MULTI CHI P WAFER LEVEL PACKAGES AND COMPUTI NG SYSTEMS

| NCORPCORATI NG SAME CROSS- REFERENCE TO RELATED

APPLI CATI ON [ 0001] This is a new application filed
under Section 26(6) of the Singapore Patents Act
claimng the earlier filing date of Application No.
200206004-4 filed on 3 Cctober 2002. BACKGROUND OF THE

| NVENT! ON [ 0fa] 1Al ve{ pERS EPKETACRA GRS Pr esent
packagi AND COMPYRINGSYSTEMS INCORPORATINGSAME 0N
relates to wafer level nultichip packagling such as,
for exanple, a systemin a package solution. [0003]
State of tAeOSSREFRRENGIFORENAPEDRPHACATIORS €r ' ed

to as die/dice herern) are ound 11T _many el ectronic
pri66@idt sThisdaynewlppEeativn fleduntiarSediiae26{6) ofsieSihgtporaRhtents

re c | ex,... the pr.obl em. of ing electrica
At fnecfs B i L SRpESH RN o T4 S i Qber 2002,
carrier substrates such as printed circuit boards, and
connections to internedi ate substrates such as

mul ti chi p nmodul BACKREROVNDOF THEINMENTIOMect ed to

c | ar bst.r.at.es ha en addressed with a variet

o TOBAHG BRI YRUBTorAE: 6F reseohe ennoar et poet Y ihe
semi@ﬁahét@rrpa@pigiﬁdgé \‘/hiﬂ&e ipRgicuiday e &séﬂ@ﬂx@bﬁlﬂ)n;rélgﬁ% & viiTad level

connecti on ceS, such as bond pads of :
multiskifipeekagingsuch asi for examnle, asygemlieapackage whitioad f r ame

(o]0} i.ned. I n..a ceranic o | asti ackage,. Fi.nished .
ol e <SaleDbt R G S Goduglr bt CBiEERET o o5 SRS ereo) e
foundinl haBtl€utroidipkodaers tsllay WAS k@nichRiueton dice lget sdlér 4 kfore complex,
el ectrjcal connection wth_contact pads on the ]
the problam et making eleeftical compaBins baisveer semicendyatar dice sarrsctions to
: ' " LT i i GOF t
carrif bR o o H ke B b Y B S B syt sueh
as multichip anduleadichfareqirstam, cotidtied & cat@dtisaistrafeshastes® addrésed with

connections for a sem conductor device created by
avar%f%?tﬁ’ﬁnﬁ?l}t FVeringsPliPBbnd pads | ocated on the active

SUI0BAC_Bhe bt SEILAONAUA! ALAGY Wbl £l 8RN connection
| ocati’'ons on the active surface o e Sem conauct or
devias,sucteas 1nd ipadsddfiatsernivahductor dig, to pyins ar leadeio€ alday frame contained in

ef fected.usi a_sq- called "redistribution | ayer”
a Cef@m%mf%c PARKREet Faialiet POSkageRars MR 19 aqaics Subsptegsuch as a

printSESRRHINA! Rhere HeSind AU nfARe 8 'l'r:]'&li te?tfg)(rngxlvﬁ? Ec{ﬂt&@{)ads on the

connection technology occurred en nu
carrigresmbgtateduct or di ce were nounted on an internedi ate

su t n this.instance, the, senjconductoy dice
S CpERLERITE CNLTE. LR -
devided bluHes Wbt!oABy contadf s of £Eubdtrate and bond pads of a semiconductor device

but also I/O connections for a semiconductor device created by adding circuitry from bond pads

located on the active surface of the semiconductor device to different locations on the active
surface of the semiconductor device. Such additional circuitry is typically effected using a so-
called “redistribution layer” extending over the active surface or a surface of a semiconductor
die.

[0006] An evolution of electrical connection technology occurred when multiple
semiconductor dice were mounted on an intermediate substrate. In this instance, the
semiconductor dice are typically connected to a lead frame by way of bonding wires. Signals, or
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el ectrical connections, required for coupling with an
external device, such as a circuit board, are brought
out to contact pads, pins or |eads of the nmultichip
nodul e package. OQther signals or electrica
i nterconnections nmay be established between nultiple
elects@btamacions,vequitied éortepupliang with ancdxteemuil devicd, suchiad a oficditi®ard, are
i.nternediate substrate 007]...I.n these saql utions, .
brought oo FpRtadt P PR et G e Fie BNORE Pkl W signals or
electSeHP ftdrédrRectRRE MY bE MR RN QR e ESe S@RicGIRRDEdice by way of
probl ens. Such problens may 1 nclude, ?or exanpl e, size
circugrycfopiedoin the mterinadiptersebstiateeent s for t he bond pads of

th m duct.or. di e.and. cont act pads of. the

L oD AR H S Bt SOt e e 3 sanicg itor s g a substrate
and Wik NRdindl pr&sse¥bdneerEproble8RK 886 RS emWra$ irRWRIBPfor example, size

causi ng shorting between adjacent wires; and high

and pifch fprcing)aguriremgnts dor thobehdarads of the semiperiduetgr dih end\gangact pads of

v SRR PSSR G B BEFR s bW
wire 6@ dagdifeshottihgdetvedeh aticens Mives; @hd hidh SnAIrfRIALETS seffiRbnductor
. exanple, Instead of wire bonding, conductive bunps
dice ggking the wirghondimgayeness diffigult gndexpsasiver nmay be f or ned
t | geati: : - .
L i e R T T

someafi these PepbbantsC ot exafdptes $nseead B wite bondigg eomlucivetiviths such as, for

h i h
exang)??r; ?):a]?ﬁ? &{)@gfrggf ‘Qse’ f@%rgﬁqaatltﬁ%logpg{y)rgé gﬁr t@é g(?rfdéglﬁg gfs a Seum%con?lgctor die.
A . . . . .
PEOADRA e LR S kAL S e gt
bonditrgeprbcassks padtheo tartibresubstrates anchuastagrinttidesirciihBoard may have electrical

sem conductor,. die is "flipped" upsid OWn so e
conmgfagpeaans ety puemias P pespaly e BROPHDT ehf spider balls on
the Hﬁﬁ&i addfof theGRfdoRAuciIHIR. MBHeBemRoR@IcHR GidiS FNiBPed RIpSIAE lﬁ%\\w so the

eats the solder balls until the solder begins to f
solderrballbhara plaged, forgxarople captbe doniart padsrof acerripusibstfater A solder reflow

canri.er substrate. .Uopon.cooli.n he | der .fornms bot
proci e e SPAEH S Pt B AFER Siicho loR Gl B0 ish f Pesponding
cont§@phd 6f a Gk siittrated Whoh BSOIMRMhE S61d&tTbRis KbtemedHahRal and electrical

packagl ng solution may alleviate at | east sonme of the

conrjegfinns befeen e sarienanbstzate and the sgicondugieedies {higpeskeging solution
. i i i. f .
RS EREE A AL eI SO 0 ncnc

m-conduct or
perfadratvsanidbett@aipnalintepfitiofdie emidondihidtaridie. WRIgS,&0 a certain extent, it
conductive bunps were forned to, be |arger

allovys the contagt padsed a subptigteaisae eondugtive Sumps VEE formed to be larger, more
widdl§ gflgﬁlg&] gﬂ&&%ed%gwﬁ&é bi{ %%i&g&l&&tdﬁbee[cﬁbﬂ Qﬂfajcg fther than just

e periphery or down the center thereo
aroupn 6 feYPeriplniry osddrethp aakerghergothas evol ved from vari ous

on SEBh” e EpleeBietinee puesd o witios AR GOARychip processes t
a cogiiiéelﬂmgrll}(wﬁe?éiﬂ lﬁfe sl %Ea bi&agd & fedibed &:B%y%ﬁ@l £1tfah the size of

. i p scal e packages are typica creat ed using
the semi¢amtlestorobe r Chip seale packages Ttedymiealiycoeathdaisimg adiierpeser kubstrate.

| d bal | b d I bed. ,
Tho PR Vi SO el PP i BASL O R b e and

elecEitRBY EchinBet@Nd tRNinRRASABSubsttatOdhd MR leBEdpahlatich ARBrid] @fhpplied over
over

the chip for protection thereof from the elements. The interposer substrate can redistribute

signal connections to new locations so they are physically positioned in a desired pattern or
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the chip for protection thereof fromthe el enents. The

i nterposer substrate can redistribute signal

connections to new |l ocations so they are physically

positioned in a desired pattern or 2 arrangenent, or

to just a different pitch nore suitable for nountin
arrangemneih of kit justackBerenspifch meresuitablp foraagunting tol angaterpgser substrate.

oL AR P BB Pl i 1 v
interpo§& histia@. [Th6 kagkingBickhfemaptheabt agdthed o darri kubsiite such as a

. substrate such as a printed circuit board. [00101
Pﬂnteétﬁlfﬁmﬁb%ﬁf@ packagi ng enabl es smal |l packages usi ng

desisad . : : | P '
CORBIRY O ARy AR AR s

fine ball gfid g@aBysC Homiever, dle intedposdt sulsstrhteds Spitallyamiadedst atiopganitimaterial

.to, that used for printed circuit boards. There is .

wmclb@ﬁ%ﬁ@{qe@ﬁ,d}qsymgr tay ﬂgﬁﬁp@ﬁé‘gﬂﬂt}ﬁdﬁ*@p}é ogrgls. + Fgre is conventionally a

.. i cient f | . ~aXxnansil

R

and thieesemi¢andgctomdis wifisth sastltiag instubstaitiabstreshien the aeehinial ambelectrical

. el ectrical jnterconnections for.ned, between the
interQuCHORAGED &} Do RGeS BEIQEYC Sl BipAse? Sebstgte (e.g 2

reflow&d doRIE Borifel it dﬁr‘i’.ﬁg’llﬁE héthl tHdHha1Rgclif3&iuRRg RBimal BSdr iR of the

cycling during normal operation of the séem conductor
semighinductdive. UElke ust ofia ceramivi substtatesnayalteviatesouiel of et EE mimmatch

concfihe il L BB B O e R DSBS s B R st
suipsif)at Rieth&Qfddnte ABE BRE oRANRRAED hidlldendaRS wafer scale

~ multichip nodul es includes wafer sScale integration. ]
integratiper Waderlseal¢ ntegmptionigenery biwomyirises fobmeating mwltiple types of functional

fabricat.ing multiple types of. functional
semic BB e Tk By KBEaBble {ERkRB mer iy e greagd by

placih @4 fri&bprocyciinext to 8 nddgorg tatoller i twbnRiidrg-tybe semiconductor
m croprocessor next to a nenory controller and two

dice. nBp p3tter may henbe smgafed amrossdacentirerwpisr. phfterdpbricatgn, theayafer is
. i fer. t . .

ol SRS 53 IS R 8 g O g nsins.

Howswg iRz tapprohdh hag act bese g werytsatistadtdry Bolagort de tb letd problems created

different functigns, However, this approach_ has not
by thg ¥amationg gy Rroeesses derferping POGESSPTSs R YRfOUs &ypgs of pemory-type

semi Iﬂﬁbtﬁf‘&ic&rlﬁ’cﬂteﬁ&lng@,gg %H@fe&’t%ﬁﬁs@y | 2 1R BEERR& NS Rbe

orm ng processor various t pes(,3 of nmenory-type
inopaebie,aheehinre sagnihtie defectiveewd npl wsablef a def ect causes

an e of the foyr functions tqQ be inoperable,.the
ent1oR2l s Bukton S e feseEresayes st have BeRes s o
techrtfiélids voterd ﬁe%&?&ucﬁl@eg&ﬁﬁﬂg%gt &%’é’ﬁﬁ)atl B&in@cthtmVdeviee €8onventional

advances in bunp technol ogi es ere the conductive
solddybamps,.dn soms casks havedheanh repbedkloy stadibateps. dud bumps have

conv%@tﬂc?’ngﬂt%bg A alogq, Eﬁtl %ﬁ%gﬁ@@gh&ﬁ%@@h@@é Ve ng(\)/ gee%%%gd recently.

The St0@¥ERpS MARhUNAIRRBMPHSS shortRites 6P PR stuBS Spplied tHsehi@shductor die
stud bunps have al so been used recently.”” The stud

using)@ aprventignahwire Apnding propess. s¥ud humpingihagthe advantages effusipg a more
cost %B’Qc!tllvg gvi}e%ogdiﬁg &o%gsrs] ?&%p%fica%hr? of the bumps in comparison to the more

et

complex, multistep solder bumping process. Further, conductive and conductor-filled adhesives
have also been employed to attach the conductive bumps to a carrier substrate. The conductive
or conductor-filled adhesive may provide an amount of flexibility to the mechanical and
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usi ng a conventional wre bonding process. Stud
bunpi ng has the advantages of using a nore cost
effective wire bonding process for application of the
bunps in conparison to the nore conplex, nultistep
sol der bunpi ng process. Further, conductive and
electrieah chnneaionf thedebylcanifrasiting for someof Hegotensassonited with the

e A e A o e BB R e
Prpvizie BHwarRuRligktiof tleaxiickd f¥dd iR fitiRaRCRAN BdhctdMvice

3 electrical connéction, thereby conpensating for some
packagges,tthese prmn@wd asebior atféldbkm ¢oist ttf’feetlvemOi;man shthefhighPE
often assoc ith s9 bunp cesges as

1nteg£ﬁtlgg Sgg"é’d"‘% téon R ‘é? n a] aggfto Pli?guce for

examipib/ @ 6%hsin 686 SerhiBorfdabiot 81tsbRbors EMEOR @llé@ 9kediB \tkaR smaller
packages, there is a continued need for a reliable,

packages fithmpase eonsistenbihgmab gxpansian propegieewhile wblgmga&m endistribution of

mgna‘é g%ri{xggﬁe’or{&wl%& 33@4 a?f)ﬂ% ge?nelgoa @pl{%gr glgé: {éa) >51 Srﬁ%r%]c%r:;\v%glent, possibly

dens&ﬁﬁﬁd&@ildhtﬁly@tandar& csﬁgtlﬁatibﬁ forldn@elendn$ tood Garict st@stet O
create snal | e packages with nore consistent therma

Wﬁ%lu oﬁmglhé gﬁewqql%e W@g@ﬁ&m prﬁvgd@ neystearprs ¢ ehip pegkeging
I TR A R —
thus,depswing thaefficiphdyamdicbst effectivdndse asocifited wﬁtatpi'dﬂilcihg such packages.

attachnment to a carrier substrate. [00141 Finally, it
woul d be advant ageous to provide a systemon a chip
packagi ng sol Blmm%@' EQ%MH@WENﬁ%{ such use

t hereby incredasing Vi ages and,

t h[0915] nPhopiesayt inlentmhfindudes ayw packaging ﬁmplbhemmmeme&eds to

T M L 7

1nveﬁlﬁiﬂ REAHAY RGP HRIB AL RM 585 BAFSyIeQolusiBh.VEreafer ﬁftegratlon is

| east reduce sone of the problens encountered in th
accomplighed aising a Gbmaity am@/vartemof;kmewa good dlm/mmtamnd ththmw cajmes formed

ina ey oth Rufae; oY fom Yol udho oot e Phadtiply

diffedh typad Qnﬁtmp@%eds&owgugﬁl@ﬂm@y eR.) barfuatidll mﬁubfkermconductor dice
cavities forned Separate silicon substrate.

of dltf%fem dipgnsiensyand ﬂ/ﬁkarmg@n@ém Bhemaesentanventiomales cmmmﬁps/the use
of sq; a{lle o ! C%)B? 1e( "Hr‘i{(ﬁ’lg,ré%‘iﬁg’sse%nm d8 CdlC Irfg%g X?kagécf: )

uncti y’s semn con

di {60a6F ntThe breedis h@eﬁnoanrwhaﬁlé@thawe?dmmeﬁorH&u@rsﬁ&eﬂ&ype
invention also contenplates, the use of so-called

semicRRFIOT g5 dor greating iditiang) redistribydonsandiintsicanrechlayers idhe same
planp br £k R vethaQ@%lffs& b tHe il cl‘,}ﬁcpg%t_?@?%@&t.e & ditiBea layers

use OT processes for makKi ng Si

may3ken beaadhindtat with cendiictivedbuaps, optioradlyiit b staadard conﬁguration, at the top
di strj utlon and i nterconne | ayers in the s i .
layepfo aheio} D BPFRSON oLt Aesembly (o aicater pyhalyfie FuSh as printed circuit

bom@&%&%ﬁlh@%?%ﬁ%%ﬁﬁs&a@ese addi tional |ayers may

then be terni nate th conductive bunps, optionally
i n [@013] arddaendingda bingembridimnent of thetphesentapvention, a plurality of cavities is

etched into the top of a substrate, such as a silicon wafer. The cavities are sized, configured and

located to physically receive signal connection devices of a plurality and variety of types of
semiconductor dice. The signal connection devices on the semiconductor die may be formed,
for example, as gold stud bumps. A semiconductor die attach material adhesive with a high
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| ayer for typical flip-chip application of the

assenbly to a carrier substrate such as printed

circuit board or other multichip nodul e substrate.

[00171 Accord| ng to one enbodi nent of the present

invention, a plurality of cavities is etched into the
d1e1eqt@@cqmstaat i gpphed ta the topuifacesofghassubpteaterandin dlre cavities. The substrate,

tle are. si ur.e tedto
a waif e Sepishi G a8 Mer 5 g war GO el Bogd such that he
signaPéonhadtioh eAbeh ay@febaied lgfthé YBR@Fes With theBdraaads 6 B abtiveSurface of
The si gnal connection devices on the sem conductor die

each semyicandutor die malﬂn(g@pnfé&tawm the d@sattgeh watgtidld AolayRs of m:]dmgh
compfi) RO Rer B Ep bR IR T B ARORRM B ke O

semidof@ucotalide. aAthis rﬁﬁldlﬂgrtoh‘lpeulﬁiadtédtés&ﬁe pﬁh@%]esdﬁﬁsmfeaﬁ(ﬁls me@hanical
waf er, having the sem conductor dice thereon is

stabiljty; @é@aot%%ﬁhe seraisopdugten dise Fomhe glementsa A noréon ofithprhack surface
of th&tcﬁfﬂ&ga %9&116’&\&' SiE a8y bdcks ﬁlhksiﬁg fog s&ga‘gge{prs&séﬂ,%& the signal

ads bn

conné&tioh deﬁchscat@expdsed thekighnte badkt mcfacemﬂtlne $ubstraié. ewahtlm}hgnal
mat er.i al ound is for

A | ayer of no| ding d
conneqvenfisﬁceéfexmsx A ASEFES BYer Qe ovﬂéheo%{@v&bagﬁ e of the
wafe afﬂeQHélec @ %‘qgfﬂéﬁ ERhedto &g osyﬁi% O@Q nﬂgctﬁﬁ@ﬂe&%r use in

creates ckage structu ani cal
connedtmhltdhlglyer-lamﬂp@xﬂ(agmgts t he sem conduct or dice from

th ement s t|on f .the k surface. of the .. .
@Qﬁ]at C‘?°§d1P% Hmer & ?flllggnt&? E}Qen&pql,ﬁcnlwéht&ott]cavmes is

forméc[‘fﬁttfﬂ@fo SHIFARRIFG sPBsRERS The BAktids &J‘ﬁnﬁé&t@%&ceﬁé‘iﬁ@ﬁl‘éhhﬂ%ﬁl
devi ces are exposed through the back surface of th

entirety bﬁeaChbétheMcbuStshmmnMr diccof a@htralﬁyi tajlwpaeb@ed Therefore the

ctric r |sfor ert
cavi @A BR el 1Tt SopsPl o shee B aTeug fRbonduff O ik
individiaNschli€dhbctbodie wpe Hft ishRed | TORRY b A8NaBLit® BorfigMicdBS cavities such
for use in connection to higher-level packagin

that the aatB sudassiofp ﬁgnxcondm@r Hierplacad Mrermstapmoxmﬁéely %ush with the

S f or.
s YRR R B PR i SR st
dice ik phiceeiri the cﬁmtvﬂﬂltth@hctlve Blirface by eeh saﬁﬁ:bndifctdr AR facing upwards
vari ous sem conductor dice of a pluralit

and gl g backyarlaecs of therspraicopdustaridecs captact qhe |amefa|ma}ena1 in the
oG RN QUL A SORERPIN b 6, RS r ie

over tisetdp of the sﬂgshatedm imalyegapoberapén o divetahé theauvity sidewalls.

. such %t t c(tilve surface of a, sem conductor, die
Finally, yias qr¢ foup lﬁlt gdig] ﬁtFS yﬁﬁttogxpoqqshgghl GRnRestipp devices on the various

£4Rf. the substrate. A die attach material is
semi %cgﬁ flngt he die cavities and the sem conductor dice
ar @01Phcdte semltbmlucmv dem@amketgbs ddverdacg toke mresehtioeentibn may

each sen1c ctor di rds d such t.hat
furthgp s O IRahg lgyer (RDLS Bt o] Disgriecip: between
semicHRiudio? dRb BPﬁh@ p gé bietb réd’stﬁme siBRA1§ 898 tBS sibME connection device
caviti es. di el ectric layer is formed over the tops

locatydnstoi élesverm@sdmplmﬁ semigprrhctor dige ko mhes doppenidnt arboptionally standard
loca§ u I‘cf{) [ éefcggla%tllpg 1i-;v(i)thaapl)éxt%xailgdc'det\)/%:te\l\(@ %(r)]m%gr%ng ! ]%%hearrégistg'ilggtion layer
process, a metal layer is deposited and patterned to create an interconnect layer from the exposed

signal connection device (e.g., contact pad or conductive bump) locations to other locations.



Finally, vias are forned in the dielectric layer to
expose signal connection devices on the various

sem conduct or dice. [0019] The sem conductor device
packages according to the present invention nay

further undergo a redistribution |ayer (RDL) process

t o[OﬂbO]m Ad@itiathal pigtad layersmeayt bedhsmdilaf veedasired ertiic gl kyening

di ka t j I
procc €4 ree BT e PeE deeskisdiins THRbeCing S RbG 8ot
vias 4r¥ meeﬁn 8 Ul fRBRUSFP S0 SirmBetioRs P AIna NS neAt 1af&hay be
form@é)tl onal | y standar | ocati ons for interconnection

;tand &nallyy 2 sewiddyetiefimete ipdepositqdamd patterned to krsate an interconnect on

t b t
this e Yoo o Rt oo B s B Brome oo
| agoee1]f r Oftd the sigXd1 06RENng Pt ks RIPIEEE foPthe ABMbERT additional
g., contact pad or conductlve bunp) | ocations to

(e
interganreqt laystsalesitadsa fisal [erzomeptdayer ivfoane i Afriais jungtpes, 8 newry

o BT 8 RS sl PLOBE o BB oG

sufﬁb@)teﬂf)r the f(fr@lbmﬁﬂbﬂifewt si@al/\@ﬁlﬁéctloﬁ Q¥tices avll &t c@ﬁﬁécﬁ@{sﬁ@ﬂle
in the dielectric |ayer so _connections to an

undeglyimgmssal dayerreliinglly thy aew pigial lsanneppndsyices suchfas sanduptivebumps in
the fWoits%Y(ﬁ{b:ﬁfs ﬁ??ﬁnehﬁ}tﬂgﬁﬁéﬁﬁﬁd and patterned to

reate an 1 ntercon S new | ayer as well as
cof0oez} i amshig pmﬁthﬁ’ deuiméé,rtbstmg gndydeaccdntiplishglthtobgh theaslder balls
cg %J}ﬁ’ Once th gn | ayering process iis conpl eted
on egcgotf én%#ﬁ%lrs ’8?11 3{& §¢gar?ars CORRIER A AHRIEtE PYR{eE} Qn a wafer

segntRPintRbing@afibid v\}rpeg ?g%‘iﬁe&{dﬁ& r HigY el?lnélglb n@gﬁgss 19{:101{1};1&% by

juncture,” a ne tric layer i's
sawing fherwafédentp muipehip segments seréatingaglurality b€individuetmuoltichip multilayer

ayer suf icient fo he fornmati of new si gnal
Syst%%%é’m %%é’le g‘sre dttof 5t 208 r?ﬁ‘“@H’?’Pyons to the
underlying netal layer. Finally the new signal

connecti on devices, such as conductlve bunps in the
for BRIEF DASCRIPRION OF B E SEYHRe ' ’ DR

R At i L5 RSBl e o

modb%i*détr?ﬂ@buﬁthbirﬁr@r&dﬁafer segnments containing a
ete stem on a wafer segrnent including various
3@034bf Fi@hi ldothensh dF show erosepastipna) viewsof p syséess package at

vané&égga\gg{ (%q'alg'}/catl Qr(amé 0 atl F1 E&dl tofg% \}}réas%ﬁﬁlg n|t1f>I chi p

S, crea

mul[0025py SIGS szﬁst}@cs@h@nn mbwrbr@afs&a@asl vieadT arsgéely phekage at
test and assenbly. BRI EF DESCRI PTI. ON OF THE SEVERAL
varieysgstagess! frpEeanpadseaidis tp ancther embodimentiofiig prgsent iertion;

D R T S KR e S o

inclmdmg)mgddlsﬂtﬁusmmyman&sdmgm armﬁ&lr embedimentf of ahesgteienqmvenmn
i&@%ﬁ d ﬁ:h@ ?S(rﬁ:cp %ﬁ\gg‘% S es,Hg ]:1 bl I Lbﬁrlxgoalg pl%ga ity oq'lsggiotng, each

containing a plurality of semiconductor dice, according to the present invention;

[0028] FIG. 5 is a plan view showing a plurality of multichip modules according to the
present invention on a memory device; and
[0029] FIG. 6 is a block diagram showing a memory device including at least one of

the multichip modules according to the present invention incorporated in a computing system.



[ 00251 FIGS. 2A through 2D show cross-sectional views

of a system package at various stages of fabrication
accordi ng to anot her enbodi nent of the present
invention; [00261 FIGS. 3A through 3F show

Cross- sectlonal V|ems of a_system package including a
redi st ri butRBRAILEIMDESERIPHON,OF TR BYVBNTEONodi ment

of t k=

Ofghdif P &ér%ﬂg i @4ERig 9 M& B4 T, e fodsSs f Rltfhonring a

pack@e@ bén@ioSnducide hewc&ﬁi&t:@rdiﬁg 15§ ar&erﬁb dtfu&bntto}’ tlepresent invention is shown.
em _cqnductor dice, according to the present

Ilustyatagdn dragying Ki6b3 8)is prgss-secfignal viswanf ahaessubsieng HY- dhe substrate
102 rRAtéHaT Ha@fnc‘ﬁide%oh{/&ltﬁbﬁal 'gﬁ’gb‘xll @/ﬁ SP&ﬁ&'brﬁ dpﬁl%ﬁ%gglistr& € éuCh as is

i nvent eV|ce
well lﬁw\m A tlh:l ac I{-I@bvazgr am; aﬂidmtcmgl thatlmﬁrmb,strwte\wz;may oahprdkicrother

well-%rﬁ%%&g{aﬁ%%pﬁ{,@% qrzagqmnllpj !q}él Al p grlﬁlaﬁes %{él{t‘%@(t cavities 105 is
fonn&i’ﬁttﬁé?oﬁ émﬁ%l%#ﬁﬂh%?ﬂ%&ﬂb%ﬁf HlE) F}W BN el PRRRkropic

Referrihg to drawm ng FI GS. 1At the process
siliconfetamng ot r'i‘lmg:aahwh&ﬂmg ead:h sleﬁmaddxydwavmy babet 08: and cavity walls

110. %ﬁ%gatgcﬁnfdgg ?E(gom ﬁq reseli)esfolgpn\e/ trg)teixﬁi%iti S

geneﬁ[lg ?e?:ta%?ﬁlﬁf %%ﬁ{etﬁj 'uﬂﬁ‘og se@tl(ﬁ%@h ﬁlldptﬁé Eakiffes102 areTé%ﬁerally cubic in
su

stra 02 materi al rraylnc ude a conventi onal
shape | Howewer, weef cavitios 105 may exhubikothed geomntn@a bschrastfor exanipleas

. LS well k ovvn in he ar wever .. i S .under st ood
oxtingtigel, Phicd Biieepiteh Pa3 el FSRYRMLla! B HEFERGE- known

supesT|at Réfefiitgtherto Ar@h@PIG. 1B, t}ﬁttJS]%urﬁlUé { @b Bhe substrate 102 is

material. A plurality of cavities 105 is forned in

coatadeith algyes of Hiscastadiomaltialt @ seditpstrdis atag matesigbwhigh may be applied
ina %ﬁ&%ﬂg quﬁc}.g %V&ﬂttfixé?lns%h-lb%géds QLR tﬁ a gz%t%l%eg gﬂ)g %geca{yaagmetenal

e cavities are eac y a cavi
may bfidle Epdkyatdncadipolyimales,sis whll@s oranic afd p@%@r—bd&ed resms
drawng FIG 1 A the cavity walls 110 may be forne
Exenmzialarﬁm gtach mategalsdnchydeyes gh oI Bgﬁté&eehqnyquﬁlowt@%es(BCB)
and \?ﬁgﬁ hw%révgﬁﬁ%&)ﬂ'&ﬁb e(hﬂ&il@ cﬁmﬂlem Lzln%/ ﬁltg }aie attach
Wever, e caVI may ex

mategebﬂétmayel&: applicd tashe sfubstraﬁe(mmg chonva}tiolnallchplra&I spray coatmg process
onjcal, frustoc yram dal , st opyram dal _or .

Whe@@rﬂ‘%@ﬁé]"‘l’f%c&l 104 pggrsffalbsﬁé%ép |1§1‘i?aF?€>@P @riEgt Hy ae glled with the

die akBbh hi}erid19 @2 §§J'5vfl pg%lafgd s\ %ﬁrﬁ&fsl%l@?n thé art. The die attach

coated wth a | ayer die attach material 112 such as
mategiabll 12 raateréed mayslesirablyl exivibitc for ezarigle apli¢leac constaat up to

uid formand then.so baked .or cured .t
sppriCRPyiee e it oS i ot R DFAET. S5 TEisEgpsthe soft
bake/? H-§8eeteinp Of the W efitch Aatckl! hlelpa% Ple9&ft nfovaREnt of the

q(D)iluf/mer-based resins. Exenplary die attach materials
semicprsiugige dice $ 1 heslatioe tosthe sihstyate BOZ dmg:g Jubsequent bakibg beeuging
BCB) and which are avail abl e from Dow Chem cal
Wﬁany of Mdland, Mchigan. The die attach nmaterial
11fo03y bkeplappty (ﬁdhsfcﬂ:té deghiSonaaétbadie Usip groa'lded each having a

conventional spin or spray coating proces
plurality of signal connection devices, shown as conducfive bumps 1 16, attached to bond pads

oper

115. The semiconductor dice 114 are placed upside down with the conductive bumps 116

positioned in the cavities 105 and with the active surface 118 of the semiconductor dice 114 in

contact with the die attach material 112. It is noted that the size of the cavities 105 may be

etched slightly larger in breadth and/or depth than the size of the conductive bumps 116 in order
7



wherein the top surface 104 of the substrate 102 is
coated and the cavities 105 are filled with the die
attach material 112 as will be appreci ated by those of
ordinary skill in the art. The die attach materi al
112 material may desirably exhibit, for exanple, a

to englire pmpwﬁt@fdmwn@uivmburnps llémzitlmx thtm:avitigs tOr e t(onductive bumps

uat e Iectr suI ertl
116 e PR Rt Epflehiepld i Lo iopfl i bond
procéés.eO8det ﬁgllfal OBAREGH deRRES) SudhQis %I%é? E‘thd B@Mﬁﬂ"@r‘iﬁat&f ty&@ §tud bumps
sem conductor dice 114 relative to the substrate 102

may glge beigsedu BdthouabrdrawsiagiFKgS.diC thuaughdF sheye thetcondustiv 0.0@2]116 as
generé}lgéfhgegil %ltbégg&heﬁcg)\s; ﬁlhcglvgb&rgﬁjﬁg{ d%)ggcgliallg ﬁﬁoaﬂ%%é in Sther shapes,

includingpaltird 41d WRMAEeS, shown as conductive bunps 116,
attached to bond pads_115. The sem conductor dice 114
ar 003315 c brpddisiong®r sigpticiy, dravirg FKehd dchiopgh btishesv asisgle row of

R I e
semivdridactohdicell B4, athichdbngimt@al &is id dZentéd tranSvese! 6 ehetplaie of tlfé page.

Si zetgf th caV|t|es 105 maybe  etched slightly |ar
Howeyeretag¢on u&ﬁ&? Wm@&rﬁe@lﬁﬁﬁswés dPpeagpla frarangement around the

pen;ﬁl? dit%lel 4 alg %lg@ ofcoh@ucRlS tirfs %Fﬁ@foi%tég active

the Conguctlve unps R The ca I'es
surfathél &mffwsmhwndudlonﬂas 11414k6 almyvﬂhm thesdopelof the presenainvemtion.

Furc3mi. e Semicendiekn aRET14 may bt bt oraduicbiow Vi
apprg}?ré f g@ﬁingéa Wladdl %Péﬁte%ha?ls%fége& 0 a%&éf&n %ﬁr K u Mlllzl be

il so be used. Al though draw ng FI G5
descabeslintfurther detdilibelowe bunps 116 as general |y spheri cal

AL CrERRSRohiBe QRS 1 ol &R Bopyen o, Sring o

encabgﬂﬁﬁ% layer apbiistfmﬁ{éd oﬁ/arthétogmmgdetlm oﬂﬂ@%ﬁb&at%'l@and tﬁe back

thro%h 1F show a single row of conductive bunps
side 3 3¢ pf the ssaicenduetonilieg 1 toaershotie in dmymglfdanlD ke slobﬂﬂng layer 119

d di
may B Bl AFOLBROKAGlm BLF Rt BlShg of prsapreie the
semﬁfmdd&&r dRg9 14 amdbDs@steste 1020t €orntORPieal dhvieschlépackage. The molding
arrangenents such as, for exanple ar rangenent

an
layen | may wglide p Efledplypergnd @@é@ﬁl@é’hdmme a n@texlﬂhhadrngaﬁopemes
n 1 S
s e by SEPYBRLE PUBARE 850 805 108 UM s
degxﬁhtﬁloﬁ(ﬂm@@)fof the present invention. Furthernore, the
sem conductor dice 114 b%fe of nore than one

f ul@@35hnAftey e ré@@lngéwsr ip dispospd gn thedepepriage K4 efghe substrate

102 G5t e, 3 PR bE P shRu® 152 kR T 8106 removed

as is\dho¥Wn irhérasvég FIGOHECT: @y notidcthat Lbé papbses beclatity, the 6ssembly, as shown
substrate 102, a nolding or, encapsulating |ayer
in dyay g e AE fyravelt aran ﬁ%e%mf%\@ms GolrF)tlﬁéh@s%gPSrl%&@WH relative

to thhPEhRAG dhB&n B awing FIGS. 1A through 1D. The portion of material may be
removed from the bottom surface 106 of the substrate 102 by techniques such as back-grinding,
abrasive planarization techniques such as chemical-mechanical planarization (CMP), etching or
an atmospheric downstream plasma (ADP) process offered by Tru-Si Technologies of
Sunnyvale, CA, which is known by those of ordinary skill in the art. Material is removed from
the bottom surface 106 of the substrate 102 until the conductive bumps 116 are exposed,
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si de 120 of the sem conductor dice 114 as shown in
drawing FIG 1 D. The nolding layer 119 may be any of
a variety of conmpounds known in the art for the
pur pose of encapsul ating the sem conductor dice 114
and substrate 102 to forma typical chip scale

creating elugydottdeurtagedOp ot tllleagnbstralqmz;rawhowollm H¥G.d B iWitlethe

condfii BRppEL5 Sitaeicd SRER o ERFB it bENePh eiih Vi M amay of

expo$cBRdREVE BEnff11¢p t 0 about 300" C without substanti al
dilgr adation thereof. [00351 After the nolding |ayer
03] dTepispad therwafbrefor @;ﬁdmtfua@@ lawzl(Rdj}L)tpn@ess a dielectric

ayer 80 e ot B B BRSem i o of B Vi e Bt

bumpsS lGSaS%HQ\WF il d}a\g WIGglfFTﬁiallkl lullahtyI of v% e gpénﬂ@s 124 Rrformed
ey,

pur poses of clari he assénb as shown

in theidiglaptrig layeid 22| over (hasomdellcuvdslrmps 151 Girudyasewith o pqwcnﬁgmal etching

procci; T F580rl e R au R ot R Rl sl Gilocatete
signakdtotah Q- afdent®BE fsighb] dBRiceREinparBusd chiRtidlde bott om

surface 106 of the substrate 102 by techni ques such as

b ams‘ar i Bqﬁorﬁgdescrdbm&tbb vesiswitatian layar proeess.copibeimielzpdipent of the
prese%?m‘%/?ﬁmnq Jiescnl%: g %Vn Bld%e{] é%‘?(t}l% W QDGI'I%IEI no%eé)s egins,

nospheric ovvns reamp ocess 0 ere

as 1nh1}é prevdowsly deseritedleabogienedt, v&hrh“mbétfa@e 202Auchdy £éilidon wafer as
known by those of ordinary skill in the art. Muterial

showingn deavadedlG: 2dmAgaie %‘étw%%@m@ae@ i %lbsthOZ each cavity
e 11

belnégﬁtgfel g’& 4 §M§, é 268 a{nla%a\% oir%bs lljfr?)wgg e, i ribe ﬁ%gen%lﬁ (eiescnbed

embaditnsitl the eavifs, ZO&Sirﬁd’meWZel sﬂfﬂEleﬁt tol re&.lve\/éilb:haﬁtiaﬂy the entirety of each

uct.ive bu s 116 systemon a c
mdlvyfqaﬂ ehiFRndhgior 6 2H o ddihiens m the, C%I\ﬁﬁeérzpagreofpméiéa @4lepfh short of
backcsm'édzgﬁ Shife eﬁ%&ﬁo e aoh?@ §.§'§acé_ 92@619&@&%11&;}{%&@; &be 3 to be
a redistribution ayer rocess, a dielectric
substaatadly iR with thotopedfae 264 bfithe Bﬁi&trate@OhoIthmntedﬂlﬁtamﬁce different

106’ of h f and .t he ndu IIV
typed A OROGHaR o 1Sy Heresede s 20%EY etpeby s size
and SHapORERI ARG Savigdo bfoth@r med  in the dielectric layer 122
over the conductive bunps 116, such as with a

cotf038} i dnahown Utﬂrﬂ‘gmg;fﬂﬁc&Q lageef dis stiarblnyateniat 21§ 'srapplied in
e G e B P05 07 b B 05w

activeQUHER 220 of thedmiRdhdittor ARRMNE4G ‘fdcﬁ{gﬁlp“[a%%ﬁa tHeealk Surface 216 of the
descri bing the redistribution [%&%/er process, anot her

semigpisiigiondice 244 beingattashedstorie hasg 20 ofgts rﬁ@G@t@@@ﬂVlbe%DSasa the die
attac%qg%'lél 91 §j rﬁ\‘m}{&gm% %‘wﬂ%%l: lt(,%~I Z%UQ lﬁrs% <|:11 elea 955231% apphed over the

I nthe previ

top surfalsb m4scfkﬂsd JuBéteate2 22 @d@hn@ﬁm@y ﬁll in rgap@iﬁrbeaseen&h@mbs of the
in drawing FIG 2A. Again, cavities 205 are fornmed in

semicprduston dice Zi & agdihe c:e\awaéla@ﬂ@ y Theyisstidjelgetrie oer 122 raay be applied
ina 8&1\%}1 r@@ﬁgcegg ﬁlcggg sﬁiﬂ\%&@ﬁg% Lﬂrgy g&agng FPMY}?, sﬂon 1H%raw1ng

resent escr
FIG. 2D a plurality of vias or openings 224 is formed in the first dielectric layer 222, such as by

an etching process, thereby exposing the plurality of underlying signal connection devices
shown as bond pads 215.
[0039] The RDL process, which is applicable to both of the exemplary embodiments

discussed above, is shown and described with respect to drawing FIGS. 3A through 3F.
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enbodi nment, the cavities 205 are of a size sufficient

to receive substantially the entirety of each

i ndi vi dual sem conductor die 214. Additionally, the

cavities 205 are fornmed to a depth short of back side

206 sufficient to allow the active surface 220 of the
[ustsated ioamiving BIG.BiAcs aZtderslcubstratesdfd stithrgntmeidted sehirmndwatdridice 304

h f 2 f th b 202.
and 13} SOnBPER ORF AT FoPrUE B LB EBROND B o e
inverfoY. T8e Hl%%é’ss bE%ﬁs %@Miotw}nqﬁ d&AngRIG. 3RCHY Qhﬁgillli/zagérf lfa 1 and

in size ape rom one caV|ty tO anot her.
patteAEngprovass tqpr@htcaa\ﬁng ciFguis cogiictien laygrei08 of mgtad cca»tenagthe plurahty of

s e e B o Brh e SR B et Qa0 Gpenines
306 &%sew,lﬁlbr tha Eondaétive nﬂ@ﬁﬁha &Qb&{un%ﬁt%hmemea with

dice 214 facing upwar back surface 216 of

respechte drawing Hfﬁ&d@t tbrowhdé op 1!1143 b@ed nefdsaxl b dc the gmbodimient shawa and
des0ﬂ§8d Ofth ﬁegpffgt%%%e %gg&g "’Eﬁx t 051\%](1) 28 Eﬁér@%ﬁg hlganf ei"i‘?cb?capconnectlon

to thel ufdefl§iniziséml cBidicto? Aei394 andPireges fdedirchit GonreOiond ek 308 shown
204 of the substrate 202 and which may fill in_any
as mg@ﬁémzsz!p vsélﬁtméew ang, é0§lbébé%0né§ﬁ°ttﬂ!¢e“gf@l§rw e@ﬁamet@watwnd@vers
X |
a@o er 2 rBé’esX‘ﬁxag gmc&;bﬁrag %gtﬁ@"é Al olnol ?Péef d%%t(s)fggg & d etching

procsssed‘nwalskmwmnmlm ﬂoGOnm the pataefn eb@ichings arkd firad disenit adnnection
hown_in draw ng plurality_ of vias_or
laye@ég& ﬁgéh%éhe lin§t3¥ ]@V‘ﬁ?éléﬁybﬁ fm@edqu .aé%atmaém@limgc orawaple

alurfrfr pﬁ%gﬁaﬂ o Olgll%@écg LDutZ86 fi5fe k"R ENY 4

yl ng signa connectlo evi ce
combmwdmeb@rgi thacdmdidive bhoPS 916 dﬂtba\ﬂﬁg FiG olcearsthe béridgtads 215 of

araviig R 2 iy o Sarp LouliStian 4T HUSB PR NPT il placed
therédi’i FopW d%ﬁng&l@wltﬁ'ﬁlé ﬁ}rstodi'&ﬁlt Sbnmedtidnl 1hits Bbﬂoeéﬁhhrﬂ:e metallic

drawmng FIG 3A is a general substrate 302 wt
adhesivpébriettwesm conduct or di ce 304 and si gnal connectl on

' 306 t di t he. .
o IMATT A e FRy AR R et ispaR aa oty b g basi
threé':-@te%i EigMd1 RBnrfekfon 1Byeting PYocess B sBdw Alrawing FeFS34Md 3D. For

pat ernlg% process to create a first circuit
exaplasfeesy asiditioagldicledge yerddOas foerwbwen gletm@nfpnsmméaluan@ dielectric

layegsn_soagm%gl%l enﬁ1% %:rt II\?ext %%‘ﬁlralﬁ %{ § Qg or o emtnhg 3 f'leg @%%t%& th the

nts, ghal” *con ['on o

diel €oxkOlagersil 0 hﬁéh ﬁsh@ étéh’m%; ekpogidg bhmﬁleﬂ)'hﬁg ﬁf’st tif&it connection layer
errbodlyerrent shown and described with respect to

308 gt andgsigd bty of crcwheenigrionpregs. Finally amgwpegiallizetign ppd patteming
prodip g g pheean s kO etk TRBCHD, hling desird

elecaicatéanhhemionconiewiderning fiest titeuitodmectipn fayers3N8iand naflistditnrting

. djce 304 and crea es first circuit co ction

signatsdo e IAFALOTPOSH PP ConPSsEn to e e 1oVt & onipplicty, he
dra\:?ﬁgiﬂ![@é.ﬁ %%ﬁ&& tﬁJE%nﬁdtﬂH%kénlg%né’BJlﬁﬁodiPﬁ@dai Tag@! HdWever, this

ayers. [00401 The RDL proces$s may | ncorporate
procest mhy bempeater 4 predaterdipediunibenofaimaesd for lekangple, three times to create

three intermediate signal routing layers), thereby forming a laminate-type structure. Multiple

layers may be desired to create power planes, ground planes, and difficult signal

interconnections not easily accomplished on two signal layers.
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processes well known in the art to formthe pattern of
openings and first circuit connection |ayers 308.
Further, the netal |ayer may be forned of a naterial

i ncluding, for exanple, alum num copper or ot her
all oys known and utilized in the art. Is also noted

t HOQ424 | gﬁsmshownolmd@mngﬂ%w@e@l@@ fipal dlphetné dayauthoi iy applied

over G Rvieh Bieo b 3 fi sl Puepoiant? 35 "Rl A gpfigrions

etchinBiraédss BaAkdr0chesra praaRfyl oFlvids loR6Shings B €8 Bithe fifidl dieldcric layer
connection with the first circuit connection |ayer 308

316 exposingihevedephing cirpuit C%Pfé@pé%’ef hit: diieallierayy sigghdavice
conn&ggﬁis?ﬁ)r H]cﬂ %9 sd’f(lljép?) ? %ﬁdug 1&?)% a’clre If(?'}ﬁ it tﬂ@}ﬁﬁ?ality of

pbasi ¢ ree S hné

openingy &8 cra)gtabﬁmg:tﬁs andeslyiig@ivouit aorﬁ&eawm@ei:sm 3C and 3D
For exa a new additional dielectric |ayer

i J0P4H \ré}ptb\v@rneaﬂh%gryl eI LONARetigns 3 Pfommed, g“@meé testmg could be
accorj{}?%sﬂ[aor %%gtcbﬂ&cﬁ%ﬁﬂme ew V@%ﬁf evi\&%)&t)nnegtll&is%%dht&f aff

ni ngs I'S creat in the electric
individaglanulfcHif packagds. as by et ching, exp03| ng the

un y|n first circui.t ection | ay 308 a
e@m Hermenpy 1 ffaing L Jooh Hracublg HOA perining a ploality of
semlg(inﬁﬁét&ydlcﬂdl%\’\ﬁm gl)ilécﬁ%lk %feﬁéﬁjto%ts&ﬁrc&idﬁgtor 911'c9 46H3s shown

creates a new circuit conhection layer 314, shown I'n
accodingvp Ay elEbGlimaM, of thedgiresgniievéntion. The sxb’stratc ﬁ(])Z is sawed into individual

s 355 oBE S S AR Sl 65 i FOAAEE A
segxﬂeﬁ@ﬂfél c@ﬁt%m@oaspimlahby Jf@ém&@ﬁk{h%ﬁir dRe 4b¢AWO@D%s§i@%@f multlple

| ayers. For sinplicity, the draw ng
flmctudn@l Yasiehest iFon emnm Isqmmmdlatmi iiei 494 Al migbt ke a pragessor, semlconductor

t hi b t

die 4QEHEYSH e s htnord RSS AR seRTcopRREE e DaC BT B03 Mt e

membhf @&ps. MILHBOIFIE. 8 shé i @beghifett 406&ohRMRiSbur defRédi@Mctor dice
formng a | am nate- t% pe structure. Miultiple Ilayers

404 Arf(AID At ﬂl@ghdrbwnd%st@@ @etthe syeber oif senaisondyeton dige mlthﬁleas
segn%gg%(%'p Ifl euggi’ne olt mﬂ'll%llb%r'n'gaeﬁér}%?r{go%ctﬁé ﬁ%%n%glﬁ érft%d e of the

resulhﬁg@bfrﬂ%ﬂ@ctﬁfﬁﬁka@E and 317, a final dielectric Iayer

316 is applied over, the %rew ous dielectric |ayer

1010948 %@@mg noshieckEawigg FlGy % p mpmpry ggjaeey 00galso feferted to as a
menEfyHERL 0 GlowrSHL BB ARE SF 1ok gHP B Sl fmiconductor
devich ’:'le&ictdrdmg Itca&le presé&it Gnvextiars | Tiyg rhémrory dedcd J00nigeladesaldatrier

con ayer 314. Finally, new signal devi
subsEgRALGHEh ast}zlwtedéizrewt Qg dp YbichoRe PETFe pekaged multichip
semicORAKGE HMBeR @Wﬁla 8E @e&ﬁ%ﬂgﬂaddg)gtsﬁﬁl yRbUSI8d ’thte%vf?ﬁm A plurality of

openi ngs 318 cont ctl ng t rlyrng circuit
electrioglmenndctoms §$¥)ie foried on [i@@4Bier Wbstratt: 520 treowidgimpiit and output

d t .320 d, i

coni g g BRSGDBRae SebTRchebbe FRer 9o Tty o

one &t 195RIpabl@tE RuRRAPREhIBAGuEr dedess A0, the i ndi vidual
mul ti chi p packages.

[0046] Referring now to drawing FIG. 6, a computing system 600 is shown which
includes a carrier substrate 602 such as, for example, a motherboard. The carrier substrate 602
may be operably coupled to at least one processor 604, such as, for example, a central
processing unit (CPU), and at least one memory device 606. The memory device 606 may

include one or more packaged multichip semiconductor devices 608 such as described above.
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[0044] Referring nowto drawing FIG 4, an assenbly
400 containing a plurality of sem conductor dice
404A- 404D (collectively referred to as seni conduct or
dice 404) is shown according to an enbodi nent of the
present invention. The substrate 402 is sawed into

The candkrsulsitrate 603 éyperubly cbiipled wathat Rassionginpuindsicé @80 sweh as, for

for iqgividual systens on chip nodul es with each
exa@_g@ AADOBIR BHES P SREF aﬁptﬁﬁraqompyuw deyise dbRatreieubstrate 602
. I - . .
s alsQlopfraly Sou Rl R ATeiP bte ApUTHLHLIIR ol Ky BB, g priner o
monih@, & Ehuate 95 anothes eomputinguletice. Ateraatih@Bthripgtitagbdmaltichip
.menpr ontroller and sem.conductor dice 404C and 404D
semi RO P SR e et G o sae” sHgie 302

se t MBI Rh & Rl ' i i
40%&?@04%€§%t shoul d be ungg?f?%ﬁgB?ﬁg %?ﬁe un%g?e%?wmgs

and lpyerbeardtsaribed inddetail vir¢ing howaverethmimenti@tmanlye sueceptible to various

o SR R BB S B R Bt
be lild@é®forthEShrfieiér fOmr M J36d. Ak dther Dthe thveRIB iMclGRY iafl $nodl K tions,

€n
also referred to as a_nmenory nodule, is shown whic
equivalents, pad altesnatizes faking witbinethp spikbapd gcongl of thetinyention as defined by the
mn&ﬁgﬁgoggyﬁ%gﬁgsdevice 5 10 according to the present
P IVERET O, ‘menory device 500 includes a carrier
substrate 520, such as a printed circuit board, to
whi ch one or nore packaged multichip sem conductor
devices 5 10 nmay be electrically and operably coupl ed
therewith. A plurality of electrical connectors 530
is formed on the carrier substrate 520 to provide
I nput and out put connections with an external device,
such as, for exanple, the notherboard of a conputer
to the one or nore packaged multichi p sem conduct or
devices 5 10. [00461 Referring now to drawing FIG 6,
a conmputing system 600 is shown which includes a
carrier substrate 602 such as, for exanple, a
not herboard. The carrier substrate 602 nmay be
operably coupled to at | east one processor 604, such
as, for exanple, a central processing unit (CPU), and
at | east one nenory device 606. The nenory devi ce 606
may include one or nore packaged rmultichip
sem conduct or devi ces 608 such as described above. 11
The carrier substrate 602 is operably coupled with at
| east one input device 610 such as, for exanple, a
keyboard, a nouse, a sensor or another conputing
device. The carrier substrate 602 is also operably
coupled with at | east one output device 612 such as,
for exanple, a printer, a nonitor, an actuator or
anot her conputing device. Alternatively, the packaged
mul tichip sem conductor device 608 may be coupl ed
directly with the carrier substrate 602. [00471
Speci fi ¢ enbodi nents have been shown by way of exanple
in the draw ngs
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and have been described in detail herein; however, the
i nvention may be susceptible to various nodifications
and alternative forms. It should be understood that
the invention is not intended to be limted to the
particular forns disclosed. Rather, the invention
i ncludes all nodificatiorfsLAIM8ui val ents, and
alternatives falling within the spirit and scope of
the invention as defined by the follow ng appended
WhatG$ dbiked id:2 CLAIMS What is clained is: 1. A
sem conduct or devi ce package conprising: a plurality
of semi conductor dice, each sem conductor die of the

plpralLA¥?§?¥%§g%$d§@%ﬁgﬁﬁ%%%ﬁ@@??@% active surface

and a plu devi ces on the

a plualityl ofgeraleohdetir diveseabls sensitenduaior 8ig ofi theluralith hevihg a back surface,
surface, an opposing surface and a plurality of .
opErACHYSWiBeseH a nlwalityoh sighglicongelpr deyiees o theractiyresurface;

= e g . i Lt
o bRt bl B 0D AR b AP ARy o B formed
s uhérathesughf whdrein phdhr eflthd pluatityssfizignaludundction delices isgpositioned in
adher tgQ the attachment surface of t substrate .
il 3}%@%&%? QPSR coihe aﬁmsgrf?ﬁs_ogﬁws#lgﬂ O? semiconductor
co [ : s of
o R G Bl B e Rl oD SR of the
s uplhmbity affsignhlecosndstion devacea tittoughethb plukalisyioffopemisghfand t he
Lurality of sem conductor, dice. 2. T em.conduct or.
o mofjoi By o O B PR ent sffeind et RpRiHate bagk sifaces of
f i e phediRy 8dehiontiddtrdispon the opposing surface of
the Substrate; and a plurality of openings in the
first dielectric |ayer exposing the plurality of
si gnal nnectiqn_ devices .t hergthrough,. 3. The.
Set con i rBTomN Y eIt DiaR o TRl FrapRiTing e
a firsb BieRek iR lSy et BIFOnUBESPPRSIng shrifARDdf WRfsEbstratk; ankhe
sem conduct or devi ce package of claim2, wherein the
a plupglily of apepings indhejtirst dicleerin tayer exposing theelurpliy obsignal eennection
from. consi sting of gold stud bunps, copper
st g@“‘%ﬁ“ﬁ%@“ﬁ%‘d olated stud bunps. 5. The
sem conduct or devi ce package of claim 2, wherein each
of the plurality of _openings exhibits a deE%h whi ch
i sdat | dhgsemycoridpeiag deyice packaee at @pim 2 ayhereim e gppstrgte includes a
ﬁh“?g&gﬁgf the plurality of signal connection devices.

4. The semiconductor device package of claim 2, wherein the plurality of signal
connection devices is selected from the group consisting of gold stud bumps, copper stud

bumps, and plated stud bumps.

5. The semiconductor device package of claim 2, wherein each of the plurality of

openings exhibits a depth which is at least as great as or greater than a height of each of the

plurality of signal connection devices.

13



6. The sem conductor devi ce package of claim 2,
further conprising a |layer of die attach materi al

di sposed between and adhering the active surface of
each of the plurality of sem conductor dice and the
attachnment surface of the substrate. 7. The

s efin' co ﬁﬂw&bmlcodaldtcﬁelemaemegdﬁf chiira i2qfithervdoatpeising bfieyer of die
yer, O attac teri Cco rrses an _epo
aﬁacmﬁna@rla ispoged bpfeccd Rl BQ15HAE ﬁ@@cagﬁuefécw&ﬁaugf 108 pleyalityaf
semlgbn ﬁ@@fcﬁéé(}nh% Até. erﬁgur@d]c@ 0?&1%%&&1‘1‘& ter I al corrpr I Ses

yim rraterl he sem conduct or device
package of claim®6, wherein the |ayer of die attach

eri conpri ses bgenzoc ne. 10. Th .
Seh conthiceBreoge cpige R%%@geo? oGPty yer ofs atach
matehi8SmpRbesth@pddyiAsbiamat eri al exhibits a dielectric

constant of Uup“to about three. 11. The sem conduct or
devi ce package of claim 2, wherein the nolding |ayer

Cogp“ > T Smiich 545%' qegl‘%'ggg%g%&g!fab'@wggrgm&@f‘aty%‘r”o%?egamch
mateﬁglkb%haﬁgésall Oqiﬁﬁl[@q-ﬁqté@dp thereof. 12. The sem conduct or
devi cé package of claim2, further conprising: a first
CI rcuit | ayer over the first dielectric | ayer
ctri nected.to the nal
mect T B uGTRRES! &Fick Badkdle LR Mhon BafPeatds ek
matdnaycsaﬁnpnlg@s\beﬁg)ogﬂoﬂma&t one additi onaI pI urality of

openings formed therethrough; at |east one additional
circuit layer over the at |east one additi onal

g: ?{): EICE &11@ sén‘ﬁé{o%du&l)re{ %ﬂa e of&ﬂ{ﬂr ) C Metlrhth{e}rl;h of 613' (ﬁé attach

ayer an ou ayer

matd@ialmmiblt%xadw‘lectrw @&stﬁxﬁ@ﬁﬁﬁdilﬁuemfdeough the out er rmst
dielectric |layer being disposed over the at |east one
additional circuit layer; and a plurality of

copguct ifye séﬁﬂgﬁﬁeﬁbf'@&/?&%ai;@)gg BEcIR, Ateleln Bk #H}Jlﬁg 129Er

t he ‘out er nost ectric er and électri cal
compﬁsep laﬁditetdat hhirche @patileafwitinrmdagditérmparatirecifiup to dbout 300° C

er. meror Y. devi ce conprising: a carrier
Wl@&%bﬁ*%’élde@%gﬁ%ﬁnaﬁ‘iﬂw of electrical contacts coupl ed

with electrical circuitry formed in the carrier
substrate; and at |east one sem conductor device
padRage Thesgphiechdoctohdévie pablept of daim 2, fonther tomprising:he
a ﬁrgtacugult fayer over the first dielectric layer electrically connected to the plurality of signal
connection devices;
at least one additional dielectric layer, having at least one additional plurality of openings
formed therethrough;
at least one additional circuit layer over the at least one additional dielectric layer electrically
coupled with the first circuit layer;
an outermost dielectric layer having a plurality of holes formed therethrough, the outermost
dielectric layer being disposed over the at least one additional circuit layer; and
a plurality of conductive bumps disposed in the plurality of holes of the outermost dielectric

layer and electrically coupled with the at least one additional circuit layer.
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substrate, the at |east one sem conductor device
package conprising: a plurality of sem conductor dice,
each sem conductor die of the plurality having a back
surface, an active surface and a plurality of signal
connection devices on the active surface; a substrate
hddi ng Aamemptyadsivioegompusifigice, an opposi ng surface and
a _pl,u q]jty of openings forned therethrough, wherein

acwngﬁg S9#®t he plurality of signal connection devices is

a plurﬁﬁ’t?!o‘f eleBEiGalicBnta&ts catfplddRAitdéledtadal EiYcudtty fRABd MAbe edtlersiistrate;
active surfaces of the plurality of sem conductor
diagé are adhered to the attachment surface of the

at o R R BT FRR B Bl BB Gy i Jh g comr

OREbEtAGS theahkad ofi®sciibshduetsLdeviieTaciepd camprisiigle
attachpent surface of the substrate and the

back
s @rPlwrelity of senipendyrigr dice.repclosemicandugipidie phthe alugagi.ty hayingg back
g Ll ng: . . ;
or ooess oY 30 S S YA pturteG B Sl BB lSiocfon the
at | eashctigaeurfatput devi ce operably coupled with the

carrjer substrate; at | east one output device erab )
c SuybBtehay e sttadimenturiags, ¢h PRPQSINZSHEace mﬁﬁamy of dpenings
devi ce i en: .
ronory Do Heteti Rl Shielch i of e pliflitg Uitirablhnocdd dovices
devi ce pgokitigred ihloae af the phastlitpofoperingsanidbie dative swficesof the

i co.  oREFCER SRRy dciondiorg 1 TR SRatetse csce ofhe

active gifshrae perdidi d4h! df ik by QT S en A RBAREEbPHevi
devices§gﬁ thgeact?%gggurfacefﬂg&gggggsg?g havi ng agnws

at t achntimoughith¢ plorityaef oppppiogs; agd sur f ace and a
I it f [ f d th th [
e RO SRR PET tog HerBRent SCgter AE e GHPRL a5 ook

POST t | 08ithckdlo RSPt 6f hidophidor e, OPeni ngs and t he
active surfaces of the plurality of sem conductor
dice are adhered to the attachnment surface of the 15
supstrate permtting expaosure of the plurality of
SRR AGARERE AR BERESHED OLgh the bl aral Lty of

a carf@b&dss; and a nol ding | ayer disposed over the

attachnment surface of the substrate and the back
a prosepseranseabbf coupled f the sarriessubstraigini conduct or  di ce.

at least one input device operably coupled with the carrier substrate;

at least one output device operably coupled with the carrier substrate; and
a memory device operably coupled to the carrier substrate, the memory device including at least
one semiconductor device package, the at least one semiconductor device package
comprising:
a plurality of semiconductor dice, each semiconductor die having a back surface, an
active surface and a plurality of signal connection devices on the active surface;
a substrate having an attachment surface, an opposing surface and a plurality of openings
formed therethrough, wherein each of the plurality of signal connection devices is
positioned in one of the plurality of openings and the active surfaces of the

plurality of semiconductor dice are adhered to the attachment surface of the
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15. A sem conductor devi ce package conprising: a
plurality of sem conductor dice, each sem conduct or

die of the plurality having a back surface, an active

surface and a plurality of signal connection devices

on the active surface; a substrate having a plurality

of cavi shbﬂmta‘pbmmmhg' GXpasu&é ofsthe plurdliacef signal dv@nection devices

substrate, wher sem cqnduct or die of the

pl ur al itES?“B]%ﬂ’GIPEﬁSQ R%‘ﬁéaa the plurality of

C aé/ bl ey M 'Ehsf)&%d o@éfctﬁe SHEAAGE sAifacEdE &e%ﬁl’ig;}rﬁt%'%ﬂ&' HeHack
die facing the base of 1ts respective one

pl ur al isuyfacek of teeiphiragy obsehiicstludordiect ri c | ayer

di sposed upon the first surface of the substrate and
upon the active surface of each of the plurality of

s e, ConfueihRondlick® deRBEpakMetolprikigOf openings in the
first dielectric |ayer exposing the plurality of

a plugaligniof seminendudtoratice, ershiserarsondugior Heof dhemilwalitgtbetiog a back surface,

d the subst
cobf e BREEE g el GRS e SR Rl e surce
a subsdiic GiEViAAS SREAIPHT dbitiesTokied LS Srth B Mhd Bt/ “%rem each

signal connection devices conprises bond pads 18

Thécmigerdgetatidie pbthe phyality isghepioseyan one ef the nhumty oftravitieswith the
BB ity DL S e ot e

heph&ﬂnﬁﬁfaﬂmn&;of t he plurallty of seni conduct or
di ce e sem conductor device package of claim

a firsf élelqcm“'tlﬁ@F d@B‘?ﬁE PROTGe Hrst sypéace of the pubstrate end wporgheaqtiyp surface
di es and adhering the
pacl Ao O 2 phificp bt {eRltdnfydbr SRk 7P, 20¢

a pllsﬂlty obaspﬂ:nmgmm the fimst dieletthie ldyeﬁecpoﬁmg the pheslite of siytal ofithection

the plurality of cavities. 20. The sem conduct or

deg?egmpackage of claim 19, wherein the |ayer of die
attach material conprises an epoxy material. 16 21.
The sem conduct or devi ce package of claim 19, wherein
t h é6 | ay &he sfmidéngluctot device paeltage bitlaionhy) mihsrem the substrate comprises
1R % pide material. 22. The sem conductor device

a51$§% 355 of claim 19, wherein the layer of die attach

mat eri al conprises benzocycl obutene. 23. The

sem conduct or devi ce package of claim 19, wherein the
| ayér oflheipamigendactr devidegrackdge blielaiets, o\dnmntbepluaahty of signal

er exhi bitin ielectric constant of up to
ri%O d?%?sgmqgf&”¥ﬁg §g i conduct or devi ce package of
claim 15, further conprising:

18.  The semiconductor device package of claim 15, wherein each of the plurality of
cavities exhibits a same depth which is at least equal to or greater than a height of each of the

plurality of semiconductor dice.

19.  The semiconductor device package of claim 15, further comprising a layer of die
attach material disposed in the plurality of cavities and adhering the back surface of each of the

plurality of semiconductor dice to the base of its respective one of the plurality of cavities.

20.  The semiconductor device package of claim 19, wherein the layer of die attach

material comprises an epoxy material.
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a first circuit layer over the first dielectric |ayer
electrically connected to the plurality of signal
connection devices; at |east one additional dielectric
| ayer, having at |east one additional plurality of
openi ngs formed therethrough; at |east one additiona
circuit layer over the at |east one additional
digl ectgj iy o] ne fi kst
oL SRR L BBkt o B A v
matefid] ¢obtisey ablyaldesnadt@ialred t her et hrough, the out er nost
dielectric |ayer being disposed over the at |east one
additional circuit layer; and a plurality of
c UCtry. ' j {1\ f
PR out B as R RS udded LR bl e8P ff
matesigl ¢phprisesibelzochdotmitenecast one additional circuit
| ayer. 25. A nmenory device conprising: a printed
circuit board; a plurality of electrical contacts
c le A Ccal o . £ or . _
oyt e mRpRtyds oo Gl o1 la YO Rbrefl hyer of i atach
mateda urtleer parojudsys a aatgyiabekhibititg 4 dielcetrie constantbf ap toaboutithyree.
in the printed circuit board, the at |east one
sem conduct or devi ce package conprising: a plurality
of 2.4 em FNAUEERRuGbCRYIcE ﬁ&&aé@b’@ GARAUC F&ﬂlexdéo?nﬁi‘sinﬁh e
plurality having a back “surface, an active surface
a firsheicbut lppletioedr ithoyfirstf didegnalayeratestriallp porhected testhe plutaigy of signal
active surface; a substrate having a plurality of
cSAPPPLONASYIRESy in a first surface of the substrate,

at leadh\@ieQidBitioRA el &fTH 16RA HaGInRrat Bh& o8k addiforl pluAlity! Mdpé%ings

di sposed in one of the plurality of 17 cavitiés w't
t hieredtthersthrughe of each semi conductor die facing the

e qf.its .respective . one of th lural.i;ty.o .
ot 32 liond) b RSP el afaiolBubletilavenigmicaty
f i gowpled withabefinf citdu@ 15@Bst rate and upon the active
surface of each of the plural Ihitalé of seni conduct or
)

an og?rgp,st (gﬁectgc Kyerhavinga Ri\pra]étly@,ﬁ fqrm.ed ﬂ@rqﬂprpggh, the outermost
0 SERGH16vcl BYRE 4 SXREFONY e 18 148 LMo B8 cOLMINer: ang
connect’r on devites: ) conputing system conprising:

a plugality ofdoaductive duinps diegused ingh@ploptisseihotis@f dieloytetiogt ditkctric
to, the printed circuit board, . o
layer and electrically coupled with the at least one additional circuit layer.

25. A memory device comprising:

a printed circuit board;

a plurality of electrical contacts coupled with electrical circuitry formed in the printed circuit
board; and

at least one semiconductor device package coupled with the electrical circuitry in the printed
circuit board, the at least one semiconductor device package comprising:

a plurality of semiconductor dice, each semiconductor die of the plurality having a back
surface, an active surface and a plurality of signal connection devices on the
active surface;

a substrate having a plurality of cavities formed in a first surface of the substrate, wherein
each semiconductor die of the plurality is disposed in one of the plurality of
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at | east one input device operably coupled with the
printed circuit board; at |east one output device
operably coupled with the printed circuit board; and a
menory device operably coupled to the printed circuit
board, the nenory device including at |east one

sem cowravitiesowithithe beck suafa¢eaafeactt semiaindhetarstie tacimg the base of its

sem conduct or devjice packa onprising: a plurality

of senjrﬁsé’ﬁ?ﬂ)’g_toa?Oﬁgﬁg&%%%e‘?gﬁﬁe%onducto_r die of the

Pl iidd dibl¥ctRa ey B digbobdiatpon T ABCRrfad b Jubfrafdkntap6n the active
and a pluralify of Si gnal connecti on devices on the

act i ve syrfadead eachep wehiyef kemicorfugtop dige;anidt y  of

cavi,t i faormed i.n,a first surface therepf rein
o B 3piRtes 8 1R iy el oft rbohiieot ot G olkpa
i N one dfndcHen Bévideal ity of cavities wth the back
surface of each sem conductor die facing the base of
its respective one of the plurality of cavities; a
first dielectric e i.sposed upon the first surface
ofé?s'he Jé“%gs ;tgé%s;g%c{?rﬁl%ﬁ@%e active surface of each
a pridbd tifenitodfdal i ty of sem conductor dice; and a
pl urali t){) of openings .in the first dielectric |ayer
a Progsserenstobroupled fouthe pyntsd cisquifhoprd; connect i on devi ces.

at leasbone input device operably coupled with the printed circuit board;

at least one output device operably coupled with the printed circuit board; and

a memory device operably coupled to the printed circuit board, the memory device including at
least one semiconductor device package, the at least one semiconductor device package
comprising;

a plurality of semiconductor dice, each semiconductor die of the plurality having a back
surface, an active surface and a plurality of signal connection devices on the
active surface;

a substrate having a plurality of cavities formed in a first surface thereof, wﬁerein each
semiconductor die of the plurality is disposed in one of the plurality of cavities
with the back surface of each semiconductor die facing the base of its respective
one of the plurality of cavities;

a first dielectric layer disposed upon the first surface of the substrate and upon the active
surface of each of the plurality of semiconductor dice; and

a plurality of openings in the first dielectric layer exposing the plurality of signal

connection devices.
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