;e3e==, R~h6T Q [- *159159* | NTERPOSER CONFI GURED TO REDUCE THE PROFI LES OF
SEM CONDUCTOR DEVI CE ASSEMBLI ES AND PACKAGES | NCLUDI NG THE S S
TECH I Nl CAL FI ELD The present invention relates to int erposefmmmmmﬁn“nm_m-mmrD
packagi ng seniconductor devices with array type connection patternig.sel n
particular, the present invention relates to tape-type interposers t%at are
useful in sem conductor device assenblies and to packages of reduced

package hei ght, OINPERPOSER BUNFGEREDCPORED DCHIEUICEROFIERSIOES and
packages of reguGEHNHOCTOR DERACY RSSEMB Awmtﬁgmﬁbmmm@t hods
for fabricating the tape-type ﬁfﬁgmr@qﬁ ’Eﬁdﬁé hods for form ng

ages that

sem conduct or devi ce assenblies and pac I nclude th I

i nt erposegs. 15 BACKGROUND ART Conventionally, sem conduct orelm“"mmmm'men
packaged Tn plastic or, less co | 1.C packages. Packg Jay
support, protect, and dissi pa_temé(m%%ﬁ?@ndgc;or di ce. PacE(g)g)és may
al so provide ext eTh@#reMUﬁﬁ@ﬁtﬁdﬁ&eﬁl@W@mtg&péséfs foF Padkaking sapBhduaitd Si gnal
distribution to and from sen conductor dice, as well as for 2o facilitating

el ectrical te@etsasayithxauitay tyRe qoupersion PRderns. nlg RRFPuLATr the Preseny Hveaionaklatess
sem conduct of, Gh&RpRdt@boldds s #E LKA SEIRbNACRG'EOL, WstApfianar | evel

conponents, suc ler substrates or circuit boar
ever - decneas pagkagisaf sedukedpasksgedwight deprefds,, and e benaisonlakcton davice el ephones,

handhel d conput e and portabl e, cogputers., has driven.the need for

seni conduct o SSﬁ’g[’@"‘eﬂﬂ"@é’a@?gs IrF%%cegﬁEP %cpéeg%rgse\ﬂi e {P@ra?sﬁéeﬁgéé(f ng

profiles, asmudds s faliRafifthe tape-t5eineppolemtand t6lmeihoas fof Forrihg es and

packages that consunme ever-decreasi ng anounts qf the surface areas, or
P

"real est at eSemigendugior deyicesapperpblins@ad pagkagesdhatdpeledp the [RPAIYRS INtEFROSESed f or
sem conduct or devi ce assenblies and packages that consunme ever-decreasing
anounts of real estate has been net by use of external connection 30
t echnol ogbes, such as so-call ed "BAEKGROINReRECti ons, in which a

sem conduct or 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



device is positioned over a carrier therefor in an inverted orientation
with contact pads (e.g., bond pads of a bare sem conductor die or contacts
of a sem conductor device assenbly or package) of the sem conductor device
and corresponding term nal pads of the carrier in alignment with one
another. Flip-chip type connections provide the 35 desired nunber of
connections to a sem conductor device without requiring that an assenbly or
package that includes the sem conductor device have perlpheral edges that

-2 extend a <uksed aspbsiantigl @ﬁtaweﬁevbﬂe perieheid e gtiaf she seavepdpgior dryice.
sem conduct orrigleNte B sehibhahdiBPaflic SRR BHpd aggegewf;%@a fibd o 81 package

is typically re to as a "grid array” pac grid array
(BGA) packagé‘gad aphyl’ [gickagea(e gay baP@A)l apay kBGA) paickege or pihgridmrran(ROvent  of

i nput and out cont thereof ri rray 5 c tlon atter n.
Sueh cont act Thakpes Mg eutrrer e o e Tl nfe S BREE P BibREAF o
connecti ons tdbﬂﬂed&ﬁhlbﬁlt@h heiod @atdeepddas finpementhfabilicnaihe ke phigreaee ar ranged
only along the periphery of an int ;a({] gses Gid @rra sem conduct or device
assenbl i es arf¥PsEREGWECHIPRT thap Wpuidietherdseis RostiRle sdea soptactiRftHe one or
nore sem condychokd (q“geloggme%“ﬁﬁé}yroegn ﬁ;@g?ggeectrl cally o connected. A

substrate of the interposes may be forned rroma variety of different,
typically el ectri cailid Wammxwﬂveoodewmamhhﬁs awshpaskagentypidadly snclidecinudi ng

flexi bl e mater {erpogert WG 185heRY nyong ngl%mgdu’cto?(a ol ;ﬁqu)%)securedq}nd lecttr(flc%ﬁil sand

rigid mat erial ST C IR G TNCEY Ay &Y or S6F gani c TEL et

(e. 9., FRiA reamhécted. |mklﬁfsﬂ@lﬁ®lf$hef1ﬁferpbsa thay lgsl’fodn@d frem aa&aewhifldﬁﬁerand
packages al so typ Lyellly i,nclu e~500 ductiv trac G nd bet ween
first and secpigalbesectieallydpsulptive 0’\'195\:’ toLgopte f“a{el’i’é fB‘F 3 e"r ng carried
by the i nterpggRsals sk 5325&me€{@ u‘ﬂfde?ﬁfdﬁ &Itaﬁe%tarﬁrrfgl&hﬁ&fnﬁis%hh){s
connect abl e to correspon i ng bon a senm conduct or Cont act s of

a second set silieoncglass, epremit, Ob@rgnmnger@iét(élgnzﬂR -gresmr i cal connectl ons to
ot her electronic uct or
P L

si des of t1he conddectpesmses thalmdtmﬂbvmeenﬁmtnn@sd@end)ms dsﬁaonradtsa\mlmgaohmétlmr

nore conductiye trages to f tate co n| cation bet n_contact pads of
The t i ros setoEssmiee St dubh B S Rb MEAE opbatags of RETSSRGH ser - The

first and secqpdrisftyTofhect®M BCbrrBspdhdiag Bord A1 BEE sérlicohthidtor dWRYCogactsO
redistribute the | ocations of the bond pads of a sem conductor device

secured to thef azewrrdtsewweeﬂguentﬁrmhmsthtw elspirigghcoprestiperetofogher a cont act
pad a”ange”eéléctm%t H@t?? SHEPLT ARl bbﬂ‘aﬁ‘o}ﬂﬁe@s%ﬁ)%%&?&ld gfc DoRtlepads on
t he sem conductor device, Tor a contact pad that Is nore use F*than t he
bond pad 2 r athgdimstand sevond sgvs cfitoptagspire caopmsis siflesrofitincinteammer, spalocting or

pitch between_.adj a nt cont a ads relativ tween correspondi ng,
D acent - bond Batey B pesihed flocB A of SioPhetfue LBis R UG FRTBRAGH o

t hese featur esetwwieamnwcﬂsnda of thatfiREtpesan théir eatspdildatg ctintddt pads efithecasbudt or
devi ce, the contact _pads, of the first oyp are t |caIIy connected to

cor r espondi ngSShohbe @gﬂgndoﬁec?"n’ese?é’rﬁcegﬁ%dﬁ‘g%i‘re&E@i‘%ﬂg ip§uchAV Bt asdPscr et e

conductive el gaRiHbate Y fdtafishsRPRE B’Unﬂ?ﬁds &m@%&am&&m&%&% ®4dndond
(TAB) elenments carried upon a flexible, dielectric -3 substrate, or by
so-cal | ed2sf | mpﬁrmp S@bmeﬂlngbutmhm)qmresnde\ﬁm mnmpwrmogm ithagis more
structures su t he res forned
conductive ma e%r?@ H%llsnﬁc rpa% r%%xg o(?lbgr%n{lg?dsé’lnlt %/Se('{écond"& %‘%e) F"‘é‘é’ﬁa‘&%t. ve
or conduct or - pad thads pmeymﬁu t}ﬁtlﬂltb@lbdrﬂn:ladal‘ﬂayge(menem)ﬂlp-ohipl #pplicivds)dort ve

el astoner, or, the liKke. nt er poses- sen conduct devi ce assenbly may
comuni cat e vd“PWa%qdéE?cr'%?rcp'@hl’fﬁBWéﬂla jaggnt spiMagt P@&n%ﬁeéf’éie b HeRPtBEenext er nal

conductive el gifRRpshdingedjadht sanebaeg bmefgahicénddzmeme%uam@ coRbiRftionO"
other structures, that extend from contact pads of the second set. Wen
sol der baP?®s aftéeserfpﬂtwed t he connection pattern of such a seniconduct or
deV|ce assenbly is ( ern
or '8 “tine ball g iehArd R it bie bl Rl ARREEIL AR, 46 BRkLEIC
spaci ng or pipals olﬁﬂtevf/eargramh ateqrphcaﬂglcdmmcmubsorrﬁpnmdmgbgnd patleof the ns are
used as the extern% ductlve el @ts of , such an asse

, the
connection pat?¥fe B'Ftof gAY etg gonduciiye elgmenss, ég‘g'gay bond Wikesq ar r ay”
(PGA) connect banuawett@senaut&ﬁm&%AM)yexeﬁaﬁs i SR RR e xitlle, Sl tric
assenblies are defined by the 15 cumul ative thi cknesses of the interposes,

t he adhesive material securing a sem conductor device thereto, the

sem conduct or device, the distance bond wires protrude above an active
surface of the sem conductor device, and the distance external conductive
eI errents extend fromthe |nt er poses. Sever aI |nt er poses desi gns have been

v N B " o ~ L - Y



adhesive layers thereof, it is difficult, if not inpossible, to further
decrease their profiles. -4 Accordingly, there are needs for

sem conduct or devi ce assenblies and packages having reduced profiles, as
wel |l as for an interposes configured to inmpart an assenbly or package
including the sane with a thinner profile..3-DI SCLOSURE OF | NVENTI ON The
present invention includes an interposer that nay be used in sem conductor
devi ce assenblies and packages to inpart such assenblies or packages wth
rel atively thubstptefor beso-calledddlidp-thiphbondie tecles@rrs, winvieehplon condiictides
flip-chip type sem conduct ar .devi ce ,assenbl | es and kages that, include
such i nt or poStPEEY Sshelle TURRSHEOIBRM & Ao PR Gdau T om enduslive
fabricating thaefidlyerhiay thetdll BERIOSRE e AN solidrycpAGREVE BEQNAGEALfing t eachi ngs
of the present invention includes a thin substrate with at |east one attach
regi on. Each relyBehanigfiopicaly (idhez-prbSopditye plastemar phtheddet o recei ve one
or nore sem conduc |.C rﬁa%m- (ToTalalt) wgdice). A
first set esof cont aé:f{n[t)gg(\sﬁe?Eéggg?(?{%orgggﬁggsggmgsox| ms(l)te togaEﬁGeVthS attach
regi on so t hatleatiiopicresmpooens exieinaktheletnipnvay ¢leexterial bomticive dememssdcicas ve

t apeaut omat ed_bagndi n TAB) el enents carried on a diel Lc fil | eads,
or conducti vecoé’??‘ﬂgte %Plgss bls’%f@% Ss"bar P 'g',’ rl?ﬁnlﬁg%{%@g rﬁsr’r;]ﬁ]sa?e)ggé]d;m'gtcgmg}torrred
from conduct i p4ds BRdhe lsecind seRYWREDSIT ball £iry emploned; thddwndedrint paérnohsuchne or
nore sem conduct Qr devi ces .to correspondi ng, .cqontact pads. of the first set.
Each contact beeAndurer feyicg asserpbly dytepme b?ﬁgél 4 ta}fé‘g) copggetiva

el ectricaldy GoRREGILAink®al oFaRAAFPAHGAPARRADadf &fpe,?dilz,@&mqhéet, or
second contact pad, by way of a conductive trace that extends 'therebetween.
I n addition, wpacingoepyedstetwesncasijasenigsoldsr balls. Sinaidasiy wihew pis iatsrnsedigs thacl ude a
ground pl ane, ermal |. n ticve structune, ich rmeall or part
of a thernmal ?x?%&]ngs]fcgp %clt'é?r%%{n %Hgerfa‘?%]oar?b#%éﬁlgr%h%Oé’ﬁ %%{‘B.ﬁ%fl{tgrgr%%’(])ef t hese
structures args@nhiyany,betrofyred o sy ‘pie gfid ey (PG A)kenrsatién pattetace of the

i nterposes as that_on which an a]itl_t ach regi OF IS Iﬁcat eg Qr}g ext end

proxi mate to or atCPrygationally, thgthicknesses obsugh asssmbligspre G'? by|the { hese
struct ur egs extigfflativeiiRick AR s@tdrakdinte@ iser) thelddR¥siVERNatERTREQSRga Part of the
attach region so as to be in contact with a sem conductor device upon

pl acement t hesead¢ondnctondevief thergtq, thetsemigpndyrtor3isvithehe distapgond witgs al so

| ncl ude * dummyeo, GOOLASE PGS bl ROLn OTIRIOLF 8o hdd thE 4RORC. B3R L he
sem conduct or " devi ce. [nstead, the dummy contact pads’ nmay comruni cate wth
or conprise acgpdnttivefelenaitoentehdfr@neheangimrsera t hermal | y conducti ve
structure of the igterposes. ontact pads that .co ni cate with or
that are part of ag‘ivﬁéa&ffﬁ?rpﬁsegé%ﬁla\y‘égg r‘ﬁggﬁl?eéi gpd rﬁwﬁf’%ﬂ?ﬂ&es -5
may be poseti eunecomiacs dévicd aséhblicatand bh’tﬂ(agd’s&iﬁ%@@fde@ﬁeaﬁ?ﬁﬁroﬂmyF()f .e.) the
di ssipation of heat) froma sem conduyctor device secured to the interposes
or from an asSeHlS seme HgidiatrEPesaEinglyda rgerssesiprrersiyiag phserartalch of the

contact pads aidcGRINENE HeWE. UTRGESes s oF BfchiifteRoRQs iy ARY bR Sofftiurddd upon
the sanme, first surface thereof and in a single | aye? Al ternatively, the
first and secuativeell sr pirt ebthe discrepeacbndutive islemeats(e.gd bond wip) shat elestmictllic es
of the interp [ at wi th rtion f th onduct,i ve
traces, or el g%’ﬁ??tc%;éﬁﬁs&/’a%oon usgm"i?é’%‘fdérg&%%cg ?‘?F%ﬁ%ﬂg "éfli)%égonﬁ%gpngr?ghgs
t hereof , bei nintarposer.eThd profites af gaid wirhyhiype hdsemblidsaor padagessinbliadingtsech 10 An

i nterposes that incorporatesg teachings of .t he present inveption also

| ncl udes r ecolLBROFRATS HPialls ARG sahiaation &f i thigkassy gf s Rerepiepahe
structures, syghnasthBedittete RUARR VS emMBRrotAideRbO%e a slibficE SRS ARSpORY, be
formed in a second surface of the interposes substrate, which is opposite

fromthe firsendtheheight ofirondustive siructpres protwrding Sreduan enposita/suciece ef the be
secured to the.l I L1 p- ¢hi I ' [ '

surface of thglt%rﬁ(gsgﬁgg@gg tﬁseggg?jri g{rgyﬁ ag%egragegtgsngyet%hotshgg pgér%%cejs??{éls){? ah
comuni cates umbimtztjudleadte fall popirtislitheknasswf tlecsemidondudtardeegpoadi ng second
contact pad, dymy contact d, or.a. portion of., a ground plane and/or
thernmal |y conﬂ%9§yg{sr‘ﬁ€€§€8.'s %ﬁ@cqlte é’é’%@?oﬁ‘ﬂ?}eb‘g f&?‘?‘-‘éﬁggaasmh%f grid
array or othepwifis®d, as desired or required to effect electrical connection

to higher-level packaging. 20 A nethod for form ng the interposes includes
formng the first, second, and



+ dunmry contact pads, as well as the conductive traces, fromone or nore

| ayers of conductive material on the interposes substrate. If one or both
of a ground plane and a thermally conductive structure are desired, these
structures may al so be formed fromthe | ayer or |ayers of conductive
material. By way of exanple only, each | ayér of 25 conductive material nmay
be lam nated onto at | east a portion of a surface of the interposes
substrate or deposited thereon (e.g.) by physical vapor deEQSi tion (PVD),
such as sputt eri ngAcerdipglyctheisi asanceda b semispadyctarsisviceypmbligssandipackages of
exanpl e and : I i I uctive
features nnyn@gé’lﬁggrre ?r%%ﬁE’{/&Eﬁ%\?\iﬁgQggtaggorrtﬁp%Wgrg%ggénsﬁegsw&%é&p%%tgggsesgﬁg y be
formed in theosmckagt iBdudiog frecemefwithethimeeppblees substrate at | ocations
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 mey be used to form t heDISCTIEBSBRE OMINVEINTIONW t hout |im tation,
mask and etch processes that are appropriate for, the terjal of the

i nt er poses subst r af B¢ PIesgnbvERIon inglHdesindnterpossT ihat Stay DSt gemironaygtery,

i1 1ing, or Ohlete asserfolESARPHIRANR tb Tnpdbesdh haschl ERdripABkdbs WAE rEIBRRAPES

may be effected either before or after formation of the conductive
features. An tésprofiles. deadditiom ghe preseheinperdivamcludey 8in-clop typeckmitopdudter
interposes wth.at |le an ] C g ur. 0.4 . .
correspondi ngd%ﬁ'%e e ngti:Lesra 'égp%(r?fgkﬁgﬁgelg&tl §csﬁ s'é'?ne?%%%%ug?‘ grptr?f(%@i"&\éengfmsuch
an assenbhy oalspackalgemetipdborditirkatimgitht inventhveinegeeadi ng attach regi on of
the interposes as known in the art, such, as gé’fzuse of, an .adhesi ve terial,

an adhesive coat edAB|gReperiRcogporatingfeachings obthe dresentjpyentign ngfudss e | 1

the attach regiRRa@iwithg 1d28t SHePA3&Srebidn! Bd8Fattich Pé?g]ﬁdﬂ%f{t)fe meagset isve
structure, a thermally conductive adhesive nmaterial nay be used to secure

the 1o sem copenfiumd tdeedeive ane of mer¢ sembeqnduesr davibes (e-£ herererlm@renmuni cat i on

wth the therg 'i'cé’n&x%ﬁ“d&%}é"ﬁ flﬁtrsgtcéf{éﬁﬁtﬁ&g%a%%%%)seiﬁs)%q a?%?ﬁro%fma‘?@?ohthe

sem conduct or “devi ce may el ectrica 0 corresponding first
contact pasls Sesahnegiomsd that dipaeie cohdicticoelemsito (wg.f bondacifesf commluctoenapest pad

in comunication with a .bo?,gﬁﬁgd] of a se.macondu tor .def\.]\[ji ce have conductive
structures, s@tRmaedpendige glemegs sRrd Ugen A defsrivie By radS. OF goRductive
conducti ve mat@fidiates stBGY b&Its, bAp L cBlunfa8 PinD bict fPmEPRIMIonIEIvE Mbgdrianes | S
partially contained within the recess that corresponds to the second

contact pad t &axsppieptiptaly coonest bend/eads of thetone er meresepigoaducteideyirgs td on, i f
dumy cont act cpag3oAdif; g%rgﬁcgﬁﬁdsod}tﬂ@ﬁrs{ {4 CERASHiractPAA of theHHSEs Pfo&m?. dummy

contact pads nay have Ive structures secured thereto. nducti ve
st ruct ur eg0t haontedpad,spmynit ¢lectdeatincofuectdito acorrgspdsding carttact ipad ef psesesd nay

al so be partially contained wthin correspongdi recesses, .Jh se of a
Fei atively 1 hi prESmeoBBe B by RoZof fEREPNdthet SERRER S JoGeRfimbsses
t he conductive str Ueidditish, BRhtEROEE acdobdingioahéprlesdn® irgbhitionohapinefudea@, of a

sem conduct or devi.c ass&nb'{}% or package relatjve to _an equival ent assenbly
or 25 package WA PESRAOETAlYSopdRatiye sEuatyrs: Whick may forpalbaicait ofe thermak t o

the i nt er poseghiter §Qhent oK a_téb‘?nfbiraajti‘(cmttﬁ'é’?%dﬁnhedlrn?%? ﬁﬁs@gtm%{ébl‘?& dte ?Pe'glrﬁ,QH ctor

devi ce assenbly or package Includes a thermal "transfer ement or ‘ot Her
t her mal | y 28 onehayttievfernsadrancthe samé surtage pbidbe intgrphser hethgeori which s aachdegipee of

e ool W BARK IR TN ka3t SRRl SRR ALGR'fibs”
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



itsélf may provide enhanced thernmal dissipation fromthe seni conductor
devi ce during operation thereof. In such an enbodi nent, the sem conduct or
device is oriented on the interposes in such a way that the thermnal
transfer elenment or other thermally conductive structure of the

I nt erposes and the sem conductor device ar® in contact with one anot her.
Assenbl i es according to the present invention that include nore than one
sem conductor device are referred to as nulti-chip nodul es éI\/CIVB) An MCM
may be for med"®ybespasitionadsain teifanilitatgdBetipsies of Beat pyay Freodbaidissipationafon,

Wi th adj acenty s Pl emicSldaElor bEAd SGRANEHE Bl ofhBs@aP SRRPATIRLrily YRy _Of
el ectrical connections between conductive structures protruding f¥om an
upper seni corncokagertha encludes tegetetyogerand corr espondi ng cont act pads of a
third set, or thir opf,act ds,,.on, an,interposes. of. an underlying.

seni conduct or devilgagﬁgggg%P 3*’@3%%“%‘%0“9%‘3 'V%%f%?co?t SAdETRY oY ﬁ%cgned
under | yi ng asgefihe/safiey fi050¥hoe dtedf hd fh Ldifidielayar fAkGhatbent aetfirpamdand,

t hus, a correspondi ng bond pad of sem conduct or device_ of  that assenbly,
or with a secsaﬁwdc%m%tmtﬁwaesmehge e et Py PPRPSUR SBFASES ONHRE HRETPPSET t ur N,

comuni cat es ki@ vAH UGG peRticHs ot Bl loRd @V Eracks! ediEd Qeal Bl cORANRATE Vigs V.
f" an MCM t hat h t

the sem conduct or devices o it i ncorporates 15 teéachings of the
present i nvemastionahglongthetengkisdheredfabéingcaroedimeernallyt withindhe iptespaseoned at

different | ocagions on a si ngl e interposes and electrically connected to

that interposes by 'discrete conductive el enents positioned between bond

pads of tie sem cofnlintérposet that mesrparatesaeachimngpofiie peeséntlitiendomhliacinchdes of

the interposes. A sem condyctor, devi.c ackage according to the present
B aggocopd b 5 byl

i nvention i nclichEesst SWist 1t PIFIRITY tecailie EoNIPEl e REABRYFS e ckagi ng

material at |®Qagls Bafimhalok Yink! PheFdchdits ARFbOForMed th Plecind QIFFCOBEHET OF
device of the assenbly and discrete conductive elenents that electrically

connect bond iptetigoser subiieate evtiidoia @npesse fiveythe &irg sudadsitheraefd ot e espondi ng
L T
art through chnssdfcadfthaimérpbdee sensatienEacleseess pkpadns ardd) ehuacammmatigatesg
drawi ngs, andmttngt l%gsFtJ gr;])(cj)re[%n%lf %isur éce%?la%grrgﬁgn 1|n|g3 Ielc%]r}ld %:ntg_cl_tl%a , an\!ml\ilGS
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



In the drawi ngs, which illustrate exenplary enbodi nents for carrying out
the 30 invention: FIG 1 Ais top view of an interposes incorporating
teachi ngs of the present invention;, FIG 1B is a top view of an interposes
area depicted in FIG |A ~g_FIG1 Cis a cross-sectional representation
of the interposes area depicted in FIG 1-8, FIG2A is a cross-sectional
representation of a sem conductor device package incorporating the

teachi ngs of the present invention; 5 FIG 2B is a cross-sectional

r epr esent at i omeap$ kaowmaini the arvnFofmatios of theirecesshs aayrbecdiecied eppher lbafpee or

il lustrated | ZA G Ss- sectional representation of a
seni conduct or® e%n ce“orfa%fll:iée (éon% tlljvsetf?zg in FIG 2A with an increased

t hermal el enent arﬁeaasfsmb]paastordﬁmgsm fhetpresant ilﬁréﬁtioﬁlihdhﬁjeat}terimwosecﬁiﬂm of a
sem conduct or, package.il lustr ed i n (LG 2A 10 t h,.bot h an.i n¢creased
thermal el emdffts eesgmél‘i?& \“H%rr feePeRBRUtR ?ng‘f ingedis atachregioniigrether et o

FIG 2Eis aE‘arc9§§ni%6§ddcﬁﬁ@hv16@8fﬁx‘éﬁ'&h%s’eﬁlﬁl}%r ;ﬁcl&%@’n@?%%ﬁ&fed@@ﬂ' ce
package illustrated in FIG 2A with an increased area hermal | y

conduct i ve steomesnondingditechaesion o€ thegnternosertastknaya irethe artesushes by psectfaa
thereto; 15 F;Jdﬁem@e ﬁ\?teﬁ?]lf%{)?(ﬁ]gﬁ@gEéa%@élerﬂgrﬂr(?%eQ{H?etsfv%@oﬁgd gage)feﬁxe”p' ary

enbodi nent of ul e 1 ncorporat eachi ngs e present
i nvention, i mth\imwsla if thenfteh regnolsef)ﬁneamwrlppsqnamm@edtlsaemmkty)adidottd),re devi ces
are p03|t|oned in a stacked arrange 4A |§ ?ﬁﬁﬁross sectional

o Poont ot 1 uEre A B e LA AT R AR B Be et 15 Se IR e o
i ncor por afg NGsefRRMBEABSIA ce b heRhRRR\é! dnavnemehﬂﬂ,comﬁrnﬁianomnmm@ conduct or

devi ces are stacked over .and electrically connected to a single

thermally conductive structure thereof. Bond pads of each semiconductor device may
be electrically connected to corresponding first contact pads Second contact pads that
correspond to each first contact pad in communication with a bond pad of a
semiconductor device have conductive structures, such as balls, bumps, columns, or

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



i nterposes; FIGs. 4B, 4C, and 4D are cross-sectional representations of
variations of the multi-chip nodule in FIG 4A;, FIG 5 is a cross-sectional
representation of another exenplary enbodi nent of 25 an interposes of the
present invention, which includes a recess for at |least partially receiving
a sem conductor device, as well as a sem ebnduct or devi ce assenbly
including the interposes; FIG 6 is a cross-sectional representation of yet
anot her exenpl ary enbodi nent of an interposes according to the present

i nvention, wisirettuiesf terinteqposeknddhhsemicenduriondevi@are ecantast wthenet or devi ce
flip-chip boggﬁﬂ B hereto, as well as an assenbly including the interposes
and a sem colductor devi ce; FIG 7 is a cross-sectional representation of
an interposes thatAssomtdiepacairdiag tetepreasgs infentibethat mskude nony thah oaet and

i ncludes a sem conductor device flip-chip . -9 bgnde h si de

her cof s ¢ REMCP RO QAEERS 2 aTEEH Josur biics iR @98‘3%&4@@- S MEM mag
sem condugt Ofpe §ii¥icDyAsRRIFR nfullipleladébinblies BEhb Pfe@érﬁ@z%ﬁﬁiorﬂ%th@dﬁcgml s a side
view of a multi-chip nodul € including a plurality of sem conductor devices
posi ti oned atasgifbliey elpetrirailyetoaneqtesbigrang aaother Wynwaysefratectigabeqimeetions BEST MODE
OR MODES FCR (CARRY NG ChTTe Sl VR Bhe ot iesSRlicdTaERE hAkd Nl udes an

i nt erposes for use In sem conduct ce ass I es and packages,
assenbl i es andsepivtk agksriespdndilighmntdeepads o r goslest, oathirdmohtacicrdp, anohul es.

The present invention als ncl udes t hods.for desi gpi ng d formng 1o
the | nt er posdaetpaserghan uiderhyiie SBPCRTIYCIOBAPISITRARY i anceentithPits and
packages fohatofitialndeRyihp assebs) MRy eSmmbaicee Withkither £ifsbeortft fad @1, thus, a

i nterposes 20 of the present invention is illustrated. The interposes 20
i ncl udes a suwgespanding bondypadof 4 semicanduster devicecpfithnt pesembly, aswith a'speondr poses

substrate", I : i : :
dopi ot od. 15 EhgCipaRd The ARG AL Aol N RATHNER, U TUELL R Rucive
first contactstpetise stcwred tteeetopr oxi mat e an attach location 7 on the
substrate 12 and cgnpductive ,traces xt endi ng. s t laterally from
corresponding fir ﬁpeé%{q‘tvﬁlé’t thﬁé&@'%"g‘bg Sind ggﬁ‘gﬁfdﬁ%%@@bWﬁor@Seréct_ pads 2.
As shown jsn Rb4chinks 6f the@e@phtAal@Sion MaylhRistaakal felkive th Gle dnethei of@sitioaéd Y

through the substrate 12 expose second contact pads 2 therethroug{h. 20 The
substrate 12 atdiffasent fegations gn asngle imenposer apdsplactyealty copnented todhat interposeiy may

conprise a sqgsgigcg%tle Bbidict Q01BheE B8 fioncaitketyid Okd ARAUPEHe SRITAANALIC OF

material (e.g., I'ium arseni de, di um phosphi de, etc.) may be used to
form t he subsdevisesandconiesponding firaseontashpads of thedetsrposesr eof , i ncl udi ng t hose
that will contact pr I t DL oxi At e . 0 Y tr. I of
t he i nterposes 20 ’grse a'%g'f(ﬁ%g)rg ‘r’ﬁ&é ?lccli‘t% of Eglgg é}g\}iﬁec&g%girrﬁ]ggnet%tm %B%eseég
assenbl edzat hesseamtili withed sngaliie eacapeuluhtidn packaging aiatértah bt Iyast patihidg proeecting er i al

(e.g.) a silicon oxide or silicon nitri to prevenpt. el ectrical shorting
0F Phe. conductiogs DEH e Ra oSO APvice b s S A BEFe COPERYS rat e | ol s

for form ng td@nidi MaPastscalyldhhédt 8oddpddd oF tid@emiohddudr delidk Eﬁ%ﬁlﬁg,anER' 4
resin, glass, ceramcs, and polyimde. 30 The second contact pads of the

i nt er poses 20cosrespadingfiyaicrontrchpashy of thedntgeporefed pattern, or "footprint", of
oo Pose g D pred I
efectrica Connec.(')t‘?xglsfeEtngsaaﬁH ah\tragﬁa%??{]‘?gg?le%é}{t'1W%n8&£§/ﬂ§%§3@§tagé’a§gqt%e

sem conductor device to be secure nterpose
el ect r oni 25 dethbseaxf ordinay gkillan tlar yethraughl consddystionaifahe ensoing asscaiption,abe t

board or ot hee{ccgr%ﬁa{nly?r{g' 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;



+ -10’FIGS. IB and 1C depict a second contact pad 2 of an interposer 20

i ncorporating teachings of the present invention Conductive material, such
as copper, alum num gold, or other conductive nmaterial, that is carried by
the substrate 12 fornms the second contact pads 2, as well as the conductive
traces 8 and the first contact pads 4 Wengthe second contact pads 2 are
part of a layer 52 that is carried upon a surface of the substrate 12,
areas of the substrate 12 that are superinposed by the second contact pads
2 are substantial IBG ¢0QY£erds@sdclbml kéiPeseREBI She Mtdrposebifed depioetilin t at e
the formati on_ of eI ectrical connections between the second contact pads 2
of the interpd8edB20 and ot her conponents, such as a circuit board or other
carrier. The receﬁflé}cbﬁ%sl%ro% Q%c%Ble' Q;gés%ﬁtahé?n Bf) ?érml:cﬁﬁi%&top%&&éaéz{e}{aé eeceive
conductive structures, such unps ums, pins 0

el enents for mecbrbor@nngﬁmdcwhlngeOMBeresem isweotiomys a netal or netal all oy
(e.g., solder) o duct or -.f i

S O reri et et aBIER bioss s ShinfBHEBhiit4 of $erlRT pEIE SepEahdieder Ve |

adj acent end ml&t]ﬁckag@amsaﬁ{ea idEIG@A;espondi ng thereto so that the
substrate 12 wll still provide adga(juate per.i pheral 15 support for_ each
second contact padl&. 264 p 6FRsp-PSEtoRA rgHesRAtation pf asemicend “’étob%‘t‘@‘cﬂqq?%el ayer

80 may be T or g fld lmqqct BRNE AVIRECERN MERbIFehéR GRA 16 RALASOPhRG! Pads 2,

opposite from su strate 1 Protective |ayer may provi
physi cal support fEIG.2bns actospaeision of asemedridugtor packagonldstedted/im KlGa2As 8. In

ddi l. ically i | d
and cont abf it b4t S s e il ek ab T o R RR BRI, of ot ve

| ayer incl udeattabhléd tehéxetcﬂot limted to, dielectric polyners, such as
pol yi m de. By way of exarrpl e on I% a dielectric_polynmer may be coated over
&

conductive traces BGiRY 18astoss-peHapal reprgseniaempl hicgrendustor device pagkags. on

coating, use g st?at@cpﬁtIQG bhagien a§ﬁEl%§§édQFéa%f t'ﬂ%ma??%@)f&ﬁtx@@stn%t&reg aer atmiy
conprise a preformed film(e.g., polyimde zs tape i s adhered

substrate 20 bvmonebmwnsfmeelcmaueﬁa@eémm@,nt act pads 2. The use of
r ecept acl 11 in |nter oser ent entl orten
?SS tf’l 1S a Cross sef-ctloﬁzg r\enll)eregentteaﬂgr; § ve Seixe g godl Xt (§fh

t he physi cal |eng of Circui as"4%4dhd their
cor r espondi ngmsaRischip nmdnteaﬁ&orp@dﬁngztea@ﬁmgsbf ﬂaypresemneemloﬂcmmmai a benigsiof ance
relative to that of a nore convegtl on nt er paser eli E%(ﬂati n the need

for conducti v¥PIRREEY RiFkagedessaNoRFIpHPY F‘Eef A& PPHF‘BW?é\éé AreEheEiat e.

Al though FIG 1 depiGus i8 a'cPSBREARINE réfrestntA6R 08 hitGhe? eRERHAE GRBYdRRENtRAD 2,
the receptacles 11 nay alternatively expose a portion of_ an el ectrical

trace 8, a f.?thempmdumcorpor@ﬂn&mwws of dha Rpsenkingenyion, whergict i ve pat h
between a,§ i r snicQRdol JBA %r@ﬁgc e&%vé‘r%&%ﬁe@f?i’&glw&m%?&é’d% £ophigct pad 2.

|
As such, sone recept acfes aci | testing of pﬁgtl cul ar
circuits oncemntwpehecti ve structur es have been secured to the second contact

pads 2 of ‘the intejposes 20 ANATPNE Rls TR0 A GONHSHU HRM G 3e Ve been
multi-chip module in FIG. 4A;
FIG. 5 is a cross-sectional representation of another exemplary embodiment of
25  aninterposer 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



+ The'receptacles 11 may be fornmed with draft angles, countersinks, chanfers,
or 5radii or, alternatively, as recesses wth substantially vertical

sides. In addition, the cross-sectional shapes of the receptacles 11, taken
transverse to the depths thereof, may have circul ar, rectangular, or other
desired shapes. Any process that is suitabte for renoving material of the
type fromwhich the interposes substrate 12 is forned may be used to form

the receptacles 11. For exanpl e, S d etch processes may be used to to
formrecept adrdedie tFﬁsaa"e_s% ispERsIbL R PSP GPREGYE S oS emw@wact or
material, gl agg aOf sehBEGHIEor SRR ds@infbly HddiiRl thdfRerhb8depBfdf rom resins, or
polynmers, may have receptacles 11 formed therein by mechani cal processes,
such as drilling (¥lcBigi side vigweat adnultitchipgnodyle inchiding a phuralibhef or die
cutting. The jnter s r ' t] ' rmal |y
conduct ve 5B SHBRRERaA{keS bt R N REaRtenl RGN 1hAoT bERhHE Budabalfl U2
material (ie.) a material conducive to heat transfer), such as copper,

al um num gol d, or | ke, r i

o um num 901 8. O pkUR bl of Kb B EXARARE LSRN, e
so-cal | ed "heat siTie'prERht vaRIShGRINGHES bR intElPYict EoriRS i dedlibshdubtof B&sidER
communi cation therewmth. As depicted, the thermally conductive elenent b is
| ocat ed 20 co#s¢rebligsyandpackpges; preermblies@nd packiases lvclu%\ns dheriaterraspry andymulti-
thermally con j I . t. I td gay

attach regqi on&l;ﬂc]){row?lleg g%@ Iseétgg?ﬁyp@holtn%? elﬁg @%r%etgﬁsg:ﬁ&érsé&mgnﬁy I}%ﬁﬂﬁg

pr oxi mat eld hethetimerpbseef asrveddll as, fort foemingsemibohductaniduict assemblienadtpabkagss
configured to tC.er]r’rgI B’% .ctom'runi cate with a sem conductor devi ce di sposed
upon the int eMBbOEdSHeINEDOSE, "¢ onyey heat therefrom during operation of

the seni conduct or RefedRigit6 BIGEY Av8Yantihtefpoae10eofARd Yresdnb fveMes B billugtrated.
conductive elenent 6 conprise a part of the at |east one | ayer 52 of

conductive st Thettarpesenyinglidesosubstrate d2.rvhish isidsodafepreddn keréinas a8 one or
nore of the o I e r : , the
thermal |y condﬁ%ﬁo\%glgpghdgf algitzlﬁls'gatg er%? zrnl%gg? ng?Aggﬁg\fez%.% g trucr)ér%' g{sﬁfg@#&{e&

el ectrically y thentleastione layer 3 oflnoedudatiive féaturesinelugesfast @ntacBpadiHdo¢ateder poses

20 may also include a ground planpe 5 T h | 1 v,conducti v, | epent 6

and e ar ounfropirae S ARl WeshaT 7 S e kDSl LR eoho SRttt o dendien <

1; rom °Ee anot kk_ﬁﬁewﬂéit lﬁeerﬁlfyefrbrriebﬁﬁéﬁoydiﬁg)ﬂddﬂ@@nhtﬁ& padeqnd R orfespdndihggecsndd pl ane
may be positioned conpletely within, partia within, or proximate to an

attach regi onContast Padic i}n% %ngéé“l@-ul&tr?cg?@clﬁlx that ars fegampd 4 eaftrf@mat"y

receptacl es 1 &iliAih@6dstrAt TBdxise S&RAE cHREd ipRAd Y ihbfER .the interposes

substrate 12 may exgeose portions of a ground plane 5, a thernall ga

conduct i véo el ement The substraje ¢35 mazide formedifrom eithemanigiccen Rexible materiabangrmahd

pl ane 5 and/ o I 3 e used

o Taci 111 at v hire TRpbkaid gk eht Wilcol of ARNEIERRGABIES dplZ (001

i ncl udes the {ayg cgadnsesisetiie ihduatphosphidepttarymaydrdisehpformthecmbitraseith

receptacle 11 nmay be tailored t rovi ge..particul ar. heat di ssipatipn

Char actor st i 2ana s fine Sisfiess hefpof actiyi s Moo Btps e SesBEed s
structures mayrdfindteiohe comiutctivd stdticiresCTTRY igtefpdbert 1U UABtHeh&enibdRILBGE €S
substrate 12 to expose portions of a thermally conductive elenent 6 and to
faci|itat@stheeviee ampeaertito be assembled theyewiths being cavaredpith ap elegticrlbyye

i ncluding theiddi&loRsRRaR0 e, A3iIR0n SRR SiicB Y d frobdrfbiection H6RRAE Of
the present invention, str ' res such as receptacl es P1aRdl or grooveas
(not shown) t héthefcanductiveastaictunes afithmisfesposer 2t e@tthemswitable mumeriabefor Frrming | y

conductive elenent 6 na e di.strj buted across.the_substrate 12 over
Conanty t e s Aamermes b1 Dbl st iR iy B LR S68, Erefiehand 6 15
As anot her al pelfmideve, shown in FIGs. 2C 2E, an aperture 11" nay be forned

through the interposes substrate 12' to expose a |large, central portjon of
the thermd?ly condtb sesandeaitashpads % ofdheintarprrgh20 g affanged ta Reqvidsgydesired
peripheral reghpns @*doisinthOF B i¥al COREHALAMS Rl ' EiSHELG O
and supportedgby t’he 1nt er pdses .sulbe"strate v 26‘%%%?8P??‘ﬁ‘3éaﬁg%5to FIG 2A
a package 21 leastiandisemjicondictiyaieeicel sl sebwdd tathe inperpeser 20 andextarnal

sem conduct or _devi ce 36 Q... the i1llystrated sem conductor die). affixed
thereto is deﬁggttmend‘? def’ﬁ%e(sz}gﬁ*’%ho%{(}lﬂ%e{'g?aq%%‘{;’ls{égte C%@/a B'écuétebcoﬁf of %‘Beran
attach regi oncarief. the interposes 20 by way of a die attach material 38,
such as a suitabl e adhesive or adhesive-coated el enent. The bond pads 42 of
the sem conductor device 25 36 may be electrically connected with
corresponding first contact pads 4 of the interposes 20 by way of bond
wires 32 or other intermnmedi ate conductive elenments (e.g., |eads, TAB

el ements carried by a dielectric film etc.), includes contact pads 2

r o a r o A~ 2 o ~ A -




+ 15 ¢onprise balls, bunps, colums, pins, or other structures that are
formed froman electrically conductive material, such as a netal, a netal
alloy (e.g., solder), a conductive elastonmer, or a conductor-filled

el astonmer. Al so by way of exanple, the thermally conductive structures 50
may be formed froma netal, a nmetal alloy;l0er another thermally conductive
material. 20 Wen the electrically conductive structures 34 or thermally

conductive structures SO COH‘BH se sol der, another netal alloy, or a netal,
these structures messhEB pust Hedepiglsa seqenghcantact pad ek an interppser 25 ingorpeyiating

mask 40 that Qg&ox%%%?tlﬁ Egeﬁpin(zé}nt%hndongu ?n@@ a‘f’éc jaft s%hezfs 9 Illhénamufip | der

mask) or forne (rn t e case of an app NG & teri t he
substrate 12 gﬁ]d|mtoe‘reposreh;ct2\€h m@eoa, thlaelsrarmlmﬂ bgmhessmlbsteate $2 farok thecsec@d have

't or posas. 201 B oRE B 2 B CPs Tt ot b B rrcktbdsd. Wikadhone

or nore seq C%Gﬂtﬁ&&nﬁacﬂ?ﬂﬂs@@ﬁe pért BEYRy&ERNh&AS birfied apsh £6pfaké beakl y
connected to the interposes 20, each sem conductor device 36 may

be
partial ly or Pbsirate d3aseas@f tiesHbHrteHhakaie sinerimpossd by thggecend 90'1%%%\%1% ype,
such as a suwa&lsﬁbamlan}?mn&%dm&mtﬁé recte;?}tgaﬁgﬁé hdﬁglm{a%fhgl m%%,&bofop

materi al, conformal coating materi al encapsul

mat eri al 30 pelettacal somteetlms\mmnrtbgseomsi fm‘ntaeapzkds%ﬂth@mchnmser 2@andi cnhaer36,
as well as theonl?oorrl,%i e 32 .0r tg)t n}tler nedi ﬁ.ﬁ con g e el e t hat
el ectrical ly COMMECE1NE" Bohl T4 ont FKESEnT CONETRIOF dNT ‘é‘@‘ e nd

t hei r cor nespandileagt fartiadly re@meamhdmﬂs strudiret, BAch & Rillp AR@HHs26blumns; pthsA
package 21 of thE pr esent gﬁf]t' on n‘ﬁ‘i‘ have a total thickness of [ess than
about 0.8 nm “hRARS"HE @c"t%@rm rgmicgpdygdive matesighsicaas amssal op metal alley €ds,

such as cel | uk@der} 6 £RIMARGe P aBSHIEIS fm@ar%t%%r é%ﬁ@r §te}§’g%fe?£ﬂi@fhtaf3r S,

where such | ow profile packages are required or desire 2B depicts a
variation of peckaige p2ds 2 haveshliarger sittaceacts thei théradjadest enal dfythe receptacle 11

o one. anot herd Py el FhHE HBRche 37T Ryt B RRE Rl P el oy

el ement 485 V\:tuppbnffwdablesecbmtémﬁadhe overal | thermal mass of the package
21 and, therefore, rov des eat.s' 1ﬁgopertles effectléely i creases t he

surface area from Meaa?ts Y A pERtective Javen g0 mey & &nediohcr ease
the rate at V"Bbs@t'ibﬁeb%v&%hé\%v@ frated 8%h%oﬁ@c$a§§2%p@snt&ef%m @Nbs‘d@t}é 19f

convection or radiation. As shown, the heat transfer element 48 is a
subst ant i al | yPpsitestise layemmewnprpviseradditional physiead swpnorfer gontadh padsdaes welhasf er

el ement 48 maYongﬂ%mlO?ﬁiaJe gmlr@?mh l’OQ%Cél%g qu%,ag(? el&??&él@ﬁ&:ulé@se heat

transfer el enent may op I ona
Cross-sect onadmdpptm\petratcesa& and)corﬂtdmepédsl@ Emmp]la!ﬁy mtm:alsahhmm;tbeomed hfformf . In

addition, a surfa aof .the heat t r el enent e nechanj cal |y,
cherical Iy, oP'® 6‘E°ﬁ¥? %Y‘éré“%'%‘f PBh"F&&"{'mﬁiff‘?h@f’ﬁéﬁﬁé’ﬁbyé"em &b‘?slﬂ"f M ¢ he
heat transf er BglvaiyeiTlexatfplt OnKi 5 dieRRirR pidpherlhBbd dRtcdDVeCONDUGIVRradéss 36.

As exanples of chemcal treatnents of the surface 51 of heat transfer

el ement 48, pRULERLACt PAASAPYANOBGRPITESES 208 gPRiRAN HQatings L3Sl Gfaidenionbladay be
enpl oyed to i %E@Pﬁﬁtlh?%pﬁ%&% Vet )'?rq;\ rTE)E: ﬂﬁnﬂﬁ}%@ta pgréd é(Ff‘l]n’?¢ Wylﬂiﬁd d Or

radi ati ve heat transfe CH) cal con I gur at
surface 525of tﬂph)ethweaadhemiirtgfsebstl@tee?tmr tandectincertcases 8 sndheantact! p&ElZpat ive
properties |ncludeTﬁe ooves, r.ougheni ng, or

n ment s
ot her processes tha ﬁ%go&e%fggtaf]ﬁ 511a’r"eﬁ g?terPﬁseerg P?ﬁ'&%’?ﬁm igyenton Ay 5 ¢ e
treat nents mayhdrenelid shytiesl logdtioy &f circuiSbebeadrthe st bembct padssimy theik enent 48

is attached t(gortrehse t her mal Idy conducfive structures 50.
ponding 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



One'or nore regions of the surface of the heat transfer elenment 48 may al so
be coated with dielectric material to prevent electrical shorting. FIGs.
2C-E depict anot her enbodi ment of a package 21', that includes an

i nterposes 20" with an interposes substrate 12' that includes an aperture
11" formed 30 therethrough to expose a |arldre portion of the central region
of a thermally conductive elenent 6 that underlies the back side 37 of a

sem conductor device 36. At |east so of the pert5€f edgs g)fé t he
thermal |y corleRag of parbiplapgifcugs Bquoggu%wsaW%és Vet %“?eﬁt“é’ ) gecond

substrate 12'c,ang H?z%‘f‘%‘:ﬁ@tdo)éerszb%gro%@r hRE! @RYeonth@6r ddvits AfedREn MaSK
40 -15 of package 21' any, does not extend over this portion of the
thermal | y cordseoth Qﬂetheﬂeefﬂtbnt 6. The exposed portion of the thermally
conductive el enen r S te
12', as depicted I’rh@#%}ét %"%Lmagggq%@g ‘F‘E‘S?‘%ﬁ a%gﬁ 55 OPﬁegg%gfcggép%#’ ? he

t her mal | y sconmddicor, ‘aleereiitmst}mas ﬁectmys t&eh clilsmanaally verocal sides alniadditiby, the eat ed in

such a way as to enhan t he t her nal i.SSi ative rtie her
el | as'ty f GraranBcT APt GF Tergurdis Ve PBRirige Bh ERBE Herty bEEREIY ey,
as shown in HRlaG gikulihRcRagiag or dther d@¥ed SHabekdeadysrobab that BRORAME fore
structures 50 that are positioned within the aperture 11', secured to and
protrude fromemepioganteredpbihs tyrfe froma whinkythaintgrpassr substiete 2 defospedraay b6, and
are at | east Vi 1S He[?ﬂﬁ e
11'. FIG 2E gﬁ ?dcft%l’lma‘t}héo't%kﬁﬁﬁl%st]ér lr%t)t} |9ve Q,Qy anﬁeic i}?d@%&%iﬁtg???ﬁ&{dﬁél udes
a heat transfi?ermeéoemannes 41anaasubseatet1®tltaluesrfbahécyfrmnmdumtqon@@mrrmmemaies 50
Turni ng. now (8 o eelg SORAAES 12 LTt e Rernsc o i RrbuBs e 16
accordi ng to feb@td@98 TorrdiMBEinWY thchdfiRhIGIr6€bssels NHueh RO&REnZ Oncli Mgl Wdas a
receptacle 22 that is conf;n%ured to at least partially recelve a
seni conduct or driigg)e punshinge B"&Ioééiterq“éta}g y connected thereto. The renmai ning
features of interppss & Yorl 115 5@8e 2$hdri &
i nt erposes 20. FI gﬂ%gtd%%lsg?zs %ﬁg{) ?@%}]tlorrengy a% |netrer ocses(,iucltlve
whi ch t helfi rgem@u 6(;mhtcaonaydszsrmecafremmhertnabmedndmtlmtmatetlalc(hel ecmtemh 7

d t d : t th t f b
Faci 1 tate 1 rpogarsdReliimbin 6 4 SircOinter R E 884 Theferyhyme
remai ni ng fea&dﬂxﬂea]vafeldnmnesmeﬁcréé’s@ tid Gvesdllhtraial imakd of thé\ite péser m;axtchose of
interposes 20, Referring to anot her enbodi rrent of, |n(t‘erpose 120"

i s depicted. 985S |aﬁterapi9§é£ectztyat t'ﬁlut?aégeraw%egg syice pesitiRngd inthermal sae

surface as thgimhenitdlionindewRRt Aﬁhé’ﬁcﬂzé AP BRrm AR @Rducte ele%eﬁ%fs'l%‘ic%d to
at least partially receive a sem conductor device 36 in a i p-chip

orientati &, (Aummtdiyn?gﬂyn thej attgeh regivmnalc t Albertasivaly, atherpaly @qr@n@wewiqmﬁnh t he
receptacl e 22 P) g& 'o}{fy pa Ft?a?lﬁ%mﬁu {3k talP '7C&tlfé %&té@gﬁﬁdm the

cont act pads I'nt erposes st ra
surface 30 t hataeb’reguas7 srlttbpmxmmte thetess. nBﬂefeyabﬂy)ehcethhmmlﬂgtcond'dmmdanhanﬁ& ve

traces 8" extend the | ocations of .coryespqndi ng secpond c nt act
a3 Y i R e Blsbermally G Prate S S audug? dRded omrsrpinadhe
through the Iﬁt@ﬁ&@ﬁ@@sosamtcwe@ hbdt th&Rfram dufin@bpérafsi oA sdnikdndusrvpose
correspondi ng second contact pads 2" -16 Turning now to FIG 3, an

exenpl ary 2enbeétyiseedty ey of example ey, sherarmallysonducsive eliemgnt GoarpRrisg aPsEnt

invention is gepL Gl e ofla i fﬁﬁﬁuc‘?‘ék Eﬂr?&ﬁl’e?ar{mﬁ ﬁ)%gii{ﬁhﬂqﬁfsaw

packages 121: an upper pac ower package east the
| ower packagematetial asfons we moae oﬁxhe otheheqndociiie! seruaﬁresrmfthadmseraﬁ‘l E’reﬁoabtyur e 9

formed through the top of the eria Oth

aperture o 1 oheshrml ethineiih TPEAEE b ARpr o Bled foat AberveLi i ng
conducti ve st godutiive s&ﬁcﬂiﬁ@tofmgthebtdﬁ& d0.om t he bottom of an overlying
package 121U. A contact pad of a third set, which contact pad_is referred

to herein3®s a thi fbe BtRPesst 2Qhmay also includs,agsewnd Rlanen)- nTl%?ébﬁnaﬂéﬁ?’Eﬂ"é“@e 1o
Some third copfgeht Padhd Grodhd plAfe BB tHERYmME SIEHER &aeFarkite lkments

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,



- corresponding first contact pads 4 and, thus, ultimtely, with the bond
pads 42 and corresponding internal circuitry a sem conductor device 36 of

t he package 121 by way of a conductive trace 8 positioned between the third
contact pad 10 and the corresponding first contact pad 4. Sone third
contact pads 10 of the package |21 may 151onmmuni cate with correspondi ng
second contact pads 2 and, thus, ultimately with one or nore electronic

conponents that are external to the package 121 by way of a via 8 or other
conducti ve el enentopesf thedresptastss dd dbpt aredormgd af 1eagtiagiiallyshrougbthend t he

cor respondi n%ta%@?gu&%&a@tmaa&f%seg Sns oF aGROHAGANKS S iNeimhiy € 34 that
protrudes from an upper package and its corresponding third contact
pad of the neamdmbvmlelzentpia@kag@tmpad Hay cdmmunipates with heraneindatlansd bet ween
a sem conduct p

sem conduct or&yew ce 32'6/ C%P g‘f%lé'gr?%)%% %f %wearﬁ]légg% é%ée%ql%ggrge&atﬁ%&ﬁétreﬂ?

el ectroni s dennsfer ofBracovayfram andsembly cpqulagetmenghides)fhea:hatpbsda te MM

(assum ng the height that apsul gnt 3 rot rudes apove the
o or gt Do Nt aed ape DR AR Vastiieti ] Comay Be PUSIES St omml o ol y
t hrough the i paiRORP A&H dd9; Faﬁ’d]ﬁcﬂal’h%ierisﬁ@ ah 88difibie &Y ih YheCAREMAGTE MBoek ‘l@t ures
34 therein have hei ghts of about O. . the overall thickness of .the

nmufti-chi p medather 80Jca§9q wabe formey gartiallyrascamepletply throughsthavinteipasss t he
apertures 9 S

cgnduct ive st% %ﬁjct:l?ﬁerltézstg%zﬁésﬁ Oxloingt% ?lﬁ}jﬁ #’Qg’m&t%ﬁgmdgﬁgrme%gg ageq&ék{ﬁ?ﬁl %X
VWil e Fl Go 3 tchegfecofheat zmzdycﬁremlan pssmntbm @& [Gokdgh anchidied thel dsterposer 26r Asaal | y

st acked packages 121Ht and ‘1 Lh @Hﬁ be understood that a l'ti-chip
modul e i ncor F&FEPIERY 08 I MY eoﬁ‘coP'h P BESSTTE VRO FEPFIESSUA@P ude nore
than two pac K@&E?&cle@@@faﬁtﬁbr %%)66‘3%'(ﬁéﬁ’sh@ﬂﬁ})@hﬂ’@ahta&fthéTHlaﬁdferQJI"hE‘atM&' If®m

i ncorporating teachings of the present invention may be formed by securing
mul tipl e senitothaeallrcogdugtive glement 6 mpy by distritgttes crse thssybstraterhgeover

sem conduct oryo Qi 5 SaBreRs AT bLABRA% Aherllblif ER0LIUaMLRRS On. Lhe

i nt er poser, I'n Red ovel “one or more locations of
the int erlposer asAssimother allterEdtGS, sh@;wn[m Fii¢. RCe2H, an eparturé o1'Hh&y belﬂn,rmad

mul ti-chip m)dul e 70 that incJudes a single 5 interposer 20 wt

seni conduct orthigugh thedntggposegsubstiate I tp W@?eahéges%abmra%%%fmﬁn#lx her eof
is depicted. ale W1 V. i nt er poser
20 by way of cgnﬁf%lggaﬂeg%ﬁmng% eri afjé}% “qﬁ’*?&g%gwlg? elz (‘ikﬂg %r%y&fg% die attach
mat eri al 39, therohllpsordusuve elbinentatiring seeured taatidevppasted batthalintdrposent |
secures the %Bgﬁ f:g conductor device 36' to the | ower sem conductor

devi ce 36. te to conductive el enents, such as the depicted bond
wres 32, 2032 el qretférhﬁ%hbw t6@FItBe,§&, ar;ﬁﬁ%@tzllvﬁlmlfgithefm@veél&scﬁb%d of the
sem conduct or. devi ces 3 to corresponding first contact pads 4, 4' of
the i nt er posdntenpserBeangh semiconfyetordayics 36de gathedl lls%rateﬁépwen C&,ftdr‘q)cal |y
conductive st r ?g%cét A at
comuni cat e vé@éd;{g%gtﬁgég%?g@t T%éz; s 2 AdéCt?P ¥ 'ﬁa}St%eréé ‘gtatcﬁ
conduct i ve elregienf/ o therles‘nmeli 20ehyywaySofizhdia attaghtmaterfl p&mudlmhsaa Witahbsenbl y

may be packa in e.art C S lLyi ng. a sujtabl.e
encapsul ant %éﬂeesr“(ea r < Ve'%oage LI ?Eepp?n?ﬁélg%ﬂ%gptgé %{ﬁ‘tcon@ tolr 28%‘?%

nol ded oraspot3ammhylegeltstficalnoansidwith catespondpefirsedontaeppdds @ttheons of

sem conduct or, devices 36, 36', the internmedi ate cgonductive el enents, and at

20 | east por tNSHROSEH 2% By eitiosd vdres3g or pthepintsrmadiate copdictive elimgniadeg e 70
that incl Udesleﬁis?i‘ %@éﬁ%t@éarﬁ%f@@i@l&@ﬁférﬁIﬁilegt’c§eiﬁcl?i@es cBftactids Qri*ormed

i nter poser 20 the type depictied in ACis illustrated. I'n the
depi ct ed exarg the tqr*ﬁ@rfﬂmlr%ﬁllete?fconductl ve st r uct ures 50 of the multi-chip

dul 0 h d .t
e 10" are POSyLRIGH LR RESHER <l R Byt
t her mal | y3000rmlllﬁakﬂ somazeifelmtorﬁi cdntacapitlst2i afthe 1hprcmati 12 ’K}iélelbctﬁbduy e 70" may

i nclude a heat transfer el epgent 48 sec d to at st sone of  the
thermal |y corf@OEYGHYE SEGtyes 4f awe @é‘“ol‘l‘?‘ét oRst Wi“ﬂls}'t‘?"gll"ééheafﬁcept"é}?éd&| ment of

muf ti-chip mMagih& ihQhe inferpb¥ef Subkhifte t1b%mhdsya&qmw&%mn?lmw srdufided
exposed through the aperture | 1' formed th rough the interposer substrate
12' . 30 Al so,bydbe tierapser pubsiras. 124@%@aﬂmcowuﬂmﬂlctuh@rmm)yal&bﬂjuct| ve

el errent 6' may be positioned over an active surface 35 of the upper

sem conductor device 36' to facilitate the dissipation of heat therefrom

O course, in order to provide the desired heat transfer characteristics, a
| east a portion of the second thermally conductive 18 elenment 6' my be
exposed through an encapsul ant material 30 that covers portions of the
upper sem conduct or devi ce 36 As with thermally conductive el enment 6, one

o o o o o Y M o




15 The scope of the invention is, therefore, indicated and [imted only by
t he appended clains and their |egal equivalents, rather than by the
foregoi ng description Al additions, deletions, and nodifications to the

i nvention, as disclosed herein, which fall within the meaning and scope of
the clains are to be enbraced thereby. 20-13--19 CLAIMS What is clained is
An interposes for use in a sem conductor device assenbly or package,
conprising’ 5 a substantially planar interposes substrate; at |east one
attach regi onseswed t&gerond plane s if the inteenoses2Oor 3 gpsiaet{pat shawplinFKFi24) of

first ContaCtﬂﬁﬁaﬁﬂﬂﬁgﬁ%gﬁ%ﬁ%gﬁégﬁhﬂJ@%ﬁBeast one attach region; a

plurality of secon Js™ car by said interposes substrate, each
second cont act padTewmebdyponiditing tmcwrdsiOswhichnesawblegad nody teeforngsd fieml ity

o Contact, Pl e Bl AT R DB ST SR TG St b, oo

ext endi ng t hel 65T WE&N arali

partial |y 4 hrfusgbd sadycbd set@ed asethemdiStdoadetivatlelnease oSthetntepessndoopt Act s
of said pluralit | east partia posed hy a

f d t t |
cor r espondi ngcw%/fé&%gﬁé’?'g'fn Fﬁ&?éggﬂ’?}? g@i“f“;‘/“‘%"f‘“f‘@‘@éﬁ’?é%%@é% gandpctivg,

i nter poses of elein@ht.! As WHRHRS tBex%gaﬂkl c_@;gdu%ﬁiz@'el%bm@, %ﬂexh&inail'y tShdueid act

pads, said conductive traces, and Said plurality of second contact pads are

carried upon sthesterantl may fnsreasothe oxerdll thermalpnase of 8 phcknga? ban0hig, acthea
| nterposes of gk 8l Neg g ABAGRPuRANLAHonk AL RS LESRTEGOp T8 T ocated
plfurality o aas,

on the sanme surface as sal I'FSt cont’act p sai d
conducti veo t r sspeisondanidr devick 3 mrcahintunicaatios edranick thermadlgtcopdutsive dlemEhe In

nterposes of 1 o IEeAn AR L BL LR o o Second conta, padegs ore
whi ch said element 6, the conductive structures 34/50 protruding therefrom may be formed from a
material that is both electrically and thermally conductive.

The electrically conductive structures 34 may, by way of example only,

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.



» plurality of receptacles are fornmed. 5. The interposes of claim1l, wherein
said at | east one attach region is |ocated on an opposite surface of said
i nt erposes substrate fromthat in which said 30 plurality of receptacles
are formed. 6. The interposes of claiml, wherein said at | east one attach
region is |located upon the same surface ofl4said interposes substrate as
that in which said plurality of receptacles are forned. -20 7. The

i nterposes of claim®6, further conprising: at |east one .receptacle forned
in said interposed Bifkags at %fetéﬁpgea?ra"a\tep ehmag v total ghickness ofjessthdses of

claim?7, whergpht @@Hﬁn,%éﬁilf’é iitglgtagfehft)i” histin Qgﬁbﬁ’&telepﬁgﬁic !d%vil:&? &8s Wi

said at | east one receptacle. 9. The interposes of claim38, wherein at
| east porti origleplonsaihgndhehdicarnpuserstand pegatle eomputeisewhere shimlowairdfilent er poses

substrate. 10 LNter f claim1, further conprising: at |east
one of an el epcat%g‘ﬁfgggplﬁyrbécucl)ﬁeg%gt%?%?/rgBStructure and a thermally conductive

el enent prsoxi mat e RIG. 8Biddpiats o vasistiornsfpaakdgadh, inaghicinthekndd df the ehermilBr poses
of claim 10, vvhgrej n at | eaga one regept acge. of sai g plurality o
58 ot Pr

f
recept acl es eSPBLAYe UG thah Brotruge, Irgm the, inferppst £0 preionpectsia gl i ve

structure, saindtiensy WY by a GONFEIEVerRERMBNThe Abat draf§IBE @6heRa®, thich
communi cation therewith 20 12. The interposes of claim1, further

conpri si ng atfurthergncresses thecwpiall dhasmpbmpgschf she paskage Paand; thetefore,rprevifles at
| east one att : ' . | ' ol [ .conprising:
a third cont alget% h%g]gglg (Q%'gé’%gﬁeén%}yoﬁkggggiﬁ%gag é@%%%s‘ﬁ%g]ﬁ gn?ima |y planar
i Nt er pose® 25dissipse arak wayy pikvehiyt ectdasd the mateki whick diechapkagealiis ybleto dissipate

tacl d. 14 The i f claim13, wherei id third
Conthet pad CHRBHMERPLOrFTRRar TUdeh SRahGim e bty Sere A h o

second cont acdubprastially plabhr, bitar) sEQBFO NAUEERF el e hBatd FnERP ¥ meMAUBRAAST NY.
be formed from a number of separate sections. The heat transfer element 48 may
optionally 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



an interposer including contact pads recessed relative to a surface
thereof, at |east one sem conductor device positioned over said interposer
and including bond pads that communi cate with correspondi ng ones of said
contact pads; and 5 conductive structures secured to at |east sone of said
contact pads and at |east partially laterdPty surrounded by said

I nterposer. 16. The sem conductor device assenbly of claim15, wherein said
at |east one sem conductor device is secured to.the sane surface as that in
whi ch said cdHPackase él psfagy,é@ss pelcasiaod pventhis peioncehhe tRETR Do dstive e
assenbly of chaidpt5, wherein said interposer conprises a recess configured
to at least partially receive said at | east one sem conductor device. 15
18. The semni conduckhsrexpesed pertimasd i themtalkylcanductige elgmentcd mayg sgmpimexposeds t

one sem condugtor, device is secured. ,and, el ect.rical onnected to sajd
e er pasor " Hbien Hthifhdsd SRSy N uBRE R HE 1 ARURGRESrekBus Pl o
assenbly of chaburfats of Meek@all$ sbsiuaiivd €antnt®@Rap Bt eacHIS R imedRii @By S

secured to an oppgsite surface fromthat in which said contact pads are
recessed. 20.treptd 18 yghcomanas torenbanee the theually|dissativg properiios thagsak as weld aj d

| nterposer 2% GORRA Seckrif SRRIARRLOAMHerkoh AAnARANEIPAL Ll if Figee! ve
said at |east one sem conductor device. 21, & ‘'sem conduct or devi ce
assenbly of c2ithe idckagdidl’ eray isdude themiadlytcopdidsive steuatares §@thatigye postioned

Formed | n v BN AP AREBHEAL A tr S EiBule o exhose rsBoRhal GBHECBHBCt or
devi ce asgemblydQdtivelefintBnt 8 ankird B8East PATRANSIalgallyXurrofifil bYfe Blerfosel ound
pl ane and a ther ma1 'y conductive el emaﬁt orfsal (J i nter poseg and 1n contact
with at | eastsubstpae § 1'0F1Gf 2B déemctk shatberafitemative, it whishshe package 21’ includes a
heat transfer element 48 secured to thermally conductive structures 50 that are secured
to and protrude from the thermally conductive element 6.
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 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 12", 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”.



sent conduct or device; and at | east one receptacle exposing said ground

pl ane, said thermally conductive el enent, or an additional contact pad in
comuni cation with-said ground plane or said thernmally conductive el enent,
said at | east one receptacle being formed in the same surface of said

i nterposes as that in which said contact pdds are recessed. 10 23. A nethod
for fabricating an interposes, conprising: providing a substantially planar

i nt erposes substrate with a dyuctive |layer faqrne n_a,sur.face, t hereof;
patterning said c wesm&ﬁ%ﬂw ef‘?JP]ﬁlF i?"%bto(a%‘ﬂgﬁg? myltlrehip dngdy qualr ve
traces extendjcegrdingite i priseht BReRInds Bégigkd CRNEHRMN, RRASultIBA HEANOE0 cont act
pads opposite said 15 conductive traces fromsaid first contact pads; and

forning recepneledessworpaghngsppdk ian speumrekage 421 andia iatss paskesal 4L pl anar
i nterposes substratf.fdg 9@15@?@%2?@;8"1'2% st3hch £RANRYGED HRJLR Qrindlédefsgﬁged’

each receptacl e exposing at portion of a corresponding secon
contact pad. 4@erta%.9 foheedrtiydnugh thé topldithe en8apshlant haterid 3@phéredfndiach apariung

" & ponce 8 STl BHEIRRA SR P AR PRy o

| east one recgdgudeifront tHeddgbmpdahiogbdlying pokbad 120 UatA keasdt padief a third set,
sem conductor 25 device in a_surface of sajd substag(}ial,l y pl anar. .

i nt er poses. 2whiclrgentagtipad s isferied 4p heroin asgibirdeontach pef 1 inispgsedayithineagheast
one recess is;pifaged in the same surface as that upon which said
conductive Iaj%r I's formed. 30 27. The nethod of claim25, wherein said
forming s¥ d at | eSwte tird contaetspads 40 of thepaekige h2 bmdy ténamunicats withace t han

0t A SR SRR BT B, T Ao PRI RS

| nt er poser suéstespdring internal circuitry a semiconductor device 36 of the package 121 by way
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 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



configuring first contact pad |locations to be carried by said substantially
pl anar interposer substrate; 5 configuring conductive trace |ocations to be
carried by said substantially planar interposer substrate; configuring
second contact pad |locations to be carried by said substantially planar

I nt er poser substrate, each second contact-’pad | ocati on being configured to
be offset froma corresponding first contact pad | ocation, each conductive
trace 10 | ocatjon being configured to extend between a first contact pad

| ocati on andaainglsripeensseidi g semicondpctasricices paxibe prsytanes at difgreablecatipmsi ng
recept acl es | I Ligakil : t | east
sone of sai dkﬁé}%gg{egé:ﬁ'gagbgehoﬁgl lggﬁ(?lb%tgfgt H%(Ig oﬁgrp#r%;bg‘[}n "Egﬁi?g ?/yf ggepose

corr espondi nintgpomncscbowmot Fiemd4Adat i ons. 15 29. The net hod of clai m 28,

further conprising:..configuri | east. one attach .| ocati,on an a surface
of said substanti gY‘f‘V_eg r%ﬁ%ﬁfo Eﬂ%ﬁﬁ&%‘ﬁ{‘fg‘%m&“@%i@wg{ Wgt}’dfﬁa f:‘f’%l!em 29,
wherei n sai digaRbidd 20 iviith SRlicbndbctbedSicedBE 38t itakdd Lo&Gahé HMCANBR kR 7
configuring said at | east one attach location on the same surface of said

subst ant i al | yhepeafisdepsaiess t Thetlewarssertieandigtonginvide 36as spenied dptheonierposere0
conf i gur ed. t%i vﬁayofylﬁe iﬂ?atcp%te?{al §é %Hﬁe%ﬁoth%ﬁfaﬁﬁt&.oZ%ledarﬁagﬂHagelrliral 34 sal d at
ch”l uring said at Teas

| east one at ocation conprises configur one attach
| ocation in amchopEposithlde adlidsive ®r adhesiae-dostad slemait, sdchiyes pheaupper substrate from

that in which said receptacles are configured. 30 32. The nethod of claim
29, further éﬂﬁ*ﬁPP%‘lCFFﬁ:J%&‘Gﬁﬁgdaﬁ?edawﬁ‘tSeﬂg “%}H%é)er"écééés Ipjerngdintgai d at

| east onggat a6k }i0€ BlkhRhks, such as the depicted bond wires 32, 32', electrically connect
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. lA-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



+ -24*'33. The nethod of claim?29, further conprising: configuring at | east
one thermally conductive elenent |ocation at |least partially within said at
| east one attach location. 5 34. The nethod of claim 33, wherein said
configuring receptacles conprises configuring at | east one receptacle to
expose at |east one of said at |east one tlhermal |y conductive el ement

| ocati on and a | ocation of an additional contact configured to communicate
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structures to at | east sone of said recessed contact ds sai d conducti ve
struct ures bedtrbfferent]latgral Positians.a Of Goyrss, ercd sepicandp@ondryirerp may be secured

i nterposes. 23 381718y TBi0Ad 05 such@h TidrposeiBer &k Re by &S WilkGRlekhe
sith 3 Heerbos i

connecting conprises securing sai dne “2em conduct or device to the
same surface wfFIGa2d. i nterposes as that in which said contact pads are
od, of cI m 37, wherein said e|lectric

recessed. 30 39. lgﬁh h@} %
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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 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
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traces, and said plurality of second contact pads.

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

plurality of receptacles are formed,

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

30  plurality of receptacles are formed.

6. The interposer of claim 1, wherein said at least one attach region is
located upon the same surface of said interposer substrate as that in which said plurality

of receptacles are formed.
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10.  The interposer of claim 1, further comprising:

at least one of an electrically conductive structure and a thermally conductive element

proximate to said at least one attach region.

15 11 The interposer of claim 10, wherein at least one receptacle of said
plurality of receptacles exposes at least a portion of said electrically conductive
structure, said thermally conductive element, or a contact pad in communication

therewith

20 12. The interposer of claim 1, further comprising at least one receptacle

formed at least partially in said at least one attach region.

13.  The interposer of claim 1, further comprising:
a third contact pad accessible from a surface of said substantially planar interposer

25 substrate opposite that in which said plurality of receptacles are formed.

14.  The interposer of claim 13, wherein said third contact pad communicates

with at least one of a first contact pad and a second contact pad.
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18.  The semiconductor device assembly of claim 16, wherein said at least
one semiconductor device is secured and electrically connected to said interposer in a

flip-chip orientation.

20 19. The semiconductor device assembly of claim 15, wherein said at least
one semiconductor device is secured to an opposite surface from that in which said

contact pads are recessed.

20.  The semiconductor device assembly of claim 19, wherein said interposer
25  comprises a recess configured to at least partially receive said at least one

semiconductor device,

21.  The semiconductor device assembly of claim 15, wherein said contact
pads are carried upon an opposite surface of said interposer than that in which

30 receptacles are formed in which said contact pads are recessed.
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10 23. A method for fabricating an interposer, comprising:
providing a substantially planar interposer substrate with a conductive layer formed on
a surface thereof’,
patterning said conductive layer to form first contact pads, conductive traces extending
laterally from said first contact pads, and second contact pads opposite said
15 conductive traces from said first contact pads; and
forming receptacles in an opposite surface of said substantially planar interposer
substrate from that on which said conductive layer is formed, each receptacle

exposing at least a portion of a corresponding second contact pad.

20 24.  The method of claim 23, further comprising;

forming said conductive layer on said surface of said substantially planar interposer.

25.  The method of claim 23, further comprising:
forming at least one recess for at least partially receiving at least one semiconductor

25 device in a surface of said substantially planar interposer.

26.  The method of claim 25, wherein said forming said at least one recess is

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

30 27.  The method of claim 25, wherein said forming said at least one recess is

effected in a different surface than that in which said conductive layer is formed.
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interposer substrate, each second contact pad location being configured to be
offset from a corresponding first contact pad location, each conductive trace
10 location being configured to extend between a first contact pad location and a
corresponding second contact pad location; and
configuring receptacles to be formed in said substantially planar substrate, at least some
of said receptacles being configured to at least partially expose corresponding

second contact pad locations.

15
29.  The method of claim 28, further comprising:
configuring at least one attach location on a surface of said substantially planar
substrate.

20 30.  The method of claim 29, wherein said configuring said at least one
attach location comprises configuring said at least one attach location on the same
surface of said substantially planar substrate as that in which said receptacles are
configured.

25 31.  The method of claim 29, wherein said configuring said at least one
attach location comprises configuring said at least one attach location in an opposite
surface of said substantially planar substrate from that in which said receptacles are
configured.

30 32.  The method of claim 29, further comprising:

configuring at least one recess within said at least one attach location.
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F1109%% () -s \c%gﬁ/g&lin(g);ﬁ ieg(g%e(rééelp{]ag%%‘leﬁdsé at least one of said at least one thermally

conductive element location and a location of an additional contact configured to

communicate with said at least one thermally conductive element.

10 35.  The method of claim 29, further comprising:
configuring at least one ground plane location at least partially within said at least one

attach location.

36.  The method of claim 35, wherein said configuring receptacles comprises
15 configuring at least one receptacle to expose at least one of said at least one ground
plane location and a location of an additional contact configured to communicate with

said at least one ground plane.

37. A method for forming a semiconductor device assembly, comprising:
20  providing an interposer with recessed contact pads;
electrically connecting at least one semiconductor device with said interposer; and
securing conductive structures to at least some of said recessed contact pads, said

conductive structures being at least partially laterally surrounded by said

interposer.
25
38.  The method of claim 37, wherein said electrically connecting comprises
securing said at least one semiconductor device to the same surface of said interposer as
that in which said contact pads are recessed.
30 39.  The method of claim 37, wherein said electrically connecting comprises

securing said at least one semiconductor device to an opposite surface of said interposer

as that in which said contact pads are recessed.
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