THERMALLY ENHANCED STACKED DIE PACKAGE FIELD OF THE INVENTION The present
invention relates generally to electronic packaging and specifically to stacked die/chip packages.
BACKGROUND OF THE INVENTION Current practice involves using solid element spacers between
stacked dies/ chips. Such spacers are typically comprised of organic adhesive alone or in combination

with ceramic/silicon. Howgver Ketep he/chivdep eendeund iorhava theroat issues. The solid

element spacers cannot be comprised of electrically conductive material and such solid element

spacers generally have low thermal conductivity. U.S. Patent No. 6,261,865 B1 to Akram describes a
multi-chip semiconductor package uging ®legdonichipveasifranme and method of construction. U.S.
Patent No. 6,087,722 to Lee et al. describes a multi-chip package that does not include a die pad. U.

S. Patent No. 6,/td8pkéR40 ihaenabalkdassibrs alstarkReEdiR dacradMY apmepRibyfinilydes a first
chip, a second chip and a lead frame. U.S. Patent No. 6,297,547 B1 to Akram describes a multiple die

package THRGHELE/ AP H9,4%%5nd die are mounted on a leadframe. U.S. Patent No. 5,814,881 to
Alagaratnam et al. describes a stacked integrated chip package and method of making same. U.S.
Patent No. Re. 36,613 to Ball describes a multiple stacked die device that contains up to four dies and
permits close-tolerance stacking by gﬁ%wme%i@-{g&ﬁ{}(@gﬁg%ion and a thin-adhesive
layer between the stacked djes..1 U.S. Patent No. 6,080,264 to Ball describes an apparatus and

method for incréa&it iRtATHSteth CHYGR BERSISPEInTRARY SRACSHY REEhtrEoH AIFSCERIRS chip

type) chigiigh Cepduaialie COPNRCHOBILHRRBIDYY anchiiteabRnGs-andey @pamastaipaiathhording

TAB). U. S. Patent No. 6,087,718 to Cho describes a stacked-type semiconductor chj ,

( ) ceramlac/esﬂtl;con. However, the top dle?c (ip as been %ound %/opﬁave thermal 1ssues. ]phe solid
element spacers cannot be comprised of electrically conductive material and such solid

element spacers generally have low thermal conductivity.

U.S. Patent No. 6,261,865 B1 to Akram describes a multi-chip semiconductor

package using a lead-on-chip lead frame and method of construction.

U.S. Patent No. 6,087,722 to Lee et al. describes a multi-chip package that does not

include a die pad.

U.S. Patent No. 6,118,176 to Tao et al. describes a stacked chip assembly generally

includes a first chip, a second chip and a lead frame.

U.S. Patent No. 6,297,547 B1 to Akram describes a multiple die package in which a

first and second die are mounted on a leadframe.

U.S. Patent No. 5,814,881 to Alagaratnam et al. describes a stacked integrated chip

package and method of making same.

U.S. Patent No. Re. 36,613 to Ball describes a multiple stacked die device that
contains up to four dies and permits close-tolerance stacking by a low loop-profile wire-

bonding operation and a thin-adhesive layer between the stacked dies.



package of a lead-on chip structure which is modified for stacking chips in the package. U.S. Patent
No. 6,307,257 B1 to Huang et al. describes a dual-chip integrated circuit (IC) package with a chip-die
pad formed form leadframe leads. U.S. Patent No. 6,337,521 B1 to Masuda describes a
semiconductor device and a method of manufacturing the same. The device comprising two

semiconductor ¢hipspaiRakeh. anmsacisathepwlitkidbaibbacks.pppasite dadeachothgirangsaaigd with a
mold resin. SUMMARY OF THE INVENTION Accordingly, it is an object of one or more embodiments

of the pr&&StHRARTBH tClepryviGaIRET IRy Eiina coPstdbebothedicrip CHRIAGR BESIFHUEPAROther
object of QRIRHHOER BIRRRHIRERES BEhaArGSRNYJIRNE REPBLe: pEQViden atackeedie/chimyackage

designs having reduced die attach interface area to reduce stress and moisture sensitivity. Other
objects will appear hereinafter. It has now been discovered that the above and other objects of the

present inventiog SnaskaasenEiisheddnthefgllawingreannatasiaciisalismistagke@d diendesign,
and a method of formi?rjfﬁ the same, comprising; a substrate having a lower surface and an upper

surface; BA0K08F AfrdeMhan SRS TS b MPLRE 15 odi R fPE SR TR MRS 41 TR ARELEF- thermally

connected to the substrate; and an upper die thermally connected to the metal interposer. 2 The lower
die and the upper die beinﬁs{gaced apart and comprising a stacked die whereby any heat generated
r

by the upper dieiStraHSRrrs RXNESUbSH e YAt hitd it pbash BRI PHegstied SFON OF
THE DRAY|NézRabevigniep andpdvRpiagen ah thedhethorafthe present invention will be more

clearly understood from the following description taken in conjunction with the accompanying
drawings in which like reference numerals designate similar or corresponding elements, regions and
portions and in WiECIRatent No. 6,337,521 Bl to Masuda describes a semiconductor device and a

method of manufacturing the same. The device comprising two semiconductor chips stacked

on each other with their backs opposite to each other and sealed with a mold resin.

SUMMARY OF THE INVENTION

Accordingly, it is an object of one or more embodiments of the present invention to

provide thermally enhanced stacked die/ chip package designs.

Another object of one or more embodiments of the present invention to provide
stacked die/chip package designs having reduced die attach interface area to reduce stress

and moisture sensitivity.
Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the present invention
may be accomplished in the following manner. Specifically, a stacked die design, and a
method of forming the same, comprising: a substrate having a lower surface and an upper
surface; a lower die connected to the substrate; a thermally conductive metal interposer
thermally connected to the substrate; and an upper die thermally connected to the metal

interposer.



Figs. 1 and 2 schematically illustrate a first preferred electrically isolated metal interposer embodiment
of the present invention with Fig. 1 being a cross-sectional view of the overhead plan view Fig. 2
taken along line 1 - 1. Figs. 3 and 4 schematically illustrate a second preferred electrically grounded
metal interposer embodiment of the present invention with Fig. 3 being a cross-sectional view of the

top down plan view kiget tRKeR@IRIIPRSBHS bEifg 3 srhampticaliidllustipias WREN RIRN view of
the second preferred electrically grounded metal interposer embodiment of the present invention after

the die atAeisReANYDIRt eI dRys teeaiRPr stisein SalrindsateesubsH Birckerida asttically

groundedpngiakdpterposer with support columns embodiment of the present invention having a metal
interposer above the lower die/chip, with Fig. 6 being a cross-sectional view of the top down plan view
Fig. 7 taken along line 6 - 6. Figs. 8 to 9 schematically illustrate a fourth preferred electrically grounded

metal interposer with supportgRIHPISEIURIATIERN OFthe1presentinxertion having a metal interposer
below the lower die/chip with: Fig. 8 being a cross-sectional electrically isolated metal interposer view

of the top down planfvielydsian trkentalRRbINESm&hbiD 011 epsepminwiandienofr medication
of the fourth embodiment wherein 3 the up@)er_portion of the metal interposer. comprises four discrete

pads the St F R4 SABPo eBIuM. DEPAINED HSESERIBTIRNTOR T INRBIREERRED the
EMBODIMEMIphirshEmbeiment ifilegtichllylirelatettMetal Intenpager 20sikbigte 1 andldrAsshown in
Figs. 1 and 2, the first embodiment of the present invention jllustrates a package 10 having a

electricalfP TECTBRE e AT HRBIHJSEIOERE A YIS P de8igbith no ground. Lower die/chip 12 is
attached to a substrate 14 preferably using an adhesive material 18. Substrate 14 may include solder
balls or metallized lands 16 for interconnection to the
F?gs. 1 and 2 schematically icmlstrate a first preferred electrically isolated metal
interposer embodiment of the present invention with Fig. 1 being a cross-sectional view of

the overhead plan view Fig. 2 taken along line 1 - 1.

Figs. 3 and 4 schematically illustrate a second preferred electrically grounded metal
interposer embodiment of the present invention with Fig. 3 being a cross-sectional view of

the top down plan view Fig. 4 taken along line 3 - 3.

Fig. 5 schematically illustrates a top down plan view of the second preferred
electrically grounded metal interposer embodiment of the present invention after the die

attachment (D/A) process.

Figs. 6 and 7 schematically illustrate a third preferred electrically grounded metal
interposer with support columns embodiment of the present invention having a metal
interposer above the lower die/chip, with Fig. 6 being a cross-sectional view of the top

down plan view Fig. 7 taken along line 6 - 6.

Figs. 8 to 9 schematically illustrate a fourth preferred electrically grounded metal
interposer with support columns embodiment of the present invention having a metal
interposer below the lower die/chip with: Fig. 8 being a cross-sectional electrically isolated

metal interposer view of the top down plan view Fig. 9 taken along line 8 - 8.

Fig. 10 is top down plan view of a modification of the fourth embodiment wherein
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system level printed circuit board (not shown) affixed to the lower surface of substrate 14 as shown in
Fig. 1. Solder balls 16 are preferably comprised of a eutectic tin-lead solder alloy, tin, lead, silver,
gold, indium and more preferably a eutectic tin-lead solder alloy. The substrate 14 is preferably an
epoxy-glass laminate, a polyimide tape, a ceramic, a copper alloy leadframe or an aluminum alloy
leadfram ﬁl@“\%}?&“ﬁ%ﬁl@t@f@' 8 impraferabosemiyingdsel adhermalixeondictive catanielaprganic
filler. Lower die/ chip wires 26 may then be attached to the upper surface of lower die/chip 12 and to
the uppePSRFAEEYHIHE substrate 14 as shown in Fig. 1. Metal interposer 20 is then attached to the
substantial center of lower die/chip 12 using adhesive material 18. Metal mterposer 20 is generally a
solid, thermally conductive structure including a ring-shaped outer r|n ad 22 connected to the
center 21 of metal [?IEIE N:) %Bl&ﬁtﬁ eIME%Epport columns/tie
bars 24 are used to connect the center d|e pad 21 to the ring- shaped outer d|e pad 22. Metal
interposer 2054 35-Epabodiy 15lydsgiatedvgiabintoinosat 498 ok 486 #on alloy and is more
preferably comprised of a copper aIon Metal mterposer 20is 4 electrlcally conductlve Upper die/chip
30 is then substantially centered over, and attached to, the upper surface of the ring-shaped outer ring
die pad 22 usun@é&h%‘é’r’@zé“rﬁé%éruélafé Ju el teTep difpent €4 hapfeRBRVSREERI THES Foper
surface qfderpgs deledimg30 aretinilg wnnskaudace pidhwsubsiated diasispaesi ih Mgthladt is
noted that the metal interposer 20 is a thermal conductor, permitting heat from the upper die/chip 30
to be takgﬁomay from the upper die/chip 30 and through the lower die/chip 12 into the substrate 14
and away from package 10 through the solder balls or metallized lands 16. An encapsulate/molding
material 36 is then formeﬁ? round the u rdre/chlp 30, and lower di /chrp wires 26 34
and over the lor&@"fEf pﬁil% ki fﬁ@ Pa‘(’t‘es‘ibtsg%te L EFF?—%B’ gsing an ad esive material

18. Substrate 14 may include solder balls or metallized lands 16 for interconnection to the

system level printed circuit board (not shown) affixed to the lower surface of substrate 14 as
shown in Fig. 1. Solder balls 16 are preferably comprised of a eutectic tin-lead solder alloy,

tin, lead, silver, gold, indium and more preferably a eutectic tin-lead solder alloy.

The substrate 14 is preferably an epoxy-glass laminate, a polyimide tape, a ceramic,

a copper alloy leadframe or an aluminum alloy leadframe.

Adhesive material 18 is preferably comprised of a thermally conductive

organic/inorganic filler.

Lower die/ chip wires 26 may then be attached to the upper surface of lower die/chip

12 and to the upper surface of the substrate 14 as shown in Fig. 1.

Metal interposer 20 is then attached to the substantial center of lower die/chip 12
using adhesive material 18. Metal interposer 20 is generally a solid, thermally conductive
structure including a ring-shaped outer ring die pad 22 connected to the center 21 of metal
interposer 20 by tie bars/internal support columns 24. Internal support columns/tie bars 24 are

used to connect the center die pad 21 to the ring-shaped outer die pad 22.

Metal interposer 20 is preferably comprised of a copper alloy, an aluminum alloy or

an iron alloy and is more preferably comprised of a copper alloy. Metal interposer 20 is

4



Alternately, the lower and upper die/ chip wires 26, 34 may be attached to the respective lower and
upper dies/chips 12, 30 after the lower and upper dies/chips 12, 30 are affixed to the metal interposer
20. The wires 26, 34 may be attached in one pass (equipment set-up) if the upper die 30 is small
along its length and/or width and does not interfere with the wire connection of the lower die 12 to the
substrate:fl4WeinNg &sa8esSsvd1g. 2 is a top-down, plan view of Fig. 1 (with upper and lower die/chips
12, 30 not shown) with Fig. 1 being a cross-section of Fig. 2 along line 1 - 1 (with upper and lower
die/chips 12, 30 shown). Fig. 2 illustrates package 10 having the center 21 of metal interposer 20

connected to itsyjshaned puerisingdiepatdddnosdhdieddarer24ng naarseland 3thenyplopes the

metal interposer 20 (and upper and lower dje/chips 12, 30 (not shown)). It is noted that while the tie
bars 24 oG sBs Dt yiRisigatiaRas g2 W g adhegysi gk fssentially symmetrical
designs of tie bars 24 are possible such as, for example, an "X" design. It is noted that the first
embodiment electrical%‘isolated_ metal interposer package 10 has no ground. 5 Second Embodiment -

Electrically Grodiisd Hehimtarssser 1on g dosaftpahad hilwpgigeriaco o thrcslisiship

embodimanhed toanyeppst NYERUIQT tiksiidiemte prakagewd thhaying & eleciticptygraungad metal
interposer with surr%?rt column stacked die/chip design. Lower die/chip 112 is attached to a substrate

114 preféMHROSEImd 4h adrsgtkoonduston Pransinghatt Fom sy rrat 4 bt b2 o fallized

lands 116K mieiceengpieniedchp Sysiamievabprinéadwiicyit bRy d {natostewndaffiketitadhe lower
surface of substrate 1#‘(4 as shg}wn in Fig. %@Sﬁ({)lder balls 116 ,arer%rﬂeferably comprised of a eutectic
tin-lead SOMRHENBPA AR L0 Sitehbig sAdRIRARPRBFEAPHESE 855 d Rutectic tin-lead solder alloy.

The substrate 114 is preferably an epoxy-glass laminate, a polyimide tape, a ceramic, a copper alloy

leadframe or an aluminum alloy leadframe. Adhesive material 118 is preferably comprised of a
thermally con du‘éﬂ\félﬁ?a%?é?/%ﬁgmg material 36 1s then orrne(} aroun t%e uppe% d?e/cﬁ)lip %g, tLe

upper and lower die/chip wires 26, 34 and over the lower die/chip 12 and the substrate 14 as

shown in Fig. 1.

Alternately, the lower and upper die/ chip wires 26, 34 may be attached to the
respective lower and upper dies/chips 12, 30 after the lower and upper dies/chips 12, 30 are
affixed to the metal interposer 20. The wires 26, 34 may be attached in one pass (equipment
set-up) if the upper die 30 is small along its length and/or width and does not interfere with

the wire connection of the lower die 12 to the substrate 14 wiring process.

Fig. 2 is a top-down, plan view of Fig. 1 (with upper and lower die/chips 12, 30 not
shown) with Fig. 1 being a cross-section of Fig. 2 along line 1 - 1 (with upper and lower
die/chips 12, 30 shown). Fig. 2 illustrates package 10 having the center 21 of metal interposer
20 connected to its ring-shaped outer ring die pad 22 through tie bars 24. Encapsulant 36

envelopes the metal interposer 20 (and upper and lower die/chips 12, 30 (not shown)).

It is noted that while the tie bars 24 of metal interposer 20 are illustrated in Fig. 2 in
a "+" design, other essentially symmetrical designs of tie bars 24 are possible such as, for

example, an "X" design.

It is noted that the first embodiment electrically isolated metal interposer package 10

has no ground.



inorganic filler. Lower die wires (not shown) may then be attached to the upper surface of lower
die/chip 112 and to the upper surface of the substrate 114. The wires (not shown) may be attached in
one pass (equipment set-up) if the upper die 130 is small along its length and/or width and does not
interfere with the wire connection of the lower die 112 to the substrate 114 wiring process. Metal
interposer 120 is then attached to the substantial center of lower die/chip 112 using adhesive material
118. Metal interposer 120 is a thermally conductive structure including outer portions 122 and a center
portion 121 tha®x: et Elgcdrigalh S PRS2 gl Bortions 122 of
metal interposer 120 are electrically grounded to substrate 114 as at 138 through leg portions/external
support columns 123. External support columns 123 are used to support the ring-shaped outer die

pad 122 conne&in &V arildiiging Bstiate acnsheptaedimaatttriherpersspt By (A tanluiytcs
compriseg RfcRLRPPRY RdNIMgaN MNUMTIR @l Qdmden oy RBhvistNaippdiefesalbn atsariger alloy.
Metal interposer 120 is electrically conductive. 6 Upper die/ chip 130 is then substantially centered
over, and SRl g the upper surfaces of the outer portions 122 of metal interposer 120 using
adhesive material 118. It is noted that the metal interposer 120 is a thermal conductor, permitting heat
from the upper die/chip 130 to be taken away from the upper die/chip, 130 and through the lower
die/chip 112 intd N5 HEAR 114 4R PEITAF oM aLRaGE 10 thPEHGH IR 858 Bafs ’isifetallized

lands 116qddeatlalspsflogisbieirethel ypperydi;didddodbiasubatiaterd 1khdhnoidah thedegsl $230ef the
metal interposer 120. Upper die/chip wires (not shown) may then be attached to the u\tlgger surface of

upper didNRRAHEULT 1 thie SYSELR JevRl 8 B & LEEPIRE A 120t TR W& ERSC o i) 1S be

attacheddprene passHaeuipmeaniseio) inthecuppsorier baldsi soatt Peasteritslieagiipanedast width and
does not interfere with the wire c?nnection é?‘{ th Iower@e_ 1(%% to th substrat? 114 wiring process.
An encaStFSHSHBICRAG FREHAN 256118 tHaH1OYdd EiburiB prore preferably a eutectic

tin-lead solder alloy. The substrate 114 is preferably an epoxy-glass laminate, a polyimide

tape, a ceramic, a copper alloy leadframe or an aluminum alloy leadframe.

Adhesive material 118 is preferably comprised of a thermally conductive organic/

inorganic filler.

Lower die wires (not shown) may then be attached to the upper surface of lower
die/chip 112 and to the upper surface of the substrate 114. The wires (not shown) may be
attached in one pass (equipment set-up) if the upper die 130 is small along its length and/or
width and does not interfere with the wire connection of the lower die 112 to the substrate

114 wiring process.

Metal interposer 120 is then attached to the substantial center of lower die/chip 112
using adhesive material 118. Metal interposer 120 is a thermally conductive structure
including outer portions 122 and a center portion 121 that is connected to the substantial
center of lower die/chip 112. The outer portions 122 of metal interposer 120 are electrically
grounded to substrate 114 as at 138 through leg portions/external support columns 123.
External support columns 123 are used to support the ring-shaped outer die pad 122
connecting to underlying substrate 114 in place. Metal interposer 120 is preferably
comprised of a copper alloy, an aluminum alloy or an iron alloy and is more preferably a

copper alloy. Metal interposer 120 is electrically conductive.



die/chip 130, the upper and lower die/chip wires and over the lower die/chip 112 and the substrate
114 as shown in Fig. 3. Alternately, the lower and upper die/chip wires may be attached to the
respective lower and upper dies/chips 112, 130 after the lower and upper dies/chips 112, 130 are
affixed to the metal interposer 120. If the upper die/chip 130 has bond pads on only two opposite
sides, more support columns could be added, with the limit to the number added being
encapsulate/mold 136 flow, Fig. 4 is a top-down, plan view of Fig. 3 with Fig. 3 being a cross-section

of Fig. 2 along e d%/rhim §i0st 4l pabrigaal bo ssatry tR¥Ee AR HiRsR P pBtidIO A1, 122

of metal tgHResSr Il RBCARIIAN 236 £RveioRas RN iRtaEPRERE KR {aReAIPPg. and lower
die/chips 112, 130 (not shown)). Fig. 5 is a top down, plan view of Fig. 3 after die attachment. 7 Third

Embodiment - Electrically Grounded Metal Interposer 220; Figs. 7 and 8 As shown in Figs. 7 and 8,

the third embodimgnfoed dhBapiASERE tNVRRIIPOsdtUSIaiEs M ackagm dlQdiayithaeiedenatiy@rounded
metal interposer with support columns stacked die/chip design, Lower die/chip 212 is attached to a

substratd 221 UPBRErAISSRR LY 1 rPa Ay w dferaiiea Brraiulis shir 1 20Aag) thrqugh B61i¥Halls or

metallizegditasidp 218 faio iNercoRnectiontaibe systemneyatipiietedcirguiihoard prkshannpaffixed to
the lower surface of substrate 214 as shown in Fig. 6. Solder balls 216 aglﬁreferably comprised of a

eutectic tRcfRHFEbIaBAsHdY: ffcaialde divws Bom, ratrrcatcntdh Brite sy Rt tddilimiehad

solder allgy. [Ebe 1ISubstraenddlismpsgiesablpan epoxy-glass laminate, a polyimide tape, a ceramic, a
copper alloy leadframe or an aluminum alloy leadframe. Adhesive material 218 is preferably comprised

of a thermally conductive organic/inorganic filler.
Upper die/chip wires (not shown) may then be attached to the upper surface of upper

die/chip 130 and to the upper surface of the substrate 114. The wires (not shown) may be
attached in one pass (equipment set-up) if the upper die 130 is small along its length and/or
width and does not interfere with the wire connection of the lower die 112 to the substrate
114 wiring process. An encapsulate/molding material 136 is then formed around the upper
die/chip 130, the upper and lower die/chip wires and over the lower die/chip 112 and the

substrate 114 as shown in Fig. 3.

Alternately, the lower and upper die/chip wires may be attached to the respective
lower and upper dies/chips 112, 130 after the lower and upper dies/chips 112, 130 are
affixed to the metal interposer 120.

If the upper die/chip 130 has bond pads on only two opposite sides, more support
columns could be added, with the limit to the number added being encapsulate/mold 136

flow.

Fig. 4 is a top-down, plan view of Fig. 3 with Fig. 3 being a cross-section of Fig. 2
along line 3 - 3. Fig. 4 illustrates package 110 having the center and outer portions 121, 122
of metal interposer 120. Encapsulant 136 envelopes the metal interposer 120 (and upper

and lower die/chips 112, 130 (not shown)).

Fig. 5 is a top down, plan view of Fig. 3 after die attachment.



Lower die wires (not shown) may then be attached to the upper surface of lower die/chip 212 and to
the upper surface of the substrate 214. Metal interposer 220 is then substantially centered over the
lower die/chip 212 and the upper portion 222 of metal interposer 220 is attached, and electrically
grounded, to substrate 214 through leg portions/external support columns 223 as at 238 using

adhesive matgyial BABobrdRHIal ERERRELT ¢ @bINa Y AEP e8P ISBUDDOF $he7riRgrshaped outer die
pad 222 connecting to underlying substrate 214 in place. Metal interposer 220 is a thermally

conductive structyrenddaiaininterposeind2l, isHRrefaiakinsamassedOfiR GreRe: aloyn@shaluminum
alloy or an iron alloy and is more preferably a c%@)er alloy. Metal interposer 20 is electrically

conductivBU Bty kg ferh a1 Bl A BILYI SO MSAAVEETRARE L BHEY BBIRRSA 222 of metal
interposeoddntathe deramsy dase0f lower die/chip 212 as shown in Fig. 6. The thermal glue 240
is thermally conductive and permits transfer of heat from the upper die 230 8 to the lower die 212 or
from the lower die 212 to the upper die 230 depending upon the temperature difference. Upper die/
chip 230 is thensgibstamtialhirenterad avehaanthaitaghedde, the upeesirasiyfagasohthediepge portion
222 of metal interposer 220 using adhesive material 218. It is _noted that the metal interﬁoser 220is a

thermal cBAGH 2 Hermithiaieat HonPie dishede aioldsin 53bstobe hakeiizsdalridin e uSber

die/chip 23@rapanirigohessulstpiemd It rawnay dramPpekagmel dhihwaygitikedseldae halleor
metallized lands 216. Heat also flows from the L\J?aper die 230 to the substrate 214 through the legs

223 of th&"AEEIThIRPERET 220,20 SRRV Bid)dhip Rires!(ibLHdWh) ATEPHRERIOY AEENEFtothd upper
surface afudppRry tidigdehispRRE ans feitheabpar stkae aidhensitstiate glderibl eacapsidatedmolding
material f36 is heg'_ﬁ)rmed around the upper die/chip 230, the upper and lower die/chip wires and
over the 16855 $%212 and the substrate 214 as shown in Fig. 6. Alternately, the lower and upper
die/chip wires may be attached to the respective

The substrate 214 is preferably an epoxy-glass laminate, a polyimide tape, a ceramic,

a copper alloy leadframe or an aluminum alloy leadframe.

Adhesive material 218 is preferably comprised of a thermally conductive

organic/inorganic filler.

Lower die wires (not shown) may then be attached to the upper surface of lower
die/chip 212 and to the upper surface of the substrate 214. Metal interposer 220 is then
substantially centered over the lower die/chip 212 and the upper portion 222 of metal
interposer 220 is attached, and electrically grounded, to substrate 214 through leg
portions/external support columns 223 as at 238 using adhesive material 218. External
support columns 223 are used to support the ring-shaped outer die pad 222 connecting to

underlying substrate 214 in place. Metal interposer 220 is a thermally conductive structure.

Metal interposer 220 is preferably comprised of a copper alloy, an aluminum alloy or
an iron alloy and is more preferably a copper alloy. Metal interposer 20 is electrically

conductive.

Optionally, a thermal glue 240 may be interposed between the upper portion 222 of
metal interposer 220 and the upper surface of lower die/chip 212 as shown in Fig. 6. The

thermal glue 240 is thermally conductive and permits transfer of heat from the upper die 230

8



lower and upper dies/chips 212, 230 after the lower and upper dies/chips 212, 230 are affixed to the
metal interposer 220. The wires may be attached in one pass (equipment set-up) if the upper die 230
is small along its length and/or width and does not interfere with the wire connection of the lower die
212 to the substrate 214 wiring process. If the upper die/chip 230 has bond pads on only two opposite

sides, MakeRHNBNE: CAKIMNS soWlghperRAbeb v the lmiidalirmumbenadgradbeingpon the
encapsulate/mold 236 flow. Fig. 7 is a top-down, plan view of Fig. 6, with Fig. 6 being a cross-section

of Fig. 7 HBR§ At SURCIeRgey illustrates package 210 having metal interposer 220 electrically
grounded to substrate 214 through leg portions/external support columns 223 as at 238. Encapsulant

236 envelopes the metal interposer 220 (and upper and lower die/chips 212, 230 (not shown)). Fourth
Embodiment - EYSRFicdify &hurdBdsmMBea sHbsHdaiv:senteigd @t £Rhatachih i HigsURPES 11, the

fourth empetaeot efdhppiesentonventionHiistaiesdsaarknusi Sl adnying aneihar electrically
grounded metal interposer with support columns 9 stacked die/chip design. In the fourth embodiment,

metal int@Rieddha G susinldgtcipersiectfdail hothdsandectne SspaiLMabeahityBrisHdPste 314 at

its lower grBIPPEFH0R B LraNateraaly fsighadhpsivaimnaiariabs hdMeiakidemrsate32iaad
thermally conductive structure and further includes ugper portion 322 connected to the lower center

portion 33Y3RrBQgh RAEK45Sr oA sTRsaPRANS RBER & smallird Lndspake dopiaiedlodbiy an

epoxy-glsshiandingiRr dipAYIMide dapsst@aeeramitroagopras&loys eddiama0nasrpbdaripeom alloy
leadframe. Metal interposer 320 is preferably comprised of a copper alloy, an aluminum alloy or an
iron alloy and is more preferably a copper alloy. Metal interposer 20 is electrically conductive.

Adhesive materigpgdadis/prgiekaly @empisad ais thermbalbtiaonalasivie: epganisineianippier.
Substrate, 314 may include solder balls or metallized lands 316 for interconnection to the system level
printed PR méitgﬁﬁwl%?ﬁi%éaf& g strate 314

An encapsulate/molding material 236 is then formed around the upper die/chip 230,
the upper and lower die/chip wires and over the lower die/chip 212 and the substrate 214 as

shown in Fig. 6.

Alternately, the lower and upper die/chip wires may be attached to the respective
lower and upper dies/chips 212, 230 after the lower and upper dies/chips 212, 230 are affixed
to the metal interposer 220. The wires may be attached in one pass (equipment set-up) if the
upper die 230 is small along its length and/or width and does not interfere with the wire
connection of the lower die 212 to the substrate 214 wiring process. If the upper die/chip 230
has bond pads on only two opposite sides, more support columns could be added, with the
limit to the number added being encapsulate/mold 236 flow. Fig. 7 is a top-down, plan view
of Fig. 6, with Fig. 6 being a cross-section of Fig. 7 along line 6 - 6. Fig. 7 illustrates package
210 having metal interposer 220 electrically grounded to substrate 214 through leg
portions/external support columns 223 as at 238. Encapsulant 236 envelopes the metal

interposer 220 (and upper and lower die/chips 212, 230 (not shown)).

Fourth Embodiment - Electrically Grounded Metal Interposer 320: Figs. 9 to 11

As shown in Figs. 9 to 11, the fourth embodiment of the present invention illustrates a

package 310 having another electrically grounded metal interposer with support columns



surface of substrate 314 as shown in Fig. 8. Solder balls 316 are preferably comprised of a eutectic
tin-lead solder alloy, tin, lead, silver, gold, indium and more preferably a eutectic tin- lead solder alloy.
Lower die/chip 312 is then substantially centered, and attached to, the lower center portion of metal
interposer 320 preferably using adhesive material 318. Lower die wires 326 may then be attached to
the uppeguktarei@tigyaesig/chip 312 and to the upper surface of the substrate 314. Upper die/chip
330 is then substantially centered over, and attached to, the upper surfaces of the upper portion 322
of metal interposer 320 preferably using adhesive material 318. It is noted that the metal interposer

320 is a thermalgondgsian pRBEtIAenaatHOm 4 Ier topek diglchip ArPdekadakeBrawadiom the
upper die/chip 330 and. into the substrate 314 and away from package 310 via the le

portions/Ek¥h PEHApEH CSRIRIAR SR AT IEOIPRFBARNSH m%ﬂ&é&hmé%%éymylﬁeat from

the lowerdig/ahip3didrinpy ke Mhewisatdatprarayifranmiigdayebai@hip dhicane Mtp fixenspbstrate
314 and away from package 310_through the solder balls or metallized lands 316. Upper die/chip

wires 33AN At P B P08 184hsBEErd uifadbor IO¥5Er EF81ERIP B3R and o R Ehe8urface

of the substiaigsZkderil SlSRRSURAIRAROIdING Material 336 is then formed around the upper die/chip
330, the upper and lower die/chip wires 334, 326 and over the lower die/chip 312 and the substrate

314 as shown in Fig. 8. Alternately, the upper and lower die/chip wires 334, 326 may be attached to

the respective uppesBsehlevses digsichins33a, pbk Riielsthanipnes, ansblowaddiepihiredaie 312 are
affixed to the metal interposer 320. If the uppereaie/chip 330 has bond pads on only two opposite

sides, mArEBRFHBIOCGIRATASESHIEAHE BRIEE! it 584 fo the number added being
encapsulate/mold 336 flow. Fig. 9 is a top-down, plan view of Fig. 8, with Fig. 8 being a cross-section
of Fig. 9
9 Metal interposer 320 is preferably comprised of a copper alloy, an aluminum alloy or
an iron alloy and is more preferably a copper alloy. Metal interposer 20 is electrically

conductive.

Adhesive material 318 1is preferably comprised of a thermally conductive
organic/inorganic filler. Substrate 314 may include solder balls or metallized lands 316 for
interconnection to the system level printed circuit board (not shown) affixed to the lower
surface of substrate 314 as shown in Fig. 8. Solder balls 316 are preferably comprised of a
eutectic tin-lead solder alloy, tin, lead, silver, gold, indium and more preferably a eutectic tin-

lead solder alloy.

Lower die/chip 312 is then substantially centered, and attached to, the lower center

portion of metal interposer 320 preferably using adhesive material 318.

Lower die wires 326 may then be attached to the upper surface of lower die/chip 312

and to the upper surface of the substrate 314.

Upper die/chip 330 is then substantially centered over, and attached to, the upper
surfaces of the upper portion 322 of metal interposer 320 preferably using adhesive material

318.

It is noted that the metal interposer 320 is a thermal conductor, permitting heat from

10



along line 8 - 8. Fig. 9 illustrates package 310 having metal interposer 320 electrically grounded to
substrate 214 through leg portions/external support columns 223 as at 238. Encapsulant 236
envelopes the metal interposer 220 (and upper and lower die/chips 212, 230 (not shown)). Fig. 10 is
top down plan view of a modification of the fourth embodiment wherein the upper portion of the metal

interposeh 32 SQraryisep fosy %%Qﬁ%&ﬁ%%ﬁéﬁ?tﬁ@%@%&ﬁ@dﬁ@ BAUIQRISHRE Rk GRILRALS24. It is

noted that the stacked die/chip package designs of the embodiments of the present invention have

reduced di¢ AR A mndrese @ufegto IdiR dhereg oaansisiietral SumethARuPsARAhiay el Bethe

Present lgygatipn | e advaniagesat 016 ok Myore.emoRdineents @f dhechisSant inyeptaiineiyde: 1.
lower mechanical stress for the upper die/chip attachment, especialle/ at the metal interposer to the

upper did g NASAIIMPRIVET e/ B At g hssHbiEic e andrigy Semeatkars Hhetal

interposehteushhal attditBshmeh s @sathe Metal interposer is more preferably comprised of a
copper alloy which closely matches in CTE with laminate substrates; 2. optional additional heat

removal from the upper or lower die/chip is provided which is very useful in die/chip combinations

where the uppeUgis-alse/gaparatesinaatia3. et pahSwrPertRolppiIspRL deragdedag agsessary
with the limit of support columns being added limited by the encapsulate/mold flow; and 4. upper

die/chip gril#fidg 1Rsnaner sudem e e Abpiaedibchip grounding also isolates the upper die/chip
from the lower die/chip in high frequency operation such as switching noise or interference. While
particular embodiments of the present invention have been illustrated an% described, it is not intended

to limit the invertio"E3RBPHSIWIRSIHY Y RARWiIReLQRRed around the upper die/chip 330,
the upper and lower die/chip wires 334, 326 and over the lower die/chip 312 and the

substrate 314 as shown in Fig. 8.

Alternately, the upper and lower die/chip wires 334, 326 may be attached to the
respective upper and lower dies/chips 332, 312 after the upper and lower dies/chips 330, 312

are affixed to the metal interposer 320.

If the upper die/chip 330 has bond pads on only two opposite sides, more support
columns could be added, with the limit to the number added being encapsulate/mold 336
flow. Fig. 9 is a top-down, plan view of Fig. 8, with Fig. 8 being a cross-section of Fig. 9
along line 8 - 8. Fig. 9 illustrates package 310 having metal interposer 320 electrically
grounded to substrate 214 through leg portions/external support columns 223 as at 238.
Encapsulant 236 envelopes the metal interposer 220 (and upper and lower die/chips 212, 230

(not shown)).

Fig. 10 is top down plan view of a modification of the fourth embodiment wherein
the upper portion of the metal interposer 320 comprises four discrete pads 337 the end of
each leg portion/support column 324.

It is noted that the stacked die/chip package designs of the embodiments of the
present invention have reduced die attach interface area to reduce stress and moisture

sensitivity.
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12 CLAIMS We claim: 1. A stacked die design, comprising: a substrate having a lower surface and an
upper surface; a lower die connected to the substrate; the lower die having a lower surface and an
upper surface; a thermally conductive metal interposer thermally connected to the substrate; and an
upper die thermally connected to the metal interposer; the upper die having a lower surface and an

upper surface; the lower die and the gppgs £ie deiRopseRER thabalbAnd comprising a stacked die;
whereby any heat generated by the upper die is transferred to the substrate by the metal interposer.

2. The stacked dieqd¥rjHasesfione anmasishe Lnmsatised thepressakinysaten niidte, a polyimide

tape, a ceramic,ja cppRemmdMAalIgasditane A aalppinuealpYeadiamespdc ke stapkesbeie design
of claim 1, further including solder balls or metallized lands_affixed to the lower surface of the

substratedMFFRIBY A HaRe R Srbmes! iRt datrabieidif aHarlrEet d5 tRASEHEIDRISBmetallized
lands . 4siThe Stackedial desigafdaiunkuitahaninchdingreglderthalis-e meplizaddanss affixed to

the lower surface of the substrate; the solder balls being comprised of a eutectic tin-lead solder alloy,
tin, lead, RIRFETARJSIE BRGNP 52 THRPREE KEY dRdsiglo s LI R further Trcidtify 'aBiié balls or

metallizeghiswgseaffixed to the lower surface of the substrate; the solder balls being comprised of a
copper alloy. 6. The stacked die del;ir?n of claim 1, wherejn the metal interpgser. is comprised. of a

copper alloy, arPaluRRHAR? ASYEPRAT Rt EpBP V! HFRESERRAHQTIeGh Gt 12 RIREFSE the
metal interRRSEK iScePINITSEL die/chip combinations where the upper die also generates heat;

3. additional support columns may be added as necessary with the limit of
support columns being added limited by the encapsulate/mold flow; and

4. upper die/chip grounding is made possible, such upper die/chip grounding also
isolates the upper die/chip from the lower die/chip in high frequency operation such as
switching noise or interference.

While particular embodiments of the present invention have been illustrated and
described, it is not intended to limit the invention, except as defined by the following

claims.
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of a copper alloy. 8. The stacked die design of claim 1, wherein the metal interposer is interposed
between the lower die and the upper die. 9. The stacked die design of claim 1, wherein the metal
interposer is interposed between the lower die and the upper die; and the metal interposer being
affixed to the upper surface of the lower die and to the lower surface of the upper die. 13 10. The
stacked die design of claim 1, wherein the metal intgrpgsgy/stacked die is not electrically grounded.
11. The stacked die design of claim 1, wherein the metal interposer is connected to: the upper surface
of the sub%&at&%he lower surface of the upper die; and the upper surface of the lower die. 12. The

stacked die design of chaiackewBRIaIRItHE Fosipliimerposer is connected to: the upper surface of the
substrate; the lower surface of the upper die; and the upper surface of the lower die; whereby the

metal interposef RUBIYES KoM HIKEE WS At 8dBQMRBS W RsSd at least the upper die. 13. The

stacked die desigpRtel@iencdnidiesein the mpatiiieReswis Aidalipgdoweetmeldl infgraoser. 14.
The stacked die design of claim 1, wherein the metal interposer is connected to: the upper surface of

the substrate; and th&1BHeME3Sce of the upper die. 15. The stacked die design of claim 1, wherein

the metal interppsgsriaABNaaLigetite nide LipRepssifaca ahiecsHhsitalaoand s e nadrface of the
upper die; whereby the metal interposer is electrically connected to the substrate to ground at least

the upper die. 18" ¥rRESEERBe B SORRFEEAIAHNT M AT R e WmeridimbariBeadoBstween
the lower die and thesypaes gl ah/ugpte siaekedislia dles neaind alid dppaheieteiadhpanal ghde is

interposed between the lower die and the épﬁﬁgr die; the thermal glue being thermally conductive and
permitting transfer of 419\ ABRY i8I SfBEKEE M en the upper die and the lower die.

whereby any heat generated by the upper die is transferred to the substrate by the

metal interposer.

2. The stacked die design of claim 1, wherein the substrate is an epoxy-glass
laminate, a polyimide tape, a ceramic, a copper alloy leadframe or an aluminum alloy
leadframe.

3. The stacked die design of claim 1, further including solder balls or
metallized lands affixed to the lower surface of the substrate; whereby any heat transferred to
the substrate is transferred to the solder balls or metallized lands .

4. The stacked die design of claim 1, further including solder balls or
metallized lands affixed to the lower surface of the substrate; the solder balls being
comprised of a eutectic tin-lead solder alloy, tin, lead, silver, gold, or indium.

5. The stacked die design of claim 1, further including solder balls or
metallized lands affixed to the lower surface of the substrate; the solder balls being
comprised of a copper alloy.

6. The stacked die design of claim 1, wherein the metal interposer is comprised

of a copper alloy, an aluminum alloy or an iron alloy.

7. The stacked die design of claim 1, wherein the metal interposer is comprised
of a copper alloy.
8. The stacked die design of claim 1, wherein the metal interposer is interposed

between the lower die and the upper die.
0. The stacked die design of claim 1, wherein the metal interposer is interposed
between the lower die and the upper die; and the metal interposer being affixed to the upper

surface of the lower die and to the lower surface of the upper die.

13



18. The stacked die design of claim 1, wherein the metal interposer is connected to: the upper surface
of the substrate; the lower surface of the lower die; and the lower surface of the upper die. 19. The
stacked die design of claim 1, wherein the metal interposer is connected to: the upper surface of the
substrate; the lower surface of the lower die; and the lower surface of the upper die; whereby the

metal interposen i eleqtrigathcpsauneadsiedhe shbstatenearauagihel awepans Hrpeidies i20. A
stacked die design, comprising: a substrate having a lower surface and an upper surface; a lower die

connectetPtERIEI ER R fower die having a lower surface and an upper surface: 14 a thermally

conductive metgljinterpasestiremally ganneciedimine swostiateicthe-tmeiadiniespeseshaingd
comprised of a copper alloy, an aluminum aIIO){R;)r an iron allog\{i? and an upper die thermally connected

to the méfal RSP e qb s HBsHaRnE @ RN S WAL KISt BRCE dife ad e BPRSE S8R die and
the uppepgigdiginer H-spaced apart and comprising a stacked die; whereby any heat generated by
the upper die is transferred to the substrate by the metal interposer. 21. The stacked die design of

claim 20, wherel? the SUlssHatssd 4if &5eier Gaseia drshereino st afsapaseeiasnenecishper
alloy leadfaimeppansalgnininmhaliaysieadimeewde suiie sakedigiedasign @i aippa Qulsteer

including solder balls or metallized _lands affixed to the lower surface of the substrate; whereby any

heat tranSfefted Ry the SuBBEERY i dRERBLFTBARE SofderBanlior tagifsel? Idtus BE*h ¥ stacked

die desiggk@jﬁajmea& tiwﬁqujemiy,ding solder balls or metallized lands affixed to the lower surface of

the substrate; th1e3.s 0|defﬂlgasltlgclt3§g] gigo esrlpgr;ir?eoqf ga?m 1, wherein the metal interposer is a double
down-set metal interposer.

14. The stacked die design of claim 1, wherein the metal interposer is connected
to: the upper surface of the substrate; and the lower surface of the upper die.

15. The stacked die design of claim 1, wherein the metal interposer is connected
to: the upper surface of the substrate; and the lower surface of the upper die; whereby the
metal interposer is electrically connected to the substrate to ground at least the upper die.

16. The stacked die design of claim 1, wherein a thermal glue is interposed
between the lower die and the upper die.

17. The stacked die design of claim 1, wherein a thermal glue is interposed
between the lower die and the upper die; the thermal glue being thermally conductive and
permitting transfer of any heat generated between the upper die and the lower die.

18. The stacked die design of claim 1, wherein the metal interposer is connected
to: the upper surface of the substrate; the lower surface of the lower die; and the lower
surface of the upper die.

19. The stacked die design of claim 1, wherein the metal interposer is connected
to: the upper surface of the substrate; the lower surface of the lower die; and the lower
surface of the upper die; whereby the metal interposer is electrically grounded to the substrate
to ground the lower and upper dies.

20. A stacked die design, comprising:

a substrate having a lower surface and an upper surface;

a lower die connected to the substrate; the lower die having a lower surface and an

upper surface;
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eutectic tin-lead solder alloy, tin, lead, silver, gold, or indium. 24. The stacked die design of claim 20,
further including solder balls or metallized lands affixed to the lower surface of the substrate; the
solder balls being comprised of a copper alloy. 25. The stacked die design of claim 20, wherein the
metal interposer is comprised of a copper alloy. 26. The stacked die design of claim 20, wherein the

metal interposey, ishgtiHIRseenRiwRe S layuapdierand ihe1HPReAkliged TtoT R Siasdeddiendesign of
claim 20, wherein the metal interposer is interposed between the lower die and the upper die; and the
metal interposer beingdfxatFEBAE BpH8r cotipaicebp e 10MRST diEndtAHENBIR AL R %F the
upper die. 28. The staglsedigie ggsign of claim 20, wherein the metal interposer/stacked die is not
electrically grounded. 29. The stacked die design of claim 20, wherein the metal interposer is

connected to: tA& UPsE A RsERdbtseassiaide thr & rildrisiprscs Jranerss sy bivinga ewstpper
surface of the lower gliefade Q1 I siackeedie designef glaimEhoipainiibemataloniginaeser is

connected to: the upper surface of the substrate; the lower surface of the upper die; and the upper

surface of the lower ther AR BYHENESsiaitedsbser is electrically connected to the substrate to

ground at least {g-rpRestiencdt  gtherslarksdimicudpsionioficlams28rauhrreir thepsmatial Byteroser is a
double down-set metal inter%oser. 32 The stacked die design of claim 20, wherein the metal
interposer is connectB¥AbIMFEPAPPer surface of the substrate; and the lower surface of the upper die.

33. The stackedbdie depignselctiainaidQasgareinclapimetalinéespoaer issannestesh tpohe dpper
surface of the substrate; and the lower surface of the upper die; whereby the metal interposer is

electricall{"RBRifecle A RIS BE at (5'GMBnd a19BRS APV pisadigne’ or an aluminum”alloy

leadframe.

22. The stacked die design of claim 20, further including solder balls or metallized
lands affixed to the lower surface of the substrate; whereby any heat transferred to the
substrate is transferred to the solder balls or metallized lands.

23. The stacked die design of claim 20, further including solder balls or metallized
lands affixed to the lower surface of the substrate; the solder balls being comprised of a
eutectic tin-lead solder alloy, tin, lead, silver, gold, or indium.

24.  The stacked die design of claim 20, further including solder balls or metallized
lands affixed to the lower surface of the substrate; the solder balls being comprised of a
copper alloy.

25. The stacked die design of claim 20, wherein the metal interposer is comprised
of a copper alloy.

26. The stacked die design of claim 20, wherein the metal interposer is interposed
between the lower die and the upper die.

27. The stacked die design of claim 20, wherein the metal interposer is interposed
between the lower die and the upper die; and the metal interposer being affixed to the upper
surface of the lower die and to the lower surface of the upper die.

28. The stacked die design of claim 20, wherein the metal interposer/stacked die is
not electrically grounded.

29.  The stacked die design of claim 20, wherein the metal interposer is connected
to: the upper surface of the substrate; the lower surface of the upper die; and the upper surface

of the lower die.
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34. The stacked die design of claim 20, wherein a thermal glue is interposed between the lower die
and the upper die. 35. The stacked die design of claim 20, wherein a thermal glue is interposed
between the lower die and the upper die; the thermal glue being thermally conductive and permitting
transfer of any heat generated between the upper die and the lower die. 36. The stacked die design of

claim 20, wherep the mggaltiiespasenisicaIedied 10; e rppeisHtateRthaauRmRtRE lower
surface of the lower die; and the lower surface of the upper die. 37. The stacked die design of claim

20, wher&h iSRRG eEdrs sukstate i lvehaitispe PEtheauReh ti b &RHePERSYHRRS: surface
of the lowgrigieiang tne; ey iacenefahmupRaeHiR; skherrbthe metaldnispesanisateakically

grounded to the substrate to ground the lower and upper dies. 38. A method of forming a stacked die
design, c&AHMEMCHISNREH difbstrate having a lower surface and an upper surface; providing a

lower die connegted tarHesaidRel ate; dbsJawerctihayinghalawersiéanemeghadruppedsubiace; 5
providing a thermally conductive metal interposer thermally connected to the substrate; and providing

an upperdMERSHSIY SHRANEd to the metal interposer; the upper die having a lower surface and an

upper surface; the lowahdigrddhg.urRamdiE RainPepatecaPhk ARthCamppisivgia staskaddie;
whereby an#geat generated by the upper die is transferred to the substrate by the metal interposer.

16 39. THE' AhsHRRFbFIRH 9Bthy APl i ad Huirowss shiapoxl e iifate, a polyimide tape, a

ceramic, a coppgy. alloyrigadhiame Qe assaduroindna oy Jaadiiane Altal hedrritedsafsalaineat, further
including affixing solder balls or metallized lands gffixed to the lower surface of the substratt%; whereby
€

any heat ftaHSdtPBE 1 SUiRCS Qb Lhafy iS Al ot dBedANEr soitiar b ahdhsy PRREAILEARERDY

metal interposer is electrically connected to the substrate to ground at least the upper die.

34. The stacked die design of claim 20, wherein a thermal glue is interposed
between the lower die and the upper die.

35. The stacked die design of claim 20, wherein a thermal glue is interposed
between the lower die and the upper die; the thermal glue being thermally conductive and
permitting transfer of any heat generated between the upper die and the lower die.

36.  The stacked die design of claim 20, wherein the metal interposer is connected
to: the upper surface of the substrate; the lower surface of the lower die; and the lower
surface of the upper die.

37. The stacked die design of claim 20, wherein the metal interposer is connected
to: the upper surface of the substrate; the lower surface of the lower die; and the lower
surface of the upper die; whereby the metal interposer is electrically grounded to the substrate
to ground the lower and upper dies.

38. A method of forming a stacked die design, comprising:

providing a substrate having a lower surface and an upper surface; providing a lower

die connected to the substrate; the lower die having a lower surface and an
upper surface; 5 providing a thermally conductive metal interposer thermally
connected to the substrate; and

providing an upper die thermally connected to the metal interposer; the upper die

having a lower surface and an upper surface; the lower die and the upper die
being spaced apart and comprising a stacked die;

whereby any heat generated by the upper die is transferred to the substrate by the

metal interposer.
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41. The method of claim 38, further including affixing solder balls or metallized lands affixed to the
lower surface of the substrate; the solder balls being comprised of a eutectic tin-lead solder alloy, tin,
lead, silver, gold, or indium. 42. The method of claim 3 8, further including affixing solder balls or
metallized lands affixed to the lower surface of the substrate; the solder balls being comprised of a

copper alloy. 433dhe ngthpgmbelaine Bin vikere g MetalisigiBasenisonisadiahmtopper alloy,
an aluminum alloy or an iron alloy. 44. The method of claim 38, wherein the metal interposer is

compriseRPEARIERHRSr 2AETARIS; FHenPRIAKAYJFRifiams ar aalHHME Al iSAsiOSer is interposed
between the lowgr die@pdnibgsPREHifn 43, Thennethaddl £lamk s 8 swiberainhermelalinterposer is

interposed between the lower die and the upper die; and the metal interposer bein% affixed to the

upper sutfds Ffrrd sl WRG T8RRI SRS HRREE: (e esher 4. ept SRR Ao tRRim 38,

wherein g metalinterppspidsiaakesbdier samatoeteaiitady mieiinded. 48. The method of claim 38,
wherein the metal interposer is connected to: the upper surface of the substrate; the lower surface of

the upper die; antt the tpp&herhod Sptaes foiithiie FAUGiAg AfBMIRE W desiRr 3% ohmstaiAEE metal

interposerigiSafncedes teidhewdprarfatéfacalef thesrbsiraie sthecdovarssusiagecohtheseprar gdie; and
the upper surface of the lower die; whereby the metal interpgser is electrically connected to the

substrate teGHGUHY 81 SRSEHE b (8TsY! VhehEtRbd 8- Bhim 38, wherein the metal interposer is
a double down-get metakinierReser: Gdinl B8, Mathediat Klaing A& Whereinthdmetal tRINoseY is
connected tq: the upper surface of thF substrate; and the lower surface of the upper die.
lands affixed to the lower surface of the substrate; the solder balls being comprised of a
copper alloy.
43.  The method of claim 38, wherein the metal interposer is comprised of a

copper alloy, an aluminum alloy or an iron alloy.

44.  The method of claim 38, wherein the metal interposer is comprised of a
copper alloy.
45.  The method of claim 38, wherein the metal interposer is interposed between

the lower die and the upper die.

46.  The method of claim 38, wherein the metal interposer is interposed between
the lower die and the upper die; and the metal interposer being affixed to the upper surface
of the lower die and to the lower surface of the upper die.

47.  The method of claim 38, wherein the metal interposer/stacked die is not
electrically grounded.

48. The method of claim 38, wherein the metal interposer is connected to: the
upper surface of the substrate; the lower surface of the upper die; and the upper surface of the
lower die.

49.  The method of claim 38, wherein the metal interposer is connected to: the
upper surface of the substrate; the lower surface of the upper die; and the upper surface of the
lower die; whereby the metal interposer is electrically connected to the substrate to ground at
least the upper die.

50.  The method of claim 38, wherein the metal interposer is a double down-set
metal interposer.

51. The method of claim 38, wherein the metal interposer is connected to: the

upper surface of the substrate; and the lower surface of the upper die.
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17 52. The method of claim 38, wherein the metal interposer is connected to: the upper surface of the
substrate; and the lower surface of the upper die; whereby the metal interposer is electrically
connected to the substrate to ground at least the upper die. 53. The method of claim 38, wherein a
thermal glue is interposed between the lower die and the upper die. 54. The method of claim 38,

wherein a thermgl gluerigHRiRegEsk Reinees thendruweridienans thecupRer diesshsdhedmal albe being
thermally conductive and ézermitting transfer of any heat generated between the upper die and the

lower die" BT THERGRRADIEF LRSS, A hSIHANE MBIERSH R IBS SR SHie BIRR3BY tHs tistr
surface ahtbgsihRratRutbglpwainsuitass abthsianensiaoand drdawes sppéaeeof the upper die. 56.

The method of claim 38, wherein the metal interposer is connected to: the upper surface of the
substrate; the lower sufcaSHd MusdBle’ SintiFs b ieb Ryt indnisspescdibeisretFthe
metal intespRseNids fleslicpyrareunded to the substrate to ground the lower and upper dies. 18

54. The method of claim 38, wherein a thermal glue is interposed between the
lower die and the upper die; the thermal glue being thermally conductive and permitting
transfer of any heat generated between the upper die and the lower die.

55. The method of claim 38, wherein the metal interposer is connected to: the
upper surface of the substrate; the lower surface of the lower die; and the lower surface of the
upper die.

56. The method of claim 38, wherein the metal interposer is connected to: the
upper surface of the substrate; the lower surface of the lower die; and the lower surface of the
upper die; whereby the metal interposer is electrically grounded to the substrate to ground the

lower and upper dies.
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