpuRWYE? BEIIGArKEIGIO L SigpRItS i ih%@ﬁkﬁl@fg@@l@mg wires for such

a lower semico %Gtor die plus a predetermlned spac:| een &J
bEABIFYRIFLO & P (R kbttor U AR SPEF Serh So?ﬂﬂxé ‘Eét‘&ée in phantom,
show segipastedhar the phdeast Qm@(plﬂaﬁnl@h@(blgckaz@ﬁé alongl bﬁﬂl vRdANhe tie bars

thus rowdesau efu] method an cture r|n easm e
1508 é‘fﬁ%g CatiivA ‘é?érl? fﬁd’%gﬁc R éﬁﬁé %%{g%lgﬁ#ékﬁﬁsg@ SRQw regions

whered@gcphadgembadisentsyotikenavaniion pmvaﬂala skegked samipacidigetan 00 to
die assembly that. mclu%@a first semlcg@ uct%r die that is attacged on

remov, AN QWi &K AR Wit thE adtR/E BaES Sritddoristrel toriBeapsulant

2212. Ieadframe through bonding wires. A second semlconductor die is attached

the |nt raI rs.that ha hanlcal fab nthe
L e b BT o R TOHE 5 oo by nd the
packafieepd00. Benghngcphads m’pﬁh@ﬁﬁ@aﬂd@EmlmdyEMrodlﬁ@[ﬁaﬂm and illustrate
mtercon cted the leadframe b ébond|r11 wires. Additional pillars
stackigR AT UL RiS) IS RO A O A5l R Tk Eine.
pR@Kag&lgsﬂdsren@EKapwlamefbimlb shovaldincoaaripeunslview liftas pagage 2100
disc erous advant

t th sh
shown_ in ng r‘i‘ﬂ ?ﬁa \g?n%resmgtlmvrre%gsﬁag% %%vlr}lu paC|Sty, esﬁrser*é %ﬁi 2?54, and

exampie age cy, an
2116 pedesendadeabove Atoihelaedvanidigetistibat soeradiieadul dieypddanitanitted, and

bondi % ducm cka e thick ness. dd|t al advantage is
the e oA IBGIL o S GPAH AR S A CakI: PPk Sifconductor
die 2 lfodtheer mdmmgmmphmhtrm ﬂtaﬁ%trﬂu&oﬂﬂnﬁamhtatgsm”ﬂammﬁag)fhhe package
circpit capabili incorporating multiple dies that can thus support
2100 ¢ mulbjpfn(fgnc |§h rﬁl %‘fhgt égpackage while reducing the package

vBlefereing 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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Another advantage is that the invention is uncomplicated and thus
amenable to lower-cost, rapid volume fabrication and manufacturing.
Thus, it has been discovered that the stacked die packaging method and
apparatus of the present invention furnish important and heretofore

die 21@2‘%916’%@nﬁkém@@%mwm%%@iﬁﬁ%@e%m&cﬂﬁﬁ@ semiconductor die
advantages for increasing package efficiency and capacity and reducing

2104 apgb e sicrsTacRdusioE dsting processes and configurations are
straightieswa i (& FaoNHCRlerNEARAlicATQ tigbhaMersatiR@od eflertyestacked

can be implemented by adaptlng known technologles and are thus readily

die pagliftgidgdn AsATHARSENAShcRET e Patikitges NS Mg iR itelss ividing
a leadiBgfedeseribaddnfeprivpdianvith ewanegfia pgubiedaid! imta Bock 2602; and

understood that many alternatives, modifications, and variations will be

forming, 4t 1a¥! t31fh BLE S M EHIS oL TPRS A S BRRH S rPe R BYE Ao die. the
pillar Aeerdinglyd ititeitendedic.embragse alhsuahaliRnatives dgeificationssized to

and variations which fall within the scope of the included claims. All

have S TEA R SRR RBRE TR LhoDRE 1 Hebrs ity giconductor die

plus tﬂéamrggs @ﬂ%@ﬂd}ﬁgrﬁequtﬁokumra ilbietiatiimi e nadrligntipgisans@determined
INVENTION CLAIMED IS 1.A metho% for stacked die packaglng,
Spam% &R i WA AL WSrRHREH 95 ARUHRS iSRRG tor diE to be
suppos@mm@%ﬁlarwpm@r;w ihgserRdbe. leadframe havmg a die attach
ﬂg and Iea,dﬁn ers disposed and sup Q@tig around the her of the
t 81 HE

AR, Bfnpﬁﬂ dRd¥oh ARSI a ARt s Package
efflcldﬂieyaféadh Qaddey, S@ﬂﬂommﬁﬁm§mo@adugger di&:klli'e&b e pikarsdescribed,

bove th owersemlconductordle the pillars b formed |nt rajly wit
cmbof b b e FHLRE B 1@ NA e SR LS AT e thfudes o

first sphigdetaurined hdighisthaidtdighemthai Eilaélefgidt withubb aclowgrads electrically
semlcoaduc or us the hei t of %e?ndl wires for such a lower

intercangied dfic ?i?é‘c [38'a pred iy HenRrsoRG e IsSAdHsyr die 1s
attachedrea ane e doalttpinagf amuppes SemleﬁMﬁoaldyefablﬁxea&!dppothedIMframe to

the |Ilars attaching such a lower iconductor.die to thed attach
ttow 1 NI 0 GBS (e oA oS AP ETE s o e 1208 o he
seconteadfingardusith kivdirg wikesimtiachirgtad uppde semitandudipridiediag wires.

Add1t}Qr?aP|1|)|1 e?réN zlltr?das%rr]rﬁgglneductor dies may also be included as desired or needed. The

package is then encapsulated 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.
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wire-bonding the upper semiconductor die to the leadfingers with bonding
wires; and packaging at least the lower and upper semiconductor dies and
the bonding wires in an encapsulant. 2. The method of claim 1
wherein stamping and forming pillars in the leadframe further comprises

StaRaRINg IARChRIMIRAFRe il kars indhelesdilmmpatihe carnats thete@haratus of

3. The method of claim 1 wherein stamping and forming pillars in the

the Priesatr e AR BI RIS pREQE&th A SR 967 it e pitd ra s lshls solutions,
capablB@e{ingeistunctidndinivagthed abelaitichsiviepatk siarapiogAd fRaMtifcity and

pillars in the leadframe further comprises stamping and forming the pillars

reducipei, PfkaghadhipkRetietearodid. TeS%HRe RIBHISHOT Aim SORMEhEHos  are
straigiRIWRIRY aBebiyming, pillassipihadendirang furthesnempsisesiéaiRinGan  be
. and forming outer pillars and inner pillars sized to have respective .
implegerieddMnidaR S FRRNB eI BIob B AT e Rt stA Lkt R st acturing
stacke@dntlspidk asesipper semiconductor die with such an intermediate

semiconductor die supported between. such an upper semiconductor die

ant S TR ¥k Rt SRERERSFARed 1 CORUATIRRXHIB oSGtk tignode, itis

to be RACkAGHE, EAMpTSNGIRAeANaMeccnigived iodSURRAIING Rilowerapparent to
semiconductor dje gn the top thereof, the leadframe havin%.a ﬁie attach

those sktleth i dasiAgr S 55 4BG AR eamSoIEsa REhd AP rif 8t thiended to
embrdg:keaﬁiltt‘ﬁﬁrlli Qﬁéiilfﬁ'tﬁk’v’é& stedpestiand mrmmi&ﬁg mﬁdﬁmmh urt_allleﬂseope of the
, ie attac or supporting an upper semiconductor die on_the pillars ,
md“dﬁfleoaé“fﬂ% Fo%%ﬁ%%%%&&?%ﬁo&?gg?hf%ma 5EInY fégﬂ%é‘a }Hté‘bgaﬂﬁ?%’tﬂa“ymg
drawinghef tb®samepneaigibasitbhaleaditmnacanthsizgdstadave 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;
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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

THE IRadNgernsy anchanencgpsulant packaging at least the lower and upper
semiconductor dies and the bonding wires. 7. The apparatus of claim

6 WhereiA thedpildiaisr arecktdrafegshelag fiogneechpritepteadframe at the

corner .thergofdf 8. Th z%g)ggarfatus of claim 61Wherein the iIIatrs re the t
S PE B A TS SRS E G R R RSN B ARG ErS Ondugiof fis on the top
apparatukené afaiie Gendinain theipidarsiaratsiainpatl andltadfiegein dieposed and

leadframe in the cfié(reogggggepad. ﬂﬂere%ﬁﬁggie attal% Tlae apparatus of

claim 6 fsuurﬂggthomprlsmg oBf:élrppﬁfé/rs and inner 6’ & formed integrally

witiarapich © fibldef @aimez ke ah aset hadéaadireane) it s die dttadhgwel for supporting
resp_e Ctl\ée Bre%re .tseel;lr{]llcn% uh%(l)g%%f&{ ﬁyéj i?lrglrrs]%baonvénttaeﬁ[, oe\zs(/jFl?tseeIrHconductor die,
semiconductdrdie and’Stch an upper semiconductor die with stichan

intermediatepsBanicoanhgc tor el sinpgoidyl betivead sifcthansappematerial as the

semiconglugior die anfl SUCl & IRWR" SHMIFARINHS WSt 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;

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

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

attaching an upper semiconductor die to the pillars with adhesive;

wire-bonding the upper semiconductor die to the leadfingers with bonding wires; and

packaging at least the lower and upper semiconductor dies and the bonding wires in

an encapsulant.

2. The method of claim 1 wherein stamping and forming pillars in the leadframe

further comprises stamping and forming the pillars in the leadframe at the corners thereof.

3. The method of claim 1 wherein stamping and forming pillars in the leadframe

further comprises stamping and forming the pillars from the leadfingers.

4, The method of claim 1 wherein stamping and forming pillars in the leadframe

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

5. The method of claim 1 wherein stamping and forming pillars in 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.
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6. Apparatus for stacked die packaging, comprising:

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

pillars stamped and formed in the leadframe around the die attach pad for supporting
an upper semiconductor die on the pillars above the lower 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

an encapsulant packaging at least the lower and upper semiconductor dies and the

bonding wires.

7. The apparatus of claim 6 wherein the pillars are stamped and formed in the

leadframe at the corners thereof.

8. The apparatus of claim 6 wherein the pillars are stamped and formed in the

leadframe from the leadfingers.

0. The apparatus of claim 6 wherein the pillars are stamped and formed in the

leadframe in the die attach pad therearound.

10. The apparatus of claim 6 further comprising outer pillars and inner pillars
formed integrally with and of the same material as the leadframe, 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.
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