28 June 2006 -1- INTERPOSER CONFIGURED TO REDUCE THE PROFILES OF
SEMICONDUCTOR DEVICE ASSEMBLIES AND PACKAGES INCLUDING THE SAME AND
METHODS 5 TECHNICAL FIELD The present invention relates to interposers for packaging
semiconductor devices with array type connection patterns. In particular, the presen2hientidbOfelates
to tape-type interposers that are useful in semiconductorldevice assemblies and 10 packages of
reduced package heightINTBERRESERI ¢OMMGHRIEDdIQREJ2USIS Al PRI bESEEs of
reduced profile. THEMECEINDULAHORIMNE Y Htes 36 ENEIJES FANBRiS LIRS (HESADE- KB INGrposers
and to methods for forming semiconductol HdysA MIsAMNENAMERH Ok ages that include the
tape-type interposers. 15 BACKGROUND ART Conventionally, semiconductor dice have been
packaged in plastic or, less commonly, in ceramic packages. Packages may support, protect, and
dissipate heat from semiconductor dice. PackabesalcaitdpFddte external connective elements for

providing power and sigqgl distian A anELIRMBSRISpCCIar fick,anwelhasden 29 faciltating

electrical testing, such as burn-in testing and circuit evaluation, of semiconductor dice prior to or after

assembly the_reom?ﬁﬁqﬁigh@raérwltwﬁmﬁwn pathras darpiettisulsstidirepresesircavenoards!aiise
ever-decreasing %&&gfiﬁiﬁg‘iﬁ%&gﬁvﬂﬁﬁ%@%Q_fﬁﬁiﬁ%ﬂﬁl%ﬁ?&ﬁ%?’&%@ieé‘%@ﬁ%ﬁe@%@mers’ and

portable computers, e need for semiconductor 25 device assemblies and packages with
ever-decrealing prelikess &8 Welcad mekigeddighsepnipmideciod devirepxbigiblidsaeRl packages that

consume ever-degreasing.AMPYALRQLINE SUTACE AEEAS: ¥hirpAkeRials enRbRAE L SURStTtes, such

as circuit boards. The need for semiconductor device assemblies and packages that consume
ever-decreasing arpbedssior el exstagdvagprebiptriatenyosees apéi@eneshednine S4BRIN0 technologies,

such as so-calledcfiR:GiRcEPARERILONS MbICh @ RemisongUFiat daviar: Eﬁ@&ﬂ@@ﬁ@g%%@. carrier

therefor in an inverted orientation with contact pads (e.g., bond pads of a bare semiconductor die or
contacts of a semiconductor device assembly or package) of the semiconductor device and
correspondipg terminal pads of the carrier in algrent Witk eng@pother. Flip-chip type connections

provide the ) ) ) ) )
Conventionally, semiconductor dice have been packaged in plastic or, less

commonly, in ceramic packages. Packages may support, protect, and dissipate heat
from semiconductor dice. Packages may also provide external connective elements for
providing power and signal distribution to and from semiconductor dice, as well as for
20  facilitating electrical testing, such as burn-in testing and circuit evaluation, of
semiconductor dice prior to or after assembly thereof with higher level components,
such as carrier substrates or circuit boards.
The ever-decreasing sizes of electronic devices, such as cellular telephones,
handheld computers, and portable computers, has driven the need for semiconductor
25  device assemblies and packages with ever-decreasing profiles, as well as the need for
semiconductor device assemblies and packages that consume ever-decreasing amounts
of the surface areas, or “real estate”, of carrier substrates, such as circuit boards.
The need for semiconductor device assemblies and packages that consume
ever-decreasing amounts of real estate has been met by use of external connection
30  technologies, such as so-called “flip-chip” connections, in which a semiconductor
device is positioned over a carrier therefor in an inverted orientation with contact pads
(e.g., bond pads of a bare semiconductor die or contacts of a semiconductor device
assembly or package) of the semiconductor device and corresponding terminal pads of
the carrier in alignment with one another. Flip-chip type connections provide the
35  desired number of connections to a semiconductor device without requiring that an

assembly or package that includes the semiconductor device have peripheral edges that



35 desired number of connections to a semiconductor device without requiring that an assembly or
package that includes the semiconductor device have peripheral edges that 28 June 2006 -2- extend a
substantial distance beyond the peripheral edges of the semiconductor device. This type of
semiconductor device assembly or package is typically referred to as a "grid array" piickage2#)g., a
ball grid array (BGA) package or pin grid array (PGA) package) due to the arrangement of input and
output contacts tieatent insabyria @t dys BueenbrsstivhiipapennhSakedgontdchp acnanemtysne dey feilitate

the use of a greaﬁ‘%{is”ckéﬂé O GONARIONERAD a‘é’&%%l?t&eé‘é’s%%%ﬁtﬁ%gif‘y“ﬁ’é}?ﬁ&f’{&tﬁ‘s‘%pads are

arranged only along the periphery of an interposer. Grid arra ctor device assemblies and
packages typicallygindiuaeyamaitkiegposer wbaligh breagr(Blore) senkicgnduptogditermayessecured

and electrically 10, gopedirak ARURSIAIGRIING INSIPARES, &1{85@%558?1&%%&%{[}% different,

typically electrically insulative or insulator-coated materials, including flexible materi as

polymer (e.g3 po%ﬂnﬂ@éjfﬁlm@témaﬁelsh&ndtﬁ@iqaﬁamsntﬁfﬁéliﬁtﬂzm, wias aceataic, or organic
materials (e.g., FRh fESID A IRARRR I WA dbahAvay AR IRIG R AN RECKpaES flso typically

include 15 conductive traces that extend between first and sécond sets of contacts, with each of the
foregoing being cirAegedprhe diegibe@egnbetyanb aCHesReseH a first set are electrically connectable

to corresponding bond Rags Gf 2, SEMICBRAUGIR FIG CRIAGHS OLASHRII XL BlE A9 HHauRA for

making external electrical connections to other electronic components, such as circuit boards or other
semiconductor dévie@ssyyheryPohivadiestrasis seaamdeoblissritotbasecoreoppositectigalof the

interposer, gandyciive gl MAYB&-RAIANEH RGPS P LI IRNSLATHNAIY CtiRGeS @i fRGitate

communication between contact pads of the first set and their corresponding contact pads of the
second set. The Higeaihydecssal seispltysraciisatrdoareoated meerialsuspludivgylasitiaedistribute

the locations of the;hongpads af 3eMiEQPILGIBNARYIES SRAYIRIAR-INEATRIEIRASALSUER as

redistribution may provide for a contact pad arrangement that is more desirable than the arrangement
of bond pads on théceBngishdisEtdr Bevics2ibicaBpitadt (pgd Fxtisanible useful than the bond pad

arrangement in flip-chip @pR{ications: (RE iREeasRd PRACINBING R RalRe IR pRAMIsARIachpads
relative to that between corresponding, adjacent bond pads of the semiconductor device, or some
combination'330 6PHKBSE Ye fipgessthat extend between first and second sets of contacts, with each of the

foregoing being carried by the interposer substrate. Contacts of a first set are
electrically connectable to corresponding bond pads of a semiconductor die. Contacts
of a second set are configured for making external electrical connections to other
electronic components, such as circuit boards or other semiconductor devices. When

20 the first and second sets of contacts are on opposite sides of the interposer, conductive
vias may be positioned along one or more conductive traces to facilitate communication
between contact pads of the first set and their corresponding contact pads of the second
set. The first and second sets of contact pads are arranged in such a way as to
redistribute the locations of the bond pads of a semiconductor device secured to the

25  interposer. Such redistribution may provide for a contact pad arrangement that is more
desirable than the arrangement of bond pads on the semiconductor device, for a contact
pad that is more useful than the bond pad arrangement in flip-chip applications, for
increased spacing or pitch between adjacent contact pads relative to that between
corresponding, adjacent bond pads of the semiconductor device, or some combination

30  of these features.

When such an interposer is assembled with a semiconductor device, the contact

pads of the first group are typically connected to corresponding bond pads of the
semiconductor device by way of discrete conductive elements, such as bond wires,

conductive tape-automated bond (TAB) elements carried upon a flexible, dielectric



When such an interposer is assembled with a semiconductor device, the contact pads of the first
group are typically connected to corresponding bond pads of the semiconductor device by way of
discrete conductive elements, such as bond wires, conductive tape-automated bond (TAB) elements
carried upon a flexible, dielectric 28 June 2006 -3- substrate, or by so-called "flip-chipX8demdiAg06
techniques, which employ conductive structures such asballs, bumps, columns, or other structures
formed from condubtivetepvatbyiah-sudtdalipetap nhordialidydonguenidbhconplastisandictive

conductor-flled pglymer, ANiSELARIRRIN, IS¢ 2R CUIEIVE SlAstemEnRuthE G e

a5
interposer-semiconductor device assemltﬁb may communicate Wft(i eﬁectronlc components external
thereto by way offesttsrtlabednatintivel aletivdatt)s(eh asvldondetilus bedor bondpstiatdiiblerhs, pins, or

other structures, ﬁé}egg;g%g&rﬁ?@ eg@d&@ét@&gg&@@géﬁo\l}{%gls‘_(ﬁlgﬁ{(palIs are employed,

the connection pattern of such a'semiconductor device assembly is termed a "baill grid array” (BGA)
connection 19 pattern o/a ifirenoatirgrcnmenguqB dAicesnrIohbnpittermepeadingtiipon the

spacing or pitch hetween adiacent sIderallsn ST AU NS RIBS, ATESRA RS thaneX e R o

conductive elements of such an assembly, the connection pattern of the assembly may be referred to
as a "pin grid arr&ynfleciay beHpdutibpspelemnc oiveatioHEnphuriskhasees st Bgoh eepsedhblies are

defined by the 15 cLgpIRENE ANEKRESTPRA! IRLPIRIROSE A ALDCHY R SHALEHBh ARG Ruch

semiconductor device thereto, the semiconductor device, the distance bond wires protrude above an
active surface of #HeBepichstuceYide vice by itheraisthichadheaidharraoridieth e @lepsénts extend

from the intqposer, SevsrakiRiRrpRAserAssians (e ARaARIRIARaH I algisrApe REegdor 20

semiconductor device assemblies and packages of ever-decreasing proﬁles._For example, some rigid
interposers includ@adpessastebr helgaleilincan paldartalkse missabetoherepids arhespddsddes of such

interposers may alga-h& eBRHBUIH RIEFRIYE QLIPhPalt Qhiie HistiGincaBH aieaiements (e.9.,

bond wires) that electrically connect bond pads of a semiconductor device to corresponding contact

pads of the 25 infss8ddy, MAE hsretiiesesk grid ariaip g BsseniBied spparItyeRAtRiMiding such
interposers are typicalIy@&{%qayag}g%qmmsggm&@gm@e%grggﬁﬂgg% the distance that

discrete conductive element protrude above a surface of the interposer, and the héight of conductive
structures ptétrudiiguteiinahishpersie Alitadatepaser. the adhesive material securing a

semiconductor device thereto, the semiconductor device, the distance bond wires
protrude above an active surface of the semiconductor device, and the distance external
conductive elements extend from the interposer.
Several interposer designs have been developed to address the need for

20  semiconductor device assemblies and packages of ever-decreasing profiles. For
example, some rigid interposers include recesses for receiving all or part of a
semiconductor device. The recesses of such interposers may also be configured to
receive all or part of the discrete conductive elements (e.g., bond wires) that electrically
connect bond pads of a semiconductor device to corresponding contact pads of the

25 interposer. The profiles of grid array type assemblies or packages including such
interposers are typically defined by a combination of the thickness of the interposer, the
distance that discrete conductive element protrude above a surface of the interposer,
and the height of conductive structures protruding from an opposite surface of the
interposer. While these grid array packages are thinner than their predecessors by an

30  amount equal to the full or partial thicknesses of the semiconductor devices and
adhesive layers thereof, it is difficult, if not impossible, to further decrease their

profiles.



interposer. While these grid array packages are thinner than their predecessors by an 30 amount
equal to the full or partial thicknesses of the semiconductor devices and adhesive layers thereof, it is
difficult, if not impossible, to further decrease their profiles. 28 June 2006 -4- Accordingly, there are
needs for semiconductor device assemblies and packages having reduced profiles, a2Sveica2)ffr an
interposer configured to impart an assembly or packagedincluding the same with a thinner profile. 5
DISCLOSURE OF INVENTi@hNZhe thrseert ivednfionsimel coled: aloinieriso sesamdl insaand @ askeddn

semicondutor deief3S3RIRIESARY ReCKRARSTD IMARE SUEh aRsemAlieR ShRARkAORS A,

relatively thin profiles.”In addit e present invention in Ip type semiconductor” device
assemblies and pagkagesgetiza wdohgdbssrsheintehppdemseT heofitesent invention 10 also includes
methods for fabricating the inventive interposers. An interposer incorporating teachings of the present
invention includes a thin substrate with at least one attach region. Each attach region of the interposer
is configured to receive one or more semiebrdLODYBEAEINY ENEHaNr more semiconductor dice).

A first set of contact padjs ResHPNRAA T RIFNIMAE IRhS. 45 AlRcIesiansPihatHissai o

conductive elements (e.g., bond wires, conductive tape- automated bonding (TAB) elements carried
upon a dielectric fitricReargsilies nad paokagepueturess sephaassansliesupn peckeganinsh pphativaly formed

from conductive alesiaf 124 APRIARHAIRI RAURSSH AN ARLR 81T Q08,7 MArE SeFAgRTctor

devices to corresponding contact pads of the first set. Each contact pad of first set, or first 20
contact pad, maydssietesasazhics ond aadd gesdhas icdpdmelinl toerescpadldkpmsephitveatiasr second

contact pad, by way,qha cRAGHERR RGN e RS INRIEREMES PodBraddition, an interposer

according to the present invention may include a ground plane, a thermally conductive structure,
which may form all or patdnigpRhEICHRALTE P2 IeATEHIZHP ElkO RIBSRALIBIY tABPEGNJIIRY Diiese

structures are pregent{0su AR, MaxasPIMed AL J80eSITRSEANINE ALaRA3eLas that on which

an attach region is located and extend proximate to or at least partially into a die attach region. If
these structures @REAHAKERSUNAECHTOFIBATLIEPICRAABSIIRECESTILrE o PIFOAHIUR region so as to

be in contact with, g5eNFRAEH GO0 ISVIRR R AIBREMGHIR i HRALAIS FHERENALUPhe

15 attach region so that discrete conductive elements (e.g., bond wires, conductive tape-
automated bonding (TAB) elements carried upon a dielectric film, leads, or conductive
structures such as balls, bumps, columns, pins, etc. formed from conductive material)
may appropriately connect bond pads of the one or more semiconductor devices to
corresponding contact pads of the first set. Each contact pad of the first set, or first

20  contact pad, may be electrically connected to a corresponding contact pad of a second
set, or second contact pad, by way of a conductive trace that extends therebetween.

In addition, an interposer according to the present invention may include a
ground plane, a thermally conductive structure, which may form all or part of a thermal
transfer element, or a combination thereof. If any of these structures are present, they

25  may be formed on the same surface of the interposer as that on which an attach region
is located and extend proximate to or at least partially into a die attach region. If these
structures extend into the attach region, they may comprise a part of the attach region
so as to be in contact with a semiconductor device upon placement thereof in that die
attach region.

30 The interposer may also include “dummy” contact pads that do not
communicate with a bond pad of the semiconductor device. Instead, the dummy
contact pads may communicate with or comprise a part of a ground plane and/or a
thermally conductive structure of the interposer. Dummy contact pads that

communicate with or that are part of a thermally conductive structure of the interposer



30 The interposer may also include "dummy" contact pads that do not communicate with a bond pad
of the semiconductor device. Instead, the dummy contact pads may communicate with or comprise a
part of a ground plane and/or a thermally conductive structure of the interposer. Dummy contact pads
that communicate with or that are part of a thermally conductive structure of the intefosercZ®)00ne
2006 -5- may be positioned so as to facilitate the transfepof heat away (i.e., the dissipation of heat)
from a semiconduetybdevisé sesbsedstotheihteipbsdransfeoof Anaesembly. othpdiskageiehatiincludes

the interposer. Eqeh,phili E?&%@BHQ&@&%&QQ?Q&I% AR LIS G ROSET é?ﬁb?géﬂed >

upon the same, first Surface thereof in a single layer. Alternatively, the first and second sets of
contact pads mayp#kege et meloggodicerigrfmses of the interposer substrate, with at least portions of

the conductive traces, opglacifigally.gond %%H‘!%ﬁ’&%%?éﬂ@%%@é?Bﬁtﬂéeiﬁ?é}?ﬂlértﬁﬁ'sﬁﬂé Oging carried

internally within the interposer substrate. 10 An interposer that incorporates teachings of the present

invention alsd indm@ésf,hﬁlé@é{%éﬁ&hmr&%eébﬂﬁgﬁﬂ@dio pamﬁwimﬁeivbltémﬂm@ﬂwe@rﬁmeé, such as
balls, bumps, columg, QEPIRToRAE &5 PR ioSMESh Bk R SRrRRE I TRC SRl R interposer

substrate, which is opposite from the Tirst surface thereof, or, If a semiconductor device is to be
secured to the inteYpidée, iFyidhfiap letiprovieanawd mhere end uosi Yt angsauieclscthieaicrpadettsighsaste.

Each recess expgses;and; s, GRIMANCAISS WAL Ieasta RREIANOLAGHTARS A AsQuresponding

second contact pad, dummy contact pad, or a portion of a ground plane and/or thermally conductive
structure. The ret#xsé@éemay be arranged in a grid array or otherwise, as desired or required to effect

electrical coppection to bliﬂkﬂﬁégﬁé!?élﬂﬁ%ﬁ&m%o?ﬁe%&%ﬁlﬂ TOF fRHOQ ADeh VUSABASH I MAHARS

forming the first, second, and dummy contact pads, as well'as the conductive traces, from one or
more layers of céfgseeh/dthatedanbavged (abrpsbr Kupbteaendpeiiee sHBe & aughotehPrane and a

thermally conductjyg, struciiRRre dsaledninRse sluciy s FRA%AISA ReimedRmotgdayer or

layers of conductive material. By way of example only, €ach layer of 25 conductive material may be
laminated onto afBPecpoIoHHaET: AV8ifhde OPPAREe Hesrpbe by strsedhsrerfposiiéd thereon (e.g., by

phySi(?a| vaporl deRASIHARIEN DI vRUCR BSaRlitEering o hO ERpRRITah PR B RBIIRRKGY I tfdso by
way O example
Y 1? first surface of the interposer substrate. Each recess exposes and, thus, communicates

with at least a portion of a surface of a corresponding second contact pad, dummy
contact pad, or a portion of a ground plane and/or thermally conductive structure. The
recesses may be arranged in a grid array or otherwise, as desired or required to effect
electrical connection to higher-level packaging.

20 A method for forming the interposer includes forming the first, second, and
dummy contact pads, as well as the conductive traces, from one or more layers of
conductive material on the interposer substrate. If one or both of a ground plane and a
thermally conductive structure are desired, these structures may also be formed from
the layer or layers of conductive material. By way of example only, each layer of

25  conductive material may be laminated onto at least a portion of a surface of the
interposer substrate or deposited thereon (e.g., by physical vapor deposition (PVD),
such as sputtering, or by chemical vapor deposition (CVD). Also by way of example
and not to limit the scope of the present invention, the conductive features may be
formed by known patterning processes. The recesses may be formed in the second

30  surface of the interposer substrate at locations that correspond to the positions of each
of the second contact pads and the dummy contact pads to which electrical connection
is desired. Any suitable process may be used to form the recesses, including, without
limitation, mask and etch processes that are appropriate for the material of the

interposer substrate, laser ablation, die cutting or punching, drilling, milling, or other



and not to limit the scope of the present invention, the conductive features may be formed by known
patterning processes. The recesses may be formed in the second 30 surface of the interposer
substrate at locations that correspond to the positions of each of the second contact pads and the
dummy contact pads to which electrical connection is desired. Any suitable process Afaluhe 26¥d to
form the recesses, including, without limitation, mask ar@+ etch processes that are appropriate for the
material of the interaos&nsuisirahes, desdraibiation ot ibectatirsges mpuneh s ctrillinthemiitage or other 28

June 2006 -6- med%{gﬂg} ‘Q(@oiﬂ Sha,at Ffrmation af the recesses may be effected either before or

after formation of the conductive features. An assembly according to the present invention includes the
interposer with at least dnesemidoridaetdingdvidee seetaridtveatouriespuledig diecmpaehwelisn

thereof. 5 Each spiegnAusier dekice claweh a0 Asserbly oL grckage Alavha.atadianded.

corresponding attach region of the interposer as known in the art, such as by use 6f an adhesive
material, an adhdsigl svateehdiwinedeyecy ofatisbsivasontely ripEckagomnkisttachpeé ettach region

of the interposer %%Qﬁﬁqﬂil%%ﬁ@ﬂ%@ﬂ%ﬁﬂ@ i e, AEImAhegpducly G adhesive material

may be used to secure the 10 semiconductor device to the interposer and in thermal communication

with the thermalIW@GM@GH@/@@@%MMY@GQWW of gagthssivicsatisttepcdedice may be
electrically connegied fo.conesRoRdIRe-JEshCOPIRC RBfhseerRtCOontacARES BRlueavespond to

each first contact pad in communication with a bond pad of a semiconductor device have conductive
structures, such a¥ 4N uhpB1EbGansIco e1Bl kgAY ¢ontet ot omycbhderditesasateribe secured

thereto. Eacfy of the cangrictiveaSHUCIHER [RBaisabareHanahyityn e Sae3s Mgt serresponds to

the second contact pad to which that conductive structure is secured. In addition, if dummy contact

pads are presenthsinpalymeifeire sHacsimbricsf thdoadrmndy eberelespairondiytAndeviesmarictive
structures securegl tRrGiR fPRSHEYEISH OISR S PG SRARR LRI, 20 CoiREpRAGS AT the

interposer may also be partially contained within corresponding recesses. The use of a relatively thin
interposer substrafsrasaeRd [eLscpAria Y nEE pathiascsrRmicahen otive sherdured ahay reduce the

overall height, or igfile, §l GoseMicendVEUIRVIRR IaRCMRY, HLMRAAKEIR r'elalye R RmAGUYalent
assembly or 25 package with conductive structures that are not recessed relative to the interposer
15  pins formed from conductive material, secured thereto. Each of the conductive

structures is partially contained within the recess that corresponds to the second contact
pad to which that conductive structure is secured. In addition, if dummy contact pads
are present on the interposer, one or more of the dummy contact pads may have
conductive structures secured thereto. Conductive structures that correspond to dummy

20  contact pads of the interposer may also be partially contained within corresponding
recesses.

The use of a relatively thin interposer substrate that at least partially
encompasses the conductive structures may reduce the overall height, or profile, of a
semiconductor device assembly or package relative to an equivalent assembly or

25  package with conductive structures that are not recessed relative to the interposer
thereof.

Further, if the interposer of such a semiconductor device assembly or package
includes a thermal transfer element or other thermally conductive structure in contact
with the semiconductor device of the assembly or package, conductive structures that

30 communicate with dummy contact pads or with the thermally conductive structure
itself may provide enhanced thermal dissipation from the semiconductor device during
operation thereof. In such an embodiment, the semiconductor device is oriented on the

interposer in such a way that the thermal transfer element or other thermally conductive



thereof. Further, if the interposer of such a semiconductor device assembly or package includes a
thermal transfer element or other thermally conductive structure in contact with the semiconductor
device of the assembly or package, conductive structures that 30 communicate with dummy contact
pads or with the thermally conductive structure itself may provide enhanced thermal 2isBipailoAtrom
the semiconductor device during operation thereof. In stleh an embodiment, the semiconductor device
is oriented on thestinténposéthiaistmnaavagditae shmiberdualaralesiee efenmegandrcdteh iearmally
conductive 28 Jupe 2006 -7- structure of the interposer and the semiconductor device are in contact
with one another. Assemblies according to the present invention that include more than one
semiconductor device arssefiebhed tecasdingltcchippricsenilory (mome)atancindnvmergythBnbentormed by

stacking multiple aszemblies NG R/GIGRIAENHQ0 - BHFCRRRASSATERES Slefifaly, figpnected

to one another by way of electrical connections between conductive structures protruding from an

upper semicéndd@@d@ﬂé@qhb}’ at@gémgm@lﬁalgm@@rﬂdmﬁ@t@gmcmswigmhw@&edjwird contact
pads, on an interposGh Ak an JAAGEINNG SEIGPRINELIONLIRMFE P36 PN &ACh ebihe crptact pads 10

of the underlying assembly may comimunicate with either a first coritact pad and, thus, a
corresponding bdmivred epedyeticondeidiss eticeioRtHannasapislysanisadacecdedceontact pad of

the underlying asgembly WiE o 1R LB ERMBMAIGAIER WHD @ir@RAUGHYR - FEHRIIE S URd thereto.

Alternatively, the semiconductor devices of an MCM that incorporates 15 teachings of the present

invention may belBteiglkser efiafiventsdria ssrohendupesideried asteamibre iadrafidiescontacs pagle
interposer apg elgetficalhncopneciad in DA I EsRARER DY ARA it EPRFHETIVE Blemaat ROgIHONEd

between bond pads of the semiconductor devices and corresponding first contact pads of the

interposer. A sensiegoptheadinadiee prsbrby scavisordingicodendasrebinat rvsembby Mciides weond
assembly with a %HH?aQ'tepE&‘%%%éllﬂﬁeﬂ"yﬁ%cé‘s%giﬂgl?\%fﬁé@iﬂtt{ﬁﬁ,sé&ﬂfﬂfi‘ﬂhéﬁ@t%fﬁﬁ OO Roth of
e

a semiconductor device of the assembly and discrefe conductive elements that electrically connect
bond pads of the ssBi¢fietsriggeted Hwfde. assembly and corresponding first contact pads of the

interposer. Other featuregRpg, AAMIMRISSAL IR RGP ABLEMESIAMMEN SLATR ARBAIRET tO

15  teachings of the present invention may be stacked relative to one another or positioned
at different locations on a single interposer and electrically connected to that interposer
by discrete conductive elements positioned between bond pads of the semiconductor
devices and corresponding first contact pads of the interposer.

A semiconductor device package according to the present invention includes an

20  assembly with a suitable encapsulant or packaging material at least partially protecting
one or both of a semiconductor device of the assembly and discrete conductive
elements that electrically connect bond pads of the semiconductor device assembly and
corresponding first contact pads of the interposer.

Other features and advantages of the present invention will become apparent to

25  those of ordinary skill in the art through consideration of the ensuing description, the

accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings, which illustrate exemplary embodiments for carrying out the
30  invention:
FIG. 1A is top view of an interposer incorporating teachings of the present
invention;

FIG. 1B is a top view of an interposer area depicted in FIG. 1A;



25 those of ordinary skill in the art through consideration of the ensuing description, the

accompanying drawings, and the appended claims. BRIEF DESCRIPTION OF THE DRAWINGS In
the drawings, which illustrate exemplary embodiments for carrying out the 30 invention: FIG. A is top
view of an interposer incorporating teachings of the present invention; FIG. IB is a top3eng @bah
interposer area depicted in FIG. IA; 28 June 2006 -8- FI€8: 1C is a cross-sectional representation of the
interposer area depicted’l6r. RIGIs1 @ oFiGeQinniglaapsssnsaictionhilre prespeteationodepseediobnductor
device package ingorpgrating the teachings of the present invention; 5 FIG. 2B is a cross-sectional
representation of a variation of the semiconductor device package illustrated in FIG. 2A; FIG. 2C is a
cross-sectional represedittfiohofsal sepnictnrtinom rduvicatphckade stusearderin Iy 2P evithgan

increased therm%ggq_@gm@%%fgagﬁﬁgg@{Hggg)&;elﬁ lﬁv(%lagﬁ.a cross section of a semiconductor
nFIG. 2 [ i

package illustrated i 10 with both an increased thermal element area and thermally

conductive sfructures altfeheld thetss SICRliscarerostser b nalaepies et tdkasBic@dmieonductor

device package st gﬂggglﬁus?té&g/&t%%@qgased area for thermally conductive structures and
at least one heat transfer element attached thereto; 15 FIG. 3 is a cross-sectional representation of an

exemplary gmbodimentm Zﬁdﬁia&imhﬁéﬁw%C@Rﬁ@?&tm@mm@m@mﬁﬁmﬁ@hﬁ%, in
which a series of;separalely PREKAGSH SCRIGRAGHEIPHIRYIAGIAER AR IBLHM 8iStarkRd.;

arrangement; FIG. 4A is a cross-sectional representation of another exemplary embodiment of a

multi-chip module incorpdfatitlg teachmpscstitieoh tesenicivlistionpaskeseilporsehiadA§uddr devices
are stacked gver gnf GlecUiCAHIXCRRMARIAHAR R AN S MR ARE M AT o B fiCe QR AR are

cross-sectional representations of variations of the multi-chip modulée in FIG. 4A; FIG. 5is a
cross-sectional répisbea idgerisf another exemplary embodiment of

FIG. 2E is a cross-sectional representation of a semiconductor device package
illustrated in FIG. 2A with an increased area for thermally conductive structures and at
least one heat transfer element attached thereto;

15 FIG. 3 is a cross-sectional representation of an exemplary embodiment of a
multi-chip module incorporating teachings of the present invention, in which a series of
separately packaged semiconductor devices are positioned in a stacked arrangement;

FIG. 4A is a cross-sectional representation of another exemplary embodiment of
a multi-chip module incorporating teachings of the present invention, wherein

20  semiconductor devices are stacked over and electrically connected to a single
interposer;

FIGs. 4B, 4C, and 4D are cross-sectional representations of variations of the
multi-chip module in FIG. 4A;

FIG. 5 is a cross-sectional representation of another exemplary embodiment of

25  an interposer of the present invention, which includes a recess for at least partially
receiving a semiconductor device, as well as a semiconductor device assembly
including the interposer;

FIG. 6 is a cross-sectional representation of yet another exemplary embodiment
of an interposer according to the present invention, which is configured to have at least

30  one semiconductor device flip-chip bonded thereto, as well as an assembly including
the interposer and a semiconductor device;

FIG. 7 is a cross-sectional representation of an interposer that incorporates

teachings of the present invention and includes a semiconductor device flip-chip



25 an interposer of the present invention, which includes a recess for at least partially receiving a
semiconductor device, as well as a semiconductor device assembly including the interposer; FIG. 6 is
a cross-sectional representation of yet another exemplary embodiment of an interposer according to
the present invention, which is configured to have at least 30 one semiconductor deA8dtip-20(
bonded thereto, as well as an assembly including the inférposer and a semiconductor device; FIG. 7
is a cross-sectiorfzindgstésdmation oidaritieterpastratiavinednsbrepeductiachings wes@rederits
invention and includs.a semieoniiuslfice rENR Afne 0RRc R banded to the same side
thereof as that from which conductive structures protrude, as well as a Semiconductor device

assembly including the interfoiser stlsdy RIG 0Basraksiddipieedila melkidutg@ plotliey ipicluding a plurality

of Semico”dUCtOEe‘?l%\élSi‘Fcﬁl%§iHE’ﬂ%9s%@iﬁSﬁ%@%‘&ﬁﬁ@HﬂPﬂéQﬁ?189a%§%ﬁ‘81é”§§&&%‘?&p%§§g
MODE OR MODES FOR CARRYING OUT THE INVENTION The present invention includes an

interposer fob use in semiconductor device assemblies and packages, assemblies and packages

including the interposer,@W@D@W%@S E@R @ﬁmm@@i@@ qaﬁg W@ﬁ%mﬁhods for

designing and forming 10 the interposer, as well as for forming semiconductor device assemblies and

packages that include tﬁéeiMO&W@&@@@W@F@&DW%%ﬁQhW@@QWM@@W _
invention is illustrated,, FBe JETRASRE Q0GRS W@é%Q%cﬁﬁiﬁ%{ﬁ@fﬁ%f&;%f?ﬂl@rﬂﬁ'@'” as

an "interposer substrate”, and at least one layer 52 of Conductive strucfures. As depicted, 15 the at
least one layer 521ap copditlesivd heangrsstintigaBeitkioccoktadepagsads Eettdgsispoxinaateiammangch

location 7 opthe slgHALR L2 a0d cRRdYGHNS RGeS ARYIRAUINE asomeytahiaerally ieRa

€S
corresponding first contact pads 4 to corresponding second contact pads 2. As shown in F?G. 1C,
receptacles 14 th&@ehieciafn e atRsassPartially through the substrate 12 expose second contact pads

2 therethrough. 20 The gbstraie b3y e cormen 4G irsanigid et ilex s mateial andmay

comprise a substantially planar member. Silicon or another semiconductor material (e.g., gallium
arsenide, indium Phosppiaesete) inrdydse usesiatiotdh e duisstiegacforogte Aeteldststime surfaces

thereof, including-{hesghatwil aptagh @LPR 1QCHEGayer 52 of conductive structures. As depicted,

15  the at least one layer 52 of conductive features includes first contact pads 4 located
proximate an attach location 7 on the substrate 12 and conductive traces 8 extending
somewhat laterally from corresponding first contact pads 4 to corresponding second
contact pads 2. As shown in FIG. 1C, receptacles 14 that are formed at least partially
through the substrate 12 expose second contact pads 2 therethrough.

20 The substrate 12 may be formed from either a rigid or flexible material and may
comprise a substantially planar member. Silicon or another semiconductor material
(e.g., gallium arsenide, indium phosphide, etc.) may be used to form the substrate 12
with at least some surfaces thereof, including those that will contact or be located
proximate to the conductive structures of the interposer 20 or another semiconductor

25  device component to be assembled therewith, being covered with an electrically
insulative material (e.g., a silicon oxide or silicon nitride) to prevent electrical shorting
of the conductive structures of the interposer 20. Other suitable materials for forming
the interposer substrate 12 include, without limitation, FR-4 resin, glass, ceramics, and
polyimide.

30 The second contact pads 2 of the interposer 20 are arranged to provide a desired
pattern, or “footprint”, of electrical connections to facilitate communication between at
least one semiconductor device to be secured to the interposer 20 and external
electronic devices through a larger-scale substrate, such as a circuit board or other

carrier.



proximate to the conductive structures of the interposer 20 or another semiconductor 25 device
component to be assembled therewith, being covered with an electrically insulative material (e.g., a
silicon oxide or silicon nitride) to prevent electrical shorting of the conductive structures of the
interposer 20. Other suitable materials for forming the interposer substrate 12 includ@$ vitiop06
limitation, FR-4 resin, glass, ceramics, and polyimide. 300The second contact pads 2 of the interposer
20 are arranged to providéis. d8sivet 1 Galteret, Dscfondorimtacopelewical ovarmestivAg tecfapiiaiog

communication b&%“g&%s%f'&l% 2 ?'f?f@éﬁ%ﬂu%%&{?c‘ﬂ% 10.RGiSLCHEEGLQ OSeiI‘?Eﬁ{RR GO and

external electronic devices through a arger-sc;ale substrate, such as a circuit board or other ‘carrier.
28 June 2006 -1@okiGy. dbermpndhdsionziassdothdidontanepdy theebsirtierpdsermothvcmgmdting

teachings of the presentynyestion, GPRAyELvS, MRAIRMALRUCE A7 CHRREL HTINYs 905y RLOHer

conductive material, that is carried by the substrate 12 forms the second contact pads 2, as well as
the conductive traced egitadierfidstcotastt padd wenicthans Guwdombeartadegadsteare part of a

layer 52 that is caglied.p9B a.sytiaeR ot e SHDIHAG 17: 5aS AHIREHPAIAE. d2:t0ah AL pads

superimposed by the second contact pads 2 are substantially removed to form the receptacles 11,
which facilitate thé Fermiiem oz esnovgddorpantibasisenietas iHe whtdn@abigdhpdos2édnted

interposer 20 and IRAE,FOTIRGARIIS vEHFELATHR SUHE ROAIELPE RIS FREESH PG LPoPRIAEIS R are

configured 10 to at least partially receive conductive structures, such as balls, bumps, columns, pins,
or other element$foranagrbrivebias acivainzgarhpsodsaeeintetihe repentickiol(arg cosbisedor a

conductive g congyeiprsfillad ainstemer. Gsnerall isnirierae ihatiihe sontaehRads 2 ave a

larger surface area than the adjacent end of the receptacle 11 corresponding thereto so that the
substrate 12 will sfilP{henaleangasdosanedsiophepadustsigopaiefal vsbnseadasidl corettlpao (e.g.,

Optionally, as shQuidf) KI @ cdiaR ROl biRIRYS. SRdak RsiermediRr. ROSIHIRNGEoVRI cafaguctive

traces 8 and contact pads 2, opposite from substrate 12. Protective layer may provide additional

physical support ¢ eopf@etaded havaalarpassysredatpachve thacdsgenh idhe pesitegielihyer 80
electrically insulaigs 20, 6aNAN¢HYR (aceh & AR AUHRE! PRLS X dRGRRIR Y IBGisras ipatmay be

used to form protective layerinclude, but are not limited to, dielectric polymers, such as polyimide.
15 support for each second contact pad 2.

Optionally, as shown in FIG. 1C, a protective layer 80 may be formed or
positioned over conductive traces 8 and contact pads 2, opposite from substrate 12.
Protective layer may provide additional physical support for contact pads 2, as well as
for conductive traces 8. In addition, protective layer 80 electrically insulates

20  conductive traces 8 and contact pads 2. Exemplary materials that may be used to form
protective layer include, but are not limited to, dielectric polymers, such as polyimide.
By way of example only, a dielectric polymer may be coated over conductive traces 8
and contact pads 2 by known processes (e.g., spin-on coating, use of a doctor blade,
screen printing, sprayed on, etc.) or may comprise a preformed film (e.g., polyimide
25  tape) that is adhered to substrate 20 over conductive traces 8 and contact pads 2.

The use of receptacles 11 in the interposer 20 of the present invention may
shorten the physical lengths of circuits between the first contact pads 4 and their
corresponding second contact pads 2, which may reduce electrical inductance relative
to that of a more conventional interposer by eliminating the need for conductive vias

30 extending through the thickness of the substrate.

Although FIG. 1 depicts a receptacle 11 as exposing a second contact pad 2, the
receptacles 11 may alternatively expose a portion of an electrical trace 8, a first contact
pad 4, or another feature along a conductive path between a first contact pad 4 and its

corresponding second contact pad 2. As such, some receptacles 11 may facilitate



By way of example only, a dielectric polymer may be coated over conductive traces 8 and contact
pads 2 by known processes (e.g., Spin-on coating, use of a doctor blade, screen printing, sprayed on,
etc.) or may comprise a preformed film (e.g., polyimide 25 tape) that is adhered to substrate 20 over
conductive traces 8 and contact pads 2. The use of receptacles 11 in the interposer 28 bifntheé0pesent
invention may shorten the physical lengths of circuits bdtlveen the first contact pads 4 and their
corresponding seleonacdmantiqudats Zcwitiohanagnduiiice slesivced hadadteaceceatatie the teaoed a

more Conve“tion%lﬁﬁ%ﬂt’% ﬁglrzht%)f alimnatiddnsnead i §9nd C&Q{ﬁiéfi)?}dﬁgt&‘h%@?é@sghw(fBg&the

thickness of the substra though FIG. 1 depicts a receptacle 11 as exposing a second contact pad
2, the receptaclesssemblag tiesswatlively expose a portion of an electrical trace 8, a first contact pad 4,

or another feature along, cRNAYEHYE H@tﬁl?f%?ﬁﬂr?eﬁiWItﬁ‘HE&?P&rPng4cﬁﬁﬂtéﬁ%irﬁ%{r§t§ﬁﬂfk%?%r

second contact pad 2. As such, some receptacles 11 may facilitate 28 June 2006 -11- testing of
particular ciréuitsrefic@cahduine siractaeesshaveth sebs vatiatbavrtinel setesndn edditienpdids 2 of the

interposer 20 and.one QIMAIE SRPEAHCIREGRYIETES NAYABeEIna336MBIGR NIEMHL e may

receptacles 11 may be formed with draft angles, countersinks, chamfers, or 5 radii or, alternatively, as
recesses with substristilarerdeansides. anaiaelivepredshepsss-dastiynedssHapes sitabledeeptacles

11, taken transversgJo; e fentnp e Rfp MR INRIFHRA A AR Q" Sthe ARRI GehiRPeS.

Any process that is suitable for removing material of the type from which the interposer substrate 12 is

formed may be uksed to oy thsareeeripedsidd 1 Foreranalan praskxk el rsagsseo deasbs wias i9e used
to 10 form regeptagles dt ihasUPpiALe dssthal IS P RA AR ARFNICRRANGL B iRk glass, or

ceramic. Substrates 12 that are formed from resins, or polymers, may have receptacles 11 formed
therein by mechatitsél preeexsis, Subtirae s tiflilgi(melframeddsan @sinhg)r pobyaktsy DNy Cor die

cutting. The i”terP&%(?Ea%QsQflﬁ%ﬂﬁ%ﬁ%ﬂéﬂ&ﬁ%iﬂﬁéﬂ%é ge-athermally epmeictivR AR ment 6,

which may be formed from a thermally conductive material (i.e., a material conducive to heat transfer),
such as copper, aiiinPugelinsrdingeorTHe ¢HEMgally conductive element 6 may increase the

overall thermal mass of g iRierpaseHBQ AN pibUs At @riarRRAlRGu Rt 9 B RfMicnductor
device positioned in thermal communication therewith. As depictéed, the thermall?/ conductive element
6 is located15  element 6, which may be formed from a thermally conductive material (i.e., a material

conducive to heat transfer), such as copper, aluminum, gold, or the like. The thermally
conductive element 6 may increase the overall thermal mass of the interposer 20 and,
thus, act as a so-called “heat sink™ for a semiconductor device positioned in thermal
communication therewith. As depicted, the thermally conductive element 6 is located

20  completely within the attach region 7. Alternatively, a thermally conductive element
may be located only partially within the attach region 7 or lie completely outside of the
attach region 7 and proximate thereto. Preferably, the thermally conductive element 6
is configured to thermally communicate with a semiconductor device disposed upon the
interposer 20 so as to convey heat therefrom during operation of the semiconductor

25  device. By way of example only, the thermally conductive element 6 comprise a part
of the at least one layer 52 of conductive structures and may be formed from the same
material as one or more of the other conductive structures of that layer 52. Preferably,
the thermally conductive element 6 is electrically isolated from other electrically
conductive structures of the interposer 20.

30 The interposer 20 may also include a ground plane 5. The thermally conductive
element 6 and the ground plane 5 may comprise the same element or separate elements
from one another. Like the thermally conductive element 6, the ground plane 5 may be
positioned completely within, partially within, or proximate to an attach region 7 of the

interposer substrate 12.



20 completely within the attach region 7. Alternatively, a thermally conductive element may be located
only partially within the attach region 7 or lie completely outside of the attach region 7 and proximate
thereto. Preferably, the thermally conductive element 6 is configured to thermally communicate with a
semiconductor device disposed upon the interposer 20 so as to convey heat therefréi® Hunéri06
operation of the semiconductor 25 device. By way of exd@ple only, the thermally conductive element 6
comprise a part of the didemstiothe fesentBdesfidohduativiostrednidessandrnadly Bodoghmée from the

same material ag, ?%Em%@tfgté ?ﬁ'&?rﬁg‘;’%ggﬁ&%ﬁ%ﬁ&ﬂ%ﬂ#‘?&uﬁéﬁh@éﬁei denhifierably, the

thermally conductive element 6 is electrica from other e ically conductive structures of
the interposer 20¢GO1T¢ ey intdapestp 20 megntisopat ihdecamrourdagstamath tihgravadwdigeconductive

element 6 and the, rBHAL AIANG CoMAXFONRLREANE W&%‘%’%‘?@é@{ FERA AR Fl5TRAlR IR one

another. Like the thermally conductive element 6, the ground plane 5 may be positioned completely
within, partiafly withinfarqidesdhratedrem anasserelfionr pathige thweipdsdestissnsawaser28gune 2006

-12- Some of the yipcapiacies . tat &E%@Sﬁ”@a@ﬂ&%ﬁ‘%%&@ib’ OB ARG HGIROBES FHpstrate 12

may expose portions of a ground plane 5, a thermally conductive element 6, or a contact pad that
communicates withrtivellgrdgatidpaipetBragiioc tpresicallcadditionve dldheetitanwrarereeegstdles 11

are used to facilitgie, e 9 HaRsE rn‘i’%;"'ﬁé‘?&%%}i pamuaY asseiiN pRckaasHDAkAGYdes the

interposer, the location, volume, and shape of each such receptaclé 11 may be tailored to provide

particular heat disslsétith Ichiaraxpesis fest msaeioiidaroraihythendnervamlengpb svans 13 fagilowie the
structures mgy b%ﬁﬁE?@FQtﬁ@a@Wa‘?fﬁ%‘Qﬁ%?&ﬁﬂM?Qﬂ%&@ﬁa%}i%@ﬁ&ﬁﬁgﬁﬁ??ﬁ‘@fﬁo’s@r@ﬁ@?ﬁﬁ

portions of a thermally conductive élement 6 and to Tacilitate the 10 transfer of heat away from an
assembly or pacleagamelaahpote linatpbe s, ldhsrpreseiiimeciina rivtue Wigfitstsd 8eope of the

present invention, StriGiyEes PURl/BSFESARIARESHER ANHRr EEARYRSKROLARAWEY that faciltatg the

transfer of heat away from the thermally conductive element 6 may be distributed across the substrate

12 over roughly the Gsmmbreordugisecdensisd myahberAi e aetire Bl pbpEge s A¥eanother
alternative, showp,in.fik38e 26REr &DRREIWE ddic dMRY RE-FUTRED ket ah iR iniegposer substrate

12' to expose a large, central portion of the thermally conductive element 6 therethrough, with at least
some peripHéral regions’efaether alternative, shown in FIGs. 2C-2E, an aperture 11” may be formed

through the interposer substrate 12" to expose a large, central portion of the thermally
conductive element 6 therethrough, with at least some peripheral regions of the
thermally conductive element 6 being secured to and supported by the interposer
substrate 12”.

20 Referring now to FIG. 2A, a package 21 including the above-described
interposer 20 and a semiconductor device 36 (e.g., the illustrated semiconductor die)
affixed thereto is depicted. The semiconductor device 36 may be secured to an attach
region 7 of the interposer 20 by way of a die attach material 38, such as a suitable
adhesive or adhesive-coated element. The bond pads 42 of the semiconductor device

25 36 may be electrically connected with corresponding first contact pads 4 of the
interposer 20 by way of bond wires 32 or other intermediate conductive elements (e.g.,
leads, TAB elements carried by a dielectric film, etc.), includes contact pads 2 formed
on the top surface 10 thereof.

In addition, package 21 includes electrically conductive structures 34 secured to

30 atleast some of the second contact pads 2 of the interposer 12. The electrically
conductive structures 34 are positioned at least partially within the receptacles 11
formed in the interposer substrate 12 and, thus, are at least partially laterally surrounded

by the interposer substrate 12. Electrically conductive structures 34 may also be



thermally conductive element 6 being secured to and supported by the interposer substrate 12'. 20
Referring now to FIG. 2A, a package 21 including the above-described interposer 20 and a
semiconductor device 36 (e.g., the illustrated semiconductor die) affixed thereto is depicted. The
semiconductor device 36 may be secured to an attach region 7 of the interposer 20 BY Wway 80@6die
attach material 38, such as a suitable adhesive or adhebive-coated element. The bond pads 42 of the
semiconductor devitec23@s grrundelelschricfihy canrrstaWithaormsspdndingdivstiodritacg pads 4 of

the interposer ZQIR\Y g@yngféﬁgﬁgs\w[]&rstf%g%%)gﬁﬁ%rlgggegmediate conductive elements (e.g., leads,
y a m, etc.), InClu

TAB elements carrie ielectric fi es contact pads 2 formed on the top surface 10

thereof. In addition, pacE@g@l@ﬂM!}d@@’i&e@fuﬁl@aﬂgﬁtéﬂdwbtﬁker%m@g@m@bb_gr@(ljm@dfm)m least
some of the secogd cantaghpads2 Ofifhe INKRROERNL IR IREEIEHYICAIMuERRIUCEVG AT YgtHEes 34 are

positioned at least partially within the receptacles 11 formed in the interposer substrate 12 and, thus,

are at least partidityméraliy dersecidddo byhpenalisrposbicsyb sicanetd @é@tﬁ@@p@@hagéﬁ\ﬁé a
structures 34 may, alsohe 23plne i2996;- 33 SRAUED I A RIRA RIane ARG [URIResEL 20 or a

contact (not shown in FIG. 2A) that communicates with the ground plane 5. Thérmally conductive

structures 50, whid¢nediehniie wiid theyhisenfabimeonitoet vihel asaene milie themgdl yresswlfesiyewhich the
electrically CO”dU&W&ﬁ’éyﬁm%c?é&‘s?tf@m%ﬁjalmﬂ&ﬁ%lsﬁﬁk'{%@ 19 el gopductiveglement 6

of the interposer 20 or to a contact (not shown in FIG. 2A) that communicates with the thermally
conductive elembeateinsionithatadigserqianyedhocelecersmlemat thesheethatijosenductive

structures 59)ma¥eil'i‘1%8ﬁ§§c{@?d%‘6?{é‘ﬁéflﬁr&Hﬁerh%?ﬁaHE@ PAAKAG e ANY: O ARl it INK for

the adjacent thermally conductive element 6, as well as for a 10 semiconductor device 36 in

communication wia eNenHaanaipslsrdsivee &amebethn ghevadaninhar andingheratalitgradyemseboth a
ground plane 5 apgl gdhes ALY GRRIUCHE G RIGRERL B0t BRGAR T ST Ut Sha 4 h PAGHHINY

therefrom may be formed from a material that is both electrically and thermally conductive. The

electrically condu@esiatrihetiscotdnelselyigslland dherkasiplecsdREL NS comprise balls, bumps,
columns, pins, or other stGHMES RS aFsdarmed frRm.AR BIeRticaIMcansuste maeRal, such as a

metal, a metal alloy (e.g., solder), a .
15  comprise balls, bumps, columns, pins, or other structures that are formed from an

electrically conductive material, such as a metal, a metal alloy (e.g., solder), a
conductive elastomer, or a conductor-filled elastomer. Also by way of example, the
thermally conductive structures 50 may be formed from a metal, a metal alloy, or
another thermally conductive material.

20 When the electrically conductive structures 34 or thermally conductive
structures 50 comprise solder, another metal alloy, or a metal, these structures may be
formed, as known in the art, by use of a solder mask 40 that has been secured to (in the
case of a preformed film solder mask) or formed on (in the case of an applied solder
mask material) the substrate 12 of interposer 20. Once the metal or solder structures

25  have been formed, the solder mask 40 may remain in place adjacent to the interposer 20
or, optionally, be removed from the interposer 20.

When one or more semiconductor devices 36 have been secured and electrically
connected to the interposer 20, each semiconductor device 36 may be partially or fully
covered with an encapsulant material 30 of a known type, such as a suitable pot mold

30  material, transfer mold material, glob top material, conformal coating material, or the
like. Such encapsulant material 30 protects the covered regions of each semiconductor
device 36, as well as the bond wires 32 or other intermediate conductive elements that
electrically connect the bond pads 42 of the semiconductor device 36 and their

corresponding first contact pads 4 on the interposer 20.



conductive elastomer, or a conductor-filled elastomer. Also by way of example, the thermally
conductive structures 50 may be formed from a metal, a metal alloy, or another thermally conductive
material. 20 When the electrically conductive structures 34 or thermally conductive structures 50
comprise solder, another metal alloy, or a metal, these structures may be formed, as2Rionhin0he art,
by use of a solder mask 40 that has been secured to (inlthe case of a preformed film solder mask) or
formed on (in the case of aackpptidd sbliemrnesaskimasmirial)tas bavssirtatalthiokigssrpolsss d@NONce the

metal or solder stGlyteg %grrhﬁ}’g%ilﬁ %{‘s‘iﬂfg%?éjfépﬁéf?lfj%r{?f)%ke‘r‘&{}b?{crﬁg@?égsE%@Jﬁ%‘i adigggnt o

the interposer 20 or, optionally, be rémoved from the interposer 20. When one or more semiconductor

devices 36 have Isdepheesufundimddtentrivtaly, vhpeitible teothpuiisrerpdee 9achelach efticonductor

device 36 may b%;ﬁ’&{&@iyaf’é Iféiéﬁrgﬁ’\é?rcf‘e%%ﬁh an encapsulant material 30 of a known type, such as a
suitable pot mold 30 material, transfer mold material, glob top material, conformal coating material, or

the like. Such encapsulﬁ}ﬁrﬂﬁtéﬁaimam@ti@d@th.émg@d?ig@ior@@h é@&né&nﬁd@dﬁ@mﬂﬂﬂevice
36, as well as the Hond WEes 34 QO NEHINBIRERIRIS feRdUGIvS Slemants hah &lgetficaliy connect

the bond pads 42 of the semiconductor device 36 and their corresponding first contact pads 4 on the

interposer 20. 28%!19&@129}2)8@]{@,& b@%ﬁﬁg@@l@@@%&s&iﬁh@éﬁmmf@wm@@ 4%ovdlithickness of
less than about O¢g i iPAKNY thsYNRRIR IRLHES RSOBIMACLEIRGEODIE ARYIGRSRYCHAR Rellular

telephones, handheld computers, and portable computers, where such low profile packages are
required or desirégatsmicpRBedidgsicesfectiaabtingronisadhagerzreinroaHichneshde e iy thermally

conductive syuctyiesaf et B’é{}ffﬂ%?e%?!ﬁ‘nﬂ}@a@%%’%%ra@Qzﬂ{ﬁl(iﬁé‘B%ﬁﬁge@ PRELAIRIR Ry way of

a heat transfer element 48. The heat transfer element 48, which further increases the overall thermal
mass of the packBefé P i ofrersieraon favidlatipreat'sinkoprpdaibeatdrractiticdeinere 4868 the

surface area from WOigRAFLMAY- 1EHESSIRAE AR MakRaIRRY (RHEASEINF LR AbM SR e

package 21 is able to dissipate heat by way of convection or radiation. As shown, the heat transfer
element 48 is a fGderambifpmatambeialyriritrectoms rbliv BRAL thenpEactearsfet & BAYent 48 may

be formed from apybier, oh SRRRTRIR SeGONE, ThE heatansienGlemesi4adnay mptigally include
holes, cut outs, varying cross-sectional properties, or the like, or
15 some combination thereof.

In addition, a surface 51 of the heat transfer element 48 may be mechanically,
chemically, or otherwise configured to further enhance the ability of the heat transfer
element 48 to dissipate heat from the semiconductor die 36. As examples of chemical
treatments of the surface 51 of heat transfer element 48, processes such as coating,

20  greening, or blackening may be employed to increase the emissivity of the heat transfer
element 48 for radiative heat transfer. Examples of mechanical configuration of the
surface 51 of the heat transfer element to enhance its heat dissipative properties include
geometrical enhancements such as grooves, roughening, or other processes that
increase the area of the surface 51. Such surface treatments may be effected before or

25  after the heat transfer element 48 is attached to the thermally conductive structures 50.
One or more regions of the surface of the heat transfer element 48 may also be coated
with dielectric material to prevent electrical shorting.

FIGs. 2C-E depict another embodiment of a package 21, that includes an
interposer 20" with an interposer substrate 12" that includes an aperture 11” formed

30  therethrough to expose a large portion of the central region of a thermally conductive
element 6 that underlies the back side 37 of a semiconductor device 36. At least some
of the peripheral edges of the thermally conductive element 6 overlap a surface of the

interposer substrate 12" and are physically supported thereby. Also, the solder mask 40



15 some combination thereof. In addition, a surface 51 of the heat transfer element 48 may be
mechanically, chemically, or otherwise configured to further enhance the ability of the heat transfer
element 48 to dissipate heat from the semiconductor die 36. As examples of chemical treatments of
the surface 51 of heat transfer element 48, processes such as coating, 20 greening, 88 Blaskedddg may
be employed to increase the emissivity of the heat transtér element 48 for radiative heat transfer.
Examples of meacbfamicki godfigifratiprdotshet suttaden§dr ditheoheat ofahsfdrealetigobtalerihance its
heat dissipative perI%B%rﬁ%e include geometrical enhancements such as grooves, roughening, or other
processes that increase the area of the surface 51. Such surface treatments may be effected before
or 25 after the heat tranSfier elpmedpé&ienattabhebetontily texmeallyecdaoheati venstyueiupes SPode or

more regions of _tHle surﬁﬁﬁe of the heatg nastfeebelem nt.48 lﬁgﬁrgés%ge Xoated wit dlelectn? material

to prevent electrical S0 w?gl.n EIBLI Y S(feplct arSthar e ern oTa%%\gfégasee Ie,gfﬁg& Ncludes

an interposer 20theitudicindé theseersubiraiadli2titedlkatnd 6snary dpetteie chlly formechatcally
therethrough to exgotsg a Iar?%e aportion (t)f thg centtrﬁll {Eo%ion Pf gthermall con%uct%e element (?lthat
ide 37°0 idSaeTgR e B MAT SISt BEHNE BPRIEUSS IBH:

underlies the back 4% he perip &Pai %deﬁSS of the
thermally conduciive élemeint deoudridly insulfeace afilvey ihtecposelisubsiraty 1R dndvara pigsically

supported thereby, Also, the solder mask 40%8 une 2006 -&5- of package 21, if any, does not extend
over this portion O HRAAAR, T Rt S RsEme Y FRRNSHER SRS DL HicpRsigned
conductive elemepfikimay 4pEnaiR XRNAsEsthOUaN HRe e RESLEPHEH ateidHs cidepisted iy FIG.

2C. Any exposed regions of 5 the surface of the thermally conductive element 6 may be chemically or

mechanicalllf treSS8HURIYGHERFP ot BRRGIES PR FARYIMATR B Sipeaind ¢t Sydhre e iHaRset, as well
as to form an elegficallycinsulative spafiperthersarAlleRatieiy dashM LR EI& 22Dnthgipagkage

21' may include thermally conductive structures 50 that are positioned within the aperture 11, secured

to and protrude fléstf ExpoissdleserahdSorasiad éoriismpaldyceiduetive grasiares e 0dhat are soasst

partially laterally gurrQUpRRQ. QY (g e mReSRAISURMNAE: Jd e Elfenek. depicts another alternative, in
which the package 21' includes a heat transfer'element 48 secured to thermally conductive structures

50 that are secured to ardpratRedetfrdhEtHe therhsaihyappdic v edmentod interposer 207

15 according to the present invention is depicted. Interposer 20” includes a receptacle 22
that is configured to at least partially receive a semiconductor device 36 to be
electrically connected thereto. The remaining features of interposer 20” are
substantially the same as those of interposer 20.

FIG. 6 depicts another embodiment of an interposer 120, of which the first

20  contact pads 4 are positioned in an attach location 7 and positioned so as to mirror the
locations of bond pads 42 so as to facilitate flip-chip attachment of a semiconductor
device 36 thereto. The remaining features of interposer 120 are substantially the same
as those of interposer 20.

Referring to FIG. 7, another embodiment of interposer 120” is depicted.

25  Interposer 120” includes a recess 22” formed in the same surface as that to which
receptacles 11 open. Recess 22” is configured to at least partially receive a
semiconductor device 36 in a flip-chip orientation. Accordingly, first contact pads 4”
are positioned within the receptacle 22”. Conductive traces 8” that communicate with
the first contact pads 4” extend across the interposer substrate 127, either on a surface

30  thereof, as shown, or internally therethrough. The conductive traces 8” extend laterally
to the locations of corresponding second contact pads 2”, which are exposed through
the receptacles 11 that are formed through the interposer substrate 12” so as to at least

partially expose corresponding second contact pads 2”.



Turning now to FIG. 5, another exemplary embodiment of interposer 20" 15 according to the present
invention is depicted. Interposer 20" includes a receptacle 22 that is configured to at least partially
receive a semiconductor device 36 to be electrically connected thereto. The remaining features of
interposer 20" are substantially the same as those of interposer 20. FIG. 6 depicts ad8thare 2006
embodiment of an interposer 120, of which the first 20 ebftact pads 4 are positioned in an attach
location 7 and positionedwoiag towmindilthe, lutationglefbonbqiansm 25 mylto dhigiliaduiitBhip

attachment of a Smg&g%ﬁtﬁ{e pevise BRARRISIR: Jé%?c §&T“'%i'§iQ@oﬁ?&%@%ﬂﬁéﬂéﬁ[gggg‘?&ﬁ@&?re

substantially the sam ose of interposer 20. Reterring to FIG. 7, another embodiment o
interposer 120" istidipictelavo 28dkaepddr aROPptivaike ge rebddgirpa fowaedackige sahhe surface as

that to which receptacleg, 11, gng01REGETR e IEATIIUIRHA Eonﬁhl?@ﬁfgo%lﬁﬂ)é BRERMERs an

semiconductor device 36 in a flip-chip orientation. Accordingly, first contact pads 4" are positioned
within the redeptapr2pe Sdomaet thieugicks Snvaticoenaapsidane withrishd dirsecohtddrqiaaistuextend

across the interpgser SHRSHAE b ar 1 EMRFAMASHIACE 2AJHELEO AR AL Rl MRIQRY 34 that
Rate

therethrough. The conductive traces 8" extend laterally to the locations of corresponding second

contact pads 2", wmtrhc@ﬁef@m@@b_qm@ugﬁammwdma@@@gq AP aré fomnst Rdodgriiie ieterposer
substrate 12" so g$10,all&ast JRAHalY LR3I SPL AL SRCRPJEOMIAL RS wadilWagP 006

-16- Turning now to FIG. 3, an exemplary embodiment of a multi-chip module 60 according to the
present inventiondigetiEpidted. As shown, the multi-chip module 60 includes two packages 121: an

upper packgge 121U angla oWt RBAKRAIS AR 1l &Rfﬁ:@cﬁbﬁg&%@%%%@ﬂ&%ﬁﬂc%@%&ﬁh a multi-chip

module 60 includes an 5 aperture 9 formed through the top of the encapsulant material 30 thereof.

Each aperture 9 ¢etedinigdiag fosaeradactpadichyidcdive nliaieiportihbebaadoade $iradure 34 that
protrudes from the,RatiMRh AhRYEINGRACKAIE TS HIu AT ANAEE BBDLIHR Pakdageti iigh,gontact

pad is referred to herein as athird contact pad 10, is exposed within each aperture 9. 10 Some third

contact pads 10 6f theopderare tiare fegstmedisicarentnn thisheypariding Hstddheact pads 4 and,
thus, ultimately, Wi dhsReRY BRIS AR P8ATEIRROGING EHRHRLSHSY BTy rRRENGARYSIOR§Vice 36
of the package 121 by way

15  communicate with corresponding second contact pads 2 and, thus, ultimately with one
or more electronic components that are external to the package 121 by way of a via 8’
or other conductive element positioned between the third contact pad 10 and the
corresponding second contact pad 2. Thus, a conductive structure 34 that protrudes
from an upper package 121U and its corresponding third contact pad of the next-lower

20  package 121L may facilitate communication between a semiconductor device 36 of the
upper package 121U and either a semiconductor device 36 of the next-lower package
121L or an external electronic device.

Based on an overall package height of about 0.8 mm (assuming the height that
the encapsulant material 30 protrudes above the interposer 20 is about 0.5 mm, that the

25  receptacles 11 extend completely through the interposer 20, and that the electrically
conductive structures 34 therein have heights of about 0.3 mm), the overall thickness of
the multi-chip module 60 depicted in FIG. 3 may be about 1.5 mm since the apertures 9
at least partially receive the heights of the electrically conductive structures 34 that
protrude from the upper package 121U.

30 While FIG. 3 depicts a multi-chip module 60 that includes two vertically
stacked packages 121U and 121L, it will be understood that a multi-chip module
incorporating teachings of the present invention may include more than two packages.

Another exemplary embodiment of multi-chip module incorporating teachings

of the present invention may be formed by securing multiple semiconductor devices to



of a conductive trace 8 positioned between the third contact pad 10 and the corresponding first
contact pad 4. Some third contact pads 10 of the package 121 may 15 communicate with
corresponding second contact pads 2 and, thus, ultimately with one or more electronic components
that are external to the package 121 by way of a via 8' or other conductive element pd¥shioned06
between the third contact pad 10 and the corresponding decond contact pad 2. Thus, a conductive
structure 34 that probgldestefisenn lihspenpeohidustor Atvicgadnas boresiponding thifarenniewttivad of

the next-lower 20 gagkage hodd: 'EE%WHiEﬁ“PIE?%‘,'BPE@&ﬁ%&‘&%QQJW[E@Br%‘?E”ﬂ&%H%tE?f figvice 36 of

the upper package 121U and elfher'a semiconductor device 36 of the next-lower package 121L or an
external electronigigendser, Baseeronialéverti-bhckage height of about 0.8 mm (assuming the height

that the encapsulant majenal $Qprotnider;akave }HﬁfﬂE%ﬁ(gl%SﬁlﬁQ%ﬁ%%&EiQ@si Lthe 25

receptacles 11 extend completely through the interposer 20, and that the electrically conductive
structures 34 theretarpeses Peightssofmboutuo8ren)cehd ovidraltaticknoss bk shmeritticbhigginodule 60

depicted in FIG. 3 may.he about 1. since the apertures 9. at least partiglly receive the heights of
the electrically oo s R e S R A M e, =
depicts a multi-chip wipdefle 6G titicinolates hid, vdriicalptistagkedtipaokdgestthel thandad 391, it will be

understood that &yl chimadyls, JnceTROraing. eachings of e Brese0bveRtion may include
more than two patl:lkages. Another exemplary embodiment of multi-chip modu em)corporatlng
teachings of the pnesantdmtentionicndp e fberterkbyesaicunidgr mwitipiesaonidorductbatdevices to 28

June 2006 -17- a single int . The semiconductor devi it t different
ocations orihe TTISAL: RGBT B o1 LR GV b o e AR B he

interposer, as shewpeitiré®onddads Yeith redeiancenacbhidudés &l ahipgnedidespdhahineides a

single 5 interposer 20 with semiconductor devices 36, 36' stacked over the same attach region 7
thereof is depictetPf#d Rt -<bRidBAIRIEIBPHEALe 36 is secured to the interposer 20 by way of a die

attach material 38, whilerapqthaf et@niibaefdie Atgehmaiatial 3k ceHaN PR aWiRRI ARGV §r

adhesive-coated element, secures the upper semiconductor device 36 to the lower semiconductor

device 36. IntermdtisrethgaaHy Gefideciiee e Uit dBaheo upieisate SRt wires Boomactdtadsrically

connect |5 (FIGs. 1A-C) and a thermally conductive element 6, respectively.

Such a multi-chip module 70 assembly may be packaged, as known in the art,
such as by applying a suitable encapsulant material 30 (e.g., a glob-top type
encapsulant, a transfer molded or pot molded type encapsulant, etc.) over at least
portions of semiconductor devices 36, 36’, the intermediate conductive elements, and at

20  least portions of the interposer 20.

In FIG. 4B, a multi-chip module 70" that includes a plurality of semiconductor
devices 36, 36" and an interposer 20" of the type depicted in FIGs. 2A-C is illustrated.
In the depicted example, the thermally conductive structures 50 of the multi-chip
module 70" are positioned within the aperture 11” formed through the substrate 12" of

25  the interposer 20" and are secured directly to the thermally conductive element 6. In
addition, the multi-chip module 70" may include a heat transfer element 48 secured to at
least some of the thermally conductive structures 50. FIG. 4C illustrates an
embodiment of multi-chip module 70" in which the thermally conductive element 6 is
exposed through the aperture 11’ formed through the interposer substrate 12°.

30 Also, as shown in FIGs. 4C and 4D, a second thermally conductive element 6'
may be positioned over an active surface 35" of the upper semiconductor device 36' to
facilitate the dissipation of heat therefrom. Of course, in order to provide the desired

heat transfer characteristics, a least a portion of the second thermally conductive



respective bond pads 42, 42' of the semiconductor devices 36, 36' to corresponding first contact pads
4, 4' of the interposer 20. The multi-chip module 70 may also include electrically conductive structures
34 and/or thermally conductive structures 50 that communicate with second contact pads 2 15 (FIGS.
IA-C) and a thermally conductive element 6, respectively. Such a multi-chip module 72Bdsse@dp may
be packaged, as known in the art, such as by applying-a&uitable encapsulant material 30 (e.g., a
glob-top type enchpsenant naatrdasieparmsldecdaghpat enolgedl typerecaps(ltnt, @ee)opertiankeafst
portions of semic&nductor devices 36t’ 38, the i éerrﬂediaé? ﬁondtmt,ive lements, and gt 20 least
portions of the intefp%errﬁﬁr.nllﬁ%.cfé, a il |-c'h|psn% &S RETRERTEES & %ﬁ?ﬁ%‘ii ofcor
semiconductor devieesidbcarind arndnerpasenBicaidhaipadeicEdinyEmaticells dlustrated.
In the depicted example, the thermally conductive structures 50, of the multi-chip  module 70" are

positioned within THEHIATAIR HePEG RS tRAGIRYA thEShsatkdits R38R SBAREFHRIEOESSY: and are
secured direstly to the theymplycondpative alemensSscinadditianmiie miliehipueadileofe) may

include a heat transfer element 48 secured to at least some of the thermally conductive structures 50.

FIG. 4C illustratefhgisogradimessddp inum-emy isbinenpduls Whiciithemesansipconitivese element
6is exposed thrqugihe ARgEUIe dtfafnest tyaeh g RIGTIRARRICRURRNAE 36 ma) BYSeedsphown

in FIGs. 4C and 4D, a second thermally conductive element 6' may be positioned over an active
surface 35' of theangpéacseenlboeeusided tvisisiBentmtéapiitatefhadissipiticrabé Yrewi thertsfienee Of
course, in order to gfgi%gthe desired heat transfer characteristics, a least a portion of the second

0 . :
thermally conductive 28 June 2006 -18- element 6' may be exposed through an encapsulant material
30 that covels portions dflttmaglpierfseraidngdastoptievicengdnpmaniytspaeringalihesndotideelément

6, one or more sy(g{gsﬁ%%(pggQ&%S%%t&%ﬁgg@%&o H&ﬁi‘ﬁf&ﬁﬁ%ﬁ%ﬁi [H%)Iéé & CPRII %,g/por

mechanically treated so as to improve the Issipation characteristics eof. 5 As icted in
FIG. 8, an interpadest2aionstdf sone enamplay suuiliegivn Sithdrelonatiey Geheseatotforhihe

multchip moduls B ASTiendicios devices 36 L ABIERLIR IRl AqslgRe. Ahegss cach

semiconductor device 36 may be secured and electrically connected to such an interposer 20' as
described above nittnteferdregsunes Bi@n gxferent embodiments may be employed in combination.

15  The scope of the invention is, therefore, indicated and limited only by the appended
claims and their legal equivalents, rather than by the foregoing description. All
additions, deletions, and modifications to the invention, as disclosed herein, which fall

within the meaning and scope of the claims are to be embraced thereby.

20



10 Although the foregoing description contains many specifics, these should not be construed as
limiting the scope of the present invention, 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 or scope of the present invention. Features from different embodiments maj3okieniiofed in
combination. 15 The scope of the invention is, therefore!thdicated and limited only by the appended
claims and their legal equivalents, rather than by the €drd¥iig description. All additions, deletions,
and modificationgqu)bépg m(ﬁ%@ . as disclosed herein, which fall within the meaning and scope of the
claims are to be embraced thereby. 20 -19- CLAMS 28 June 2006 What is claimed is: | . An interposer
for use in a semiconducior devite iatensbhyor ysadkagtemeemgvidivigl oy igesutssrabliatypokiage.
interposer substrg})@ﬁﬁgﬁ%?t one attach region on a surface of the interposer substrate including at
least one conductive structure for contacting a back side of a semiconductor die; plurality of first
contact padsSproxifarsasichly aldeasindrieaaastbségion; plurality of second contact pads carried by

the interposer subsfrate ,6agh<86R0A 18 FONtARIRAT BRrtRRRROdING IR A frshanniasteas @fihe

plurality of contact pads and electrically connected thereto by a conductive trace extending
therebetween; plurality efishistas seteiadesdorndinanlback paeiefly sarogghdgrantieposer

substrate and in glignment JHKRLGASESANE RELARASRMACLPRAS: OhtGiath RlVIGlLY of second

contact pads ; and at least one additional receptacle formed at least partially through the interposer
substrate to exposelarabiyselasprsid auNahEePat feeistionhd x Birduttivesstsebsreist cavh se¢endt one attach

region. 20 2;,The interpQgar.af Gl -YRHGHYE 66 A% e AU B PLTkSheRAHACS: BafSciRds

conductive traces, and the plurality of second contact pads are carried upon thé same surface of the
interposer substrate. 3. Tibalseriselaconapsied 2hovplerbinathendtfslist bire axgaripgion is

therebetween;
a plurality of contact receptacles formed at least partially through the interposer
substrate and in alignment with at least some second contact pads of the
15 plurality of second contact pads ; and
at least one additional receptacle formed at least partially through the interposer
substrate to expose at least a portion of the at least one conductive structure of

the at least one attach region.

20 2. The interposer of claim 1, wherein each of the plurality of first contact
pads, the conductive traces, and the plurality of second contact pads are carried upon

the same surface of the interposer substrate.

3. The interposer of claim 2, wherein the at least one attach region is
25  located on the same surface as the plurality of first contact pads, the conductive traces,

and the plurality of second contact pads.

4. The interposer of claim 1, wherein the plurality of second contact pads
are carried upon an opposite surface of the interposer substrate from that in which the

30  plurality of contact receptacles are formed.

5. The interposer of claim 1, wherein the at least one attach region is
located on an opposite surface of the interposer substrate from that in which the

plurality of contact receptacles are formed.



25 located on the same surface as the plurality of first contact pads, the conductive traces, and the
plurality of second contact pads. 4. The interposer of claim 1, wherein the plurality of second contact
pads are carried upon an opposite surface of the interposer substrate from that in which the 30
plurality of contact receptacles are formed. 5. The interposer of claim 1, wherein the a8léat dd@oattach
region is located on an opposite surface of the interposéPsubstrate from that in which the plurality of
contact receptacles are formed. -20 28 June 2006 6. The interposer of claim 1, wherein the at least
one attach region is locgted uRg i S SHAAGR PTARIIFIRCSISURRIAIR2F I0ainunich the
plurality of contact receptacles are formed. 5 7. The interposer of claim 6, further comprising: at least
one receptacle fokrmeddniphe thesipbeendabsnbtecantbrpettashbsigicrasghatia imeehokeplfrdlidim 7,
wherein the pIura(giit)é&{tggﬂggggtagfeggggfigmlfgd!ocated within the at least one receptacle. 9. The
interposer of claim 8, wherein at least portions of the conductive traces are carried within the
interposer substrate. 15 10. The interposer of claim 1, wherein the at least one conductive structure
comprises at least one of an elq}ﬁgiﬁz@é%ggg?q)qcctliéﬁ%séfqﬁ%&@ggl&mﬁémally conductive element. 11.
The interposer of claim 1, further comprising: 20 a third contact pad accessible from a surface of the
substantially plariirlpaté gnsseecsinsderbaenndpodie wgrpasshithstiioit thfit§teroapgaeit receptacles are
formed. 12. The interposer of claim 11, wherein the third contact pad communicates with at least one

of a first contact pad and a second contact pad. 25 13. A semiconductor device assembly, comprising:
an interposer including dontactiprdstespessief edastive wharsirthed aldsfobtiisherae sadiitonductor

device pos“i@neq&‘é?é&%tlﬁ??(ﬂ@%@fea@t%%‘&é&@ﬁtﬁléhe at least one semiconductor device in contact

with at least one conductive structure 30 of the interposer, the at least one semiconductor device
including bond pads that

9. The interposer of claim 8, wherein at least portions of the conductive

traces are carried within the interposer substrate.

15 10. The interposer of claim 1, wherein the at least one conductive structure
comprises at least one of an electrically conductive structure and a thermally

conductive element.

11. The interposer of claim 1, further comprising:
20  athird contact pad accessible from a surface of the substantially planar interposer

substrate opposite that in which the plurality of contact receptacles are formed.

12.  The interposer of claim 11, wherein the third contact pad communicates

with at least one of a first contact pad and a second contact pad.

25
13. A semiconductor device assembly, comprising:
an interposer including contact pads recessed relative to a surface thereof;
at least one semiconductor device positioned over the interposer, a back side of the at
least one semiconductor device in contact with at least one conductive structure
30 of the interposer, the at least one semiconductor device including bond pads that

communicate with corresponding ones of the contact pads; and
conductive structures secured to at least some of the contact pads and at least partially

laterally surrounded by the interposer.



communicate with corresponding ones of the contact pads; and conductive structures secured to at
least some of the contact pads and at least partially laterally surrounded by the interposer. 28 June
2006 -21- 14. The semiconductor device assembly of claim 13, wherein the at least one
semiconductor device is secured to the same surface as that in which the contact pad$§ &teerd0e6sed.
5 15. The semiconductor device assembly of claim 13, wherein the interposer comprises a recess
configured to at least paltally rébeiamiceralusastioneesasyiotig oéWrineldcahe6:i e sédaisonductor
device assembly gl AaifchwIgr i 10l eaRt 10 APSSRIINAIEoR AsYI6R IS SRE Ll and
electrically connected to the interposer in a flip-chip orientation. 17. The semiconductor device
assembly of clainpat, apthesasissatle at least one semiconductor device is secured to an opposite
surface from that in which the 15 contact pads are recessed. 18. The semiconductor device assembly
of claim 17, wherein the interposer comprises a recess configured to at least partially receive the at
least one semiconductoﬂ5devic"ﬂlezwmﬁﬂdé%@mi@ﬁﬁd@&mmhévttfe?hié@elﬁbwmrmﬂiﬁi@em@éftéin the
contact pads are ggiadURRcan eRROSIR SWTAGE &] JA G RRSRI IR HalNGhlaa CoRtRELor
receptacles in WhICh he contact pads are recessed. e semiconductor device assembly of
claim 13, whereirfiéiyécait least one conductive structure comprises at least one of a ground plane and
a thermally conductive element on the interposer and in contact with at least a portion of a back side
of the at least one semiconductor device and the interposer further includes at least one receptacle
exposing the ground plaHe, thelltrererzitprdisierciin sl epenblyrodkldmabititidsstincheatitlpad in
communicatign with. the eravie Rlanes & e dbgwmaly QQMQIIX%&%@&?&H’tglﬁ@ﬁa!f’e?éés%%f?ceptac'e
being formed in the same surface of the interposer as that in which the contact pads are recessed. 28
June 2006 -22- flip-chip orientation.

17. The semiconductor device assembly of claim 13, wherein the at least
one semiconductor device is secured to an opposite surface from that in which the

15  contact pads are recessed.

18. The semiconductor device assembly of claim 17, wherein the interposer

comprises a recess configured to at least partially receive the at least one semiconductor

device.
20
19. The semiconductor device assembly of claim 13, wherein the contact
pads are carried upon an opposite surface of the interposer than that including contact
receptacles in which the contact pads are recessed.
25 20. The semiconductor device assembly of claim 13, wherein the at least

one conductive structure comprises at least one of a ground plane and a thermally
conductive element on the interposer and in contact with at least a portion of a back
side of the at least one semiconductor device and the interposer further includes at least
one receptacle exposing the ground plane, the thermally conductive element, or an

30  additional contact pad in communication with the ground plane or the thermally
conductive element, the at least one receptacle being formed in the same surface of the

interposer as that in which the contact pads are recessed.



21. A method for fabricating an interposer, comprising: providing a substantially planar interposer
substrate with a conductive layer formed on a surface thereof; patterning the conductive layer to form
first contact pads, conductive traces extending 5 laterally from the first contact pads, and second
contact pads opposite the conductive traces from the first contact pads and at least @8d wanedifive
structure configured to contact a back side of a semicondiictor device; forming contact receptacles in
an opposite surface of tBé-subgiantidityd prarabrivasimoseninstibssate droptisiieg: on which the conductive

layer is formed, ‘;;gr%*ti‘/iEﬁf}SBt ,@tg‘&‘}i gggﬁ% rqh{g‘%%tsgrQﬁﬁgﬂgtgfwﬁtﬁ%rE%ﬁeﬁmqa%%9981qn%9%Ct pad;

and forming at least one additional receptacle in the opposite surface to expose at’least a portion of
the at least one conductivsigaerctheee#?2. The method of claim 21, further comprising: 15 forming the

conductive layer g&ﬁé}ﬁiﬁgﬁﬁ?&&%ﬂéﬁ%ﬂ fallyRlanac SHEmRRaL: éhdlia osihed ofelrime21

further comprising: forming at least one recess for at least partially receiving at least one
semiconductdr device itgralideenpilthéisstbersaiaiidplandsiaearhesiacP pagla ophestitetivod of claim

23, wherein forming the a5 l¢ashRNELLBEFRMSHE TRASHHAINF 2R T SYTRSE AR thakupRwhich the

conductive layer is formed. 25. The method of claim 23, wherein forming the at least one recess is 25
effected in a different suffalséutkaenhatindihiepntae edndkicide abgeemitonteciopdevicaiethod for

designing an intefpasef, EQH‘B&UJ?&Q@;&&E@%‘Eiﬁ‘Qﬁéﬁ@éﬁfﬂ@%ﬂﬁé‘%B%H@ggﬁiﬂﬁﬂﬁ%@poser

configuring at least one attach location on a surface of the substantially plana interposer

substrate; configuring firsthséatadipadhigcnivhectothe wadisd vy leyerssbetarsdampol aeraptarierposer
substrate; cgpfiguring C%Q?Hﬁﬂ\g%@ﬁ@&_& IogatiRRsiPRe RGN SibPSiapiiaibaplapar interposer

substrate; 28 June 2006 -23- configuring second contact pad locations to be carried by the
substantially plan@Fiiegpblessopsadddieticserals dohacppasideutace heirgpeshiigarstiato be

portion of the at least one conductive structure.

22. The method of claim 21, further comprising:

15  forming the conductive layer on the surface of the substantially planar interposer.

23. The method of claim 21, further comprising:
forming at least one recess for at least partially receiving at least one semiconductor
device in a surface of the substantially planar interposer.
20
24. The method of claim 23, wherein forming the at least one recess is

effected in the same surface as that upon which the conductive layer is formed.

25. The method of claim 23, wherein forming the at least one recess is

25  effected in a different surface than that in which the conductive layer is formed.

26. A method for designing an interposer, comprising:
configuring a substantially planar interposer substrate;
configuring at least one attach location on a surface of the substantially planar
30 interposer substrate;
configuring first contact pad locations to be carried by the substantially planar
interposer substrate;
configuring conductive trace locations to be carried by the substantially planar

interposer substrate;



offset from a corresponding first contact pad location, each conductive trace location being configured
to extend between a first contact pad location and a 5 corresponding second contact pad location;
configuring at least one conductive structure to be carried at least partially by the at least one attach
location; configuring contact receptacles to be formed in the substantially planar substfatena0east
some of the contact receptacles being configured to at t@3st partially 10 expose corresponding second
contact pad locationgizand Corfigdriivg ati@adtloeianivlitidead awiseidhadlhe torbudaipdbdpliaran opposite

surface of the S“bSta“tE%UX&&%Q%&H%}%EZ&5&%&%@&'5&?&%&8& ARLGETHAR %%%%%Et@%éeaﬁ one

conductive structure. 15 27. The met of claim 26, wherein'the configuring the atleast one attach
location comprises configflisatdreme acderespondirgtitt (ootaidpashlosetsanraduefshigivehgace

substantially planar S“b%@ﬁ?oﬂ%é%?%&ﬁ(f@&ﬁ&ﬂ% CORIACLERGERIARS: AR LR 16 2Rq hhe

method of claim 26, wherein the configuring the at least one attach location comprises configuring the
at least one attach locatiorraipadpposiendutasisapachlociisstantially planar substrate from that in

which the receptagles A6 GoRHgIEHeAdnAIGMENAL AR afi+WD&! RINCORAGNING, e af least one

conductive 25 structure comprises configuring at least one thermally conductive elemént location at
least partially within the lgaséase eHachtlaetiisation. 30. The method of claim 29, wherein configuring

the at least one a&ﬂfﬂgﬂﬁh%%ﬁ&@@&&&%‘?é%%%ﬂ%ﬂ% Ak 'GARL ARRIMGHRIAL G iR EXPORe at least

one of the at 30 least one thermally conductive element location and a location of an additional contact
configured to communiciggstaftmerd Hiasastashecesprrabahbebrsotmiieuetd inetitlenst parealpo6 -24- 31.

The method, gf claim 26e%g@g%@ggfm‘g@g@tégg&gpﬁgdqgggy&{g\/%ﬁructure comprises

configuring at least one ground plane location at least partially within the at least one attach location.
5 32. The method@Hegain B2t Ipkén dhtiguningaeriasiddadiedrenaddin onaiPpecsp tiefacesthiises

configuring at least one {RCERLAGHE, IBISXRR AIJSISLBOERS the éé%%ﬁé&@?a%&@féﬂﬁ plaig fecation
and a location of an additional contact configured to communicate with the at least one ground plane.
least one conductive structure.

15 27. The method of claim 26, wherein the configuring the at least one attach
location comprises configuring the at least one attach location on the same surface of
the substantially planar substrate as that in which the contact receptacles are

configured.

20 28. The method of claim 26, wherein the configuring the at least one attach
location comprises configuring the at least one attach location in an opposite surface of

the substantially planar substrate from that in which the receptacles are configured.

29. The method of claim 26, wherein configuring the at least one conductive
25  structure comprises configuring at least one thermally conductive element location at

least partially within the at least one attach location.

30.  The method of claim 29, wherein configuring the at least one additional
receptacle comprises configuring at least one receptacle to expose at least one of the at
30 least one thermally conductive element location and a location of an additional contact

configured to communicate with the at least one thermally conductive element.



10 33. A method for forming a semiconductor device assembly, comprising: providing an interposer
with recessed contact pads; securing at least one semiconductor device to an attach location of the
interposer, a back side of the at least one semiconductor device contacting a conductive structure
carried at least partially by the attach location; 15 electrically connecting at least one 3&disoa806tor

device with the interposer; and securing at least one dié’é’rete conductive element to the conductive
structure, the at least 0Aé-condbetiveteddmeéntabuinf, atheresn cantigiyikgahalbt avioerdethdyctive

interposer. 20 34 e laj ) in electr] ng: r ing the at
least one semicon g o e e e T ot
pads are recesseitBa thhattratiodoitiainagatiorherein electrically connecting comprises 25 securing
the at least one semiconductor device to an opposite surface of the interposer as that in which the
contact pads are recessed. 36. The method of claim 33, further comprising: at least partially
encapsulating at least th at ledbe onelssheiCelatnctdr desieie. @mfiguring the at least one additional

receptacle comprises configuring at least one receptacle to expose at least one of the at
least one ground plane location and a location of an additional contact configured to

communicate with the at least one ground plane.

10 33. A method for forming a semiconductor device assembly, comprising:
providing an interposer with recessed contact pads;
securing at least one semiconductor device to an attach location of the interposer, a
back side of the at least one semiconductor device contacting a conductive
structure carried at least partially by the attach location;
15  electrically connecting at least one semiconductor device with the interposer; and
securing at least one discrete conductive element to the conductive structure, the at least
one conductive element being at least partially laterally surrounded by the

interposer.

20 34. The method of claim 33, wherein electrically connecting comprises
securing the at least one semiconductor device to the same surface of the interposer as

that in which the contact pads are recessed.

35. The method of claim 33, wherein electrically connecting comprises
25  securing the at least one semiconductor device to an opposite surface of the interposer

as that in which the contact pads are recessed.

36. The method of claim 33, further comprising:
at least partially encapsulating at least the at least one semiconductor device.
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