;e3et LXB6xTzQ 1 - *159159* MULTI CH P WAFER LEVEL SYSTEM PACKACES AND
METHODS OF FORM NG SAME TECHNI CAL FIELD 5 Field of the |nvention:

present invention relates generally to sem conductor packa wmw I,mmmmmm
particularly, the present invention relates to wafer |evel

packagi ng such as, for exanple, a system-iln a package sol uti on.*1sB&KGROUND
10 State of the Art: Sem conductor chips (also referred to as die/dice

herein) are found i n MUTYTICHIP WAFER DEVRIC SYSTBEM PACKAGES ANDduct or di ce

get smaller and nore conpl ex, METHOPRIGIMFORMBYG®SAMEEeCtri cal connections
bet ween seni conductor dice, connections to carrier substrates such as

printed circuit boards, and connections to internedi ate substrates such as
mul tichi p nodul es which are, in turBECHDEGAETFEEHLPo carrier 15 substrates

has been ddresse vari.ety of constantl vol vi ng,,sol uti.ons. One of
The oarl B oot sl of i mtiSh T mESRal RSO Ao Seae U o S SIGIEU oo

such as bond paa&gr%f Mox%%féﬁﬁﬂy'Qhé’ﬁreﬁ@n?mv&&dﬁ'rélﬁte@fo waRtRv mdidad frame
contained in"a ceramc or plastic package. Finished packages are nounted to

a carrier substhaging sughiah forsxamplei asys@mcinapatkagbsaution. wher e t he pins or
I"'eads nmake el ectrical connection with contact 20 pads on the carrier
substrate. The term "signal connection devices" as used herein regarding
sem conduct or devi ces includes not oBACKGROBND pads of a substrate and
bond pads of a sem conductor device but also 1/ 0O connections for a

sem condd@t or devﬁt@e@f@atﬁéﬁ Sﬁpnw@uﬁgr@upﬂalsore,fequddmas)dwallmseuu)mt ed on

the active s m 6 dlff cations on
the active stf?‘f@ge oaflyt Eeé:tré ?TPP()@H% d%’ gev‘linglgog tgﬁd ﬁgran PUEi t ry
is typically cehbRs! @ ptsbléhg oBmalbing slettéitlal bﬁiﬁcﬁéﬂslﬂ@ﬂt&eﬁ@exhﬁwd ctopdicendi ng

over the active surface or a_surface of a sem conductor die. An evol ution
of el ectri calcORRSGHERSP SATIEERIPREIesICl BTRIMtetrIGHE Roards, ene pennsetian éh duct or

dice were noygy éﬁ%d%e%sﬂrﬂ&% a4 AlRichinRg u?és%vlu% eadh#lrarre hﬁ&@eﬁto%%ﬁelso

sem conductor dice are typically conne te to a
bondi ng Wr esubsﬁatgshhsbeenadch’essed wiithalvadetynéccbnsmnﬂy evagug s«ﬂdtldmr coupl i ng

with an external g§V| qfl a Gircuit .baar re broLf%ht out to.
contact pads, pin 1e5]so fions ingly eéﬁ’?'lff {ngdrom signal Connection devices,

such as bond pads of a semiconductor die, to pins or leads of a lead frame contained in a

ceramic or plastic package. Finished packages are mounted to a carrier substrate, such as

a printed circuit board, where the pins or leads make electrical connection with contact
20  pads on the carrier substrate.

The term “signal connection devices” as used herein regarding semiconductor
devices includes not only contact pads of a substrate 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

25  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.

An evolution of electrical connection technology occurred when multiple
semiconductor dice were mounted on an intermediate substrate. In this instance, the

30 semiconductor dice are typically connected to a lead frame by way of bonding wires.
Signals, or electrical connections, required for coupling with an external device, such as a

circuit board, are brought out to contact pads, pins or leads of the multichip module
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-2 package. O her signals or electrical interconnections may be established
between mul ti ple sem conductor dice by way of circuitry formed on the

i nternedi ate substrate. In these solutions, using wires for connecting a
sem conductor die to a substrate and wi re bondi ng processes can create
probl ens. Such problenms may incl ude, for‘@‘exanple, size and pitch
(spacing) requirenments for the bond pads of fhe se uctar die a

1 CO d
contact pads P8fkaghe sigpals er elecirical intpreQnnpgiionsmay F@ﬁ%‘ﬁ‘ 18 ef%eeflﬁ’é‘ﬂpblﬁg
curved W res; .t : @g@gﬁ i ; i LNg between
adj acent wr gg“%ﬁg‘%ﬁ?}?ﬁ%l gnal fcgglgggﬁ%@eg\gﬁn%%c;g%ﬂ%%dgge g%gétﬁaki ng the
wi re bondi ng pr ocdnshade fdlitians}ustngdviess femmnuesting @ s¢thicpndikiop diede h sabstraee s

i | d bal I. b h hel ped t I i at f . th
or obl ers.  ForDe NG HOOMnERECESHE G S5 PrBRFH rItch aErRIcEE Moy MSEOE Lch as,
for exanpke, RahpR, Sie a'z‘rfalcﬁquﬁ (sgﬁasfn@%ciﬂeﬁﬁﬂts%r dé‘?‘oﬂd%ﬁé bﬂgé s@hicdriiRclrad

pads of a sem conduct or pecialized lead franme, a dielectric tape
carrying ci r and contacipads efshesibetrate induptance indivedi gralsaivede thy lgngomeededrespr

ot her carrier .substrates such.as a printed, 15 circuit hoard may_ hav

el ectrical cdoHfe oflldé)ﬁeali eaaﬁﬁgﬂge NFE °%B§“‘§3P?ﬁ?lﬁét’%“”&ﬁ% %(ﬁac(?B ‘?"é%%%@“glb_ t he
pl acenent of sidngl S&ueRdy semlidond@toridice kitk M8 Sbredonding pfREdsERfidule bt di €.

The sem conductor die is "flipped" upside down so the solder balls are

pl aced, for &Xpemsivé, on the contact pads of a carrier substrate. A solder
refl ow prgcess he e | dek | ti sy ' £l ow and
bond wi tEBa corre?pl)%ﬁci}i‘ilkbntg cgg eg?&blggolgﬁﬂgi lgél’l’l r hgﬁ%lé@?%itgillgxgat%@; ©

cool i ng, the of@leseproblep¥s FoOéAmPRS; inrhd of wire Borligs conduslivemumipRehtoas for
between the carrier substrate and the sem conductor die. This packagi ng

sol uti on may exmnRlg; balls opsoldes may bs dormedrat thedogatiempafdheRondads &fifs,  al I owi ng
for higher fr :f 0 ty 194 tal : |

sem conduct of &g#gﬂ&%fog?g t%@%&@%&gﬁgﬁtﬁéll t aﬁakg&g%%&%%%g% a[s)ads of
a substrat e whetia taperadtomatedbdading provesses, foo othercarnderisabsdtmtegsuch asmpeinddel y 25

pi tched apd pl aced apywhere on the sem conductor die activ urface rather
Dhan | ust> ar GIFH pO5E R8Y FYRelSr el eRRRCHIORdoRDARSHCh FsEaBMal ceicy comsmmon
packagi ng hag, g platesledt'o? MedldePbilis Sh AR palid PFEOSiBERIBERPER. The 2

configuration wherein the size of a package is reduced to Onl@é slightly
| ar ger than streicondustayidie inEflipped apsida down selthe. solder balls erd plagsd clonepesnpde; on

typically created, usi n_interpngses 30 .subsitrate. The sen c or..di e,
w Eh* ool ter  onspoiaifralE pp et BRRiE o8 Pt FE0E biboetdaf R FRRFl Shif
el ectrical | y tioRRE b&fns 16 floReanidbofid MR AT ofdipohiial @oRtact pad o L4 ERREHUBEtatd)
material is applied over the chip for protection thereof fromthe el enents.

The i nt e?Pos&iposgpalingathe selder forns bathmeghanical gahelectical sennestiens betweenthe

| ocations so ! : - Sirrly | J: i : r
arr angemant . SBPCY SRREPREHE Rahifonduothe BRC MRS ol BUIRR AAUBRLS Rl
i nt er poser suhne vfthe indiotaackhroblems,| allo®ingdor higheh fedquereylperfpsmaney andisstiebe
formed at ot her gontact .pad | pcations_on, ihe inter.poser suﬁstrgtﬁe. The
resul ting paé‘!g&ﬂémﬁwytoﬁ _ sB’é‘l"‘SP’fl‘éfé?fé’éF't_ 3¢ 'R 2CFTIRUP XGRS ALPWS WG EANEY o
printed circyhds JFadibstratd Wikbrs EHARCRRBIRES HekrE RAREE Bo 5 Mt cer, RFK A8feR, UST Ng
desired ball “grid arrays or fine ball grid arrays. However, the Irterposer
substrat 25 spitghed and placetbahywheream the sparicandustoedicaktivisucface mthehthag fuse as, or

simlar to, that used.for printed circuit boards. There is conventionally a
si gni fi cant ﬁﬁ%‘%ﬂ’&?epﬂhﬂgr‘i%&ﬁef?rgml{be%?ft her mal expansi on (CTE) of the

i nterposer substr gy RAK phbl@ghRHas ORI fom FafousQidn@irdrRf-ehipipistetsts to a
substantial stress on 10 the nechanical and electrical interconnections

formed bet weeonfigumation whersirithe size ofla package ismedicpd treonly slightly darger teangthe size

refl owed sold connecti on),. dyti.n he normal .t hersml | . ng _during nor mal
operati o of o e SSBPReRRdicd i shale gl s il ermied i ilelp )

al | evi at g9 SogmsRhte! TRe Sehficstidunit i, With S6d&Dallsibr Bimss SuoN &4 kaeried vbéveglrer
cost relative to nore conventional interposer substrates. 15 Another

advance i n t dtachedandsilectrigally epnnscied duthe interpeses qulstiaterand ag eacapsulaticagr at i on.
Waf er scale | At J . j i i i of
Functi onal s Sl abitiba?§RhE LS SR ASPbADE b b lald, PSploiSE, )
system may bsubstrstatatretigtributetsigial conficctiony tones foeatioresb they afe phLtiRaly
controller and two nenory-type sem conductor dice. This pattern may then be
repeated across the entire wafer. After 20 fabrication, the wafer is sawed
into individual segnents with each segnment containing the four different
functions. However, this approach has not been a very satisfactory solution
due to yield problens created by the variations in processes for formng
processors and various types of nenory-type sem conductor dice. For
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-4 conductive bunps to a carrier substrate. The conductive or
conductor-filled adhesive may provide an anount of flexibility to the
mechani cal and el ectrical connection, thereby conpensating for sonme of the
probl ens associated with the m smatch of CTE often associated with sol der
bunp processes as discussed above. 5 Howeger, in |light of the advances nade
in fabricating sem conductor device packages, there is a continued need for

a reliable, . g@ﬁﬁoﬁ‘édfiﬁ‘ afdiegi%@@haﬁ ioPﬁl're_\ﬂgEI:ﬂelﬁ, SHENRE a HiffeRAT BitdhGRore fsuitadld BHS

functi onal m conductor dicCe in a single package to produce, for exanple,

a system on anmating terauivterposetisubsirateu tAroadditinalrset ofsondustiveburapsimaythen bat e
smal | er packages . th nor onsi st.ent thernal ‘expansi.on_properties,while
enabl | ng't he g dlpOeT TRt G DGR BE BURRLE! RONCHE, TREEOGRE FERUER | ous
seni conduct Okyaithéh BeatRAcKEAS a CAMLMbSHRte sURASS b blilted B8 boadld Optional |y
standard configuration for attachnent to a Garner, substrate. Finally, it

woul d be &dvant agéhipsaals packagingenablsysmalhpaskagss ssingdesired baJl grid arodysof fine

usi ng known d.dice ch use thereby i.ncreasin h ield of usabl e
packages 15 REA0 RESs SR s DRSH AR K ViR Gel & sBbtiRfeta
associ at ed Wwhichk €ésam8 gs, v ifnifag ek daeased RirPrinfddldntuitbodridy EfELR The
present invention includes, new packaging inplenmentation nethods to solve 20
or at |east reerisatonalia significqat pispatch in theeeffigicats of thermaliegpansion(CIE) of
General ly, t . £ i i Julat i chi al 1 m on
a chip-type so @Cﬁ%ﬁ& s&’%aéfee%d%%gﬁa “ﬁgﬁmﬁ‘%‘%?%%%}@é‘%wﬁéﬁgﬁSé%srg’h’r ality
and vari 0y dHe ticvhanicgd@nd eldtigiealdneicanmeetons foled mtwednithssehmconddctondia and
separate silicon subst ratz. The terg1 "variety" includes sem conductor, dice
of not only HMNFIPRYCE DS LSS ¢ Hicflovisd seldercopnectigy) durin naldhermal gypling 5
functional l'y 434 ﬁ&ba?@&é’fﬁﬂ%‘f‘ﬁfe%n%ﬁ&uc@ér i, TR d%%f&'beﬁ&rﬂﬁ' sﬁﬂsiﬁaf’élﬂa}/ O
arrangenents. present 1 nvention also contenplates the use of so-called
"known good dilevidte soméaithe €3 Etrhismetehicamnechsdibat acionsid¢rabliphighacdoatpethtive toe

present invention enables the use, of processes for naking silicon-type
ongntefioses St

sem conduct o CEVFY onal redistribution and interconnect
layers ipsthe 30 agBhePhdaficedh tiRAdFe oH rAflAshiy fdduReidclided iRk sdaledflekfaGon.

mul tichip arrangenent. These additional |ayers may then be term nated with
conduct i ve biYafer,scalpintegratiangenerally somprises tabsigtingguvltiple dypes af funbiéonabp | ayer

for typical fli.p-chi l.ication t assenbly tq.a carrier,.substrate
such a6 pri neetiSefbel B h AgtnaR it A7 PTG o i B By of erealeh By
Accor di ng tOpnemgamfﬁa@bmeésopﬁextmméma@rﬁon'tramrahﬂmmanﬁlryufy?bi ty of

cavities is etched intg the top of a substrate, such as a silicon wafer.

The cavi ti ess@pigondustogdice.ohhis gatiesn may dhendiegersatedsoross S eatieypvafere Afigs si gnal
connect i dewi: d j . | ! t

i o, THED o1 SRHEADa e JaRr il Qi@ MR S te R ERHO e AT LGAIIE e
fornmed, for fouadiffeesnt imctionsd Hotwedter) thipapproach dns nabdercd very datisfamtdrp sdlution

mat eri al adhesive,wth hi gh dj.el ectric. constant i l.ied to the to
sur f ace. of ¢ A Gt prapfns s tiBE uanAtons. pragrases S dbiipg progomemand "
havi ng the sgfeRdHebnhetlbleybdSnteshdustof licB PRk est%b%,eiméﬁc@&qséa'aayed

such that the sigrial connection devices are received by the cavities'with
t he bond padenaof thpunfimctianssobé inoperablegthe hntire segnoent isctefacti tOari rot nsabiang

contact wth the di ti‘%ﬂ}agﬁgﬁ%ﬁ%\l?@’é‘? :ﬁlg%%ﬁ%ﬂ%}egﬁ)&?‘%ﬁ‘g&??g‘? ognd is forned
over th op of t t ’
sem conduct Ofecioidiies Wheke 1R cohdi@ti COBRMPN ULt &4 Bokiphallcofindea6kagigcest r uct ure,

adds nmechanical stability, and protects the sem conductor dice fromthe
el enents. A fonventenapsolddrdbuppelin some gases.dve beengepaced bystuddbumpsoSed, such

Conntct on cRUnEHEde o BRaRG ool ity RPRRCER Pl blog MR Bl Baveliho, o

Wth the sigheh uséivessitlyOThelenvd bempeRg acdallypcsihitise Shdrt wirkgyawiré subs0r med
over the entire back surface of the water. The dielectric layer is then
et ched t3 exgnplied topsertiepndicterdin asing @ gorsptioral wirsrbopdiagiprpcessn St humping

hi gher - | evel ' ' “}?FE%Q ' pnyventicon, a
plurality ofhdgg}\?n I 56@9%&33%‘;8%%? %&é ?%S%I?ﬁ%&?ép surﬂgigg%%?cgés %ﬂ%’y{l‘?aa.ng.()fThe
cavi ti es ar ethé bumpslintcomperisinue tlichroecbsipboxt maltiseptsoldet yumping pooessf t he
various sem conductoy dice of a plutality to B‘e gaigk ged. Therefore, the
cavities ar eFYrHERGP tw@a&diceeewéwaé gliveshaypalse peaaspieyedite stach éigond
pads of each individual sem conductor die type that is used. It nmay be
desirable to configure the cavities such that the active surface of a

sem conductor die placed therein is 25 approximately flush with the surface
of the substrate. A die attach material is placed in the die cavities and
the sem conductor dice are placed in the cavities with the active surface

Y o . o o - s g, " Y Y




-6 The sem conductor devi ce packages according to the present invention may
further undergo a redistribution |layer (RDL) process to form signal

i nt erconnections between sem conductor dice of the package or to

redi stribute signals fromthe signal connection device |ocations of the
various types of sem conductor dice to node convenient 5 and optionally
standard | ocations for interconnection with an external device or

conponent . | gohdiRtiveEbliraps'tb AhdrieNsubsyRs. Phcdadsctiva ofBinductbAfiRéd ddhedenagyt ed
and patterned to create an_interconnect |ayer fromthe exposed signal
connecti on deudvide eangpunt efftrxihility tathe srechanenl and ¢lectricahponneetion; Yto ot her
| ocations. Additional si . Lf . el hi s
signal | ayerlc ‘ép%“r“*é'é%@% %flctﬁé/ 8§1eﬁ&%816{e?%@§h%@gs§?at% &gﬁ%ﬁ%‘ew
di el ectric | ayotiated wWith s5kidr Binp Pocvweéscisidisaassed abovas are formed in the
dielectric layer so connections to_an underlying netal |ayer may be forned;

¢ Y ! ! .
and final¥y, a neWawgyes injightafthe advanersyeaded pbEeriing semicondugtardevipeat e an
I nt er connect i =\ ' : . i ng-
| ayer -t hr oughtae, ik et focttbl  ARAPINGERCART bl Gl il 12
for the nunbéamegrationdsfivatiomsafundtiohalrsemivoadiictdraljeeris a dinglerpackaga té prodiice, for
I nterconnect layer is fornmed. At this d'gun ture,.a new dielectric |ayer is

formed on t hEXapRlea SYREROn assaaRguctor dic slitiany Thare ipalseip Bpeddp createisaipfer
sufficient f - ' : ' : ey ; ' d for
connections P%thagé;s "E’Jl?\}[dlgra fely@ﬂsgl&%%tt a gg@%m%%é%%\?v&g&gtﬁgl
connect i bl deadistritsution o€ bigaal comedtiant devece® Of the narsous semivendustondick ts @ hnbee

balls, are forned. in the. openings. At thi oi.nt, .if desired, testing may
be. acconpl i sROteRisPLRRANOL St dRkonandty Sadg B tor SR 0 &1 | con
waf er segnmentgriePdibatdié.Nng a conplete systemon a wafer segnent including
various types of sem conductor dice. Finally, the process is conpleted by
sawi ng the waf er Fimaby.itiwould be pdentageousdo provesteta system opl aship packaginig

i ndi vi dual nul.tichi 5 ltilayer St on. chi Kk S ch ready for
test and assiHBISP “‘%ﬁ%ﬁﬁ%&%| S&%‘){ ‘Cf—e%w N&W@‘%é@f&%‘sﬁﬁs PackAReS,
i1lustraie waal, the, @ipréwng thy eivisicy efidebst effdetivéness hesdiatedith bRiduciag uhng
out the invention: 30 FIGS. 1 A through 1 F show cross-sectional views of a
system packa@@kagesvari ous stages of fabrication according to an enbodi nent
of the present invention; FIGS. 2A through 2D show cross-sectional views of

a system package at various stages of fabrication according to another
enbodi nent of the present inveMISGLOSURE OF INVENTION

The present invention includes new packaging implementation methods to solve

U

20  or at least reduce some of the problems encountered in the prior art. Generally, the present
invention provides a multichip multilayer system on a chip-type solution. Greater
integration is accomplished using a plurality and variety of known good dice contained
within cavities formed in a separate silicon substrate. The term “variety” includes
semiconductor dice of not only different types (microprocessor, logic, memory, etc.) but

25 functionally similar semiconductor dice of different dimensions and I/O arrangements.
The present invention also contemplates the use of so-called “known good die,” or KGD,
as the semiconductor dice to be packaged.

The present invention enables the use of processes for making silicon-type
semiconductor dice for creating additional redistribution and interconnect layers in the

30 same plane or same planes vertically offset from the multichip arrangement. These
additional layers may then be terminated with conductive bumps, optionally in a standard
configuration, at the top layer for typical flip-chip application of the assembly to a carrier

substrate such as printed circuit board or other multichip module substrate.



FI GS. 3A through 3F show cross-sectional views of a system package
including a redistribution |ayer according to anot her enbodi nent of the
present invention; FIG 4 is a plan view showing a wafer including a
plurality of sections, each containing a plurality of sem conductor dice,
according to the present invention; FIG &$4is a plan view show ng a
plurality of nmultichip nodules according to the present invention on a
menory devi ce; andAédofingto anezniboditdentiofthe presenhimwentipnaa plarabityoftbavitieeis

including at | east one of the nmultichip mpdul es_according to the present

| nvent i on i ncHSA AP RO SGRRIE SHER 45O WAGT SRS CARYIETe 8. CARRYI NG

QUT THE | NVE i -2 1 f
%hﬁ%ﬁ@g&ﬁd fok4ted fognggggagdtygec&de%al Qnh8iiH Avidesor atﬂn%%@ggﬁ&s S 0

manuf act uri ng a packaged sem r devite according to an'e i ment of
the present ivavietytafoypes of scnoemduétbt dise. rHiessignahcoinectiongevicSonithe i s a

cross-sectional ,view of . .a bare.substrate 102. T sybstrate 1Q2 teri.al
KR, A T e A G L S
such as is welihoiagieRal dahbdie Wit ahiglia;are\lg&mc dohsthrit i$5HRES tPRE tdp \Abfadd Y fShe

substrate 102 may conprise other well-known substrates such as a ceramc or
ot her sui t ablsebstetearidzih theapities. alhetspbsfate; a wiafar dmving3hd senficonductor dice he t op

surface 104 qf the. substrat. 02, such as h.a conventional
e T R D e e
cavi ase i ¢dviti ithSh oriihk aetive ,
t he c)altvi ty vval_lé 110 may be forned top§>a<shi_bit a gener aI,I; rect angI;luI arr
geonet ry 10n dliomekins contag vatlithe dis attachiateriali Ajlayer obmolding epmpouad jsyfomasd ¢ i n
shape. However CaNg 1] i Qit . Iq for
exaPrpI e, cyl i r‘?‘ggﬁ%érﬁ“§§?ﬁl‘9%%d@t¥5§%%§§|°f ﬂ%{}@éﬁsﬁ%ﬁ,ﬁé f’u%?%%%‘laﬁﬁ%al or

sen spher i calmolfgfeompoghdveddtesithe pchigeMGrubiufs, addsBaechirticdl eqabiity, had proldes of
the substrate 102 is 25 coated with a |ayer of die attach material 112 such

as a die att dbgsemicendpetor dige ﬁﬁmrfhWI%CIétﬁgAipéﬁlan?fébeg}@ﬁ}éﬂHfW of thggulstretsr m

and then sof s g%%@d,%ﬁcl?ééﬁ%{%ﬁ%g@g@h@ Bﬁﬂﬁﬂre}[gﬁtaﬂiefpér@éé@%ﬂﬁlgﬁé %Fh;ﬁl may

i ncl ude epoxy resins and p as we as organi ¢ and pofynerbased
resi ns. ESenmbamection devates artexpaded ithratigh tha bhckosarfaesofithe sibsirate dWithahe Sgistl age

benzocycl obut ene (.B .and which are avail abl.e from Dow Chen cal Co ny of
50" Wl and. . pEsctoHaevidHs Cpedh B Fooi Bie S Fored STa it el ek et O
substrate Usiyigerd The AidirBdr iSRERetehedBeRYost @Rl idiil BirREQRRR dPRESPudde
top surface 104 of the substrate 102 is coated and the cavities 105 are
filled with timeonieetiontto highemievelpagkagime® as will be appreciated by those of
ordinary skill in the art. T di ttach terial 11 . terial ma
Gesi rably" exhi bi ¢ ALGEsR s Ber dribeRim@ of R ichBom gy S NS e oty

t hr ee to026nsysenedde disabesietaee bf 4 Qbksirite. Thelbavities ardfoapet toiréivelthe substantid

that the soft-bake or B-stage curing of the die attach materjial helps to
prevent novereaietysif eapfrofdbeyarions serpispndyctos dice of a plugality to Bepackagedubst r at e

102 during s i CUt Wtﬁﬂ%ﬁ Il

di screte semﬁ?:l%% ug’%er 9%?‘5:"391&991‘%%‘%?% e ,CBea e‘ﬁg\%oﬁjsétgoﬁgﬁ%éﬁ % }t)%/ndof
si gnal conne@hdsof edelvindeviduabsemicordactondie itheet isouseth.s It iy, bealesisabibetd t 0 bond
pads 115. Thg sem conduct.or dice 114 areweace upsi de do ith the, .

P onduct e bAPAENTA B SEATE itk e rihecsybings o2 sBscoRtuc o drbered tieinjs
surface 8 a%éfﬁ'ﬂ' ﬂﬁgﬁﬁ (e i n ! di f.ach
mat eri al é%12%)1?@?%&5 notg t a%lﬁtshlg“séieozf éﬂc‘séfubﬁdéé? 1‘%%%/%1? fehgfeil’iglgg h&c/&i)ﬁel

et ched sl i ghtheydi¢ eavifins ahd thersemitohduntot/dice ate plabed indne ¢avisies with the adtive

conductive bunps 116 in order to gnsure propgr fit.of the conductive bunps
176 w thin ¢ Aot preberissnoudnt e fingPuaRS anp sich ke PR SRk o F o

exanpl e, as gghiosdudtbr BicaREntaRhd @i athdhinMeGA iy BRHoRBAL ofihe BaRA&I AT OCess.
Qt her signal connection devices, such as copper stud bunps or plated-type

stud bunps mdielesiricdayes isforned gver Hsutgps affheisemicongustordice, over thatapaftthel F show
the condygtiv ums.116_as general | y spheri,cal bal l e conducti ve bunps
116 rmy 401 udhe R e el et B Ben e iCina TR sl By ophl S G B e,
I'n addition, férffed S B ldicldctric lapiradexibsE bighal confectibi 8618¢ks bnfthsviioug Single
row of conductive bunps 116 positioned extendi ng down the |ongitudinal axis
of each of t Bamigondueier disaduct or dice 114, which longitudinal axis is
oriented transverse to the plane of the page. However, other conductive
bunmp arrangenents such as, for exanple, an arrangenent around the periphery
of a sem conductor die 114 or an array of conductive bunps 116 across the
active surface 118 of a sem conductor die 114 are also within the scope of
the present invention. Furthernore, the sem conductor dice 114 nay be of
nore 25 than one functional variety appropriately arranged so as to create
what is referred to as a systemon a chip, as will be described in further

N




Wth the sem conductor dice 114 attached to the substrate 102, a nolding or
encapsul ating layer 119 is fornmed over the top surface 104 of the substrate
102 and the back side 120 of the sem conductor dice 114 as shown i n draw ng
FIG 1D. The nolding 30 |ayer 119 may be any of a variety of conpounds
known in the art for the purpose of encapgul ating the sem conductor dice
114 and substrate 102 to forma typi cal chip scal e package. The nol di ng
layer 119 may i nclpgle Egdj? rise a
mat eri al having pr opereﬁllléeoglh‘!é‘% flglcg %’ngf ?E‘éﬂthgﬁ#ék éltvgntc]i te%f)er atures
of up to abouurtké@ndergd thalittrisution izyet (IG])ngcreasjtaotfonms1gtmmaen‘conﬂbbnms t he

nol ding | ayer, 119 is disposed,.on the surfa 04 of the substrate 102
and properly hetiy g Se’é“"ﬁﬁ&‘tqt?f%h‘i?f(’fm‘i’é’aglfﬁ%gﬂ t?trg&itﬁ‘ utﬁls’cﬁtglslrtl'io 56%¥B%h sur f ace
106 is renovednmechisn uéwéétawmh@opth@w&s F,Lp@s oﬁseﬁalcdntmétér g faqn&re gbnvehf

purposes of clarity, the assenbly, as shown in drawing FIG (as we as
I n subseqgentand optiomedlyStagdard ldeptionsdorf infeonuiectipn ivith aUQMrnabdfamcm to that

whi ch h d EL I A th h 1D. eri al
bo. remved 1 IOPPREIH bt B rrlsugon 1eygR O e Grer B debosd syl Petemrddne
such as back-gdatdl] MerconBEd Hy) uﬁﬁmmxgv%hls@ﬂamﬁmneﬂaéwwgg fé%ntact pad

chem cal - nechani cal 10 planari zation etching or an nmospher i c
downst r eam ploasﬂmwnmmm)dmgn&iﬂfoﬁwebcwwﬂw u-Si Technol ogi es of

Sunnyval e, , b tho r.dinar he .ar

Material is rermvé%m'# d’r#flg]é E)aé’g'ts ;O%e g %e(fkiéh’%ﬂﬁgatl %’anﬁﬁrfcffﬁtl I
the condygt | mlmHMeééﬁnawc@xm%ewleﬁemewyar Reyniedionahe whifef,aeRt, Hao' of
the substrate 102, as shown in FIG 1 E. Wth the conductive bunps 116
exposed, a sy&e mnedimthe dicleniris layer seeannections tasuamderlying mgtahjayer ey be ray of
exposed cond e ngﬂ f tribution

| ayer (RDL) g?%llce\gés v’ é?l‘gé‘{ L&cﬁ@?@%ﬁﬁg‘%ﬁ ﬁé&fagﬁ Hetggnc%dvtéﬁ?énge e new

bot t om sur f adstertBnecodn thivnewalhpsr ag well tah cormectitins to the ubderhyingllafer tirsughtien i n
drawing FIG 1 F. Finally, a plurality of vias or openings 124 is forned in
the dielectrivéiayer 122 over the conductive bunps 116, such as with a 20
convent i ggal et Chidifte RAERFlaydilfk ASRRIR bmBRYed! e AUl (aRLRAnA 0 2N DL
process to redistribute of refocate the S|g I's to an arrangenent of signal
device or i nﬁnntbﬂconnqoulaycrsdemd;aﬁnahmcmctdm isi foimeyl. tAtghis gutictitre,iabietvi on

| ayer process, .another t of t pr esent desc i bed as
shown in dr afsief trl‘—‘t%%“‘% n[nﬁ 8‘31 ﬁ}eﬁ’ét %9385&?% “éjg‘f‘?ilé ‘iﬁlﬁaflﬁ
previously d%ﬁﬁtcietaeﬁr ﬁréteﬂhéﬂ%ﬁfofn&w %igna coHRSEbRHSViER And ¥siitoRFeclomith | l&feo n
waf er as shown in drawing FIG 2A. Again, cavities 205 are fornmed in the

substrate zoznd@hmtg wetal layerb &inally @l@fnenes!grmy cm@mntc;ﬁvmas guchos candiictivw i t y
wal I's 21 h I iment, the cavities 205
are of aagi lz_‘g) 58 tgcgorﬁn(ﬁ"sgi;dgxilge{'lée&f%u anrijl ﬁé%?%e ent i rety of each

i ndi vi dual semi comdlﬂltnts pd&mduiﬁiealid&, tedthaki ﬁtajbbahdcxbmpllklﬁed?nﬁkoagvmbIs@lﬂer&ﬁﬁs ane
formed to a depth short hack side 206 suff|C| ent to_allow the active
surface 220 &fchafgheipdivi hsahtoarwaefprcssg@tws CONtABING HFOMPIRIS systepm en g waleR; ¢ h

the top surf ghﬁ,l.l Hpt%@ iy or enqﬁu%ﬁl t,[jll rent
types of sem % %lgétcgjrdlﬁ é di 553626%2 mai/ld'% udgced 4 roc?éggggcggblrﬂfe&
accordi ngly 8ysdvweingithe wafzemmdulslbhpaegmmm (nraatmgwpmya]ity)oﬁmdlvhhal mﬂaclabown
in drawing FIG 2B, a. layer of die atta terial 18 i applled in the
cavi ti es? gOSm‘ﬁlng?FéYséerE%?ﬁ cHip BRrkpess, chﬁéeag?jorépgtap Weed in the
cavities 205 with the 5 active surface 220 of the sem conduct or dice 214
faci ng upwards and the back surface 216 of the sem conductor dice 214 being
attached to the base 208 of BRIEF BESERIPVEON QK PRAWBNGS a the die attach
material 218. As in_ dra a first dielectric.l 2|s
Bop! 1 ed over the oSt WBidigene i ifeiiehl) oo GbF i bR

any gaps 221ghehMeia ?ohhﬁe&[v@ﬁﬁorpf the sem conductor dice 214 and the cavi ty

wal I's 210. The first 10 dielectric |ayer 222 may be applied in a
convent i 3hal procEESS. slu‘cﬂilf%hdﬁl showsassectionalsyievss ofotystemgpackage at variouss

shown in dra El I|t f Vi ni 5224|sforrred|n
the first di éwﬁ%egtoff§q°3 élracﬁ g%'go eﬁL°%%R%§ tSﬁ' t her eby
exposi ng the plurgi@s. mmtudﬁgﬂeti él‘io%r&ds@ﬁa@thorﬁp{?i@%bf@ G&Vﬁ §g§dﬁ‘)§!‘ibxﬁ5
bond pads 215. The RDL process, which is applicable to both of the

exenpl ary endiagiseb fbsicatmnficerdingde angiherembodiment whthe paesgetdeyantiont wi t h
respect to drawing FIGS. 3A through 3F. Illustrated in drawing FIG 3Ais a
general substrate 302 with enbedded sem conductor dice 304 and signal
connecti on openings 306 representing any enbodi nent within the scope of the
i nvention. The process begins, as shown in drawing FIG 3B, by a

rretal i zat| on Iayer and patternl ng process to create a first CI rcwt

. o NS Y . o, - Y .




25 sem conductor dice 304 and creates first circuit connection |ayer 308,
shown as circuit lines, to redistribute and possibly connect the signals to
other nmetallization |layers. The ItDL process nay incorporate netallization
| ayer deposition and etching processes well known in the art to formthe
pattern of openings and first circuit conmection |ayers 308. Further, the
nmetal |ayer nmay be fornmed of a material including, for exanple, 30

al umi num copper, BIGSBAGhroakh I ShdwNEross-sRotbndl Vikwe 6fh dystei YacRide indlidih§aal SO
noted that signal connection devices (e.g., the conductive bunps 116 of

drawi ng FI G redigirbutiemiaygrseerrging so apthes pmbedimenicpf themreseay inkenfioBe treat ed or

have an under-bu al li i -1 i . prior
to connection w m@%‘%%@%ﬂ%@él ao‘ﬁ%fé% F@ﬁﬁég@@rﬂ}gg?&(gﬁgﬁgﬁ%@e
netal | i ¢ adhegpninihy e pripdityefemiddngicealies; atcoftingwothepresdnt deitionpnal et al

| ayers may be added in a basic threestep signal connection |ayering process
as shown ion dr awi ngfG-p &2 Pl vighshgwingrglunglignof miliichipmadylesergprding g the

. revious netal and dielectric
#thgbnd

dielectric | I.s..far
| ayers, coat ﬁ;r%gsre ﬁ%‘geeﬂr% Proglawa%rér. a plurality of vial or openings 312

is created in the FiGebdci biock diagram shd®ingamémeas deyice inchidivg at doapiasic g thHehe
underlying first circujt connection |layer,K 308 at, a desired plurality of
circuit conneByltighpmaedyles aeqording i the preasnt FRyEBtiqn Incarposated e pmpUg Shtjem.
process creates a new circuit connection |layer 314, shown in 10 draw ng
FIG 3D, nmaking desired electrical connections to the underlying first
circuit dénnection | ayBESBOSOBEB)FOR SARRNINGIOUE TABINVENTION | ocat i ons,

ibly f tion to. high || .. F inplicity,.the d i
PGS, 3A 3D show CRECTOEHRIPRTEICHn 15 tyaGdtalfs the Bhes Rbparping® Honever .
this process giBias0e seRiRERhRHr BeRESCHRSRANNE 10 8 eMYIRRIenQIS the Present mPEntRHATP! €,

three times to create three internediate signal routing 15 layers), thereby
form ng a | arshowhelltugirated trdrawimgdFIGMA i gpéresshsgotéons] view of @ baresibstuitet ld2cr eat e
power planes,qround, nes, .and difficult signal ..interconnecti not
easily acconﬁﬁ}%ﬂgﬂr"bn 5*%’?33%‘/ _"I'lca‘ AN t%ﬂgl\ﬁ”wloﬂ W(f?eéﬁr ﬂﬁ‘%‘?@?‘ﬁé‘@ and
3F, a final Gubdtaed suck ad Rl kidfmiis thaRRl TRWUES I id MiRleBldditRatshisli el ectric

| ayer 310 and circuit connectjon | ayer 314. Again, a conventional 20

et chi ng pr oc sybstiate 1{2anay eomprise pthepWpll-knelvn substates,sush apa cerpmif 91 pthes18 i n
the final di ' Ay e . ' r:l i ' [ ection

| ayer 314. F%hgﬁléb%ﬁg\%’/ s%B%QIt}géﬂ\?ﬁ%?éﬁgé?\@ngc I oﬁs}h%ﬁggp g“diﬁ%%@“@o ger balls

or ot her condubdtiatecl Qysaeh as direughcer cvadentionilladisptropiakiliton eihingprocesys TR 8
contacting the underlying c#sr cujt connection |ayer ,314. Wth the, new signal

devi ce connecBYigas10ase pachdefined by yeavity base L08and gayitysvalls 148 s mdicagiddni shed
t hr ough nn I it ¢ arg,ﬁyv“%] b 6Sine qgé@an%(] he
i ndi vi dugP wﬁ%‘?@%ﬂ)&plg%lg%%s. Reflg?f(? Irrllg?‘r%w to@g@g&ﬁﬂﬁf;@%n%faug an alsaléenbl y
400 cont ai ni rggometyy trcabsstsyctioh syeinthatahe cavitias 105 are geddrally Outiix {ncshhpect i vel vy

f d i conduc: ' s shown. di di
of the pr eseltoTaioh i e o Bhfortvb o SRR S0P e s bnitral
segnent s 406 cahigAlfraaddonttal, bi@midddSniseoplyRmitdalitd sethidplddricaly St ens on chi p

nodul es with each segnent 406 containi ng t%gpl ural i tYO of sem conductor dice
} .

404A- 404D possi bl yRefrringinext fn drawingdiliGo A8 the don wrfaes | O4fithesubatmte 102 is

e a mondry. coey s &S s Al BBEEN 1250 F SERGER hkerkl ThieRA R BT b
mermory chi ps appliddia W @endral(y lighid femcand tE@0oRHakdD6r cuest tdia/B-Btdgd. OTte die
sem conductor dice 404A-404D, it should be understood that the nunber of

seni conduct orttephgpateyial may includegpoRy ress apd polyimisewas wel as organip end pelymatti ng

on the desig j: Nt §S§E€ a_ age.
Ref erring no&a%gqﬁygw%%g&g}ag%%%éﬂn}gﬁ%ﬁéyEﬁec\i}{ager d&ﬁ ggds]%&?leq er ééd to as a
menory nodul &endosycidtnneneyBOB) ahdohicharasvailabit floasBbwChemicat Kagpdnyaf ti chi p
sem conduct or . devi.ce, 510 acgcording . to the present invention. The nenory
dovi co 580 | MR luGMichisan, The die i mpterial A} 2 eayche spplied g,the subermate Peng ¢
board, to whij : iR ] vi ces 510
may be el ectrica and o rrb ﬁg%ﬂrq%étvg}%?%ﬁg%g{%t . g\%f)gf;tg ity of

J be ol ect ouson B Brafr g FRKIBPEIART )
el ectrical ceutatrated0? iss®ated and threroadities 1 OHare dibled wath theidis tttachemdi@ial t1d2 ps ovi de
i nput and out connectjons wt n extern device,. such as, .for_exanple,
t he ot her bodtilibn TR0 ove Cprama il Brine 5t o et 2ed mifmal 442 p
sem conduct or devices 510. Referring nowto drawng FIG 6, a conputing
system 600 i s shown which 15 includes a carrier substrate 602 such as, for
exanpl e, a notherboard. The canni er substrate 602 may be operably coupl ed
to at | east one processor 604, such as, for exanple, a central processing
unit (CPL)), and at least one nemory device 606. The menory device 606 nay

. o o o ~ NN s




25 Specific enbodi nents have been shown by way of exanple in the draw ngs
and have been described in detail herein; however, the invention may be
susceptible to various nodifications and alternative forns. It should be
understood that the invention is not intended to be limted to the
particular forns disclosed. Rather, the i"§venti on includes al
nodi fi cations, equivalents, and alternatives falling wthin the spirit and

scope of t he mperiahinaydesirblyextibit Wéaxaégplméhql@ﬂ%wn%@n@weﬁaerexwaaerlws.

-13 CLAI VB Wit | iaH&g]a' Y : : ' mlid chip
package conpri s?{noggﬁlﬁlr%ow Iiﬁ%ﬁgﬁg&%@%&ﬂg@ﬁéﬁgﬁ%g&ggp#agglg%‘%fm aé(%ottom
surface; f or B-stagecypingofithietdye atfacle materinslpsno pleeerit apvemehtaofehedentitomductor

substrate; providing a pluraljty of seni conductor. dice, each sem conduct or
di e having adlﬁiclﬂﬂ P@%@ﬂ?ﬂ%{’%ﬁ‘yafﬂ 1R 4uripg syhsequept haking o GURE RSTHIGS-ces on

an activegsurface f& Pﬁgg@fj %f dl&réﬁé’&'n}fb&ﬂu@tof Gye Lle 49% ngvg(}egt {RR Pa‘g’g%? Piu?:ili& o]

the top surface o strate and wwthint urality o | es;
pl aci ng t he pfsigadlicoynesfiorsdavices stiown as catidoetive butnpe 116 pttaahed &clondfpadhEl 5.

bstrat that t | Lt f signal [ A [ t | t
oarti o |y i JhesEmeapdic olihd 1 rbioed yoiste (o itk e Soatatys Gimes ool di ng
llayer over t BggitigiedSh tHeaaitied 105NRd WHitSthé 8ltiRe 3idack 198 B thedrhicyndictor

sem conductor dice; and renoving a volunme of material along the bottom
surface of tdiseddthn eantast with theghgattach nfatarial Bi 1t is noted dhas thetsizepiftheal i ty of

si gnal copnecti.on 4devi cas of { |l yrali.t f.sen conduct or, di.ce.. .20 2. The
nmet hod o &cl g?vﬂﬁ?f, lﬁﬁ%ﬁbeere @S%h]?@ ﬂﬂ erf%%ﬁ%ﬂt& a§87]p f?@%g\ag Iﬂgcﬁl%‘ei oéo ttfeayer
upon the bot tewdustivd Begpsafl 6limerdstioehsiré ropaciitiofeheortwdtive Budps 51@Within _
connection devices; forming a plurality of openings in the first dielectric

| ayer exposi Hy camidiep Q. aThecondictive bipaps bio raptbrcformesh forexpmple, asgoldstad ough;
formng a fi batnehliidh With QURFtBH WiveHond Brdcl. 'Othetsighhfdohfildtiofi dbA¥&! : and

such as copper stud bumps or plated-type stud bumps may also be used. Although

15  drawing FIGS. 1C through 1F show the conductive bumps 116 as generally spherical
balls, the conductive bumps 116 may actually be formed in other shapes, including pillars
and columns.

In addition, for simplicity, drawing FIGS. 1A through 1F show a single row of

conductive bumps 116 positioned extending down the longitudinal axis of each of the

20  semiconductor dice 114, which longitudinal axis is oriented transverse to the plane of the
page. However, other conductive bump arrangements such as, for example, an
arrangement around the periphery of a semiconductor die 114 or an array of conductive
bumps 116 across the active surface 118 of a semiconductor die 114 are also within the
scope of the present invention. Furthermore, the semiconductor dice 114 may be of more

25  than one functional variety appropriately arranged so as to create what is referred to as a
system on a chip, as will be described in further detail below.

With the semiconductor dice 114 attached to the substrate 102, a molding or

encapsulating layer 119 is formed over the top surface 104 of the substrate 102 and the
back side 120 of the semiconductor dice 114 as shown ih drawing FIG. 1D. The molding

30 layer 119 may be any of a variety of compounds known in the art for the purpose of
encapsulating the semiconductor dice 114 and substrate 102 to form a typical chip scale

package. The molding layer 119 may include a filled polymer and may desirably



electrically coupling the first circuit connection layer with the plurality
of signal connection devices through the plurality of openings. -14 3.
The nethod of claim?2, further conprising: form ng at | east one additional
dielectric layer over the first dielectric layer and the first circuit
connection layer; forming a plurality of dbenings in the at |east one
additional dielectric |ayer exposing a plurality of connection areas on the
first circui tcompnisesmatenal baving praprtti¢ssufficiegt o abowribioiwithstand tammtretures of wpunps
in the plurality of opani.ngs of the at |east one.additional dielectric

| ayer and el éeﬁg?%gpﬁyeé’ﬂﬁ’g}lﬁ‘fgﬂ?’?{@lg‘?@_]‘?‘ﬁﬁ?’f@e’@f’f}conduct ive bunps with the
plural i ty of conneghiGne Rty xgyertlwisfdi{ggge&nrtﬁytopﬁ&?mq% 0P fhelsiitiiate 14 4-

The nethod of claim 3, further Tonpri si saw ng e substrate Into a
plurality of andpripeny curdchpatien ofithe sifbstrite 192 aloag it bottofm swefacd Hiésis cammdvaidni ng

t |east f_ the plurality of i di ce. Th th f clai
o Turcher congevAgn APt YICE 1Endl Ao i Jorshives ot ciabif AT s e
that each sechbn iPlratvidy FIGIN BldsiwelPds if Sissbqieft driwing¥2S. A1), Is FRSed Aplilid St

sem conductor die of a first functional vari et(%/ﬁ)and a second sem conduct or

di e of a secaclownfrelative torthat whiehi is showrsin draveingFIGS d AothrasighilB. Thepogioniof
providing the substrate furt I pcl.udes 2 r,avi di,n splicon fer. 7.
The et had oL Derempysitons e HodFR s B 1Bkt I Suiedled B RY nGhgs,a
connecti on deut-@shacRgfifdRg, beasive pladafization echifiqidieued Alibemabsthantapt gol d
stud bunps, copper stud bunps, and plated stud bunps. 25 8. The nethod of

clai m 7, 1@hemdavarization N ectehineer asfatmpsphetie devnsiraara plasma (ABPhpresessppl yi ng
2L Ot BRI SRR AL 4 el oty
benzocycl obutskilldn the art. Material is removed from the bottom surface 106 of the substrate 102 until
the conductive bumps 116 are exposed, creating a new bottom surface 106’ of the
substrate 102, as shown in FIG. 1E. With the conductive bumps 116 exposed, a system on
15  achip structure has been created with an array of exposed conductive bumps 116.
To prepare the wafer for a redistribution layer (RDL) process, a dielectric
layer 122 is formed covering the new bottom surface 106’ of the wafer and the conductive
bumps 116, as shown in drawing FIG. 1F. Finally, a plurality of vias or openings 124 is
formed in the dielectric layer 122 over the conductive bumps 116, such as with a
20  conventional etching process. The assembly may then be subjected to an RDL process to
redistribute or relocate the signals to an arrangement of signal device or input/output
connections.
Before describing the redistribution layer process, another embodiment of the
present invention is described as shown in drawing FIGS. 2A through 2D. The process
25  begins, as in the previously described embodiment, with a substrate 202 such as a silicon
wafer as shown in drawing FIG. 2A. Again, cavities 205 are formed in the substrate 202,
each cavity being defined by a cavity base 208 and cavity walls 210. However, in the
presently described embodiment, the cavities 205 are of a size sufficient to receive
substantially the entirety of each individual semiconductor die 214. Additionally, the
30 cavities 205 are formed to a depth short of back side 206 sufficient to allow the active
surface 220 of the semiconductor dice 214 to be substantially flush with the top

surface 204 of the substrate 202. It is noted that, since different types of semiconductor



-15 10. The nethod of claim 7, further conprising formng each of the
plurality of cavities to exhibit a depth which is at |east substantially
equal to or greater than a height of each of the plurality of signal
connection devices. 5 11. The nethod of <cigai m 10, wherein applying a | ayer
of die attach material includes applying a | ayer of dielectric materi al
exhi bi ting adrtk el #atafyibe ussd) SHeBtitief 205Andyacaiiitglyt diff@dn sike and §iRpeBbsheOf
Caiml |, wherein applying a nolding |ayer includes 10 applying a nolding
mat eri al whi e#vifydo ¢ e of withstanding a tenperature of up to about 300

C wi t hout subst ant,i r ti thereof . ) | ai

further conprisi n&S%h%ﬁghﬁg‘gmﬁ h%ﬁ’eaq&q 8%{1?’18P%&g\ygﬁérmglggstqﬁgﬁgdgaheace of
the substrat eaitiés!208] Miscretdsehicdtidigtondipd 204pdré thén placet @lthetavities 20y @it tiked
forming a plurality of circuit connection |layers such that the plurality of

di el ectril | astiviesuifass 220 0f theisegpiconductar difer214 dacinecipwsrds| ang dhesbagk surdacs gdg e d
i | t . =Y i L. ot . f
he ol ur a1 ¢ o g e Ydsr ARAAES belfaliich e (AEE4b DOHb BRGNS iy T ©
| ayer, and whiartkd die attachrmaterial Q08INAS shown ih dyawingBKG. 241 p diest dieldoaid 1byer 202

bottom surface of fhe substrate is electrically coupl.ed to_the plurality of
si gnal connelStaPBRedRXFT tgdop ¢ MR ﬁﬁe%‘bﬁ%‘?%ﬁwvﬁpdb@ﬁﬂﬁhtnﬂw #0spel on

an outer oSt halLLPhE s bftfe %ﬁ%&ﬁﬁoﬁa&yﬁw&ﬁ (BOChvRly S6AI DEG The fRUP| 1 NI

the plurality of conductive S to a circulrt connettion [ayer Ich is
nmost adj Kt endietebizicdayee 22D ey be afplied irod cdriventicmal pracess siuchuas spin eoatitig or sprag 14.

A sem conduct or, deyi ce package. conpri sing..a plurality of semc uct or
dice, each s‘é‘?ﬁ“ﬂ&nﬁﬁ'@ﬁ%tﬂs ﬂ%&%ﬁ%ﬁn&%ﬁﬁp’éﬁwﬁwfaﬁs SEPRepmes g?‘?&ce and a
plurality of f3ngdal the BRI AfldcRIY 18Y RS2 SudasiByn@edhingSrostss, McRehyexpodisg fhat e
having a top surface, a bottom surface and a plurality of cavi'ties forned

in the 5 toppkualityefunderlying signd) sonrzecton dedvéaes shovanastbond pads21pl ural ity of
si gnal connection

The RDL process, which is applicable to both of the exemplary embodiments

15  discussed above, is shown and described with respect to drawing FIGS. 3A through 3F.
Illustrated in drawing FIG. 3A is a general substrate 302 with embedded semiconductor
dice 304 and signal connection openings 306 representing any embodiment within the
scope of the invention. The process begins, as shown in drawing FIG. 3B, by a
metallization layer and patterning process to create a first circuit connection layer 308 of

20  metal covering the plurality of signal connection openings 306. In the exemplary
embodiments, the signal connection openings 306 expose either the conductive
bumps 116 in the embodiment shown and described with respect to drawing FIGS. 1A
through 1F or the bond pads 215 in the embodiment shown and described with respect to
drawing FIGS. 2A through 2D. This results in an electrical connection to the underlying

25  semiconductor dice 304 and creates first circuit connection layer 308, shown as circuit
lines, to redistribute and possibly connect the signals to other metallization layers.

The RDL process may incorporate metallization layer deposition and etching
processes well known in the art to form the pattern of openings and first circuit connection
layers 308. Further, the metal layer may be formed of a material including, for example,

30  aluminum, copper, or other alloys known and utilized in the art. It is also noted that signal
connection devices (e.g., the conductive bumps 116 of drawing FIG. 1C or the bond

pads 215 of drawing FIG. 2C) may be treated or have an under-bump metallization-type



devices is positioned in one of the plurality of cavities and the active
surfaces of the plurality of sem conductor dice are adhered to the top
surface of the substrate, and wherein a plurality of openings is formed in
the bottom surface of the substrate exposing the plurality of signal
connecti on devi ces therethrough; and 10 a pplding | ayer over the top
surface of the substrate and the back sur}aces of the plurality of

face . . . ity
Furt hor comp eI PIsEe e HEAR & BAME i A R ORRAARR Bl BN

substrat e; arghahoe tepdlliv ihesiyn therebgtaremgs in the first dielectric layer
exposing the plurality of .signal connection devices therethrough. 16. The
sem conduct or devifcBregetenmiged ymber gf ddittonal retaayers way beipdded 4n & basicibiges a

silicon waf ersteg%%n&ﬂconﬂ&‘ﬁoﬁﬂgeﬁl EEQES ﬁ%%%dﬁﬁg@gs%c%ahﬂ ¥or wherein

the plurality S gnal connéct vices i s se fromthe group

consi sti n§ ofexgnpld, snawladalitigna] dielegtrie layst 3i0 ib fommed oesrdhepravieds metabaddunps. 25
18. The sem conductor devi ce package of claim/17,. rein each of _the

ol ural ty of A BRerty e B0 S pEbr PR PRI P o SBSHREAI S or
greater than ca.haigite dliedClly@31b\oR bt Alibiivg, RkpcuiNAL uFRPIEE H A ircui

devi ces. 19. ¢ ﬁ%aélgm c%]%(ﬁlzfo?,&c?ev’l cg pac%ge %’f I():I alm 18, fl?ﬁlghégrbmmt
conpri si ng acbmeetiorBRyerf308iaka desirad hluraityof cuicuid copestiah dretswEanllyenesct i ve

o0 e et MBS sSSP it SRk S Rt 67
wherei n {§e 4axihg PIG.BIE nalkirpdasifei éidotridal 6BEtIoRE fo tAE ufd@ihe Tk Rircaik - 21

The sem conductor devi ce package of claim 19, wherein the’|layer of die
attach mat er cennegtigrpleyer S8 angrsdisirhuding signals foiew Ippations possibly derrreunection

device packafenBlariahlub. MRS I bV GS\E A bR TR A o
claim 19, whenKione abditibml efetad layd, HOWwdRE hhispiotedsahayeheliepuated aprétictdrmirieti C
constant of up to about three. . . . . )
number of times (for example, three times to create three intermediate signal routing
15  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.

As shown in drawing FIGS. 3E and 3F, a final dielectric layer 316 is applied over
the previous dielectric layer 310 and circuit connection layer 314, Again, a conventional

20  etching process is used to create a plurality of vias or openings 318 in the final dielectric
layer 316 exposing the underlying circuit connection layer 314. Finally, new signal device
connections 320, such as solder balls or other conductive bumps, are formed in the
plurality of openings 318 contacting the underlying circuit connection layer 314.

With the new signal device connections 320 formed, if desired, testing could be

25  accomplished through connection with the new signal device connections of each of the
individual multichip packages.

Referring now to drawing FIG. 4, an assembly 400 containing a plurality of
semiconductor dice 404A-404D (collectively referred to as semiconductor dice 404) is
shown according to an embodiment of the present invention. The substrate 402 is sawed

30 into individual segments 406 along sawing lines 408 to form individual systems on chip
modules with each segment 406 containing a plurality of semiconductor dice 404A-404D
possibly of multiple functional varieties. For example, semiconductor die 404A might be

a processor, semiconductor die 404B might be a memory controller and semiconductor



24. The sem conductor devi ce package of claim 23, wherein the nolding |ayer
conprises a material which is capable of withstanding a tenperature of up
to about 300 C 15 without substantial degradation thereof. 25. The

sem conduct or devi ce package of claim 15, further conprising: a first
circuit layer over the first dielectric Ipyer electrically connected to the
plurality of signal connection devices; 20 at | east one additional
dielectric | I | : | t4 4840l hd1Q'S
formed ther e?ﬁ?éﬁ‘é %M%E%D;?n egg%neg{nbgyg}gﬁ't‘?lgﬁg#hgq!éﬁs{h?&%ggéﬁ ogg?@t he at
| east one addontainingl foati semimndaator digect04AF4D;, itchduly be onderstabdthatithe ienterr st

circuit layer; an outermpst djielectric |ayer having,a plurality of hg|es
formed t her oPhFSHGHAUPREISS vllict Segment A0B Ay e SEme Biher RsRheGopidips st v er
the at |east d&ién Mb&h&ﬁse%f&%?éfshlﬁi’g ¥&hicomdidtor pikikdE&l i ty of conductive

bunps disposed Tn the plurality o es of the outernost dielectric |ayer

and el ect¥ical |y Befatingnow tondrawmgdlGl B agnerory davidé $00 alad referesitotas hayer. 30
-18 26. A nenory devi.ce .c risjing. a carri substrate;. a plurality of

el ectri cal  cBITREY Bodgs s N WheR insomoriten o¥ koo auf ppkeps MUt ne carri er
substrate; apgnicomiucto d&ticdsI® REGHIEIS tHelpidserteiventon acAEmEQURVRE 5B t h t he
electrical circuitry in the carrier substrate, the at |east one

sen conduct oinclides & earpeisubsfeate $A0p suchiag g printed el baayd, &5 whishioseatmereor di ce,
each sem conductor, die having a. back surfgaee, an active surface and

oraral vy of Pk mbBeRE S e RudRr bt 10 R BB FStIokfly it e Gl
subst r at g haiteRavith. tOplusdlity Setectricabeinnedto B30 aformerbrthp battiat dubdtradd 520
cavities forned in the top surface of the substrate, wherein each of the

plurality of tosprayide inpyhansautnit copngrtiqns with agsxternab device, puchiss, for example, the
plurality of Lt Fbﬂ% |V, -l ali

sem conduct orrn%g“:é@e@(;agé;% a rgea’q'(t&gﬁet g%?{g%?gﬁér%}(%g%gﬁu eg(gllk}gél%ﬁrua%, and
wherei n a pl devidest5y0.0f openings is forned 15 in the bottom surface of the

substrate exposin he pluraljty. o i gnal copnectjon_devi.ces therethrough;
and & moldi ng. T ayBFEBTERON dling FI 68 SarPRE SEEg S0l B YRR back
surfaces)pf faf, 94yeeﬁﬁextsubalfattmsaaw%r%mﬂpﬁ,eamaﬁe%ardAmwrer ng system

T

d
conprising: a Garner substrate;
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. The carrier substrate 602 is operably coupled with at least one input

20  device 610 such as, for example, a keyboard, a mouse, a sensor or another computing
device. The carrier substrate 602 is also operably coupled with at least one output
device 612 such as, for example, a printer, a monitor, an actuator or another computing
device. Alternatively, the packaged multichip semiconductor device 608 may be coupled
directly with the carrier substrate 602.

25 Specific embodiments have been shown by way of example in the drawings and
have been described in detail herein; however, the invention may be susceptible to various
modifications and alternative forms. It should be understood that the invention is not
intended to be limited to the particular forms disclosed. Rather, the invention includes all
modifications, equivalents, and alternatives falling within the spirit and scope of the

30 invention as defined by the following appended claims.



a processor operably coupled to the Garner substrate; at |east one input
devi ce operably coupled with the carrier substrate; at |east one out put

devi ce operably coupled with the carrier substrate; and 25 a nmenory device
operably coupled to the carrier substrate, the nenory device including at

| east one sem conductor device package, {{p_at |east one sem conductor

devi ce package conprising: a plurality of sem conductor dice, each

sem conductor di e having a back surfacepgm@ctive surface and a plurality
of signal connection devices on the active 30 surface; a substrate having a
top surface, .face and a plurality of cavities fornmed in the top
surface of tﬁ@haggs{)él%%e?gg wherein each of the plurality of signal
connection devices is positioned in one of the plurality of cavities and
the -19 active surfaces of the plurality of sem conductor dice are
adhered t® the top-sur agsthef of manufaeiutingd multighip papkase comprigingir al i ty of
openings is forn [ . u e, of S rate exposing the
plurality of pgé%@ggh(@:%ﬁﬁﬁgtg?]?%ggg%} %‘%@&i graeﬁoﬁrgrgusg'ﬁﬁée’and S a nol ding | ayer
o?/er Ithe tOPf@uﬁﬁgspléleé]ityhﬁcawiesiﬂthé&apand‘adhehgtltbmf Isstmti;faces of the I )
plurality of sem . conductor dice. 28. A net of manufagturing a multichip
package conmpProyidipga BM!%PS&?U’&C%@B%‘PW dige e mEsondycter dig having=a bagk surfasst t om

surface; 10 form 3¢ k4 £S5 5}1220' G f the
substrate, each ng(il? y%éeilftﬂgf%é%ﬁ?&%rg@%&na&glgggﬁan gltgpfeas%ﬂ%ﬁeeoﬁcavity
wal | ; prd@i diapglyimgallayeabf dig attdcharateriad tatihe tayr sudfaceeof thasubstsaterbmbwithiattles di e

havi ng a back surffc§. ang a.plurality of signal connection devices on an
active surface t h@rEHIYO Wfti}fng a layer of die attach material to the base

of each of t?ﬁcﬁklﬂ’i@ﬂ)lh}aﬁtﬁf sERMohingor dice dal tBEIoPSulrite of ke sbdtta¥e Rk that the
sem conductor dice i'n the plurality of cavities wth the back surfaces

t hereof facing t hplusalgy obsignahcorpiecticn devicenis at keast partislly flisposed gyithirf the st
dielectric |ayer uﬁﬁ%g%%hﬁ t"ﬁf surface of the substrate and the active
surfaces of the s& Ju61%di ce including the plurality of signal

connecti p§ demiIgiag a nddling Myed \er theltbpl Batict ¥f BF seRaReA8d theHhirhRryfof T St
dielectric |layer exposing the plurality of signal 20 connection devices.
29. The nethod of s@nigpnduetdr dicgrander conprising: formng a first circuit

connection | ayere: N 8mt of SlateRhfA&H th Bott@Y HirfacBBFthe substrate to a depth

sufficient to expose the plurality of signal connection devices of the plurality of
semiconductor dice.
20
2. The method of claim 1, further comprising:
forming a first dielectric layer upon the bottom surface of the substrate and the plurality of
signal connection devices;
forming a plurality of openings in the first dielectric layer exposing the plurality of signal
25 connection devices therethrough,;
forming a first circuit connection layer on the first dielectric layer; and
electrically coupling the first circuit connection layer with the plurality of signal

connection devices through the plurality of openings.



electrically coupling the first circuit connection layer with the plurality
of signal 25 connection devices through the plurality of openings; formng
at | east one additional dielectric |layer over the first dielectric |ayer
and the first circuit connection |layer; flag-mng a plurality of openings in
the at |east one additional dielectric |ayer exposing a plurality of
connection areas 8n th&hé method of tlain 2, famereoiprsing:ayer; and 30 formng a
plurality of conductive bunps in the plurality of openi ngf of the at | east
one addit i onformingaat deastqne addifienal dicteckicdayer pragith lrébcﬁfm% aypreand|the st ¢y of
conductive bunps witk .ty of connection areas on the first
circuit connecti o@@y@p&m%f}l%gé%o. The method of claim?29, wherein

provi di ng a fouhiig apleralityadfogeasingsiovhedit tegstaons abditiora dieteotrierlayer axposingial i con
wafer. 31. The nethod of_claim 30, fur hgr c_ogPri Si n% f?rm"n the plurality
of signal® 5 conneBFay efespraeelion greps e tha &rsh gineriironaectien laye atdet hod of

claim31l, fu 4 Sl - e g j f ifhLes to
exhibit a de%%lﬂﬁ{\%#@ﬁgfl?%gggglgﬂﬁ g{a?g@sq{ei(%g{m%g@&@ bg'%‘%“aéste‘%“‘?haéﬁﬁ%t e ght of
each of the pl ur ahddityonai dislectric teyduartdamlecttically ciplidg the herahtytotf oohduftivd ai m 32,

wher ei n appl yi ng | ayer, of die. atfach terial further includes plying a
| ayer of epoxy na&BPP \yl_thglg_p?urﬁgy Ht?‘}%‘&cqﬁfl aeqaapﬂ,ﬂgeﬁrst\mg}uémpngm E¥F§ a

| ayer of die attach material 15 further includes applying a |ayer of
benzocycl obutene. 35. The nmethod of claim 32, wherein applying a |ayer of
die attakh materil fulhéwsethodnpelpives, fuythdrgpmyrising sapdng tie snbstrateiinto a
exhibiting a . dielectric constant. of 0.about three. .20 3 A

sen conduct IR Geeriboraaeh Sofint ruPRabru B fiesiots Sonpnte i leaft e b begi e,
each sem conglylify ofdeicohdidist didelir al i ty having a back

5. The method of claim 4, further comprising arranging the plurality of
15  semiconductor dice such that each section of the plurality of sections includes at least a
first semiconductor die of a first functional variety and a second semiconductor die of a

second functional variety.

6. The method of claim 2, wherein providing the substrate further includes

20  providing a silicon wafer.

7. The method of claim 6, further comprising forming the plurality of signal
connection devices to comprise at least one of the group consisting of gold stud bumps,
copper stud bumps, and plated stud bumps.

25
8. The method of claim 7, wherein applying a layer of die attach material

includes applying a layer of epoxy material.

9. The method of claim 7, wherein applying a layer of die attach material

30 includes applying a layer of benzocyclobutene.



surface, an active surface and a plurality of signal connection devices on
the active surface; 25 a substrate having a top surface, a bottom surface
and a plurality of cavities formed in the top surface of the substrate,
wherein each sem conductor die of the plurality is disposed in one of the
plurality of cavities such that the back- swface of each sem conductor die
is facing the base of its respective one of the plurality of cavities; 30 a
first dielectric flayer Tﬂbamﬂmd@fuﬁmﬁﬂhﬁhér@pn@nmﬁgﬁem{g dabke ofthe pluralite ofind
upon the active surface of e q ralg@ of .sem conduct or, dice; and
a plurality 64V1‘éﬁ‘|§éﬂF juit p depth & r1§9t w@wg yieqyad fo @xgrenier{han eight of

plurality of 1l 37. The senmi conductor device
%ﬁ%ﬂfj@ff s% 1%%%%%11(1

package of cf a| m e substrate conprises a silicon wafer. 5 38.
The seni conductor device package of claim37, wherein the plurality of

package of ol ai m A,  wiBF BIOBAE AN 10E: SRS oy e SR SORASSA Sty v ee
sane depth wy OmBferi &RibRinglatBlle@rid & each
the plurality g;fa siprﬁ%o% &?tEor I cgtl {.enThe sem caondtejct or l%%%/‘f%% ggckage

of clai m 39, aiout thnex. conprising a Iayer of die attach material disposed
bet ween and adhering the active surface of each of the plurality of
sem conductor dice and the top surface of the substrate. 15 41. The

sem conductor devige pagka@todiof Elﬁh@l"@her%%ﬁlyﬁlgtaﬂﬁolhﬁﬁg% ePincflides at t ach
mat erial conprises an epoxy materi al . The sém conductor” devi ce package

of cl ai M®0, apphgng a malding majesial whick nsaagﬂolaofmhstmr@m temperatups ¢fagdo about

pol yi m de rra 43. The. s nduct or devi ce package of clai m 40,
wherein the ‘i{,éfwzﬂfl ‘gs bséarntt gﬁ@%‘é‘?‘}%? T®®bnpri ses benzocycl obut ene. 25 44.
The senmi conductor device package of claim40, wherein the |layer of die

attach material further conprises a material exhibiting a dielectric
constant of up tol&abouThe methed of claim 1, further comprising:

forming a laminate structure over the bottom surface of the substrate including;

15 forming a plurality of dielectric layers and forming a plurality of circuit connection
layers such that the plurality of dielectric layers and plurality of circuit connection
layers are disposed in an alternately layered manner, wherein each circuit
connection layer of the plurality is electrically coupled to an adjacent circuit
connection layer, and wherein a circuit connection layer most adjacent to the

20 bottom surface of the substrate is electrically coupled to the plurality of signal
connection devices; and

forming a plurality of conductive bumps on an outermost surface of the laminate structure
and electrically coupling the plurality of conductive bumps to a circuit connection
layer which is most adjacent the outermost surface of the laminate structure.

25



-22 45. The sem conduct or devi ce package of claim 36 further conprising: a
first circuit layer over the first dielectric layer electrically connected
to the plurality of signal connection devices; at |east one additional
dielectric layer, having at |east one additional plurality of openings 5
fornmed therethrough; and at |east one addi€d onal circuit |ayer over the at
| east one additional dielectric |layer electrically coupled with the first
circuit layer; anléut eu"nmticcdidwtecdervioephdgagecmm a plurality of holes

formed therethrough, .the out st di.el ectri.c e osed over t he
ot Teast one Sy shiaTestiduciof tve chcttsriccamtien i hdfe € Pttt e
bunps di sposed i nsﬁﬂf&eﬁh&'ﬁﬁlu!rﬂ %@FSI | &snmeétionlHRvieks &H thP adtivdisaifRel ric | ayer
and electrically coupled with | east one additional circuit |ayer. |

5 46. A rrermayulw‘ated@vmgmp snrfage aéporsomrsutf@be@nd apiuralify af egvities fororedlin the of
el ectrical contacts co rlcal tr e printed
circuit bdard; an as[urﬁﬂg @h%ﬂ‘i’ FF&EJEE’( BPfE]}E\RH‘EQH%QS °8’3Rfﬁ{]% with
the electrical cigeubdsiy ésm&ab@n?&lewufét tl[yrofuwméa%a@ae dchife frfabQsTt One
sem conduct or device pac oge conprising: a urality of sem conductor dice,

each senmi conduct othedilérabity of pemigpndugtor dige mndhgeétqdhe tomfﬁ@&f thesgubsteate,v e
surface and a plu f I t. hye surface;
a substrate havi naﬂ{vglégﬁﬁsa ﬁ#’gﬁ@‘)f%& "’%%d%%surg@e/{{ctéﬁgg%t? f Fy of
cavities formed 2bubstrateRepdsing ttsaxplﬁa«hqf affs1gnhlecomn&sfbﬁae\aceswhﬁémrdmgn,mh

sem conductor die of the plurality is_disposed in one of the pI urality of

cavi ti es!@uchmolding layer ‘B’Qﬂbeé‘lpr ee ofithe gbatrate and s dack Wrfaersof ﬂ?P&‘HB@B’ed to

the base of its r f the plurality of cavities; a first
dielectric |ayer gf%ggédegﬁﬁglgﬁc%he top surface of the substrate and upon

t he

15.  The semiconductor device package of claim 14, further comprising:
a first dielectric layer upon the bottom surface of the substrate; and
15  aplurality of openings in the first dielectric layer exposing the plurality of signal

connection devices therethrough.

16.  The semiconductor device package of claim 15, wherein the substrate

includes a silicon wafer.

20
17.  The semiconductor device package of claim 16, wherein the plurality of
signal connection devices is selected from the group consisting of gold stud bumps,
copper stud bumps, and plated stud bumps.
25 18.  The semiconductor device package of claim 17, wherein each of the

plurality of cavities exhibits a depth which is at least as great as or greater than a height of

each of the plurality of signal connection devices.

19.  The semiconductor device package of claim 18, further comprising a layer
30 of die attach material disposed between the active surface of each of the plurality of

semiconductor dice and the top surface of the substrate.



30 active surface of each of the plurality of sem conductor dice; and a
plurality of openings in the first dielectric |ayer exposing the plurality
of signal connection devices. - 23 47. A conputing system conprising: a
printed circuit board; a processor operably coupled to the printed circuit
board; at |east one input device operablyjtoupled with the printed circuit
board; 5 at | east one output device operably coupled with the printed

circuit board: anged MeRiynAENder ABALASKade U BlaRA 15 ndiein Bid IR B fe” CUI !

board, the menory device including at | east one sem conductor device
package, t he attachimeatetial compssesian epakyabateriadlevi ce package conprising: a
plurality of sem conductor dice, each sem conductor die of the plurality
having a 10 back surface, an active surface and a plurality of signal

connection devicegjon e s@fichbNdichl UbASEpacRagt WISl S, WiRtéil thelajp R &14r f ace,
a bottomsurface and a plurality of cavities fornmed in the top surface of

t he subst$ at eftachimatesial cemptises e polyimidematerialii e of the plurality is di sposed
in one of the plurality of cavities such that the back 15 surface of each
sem conductor die is adhered to the base of its respective one of the

plurality of cavippes; Thaekéhibndlic®r €6¥itd FackaBERIT cRAirh R9SPRErsiA Mk hXe of 81k
surface of the substrate and upon the active surface of each of the

plurality of atkolinaaerinl coroprisgs benzogyedobuteseur al i ty of openings in the first
dielectric layer exposing the plurality of signal 20 connection devices.
.AL@ AL9. A&F . A&@ A", . ALny. A" @ A& ALnY. AFR. A&yy. Afl . A9S. A. 3. A, . A9. Aof

. AF. AQ3e1@\&, . A9, . A9R. ATHeldnlicHiiductol device package of claim 19, wherein the layer of die

attach material exhibits a dielectric constant of up to about three.

24.  The semiconductor device package of claim 23, wherein the molding layer
comprises a material which is capable of withstanding a temperature of up to about 300° C

15  without substantial degradation thereof.

25.  The semiconductor device package of claim 15, further comprising:
a first circuit layer over the first dielectric layer electrically connected to the plurality of
signal connection devices;
20 at least one additional dielectric layer, having at least one additional plurality of openings
formed therethrough; and
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
25 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.
30
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at least one output device operably coupled with the carrier substrate; and

25  amemory 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

30 surface;

a substrate having a top surface, a bottom surface and a plurality of cavities formed
in the top surface of the substrate, wherein each of the plurality of signal

connection devices is positioned in one of the plurality of cavities and the
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by a base and at least one cavity wall;
providing a plurality of semiconductor dice, each semiconductor die having a back surface
and a plurality of signal connection devices on an active surface thereof;
applying a layer of die attach material to the base of each of the plurality of cavities;
15  placing the plurality of semiconductor dice in the plurality of cavities with the back
surfaces thereof facing the base of the plurality of cavities;
forming a first dielectric layer upon the top surface of the substrate and the active surfaces
of the semiconductor dice including the plurality of signal connection devices; and
forming a plurality of openings in the first dielectric layer exposing the plurality of signal

20 connection devices.

29.  The method of claim 28, further comprising:
forming a first circuit connection layer on the first dielectric layer; and
electrically coupling the first circuit connection layer with the plurality of signal
25 connection devices through the plurality of openings;
forming at least one additional dielectric layer over the first dielectric layer and the first
circuit connection layer;
forming a plurality of openings in the at least one additional dielectric layer exposing a
plurality of connection areas on the first circuit connection layer; and
30 forming a plurality of conductive bumps in the plurality of openings of the at least one
additional dielectric layer and electrically coupling the plurality of conductive

bumps with the plurality of connection areas on the first circuit connection layer.
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34.  The method of claim 32, wherein applying a layer of die attach material

15  further includes applying a layer of benzocyclobutene.

35. The method of claim 32, wherein applying a layer of die attach material
further comprises applying a layer of material exhibiting a dielectric constant of up to
about three.

20
36. A 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;

25  asubstrate having a top surface, a bottom surface and a plurality of cavities formed in the
top surface of the substrate, wherein each semiconductor die of the plurality is
disposed in one of the plurality of cavities such that the back surface of each
semiconductor die is facing the base of its respective one of the plurality of
cavities;

30 afirst dielectric layer disposed upon the top 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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39.  The semiconductor device package of claim 38, wherein each of the
plurality of cavities exhibits a same depth which is at least equal to or greater than a height

10  of each the plurality of semiconductor dice.

40.  The semiconductor device package of claim 39, further comprising a layer
of die attach material disposed between and adhering the active surface of each of the
plurality of semiconductor dice and the top surface of the substrate.

15

4]. The semiconductor device package of claim 40, wherein the layer of die

attach material comprises an epoxy material.

42.  The semiconductor device package of claim 40, wherein the layer of die

20  attach material comprises a polyimide material.

43.  The semiconductor device package of claim 40, wherein the layer of die

attach material comprises benzocyclobutene.

25 44,  The semiconductor device package of claim 40, wherein the layer of die
attach material further comprises a material exhibiting a dielectric constant of up to about
three.
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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
10 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.

15 46. 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
20 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 top surface, a bottom surface and a plurality of cavities formed

25 in the top surface of the substrate, wherein each semiconductor die of the
plurality is disposed in one of the plurality of cavities such that the back
surface of each semiconductor die is adhered to the base of its respective
one of the plurality of cavities;

a first dielectric layer disposed upon the top surface of the substrate and upon the

30 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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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

10 back surface, an active surface and a plurality of signal connection devices
on the active surface;

a substrate having a top surface, a bottom surface and a plurality of cavities formed
in the top surface of the substrate, wherein each semiconductor die of the
plurality is disposed in one of the plurality of cavities such that the back

15 surface of each semiconductor die is adhered to the base of its respective
one of the plurality of cavities;

a first dielectric layer disposed upon the top 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

20 connection devices.



