STACKED SEMICONDUCTOR PACKAGES AND METHOD FOR THE FABRICATION THEREOF
CROSS-REFERENCE TO RELATED APPLICATION(S) This application claims the benefit of U.S.
Provisional Patent Application 60/442,569 filed on January 23, 2003, which is incorporated herein by
reference thereto. TECHNICAL FIELD The present invention relates generally to semiconductor
packages, and more particularly to stacked semiconductor assembly packages and methods for the
fabrication thereof. BACKGRGUAIKAB BEMETDNDYOETOE HAgomgESeNDdustry include higher

performance, lower cost, inueﬁ@?H@B@@Wﬁﬂ%%§Eﬁ?§'&?m§H 8|:_eater packaging density of
ati produc

integrated circuits ("IC's"). As new generafions 0 S are released, their functionality increases
while the number of components needed to fabricate them decreases. Semiconductor devices are
constructed from a silicon or gallium arsenide wafer through a process that comprises a number of
deposition, masking, diffusidrRefshing-aRENGpIL) Rid ATEPY ARRIAMA THaShdividual devices are
constructed on the same wafer. When the devices are separated into individual rectangular units, each
takes the form of an' [tS eI 47t ercal asi Hie Henehi of id-witl AtiseNdi i Rn APRk ebiomRSY 2R unt it on a
leadframe  orfipg i aHiat PRl evBiEPSE RtEoHIaiteSHFa H MF et ddshackerdagr of lead fingers. Each die

has bonding pads that are then individually connected in a wire-bonding operation to the leadframe's lead
finger pads using extremely fine gold or aluminum wires. The assemblies are then packaged by
individually encapsulating them in molded plagstigregramig bodies. IC packaging technology has shown
an increase in semiconductor chip density (the number of chips mounted on a single circuit board or
substrate) that paralibés fnessaductiomnion tertesingbesr afycampemitisdivadrafaskegetedafar aorcuit. This
results in PackagingLAeSI90s A" QLS RIS ROMRAGk D [ factors (e AIVRIEYSizgANd shape of a
device) that dre more compact, and in a significan INCrEage T overa ﬁt ensity. However, IC density
continues 1 t¢he&dimited by the space (or "real estate") available for mounting individual die on a
substrate. To further condense the packaging of individual devices, packages have been developed in
which more than one device can be packaged at one time at each package site

BACKGROUND ART

Ongoing goas of the computer industry include higher performance, lower cost,
increased miniaturization of components, and greater packaging density of integrated circuits
(“1C's"). As new generations of IC products are released, their functionality increases while
the number of components needed to fabricate them decreases.

Semiconductor devices are constructed from a silicon or gallium arsenide wafer
through a process that comprises a number of deposition, masking, diffusion, etching, and
implanting steps. Usually, many individual devices are constructed on the same wafer.
When the devices are separated into individual rectangular units, each takes the form of an IC
die. In order to interface a die with other circuitry, it is common to mount it on a leadframe
or on a multi-chip module substrate that is surrounded by a number of lead fingers. Each die
has bonding pads that are then individually connected in a wire-bonding operation to the
leadframe's lead finger pads using extremely fine gold or aluminum wires. The assemblies
are then packaged by individually encapsulating them in molded plastic or ceramic bodies.

IC packaging technology has shown an increase in semiconductor chip density (the
number of chips mounted on a single circuit board or substrate) that parallels the reduction in
the number of components that are needed for a circuit. This results in packaging designs
that are more compact, in form factors (the physical size and shape of a device) that are more

compact, and in a significant increase in overal IC density. Hawever, IC density continues
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on a leadframe strip. Each package site on a leadframe strip is a structure that provides mechanical
support for the individual IC devices. It also provides one or more layers of interconnect lines that enable
the devices to be connected electrically to surrounding circuitry. Of importance to complicated packaging
designs are considerations of input/output count, heat dissipation, matching of thermal expansion
between a mtaheedunitedahy the spesehed oeehmstatgils acakeblsf faamudaaing ngdiskdiel ofigtey@ation into an
automated mgpyifgeturing facility, package reliability, and easy adaptability of the package to additional
packaging interfaces such as a printed circuit board ("PCB"). Various chip-on-board ("COB") techniques

are used to attach diffelEiiPe ARG S BWQ(?@'HQD@IB”@U@L@CHHY&ﬁS RREKAEESH i B Rtachment,
wire bonding deveiofsde nautio atee bmdjngc(é\'féd&&an Pébnoatka@ti&u:fmeﬂmemnm edcRtgchiteg a flip chip
to a PCB or tg an sirate. i s c h tern ay of
terminals spagce i%%ﬁlfr gné EALh %sé frace onﬁ eH%?é fﬁ}?pﬁ?f}ﬁngg tc? % substrate.
Generally, th@@h@(&ﬁﬁhémmﬂrff@ééf@f mmi&wnbd:ﬁ@ Hedcepe Bth?@ mWMWﬁSg})@‘Pe@ﬁrmalQ:tfuﬁ@c@brs ball grid

array ("BGA") p&shaitly '%%Vtmﬁ%ﬁgbl@fﬁérﬁ%%)bg%ﬁe&Bde@&SﬂR%I|90EH‘%GF%uﬁ&? Rgiguration
having an arr g{)f minute solder balls d|3£osed on the attachment surface of the ﬂkﬁ é) for attaching to

the substrate “EHHEE SSRAIARHR BWR| GERCHRRCIAU RHEY L5 8% CH RS - Yhan the
BGA. With theoBiégAhest SditSpatitie seidaingr ofthaeraendugine doabarresnganeib@bone il ¢lsip must be a

mirror image o o] S tpre onc e. The flip
chip is bonde ?‘%%c ébg%%y m%lt?%gogﬂﬁl hgﬁﬁ%ﬁg&de (ﬁ ﬁ%g a??fﬁer Bolllgnmaébt%ﬁ]&%‘l replaced
with a condudtigaisetyinerfeei btyl-cpéthwﬁump@'bbﬁdé@@éﬁlﬁéa@t%ﬁdmftmé mﬁﬂ%mw@é'mmng
attachment apg TARB Attachmeny gereiaihnka diddyitesliaghipgya semiconductor chip to the surface of a

small PCB with an appropriate adhesive such as an_epoxy. With wire bondlng attachment, wires are then

attached, one at a thiEOYS CLPBORA dSadTh e LU AHERHE LS eRiRahd é%ﬁm'ﬁoegw‘é%rpondmg
metal lead ordi@te enBGB) theOBCBcHItied A3l udie #ipdshiyd rredetinear Sviivat lsuedieay riast omapan insulating

tape are 2 re ?ﬁ géybgm@ dl.;QBﬁ}e bond pads on the semiconductor chip and to the lead or trace
ends on the %Bg) g&n encap ﬁlant is'then generally used to cover the bond wires and metal tape leads

to prevent damage biizoRitReatent consists of attaching aflip chip to a PCB or to another substrate.
A flip chip is asemiconductor chip that has a pattern or array of terminals spaced around on
an attachment surface on the chip for face-down mounting to a substrate. Generally, the
attachment surface of the flip chip has one of the following electrical connectors: ball grid
array (“BGA”) or dightly larger than IC carrier (“SLICC”). BGA is an electrical connector
configuration having an array of minute solder balls disposed on the attachment surface of the
flip chip for attaching to the substrate. SLICC is similar to the BGA, but has a smaller solder
ball pitch and diameter than the BGA.

With the BGA or SLICC, the solder or other conductive ball arrangement on the flip
chip must be a mirror image of the connecting bond pads on the PCB so that precise
connection can be made. The flip chip is bonded to the PCB by melting (refluxing) the solder
balls. The solder balls may aso be replaced with a conductive polymer or gold stud bumps
bonded using a conductive polymer.

Wire bonding attachment and TAB attachment generally begin with attaching a
semiconductor chip to the surface of a small PCB with an appropriate adhesive such as an
epoxy. With wire bonding attachment, wires are then attached, one at a time, to each bond
pad on the semiconductor chip and extend to a corresponding metal lead or trace end on the
PCB. With TAB, the ends of metal leads that are carried on an insulating tape are
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In some cases, multi-chip devices can be fabricated faster and more cheaply than a corresponding single
IC chip that incorporates all the same functions. Current multi-chip modules typically consist of a PCB
substrate onto which a set of separate IC chip components is directly attached. Such multi-chip modules

have been found to increase circuit density and miniaturization, improve signal propagation speed,
reduce overalesiegibelyiatiaghedl inctiahiporichipads/enpieefeamiennciician dhivvead tothe leadigsriieegrgngdals of the

computer indysifye HOMERET R4 BHIGREN BORIRT G e RuloEHRRFERE ARNFIBAIS4Riermined by

the area required to mount a die or module on a circuit board. One method for reducing the board size of
multi-chip moGaHE LANEVAIE ABB\PIR OF 28R B 8Fective density is to stack the die or chips vertically within
the module or packageortie cae<]esittichi paavafed calicis fahnicaietf anepppa siersicesmy anaadframe

paddie. Gold.gr iy iﬁ%ﬁﬁ‘gﬁ‘g‘ﬁﬁ‘%‘?ﬁ&&@@&% QP'&%”%@? BRSO NN P AT lS A the lower

|
die with the ends%# thel_rgassgcla_te ame extensions. tﬂer representgﬁve esigns for
mounting mulipiles iviteahior e IO h B substshig RNtenuicois gep alcengesia tuelhip ©eaeeipgdounted on

two leadframe; BREE§SuBRRE N IMRITIRAI B YRSRIBSASIE R ARl B Aied QibiBPaHd, and one
chip attached on_éﬁlogof,a larger chip that is attached below to a paddle. These and other configurations

have also beSHNEHAFRHOR 14ROV TP &GP AP nISHYRE PYSGHHEY G RERIA I E'Hgle package.
Such designs rapeoire pecfoariRoéspdeosraiosr Hii-ahipripaeiage softtisy stapuia-tndogekage ("SiP") designs
that combined sever [o i ogjated v nents, (" lves") side by side
in a single, horizonﬁ\/gyer.’ %ﬂﬁ%&rﬂgﬁ%ﬁgﬁ? aéﬁr%lﬂ]@ﬁzé%ntg%g% (L?Jé}s]]e%)g b%ﬁg%ﬁ]zr%eginefﬁciently
by consumind¥ahgesaiiserateddremeuaing digrriraodulesnaicismiagears ciknstmethrst derzeesbeinBlowever,

multi-chip mogls, WasEG HERiCAllY AbMAEzqHats asARaeesCaa Als RSNy IB IR apdecause they

usually must be assembled before the component chips and chip connections can be tested. That is,
because the HIBAACHIBHRTY FLR B W NgR@I & KPS difficult to test die before assembly onto a
substrate. Thus, whenodéedetizymaupziedf agdizoizneoteckincivigipediye tueslad anddoaneptiddis. can be

tested indivicugly pag anbinARATRACAlE (SR ikt e o dsleots AisdnaR aspambled into

larger circuits. A fabrication process that uses IS e more reliable less prone to assembly
3 defects intréavsatieduightbeerdisls. thvitiassoricied tieailame leschigensdiies, however, the die cannot be

individually identifiegas KR QAR 6108k G55 5P hoURAH NSGRI BEBmiconductor 1C chips in a
single, multi-chip package include: two chips mounted on two leadframe paddles, one chip
mounted over a paddle and one below mounted on a board, and one chip attached on top of a
larger chip that is attached below to a paddle. These and other configurations have also been
extended to include three or more chips mounted together vertically in a single package.

Such designs are improvements over prior multichip package and system-ina-
package (“SiP’) designs that combined several semiconductor die and associated passive
components (“passives’) side by side in a single, horizontal layer. Combining them into a
single horizontal layer used board space inefficiently by consuming large substrate areas, and
afforded less advantage in circuit miniaturization.

However, multi-chip modules, whether verticaly or horizontally arranged, can aso
present problems because they usually must be assembled before the component chips and
chip connections can be tested. That is, because the electrical bond pads on a die are so
small, it is difficult to test die before assembly onto a substrate. Thus, when die are mounted
and connected individually, the die and connections can be tested individually, and only
knowngood-die (“KGD”) that are free of defects are then assembled into larger circuits. A
fabrication process that uses KGD is therefore more reliable and less prone to assembly
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inefficiencies and assembly process yield problems. Two of the common die stacking methods are: (a)
larger lower die combined with a smaller upper die, and (b) so-called same-size die stacking. With the
former, the die can be very close vertically since the electrical bond pads on the perimeter of the lower

die extend beyond the edges of the smaller die on top. With same-size die stacking, the upper and lower
die are spacedtfientséntoricat\dug tatrs ckevivd thuitivient aldamute!fior masluiese isuraysrtdhgididower die. As

discussed, bothhess.MBNAESIFV IR RERNK GR:BNhEsReRAl PiashTsRYialddlAgs fispéyntages since

KGD cannot be used for fabricating these configurations. Another previous design Is package level
stacking. Thié@gﬁgﬁﬁépmgbkﬂﬁﬁcﬁs & RBSpackages. KGD and assembly process yields are
not an issue since aeh op dekageaman die seskeehprichddsasee (Al gel davieg dié=dorbi hedusitidl an

assembling th ck. But.pa lev king .can.pose,ather.prob - Ope proplem is package -to
-package asgiﬁt)gfyuBPc%:éé% ﬁ@ﬁ%f%‘%%‘i%ﬂ%%@é% aal’?leE in‘&%fiﬁ%&@cbbﬁ%ﬁ%n y o@%[;]e lower
package. Anoer¥roheeblericaiy siachdin erstinealckanisipetisine sheopampetvephiingdsemitiie @dteoHl can lead to
reduced boargRyglifRligHiys W&%ﬁ@éﬁ@?e@@@&%%éﬁﬁ%ﬁ@ﬁ?e@&{kh@%hgﬁﬁm(SWéP the upper

package. Thus, despite the advantages of recent developments in semiconductor fabrication and
packaging teSHnTESRPTHERPIE %er |¥Lﬂ?f?jtr¥8é)6°f’dg'?rﬁﬂ%% HEXRAFHG HIEHOEOQSHIMEE and
designs for incueasing seaiecurskd; tostiligate nsdthiods RevB iabsemiies olutienbitp thesssgrablems have
been long so ' ) ions and, thus, solutions
to these probﬁ?%@%%ﬁﬁ%%@Yﬁ%%?%ﬁ%ﬁ%%’Iﬁ@gﬁl#H INVENTION The
present invention proVeHEs BreviesoREFENfisnrekenR)| o Srakarking e Mt pRIGERd | NPadecagiecking/Rfch a
substrate is piRYidedRRd S ilse e YR UIRIRE Roreu MO Bt RorSHP SLALE sAL ilgFpOser is

supported above the first semiconductor device opposite the substrate. The interposer is electrically

connected to RAHARAE 1REL PHRH QTRIBAY L O3B TP LA RE D IR ASFBIRIAR iReTAdSer. This
method of falBitgiiekageaide stiokiim v posspatbkagivg amsthaie, gybiems sardkdgsignsabkegacreasing

nave other ac BT g TR L B Secome
apparent to tieskeakilidaonaniereittem results from the increased stiffness of the overall assembly, which
can lead to reduced board level religbility. Still another problem can arise from poor heat
dissipation from the upper package.
Thus, despite the advantages of recent developments in semiconductor fabrication and
packaging techniques, there is a continuing need for improved packaging methods, systems,
and designs for increasing semiconductor die density in PCB assemblies.
Solutions to these problems have been long sought but prior developments have not
taught or suggested any solutions and, thus, solutions to these problems have long eluded
those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a method for fabricating a stacked semiconductor
package in which a substrate is provided and a first semiconductor device is mounted on the
substrate. An interposer is supported above the first semiconductor device opposite the
substrate. The interposer is eectricaly connected to the substrate. A second semiconductor
device is then mounted on the interposer. This method of fabrication provides for improved
packaging methods, systems, and designs for increasing semiconductor die density in printed

circuit board assemblies.



from a reading of the following detailed description when taken with reference to the accompanying
drawings. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a view of a stacked semiconductor
package in an intermediate stage of fabrication in accordance with the present invention; FIG. 2 is a view
of a stacked semiconductor package embodiment similar to the structure of FIG. 1, with a stiffener having
supporting legs; FIGegds grbpdieents bftbestiffentandiayaatie EdSaagatin 4ddi iorie wieln pibeke stiffener
and interposes SRAWMEhfidfedZable: T alvEPRRISSRHIPRRbASNAG A B W @i &l Gy thdaien on line

5-5 thereof; FIG. 6 is a view of a stacked semiconductor package embodiment illustrating a
heterogeneot@PFaekgd kit éﬂ'h‘ﬂ’g‘jﬁ\%ﬁ@fﬂ"ﬁ?@&ﬂépg‘?ﬂp“(%@%t@ﬁﬂé"mtbfﬁf&@cﬁﬁﬂ ®frener shown
in FIG. 6; FIGcBoispayiogasegtignal view of the structure of FIG. 7 taken on line 8-8 thereof; FIG. 9is a
view of a stacked multiple system-in -package semiconductor package embodiment having two
subsystems; FIG. 10 is a view of a stacked system -in-package semiconductor package embodiment
having passive components atta@rRi¢PIDESTRIREIONSP IS DRaI RIS 11 is a view of the structure of
FIG. 10 after encapsulation of the interposer and components thereon, and illustrating a fully assembled
and completed stadkiédl $eémizaimiucion gadieagesniiGNdLRtE padkageotraatdotasaestaidcdaguctor package
embodiment %ﬁc@i%ﬁim%c%mm#tﬂé‘lﬁ@ﬁ; iﬁ\llgm%ﬁ; is a view of a stacked semiconductor package

embodiment having several optical sensor devices supported on an interposer on the upper level of the
package; FIG. 14 is?%iévSof yisurehér amtestiprbifonyeife 8agae SpBrate e afa 8 Hr€opening in

the metal plasguetitbertitsneriiti G siifcsearaniig Bupien @f lks; structure of FIG. 14 with an interposer

mounted on the to tﬁejr;’eof' 5FIG. 1 {E an f'%nvert%d cros%]%ec%ional view of the structure of FIG. 15
taken on line 16-1 [ e égﬁ{%\’.'%? RO 2 SR HEF &nbodiment with multiple slots arranged
thereon FIG. 4 is atop view of the stiffener and interposer shown in FIG. 2;

FIG. 5 is a cross-sectiona view of the structure of FIG. 4 taken on line 5-5 thereof;

FIG. 6 is a view of a stacked semiconductor package embodiment illustrating a
heterogeneous package-stacking configuration;

FIG. 7 isatop view of the interposer and stiffener shown in FIG. 6;

FIG. 8 is across-sectiond view of the structure of FIG. 7 taken on line 8-8 thereof;

FIG. 9 is a view of a stacked multiple system-in-package semiconductor package
embodiment having two subsystems;

FIG. 10isaview of a stacked system-in-package semiconductor package embodi ment
having passive components attached on a stacked interposer board;

FIG. 11 is aview of the structure of FIG. 10 after encapsulation of the interposer and
components thereon, and illustrating a fully assembled and completed stacked semiconductor
package;

FIG. 12 is a view of a stacked semiconductor package embodiment with multiple
systems in a package;

FIG. 13 is a view of a stacked semiconductor package embodiment having severd
optical sensor devices supported on an interposer on the upper level of the package;

FIG. 14 is a view of a stiffener embodiment modified to incorporate a large central
opening in the metal plane of the stiffener;

FIG. 15 is a bottom view of the structure of FIG. 14 with an interposer mounted on
the top thereof;



between the center and periphery of the metal plane; FIG. 18 is a bottom view of the structure of FIG. 17
with a wire bonded die attached to the bottom of the metal plane; FIG. 19 is an inverted cross-sectional
view of the structure of FIG. 18 taken on line 19-19 thereof; FIG. 20 is a bottom view of a stiffener
embodiment with a window frame-type base supporting member opposite the metal plane; FIG. 21 is an
inverted cross-sectibialinesvanf iverierLiceresestipng . \Aent aketheosirlipiere of 4 GhdketekeR|oh ikeis a bottom
view of a stiffggefsgpahegiment having a double-sides base-type supporting member opposite the metal
plane; FIG. 23 is an_inverted cross-sectional view of the structure of FIG. 22 taken on line 23-23 thereof;

and FIG. 24 is a flol @haft 1§ WRhHaa ot e Srhpd Beat vudhs BRI A R A andedyBeifPccordance
with the preséstvssrethidarenBEnd Pé@béryFED RARRMENEG OUT THE INVENTION In the following

description, numer specif] ils.are giyen rovi horou nder i e_invention.
However, it will be ﬁ%a%ﬁ? ﬁ\fg%%% %%ﬁo}ﬁem&%%@e ﬁﬁe@%%ﬁv{ﬁ%g@%ﬂ%@(@%ﬁéﬁﬁ. In order to
avoid obscuriieghteqamehthevestiapiansome well-known system configurations and process steps are not

disclosed in detail. hikeyyss.HmAANI HOSSEANE SBRASH TRE R BLFSMeNtie aten3pMTindiagrammatic

and not to scale and, particularly, some of the dimensions are for the clarity of presentation and are
shown greatl);ge??gg} @f&ed in the FIGs. In addition, where multiple embodiments are disclosed and
described having sene fedtusanitvornunai, detitkudtyeanddasat ofittustitatdow arechdeaesipdien thereof like

features one gﬂg@?ﬂﬁbﬁh‘é‘%@f%@@%ﬂ?egﬁe?%gfggewith like reference numerals. The term "horizontal" as
[ ine lel to

used herein is as a plane para conventional plane or surface of the die or the circuit
board, regardless oflifs tiémritivlYertek asnsedionst afene fif rtheosugikee b i-Serge idienian tiehe horizontal
as just definegh_bermsesuich as 6 "on”, "above”, "below”, "bottom”, "top"”, "side"” (as in "sidewall”),
"higher", "lower", "over", and "under", are defined with respect to the horizontal plane. Referring now to

FIG. 1, therein is sHoWn%& S&REPLLHRGAHRHSIPERAGRABEaving a double-Sdes base-type

supporting member opposite the meta plane;

FIG. 23 is an inverted crosssectiona view of the structure of FIG. 22 taken on line
23-23 thereof; and

FIG. 24 is a flow chart of a method for fabricating a stacked semiconductor package

in accordance with the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known system configurations and process steps are not disclosed in detail.
Likewise, the drawings showing embodiments of the invention are semi-diagrammatic and
not to scale and, particularly, some of the dimensions are for the clarity of presentation and
are shown greatly exaggerated in the FIGs. In addition, where multiple embodiments are
disclosed and described having some features in common, for clarity and ease of illustration
and description thereof like features one to another will ordinarily be described with like
reference numerals.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the die or the circuit board, regardless of its orientation. The term
“vertica” refersto adirection perpendicular to the horizontal asjust defined. Terms, such as

6



accordance with the present invention. As will be de scribed further hereinbelow, the present invention
provides for stacked semiconductor packages comprised of active semiconductor components, passive
components, surface mountable passives, combination die, assembled semiconductor packages, and so
forth, in numerous configurations and arrangements as may be needed. The stacked semiconductor
package 100, ehiovaporean’ hetewhedietterstatendt “faegicaaon, dkisteliios hipbetkagewas-papiesge or
homogeneoug\package sRiAReA\ifsrBRkaomd Asigddppg%0nd package 104 are assembled and
positioned vertically (one above the othert in the stacked semiconductor package 100. For illustrative

purposes, the first Parrage 9% 9d the-s ISatRuEB1 PR FERIROHUTH shakape ¥ Bhic
semiconductercpaiokan®i gy sie prescatthwegioit. Wilk beél lubel destooedthatHbreyeraapdmndisel pridssnas well. For
example, the fir is illustr ire -han h kage 104 is
illustrated as 'ﬁ%%ﬁ@f é?%@a%%iﬂiéé%ﬁé@%@%n%\%ﬁdpgﬁ(f%%gépﬁﬁ?%egrfa%é V%O%ﬁ?@ﬂgﬁgﬁackage 102
has been me@ﬁanmaWN@mmg@mmﬁ@emtablmsmwmiaﬁigrdldéesia@sqrmu.ecr he adhesive

110 is preferaply; @thaHMCRRRLUSIY S AFHERYAUNBIJSCRRMERUADAY YiteS iSO HEResge. On the
bottom side of the first substrate 108 opposite the first package 102 is a BGA interface 112 for

connecting t R&d semiconductor package 100 to an external substrate such as a printed circuit
board ("PCB"). EleThicakamanestiniasrioabtioeepairedisigmckagenl0? andithefiesisobstiggedt08 are

provided in tiona) fashi ires r e fir 10 the first
package 1023%%%#@[’ jﬂb%?r%%%%ﬁ%? i%ﬁé@gcgrnﬁﬁﬁﬁ%%e?fﬁkj@%%@ 'cor?‘ naeﬁl%tons between
the wires 114rask@and VZafula saeoneResksDehEOB @A aateralesl a1 Postianedsipeticpl frdensrabryveirst package
102 opposite fhe Jirgh SHPRIEARARE ©:7ishRkRlorl paxiE fRACELL HfuRreirighppdaermallyigpnductive,

may be a conventional thermal glue or film adhesive. The spacer 116 supports aninterposer 118 that is

attached therB26<89R \5aR0hithe FReaBr iATHaRR 802 fFsd Padiomgy BHE" FSHERD S SEPTRISYEPthe wires
114. The intepacicer dyiteinasdrbodghingevil I0uatkesnsbthingetipheryytberdiesi(sice BdGuelt). Fbe bond

fingers 120 trirally, go d By wire ?‘ﬁ fp firstSWRS 0 inferface 112,
similarly as the irtﬁtgbatcg'agrg 1 %(?(IS con%n\éemé%eﬂ%t e fi%élygsﬁgtge q%ﬁb&y t%ge%nv%ragsﬁ] ﬁ%@the interposer
118 may be dwekeond kKuippgreaed apanraiedercadreskadetifaeingraliiall, gmHersaiffe Bér Al 2antereRsrably made
of thermally cgaductive metal, improves the physical

The first package 102 has been mechanically and thermally attached to a first
substrate 108 by an adhesive 110. The adhesive 110 is preferably a thermally conductive
adhesive that is conventionally used for this purpose. On the bottom side of the first substrate
108 opposite the first package 102 is a BGA interface 112 for connecting the stacked
semiconductor package 100 to an externa substrate such as a printed circuit board (*PCB”).
Electrica connections between the first package 102 and the first substrate 108 are provided
in conventional fashion by wires 114 that are bonded to the first substrate 108 and the first
package 102. The first substrate 108 then furnishes conventiona internal electrica
connections between the wires 114 and the various elements of the BGA interface 112.

On the side or face of the first package 102 opposite the first substrate 108 is a spacer
116. The spacer 116, preferably thermally conductive, may be a conventional thermal glue or
film adhesive. The spacer 116 supports aninterposer 118 that is attached thereto and spaced
sufficiently from the first package 102 to provide clearance for the wires 114. The interposer
118 has bond fingers 120 around the periphery thereof (see FIG. 4). The bond fingers 120
are dectrically connected by wires 122 to the first substrate 108 and the BGA interface 112,
similarly as the first package 102 is connected to the first substrate 108 by the wires 114.
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integrity of the interposer 118 without significantly increasing the stiffness of the stacked semiconductor
package 100. This improves the reliability of the interposer while not adversely impacting board-level
reliability performance. The first package 102, the spacer 116, the stiffener 124, the wires 114, and the
wires 122 are then encapsulated for physical and environmental integrity in an encapsulant 126, such as
liquid encapsulant orfevistersiser A8 maitdie FldiE asfettyeshiptenriess endL 1enfatsied) e fitdteprickige 102 is also

encapsulatedrby e sprapsulaRdafy TheISIBeRRAINPRAHIBGIET AEHN HBIRSTRS bhfsgentaining the

bond fingers 120, are also encapsulated as illustrated, but the top central,é)ortlon of the'interposer 118 is

not encapsul ST HAE LR tREBARE J@AHENYE SIEMiceaty HRpaRPRbL e FE B Ph Ak &5E8dving an open

cavity 128 onstopdonudiatoh fizekaentrad.pamthisSnglrivestapeofdinabilterpioskhs 1it8rppexpositel nbinal assembly

of the stacke Mmicon or Kk is.then acc lished by positioning the second package 104
IR e rspal

into the open cavi ; e arrow 132, and completing electrical connections to the
second package 10Ehe=Higsitnackaserif@ctinspicendlfe dumneli fiaaalig. 1t0a Wirgsid Ennsdirrerites to the

interposer 119;bapafae @LHRAEA iR aAR 198 and nsRInARging IRTERIGALRRA #irasdnot shown in
in

FIG. 1, but see the terminal pad array 4 FIG. 4). If desired, the second package 104 may then be
encapsulated™iiR HHEb &Wﬂé’ggmﬁm o0 948 ‘ﬁfrétﬂep'ﬂﬁfﬂﬁﬁlﬁfé PEOSEESNd package
104 may eachdoeagedoddsally esipelinativpneecsntasormilgsogathedés tndnepspatketesemieonductor

k 10 . I A ie. k
package 100Q,10,35 r%l%_,'%ggﬁ)rﬁﬁgfere Sénarﬁnga;%‘lﬁé?%réfs@r 4%%%@6&9&8&’, Hi5 wlde packages

thus are knowr%i) -di _ reby substantially improving the assembly process ' yiel
performance @arkegtrabpritiao b éntemeredld8rifidsh dnetshiekadasepdothrR efsad anb w2 FIG. 2,

therein is showia §tagkeHSHBIGNHERY w@@%@tm@a@m}w 2dhensigsiedvpRmigrnductor

package 100 (FIG. 1). The stacked semiconductor package 200 has’been assembled by positioning and

attaching the SOREHRAD IR e P the IMAEATESEISI E8XRATH the open cavity 128. A thermally

conductive underfill 20, asdaioblys ob i satk b Seattoit etop pakdge £00iistlepatecbipphsath ihe second

package 104, hef (1 ﬁ j r. gpﬂaz n ' 5 " i [%ngr 4T pﬁ n

incorporated Pr?t%a\%e gtgcﬁ(aﬁoﬂ%%%%%ucm&goﬁfg e 08%/ qphegsaﬂénﬂe?ﬁ% | slf]n%i arto Jtkél%e‘?stiffener 124

(FIG. 1), but iang epmipligingieedies soppestinng legbe s @t dackaged®in Sirttiedhgasnppened on the first
the second package 104 in this embodiment is to the interposer 118 by means of the BGA

interface 106 and a corresponding terminal pad array (not shown in FIG. 1, but see the
terminad pad aray 400 in FIG. 4). If desired, the second package 104 may then be
encapsulated within the open cavity 128.

Advantageoudly, the first package 102 and the second package 104 may each be
individually tested in advance of assembly together into the stacked semiconductor package
100 to assure that the packages are each properly formed and contain good die. The packages
thus are know-good-die (“KGD"), thereby substantially improving the assembly process
yield performance during fabrication of the stacked semiconductor packages 100.

Referring now to FIG. 2, therein is shown a stacked semiconductor package 200 that
is similar to the stacked semiconductor package 100 (FIG. 1). The stacked semiconductor
package 200 has been assembled by positioning and attaching the second package 104 to the
interposer 118 within the open cavity 128. A thermally conductive underfill 202, which is
optional, has aso been provided and is located beneath the second package 104, between it
and the interposer 118.

As shown in FIG. 2, a diffener 204 has been incorporated into the stacked
semiconductor package 200. The stiffener 204 is similar to the stiffener 124 (FIG. 1), but in
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substrate 108. Pads 208, on the ends of the supporting legs 206 opposite the interposer 118, enhance
the support of the stiffener 204 on the first substrate 108, providing thermal contact therewith, and
enabling electrical contact when desired. Referring now to FIG. 3, therein is shown a top view of the
stiffener 204 (FIG 2). As can be seen, the central portion of the stiffener 204 is a metal plane 300
supported byatidéti gupipoiuiieg RIPOE Regfe AdRgenendiiagFicya anek keindssuhpavied hen stieliist 204 with the

interposer 11§ ritached tefROMEASSHBUUINTF 16 2dRiRg RS SRESRIMRAGRREEY pighe interposer

118 is provided with the bond fin%ers 120, and the top center is provided with a terminal pad array 400.

The terminal FARSH 2P 268P00 oS e Ak S h IS 58P P RS A9 SR Qv e g8 69Rfbugh the
BGA interfacen&@@ithesad et s eeotrigaineiatyt wHet@ed)edReferring now to FIG. 5, therein is shown a

- i [ vi h f K li -5 th f.. f his vi
cross setone e gLl ISR, GRS SRR agpadspen o s vew

and from FIG. 4, the Configuration of tha stitfener 204 is a esta

course, that tha feeosestrltbeftenieal rael omok theoski tneewed isdgs raeahddbaned30P sppnowbly fbea particular

application. W@@Qé@@ stiffener 204 is preferably made of copper or another suitable alloy, it may
articular needs at hand. The interposer

also be formed of other appropriate_materials according to the, _
118 is a substrate n%rﬁ&@g%ﬂ/ %&ﬁhé’?%ﬂ'b@g?ﬁl‘?ﬁhm‘ﬁﬁ'{f% R Pt RES eramic
material convatatioasptherase dfosruehisUbSraiesAOthr bagprpiiateppaiphals oiayialarrpestsed, of

course, accordj 1t Wi 0 S her (nter figurations and
interconnect rﬁg%é%éoﬁay %ﬁ@%%%@@g"ﬁé%%ﬁ%@ %ﬁi@%ﬁ%&gﬁﬁﬁﬁe@%%ﬁgg ik%#ude leaded
interfaces arriradH@8iveTaadesalnel Racdniny 4PRiseppHes begnenirndtdaxpenpaciigyesaith as the first
package 102 apd e 6249BGHRAGRSA Akrrand i the loFerHa SRolh ing-The diyst substrate 108 to a

main circuit board. Referring now to FIG. 6, therein is shown a stacked semiconductor package 600 that
is similar to the stacREEYBHNVBHILELS: paltRRyR 'SEHMIE FPSREPRLY IR StdPRSY UM ®bnductor
package 600 MiGstatgera treténogehaneregpackagensiacidsg fcomfigis atien. ahbafrois, MSeqdiad a flip chip

package mounafJAINE FIEHPAL R AR G SAEENARCKERTI! el e mases o n TG, 2.2

leaded package Is shown attached to and ported on an interposer 604. The interposer 604 is
similar to the ¢atsspdbartha pederEl F)ftexeeprahbawgeore or fewer legs as needed or appropriate for a

particular application. Also, athough the stiffener 204 is preferably made of copper or
another suitable aloy, it may also be formed of other appropriate materials according to the
particular needs at hand.

The interposer 118 is a substrate made preferably of either an organic laminate, a
flexible circuit tape, or a ceramic material conventionally used for such substrates. Other
appropriate materials may also be used, of course, according to the needs at hand.

It will aso be understood that other interface configurations and interconnect methods
may be used besides wire bonded and BGA interfaces. Examples include leaded interfaces
and adhesive and solder attaching. This applies both to the stacked packages such as the first
package 102 and the second package 104, and to the interface for connecting the first
substrate 108 to a main circuit board.

Referring now to FIG. 6, therein is shown a stacked semiconductor package 600 that
is similar to the stacked semiconductor package 200 (FIG. 2) except that the stacked
semiconductor package 600 illustrates a heterogeneous package-stacking configuration. That
is, instead o a flip chip package mounted on the interposer, such as the second package 104
and the interposer 118 in FIG. 2, aleaded package 602 is shown attached to and supported on
an interposer 604. The interposer 604 is similar to the interposer 118 (FIG. 4) except that the
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interposer 604 has terminal pads 700 (see FIG. 7) for receiving and connecting to the leads 606 of the
leaded package 602. Referring now to FIG. 7, therein is shown a top view, similar to FIG. 4, of the
interposer 604 (FIG. 6) mounted and supported on the stiffener 204. The terminal pads 700 for the leads
606 of the leaded package 602 are arranged in the central portion of the interposer 604. Except for the
provision of tidaeasinePphastpoonathalsan (see téminalgpaeceiiay ardocornectay théhaterddser 604 is
otherwise sin@&r&ptﬁgm%r[g%élé&(ﬂ& 4). Both have the bond fingers 120 on the periphery for
connection to the wires 122. Referring now to FIG, 8, therein is shown a cross -sectional view of the

structure of FIG. 7 BHEH%h M RdTRereoME e i MBWAIRIEY: HEBIE 18 SGunh &sthBked
semiconductantpaokag®d (R Gll ey iralintd sid slygobred il ehs et teameirPpacRagad it )pagsrioonductor
package havi 0 e Th cke | uctor k 900 includes irge-bonded die
902 comprisfram’g y%r@%ﬁ%s@%@al |pé§1%&(ﬁ§§vﬁt§%?i %ﬁ’%ﬂﬁ%& %%aec%%ﬁbarﬁ mgﬁlgigcﬁr]% subsystem,
and various passpaseEipbdit Exeapdaeie Wo6san aidigtetnte HBIS 08Bt temogetined these

constitute a figgboriqyei SiR)layeri feglifanesPi0 dhenatahaadosHRRAIEshiaeaabgye, ajmilarly as the
stiffener 124 (FIG, 1) and the stiffener 204 %(5%2 . In like fashion, an interposer 912 is mounted and

supported onTAL SaYRINEPED IngREE LR © YA ROANGUAY B AV SHA I Gally protected by
encapsulation withiReerengapauiam QB thadiis isppbed bycrastsctiupdingio dedvedhewcentral portion of

the interposelgl%l_z7 @&0@@%&9@@ ﬂ%?é&cavity 916. The second or upper layer of the stacked

semiconductor package mounted on the interposer 912, includes a pre-packaged BGA subsystem

918 and a pre-packBgetingaoed SubKystering2m i5\&iPWe ardRaiae santrandusts coppamOats are
selected herﬂim%hg% hexxerRatiie of s Rreserbipvesion sahd Shaldbe Jateipo asliRg fdnd

pre-packaged subsystems mgﬁge selected from any appropriate pre-packaged area array, leaded

products, direHPRFEMSttadMHSAERY SHHISYRAT WRAGISVIIDUDPHLS VR Mt Pandse &é?ngé@ be needed
or appropriat&amlhaga@}ﬁlﬁaamwd‘r&mdﬂWimﬂmm%%ﬁm&nwﬂb&mgmdmmwmwdm@ the lower
(SiP) port'onss?gsg%%rﬁtaa%%r?&@%% F@uﬁ%hﬁ)‘%ﬁeﬂ%ﬁ%{ﬁ%ﬁ%g%%%ﬁ% BIGh L dhgLeiggs shown a

stacked semiconductor package illustrating a stac system-in-package semiconductor package
having passiveogghgpoiemscensisiied ditsh ofathiee ibtBriyser bbasiffener stdekednseiirsbaadictor package

1000 includes pwegrbrncpeveieshikaRas Rdl eaia disaHEB S HalaiiasRiéP oMt g)on a BGA
In like fashion, an interposer 912 is mounted and supported on the stiffener 910. These in
turn are mechanically and environmentally protected by encapsulation within an encapsulant
914 that is applied by partial molding to leave the central portion of the interposer 912
exposed in an open cavity 916.

The second or upper layer of the stacked semiconductor package 900, mounted on the
interposer 912, includes a pre-packaged BGA subsystem 918 and a pre-packaged leaded
subsystem 920. It will be understood that these components are selected herein to show the
versatility of the present invention, and that the interposer 912 and pre-packaged subsystems
may be selected from any appropriate pre-packaged area array, leaded products, direct chip
attach devices, and so forth, with or without passive integration, as may be needed or
appropriate for the application at hand. The same, of course, will be understood to apply to
the lower (SIP) portions of the stacked semiconductor package 900.

Referring now to FIG. 10, therein is shown a stacked semiconductor package 1000
illustrating a stacked system-in-package semiconductor package having passive components
attached on a stacked interposer board The stacked semiconductor package 1000 includes a
wire-bonded die 1002 and a flip chip die with BGA interface 1004 mounted on a BGA
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10 substrate 1006, similarly as in the stacked semiconductor package 900 (FIG. 9). However, the
stacked semiconductor package 1000 includes an interposer 1008 that constitutes a passive component
board to which a variety of passive components 1010 is attached. Referring now to FIG. 11, therein is
shown a stacked semiconductor package 1100 which is the stacked semiconductor package 1000 (FIG.

10) following sihekgs Ll rsvfitady irfénpibsctachaB |mictnduston patkeaesIie(Bdn By dHopesacapsulant
1102. The stagkegh ReiEAREbHI¥ApKALEC 1060 UdES UatGRAMLY 3666 RIeEARA Repleted

stacked semiconductor package. Referring now to FIG. 12, therein is shown a stacked semiconductor

package 12082FHYEFIRIRG SR SRS IR BN IRNAAEPHA IRFSRVE BRS04 US BLecker example, the
stacked semicondurétsrpagkagetd Z00.14s thesalbsisateia G2 ssavkibel rsribenBisirspdaktgee 008 (FIG. 9).

Simil ts tq thase in FIG. t ' iP on the.| K

evel. simiang ki S R T B B O B e e B e 560

(FIG. 9). An ifitterpesssr 10084aIntioR easeppnents $heceasd Be mitsh encaeulsat kG- 120 defikiflg an upper

level that receiygediiResPPYekages hdB6AN ihag%@@qnl-lwmﬁwwam 1208 are
er

illustrated as wire-bopded subsystems, it will be understood that the interpos 04 may be
appropriately EBNFRIGHSIPt P Re any chip-on-board ("COB"), flip chip, direct chip attach ("DCA"),
and/or passive inteRegaimguiosy S6einS.a niley dde isehessasystarkde Sseittpttibapaicatiaz@ hand. The

stacked semi r : ' i or_co d ' tion, with a
partially mold@%’gg#c% Sﬁmﬁﬁ@#ﬁﬁ‘ g@ﬁ%ﬁ%sﬁ%t r )%a%'tolz&eé%%ﬁ%léﬁ%%%%%&over the
subsystems FROBeRCIONBCRRANY itow JdPptTete 12021surdt 19 shoRhAa ssirtiatel ¥SrfitonBluctor
package 130in; WhiGRNREIP AL 17 RS UPRL RRRE HPRiicR] BRIRRY 4P4EesH 1R 4odRe 1306 on the

upper level of the stacked semiconductor package 1300. The optical sensor devices 1304 and 1306 may
be protectiveRPFKB R He fiAY Ay R 8o P TBEEsiBIosT Y by W8k AifBrEat? 1580 SRR ring now to
FIG. 14, thereimisdsiolovtor paekifign@0l(#00. that has been modified to incorporate a large central opening

B e R 5 S A AR e o
an upper level that receives two subsystems 1206 and 1208 thereon. While the subsystems
1206 and 1208 are illustrated as wire-bonded subsystems, it will be understood that the
interposer 1204 may be appropriately configured to receive any chip-on-board (“COB”), flip
chip, direct chip attach (“DCA”), and/or passive integration subsystems as may be necessary
or desired for the application at hand.

The stacked semiconductor package 1200 is shown in its fully assembled or
completed configuration, with a partially molded encapsulant 1210 filled and sealed at its
center by atop encapsulant 1212, over the subsystems 1206 and 1208.

Referring now to FIG. 13, therein is shown a stacked semiconductor package 1300 in
which an interposer 1302 supports several optical sensor devices 1304 and 1306 on the upper
level of the stacked semiconductor package 1300. The optical sensor devices 1304 and 1306
may be protectively mounted behind a glass window 1308 sypported by a sealing dam 1310.

Referring now to FIG. 14, therein is shown a stiffener 1400 that has been modified to
incorporate a large central opening 1402 in the metal plane 1404 thereof. The large centra
opening 1402 alows an interposer to be supported thereover with components mounted on

both sides thereof.
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Referring now to FIG. 15, therein is shown a bottom view of the structure of FIG. 14 having an interposer
1500 mounted on the top thereof. Circuit components 1502 are joined to the bottom of the interposer
1500 within the large central opening 1402. Referring now to FIG. 16, therein is shown an inverted
cross-sectional view of the structure of FIG. 15 taken on line 16-16 thereof. As can be seen, the large
central opening 148efaltoweivdaittompothersts, issobnasahetiont vieworh therrtineiuts 02RGd Bh opposing

circuit compepgt lQAIARS TAHMEHHRY BRIASISSTHERAAOR R daRpIRaRSGHYS Meqhie ipterposer
1500. Referring now to FIG. 17, therein is shown a stiffener 1700 haw% multiple slots 1702 arranged

thereon betw&EPAHETEEhHE WIRARE BN 1R BroreantthAee 84 Hereof. The multiple slots 1702
can provide a bottoRefaougtadwie With acceesdheaesthoaungin timaantahterpesedtivelivied oh tiop of the
stiffener 1700, Referri FIG. t ki n tpm vi f stiffener 1700 (FIG. 17). A
wire-bonded a‘.lrgc;‘ilé%@?g: gtgt)'e\;_xc%qeag?% ﬂ%ﬁ igggg?m%o %J_égrﬁe'% %%ﬁg ﬁgﬁ% kgupgesﬁ?é%%leép%?%%. The
multiple slots1#P22l sseititei hrpapenedisdstid asthe e eshermapoarstaloaRANd amapReFIEsICYB02 mounted
on the oppositempsian. 196t @f shenBiRtal Blansn Litkd @bilmsiifiens il Ag Fanike seqisionding wires
1804 connect thrgugh the multiple slots 1702 betwee(g the Wire-k?gnded die\/é? 00 and the interposer
1802. Referriﬁ%‘ow to FIG. 19, therein is shown an inverted cross-sectional view of the structure of FIG.
18 taken on line 19 A&dm@eatn At atdye Tirtidieco nphosnt d S@Penan Ireoseemgawinipid giothie top of the

interposer 18 ' Ires ' fery o) E ' wn a bottom
view of a stiffgﬁrﬁazﬁ)%%gggﬁa%% Sﬁ%vigﬁgdr%ﬁggg %gsseg@%&reﬁ r@e#?%ﬁ&a@%%@%ﬁi T)hg between
and connectifigatauliirie S04l éparrarshrande 2dotonppediedisieratiageresrcttagbravsietst. aMhe window
frame- type bﬁ%pﬁé&ﬁﬁ&ﬁﬂ%’f%@@@&iﬁ&?@ﬂ%ﬁthe stiffness of the stiffener 2000. Because the

stiffener 2000 is preferably made of metal, the window frame-type base supportig{c]x{ member 2002 also

enhances the thernf3f gﬁ&%@%’i’ri&l%@rf&?m@ﬁ%”n‘ét LW LPREUGFrARY H0He i 8o Whe entire
package into (ritgch ).isAnciospaisdedt] did ak00i iganashieD tb Ge Battdimest the Sred wiardniirodestatle

cross-sectiongliigy Qb STHEIEB1F'Gn20 o0 O 18 THRLINBIAN REBI D A FIC- 22

t
therein is shown a_l%ottom view oin stiffener aving a dou es type base supporting member
2202 that corfirstiicalhe tegs Iayposee ASORIMesited opibsiteneriienetaiopldtte 20 0Betiveatebpl aige double

-sides type basgs4RROHRAABCIIBET 2284 be seen, bonding wires 1804 connect through the multiple
slots 1702 between the wire-bonded die 1800 and the interposer 1802.

Referring now to FIG. 19, therein is shown an inverted cross-sectional view of the
structure of FIG. 18 taken on line 19-19 thereof. An active circuit component 1900 can be
seen mounted on the top of the interposer 1802, opposite the wire-bonded die 1800.

Referring now to FIG. 20, therein isshown a bottom view of a stiffener 2000 having a
window frame-type base supporting member 2002 extending between and connecting the
legs 2004 of the stiffener 2000, opposite the meta plane 2006 thereof. The window frame
type base supporting member 2002 enhances the stiffness of the stiffener 2000. Because the
stiffener 2000 is preferably made of metal, the window frame-type base supporting member
2002 a'so enhances the thermal and electrical performance not only of the stiffener 2000, but
also of the ertire package into which it is incorporated.

Referring now to FIG. 21, therein is shown an inverted cross-sectional view of the
structure of FIG. 20 taken on line 21-21 thereof.

Referring now to FIG. 22, therein is shown a bottom view of a stiffener 2200 having a
double-sides type base supporting member 2202 that connects the legs 2204 thereof in pairs,
opposite the meta plane 2206 thereof. The double-sides type base supporting member 2202
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12 also serves to enhance the stiffness of the stiffener 2200. Being preferably made of metal, it serves as
well to enhance the thermal and electrical performance of the package into which it is to be incorporated.
Referring now to FIG. 23, therein is shown an inverted cross-sectional view of the structure of FIG. 22
taken on line 23-23 thereof. Referring now to FIG. 24, therein is shown a flow chart of a method 2400 for
fabricating a stsxRerdesdpriobangedhergitiorsd theagdtaeRie0vitetng prteehlyimesietioinmatble itmethod 2400

includes proviging; aSHAFHARHEBRIRANLAEP atH UMM HEIR SERICONFL PRI VIE WAiLhG; Substrate in

a block 2404; supporting an interposer above the first semiconductor device opposite the substrate in a
block 2406: RIAREANPR¥ASLting the interposer to the substrate in a block 2408; and mounting a
second semiconductefedévicsoantot iGN B heei rin ashinak a4k ettddas dsseactiseb venedothikthe present

invention has Hwﬁ;%y%l%gv%}%i%? .ncaﬁgzg_%ﬂga&? is the improved thermal performance of the upper

package die. The improved thermal performance Is afforded by the metallic pedestal stiffener that
enables heat flow fridefertng e tpitiagés el istheowteotiger ehaeofod enetiinski?408 dad/or lower

die. Another agyRaifRgeaisipkRICYSH dRate e wrkkaleMitkirifRenanAarinedad R aionterreser

comprised of a substrate attached to a metallic pedestal stiffener. The stiffener forms a standoff that does
not significanfifiEadR '@%“Qﬁ?fﬂ@gédmﬁ@f?gfﬁ’ﬁde,aaﬂach&% BROH NG A HEL SENFRGPHE board level
reliability perfgevivenen. Yt aniodinae aidvantpigekof 24 preppoitiny eatiointis posstabibivye Tihat isthe

interposer cap e COfighad, 28 8RR (il LSHOR) SUbstiate aYINR sl kcuit board

electrical routing connections. s a significant improvement over prior systems t osition one die
over another &fRiPgseh tehireBiksaled ot artoglo B8P3 end mosiritle fReaNei FETICANSHELPLSRYEFfoPer bonding
wires. The ro%m{%mﬁ PHRsg4yention affords still another important advantage - the ability to
combine subsystems in a manner simiar to package-level stacking but with the added benefit of high

thermal performancd 5% igh BEME R Ui R RIERNGHRIH QR AYRYO R SRNBLEsbildprovided by
the present irveatiage Theei sl &b veratdlipercomparecoitshangier packageatiecamikeifiuphpiested prior to

assemblng e APISHBRRARL N8 IRRISS) RRIMCNILICALER AR TP SRR LA WoR fRippte the risk of
combining a good component with a bad component in the final assembled package.
the upper packages through the interposer to the lower substrate and/or lower die.

Another advantage is improved board level reliability performance afforded by an
interposer comprised of a substrate attached to a metallic pedestal stiffener. The stiffener
forms a standoff that does not significantly increase the stiffness of the package, and hence
does not affect or degrade board level reliability performance.

Y et another advantage of the present invention is routability. That is, the interposer
can be configured as a separate, fully functional substrate having a full suite of circuit board
electrical routing connections. This is a significant improvement over prior systems that
position one die over another and then merely connect the upper die to a single lower circuit
board using longer bonding wires.

The routability of the present invention affords still another important advantage — the
ability to combine subsystems in a manner smiar to package-level stacking but with the
added benefit of high thermal performance and high board level reliability.

Another advantage is the full testability provided by the present invention. That is,
the several die, components, and/or packages can e fully tested prior to assembling them
together into the stacked semiconductor package. This can virtualy eliminate the risk of

combining a good component with a bad component in the final assembled package.
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13 Still another important advantage is that the stacked semiconductor package can be assembled from
two or more subsystems that themselves are each assembled and tested independently prior to final
assembly. In fact, in the case of integration of a large system, testing can be very complicated and
expensive, and in some cases it may not be possible to test all the aspects of system functionality.
However, a major adilhrtatfecotrtperisrs seieniage iiithatishe stoskesh ratel candugiorepackesd ¢ fodly tested

prior to such 3558 R TS oft ABRNERY, LISROREE ShERRIS HRCKRS SEIRARM UFPRaeKage method

and apparatus of the present invention furnish important and heretofore unavailable solutions,

capabilities, ANEPRGAYEEN PR SR ol HELIM BN Fracabiineid R 0ba [FgesHdeiely removed.
Active chip ansitpassiviebevarpaneilicanti gnibdiqesstan el assemibestirit negrholibttessigombinations as
may be required. Different chip an . ectipn interfac het flip chip, | , or other,
are readily ac{ggmalﬁnfa@&ﬁgﬁiﬁﬁﬁgﬁ%ﬁé@%@s}yﬁng‘ 2on i%ru%aﬁ(]) @aﬁ%"%ﬁ%?&ph‘ﬁo{rﬁﬁaﬁ , ecqonomical,

uncomplicateldv et anyi s the sepsr A subsistamecaire fully testapatipldosibharassetibiyal manufacturing
processes and techipglogiega/Yaie Hi@Muenting MRS KaKBIeSAMNBRIIAFLAUNEHIRME arvpecific best

mode, it is to be understood that many alternatives, modifications, and variations will be apparent to
those skilled APRAELF: Th I5hPSFEHE BYEPLED HE UL LRPAISA AL PEFGIOrG: YOavALARG Faiu Egbrace all
such alternatiepabinisifieationmcanhvatadaagewhichdpll withisdambcopedsishgeiaclsdes alaims. All

matters hithe . erg . [ INg: ' re t interpreted in an
illustrative an%ﬂ%i-ﬁ?ﬁi&%&%gﬁsgﬁgé%%w&%ﬁw&%ﬂﬁgﬁ% %&%@éﬁng a
stacked semiBemiyuEoi BEckeryeingberpEsifgY prowiigda Seibsrentechinoanstingrkeaeseamenitomductor
device on the, substiate; SYRROMPSAR, TUSIRPSS' GRAVeb Sl SEIRiraRdEar denicROpRgpite the

substrate; electrically connecting the interposer to the substrate; and mounting a second semiconductor
device on thePlREETH 588 COPHEHL B SH PR FnSORBH S sifp ARt SAShI UMK A5l ng at least
the first semienddefttativieviarl andint eagies pertathottneantonaosesrior fonrian presssavitndover the
interposer. - nnol ogies.
While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and nont-limiting sense.
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3. The method of claim 1 wherein supporting the interposer further comprises: supporting the interposer
on a metallic stiffener having a plurality of legs contacting the substrate; and supporting the metallic
stiffener on the substrate. 4. The method of claim 3 further comprising forming at least one opening
through the metallic stiffener for attaching at least one semiconductor device therethrough. 5. The method
of claim 3 furthielF ttMpNSiiINePhAHGIRG tie stiffness of the metallic stiffener by connecting at least one

pair of the legs with_at least one base orting m ré}{jber. 6. A method for fabricating a stacked
semiconductor paclgage, jémsﬁ?é’ﬁ’?g‘?r %ﬁf\ﬁ@lﬁ%%%%% r%?é‘!‘f%‘l&ﬁ{ﬁ{é’%dﬁ?%?’scé’% jctor device on the
substrate; supportingaidinteszobara) a metallic stiffener above the first semiconductor device opposite

the substrate; electrj : ti ' S e; partial mold encapsulating at least
ﬁ?&l@ﬁeﬁﬁ%ﬁ& d%% H?k‘?&PB&ﬁEé%ﬂﬁe LA

the first semiconductor device and at least a portion” of the interposer to form an open cavity over the
interposer; mountin§'BPSEEshaNJBIARAOERALE HEVIEd SNtFRNEHH9dFarmmesiedhepsraRd
encapsulating the catiyivdtll) eotpiecingaRsiHRokEp 16 tdeipaeiiodref claim 6 wherein supporting the
interposer on a metallic_stiffener further comprises: supporting the interposer on a metallic stiffener
having: a plane on W ﬂq@img%w@g%r%&';c f% é’%\%ﬁ%ﬁ%f legs extending from the plane and
contacting ihe subsirate: SHESURBO G ANE K SHSNEI RIS SHISALS.S) g Midagd of claim 7
further comprising forming at least one opening through the plane for attaching at least one
semiconductdfeiéidceetnerpeheiigley e Pheé ahieasba BRIl 1heiHispesshiprisiya8rmiRgn dddithe stiffness
of the metallig,stiffRnaiipgpnnecting at least one pair of the legs opposite the plane with at least one

base supporting member. 10. The method of claim 6 further comprising selecting the first and second
3 The method of claim 1 wherein supporting the interposer further comprises:

supporting the interposer on a metallic stiffener having a plurality of legs contacting
the substrate; and
supporting the metallic stiffener on the substrate.

4 The method of clam 3 futher comprising forming at least one opening

through the metallic stiffener for attaching at least one semiconductor device therethrough.

5 The method of clam 3 further comprising enhancing the stiffness of the
metallic stiffener by connecting at least one pair of the legs with at least one base supporting

member.

6. A method for fabricating a stacked semiconductor package, comprising:

providing a substrate;

mounting a first semiconductor device on the substrate;

supporting an interposer on a metalic stiffener above the first semiconductor device
opposite the substrate;

electrically connecting the interposer to the substrate;

partial mold encapsulating at least the first semiconductor device and at |east a portion
of the interposer to form an open cavity over the interposer;

mounting a second semiconductor device on the interposer within the cavity; and

encapsulating the cavity with atop encapsulant.
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semiconductor devices from at least one of a die, a flip chip die, a surface mountable passive, a
multi-chip package, a fully assembled semiconductor package, a leadframe-based fully assembled
semiconductor package, an array-based fully assembled semiconductor package, a
system-in-a-package, and a combination thereof. 11. A stacked semiconductor package, comprising: a
substrate; a first serhicondistonelboit@fmebeinted vietensalRiPEiey dhantdermser electrivatlliconnected to
the substrate gndstRRastedApgdhe first semiconductor device opposite the substrate; and a second
semiconductor device mounted on the interposer. 12. The stacked semiconductor package of claim 11
further comprising &R HHAF AL REFE QR ATERLA SUILRITE 18 st the first semiconductor device and at
least a portion of the interposer &plfaoawiipetheavisposeeidbgpptiespaser. 13. The stacked
semiconductor package of claim_11 fur I}yr risipg. a.met |%)I iffener sypporting the inferposer, the
metallic stiffener having a pIuraIi%/ ]8'%}@, contla méx%%@%?bﬁs r@{t(—:‘?III :g\gl eelnLéRé)ué%%%fég hqeﬁr%éon. 16 14.
The stacked semiconductor package ofubigiigiel 83 firther comprising means forming at least one opening
through the metallicsggﬁgmﬁé et idaphingral e ast Resusgapiconductor device therethrough. 15. The
stacked semiconductor package of claim 13 further comprising at least one base supporting member
connecting at least &ne parhefriehdelgsftaieinhandertive sivineisingftheingetalliestiftesespdtnd\ stacked
semiconductQr package, comprising: rate; a first semicanductor device mounted on the substrate;
a metallic sti&rrigé’é}é%%%??efﬁ@{é‘#ﬁﬁ?ﬂ uct%&%d%\nlccg @Hfr}:?(sl;i g\%ﬁ%{gﬁrgg rat r;lan interposer electrically

connected to the S@S”atq'ﬁé“ﬂrﬁﬂﬂa%ﬁaé?ﬁ] th&m@'%nﬁﬂf@{geﬁnﬁaﬂéﬁbﬂkm%ﬁfﬁ@%?%t
encapsulating at least the first semiconductor device and at least a portion of the interposer to form an

open cavity oVEIANE S canoeeieb Lonit Bna BB P AEGi LRI RARARLE bR BRI 85l Kithin the
cavity; and aciybercappotang eramesulating the cavity.

10. The method of claim 6 further comprising selecting the first and second
semiconductor devices from at least one of adie, aflip chip die, a surface mountable passive,
a multi-chip package, a fully assembled semiconductor package, a leadframe-based fully
assembled semiconductor package, an array-based fully assembled semiconductor package, a

system-in-a- package, and a combination thereof.

11. A stacked semiconductor package, comprising:

asubstrate;

afirst semiconductor device mounted on the substrate;

an interposer electrically connected to the substrate and supported above the first
semiconductor device opposite the substrate; and

a second semiconductor device mounted on the interposer.

12. The stacked semiconductor package of claim 11 further comprising a partia
mold encapsulant encapsulating at least the first semiconductor device and at least a portion

of the interposer to form an open cavity over the interposer.

13. The stacked semiconductor package of claim 11 further comprising a metallic
stiffener supporting the interposer, the metallic stiffener having a plurality of legs contacting
the substrate and being supported thereon.
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17. The stacked semiconductor package of claim 16 wherein the metallic stiffener has: a plane supporting
the interposer; and a plurality of legs extending from the plane, contacting the substrate, and being
supported thereon. 18. The stacked semiconductor package of claim 17 further comprising means
forming at least one opening through the plane of the metallic stiffener for attaching at least one

semiconductor devité therdibrgacked 1Bmtandsteiok duckensi cbrea 1ot Agkar)econpligimg 1Meansher
comprising a?!ﬁﬁﬁ%%el%ﬁ%ﬁy%%w MBIREIRORRESIO LA iRastaneRai Q] the legs grposite the
e

plane to enhance the stiffness of the metallic stiffener. 20. The stacked semiconductor package of claim

16 wherein thEMNSHEL Y18 A uctor devices further comprise at least one of a die, a flip chip
die, a surface mountable passjv multi-chip package. a fully as bled semiconductor package, a
leadframe-based fu[ﬂ?assgﬁweb#e%q{segms%@ﬁo udtﬁccﬁ’rpg%fgga% ,Ogjnc@rrpa?/l?b%lg@g fuﬁ?)'/ﬂn RS3e gielggg
semiconduct&NPRERAGHPEr NS AR CPRERbE AalfaRaone PBIrRition aséeenhance the stiffness

of the metdlic stiffener.

16. A stacked semiconductor package, comprising:

asubstrate;

afirst semiconductor device mounted on the substrate;

ametallic stiffener above the first semiconductor device opposite the substrate;

an interposer electrically connected to the substrate and supported on the metallic
stiffener;

a partial mold encapsulant encapsulating at least the first semiconductor device and at
least a portion of the interposer to form an open cavity over the interposer;

a second semiconductor device mounted on the interposer within the cavity; and

atop encapsulant encapsulating the cavity.

17. The stacked semiconductor package of claim 16 wherein the metallic stiffener
has.

a plane supporting the interposer; and

a plurdity of legs extending from the plane, contacting the substrate, and being

supported thereon.

18. The stacked semiconductor package of claim 17 further comprising means
forming at least one opening through the plane of the metallic stiffener for attaching at least

one semiconductor device therethrough.

19. The stacked semiconductor package of claim 17 further comprising at least
one base supporting member connecting at least one pair of the legs opposite the plane to

enhance the stiffness of the metdlic stiffener.

20. The gacked semiconductor package of claim 16 wherein the first and second
semiconductor devices further comprise a least one of a die, a flip chip die, a surface
mountable passive, a multi-chip package, a fully assembled semiconductor package, a
leadframe-based fully assembled semiconductor package, an array-based fully assembled

semiconductor package, a system-in-a- package, and a combination thereof.
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