- 1-31 August 2006 MULTICHIP WAFER LEVEL SYSTEM PACKAGES AND METHODS OF
FORMING SAME TECHNICAL FIELD 5 Field of the Invention: The present invention relates generally
to semiconductor packaging. More particularly, the present invention relates to wafer level multichip
packaging such as, for example, a system in a package solution. BACKGROUND 10 State of the Art:
Semiconductor chips (also referred to as die/dice hereiﬁ)leire found in many electréﬁiébﬂ'}&?&@%day.
As semiconductor dice get smaller and more comE:E;( the problem of making electrical connections

between semiconductor dicM@BﬁHQ&ﬁ%Mﬁ%@#ﬁ % boards, and
connections to intermediate substrates %@W%ﬂﬁl%@%&%@% are, in turn, connected to

carrier 15 substrates has been addressed with a variety of constantly evolving solutions. One of the
earlier solutions included wire bonding from sign@@anmneaiopgeyces, 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 MislthetdoRvearaa;r Jhsaratentdnusnyen Lhtisneanertbit B SEricWALE P he pins

or leads make elegiagl oMmRetipaMdtiagNReHRIRRES efithedarsian suitsirie] Thgdan "signal
connection devices" as used herein regarding semiconductor devices includes not only contact pads

of a substrate an8¥5EHNEESHES KERBIRASHS RIS BAtkaEL I ¥ Bhnections 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 surfac&?f g%ﬁbsemiconductor device. Such additional
circuitry is typically effected using a so-called "refiefrl ‘R‘F&{Br extending over the active surface

or a surface of a semicofdiecto iHdievrArsenabsliancalraisey e caineatianatatbrategigretouiked when
multiple semicon@gg&m dice were mounted on an intermediate substrate. In this instance, the 30

semiconductor dit® AT BB IRCEBARIERENYSS RELY - HAME BIr MY BPHURERR) WRALST &3gHAREC or
electrical connectiompléeqti pebideaaiphinignyitcat extesnaddiovicbesuen agmcaitidiobarkd, are

DroUg Nt Ut to GO R D L R AL D oI 2 T AR 20080 to
intermediate substrates such as multichip modules which are, in turn, connected to carrier
15  substrates has been addressed with a variety of constantly evolving solutions.

One of the earlier solutions included wire bonding from 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



package. Other signals or electrical interconnections may be established between multiple
semiconductor dice by way of circuitry formed on the intermediate substrate. In these solutions, using
wires for connecting a semiconductor die to a substrate and wire bonding processes can create
problems. Such problems may include, for 5 example, size and pitch (spacing) requirements for the
bond pads of the semiconductor die and contact pads 0fthe substrate; inductance ‘ﬁ‘r@‘é‘ib% 8 due
to the long curved wires; wire bond breakage and wire sweep causing shorting between adjacent

wires; and high SBHgereQiRH ek RgHeiE itEenery i ety Essitntdist Sebeeenimuliipling
expensive. 10 Flig:ghiiechioplngies wainosaldenialsmebomps avmaalpesiaw@ileviate some of

these problems. For exam{?‘lﬁe?, instead of wire bonding, conductive bumps such as, for example, balls

[ |
of solder may be formed at¥E TSRS USHIR S BEhEPhEIVeH N A SFEEFRIGNE PR 1R 85ubsiibed lead

frame, a dielectrigiapareasningeHouisteacas asatksadinhanesatignarehbangdingpmReeasses, or other
carrier substrates such as a printed 15 circuit board may have electrical connection locations such as

terminals which cﬁwg@ﬁ%ﬁge@%@ﬁ%@éﬂé‘?ﬁ)&?ﬂ%%%’& ignflee ot faspiqutuctor die

semiconductor digadl&hts&PaaeBd uRiQishieads; flippadicdnsigde downssiuéhe seldeizhaliscaraiptaced, for
example, on the contact d;;ads of a cayrier substrate. A so|der. reflow process heats the solder balls

until the solder bBYHEYRIFHHRE BEhE Tt BT E P8 AR oM P BF P LS ibiRe. 20
Upon cooling, theigalderdqrensyneinicoashanicitanthaigctiealicopnalitigpsooeivuaeiictheacarrier
substrate and the semiconductor die. This packaging solution may alleviate at least some of the
inductance probl&ME &§wing for higher frequency performance and better signal integrity of the

semicondugtor die. AlsoFlip-altpritaimenigiet, utiakowkiEhetRiabinadaaf Refiddstrale wher@me
conductive bumps

ere formed to be larger, more wjdely 25 pitched and placed anywhere on the
omioantuctor B! AP EIVERE: Ot A B L O R s R L HRP oo,
Chip scale packagiagpiasbaue s kienms e fsraiandest flipachims pfabe $ead fad «anfiguration
wherein the size of aga%a eéiﬁ re uced.gﬁ c%ral ﬁ?hg Iargeleligthan the size .of the semiconductor die.
Chip scale packa§&d %Wg% § credtedié Je FEIpASEFSEM40 T S8 e SERICEHEE &or die,
with solder balls asdlimppsuctoasteiebondiad plovacis oatidehearandetectiicadlytanngeieddo the

interposer sybstrate and an enc sulaﬁion .mfaterial IS a}ﬁplied over the chl}lgnfor Erote tion there%f from
the elemen Thgl{ﬁltlétr 8%rélrmay ave electrical connection locations such as terminalS whic COITeSPOINK

to the placement of the solder balls on the bond pads of the semiconductor die. The
semiconductor die is “flipped” upside down so the solder balls are placed, for example, on
the contact pads of a carrier substrate. A solder reflow process heats the solder balls until
the solder begins to flow and bond with a corresponding contact pad of a carrier substrate.

20 Upon cooling, the solder forms both mechanical and electrical connections between the
carrier substrate and the semiconductor die. This packaging solution may alleviate at least
some of the inductance problems, allowing for higher frequency performance and better
signal integrity of the semiconductor die. Also, to a certain extent, it allows the contact
pads of a substrate where conductive bumps were formed to be larger, more widely

25  pitched and placed anywhere on the semiconductor die active surface rather than just
around the periphery or down the center thereof.

Chip scale packaging has evolved from various standard flip-chip processes to a
configuration wherein the size of a package is reduced to only slightly larger than the size
of the semiconductor die. Chip scale packages are typically created using an interposer

30  substrate. The semiconductor die, with solder balls or bumps such as described above, is
attached and electrically connected to the interposer substrate and an encapsulation
material is applied over the chip for protection thereof from the elements. The interposer

substrate can redistribute signal connections to new locations so they are physically



substrate can redistribute signal connections to new locations so they are physically - 3 - 31 August
2006 positioned in a desired pattern or arrangement, or to just a different pitch more suitable for
mounting to an interposer substrate. An additional set of conductive bumps may then be formed at
other contact pad locations on the interposer substrate. The resulting package may then be attached
to a carrier substrate such as a printed circuit board. 5 Cﬁi‘p scale packaging enabl d éﬁﬁ%??b%f?:qgages
using desired ball grid arrays or fine ball grid arrays. However, the interposer substrate is Eﬁt%/gically

made of an orgameSHIGRSAAR hFeFFthRME LR A D &S PSR R ol Uh & tiders 1 P R CERPIs d9F ds.

There is conventigaliya sighificanponistidiehin the cogtlisianis: of themal wPansiondche) & the
interposer substrate and the semiconductor die, often resulting in substantial stress on 10 the

mechanical and dRSEIRTAT RIBSFECRSL R LORHABY BB dRiETRRS E NGB d i 'S A4Rd MRS ser

substrate (e.g., arreflanesaldehe@rgetion) dusitathatoinaptitemalaietagraduring normal
operation of the semiconductor die. The use of a ceramic substrate may ,aIIevéﬁte some of the CTE

mismatch cohcerns but SPP SEHSIBRAASIP A GREISo R RARBIS WitieEHvL R saiAtENsoYene
substrates. 15 AnpiineriadMancetidihe af s ohiipdishipneduls s piehlteswaler scalteatiteaeaion.
Wafer scale integration, g@nerally comprises fabricating multiple types of functional semiconductor

dice on a single WAHSP ¥ PSS O4 FRHaEHTH Bobhshd onpriguedheiedl BYAtdrachtg's fhicroprocessor
next to a memoryeavdraibanng sivaifitaneristeh semicrdistatcicehctis paptaiioneyThgobe
repeated across the entire wafer. After 2 {labrication the wafer js sawed into ingividu segments with
each segment colifalRifg e Sfbﬁﬂraﬁ‘ff@'il i ‘f&ﬁEﬂS‘?&‘?ﬂﬁ%ﬂ\%Rf‘ﬁﬂﬁw FaEh HAY PR bEER S Dery
satisfactoryisplutiae natedoigdbicPeiieins ereriathbyitis kafirddnswadnroeassasdadiauniig and
processors and various %E:lf s of memory-t}épe semiconductor dice. For eiéam le, if a deffct causes

any one of the fOlFTRRHONE TEHe fintp At 4 SOMRIre BB HEM fuguTaasD RETUHSBE "SS5 In
addition to that deseiipedahowpethese Hove hesoomdvaneeseinhidng ieChoatagiesukiere they

conductive bumps act as the signal ection device. Conventional.solder bumps, in sqme cases,
nave bean roplaclif ) SAIETETUE (oL BUFHEL VS EDRUb LA L LR PR SHERY S
plated-type stud bwrnpsohasieiaind imegoseseabsaaantly. The stud bumps may actually comprise short
wires or wire,stubs 30 appiee to & semisondustor e taing 3 canveNanalwisondion aipsess, S
bumping
Wafer scale integration generally comprises fabricating multiple types of functional
semiconductor dice on a single wafer. For example, a four-chip system may be created by
placing a microprocessor next to a memory controller and two memory-type
semiconductor dice. This pattern may then be repeated across the entire wafer. After
20  fabrication, the wafer is sawed into individual segments with each segment containing the
four different functions. However, this approach has not been a very satisfactory solution
due to yield problems created by the variations in processes for forming processors and
various types of memory-type semiconductor dice. For example, if a defect causes any
one of the four functions to be inoperable, the entire segment is defective and not usable.
25 In addition to that described above, there have been advances in bump
technologies where the conductive bumps act as the signal connection device.
Conventional solder bumps, in some cases, have been replaced by stud bumps. Stud
bumps have conventionally been gold, but copper and plated-type stud bumps have also
been used recently. The stud bumps may actually comprise short wires or wire stubs
30  applied to a semiconductor die using a conventional wire bonding process. Stud bumping
has the advantages of using a more cost effective wire bonding process for application of
the bumps in comparison to the more complex, multistep solder bumping process.

Further, conductive and conductor-filled adhesives have also been employed to attach the



has the advantages of using a more cost effective wire bonding process for application of the bumps
in comparison to the more complex, multistep solder bumping process. Further, conductive and
conductor-filled adhesives have also been employed to attach the -4- 31 August 2006 conductive
bumps to a carrier substrate. The conductive or conductor-filled adhesive may provide an amount of
flexibility to the mechanical and electrical connection, th‘e‘%éby compensating for soﬂé&gmézﬁ)%lems
associated with the mismatch of CTE often associated with solder bump Ei)roces,ses as discussed

above. 5 HowevePHURGHEURRS A GHEEEr ibalals -t candySvmrisraties e e dBstiva &y there

is a continued negghilenfielinblg: 6osefbaeiMe 8lutinitaahdghericiegsatianiof, \asiebs functional
semiconductor dice in a single package to produce, for example, a system on a semiconductor die

solution. There isCQRBAYHRY ¥ é?gﬁ@%w%ﬂ@blﬁ%@éé‘&%ﬁhwﬁ% taedgingeieheffelhafRpansion

properties while eraklingdhatd Qoedisibptiroetsignalicemniegtivsveevices of the various
semiconductor dice to a_ more convenient, possibly denser, and gptionally standard configuration for

attachment td a_carrier SP8%iatePRigRIO! haashivipe SRteHBRE GRS SFOVRNAPSIERIEh a chip
packaging solutipackisieg Koy goertidics iedTsiserdiepthy-docserasiing toriigidvah usablrimackages
15 and, thus, improving the efficiency and cost effectiveness associated with producing such

packages. DISCLBEHRENGE RIPEN S EBHeSBATTHRICHEO I i SIlee P MRS ARRAYHGS: o

implementation nethgsls, tossolia o20.eemideadidivd diessimenoflthedinlipnsacowitareshialthe prior

art. Generally, the present invention provides a multichip multilayer system on a chip-type solution.
Greater inteqratBr S bTSHRERING S BRIF HAVEHRI SISOV H 6B thea o rtained within
cavities formed inisefaie silikompehsication daeitesrof harabounstudesnd@micdiod ustomdiee of not

only different types (microprocessor, logic, memory, etc.) but 25 functionally similar semiconductor
dics of fferent cTHSHGIGRS ARG DL ST B BTN N AR RUEHRURTLACD KRR ARdS the use
of so-called "knowsrfiacdidigateor KGD, as the semiconductor dice to be packaged. The present

invention enables the use of processes for making silicon-t semiconductaqr. dice for creating
additional redistributionsgemﬁ}gté?% ‘gk? £ &‘galﬁ%ﬂﬁlé £0 provide  System on 4 chip packaging

solution using known good dice, such use thereby increasing the yield of usable packages
15 and, thus, improving the efficiency and cost effectiveness associated with producing such

packages.

DISCLOSURE OF INVENTION
The present invention includes new packaging implementation methods to solve
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.



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. -5- 31 August 2006 According to one embodiment of the
present invention, a plurality of cavities is etched into th‘estbp of a substrate, such as LIRS er.
The cavities are sized, configured and located to physically receive signal connection devices of a

plurality and variety of X HNE S TIRRABIARECTHE RiGHEAT EYSRERRohRIUHLNLE R HeS 1S

semiconductor digdnayihe tarrsrofarsexampleuds Soldistuh MarpsTResamitaneeIstiddie attach
material adhesive with a high dielectric constant is applied to the top surface of the substrate and in

the cavities. The SUHSHAEE SRNardFCh iR iy Hea! SeiTE ARt O R S5 H SR E SR own

and placed such thattheSignalsrespeaiinuderites arge spariveshinciin aavitiesowit the bond pads on
the active surface of each semiconductor 10 die making contact with the die attach material. A layer of

molding conmbourtERIIHERT i e foly BRite YUBATRE MY & HaRk< LIt YAt die

semiconductor digeachhisuerialdifg:sonwntadhipieaiesdiie paskagessippttiae addsprechanitahe
stability, and protects the semiconductor dice from the elements. A portion of the back surface of the

substrate is remSVRHALERR%E BY SRR rirdih g 8 A YL ABINS OESSB AR S tal 15

connection devicegRih exagged thadghothe brok siedacenahibehsyRsiipteniitivihéesignalreonnection
devices exposed, a die@léi trig‘élea er is formed over the entirgg?ack surf}%ce of the, wafer. The dielectric
layer is then etch&§9d E% gl B SRR RS PR e S SURES Rh e b R SRS B vel
packaging. ArcordlingiRiag obthelcemigodientatahdhennvantion |ayelwialitl dhgavitipsusde fermed in the
top surface of a substrate. The cavities are formed to receive the substantial entirety aof each.of the
FugHi T A

various semicondU&aPaio8 8 Lpith ﬁfﬁ@?t‘}r@e‘)ﬁfg&?&eﬂﬁk SRGTROYA S CAVRIES Gh Slly sized
and configured toneslgiagponthuitkl theateorie: pataef wactuipdididiatsrmicanduitoy, diedtypedhat is
Dlaced therein s 35 SEBAHAEL HGcH IR SoAcd G L b v e Rl A s
placed in the dieicaviieedanddhasigniadngtiniaigdicamnbdpladesdianfhecayites titkighel active surface
of each semigonquetor di i RGN Eh hebitk SRRk SUFRERALNE. With the signal
connection devices exposed, a dielectric layer is formed over the entire back surface of the
wafer. The dielectric layer is then etched to expose the signal connection devices for use
in connection to higher-level packaging.
According to another embodiment of the invention, a plurality of cavities is
20  formed in the top surface of a substrate. The cavities are formed to receive the substantial
entirety of each of the various semiconductor dice of a plurality to be packaged.
Therefore, the cavities are individually sized and configured to correspond with the bond
pads of each individual semiconductor die type that is used. It may be desirable to
configure the cavities such that the active surface of a semiconductor 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 semiconductor dice are placed in the cavities with the active
surface of each semiconductor die facing upwards and such that the back surfaces of the
semiconductor dice contact the die attach material in the bottoms of the cavities. A
dielectric layer is formed over the tops of the semiconductor dice, over the top of the
30  substrate and into any gaps between the dice and the cavity sidewalls. Finally, vias are
formed in the dielectric layer to expose signal connection devices on the various

semiconductor dice.



semiconductor dice contact the die attach material in the bottoms of the cavities. A dielectric layer is
formed over the tops of the semiconductor dice, over the top of the 30 substrate and into any gaps
between the dice and the cavity sidewalls. Finally, vial are formed in the dielectric layer to expose
signal connection devices on the various semiconductor dice. -6- 31 August 2006 The semiconductor
device packages according to the present invention mayéfurther undergo a redistribﬁiéﬂg’al%?%u
process to form signal interconnections between semiconductor dice of the package or to redistribute

signals from the signal (BRREQIAMIRSIRtS SRS AsetRE A HBISL Y PE L6 P LU AR dice to more
convenient 5 andrgptignalbiesiaadadddosatienmier (RIBIGPOEEHH fvih APnaKIBIBbARNIGENOT

component. In the redistribution layer process, a metal layer is deposited and patterned to create an

interconnect layeP3rBRTINERKS8dRALidits YldhnBRtiHeuEl led sy ibebntiede o8 ko Mghttive bump)
locations to otherclagriians.dddditipaalisigaihayeisonayhe pvnatdhdaciasiiedoiisswnakiayaring

process 10 includes three primary acts: first, a new dielectric layer is formed on the wafer; next, vial

are formed in the G RRLPRALY SipedrEd IS aap Ot ORAETRAR g VIRt 93 ER ALY 158 Yormed: and

finally, a new layeoeipairial imdepesitadnnbpaierpestiosciaateaanyitpraannast andpiaseidayer as
well as connections to the underlying layer through the vial. 15 Once the signal layering process is
completed for theHit BEH%F%&H&?SE@W%(&?%#:?&&P&%?Q@% K RLITHET Bnseniage?

formed. At this jusetiviRluatiewudip)ectritdayes ishtanvedan the wafer. Next, openings are formed in
the dielectric layer sufficient for the formation of new. signal connection devices and for connections to
the underlying metal |aﬁ43ﬁ%ﬁﬁ;?% 3%@@@3’“&%@8&6&8&%@%@3%% S E@’ﬁ@l‘i\gep%‘ffﬁmps in
the form of soldeialdssatecopmadrinathie apeningsy AtdbisrRoieifidrsired Jeding aaymet, vias
lls on_ each of the individual sili%%)n wafer Esgi%.rgents c&ntaining a
BOREMS

accomplished througfh the solger !

complete system®h 8IS g@éﬁ?@?ﬁﬁﬁé@&ﬁwﬁ)ﬁ%ﬁl%& Bt L& B BNy, the

process is complésadetyasaing e waltnintofmsihchidgrgnanisd prerting spiwabignof individual

mulichip 25 multlayer Systems on chip package. each ready for fest and assembly, BRIE,
vias.

15 Once the signal layering process is completed for the number of additional
interconnect layers desired, a final interconnect layer is formed. At this juncture, a new
dielectric layer is formed on the wafer. Next, openings are formed in the dielectric layer
sufficient for the formation of new signal connection devices and for connections to the
underlying metal layer. Finally the new signal connection devices, such as conductive

20  bumps in the form of solder balls, are formed in the openings.

At this point, if desired, testing may be accomplished through the solder balls on
each of the individual silicon wafer segments containing a complete system on a wafer
segment including various types of semiconductor dice. Finally, the process is completed

by sawing the wafer into multichip segments, creating a plurality of individual multichip

25  multilayer systems on chip packages, each ready for test and assembly.

BRIEF DESCRIPTION OF DRAWINGS
In the drawings, which illustrate what is currently considered to be the best mode
for carrying out the invention:
30 FIGS. 1A through 1F show cross-sectional views of a system package at various
stages of fabrication according to an embodiment of the present invention;
FIGS. 2A through 2D show cross-sectional views of a system package at various

stages of fabrication according to another embodiment of the present invention;



In the drawings, which illustrate what is currently considered to be the best mode for carrying out the
invention: 30 FIGS. IA through IF show cross-sectional views of a system package at various stages
of fabrication according to an embodiment of the present invention; FIGS. 2A through 2D show
cross-sectional views of a system package at various stages of fabrication according to another
embodiment of the present invention; -7- 31 August 2008 FIGS. 3A through 3F sh 2Hs8st%onal
views of a system package including a_redistribution layer accarding to another embodiment of the

present invention; FIG. £18% prathiihsHotny dossrectitomidifyyaYiaritsBraskigmiaciiling a

containing a pluraéigysafisemicanaucias gise (aeseidinentBoditBEEs it PHaBHORY Sntilfa; 5 is a plan view
showing a plurality of multichip modules according to the present invention on a memory device; and

FIG. 6 is a block diagrarh!Showid X mamos ) aeEa Wiy dine AR BrE e cHH @R modules

according to the prsantinvgNiRNHNEOspRBtad NG aRRPUENiSYESENe P8 BTMBRE(S) FOR
CARRYING OUT THE INVENTION Referring to drawing FIGS. IA through IF, the process of

manufacturing a packaded:sethfcdABNLES eVt 3&88@%%%%5#1‘868%@% B IBEdodhe

invention is showpresdhtstradadon s awiBadriGielcts anaross-sectional view of a bare substrate 102.
The substrate 102 material may inclug&ga conventional silicon wrafer or.other bulk silicon 15 substrate

such as is well known it G HEGS PSR S SIHTRINHS SIS Eny? 1ot M RpHS other
well-known substiairBigah @R scei@NIm @ tOhepraidiiabiecmrieiirlopditaliydosayitiag J3tis.
formed in the top surface 104 of the substrate 102, such as through a conventional anisotropic silicon
etching process. The cavities 105 are each defined by a cavity base 108 and cavity walls 110. As

indicated i_nlm drawing FIG. IBEWMMEQS?HQREARM@OWRHEWMEN”H@Nrally rectangular
Coviios 105 may exhibit BEF GobHEAE N L T S el AN Fbconical
pyramidal, frustopycknaictbéanisendsabededteReterding nexi ontoaiviegt iGhe deiba iapeautiace 104 of
the substrate 102 js 25 coated with a layer je attach material. 112 such as a die gttach material
which ety b B L EHETAIAREELIGt does A SOREEHRB SPULhba (45 BISELE. ho cie
The substrate 102 material may include a conventional silicon wafer or other bulk silicon
15  substrate such as is well known in the art. However, it is understood that this
substrate 102 may comprise other well-known substrates such as a ceramic or other
suitable material. A plurality of cavities 105 is formed in the top surface 104 of the
substrate 102, such as through a conventional anisotropic silicon etching process. The
cavities 105 are each defined by a cavity base 108 and cavity walls 110. As indicated in
20  drawing FIG. 1A, the cavity walls 110 may be formed to exhibit a generally rectangular
geometry in cross section such that the cavities 105 are generally cubic in shape.
However, the cavities 105 may exhibit other geometries such as, for example, cylindrical,
conical, frustoconical, pyramidal, frustopyramidal or semispherical.
Referring next to drawing FIG. 1B, the top surface 104 of the substrate 102 is
25  coated with a layer of die attach material 112 such as a die attach material which may be
applied in a generally liquid form and then soft-baked or cured to a B-stage. The die
attach material may include epoxy resins and polyimides, as well as organic and polymer-
based resins. Exemplary die attach materials include resins derived from B-stage
benzocyclobutene (BCB) and which are available from Dow Chemical Company of
30  Midland, Michigan. The die attach material 112 may be applied to the substrate using a
conventional spin or spray coating process 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 appreciated by those of ordinary skill in the art. The die attach material 112



attach material may include epoxy resins and polyimides, as well as organic and polymer- based
resins. Exemplary die attach materials include resins derived from B-stage benzocyclobutene (BCB)
and which are available from Dow Chemical Company of 30 Midland, Michigan. The die attach
material 112 may be applied to the substrate using a conventional spin or spray coating process
wherein the top surface 104 of the substrate 102 is coatéd and the cavities 105 are IlRHSHHFHIS die
attach material 112 as_ will be appreciated by those of ordinary skill in the art. The die attach material

112 - 8 - 31 AugUBRSHBEM Rt Bt Sy Esmmlt, ORISRl B AR RPRISHEBHE D to

approximately thiiged@ensueddgauatgeelacinsativinsuiapivpatrReeniesadids materkthst-hieseft-bake
or B-stage curing%of the die attach material helps to prevent movement of the semiconductor dice 114

relative to the subStARs TG RNy dinatadhenels 185 BURFY B QYIRS P AR SRS LB K ete
semiconductor digrél 1#4igcRioN de theoasRthay e auiusalitysfusigmakannneatin dgvieesashown as

conductive bumps 116, attached to bond%Pads 115. The semiconductor dice 114 are placed upside

down with the conductive BIHY P{ 61556 IRderioc sl 1 ouPamaduta6R htoe Laksdin 18 of

the semiconductayt diggal ddniieasiiaet/wéd) thevdie attachidnatasimlgs1 2L d! AgRateddbantheagizel of the
10 cavities 105 may be etched slightly larger in breadth and/or depth than the size of the  conductive
bumps 116 in ord0FtoFBHSURA SIBRUFYid LF e RARTLERY B G 18 ERVEIBS 4B, The

conductive bumpgokithisayntdenmeaes fos axampleiragold sitcdursps appiadwiluatconventional
wire bond process. Other.signal connection devices, such as copper stud bumps or plated-type stud
bumps may also E‘é%ﬁ%@;ﬁ?ﬁ&f@W%%?&Aﬁﬁ&%—gfé%‘%ti@kﬁ&ujhlﬁ %tﬁg@?ﬁ %8%&?&5 ® bumps 116
as generally @pheticalealls nibg noadhiedivedatnpscdd i Braydactmdiy: depiormadiiie oittastshapes,
including pillars and columps. In ition, for simplicity, drawing FIGS. |A through IF show a.single
fow of conductveBUIEL BB IO AL I AR R GETHA A P DAY B0
semiconductor dige ¢dviwshiob. |amgituehatiaxibumpsientadaly dogvaite (ot Hlipne of §orl page.
However, other cgﬂnductive b én‘éatarrar&%ement suck\&as, for example, an arggggementﬁraund the
| C

periphery of a seMBURARRISIAY 14 YU SAISA O RMEURRTES 1 ATHY 1284 EPERE H SENRS Surface
118 of a semicongititas chppki draddalgss vitindbeyscape irtipe pressnd twerdom fgiakrmore, the

Semiconducltg) ' di&%v]&}ndé ﬁ?%’sb‘fco Ih%%rg% I F 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 in 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



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 in drawing FIG, 1 D.
The molding 30 layer 119 may be any of a variety of cofngp'ounds known in the art féﬂtﬁ@%&’tﬂ&ggg of
encapsulating the semiconductor dice 114 and substrate 102 to form a typical chip scale package.

The molding layefOrRy s Matstabha i e8RS S uHiF iy ouiiam Bip-githsiand LapogircL8hiBrise a

material having popsstiesopaificianioia allmiite wthianshtempsratures of up to about 300 C without
substantial degradation thereof. After the molding layer 119 is disposed on the top surface 104 of the

substrate 102 and propéfi§ichirsaoklingrivrrdiths dispetesten e W sgitsHHbrh b6 Taberase (8
removed 5asis W%&g@mga%&iﬁ Jt InQiedhat ofos B RRIRH OB e Nesas eI as

shown in drawing FI (as well as in subsequent drawing FIG. 1F), is flipped upside down relative
to that whichdis sRdIhAHRAMEEYNE S1GA IRrdtiend e FIReRSeTRhEHHEYniBs e rePhoved from

the bottom surfacg &R iafdhe sibsitaterl 02 Myifashniaues RUe 08w RNGNding rAasiiRide

planarization techniques such as chemical-mechanical 10 planarization (CMFg?R,eetchlng or an

atmospheric dowAR¥B&FBIE<MATRBPY oo Brdiaring FHS st rdurusiblies drderigiale, CA,
which is known by, taeag @hprlinanodill-thile adMaignakis 1eme vedsiim e GpBpR$uifaes 106 of

the substrate 102 until the conductive bumps 116 are exposed, creating a new bottom surface 106" of

the substrate 1099528 haRMSHNEIRS EOTHRIYR BN EdiReHTEBifpS Y528 theXieh! 4nsghasificbn 15 a
chip structurg ha%l'@ﬂﬁﬁ‘z&ﬁ%ﬁt@iwﬁhe@éhﬁg@yg ammaﬁcamﬁt@@@wm%@@mmgre the

wafer for a redistribution layer (RDL) process, a dielectric layer 122 is formed covering_ the new bottom

surface 106" of thef{sEPuh e s Tshaalaries HutHpRYYEs,; Setshbieh i vty these e aisgy, a

plurality of vial orsppepimgsk2Avadarms eindhal disiaeHibENEh ddtaey 08t aRNGlucH R hompsil 16,
such as with a 20 conventional etchinigrocess. The assembly may then be subjected to an RDL

process to redistiBERISIGETELBRAA O GFRE RS SFPatipeARSY BPYrIpardac S rahdstoutput
connections. Befepg daaciigingsthip faistrytian lyval MrossRuANOHRhEMPedIPeRioh Hetem 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



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'eH%iFety of each individual serhicB&Hi e
214. Additionally, the 30 cavities 205 are formed to a depth short of back side 206 sufficient to allow
the active surfacS92Bl 3R RehirtbRfucasitian2 mayrarowdipeka Atfsr moids hdshaecdio@sce 204
of the substrate 2QRitlf is A@eithat, since different types of semiconductor _10- 31 August 2006 dice
214 may be used, the cavities 205 may accordingly differ in size and shape from one cavity to

another. As shown in draWiifg ¥ B WG FLF of e Ksehl fisipehongssalsdifdd #rked Bilities 205.

Discrete semicongvaiies dice Pidrie dhanplacediaitee cavittanesianithitnge 2AativeogriaaetB20 of
the semiconductor dice 214 facing upwards and the back surface 216 of the semiconductor dice 214

being attached tii¥HELES0& 0t SRR S08! U ATRS R aits cRhiedisk 54829 Rown

in drawing FIG. 26 trefifshidielaatiis: l@yen22 Beisanplisddvantnrdopmsusfasapdeal thaaupsomte 202
and which may fill in any gaps 221 between the sides of the semiconductor dice 214 and the cavity
walls 210. The frbPIOXHAIGHEHE Y203 Mrag) LA B BT 4o sbrrfor o BHREEE SE Ve 2o

coating or spray ce@jingd Giralye ap shavwse T04d@EwisgubkzaikDR02 plaralityhohyiadinnopenngs 224 is
formed in the first dielectric layer 222, such as by an etching process, there xposing the plurality of
underlying signal 86?{6%%%&6‘8%@@%%%08 l’ﬁ&?{djﬁﬁgé]%i%(f @ﬁ§%ﬂ%§%€§é§ \iﬂh? "% applicable
to both of thig exatiyMatiicdajepdiP @i bd apEcdssad@bedoitishovsisandiiesgibedaiih despegt to
drawing FIGS. 3A throu

: gh.3F IIIusEated, in drawin G 3A is a general substrate 302 with
embedded semuc%‘%?&‘&éto%“&ﬂléé’ 302" MG é‘i‘g‘ﬁé%%%@u%]ﬁ” i §é2§1?§8Fé’§8HH}¥§ é?\fuv 15
embodiment withiorthed scojediad: telsouantige: T1k pracaskyhaginhias moows thccbwingdsify BB, by a
metallization layer and patternjng process to create a first circuit connection | 08 of 20 metal
covering the plurgﬁ'fi}aﬁfgsf)éﬁlé‘tdgg %ﬂabﬁ%ﬁﬁ?géngﬁ?stﬁBO&é?ﬁ Mpgfﬁyb%{éisments, the signal
connection openings 306XRDIepediees, thaichnchpgiiicatiempsthld ihctbecaplaodemeodshaws and
described V\ilgh reiﬁ?ﬁés%%% %\(/Vei:? Iszlllon% ellﬁ‘d described with respect to drawing FIGS. 3A through 3F.
Iustrated 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



through IF 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 { form the pattern of openﬂg’é‘éﬁﬁ’dt ircuit
connection layers 308. Further, the metal layer may. be formed of a material including, for example, 30

aluminum, coppel A7 HthIASHbISTERBRHCL i rseHIR THE e TSt CSBURNMRFEHP LRRPdRnection

devices (e.g., thecgansieciiveltidnise Jidh @b wiren=1G. 1C or the bond pads 215 of drawing FIG. 2C)
may be treated or have an under-bump metallization-type - 11 - 31 August 2006 material placed

thereon prior to connectfdR TSRS PRRSH Yaidider asal 'spatnanmdetisahsisdhesion
therebetween. A prpdetanminacaishbeleahageiienalyveiallayarsvinay g sdtiedna 3hasie three- step

signal connection layering process.as shown in drawing FIGS. 3C and 3D. For 5 example, a new

additional dielectfit¥RPsr 3 5%t sliEleftacrsGToUL Mdesmer @ vardhsdrrigye reabdithg the
entire wafer. Nextiddetdialifyenf, vinlidpopeaings wiférisNese aigshinlibeotielacsicpayrizd 302 stich as by
etching, exposing the underlying first circuit. connection layer. 308 at a desired plurality of circuit

connection areas" BRI RS eRiesdmeidd ) SHEP S Ry 15y S3R8S Redhta AN it EdHhection
layer 314, showndsha€-doaviner BB .8Pdssiakingulasiyed aleciricatnafiogatiians tartiiey wgeslying first
circuit connection layer 308 an% redistributing signals to new locations, possib%forgﬁg{n ection to
higher metal TayeP HOF LR TR P E S e BBV HE QTR0 ORYBY 0y BB iional

metal layer,1bloweverinRiBIp @I shikil desiepented! eaproaaiaiolinechsumbelybfdifitascforiexample,

three times to create three inter iate signal routing 15 layers), thereby formi laminate-type

Strocture. Multin S IJEL T B G USRS SR SRR S PO Sgnal

interconnections ratighsilneaddoyeplishadaipliviysigealrayasF RS SBAvEDIshdradie oiatnddt and 3F,

a final dielectric la r316;dsa plied over the previous dielectric layer 310 and cjrcuit connectiqn layer
Silieg Thoetth et

314. Again, a corVentiBhi A prB LS RVGEEY Yo a2y RS ALRG P T SeHIRYE 318 in
the final dielectrimlayberdkaiexp ofingxtheply) dadying «itouwtcathesatitinclayelidd dighinalytinew signal
device 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



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 tQ drawing
FIG. 4, an assembly 400 containing a plurality of semicdAductor dice 404A-404D (éélﬁ%ﬂ%@/%erred
to as semiconductor dice 404) is shown according to an embodiment of the present invention. The

substrate 402 is SigFe 4o bR BiEhF Se Gy 5B sy sHE Ui S Gt hans t55emanhtifidual

systems on chip ¢hediiRs Yith RacbER—IRENIFOG0e0INMJ R RIUIRbYy RLsRRBIROMEEehGiEBr
404A-404D possibly of multiple functional varieties. For example, semiconductor die 404A mi%ht be a

processor, semicBhFIEEI R LH A TR SSSRER SRP SBtsIEan R mIeBhehigBrdibe 87 Regust

2006 dice 404C angoAQAR imiglatdhaseeniyyeshipss Adthirugiutiss packagwys a segment 406 containing
four semiconductor dice 404A-404D, it should be understood that the number of semiconductor dice

within a segment 406 mB§HEIEE AP ERRIRSIECde p ARG SN RSB AE RS Ase of the

resulting semicongegiat paskiess SHdeiewinennavoipotiawing:iGnd padhg@biutrwige 500, also
referred to as a memory module, is sﬁ) wn which incorporates, at least one packaged multichi

p
semiconductor déﬂﬁg%%{:ﬂ?ﬁiﬁ% ﬁ‘écﬁ‘?é‘é‘éﬁ? G emERsAL *l‘WS%‘é"ranﬁ?)?&%r%%“ﬁ‘? {es a
carrier substrate middchcasier piibiescizolithanid a iermdiCbiene Bompte widckagedimdiichip

semiconductor devices 510 may be electrically and operahly coupled 10 therewith. A plurality o
clectrial connecI Bt FOMUHEL O RO MEEYBRald 655 SR vl Hith i Btpoer ed
connectiong vith @erexieinal plevitiey stickascidtaxrnpte S8 mainer boald afrAceanmstites,Sz0the one
or more packaged multichip semiconductor devices 519% Referéigrég ow to d{ﬁwin FIG. 6, a

computing systert? 850'18% LU S FRERHER e AR PG B U 2O BB IS, a

motherboard. Thenogi¢i®basdibsiratendOZmayHeconp oralyequidtRlpddomaltdehipt eredoreivessor 604, such
as, for example, centrafls rocessing unit (CPU), and at least one memory device 606. The memory
device 606 may ia%Yﬂl‘i?é K& or more packaged multichip semiconductor devices 608 such as
described above. The c®&e¢terrsighsirate 6RRviaOPETably complathwily@iieastioteompuihich

15  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. 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.



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 exaIn]1i5I'e in the drawings and havé'Beet th¥ribed
in detail herein; however, the invention may be susceptible to various modifications and alternative
forms. It should be understood that the invention is nSt-iH¥Rded to be limited to the particular forms
disclosed. Rather, the invention includes all modifications, equivalents, and alternatives falling within
the spirit and sco&@%tf%@@@‘iﬂ\%ntion as defined by the following appended claims. - 13 - 31 August
2006 CLAIMS What is claimed is: 5 1. A method of manufacturing a multichip package comprising:
providing a substrate having a top surface and a bottom surface; forming a plurality of cavities in the

top surface of the substrate: proviFHY S PITAHNACHEA LB R R S5 LOMBE N €Onductor die

having a back suprsediapd aupiutaditlyaofnsignap cammeciiandaxieassarfae;active surface thereof; 10
applying a layer of die attach&q}aterial to the top surface of the substrate and within the plurality of

cavities: placing H0TRF ARG LY i SaNEGE I8 B EFRS § 85 L6 i TAREBEthe substrate such that the
plurality of signalgeniietiapidedicestiseatileaghipartialy, dispasadosiiiniohdidhiratit/atfacr vitigssel 5
applying a molding layer oyer the top surface of the substrate and the plurality of semiconductor dice;
and removing a volume %ﬁﬂé’t‘é‘ﬁeﬁt&%ﬂ %%W%ﬁ%%&eépfh@ﬁ?%ﬁé w5 ERf sufficient to

expose the pluralippdfisignrlyeppnerctionderioes aftthadlvsaliyaoé samicabdtttamdiaehediBe The
method of claim 1, further comprising; forming a first dielectric layer upon the bottom surface of the
substrate and the pIuraIR!PBafhty of cavities;

placing the plurality of semiconductor dice on the top surface of the substrate such that the
plurality of signal connection devices is at least partially disposed within the
plurality of cavities;
15  applying a molding layer over the top surface of the substrate and the plurality of
semiconductor dice; and
removing a volume of material along the bottom surface of the 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.



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. -14- 31 August 2006 3. The method of claim 2,
further comprising: forming at least one additional dielectie layer over the first diele@tﬁ%‘lﬂiﬁé?g% the
first circuit connection layer; forming a plurality of openings in the at least one additional dielectric

layer exposing a 5 plurdlity of dBRAEHSH Arealny (HERFSEURRUSSnnection layer; and forming a

plurality of condugdivigipimpsdnoieplisiatiy efeReningrerb1Beaé Masirneuadriignaldiigrtic layer
and electrically coupling the plurality of conductive bumps with the plurality of connection areas on the

first circuit connection Ia§/&MH BOANKHORIAYEA of claim 3, further comprising sawing the substrate into

a plurality of sectigfsingagihseetiost opéhmplunality pi&ectippadenintainingladtleaslbvexpbing plurality of
semiconductor dice. 5. The method of claim 4, further comprising arranging the plurality of 15

semiconductor dice such &L SHSEHRTLIRS FUPLIOFSENiSREHLIARAY St St a first

semiconductor digahmiespluantiosadomietivebdrpses andpsamicostessaingiconiir seegnddanctional
variety. 6. The method of claim 2, wherein providing the substrate further jncludes. 20 providing a

silicon wafer. 7. The metEH SR iR BIIIEr TuhrIsSLica RO ARG R & B R RENOP SFORA B8 Rnection

devices to comprise at lasiperetaitiieEialiy 600sisiEgf Geld siubldfimRactoapticstiod hysrps, 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 mater@l 30 includes apphdngethéayer diibepzoeyeiotuincing sawing the substrate into a
plurality of sections, each section of the plurality of sections containing at least two of the

plurality of semiconductor dice.

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.



- 15 - 31 August 2006 10. The method of claim 7, further comprising forming each of the plurality of
cavities to exhibit a depth which is at least substantially equal to or greater than a height of each of
the plurality of signal connection devices. 5 11. The method of claim 10, wherein applying a layer of
die attach material includes applying a layer of dielectric material exhibiting a dielectric constant of up
to about three. 12. The method of Claim 11, wherein a‘p]p?ylng a molding layer incl@&e@%%&ﬁ%ng a
molding material which is capable of withstanding a temperature of up to about 300 C withgut

substantial degradation tRereof Besmeihed ot flaiof dhsrcaprAsingdrsprRsgcibpbifioP rainale
structure over the-hatiemossiiiaseidha surginate isslusipgaddifreayng & Rl ohadielasiisadayers

and forming a plurality of circuit connection layers such that the plurality of dielectric layers and
plurality of circuit @SARE LD Ry OLHE L FOLE S LACKItsPnately layered manner, wherein each
circuit connection layer of the plurality is electrically coupled to an adjacent circuit connection layer,
and wherein éa circuit connection layer most adjacent to the 20 bottom surface of the substrate is

electrically cdupled to the! pluralify SFgHA! SaRdtishaatnans! yng admsing dprifayBES ductive

bumps on an outaienakkSpFBeeQf edaminatenst utiitial arbisiectricalcouningtthelupatity of
conductive bumpsbto a circuit connection layer which is most adjacent the outermost surface of the
laminate structur89% three.

12. The method of Claim 11, wherein applying a molding layer includes
10 applying a molding material which is capable of withstanding a temperature of up to about

300° C without substantial degradation thereof.

13. The method 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



