MULTI PLE SEM CONDUCTOR DEVI CES AND METHODS TECHNI CAL FI ELD
invention relates generally to stacked seni conductor device asseqylsies and
packages, as well as to associated assenbly and packagi ng net hods. Mbore

particularly, the invention pertains to nultidie assenblies m m
with low 10 profiles and minimal size. BACKGROUND The di mensiam mm mmm

different types of state of the art electronic devices are ever d&,&%ﬁasi ng.
To reduce the dinmensions of electronic devices, the structures by 15 which
t he m croprocessor s SEMIGONDUSTGR DEVICEASSENMBIARS U0 PAGKAGES, and ot her
el ectroni c compaNeENUDIG MIESEIPEVS EMSCONDUCTERISENV FIES ASTEMEEIODSt h
tamers, such as circuit boards, nust becone nore conpact. In general, the
goal is to econom cal ly produce a chip-scal e package (CSP) of the snall est

Si ze possible, and wth conductive ch as | eads, pins, or
conductive bunps, which do not si gﬂé@i@@%ﬁ?onpr! bute to the overall
size in the X Y, 1qg pés@ﬁtnﬁvamgﬂ%la@;éeﬂé@;niﬁo@wcﬁé@éemi@&d%c%@ayvieé gh
performance | evel . One approach to reducing the sizes of assenblies of
sem conduct orssimblicesndaprtkages casi welboato dssdemsedmseambly and packiagimgtinshgdsof i | es

of the sem cgnductor devices and ot her. el ectr.Qnic c onept s .upon carrier
oubstrates (Sheye pasticplagiyy the Jayenten pertains oy igis essePes Sndipaskagesth jo

sen condygt o, 4RV SREmPfiRbrdyle fromthe carrier substrates. Various types
of packagi ng technol ogi es have been devel oped to facilitate orientation of
sem conduct or devi ces upon taner substrates in this manner. Conventionally,
sem conduct or devi ce packages have been ltilayered structures, typically
i ncluding a bottom | ayer of encapsulgﬁp@@ , a carrier (e.g., 30

| eads, a circuit r G 1! e die :

encapsul ant materi a@,dﬁpglﬁ@)?grfrp e§%ﬁ&§%§%‘%g}rgs Qteh%ftﬁg%?igl,&@%ﬁgggﬁhsgm
bunps, or pi rRserafecasingnTo eethice sendimondon aifcld@ershicalepek algesrucrechy

el ectrically connect such packages to carrier substrates, as well_ as

provi de $uppavhicl he migwppeessate Memery dederst pthesseatemdyciordevierssyuketheme
sem conduct Oloilithie & RBGKARESr ABR deylbOMeDalitlobh £ SUBRRIA Wit cariidrs Al
result, the overall thrcknesses of these sem conductor device packages and

t he di st ancess tieuipbaiidy atuspbeabisdrort compaar h genesdlhe pailds toodcen@matler

than is often desired for use in state of the art el ectronic devices,
produce a chip-scale package (CSP) of the smallest size possible, and with conductive
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structures, such as leads, pins, or conductive bumps, which do not significantly

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

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

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

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

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

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



*"Flip-chip" technol ogy, as originating with controlled collapse chip
connection 5 (C-4) technology, is an exanple of an assenbly and packagi ng
technol ogy that results in a sem conductor device being oriented
substantially parallel to a Garner substrate, such as a circuit board. In
flip-chip technol ogy, the bond pads or contact pads of a sem conductor
device are arranged in an array over a maror surface of the sem conductor
device. Flip-chip techniques are applicable to both bare and packaged 10

sem conduct ofs @aesudtethe oxersdldhigleqsses| afphespisgmicopductaderisn packages anshthe e,

whi ch typically h I bal | d_ i -cal l ed ' bal | id. "
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carrier subsifrak@in sk ol tHeart sl6dtfonld devices.med an "interposes”. The

interposes may be positioned adjacent either the back side of the

sem conduct or di e"WHip-chip" technalegy, is onginating wisle eontrodled gpllapss chipeonndesion

i nt er pos i i figned.adjacent the back .side of the sem conductor. die,
e bond adiC 4T e HRsIREHi €8 TS STETL Y Pt a5 GerP OUAT) FSBlhect ed
by way of Wi ff, Qpiiesndicto?dbeite bahgbﬁaqb&ms&aﬂ&l%arm% § ERBbSstRirate,
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areas comuniwhtas awirchit boande dp Aipdchip tdvhnplegy, chmbaxtt pads dscantadt pedsoafck si de
of the interposes., This tyge of fé%ﬁ:chip assenbly, 20 i.s pgsitioned
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adj acent theggﬁﬁgggﬁgﬁr g%% §¥§Fﬁ§té%ﬁ?%ﬁ%gﬁéﬁﬁPéfﬂiiaﬂﬁﬂgﬁ%%ﬁﬁ@gigéé0 t he
sem condlxt osendlicenduaior ldevietse cA padalbd flipeciige tipe demxonduatersiewivd] whichont act

areas on an apposite, top syrface of the interposes by ) of 25 .

"t er nedi at eoBlee suddballe et in 2 sscalid bR g ARG AkssnBestiones
formed in the,i . | . foar : Hﬁyﬁ' L .
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sem conduct ofersied bf Eingegpesed YL helinteposer, miyhise pusitioned agjacknt aitkerahsbackyspiecal |y
| ocated on the top surface of the interposes. Accordingly, this type of
flip-chip as8bsisgmicondinien dipprtheagiivdronsurpemiberepbyel carrier 30

subst r at such a ' ' ke ni i ' S
wth theltop surt St MaBofh IeticRORE R oot uRHAERLAR8r aGel o BHRRSE

f or egoi ng t yprsthefbohll ippdcdtl the semmicomtudios die ard eypicadly eldchivallpobartiefdgsvayf t he

i nterposes are disposed in an array that has a footprint that mrrors an
arrangenent 8f Wire bpadpyRibednteanerista randictive plements it aurresperfling ot #8s on a
Garner subst Enqta??p 53 Br ﬁ)]fe il oEé}.nq‘ &ncogm?arc?mjgg %ﬁ’&ghﬁceﬁg Wi&gﬂ&%géo%ﬁin%' ce)
or contact (on I'p S chi'p packages) pads and 1ts corresponding ‘termenal
may be el ect bigpéd yortaut pads @otht backnddaaidihb éitetpysena Thidftype sofigudip sseembly
structure, such as a solder ball, that also spaces the interposes some

di st ance2Gwais HasBienethadieent p bighetrleyel earrder syberaspwith thedhagk sidetohighe nt er poses
and the carri f . open or filled with a so-called
"underfill™ Hﬁé é%%?%@%#§ g%%%Psgﬁg%gbrovides additional electrical 10
i nsul ati on bet weenf thbét&poies Wshistioded dajatae tiardtit HourbRE OF te sstldcondadter | N
addi tion, each of the foregoing types of flip-chip sem conductor devices
may i ncl ude gi¢. tedepd npdref thesenicendustoy did may poelestosallsongeded tntial |y al |
of the inter 1 .or. di T j
BRI Sl S Bl AP B st e i BEREB R B th et s on

conventi onal _ ype "packages havihg _ _
pat t er ns23r eiflgidatte Eohdubeveceabns that Biiek@saRH odik of kDTSRI Hahdg iPthedi €,
the interposes, the adhesive material therebetween, and the conductive
struct ures (#&tgposesolAgain, tiglcontact araas qepvRENiese wibverresponiing spploeinadspnt he

sem conductor, dig. As with the flat packages onventiaonal,.fl.i p-chip type
packages. ar otsrpBpdiiy daintabi affleRP i AESRe SN St robisie B Vhe
art el ectronkéntd@\padesre aEth;h%lIWb@atedJ&etHéfto Kirface ON fHedhtedfds&ONSt ruct i on
met hod for producing a stacke

_ _ d multichip no uIe_(NCN% results ina
rel ativel y hidghordingty, ithis typgrod lif-claip pesemblyiiswiosisionathadiarent a bighrolevelroafridre,

flip-chip,ty ackages have, been devel.oped.whi ch incl ude interposers or
ot hor et i PR RS 2e A PEE ARl BEERACRY Priiof ot erbiek bALTAS BR<:
portion of tbafReFidihEthe@hrricgRutsaauct or devices. Wile interposers that
i nclude 2S recesses for partially receiving sem conductor devices

facilitate the fabrication of thinner flip-chip type packages, the

sem conductor dice of these packages, as well as internediate conductive
el enents that protrude beyond the outer surfaces of either the

sem conductor dice or the interposers, undesirably add to the thicknesses
of these packages. 30 U.S. Patents S, S41,4S0 and 5, 639, 695, both issued to
Jones et al. (hereinafter "the "4S0 and " 69S Patents"), disclose another
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+ 5 connect bond pads of the sem conductor die to correspondi ng contact areas
on the interposer, and regions of the interposer adjacent the receptacle
may then be encapsul ated. Wiile this nethod results in a very lowprofile
flip-chip type package, the package cannot be tested separately fromthe
carrier substrate. As a result, if the package is unreliable, it may also
be necessary to discard the carrier substPate and any 10 ot her conponents
t hereon. Moreover, the packagi ng nmethod of the 695 Patent conplicates the
process of connectn eaphadithefonegootgypesafifipshipredmatondnctet deticesnthe contagtonent s

to a carrier substrate. In addj.tion,.it should be noted that in order to
bt ai a1 owPBR e EpRERs &% JiipoRt) in s HaY Ul 1S o o9 SR PR RO pr i 1t
conpact ness. ,hhe 00t B %&fes?(?]rﬁﬁn ermipald cﬁ‘ok&%&{t%t'rbﬁommgc?pﬂgl‘,ﬁ T
significantly greater than e area 15 of the sem conductor die thereof.
Thus, there issbstratee dthch of thetHohd dorebare Skiprbhipesmanoddpaakdi g or tchatcti{an dlip-ow
profiles and yfelatjvely small footprints and,f?r thods, for fabri aati ng
such asseMbl c8¥ PaFkPgsEiadsard it TS ROAHRE R E] PR BRIFICERICH Bonesien fo

i nvention co I 5(}%”% i [ i i rLposer
and a pl ural ?P{’, h%cﬁﬁ%rgoﬁ@n uc g? ‘g{ev\?i%?égﬁ?eﬁ Q‘Z&\%%ﬁo%da}f lbgl(rﬂ t@%ﬁ%‘{%egg%e% L
arrangement . inkBpobdt\seinkidiarice alvdd Ednyéhe icatier eubgaienent s of the device
package and met hods for assenbling and packagi ng two or nore sem conduct or
devi ces with an i fihespessdetwepndhomterposer anrhihe carricy substategaaihegleftiongn or
conprise a chy |l e LG che [ Ny figunrabl.e in
vari ous ways Iﬂglgcri %ﬁ@ea sloﬁny%feea'f"%“%tr @ﬁ‘o#lg%%ﬁ'l{:%a |%rt1}\£‘r{lf2 p?%é?%&?‘ﬁgwgg‘ eégc?%%&r y
package. 1Jhe jpatdag ®efiwden tite deptibBfiudior Bevicd fidoks emsien ibstieNnGidaRion! edchan

t he cunul ative thicknesses of the devices and, also, may have a relatively
smal | " f oot prof freforegoingHppesaf lipyehip seaiqepdedtogieviase may dadude ansneapsulant

i ncl udes a substanti al | | anar__substr. ] a_receptacle formed therein
and ext endi nén %&P%Yf‘tﬂ%ﬂ%?“%“ﬁe"? éﬁf?‘%ﬁ‘gﬁfawow{e l?tFB)r%sé}haélﬁ}l?ﬁgéer surface to
the | ower surémfcenditeseié. The receptacle is considered to be -5 a first
| evel of the package and is configured to receive one or nore sem conductor
devices (e.g., serhbedhidkmssens oficeryentional dlip-ahip|typrepaskitges bavingbgll gafleraed t o
herein as_"first-l.evel" sem copductor devices...The receptacle be ..

conf i gur i 6OREHEE PeisyE 4 daRgscine RombEEd thigkestes of M vaveoiligy die
stacked arr amgeiRRposet, thPslihclive hatdra€ therdbeivRicROARIThé BEIdERve SAREIES RS, ON
both major surfaces thereof. The conductors may include circuit traces,

| evel s) of susbiderplls) thatiprotrude alpanigedhé inkerposes ocibn sewiconductidralie.r As adth thed

conductive b ds and/or .cont.act,.areas for attachment of d. Wi res,

ol dor  ball s 1B PERAGES: P EPIY HiRechib ARG SeF ot e ROt Sntetab bR Jite i ve
el ements, angn GHLRthinOSBRUfWcSart dib@rdri¢ 8évieRY FurtR@MROREY 6T Dis aktages) nmay
be electrically 10 atfached to the interposes or to a second-|evel

seni condi@t orconkinictien atetHodeet produding b siackadpauitichipgeetlule(MCM)acsultstime

i nterposes. A "secopd:level" (e.q., .upper) sem conductor device is at |east
partially suﬁ%‘ﬁlﬁ%&@&'ﬂr@ﬁ& ]aégg @8fpfjﬁg8?"ﬁ%eer poses and generally to the
first-level sem comghufetdr l&@lﬁr_ﬂé)ﬂl‘ﬁi&l%@ﬁ& Bﬁ‘cld_a?éﬁa@@%@él d&6RPLAGEh The

second- | evel sem conductor device may ave its active surface facing
upwar dl y, wi tilclidesinteopasersaa other eartieiscwith secessemidiet ard configiwed waperivk atdeast

contact areas on.the er..surface of the. interposes by way of .s what
Cateral |y exP@REIEPHRE BRI OfEmIGORANRE, dFuioer o RORIEAnICIRSEF dR by
peri pherat coRlack fafRddl eééﬂﬁng SRR RYS deSR f%@ﬂﬁ'z%{ghgér fgﬁ’nﬁé’dtﬁﬁ ofay be

flip-chip bonded to contact areaS on the interposes. h Irst-1evel
sem conduct othideariftp-chip thpé¢ packhges, hesamixbedudtar die afithesegokabes gis ot act

areas on the active surface of the second-leyel sem conductor .
intermediate conductive elements that protrude ¥>eyond the outer sur}aces of either the

semiconductor dice or the interposers, undesirably add to the thicknesses of these
packages.

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

includes an interposer with a semiconductor die receptacle extending completely



+ devisce, the active surfaces of the first- and second-|evel sem conductor
devi ces face each other. Conductive traces and vias extend fromthe
conductive areas on the interposes to correspondi ng outer connectors on the
i nt erposes, which are arranged in an array over the |ower surface of the

i nterposes. For small footprint packages,,K6 25 mcrovias having a dianeter as
small as 50 microns or smaller nmay be usétt and may be directly attached to

bond pads or_sol der ball contact areas, for exanple reatly decreasing the
i nt er poses dherathreughi g ‘69 Petertrieachpompackpghibat @abb@%g@d bpsequsivglal y, a

structure such.as .a fil.mor e - Q. ressure-sensitiv

adhesi ve- coat &of d}lﬂ‘fr ?715 “18%‘&%@5"1 ‘%ﬂ?%%esabs He e ?H%C&%?a?@icaén%: mg It‘ul%ae i nt er poses
to cover thgpRehdseCORh@EdrAciORBEr1E befoltethe BomicbAgichst did fs dlderidanl omednd of
the receptacle to facilitate the positioning of one or nore semn conductor
devi ces wi t Hprthe interpesen pthasemicondactor fie indgrmgdiatectandudlivie edementedhato t he

i nt , th (litati t | of the fil -6 fol i
Lt tachmet GPnGS Dot Bits Lofi BTleRnbet P eettponfing Sepe s OB o ocess.
Thus, @ ur tiigkpdsGiuAd Hefbrs b ieiniidsbRhivef nt RRepackans iypde achi eved.

As already indi'cated, nore than one sem conductor device may be positioned
within the reacgpultdde. While thi§ imethod aesaits irt deerly doverprefild fop-chipaypepegags!| e,

t he devices) 5 be secured to the film(e.g., tape or other nmepber) to
F1% the pos by BIFKHES FREOLBAEtISH SRATFY oWt EESHrics PN (45 4 v Ibabdr o of
the interposgr Il adMB Hed oo\ el bt ardd

i nt er poser, ﬁ%§§ag§2%ﬁeggﬁlg’§€§§gﬁis§Bgﬁégégfs at &\gﬁr%ﬁ&sem cg{ﬁbug{tor gagl\}/li ces
ar e posil0i onshlericonpogente thekdop. ddqreaveay the padkagimgahdthod of the 6% Rdtatked
arrangenment. 10 A "tQ%;d-level" seniconductar deyi ¢e nag ﬁé posi ti,oned

bel ow t he | RABIPISAIEE HePrefest AECIMEISSSRICORARCIR RTASE @A PHREF Eleeironiaich as by
a ball grid i 1 f rical ’
thor known SraRbel Y ARRRERkLAR BALLRIGh, RentETe TR R DAR) M Gt
Each of the skw-pofiliisickige] &\t ooosstnyitc aieificeifddtpticcompaciesoiect or s of
t he package through electrical conductors, such as _netal 15 traces, bond
pads, cont ac@omgér,ea 8f suchrrdawtnrotlenagkage maychecsigni fepntly gaeaterithan thg agsaect r i ¢
nateriahjnaxﬁgﬁeQ&gﬁggthnhﬂgp}gggrspices between the seni conductor devices
and the interposer to secure € sem conductor devices to the interposer
and to provi de admisi thesd is@lneed for amlitidie asdeaiblien atkkpavkagestthea haesiomonduct or
devices and the interposer. Faor exanple, a liquid underfill polyneric 20
mat eri al mayPratles apdidlatelt gnal] Hatnrptoand far W&ﬁwéwfqrrfmfsﬂfmg pugh aspeapblies

wi thin the Qﬁ@ﬁa X Qd substantially fill the spaces by capillary action
Thermal or o rcute nmethods nmay be used. In addition, or alternatively,
the nmultidi e package may be subjected to additional (full or partial)
encapsul ation, for exanple, by transfer noldingﬁrﬁot nol di ng, or injection

nol di ng 20echni ques. Ml tidi e pRERaHESURF-QF FIV. §N eachi ngs of the 25
i nvention may be .gnc . Wi fhir ],.€0f tor
devices fully enéﬁ%¥§§§%&?Rgg?ﬁ%%gmﬁgﬁs§§§ﬁﬂgﬁggg58%8feS?%%%ggkﬁ%ggﬁglThe
| atter confiigtermiseand aipluhgity 6 E@dutemdubor g6viddslig a enRaborackdd rrafigletretli. €
packages nmay be configured to be integrally stacked to form packages of

gr eat er nunbEResingentigaunelades vaHeusemediments Of thsrdevice pgckagg apdmethods fare 30
| ower surface_of r e J.Ql r af. . i ng
cont act  ar oo o Tk ARRE ARG PR Htels Bl ol bl Ml SRHESAP Ot

packagegsof defiiiSondaviontiéace HerkescimhpWorpiideid dhip Waks mbNichipaekseaCkMEPght
is not nuch greater than the conbined heights of the plurality of devices
i n each packebieh iseanfigarabisyia varipuswaxsviopwsstin agaristyadiapelicationh incduding as a

si nmul t aneous| mai nt ai ni a package .f oot print i.ch is anl sl i ght
L er L PonSitnBR BRI YhebaBRBSARS vt Dlin HihibkhdsnSlaidr ol doku
confi gur at i afs cuhliRtiP@EKEgRsded of thieidaVickSarfs 88O h&} haveiadentiveldlsmap t he

footprint of the I|argest device. As described herein, the first-level or
| oner semi corfelRtial’. device is smaller (in footprint) than the second-| evel

(or upper,) semc uct or device, re a third-leve em conduct or. devi ce
o pi'nell bet ow ¢ e sRasiBentter VUG Bicn o bR A ERBitgh  prahs
footprint sig@strite Qith dretepeile fotMed tiesin ahd éytt@mﬁh% Sibstantigilp@eRftdoh gy €.,

sem conduct or devices. Several exenplary nethods for assenbling the

mul ti di e paclkerydhke wppenswbacd dnthe lowveihsurface theteofit Thewresepiaqle exeomsiddredBabh of
the met hods includes the initial formation of (a) a first nultidie wafer of
sem conduct or devices (first-1level sem conductor devices), 15 (b) a second
nmul tidi e waf er of sem conduct or devices (second-I|evel sem conductor
devices), (c) additional nultidie wafers of sem conductor devices if
desired to be incorporated in the package, at a third-1level, for exanple,
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+ 20 upon the final package configuration which is to be forned. Cenerally,
each package is fully formed on a nmufti-interposes sheet or strip and
singul ated therefromfoll ow ng device attachnment and encapsul ati on. An
exenpl ary nethod for assenbling a sem conductor nultidevice package (SCNVDP)
i ncludes (a) singulating the first-level sem conductor devices, positioning
25 themin the receptacles of the interpo%ers, and w re-bonding their bond
pads to contact areas on the upper surface of the interposes; (Db)

si ngul at i ng & fiest ewelonfdhe packhgesand is corfigrest todesdiveene atrpere semisondeiorat op t he

i nterposers with di e-attach tape, or..adhesi ve ... and .w re- bondi ng their bond
bads Lo ot netevisgnlet: SabbaierARE. fidr waTbe SsRhiey et Btstda s )
appl yi ng an «apgapsslh 8érhREndiRid dedced. OTHd debephdt®e By BE SbAfiduadd RRREST 30 and,
optionally, to cover outer surfaces of the interposes and devices, and (d)

si ngul at i ng semelial/dehices ipa sidadwysside manteh end/absiacked arrghgemensr Insadditpon, thet er
connector.s nm ) formed on the | ower rface o he i nt er poser

(subst r ace)  Bernpry i Tides irapeto P bXih niHE sudbieniigeql dbeSortiefprevner
met hod for ai%élﬁxﬁpl:frélﬂt @ac%?,%&é?@%%u%ine f\d!tFa%ed?léBJf(ﬁfi&ﬁvé Oiaélﬁﬁxg-{?g@ggf&e"“ th

teachi ngs of the present i nvention, (a irst-level semco 5 devi ces
are si ngul attestesradd @bhdichiee bodd pgals@hd/or sdntha ardae fartattactonént of boud wires,of t he
second | evel sem conductor, devi ces, é&é‘%i,cal y with a BGA,

] b) th
second- | evel soddsibalnerptherinigeyediats copdiichiye plgmens, «#lﬁ?rg&e-qoeﬂ}éqﬂ)vg @}%?r@aﬁﬁduct or
Sovi cos. i g g AR |
evices, are; g 4 \Acgg.ﬁé%t&e. EQ% hfsg.*g&»gl ée%lg({,}giyg{& ﬁéﬂgé(g] @ﬂ% p% %le& Pefify P style

(active surface SO t I rst sem C evices are
encl osed0i n ittxehédoehpis@posee oel aebasl-leaslikefmijondictosddde eatOpatibliyp of
packages is encapsul ated and i ndi vi dual packages singulated fromthe sheet

or strip. |rSURCRIPPSedrelativeiohg IMEPRA%E utilizing flip-chip technol ogy,

second- | evel sem g el i i . . hed in
flip-chip arr ange}r;%eﬁ‘%%g1 g'q%‘heg é%,gtﬁ)pg{)%ﬂcro%&%@%}%glsc? ?g elg%gaﬁrg%ﬂfeast
partially cosperiimpesedppltivefthe diterpbser bad gpepallyes the Hrstlgvel senfiv@iductor

sem conduct or devices are then singul ated and positioned within the
recept acl es @svicer® withje thedatemnasen reeaptactth cBite seppndolevalpemiganductpedesiice may
sem conduyct Vi ce n joined to. e -leyvel ..sen co ctor
dovi ces b TavaREaEa% Aifiel REM I Bk BF pREERE A SN G R iR S

si ngul at i on. cobtep@iBPSIHtA0 hreaBde thealppfsirface 6f th @aePoset & wdyefasinkwhat
surface of each 20 seniconductor device |ocated within the receptacle, as

wel | as overlateralbrexsendingintsomadiate cprdugtivaelomentsn stlteraativeb petiihertd santgelds t o
their corr es{}lg%.do'nntgf: %?%gﬁ%\'/e\f?m@%&gfuc?cﬁ d%vﬁ? ?x{ag%% fﬂﬁ-cﬁﬂ)ﬁogngécg LOD(%%E{ct and

adj acent por ns surfa e nterposer.

sem conduct Ofre£kedH e intsrpbsdrd If the Biradévchbdrhiconduteorideciep ialibechiy cameapdtd ant
material, the tape or film (if used) that g;gvi ously held the one or nore
seni condict oformEspeihingennitach agpser thegpti pesutige o bte se¢pndHevel semisonductor

packagi ng net hod, .t he.various ices and interpgser.ar ubst anti.al |y
Corp! ateq prigiies peagutfin s SRl e EY R IR S Raiu B R
structures ogcRaeer dEBh@R D Eratdilanl RRS Kk toRAl FronPHERANMIING alda®VR iRy Ocesses
to ensure accurate continuity of the desired electrical connections between
t he package' itegpesertoscorresponding outer connectors on the interposer, which are arranged in
an array over the lower surface of the interposer. For small footprint packages,
25  microvias having a diameter as small as 50 microns or smaller may be used and may be
directly attached to bond pads or solder ball contact areas, for example, greatly
decreasing the interposer area required for connections within a package.
Optionally, a structure such as a film or tape (e.g., a pressure-sensitive,
adhesive-coated film) may be positioned on the lower side of the interposer to cover the
30  receptacle opening, thereby closing off the bottom end of the receptacle to facilitate the

positioning of one or more semiconductor devices within the receptacle. The film may

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



30 and a carrier substrate. The present invention also includes variations
of the multichip packages of sem conductor devices, as further descri bed.
-9 Although various enbodi ments of the invention are described and
illustrated herein, it is recognized that these enbodi nents are exenplary
only and not exhaustive. OQther configurations, features and advantages of
the present invention wll becone appare to those of ordinary skill in
the art throu?h consideration of the ensuing description, the acconpanying

drawi ngs, atellawiag apighumeatioCthaiseasnd BrnicpndESaRiepice ONADFNERAMRAETIORESS he

"vent Pon: " 16t RioR I8 IR BiekaT BE e TR e aB PV (i
sem conduct or deWChreRdF NAtdd mBrCAATBAC ik ddiubRA B BOMas be hBAtibRGENt | ON;

FIG 1 Ais a perspective view of another exenplary multidie sem conductor
devi ce packagthin theacesptagken déa fillm ltovera thiei loyesr afd aflike rasepatle,ghe déNiG(s)1B i s a

perspective view of a,further exenplary nultidie sem conductor.15 device
Package 1 atardenued i ok AEkr s SOUER BPiRD A Toyine pretonof e, "
Cross-sectl Qﬁﬁlcoﬁﬂlﬂ,@oﬂde@i’&e@? réatf0el th ik SibsEk 6 PIEYREosde Viite Firakéady |
accordance wth teachings of the present 1nvention, as taken along line 2-2
of FIG 1; kv, which s capbnassitls thetinterpmisers indy comprisosevearadsutdevetsdi odiictent  of
a multidie 20 sem cond&lctor devi ce gﬁ.ckage i n accordance with teachings of
the present SPRIFEREYCRR: darees assosidiogedingsgengradly copianarSonBEWRER 8% g f ur t her

enbodi ment gfacﬁem%' di,ensem conductor devi ce package in accordance with
teachi ngs of the I nvgntloh; FIG 3 is a cross-sectional side view of

anot her 1oul ti di e fs¢thirddentliticnticsleiiioe dpackage bé posidohddbelwe ¢iedawee W t h
teachi ngs of the invention, as taken along line 2-2 25 of FIG 1. FIG 4 is
a cross- secSHEHE of Shejinterpesyr and eonnegiedteraie suehipebys bl gridiartnB @i ce

Ef&ka?? For @6 hdcfloR paed 3P ERcifchibohiétdd ¥E Bk PhovAPIbAKSY aith BREhdehlifits?- 2 OF

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

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

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

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

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

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

on the upper surface of a lower package.



FIG 5 is a cross-sectional side view of a stacked package of two nultidie
sem conduct or devi ce packages in accordance with teachings of the
invention; 30 FIG 6 is a cross-sectional side view of another nultidie
sem conduct or devi ce package forned in accordance with teachings of the

i nvention, as taken along line 2-2 of FIG 1; -10 FIG 7 is a
cross-sectional side view of yet another “Enbodi ment of a multidie

sem conduct or package fornmed in accordance with the invention, as taken

al ong |ine 2-2 of Thamultidie packages of thiginyerfion hawe ailew profdp.deherplaythe pverall

accor aance At PR thi e SbGRY b BotREN ARty S asgely o

addi tional esHRRsEEFREtheimate, THistioW g%msm SRR EE Wil RREK e BodsBy MBRtdifing a
accordance with the invention; Fl 10 is a cross-sectional side view of a

mul ti di e serpachagtfootprinpwbichgeorly shghilydargehther theefoptpeiat phithadargestiderdec ini t h
the invention; 1Q FI 11 is cross-gsectional. side view of a further
enbodi et | R aakae: 1 ShesonBen et e uekRsdon bR oentHbadeticel Bute
accordance Wobfhrinh6f the18Pidk @lvicE! G 12 is a cross-sectional side view of a
mul tidi e sem conduct or package fornmed of four sem conductor devices in
accordance w t h aAsd¢dseobedliereingthe dirgrievador lomeESemic8Aductd@Ileviteps srhalker fimt hod

for formng mu) ti di e sem cqnduct or package 15 in accordance w.t

]Eeac_hi ngs oft%PfPS;“F)r{ggh@Fé?gn H@@ (%415% er f_ lcaagli%g %H%fteh&?‘;é%?%ffme&ﬂt_
ormng a : ; : : ention;
and Fl &S 1oAmiEBySRENAANN ol R0 BARKARE ik (pBkr At RATCAI hibrbfiatei

sem cond@ct ofootpaitk sige, iien) batween ditnsigeswif the filse andgemvnddevel 2énidbndiessrons of

elements in the figures are not necessarily to scale in order to provide
clarity in udY&e8t andi ng. Like numerals are used to identify Iike el enents

Several exemplary methods for assembling the multidie packages in accordance

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

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

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

An exemplary method for assembling a semiconductor multidevice package

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

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

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

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



t hroughout the draw ngs and description. BEST MODES) FOR CARRYI NG QUT THE

| NVENTI ON 25 Referring to FIG 1, a nultichip sem conductor device package
10 according to the present invention is illustrated. As shown, FIG 1 is
an external view of the package 10 and is representative of a |arge nunber
of possi bl e device configurations exenpl irgi ed in the figures following FIG
1. Package 10 is illustrated as having arf upper surface 12, a | ower surface

14, and peripheral_ edges 16. ter_  connector 8, 30 sho here as sol der
balls in a BgiPmsdep %Pi%‘yer(ssgi ¢ Qi BrepoT Mﬁt&t%, at &P%\gg%@aff@f $8PS8 pej ng
on the | ower t he package 10 and attached to contact areas 9
on a represé%%%%%@gﬁgéé?ﬁér substrate 8. The di nensions of the package 10
i ncl ude | engt h 11n anothérlmeshdd fforlassemttslinger seini@dndudtos evésspathadedncl usi ve of
t he di stance outer caonnectors 18 protrude fromthe | ower surface 14). The

outline of taseordencgydth wedingsafithgpresant VSR, §3){yst-lenelsamicondpeony dt h 13
di nensi ogs, i " int" C shown
G T T RE sl ted, Blo-CHiF SORT KR8 sl LR PEERERG M. <
mol d. FIG el 6&hicehductsr@ehicts, Pasiéaigavieios B (B) 1he Becond-1¥dul 6dmicbaduvestk
side 44 of an upper sem conductor device 40 is left uncovered in the

encapsul at i olevises sarrying thedirstBvelssatienndupiar derdesscgasingulatad and attacheddon wit h

encapsul ant 90. surr oundi em conduct or .devi ce, 40 Vi.Si bl y, extending to
o nter posdpe EIeARE B g B LR LTE Birr B Hoi i B BY e bSO S Shown
as uncover edeRidond@tof QGRS ard HRIREE AP iftbipoter RERPRSRs, TR (DRheBRIAbed to
encase back side 44 as well. FIG 2 illustrates one enbodi ment of package
10 whi cAOde ity of pdckages preencgprul dedargloindividuat pagkegesrsirgu]atédhiromdhegheet or
conductors 70, contact areas 71 A and 71 B, and traces 72. Also pictured is
a first-| evel™®eni conduct or device 20 positioned in 15 receptacle 65 and
having its bond pRdsfuARerYssktiP diRthddutil2iR AR Eh RcuRISHL bdcRd fwveent s 32
to contact areas 71A. The outline of a second-I|evel sem conductor device 40
i s al so showemichmduétot deviass ere ikt Shgylated agdattaghed inf fiprabip afangemehistoding i al | y
pl anar substrate 60. havi a receptacle. forned therein, .j.e., extending
From an' uppcles g PRIPTSEOHE A AT CRTHAIBEcog st GF UPRE b of hsricogelorne
| nt er poger Gfﬂirsme%e?&nﬁe&maos)pévizg £8tHeh SirdRRKA A3 BnES withir! tﬁﬁ' ng traces
72 and contact areas 71 A and/or 71 B. The lower surface 68 I1s shown with
conduct or s Féceptartdsuditiregineatddasubsteate stee¥&rip.o Tha ificdt-lend esmicomhetdralesicds,
e.qg., balls, bynps,. colums, pillars, or pins of conductive terjal (e.g
sol der, anoieMeftapiapd &tW%?%Pdé?weiﬁm@ngﬁwi%@Cﬁmﬂﬁn—& R Brien. fpilewed
el ast oner, : r surface conductors 70 and | ower
Cec}c?/:eéﬂ:n uzéqsﬁ[aﬁoﬁtah@?%ﬂ(gge giﬂ?ul .

surface 25 ors /4 a pi cted as being connected by conductive vias
78 in the form of The acapsutent materiabmay be dispesed|dvexiha metier surfacgof edchss t han
about 3 mcrons. Internedi ate. | evel s of conductors (not.sho may be

ot ovi dedu tRHEPHECPT B OE S Y TH e BHARET BcPopyF LRI T TBEAS T, The
conduct i ve Viagudtfioindifs ¥ SRedthPBHIYaTRE MGir cbASBondRE BbAAR v PLAZIE
etching or the so-called "B2I T" process, for 30 exanple. The substrate 60
of i nt er poseam Hdurfany obthefinterpaderfand ndpcéh @ortions ofitat surfdck ef thelieterpuiser i al .

For exanple, the substrate 60 may be fornmed fromsjilicon qor another -12
seni conduct i Qeeerracipsmaiconquctpr deyige I }lf’llﬁoﬁlrlél%‘iﬁ wighin theregeRtanie By Arcaasulantc ) |
wth at lea t & i | 1 §

i nsul ati ve %%%I(r?lﬂgfh%# 2 egdr}gggln@sﬁgtp ?ﬁigr@%l? hétlﬂgg\(/l\gfrl% {;)&beg&erﬁéé%tg %]lﬁl%%?lh‘gc%f?rcui ts
runni ng 26herdeviaes osglaceAhbebaimoselly, ot her suitabl e interposer substrate

materials may be used to formjihe substrate 60Q, including, 5 w thout
linitation, FR-4 pdlg Wye‘ﬁ‘lverf@ﬁkarﬁlng‘:@lf’%ﬁijct}‘e aﬁramﬁdfeywr# aa,f? IMGIROSSLHSt r at e 60

may have a | § IS4 SHRBYELR: i £S, or
nore materi aﬁﬁ@ tE@ec |oct%5 2{8 ?%és&l%tgorﬁrgy 56 p)gg)t gp ﬂﬁe gfrclhgyirpnagﬁ%' fcoo(r?lfrdr}s1 Ve
substrat e 6Gtructuréssyn daeh device and interposer are formed using known processes to ensure
accurate continuity of the desired electrical connections between the package’s devices
30  and a carrier substrate.

The present invention also includes variations of the multichip packages of

semiconductor devices, as further described.



subsequently formed by "routing” or by a photo, |aser or plasma technique,
for exanple. A large nunber of interposers 61 may simnultaneously be forned
in the 10 format of a substrate sheet or strip 62 (FIG 14F), and all
receptacles 65 therein formed sequentially or substantially sinultaneously.
In this discussion, the position of each sem conductor device relative to
the interposer 61 will be noted as bei ng'9at a "first-level", i.e., within
the receptacle 65, at a "second-level,"” i.e., above the upper surface 66 of
the interposer 6Althughivagousambagdiments ef/he inventien areriesesibedinad ilbyseatedur f ace

68 of the interpaser 61l..1n addition ublevel s may exist within each
Cevel , ' each Retifialiregenizg? sBEfis bRl i rilerd SblantibT R, i ge
range of semhenchiGilzBratidRy ifSAureO Y mwl@gés dTale PRscit HveNEeh Will BRBineA
particul ar package's el ectronic footprint and thickness constraints for a
particul ar pppgesEtp thésetolfierdindraskillsn ther arhthnoughapnsiderstion of thewpsuymglevi ce, or
ot her purposge. 20. As _depicted in FIG 2, first-|evel. sem conductor device
20, or "ape. Fescripdion: i AbcrHing dregiogt aef BesBPEE SR Al |y copl anar wi th
the interposer 61, having its active surface 22 facing upwardly. The back
side 24 of the first-level sem conductor device 20 may be approxi mately
copl anar with the | ower surBRIEFPESSHRIPREONEDRISWINGE and nmay becone part
of the | ower surface 14 of the, kage 10. Bond pagds 30 on the 25 active
surface 22 of fir@dhe @flmg:?eWﬁ‘&Bgﬁ'%fgg@rexG@P Epempo P@HEIfgﬁ?W ‘P‘S}athe
connected tq,coptact areas 71A on the interposer 61 by internediate
conducti ve ePement's 32 (e.g., bond wires, conductive tape-automated bondi ng
(TAB) ellenents cafIG. ¢ds byempettiet eriw ofan gremphiey nultidie sévhieomhewrdeeissi on or
ultrasonically bonded | eads, etc.). The bond pads 30 of first-Ievel

seni conduct dtackrggiie accrndangs Witk teashings f He inYRItQR: i ve surface 22, 30 either
al ong a central { f. ] i ] r

ot herw se, as kngﬁv?mtfilguf Ft%ggrasﬁgﬁvgg%%&g%é%g\é%&ﬁ%%&rﬂglrélglpeg%ﬁﬁ%(l(# ggmdevi ce
40 is positidevid paticige it heordahes with esachihgaofithatinaatiest t hereto by an
adhesive material 58 in the formof fil tape, or a flowabl e polyner, for
exanpl e. The spachilfy 1Bds Mélﬁpeqﬁléey%%an}m excamlary manludis semisendictro and

i nt erposgs 64, | i i ! jate conductive el enments
2. 5 ity i G AR X dale? SR TR oL SIRHLEL C G0 Ce

sem conduct or devFice 249a 3fs-edttionil sidetewbf b Aeulfidie sémiceudlctGaisvizenduct or
device 20 and the int er&(;]sqes 61 to produce a lowprofile Eackage 10. The
acti ve sur f dwekage ippcepsdange Witnvieachingsiof Bieduesest inyentiove ayiekemalopphee pads 50
whi ch are sh&xﬁgcﬁgpnect ed to contact areas 71B by internedi ate conductive
el ements 52. >shown in FIG 2, the package 10 is encapsulated in an

i nsul ating encapspliRRHA 58 cedss-abctRalyidevivwofiahabbcen®idiaent ofaqnilddicage 10
as shown is typical of encapsulation by transfer nolding, a process used

wi dely i2f t hemieandueiatidestien packeresn agcordance with trachings of ghe nrgtcat iyewion;

i njection noldin ) . t he
second- | evel semQ%Igigéé? (%??05%%%{%@%%%?&?‘38‘%&23%&%?:emé)?? %n\llezlgfgggd&?@g%e 42
and i nt er nedieptiCoransidaéviveprkanEintabedrdarkt Watnesthinpstofiehd inv&ttipases 61. The
upper surface 66 of interposes 61 is also enclosed I n encapsul ant 90, as
are interstitial BElifnddsagmspeeationdl sideeview of saotheroneltidiespmicondpgor deyieend t he
i nterposes 61.. The. receptacl e 65 be .for sonewhat ntr.al l 4, thi n
e stibet r ateKRERIRERFE e ateEy PRLISPTESY By MOMARers GRobHops indaue ot o
60. The psecegitlcl ¢ bS is 20 configured to receive one or nore first-|evel
senm conductor devices 20 in such a manner that the active surface 22 of
each seni conduct ofIGdéis 8 erass-sgrdiohalisifeedew of a dptheer mudtidie saemicohduwater dsiicehe

first-| | i d devi 2 .t he..int 61, tacle 65
my be shal (BERHE 0T PrasorieaBiy o meepuph oS WEE dlhnitine o EEE R 1 ot
| east one di mensipg. 51igRefdis-9éctivhallside vibk o€ WistaBked fiRkidd stitwbevatidie

sem conductor 25 devices) 20 may have smaller footprints than the

second- | evel sesuedndocidudevice phekages ¢1) actordampewithteackings phthespeention;80 may be
filled with an e psul atin terial for su rti and protecting.the
rstol el com canbndt 8Preggsrpemgsieviot o HRfifemat R Roli bt doucs
thereof. In ﬁé&ﬁ%g%r?@ﬂﬂéd%rﬂcc&ﬁmﬁe@iﬂ?hea&ﬁ?ﬁ@rdﬂﬁ@ﬁv%idn?ﬁé ti@saleagliach-2ar eas
71 A and 71 B 30 (e.g., contact pads) formed on the upper surface 66

t hereof . Comfdde. &y eas 71A are adj acent the receptacle 65 for w rebonding

to bond pads 30 on the active surfaces) 22 of the first-level sem conductor
devi ces) 20. Each contact area 71 B corresponds with -14




-and s configured to be electrically connected, via internedi ate conductive
el ements 52, such as the depicted bond wres, conductive TAB el enents
carried by dielectric polymer film thernoconpression or ultrasonically
bonded | eads, or the like, to bond pads 50 on the active surface 42 of the
second- | evel sem conductor device 40. Thus, 5 the contact areas 71 B are

| ocat ed outside of the second-1evel senicbhductor device 40 to facilitate
el ectrical connection to the internedi ate conductive el enents 52. The
conductive el enenF¥5.32is a32ossiseeitbnahside SBW &yet amnthaacmbadizeent fa multidie B, 75;

Conduct | v aPByRROISIoFPHERAgE RT3 aRSORGFREF DAt b EREhR. g fyeiong | /"

subst anti al | yink 8boegratiGy1f rom each contact area 71A, 71B, on or through the
i nterposes 61, to correspondi ng conductors 70 arranged in an array over the
upper surface 66 &IGthis adanvsrspotieml fide vigenefrafutther eauhlinentdd atnoultide

communi cates with conductive viag 78, iggét%g}slses t hrough the interposes

61 to cprﬁ ac tenicanduptor package forgedin aggor © IYEN%t er poses 61. Quter
connections 18, 1lgi§ULll ago3UetifinaPaht §ievﬁétean%9?ﬂﬁ)ﬁﬁﬁ'ﬂnﬁo%)iﬁl91ft F9HhAfhicar €as
75, enabling ready connection to contact areas (not shown) of a carrier
substrate (nedmisbmdutjor(packpge farmtadrin dcdordemae ovithaheinventiegm conduct or devi ce,

etc.). Some of the conductors 70, and .correspondi ng. conductive vias 78 may
alternatively be Y3 ltq16ﬁéﬁosﬁéﬁ?th’lﬁhﬂﬁ"e&‘émoiél‘E“‘G‘gl.e SRENCORGURIOT PACKRES 2A, a
variation of o eh%?tﬂrgt% GERORG agc]orda!n@glx)ﬁﬂ%%ﬁ@%?o%t, areas 71 A and 71 B
that may directly overlie conductive vias . us, in a package 10

i ncl udi ngo i nt er poFEG. \Blis a cidrs-skitionhl didy elewsss foahetteibodirdentiof @ naftidie
connected to outer connectors 18, which are secured to contact areas 75

| ocat ed at afcraispediictas papknge formedpf dhyse deviresdn weeprdance mathythe itventionsr ef or e,

lie directly belo t . 7 7 ternativel as . depicted
in 25 FIG 2B, anggﬁ.g{f%%ﬁgﬁsﬁgﬁ%m%bﬁd%?gg ojpfggwé@l(ehe’l Sr?f:nécroﬁlg}“ét ?%aﬁifl Fachi ngs

of the preseRdrmied\vEfbir@Bmiddatitdesded iRt ieiccstahéd Wilh a@hethdd 67 tROERSnHdn; " -

| nterposes 61 " includes conductive traces 76 on the |ower surface 68

t hereof, whi ch naylektiSdd- 1 Hidspist p pethadiar Srminge mvlidio samicendpetoy ipagkage t o
nor e perigheral I é{i{ oceat gﬁ eg:o]nit act 'g(r:eavsngiS to which outer connectors 18 are
secured. '30 FhEC8lR8re WER S@chigee f1 AE"PBwn in the draw ngs as conpri sing
sol der balls or bpIgS. 1440WeMaiepicy andtRSNEBOW i tfbvEns b it die 86mikBnduieh as
colums, pillars, or other structures forned froma conductive materi al,

such as sol dgackageinaaccorsiance iith the inversioppanduct i ve el ast omer i ncl udi ng one
or nore discrete, Lsatropigsal l.y. conductive. regi Qns,. m secured to
contact areas 75 @$aﬁ4??§§ge@§%ﬁvéﬁ ﬁ%ﬂhﬁ‘g%ﬂﬂqlﬁé){"b‘fqﬁ?‘& ity of
sem conduct OkeR¥hERTorPackdp® 1§ BEHosRMBY iththdIRvERfmpackage 10 and a carri er

substrate, another package or other apparatus. 5 As shown in FIG 2,
package 20 al so i Rimgasensoflemeants ip the figunes awtnot easatnsihis (9l seale imardsr taal 90

ithin the interstitial. 8 i t the int o) first-I |
e conduct oP 040 e Son SR iadhug oL BE Bt re Mo ROSEU R PEmas™ ' ¢
sem conducto&mgﬁg{&et%%mﬁipwdéégﬁﬂﬁme i nterposer 61. The encapsul ant

material 90 at least partially secures and |l aterally confines each
first-level sem conductor device 20 10 within the receptacle 65 and secures

mount ed devi ces) . var PEsd MODESL PR AR RN AT BN ot a1 on of*
nul ti di eysem condpetRfinpRrkRpe, 4 b essico Rt AEGLEBIKEEe 1&h&prd3n% to_

illustrates another enboc_:li ment of the nmultidie sem conduct or devi ce
package 110. thetprsseshimveitiosris ilfiistrateds AsrsbownEG. dfis i &temdal viewhdtha he

second- | evel sem conduct or device 43 IS m)unged on i.nt er poser f61 in a
1 ip-chip ar PATGERINAOLFepESTiabins o 8 iEE PROT RoRtle deRFE SOnBIEogs  ne
i nterposer byy El?ﬁe%tiﬁ éffé)ﬂaﬂféé fotRwAEFRNYS FabiaddabliSiinkiaed as géglriﬁgﬂm,

columms, or pins forned from conductive nmaterial, such as so
conduct i ve ompparsdrfaceo2, hildwedsuethest4mad peraphexil sdgesnidu ddutercomhedowig; , 20

or the Ijke. In other r cts, this enbodi is simlar to that of FIG
> Cont 90 AP ebkER as B TaURin & Bihied Bran B AL e PR AP s
flip-chip ar haRgeHBRL IoWeP VRS 13 R FHIRadHD Mdldkadhddqd Y6RGciREOEId G a

i nasnuch as intermedi ate conductive el enents 52 are el m nated.

Nevert hel ess représentativk cageierlsubst@xie §. Jhovimenisidns ef degsukaget 1 Onatledé Enghd 1,
covering the second-|evel sem conductor device 40. 25 The package 110" of
FIG 4 differs fromthe package of FIG 3 only in that the encapsul ant
material 90 is nold-applied to | eave the back side 44 of the second-|evel
sem conduct or device 40 uncovered. For many applications, additional
covering of the back side 44 is unnecessary; elimnating this encapsul ant

o 1 o~




of {1 ower package 110. The package stack 88 nmay be further encapsulated to
encl ose internedi ate outer connectors 18A and fill interstitial spaces 80A
bet ween the packages 110 and 110'. OQther internedi ate connectors 18A may be
used in place of solder balls, including bunps, colums, etc., as known in
the art. 10 FIG 6 illustrates another enbodi nent of sem conductor device
package 110" with a very low profile (i-kl- a profile that is only slightly
| arger than the conbi ned thicknesses of the stacked sem conductor devices
20, 40 t her eadth 13rad werticabtimdkhedsddt(pxceludive of the distanteoutpr cornetthsst18§ s about

the sane as or only slightly larg than that of the secopd-|eve
seni conduct 8FOtEdE fiom Q’Gq?‘i‘i@ﬁ%@?? ﬁbn Thgioutlgegf élbeee@ﬂ,su?at?cﬂ%ackggq >er poses

61 " is confjgur ' i g ke gﬁ.ﬁﬁs@ evel

sem conductf(%&r) Uééﬁ%g&ﬁgﬁ]’@rﬁd@%ﬁﬂcggﬁeﬁ%&’ ’ﬁ%ﬁggﬂﬂfcgﬁ) rliy ggfrt#i gured for
use in m ni phekage €0.eThe padkagappsticatrin KIG. & tdprésepss miultidiedeiokagdeywidth has
conducting elenments in and on the interposes 61" is shown to be generally
i nversel ¥ pPepbsucapTwiated i ameldt r acti on of interposes area consumed by the
receptacle 65. 2 1 . i t: . i

first-level sem %g)(r%‘d%%;a glgﬁggg?@g E%e?dgﬁﬁggﬁgﬁ%ép?@é%%f/%(g:%inﬁg%‘tlgaf b an
i nterposes hypaaymidongb@sg@dvice 40tie lefeghicalered dntheehtapruktiensieps 32. In FIG
7, an enbodi nent ofﬁackage 110"’ is depicted in which the first-I|evel

sem conduct or dewn EEK3.2d, jagothet packess qonfigmialor i shownyyith ensapsdanh 98k si de 44

f th d-| | j t.or. device .49, b f l.d ball s 36
S0si 11 oned BurbiTe SR ARREE B &eS Y bR B Bl AT RESER S o 20
and cor [@spoaek §8c bPosapAdsndRBioP delde k0 & sHBwh4s QhcdvREedarg WTeoh®Y ahe

sem conduct or device 40. Conductive traces 84 that are carried on the back
side 44 of eheapswadordpioesss maydrei apsratietctoencatebackesido4éss wel. f rom bond pads

59 toward an out periphery of the.second-|.evel .sem.conduct.or device 40.
Di screte conduct %\rllg g}lhﬁgﬂ?g%ﬁe‘&?‘éddwwcﬁﬁﬂaﬁk% lgdﬁﬂ‘éllt PIORUTPPTe traces
84 on the bagiace oidteHosé B, ARAMME EMMBEI0RETD, 66MAL GEAE 70RUNAT 1BOakd

correspondi ng conductive traces 72 on the interposes 61. The second-| evel
sem conduct draceseizi. celsd pickured isrp fingi-levelelemieanidoetbt geviemHpasiitbnigd ie| ongat e

i nternedLate -17 conductive el epents, S2.t0 contact areas 71B on the upper
U f ace Bo. SreepiEle (i Bn Jouoe i PorEpras s Eirtori Bl bf hefieiile fiiutive
variations QfenRAGKAO0S cbtabfardhd T 1R SRIAEONANEERI-1d8MeifSordusior 11
connected in flip-chip fashion, either to the interposes 61 5 or to each

ot her. |n t ldevipadRagds@dovori ThHeGntefhostraridofipmadisagsd Ods farhned af aisvlstatiatlace 22
of a firstleyel sen co ctor device 20 .are attached t ontact areas S9
on the act | PATSLRPAEESRD oY g aSErerals oL Brmed Mt doreo et (i 46 gget
discrete CO@Mc‘G@o%‘l@%ﬁéﬁfa@@éﬁ o§ﬂ1@}éﬁb§ﬁf@60.srﬁh9infe%&€ﬁél N& balls,

al though bunps, pillars, colums, regions of filns, and 10 other structures
f or med 20 omcoedukqrs 700 itstuipper surfacobfincludmegftrdcked2 ahdieantant preany 1 A land/or ke

. 0., i hi - axi Ss dugti fil | d al
Conduct  ve. th Hodbem ke S irbEvE whiousorr s, el nelinifiel g 75 to
seni conduct QgnieiteechfeGORNBSE. ot BRIS BBBS oGRS pifdrs, ¥t FindlbBEdRistive

t
conductive el enents S6, traces 52 conductors 70 and conductive vias 78, to
cont act ar easatdtial éng., selter amdmerendtara nidal alop,copductive®r onnductordfillsd
second- | evel . sem conductor devjce 40 el ectri cal Co njcate in a like
manner wit h_eéﬂﬁfoé‘}er’c%ﬁ?ré‘é? ?ﬁ%ﬁi‘g. W?RPGE@H}WI?@O‘F‘L‘%E‘FS Mfoé‘@ﬁﬁwgﬁﬂuct or
device 29" ichndifdicts 9% A Bidct SHME wnh&twgy ESIAER ViadF g RNEE ForhPYS Of
di screte conductive el enents 36A, a sem conductor device 20' wth
peri pher al | yikevasddvitgaoret enabdidmetereeg. cleentban sb@6 A00mictoes. ubwameiiate a
second- | evel sem conductor deyice 40 that h shaorter. conductive 20 traces
S4 ext endi ndle"&ise‘?fcf’ﬂ ncters (gl Sﬁ%‘?”ﬂ)a‘&‘éy ‘?P’E"H@Bd‘ﬂ&lﬁ}ﬁm@‘l&éﬁﬁg&@% package
210" which i fj% : IS S oAU Y é}hf‘edfonhé‘df; e package
210" of FI Ci\éggl?e%gecifti{rstgl evglmi?ésgg?n‘i'con Sctor%ge%/agggq% I's not unted within
t he i nt er pophstoimaging,dadee abistion, pidsamatiching v thel sé-ealtdd ‘B2 gmocksstfor devi ce
100 is ppunted with an active surface 102 thereof facing upward toward the
2S recep?acle¥¥®BBeand the | ower surface 68 of the interposes 61 and secured
to the | ower surf Grafd : { LEhE Pdrnded : t he
third-1evel sem gglggﬁgtlg\r% Sdlg?/i?lggé?qd&éle%fr@ gh%\% goﬁoé%t e tag‘?%%ﬁgllgg)%llgf\%e
surface 42 ofatérivd. Fecenathple \tied substrate 60 duaytherforeed frem4ilidoy od hsathet e
conductive el enents 116. The back side 104 of third-1evel sem conductor
device 100 is shown uncovered, but may be encapsulated. In 30 FIG 9, the
i nterposes 61 is shown as being formed froma flexible or so-called "flex"
substrate material of a known type, which typically has a reduced thickness
relative to rigid substrates. -18 FIG 10 shows a nultidie package 210"
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+ 5 sem conductor device 20 and, thus, the discrete conductive el enents 36
may be arranged either peripherally, as shown, or centrally on first-I|evel
sem conduct or device 20. The second-|evel sem conductor device 40 is
attached in a flip-chip manner to the upper surface 66 of the interposer
61, whereby discrete conductive elements 56 conmmuni cate signals from both
the first-level and second- IeveI sem condutt or 10 devices 20, 40 to the
interposer 61 and, thence P out er.. connectors 18. A third-I|evel

seni conduct ofereidustiygpaterial (eg. .gallispm afspide.dpdiymephospiide, §1¢.), &vithpfdgast
surface 68 of rgé‘étﬁfa%‘eé%m@%bmﬁghh&i‘%ﬁﬂ 3h>é1e'cafcat1 thshRnde Hﬁ%‘aﬂgo%r nt
sem conduct or evice 1 are onnect e to cont Ct ar eas

i nterposer 6dhdiinglofthe ehtousaiebtidal viecuitsenmiihg thkidacs hAlembiavdly ot nps,
pillars, or colums of conductive 15 material, such as netal or conductive
or conduct or syifableciteapasst sipairate mateéta&cmay banseq tolfarm the subsigiedrs insfuding,

ani sot rophl Cahh, Qf fal FROPAGICHIYEGE] Ly CORAYEN el TBESSNA0, 080 HESN

cont act dreas erco net or & g Eohp € e package cCi

shoul d be nohgg 4 taaﬁnattétestﬁjcaﬁe BSmPHies sUMVRAS bPPISes]Sf drfe ¥ Pha6 nferfds. t hat

the connectors extend sufficiently beyond the back side 104 of the
third-1evel sem cBaerptacdss 63onaiehs past a eomﬂléb@@e%lﬂbﬂlbtﬂﬁ%drm@hhecti on

b q.
exenpl ary moulSealeRE g o8 Ring pr BY % PhG, RV o Pt BieBolr devi ces 20

in a packageeddnpieeAl 1htg'ésthmteﬁ@lf1nte@pd§b@611mty sifi1t@ndeaslyHe Tormdd ia tiRackage

310 is depicted in which two or nore first-level sem conductor devices 20’
are positG onéuamgi oka $npsratdshesit ohstrip £2 (FKI.ddfhsed all Seqeptacies 46 Ithereis forfired bond

pads 30 of each semnj con r devige 20' . are flip-chip bonded by discrete
conduct i ve efﬂ?ﬁﬂtﬂﬁ]y%sglﬂfs?%gta1§§ @nEgsbont act areas 59 on the active

surface 42 of a s ﬁ?@l@dth&ﬁéﬁbm Stﬁ@])&(i’m{‘&lt Qbh 9816/ T del et rdifie aFtRdI ment s
of FIGS. 8, 9 and e second-level sem conductor device 40 is flip-chip
bonded t o t hinterppeer 63 wiflhe mo®d asbeinigat a fifist-ysEsi.6 1witkinGhe febepthale 65, at a

illustrates gn a structure 86, 3 Jma

Lt tached to FHEORGIRED Sufr HE%e His Pot HEER OGP H BRSOy BF frkg (B
receptac|{e 6R.bef pf ehdigitiid RWePSurtded 6§Totfﬁféhh g)&sgne()lf IThSliait@¥Sdublevels m y .
sem conduct or deVices 20" in the receptacle 6 his feature 1's useful” in
assenbl i ng ex1$9wﬂhnha@ek:vek1wch stiblevélibesig-dcewmbd byemsmnwduahtotm ddwicec doug0’

are first nounted in the receptacle .65 of the inter s 41 fol | oned by
attachnment of ifierage gheentienductor Ae HeHeRTRRIBRIQHS Y, 64@ teged Wampst@er poses 61

and the firs re 86
may be-t empoP Arrl e pRRELSORUERL AR AR fldnely (R SRETIRYn Pl
first-1evel pemos&mdmdteothadmfor:emuﬁﬁproce‘sspﬂ acenquy device, @r athedr pinipbsee.

el ectronjcally co ectJ n nme.to the inter 61. The assenbly
structure’ 86 may @Bﬁ@gnf‘lﬁ(}bgarfgﬁb\% Se“l“l‘f‘é’“@ﬁ‘ﬁ%‘?‘ﬂ‘é‘iﬁz Oppr dignif conduct or
devi ce packagss@a&d @ttmwedeﬁtaae%s altg &%{?éé%\l‘l‘ﬂ@@lﬁla?%t‘imﬂe étg&e?GI“}&Q[}%H%t or

device 40 and a third-level sem con 10 ‘device 100 that are att
f1ip-chip styttie surfatcZ2 fappgrupsiardipc ®hébackrsidd hefithe ﬁrs‘t-dm&l §8niconductor

t ly, h t 61, d d. Wthin th
ot o1 poses ?ée\@ﬁé%rer@'ygsg Tox sl opelanfrat e o Bviaes of Oy FUEBOMBAT and
208, one aboxgs hGsOLRL perl BEAURARE o ftc%tw&*tﬁégm%&f@dﬁﬁ@g o1SYIGEON

is attached h| p s |ve sur econd. IeveI

sem cond2it Oactd&\/siufiﬁceﬂﬂ of Thet-leveisemicontdiictef ddvaaecl0 srevlechindlly t@mectedttce 20B
is attached, flip-chip style, to the active surface 102 of the third-I|evel
sem conduct oFORasaEees 78, on the ilerposse 6f by iptegagdiate conductve elgwents 33 de-enat t he

sem conduct o T8

i ncl ude i nsupaﬁgeg%?%oé@%&( %(t)a?%g}hugow &Fv\k dh‘?i@ ar aqtlégeerft %mlk%gy a?%ege or S,
such as the po]nydmﬁlmethémmpoéssmﬁ@tattfasbmt:altyboaﬁed By, etc ) rthiateadh ot her
and from ot her adjacent conponents of a_ package. These |ayers may be |n t he

form of depoBtdseld afifirsislepel sgmigopdugter %Fdrf@s%%abf b logatedhgp thwe%eerf@ce
adhesi ve o] S e of
he pr st AR Ena R P iR AR RSO el A dhagpleas ey
have a t ot al khéwe ke artof Iess than about 1 mm neking the package 25
suitable for use in conpact el ectronic devices, such as cellular

t el ephones, handhel d conputers, and portable conputers, where such

| ow- profil e packages are required or desired. In addition, the package may
be formed to provide a very small footprint, e. g., about the sane size as
or only slightly larger than that of the second-|evel sen conductor device.
30 Several useful methods for assenbling packages in accordance with

teachi ngs of the present |nvent|on are |Ilustrated |n FIGS 13 14 and 15.
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or .a so-called silicon-on-insulator (SO) type substrate (e.qg.,
silicon-on-glass (SOG, silicon-on-ceramc (SOC), silicon-on-sapphire
(SCS), etc.). Each sem conductor device 20 typically conprises

sem conductor material with internal electronic functions and a plurality
of bond pads (not shown) on the active surface 22. The wafer 26 is cut 10
al ong saw lines 28, as depicted in FIG 138 to produce i ndi vi dual
singulated first-level sem conductor devices 20. Likewi se, as illustrated
in FIG 13C, a plAsssbhd-evet semmieentycios device 4drisqwsiionedrbayevhe mterposer 1

fabricated on.ap acti.ve surface 42 of a. er A6 or her. senm _cqpduct or
substrat o A alE T By R BuniehaBitDr et S 1oPe FuRdRR be
larger in 15cfyadrPot Bkarhplan Thé SpdeideBeth@hahe SRBhE ML SntiEordiRIior B8viéd40 The
wafer 46 is then cut along saw lines 48 into individual singulated

second- | eveland értemposat®d tivmaihdainedts agoommedath anterngdigte ndugtive ¢lemertdiSei on,

as depicted in. FIG . 13F a uraljty of .interposers 61 ig formed from.an

i nt er poser %H%%&FECW&?@PF%“%’G@ 'b?%'@e’il Hteéﬁf)%@é‘sﬁvi‘&s@f%}a‘éﬂ T An ¢ he

form of a 20,54t himidtips B3R RACARAALRIcDE AR aftint BREBIR 620 PRATEE

13E, with an upper surface 66 and a | ower surface 68. On one or both of the
upper surf aado®érafild gableaged@e Theurtivcairfi8e #2 of sedendridval denredridootor i ncl udi ng
bond pads, contact areas, conductive traces, and/or the |ike, and

conduct i ve ieRice #Bhaseond pags 5P Athish-aR AR BoPIeRSE I FIRA arces? LB Pes 64 are
| ocat ed bet } L g b interposers 61 of the sheet/strip 62
and 25 form\%@gﬁ% aét?ggﬁ%gyé; gitﬂ\%/emg? "Each interposer 61 includes a

gener al 1§ cent r alAsyshpomiih FiGe2 thepaihge] Gis@hcdpeulated iatn isakiting andapaiblhnyt

t her et hrough, into which one or nore first-|level sem condyctor, devices 20

may be posi tRaeEH 9y any shitabde mathods dbakpckage () as shawnsis yriedRfas film may

be t i . f.
'nterposer €iraaGh PP RS mAKAAL bfock ool wifE I BYLCAREALA R, |
now to FI G Alématively, p6t mbR ordgjRtiaNALKIiGY prdesss@enZPbdmedbEhel aced in

each receptacle 65. The first-|level sem conductor device 20 may then be
el ect ri cal | eneansulant iencoses thejspeanddeva sepicopuafprydeyiceid; nelndifigatseactive

conducti,ve el n : i - : c riQr ' f

2 acent St nebfBRL L widpefilidie coRdyiY pREHls AL TERRIGMRDGF The,
separation Q%péﬁ@rfaﬂé@tﬁ@@ﬁﬁrpos‘éﬂ-ﬂ isRd dilo3B@ &1 drehfsuin® 20, d¥exd intexgitihown in
FIG 13G individual second-level sem conductor devices 40 are positioned

over each r &pegss 36 betvemndmicaieonsdycter dpvieesydn d@ and thednternogen 615
[ oad e 3 . . . .
sem conduct or dewjg grgge aarcﬁac emég Bg ?oq'[rﬁﬁ\ég&{:@ﬁ{@ c%ﬂi?g%g&/%mgﬁéé Iénﬁﬁtra ? r6bs

attached to the u ﬁ e’rnterposer electric
adhesi ve natspdiiallaté@lly sorfthed DyHRAETHaNHY] dthe subistratees0aMiegecdpicRy 65Edi at e
conductive el enents 52 nay then be positioned or forned between bond pads

(not shan) cenfigired xkeseivie Pogy el meerfisblstelcemicondysterdeyices 28 it stdheis pondi ng

encapeul at i anegpt e B8R yrleEr? B P BERERB R Ry R, T

acconpl i shecidyrical Yitdohfiet & thel fitdtesv@nentebitidor dEvite 28 &Mbleentelpdoam® 1t r ansf er
nol di ng or pot nol di ng processes may be used. Dependi ng upon the particul ar

package confThsueesptaste 65mpy be smpkeriy size dpndhe gaspnd-aviehsemicondyatog device 40

ChePot e podbR BESHR AR AchelEF i LR e BRE e Ek v
curing, 294 | |de$ice@Nad RRY Habe s adr @8otpRRR thahGhe st ofi@Mvel SignicotRiCtor Paces,

enabling renoval of assenbly structure 86, if such is desired. For
encapsul at i alevise(sp4ek The intarstitial spavies 80 magbeifled withsan enshpsulating ovaierial per of

20 | ant terial 90. . filled paql t f | di ,
comound_or PRiTENEPrIahE Nk i ahssite B i s et et )
i ntroduced igpifacd JetheRBRI Ning interstitial spaces 80 within receptacle 65

of each interposer 61 of the substrate sheet/strip 62. The encapsul ant
mat eri al 90 ext erdushd embgdiment dfdtl(ve2rinterpdsenisl inpludes amsaco hreah 2l banéi1B

peri phe of each first-|evel,sen conductor ice.20 within t 25

Pecept adbe @8 Eastniesoan Brtrd o e Bpatu-Bee REMEGS rblattitmd iutie

sem conduct Ch'ii{'dé@ﬁ(t! thEretEptadld 65 ey wREMARSAH bedd de%ejOed?PtﬁQ §éth%%rf'3@é(9r22a| 90
may al so substantially cover the internmediate conductive el enments ‘I'ncl udi ng
all bond padd theofirstilenel segjicanduetondeivied(s) 200 Haeb tontgct aren ld: toreasparsls waitid
traces. Accordingly, the encapsulant material 90 may substantially fill the
remai ni ng space within receptacle 65 and at |east 30 partially cover the
active surface 22, 42, 102 of each sem conductor device 20, 40, 100 as wel |

as the regions of the upper surface 66 of the interposer 61 at which
net al I ization ar eas are | ocat ed. -22 Once_ t he en_capsul ant nmateri a! 9_0 has
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5 as the encapsulant material 90, the encapsul ant material may be cured by
the addition of a catalyst or by applying heat and/or pressure to the sane.
I f the encapsulant nmaterial 90 is a photoi mageabl e pol ynmer, the encapsul ant
material nmay be set or cured by exposing the same to an appropriate

wavel ength of radiation. As depicted in the figures, when encapsul ant

mat eri al 90 has hardened, set, or 10 curéﬁj the encapsul ant material 90

hol ds the one or nore first-level sem conductor devices 20 within the
recept acl e @8d isandigarieddp Pe clentrigalyeeasingcied.rie interaediate ¢andpgéve(alen®@nty 33, may

b d f the | f 68, Of . i nt 1, .with h
Prrst ovel SUEMCBRAROFH aY MRS AOnaRtng 1A bRmael Sty didiiBe aci o 65 of
that i nt er poe&m& ¥iaNthetA6cdMsikssidndst wittasehic8By Poddetl $éadk ¢ ehe BRIk EBAMIICT OF

device 20 within 15 the receptacle 65 being exposed. An exenplary
encapsul at i @ad®$0 ohthemstiverpurfacei? lof the seeubloutlzamicmtectordevd® 40n Thusy ansf er

or pot | d be used farm.intergonpect ed ckages. 10, of upiform si ze,
2 11 ustr anbrtorsiet 88557 5 arafieda@Ha8 O fiisinBtand Y5 Riconoton g alar e
| Nt er poser s 6 kacilidHeRMechRal GinEtfonltd (R fllerARdRAf dohdultHARIem &I $01MBhe Pi | | ar's,
or pins of metal or 20 another conductive material (e.g., a conductive or
conduct or - f icohdwttiek akimeemts 32, AB)bdnd pats 3@, HEdcerdaat arepa @l AaT BRI 50fracde§2| ower
surface 14 of ' the ackage 10, #'?.ée., | ower surface 68 of the ingﬁrgé)ser 61.
The instan@pfideﬁsr@yn% QRTISSr 108 BX APRIRAIIBERE) GO SIYErGOndRSAIPY: PBn and
before or afifefsingul ation into individual packages 10, as shown in FIG
131. Singul ation may be acconplished by use of a wafer saw or otherw se, as
25 known0i n t he aldnduétind theees 2X axrphdsubistaatiaibyt atedalyf frotheaqir @swat atea\7eAf | on,

depicted in FIGS. 14A-1, is, applicable to the packages shown in FIGS. 7, 8,
9, 10, 11, &8 v orthepughtheiiterposer ShctR£qEesRonAmg coyducters 7Harapgedinant he

first-1evel 1 i ﬂ@gs i I = Ghi to a
second- | evela§§ &Qgﬁﬁgﬁéfg rsgﬁgd\/efbé%e&ﬁgg %?gho%ﬁelr%ﬁ%%&ami@gﬁagpg? urality
of first-I| eveomngittendie h oondienveeia 780whikhipasseiiedughnhaintagbserdlselr f ace 22
of a wafer 26 or other sem conductor substrate. The wafer 26 is then cut

al ong saw | jsqatacbaea 35 og s lewensurfcep&of thepnterneseld fluesongetionsds, - 23
first-I eyel L COR evi [ t d i . 36, such
as' bai 1 45 bgEbe REREE i KaERe L B SEh Fer A b gl P ERR SOl 5T
bond pads ( n@htashardas) (nof sheaah of 4 catict fibelrats €iotCheWit)(e R, addicuit ®o@@, f or
connection thereof to second-|level sem conductor devices 40. The discrete
conductive eﬂnéﬂ@hﬁ%mS@ld\dﬁgﬂr@éVlﬁ%t%hed to the 5 bond pads of first-|evel
sem conduct or dewvy ' [ t i t. 14C
depi cts preparat igooﬁgez?f%gc gﬁ‘{rﬁg{".r%é %‘gf%og%egﬁg&dﬁeg/%nagéiﬁ%c‘}é%? ugclg(%ia devi ces 40
on a wafer A4fieRiatiotipde E&ﬁﬁbﬁmwaﬁmrre@pmld@ eAfsholleSIaRIGeTA] avarkiiehefice to
FIG 13C As shown in FIG 14D, a first:-level seniconductor device 20 is
f1ip-chi2f 10hobriereeser BY' arkdpeeantach pgac? 4 and | Bt smayaliregtdy evpsliact  ve
surface 42 of h d e L con : ' 4 n 46,
Metal lizati ocr?nﬁ‘?"g‘t"e\??a%?’%r e Ed(;shlntiﬁ%ggel f&g%ﬁﬁ@ggﬂt%o%e? 63,3#%%%‘%%1%’(%%%“ S
the circuit sefnictindudist ddvige 20 is Bofinectdtd 601RE bainREtofke)s, disch’dle sdddrealf toeach

two-die unit 94 (FIG _14E) to peripheral discrete conductive el enents 56,
e.g., sol dercoptict e/ Selaeded alwmprpaitesindaf epeternduetiie e vs eed whichwaf er 46

15 b . i 4 i ngal - dj. i ts .94..each of
ahi on” conpr reatet et BEBw Ednad: ARBCHA ARLUIE AR o A ReiBir i85 T o
second- bgvelFIee NBCARIG leRTbodRNdNE €0 46f a PackSFOMBoipBrainGteatings O thehratitvel v,

wafer 46 may be severed prior to securing or electrically connecting
first-1evel inesnticonaiedesanider vstation of mterpessnl 1. elntdrpesenbtomglndenr devi ces
40. 20 In FIG ,14F, a plyrality of inter ers.6Ll.i.s_sho rnmed with a
aubstrat e mnricvesBeBi it 8o shf BRI ity m) HGaa bR, o1 4" o
f1 exi bl e subsitwaidardm e doabuct3e G4 BGb @%ore PedpiRrdlBl 16BMed Sor@st Brehfiy $EOoSer
61 and may be | ocated generally centrally thereon. The nulti-interposer
substrat e shelich euteseqringeters §8&argResred n an i nverted orientation, wherein
out er cggnect ors .18 ar.e Vi Si li)l e gn t he Iow%g (ﬁ_urface 68 of .25 th 11

i nt er poser 61. netd (HFTLLPBAIGRAL 27 Lopndy e AV A3 CoPRAsing sldg Palls 8ht act
areas 71 on gugsUBRAFever VaAGE @RdtiveRBuSHRSB24RN 35 86Tk, Fillfirs Por@ther! S

el ectrically connected to outer connectors 18 on the | ower surface 68 of

t he i nt er postmucidtes fognehisom a qonfudtivea@teridisuchvos stilderumietad, @4-axie att ached
to interposers 61 of the nmulti-interposer substrate sheet or strip 62 by
flip-chip connection of the second-|evel 30 sem conductor devices 40 to the
i nterposers 61, with the first-Ilevel sem conductor devices 20 being

recei ved by receptacles 65 of the interposers 61. As shown, first-Ievel

sem conductor devices 20 project upwardly through the receptacles 65 of the

e



i nterposers 61. Each first-1level sem conductor device 20 and second-| evel
sem conduct or device 40 comuni cates with outer connectors 18 through the

i nt ernedi ate conductors (bond pads, contact areas, solder balls and vias,
etc.). The assenblies shown in FIG 14G nmay be collectively or individually
5 encapsul ated as shown in FIG 14H by introduci ng encapsul ant material 90
into the interstitial spaces 80 within rééeptacles 65 and underlying the
second-| evel sem conductor device 40, which is not visible in FIG 14H 1In
addi tion, erroagediivgslasiomesincindiogonmgr worealisordie, anppotrepisally earduetsveof t he

i nterposer 61,. surroundin xposed . portipns.of. the second-| eyvel

ser conduct JPEREY P BReoRRS Loy B4 R A SRR G yerniney ¢ 1a
is typical QfuRAGKHIRMIdRALIREr Bvides BN BeQemidndictSr @Rtk ParkdgaaloUa a
encapsul ati on of "the interposer edges 69 (FIG 14G as well. Each package
10 may be siaagidratiesirate, anotherepackigeioriotitee appsans.subst rat e sheet or strip 62

by cutting alongpéi es 64 'tlger ol I owi. ng. engapsul at.i on, ..as .shown i n FlI GS.
TaH and 341 or pit SPvndiagerickigeo Aipac e guatpEdidieBay f or
testing and &%g&ﬁﬁﬁ?ﬂfate&fél 90%55! tﬁfe1 ir&ésﬁﬁ'&i%hé&&ts‘é a%%ac@ﬁm@ﬁfte 85K 89Gnd O"

ot her apparatus. |t nay be noted that the outer cohnectors 18 nay be
attached t o fireeleveitsempamdnstor deoner 205 ur fhecpaceSuaduiding theisecontddewsl f ol | owi ng
attachnment and . el ectrical, connection, of the semc ndgctor d?vi ces 20 and 40

to the inter§sBugandgator deydaeq ) andoverlying fhednterpeser 6 Aaeenmpsrlat matggeldye 10
i n accordanc 1 . i t1ad I LS. 4 rated
in RS 15 i@ﬁ{%agh%%?%?ﬁ%q ai’géAo,ntﬁgg%%ﬁZﬁ%}flﬁwgga{s%?g‘%hﬁ%ed\?g'l&%

sem condoct owithiathersepticle 65 habsdcars efdd proteuts the seaomddevd aaricd@dwetora waf er

46 or other sem conductor substrate. |ndivjidual second]evel seni conductor
devi ces 40 gl (Ardanpddjtionally moyatedlgvises): Nariqusrmasthods for parfipler 158,
wafer 46 is | . [Wp"e [YY 25

sem conduct oc(r%% el‘%fL' gg«gap%g% gﬁ@%@léc%}ﬂgﬁd&%ﬂgté{ g#%%%%ﬁg%ggfe%@\eﬁ%%l aced on
bond pads (ngeigifan) on the active surface 42 while the second-| evel

sem conductor devices 40 remain part of wafer 46 or follow ng singulation
of second-|evel sdfd-ddHutitatesangdgr erabodiment ofiihe maltidag sgmigendugtor deyiret ed i n

FIG 15C. a pl [ 4 f inter er. i Sf i strat
ocer 560 UL e bR RRAGRS SR ubPL IR, I Rk el
sheet/strip ®ahitchdhororraeyied 4Gisirhaltal srintpader 60ir0f fliprohisl eghngethent &iddst y or

flexibility. The sheet/strip 62 -25 has an upper surface 66 and a | ower
surface 68. shopacepnestgdtogoniast gregsniddd omthe Auprpopr dyssseste gandugtiyendi ng

cecona 1 cver 8B Shchm ey PIAE Sy Shublt ob oAl EhARISE B

seni conduct oducHay ké18ér, déhdatEveBrdhasttot fillgd lstPmer, ¥lakis doAdiidlie e 2ladp®,
surface 66 of each interposer 61 of the sheet/strip 62, with each

second- 128v el ordbedike Nl ihes respects ctbisambpdimend 43 sipaler lodhatofddGe?i ng a

receptacle 65, as~depicted in El G, 15D.  The sheet/strip 62 js.shewn in FIG
15 T an i nvert SO ERERE BBl paRndiuRBrE: 1 bE R alsd if SRS, om

the | ower S%{aagan&& RbvidardpdcRhS PASKIth 8 tedulbEs® fitd) iismuch ACiHt@medibte may

be applied to the sheet/strip 62 either before or after 10 attachnent

and/ or el ecteandngtivesianeents dharsreliminated cyaverthelesy, theaprckagedOtinshayewiths 40

t hereto. Conti nuj the a nbl v. proces S own i,n Fl .1 , a
plurality ofenfﬁl?sél?%%f wgqnaigﬁ]c%%e%xggéﬁeosrecﬁxgﬁggis@%cqngu?t& %’EV eo@':a_n active
surface 232 of waf ke glokge PIONSF FRS M G BEAUESR EheSpRRAJeDIFIG AP oRIVEN ki ey
described with reference to FIG 13A D screte 15 conductive el ements 36

ar e at t achedencapsubmi mateatial P st meldeapnlicdto letne the backesida 4 efctbs s@@ndilevehe
first-level sem canductor. devices 20. Next as.illustrated in FI.G SG,
the vt or - 26 TR IRCT BRACE T TaPTEEd2B0% oty Aieat st ptenel Gaerin of the
sen conduct oBaclRideASs dlndck L8 BEmARAhS Blis erldabdlilaid pRoMidsQ fittfer ré@ddtion in
first-level sem conductor devices 20 are inverted, 20 positioned at |east
partial | y wipmfile (peckege thitkaessb wfFIGndkr posers 61, and bonded, flip chip

styl e, the actjve,surfaces. 42 (not .sho . t he second- | evel

seni coné@ct or deviByber .atuf%?fetﬁgPﬁ(ef?rﬁlmvseﬁﬁg%’sﬂgﬁ P & mre PRk AEF R each
first-level positRARAMOEO adk@Y k¢ EomBine RErBESRITRILE RAABCHRLIH A¥YiE&Sn 40 and
40, and between sem conductor devices 20, 40 and the interposers 61. 25 As
shown i n FI Gowipisfile, smel featprmttmarsies r Sladwid Fifly 5 lee twot paokiageed 10,16’
interstitial spaces 80, as well as around second-| evel sem conductor

devi ces 40. The encapsul ated structure of FIG 1 SI nay be cut al ong cut
lines 64 to form singul ated packages 10. Alternatively, singulation nay be
effected prior to encapsul ati on. Each package 10 includes an upper surface
12 and a | ower surface 14, 30 which are identified in the respective upper

o - S A~ Y 1 N~ a ~ - o a ~ 7



+ -26-configured to cover the exposed back sides of second-|evel
sem conduct or device 40 and/or first-level sem conductor device 20.

Optionally, any bare edges of the interposes, i.e., those exposed at cut
lines 64, may be covered by an encapsul ant in a subsequent step. The edges
may be covered by an encapsul ant, e.g., b top, at the 5 tine that the

package 10 is nounted on a carrier substrate. Were additional

sem conduct oy devices, e.g.,.sem conductor device 100, are to be nounted on
an inter posega"ellgaf’@?f%’condﬂ‘ﬁttg%ﬁg Féég-t%@da‘b%?fipé YrREg priv gamsilly pe

tod f . . . . . b th
ot red. packaRabtaETERAICH HESYR ot sADERER A8 philab AL 6VE 11
formation of apbwkene ditaakngdfors £8 ekpassd berfeathtpackagetlap. The packhigearer

ot herwi se securing packages 10 to _each other. Further encapsul ati on may be
per f or med t ojodRdid gdapgknsge stagk 88 bytresnedsste epnnerlory bitr ¢ gasidedalis pfo' .

Wi | e the abQy i) i t:
arranged 215 PR NOARBHELSS SATMARLES 7Eohdhd el HiBle RBUPRR RicMat o)
conducti ve ebfewwit padkaye dl B OTIRpAESR tRkBBMBCHe ArthacRsulded © cAcksds ner
substrate 8, another package or other g_q aratus. For exanple, bunps,

1

col urms, bontéeimedatisower qoapectens tl§Aeand stitiphepaced e hetwepmihebe used, as

may plug-in type c ectqrs, ot hers . kpown in t art.. Likew s of her
Cyet of di stibaesRGheti . et ntclors TRavhiod s 1 B85Sk omnect
sem conduct 0ks188Waf8Snddfding Bumb8 GohdnRaeh., @k RRSwRn the afthe i nterposes 61.
The overall thickness of the resulting sem conductor device package 10 is

subst anti®l | y equlG téilluktgatesariothes dmbbdicient sEssmioindubior demies prskage B0 and

t he secondl evel sem conduct or. devi ¢ 0,.and the di.stance qf outer
connectors THPANAY i PHS (g Paude At i n  gseEs8aEe BrsSiisthess o
a third-I evel, Q&R DR SRk &R SonHiBoL @e Qeg@opm@ tHeRdEY ddiieBy §Rall he

overal | package thickness, being positioned between the outer” connectors
18. Wil e t hbotprinti(es, alfpimrint thed is aboenhthie samp apersdy slightly largsuthan et ef the
sheet/strip 62 haying a plurality .of si cal ] y .connect J, Nt erposers 61,
each i nt er poS¥8n e"i‘?ﬁ?ﬁ“ﬁﬁo UQF%G&‘C?@@ e&é'elné]@smaﬁgﬁﬁgoortﬁ?mre
first-leyel sen 4000 3BUIRARS be Bl Bh@anlr U RE Bocohd-1bel | - be

under stot(;sg tﬁ%&?%gggrgcéeosns |segapp?i gg%?% t?%ag%)rl }Iﬂﬁt er pgges 61 with a
recept acl e 65cmixdmhattorglesickddafhisglabageé o€ ihpatigharly cmifigdreddoaumseiint er poses

61 having nore than one receptacle 65. -27 t.hough t he foregoing
descri ption BOMERFNEICCHRC apRagalys %fsa?l WPEss eﬁ%@IﬁW HlaondRsties slemrepisin gad

limting the ‘&ﬁﬂ D61 PIsRREWA td DY EtletARi %‘él“@f batioRd! B RY AU of
illustrati ongﬁo g%egéoséxerrp{sgﬁy gn%oéd/grrent g.mS| rﬁ}( rO‘I?’y, 10otlhter engéo i r?ent S
of the i nveniitaposeayrdacodamieidy) thhrahptdde96t depart fromthe spirit or

scope of _the present 5 inventiopn. Features fromdifferent enbodi ments may
be enpl ojfed i n comh odbs Birkagss 1%086553 tygs f?h@cxuﬂ]eéﬁftrﬂﬁﬁvql SEMICRBIUSAQSY e,

i ndi cated ang.J:Lm . : R)dza-ﬁ J i %%g;al
equi val ent s, Q?Jé%eﬂ%(? G’?hc(ialgg %@a%‘ﬁémf%d?@gcg?ﬁg e?cr pf%‘ﬁ%ﬁfélg I'tions,
del eti ons, aimermzdidte caiducive dleméie32.nleFid. Gnan embatlimehtosfgackepedil 0]’ ishi ch
fall within the tﬁani ng. and _scope, of the clains are to bhe enbraced thereby.
10 -28 CLAfRCoR i Whichdhafirsiipvelsemicondugiog deieqedisatarheddy flinschipsbiol v,
conpri Sing: A RAAE AASEE of i !sbilindde sbfiftSha A deFRERDT Gy ftUbIHT ed T o
at least partially receive a

25  balls 36 positioned between bond pads 30 of the first-level semiconductor device 20

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

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

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



sem conductor device fornmed therein; at |east one sem conductor device
positioned at least partially within and at |least partially laterally
confined within said at | east one receptacle; and 10 at | east another

sem conductor device at |least partially superinposed over said at |east one
sem conductor device and at | east partial{y supported by said interposer.

2. The sem conductor device assenbly of ¢l'dim 1, wherein said at |east one
receptacl e extends substantially through said interposer. 15 3. The

seni conduct ofongiigtiveelgmertpil jo efnteqt araas 71B wpdhennpes syrfpcg 660fthe  one

sem conduct or %ﬁvigglis conpletely laterally surrounded by said interposes.
4. The senicgﬁ &P devi ce assenbly of claim1, wherein active surfaces 20

of said at |east PRGS. %LU FONIUGHAD ddpt $Riat0Rs SPPRkade 108aSThignaeher
sem conductor device face in substantially the sane direction. 5. The

sem conduct osengicondustansiswired are ofl connicted4n flipsechindashimupithesito the interposersél one
I nt ermedi ate condulgt{' ve el enent extending laterally between and 25
el ectrical | yCLOfAPIHG a bond pad of said at |east one seniconduct or

device to a correspRPatihgs 2Nd BEFIRIEBo pRRI3A dnthEhARBGFaR D GHla fiRAST
anot her internediate conductive el enent extending |laterally between and

el ectri cal | ylevehseetcindgctar Bovice H drodttashéditoaontaebarvassifoerhibe astéve mofadeid? or
6. The som cORuIEoR-EbFEBcatingAsvict 10 Phinesie GRdkent LafeieiisDesnai ng
ComLCt 1.2l Bk RGOS U oty M o |1
cl ai m 4, 1whepthenstarituteaformed ffonmametah eonduerive onchndlioor-fidled estonet, widlse at
east one edi{(g %eréf) 'clIJI;[ %im?snotl%ip{aiccucirtz-a?(ri]s-gonsdlljlcr:tfivaecf?lm) could also be used. Conductive
traces 54 on the active surface 42 of the second-level semiconductor device 40 connect
the contact areas 59, via discrete conductive elements 56, traces 72, conductors 70 and
conductive vias 78, to contact areas 75 and outer connectors 18. Bond pads 50 on the
15  second-level semiconductor device 40 electrically communicate in a like manner with
outer connectors 18. Although the first-level semiconductor device 20’ in this example
is shown with two centrally arranged rows of discrete conductive elements 36A, a
semiconductor device 20’ with peripherally located discrete conductive elements 36A
may be used with a second-level semiconductor device 40 that has shorter conductive
20  traces 54 extending over the active surface 42 thereof.

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

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

30  FIG. 9, the interposer 61 is shown as being formed from a flexible or so-called “flex”

substrate material of a known type, which typically has a reduced thickness relative to

rigid substrates.



thereof. 8. The sem conductor device assenbly of claim?7, further
conprising: 10 at | east one discrete conductive elenent electrically
connecting a bond pad of said at |east one seni conductor device and a
portion of said at |east one redistribution circuit in alignment with said
bond pad; and at |east another discrete conductive elenment electrically
connecting another portion of said at | € & one redistribution circuit and
a corresponding contact area of said 15 interposer in alignment with said
anot her portion. HG. ¥hshoyesn mghigicpaskageedlioc svihish spmbipes feapires ¢htBe wher ei n

said at |east one LSEA | L fCUlt ] ryi b | de of
said at | eaé’tac%aﬁS? %gg zzén? tggﬁdb%c%t%np %gévsb%ége% {Bssg'%?geﬁc%@ tt??:t or device
assenbly of devk 0% pdsitidrea i RIckthdl8 65 @hd heRhbd, ATF-chip #yl1BRGIadkéond-
conductive el ement extending |laterally between and el ectrical l y connecting

a bond pad deved s¢rdicanductar devict 40 positionesi abose thednistposerch IheFhedwmid padsiott or
devi ce apd anot her, corres di ng.contact area of said interposer. 25 11.
The. sem SondAEiGROI STty oo fip g onfhb el CRRY bast one
redi stribut i@fngdd Gtk pérﬁqh@@a‘llﬁ}?ﬁ %{g@% SeHirA%y by BrsbWWvEPG&itndtlodl at | east

anot her sem con%éuctor devi ce. 0 12. The sem conductor device assenbly
of cl ai m 11,defige 2ReThe eeqonildéved semicohdsmiar davioe K@ is atiaskhedeine ftipribiprnpmeer

ol eront ol eGSR GNEELLR 8 bond fad on, oL selie st face, o oaid
o S SRS S LTSS L sk oo, 1
sai d at 10easlevicae2 eldito tidintirposed€l amek thnde, abatentorneasts Hnot her
sem conduct or A third-level semiconductor device 100’ is attached, flip-chip style, to the lower
surface 68 of interposer 61. Peripherally located bond pads 118 on semiconductor
device 100’ are connected to contact areas 75 of the interposer 61 by discrete
conductive elements 116 such as balls, bumps, pillars, or columns of conductive
15  material, such as metal or conductive or conductor-filled elastomer, or electrically
distinct regions of an anisotrophically or z-axis conductive film. Conductive traces 76
between contact areas 75 and outer connectors 18 complete the package circuit. It
should be noted that the size of outer connectors 18 is selected so that the connectors
extend sufficiently beyond the back side 104 of the third-level semiconductor
20  device 100, whereby a well-bonded connection to a carrier substrate 8 is achieved.
Turning now to FIGS. 11 and 12, exemplary modes of using a plurality of first-
level semiconductor devices 20 in a package 10 are illustrated.
In FIG. 11, an embodiment of a package 310 is depicted in which two or more
first-level semiconductor devices 20’ are positioned side-by-side within an interposer
25  receptacle 65. The bond pads 30 of each semiconductor device 20’ are flip-chip bonded
by discrete conductive elements 36 to corresponding contact areas 59 on the active
surface 42 of a second-level semiconductor device 40. Like the embodiments of
FIGS. 8, 9 and 10, the second-level semiconductor device 40 is flip-chip bonded to the
upper surface 66 of the interposer 61. FIG. 11 also illustrates an assembly structure 86,
30  such as a film, which may be attached to the lower surface 68 of the interposer 61,
covering the receptacle 65 before positioning and attaching the first-level

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



device face one another. 10 14. The sem conductor device assenbly of claim
13, further conprising: at |east one discrete conductive el enent extending

bet ween and el ectrically connecting a bond pad of said at |east one

sem conductor device and a correspondi ng bond pad of said at |east another

sem conductor device in substantially alkgﬂnent 15 with said bond pad; and

at | east another discrete conductive ele t extendi ng between and

el ectrically connecting anot her bond pad of said at |east another

sem conduct opacitegésoeheanthedirsteleve spmivandurtoadeyices 26/rare fiost ngmintediintler poser in

substantial align i.th said ano r nd d. 20.15. The, semni conduct or
devi ce assenlf 6‘?{33%8 mefﬂﬁemﬂﬁgr@i’ %qu’é‘feg%é’c??tgg%‘?iﬁ&fﬁﬁ 588(?{51"[595. of said at
| east anot hegenyesidrRRA dEtieL 40 % e b ARGl ha ntsl vl Rnicoddiist 11 buti on
circuit on sald active surface of saird at | east another sem conduct or

device. 25 18evidds@0SeTheameublystructerd femay be tdniporaily ok permahdntlyteacheditosai d

redistribution circuit fyrther conprises Gircuit trace.in co i cation
wi th sai & col9ldapeREmaEe BEirievsLEmiHIdiciog drdees A0Lin BlACTHRARS AR Hfllan

acsenbly of Srarafyfly<bhisthe idthe (e intoostror, e EGHORMEHGLE sy c©
anot her sen sgnRegehty beesmeedconpri ses said redistribution bond pad. 5 18.
The sem conduct or _devi ce assenbly of claim 13, conprising at |east two
The embodiment of semiconductor device package 310’ shown in FIG. 12
includes a second-level semiconductor device 40 and a third-level semiconductor
10 device 100 that are attached, flip-chip style, to the upper surface 66 and lower
surface 68, respectively, of the interposer 61, as previously described. Within the
interposer receptacle 65 are two first-level semiconductor devices 20A and 20B, one
above the other. The upper first-level semiconductor device 20A’ is attached flip-chip
style to the active surface 42 of the second-level semiconductor device 40. The lower
15  first-level semiconductor device 20B is attached, flip-chip style, to the active
surface 102 of the third-level semiconductor device 100.

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

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

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

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

30 Several useful methods for assembling packages in accordance with teachings

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



sem conduct or devices positioned at |east partially within said at | east
one receptacle. 19. The sem conduct or device assenbly of claim 18, wherein
back sides of said at | east two sem conductor devices face one another. 10
20. The sem conductor device assenbly of claim 19, wherein another

sem conductor device is positioned adjacent to an active surface of each of
said at |east two seniconductor devices.285 21. The seni conductor device
assenbly of claim1l, wherein: circuitry of said at |east another

seni conduct or devﬂ&,s il dArldepice & mithad) fot asembliege mudfidip semisongusiqsisricag

circuitry of said i Q C ry 1.d_at St

sem conduct &acg%gy, 888 %&I ﬁp “éeg"?PlF@Q? %Mﬁ%gt °5r?XW1Pir? ?%sﬁhé?g’f}dﬂm ng
circuitry ofrmf 1Bgasg buﬂm%@f fifs@l e PdentibdiRfucRb ENSEs AR pAPAFHAGINOM RHvelevi ce
and said interposer. 22. The sem conductor device assenbly of claim 21,
further conpurSca?? ofia wafmbtoy otifer unmb}efsemlcqmdu@or sibstrateysmeh asit stisirste

peripher | edges,of said at |egst. one nduct or devi.ce and surfaces of
Do oot PeastrioR BpEcaNtuE peigs, ind Sglg O ABRHBFTITHERNANEN EBRIEHRY, o

claim22, V"”(ﬁ'raeégnca;ﬂ@ii glh‘d&q%ﬁflhéullat&e(tsgﬂ l?l%) hQﬁE(E %d ﬂf%% fh]%@](@@ !

surfaces of sali east one sem cond eV| ce an sal l'east’
anot her sem sthecoohari- oeranﬁm/(SQC) Qﬁc«ﬁﬂon—ﬂmhﬂem@&)dtm)t (Eacﬂemnmendwmﬁnbl y of

claim?21, furt her corrpr sin encapsul ant materlal coverin
per i pher al aeH ngomariset S%ﬁe?'rf&c tog AL ity BterRpd ¢ eegogﬁﬁlr&&p%em

S s v SR EIGn,  Aa)
el ectridal cslomesiw bines®8, sadapidted &rFIGs ¢3B) to paoducg vedivideslainghlhad fist-tevel
semiconductor devices 20.

Likewise, as illustrated in FIG. 13C, a plurality of second-level semiconductor
devices 40 is fabricated on an active surface 42 of a wafer 46 or other semiconductor
substrate. These second-level semiconductor devices 40 will generally be larger in

15  footprint than the first-level semiconductor devices 20. The wafer 46 is then cut along
saw lines 48 into individual singulated second-level semiconductor devices 40, as
shown in FIG. 13D.

In addition, as depicted in FIG. 13E, a plurality of interposers 61 is formed from
an interposer substrate material 60. The interposer substrate 60 may be in the form of a

20  multi-interposer sheet or strip 62, as represented in FIG. 13E, with an upper surface 66
and a lower surface 68. On one or both of the upper surface 66 and the lower
surface 68 include metallization, including bond pads, contact areas, conductive traces,
and/or the like, and conductive vias for vertical interconnection (not shown), Cut
lines 64 are located between adjacent, individual interposers 61 of the sheet/strip 62 and

25  form boundaries therebetween. Each interposer 61 includes a generally centrally
positioned receptacle 65 formed at least partially therethrough, into which one or more
first-level semiconductor devices 20 may be positioned and mounted. An assembly
structure 86, such as film, may be temporarily or permanently attached to the lower
surface 68 of each interposer 61 to cover the opening of the receptacle 65 thereof.

30 Turning now to FIG. 13F, a first-level semiconductor device 20 may be placed
in each receptacle 65. The first-level semiconductor device 20 may then be electrically

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



26. . The sem conduct or device assenbly of claim25, wherein said conductive
structures conprise contact pads on a surface of said interposes and

di screte conductive el enents that protrude fromsaid surface of said

i nt erposes. 27. The sem conductor device assenbly of claim 26, wherein said
di screte 10 conductive elements protrude from an opposite surface fromthat
by which said at |east another seni condutklor device is at |east partially
supported. 28. The sem conductor device assenbly of claim 26, wherein said
di screte con@@mcqnepgbet@e&@p@ramm@ﬁftdai@entrlomqserSQrfeorsLthef@@@t/Sétsp 6Pas by

which said a I east anot her uct or partially
support ed. 2 g"iﬁ\ é’lﬁ&?&é%?na eé%exgggegﬁgf;fyog}thglsg?q&/] J2"<’§’al”’s%t2\/r1erei n said
discrete conducti N@x@h@gn%wnsnmpr3@ Ein@mdusps%bm&v@ﬁseﬁﬁédnaucteymees 40
colums, pillars, and pins of conductive material. 20 30. The sem conductor
devi ce assenn‘cyoosxtlomtchwcr gachwhenpéicte @amjltalmmgrapm&bondwlfmstdsvelf| rst contact
pads on first, su t.he f or est bl.i shing.el ec ni.cati on
Dot wean o r cuEmHIPgRARIOE GPHES AT o poSESoTEr exe! SEr ORI U eth S LRGN R 1 ed 25
Lher eby and e bAlSb ey 6 oSHBHIEALE: s 3faeld. aacgsmtma 3 BaitnseCond
surface thereof, opposite sard tirst surface, tor establishing electrical
conmuni cat i OKAB’GI()W@N@&J fbr examplet fnterafediate chridnttévepdaraanto 52 aeuydhen be

sem conduct or devi ce supparted thereby and anot her sem cgonductor device

assenbly at Psdiqneder formied petnsa boap padsdnel dewadptitheseeongdeed. 30  -33 31.
£ 2o Sonduc e O (SEILI TR g SRR I 19, 2
one recejit acingerpodeedtli ng fromsaid first surface to said second surface,;
As shown in FIG. 13H, encapsulation of an assembly such as that shown in
FIG. 13G may be accomplished by a variety of different methods. For example, known
transfer molding or pot molding processes may be used. Depending upon the particular
package configuration, a preliminary step of permitting a liquid encapsulant to
15  substantially backfill the interstitial spaces between the interposer 61 and
semiconductor devices 20, 40, followed by thermal curing, will strengthen the device
mounting and seal the inner spaces, enabling removal of assembly structure 86, if such
is desired.
For encapsulation of packages 10 in this invention, a suitable, known type of
20  encapsulant material 90 (e.g., a filled polymer transfer molding compound or a silicone
or epoxy-type glob-top type encapsulant material) is introduced into the remaining
interstitial spaces 80 within receptacle 65 of each interposer 61 of the substrate
sheet/strip 62. The encapsulant material 90 extends laterally between at least portions
of the outer periphery of each first-level semiconductor device 20 within the
25  receptacle 65 and the interstitial space 80 between the second-level semiconductor
device 40 and the interposer 61. The encapsulant material 90 may also substantially
cover the intermediate conductive elements including all bond pads, bond wires,
intermediate connectors, contact areas, and traces. Accordingly, the encapsulant
material 90 may substantially fill the remaining space within receptacle 65 and at least
30  partially cover the active surface 22, 42, 102 of each semiconductor device 20, 40, 100
as well as the regions of the upper surface 66 of the interposer 61 at which metallization

areas are located.



a first sem conductor device positioned at |east partially adjacent to said
first surface 5 and including an active surface, at |east a portion of

whi ch faces said at | east one receptacle; at |least one first discrete
conductive el enent electrically connecting a bond pad of said first

sem conduct or device and a correspondi ng Eontact pad at said first surface
of said interposes that is in subst ant i at? alignnent with said bond pad; 10
a second sem conductor device positioned at |east partially adjacent to

sai d second surf a@Bcaiiig eneappilantipaterial §9thag been intraduced dnto|theyeeepiagie p path of

whi ch faces said..at | eas ne re cle: an | east. one second di rete
conduct | ve. ePEHE e 19,205 pHREER BEithe i huBlen PP SR “RERgfR T
sem conduct ofhe@dp14stic ki & sed hemhe @NcpsglaMansteRAD 0 TheShk sbshiahtinatkBial will
sem conductor device through said at [east one receptacle. 32. The

sem conduct oharden/inom caclingrdf the edme| Kiartrapsfer wiodding porspoundaar dthexgesimisaissécond
di screte conductive el.enent ¢ rises at |east one of, a bal], .bunp.. col.um,
o111 ar s dnd 5 e engps ST Hadd LR Siebopaiar el Tudiif by e athiiss of
wher ei n sai dy A51ER DY ApPIFinaaHRe: RRALrPRERIIS theBsaRR! If BB cAfapgulafdi Stri bution
circuit on said activé surface of said first sem conductor device. 25 34.
The sem condmetedn! Yeisiaqhotrsmegdable poiyro¢raihe cdGapsulast materigkinay bestit ot curedt i on
circuit further conprises a conducti,ve tra&gg&hn el ectrical conmunication

with said cot¥ BROSHEIHGIRUHA PABPLRRES Yavgleee i Hatd 8 bond pad at an end of
sai d conductive tAeagpie@%}hr;%oéufém_ﬁa{ Eheaphul &R RGN0 RO RarBakd. & 35 The

sem conduct or devi ce ‘asse claim 34, wherein said redistribution bond
pad i s pdsi t cureddhaetjcapsibint nmataial 80 helds pher onetoe myore firgdéevkl senconductor
sem conduct O&ev?cee\é i2(l\5e\afrithin Eh?éAfreceptacle 65. Accordingly, an assembly structure or film 86
(FIG. 11) may be removed from the lower surface 68 of each interposer 61, with each
first-level semiconductor device 20 being suspended in the receptacle 65 of that
interposer 61 and the back side 24 of each first-level semiconductor device 20 within
15  thereceptacle 65 being exposed. An exemplary encapsulation of the assembly with an
encapsulant material 90 in a transfer or pot mold may be used to form interconnected
packages 10 of uniform size, as illustrated, or separate packages 10 that include
previously separated interposers 61.
Outer connectors 18 such as balls, bumps, columns, pillars, or pins of metal or
20  another conductive material (e.g., a conductive or conductor-filled elastomer) may be
attached to contact areas of the lower surface 14 of the package 10, i.e., lower
surface 68 of the interposer 61. The installation may be performed either before or after
encapsulation and before or after singulation into individual packages 10, as shown in
FIG. 131. Singulation may be accomplished by use of a wafer saw or otherwise, as
25  known in the art.
Another example of a method of the present invention, depicted in FIGS. 14A-],
is applicable to the packages shown in FIGS. 7, 8, 9, 10, 11, and 12, for example. A
package formed by this method has the first-level semiconductor device 20 connected
in a flip-chip manner to a second-level semiconductor device 40.
30 As shown in FIG. 14A, a plurality of first-level semiconductor devices 20 is

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

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



36.- A nmultidie sem conductor device package, conprising: an interposer,
conprising: a substrate with upper and | ower surfaces; a receptacle

ext endi ng between said upper and | ower surfaces; and electrical conductors
on at |east said upper surface; at |east one first-level sem conductor
device positioned within said receptacle, each said at |east one
first-level sem conductor device having 3%‘act|ve surface; a second-| evel

sem conduct or devi ce positioned above said upper surface of said substrate
and at t achedirstHeyed semicondurteraleyivgs 2@vEISCW@@nm@¢m@§QBé,§uﬁh@$ bajls10 an
active surf and el ect.rical con | gns.connectin

irotol ovel POgiRPRBRUTES ol PrmecSRG ik e LERRA S e RailoBlr i ey co
to said el e%tf@a&laﬂirsfzmémfr@éo%dua& déUi&: 0ok b&l&cﬁ&ﬁh@%dt&ée@énﬁ%\&bpe
package of claim 36, further 15 conprising outer connectors for attaching

said nultid |semwnﬂm§mtmyms 49eVhe élswtﬁ@géucttwe@@mm ¥ maphe attadhiofl éxthe 38.

The mul t ctor .device cl rein i d outer
Comnect ob e Sond Rt Rt u R SEePBARISRY oaf 0 frhdr Refbre o A Sl

conduct i vely 20 QRGN ELE AEhitA pd gaafim%h%@agmaqhtg%@e%ﬁa%v%l seificodiftdrul ti di e
sem conduct or devi ce package o claim3 rein said outer connectors are
conduct i vel yeeoand® b d wafersiaiat odiee s¢micomductarrsdbsttaty s degeritmddn céfereacevioas

ext endi ng bet(\/ﬁegy sai d upper surface and said | ower surface of said
substrate. CThe mul tidie sem conductor device package of claim 37,

wherein sai d obj egd 1oQRRAKIFFES1 A0S Rkt-RvEl emilldndBAsF &AL PR AN Chi

sem conduct or devi ce package. 4T. The nultidie sem conduct or deV|pce package
of cl ai 037 bontiet, by dissmitalcdiductivessiemenndéttotis wunpsuseed@ofehcicenondt i ve
bal I s, conductlve bu conduc i ve colums, conductive pins and plug-in
type el ect rileval swg&&c evice 4 on wafer 46. Metallization (not visible) on the achive
surface 42 of wafer 46 connects the circuits (not visible) of both semiconductor
devices 20, 40 of each two-die unit 94 (FIG. 14E) to peripheral discrete conductive
elements 56, e.g., solder balls on each second-level semiconductor device 40. Wafer 46
15 may be cut along saw lines 48 to singulate the two-die units 94, each of which
comprises a first-level semiconductor device 20 flip-chip bonded to a second-level
semiconductor device 40, as shown in FIG. 14E. Alternatively, wafer 46 may be
severed prior to securing or electrically connecting first-level semiconductor devices 20
to second-level semiconductor devices 40.
20 In FIG. 14F, a plurality of interposers 61 is shown, formed with a substrate
material 60, which may comprise a sheet or strip 62 of rigid or flexible substrate
material. Receptacles 65 are formed in each interposer 61 and may be located generally
centrally thereon. The multi-interposer substrate sheet or strip 62 is shown in an
inverted orientation, wherein outer connectors 18 are visible on the lower surface 68 of
25  the interposer 61. Metallization (not visible), including traces 72 and contact areas 71
on the upper surface 66 of the substrate sheet or strip 62, is electrically connected to
outer connectors 18 on the lower surface 68 of the interposer 61.
As shown in FIG.14G, the two-die units 94 are attached to interposers 61 of the
multi-interposer substrate sheet or strip 62 by flip-chip connection of the second-level
30 semiconductor devices 40 to the interposers 61, with the first-level semiconductor

devices 20 being received by receptacles 65 of the interposers 61. As shown, first-level

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



-35-42. The nultidie sem conductor device package of claim 36, wherein said
second- | evel sem conductor device has a larger footprint than that of said

at least one first-level sem conductor device. 5 43. The nultidie

sem conduct or devi ce package of claim 36, wherein said second-I|eve

sem conductor device is larger than said_.eceptacle in at |east one of an X
and Y dinension. 44. The nultidi e sem corfduct or devi ce package of cl aim 36,

wherein said 10 el ectrical .connections connecting said at | east one
first-1evel 1§@ﬁﬁQ§6‘ﬁ&dctE§Pf1§§ﬁl‘é‘@ SIS ARdRCEYT SEVIEF ARRN 5anL oL conpri se

rst-| evel BiIeEn _ | L comprise
Gevi oo phckagt GFouner r ATkl AP B oubF o S L4 L BRRE O et ng

sai d second-iheviakdiseroadudsrs (ltondgruds, cenfaot &edstsdlerdatic id ¢iak, sg@pduct or s
conprise elongate, internediate ¢conductive e] enen e multidie

| . 46. Th
seni conduct or _dev]teaspapiliegshewn i BiGn 146 maybs g‘ﬁFPtCé&?IM opjndividyally)
coctri ool RARERAYS ARl i BGTEH 6 froSiThe BRANSUR IGO0 o3 U

bet ween sai dnfstital spaeess80 Wikia rodepudied 65e8anddérned theesiondrewgt or devi ce
and said electrical conductors. 47. The nultidi e sem conductor device

package of cienlieandgctonpesries 40, ydiich ismet visiblein FHon héld: Toadlidernsueapswlgntsai d
second- | evel _sem duct or _device to.saj ectrical gconductqrs conpr, se
one of cona BREUR BRRLSSes bR ARBEREE oF LS HbtPRy T BT R SRA © ve
col ums, conghGénsVT thd $dcahd levelnfiesHAuEior Y6viELH. oTge Pickdget0 whishigluct i ve or

conductor-filled elastonmer. 48. The nultidie senm conductor device package
of cl ai 046, illwsteated in Hond4padgicd oEpackagas fomast byomansfear neglding wed may

Ot oYL BT e et R ERD AP A PR B5uhe
el ectrical cRRpBEtihPNated fronPfhe multi-interposer substrate sheet or strip 62 by cutting along
lines 64 either following encapsulation, as shown in FIGS. 14H and 141, or prior to
encapsulation. The packages 10 are ready for testing and attachment to a carrier
15  substrate 8, another package, or other apparatus.
It may be noted that the outer connectors 18 may be attached to the interposer’s
lower surface 68 either prior to or following attachment and electrical connection of the
semiconductor devices 20 and 40 to the interposer 61.
Another exemplary method for assembly of a package 10 in accordance with the
20  teachings of the present invention is illustrated in FIGS. 15A-15K. As shown in
FIG. 15A, a plurality of second-level semiconductor devices 40 is fabricated on an
active surface 42 of a wafer 46 or other semiconductor substrate. Individual second-
level semiconductor devices 40 are delineated by saw lines 48 on the wafer 46. In
FIG. 15B, wafer 46 is cut along saw lines 48 into individual second-level
25  semiconductor devices 40. Discrete conductive elements 56 are placed on bond pads
(not shown) on the active surface 42 while the second-level semiconductor devices 40
remain part of wafer 46 or following singulation of second-level semiconductor
devices 40 from the wafer 46.
As depicted in FIG. 15C, a plurality of interposers 61 is formed with substrate
30  material 60 in the form of a multi-interposer sheet or strip 62. The sheet/strip 62 is

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



49.: The nultidi e sem conduct or device package of claim 48, wherein said
first-level electrical connections between said bond pads of said at |east
one first-level sem conductor device and said correspondi ng bond pads of
sai d second-| evel sem conductor device conprise one of conductive balls,
conductive bunps, conductive 5 pins, conguctive col ums, conductive pillars
and conductive regions of z-axis conductf¥e or conductor-filled el astoner.
50. The nmultidi e sem conductor device package of claim 46, wherein said
second- | evehasanipnshsudacsO6qadiadeversusiacaehed reespiagladLis fermediinfade of said

substrate of .10 said interposer. 51. T It 1 di 1, 50N t or device

package of érrtgﬁpﬁiseggi %%éx}délﬁ)%gé;wgg%éuesup E% ag#i lé‘ggljos%ﬁg%pe%gafn%;@é first-1evel
sem conduct or de\Olﬁ:@iﬁtégFébl%ﬁSﬁBﬁd sdcbid-tvRl andtontubior atites 40¥Rkve BB ace of
said substrate. 15 52. The nultidi e sem conductor device package of claim

36, furt her fasiepteidssenondalevpli sethi¢andudtos deriess #@wree mounted, ip-chint $tylantodbe i ve
face, . bond pad id acti f f said third-|evel i conduct

devi co bii ndPRt HERAPES CohIUEPPYE oL ST LTI AT fesharosfirtse of |

sai d subst r aLRicoRfucactdeVite 40Uk ldatt farSA ROBGHIES RietBME 68, Rarkraa iAf claim

52, wherein said conductive connect ors on sal d_ third-I evel sem conduct or
devi ce conpFlGel dheThd sheetistip 6 iseshoainl is, FIGo hitk ot anvievéntedosrjentadiodu €nitere  pi ns,

conducti ve colums, .conductiyv i.llars, conductive regj ons of z-axjs
conduct | ve GPTRESHIESLS BrotRde VISR frauy A dowensurace S of saBh interprives 611 Jhese

t ape- aut ona | 18ag, [di m conduct or
de\F/)i ce pac ktgg%r g?ﬂglbg?smp%%??%} E rayt)}ﬁgéraq(o: (It) npr ?gtl/s?é) gigg%ég?\%?dfr ig Plg? -l evel

sem condliict attachenent endloseledtnca dotnedction sfiihd sedonddesd] semmohductdr-degices 40

sem conductor device in said receptacle, said second first-1level 30
semi conduct &eT8f8vi ce el ectrically attached to said third-Ievel

sem conduct or - dedgtGnhidednd dssBnb1Y ploEd, AU FIG. 15F, a plurality of first-level

semiconductor devices 20 is formed on an active surface 22 of wafer 26 or other
semiconductor substrate, as previously described with reference to FIG. 13A. Discrete

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

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

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

25 As shown in FIG. 15I, encapsulant material 90 may be introduced into
interstitial spaces 80, as well as around second-level semiconductor devices 40.

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

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

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



-37 55. The nultidie sem conductor device package of claim 36, wherein said
at least one first-level sem conductor device conprises a plurality of
first-level sem conductor devices nounted side-by-side in said receptacle.
56. A nethod for assenbling a nultidie sem conductor device package,
conprising: providing an interposer with substantially planar substrate
and a receptacle forned substantially tﬁ?@hgh said substrate, said
substrate having an upper surface_and a | ower surface, at |east said upper

surface havicAgfigspditectorrsthe gapessh badosidesafispenmidrigve semisasductordericed0- | evel
sem conduct gha/le i Sev Léﬁi@%l%d’i‘l'cqurr] BGEPHAC OBtiofitly) MLPEAL biddLriRace

remai ni ng a bet'ween peri pheral edge St one

first-level igeios@ikicthose dkpvidiaat andissiod, Bapbt tatered PP éﬂc@;fséum_t ha
second- | evel sem conductor device above said upper surface of said
substrate; B8bsefeat siepallhy edgasmeathenpvegidyan eneapsulanh e.2f.igleh topeatdhe

sem condgct Qr vice 1t at . Jeast qne of said gopductors on said upper
surface of glg?egt ghtg‘gp?‘giage%\Qéﬁ?ﬁ?@e@%%ﬁm%@gﬂsgggm conduct or device by
first-level condughérdad@EBRA sEmicdRBudbeddvidesd.d.VseatdRittioPdeiad F00, are to

second- | evel sem conductor device to said conductors on said upper surface
of said subdemauatdsyonsancinteripdserel, relovant poitipas nEthgalescribzd ngthodsmeayrhet hod of

425, TSR] 5 TSR LR B e RRPE SR 1

space. 25 53,cKH3E cORAMRSiAf cl aim 56, wherein said introducing encapsul ant
material is effected after said electrically connecting said at |east one
first-1&Qel sem d¥nbostmed defvicoes toFIG. Fhfermetidroef tkageatack$38 rdquirthar

compri 1 10 iigedic nq S ayantilx of S0-cncopsl i IeLeLLal Reueen oai
sem conduct @hefRY1afién may be performed to enclose outer connectors 18A of the upper
package(s) 110’.
While the above methods are illustrated with the outer connectors 18 arranged
15 in BGA connection patterns, other arrangements and types of conductive elements may
also be used to connect a package 10 to a carrier substrate 8, another package or other
apparatus. For example, bumps, columns, bonded leads or tape-automated bond (TAB)
elements may be used, as may plug-in type connectors and others known in the art.
Likewise, other types of discrete conductive elements 36, 56, 116 may be used to
20  connect semiconductor devices 20, 40, 100 to each other or to the interposer 61.

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

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

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

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

more than one receptacle 65.



-3 8 60. The nethod of claimb56, wherein said electrically connecting said
at least one first-level sem conductor device conprises form ng or
positioning intermedi ate conductive el ements between bond pads of said at

| east one first-1level sem conductor device and correspondi ng conductors of
said interposer. 5 61. The nethod of claim56, wherein said electrically
connecting said second-|evel sem conduct B~ devi ce conprises form ng or

posi tioning internediate conductive el enents between bond pads of said
second- | evel semni 4bhenghithe fategaingdesadption cenipahmpryysneeiigadheseshonld nat be

i nterposer. 10 62.. The nethod of claim56. .wher.ei al d .positioping said
second- ! evel DR TEE s Pes St Bh e VR Rh ol MU BF pioyBltb o0 ng

sai d second-jiia¥eltions B spRdlekehiflarg@itibeliniéht® SibdiRrig dtRerdiRIANRERHbf Pyer said
at least one first-level sem conductor device and positioning said

second- | evel ingentiononajulxt davissd wilieh dovrot depart frof thaspirip ossnope 68the Phiesentet hod

of claim.62,. wher ei said at | st one first-level sem conduct.or device and
Sai d secdnd. PHUBIORs AT STy FEDodmeRRRY Bt oPBoSRE ToRAHERIoBe or o

sai d positi ofhd\gopdbeihs §eRAHoN RY Blere6rdl HANAHALAH 1HEMIRLy BPHE4ppeiieq et hod
of claimb56, wherein said providing an interposer conprises providing a

muf ti-int er pdsiers anditheir kigal aynivatentshratiair dhant byl tha feregoing flescaptidbrevall

sem conduct or, devi ce and sai,d segond-1evel sem.conduct or vice ar

05! £ oned s Escdelne: peTiBetions (oBedBiong A te o B
further conpgjfinge e?@g%g:ﬁd Bpk BERE AL AR YIRSl thd@gkages from said

mufti-interposer subs
10



+ 66. The method of claim57, further conprising adhering a filmto said 30

| ower surface of said substrate to cover at |east a portion of said
receptacle prior to positioning said at |east one first-1level sem conductor
devi ce therein. -39 67. The nethod of claim®66, further conprising

renovi ng said adhered filmfromsaid | ower surface follow ng curing of said
encapsul ant in said receptacle. -28-
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at least one intermediate conductive element extending laterally between and

25 electrically connecting a bond pad of said at least one semiconductor device to a
corresponding contact area of said interposer; and
at least another intermediate conductive element extending laterally between and
electrically connecting a bond pad of said at least another semiconductor device

and another corresponding contact area of said interposer.
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circuit in alignment with said bond pad; and
at least another discrete conductive element electrically connecting another portion of
said at least one redistribution circuit and a corresponding contact area of said

15 interposer in alignment with said another portion.

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

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

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

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

semiconductor device.
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14.  The semiconductor device assembly of claim 13, further comprising:
at least one discrete conductive element extending between and electrically connecting
a bond pad of said at least one semiconductor device and a corresponding bond
pad of said at least another semiconductor device in substantially alignment
15 with said bond pad; and
at least another discrete conductive element extending between and electrically
connecting another bond pad of said at least another semiconductor device and a

corresponding contact area of said interposer in substantial alignment with said

another bond pad.
20
15.  The semiconductor device assembly of claim 14, wherein said
corresponding bond pad of said at least another semiconductor device comprises a
portion of a redistribution circuit on said active surface of said at least another
semiconductor device.
25

16.  The semiconductor device assembly of claim 15, wherein said
redistribution circuit further comprises a circuit trace in communication with said
corresponding bond pad and a redistribution bond pad at an opposite end of said circuit
trace.

30
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20. The semiconductor device assembly of claim 19, wherein another

semiconductor device is positioned adjacent to an active surface of each of said at least

two semiconductor devices.

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

20 device and said interposer.

22.  The semiconductor device assembly of claim 21, further comprising:
a quantity of underfill material between at least peripheral edges of said at least one

semiconductor device and surfaces of said at least one receptacle.

25
23. The semiconductor device assembly of claim 22, wherein said underfill
material is located between adjacent surfaces of said at least one semiconductor device
and said at least another semiconductor device.
30 24.  The semiconductor device assembly of claim 21, further comprising:

encapsulant material covering at least a peripheral edge of said at least another

semiconductor device and adjacent regions of said interposer.



|t OF1#10% ; & ()- 9)"10%& ()-!p9)"109%7& ()-9 #109X& ()-!p9

#10997& ()-yz{9"?1 10@@ yL#10%& ()- !aL#10%& ()- !, L#10%& ()- ! XL#109%& () -
s109%& ()- 10@® 10@®; v}[<?1 10@ L T#10%w& ()-!fL T#109& ()-L T#109%& ()-!fL
T#10%&' ()-L-#10%&' ()-!aL-#10%& ()-[ !"'frPl 10@@L

T#10% @ #1090 GTG&' ()-MLO% & ()- 10 10 10! fLI 1#109%&' ()- !kLI 1#10%& () -

f MBz[ 9P1 10@@ k -32-

#10%& () -f#109%& () -M Xf#10% \ 1\ & ()- M #109%& (1) M Nf#10%\ b\ & ()-M S

f #10%g9& () - I\/Brrefzéhvvl [1an semi@anduetandeviaydssend)ly of gipim 21 ,1fyrthergopprising:

ce (VT v Eobdisgive sthichiie Sy Shiiuetbboe G s Brtic bR bt B 1 . oo

*zX6ML her-level substrate,

10@@ pol 1@#10%7&'%)- M pol 1@ 109 7& ()- MD#109%& ()-' ! pO#109a7& ()-' ! k9#109R22
& ()-' ' k9#109%228& ()-' " -uS10! p3#10% 5] 5& () - 9! k3#109%6GX5& () - 9F" 1096&’ () - ! F"
10965& () - 91096& 77 1077 . . o

1077- &> uS10! ! Llogﬁ\sgewcwmb%w@as?swwf elao g e uhereip spids s gom58 () -
91 t 3#10%58%8hddctiPh KAl s oL A EhOVEDGed o A BintorpbstP Ui rete

conductive elements that protrude from said surface of said interposer.

27. The semiconductor device assembly of claim 26, wherein said discrete
10  conductive elements protrude from an opposite surface from that by which said at least

another semiconductor device is at least partially supported.

28.  The semiconductor device assembly of claim 26, wherein said discrete
conductive elements protrude from the same surface as that by which said at least

15  another semiconductor device is at least partially supported.

29. The semiconductor device assembly of claim 26, wherein said discrete
conductive elements comprise at least one of balls, bumps, columns, pillars, and pins of

conductive material,

20
30.  The semiconductor device assembly of claim 1, wherein said interposer
includes:
first contact pads on a first surface thereof for establishing electrical communication
between circuitry of said interposer or a semiconductor device supported
25 thereby and a higher-level substrate; and

second contact pads on a second surface thereof, opposite said first surface, for
establishing electrical communication between said circuitry of said interposer
or said semiconductor device supported thereby and another semiconductor
device assembly at least partially superimposed over said interposer.
30
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surface and including an active surface, at least a portion of which faces said at
least one receptacle; and

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

15 semiconductor device through said at least one receptacle.

32.  The semiconductor device assembly of claim 31, wherein said at least
one second discrete conductive element comprises at least one of a ball, bump, column,
pillar, and pin.

20

33. The semiconductor device assembly of claim 31, wherein said

corresponding bond pad comprises a portion of a redistribution circuit on said active

surface of said first semiconductor device.

25 34, The semiconductor device assembly of claim 33, wherein said
redistribution circuit further comprises a conductive trace in electrical communication
with said corresponding bond pad and a redistribution bond pad at an end of said

conductive trace opposite from said corresponding bond pad.

30 35.  The semiconductor device assembly of claim 34, wherein said
redistribution bond pad is positioned adjacent to an outer periphery of said second

semiconductor device.
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5 electrical conductors on at least said upper surface;
at least one first-level semiconductor device positioned within said receptacle, each said
at least one first-level semiconductor device having an active surface;
a second-level semiconductor device positioned above said upper surface of said
substrate and attached thereto, said second-level semiconductor device having
10 an active surface; and

electrical connections connecting said at least one first-level semiconductor device and

said second-level semiconductor device to said electrical conductors.

37.  The multidie semiconductor device package of claim 36, further
15  comprising outer connectors for attaching said multidie semiconductor device package

to conductors on an object.

38.  The multidie semiconductor device package of claim 37, wherein said
outer connectors are mounted on said lower surface of said substrate and conductively

20  connected to said electrical conductors.

39. The multidie semiconductor device package of claim 38, wherein said
outer connectors are conductively connected to said electrical conductors by conductive
vias extending between said upper surface and said lower surface of said substrate.

25
40.  The multidie semiconductor device package of claim 37, wherein said

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

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

columns, conductive pins and plug-in type electrical connectors.
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44.  The multidie semiconductor device package of claim 36, wherein said

10  electrical connections connecting said at least one first-level semiconductor device to

said electrical conductors comprise elongate, intermediate conductive elements.

45.  The multidie semiconductor device package of claim 36, wherein said
electrical connections connecting said second-level semiconductor device to said

15  electrical conductors comprise elongate, intermediate conductive elements.

46.  The multidie semiconductor device package of claim 36, wherein said
electrical connections connecting said second-level semiconductor device to said
electrical conductors comprise discrete conductive elements interposed between said

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

47.  The multidie semiconductor device package of claim 46, wherein said
electrical connections connecting said second-level semiconductor device to said
electrical conductors comprise one of conductive balls, conductive bumps, conductive

25  pins, conductive columns, conductive pillars, and conductive regions of z-axis

conductive or conductor-filled elastomer.

48.  The multidie semiconductor device package of claim 46, wherein bond
pads of said at least one first-level semiconductor device are connected to
30  corresponding bond pads on said active surface of said second-level semiconductor

device by first-level electrical connections.



/10% 0& ()-@, 10% 0& ()- @10% 0& ()-)S10% 0& ()-'10% o0& ()- @y10% o0& ()-c%Wnho
&HE&E&&&E&&AE: / 10' 0 10' 0SS;
y10% o0& () - @®10% o0& ()-810% o0& ()- @10% o0& ()- @BL0% o0& ()-@1
10% 0& ()-&&&6' Q| """ xY:/ 10'0, 10% & ()-
10% & () - SlO%&' ()-S10% & ()-10% & () - 1(_)3%& - 1000 ((50O0)dE:/ 10'0,S
10% & () -
10% & () - LglO% & ()-Ss10% & ()-,-10% & ()-SF9!10% & ()l 1)) 1****C+dE: /
10' 0, S% 10% & ()- 99$T1’ﬁ'%r&ul(tl)he§egnconductor device package of claim 48, wherein said
]1'8% & gi Ofl;f é?gg—f%yéld@/% t’%‘@ %&%ecﬁc@s%%eﬁ)saﬁ%%na’p%dg of ﬁl':d ét least one first-level
. 310% & () - SefiddiMudof devide@a%hi¥l dotrespBhdie®ontl paddbf said secatid fevel
10' 0L1096&: ()- 10\ 10\
10\ S9910% & semi@nducios @9\(19& con@TiEe eneof gondegiwedsalls, qonductive bumpg/ eiBdbdive

ig%él (()) &@}%@% &oxa(%) @ : %?gcogﬁgﬁﬁﬁ@ve}ﬁ%lars ancFLco(n)dugtlve regions of z-axis

10' 08F1096& dohddANEE: Con@ekRYiRAQasiohIBE () - & 10968 () - SLS1096& () - 41] 111 2
} 223dEnbC

10' oy, 1096& ()-S*S109%& () -' #109%B& () - %4 09%B& () -9%$10%& ()-S"'S109%& () - 3k33
3/ 4{ 44dEnbC 10' 0&8! 109%& () yS6109%& () -S4109%%& ()-110%%& [ 109%& () : z
10968 () - 444555N5&§]5 %@‘ @W‘?O"P&“’%@w 1(‘”)"{‘2‘?1?1}’0%@"‘(‘&8 JhssRRsq -
105 1059 100@@61{&-1’65&@@1@11%&%%106 1s attached to sa1d u}I)__per surface of said substrate of
10' 010%4& () - & 10%4& () - f3109%4& () - syF10%& () -f
10948’ ()1Ow7 A8 ABIDEBBEELC 10' ofI" 0%—1& ()-@10%4& () -310%4& () -fym
109448 () -ff 109%4& () - @10%& () - 8) 9h9k99: V: dEbC 10' of S,
10%—!&' ()-f*109%4& () -S) @O%H& () -s' 10%4& () -fod0%& ()-f$S10%& ()-V:::
; ; 0<dEbC The

51, ultidi d d k f 36, wh b
10" 07y #10%4 () - y161008 8 T i Tpsaienetr &viashg 59 SIS e?““l%%’% ()-0
<G<H<I <J<O<<sidedfBaid at least one ﬁrst—level semiconductor device is substantially coplanar with

said lower surface of said substrate.

15
52.  The multidie semiconductor device package of claim 36, further
comprising a third-level semiconductor device with an active surface, bond pads on
said active surface of said third-level semiconductor device being attached by
conductive connectors to said lower surface of said substrate.
20

53.  The multidie semiconductor device package of claim 52, wherein said
conductive connectors on said third-level semiconductor device comprise one of
conductive balls, conductive bumps, conductive pins, conductive columns, conductive
pillars, conductive regions of z-axis conductive or conductor-filled elastomer, bond

25  wires, conductive tape-automated bonding elements, and leads.

54. The multidie semiconductor device package of claim 52, further
comprising a second first-level semiconductor device positioned below said at least one
first-level semiconductor device in said receptacle, said second first-level

30  semiconductor device electrically attached to said third-level semiconductor device in a

flip-chip arrangement.
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semiconductor devices mounted side-by-side in said receptacle.

5 56. A method for assembling a multidie semiconductor device package,
comprising:
providing an interposer with a substantially planar substrate and a receptacle formed
substantially through said substrate, said substrate having an upper surface and a
lower surface, at least said upper surface having conductors thereon;

10  positioning at least one first-level semiconductor device within said receptacle, an
interstitial space remaining at least between peripheral edges of said at least one
first-level semiconductor device and said substrate;

positioning a second-level semiconductor device above said upper surface of said
substrate;

15  electrically connecting said at least one first-level semiconductor device to at least one
of said conductors on said upper surface of said substrate and said second-level
semiconductor device by first-level conductive members; and

electrically connecting said second-level semiconductor device to said conductors on

said upper surface of said substrate by second-level conductive members.

20
57.  The method of claim 56, further comprising introducing a quantity of
encapsulant material into said receptacle so as to fill at least a portion of said interstitial
space.
25 58.  The method of claim 56, wherein said introducing encapsulant material

is effected after said electrically connecting said at least one first-level semiconductor

device.

59.  The method of claim 57, further comprising introducing a quantity of
30  encapsulant material between said second-level semiconductor device and said at least

one first-level semiconductor device.
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second-level semiconductor device comprises forming or positioning intermediate

conductive elements between bond pads of said second-level semiconductor device and
corresponding conductors of said interposer.
10
62.  The method of claim 56, wherein said positioning said second-level
semiconductor device comprises at least one of positioning said second-level
semiconductor device in a flip-chip arrangement over said at least one first-level
semiconductor device and positioning said second-level semiconductor device over said

15 interposer.

63. The method of claim 62, wherein said at least one first-level
semiconductor device and said second-level semiconductor device are secured to one
another before said positioning said second-level semiconductor device.

20

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

25
65.  The method of claim 64, further comprising singulating individual

assemblies or packages from said multi-interposer substrate.

66.  The method of claim 57, further comprising adhering a film to said
30 lower surface of said substrate to cover at least a portion of said receptacle prior to

positioning said at least one first-level semiconductor device therein.



-39.

67.  The method of claim 66, further comprising removing said adhered film

from said lower surface following curing of said encapsulant in said receptacle.



