10 November 2004 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. However, the top die/ghigfasiprendowund to

have thermal issues. Thegolif gleMmeniPacREIBPA R eanpisesaf gIRestically 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. UiSERaant Ny B.08VFRA fohee 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 gaqepalleningiudena F@l%%é%@@n&aﬁ%ﬁﬁﬂgléimﬁrﬁ@ﬁ%a%ﬁﬁ?%g aRaspdesriEatenb No.
6,297,547 B1 to Akram describes a multiple die package in which a first and second die are mounted
on a leadifaked Jig chRdRCkRE%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-aBRésie b iie R WENS(EOKEP es. 110 November 2004

U.S. Patent No. 6,080,264 to Ball describes an apparatus and method for increasjng integrated circuit
density comprisfnig ARG 6 IRt DR SR alneni e Oy e sl ipRection
technology,enghudéss Renelpratiosdapeiudemaa RS ETAGk or in combination with

ceramic/silicon. However, the top die/chip has been found to have thermal 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 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.



U.S. Patent No. 6,087,718 to Cho describes a stacked-type semiconductor chip 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 semiconductgy aypssirsked4on each

other with their pagks HRRASHECA SRSt BR AL SEBIR WP ARt ARV AR QR THE

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

provide tHERSAIRASHISHH St QooPHRingT besrahea agignoth dagé (B sbinbdse Grridre

embodimgigueiRe Brasansinventinnde Alovisle ragkesudiciapiranaskage 9&%@;@@@9 reduced
a

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 accomplishegd i thadelRWiBD BTN SREWHSGHY: PasiRcked (s deitdnaneé ¢hpthod of forming
the same, comprisinqég substrate having a lower surface and an upper surface; a lower die

connectdlftsife dbisrden shinetimsiyre sriick dvaadifind des siadaparbipn dnyheormekessd to the

substrate; and an upper die thermally connected to the metal interposer. 2 10 November 2004 The

lower die and the upper die being spaced aPart and comprising@a stacked die whe%gl any heat
generated by thE tip éﬁearéﬂg-éﬁ%éé%@ﬂo riduang st aledsybenfotipinyodes ated piFeuit

DESCRIRTOONRpd WERRAYW NG ad Redeatives rRagiagvanages of the method of the 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

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 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.



corresponding elements, regions and portions and in which: 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 plag Xigvefigrd taken along

line 3 - 3. Fig. 5achrmaticaliiustaissa dpann plasivisuofiie sapashprelerred aigctrically

grounded metal interposer embodiment of the present invention after the die attachment (D/A)
process. Yhsgeyaiy PesdshrantediPitistrreadisiig prordrredRtincaiViSUnuds me@ll interposer
with suppga#t,gRismns 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 embodimentpt the pyesertipyanionhaurosRmstaN txderposer below the lower
die/chip with: Fig. 8 being a cross-sectional electrically isolated metal interposer view of the top down

plan view Fig. 9takep.alendatiae8vafakid. JkQis eariner Blapremahacmadification plothe fourth
embodiment wherein 3 10 November 2004 the upper portion of the metal interposer comprises four

discrete F¥ASIHEERESPEEMdhp SolddRE s sEPHRI Bl B ifSeRIPFION Wik 1S PREFERRED
EMBODIMEMIpEiahEmMaedipent whlesticalyriselrieduMetald aieipaseyr 2Rikigs: 1 and 2 As shown in

Figs. 1 and 2, the first embodiment of the present invention jllustrates a package 10 having a
electricalfPTECIRSEY REEATRBIH SSBIooS ARG A erERiRde8ighiflth no ground. Lower die/chip 12 is
attached to a substrate 14 preferably using an adhesive material

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 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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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 leadframej@ragyalpaingnalloy
leadframe, Adiesivs-maeiiahd fisiaiersblycnpised @2 dhermalhasondugtiver egganic/inorganic
filler. Lower die/ chip wires 26 may then be attached to the upper surface of lower die/chip 12 and to
the uppef@RRPALECS#HHE 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 té Ng n%ﬁguﬁﬁgﬁ%%i&ﬁ%gﬂ? Mmﬂpport columnsf/tie
bars 24 are used to connect the center die pad 21 to the ring-shaped outer die pad 22. Metal
interposer 204 iestigplivdsalatzdivis AsRLAY Al ok and |

Y T 3 O

< : 43 P-or-“af-ron alloy and is more
preferably comprised of a copper alloy. Metal interposer 20 is 4 10 November 2004 electrically
conductive. Upper die/chip 30 is then substantially centered over, and attached to, the upper surface

of the ring-shap&d ShRANHIAJ e pS3- (G alFBbRAE MNP ERSBEIIRIENTD WHHESA May then
be attachqgtadheRRAH S W& MRPRORIRER BB thatif detheabpRel Rfrs /& dhexsubabrate 14 as
shown in Fig. 1. It is noted that the metal interposer 20 is a thermal conductor, permitting heat from
the uppegﬂlgﬂ%ip 30 to be taken away 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 formed around the u%)%er die/chip 30, the upper and lower

die/chip wires 260348/ 6V tRdYBUHRSIGRRIEHS U 58 tHePsesEPAre 1 g gn adhesive 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



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 gigwkier 1004ith upper
and lowegdig/ehips baddlRet 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 mgigkinterPRSEr(2Q (RAfsUBRER AN, lowas dieschipenti BRHAPIS IR )elt is noted that

while the tie bars 24 of metal interposer 20 are illustrated in Fig. 2 in a "+" design, other essentially
symmetriRHISDG e ditre Hars auise sz disIRduech i gerdheriin prateaidi s design. It is noted that
the first embodiment electrically isolated metal interposer package 10 has no ground. 5 10 November
2004 Second Embodiment - Electrically Grounded Metal Interposer 120; Figs. 3 to 6 As shown in

Figs. 3 to 5, the SBREEFHBbARS R Be Atrhsdtis thA P st ssrassRiuRRe 1 415 fiAng a

electricalgrpiidad mpetaldntamasahwiiibswRror aokHvRStagked] diefchindegisnnhbanesidie/chip
112 is attached to a substrate 114 preferably using an adhesive material 118. Substrate 114 may

include sBIHEPERSIS B hictaarngd tanduciars RSFtEE SRAttaonths sy disrhig Hikedd shouit
board (naksRomemh alfeshte Hedawero sHifase istRIEHE didcas SITOoM héabdnoldehkalls 116

are preferably comprised of a eutectic tin-lead solder alloy, tin, lead, silver, gold, indium and more
preferabl§EdierRtiRaciRss LBiqupk by seider Rt gl icedlapdubfy an epoxy-glass laminate, a

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

An encapsulate/molding material 36 is then formed around the upper die/chip 30, the
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.



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 infgrResembePigdien
attached to theuBRIARTA SARIEKQf Fouen IRICOIR ddde HBIRE PERGDYE Maieriall 18 «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 electricallysigyeundadde subsirate ddd s hiladthauaniepRIEiens/extRinal st

columns 123. External support columns 123 are used to support the ring-shaped outer die pad 122
connectind kg8 er P g dns &rhestiiad ln SRitilehimelpi s ppRRsE P28 S UIBRIESRINIEd AHSEd of a
copper aﬁwcgﬁ, @légi%i@.um alloy or an iron alloy and is more preferably a copper alloy. Metal
interposer 120 Is electrically 6 10 November 2004 conductive. Upper die/chip 130 is then substantially
centered over, and attached to, the upper surfaces of the outer portions 122 of metal interposer 120

using adhesive maigrialdldifplt is noteddhal the fstaliRteragserdAyugitBermaiiearductor, permitting
heat from the tl;l(f er die/chip 130 to be taken awag from the upper die/chip 130 and through the lower

die/chip TA35HR HE utts 114 1Ay madernifpabaiyer teatigedlitde SHdSF balls or metallized

lands 116ateleahaésadipwsieasia UReepifcl3trtaithh subsisatddvid) thipuahiotie: Irgse2 23 of the
metal interposer 120. Upper die/chip wires (not shown) maetc then be attached to the upper surface of

upper disVEREELIGURE e th LA pdoaRiackisf thaddpshalte HidereyliablintRBRENT) Hhay be
attached dnteniec RASSebAGRINENT SEtHAD) dhdh eiHRPEsSIE Thatis smphalengdistidnghanelae

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

6



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 goNbecmptabimiarposer
120. If thgghpRper;eie/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 ¢gyyar aadiaPtesPRItRAS s adiddlyofdnetaliiplerpesehtad-B R amsulpptl 36
envelopes the metal interposer 120 (éand{;f:pper and lower die/chips 112, 130 (not shown)). Fig. 5 is a

top dowrSWplarcsiefiyt eiderPaniTdid ZatisiahinteresNidvdhsmesstesrriratstipobifent -
Electrically Grounded Metal Interposer 220; Figs. 7 and 8 As shown in Figs. 7 and 8, the third

embodiment of the present invention illustrates a%zg_cka e 210 having a electrically grounded metal
interposer with stisgtttedrahihs ek araesio s%gr?.h%wércar&emﬁr»zamlﬁt teom

substrataigldppeeferabhip st G B AARSRINR aNAiaHiahe L pSUinsIEalp 23d dn@yhinbilensesballs or

metallized lands 216 for interconnection to the system level printed circuit boartiql(not shown) affixed to

the lowerdig(fHiR4 Ir G dhrtebsiated khendrvari§os ekrgeobifl hivighdhs epldshrpbdMprised of a
eutectic tincleng.&oldedalloy, tivadand, mwarioidningdiper ardi Bwris mreierahbtaligutaaie sin- lead

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

copper alfy f&drirme B Seabinirmessidydeadirame.

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.
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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 238usinaatesye material
218. Exteial BHRRRELEMMNS LR AVCCHEBANQI MBRPTHIBS 5iRg ShpRgskorigiqdie pad 222 connecting

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

interposer 220 ia pegfRrally memprisrokofiR aopPemalayman: AiminRaieyveh iy iron alloy and is
more preferably a copper alloy. Metal interposer 20 is electrically conductive, 8 10 November 2004

Optional i} ustiatsnidtankreo 40 hhayine drksiiosallysaanedelims abpes pereb B sUBPAiktal interposer
220 and theurpRefiswdacAHPNREIg/chip 212 as shown in Fig. 6. The thermal glue 240 is thermally
conductive and permits transfer of heat from the upper die 230 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 then
substantially cenfgked @¥ehignd AftaahrNda 1shesUBRRI S Bl}ﬁl'dﬂfg%pﬁlﬁ@ﬂv%ﬂ of metal

interposer 220 usi?rggadhesive material 218. Itis noted that the metal interposer 220 is a thermal

conductoM3seialitthdy ettt thanaydes e ads i hmeibacdianifohe €98 upper die/chip 230

and into {ieRdRsvaierPdAiang samaleliaprirekagerdtbihiowahdnsssoldeTkalls elenaialtized lands
216. Heat also flows from the upper die 230 to the substrate 214 through the legs 223 of the metal

interposet'586¢ ObHsHRfchlS firke Hblshignm) Ialdihatsmed GascRedratecappaiset?hée of upper

die/chip 23@andiie-thel UpRRY sHHRAOIdE sthsirased2ddinh ancaRsyidenYFingmaigsan236 is
then formed around the upper die/chip 230,
lead solder alloy.

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.



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 connqetiQgehiberlowwr die 212

to the substrate GJdopiligaIREESS -gmwmgﬁgy gie/okip 230 HaasdanaRasR LAY tye gpposite

sides, more support columns could be added, with the limit to the number added bein

encapsulR&EANBIEPSETdR rid. thasppssubiem opla sAelie/ ehipigl asihio Ry instibeifg %&"Eross-section

of Fig. 7 alengalingub 240 KithefmliiS@IRSuRACKAER pétAiRaYINSIMIahiatarBRSA 2P & arinoally
grounded to substrate 214 through leg portions/external support columns 223 as at 238. Encapsulant
236 enveRPisl et | hesiseeho sonardiuppetaiha rRer drrdtidseerdinsmrMot ehown)). 9 10
Novembeg 2R84 nlroditiFerRodiment - 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 stacked die/chip design.

In the fourth embggimentcrstal ntaraseib3@RtiaBficatbrandieclicatyaeaundad ufpihe substantial
center of substrate 314 at its lower center portion 321 preferably using adhesive material 318. Metal

interpose 88655 Y the HHABRNRBHAN chverEinstr fatermeserrdnd Ui Ristipp a1a5giabal823tdd nnected to
the lowengenienRerianead 1ikigugl 2o RartiRnsierdanaat&PPahaahiTHEI2dm the wRstrate 314 is

preferabrlfy},an epaox -?Iass laminate, a polyimide tape, a ceramic, a copper alloy leadframe or an
aluminurf! frévne’éﬁf ARl ARl T dhoarPs Bierdvanty EaRIREROFUPEsHS e AR an

aluminunadleYrem packagealiaytBReh &5 Mere Rk BEab yr aeennes Blleys M BsaHBAe HPRSEHRS IS

electricallty conductive. )
rom the upper die 230 to the substrate 214 through the legs 223 of the metal interposer 220.

Upper die/chip wires (not shown) may then be attached to the upper surface of upper

die/chip 230 and to the upper surface of the substrate 214.

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)).



Adhesive material 318 is 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 318 isdhshrsybsiantially
centered, and ataghed ik el gWe BRI ROGIB DR MeialiNERAs & 320. ArRferaklyl ysing 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. 10 10 November 2004 Upper die/chip 330 is then
substantially centetad e rapsl atiaahedhiorothenWPRSIEHIERCESRE tesuRPRl PRItAnIRREAtMmetal
interposer 320 preferably using adhesive material 318. It is noted that the metal interposer 320 is a
thermal d51588&8ot! pEATRERTHBSE F6AT EAEYLEERERE B Iatr TBOSEr tAkB S WY FORNAG upper
die/chip %&@aph;@}zghqlﬁqigg strate 314 and away from package 310 via the leg portions/external
support columns 324 through the solder balls or metallized lands 316. Any heat from the lower
die/chip 312 may be likewise taken away from the lower die/chip 312 and into the substrate 314 and

away from packpg@SifirthraHsbathe soldetpalie poseetallizediands Abelrpesifie/rhindsies 334
may then be attached to the upper surface of tég)per die/chip 330 and tq the upper surface of the

substratd 31§, SMRSEHEIh SENAFE P SRR At BBl TEeTRsR RS Aosrardthareierdhiy&is thé/chip 330,
the uppen@ndilReidialChIR Wiea33tbrpal ez Qyaribalanessigiehir 3ddcand 4he reuhstrate 314 as

shown in Fig. 8. Alternately, the upper and lower die/chip wires 334, 326 may be attached to the
respectiv@i?ﬁﬁ%%wanawapaFé%%a%%eg@é,t%ilzeéﬂ%fﬁ%ﬁs%ﬁﬂé}raﬂa {ohéiansdydros 330, 312 are

affixed topdieisnetaliiMRIROPEOR 2Blumns 324.

The substrate 314 is preferably an epoxy-glass laminate, a polyimide tape, a ceramic,

a copper alloy leadframe or an aluminum 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 material 318 is 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.
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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 interpasgro<ckandoaaper and

lower die/chips 2pe2dfe/dht SPW M nFighskeh i IRP-ER PIARYIGNY afd-medibicatiap s the fourth

embodiment wherein the upper portion of the metal interposer 320 comprises four discreteai)ads 337
the end G238 RIGHSOHBF SOPHIMIE3IGfnesd4nter PPoeKI SR RSB dlo Aisin g adhesdy e tdadtacked

die/chip pagkage designs of the embodiments of the present invention have reduced die attach
interface area to reduce stress and moisture sensitivity. Advantages of the Present Invention The
advantages of one or more embodiments of the present invention include: 1. lower mechanical stress

for the upper dig{ghiRallaGaMBameaPaREN R R Melahdnarreaanit i pcupRendig-attashment
interface at the die attach area is reduced due to "ring" shape; 2. lower metal interposer to substrate

attachmehE 3P e/ thiy riedPiReeiis8ervay fisre Brererssidieshipdsoded M PseRABY Svhich
closely matehag ivey Eonitha@oninaten supgieatesystioriierataddiljon bsathemoyahfaghine upper

or lower die/chip is provided which is very useful in die/chip combinations where the upper die also

generate®Ha U s anrsHAPed e Ttunms ifsh finedbaderss disiduralAmpyhe ISV BE support

columns Heing.adderolimiteddnethe-aneaR30late/me ethlubsnack 31 upRERdigchipngsauadinglis made
possible, such upper die/chiﬁ grounding also isolates the upper die/chip from the lower die/chip in

high freqtéRESOBEraerT SaLs gemetallized lands 316

Upper die/chip wires 334 may then be attached to the upper surface of upper die/chip
330 and to the upper surface of the substrate 314.

An encapsulate/molding 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 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.
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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. 12 10 November 2004 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 interRasersBerowly

connected to the; suhsitateane MRS digtheHmnalbe crRoRaSIsO e thsBsiainemaser; the upper
die having a lower surface and an uiper surface; the lower die and the upper die being spaced apart

and compFRSFlY H¥eatiRBdavS: | AR ARISEREF Atsa 19 B STt SRR Sred to the

substratesg%mitynetal 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 splstatigWbetRbY_RMPEAIMADferred to the substrate is
transferred to the solder balls or metallized lands . 4. The stacked die design of claim 1, further

including solder BIRWYANAGES IS B Ak dROEF BB M D APe BFRsca dP YRR ST IS the solder balls
being comprised ofigyRitarindindaask-saider b in dieadkisivebhacie, ot jRaium. & Thaatacked die

design of claim 1, further including solder balls or metallized lands affixed to the lower surface of the
substrate AP LHHEY %ﬁl}g)ﬁgiﬁlﬁe attachment interface at the die attach area is reduced due to "ring"

shape;

2. lower metal interposer to substrate attachment stress as the metal interposer is
more preferably comprised of a copper alloy which closely matches in CTE with laminate
substrates;

3. optional additional heat removal from the upper or lower die/chip is provided
which is very useful in die/chip combinations where the upper die also generates heat;

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

5. 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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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. 9. The stacked
die design of claim 1, wherein the metal interposer is interposed between the dowgrdiganddhe upper
die; and the metal interposer being affixed to thejuppgg surface of the lower die and to the lower
surface of the upper die. 13 10 November 2004 10. The stacked die design of claim 1, wherein the
metal intéﬁﬁdéé%tacked die is not electrically grounded. 11. The stacked die design of claim 1,
wherein the metgl interRQsgikisicRR eSS C@hg}giggper surface of the substrate; the lower surface of
the upper die; and the upper surface of the lower die. 12. The stacked die design of claim 1, wherein
the metal interpdSBPIEXEMI¥EIEF 1RV EhaUiRse ARt AR MPRAT Y BGBstrate; the lower surface of the upper

die; and the uppelLSHare. sHibade weihdigihaie I RVAIEIR! RGOSR elgpicalvdcannected to

the substrate to ground at least the upper die. 13. The stacked die design of claim 1, wherein the
metal interposer is a HRMBIEVERFN-set metal interposer. 14. The stacked die design of claim 1,

wherein the mealigiRHIRsEs G ceNaeRted iiReihR sRemsMIiaeeatihgl svaRiralestane il lower

surface of the upper die. 15. The stacked die design of claim 1, wherein the metal interposer is
connected to: tAR YRRsE Ak HsERbtRens AR theTnsRb IrRp S ice BPthd B hBXINgia | Ereby the

metal interposer is elggtficalhnganngpadiertos; SHORE IR draund @ipjeraldbeitppeidicagdbt The

stacked die design of claim 1, wherein a thermal glue is interposed
and comprising a stacked 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.
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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 thq gpRRERIBerLHokhe

stacked die desigy of cjgimthcNARIRS ﬂé&lgﬂ'&%‘@lhiﬁi%ﬂ&?ﬁ&feiﬁ anReeiethdas Jhe /MaBREBYifage of the
substrate; the lower surface of the lower die; and the lower surface of the upper die; whereby the metal

interposatasdtstisedeeretfded to the substrate to ground the lower and upper dies. 20. A stacked

die design, compyisingrgesiibstrataibadiignloshsH s andReenshRupReeieolawesdie
connected to the substrate; the lower die having a lower surface and an upper surface; 14 10

Novembédf:20p4PReiHiiashy LN dubavashhalRter podeicREmsampepfisetddite tARCE shdfce: the
metal intgasesheirgecomprised of a copper alloy, an aluminum alloy or an iron alloy; and an upper
die thermally connected to the metal interposer; the upper die hain%?ﬁa lower surface and an upper

surface; the lowkt-die dhg srsitrshdic diesissing “slﬁﬁ’ééd wheirinhg BsRbHYfHIRos S iRt dwhereby
any heatgengratperhyiihecUInge disdsansiares aihr Subsisaisybydlemaatal ipiRingsere21. The

stacked die design of claim 20, wherein the substrate is an epoxy-glass laminate, a polyimide tape, a

y
ceramic, ¥ S |sevsaitis: ArFDn e st hinisERCSF ANl cisisathu spansstetia e aksirlie Besign of
claim 20,dsiiheninelyeing saideasalls or metallized

13.  The stacked die design of claim 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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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 affixeq tohgipweinsyrface of

the substrate; theysaldarn PalisRRing: cRerisesRka HeRRENALoHn2Ted hermiacked 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 metaMFHEIREEPIS I PRRSTUBPHEh REH SPRPRIIEP Bid bHY THBUM ABP YR 3. The
stacked die design of i AR apdnerein 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 ofthePappeiedisroally sensetrd dodie deer)ite it sbe wWersieiticthavingalower
interposer/stacked digigaf04@leGtTicALY Grasndest R cHigesiagked igdarianabpicdpvherein

the metal interposer is connected to: the upper surface of the substrate; the lower surface of the upper
die; and the upper stPAEP BRI fodvirelied 9590 November 2004 30. The stacked die design of

claim 20, wherejphthepnetg! heteReseAtid tnneeinskiedne wRes s fRc@ ofitbssubsirate; the lower
surface of the upper die; and the upper surface of the lower die; whereby the metal interposer is

electrically connectedgfthi&tRFate to ground at least the upper die. 31. The stacked die design of
claim 20, wherein the mptaltRiePareddsi sndaubendoviisetmetalsiseresraBpbhe-stasked die

design Oﬁgrlrla%irggtg,od I%T}?irriii?ig r‘ge?pg,] itgérigrtneilér,)gsc%li)ge? glrll(r)l}? ?etggframe 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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to: the upper surface of the substrate; and the lower surface of the upper die. 33. The stacked die

design of claim 20, 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. 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 gyevdesighepbgigim 20,

wherein a thermgy gluerig.inigRasagt netviesndamiovensieandthe dpPRiG fstigsthermatglue being
thermally conductive and permitting transfer of any heat generated between the upper die and the

lower dielO381eTHRPSiSEKBEENE B GRS Siml OB ciHE RS thB erRaT Hier RS & SIRHITEERSS to: the

upper sugpge afihe sebsiraterihad el sHidasa afithadewesifdie and-the 1o werswitaceof the upper
die. 37. The stacked die design of claim 20, wherein the metal interposer is connected to: the upper

surface cF<ablaratéhneRsivéif surface of the lower die; and the lower surface of the upper die;
whereby the metal inteme%%cifée@'a@%ﬁ?m&%ddp&h&%ﬁf%&mﬂ@wﬁﬁ@dQ[W@(Sl@nd upper

dies. 38. A method of forming a stacked die design, comprising: providing a substrate having a lower
surface & ArtippetebiMeEROSHoviding a lower die connected to the substrate; the lower die having a

lower surface and an ype&tuHaeR; asoeintcmthernacranduetivanaieljoternosshiberaally
connected to the substrate; and providin% an upper die thermally connected to the metal interposer;

the uppefdideHRRRG A faGrr (dhrratbsHAl AN d tisclodft sbEa5e IdlrRRE 48 the upper die being

spaced apart argh comprisiggck &lakkadsdia; oFoRiabY RWhBRM aenekalethRiberRRINEIR I8
transferred to the substrate %%{the metal interEOSjr. 16 10 November 2004 39. The method of claim

38, wher&n teRps I fase Wj&%g ey surface of the upper die; whereby the

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; 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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polyimide tape, a ceramic, a copper alloy leadframe or an aluminum alloy leadframe. 40. The method
of claim 38, further including affixing 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. 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 eutggjiggin=-lgeé&- 30lHer alloy,
tin, lead, silver, gold, ofripdistthodi% s e Qbriaky sibsHTOR INCphGafiingisatdes balls or

metallized lands affixed to the lower surface of the substrate; the solder balls being comprised of a
copper al8l/imade iR AsEYEF bRPRY, WRBiSAHtG et RlEmBee: Mleyhsphlatsrf a copper alloy,

an aluminum allgy or anHEQRANRY of d1alii S SN elhad Qh Slain S8evvhey sl diermptal Interpeser is

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

between [iAgSIalsedie Shrlmeippéiciel s sphetietdieisby g hept R éoHal interposer is

interposeghefue e ierowar sk ansd daeodnper fistafinddhenietal 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 meftl-interpsBlsgigdiRls digd hdtrtherineing-atinaag salderhal i msiadizadim 38,

wherein thadyetak i esRASEh e CANPRERH des {hBstHnpahsutriee Wi thBsubstaigidaedpwer surface of
the upper die; and the upper surface of the lower die. 49. The method of claim 38, wherein the metal

interposefiEcdntitdead 18ldprlippdinstitdctilyringoldirttiatiuihe lower surface of the upper die; and

the upper surface of thenlowemndieo digas termetahiNQiReseTiigRIeeidenIcosNeRi@d R dhe

substrate to ground at least the upper die. 50. The method of claim 38, wherein the metal interposer is
ad oubblagé%&%f&ed 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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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. 17 10 November 2004 52. The
method of claim 3 8, 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 3 8, whergimg{haipabglue is

interposed between theplowerhdie AndhiieIgoReit: f¢- b methed gficlaimsddvbaigin a thermal
glue is interposed between the lower die and the upper die; the thermal glue being thermally

conductivPRFFFHERSiRIge tabfacorah{hRdat seHEfats P bBxvadstdicupherde hrdgial lower die. 55.

The methpd,8b (AR &R eBh N AhNIARASE! tiS SONREstechipibappaRrgE surface of the
substrate; the lower surface of the lower die; and the lower surface of the upper die. 56. The method

of claim 3 8, whésein tH¢iBeshadiefsddiar RS cohpksdicdthsrml lppiriatimeRedPawsidstate; the

lower surfagerefithadanensier and the lower surface of the upper die; whereby the metal interposer is

electrically grounded to the substrate to ground the lower and uPpe_r 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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