11 December 2006 -1 SEMICONDUCTOR DEVICE ASSEMBLIES AND PACKAGES INCLUDING
MULTIPLE SEMICONDUCTOR DEVICES AND METHODS 5 TECHNICAL FIELD The present
invention relates generally to stacked semiconductor device assemblies and packages, as well as to
associated assembly and packaging methods. More particularly, the invention pertains to multidie
assemblies and packages with low 10 profiles and minimal size. BACKGROUNDDd&endsneossons of
many different types of state of the art electronic devicés are ever decreasing. To reduce the
dimensions of electronic devices, the structures by 15 which the microprocessors, memory devices,
other semiconductor devices, and other electronic comgonents of these devices are packaged and

assembled with carriers, SSRHCENREGT OB FIE Vitds IhePe O PAXt K gEReral, the goal is to
economically proddit&hERINEEME bAdREGSISI BN GhARLIEY] SN Sconductive

structures, such as leads, pins, or conductive bumps, which do not significantly 20 contribute to the
overall siz& in the X, Y, or Z dimensions, all while maintaining a very high performance level. One
approach to reducing the sizes of assemblies &E5&HEe 5idbvices and circuit boards has been

to minimize the prﬁ”%@ﬁ@&%ﬁ'@%ﬁﬂ@lﬂ%@&t@@%}%ﬁ _Q&§th%ke%|§&%%ﬁdﬁ%mpﬁé‘ﬁ@§ upon carrier
substrates (e.g., circuit boards) so as to reduce the 25 distances the semiconductor devices protrude

from the carrietsstih8listead\pagbigcty pod <k pdoisnsipted ARTBR Rd vatragh aavehnsisd to facilitate

orientation of SESRIGRRAMALAHRNICES URRIA PRFIEESURAITRIER IIISHTANDRS p&RAVENTRRANNY
semiconductor device packages have been multilayered structures, typically including a bottom layer

of encapslianPrRiieriandneiaimsl 68, 30 leads, a circuit board, etc.), a semiconductor die, and a top
layer of encapsulant material, for example. In addition, the leads, conductive bumps, or pins of

conventional semiconductor device packages, which electrically connect such packages
BACKGROUND

The dimensions of many different types of state of the art electronic devices are
ever decreasing. To reduce the dimensions of electronic devices, the structures by

15  which the microprocessors, memory devices, other semiconductor devices, and other
electronic components of these devices are packaged and assembled with carriers, such
as circuit boards, must become more compact. In general, the goal is to economically
produce a chip-scale package (CSP) of the smallest size possible, and with conductive
structures, such as leads, pins, or conductive bumps, which do not significantly

20  contribute to the overall size in the X, Y, or Z dimensions, all while maintaining a very
high performance level.

One approach to reducing the sizes of assemblies of semiconductor devices and
circuit boards has been to minimize the profiles of the semiconductor devices and other
electronic components upon carrier substrates (e.g., circuit boards) so as to reduce the

25  distances the semiconductor devices protrude from the carrier substrates. Various types
of packaging technologies have been developed to facilitate orientation of
semiconductor devices upon carrier substrates in this manner.

Conventionally, semiconductor device packages have been multilayered
structures, typically including a bottom layer of encapsulant material, a carrier (e.g.,

30 leads, a circuit board, etc.), a semiconductor die, and a top layer of encapsulant
material, for example. In addition, the leads, conductive bumps, or pins of
conventional semiconductor device packages, which electrically connect such packages
to carrier substrates, as well as provide support for the packages, are sometimes

configured to space the semiconductor device packages apart from a carrier substrate.



to carrier substrates, as well as provide support for the packages, are sometimes configured to space
the semiconductor device packages apart from a carrier substrate. 11 December 2006 -2 As a result,
the overall thicknesses of these semiconductor device packages and the distances the packages
protrude from carrier substrates are greater than is often desired for use in state of the art electronic
devices. "Flip-chip" technology, as originating with controlled collapse chip connetiieBnbd2d06
technology, is an example of an assembly and packaghig technology that results in a semiconductor
device being oriented substantialli/bparallel to a carrier substrate, such as a circuit board. In flip-chip

technology, thébariesphddop viathbtipiesss &f seertesticerduelevidevise agkagssdid 8¢ array over a

major surface @it SGMIGRRRMLOpARMIAE FIR-ChiRIesHRIAHES AL ARRLIGRRI (b Rethukareand
packaged 10 semiconductor devices. A packaged flip-chip type semiconductor device, which typically

has solder ball®aysarigetnin of dorcalielgctamgreviseay” (BGA) connection pattern, typically includes a
semiconductor die ang:gLagter SHRRITELS, WhicthiztyRicaltn eRmaEkan oiNiNPOsE cohheiigrposer

may be positioned adjacent either the back side ~of the semiconductor die or the active (front) surface

thereof. 18 WHERthSGhigpsResidppsitiiie el asenbhe andoresideipe tsehsehan Hit éeskl Gie, the
bond pads of the,semiceRaainrdia redvicain e cticaliticoppacied BY 1aviof Wikehends or other

intermediate conductive elements to corresponding contact areas on a top side of the interposer.

These contacts¥daas dsiirviirheatd- Wi lsnsiadsriialy 2w hp danbpide o sa8tas RERick side of the

interposer. ThigReQffliRciRias srmbhin & imRAsiianed adiargit ahighestene! carrier substrate
with the back side of the interposer facing the carrier substrate. If the interposer is positioned adjacent

the active surfae®i6PrdELensiRgseuElR-ditp, i boHes Paeanpigid lsdmhhdatasmdirasiagsse

electrically) conpagitefl daceRUesRN NG LRARE ATFRRIPNHR QRRRSIAuLAR AetiReewitle interposer by
way of 25 intermediate conductive elements that extend t rough one or more holes formed in the

interposer. AgaRIGHY dseifarbad comrasdidatestital s rdaB it igrauntB&E PAENBRCHRE interposer.
In this type of fiRiehiPEIUIAPRALIGIRN AeEE-BREBERRI I ANVEY At substrate, which is typically

termed an "interposer". The interposer may be positioned adjacent either the back side
of the semiconductor die or the active (front) surface thereof.

15 When the interposer is positioned adjacent the back side of the semiconductor
die, the bond pads of the semiconductor die are typically electrically connected by way
of wire bonds or other intermediate conductive elements to corresponding contact areas
on a top side of the interposer. These contact areas communicate with corresponding
bumped contact pads on the back side of the interposer. This type of flip-chip assembly

20  1is positioned adjacent a higher-level carrier substrate with the back side of the
interposer facing the carrier substrate.

If the interposer is positioned adjacent the active surface of the semiconductor
die, the bond pads of the semiconductor die may be electrically connected to
corresponding contact areas on an opposite, top surface of the interposer by way of

25  intermediate conductive elements that extend through one or more holes formed in the
interposer. Again, the contact areas communicate with corresponding contact pads on
the interposer. In this type of flip-chip semiconductor device assembly, however, the
contact pads are also typically located on the top surface of the interposer.

Accordingly, this type of flip-chip assembly is positioned adjacent a higher-level carrier

30  substrate, such as a printed circuit board, by orienting the interposer with the top

surface facing the carrier substrate.



contact pads are also typically located on the top surface of the interposer. Accordingly, this type of
flip-chip assembly is positioned adjacent a higher-level carrier 30 substrate, such as a printed circuit
board, by orienting the interposer with the top surface facing the carrier substrate. 11 December 2006
-3 In each of the foregoing types of flip-chip semiconductor devices, the contact pads of the interposer
are disposed in an array that has a footprint that mirrors an arrangement of corieppesiding tooninals
or other contact regions formed on a carrier substrate3Each of the bond (on bare flip-chip
semiconductor dice) or contact (on flip 5 chip packages) pads and its corresponding terminal may be
electrically connectedisaghelahettaegsyngdynrss 2icBivciineancradvetos deyisesatBe rrasdll, that also

spaces the interROseRAMe-piRaNEe m@géaqmatlhgrpgr@ﬁgtmg%%&pﬁmﬁ%%ﬁwﬁen the
interposer and the carrier substrate may be left open or filled with a so-called "underfill" dielectric

material that prEfRRIEEAE RioTRir el sl aisihsesnaBsitreioamiesnad o r 4aViee and the
carrier substraigp{fAcdiian, SAGR BHHIQ ATEALINGD YRS R GEMIcPBALGIRIHRYICEDH May

include an encapsulant material covering portions or substantially all of the interposer and/or the

semiconddctocBiR PTHEsoKIREs sl o CORFSPABHARIRITBHIP 3% PaelesgecrHuworPBeRY Y array 15
connection pagigengaiieAgfined by the cambinag-thickoessasoh e Remiaondiaiol ditcch@ie

interposer, the adhesive material therebetween, and the conductive structures (e.g., solder balls) that
protrude abové{REPHEarpIEe ditanee rAcBRBLbD FHideTAeNiidtthe flat packages, conventional

flip-chip type packages,akpQitan tndasialiyctbiclefanuste bisBalutbinksiale ot the apalestronic
devices. Furthermore, use of this general 20 construction method for producing a stacked multichip

module (MCMYiHs&LYiE T gorertisdelyeryblbrdiftediig e rbriptitrgetrridesidtigonst fetprstie,

flip-chip type packhgRH Bane-bea dealonRasowhigh itRcideHERRPREQID QrRENET SAITIRSS, Witk
recesses that are configured to receive at least a portion of the profiles of semiconductor devices.

While interpos@fdhhirmaainget s s el divachipsparisianguees i semivdralido ryevicasattitate the

fabrication of material covering portions or substantially all of the interposer and/or the
semiconductor die.
The thicknesses of conventional flip-chip type packages having ball grid array

15  connection patterns are defined by the combined thicknesses of the semiconductor die,
the interposer, the adhesive material therebetween, and the conductive structures (e.g.,
solder balls) that protrude above the interposer or the semiconductor die. As with the
flat packages, conventional flip-chip type packages are often undesirably thick for use
in small, thin, state of the art electronic devices. Furthermore, use of this general

20  construction method for producing a stacked multichip module (MCM) results in a
relatively high-profile, large footprint device.

Thinner, or low-profile, flip-chip type packages have been developed which

include interposers or other carriers with recesses that are configured to receive at least
a portion of the profiles of semiconductor devices. While interposers that include

25  recesses for partially receiving semiconductor devices facilitate the fabrication of
thinner flip-chip type packages, the semiconductor dice of these packages, as well as
intermediate conductive elements that protrude beyond the outer surfaces of either the
semiconductor dice or the interposers, undesirably add to the thicknesses of these
packages.

30 U.S. Patents 5,541,450 and 5,639,695, both issued to Jones et al. (hereinafter
“the ‘450 and ‘695 Patents”), disclose another type of flip-chip type package, which

includes an interposer with a semiconductor die receptacle extending completely



thinner flip-chip type packages, the semiconductor dice of these packages, as well as intermediate
conductive elements that protrude beyond the outer surfaces of either the semiconductor dice or the
interposers, undesirably add to the thicknesses of these packages. 30 U.S. Patents 5,541,450 and
5,639,695, both issued to Jones et al. (hereinafter "the 450 and "695 Patents"), disclose another type
of flip-chip type package, which includes an interposer with a semiconductor die regpibeieestending
completely 11 December 2006 -4 therethrough. The 895 Patent teaches a package that may be
formed by securing a semiconductor die directly to a carrier substrate and electrically connecting the

interposer to thecEhievgubshaidBefaentisasbasiadighiesstbng 1y bedorainy boriseeter 2o the

interposer. ThesemisaRdUsiac dit.dnternediate condisivaalementathialon cpngghbond pads of the
semiconductor die to corresponding contact areas on the interposer, and regions of the interposer

adjacent the rdBiEPRSES i MRethrini e ibsvaisRatredthpssrei enrdreion dir re slranisdlysap ofile
flip-chip type pRakRAReIHE:PACKRIRLANDBALR& (SR SRPAIAIRI onuiRg asighsHbslAte. As a

result, if the package is unreliable, it may also be necessary to discard the carrier substrate and any

10 other cOmpeAiERE heaveBrdaed tBeverigradiERb IR drRFROBBLIRE caOB 9 Atent Wohflicates the
process of conpeGiipg:semicRRiRIOr dRVicRSRRE athst-alagl Qticp CRIBRRNEMNS A carrier substrate.

In addition, it should be noted that in order to obtain a low-profile package, it may be necessary to
sacrifice footpGREGSTHBEEINMERIle HYs fefrthteardls BY SueR BRI AiRaeikRdenn aydbassignificantly
greater than thgapaacake e4th6: SRmicRaAUEIkEIe therant Lhus: (hstedea Aeaddanmyltidie

assemblies and packages that have low profiles and relatively small footprints and for methods for

fabricating sudPressEHhHBE Rl pih draY Ao RS PretiSORECaR IRAAENIFTORPStHECHRSERY invention

compriseg)a SQMIGRIISSAL S VicecBACKABR IR Ak IRE RASBARH @dlgoBlibehsemiconductor
devices in a vertical or stacked arrangement. The invention includes various embodiments of the

device packag@%?ﬁ@ﬁ‘u@&é’f@?ess of connecting semiconductor devices and other electronic
components to a carrier substrate. In addition, it should be noted that in order to obtain

a low-profile package, it may be necessary to sacrifice footprint compactness. The
footprint area of such a low-profile package may be significantly greater than the area
15  of the semiconductor die thereof.
Thus, there is a need for multidie assemblies and packages that have low
profiles and relatively small footprints and for methods for fabricating such assemblies

and packages.

20 DISCLOSURE OF INVENTION
The present invention comprises a semiconductor device package including an

interposer and a plurality of semiconductor devices in a vertical or stacked arrangement.
The invention includes various embodiments of the device package and methods for
assembling and packaging two or more semiconductor devices with an interposer. The

25  semiconductor device package may comprise a chip scale multichip package (CSMCP)
which is configurable in various ways for use in a variety of applications, including as a
memory package. The package may be formed with a thickness not much greater than
the cumulative thicknesses of the devices and, also, may have a relatively small
“footprint”.

30 The package interposer of the present invention includes a substantially planar
substrate with a receptacle formed therein and extending substantially therethrough, i.e.,

from the upper surface to the lower surface thereof. The receptacle is considered to be



assembling and packaging two or more semiconductor devices with an interposer. The 25
semiconductor device package may comprise a chip scale multichip package (CSMCP) which is
configurable in various ways for use in a variety of applications, including as a memory package. The
package may be formed with a thickness not much greater than the cumulative thicknesses of the
devices and, also, may have a relatively small "footprint”. 30 The package interpoaeeeibdiepoesent
invention includes a substantially planar substrate witfy-a receptacle formed therein and extending
substantially therethrough, i.e., from the upper surface to the lower surface thereof. The receptacle is

considered to Béimst It eitbherrrobee 8ndl fiy SORNSISH e prEEKA GBS IESHRYGPBE U PECeive one or

more semicongugiors deyicesrie hd RaaHaRRIUSIRERICE) bR Wil de celigeh s MeRigred to herein as
"first-level” semiconductor devices. The receptacle may be configured to accept several devices in a

side-by-side mdHnelepl/ sprateendir Wi davsaierftheriecsalaels, My BasriissediftsgeRt conductors on
both major surfacgs theveek ihnesrRNgVSiaEsITANeI AAEE $HIWE YAGRS. eue! (9h abauRinetiged traces,

conductive vial connecting the traces, and conductive bond pads and/or contact areas for attachment
of bond wites, I¥&TgeranslpfesrerdHEsem R eBiRIcTvE ete therRal. didi R deriaticid elements,

and outer conRgQis cikbgif itﬁ%%é%}/%v%?(f?ie@@%&Qg@@ﬁ&%@k&%&%'@%&fw%%}ttﬁ@hed to the
n

interposer or to a second-level semiconductor device at least partially superimposed relative to the

interposer. A "Haeshaldvendech Vel padnirdRacersicdavids fior attedensdrabhynd et tmposed

relative to the fRIRPEK dPAEeNsralmiai e diideyed semicanduetosdeyaatehwithindhg interposer
receptacle. The second-level semiconductor device may 15 have its active surface facing upwardly,

with its bond pASVIEEFRAIRF Bhndbiclrts 16 espimiter tuarcsredemmelsssiet Surface of the
interposeroby Way-atsemawhntjaiemaly e xteading iever Radiaisreniurtive: alermaniarivigsnatively,

peripheral contact areas on the second-level semiconductor device may be flip-chip bonded to contact
areas on the iMtEFHEER Ak F1HE fOVEF dBIFiEBHductor device is flip-chip connected to 20

corresponding contack atgasnandheragive spistarecafitoafreond:lgvelsamicansiiatory
superimposed relative to the interposer and generally to the first-level semiconductor
device(s) within the interposer receptacle. The second-level semiconductor device may

15  have its active surface facing upwardly, with its bond pads electrically connected to
corresponding contact areas on the upper surface of the interposer by way of somewhat
laterally extending intermediate conductive elements. Alternatively, peripheral contact
areas on the second-level semiconductor device may be flip-chip bonded to contact
areas on the interposer. If the first-level semiconductor device is flip-chip connected to

20  corresponding contact areas on the active surface of the second-level semiconductor
device, the active surfaces of the first- and second-level semiconductor devices face
each other. Conductive traces and vias extend from the conductive areas on the
interposer to corresponding outer connectors on the interposer, which are arranged in
an array over the lower surface of the interposer. For small footprint packages,

25  microvias having a diameter as small as 50 microns or smaller may be used and may be
directly attached to bond pads or solder ball contact areas, for example, greatly
decreasing the interposer area required for connections within a package.

Optionally, a structure such as a film or tape (e.g., a pressure-sensitive,
adhesive-coated film) may be positioned on the lower side of the interposer to cover the

30  receptacle opening, thereby closing off the bottom end of the receptacle to facilitate the
positioning of one or more semiconductor devices within the receptacle. The film may

be removably secured to the interposer, thereby facilitating the removal of the film



device, the active surfaces of the first- and second-level semiconductor devices face each other.
Conductive traces and vial extend from the conductive areas on the interposer to corresponding outer
connectors on the interposer, which are arranged in an array over the lower surface of the interposer.
For small footprint packages, 25 microvias having a diameter as small as 50 microns or smaller may
be used and may be directly attached to bond pads or solder ball contact areas| fa¢cexgsapogreatly
decreasing the interposer area required for connectior§-within a package. Optionally, a structure such
as a film or tape (e.g., a pressure-sensitive, adhesive-coated film) may be positioned on the lower

side of the intelPbsEnHateeBMen Boheergert ReBEORIHE h clanse b SMENAPIHGH IR BFPESH of the

receptacle to faqjlitalerih@ RqsliRiiog of AP e kML PR IFRIdUE R I BUGeRiwitain the receptacle. The
film may be removably secured to the interposer, thereby facilitating the removal of the film 11

December 2006 -6 foNolisadtiBgintiett BPtAEhaB B LBIRMEINEIRER e e oPaRosHid)sSulation
process. Thus, gridrtherdedigtien indhgdhickerssoidheRacksosdray.paachiryadyAs already

indicated, more than one semiconductor device may be positioned within the receptacle. If a film

covers the lowBERE sHtetie didbB, e densce(sihs mspber sicliredertstifime(éhs., tape or other
member) to fixsthe RARitionidhr SSMIGANIUG ARIqMceiR) belaliviadefbe substrateiokibmbnerposer.

The first assembly level, which is coplanar with the interposer, may comprise several sublevels at

which semicoKIGbthidvicseniradsvitiviedniF R Y EHarIN OBMERaPRBHRGtIRISYA DRIV RICStacked
arrangement. 10 Acdhire-leVely RaNiconIuE St deviae:tarie Rptilinneddelewthe dewes surface of

the interposer and connected thereto, such as by a ball grid array (BGA) connection pattern of
electrical conn¥etsesl F8nssM&idbwn elements and arrangements for making electrical connections.

Each of the semiconduetardavicss comphmicaiede Wi e sutsscannecteIswitbenarskage through
electrical conductors, such as metal 15 traces, bond pads, contact areas, or conductive vial. A

so-called "und&tiircaigidberid FiBRsFat AP B PR E TR et ershitad Besiid af id BEMiconductor
devices and the HH&ROS PhiRBEAWR IR SEBIFROEBISIEN other known elements and arrangements

for making electrical connections. Each of the semiconductor devices communicates
with the outer connectors of the package through electrical conductors, such as metal
15  traces, bond pads, contact areas, or conductive vias.

A so-called “underfill” dielectric material may be placed in the interstices
between the semiconductor devices and the interposer to secure the semiconductor
devices to the interposer and to provide additional electrical insulation between the
semiconductor devices and the interposer. For example, a liquid underfill polymeric

20  material may be permitted to flow into the narrow interstitial spaces within the package
and substantially fill the spaces by capillary action. Thermal or other cure methods may
be used. In addition, or alternatively, the multidie package may be subjected to
additional (full or partial) encapsulation, for example, by transfer molding, pot molding,
or injection molding techniques. Multidie packages incorporating teachings of the

25 invention may be encapsulated with the second and/or third semiconductor devices
fully enclosed or, optionally, with their back sides exposed. The latter configuration
further reduces the profile dimension.

The multidie packages may be configured to be integrally stacked to form
packages of greater numbers of devices. The outer connectors, e.g., a BGA, on the

30 lower surface of an upper package are joined to an array of corresponding contact areas

on the upper surface of a lower package.



devices to the interposer and to provide additional electrical insulation between the semiconductor
devices and the interposer. For example, a liquid underfill polymeric 20 material may be permitted to
flow into the narrow interstitial spaces within the package and substantially fill the spaces by capillary
action. Thermal or other cure methods may be used. In addition, or alternatively, the multidie package
may be subjected to additional (full or partial) encapsulation, for example, by tiarnséeemsidrapepot
molding, or injection molding techniques. Multidie pacKages incorporating teachings of the 25
invention may be encapsulated with the second and/or third semiconductor devices fully enclosed or,

optionally, with their midadie raekees Phéhistay BBivRgir i fo YU PIREH el heed IHE PPy firall
dimension. Thegmyltidig PAGkaoes MAXIRG %@&HW&%@%MEW@J%?@%@%%&&%R@%@HGS of

greater numbers of devices. The outer connectors, e.g., a BGA, on the 30 lower surface of an upper
package are jOIA€EES-ahuathay e citissioBheint e dhisbicieshyhda sHWBpeP Wy arEdtiai REver
package. 11 D&}&'&Mogﬁf?ﬁlt%ﬁ&?i%ﬂl@E@i@ﬁ%ﬁ&@é&ﬁ&ﬂiﬁ@wﬂ%ﬁﬁﬂtQﬁ‘(ﬁe@d sPrRiiee yhereby

the overall helg%?t is not much greater than the combined heights of the plurality of devices in each

package. EurttésirsiergnisiiowproaligHeHrVe thivprekann ifeREal s yrrIHEN g HIBhEXEise

footprint whichris,pfy ARty daragihan the footprint of the largest device in 5 the package. In some
configurations, the package footprint is essentially identical to the footprint of the largest device. As

described herein, theAitstersidiedrherriar hshiesrianriior NG s isARIRS ISt N SR (He
second-level (a54ipRA BRMIRERENRIANERYIGS- ISR @tRisddeMel @amicopaustos davicrigiplaced

below the interposer, it is typically intermediate in 10 footprint size, i.e., between the sizes of the first-

and second-levePéeibistRitavicedsntacsd Selpsyahe xBisiprRasr ridthoaic ity d8ssmedial the multidie

packages(n aggefslance ovith. thedpvantiRnag preseniel. fAack @hiheteethadsonglédss the initial
formation of (a) a first multidie wafer of semiconductor devices (first-level semiconductor devices), 15

(b) a second Kigfs-wafer of semiconductor devices (second-level semiconductor
Several exemplary methods for assembling the multidie packages in accordance

with the invention are presented. Each of the methods includes the initial formation of
(a) a first multidie wafer of semiconductor devices (first-level semiconductor devices),

15 (b) a second multidie wafer of semiconductor devices (second-level semiconductor
devices), (c) additional multidie wafers of semiconductor devices if desired to be
incorporated in the package, at a third-level, for example, and (d) a multi-interposer
sheet or strip of substrate (rigid or flexible), having through-receptacles formed in
individual interposer portions. The order of subsequent steps of assembly depends

20  upon the final package configuration which is to be formed. Generally, each package is
fully formed on a multi-interposer sheet or strip and singulated therefrom following
device attachment and encapsulation.

An exemplary method for assembling a semiconductor multidevice package

(SCMDP) includes (a) singulating the first-level semiconductor devices, positioning

25  them in the receptacles of the interposers, and wire-bonding their bond pads to contact
areas on the upper surface of the interposer; (b) singulating the second-level
semiconductor devices, attaching them atop the interposers with a die-attach tape or
adhesive, and wire-bonding their bond pads to other contact areas on the upper surface
of the interposer; (c) applying an encapsulating material to fill the interstitial spaces

30 and, optionally, to cover outer surfaces of the interposer and devices, and (d)

singulating individual packages from the substrate sheet or strip. Outer connectors may



devices), (c) additional multidie wafers of semiconductor devices if desired to be incorporated in the
package, at a third-level, for example, and (d) a multi-interposer sheet or strip of substrate (rigid or
flexible), having through-receptacles formed in individual interposer portions. The order of subsequent
steps of assembly depends 20 upon the final package configuration which is to be formed. Generally,
each package is fully formed on a multi-interposer sheet or strip and singulated]tibeeiity d@sving
device attachment and encapsulation. An exemplary rethod for assembling a semiconductor
multidevice package (SCMDP) includes (a) singulating the first-level semiconductor devices,
positioning 25PthEMediRe teckprserasiasernd theciiegaser Apbsiiréchamitgtieresd epats to contact
areas on the uppefsYHiage,RI. interposer; (b) singulating the second-level semiconductor devices,
attaching them atop the interposers with a die-attach tape or adhesive, and wire-bonding their bond

pads to other contact!Brishss ahoger aereatdings IeTHEeRsBSE ey isyffgSsri®ncapsulating
material to fill the inigreitialERALESR 8NGhe PRUQMRINVIQRIVRL PHIRUIRYHRCES g tpterposer and

devices, and (d) singulating individual packages from the substrate sheet or strip. Outer connectors

may 11 DécerfBEICoDaE Patpisddrshaite igerhaRstilere thectpber dassahtas saeang-of several

steps in the asgeRIRBLREBRESSINRVRIREyRRIIGASRR a3s6mblinaR sericendistanleyirrRsekage in
accordance with teachings of the present invention, (a) first-level semiconductor 5 devices are

singulated andigYisehe@drmipEHis Bfjleles irentienvdusipratcyiseintrssinsntrs\andsatardisddactor
devices, typicall¢ Wit 8&An (Rbthei serRRdleNel SRMICANSIHETk- dexiaesHsaLyiRg the first-level

semiconductor devices, are singulated and attached to the interposers in flip-chip style (active surface
down), so that$¢BifiP8Rsil deviisdAtistos BBt SReISEEF R B mIIh 6sihretisptatles, and (c)

the sheejgr 18 ph gesnis.phnanrauiaten andingiyidual Raskagaraingralrd fiasthe sheet

or strip. In a further assembly method utilizing flip-chip technology, second-level semiconductor
devices are fir§f¥¥ngulated and attached in flip-chip arrangement to the sheet or strip of substrate and

at least partially coverfheaRerResP I KBEIMRLIES f1ip-chip technology, second-level
semiconductor devices are first singulated and attached in flip-chip arrangement to the
sheet or strip of substrate and at least partially cover the upper ends of the receptacles.
15  First-level semiconductor devices are then singulated and positioned within the
receptacles of the inverted substrate sheet/strip. The first-level semiconductor devices
are then joined to the second-level semiconductor devices in flip-chip fashion, followed
by encapsulation and package singulation.

The encapsulant material may be disposed over the active surface of each

20  semiconductor device located within the receptacle, as well as over intermediate
conductive elements that connect the bond pads to their corresponding conductive areas
on a surface of the interposer and adjacent portions of that surface of the interposer.
Once each semiconductor device is held in place within the receptacle by encapsulant
material, the tape or film (if used) that previously held the one or more semiconductor

25  devices in place may be removed.

In the inventive packaging method, the various devices and interposer are
substantially completed prior to assembly to form the multichip package. Conductive
structures on each device and interposer are formed using known processes to ensure
accurate continuity of the desired electrical connections between the package’s devices

30  and a carrier substrate.

The present invention also includes variations of the multichip packages of

semiconductor devices, as further described.



15 First-level semiconductor devices are then singulated and positioned within the receptacles of the
inverted substrate sheet/strip. The first-level semiconductor devices are then joined to the
second-level semiconductor devices in flip-chip fashion, followed by encapsulation and package
singulation. The encapsulant material may be disposed over the active surface of each 20
semiconductor device located within the receptacle, as well as over intermediate PerRGussivEIOEMeNts
that connect the bond pads to their corresponding confluctive areas on a surface of the interposer and
adjacent portions of that surface of the interposer. Once each semiconductor device is held in place

within the receptacle Hteargpsuiaus shtediactieahie HHRRHQIT scdpseitedravidlyRTAEH the one or

more semiconfUGiar i R ARYWERS A MACR YRS IEMAVedrd —,1BS IMSING Rarckaoiradmgibed. the
various devices and interposer are substantlaélé/ completed prior to aSsembly to form the multichip

package. Con&UbgvEoRtigiiessofradEss dBdirevangatetbBisarrasenforioBing kPROMProcesses to
ensure accurafe,caninyiyoof Bt ARSHSARIRGH IGR! £PISGEARS REIVERDIIE MRCRA/MS devices 30

and a carrier substrate. The present invention also includes variations of the multichip packages of
semiconddctodeeieEsnad e AthamRasEsel 2 vinge cethBerpoosded deiigh various embodiments of
the invention are described and illustrated herein, it is recognized that these embodiments are
exemplary only and not exhaustive. Other configurations, features and advantages of the present

invention will become apparent to thEEIEF &b BLIPN @E%ﬁWéﬁﬁiﬁconsideraﬂon of the ensuing

5 description, the accRAMRhILAWHISS i AN HRSAR ¢ BN RR GRS TN OF
DRAWINGS In the drawings, which illustrate exemplary embodiments for carrying out the invention:

10FIG.1lisa H@@H&Hﬁve view of an exemplary multidie semiconductor device package in
accordange with teachjogg @f ﬁﬁ%ﬂﬁw&ﬂ{'@r\iigﬁf |ﬁli§)&rﬁﬁf§@‘%ﬁﬂY€dYées‘é’rﬁE§H&mﬁﬁ axemplary
multidie semiconductor
package in accordance with teachings of the invention;
FIG. 1A is a perspective view of another exemplary multidie semiconductor
device package in accordance with teachings of the invention;
FIG. 1B is a perspective view of a further exemplary multidie semiconductor
15  device package in accordance with teachings of the invention;
FIG. 2 is a cross-sectional side view of a multidie semiconductor device
package in accordance with teachings of the present invention, as taken along line 2-2
of FIG. 1;
FIG. 2A is a cross-sectional side view of another embodiment of a multidie
20  semiconductor device package in accordance with teachings of the present invention;
FIG. 2B is a cross-sectional side view of a further embodiment of a multidie
semiconductor device package in accordance with teachings of the invention;
FIG. 3 is a cross-sectional side view of another multidie semiconductor device
package formed in accordance with teachings of the invention, as taken along line 2-2
25 of FIG. 1;
FIG. 4 is a cross-sectional side view of a further multidie semiconductor device
package formed in accordance with the invention, as taken along line 2-2 of FIG. 1;
FIG. 5 is a cross-sectional side view of a stacked package of two multidie
semiconductor device packages in accordance with teachings of the invention;
30 FIG. 6 is a cross-sectional side view of another multidie semiconductor device
package formed in accordance with teachings of the invention, as taken along line 2-2

of FIG. 1;



device package in accordance with teachings of the invention; FIG. 1 B is a perspective view of a
further exemplary multidie semiconductor 15 device package in accordance with teachings of the
invention; FIG. 2 is a cross-sectional side view of a multidie semiconductor device package in
accordance with teachings of the present invention, as taken along line 2-2 of FIG. 1; FIG. 2Ais a
cross-sectional side view of another embodiment of a multidie 20 semiconductar deydaeparb@ge in
accordance with teachings of the present invention; FIG. 2B is a cross-sectional side view of a further
embodiment of a multidie semiconductor device package in accordance with teachings of the
invention; FIG. 3 is a BHgsd-scthEsatssiieonidwids uisutiod s arritcs emposiageter davididisackage

formed in aCC%Qﬁﬁ%ﬁME%E%EEH%@%ME& iNYeasiann ASWHEMAIRN DR, 2dakenClibiE- 1 FIG. 4is a

cross-sectional side view of a further multidie semiconductor device package formed in accordance
with the inventit§, %3 &f@&along line 2-2 of FIG. 1; FIG. 5 is a cross-sectional side view of a stacked

package of two multigigssemicoaductor AeYIgsiRACKagES Itackardaneaimithisas hingsiel the invention;
30 FIG. 6 is a cross-sectional side view of another multidie semiconductor device package formed in

accordance witheeRiinge ot g ionmsH, B starelange g thriBednyesfipns. 1; 11 December 2006 -10

FIG. 7 is a cross-sectqaabside iew @icvehanqtheriembpgirmgaidha mmbiciensrraicendustae package
formed in accordance with the invention, as taken along line 2-2 of FIG. 1; FIG. 8 is a cross-sectional

side view of a fGFRISHOURMEIES farmashigiaceskRteoridu e pEaki¥e formed in accordance with

the invention; FIG. 9 isjg cro$s:s&lionatsidaIvrw etanaddiienalembrdinepipiadmtidie
semiconductor package formed in accordance with the invention; FIG. 10 is a cross-sectional side

view of a multitfEnsEhaCcEreR CeisadRAgeondRse IV EPHIR BBRVIEBS in accordance with the invention;

10 FIG. 11 is a cross-sectional side view of a further embodiment of a multidie
semiconductor package formed of three devices in accordance with the invention;
FIG. 12 is a cross-sectional side view of a multidie semiconductor package
formed of four semiconductor devices in accordance with a method of the invention;
FIGS. 13A - 131 depict a method for forming a multidie semiconductor package
15  in accordance with teachings of the invention;
FIGS. 14A - 141 depict another method for forming a multidie semiconductor
package in accordance with the invention; and
FIGS. 15A - 15K depict yet another method for forming a multidie
semiconductor package in accordance with the invention.
20 Dimensions of elements in the figures are not necessarily to scale in order to
provide clarity in understanding. Like numerals are used to identify like elements

throughout the drawings and description.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

25 Referring to FIG. 1, a multichip semiconductor device package 10 according to
the present invention is illustrated. As shown, FIG. 1 is an external view of the
package 10 and is representative of a large number of possible device configurations
exemplified in the figures following FIG. 1. Package 10 is illustrated as having an
upper surface 12, a lower surface 14, and peripheral edges 16. Outer connectors 18,

30  shown here as solder balls in a ball grid array (BGA) connection pattern, are depicted as
being on the lower surface 14 of the package 10 and attached to contact areas 9 on a

representative carrier substrate 8. The dimensions of the package 10 include length 11,



10 FIG. 11 is a cross-sectional side view of a further embodiment of a multidie semiconductor
package formed of three devices in accordance with the invention; FIG. 12 is a cross-sectional side
view of a multidie semiconductor package formed of four semiconductor devices in accordance with a
method of the invention; FIGS. 13A - 131 depict a method for forming a multidie semiconductor
package 15 in accordance with teachings of the invention; FIGS. 14A - 141 depig&raiber zoethod for
forming a multidie semiconductor package in accordahice with the invention; and FIGS. 15A - 15K
depict yet another method for forming a multidie semiconductor package in accordance with the

invention. 20 DiidghdibardorestisHdhtekinetid figerelsiare abthsctissaseiguisTscatacivrdet to provide

clarity in unde@?@%@%&&@m}%@m&q@gd Taddsntife 'Hﬁ}ﬁe'%m%'géﬁlat{é@fﬁ&ﬁ&g&ti@ drawings and
description. BEST MODE(S) FOR CARRYING OUT THE INVENTION 25 Referringto FIG. 1, a

multichip semieematictag agteldarhyidtvldcdimensits. dsépredeniirriertondstiRistrated. As
shown, FIG. 11549 £xiermahyisyueltheo BRGKAR BbanddsHRPRRSS RIAHEOh R IALISVIHERRAL Of

possible device configurations exemplified in the figures following FIG. 1. Package 10 is illustrated as
having and uppg&eagiedsulated [Bidreldrface 14, and peripheral edges 16. Outer connectors 18, 30

shown here as solderiglls R halk AR BEAL SATNRSHIOR, PRUSHIN 36 BRINGIAE 45 0PgiNg on the

lower surface 14 of the package 10 and attached to contact areas 9 on a representative carrier
substrate 8. TRERFFERYORE it & paekAfdstolinelceresTeddgiecncenswasaibEFR006 -11 width 13

and vertical thiCkneS%ﬂ-ﬁI@X%%ﬂ@t%ﬂP@cﬂ@é@Gﬁf@%ﬁ%ﬁri§‘@1%%’51 J«%hremly@lﬁatﬁ@%the lower

surface 14). The outline of the encapsulated package 10, comprising length 11 and width 13
dimensions, déRRBYRABERIMIFRRAET B HaeR A enD Y IHE RGO L P HOWRRPIIE 11 Eifresents a

multidie pgckagwhligh4aast 2 PRIIMERGPENAE N AN & inckhdepisis anetheiackage

configuration, in which the back side 44 of an up(Per semiconductor device 40 is left uncovered in the
encapsulation g}é@sulatlon process may be operated to encase back side 44 as well.

FIG. 2 illustrates one embodiment of package 10 which depicts the upper
surface 66 of interposer 61, including conductors 70, contact areas 71A and 71B, and
traces 72. Also pictured is a first-level semiconductor device 20 positioned in

15  receptacle 65 and having its bond pads 30 wirebonded by intermediate conductive
elements 32 to contact areas 71A. The outline of a second-level semiconductor
device 40 is also shown. The interposer 61 of package 10 is formed of a substantially
planar substrate 60 having a receptacle 65 formed therein, i.e., extending from an upper
surface 66 to a lower surface 68 of the substrate 60. The interposer 61 has

20  conductors 70 on its upper surface 66 including traces 72 and contact areas 71A and/or
71B. The lower surface 68 is shown with conductors 74, including contact areas 75 to
which outer connectors 18, e.g., balls, bumps, columns, pillars, or pins of conductive
material (e.g., solder, another metal or metal alloy, conductive or conductor-filled
elastomer, etc.), are attached. The upper surface conductors 70 and lower surface

25  conductors 74 are depicted as being connected by conductive vias 78 in the form of
microvias having a very small diameter, e.g., less than about 300 microns. Intermediate
levels of conductors (not shown) may be provided within the interposer 61 and
connected by conductive vias 78. The conductive vias 78 may be formed by
photoimaging, laser ablation, plasma etching or the so-called “B*IT” process, for

30 example.

The substrate 60 of interposer 61 may be formed from either a rigid or flexible

material. For example, the substrate 60 may be formed from silicon or another



In FIG. 1 B, another package configuration is shown with encapsulant 90 surrounding semiconductor
device 40 and visibly extending to an interposer 61. The 10 back side 44 of semiconductor device 40
is shown as uncovered but, of course, the encapsulation process may be operated to encase back
side 44 as well. FIG. 2 illustrates one embodiment of package 10 which depicts the upper surface 66
of interposer 61, including conductors 70, contact areas 71A and 71 B, and tragepetniblsopamured is
a first-level semiconductor device 20 positioned in 15-i€eeptacle 65 and having its bond pads 30
wirebonded by intermediate conductive elements 32 to contact areas 71A. The outline of a

second-level sEmiicoRdueide Beiatal 4o g s WA IHse itterpddes BRI Shckatje® [sarmed of a

substantially planargHisitaic L3 MAVINOIALESFRIBHE BRIMFhNRIE Y hEeSXIENPIRGffPm an upper
surface 66 to a lower surface 68 of the substrate 60. The interposer 61 has 20 conductors 70 on its

upper surface 8®THER B iBeraEsY olegit b RtEt Bramg nEAhsFRIPST1 BltP bRk Sthehice 68 is
shown with copelu@ars fdpREIUNINGGRNIBEE AIRAR APHO LA EH IBHIEIHRABEEIRES A Bint1BaiRallS,

bumps, columns, pillars, or pins of conductive material (e.g., solder, another metal or metal alloy,

conductivé or CoHuEIsRHREAN fsthrsen.did yeare ettaBHed oty e berie @880 and
lower surface 2a.condugiored é‘tﬁ@lﬁi@Qiﬁﬂiﬁiiﬁﬁ@%ﬂ&?&@ﬂ@%}@s@ﬁp&@%iﬁ(ﬁé/fﬁﬁt%ﬁiﬁ.the form of

microvias having a very small diameter, e.g., less than about 300 microns. Intermediate levels of

conductors (not showR§GFRHME Sroveebeniivtreeintigiiotyfersdsubsine ABdobyedRuctive vial

78. The condugtiye Mizhd$ maydeiorroedly RhataipireNkdassr aation cpiagiarsiching or the
so-called "B2IT" process, for 30 example. The substrate 60 of interposer 61 may be formed from either

a rigid or flexigidamRiferidIares BxaREs el REHIBLH Kb BOYMUYBRIEHEY BrdRTERe h BE another 11
Decembe 2008 mke SENveoRsiciNe-matarip 2 i@alliyy aganidedndium phasphideosied, with at

least some surfaces thereof being lined with an electrically insulative material to prevent shorting of
the various el EHURSSHIHRG R rERElB8s OMHt¥rnatively, other suitable interposer substrate

materials may be usegl Eﬁi@dﬁbﬂ@@i&'ﬂtﬁgﬁﬁi@i@niBf:lé&llmgamiconductor device relative to the
interposer 61 will be noted as being at a “first-level”, i.e., within the receptacle 65, at a
“second-level,” i.e., above the upper surface 66 of the interposer 61, or at a “third-

15 level”, i.e., below the lower surface 68 of the interposer 61. In addition, sublevels may
exist within each level, each sublevel being occupied by a semiconductor device. Thus,
a wide range of semiconductor device combinations may be achieved to meet a
particular package’s electronic footprint and thickness constraints for a particular
purpose, whether that is for a microprocessor, memory device, or other purpose.

20 As depicted in FIG. 2, a first-level semiconductor device 20, or die, is
positioned within receptacle 65 and generally coplanar with the interposer 61, having its
active surface 22 facing upwardly. The back side 24 of the first-level semiconductor
device 20 may be approximately coplanar with the lower surface 68 of the interposer 61
and may become part of the lower surface 14 of the package 10. Bond pads 30 on the

25  active surface 22 of first-level semiconductor device 20 are electrically connected to
contact areas 71A on the interposer 61 by intermediate conductive elements 32 (e.g.,
bond wires, conductive tape-automated bonding (TAB) elements carried by a dielectric,
polymer film, thermocompression or ultrasonically bonded leads, etc.). The bond
pads 30 of first-level semiconductor device 20 may be located on the active surface 22,

30 either along a central axis of the semiconductor device 20 peripherally or otherwise, as

known in the art.



5 without limitation, FR-4 resin, BT resin, ceramic, and polyimide. The substrate 60 may have a
laminated structure comprising sublayers, or plies, of one or more materials. Receptacles 65 may be
part of the originally formed substrate 60, or may be subsequently formed by "routing" or by a photo,
laser or plasma technique, for example. A large number of interposers 61 may simultaneously be
formed in the 10 format of a substrate sheet or strip 62 (FIG. 14F), and all receptanesnoSetro@n
formed sequentially or substantially simultaneously. kihis discussion, the position of each
semiconductor device relative to the interposer 61 will be noted as being at a "first-level”, i.e., within

the receptacle 65, at & se¥shigyelemicendustnielevice dds Barftierede b Yréhintaipipeserdl or at a
"third 15 level’, i @ DelRY gV SHARRRi68 Ahiig.nigRase oin %fﬁ%i,ti%_ae,%bi%&l@am@y exist

within each level, each sublevel being occupied by a semiconductor device. Thus, a wide range of
semiconductoPabes. dehBiraibnsIa§Pee e Rrdveandhmessoad darskorar perdierslerdcarthic

footprint and tRickRASH,EEAETO R A RAMSHRb MMRARS MABRIAR DS AR {ef A TRICHRINQ GBS SOr,

memory device, or other purpose. 20 As degécted in FIG. 2, a first-level semiconductor device 20, or

die, is positiodBEMtESFIREEpthEnCHSTaRE PshEsanyoineri-WHel fsireadisier Bithadifts active
surface 22 facigg wpwsuohy ddeRaek sidert afdhadiratienebsamicapdusiphsdeyics phomax be

approximately coplanar with the lower surface 68 of the interposer 61 and may become part of the

lower surface #40f-efysdashaced B peliec30dirarft? 25 apnd devrheamisididievel
semiconductoigdeicaPRag i lesits3tywanenaried Je ncnaciaies dkirpardheintemoser 61 by

intermediate conductive elements 32 (e.g., bond wires, conductive tape-automated bonding (TAB)
elements carridiSBPedhEsetichEysaIMh Thermocompression or ultrasonically bonded leads,

etc.). Thgpond pads &0 gl atitErRE SEMMEqRENEierdavics- 2 A PR Iacaied £ e agiivaurface

22, 30 either along a central axis of the semiconductor device 20 peripherally or otherwise, as known

in the art. 11 DBeERHSCD0 Y $8ikeBFEAdy dinsrATkasadfiar thandeintyRG3bstioned above the
interposer 61 andpiaeiatbinaretad hdashesiyscaiatieiial wiidnthedersmidiinutanenanadowable

Alternatively, pot molding or injection molding processes may be used. The
encapsulant 90 encloses the second-level semiconductor device 40, including its active
15  surface 42 and intermediate conductive elements 52 attached to the interposer 61. The
upper surface 66 of interposer 61 is also enclosed in encapsulant 90, as are interstitial
spaces 80 between the semiconductor devices 20, 40 and the interposer 61.
The receptacle 65 may be formed somewhat centrally within the substrate 60
and is laterally confined by the material of the substrate 60. The receptacle 65 is
20  configured to receive one or more first-level semiconductor devices 20 in such a
manner that the active surface 22 of each semiconductor device is positioned for
electrical attachment of the first-level semiconductor device 20 to the interposer 61.
The receptacle 65 may be smaller in size than the second-level semiconductor device 40
in at least one dimension (length or width). Likewise, the first-level semiconductor
25  device(s) 20 may have smaller footprints than the second-level semiconductor
device(s) 40. The interstitial spaces 80 may be filled with an encapsulating material for
supporting and protecting the first-level semiconductor device 20 and sealing the active
surface 22 thereof.
In the embodiment of FIG. 2, interposer 61 includes contact areas 71A and 71B
30  (e.g., contact pads) formed on the upper surface 66 thereof. Contact areas 71A are
adjacent the receptacle 65 for wirebonding to bond pads 30 on the active surface(s) 22

of the first-level semiconductor device(s) 20. Each contact area 71B corresponds with



polymer, for example. The spacing between the second-level semiconductor device 40 and interposer
61 is maintained to accommodate intermediate conductive elements 52, 5 minimize electrical
interference between the second-level semiconductor device 40 and one or both of the first-level
semiconductor device 20 and the interposer 61 to produce a low-profile package 10. The active
surface 42 of second-level semiconductor device 40 has bond pads 50 which aresé@wib&orogected to
contact areas 71 B by intermediate conductive elemeids 52. 10 As shown in FIG. 2, the package 10 is
encapsulated in an insulating encapsulant material 90 by any suitable method. The package 10 as

shown is typicanefiseneaissitdtioPeyladrsilymonariicd protrsgnesby s ieriicH thelsBeitonductor

industry. AltergagivalynPat mMAldingaf iNstionmRIRoBcassRA A REl ¥safllbhgiencapsulant 90
encloses the second-level semiconductor device 40, mcludln%qlats active 15 surface 42 and

intermediate cBAtYHSH/AlBlchramesmatesseid tHaspitispbseeBledterds,y ppiediffate BEGf
interposer 61 isplsoenciased iR ensarsUanirIe a-aha-RIRISIHA - SRARSS 3R QeI TIRE,

semiconductor devices 20, 40 and the interposer 61. The receptacle 65 may be formed somewhat

centrally withirftheQlitratasetl Bnks o ratedauiidnnh e socendisatd samisendusitisiexisst) tthe

receptacle 65 E&Qt&@@ig&%ﬁ%ﬁ%ﬂ@n%%&ri%@(ﬁéﬁ%‘é‘%ﬁ(ﬂcﬁ%ﬁ%%@ﬁ&ﬁ% slevipgs _20 insuch a
manner that the active surface 22 of each semiconductor device is positioned for electrical attachment

of the first-levelSEi iSRG Heltca 2P dmada e pddetmiactiigaretbptddiB. 65 rHaGB maller in

size than the sgeppdde¥ahagrisgnscior deviea4Qnimatlsrgane titiensian(eRatQs Width).
Likewise, the first-level semiconductor 25 device(s) 20 may have smaller footprints than the

second-level s&ldnductor device(s) 40. The interstitial spaces 80 may be filled with an

encapsulgjing material faiusHRPaHiRg ANckRidiesiathel fi sideyal serpicardusiandeyice7d@ and
sealing the active surface 22 thereof. In the embodiment of FIG. 2, interposer 61 includes contact

2
areas 71A and’ YBROBOT(HIPUED g SR ISERRSF IS BSOS srRO IS indaeles 6 tharapeee Bhtdct areas
71A are adja%}*wéﬁm%p@_ SR WEPIRIinE RO PassH3APN therp&divaisiwiaoe(s) 22 of
levi

the first-level semiconductor ce(s) 20. Each contact area 71B corresponds with 11 December
2006 communicates with a conductive via 78, which passes through the interposer 61 to

contact area 75 on the lower surface 68 of the interposer 61. Outer connections 18,

15  such as solder balls, are connected to the contact areas 75, enabling ready connection to
contact areas (not shown) of a carrier substrate (not shown) (e.g., a circuit board,
another semiconductor device, etc.).

Some of the conductors 70 and corresponding conductive vias 78 may
alternatively be positioned near the receptacle 65. As shown in FIG. 2A, a variation of

20  the interposer 61" includes contact areas 71 A and 71B that may directly overlie
conductive vias 78. Thus, in a package 10" including interposer 61, the first-level
semiconductor device 20 is connected to outer connectors 18, which are secured to
contact areas 75 located at an opposite end of each conductive via 78 and which,
therefore, lie directly below contact areas 71A and 71B. Alternatively, as depicted in

25  FIG. 2B, another embodiment 10” of a package incorporating teachings of the present
invention includes another variation of interposer 61”. Interposer 61” includes
conductive traces 76 on the lower surface 68 thereof, which may extend laterally
outward from the conductive vias 78 to more peripherally located contact areas 75 to
which outer connectors 18 are secured.

30 The outer connectors 18 are shown in the drawings as comprising solder balls or
bumps. However, various conductive structures 18, such as columns, pillars, or other

structures formed from a conductive material, such as solder, metal, or z-axis



-14 and is configured to be electrically connected, via intermediate conductive elements 52, such as
the depicted bond wires, conductive TAB elements carried by dielectric polymer film,
thermocompression or ultrasonically bonded leads, or the like, to bond pads 50 on the active surface
42 of the second-level semiconductor device 40. Thus, 5 the contact areas 71B are located outside of
the second-level semiconductor device 40 to facilitate electrical connection to theDigierBedia
conductive elements 52. The conductive elements 32]%2; bond pads 30, 50; contact areas 71A, 71B,
75; traces 72; and vial 78 may comprise, for example, aluminum, gold, silver, conductive alloys, or
the like. 10 CofRIi erelesomerdRedundi g PREATHANYCI HEFERN - RBHFOERBIC N ENdad T 1A, 71B, on or

through the interngRerfly iR CORSPRY Nt COREHCHT 8 1A AHaRARHHR Al c ATV HRUSE AR enEPPEr
surface 66 of the interposer 61. Generally, each conductor 70 communicates with a conductive via 78,

which passes 6N HeaRiEplIsiE Heyicsbhicaxnismdncine doviet BirFage 63 adRe interposer
61. Outer connggligns3&rake, aH6MasSyReIdeE Ralknarepparnested to the contact areas 75, enabling

ready connection to contact areas 5(}not shown) of a carrier substrate (not shown) (e.qg., a circuit board,

another sémiconductérdBoa ieidl§- Sonisisrt 0y iRabIdey o avnubrdslislsaRg conductive vial 78

may alternativgly,Be.pariHRRGhN6AMWIF AARE RERGIR A3t &ﬁcﬁ@%{fﬁbgﬁﬁhg%t aeiatianph 20 the
interposer 61' includes contact areas 71A and 71B that may dlrect% overlie conductive vial 78. Thus,

in a package Torshigvelisgiterdocer gevisse frét-BeSPassHi b srceblfyonnected to outer
connectors 18 uihichaie SeaUvRS ) SANACLRIRBSHE IRSAIRe-A arTapRAsiis eRdoheascopductive

via 78 and which, therefore, lie directly below contact areas 71A and 71B. Alternatively, as depicted in

I
25 FIG. 2B, arfStisértdinbislinisaies apd fppanlugenHest sorkdig tterahsgricanfiecredeviecinlention

includes pnothgiMaT QR @piRtar BESAIdGLoulRICIR PGB iRe!Weleh CCRIELGIMR HikRSfO ON the lower
surface 68 thereof, which may extend laterally outward from the conductive vial 78 to more

peripherally lo85taer dShard ars24di5 82 NSt AebivRbthrEi2es aretBadt fRtPati A outer
connectors 18 @yia1BRVWAIApHeHAWNSH RRIRUNNRI RSUSRIEBERAUS @0 are described

hereinafter.

FIG. 3 illustrates another embodiment of the multidie semiconductor device

15  package 110. This embodiment differs from that of FIG. 2 in that the second-level
semiconductor device 40 is mounted on interposer 61 in a flip-chip arrangement and is
shown connected to contact areas 71B on the interposer by discrete conductive
elements 56, balls, bumps, pillars, columns, or pins formed from conductive material,
such as solder, conductive or conductor-filled elastomer, z-axis conductive elastomer,

20  or the like. In other respects, this embodiment is similar to that of FIG. 2.

Configuring second-level semiconductor device 40 to be mounted in a flip-chip
arrangement provides a package 110 with a reduced profile, inasmuch as intermediate
conductive elements 52 are eliminated. Nevertheless, the package 110 is shown with
encapsulant material 90 covering the second-level semiconductor device 40.

25 The package 110" of FIG. 4 differs from the package of FIG. 3 only in that the
encapsulant material 90 is mold-applied to leave the back side 44 of the second-level
semiconductor device 40 uncovered. For many applications, additional covering of the
back side 44 is unnecessary; eliminating this encapsulant provides a further reduction in
profile (package thickness 15 in FIG. 1).

30 Another feature of the present invention is that two or more packages of the
invention may be stacked to combine a larger number of semiconductor devices in a

low-profile, small footprint manner. Shown in FIG. 5 are two packages 110, 110°



bumps. However, various conductive structures 18, such as columns, pillars, or other structures
formed from a conductive material, such as solder, metal, or z-axis 11 December 2006 -15 conductive
elastomer including one or more discrete, anisotropically conductive regions, may be secured to
contact areas 75 to facilitate communication between the plurality of semiconductor devices of the
semiconductor device package 10 and a carrier substrate, another package on piheseaar2006. 5 As
shown in FIG. 2, package 10 also includes a quantity-dbdielectric encapsulant material 90 within the
interstitial space 80 adjacent the interposer 61 and first-level semiconductor device 20, in the space

surrounding theagEtbmh goeisrrsepnidbadbetof HEViva3 20dAdesvenhyitry thie tbrpadtlls1. The
encapsulant majerial, 9. fldgastPRidial v seaiue AR oty E&W&ﬁ%k%?%%lﬁ@e‘éq\d@, sg@riconductor

device 20 10 within the receptacle 65 and secures and protects the second-level semiconductor

device 40 (and@ghiPdeRNGSHAT omsstars d8\itaeyed/bensathathesk kY- pahsaraskagsmpiete
encapsulation féﬁﬁ@&‘M?é&@%%@ﬁﬁh@ﬁﬁe&%@@oﬁﬁé&@?@ﬁsﬁ?@' afiateFifanSdflustrates

another embodiment of the multidie semiconductor device 15 package 110. This embodiment differs
from that 6f FIGAXIgR AP tRECIBsIH IS8 AffAS MdLRRSRIBIRS AaTRepRRuAtdBedAtRIROSSHSdr 61 in a

flip-chip arranggmgnt-aREiseSHIWMERNRKIAY (QERFAM AreR TR AN iRss NiRRSBhAY discrete

conductive elements 56, balls, bumps, pillars, columns, or pins formed from conductive material,

such as solderNEIMAGHGOBICE SABRREYTilE A andstdhiBrersHigh sParRr R BINSEIHS, 20 or the like. In

other respectsptbis grohodigantiie similay: iadhalafdidCorn RN SecONGEIEYE) BRRVEONdUCtOT
device 40 to be mounted in a flip-chip arrangement provides a package 110 with a reduced profile,

inasmuch as inffsidRlie NOHHOSREPR FEINE2 e dliiARRE Nevrtheless, the package 110 is

shown with encapsulam HaiRNahRQ SMBHNEHIBEEREANDTISMAI RAINCRNIAIGIRE deMiegAP1 @5 The
package 110' of FIG. 4 differs from the package of FIG. 3 only in that the encapsulant material 90 is

mold-applied ¥ 1B5YE e H¥ K Yide (4 of treldedBrdyonty LighivolRsrdradicecaitsdovered. For
many applicatighgqrRdsiionahcaered bth®nductor devices 20, 40 thereof) and very small

footprint (i.e., a footprint that is about the same as or only slightly larger than that of the
second-level semiconductor device 40 thereof). In this package 110", the

15 interposer 61" is configured to be only slightly larger than the second-level
semiconductor device 40. This package 110" is particularly configured for use in
miniature electronic apparatus of all types. The density of conducting elements in and
on the interposer 61" is shown to be generally inversely proportional to the fraction of
interposer area consumed by the receptacle 65.

20 All of the packages discussed thus far include a first-level semiconductor
device 20 which is electrically connected to an interposer by way of elongate
intermediate conductive elements 32. In FIG. 7, an embodiment of package 110" is
depicted in which the first-level semiconductor device 20 is attached in flip-chip style
to the back side 44 of the second-level semiconductor device 40 by way of solder

25  balls 36 positioned between bond pads 30 of the first-level semiconductor device 20
and corresponding bond pads 59 on back side 44 of the second-level semiconductor
device 40. Conductive traces 84 that are carried on the back side 44 of the second-level
semiconductor device 40 extend from bond pads 59 toward an outer periphery of the
second-level semiconductor device 40. Discrete conductive elements 82 electrically

30  connect conductive traces 84 on the back side 44 of the second-level semiconductor
device 40 to corresponding conductive traces 72 on the interposer 61. The second-level

semiconductor device 40 is, in turn, electrically connected by elongate intermediate



back side 44 is unnecessary; eliminating this encapsulant provides a further reduction in profile
(package thickness 15 in FIG. 1). 30 Another feature of the present invention is that two or more
packages of the invention may be stacked to combine a larger number of semiconductor devices in a
low-profile, small footprint manner. Shown in FIG. 5 are two packages 110, 110" 11 December 2006
-16 having a configuration like that of FIGS. 3 and 4, except they are only partialyD&resnsuated to
leave room for outer connectors 18A between the paekages 110, 110" and to leave outer connectors
18 exposed beneath package 110. The packages are joined in a package stack 88 by intermediate
connectors 1820nslyctizg elepsals B 1o paiiesteaar) Bejoihedrpcesatisefte a8 the on the upper
surface 66 of thg.injerpaser 61 of lower package 110. The package stack 88 may be further
encapsulated to enclose intermediate outer connectors 18A and fill interstitial spaces 80A between

the packages 110 afd@208. Sth8r Idtanhédideeicbriexions eBpaskagopt)usethisiptiee of solder balls,
including bumps, Al MR EIEviaS KROWNIBhiRe @il BiF! i f HHUSBAISRIRNAINGE Srnbpdimet of

semiconductor device package 110" with a very low profile (i.e., a profile that is only slightly larger
than the cOmbfHda casitiotises of the stacked semiconductor devices 20, 40 thereof) and very small

footprint (ie., a f00¥p'1iﬁ"tﬁb%‘al§< Iéh_ﬁf PO asoRE Ak %Mﬁ'_ﬂl@ﬁ%%%%@@@@fo@?&fi%&cond'|9Ve|
semiconductor device 40 thereof). In thlrzqﬁackage 110", the 15 interposer 61 " is configured to be only

slightly larger t53f! feanicusivgiasavise it shei akisPebit@ TR pa B a8 vie Paktrtuttrly

configured for yisg d-dRinialdIe &IgEHRRIGGPRAMRILSS i RS cOhGueg DS kY AfepaNskiLtingLRlgments in
and on the interposer 61 " is shown to be generally inversely proportional to the fraction of interposer

area consumetPBIPHHENSeRileie 652Dy Alhgpahe paikagilithscelusut i aay Hdilie a%tst-level

semicondyctoryevier dlradishis BIRGHIRRIN COMReiard 19 aDNALRIPRESEAY MY clangate
intermediate conductive elements 32. In FIG. 7, an embodiment of package 110™" is depicted in

which the first ¢ seniit SREOERIN iR Ofce oS eotia THmMerlp dpdcysitk HEHEU4 of the
second-level seRISONAURIOE deMicesAR:RY Wy hsQldekhd-level semiconductor device 40 connect

the contact areas 59, via discrete conductive elements 56, traces 72, conductors 70 and

conductive vias 78, to contact areas 75 and outer connectors 18. Bond pads 50 on the
15  second-level semiconductor device 40 electrically communicate in a like manner with

outer connectors 18. Although the first-level semiconductor device 20" in this example

is shown with two centrally arranged rows of discrete conductive elements 36A, a

semiconductor device 20" with peripherally located discrete conductive elements 36A

may be used with a second-level semiconductor device 40 that has shorter conductive
20  traces 54 extending over the active surface 42 thereof.

FIG. 9 depicts a package 210" which varies from the embodiments already
described. In the package 210" of FIG. 9, a first-level semiconductor device 20 is not
mounted within the interposer receptacle 65. Instead, a third-level semiconductor
device 100 is mounted with an active surface 102 thereof facing upward toward the

25  receptacle 65 and the lower surface 68 of the interposer 61 and secured to the lower
surface 68 with adhesive material 117. Bond pads 118 on the third-level semiconductor
device 100 are shown connected to the active surface 42 of the second-level
semiconductor device 40 by discrete conductive elements 116. The back side 104 of
third-level semiconductor device 100 is shown uncovered, but may be encapsulated. In

30  FIG. 9, the interposer 61 is shown as being formed from a flexible or so-called “flex”
substrate material of a known type, which typically has a reduced thickness relative to

rigid substrates.



25 balls 36 positioned between bond pads 30 of the first-level semiconductor device 20 and
corresponding bond pads 59 on back side 44 of the second-level semiconductor device 40.
Conductive traces 84 that are carried on the back side 44 of the second-level semiconductor device
40 extend from bond pads 59 toward an outer periphery of the second-level semiconductor device 40.
Discrete conductive elements 82 electrically 30 connect conductive traces 84 an thecbawksieai4 of
the second-level semiconductor device 40 to correspdfiding conductive traces 72 on the interposer
61. The second-level semiconductor device 40 is, in turn, electrically connected by elongate

intermediate 11 DeceifBet @oevs EmugHdifchiekaseAthtsHreh ¢cynbireaiers s of Hiethe upper

surface 66 of theNetPaeened: 5IGHGS, §at@ollgid v RepiChrariations At Ratkras 10 in which the
semiconductor devices are all connected in flip-chip fashion, either to the interposer 61 5 or to each

other. In the p&eKi§e20 1oRspitioned Wohd [raqBtadoptARdAitnrdad; fipechip siefifen regend-
semiconductoidry et e ARENAE WGRRIAChATEAD wIRDi NEASINS PURED v Bhds Sgcond-level

semiconductor device 40 by discrete conductive elements 36A, shown comprising conductive balls,

although Bump§NpaRidueruipYise s B ihs, dsfdelo ibicstra clgraants rAd &% metal,

conductive or GRAANCIIE ) GIBRIPAIET Qs HRyiks: (RAraA) GNISRIRRRIGAFeaXiRgapductive film)
could also be used. Conductive traces 54 on the active surface 42 of the second-level semiconductor

device 40 conde¥icerd) cdmserehicsd srRigridestordpnigeriiti e rirdisd 86 Hircdirmaggatiuctors
70 and conduaiiﬁ?ew%ﬁé&u&@ae@r@@ssf HEATAPABHAUIRhGRPNANIS L& RardRadsnd R Ehe 15
n

second-level semiconductor device 40 electrically communicate in a like manner with outer

connectors 18CARABLAF kel grals Einen domhidembirtlsy bvrdes ond s leseamiinadisi@kown with two

centrally yranged dQvep o FisarRie (QpelGieRleMRRLE 38 AduResmicentiugtor device 20" with
peripherally located discrete conductive elements 36A may be used with a second-level

semiconductor devicé*4bifAde v SRitareeRadetiss 280ratalashedx{diRdiRtp stdr tHRBeloW durface
42 thereof. FIGuS(emigtsranagkasesd 1 Panpichaprivsfi@miha prabadimanismeeadivctor

device 100" are connected to contact areas 75 of the interposer 61 by discrete
conductive elements 116 such as balls, bumps, pillars, or columns of conductive
15  material, such as metal or conductive or conductor-filled elastomer, or electrically
distinct regions of an anisotrophically or z-axis conductive film. Conductive traces 76
between contact areas 75 and outer connectors 18 complete the package circuit. It
should be noted that the size of outer connectors 18 is selected so that the connectors
extend sufficiently beyond the back side 104 of the third-level semiconductor
20  device 100, whereby a well-bonded connection to a carrier substrate 8 is achieved.
Turning now to FIGS. 11 and 12, exemplary modes of using a plurality of first-
level semiconductor devices 20 in a package 10 are illustrated.
In FIG. 11, an embodiment of a package 310 is depicted in which two or more
first-level semiconductor devices 20 are positioned side-by-side within an interposer
25  receptacle 65. The bond pads 30 of each semiconductor device 20" are flip-chip bonded
by discrete conductive elements 36 to corresponding contact areas 59 on the active
surface 42 of a second-level semiconductor device 40. Like the embodiments of
FIGS. 8, 9 and 10, the second-level semiconductor device 40 is flip-chip bonded to the
upper surface 66 of the interposer 61. FIG. 11 also illustrates an assembly structure 86,
30  such as a film, which may be attached to the lower surface 68 of the interposer 61,
covering the receptacle 65 before positioning and attaching the first-level

semiconductor devices 20" in the receptacle 65. This feature is useful in assembling



described. In the package 210' of FIG. 9, a first-level semiconductor device 20 is not mounted within
the interposer receptacle 65. Instead, a third-level semiconductor device 100 is mounted with an
active surface 102 thereof facing upward toward the 25 receptacle 65 and the lower surface 68 of the
interposer 61 and secured to the lower surface 68 with adhesive material 117. Bond pads 118 on the
third-level semiconductor device 100 are shown connected to the active surfage BRehiber 2006
second-level semiconductor device 40 by discrete cemfluctive elements 116. The back side 104 of
third-level semiconductor device 100 is shown uncovered, but may be encapsulated. In 30 FIG. 9, the

interposer 61 iBaskagfs whHBeiRg foishled shopmicnadistionieatces ffd i tiqupstigtbimdterial of a

known type, whickhtypicakyohan aderises digkness dalatiye drnidgid pHRStRLRR- k1 dpecember 2006
-18 FIG. 10 shows a multidie package 210" which combines features of the packages 210, 210" of

FIGS. 8 and 95¢EYperdNERy. I% Yicst48\ie| tBe AEoPRIGE ©F 2ae il Tl YRl St diekM receptacle 65
and attached, fliRcRimatylento3ermNdlRYE SR IRYiFe A posiiengd abrusdhe

interposer 61. The bond pads of 5 semiconductor device 20 and, thus, the discrete conductive

elements 36 niglbenaprangederhisy plerspHeramycty drvnst A dBmiaas e Rl ¥hdemiconductor

device 20. Th%&%E%ﬂ%iﬁ%o?ﬁﬁﬂﬁﬁ@%@%%i%%t&@g&c@ﬁdT‘E@aﬂﬂéfﬁﬁi9 SHAbReE gt@l_;lpaeyupper
surface 66 of the interposer 61, whereby discrete conductive elements 56 communicate signals from
both the first-ISVEFeHE AL SRdEROEFdemiconductor 10 devices 20, 40 to the interposer 61 and, thence,

to outer connectors 1BpAdhsddevel sariseREMsierReNisR R IsAtAChas, iR ishicstyte, to the lower
surface 68 of interposer 61. Peripherally located bond pads 118 on semiconductor device 100" are

. / Ip .
connected to d8fRtEsse8ons-breleshisybiiiB deychsdend L8N BBHSeANIAPE such as balls,

bumps, pitlars geveelyponsafconduative b MaietBleskrthaspatalanconduativeweconductor-filled
elastomer, or electrically distinct regions of an anisotrophically or z-axis conductive film. Conductive

traces 76 betWeEACEOStEtRieREHE Al OINEFRSARBLIGPI® tUIsTYIdtsctiepacki§indheuit. 1t should
be noted that the.ghRef-aush eRVPEHOIF d Siisi-38lReiRehRd Haat thede PR O®ESand 20B, one

above the other. The upper first-level semiconductor device 20A" is attached flip-chip

style to the active surface 42 of the second-level semiconductor device 40. The lower
15  first-level semiconductor device 20B is attached, flip-chip style, to the active

surface 102 of the third-level semiconductor device 100.

In each of the figures, it is understood that the semiconductor devices (e.g.,
semiconductor devices 20, 40, 100, etc.) may include insulative layers (not shown)
which separate electrical conductors, such as the conductive traces of redistribution

20  layers, from each other and from other adjacent components of a package. These layers
may be in the form of deposited films or preformed adhesive films that have been
adhesively or otherwise secured to the semiconductor devices.

A package of the present invention which comprises two stacked semiconductor
devices may have a total thickness of less than about 1 mm, making the package

25  suitable for use in compact electronic devices, such as cellular telephones, handheld
computers, and portable computers, where such low-profile packages are required or
desired. In addition, the package may be formed to provide a very small footprint, e.g.,
about the same size as or only slightly larger than that of the second-level
semiconductor device.

30 Several useful methods for assembling packages in accordance with teachings

of the present invention are illustrated in FIGS. 13, 14 and 15.



extend sufficiently beyond the back side 104 of the third-level semiconductor 20 device 100, whereby
a well-bonded connection to a carrier substrate 8 is achieved. Turning now to FIGS. 11 and 12,
exemplary modes of using a plurality of first- level semiconductor devices 20 in a package 10 are
illustrated. In FIG. 11, an embodiment of a package 310 is depicted in which two or more first-level
semiconductor devices 20' are positioned side-by-side within an interposer 251reteptache GH0bhe
bond pads 30 of each semiconductor device 20" are fiiffiehip bonded by discrete conductive elements
36 to corresponding contact areas 59 on the active surface 42 of a second-level semiconductor

device 40. Like the eflsoRlidEmtsdspiF @ sicthal Aprgastephbnbe ot idikcidBiemdHEgEE deice 40 is

flip-chip bondegldgg s&bfPPe%rtﬁH{Lﬁ_\Gﬁlf%@i% e iterpaseng e iG: Lhalse INsEAteman assembly
structure 86, 30 such as a film, which ma% be attached to the lower surface 68 of the interposer 61,

covering the rdd€pthtfe 8HIBERFE YooY sfinicenby dari s Ribirdrrerand MMdicishdevices 20
in the receptadlg-fre higfeaiure: isesefldp fsesmlling bl diereRiR06u A ALackEgRsWhere the

first-level semiconductor devices 20" are first mounted in the receptacle 65 of the interposer 61,

followed by atteRIPH08T fidlisee aFHgNilre INdBHAIdININRIS? deieely tstHeoRdurHBsep®ariahd the
first-level semigpdyctardayites 208 as eIy HEUCHNER6( .%ys@ﬁctﬁmpg%yy(@@@xmanenﬂy

attached to 5 hold one or more first-level semiconductor devices 20" in place prior to and while

electronically cHHFRECART HRIEAROIRE IFRBIYRSEPIBI eSO ddstmbFaEREOHC BBINSESF subsequently
be removed. Ths rebOdRIeNt PESERIGEOUAIOS HRVICE PRSI RAnshau il idninHdes a

second-level semiconductor device 40 and a third-level semiconductor 10 device 100 that are

attached, flip-cHip S8/ tEYIRE PRipEPadifack she MR RstiMacerBse splBavENCottHe fHterposer
61, as preyiouglydesanibads Yéthinghgcdternoger regepiasiRIR® aigitvrRirsihiaMslemicapeyctor

devices 20A and 20B, one above the other. The upper first-level semiconductor device 20A' is
attached flip-cAfERREYE I EN&Re?Qurface 42 of the second-level semiconductor device 40. The

lower 15 first-level seniepngdugtandayieeizRpie attrchesutipnghip sdaatRteesaativenductor

devices 40 is fabricated on an active surface 42 of a wafer 46 or other semiconductor
substrate. These second-level semiconductor devices 40 will generally be larger in
15  footprint than the first-level semiconductor devices 20. The wafer 46 is then cut along
saw lines 48 into individual singulated second-level semiconductor devices 40, as
shown in FIG. 13D.
In addition, as depicted in FIG. 13E, a plurality of interposers 61 is formed from
an interposer substrate material 60. The interposer substrate 60 may be in the form of a
20  multi-interposer sheet or strip 62, as represented in FIG. 13E, with an upper surface 66
and a lower surface 68. On one or both of the upper surface 66 and the lower
surface 68 include metallization, including bond pads, contact areas, conductive traces,
and/or the like, and conductive vias for vertical interconnection (not shown). Cut
lines 64 are located between adjacent, individual interposers 61 of the sheet/strip 62 and
25  form boundaries therebetween. Each interposer 61 includes a generally centrally
positioned receptacle 65 formed at least partially therethrough, into which one or more
first-level semiconductor devices 20 may be positioned and mounted. An assembly
structure 86, such as film, may be temporarily or permanently attached to the lower
surface 68 of each interposer 61 to cover the opening of the receptacle 65 thereof.
30 Turning now to FIG. 13F, a first-level semiconductor device 20 may be placed
in each receptacle 65. The first-level semiconductor device 20 may then be electrically

connected to the interposer 61 by way of intermediate conductive elements 32. This



surface 102 of the third-level semiconductor device 100. In each of the figures, it is understood that the
semiconductor devices (e.g., semiconductor devices 20, 40, 100, etc.) may include insulative layers
(not shown) which separate electrical conductors, such as the conductive traces of redistribution 20
layers, from each other and from other adjacent components of a package. These layers may be in
the form of deposited films or preformed adhesive films that have been adhesivelyeeemtheravse
secured to the semiconductor devices. A package of tA&-present invention which comprises two
stacked semiconductor devices may have a total thickness of less than about 1 mm, making the
package 25 sUREBIRCFI RETACHPRaEPB @A HavieassiichlaswB ihfatheaEpiorfes dandheld

computers, anghBRHABIG ARTIRMEES AMRRIE FUARB IRMRSHIEAEERER Shetraed or desired. In
addition, the package may be formed to provide a \/e% small footprint, e.g., about the same size as or

only slightly larger tha¥ftetoteunsEcbHe-lefe) hitraenditavieksesn oadaeiridefigemtthods for

assembling pagkaggsiinageridancs Witkhisacisesnef the:presrnbimeentinnaes diustrated in FIGS.
13, 14 and 15. 11 December 2006 -20 FIGS. 13A-I deﬁlct a method for assembling a multidie

semicondctoPefeiieBdysiekdgeiet et Bagintssradrisy sheraenlugir dayiortGdr akareddOAs shown

in FIG. 13A, aiRlughty Qi-fst-tryvst sRMIGAPINSIEN 85\IcRSICrE RIGRAIRRRARI 3G VEcRYLface 22 of
a wafer 26 or other suitable semiconductor substrate, such as a substrate 5 formed from gallium

arsenide, indidfBHSENRdERsy ERomenRlemlsenseivie seatbical oelamentaliedalitetiba-insulator
(SOI) type subsiaie {€dthr RGN BBIIRSSHAP Fds SHGHANS SiAMIG{SRE e silfcon-on-sapphire

(SOS), etc.). Each semiconductor device 20 typically comprises semiconductor material with internal
electronic funcifoRisoafecEpRAEREASE BrhePpasRopin S ROt orctid istiiie SuHalcl®2. The wafer 26 is
cut 10 algpg sme%ggl as depicted in FIG. 13B, to produce individual singulated first-level
semiconductor devices 20. Likewise, as illustrated in FIG. 13C, a plurality of second-level
semiconductor devicAs #PE¥abiitatdd dncasapstilasicnghen apeonl ywardr astivt sheeyisBmiconductor

FIG. 13G may be accomplished by a variety of different methods. For example, known
transfer molding or pot molding processes may be used. Depending upon the particular
package configuration, a preliminary step of permitting a liquid encapsulant to

15  substantially backfill the interstitial spaces between the interposer 61 and
semiconductor devices 20, 40, followed by thermal curing, will strengthen the device
mounting and seal the inner spaces, enabling removal of assembly structure 86, if such
is desired.

For encapsulation of packages 10 in this invention, a suitable, known type of

20  encapsulant material 90 (e.g., a filled polymer transfer molding compound or a silicone
or epoxy-type glob-top type encapsulant material) is introduced into the remaining
interstitial spaces 80 within receptacle 65 of each interposer 61 of the substrate
sheet/strip 62. The encapsulant material 90 extends laterally between at least portions
of the outer periphery of each first-level semiconductor device 20 within the

25  receptacle 65 and the interstitial space 80 between the second-level semiconductor
device 40 and the interposer 61. The encapsulant material 90 may also substantially
cover the intermediate conductive elements including all bond pads, bond wires,
intermediate connectors, contact areas, and traces. Accordingly, the encapsulant
material 90 may substantially fill the remaining space within receptacle 65 and at least

30  partially cover the active surface 22, 42, 102 of each semiconductor device 20, 40, 100
as well as the regions of the upper surface 66 of the interposer 61 at which metallization

areas are located.



substrate. These second-level semiconductor devices 40 will generally be larger in 15 footprint than
the first-level semiconductor devices 20. The wafer 46 is then cut along saw lines 48 into individual
singulated second-level semiconductor devices 40, as shown in FIG. 13D. In addition, as depicted in
FIG. 13E, a plurality of interposers 61 is formed from an interposer substrate material 60. The
interposer substrate 60 may be in the form of a 20 multi-interposer sheet or stiip Becassamesented in
FIG. 13E, with an upper surface 66 and a lower surfag2-68. On one or both of the upper surface 66
and the lower surface 68 include metallization, including bond pads, contact areas, conductive traces,

and/or the like, and colgachesnaarTalapepidsrintSfteraion ndtettbnt) teueheriada Grandcated
between adjacqptrdRdiyicirbingerrosessRliRb heaneal i iRgnand, sriaun BQundaiias. if a

therebetween. Each interposer 61 includes a generally centrally positioned receptacle 65 formed at

least partially tHeFEIAPGISER Rei8 WhRSd ahéechraprs Uit aerisbPRiches sneids daviceatonahisiflibe
positioned and,H@UNIER—INABASRESRG SHHCIYTS BAn St hBRITHT cARPORRIBMRAERTY R PLpaanently

attached to the lower surface 68 of each interposer 61 to cover the opening of the receptacle 65

thereof. 30 TuAdiHY KBRS MaAerial ffsithe icspmicahmistsrbiBwd20 P hEhpitdlomdach
receptacle 65. The.fystdews! a%ggiﬁ@n%@f&m&%@s&ﬁmaww alegiricripsernpected to the

interposer 61 by way of intermediate conductive elements 32. This 11 December 2006 -21 may occur
prior to separaiigfeBrladde emhnieipasetll e P yRe thbiS RRePsHAS MU IHBIN DS PTNB AHIRS!

separation of the dptryresens ShfkapathepphasiatinRNeH Ashama.in FIG. 13G, individual
second-level semiconductor devices 40 are positioned over each receptacle 65 containing a

wire-bonded first-levels d&aisiedintoedi Becica ben eensdeyinaistal 28hisdradried-deviek 40 is

attachedjig theuRDeRSHHAPSLMPHNEHRISPASRI Glcha slighesirieradbesivemairi@es, such as
KAPTONTM tape, for example. Intermediate conductive elements 52 may then be positioned or

formed betwedls HeFEHHLRIbS AeveRi6Re- secerlivslet dBisRBlCBPERVR Admda
correspondingepntaqt 3aasénehsRewnbaf the1kiniernes@’ &k cach interposer 61, with each

first-level semiconductor device 20 being suspended in the receptacle 65 of that
interposer 61 and the back side 24 of each first-level semiconductor device 20 within
15  the receptacle 65 being exposed. An exemplary encapsulation of the assembly with an
encapsulant material 90 in a transfer or pot mold may be used to form interconnected
packages 10 of uniform size, as illustrated, or separate packages 10 that include
previously separated interposers 61.
Outer connectors 18 such as balls, bumps, columns, pillars, or pins of metal or
20  another conductive material (e.g., a conductive or conductor-filled elastomer) may be
attached to contact areas of the lower surface 14 of the package 10, i.e., lower
surface 68 of the interposer 61. The installation may be performed either before or after
encapsulation and before or after singulation into individual packages 10, as shown in
FIG. 131. Singulation may be accomplished by use of a wafer saw or otherwise, as
25  known in the art.
Another example of a method of the present invention, depicted in FIGS. 14A-1,
is applicable to the packages shown in FIGS. 7, 8, 9, 10, 11, and 12, for example. A
package formed by this method has the first-level semiconductor device 20 connected in
a flip-chip manner to a second-level semiconductor device 40.
30 As shown in FIG. 14A, a plurality of first-level semiconductor devices 20 is
prepared on an active surface 22 of a wafer 26 or other semiconductor substrate. The

wafer 26 is then cut along saw lines 28, as depicted in FIG. 14B, to produce singulated



As shown in FIG. 13H, encapsulation of an assembly such as that shown in FIG. 13G may be
accomplished by a variety of different methods. For example, known transfer molding or pot molding
processes may be used. Depending upon the particular package configuration, a preliminary step of
permitting a liquid encapsulant to 15 substantially backfill the interstitial spaces between the interposer
61 and semiconductor devices 20, 40, followed by thermal curing, will strengthanDbe a@eic2006
mounting and seal the inner spaces, enabling removaldf assembly structure 86, if such is desired.

For encapsulation of packages 10 in this invention, a suitable, known type of 20 encapsulant material

90 (e.g., @ n||e&rﬁblwéﬁ@fﬁﬁ@@m@mﬂﬁ@lwﬂﬁom&%@ﬁé@ﬁ@vwléﬁwt%é%mw@pe

encapsulant matgfia I)cmfmd?ﬁﬁgs q#}%&hérr%ﬁ!@n&e'%ﬁ{%&@éﬁ@&%lﬁ%w 9 (RGeS 65 of
each interposer 61 of the substrate sheet/st é; 62. The encapsulant material 90 extends laterally

between at lea®t §ishibFS-1eT¢hecButendesiphesyies eddarenediersinieshiuaerielare 20 within the
25 receptacle 63,apchihe dtarstial @@a%e?@&%%%ah@tﬁ%@%éﬁ&eiéﬁmmQ&&éﬁéd%\(ﬁae 40 and

the interposer 61. The encapsulant material 90 may also substantiall é cover the intermediate

conductive elebrRBAtAcRidinY -y porsaniraisustsy disvicss, 2thedheicbritee B ritsEREUEYHECt areas, and

traces. Accordingly, thﬁ?ﬁ@@&:ﬁ?&& ﬁ’f&iﬁfdﬁbﬁ%m%&%ﬁ%%%@ﬂ%ﬁdllﬁl%lr%ﬁmwce within
receptacle 65 and at least 30 partially cover the active surface 22, 42, 102 of each semiconductor

device 20, 40, detresHhen asvaier ARIhsT agsR Gt sHBSEBIB Rie TRt LA &ltcR fich
metallization grgas)ate located. 11 December 2006 -22 Once the encapsulant material 90 has been

introduced into the receptacle 65 and interstitial spaces 80, it is permitted or caused to harden, set, or

cure. For example, if AStHonibinadfic }égnqéb%éﬂVéksﬁél%?ﬁféﬁé%‘l&W it 9; $h encapsulant

material will hgsd@eduBPAIGERINGRIRE S BIEm s tBaN&I/HMRINRS GRS B4 PIRGIOERSIN is used 5
as the encapsulant material 90, the encapsulant material may be cured by the addition of a catalyst or

by applying he'st @hig/dioorsiisive 4pvine CaneVaimd endsidlirtometerissdiascn giotsitageable
polymer, the eggaRsianMaiRHabBanBa SBlQi &8 not visible) of both semiconductor

devices 20, 40 of each two-die unit 94 (FIG. 14E) to peripheral discrete conductive
elements 56, e.g., solder balls on each second-level semiconductor device 40. Wafer 46

15 may be cut along saw lines 48 to singulate the two-die units 94, each of which
comprises a first-level semiconductor device 20 flip-chip bonded to a second-level
semiconductor device 40, as shown in FIG. 14E. Alternatively, wafer 46 may be
severed prior to securing or electrically connecting first-level semiconductor devices 20
to second-level semiconductor devices 40.

20 In FIG. 14F, a plurality of interposers 61 is shown, formed with a substrate
material 60, which may comprise a sheet or strip 62 of rigid or flexible substrate
material. Receptacles 65 are formed in each interposer 61 and may be located generally
centrally thereon. The multi-interposer substrate sheet or strip 62 is shown in an
inverted orientation, wherein outer connectors 18 are visible on the lower surface 68 of

25  the interposer 61. Metallization (not visible), including traces 72 and contact areas 71
on the upper surface 66 of the substrate sheet or strip 62, is electrically connected to
outer connectors 18 on the lower surface 68 of the interposer 61.

As shown in FIG.14G, the two-die units 94 are attached to interposers 61 of the
multi-interposer substrate sheet or strip 62 by flip-chip connection of the second-level

30  semiconductor devices 40 to the interposers 61, with the first-level semiconductor
devices 20 being received by receptacles 65 of the interposers 61. As shown, first-level

semiconductor devices 20 project upwardly through the receptacles 65 of the inverted



by exposing the same to an appropriate wavelength of radiation. As depicted in the figures, when
encapsulant material 90 has hardened, set, or 10 cured, the encapsulant material 90 holds the one or
more first-level semiconductor devices 20 within the receptacle 65. Accordingly, an assembly
structure or film 86 (FIG. 11) may be removed from the lower surface 68 of each interposer 61, with
each first-level semiconductor device 20 being suspended in the receptacle 63 phiqwintnierposer 61
and the back side 24 of each first-level semiconductoi2device 20 within 15 the receptacle 65 being
exposed. An exemplary encapsulation of the assembly with an encapsulant material 90 in a transfer

or pot mold mayieeesserab tbashifitsFderelecairopderiyas iceot Lnbrasaigeleaslillustrated, or

separate packggeg Jihithabi aelHde 407eyiaHa N SRRAAIR A I IRARErR AL BT geRnectors 18 such as
balls, bumps, columns, pillars, or pins of metal or 20 another conductive material (e.g., a conductive

or conductor-filliererdtierer) Heiptsd banderdy eoniariardareakler tabsiankyiasreiee 14 of the
package 10, i.e., lowefsurfacai OfHb& dnieresen6lmi Pedrsialialinnpams Redeymed either before

or after encapsulation and before or after Eigﬁmation into individual packages 10, as shown in FIG.

131. SingdlaticAsMiBEed deshptisrrd sy 4B byaniabicigepeanraniiseatadd 84 HIR M the art.

Another examﬂﬁ‘eféfti@iﬁl%ﬁé’é% ghthanIERREhINMEYHSRndeRIGie e Se bt vis appli_cable to the
packages shown in FIGS. 7, 8, 9, 10, 11, and 12, for example. A package formed by this method has

the first-level s¥icORANR S Gaifec'd0durhiEcol VisialgIip-EHip M&hnby 2dditisBcsRerRsykant
semiconductor,geuitg d9mQ AsvehawnipdrlGridées Mluralitibfitst-tavehsemigndugesedevices 20

is prepared on an active surface 22 of a wafer 26 or other semiconductor substrate. The wafer 26 is

then cut alongRAHOREE 98, sssdpiersbissisendieor depieritide Ehsgincegerd Bdédhiber 2006 -23
first-level gemigpReyen feses 2R t?ﬂﬁ@!ﬂﬁ sandustivsralemaniasFe stdashallsmbprmps,
orm

columns, pillars, pins, or the like, are ed secured to bond pads (not shown) of each first-level

semiconductorMeWEeeDerrsk kbion«dtiba srastanedgesAd-(Elfd| oWl ctbrdeRickazol Orhe
discrete condugtiyeelgmeanitderommberliacheebiddhsubstrate sheet or strip 62 by cutting along

lines 64 either following encapsulation, as shown in FIGS. 14H and 141, or prior to
encapsulation. The packages 10 are ready for testing and attachment to a carrier
15  substrate 8, another package, or other apparatus.

It may be noted that the outer connectors 18 may be attached to the interposer’s
lower surface 68 either prior to or following attachment and electrical connection of the
semiconductor devices 20 and 40 to the interposer 61.

Another exemplary method for assembly of a package 10 in accordance with the

20  teachings of the present invention is illustrated in FIGS. 15A-15K. As shown in
FIG. 15A, a plurality of second-level semiconductor devices 40 is fabricated on an
active surface 42 of a wafer 46 or other semiconductor substrate. Individual second-
level semiconductor devices 40 are delineated by saw lines 48 on the wafer 46. In
FIG. 15B, wafer 46 is cut along saw lines 48 into individual second-level

25  semiconductor devices 40. Discrete conductive elements 56 are placed on bond pads
(not shown) on the active surface 42 while the second-level semiconductor devices 40
remain part of wafer 46 or following singulation of second-level semiconductor
devices 40 from the wafer 46.

As depicted in FIG. 15C, a plurality of interposers 61 is formed with substrate
30  material 60 in the form of a multi-interposer sheet or strip 62. The sheet/strip 62 is

formed of suitable material 60 of any desired rigidity or flexibility. The sheet/strip 62



5 bond pads of first-level semiconductor devices 20 either before or after singulation. FIG. 14C
depicts preparation of a plurality of second-level semiconductor devices 40 on a wafer 46 or other
semiconductor substrate as described in reference to FIG. 13C. As shown in FIG. 14D, a first-level
semiconductor device 20 is flip-chip 10 bonded, by discrete conductive elements 36, to the active
surface 42 of each second- level semiconductor device 40 on wafer 46. MetallizaiidndtvEbie) on
the active surface 42 of wafer 46 connects the circuitgfnot visible) of both semiconductor devices 20,
40 of each two-die unit 94 (FIG. 14E) to peripheral discrete conductive elements 56, e.g., solder balls

on each secontiieVelRFhitsiga orad gikenen syviars Of6 15TasaptaecO? AdAgsdiniged 48 to

singulate the tyyp:Aliguniss W SRELAINER tﬁ@ﬂ%&%‘%ﬁ@lﬂ%ﬂ@ﬁ(ﬁhé&%@%&"éﬁt.or device 20 flip-chip
bonded to a second-level semiconductor device 40, as shown in FIG. 14E. Alternatively, wafer 46

may be severed prioPRSeEHGFIRIGP Blettdcarprbinvsttprginrndisier deriies s Bslices 20 to
second-level sgiplicQRAUICLRLARYICRS AthicShth&l? déﬁ%@@@ﬁf@@%%t‘éﬂ?ﬂﬁ—%ﬁﬁ &d1is ghawn, formed

with a substrate material 60, which may comprise a sheet or strip 62 of rigid or flexible substrate

material. RecepitBelssdara ool sish intemosahtdrpblis Secaistimay. veibeatbdsendrieng! centrally

thereon. The r@%ﬁﬂﬂiﬂi@é@ﬂ%@éﬂ@% ﬁ%&‘%ﬁb&ﬁiﬁtﬂpcégéﬁr%‘&’%ﬁ_éﬁtéé}e Weié%ﬁ%ﬂtﬁmna wherein
outer connectors 18 are visible on the lower surface 68 of 25 the interposer 61. Metallization (not

visible), includii$triees TheagtiiRc ateskomn it Lppdh aniavaed UisnedebsiPstersheet or

strip 62, is elecliaRiYFONRSEIRA IR &Mﬁg@ﬁﬂﬂ%ﬁé‘lﬁ%@&%ﬁ'@@ GRVSE LSRR &fdhhe ifeyposer 61.
As shown in FIG. 14G, the two-die units 94 are attached to interposers 61 of the multi-interposer

substrate shecSF'<tAPIESIR Aibremiesrnbisdisn be tHedbtondisidienbetaimricitfictor devices 40 to
the interpesers@lonith theditsi|evel ot burRdIELOF dRvicesnd0bRING RaeshREBY Jesrepiagles 65 of

the interposers 61. As shown, first-level semiconductor devices 20 project upwardly through the
receptacles 65 B inverted 11 December 2006 -24 interposers 61. Each first-level semiconductor

device 20 and secon@g¥Rluing the assembly process, as shown in FIG. 15F, a plurality of first-level
semiconductor devices 20 is formed on an active surface 22 of wafer 26 or other
semiconductor substrate, as previously described with reference to FIG. 13A. Discrete

15  conductive elements 36 are attached to bond pads (not shown) on the active surfaces 22
of the first-level semiconductor devices 20. Next, as illustrated in FIG. 15G, the
wafer 26 is cut along saw lines 28 to singulate first-level semiconductor devices 20
from one another.

Turning now to FIG. 15H, first-level semiconductor devices 20 are inverted,

20  positioned at least partially within receptacles 65 of interposers 61, and bonded, flip-
chip style, to the active surfaces 42 (not shown) of the second-level semiconductor
devices 40. Interstitial spaces 80 are located around each first-level semiconductor
device 20, between semiconductor devices 20 and 40, and between semiconductor
devices 20, 40 and the interposers 61.

25 As shown in FIG. 151, encapsulant material 90 may be introduced into
interstitial spaces 80, as well as around second-level semiconductor devices 40.

The encapsulated structure of FIG. 151 may be cut along cut lines 64 to form
singulated packages 10. Alternatively, singulation may be effected prior to
encapsulation. Each package 10 includes an upper surface 12 and a lower surface 14,

30  which are identified in the respective upper and lower views of package 10 of
FIGS. 15 and 15K. The packaging configuration is typical of that produced by known

transfer molding or pot molding processes. Optionally, the encapsulation step may be



semiconductor device 40 communicates with outer connectors 18 through the intermediate
conductors (bond pads, contact areas, solder balls and vial, etc.). The assemblies shown in FIG. 14G
may be collectively or individually 5 encapsulated as shown in FIG. 14H by introducing encapsulant
material 90 into the interstitial spaces 80 within receptacles 65 and underlying the second-level
semiconductor device 40, which is not visible in FIG. 14H. In addition, encapsulameseatbsied @hmay
cover the upper surface 66 of the interposer 61, surrc@fding exposed portions of the second-level
semiconductor device 40. The package 10 which is 10 illustrated in FIG. 141 is typical of packages

formed by tran&tafigueedii enarigyeinersd dadkcapet pitiss ity thrapirsadeelge 038 . 14G) as

well. Each pa%’cg@rQs@@ep&ﬁlf&%@%ﬁméé%nltﬂﬁﬂi?}@m?,s%[f%é% sbegtcor strip 62 by
cutting along lines 64 either following encapsulation, as shown'in FIGS. 14H and 141, or prior to

encapsulation NP PEEKbGe 6 & psediptioH thaen G amrnRaanvieed kY At aRGapsiiAslBstrate 8,
another packaaﬁosea&m@gt@@p@fﬁte&ﬁ& may heRRIgaB3tiheRHRILANRESIAR A & May fie attached to

the interposer's lower surface 68 either prior to or following attachment and electrical connection of
the semicondtiedsiterieBagkagad Ao iHHBIGEEADSETIST SRssHEr exemplary method for assembly of

a package 10 in accoydpiicaqitfidha ehiearhiags @ivieesPieseRtdveninads divriEalsd, indHGS

15A-15K. As shown in FIG. 15A, a plurality of second-level semiconductor devices 40 is fabricated on

an active surfRedPaHed v ineBewiHeh selsiaBherIcoRssibds sescrilfidinssredceny-brvel

semiconductordeuicasadais delineatrdby RaNLHRRAAZLN i MafRINA6 -athiE Gt Rsinafer 46 is cut
along saw lines 48 into individual second-level 25 semiconductor devices 40. Discrete conductive

elements 56 aPdPHAREPBHBBAEPads (not shown) on the active surface 42 while the second-level

semicondyctor deviceg i) demaieRiatMfeIE 650rSalianind sinaulation.ek $88arghiguel
semiconductor_devices 40 from the wafer 46. As depicted in FIG. 15C, a plurality of interposers 61 is

formed with suly&thats eI BRBAINSEY PiRREMSFTCor AN BREFIESHHLE MR BFStiY B3 The sheet/strip
62is formed Qisuahirimaianalopeplamrdrséirdgislirdigxhbiy 1 TReEhrAlEP 62 11
December 2006
package(s) 110°.
While the above methods are illustrated with the outer connectors 18 arranged
15 in BGA connection patterns, other arrangements and types of conductive elements may
also be used to connect a package 10 to a carrier substrate 8, another package or other
apparatus. For example, bumps, columns, bonded leads or tape-automated bond (TAB)
elements may be used, as may plug-in type connectors and others known in the art.
Likewise, other types of discrete conductive elements 36, 56, 116 may be used to
20  connect semiconductor devices 20, 40, 100 to each other or to the interposer 61.

The overall thickness of the resulting semiconductor device package 10 is
substantially equal to the combined thicknesses of the interposer 61 and the second-
level semiconductor device 40, and the distance of outer connectors 18 from the lower
surface 68 of interposer 61. The thickness of a third-level semiconductor device 100

25  does not contribute to the overall package thickness, being positioned between the outer
connectors 18.

While the figures depict the inventive process using a substrate sheet/strip 62
having a plurality of physically connected interposers 61, each interposer 61 having a
single receptacle 65 with one or more first-level semiconductor devices 20 mounted

30 therein, it will be understood that the process is applicable to any interposer 61 with a
receptacle 65 extending substantially therethrough, including an interposer 61 having

more than one receptacle 65.



-25 has an upper surface 66 and a lower surface 68. A receptacle 65 is formed in each interposer 61,
extending between the upper and lower surfaces 66 and 68. Once interposers 61 and second-level
semiconductor devices 40 have been fabricated, second-level semiconductor devices 40 are
mounted, flip-chip style, to the 5 upper surface 66 of each interposer 61 of the sheet/strip 62, with
each second-level semiconductor device 40 at least partially covering a receptatip&enasdzpieted in
FIG. 15D. The sheet/strip 62 is shown in FIG. 15E in &Yinverted orientation. Outer connectors 18
protrude visibly from the lower surface 68 of each interposer 61. These outer connectors 18 may be
applied to the sheet/sirihezebithe fAeasia HASREPTONRPACHATSHARY SPSEidlettiest chanEcibef the

second-level sg/ieARAUSIARARYICER 0o RBIRIR SrAN e 2FEEMIM PIRGRSSi S Shown in FIG.
15F, a plurality of first-level semiconductor devices 20 is formed on an active surface 22 of wafer 26

or other semidBRHIRIBPSObsRLS EEPravicINY HaseHibed WA EfOtBpcembadimentsof Hiscrete 15
conductive elem&lﬁfﬁiﬁﬁé@&h%twmﬂwﬁ@@de@m%%@ {he AP SUFitegR&enOf the
e

first-level semiconductor devices 20. Next, as illustrated in FIG. 15G, the wafer 26 is cut along saw

lines 28 tosindlivatdifArstiedar st Fito SHIRIUH GENCe R LT HRY s RRkNed T GAIRABI to FIG. 15H,

firgt-level semiggpd @ro@%Yéqﬁ?%@)iéﬁ_‘?siftﬁ@f&?&e,%Q&%Hlpﬂﬁﬂlﬁﬁﬂ%%rﬁ?'ﬁ?‘HYeW%&BBM@&eptaC'eS 65
of interposers 61, and bonded, flip- chip style, to the active surfaces 42 (not shown) of the

second-level seiBdABtERsH Hepmnplqntersthier $3adusthe fareapnadesartiog-eath first-level
semiconductor, feyisR, 21 QRINE SRISE BRSO ARYiIGRS AN 4 And DRieensRieanductor

devices 20, 40 and the interposers 61. 25 As shown in FIG. 151, encapsulant material 90 may be
introduced intoV ikter SRR AET caBs M hesciBimir e & Brambvareb HsE8MYuctor devices 40. The
encapsulgjed structure of FIG. 151 may be cut along cut lines 64 to form singulated packages 10.
Alternatively, singulation may be effected prior to encapsulation. Each package 10 includes an upper
surface 12 and a lower surface 14, 30 which are identified in the respective upper and lower views of
package 10 of

15

20

25

30



FIGS. 15J and 15K. The packaging configuration is typical of that produced by known transfer
molding or pot molding processes. Optionally, the encapsulation step may be 11 December 2006 -26
configured to cover the exposed back sides of second-level semiconductor device 40 and/or first-level
semiconductor device 20. Optionally, any bare edges of the interposer, i.e., those exposed at cut lines
64, may be covered by an encapsulant in a subsequent step. The edges may beBeyeider @6
encapsulant, e.g., glob top, at the 5 time that the package 10 is mounted on a carrier substrate. Where
additional semiconductor devices, e.g., semiconductor device 100, are to be mounted on an
interposer 61, relevant portions of the described metHedEMay be repeated for each semiconductor
device or deviggicpmbinatien {0 achieve the desired package configuration. 10 With returned
reference to FIG. 5, formation of package stacks 88 requires a further step of bonding or otherwise
securing packages 10 to each other. Further encapsulation may be performed to enclose outer

connectors 18A of thg uppen RackagRRSA8evWhile the, AP us prafiaeds are illustrated with the outer
connectors 18 arranged 15 in BGA connection patterns, other arrangements and types of conductive

elements fay 2BIE¥HROSISAY SRR deapirnaksgeriorte el avEsdisnittatst agdth &p5shtkage or

other apparatus. ForgxarRla s apsiceabimes thaeded leads or tape-automated bond (TAB)
elements may be used, as may plug-in type connectors and others known in the art. Likewise, other

types of discreteledtiquetisaienduntersisViss, Prsginisy Belersé gapiobyosihttad Mfidenttioetor devices

20, 40, 100 to each otheipicie, theJAeIROSELHd at THR QR sthtiiicknes® Oidh ¢ Buiiing semiconductor
device package 10 is sugstantially equal to the combined thicknesses of the interposer 61 and the

second- level semicoftRIIBHYS P RO BNHRTsHIE SR 08 OIS ROWROESKS S FRhP e [Bwer

surface 69 of interposgkdlis TS bicknasatefp &ird-level semiconductor device 100 25 does not
contribute to the overall package thickness, beir‘lslqﬁpositioned between the outer connectors 18. While

the figures depiclettit TREFTRGSHA L ceNYLiry' s SoBSirafs SREARRp son and bonded to a bond

pad of said at least one semiconductor device and a contact carried by a surface

of said interposer; and
at least another semiconductor device at least partially superimposed over said at least
15 one semiconductor device and at least partially supported by said surface of said

interposer.

2. The semiconductor device assembly of claim 1, wherein said at least one
receptacle extends substantially through said interposer.
20
3. The semiconductor device assembly of claim 1, wherein said at least one

semiconductor device is completely laterally surrounded by said interposer.

4. The semiconductor device assembly of claim 1, wherein active surfaces
25  of said at least one semiconductor device and said at least another semiconductor

device face in substantially the same direction.

5. The semiconductor device assembly of claim 4, further comprising:
at least another intermediate conductive element extending laterally between and
30 electrically connecting a bond pad of said at least another semiconductor device

and another corresponding contact area of said interposer.



having a plurality of physically connected interposers 61, each interposer 61 having a single
receptacle 65 with one or more first-level semiconductor devices 20 mounted 30 therein, it will be
understood that the process is applicable to any interposer 61 with a receptacle 65 extending
substantially therethrough, including an interposer 61 having more than one receptacle 65. 11
December 2006 -27 Although the foregoing description contains many specifigg, wesmshoriddarot be
construed as limiting the scope of the present inventie?-but merely as providing illustrations of some
exemplary embodiments. Similarly, other embodiments of the invention may be devised which do not
depart from the spirit ®r scofd®feRBcorsssisifyiehtivambEafirdsiffom WifteeBhtedbodiments may be

employed in compigaiann IR SEPRR Lhiie ANV ERNAR SofheRiimndifaledend imitatt @aly by the
appended claims and their legal equivalents, rather than by the foregoing description. All additions,

deletions, and HfotimeatisirsettaithiEaiRNCas disclosed herein, which fall within the meaning and
scope of the claims are to be embraced thereby. 10 15 20 25 30 11 December 2006 -28 CLAIMS
What is claimed is: 1. A semiconductor device assembly, comprising: 5 an interposer including at least

one receptacle configlired tolBE ReAJICPBAYSIRY fecdfsersscathi i rsdriBIch AAEET SR IgnstAIPE at least

one semicondm@ﬁféaveif@ceﬁaﬁt@%%%atsémm@x MYiIE‘i@t%‘JQ@Hi?@%%ﬁ cﬁ?&ﬁﬂ%&%@f@@&ksme
of said at least one semiconductor device being substantially coplanar with a surface of said

interposer or |68 in a plane that

8. The semiconductor device assembly of claim 7, further comprising:

10  atleast one discrete conductive element electrically connecting a bond pad of said at
least one semiconductor device and a portion of said at least one redistribution
circuit in alignment with said bond pad; and

at least another discrete conductive element electrically connecting another portion of
said at least one redistribution circuit and a corresponding contact area of said

15 interposer in alignment with said another portion.

9. The semiconductor device assembly of claim 8, wherein said at least one

redistribution circuit is carried upon a back side of said at least another semiconductor

device.
20
10. The semiconductor device assembly of claim 9, further comprising:
at least one intermediate conductive element extending laterally between and
electrically connecting a bond pad on said active surface of said at least another
semiconductor device and another corresponding contact area of said interposer.
25

11. The semiconductor device assembly of claim 8, wherein said at least one
redistribution circuit is carried upon said active surface of said at least another

semiconductor device.



10 extends through said interposer; at least one intermediate conductive element extending between
and bonded to a bond pad of said at least one semiconductor device and a contact carried by a
surface of said interposer; and at least another semiconductor device at least partially superimposed
over said at least 15 one semiconductor device and at least partially supported by said surface of said
interposer. 2. The semiconductor device assembly of claim 1, wherein said at lepEicoBg b CERCle
extends substantially through said interposer. 20 3. TH#)semiconductor device assembly of claim 1,
wherein said at least one semiconductor device is completely laterally surrounded by said interposer.
4. The semiconductol devicd RSB SIERIA Lich Aseanh Acohd dohbdyrsrsosepiigpBast one
semiconductor, drvige ARl il Gt ieashaNIhe L RAMIFRNAUSIAN PaYice dase b shipplantialyithe same
direction. 5. The semiconductor device assembly of claim 4, further comprising: at least another
intermediate conductifé Biednteexksniding ras RIRIsstreErCAHHCT drades My B8HIfEcting a bond
pad of said at least a@@%%é%ﬂ%%%%&&%%é%&B%Bﬁfn“&ﬂ!&@éﬁﬂﬁﬁé HABkRGHA g Qf said
interposer. 11 December 2006 -29 6. The semiconductor device assembly of claim 5, wherein said
correspon?jing contadtoadB8nd said another corresponding contact area are located on the same
surface of said interposer. 5 7. The semiconductor device assembly of claim 4, wherein said at least

one intermediate conductive element comprises at least one redistribution circuit on a surface
thereof. 8. The semicbhductbhHERRERSBSIRBRFBICEIaHTT D RIRh EFEBN pH&iFG N A6t 88Eeeite discrete

conductive elegreniselertiigalhe cepnesiing @menepadPfsais flalpasb@Besamicandysior device and

a portion of said at least one redistribution circuit in alignment with said bond pad; and
device face one another.

10
14. The semiconductor device assembly of claim 13, comprising at least two

semiconductor devices positioned at least partially within said at least one receptacle.

15. The semiconductor device assembly of claim 14, wherein back sides of

15 said at least two semiconductor devices face one another.

16. The semiconductor device assembly of claim 15, comprising another
semiconductor device positioned adjacent to an active surface of each of said at least two

semiconductor devices.

20
17. The semiconductor device assembly of claim 1, wherein:
circuitry of said at least another semiconductor device is in electrical communication
with corresponding circuitry of said interposer; and
circuitry of said at least one semiconductor device is in electrical communication with
25 corresponding circuitry of said interposer.

18. The semiconductor device assembly of claim 17, further comprising:
a quantity of underfill material between at least peripheral edges of said at least one
semiconductor device and surfaces of said at least one receptacle.

30



at least another discrete conductive element electrically connecting another portion of said at least
one redistribution circuit and a corresponding contact area of said 15 interposer in alignment with said
another portion. 9. The semiconductor device assembly of claim 8, wherein said at least one
redistribution circuit is carried upon a back side of said at least another semiconductor device. 20 10.
The semiconductor device assembly of claim 9, further comprising: at least ongl iDieMedLe06
conductive element extending laterally between and &éctrically connecting a bond pad on said active
surface of said at least another semiconductor device and another corresponding contact area of said

interposer. 25 11. ThEsemitbpatiptepribids dasspiseardiaphciinhcreihersio stibyademsl

redistribution Girghifiis cATIGELY B%%@Ma@?&%t%ﬂﬁﬁ%@s@f%%&q al leasharQist cRmicanyger device.
11 December 2006 -30 12. The semiconductor device assembly of claim 11, further comprising: at

least another di¢raid ablsatictivehsieraert WdeeiiaikVésnecting a bond pad on said active surface of
said at least another semiconductor device and another corresponding contact area of said interposer
in substantial alignment with said 5 bond pad. 13. The semiconductor device assembly of claim 1,
wherein ative surfacéd of Seif BmeetdEosdRTICSTatRTSY velideiBnt’s Aidthgn easwpalsbtaer

Semic?@““%&ﬁﬁéﬁ@aﬁﬁ%a%ﬁ&&l&% ]aQ_I%Qst'ﬁ%ﬁﬁﬁéi%@@Qg@%ﬁ%@ﬁt’!ﬁ%@%&‘ﬂﬂ%’rd claim 13,
comprising at least two semiconductor dgewces,posmoned at least partially within said at least one

receptacle. 15. The SEMieQHsERs g8 R aNsAEAER} BrEpanPL 3idi HEPERECK sides of 15 said at
least two semiconductor devices face one another. 16. The semiconductor device assembly of claim

15, comprising another . _ . o
21. The semiconductor device assembly of claim 17, further comprising:

10 conductive structures on said interposer for electrical connection of said interposer to a

higher-level substrate.

22. The semiconductor device assembly of claim 21, wherein said
conductive structures comprise contact pads on a surface of said interposer and discrete

15  conductive elements that protrude from said surface of said interposer.

23. The semiconductor device assembly of claim 22, wherein said discrete
conductive elements protrude from an opposite surface from that by which said at least

another semiconductor device is at least partially supported.

20
24. The semiconductor device assembly of claim 22, wherein said discrete
conductive elements protrude from the same surface as that by which said at least
another semiconductor device is at least partially supported.
25 25. The semiconductor device assembly of claim 22, wherein said discrete

conductive elements comprise at least one of balls, bumps, columns, pillars, and pins of

conductive material.



semiconductor device positioned adjacent to an active surface of each of said at least two
semiconductor devices. 20 17. The semiconductor device assembly of claim 1, wherein: circuitry of
said at least another semiconductor device is in electrical communication with corresponding circuitry
of said interposer; and circuitry of said at least one semiconductor device is in electrical
communication with 25 corresponding circuitry of said interposer. 18. The semicanbdaibedEniee
assembly of claim 17, further comprising: a quantity e¥Zsnderfill material between at least peripheral
edges of said at least one semiconductor device and surfaces of said at least one receptacle. 30 11
December 2006 -31 30, Thd kepaipEadeseiodsyitee assantbyyod kT 18hovpidreatlJalarnaea fil
material is locgjgf,hetween adjacent surfaces of said at least one semiconductor device and said at
least another semiconductor device. 5 20. The semiconductor device assembly of claim 17, further
comprising: efEHFONESE RIdteribR dBVEHHERER IBeks0A 196 Gplabhshatiyr stideat coaneastisHitRer
semiconductor devicgand aiiacantyeiond AhaYokiMEr RASRTiRhd THE SRMICOGRIeE Hevice
assembly of claim 17, further comprising: 10 conductive structures on said interposer for electrical
connection of said intdi§eReARs & EEleiihibatra@ 2. The semiconductor device assembly of

claim 21, whergig, aaich SQBAMEIVESIUEHES SRIBPIIRELANBEbRRIS AN RS UHAGEOf iaid interposer
and discrete 15 conductive elements that protrude from said surface of said interposer. 23. The

semiconductor devicE%3¥eThing Jeeidnd sompmmientiafketiseretal sl sihiBiPYtrude from
an opposite surface frprghthat Rycwilichisail atleaspsaathesssisandeater devissnisuatdeast partially

supported. 20 24. The semiconductor device assembly of claim 22, wherein said discrete
device assembly at least partially superimposed over said interposer.

10
27. A semiconductor device assembly, comprising:
an interposer including a first surface, a second surface opposite said first surface, and
at least one receptacle extending from said first surface to said second surface;
a first semiconductor device positioned at least partially adjacent to said first surface
15 and including an active surface, at least a portion of which faces said at least one

receptacle;

at least one first discrete conductive element electrically connecting a bond pad of said
first semiconductor device and a corresponding contact pad at said first surface
of said interposer that is in substantial alignment with said bond pad;

20  asecond semiconductor device positioned at least partially adjacent to said second
surface and including an active surface, at least a portion of which faces said at
least one receptacle; and

at least one second discrete conductive element electrically connecting a bond pad of
said second semiconductor device and a corresponding bond pad of said first

25 semiconductor device through said at least one receptacle.

28. The semiconductor device assembly of claim 27, wherein said at least
one second discrete conductive element comprises at least one of a ball, bump, column,
pillar, and pin.

30



conductive elements protrude from the same surface as that by which said at least another
semiconductor device is at least partially supported. 25 25. The semiconductor device assembly of
claim 22, wherein said discrete conductive elements comprise at least one of balls, bumps, columns,
pillars, and pins of conductive material. 11 December 2006 -32 26. The semiconductor device
assembly of claim 1, wherein said interposer includes: first contact pads on a finrsbsu¢taser th@yeof for
establishing electrical communication between circuitBg-of said interposer or a semiconductor device
supported 5 thereby and a higher-level substrate; and second contact pads on a second surface
thereof, opposite saicfirst sUtfacemispPrdsplidRiecaIsenbly ebaitiiricatids Bt Aan said circuitry of

said interposet, pF3pif FRBIKHAMI L ARYISE SURRABR S thstaRY AR aneRe ssMiganductor device
assembly at least partially superimposed over said interposer. 10 27. A semiconductor device

assembly, comipHarselaatithidin GeBY GRBAIGIS deTited-surface, a second surface opposite said first
surface, and at least one receptacle extending from said first surface to said second surface; a first
semiconductor device positioned at least partially adjacent to said first surface 15 and including an
active surface, at Iea§18a portidhssrigepAvrieedeyass atrBbhomeclddetiatiberstnsaisdt one first discrete

conductive 9'%@&%@&3@”&%@@%&‘@@ REAPPRR aoé’_cql_@&&?si@ &t ﬁPﬂES&[&P@B?ﬁﬂﬁHi@%i%ﬂd a
corresponding contact pad at said first surface of said interposer that is in substantial alignment with

said bond pad™2t sx@cerassepsdtsnbrrdsrdantae FokiobeiratherdPpariamn cadjatsditto said second

surface and inglyingidP RELVEppLiac ot L@ﬁg&@rﬁgﬁyﬂaﬁé\y@mes said at least one receptacle;
and at least one second discrete conductive element electrically connecting a bond pad of said

second semiconductor device and a corresponding bond pad of said first
10 31. The semiconductor device assembly of claim 30, wherein said

redistribution bond pad is positioned adjacent to an outer periphery of said second

semiconductor device.

32. A multidie semiconductor device package, comprising:
15  aninterposer, comprising:
a substrate with upper and lower surfaces;
a receptacle extending between said upper and lower surfaces; and
electrical conductors on at least said upper surface;
at least one first-level semiconductor device positioned within said receptacle such that a
20 backside thereof is located substantially coplanar with a surface of said interposer
or within a plane that extends through said interposer;
a second-level semiconductor device positioned above said upper surface of said
substrate and attached thereto; and
electrical connections connecting said at least one first-level semiconductor device and
25 said second-level semiconductor device to said electrical conductors, including at
least one intermediate conductive element extending between and bonded to a
bond pad of said at least one first-level semiconductor device and an electrical

conductor of said interposer.

30 33. The multidie semiconductor device package of claim 32, further
comprising outer connectors for attaching said multidie semiconductor device package

to conductors on an object.



25 semiconductor device through said at least one receptacle. 28. The semiconductor device
assembly of claim 27, wherein said at least one second discrete conductive element comprises at
least one of a ball, bump, column, pillar, and pin. 30 11 December 2006 -33 29. The semiconductor
device assembly of claim 27, wherein said corresponding bond pad comprises a portion of a
redistribution circuit on said active surface of said first semiconductor device. % BDeddiiber 2006
semiconductor device assembly of claim 29, wherein-8did redistribution circuit further comprises a
conductive trace in electrical communication with said corresponding bond pad and a redistribution
bond pad at an end of said conductive trace opposite from said corresponding bond pad. 10 31. The

semiconductor devicgasserpply o ieiaina0ichereiprzrid Eeslistrbrier kend Pachisaprsitigned
adjacent to an outer periphery of said second semiconductor device. 32. A muitidie semiconductor

device packag@U€bRWASHIEES 25 MPIHHEHORSAIEHMiSHSHECS ShIBEE AP HRrCUPIIORAEIBYEEY surfaces;

a receptacle extghdinsilstweensaitMrRguangdlower surfaces; and electrical conductors on at least
said upper surface; at least one first-level semiconductor device positioned within said receptacle such

that a 20 backside thereof is located substantially coplanar with a surface of said interposer or within

a plane that extends ﬂ}ﬂ?ug hraaicl dterPseficandreRdYel ﬁﬁ!ﬁ&%@’&%ﬁ%@%%&@iﬂ%ﬂﬁd _above_
said upper surface of said substrate and attached thereto; and electrical connections connecting said

at least one firSHIBVEPRRGHiRGHE SRIIYsUNYArInosied g stdsieriasel s itsPr&iE¥ o said

electrical condyigtossidRGHENG A cipast Appdniarmediaie cantnctiva alement sutensingbetween and
bonded to a bond pad of said at least one first-level semiconductor device and an electrical

10 36. The multidie semiconductor device package of claim 33, wherein said

object comprises one of a circuit board and another semiconductor device package.

37. The multidie semiconductor device package of claim 33, wherein said
outer connectors comprise one of conductive balls, conductive bumps, conductive

15  columns, conductive pins and plug-in type electrical connectors.

38. The multidie semiconductor device package of claim 32, wherein said
second-level semiconductor device has a larger footprint than that of said at least one

first-level semiconductor device.

20
39. The multidie semiconductor device package of claim 32, wherein said
second-level semiconductor device is larger than said receptacle in at least one of an X
and Y dimension.
25 40. The multidie semiconductor device package of claim 32, wherein said

electrical connections connecting said second-level semiconductor device to said

electrical conductors comprise elongate, intermediate conductive elements.

41. The multidie semiconductor device package of claim 32, wherein said
30 electrical connections connecting said second-level semiconductor device to said
electrical conductors comprise discrete conductive elements interposed between said

active surface of said second-level semiconductor device and said electrical conductors.



conductor of said interposer. 30 33. The multidie semiconductor device package of claim 32, further
comprising outer connectors for attaching said multidie semiconductor device package to conductors
on an object. 11 December 2006 -34 34. The multidie semiconductor device package of claim 33,
wherein said outer connectors are mounted on said lower surface of said substrate and conductively
connected to said electrical conductors. 5 35. The multidie semiconductor device paskage ehomim 34,
wherein said outer connectors are conductively conné6ted to said electrical conductors by conductive
vial extending between said upper surface and said lower surface of said substrate. 10 36. The
multidie semiconductor device package of claim 33, wherein said object comprises one of a circuit

board and another seficonayeian fRYICRNAAELAIE toF GeT R PAdlliie semicARdUGiREdRViGRiPackage of

claim 33, wherein said outer connectors comprise one of conductive balls, conductive bumps,

conductive 15eKsIiiFH<PBREIIREY 0PRSS BRI PIdGaroRhictd s BOHAOE T EIC380 THE multidie
semiconductor flevic8RnRIR A JaiR Lo aTEN FRIHve BT IR VRL RS Y Ieigiadenice has a

larger footprint than that of said at least one first-level semiconductor device. 20 39. The multidie
semicondictoPHEv R PEIEyECHIBHIRUGHE BiH ¥aiandconducieVereE it 8hawtsr device is larger

than said recepiaalscin ableasiRre iR eiaidnegimension. 25 40. The multidie semiconductor
device package of claim 32, wherein said electrical connections connecting said second-level

semiconductor device to said electrical conductors comprise elongate, intermediate conductive

elements. 41. The mulydie spRRIGRNHNRIGLHRVEG LR RISODHEIAIM SS whatan sald 30 wpgtrical
connections connecting said second-level semiconductor device to said electrical conductors

comprise disciR8SYrdiitavisaermentsirtg)osarcnatnesn tpe are connected to

10 corresponding bond pads on said active surface of said second-level semiconductor

device by first-level electrical connections.

44. The multidie semiconductor device package of claim 43, wherein said
first-level electrical connections between said bond pads of said at least one first-level
15  semiconductor device and said corresponding bond pads of said second-level
semiconductor device comprise one of conductive balls, conductive bumps, conductive
pins, conductive columns, conductive pillars and conductive regions of z-axis

conductive or conductor-filled elastomer.

20 45. The multidie semiconductor device package of claim 41, wherein said
second-level semiconductor device is attached to said upper surface of said substrate of

said interposer.

46.  The multidie semiconductor device package of claim 32, further
25  comprising a third-level semiconductor device with an active surface, bond pads on
said active surface of said third-level semiconductor device being attached by

conductive connectors to said lower surface of said substrate.

47. The multidie semiconductor device package of claim 46, wherein said
30  conductive connectors on said third-level semiconductor device comprise one of

conductive balls, conductive bumps, conductive pins, conductive columns, conductive



active surface of said second-level semiconductor device and said electrical conductors. 11 December
2006 -35 42. The multidie semiconductor device package of claim 41, wherein said electrical
connections connecting said second-level semiconductor device to said electrical conductors
comprise one of conductive balls, conductive bumps, conductive 5 pins, conductive columns,
conductive pillars, and conductive regions of z-axis conductive or conductor-filiebelastideierds. The
multidie semiconductor device package of claim 41, whterein bond pads of said at least one first-level
semiconductor device are connected to 10 corresponding bond pads on said active surface of said

second-level sBHEDFQUEHST Heagw By ArstaraysraBiativa P sandesionsilled chéomeribrnd
semiconductor,druice, PakkRae AL piMiRe h&igiRSaidn fral: laye] glgctrical connections between

said bond pads of said at least one first-level 15 semiconductor device and said corresponding bond
pads of said second-level semiconductor device comprise one of conductive balls, conductive bumps,

conductive pins, congjg{ctiveﬁlglHmﬂﬁﬁgg&q%gh@l&wlag%\q@&qﬁ%g@gy@ﬁ%ig@,sfgftg-élxis conductive
or conductor-filled elastomer. 20 45. The multidie semiconductor eviceé)ackage of claim 41, wherein

said second-l6QBIBEWESrGEeRrTHavisxakssaeRdnePE dRY ss Roskintac dIpuataiddbitratOnt said

interposer. 46.({ed0uigig; SHMIRIDIUIREIRWHE RREKBA%OLAIRIRE S fHEDRKED comprising a
third-level semiconductor device with an active surface, bond pads on said active surface of said

third-level semigetcficterelediodcs sisgasalbhatppiedintnidiba tdnict storic radugtpioloicsdiace of

said substrate fff ik earriigigeaemiconductor device package of claim 46, wherein said 30
conductive connectors on said third-level semiconductor device comprise one of conductive balls,
conductive bumps, conductive pins, conductive columns, conductive 11 December 2006 -36 pillars,

conductiyg regions ofyg-axisgngueive sEhRdduEEsTHIRHRIpSIRARoPARMN 32, wherein said at

least one first-level semiconductor device comprises a plurality of first-level

semiconductor devices mounted side-by-side in said receptacle.

50. A method for assembling a multidie semiconductor device package,
15 comprising:
providing an interposer with a substantially planar substrate and a receptacle formed
substantially through said substrate, said substrate having an upper surface and a
lower surface, at least said upper surface having conductors thereon;
positioning at least one first-level semiconductor device within said receptacle, an

20 interstitial space remaining at least between peripheral edges of said at least one

first-level semiconductor device and said substrate;

positioning a second-level semiconductor device above said upper surface of said
substrate, a portion of said second-level semiconductor device superimposed with
a portion of said upper surface of said substrate;

25  electrically connecting said at least one first-level semiconductor device to said
conductors on said upper surface of said substrate by at least one first-level
conductive member comprising at least one intermediate conductive element
extending between and bonded to said conductors of said interposer and a
corresponding bond pad of said first-level semiconductor device; and

30 electrically connecting said second-level semiconductor device to at least one of said
conductors on said upper surface of said substrate by second-level conductive

members.



wires, conductive tape-automated bonding elements, and leads. 48. The multidie semiconductor
device package of claim 46, further 5 comprising a second first-level semiconductor device positioned
below said at least one first-level semiconductor device in said receptacle, said second first-level
semiconductor device electrically attached to said third-level semiconductor device in a flip-chip
arrangement. 10 49. The multidie semiconductor device package of claim 32, wh@yeiemsbéd 2i06ast
one first-level semiconductor device comprises a plurdlity of first-level semiconductor devices
mounted side-by-side in said receptacle. 50. A method for assembling a multidie semiconductor device
package, 15 comprising: providing an interposer with a substantially planar substrate and a receptacle

formed substantially gfiroughsaifaRptiple.iRaih SHREILRIS RRYINE AMHERRS S HREEARY 6 lower
surface, at least said upper surface having conductors thereon; positioning at least one Tirst-level

semiconductocBeARcE WitAAteE elesaiddrechndo wntarsatdl aplisstrereaiinA@htakisigetitiabn
peripheral edggs,af said at least one first-level semiconductor device and said substrate; positioning a
second-level semiconductor device above said upper surface of said substrate, a portion of said
second-level semiconductor device superimposed with a portion of said upper surface of said

substrate; 25 eleqtricgﬁy Comﬁ%ééigf%‘idﬁﬁ%%@féw%@ iﬁﬁ%ﬁ@ﬁ%“&i@i&ﬁ}ﬁﬁﬁﬂﬁéﬁlq
conductors on said upper surface of said substrate by at least one first-level conductive member

comprising at fé&étesie itfleFrrmidiglee Sy AR ERgeI deteath Y DBt eYEhRIBERTIRE S said
conductors of gaigcinterposer and a corresponding bond pad of said first-level semiconductor device;
and 30 electrically connecting said second-level semiconductor device to at least one of said
conductors on said upper surface of said substrate by second-level conductive members. 11

Decembg2006 -37 54.. ThepeHabebelaimbs: fuithes comprising intarisinc asumitrof

encapsulant material between said second-level semiconductor device and said at least

one first-level semiconductor device.

54. The method of claim 50, wherein said electrically connecting said
15  second-level semiconductor device comprises forming or positioning intermediate
conductive elements between bond pads of said second-level semiconductor device and

corresponding conductors of said interposer.

55. The method of claim 50, wherein said positioning said second-level
20  semiconductor device comprises at least one of positioning said second-level
semiconductor device in a flip-chip arrangement over said at least one first-level
semiconductor device and positioning said second-level semiconductor device over said

interposer.

25 56. The method of claim 50, wherein said providing an interposer comprises
providing a multi-interposer substrate on which said at least one first-level
semiconductor device and said second-level semiconductor device are positioned and

electrically connected.

30 57. The method of claim 56, further comprising singulating individual

assemblies or packages from said multi-interposer substrate.



encapsulant material into said receptacle so as to fill at least a portion of said interstitial space. 5 52.
The method of claim 50, wherein said introducing encapsulant material is effected after said
electrically connecting said at least one first-level semiconductor device. 10 53. The method of claim
51, further comprising introducing a quantity of encapsulant material between said second-level
semiconductor device and said at least one first-level semiconductor device. 54. Deemigthedosf claim
50, wherein said electrically connecting said 15 secot¥@-level semiconductor device comprises forming
or positioning intermediate conductive elements between bond pads of said second-level

semiconductor device®nd ddeeBpdAdipgtERtdEIOE M mtaRoadicnse Thdmethtd of claim 50,
wherein said pesitipgingaaist seaqndsieyel20semicRAGUCI-GYICEGRIMBISRR AL jpR3kone of
positioning said second-level semiconductor device in a flip-chip arrangement over said at least one
first-level semPOSHiIEES: gl tdearicPpeSitrdrimglsainisepdveigedeysettiesituctor device over said
interposer. 25 56. The method of claim 50, wherein said providing an interposer comprises providing a
muIti-intergoser substrate on which said at least one first-level semiconductor device and said

second-level semiconductoridevieethad ofedniBnedt BHhesieempiip SRty sad sdherekiiathod of
claim 56, further,GPMRIRINGSIDAHRIRA MFM U 288 PGS QL Rarkaoesd e saidemulti-interposer
substrate. 11 December 2006 -38 58. The method of claim 51, further comprising adhering a film to
said lower surface of said substrate to cover at least a portion of said receptacle prior to positioning
said at least one first-level semiconductor device therein. 5 59. The method of claim 58, further
comprising removing said adhered film from said lower surface following curing of said encapsulant in
said receptacle.



