6 September 2006 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 invgRtiga fglataggenerally to
semiconductor packages, and more particularly to stacked semiconductor assembly packages and

methods for the fabrication th%tleg&%c %ﬁmgﬁgR%WMthe computer industry include

higher performance, lower cost, Increas urization of components, and greater packaging density
of integrated circuits ("IC's"). AMEdGHQ@Pri€&tIDHE BABRPrAJUCN ditehielEdsed, 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, diffusiqrs SICiNgRARENEIPRDING IERS: Aﬁ;te}@/Aﬁ@m@pdividual devices are

constructed on the same wafer. When the devices are separated into individual rectangular units, each

takes the form of arjGs (49 dAieRdekitRsI HEHaksifofie. Wit RIRRhSIBHMIERY ibgﬁ&gm@g@unt itona
leadframe or_on a multi-chip module substrate that is surrounded by a number of lead fingers. Each die

has bonding BEY<LTERHRE the GEERI SomRacese e Ribe 156HERSE 'Bp%tation 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 (E]%CHW ngcWR)s mounted on a single circuit board or
substrate) that paraPeIs the reduction in the number q componentsdthat are rf(eeded fodr a circuit. This
results in packaging deiGRE thit SPE M orE LB mBAETAIN tdfm FAUESTA AR DRI i 848 %hape of a
device) that gretmdeelyconypatdaswaininadigioifiessetibiyr paskn geovad athd Gade risityhé veverpdC density
continues 1 § September 2006 to be limited by the space (or “"real estate”) available for mounting
individual the on a substrate.

BACKGROUND ART

Ongoing goals of the computer industry include higher performance, lower cost,
increased miniaturization of components, and greater packaging density of integrated circuits
(“IC’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 overall IC density. However, IC density continues
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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 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 deviceg iQ.hesonpied

electrically totétﬁéoﬁﬁ%ﬂ@gbﬁ?"iﬁ%'"s%c@f(HPP%ﬁ@&%t&"%c%ﬁ’iiﬁ@t?& Qﬁﬁhﬂﬂfggn%ﬁkﬂﬂﬁ & gpysiderations

of input/output count, heat dissipation, matching of thermal expansion between a motherboard and its
attached con‘?BBﬁE’t‘ﬁs, cost of manufacturing, ease of integration into an automated manufacturing

facility, package religpilityihand e@asydaptakitity ohtherpackegealo additionglcpackaging inseifaces such

as a printed ca'rcgft bcc)lard ﬁ%P%CB?E% V%rious cgieron-bo%rd "%OBC'I') %echnti ues are use to at'%ach different
semiconductdf ' Gigto a PCB. B e%?wr?ll%]euees inchide 'ﬁiB% g attachiment, %vi?écgcf’r?ﬁlr?é,e and tape

automated b@qohrig?(dffdxlBé')stﬁi_ip thigh amtabtf_gﬂehe cmn&iﬁ&lﬁfaa&aathmﬁgsalfﬁ@ucmﬁ tha POBdes to another
substrate. A flipchipip &Q@g'%equé%%smmet hazaPaeil Op3UiaY: S e PRAIS $RAFedaround on

an attachment surface on chip for face-down mounting to a substrate. Generally, the attachment

surface of tha™ffrerishaénehdlst treahtiofingeiettriCalbeoRrriedes: B Dariy BElnHr slightly
larger than IGiearniigt (BlipbrinBGAcisnelratpaalcannestens eanfigiiatiandnavingpan@ay of minute

solder balls disposed on the attachment surface of the flip chip for attaching tQ the substrate. SLICC is
il 1o tho GRS BT Ko, SRR e LR R S o
SLICC, fthe seltehat cthepaenductse MIImMgeMgt mag&]e:)ﬂipnt@giptimmsiulbe anmmmqtmge of the
connecting band, pads R EQSlﬁ;Q?a%Ea ALRIBAISS HANDSCHONCAMiRE MRS MEMP LR i fonded to the

PCB by melting (refluxing) the solder balls. The solder balls may alSo be replaced with a conductive
polymer or goR¢stE@HINAPacHoHER 85 TG e BrdiidreddoRfBer: Wire bonding attachment and TAB

attachment generaliy,feginnyithaiasingepsemisantidctor chip i dhe surfacenoianspaluiteB with an
appropriate aghesive ha epoxy. With wire hondipng attachment, wires are then attached, one at a
time, 1o cachBord i B the BeirABRS SIS At EXbAIAETE o RN oncta] 18K or race end
on the PCB.aMfithafdAByotinbnger(tEAdB Thetal leads that are carried on an insulating tape are 2 6 September
2006 Flip chip attachment consists of attaching a flip chip to a PCB or to another substrate.
A flip chip is a semiconductor 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 slightly 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 also 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



respectively attached to the bond pads on the semiconductor chip and to the lead or trace ends on the
PCB. An encapsulant is then generally used to cover the bond wires and metal tape leads to prevent
damage or contamination. 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. @ggf@é}hg@pﬁb@@ip modules

typically CO”%@&%ﬁ?ﬁ&&}%ﬁt{é‘ﬁﬁe%&dﬁ(@&_%@tﬁ@%&ﬂé%ﬁ&ﬁ@t‘& K SOiR ROMPRAE BIS IS drgetly attached.

Such multi-chip modules have been found to increase circuit densg and miniaturization, improve signal
propagation $peBé HeBuctndnsrantdpiteBrresaraaeigit thrgrsudhpdainaieandrieeidWarcosts all

primary goalseafithe siemepuiemnidusteyntagwaren. such multi-chip modules can be bulky. IC package

density is determined b1¥1the area r?qu'r.ed to . mount %di or mo&iyle on a circuit li)loarld. ne method for
. n.some, caseﬁ_ ulti-c¢ 18 CVICES gatlh e fabricate aster and jpore ¢ e&gﬁ/t an at
reducing the board size of multi-chip modules and thereby increase their effective Sity Is to stack the

die or chips venicalbpdinhisingle Iﬂodutetbatﬁacka@ait_m @Eem%ign,famame ICmmei_tsnmbup't_n&d on
opposite S'dexﬁ&lfui’eﬁ%ﬁféﬂm%d?ﬁﬂgﬁ-a Boid op AL WieS (st CORRRCIENGWILE RRnding pads on

both the upper the and the “lower die with the ends of their associated leadframe lead extensions. Other
representative tiEegnatashstbutiiigitiitibie sditoidteRscId R LindesipgiE vhdrithipYackage
include: two chipstiRusad apiwe ieadirprppacsiescemerehipe Mewntedaversadaadieqand one below
mounted on a board, ar&d one chip attached on t%@‘[of a Iarger (S(;:E}ff that is attached below to a paddle.

These and ot H&F REnRYLTARBHS HRJd R0 BEEn X ERIBT BHERIdETAPEP S ATE Eips mounted
together vertically itlavsinglespackage.cBiponadesigasnare mpyovEmsnts gy denpriprisnighischipdackage and

system-in-a- Pf‘ﬁﬁ‘ea&%a(}?&ﬁfr)eg?ﬂ%ﬁnﬁhﬁhféoép RipGdSEY ‘ﬁ@ﬁ%&ﬁ[‘ﬂfi&’d@ %ﬁ%rﬁg%@d‘ﬂ)?‘?&ﬁ%ﬁlg?? passive

components ("passives”) side by side in a single, horizontal layer. Combining them into a single
horizontal lay8f Geat psaref spaltecinemeritien vy dsietiniirefbedupadtee dendy dhép dekded less

advantage ingé# aidtoniRip WeZaLoR JwHowvare mbault-shpacmedules, whether vertically or horizontally

arranged, can also _present problems because they usually must be assembled before the component
chipaand ehip conMLATHE i bETELT, T B b RS o B AT G

e are so
small, it is diffieldt ¢o 4bsbidierbeionre thasemiobeoihtovasusidate padus) Wiibnhdiepgpee diwamdatie and

connected inghviduglly, the e, 08 ROPEEHRNT-§a0 ASifStedindividualy. and only known-good-die

("KGD") that are free of defects are then assembled into larger circuits. A fabrication process that uses
KGD is therefore mBtecrelristecaid esdepineles axawiiiymultiple semiconductor IC 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 multi-chip package and system-in-a-
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 vertically or horizontally arranged, can also
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
known-good-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



3 6 September 2006 defects introduced due to bad the. With conventional multi-chip modules, however,
the die cannot be individually identified as KGD before final assembly, leading to KGD inefficiencies and
assembly process yield problems. Two of the common the stacking methods are: (a) larger lower die
combined with a smaller upper the, and (b) so-called same-size die stacking. it th@dpsmspyr, the the can

be very closqyericalyalnce dhe 665 IHe! BRRY PaRZ AR EREHMSIPHOLINS IRueL die fixtged beyond

the edges of the smaller die on top. With same-size die stacking, the upper and lower die are spaced

more verticalfFH}9art% prevideadifritentiadaran&fdr isEwirdtinastabhe Isaknrgne Akcussed,
both these mgidrade fiaveaiharenbp@ldagagiblyhsocess yield loss disadvantages since KGD

cannot be used for I[abricialt'glg these cgnfisqurlgtions. ﬁ\né)ther rei/ious esign.is Ba%ka%e leyel stacking.
. . WO_ 0 1(600[1} on_die sStackKin mtosaﬁgg arger I0owe € comoiIng Wlf a
This concept includes stackihg of two or more ﬁac ages. and assembly process yields are not an

issue since eauhilqlampagéimbéaﬁestedlbdcama'wamtﬂwcaﬁcgwiﬁ&jﬂ(@l@ ﬂfzzrrbefxmeeﬂiiﬂ @sdembling the
stack. But pagkagR Jevel RIAeKINRCanResa RRRIGIEMS: RDERIRIE B HPIGKA0GIRARKkage

assembly process difficulties Caused by irregularities in the flatness/coplanarity of the lower package.

Another probR}Prediftedgnoktisc Herdeasds Qififesy Bk fievEraiagiaehityhwHREST 88k R to reduced
board level refighititypatil aRetRerRIRIapAEan oG BeR Neaincissipadoni fepnthadiprer package.

Thus, despite the advantages of recent develo n{s in semico tor fabricatjon and packaging
teohniques, I L% COSCHNG Aast N BFIUR DALk AOIE A A 5SS PGS S o
increasing sdmsicdnalictonglie sterditGincR@Bt hs seedihe SatBohuigribete theSeyaoblems have been long

sought but prior de%ﬁl%@?ﬁﬂ&%i@@é’ﬁe&% fayahtor RuIRGSIEd .”i‘rﬁ?%%&% andhdhus, Salyigns to these
problems have long eluded those skilled in the art. DISCLOSURE OF THE INVENTION The present

invention prottfestamaErigieictabitalingnd seaerbly senfevndaktorpttatie MUFHEN R @GBstrate is

provided andpaditsesemisondidatpfiserncasshouated @8 KeDsuhsiaiel Andannasemnis sirported above
the first semiconductor device opposite the substrate. The interposey is electrically connected to the
substrate. A I eSS 1S RS RISEISHERY i@ PRSHBOSEP S IRBHSHA fabrication

provides for impnobbdppackatjifiguitiethodss Sy gteragylandes @sihn$lhondsséresing seribenduetor die
density in priB&%ﬁage. Another problem results from the increased stiffness of the overall assembly, which
can lead to reduced board level reliability. 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 electrically 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.



circuit board assemblies. 4 6 September 2006 Certain embodiments of the invention have other
advantages in addition to or in place of those mentioned above. The advantages will become apparent to
those skilled in the art from a reading of the following detailed description when taken with reference to
the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS Flggd,isabviendaf a stacked

semiconductor packagg; NIt YRR SIRGR:RH FAPHGAICNILAGSRIIARGH INJNE RrRsENt invention;

FIG. 2 is a view of a stacked semiconductor package embodiment similar to the structure of FIG. 1, with
a stiffener ha¥irtostppaHrgledsyEIdhs A vribtEsietil bPEARMSiARIFETSHOWIRSH B dinghe 2 is a top view

of the stiffengrand ineIRRSoF ShOWH bW S d2iaftd . Rdsripespsstractixeal vigwefdlecstidcthge of FIG. 4
taken on line 5-5 thereof; FIG. 6 is a view of a stacked semiconductor package embodiment illustrating a

heterogeneoﬁ%cﬁrélgﬁ%lg% 5%%%8'configuration; FIG. 7 is a top view of the interposer and stiffener shown
in FIG. 6; FIG. 8 is a cross-sectional view of the structure of FIG. 7 taken on line 8-8 thereof; FIG. 9 is a

view of a stacked multiple system-jn- ' m bodiment having two

subsystems; FIG. 10 is a view o%%@%@@@jﬁﬁgﬁ&jj%@% | %ﬁc‘ﬁctor package embodiment

having passive compenents gttae%h%g on a st léerglig:%e({&gser board; FIG. :LJt iS a yi WSQf thefstructure of
i [

. a Stacke Or package’in an mediare sta
FIG. 10 after encapsulation of the interposer an componengs t e%eén, an Irustrétlng agr?Jl?y assembled

and completdabsienticad seseiedingactsh haokerget MGNtIRs a view of a stacked semiconductor package

embodiment with miigipte ; SYSIEMS ip 8 PACKRDS: HiGndiR IS HiIRWEOTABlAGKER semigPRsugior package
embodiment having several optical sensor devices supported on an interposer on the upper level of the

package; FIGTYEeLUIG dr & hsHECRBOIR SMINGETiES %o incorporate a large central opening in
the metal plane of thEsstiffenesp FiGy dbtie atifteiiensheewinfide 3iructure of FIG. 14 with an interposer
mounted on FIG. 4 is a top view of the stiffener and interposer shown in FIG. 2;

FIG. 5 is a cross-sectional 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 is a top view of the interposer and stiffener shown in FIG. 6;

FIG. 8 is a cross-sectional 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. 10 is a view of a stacked system-in-package semiconductor package embodiment
having passive components attached on a stacked interposer board,;

FIG. 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 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 several
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;



the top thereof; 5 6 September 2006 FIG. 16 is an inverted cross-sectional view of the structure of FIG.
15 taken on line 16-16 thereof; FIG. 17 is a view of a stiffener embodiment with multiple slots arranged
thereon 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 the attached to the bottom of the metal plane; FIG.gLYis, AR inygsted

cross-sectional vievief tie;SUHGIHIGAE BIGs-1& RKENRMIBE 1t Sh R HIET6PFIB! G5 24ki5 3paHom view of a

stiffener embodiment with a window frame-type base supporting member opposite the metal plane; FIG.
21 is an inverted! e/Bs&Yectional view of the structure of FIG. 20 taken on line 21-21 thereof; FIG. 22 is a

bottom view of a stiffenaryembodiwest havifenardankiensideshasanynge SURPkingaandamopposite the
metal plane; |EIG. 23&13 an itnvert(Fd Cross-s %ionaltviei/v of the structure of FIG. 22 taken on line 23-23
thereof; and TEVS51 TS HOW EHaPEBP R me ho%irflgrafla%ﬁ%%iting a stacked semiconductor package in
accordance with thélgreEent arveatiomieBES ThiODEIFRORIBARRWING QUETbdiMEd NV ENTMAN In the
following des&;iﬁg%ttg}ﬁm?{ﬁ)yﬁlagpﬁ;%getaiIs 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 obSteriyitHe pregist FHrsmssAonabevRe| n e teirsté hl CoAfidelrationdiand process

steps are notdisglas@ddn detail. Likewise, the drawings showing embodiments of the invention are
semi-diagrammatic gnd _nat to scale and, rtimgtarl , some of the dimensians are for the clarity of
presentation and aldcoh bPRLRSP XY GhrAta TR IGLPER A TREr L FRUTHRRE Bhibodiments
are discloseduapdradescribedivpporistmededpires;in common, for clarity and ease of illustration and
description thereof g fepiurgs;ane Lo aRAneL willprdinadly Re ASSaHPSR Wi Jxe.udafeipnte numerals.
The term "horizontal” as used herein is defined as a plane parallel to the conventional
21-21 thereof;
FIG. 22 is a bottom view of a stiffener embodiment 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 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

“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

6



plane or surface of the the or the circuit board, regardless of its orientation. The term "vertical" refers to a
direction perpendicular to the horizontal as just defined. Terms, such as 6 6 September 2006 "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 ig showRRSiagked

semi_conductoglpqeggtg%.:’L(_Dgeigwgp%gg}ﬁge‘wﬁtk] &gﬁ@r&%qﬁlt‘émé%tjp? .‘.ﬁ%ﬂgy{b%q;%ﬁnggg,fy rther _
hereinbelow, the present invention provides for stacked semiconductor packages comprised of active
semiconduct8PdcaflsonartslehasdivaeEsseerts haiitare!ABbftable passives, combination die,

assembled semicoREuEREPREKAGYESGANdIsadarih stbRUMetaike configuiations sangkaikangaments as may

be needed. The s&acked ser’ﬂiconductor ackagg 10.(? shgwn nani termediage1 staghe of fabrication,

. accordance with ‘(e I‘GSEEI‘lrIl mnvention, S W1 fl&e eSCI‘IIlie . further hereinbe RW iB?SGHt
illustrates a pacﬁage- 0-package or homogeneous package solution. A firSt” package and a second
package 104iavenassgmbiddsdiod paditid nedivertieetly fociegbovenitiecdtbieay irveherstankiadtor

semiconductar package 100 UoMISHAHY e RYLROSES RIS PackaghRziBndihe Seapd package

104 are functionally similar electronic semiconductor package systems, although it will be understood
that they mayBiadiinaPagen. sl et peitfkatieionD JadifieiatBly s & Wite-bonded
package andgbgcsge@nd package 104 is illustrated as an area array package having a ball grid array

("BGA") interface 106. The first package 102 has been mechanically and.thermally attached to a first
Substrate 108 by ar! BEUESUET 10 SGNESREVEED (L hordialy 5 tRBrr AT ECRIR R iheaive that
is convention@lbyim@d,f@}mkﬁ@lpumq&ek@cﬂm@dgbagmosidmmmmbgcaselulms.op‘poilise the first
package 10232 BEAINRIRAGENE IRLGRINRAUIY L@&a)ﬁas&%qd FUHEAHEIREARCARGAAR 0 an

external substrate such as a printed circuit board ("PCB"). Electrical connections between the first
package 102tBh@ts® firstiaupegkad 108 eardptiovidackase cite A6 ARPFHIRISPHIPHFRsthe &t at are

bonded to thefistsulistrale hedanddheadiitst peckagad@dbnlie dinst substtais l Q8nbenifidisishes
conventional int%rnal electrical con ectioﬂs between the wires 114 aréd the various eleg1e ts of the BGA
8 i

interface 112PON e Lt or ¢ %%ug thet sP%ggﬁgréteo‘i E%tpﬁgt%ifgaﬁﬁ efifié?sélﬂk}%]ir%stewf X spacer
116. The spacenipls, treférabpyciirermill conbivctived, may heaboodud miokadcadndEgleend film

adhesive. Thg, spacefohl6 HHAPRLES R ANMRIPARS i kR AREHP A GIGIP @BE APARR ace
106.

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 external substrate such as a printed circuit board (“PCB”).
Electrical 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 conventional internal electrical
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 an interposer 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 electrically 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.



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 electrically
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. 7 6 Sepiegabenh#@Psyokhe interposer

118 may be additiopglly suppartad @Hﬂi@@fﬁﬁﬁgﬁ}iiﬁi Giéd &%ﬁre?ﬁ?@rééﬁfﬁf%rsﬁ%n@ giarably made of

thermally conductive metal, improves the physical in y of the interposer 118 without significantly
increasing thdiffideechrldfe BistkeRly dBrfcShAtRBr PacREg G0 Fs ifmpioN e ShRePEnsBllity of the
interposer while.siat; aflviesselyrpoeaqtisowanaid-teveficeliabiliyrpaifermaneemehedirgiepaskage 102, the
spacer 116, the stiffener 124, the wires 114, and the wires 122 are t encapsulated for physical and
o TR o prlga e o arebie R e S B oo P
of the interposbreist fagngitizefinsl-lpadikage 102 psralsoa@ncapsulated by the encapsulant 126. The sides

and top perimeter of{Re;, IIGIRASEN A3 §nCAPLRIRING, the. RARALRGSIS e Qi€ 3lpa RN aRRSHIAted as

illustrated, but the top central portion of the interposer 118 is not encapsulated. instead, the encapsulant

126 forms a parttafyisibrICaPBRISHh ioheRatexh aUthegaH Bpsieh LIPS BrifofPRIRAHRN 4€: central part
130 of the topwehthaiirrpesesdild is expasad. Firalassenily ol wsipsked semiconduetar package

100 is then accogmplished by positioning the second package 104 intg the open cavity 128, as illustrated
oy the arrow RSO AR TR ST CBP R RE o s SCEOH LRGP e
ponnection ofntérpsecdhdl pamkgg?@mﬂ_bmtdhiﬁrgmbdwaﬁ)mntaisct@n@mtsndwe'ﬂmm&tyﬂ,meahs_ of the BGA
interface 106,aNnd.aeQSRRANINESIIRN-PAd! %é@ﬁé%&l‘%@dﬂ EGead: B SRENE, fe1AYnal pad

array 400 in FIG. 4). If desired, the second package 104 may then be encapsulated within the open
cavity 128. AlREHtagestially, Pridikbpaerapiehare AndiassepshdPaykbtt rowmay ddeh e individually
tested in advamﬁlplggaﬁ;;mnhlm@qumﬁmmemgsgiqqlgqgi es@mi&gnductor package 100 to assure that the

packages are each properly formed and caontain good die. The packages thus are know-good-die
KO, thoreby SIBMLAERASIONS SN BTGk yie e e BUME WaBricaton of
the s_,tacked s;msi'tixmngjdte)smnﬁage@g@ﬂ)omfenﬂin@mwetﬁtyIGSZastﬁidarshatésl $lyolvrnastacked
semiconductgyp pagki (%‘?i@goglégéfcdﬁc%ﬁ%é‘&&ﬁstﬁ?tﬁéa&éé%ﬂdssmgé‘%&F%B@ﬁ&%@%&g@cﬂ%@oﬁ)- The

stacked semiconduc
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
terminal pad array 400 in FIG. 4). If desired, the second package 104 may then be
encapsulated within the open cavity 128.

Advantageously, 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 also been provided and is located beneath the second package 104, between it
and the interposer 118.

As shown in FIG. 2, a stiffener 204 has been incorporated into the stacked

semiconductor package 200. The stiffener 204 is similar to the stiffener 124 (FIG. 1), but in



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
also been provided and is located beneath the second package 104, between it and the interposer 118.
As shown in FIG. 2, a stiffener 204 has been incorporated into the stacked sejrigapgiyctonggckage 200.

The stiffener 20¢isSIMYRGLQ Elﬁ(fp%tﬁff’ﬁg‘%%%Z_foéFéﬁe&clin*gU&&'{lanaﬁdsSBWBE&%%#QH&“E% includes

supporting legs 206 extendianZ% own and being supported on the first substrate 108. Pads 208, on the
ends of the stifpBRh§RgSBHEChBke tResintehssurPrting lerhatarrisisuidpdrtisPerne dtifflener 204 on

the first substiatendOhergpoingrtirerimateantastoihasawithussnechenasling elécliaaleantaatashen desired.
Referring novt\ﬁgo Fl%. 3, hergg}bgegé(t)r\l/\é&a totp vie &%lthe %tiffener 204 (FIG 2). As can be seen, the

central portion of e titferer isSa met%ﬁnp She %Sdrﬁported by the supporting legs 206. Referring

now to FIG. 4, theréinf*@rmﬂ@@ﬁénbﬁxzﬁﬂimma itmlewpm_ef mk&tiéﬁtachwmbh (%fs shown in
FIG. 2). As cap,be SeaN. dRE IR RERRSLPTHDS I HGHRORES i 1§iS AroMideshwithsLead fiagers 120,

and the top center is provided with a terminal pad array 400. The terminal pad array 400" connects in
conventional faMBHEdEe?88cond package 104 through the BGA interface 106 thereon (as shown

generally in FIG. 2)rRRefaringhoy 116 tertheieimissshowriareros scresianak Vigvwypoktne sructure of

FIG. 4 taken on I edSt-S ther{aof. As can pﬁ;\zﬁenégrom this view $nc%l from F|G. 4’f“f§ configuration of the
stiffener 204 ¢ %Cl%edélgfg?{}v f§ fgﬁ}’vi‘é&. ?'b fjﬁ%}’seﬁ%?f’é “cobisE RAt the e YELR Stifener may
have more orlféweplegdedswibatie ttanddpropiizicdat te pepticutar iapphodtdmiBisesralthdygld the stiffener

204 is prefer%ﬁjgyrﬂﬁﬂe PrSORPEIA IS S%BB”‘%L%%JL‘PQ’ iff DAV AIRRRCHRRBRILLRINGE ARPropriate

materials according to the particular needs at hand. The interposer 118 is a substrate made preferably of

either an org8nf&3gsmithtBronchdbeie Ardtatinss d V6rthecerarticinuterrarsdiediiohaly used for such
substrates. Other apgeapiatRWaignalsMayalse kedwaed afsadesenacaeidiniote thasaaeds at hand. It

will _also bg u%ﬂ%rgto%;g that Cgtré%_igtzlgaco% cogsti ura]t)ionsean intercSQUnect n&e%poodsgléaazy%ge used
besides wire bohdet SHd BGA ntetAtE< Ex %f‘é‘s IRt e TR EH NS Yot Tomy esive and solder
attaching. This#jpiiesopoth teethefBiaoketh packagéssuchthSdhe ffipst It will be understood, of

course, that the pedestal stiffener may have more or fewer legs as needed or appropriate for a

particular application. Also, although the stiffener 204 is preferably made of copper or

another suitable alloy, 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 also 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 of a flip chip package mounted on the interposer, such as the second package 104
and the interposer 118 in FIG. 2, a leaded 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



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. Thag ggpﬂ'g}ﬁgae@gg@%a flip chip

package mo%@gﬁ?o@@r%@ﬂﬂ&@%ﬂﬁﬁﬁl%ﬁ@ Hoe SARENA PACKRGE D4 @RS ARIEIPAREIAdS I FIG. 2, a

leaded packaqgH 02 is shown attached to and supported on an interposer 604. The interposer 604 is
similar to the GHEetpBisdrared prikseaP@&cept that the 9 6 September 2006 interposer 604 has terminal

pads 700 (see FIG.ReXéaidecriving #d. gonnactingsteibeneadsy 66v0ftheldeaderi@ackagens02.
Referring now to FIG. in is shown a top view, similar to. EIG. 4, of interposer 604 (FIG. 6)
mounted and SR bIF I CLEHEFS T TR PS03 T e SEE B S eacieq
package 602farelarrkadedin tetbentraepariidngf e anterposgrdoiy tliexcaptalopeheproligion of the

terminal pads,{(Q J&%&hﬂ‘c%?f{ﬁ@i{%%ﬂé’i@n%ﬁﬁé 01 Gadd) 7008 NG RAS QIR APRIWISe similar
to the interposer 118 (FIG. % @oth have the bond fingers 120 on the periphery for connection to the
|@!

wires 122. REfEIHEh G i degintraessi iQ0dniviihel vitks sidlationah itV Ptk sthudilffeBf FIG. 7
taken on line o thetent Ratering-now t HEpSiptheyatt ivshevehacstackedsserpiconductor package

900 llustrating a stacked multiple em-jn-package ("SiP") semiconductor package having.two
ubsystems. The SlCRE EaIEGPdctat {ARRS B SRS S B e Rrls SE2 imtbrieing a frs
subsystem, aHliip ¢hapedienitle BGAhsrtefface 904 comprising a second subsystem, and various passive
cireuit components QG gl eynIBAR9.3 AA ARSI P96l RIP RN dAGRE SOPatIe adyst or lower

SiP layer. A stiffener 910 is mounted and supported thereabove, similarly as the stiffener 124 (FIG. 1)
and the stiffeHBY PO g Gagked RyikelraSem ArPistegsds e serRinms drtEd BdssdpsHedvh the
stiffener 910.shhgseR i, tuthargneahanisaliandrepdrapinenialhe pRteated BbentaPaagipn within an
encapsulant 914 that is Iiequbg/ Qartial mog in fo le vgé{]e.c%llfral g)grtion of the inttsarg%%ﬁr 912
exposed in aR G ERI) OB R cbiRP o7 B VAT P o aTetac o S SHESAB AAF Bilkage 900,
mounted on thbsysterpeseé v &iQysipatside siecpirepapkag et BG Alsubsystem HBS Andtatpite YPrckaged
leaded Together, these constitute a first or lower SiP layer. A stiffener 910 is mounted and
supported thereabove, similarly as the stiffener 124 (FIG. 1) and the stiffener 204 (FIG. 2).
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

10



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 appli%agg{ﬂeg{btgpggbghe same, of

course, will be,uaderstgad (9.aRRY 10 iih6detdPIENROKRLR ChALE, Stask iR Maicopdusiay package

900. Referring now to FIG. 10, théerein is shown a stacked semiconductor package 1000 illustrating a
stacked systéffi-itapbikA6@1seRARGdRREb? S5 RAY dNBiRTy PasirsemPORe Y sefiEHEes oh a stacked
interposer bogrdivEhe sirekedsemiconEVE DK fackagpatQ0d dosisiesa 1 Mivashendead die 1002 and a flip

chip die with BGA interface 1004 tgﬁf naBGA 10 6 Se ber 2006 substrate 1 similarly as
i the stacked semESTALIal BalRAlE 900 EIE o5 ViOHbocT < SCALkER L heBeiEer Rackage 1000
includes an inteigosethd 08kthsonstitivies: papeasivid@d tifonEhtfbbavdntp antipkutvariefyttef passive

components JRARJs ARGRef REETABARNIFISdy hergl a2 gakedgeniconuctor

package 1100 which is the stacked semiconductor package 1000 (FIG. 10) following encapsulation of the
interposer 1088"&RAMHEEoPAFEIRENtd HerBbniBysHAGH antdlysarasintied 2anrheosealated skfidonductor
package 110g:-thidshdlustiapaskadillly assembled and completed stacked semiconductor package.

Referring now to FIG. 12, therein is shown g stacked semicondyctor package 1200 jllustrating an
emibodiment naving SERBRe LA ERae: Far Bl e A ROAF SoRIEGREUG package
1200 has a substraﬂagla()wndimenp lnhe’r&@dxﬂsiplbssmterm@ & ke, Sfmilafraumhaptbnel}tdcud those‘ in
FIG. 9 are m?&ﬁ%@&&‘ﬂ@(&%é&g&%‘ﬂg@tﬁ@ §§E’b&PaEE'?i@ﬁﬁﬁn&’ﬁ%@ﬂ@ﬂ%’&g@w@%@gﬁf&393.deSC“bed

more fully with respect to the stacked semiconductor package 900 (FIG. 9). An interposer 1204 is
mounted in tHeHAEREBRASIEORAheS b AEKad ere2noueditisty car LpEideoBI tHaptcbeil¥etwo

subsystems 1206 @ndel08stherenn.apitileathasuhsystems 1206 anth12QBearedlustatediag wire-bonded
subsystems, it will be understood 8t((ljt'l|?r interposer 1204 may be appropriately configured to receive
any chip-on-Bglgf'ao{‘%Es%r"Wﬁﬁfﬁg% Q) 'éciﬂchip attach ("DCA"), and/or passive integration subsystems
as may be necessafn mtalpsicedFot thenapplidatioin atdehed scrhie sthokedpsekngeoritictfipagkage 1200 is

shown in its f&ﬂ'%&%‘?‘qg@pﬁga%eceives 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 a top 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 supported 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 central
opening 1402 allows an interposer to be supported thereover with components mounted on

both sides thereof.
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completed configuration, with a partially molded encapsulant 1210 filled and sealed at its center by a top
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 pac 1 30Qr Jdis optical

sensor devices 1304306308, BardeBr AECHY FXBRHUB RN A AL FRSMIBHRVLLRRS sypported by a

sealing dam 1310. Referring now to FIG. 14, therein is shown a stiffener 1400 that has been modified to

incorporate aRgE HERAPSISERTTY MeoDtsd thdhina e Lirsaifterapmenis gaedrined Bpening 1402

allows an IntQﬁB%&bﬁQ&Q&HH@%&@& texeauamviiseaRanantpémidnteson both sides thereof. 11 6
September 2006 e}ernn now todE thereln is, shown a bottom view of the structure of FIG. 14

having an mterposer 1SUhed oR t}] herefH]elrseél?o ?r@ﬁlltl%‘éerrﬁ%oﬁré)ﬁ ssi%tﬁ)f are Joméfcf}{o the bottom

of the interpogercts®0withinl theltangen dewtid-dpeming 1 402 cRebersieg, nbaMaé-Gotlb offvaregn is shown
an inverted cig8s-SRGHORRL HIGWRIHRG SIS ﬂ%tjc%ﬁ%%gn%l%? AR 16 SPFsank Aepan be seen,

the large central opening 1402 allows circuit components, such as the circuit components 1502 and an
opposing circiPRYBIRER ‘2SO RibRRiteddSH BOHI 8RS IPotESRIANEIYO Bl HeSIPEERO) of the
interposer 15600.Referring now to FIG. 17, therein is shown a stiffener 1700 having multiple slots 1702

arranged thereon \%\geen he cen?jﬁ ]cdj7 rlphe of the tal plane 1704 the eof. he multiple
slots 1702 can pro FHBBHSH- ]t'ﬁ Act Owntﬁ‘esré 5t gﬁ“ﬂ%é?ﬁ ?? Qinted on top

of the stiffendr707 @0akdefetrimepn batvedal Ge x&mmmmmmobmmmmm O stiféesrgr 1700 (FIG.
17). A wire-beqded di6, 1 80015 AfaGH dEr&QlHEeabo%%m %Hh?eﬁ“ﬁt@'uﬁlﬁ%c%zsoﬁl&fe&%ugﬂff&r&‘ﬁr 1700. The

multiple slots 1702 allow the wire-bon die 1800 to connect electrically to an interposer 1802 mounted
on the oppositéerBPINeied PIhemMbIRr el T of the stiffener 1700. As can be seen, bonding wires

1804 connect througbf&h%gmﬁwleo $ints 187 QRdpatvreshiha Winsohomndadwlier 1800 @mehthel infgrposer
1802. Refern?;%g1 29 al iﬁﬁ A%(?&ow? |Cr11verlf1 c}?cross % tgtlonal VIT% L,{E% o? ucture of FIG.
18 taken on I 8% R \¥ c |flé?) offent LeB8 %n%é%l Hhe top of the
interposer l8@ﬁfanppd§@@.thél‘hﬂrenbbmdiedld’le 180D .allow the wire-bonded die 1800 to connect
electrically to an interposer 1802 mounted on the opposite, or top, side of the metal plane
1704 of the stiffener 1700. As can 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 is shown 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 metal 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 also enhances the thermal and electrical performance not only of the stiffener 2000, but
also of the entire 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 metal plane 2206 thereof. The double-sides type base supporting member 2202

12



Referring now to FIG. 20, therein is shown 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 metal plane 2006 thereof. The window frame- type base supporting member 2002 enhances
the stiffness of the stiffener 2000. Because the stiffener 2000 is preferably madg. gt pigtadotise window

frame-type bare SUNROIHBELIAEIRE #HRe sReRNARES 6 t%%fﬁ%%lr@%?aﬁff%@&@hpﬁ{é&ﬁm?me not only

of the stiffener 2000, but also of the entire package into which it is incorporated. Referring now to FIG.
21, therein iSRG ArFihiveribancrdbs-Seetald fdirtostheeririeiee b e erchactaloén Vot 21-21
thereof. Refesingmaawddried22, therein is shown a bottom view of a stiffener 2200 having a

double-sides type bhase supportin er 2202 that connects the legs 2204 thereaf in pairs, opposite
tho motal piane 2208 (RO T AT dOCbiE SJ0CS e RSB S Beirty A BErIob2 15 & Geptomper
2006 also setvaesue eNhEnCE thkestifiness26f-alstiffdner 2200. Being preferably made of metal, it serves
as well to enhance g therma),and eleeticaliperfprinanse.of.the RAEkAIS INtoMAIEH Baisstodpe

incorporated. Referring now to FIG. 23, therein is shown an inverted cross-sectional view of the structure
of FIG. 22 takehfitfige s8ksdneruetniistermgkasiv e Eredapge iihehit iBrekaivih S HEW- cihist of a

method 2400nkeihJabroatinguastpekedisemicpatiuctiaranaskagen aeearmhancerwitbiiieiesent invention.
The method 2400 inclu esiprovidingasut[)) tr%te % L block 2402; mountin afirEt sent}i;):odr‘;lductor device
ﬁindsoa? [ r% ctor §&

on the substrate i & Bldek HB%faéﬁplﬁo oSEPRERR e HISIPEEThhiBREL Vice opposite
the substratesimachidokt@406yietecpposilly tenndsting tinea ihterhds®btoctbersubstatmestanpldek 2408; and

mounting a sgeaRd SPMIGANIHEIALARVIGHRR MR NIRMRTENN 3 Moskiddt.dhdiRs.Pasn diggovered that

the present invention has numerous advantages. One advantage is the improved thermal performance of
the upper padikaijéctaeseT HetiRlptbvadO-thermal performance is afforded by the metallic pedestal stiffener
that enables heat flavhikopectheidppatParkagRsSFREHIMIBRIBIEROSEMadhe Jowar.sebstzte and/or

lower the. Another advantage is improved hoard level reliabjlity performance afforded by an jnterposer
comprised of 4 AU Ao CLERBEI S THBIMITE EBCATR el Lpo I SHerGr 1A ARt that does
not significanthgnmelpaderthenstifngBsdilthe thackagbs andefieintdfener that enables heat flow from
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.
Yet 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 similar 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 be fully tested prior to assembling them
together into the stacked semiconductor package. This can virtually eliminate the risk of

combining a good component with a bad component in the final assembled package.
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does not affect or degrade board level reliability performance. Yet 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 thequgpgs g tepgesingle lower
circuit board using dofagrRending iR SaThtieuiakilibnef thewnresentineplionaiquds siifanother
important advantage - the ability to combine subsystems in a manner similar to package-level stacking
but with the AWGBABEAETR IPNgH tHermEieraRh At RaRiHiGh BiafaclevstrahiadiRgd Asither
advantage isithefedlitastabiity revideddnbne presentinventiar. ofhakisatihie gevenaktbaigamponents,
and/or packa%es can bg full testeq.grio to ssemblingdtgem to%ether into the stacked j)?miconductor
festing ca very. complicated and e p&NS1Yy nd 1n Some, cases 1t may not be ssible to .
package. ThiS Carr virtuaily eliminate the risk 6t PEOmbining 'a Jood ESMponent With & Bad Component in
the final assersblédl hackapgets 18 BySeptdmioep 2006 Siitvanetherimpordvinaadeantafe sdivat the stacked
semiconductqy, RRGKRAS AN ASSERDIETOM B9 AL AR SHbSKSIGMS AL dhpyselves are each

assembled and tested mdependentéli{\ prior to final assembly. In fact, in the case of integration of a large
system, testing carl B&vEREoPaplicatee]sise S3shsiveckith Fierneicis s rkagay Mokt Pssible to
test all the asppetsef systenpiisstianalitoewereimpdnaienadrRriageoliheprdserbliavaation is that

separate subsystems can he fully.tested prior to s assembly. Thus, it has been discovered that the
s o e g s S e et

stacked semic
heretofore urdieailable solatiahsAaapabilties] @avd e nctipoat Edvantage s GD ndessdrdoly process

yield issues q{eedrﬁffl%ﬂ‘{é_‘s'lé’ LGN G GUVRSNR iP&?Siﬁ?ffé?éﬂ?&ﬂﬁ’Lﬂﬁ%ﬁéﬂ%%@%%ﬂﬁe@ﬁ@nbe

assembled in nearly limitless combinations @s may be required. Different chip and package connection
interfaces, wiEEHEF$ip Chihaedipghtts dpdid-are pEsdilyracearitndseaBmorpedesitintsspidtess and

configurationgrasesstaiotsieruaich RCavmicakisneemplisatad Nighboupysailda, andiefiestives and fully
compatible with, copventional n facturin% rocesses and tec nolé)t%jgs. While the inventiop has been
described in &8t &%Bﬁewm%@b iff O IBEY o iSO BEIRUSPABLH AN M ARy Bietnaties,

modificationsteelmtbvareations will be apparent to those skilled in the art in light of the aforegoing
description. Accordwgh/e &é%ﬁ%%ﬂgﬁ ﬂe@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 non-limiting sense.
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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 non-limiting sense. 14 6 September 2006 THE INVENTION CLAIMED
IS: 1. A method for fabricating a stacked semiconductor package, comprising §i&pg..gh-P5ewiling a
substrate; mayntipgAEF SRIERANC§Eqk device on the substrate; supporting an interposer above the first
semiconductor device opposite the substrate; electrically connecting the interposer to the substrate

wherein the step of supportin ﬁgg %(r)ltr:%erl aser further Fo{g rises gllljggortlnlg the interposer on a metallic

stiffener having a p u‘raliton etgs contal fﬁcgelttlﬁ% L0BstEE AN Oguppoftpr?ﬁ S ORI SteRer on the

substrate; and moueiting a second semiconductor device on the interposer. 2. The method of claim 1
further comprising %U?Ai@o;qlﬁ)%glg?ulating at least the first semiconductor device and at least a portion
of the interposer to form an open cavity over the interposer. 3. The method of claim 1 further comprising
forming at least one"SHBRNSG thitbirgH PRIVt istifa G TBpsEitiching at least one semiconductor

device therethroughufpdihifemietheebols!aavd derther eamprisiogenhancipgdiie siffneseedthe metallic
stiffener by connectipe% at Iiast one rE%air the Iegs with at Ieg\st one base suepgortin member. 5. A
ot

f
R CREAA ‘?éotﬁad‘&tt%P DEEKASE EORBHEINGLEbE ot BBVt Y Sibstrate;

method for fabricatiig 3 St
mounting a first semicondieton@gwes dinrther subsprates; suppotingg the intenposercon a meidlilic stiffener

above the first Semi°°”dU&‘i?ﬂ’eﬂ&"ﬁﬁ%n%pf&ﬁ?ﬁiw%{%Q?Er&{&é’%{ﬁgrtﬁ@sﬂ%@t&tt%pﬁé SHRRASHRG,the interposer

further comprises supporting the interposer on a plane on the metallic stiffener, the  metallic stiffener
having a plurality of legs cOftdltfingtRecsapheatebalitie stshorting the metallic stiffener on the substrate;

mounting a second semiconductor device on the interposer.

2. The method of claim 1 further comprising partial mold encapsulating at least
the first semiconductor device and at least a portion of the interposer to form an open cavity

over the interposer.

3. The method of claim 1 further comprising forming at least one opening

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

4. The method of claim 1 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.

5. A method for fabricating a stacked semiconductor package, comprising steps

of:

providing a substrate;

mounting a first semiconductor device on the substrate;

supporting an interposer on a metallic stiffener above the first semiconductor device
opposite the substrate wherein the step of supporting the interposer further
comprises supporting the interposer on a plane on the metallic stiffener, the
metallic stiffener having a plurality of legs contacting the substrate and
supporting the metallic stiffener on the substrate;

electrically connecting the interposer to the substrate;

partial mold encapsulating at least the first semiconductor device and at least a portion

of the interposer to form an open cavity over the interposer;
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electrically connecting the interposer to the substrate; partial mold encapsulating at least the first
semiconductor device and at least a portion of the interposer to form an open cavity over the interposer;
15 6 September 2006 mounting a second semiconductor device on the interposer within the cavity; and
encapsulating the cavity with a top encapsulant. 6. The method of claim 5 furt@greﬁgmpgsj(j%forming at

least one opening (LRGN HELIANE IR AL AL ISR A0 REPICONIHEARIEURS: thgrethrough. 7. The

method of claim 5 further comprising enhancing the stiffness of the metallic stiffener by connecting at
least one pair of th&MEHRSBBPBSHE FpaHEitPPEfeRS e base supporting member. 8. The method of

claim 5 further comgrisingﬁ%lectin% hefficrlst angl §§rct:€er}d semicondfléctor devi&:es from at least one of a

die, a flip chip die, a'surface mr&ejtrl1l abfé pagélgilve, a multlc-%lﬁpﬁlf)lgl%kagr]rél,l nffﬁflyeélétsé)rl}]eb%)(f 'E8ficonductor

package, a lebdinghrtbeldsed fuliytadssembied semicondudiotpackagehantiaraghbased fully assembled

semiconductor package, a system-in-a-package, and a combination thereof. 16
7. The method of claim 5 further comprising enhancing the stiffness of the

metallic stiffener by connecting at least one pair of the legs opposite the plane with at least

one base supporting member.

8. The method of claim 5 further comprising selecting the first and second
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.
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