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; e3eHuppqDr 4st 6t THui qG El ectroni ¢ Assenbly Conprising Interposes with
Enbedded Capacitors and Met hods of Manufacture Technical Field of the

| nvent i onygherpogsent invention relates generally to el ectpcgniges2paskagi ng,
More 1 o particularly, mmﬁm \‘l\mventi on relates to an electronic
assenbly that includes aqm havi ng one or nore enbedded capacitors
to reduce switching noise in gskwgh-speed integrated circuit, and to

manuf acturi ng nmet hods rel ated thereto. 15 Background of the Invention
Integrated circuits (1Cs) are typically assenbled into packages by

physically and el ecgfibealdyi& ALY ma tbéﬂfﬂsﬁzé‘i‘ﬁ%&&@%@emﬂﬂﬁ organi c or
ceramic material. One or nore Ié:lag%g cgg_is can be %Slcally and

el ectrically coupled to a prinF T HAPIGIEPES ( card to form an
"electrédnic 2 o assenbly". The Medihodlsr ofii Mdarasfeatulrg” can be part of an
"electronic system. An "electronic systenmt is broadly defined herein as
any product conprising an "electronic assenbly". Exanples of electronic
systens include conputers hand- hel d, server, etc.),
Wi rel ess conmuni cations d fcor dI ess phones
pagers, etc.), conpulbebreseniinuention sclges geperalhatoglectsonjes pagkaginge More scanner s,
moni t or, etc.), pemitdadyitheeeentdavntasre(atesto an dletiexicakemdly thadi oS, st ereos,

tape and conpact jgliges & 1ﬁbéﬁfo§er h\éhqgenecam& Exﬁbéd@&%i%ﬁns tVPgduééVbt i on

Co o e fo%%“ 1300 BB Shoc B i drd b maiedilfe o' 1 LocLre

anmong manuf act ur 8teé e@ﬂt‘?%erﬁ‘ﬁ’e performance of their equipment up while
driving down production costs. This is particularly true regarding the

packagilrg_g of I'Cs on substrat gsckyhehel exchnaenngeneiaf i on of packagi ng nust
provi de increased pegﬁ&m@m&&uw@ 1&9;[)9&3 e AR AT SRl 17 MO € Compact

in size. 35 An IC su netal |ayers

sel ectively patt QPWé"G ct)e(‘ﬁ%c\;n%xgy QPgF Pé?f’:ﬁ‘lﬂ“ﬁ%?:tf’ n}ap g“%%‘f‘ér red to
herein as "tr acegmymlcamiereﬁieom ompre e packeges spebaphypieribrand clpsiieelbd on one
or nore surfaces codplddte apribed catist bodhigPEBpatdanito Coravani@ieenénior conponent s

are fungfionally,genege! ek "‘e%c%ﬂﬁ@%ss@th@l@’e@énsoe Qhart 3PareehroMb s Fstehy'St em

through'a 4 o hig ra@fé'c‘alon?{,%&g%/ sCI% f@,%@% it §cotn{b%si§lgbstrate
> SUbs ! xamples o ctronic systems include computers

electromc assem

(e.g., desktop, laptop, hand-held, server, etc.), wireless communications
devices (e.g., cellular phones, cordless phones, pagers, etc.), computer-related

25 peripherals (e.g., printers, scanners, monitors, etc.), entertainment devices
(e.g., televisions, radios, stereos, tape and compact disc players, video
cassette recorders, MP3 (Motion Picture Experts Group, Audio Layer 3)
players, etc.), and the like.

In the field of electronic systems there is an incessant competitive

30 pressure among manufacturers to drive the performance of their equipment up
while driving down production costs. This is particularly true regarding the
packaging of ICs on substrates, where each new generation of packaging
must provide increased performance while generally being smaller or more
compact in size.

35 An IC substrate may comprise a number of insulated metal layers
selectively patterned to provide metal interconnect lines (referred to herein as
“traces”), and one or more electronic components mounted on one or more
surfaces of the substrate. The electronic component or components are
functionally connected to other elements of an electronic system through a

40 hierarchy of conductive paths that includes the substrate traces. The substrate
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traces typically carry signals that are transmtted between the el ectronic
conponents, such as ICs, of the system Sone |ICs have a relatively |arge

nunber of woimitizeut put (1/0 termnals, as well as a |argepayRREl239f0 POWer
and ground terminals. The large nunber of 1/0O power, and ground term nals
5 requires that the substrate contain a relatively | arge nunber of traces.

Some substral es nalid SedilchirpLBdieelBe iR G8uloey fcRppBat e all of the
system i nt er connect 1 ons rﬁlce 0, ﬁ\t ed Wi ggl ny |€‘ferqr|lt .Igﬁ}ylgrs are

typical |y connectQHPRIcR{S: $4°R 4y fgf’ UAS™ 205 e ihavEg elpivlelgree

t hr ough- hol es") MymberPTiinput/RetpdHPe termipala, agiwgllag A lasge mimeher BiPawEKi ng a hol e
t hrough sone or ahd gtoayetegminhlsa Thellasgermamberanfd/Q, pewerphiat gronndttéreninabd er i or

‘hol e surdf ace or freduideS@hat HE sutRlr@e Vhdtdin 2FelRIvegtlarE Rlrhber 6OREHEE Sopge Mat eri al

such as copper Orsu?stg‘dfégﬁeégﬁ rgﬁﬁﬁle%;ge&%ﬁtgag&‘égF\fc'of?lﬂ?o'da GhdpHR s%sg{m mounti ng
R

an I C on a substra co apse chip conn (A). In
fabricating a C4 'FSCRHMGEUIOMS: s the el ectrical ly conductive terminations or

| ands (general |y ref dracegllopaechwithin|diferent bairs eiyriealls cpnagetedn | C conponent
are sol dered dir efdctricallpbycvias @Bp @altbdriglated ngsughrhdids®) fotinddia ehetoatdhe

substraie using rethuabl g.&olydkiidTse BFoRRb e ordlSafets AaA068St S W dely

used because of its ro tness .and.s |4 Cl . 2.0 t i nternal
circuitry of | Cs,anéf}’_(?ﬁ p&?“%ﬁ%d‘étglé%ﬁglergggjﬁﬁﬁ ﬁgmétthelﬂn%z%‘gﬂﬁ%d hi gher cl ock
frequenci es, and ckstrically ensdnciive meterial G¥rBies soRPEIRIGHESROwer | evel s,

swi t chi ng noi se can iOmepétseot@nurmtmethvdstbembentiag en I¢-on a sitstratessons st at ed
above, and f0l' ahah&r cb@asRASHpA @b hed (@A) .Cla fbrichiillecomMBackpRAr ent to

those sid!led in ddigedidanyBOREGRIAIARE, G 1ohd PRESHARALRG e Present
speci fication, th‘e%e 1S a SI%}’II |r§1%2t need in t ﬁ]&t or a nethod and
apparatus for pacK &ti“ﬁé?ﬁ?fa‘ft ) SIS pTPPpel arespigpref e J2s probl ems, such
as swit chi ng noi serresperding ndsondhe prfsrgef the YORrAe esiigardowablasaliehi gh power
del i very. 30 Bri éfumpeschallpt ThaCodprocése idwidely ngsl tetduse df itsyrobustiessaiddi agr am of
an el ectroni c sysggmdidcorporating at |east one electronic assenbly with

enbedded capacitors i,n . accordance.w th-one enbodi nent of the .nvention;
FIG 2 g(hows a cross,—‘t\ssé@et ﬁngeh'fﬁc?%lgWe%tgﬁf’éF?lloﬁ pB?ceSoﬁl,orﬁu?Reﬁt% ﬁ’lﬁlg{‘]‘ﬁt er poses 35
in accordance wi tadbigBersiaskdiegienciesrang aelGspparateiabhigheriangd higherpawer o
cross-sectional rleyisesweitrhing noise ofn mcreedettd zpgeaptabletievelroses wit h enbedded
capacitors in which Foeth¥rd@sordskatedadone sdoapandrtreasens seirel telodf whicke
potential are ar r\ﬁﬂ%@&nﬁé{}{pﬁ&i@ﬂﬂb‘Ehots@ﬁcille'ath?fh'e9& uPbn feB@ink ML POSES N
accordagge W th on retnxbcﬁ I qentesof Steg%l n\ﬁepgl on, si%i%m G A4 ho%gys a

or oS- SBLt i onal rfFSERHINEOF Sresql sueciispysny ote s o sieniflgsm féedt BERT pir) us111
/ 23719 i nt er posedov mpthadandapparas faipacesing ag Kpaie s subsirgtp thabwbwaiece with an
al ternat e enbodi meeitlemd, stdheas switehing rooise, #sbd@iatds! wikiolvigh alock bheplesdastandnal

representation ofpigh ek H4Ip¥RL | nterposes with two enmbedded discrete
capacitors in accordance with an alternate

30 Brief Description of the Drawings
FIG. 1 is a block diagram of an electronic system incorporating at
least one electronic assembly with embedded capacitors in accordance with
one embodiment of the invention;
FIG. 2 shows a cross-sectional representation of a multilayer interposer
35 in accordance with one embodiment of the invention;

FIG. 3 shows a cross-sectional representation of a multilayer interposer
with embedded capacitors in which the vias that couple capacitive layers of
like potential are arranged throughout the interior of the interposer in
accordance with one embodiment of the invention,;

40 FIG. 4 shows a cross-sectional representation of a multilayer

2



5 enbodi nent of the invention; FIG 6 shows a graphical representation of
capaci tance versus area for various dielectric materials that can be used
in an int ¥@oyeomi th an enbedded capacitor in accordance Weifiseig719
enbodi nent of the invention; FIG 7 is a flow diagram of a nethod 011
fabricating an interposes s o conprising an enbedded capacitor, in
accordance with le 1Bad S @ flow

di agram of a net ﬁﬂﬁ %@ 9;%%%@21%, ?Jdeﬁ'&?sct &%@%&gﬂﬁgagggg%ﬁ;uﬁ% ng an

i nt er poses corrprlagtfﬂﬁl & 8%’3%‘5 PPor, in accordance with one

embodi nent of the i nFdAt] @ﬁwsisl%ﬁeé P%I%Eeé@mtﬁt‘ioﬁﬁ“@ﬁﬂ%’ﬁb@éﬁr%?ﬁs of the
I nvention In the wid ﬂw@\mﬂbgddtdtdaactemcaﬂmtorsumumordam‘e vdtitendiltempates of t he

invention, refereniRdinfeni®dBe f0edifdg; acconpanying drawi ngs which forma part
hereof, and in whichgg é{?ﬁ%‘a%)’a‘% Xh%reéeh aHﬁer%%a%Pan%Q@&’s a‘iea%?f erred

embodi ments 2 o in V\:hlcﬁf’l %/ ﬁfg ge enbodi nent s
are described in ‘8UPYS ‘?’é‘iﬁt‘c‘&étte‘é"illgt}tabca@rl?ﬁlb‘eéi‘? g r%%?rl"t"gtia’t n the art to
practice the i nvebedded capagitonin jpecordengrawitihensregtbodimentafthenratioanbodi nent s
may be utilized and tHi@L7 isadlosadiagramofiamethall obfabtrietieg s incaposehanges nmay be
nmade w {hout depajhipRsing E@EHalBé@l@ecﬁcEHdetior 3 gtcofen vath dnbemBs&&RRofi NVenti ons.
The foll ow ng dettﬂéln%%tti%n an((:]escrl ptionis, therefore, not to be taken in a
limting sense, and ope, of the present venti.on | defjned only by
the appended clains. THe %‘Iség@ﬁ’t ‘?&H%‘%ﬁf?ﬁ‘ﬁ“ﬁ?S&aﬁé“é‘m&g %&ttoaﬁ to power

del i very probl enssseitly bavingae swetipases domprismgamicmbedded caracikarginng  of

i ntegrated circuidcsortidiat wqmeﬁaéreb@ﬁmaitgmheh@eiﬁlcﬁpeeds and hi gh power |evels
by enbegddi ng one or nore so decoupling capacitors in a nultilayer
structure. Various enhod rents. are i1l trated and Sc%fi hed herein. In one
enbodi ment, the nef Rrer—SEFHREERR SN AV REEF B s s
between an | C di e Eribe ﬁolbwb‘gtdemled d@cmﬁlooi@fpmbOdd’n@ltS/\Qfalllqjmmrmon,ar| |y have

been directly nmougfaghce E%a@mm&@m dxNlﬁgsc@mclbﬁmﬁlawﬁ&eopapacl tors,
ol ok b ot e 2N H’?ﬁ; SRB5T wshlE pREEH Pbadietse 'S °

bl ock di agram of 3 ‘%}”E@@ r‘soshf’% éw&&
el ectroad ¢ assenhywhichwhe ilnveﬁibetddeﬁb&:lapcimd ofhesd emtmdmantieaane despiiied one

enbodi ment  of thqn'stt\fefatﬂde&u tgte%tert%yeemmmﬂaattaospwttﬁteettyl&eemexanpl e 3
wo o2n 12n PCT/ USI | I %g el eCtrFﬂB&ﬂf% ste he present

i nvention can be ‘tﬁ‘gétdsmltﬁ ‘t“ﬂ‘?rét@ fhai therg P pay %t‘téltﬁe‘ia ‘B ises a data
processi ng syst enpgibaf mexhhuickd andielsgtstad nhdngss iRaytbe nole plitkodthiepartiig ous
conponent s of theﬁo?%/ﬁtteesg}-ug%ﬁfs%%ebdﬁhezprweﬂt\’lht;@tﬁo&oWfﬂll%@ﬁdg‘)&?atllsél nks anmong

t he vari ous compopent s5 ectr ste | ement ed
b a ol Fole bus, ESTIRDOs: HEEEh Moo E LS I R AP BDE S Chibl o
manner . EI ect r oni chapsembinyention s dedingd edy boths ppeadadixlism®. El ect r oni cassenbl y

4 can include any ci rettnbipre@émmetttdtaptrmatsqfsom&wptgﬁrer deﬂv&??%m%i ment,
el ectronic assenbb 4 i ncl udes, s _oany type As

a
used herein %ﬁssoct?é %‘tlaﬂgijVﬁé ckaging Bﬁ‘gﬁglﬁteﬁﬁﬂ‘é‘f’atﬁ%ﬁptmwsuch as
but not lim ted tap highrrlock epredcasidigh poaveniegelo bperbedting ope arcoomp! ex

[ nstructhon Set GRERMihE S Qtoﬁq}ta%n%f&?&%@&&@rVaﬁods%ﬁn%&ﬁiegé%fUCt' on set
conmputing (R SC) opT o ipstructio

SsQr,, .a ver n

mi croprocessor, al lj!ﬁ“éi‘ﬁﬁlaﬂ g?f'%l&fé‘é"flﬁm I og¢ E)‘%‘P‘)é]l’m?tt ghrapuly r%&resé‘é‘ﬁtr“? 5(DSP),
or any other t ypetakn‘s theer forme sBar “igerppsegtizsween@n ¢C dicwand a Gittsiate toywkish of
circuits that Co%hgdilé%vo'u[}f%r&'iﬂ%ﬂg nRveheBR LEQDY MoBRBEMenfiRhRa CuSt om

circuit, an application-speci Integrated circuit g ASI C), or thelike,
such as, for exanﬁ?P@‘toﬁﬁé“B‘? INEPIE CRRAFEQIF1o8 they Griypesme bRATEHRYESY Sfonsci r cui t
7) for wse in w rabastvedeaterads | i ke cel | ul ar tel ephones, pagers, portable2
oconputers, two-way rét%Of»‘,s amk%ﬁe{gtet@s & RO A LE1chY PloeiPoraffiferl C

canperform any other ty | on ectr nlc ystem 1 can al so include
an gxt er nal rr)érmrlyasmne Wﬁ“@ﬂ‘c af’ﬁet"i}tyrft‘éi‘ﬁh $rRAkad HjecaB?Fétotﬁlm ASPElapeIY el enent s
. suitabl e to the paktembudiarcapyfltheciaténtion. Blacttonitssystemdiinmeifpoone ex@mpla t he form
of random access nenory2 s(RAM, one or nore hard drives 14, and/or one or
nore drives that handl erenovabl e nedia B6 such as floppy di skettes, conpact
di sks (CDs), digitalvideo dish (DVD), and the like.El ectronic system 1l can
al so include a displaydevice 8, a |oudspeaker 9, and a keyboard

and/ or 3ocontrol | er 20, which can include a nouse, trackball, ganme
controller, voice-recognition device, or anyother device that permts a
systemuser to inputinformation into and/or receive information

fromel ectronic system 1. 35FI G 2 shows a cross-sectional representationof a
mul tilayer interposer 50 in accordance with one 4



WO f12/1120( PCT/US(11/23711 enbodi nent of the invention. Interposes 50 is
i nterposed between IC die 40 and primary substrate 50. I C die 40 can be of
any type, V@ohie6 a m croprocessor or mcrocontroller, mempey &hi/sMid . S
application specific integrated circuit (ASIC), digital signal processor
(DSP), a radio frequency circuit, an anplifier, a power converter, a
filter, a clocki ' (1 S - ke I S trate .can be of
any suitable typgggﬁggﬁ%h&t%ﬁ%dﬁealg?h %ﬁ’é"ﬁg‘{téﬁ%g‘ %{1% _CLeAR??ﬁtu gerdl‘ 31'11, “e. g. an
organi ¢ materi al gxanpeleackprie sysam | egnprisgy data prgepssingsyseeay i ¢, and t he

li ke. Interposes jideontgienshiat2 tbeasile HB Sardib eslaigtesd BAGE kRfend5,

conprising, in the odiment. shown, .15 alternatin alrs of capacitive

i abes 52 and 54 S SR g ADeRF R Rumo R Pb e SR pid®RRem ' The
expressifon "hi gh optheglectronies gystemleand casbaigwienieatediana sipglndun as ayer of hi gh

_P_e{m ttl vi tyt _malt %Blhﬁilllaﬁdhcdgb@%e@_oh%n%y?%f@u‘itlﬁblé’?fab{ne?.e_ram c plhy sucht ats 20t
itanate particles; a_high.permttivi ielectric fi such as a titanate
filmthat is deposi tegigcg?ﬂlg%%? s %‘%‘P%S?Q%éﬁemdwstﬁek‘lgctrmlgam ¢ cheni cal
vapor deposi ti on a¢skiblyD) candududequy sircudiror gombipaionof ciaewjtsolrhae t ype of hi gh

permttivity mate@mbadimeRDelt&fon¥Caasiifly ¥iR1BLELIbRLKT 6HnidARAGL bPr 55 of
i nter poses 50, regresen{&gﬁgﬁ;ﬁﬁrefgrence nuneral s 52 gnd 54, . spectivel y,

)
can be toupl ed bFHhEPSI il r PROFESROT 4B g gPe P %055’8{#191&?% to the
correspondi ng burjpsuitSuchrad bdisiot hmgpdiota nrietoprocesson hmiaorostrollerthe die and to

correspondi ng bu : et el o L P substrate 60.
If it is assumd?&?%lr@%rﬁggg%ﬁgﬁtbcg&??gﬁ;gﬁ%ﬁlﬁ% 5{02‘535&% !ﬁ({?ﬁ%’eﬁe via pitch is

appr oxi mat el y 156G Fet coppuiing FOPERCCSSOle A VHS RIS TPSIEEQN n excess of
2,000) can be aceonhPddWdnicoptipbismga gaphics processob, alligied tioyaltpeocedser Vec and
Vss power nodes u (NI hi s, : very | ow val ue for
the | 0\3% i nduct agfé%ﬂaﬁpd&gg)ﬁ%ggg o?ﬂégegﬁo-r[:agalf?%glﬁazfcr@' capability of the
overal | | C packagi ng Sthetbies o cirguitsthat gould be, inclydertin sicsenie pssembliéd | and/ burp
pi tch of the toparfadustosrqesi,anaPplivatassecificitaatéderchis (RSid)iehheof di e 40,

and that the Ian%p’tég@b&ih%gg,éaq{%é one %Qﬁgﬂ%ﬁ%%ﬁﬁ#&%ﬁ&i&g%l | the

bottom of i nterposes s 1 ] I pri rrac% substrate
60. Wi le in thecisHsoDifpEmse nswiglpssidgvirgsdike pelfuips telenhenes; ragersepos@ble on t he
top and:dott om okompitesposesayd@dios, And simblarelafrohib eyskdist ame of camt er poses 50

and on the primar | r be rel axed to | arger dinensions. That
is, inb5 anpal te %rg H@%‘?@ﬁ?ﬁ&&’%@ﬁﬁ‘%é"i nt er poses 50 cogl d be used to
transform the pit cHeqtranin ystem| laap glsp jnciudg pr exieraalmigiery i §.ovhighon irpel at i vel y
| oose substrate padinplui€bne dringit@neMogementiGhitébie itgngktidaliips 41 and 47,
are typically ro%ﬁ%aﬁ‘én t0% aQﬁr{AaFi’J‘l%%o&gz%‘& %rﬁfof‘r&c%ﬂl a%E{Ds ggg,ggnt t hat
is, for exanple, Tour of nore 1 O rows’ dée fon y one _row beln hown on
each sitfe of di e ROM)gnerormosgiasd drivesil fasmp/er Qrgﬁ)qrm%ffdrp‘@ﬁ#ﬁﬁbmlé?e si gnal
bunps, i nt er posesehéabRynddse] 6 NEOROOPBY dRkdtRs, gompacy didks (ODRY, dhtabnd 51)

whi ch route signals fir S I | bunps on the die to the opposite
surface of interﬁbdé%glsggbvpﬁtagggﬂggg% 50 can eventually be coupled to the

primary substrate 60, ELROSremsers ¥afeFodpFer eabondestiuget § display
device 8, a loudspeaker 9, and a keyboard and/or

30 controller 20, which can include a mouse, trackball,
game controller, voice-recognition device, or any
other device that permits a system user to input
information into and/or receive information from
electronic system 1.

35 FIG. 2 shows a cross-sectional representation

of a multilayer interposer 50 in accordance with one



15 of the Vcc, Vss, and signal |levels between the I1C die 40 and the primary
substrate 60. The invention is equally applicable to enbodi nents where
signal traees2oresr other than at the periphery, and to enppgy ere
Vcc and Vss traces are provi ded anywhere on the die. Essent ?alqgﬁm%ﬁm
signal 1/Olevels 2 o fromsignal /O bunps on the IC die 40 can be coupl ed
t hrough interposes.50.to its_opposite surface_using thraugh-vias |ike vias
46 and 51 shown i PCE SRt Eifk‘g\%? sjél,ve\%&oaﬁd %tseﬁpg?feqrs%#&%% cor r espondi ng
bunps on the | C dinde4posan beteesiplldd dikr 40ghnd mremroyesubdtratéts opposite
surface using thrgugh1¢i asel bsec48 NG r49nyr egpeCtd u8l ¥s 25 I nterposes 50
has a plurality of, contacts or |ands 44 ogvgge surface that ma

tch
‘cor r espondi ng sol™é& FaPFES 8P T behgS- 42 e e FLpPELH and
pl aceneni, on a swrfldcetabn| Epdeef ). intrgadtedi oipcuiit gApdses 50 has a

plurality of contactisaar shgRds phossRnotBer) su face 4 kb uehed
correspondi ng sol der halls or brjgﬁ:ergsaon a surface of pri marl\{ substrate
0

60. Die 40 and pri‘fary tso28ufSp cBRAVBE STTERFeypé. fALtHough the
enbodi ment of i nteerjjosésngOciktustr atnaddthe FLG:. 2 Bsimdeycisibbedrase havi ng
the same high dengy tyceaf bgusﬁlgﬁ&fbﬂea@gﬁea&%w}@ HRSphhE L€ die 40 and
primary substrate 60, qQther enbodi nents could have a configuration of |ands
and vi as® of a di f&er SHETARASI PIEC TR 1t Rr SughP VPEER R MehGpEaLt ghds (e. g.

| ands 44 and 56) pwilydppdsit eisbcen des aak,t heattt erqases cS0ahbathdave t he
same pitch, or theqthrough-vias can be fanned out in order to relax the
pitch of the lands on _the | ower surface of WO (12/1121)C PCT/ US(I 1/ 23719
i nterposes 50. Wien t A8tPEPPatkag® G tadsendt eleattheoncas@®eddedf i nt er poses
50 are coupl ed t axaselddenrbeppscdipitsinG,die 40e antbdifenkapdswdbp of

i nt er poses 50 ar I o] e : I _mar, stpate 60. s At
| east O?]g Vcc tefan%%%gﬁéigngnpg%%g&f ?égggﬁg?gg%ggﬂaé%i% %§Qo$£i nt er poses 50
t hat coupl es Vcc idtehtgll Pesni Gy erS52ADE) capees tot Bhvard teevece termi nal
63 or gri mary subrge @F@r@@sié&us’(‘)higﬂ% ﬂeﬁ&itt@ﬁﬂl:wsﬁaﬁe&f”ma@ahs% on d: e 40 is
coupled to a via,4 i nterpos 5 o] S .VsSs .potenti to layers
54 of capacitor %éa%cril Sgsgsgtgg ernatff ggggfgg?l%ntatrléﬁiécﬁbén#% J?360. Inlo0
addition, at |eastu®@n@ssipghabhteefiiidlivityopesieldlys skebpked to a

t hroughzyi a 46 t hat:ceupl garamci&;siagrmt;hl g¥ehi 101 A tGoliespendiag si gnal
term nal 61 on pg’.r{@nc%usé strate, 60. én zit_dugli iotna.l soie%nal.ttﬁrn}nal 47 on
die 40 is coupl ed 't tR-GuBR- ¥i & P4 Ha cou% s Hh QEACCi-Ghal "9 si gnal

| evel to signal tessampdgl BY 8nlpPelreay metbsterganigd.chamé chipoarant pur pose
of the interposesdppsti®iphoymoevsel@ddnvebyeBi 0br CapasidraBeeang! ati vel y
close to the di ecg n cl):rQer etgfrleglul_ce etrhelt%ﬂf t n?f rel%(itive i nductive
coupling when the tlhf i Y perating, ppar icula Yy B gh cl ock speeds. FIG
3 shows2@a cross-secti dhalVee et Bssalctiedes ot eApacitond$ of inteyneseriSAt er poses 310

\lNi th errbfedld_ecki Caﬁ{é}ﬁiaieﬁtfela bl mef%h&hmhqems;dﬁ%d Bh‘,@&stpﬁftﬁléiy,ecafl Ue_csaﬂ@oaf iyt ihve

ayers of like po N are arran r ougho e’interiqr_ o e

i nt er poses in acé‘&%ﬁ?ﬁe@é’wf wa%%@a"gﬁgo’af%&%@oﬁ’ ‘Pﬁé"rfﬁﬁ%ﬁl"igg’ﬁmp? ﬁ}f er poses
310 can be coupl eddB&irespertiviel?, ol the @DOoktheidip pidrimroprrespbadingabieni320 and nt er poses
glloI cagoge coupl Qstté ﬁeepaﬁﬁvay,%ng&ﬂprmaﬁwbgtf@éh@o.qgnlruegs%@ﬁéd, gvele as sol de(rj_
alls on a matri X havin e _same pi , and |.ocati as_correspondi ng
25 conaibt §ve | cREORIe T Ao BRr R VR Bl s APy oA O o s 0. | ands
302 and 305 of i rerge pasbsy 033@h powaddasIiexasse of 200N dewbe ascirameditst ed to a
Vcc potential, Whbliflidg@AgRitd0> dfebily t@ttl‘i‘d”@&%nhq/sbﬁo&&%li@%r bmps ofSs
potential. Lands éodg eTco?u;gl ed to ?cgvgaqlei,tl \_/% '? at.es 306, ereas | ands
305 are coupled t %%(gac s ¢rsuist ayey loypvaluesopihg feop indigiapernly capaciti ve

pl at es 306 are | amnbancliBe owrranhcerydrg cgpabildy ef thé oi/aml_éICppmb@i@Q_uct@@rtai n ones
oreas of primmry subst e Aol BABERPADAIIhAGNGIa R T BCCS Of
_capaci tive plat esS%S’G Séﬂﬂlafcg‘ thg tPPéTfPsPiGg Oé‘nggranB&}aF g‘e%af‘fﬂliuﬁ’étp“gg?itebe af fi xed

to correspondi ng conductive traces or 35 areas of primary substrate 320. In
t hi s enbodi nent, the various capacitivegplates 306 are coupled to



WO 02/ 112(1C PCT/ USI11/23719 | ands 302 and 312, and they are further

coupl ed to each other, by conductive vias such as via 303. Likew se, the
vari ous capaonive plates 307 are coupled to | ands 305 and P%Jrﬁlsui"/ﬁ'% § hey
are further coupled to each other, by conductive vias such as via 69. In
this enbodi nent, vias that connect s capacitive plates of the sane
potential are di rsed througho a sui t.able pa f.the interior region
of interposes ce?lg'ﬁ?o Bl JpF g%er.ggﬁe.eg%? T‘?t%atlglFB%cgg@@gBl"%WﬁWS (8% an
enbedded capaci t &f. 3¥laikekin thetembpilistentsshown ihifleh 2 dherpitol isftadsaimeanmdl by usi ng
mul tiple layers sy ldoteh F®itaPdser 50, OBl bid thedohdd B RERFFHséiIoMnd Y (DK)

(i.e. having a dielgctric cqgnsta reater t 1 o,that of_silicon

di oxi de). The Vc@ndfPay é@?‘fﬂ@tﬁ%’lb Bﬂg‘?g‘? @[aéﬁ{]'%nﬁr&crtdém?‘ﬁé’“ﬁl E‘? $efect r odes
of the embedded capieintipve ettadimebythe mbampmsed Hocoulidbevseite ttansfern thads to the
plate el ectrode '-b?tbl'l‘ﬁ'o{ﬁecfﬁlah{/a?ﬂglwdﬁsoumrp%ﬂgtb4ﬁﬁti%@k&¥é@ﬂﬁra@é pad
conventional ceramc substrate technology. Alternatively, the capacitor
coul d al so be fatiffat ed by using a single 15 layer or nultiple |ayers of
thin films which are Gegroshungd, soyh 4sesignnl s 43 uoth 43 sreSppiedyl routbdDBVD,
sputtering, or thg ;Bérﬁ)ﬁcrty%?tﬂé%%qﬁ'af?@rqar@@lgé’rﬁ’thattlfb,efo\/@z@a M £){7 r RYAPS On the

di e can_ be connected.to e el ectropdes of the capaglt usli

netal | i Z®d vi as. rw%dgquﬁlgy OB%‘i’?ﬁ'sbe(“ﬁéﬁo‘?”} ?mﬁcpéﬁgagﬁﬁlﬁ é?o(’;ﬂ%(?aé‘iﬂr}gt ypical |y
| ocat ed at the peimphéynl F& mriplegi cigsal bimgs, ent8i@69er 40 may osetthrduglovinhe

opposi ng face of (pt 1 Vi A not shown
in FIG 3 they cé’%gb,sgégf §§ﬁ%§%§p§gy ‘lﬂﬁﬁljg@l F%%?%@%’ﬂh%% H@R@Q%H shows a
cross-sectional rtiedethe aPpasie Brfage ofinterppssy ef- Intreaspiofican gvaytuglly n an
enbedded di scr et decamsied foake grdfary Bubsigai® 6@ alnsenwrinh c@mpleR Rodictdviyat e

enbodi t of the,i t . ween | C die
400 ang1f= Egri mary gu%%r\?%f XQQ%J Q#n (r%[ ‘g?%gg%‘gée Itgﬂctoﬁgﬁ?gﬁgghgﬁmgg edded

di screte capaci t hbst3te @Yavi ng one terminal 426 intended to be coupled to
Vce pot elnti gl ind anzﬂmeﬁnvtemdﬁiimaiua%piimwceﬁxbbaniaﬂs sauRlspdalt oVVss
otential. 30 La o) I . re i cc
Bot ential and caggg%s Ogcg)ﬁrpqt%éé %aﬁgﬂ@éﬁ%gxﬁ%&o%éﬁo Slg&gdgﬁ%g? &'g%rpl%sc 95 to
correspondi ng conds derssarapravided saywhep aniie dis Hseongplly, abeignalilitlarade, | ands
;10|3| ar iédlnt ended ftdin hgna@u/omm@@h ﬂmtl'cailiehmn@aamltp@edqmpgtgﬂtevﬁoaer@mhgr Z 8I2der
alls to corre | k. eas. t Q | . s

axe coupled to oﬁ%ﬁggnpngspﬁ‘gfu% “%@@ﬁ%@d‘ﬁ%@ﬁ%ﬁgﬁg? ghéﬁ%ﬁggldrh‘%te t hat

i ncl udes vi as 404ikeyopedYee pudeVsdgmels foppecorsgappnging bumps on the is die 4pcan2/ 112116
PCT/ USUI / 23719 4G c@ﬁ;ﬂemmlgmtérposlexamg it4 fpdite urfbdMidimthioftl-viag t hat
includes vias 41 ike%gng‘%ﬁlges acrt.gelcoupl ed to another term nal 428 of
enbedded capacitor g y'a PBUT

&7t hat includes vias 405, conductive |ayer
407, an vi a 413. Landetewposr 39 basanliphliy of epntastsds land94den epesprfedear rout i ng

that includes vi agatmaAdicork@adding @iden Balis4P Buspiud e epwdrakitgict efid espondi ng
conductive | eads or..areas, énoh s }g@% ‘ﬁp 18 %(fx{if acrﬁ .ofs s%l;hst raje 20 via
sol der bunps 411 PIRIEFER S Wj N g o] f’ﬁ PP PS¢ .alsgrp u(‘ﬂ sake of
sinplicity, but cdrpwthes erdandsghan aeotiees surbice tet irish 40tespandingzpldesol der bal |'s
401, appropri at e balls or bumps 58 on a surface of primary substrate 60. Die 40 and primary
30 substrate 60 can be of any type. Although the embodiment of interposer 50
illustrated in FIG. 2 is described as having the same high density
configuration of lands and vias as the IC die 40 and primary substrate 60,
other embodiments could have a configuration of lands and vias of a different
density. The through-vias can couple lands (e.g. lands 44 and 56) on opposite
35 sides of the interposer 50 that have the same pitch, or the through-vias can be
fanned out in order to relax the pitch of the lands on the lower surface of



i o lands on interposer 410, and signal planes and vias w thin interposer
410) can also be provided within interposer 410, as will be understood by
those of avaomarye skill. Enbedded capacitor 430 can be of @@hu%m&ﬁwe
type. In one enbodinent, it is a ceramc chip capacitor that iIs ricated
using ~. s conventional ceramc chip capacitor technology. Wile a single
capacitor 430 is.illustrated, for the sake of sinplicity of illustration
and description, BIEPOT PP¥HPe capacitors coul d be used in the enbodi nent
illustrated in FIG 4Wirnge IS mbimges isstemblesl, the dandohof interposes 6BekEt i on of a

mul tilayer inter Q9§;ﬂédéﬂs@ld\%Edﬂup%‘@oﬁl@ﬁﬁdl@darﬁltﬁ&faﬁésejﬁ(@ﬁﬁ&bésﬁfﬁ) 530 and 540
in 2 o accordance with e invention. |nterposer

510 can be coupl @beﬁoélp‘ﬁgé%sqk% El‘l"%p%%d’“e?ﬁ@] f‘{l?ﬁ eé{}bstrate 520. Enbedded
di scret & capacitor 53@therst ane Vot wahmal&@@namd%szommﬁndedl4803fbe coupled to

Vec potential, angei sé(rgf)ttlﬁ%ou ﬁ?Vt:@ 6&1&@&1% ﬁ’lﬁcéﬁ&tér%%ﬂ&i%@' to be
coupled to Vss pqt e are |q%ended to be

n
at Vcc potenti al \éﬁ‘FdeIEH‘l’P]ééOEHﬁ Rlie 'i‘%feé%rf‘gf’fﬁp gﬁﬁgé’nBVSSsTS‘l“&!@? alls 501 to
correspondi ng corauli¢ 4V calmaisto(mmtwsifm))osmsotﬁathoﬁplE@Uss potenealitse, | ands
503 are intended ré’fhé}‘ Ror33ly &‘Ed@ésté}ﬂﬁ é%@?opl%]ngé?&'[a%gtgaté/g@ @t her sol der

balls 501 to corr spondi ng areas (nhot Lands 502
are couffl ed to orfdd ‘F‘@Pwﬁt (Faft OBOEEL teé‘ﬁ’é‘é’dade‘a’ Q!%tﬁ%@lct"&ﬂled‘ffgéﬂwu%’ Yidut e t hat
i ncl udes vi as 50445 thﬂmdu;ﬂéslamécls@yﬁne\fo?%ac@ndspamﬁn@éxgnal teaniial A0 ar e coupl ed

to land 508 by a ?Jbsﬁ'eﬁé’édz 8&% %Jﬁ}onhl&géerpp@ﬁmﬁél%7%ﬁﬁg 4@%%9&2@9%0 are

coupl ed to anot h Y P na capacj t route that

i ncl udes vi as 508t loéé‘hﬂ’lﬁétl ithpg cquales an agsttiong bl %‘@1 ksyed to %@ai_'éﬁﬁﬂ‘é’alﬁs are
coupl ed to | and SaDrimarasubstraté 60, routing that includes via 515. Lands 508
and 509, can be couple 112/ 11211C
PCT/ US| 355/ 23719 or ar ?é‘ieq?ﬁ(“ia“?ﬂﬁoﬁ%? bﬂ%e%g*ﬂ%* Iof6 %‘JP%‘QE"’“’?‘VGIF \ﬂ%‘zo vi a

sol der bunps 511 capiciiancsieativaly£4ose &t thafisdn pulsr @Wup@meﬁff@%pﬁiemvs 532 and

534. Term nal 533ndititOttlpRikk Wikkn VECIC0® obd‘i@tlr[gr meNar@Labﬁfgn alotk §2edshy a
routing that includes FgéiaB i%wﬁ Sr%gs-éég{énaﬁe en% 23¢a ViR §,§ | and 521, and

one of solder s bunp armeR I's cou &d to Vss on the
primacy substrat en@mswl&vvptbgmbﬂ@e@ PP@FCIF%%Inuﬂ‘é@ the 'alast@@ cogplgduct i ve | ayer

525, vig 537, | andpRide 1@@?& oPMRe lszfterﬁiai ﬂ@ﬁlrmg%)ﬁhr&ﬂghéut théanteRsiof Hegnal
routing conprisin stri%ted for the sake

of si ot Toi by ameioSn aBpRRe B oge B Sodiny of s idenh Rkl 0)
i nt erposes 510 s Lﬁdﬁ cas be enygled btweeml§ die @thﬂlndmr'aWBSStléﬁwwﬁ?&s leph?ren

interposes 510 sual c§1§bé/b(ﬁl ﬁa&me %@@Ma&é@&iné&&s%mh Bollidtthengoses 510,
as wll be under capacitors S30

and 540 can be Ofs3tog s%‘?"t”ég TEE (}ep%melpgtalbﬁ%dslg%l%P?T%’ﬁ’iesPOP%% are ceranic
chip capacitors td@a@ucaw@leﬂ@bmﬂ@ai!@ewou&ldgr bedls ddheaarbeiaBixad todlards3e chip

capaci t or technola(agmosM%in&eﬁaokémwapaﬂst;@me%&da@d)b%%@u@é@tolalvdéstrat ed, for
t he sal ce of si rrpl iCi.ty nd, desc i fferent number

of capacitors colRoFial ng%faP4?%?$1r8%téhtgbd§%ﬁ%R? cqup{eﬂ gfséac?%lnﬁalﬁ G 5,

i ncl udi ng only ordendayRcire enupled to capacitive plates 306, whereas lands 305 are
coupled to capacitive plates 307.

30 Also coupled to capacitive plates 306 are lands 312 on another surface
of interposer 310. Certain ones of solder balls 311 couple lands 312 to
corresponding conductive traces or areas of primary substrate 320, In
addition, lands 315 are coupled to capacitive plates 307 and to others of
solder balls 311 that can be affixed to corresponding conductive traces or

35 areas of primary substrate 320.

In this embodiment, the various capacitive plates 306 are coupled to



FIGS. 2-5 are nerely representational and are not drawn to scale. Certain 2
0 proportions thereof nmay be exaggerated, while others nmay be m ni m zed.
FIGS. 2-5V0éxirwended to illustrate various inplenmentatiopgrafsol/e19

i nvention, which can be understood and appropriately carried out by those
of ordinary skill in the airt. 25 Fabrication Miultilayer interposers (e.qg.

i nterposes 50, FILG C e fabri i 0 nt.J onal, t L.gques, such
as but not Iinitede ga%‘?“gﬁ’ 1? ’eﬂ?ﬁg}egtage?%ﬁg%? %F@%dt}\égg%haor?nhe?’ bylﬁ% Itltg gchnol ogy,
hi gh thernal coefiassharas visr308x pkgwiserth¢ MripCEyapaeitivmpitey307 a5 cappleds cerami c
technol ogy. 3c Al haugdvsisnd 385, kOB hié fe@ica Biuplddes baealb@el, b0 enbed | ow Dk
capacitors in cera%.gubst ra]ilesv. % ﬁatqw CQOIdﬁ i[h"linﬂé?ﬁ‘g" 62,( mls) filns
of conventional CEPERE® YTCHERE A1 203 "BEt W HET &V PIMHHEY"*'n t he present
i nventi én nul ti | ageacitive alakes obthe Ramghpadkntisl are disperspddltronghontanysnitabti nent . Hi gh
Dk ply is comer ghalokiheataid-addidh drGhterdpaddh codhicRab&@fedTHC chip capacitors,
for s 5 exanple. Suitable hl(gh}&% material s sdﬁg(? as .tltaqaﬁe rticles,
can be inserted into tHeTHEATERIOSARPIRES AL finkeddrd ¢4PacitoR fipg, hﬁfiagesstacks of
hi gh Dk ply, suchfahicBai B3fabiicatediny using smiltiplé hyen vi gys daaramiofiinge

capaci tances as 3ifying WhiB3emdidRity 6Ky (HSfHatng 8 dkBchicIBndse 2atf Bgh CM ,
conpared to capacrg{ agqiﬂs in t%g {,a e of \pn 8/ nanokFar ads/%@. cm,_for | ow Dk
oLy, I rtan al tor ACaPYa ieamsRdREnThe Yoo AgrY SEROmmEGTERS o appleddo iaRlttenat o
film e.g. (BaxSrlectradefioOthe eBddded capRiiftn TtaCl8by Rdigctiog theadPective l£8dFi 03, can
5 be formed in th@th%ﬁ)"la@é"llgﬁtﬁgpﬁﬁﬁg%%&afﬁie%msohgfﬂ@'eﬁlgfc‘>§m MGl as a

net al organi ¢ chem cal” \va eposition, ( D oces or a Sol - Gel
process, in whi CWOQV@BPHHEP?'@“F substrafie teshpRlPEYs uspensi on of solid particles in
a liquid) transforns iAlemativedgthetbapacitor @iubiMide rrfebricake by odimecsingia of sol i d
pai ~licles. In ei o 14U e enper at ure
1o ranigses t hat A%’teé?é%‘ﬁg@? lletl)%yggv%f Hﬁ‘ ! gg‘ﬁsg‘gﬁﬂ';“g’l‘ ?‘g?ﬂ”ﬁg?%@qf°g‘ﬂ§ge%%815 1380
degrees Centi gr adéPol-GelgMQe Y soterisgsdiedit s il lustrated in FIGS 4 and.

5, wherein one or norAsdeseibel Hood BacVdcand Vas burggsmdhtedle tan iche | nt er poser,

access to the Ca%%ﬁﬁetc%ﬁ%é he g@ftgo?’eggﬁge ?%3&@:‘%6‘@%&%&;8@% Jﬁag(:l?ﬂé que, such

as punching or 1 aser a conductors of the
interposer can beignalipmey (e ilfuseatedinFder 3 hytdvnieallinlasated aighe pesivherabaci t or s)
by any suitabl e regieds dfartiooyart aubudite e dppésing fEceCalgerpbens 10/t sidghe
Lermerat i eau SRk, B8 R SRR B FD: T WEB S Slppisrnee
in FIG. 2).
FIG. 4 shows a cross-sectional representation of a multilayer
interposer 410 with an embedded discrete capacitor 430 in accordance with
25 an alternate embodiment of the invention. Interposer 410 can be coupled
between IC die 400 and primary substrate 420. Interposer 410 comprises an
embedded discrete capacitor 430 having one terminal 426 intended to be
coupled to Vcc potential and another terminal 428 intended to be coupled to
Vss potential.
30 Lands 402 of interposer 410 are intended to be at Vee potential and
can be coupled via certain ones of solder balls 401 to corresponding
conductive areas (not shown) on IC die 400. Likewise, lands 403 are
intended to be at Vss potential and can be coupled via other solder balls 401
to corresponding areas (not shown) on IC die 400.
35 Lands 402 are coupled to one terminal 426 of embedded capacitor 430
by a route that includes vias 404, conductive layer 406, and via 412. Lands



estimated via Equation 1. Equation (1) C=A* r * 0/ d 25 where: A=
capacitor size (square neters) ~. = permttivity constant 8.854 x 10-12
Far ads/ meeo 02/pizes di el ectric constant of insulator d = di ebgglifhi-ayer

t hi ckness (neters) 30 FIG 6 shows a graphical representat |bon OWZ did
capaci tance (i n nanoFar ads) versus a side dinension of the capacitor (in

m crons) for variqus dielectri rials.that can.b sed i, an interposer
with an enbedded 4@36%%%"‘618?&50&&“@8?@’%@‘/a?w%“em\?m”t"ﬁt‘ 1Bl dnaluede? M 441 ¢ he
i nvention. Shown in FLads@0hare cpipdedstofapethertiernfien] H8wirembeildeideapaciter

material s: |ine G843 b} Qhodidhatdclide 749969, conduBveGier 107, 1R8Ik @83 { Dk= 1000) ,
line 603 for BS Dl c=

00), |ine 604 for SrTi Dk=200),, and.line 605 for
TaQy (Dk=25). 11T UWO?f'/CET%'Ei@Ja‘#&T*P%Y gsyrggglf&t%éat%clg%ﬁmi zes the
appr oxi rfat e rangdldf capacitance available with the various titanates and
oxide materials indi cabedso¥¥anu0ashnge BhRIRS M bdntink Yol A Eadd! ¥ (Such
as BaTi 03 i npregnat ed éer m C gl %i) t he i ndi c%ég _v&:dues correspond to the
maxi mum capaci t aift &gt Py UEaSRISURSRLS 420 Yi8 SRiE RYMPSHL bk ply bet ween
Vcc and Vss | ayers i nVarisisa@naloomig (notritjuséi@ted fiorhhd sajeosfsimplicitymtcase of a
dielectric forne : s MHREV L . , - BST, SrTiO03,
or Ta205), the c%r(%p {lggé i}gﬁhjgggscorre?p?r?g&%ﬂgggaz%ﬁ%%lf gﬁ; gli”rfa%sof t he
i ndi cat’®¥d di el ecti#tids on intgypopgr 4Ly andrsignalplanes gt yipsawithin IEGRRSEEMNEY of any
gi ven enbodi nment alsobke piqyided hdthinristerposar dp@ s Wil Be waledsthob by tHoacked as
necessary. FIG %réliﬁar?sltiil.ow di agram of a nmethod of fabricating an
i nter poser conprising._an enmhedded capacitor, in_accordance with one

enbodi nent of the i nvERDEHEd cameitorgsh san brefiapy sullpbledype. Iisonen 703, at | east
one capacitor hawnbgdiiehs it ivnebransic ohig chipiciorbdt 3 fabridaredmsidgwi thin a

structure. In on [ ent .. th t | Ls am c

struct uulrse, althoﬁoﬁ@ﬁ&g eéérmlgtcrgag(ﬁﬁéf%#@st%lﬁ%b@'ruc'%Jérkelh@%%{)&?‘ger fornmed of a
materi al ot her tWaf isilleweted: for thasakeiodFimplipily efdustpticrand dpgsriptiers (1) at

| east one hi gh penumifle tapaéitord EMRY beSAbEinithd@fbdathieRRsEAIAHFIG VL | ayers; zo
alternatively, the é%@ aﬁiatl rr s (2) a.discrete capa istolr. In 705, first and
second power supply nog(ii's5 Sﬁ?‘gs 8&?%%?0??{’?@@%@&%%”;3@8?ﬁfael.nu,R%ayﬁr_sed herein, the
term "power suppligteipospss1G witletveo qnabededdiscraie eppacitors 38@ad f40 1. Vss) or to a
power node at a petgddnt@wittlhd ARHRR erfibcdimdat OLAE inyentdn. MeGposer5H I n 707, a

first plurality of S f fifst rface,0of the structure,
including a first™® g%go% l(‘)ag ?%Nﬁg’{f(?%ﬁgag ?x}dsénn%ag %%ﬁ%?%?%f the capacitors)
and to the first poweEmbagisH dispisieecapasiior B0dessrminglahZe adhFRdeendsdt he second

terninals) of they6apAGicH Fic FchihD shd @ AFMEONT tPAWALs 38R y34n0de. The

first and second iﬁt@r?a%ﬁt%eecogglsec'j%o'\(?sr%ep%tetngalbe coupled to first and

25 Lands 502 of interposer 510 are intended to be at Vcc potential and
can be coupled via certain ones of solder balls 501 to corresponding
conductive areas (not shown) on IC die 500. Likewise, lands 503 are
intended to be at Vss potential and can be coupled via other solder balls 501
to corresponding areas (not shown) on IC die 500.

30 Lands 502 are coupled to one terminal 526 of embedded capacitor 530
by a route that includes vias 504, conductive layer 506, and via 512. Lands
502 are coupled to land 508 by a similar routing that includes via 514.

Lands 503 are coupled to another terminal 528 of embedded capacitor
530 by a route that includes vias 505, conductive layer 507, and via 513.
35 Lands 503 are coupled to land 509 by a similar routing that includes via 515.
Lands 508 and 509 can be coupled to corresponding conductive leads



30 second power supply nodes of a die (e.g. I1Cdie 40, FIG 2} that is to
be juxtaposed to the first surface of the structure. In 709, a second
pluralityvedodands are formed on a second surface of the speygiiBro
including a third land coupled to the first termnals) of the capacitors)
and to the first power supply node, and a fourth |and coupled to 35 the

second term nal s i Rl suppl node.
Jor Yea égﬁhﬁ%}&ﬂ%& Dbdtac B ubratet80 %s%epgrd gﬁ 518uppl y

The third and fourt ds are@qmthoned to be _coug % first and 12
WO (12/11211( PCT/ Us( Piscteiercpgaddior alspingsawe flovet fpnipaliode andt3%a substrat e

(e.g. substrate 6@minhiG322ycdupktl td ¥cd on thepiimarytseiposied20 by bhartingdand sur f ace
of the structure.fhes Uﬁtsaﬁ,dcoﬁ&%iy@fa% Isbs, Vid £33, Bind S2Pafd O Sfisaggam of a

‘met hod of fabricatl ng an electroni¢ senbly Havgng an | nterposer
conpri sithg an ent¥E@EA! L dkesyiso termingl S48 eapled iR ¥ssanthe Bi®2Rnbodi nent  of
the invention. Trsebsmete’3ad bpagommgaliat 80luded via ZBB3condudtive layer prHviaded t hat has

first and second p ,j @ substrate is provided that
has third and fousr@'?’\kllﬁ{doﬁ\j\igfmsdyuoﬁlgl%g&ﬂ%eélggmgggll n 807, an interposer is

provi ded to couple t : ri ses at
i ded I he' 3P Sﬂ&ilafl’r@étlwmémé signg) arephefdCsbie 890 @efnpr |
| east one ?ag)aci tithistra®@ul ftghd daks bf sinplicHY; 0athin led%f Bilmasloa,. qplsr]@g@tﬁ.paci tor
conpris 1) at e . Qne imt r ched. .het ween
conduct ?qsle | ayer sllmdg?){' én(r%%gﬁ%g{by#& %s}elgézda%la?tiyntdg%%?lsp f%{%gfl\égcw%st%’ﬂggpaci tor.
The interposer f ubtetpeser §dPrpich sekiag1$ pansalsofeprayided yithin interpsert16, asn a fir st
sErface t_her eo;, wigcbbudadﬂgocaj lfyitﬁos%tofbﬂ:ﬂﬁr}cgkupl ﬁd to thg fi rst t?arm' n?l s%} of
the capacitors) and a.sec and ¢ ed o _the secon rm nals) of the
capacitor(s). The i nt_g%“gf’(%g‘i;e(ra A 60‘50%?‘}‘125@@_ 4 bseeoc%%suﬁﬁaafrea Piet En 8?6) | ands on
a second surface enthediasnt, thesigrengramic ehip papeeitarsthet asolaplientediusinghe fir st
Eﬁrmf _naif) agd a cofntibnal 8EnRUR @ ctt@rttb&]?ﬁ@g%wmett%dr&mh&@gsoZ olIn 80|9,
e first and seco an re.coupl ed . dir and second power supply
nodes, respecti veﬁ“@?f‘%ﬁ“egﬁég&‘fﬁ%&"rﬁﬁe ?%i?f)stlfﬂgﬁct"ﬁiofﬁ}uéﬁ’i fof’(ﬂ]&ft h lands are
coupl ed to the t Hdesaiptiond afdififerert npoberof sanagitoys erubiidss, usedkimpheembadiment of t he

substrate. The ongahie@RSFRESCHLbREH: 8R9\e Wphdior.espect to the methods
illustrated 2 5 in

.. 7/ and 8 can be rformed jn a different order from
those descri bed helﬁ@%??dc%‘ﬁ@le{?&i @Wﬁ%@“ﬁ&i%‘ﬁqrepmq 9r3°F-oGFHYS for an
el ectromi ¢ assenigrgpostivs thetdobumy bé exageerared while biiers mayereenihimiball i ni ni ze
Bnd hi gh power dal ey eI FLRRE ket o R G
capaci tance (e. g.w@%bcaﬁibfé‘ii%ég%“@élﬂlap?fﬁ?r&tﬁly Wrigiﬂﬂt b%ﬁﬁ’@e %’ﬂﬁ%ﬂﬂ@d
decoupl i ng capaciskiris theawi. ng | ow i nduct ance whi ch can satisfy the power
delivery requirenments of, for exanple, high 35 performance processors. An

el ectropi c systemthat incorporates Ehg_fcrais.%%t i nvention can operate at
hi gher &1 ock frequencies and is ther commercially attractive. 13
Multilayer interposers (e.g. interposer 50, FIG. 2) can be fabricated by

conventional techniques, such as but not limited to high temperature co-fired
ceramic (HTCC) technology, high thermal coefficient of expansion (HITCE)
technology, or glass ceramic technology.

30 Although it is known in ceramic technology to embed low Dk
capacitors in ceramic substrates, by sandwiching thin (e.g. 2 mils) films of
conventional ceramic such as A1203 between metal planes, in the present
invention multilayer stacks of high Dk ply are used in one embodiment. High
Dk ply is commercially available for fabricating ceramic chip capacitors, for

35 example. Suitable high Dk materials, such as titanate particles, can be
inserted into the conventional ceramic matrix. Multilayer stacks of high Dk
ply, such as BaTiO3, in the present invention can provide capacitances as

10



WO 02/11211G PCT/1J 5111 /23719 As shown herein, the present invention can
be inplenmented in a nunber of different enbodi nents, including an

i nt er poseWO M11@0ect roni ¢ assenbly, an el ectronic system gacggka/Brpcessi ng
system a nethod for naking an interposer, and a nethod of making an

el ectronic assenbly. OQther s enbodinents will be readily apparent to those
of ordinary skill.in tRhegart, T It I | f materials,
geonetries, and (}:ll h%éilp aﬁ%éscn%a%%gxﬁﬁﬁgogéa@%c\r{ﬁ%c S? {)‘{‘th@ e%ﬁﬁlf@a& ar packagi ng
requi renents. Théarsds/sq.icanfudoyPbdbtry of the enbedded capacitors is very
flexible in terms of & dltefiati®émbddaent, 2 DIOlaFECEuch k9§ Blaha filnand

conposi tion of the r(BﬁgBﬂt-bés)‘FRﬁ (BT BEMATIOL (PETYW T RPRETIR g have been
'shown in which signal tracés are provided around’ the“périphery, and in

whi ch Vet and Vsdeifprmeddn the erpminsubsiatedty lnpwn gicknigenssuchiase meflent i on i s
equal |y appli cablogzah cheiRdi vipbt &pbhi@ingMAEV D) §18&dss, (o #865GOIGRbessOt her than

at the periphery, and,to enbodi nen wher.e Vec..and Vss.traces are provided
Syviner & on t he- df St el Bp A bR sSpRi an S LB BREER M ARRED To oo
construed as | i mttansfomes intped gehdwedo genpithgpelsntercnanectiorcefisobdpatides. wi t h any

ot hert_type of | g paCkﬁg@tHé?@efs@,lﬁélﬂ?ﬁﬁﬁ@ﬁﬂc&?ﬁ&éxﬁ&@d%&%ﬁﬁe@&m@{] thebpr esent
I nventi on proviae an vant age.,. .Qou .S CltTlC e | S ave been

1V oot r S et and dutes RLAE HaRGmle 1 imic B el (P00 O] e of
ordinary skill i iCentigrade)t t hat any 2 o arrangenent which is calculated to
achi eve the sane pur PRSg, Y tintilintdisiliRlakel MBS SRACS bierfithgdi ment

shown. This application1s rnten to covgrwdﬁn_ adaptations or variations

of the present i QUBIFS YFeretgranagios are empedded ipthe MERISET, PEPSHAEY that this

i nvention be |i mchmditonld)gabie tnhde gyl aay nanvamibnbheclague \satteast pinthigy @of . 25 14
WO (12{112(1C %%le}\@ﬁﬁ;ﬁ} andhéVE dbﬁﬁel/sb édndﬁ)&é-‘/s Uit Mr&?@&?c& ok AN
interposes to couple a die to a substrate and conpri sing: .a capacitor
having first and cSWleh thesnpropsiate-terginals of thepapackpi(ehpy sy puiishls on a first
surface thereof, metadlizaiongechnifjber that id consistetdtherttle tempttaeird fegsitenteatsm nal and a
second | and coupl ?q'letp?oéegk‘? second termnal; and 1 o a second plurality of

| ands on a second surface thereof, including a third | and coupled to the

first termnal and a fourth | and coupled to the second term nal.
20 Estimation of Capacitance

Capacitance values for the embodiment shown in FIG. 2 can be

estimated via Equation 1.

Equation (1) C=A* ,* ¢/d
25 where: A = capacitor size (square meters)
_ = permittivity constant 8.854 x 10-12 Farads/meter
_p = dielectric constant of insulator

d = dielectric layer thickness (meters)

30 FIG. 6 shows a graphical representation of capacitance (in nano-
Farads) versus a side dimension of the capacitor (in microns) for various
dielectric materials that can be used in an interposer with an embedded
capacitor in accordance with one embodiment of the invention. Shown in

FIG. 6 are plots for the following dielectric materials: line 601 for PZT
35 (Dk=2000), line 602 for BaTiO3 (Dk= 1000), line 603 for BST (Dk=500),

line 604 for SrTiOg (Dk=200), and line 605 for TaOy (Dk=25).

11



2. The interposes recited in claiml wherein the first and second | ands are
1 s positioned to be coupled to correspondi ng power supply nodes of the
die, and whenzinoethe third and fourth nodes are positionedpge Res9K0l ed to
cot Tespondi ng power supply nodes of the substrate. 3. The interposes
recited in claiml wherein the first and second | ands are 2 o coupled to

the first and second 44 Apl Sk QRPSHHNELY randl of ASaSARAGIAREIDY @

conductive path that co e third and
fourth | ands are Wduhe wm@tltan@esrandgbldan@tegl@émaieélr W healusing pigpect i vel y,
of the capacitor pbynlalvaﬂymdnacmq ply (spelt 45 Ba{id3 nmnpgm@éselamldléﬁ)stheone
additional via. 25,4 s recited erein the at

1 east one via and"dtl éed ‘fa?‘feéﬁ%rfesg%g%%@a|“%aixgrhua ca\Pac' a&?e gqnsr\é\'g¥ ed at an
i nteriors regi on afhieyeble withea poméoson thick Phydbetwaen Vgo sed Vasdayersid aistacle| ai m 3
wherein the at I%a%mg@emvsluglg pats.t he at | east one additional via are

located at a peri pher 3 he i nterposes
recited in claiml \/\9 g'le Steﬁ’ ﬁg’ictf neﬁﬁ; P é‘%l or§4(§$\é§ one high
permttivity | ayé’P’b imep(§de-Ent &t éﬂ‘i‘ @2 ﬁ) HeLPmPYleqiAiesi n t he

capaci tor conpri %@ﬁes?o%tom olmlnic}aﬁ @b JTH@indenel ditleotiisy |ayers. 15 WO
(12/112(11 PCT/U S11 237 9 | nt erposes r.ecit.ed Irl?ﬁl aim7 wherein

the capatitor conpri seg sal @Fﬁ?@?@anﬁ?reﬁ'& Asiof any gy gn heaved with
t he hi gh permittimiltigle layperof capcitsins ¢dukk besstackedrramiergsagonduct i ve | ayers are

Fecited in claim 1 whard noarid GBReE o M@"’H ot e e bedded
di screte capaci t GPTPHYRE #HEM f?‘litj %8%%@ ATRecp! ﬂf‘cieﬁmﬂll%‘feﬁﬁn% (%Aﬁgrfqé’Fn the first
plurality of | andbke ibventivonibhé¢ methodibdgirfstah70land positi oned to be coupled to a
corresppndi ng si gnal t@,ﬂ#@ leeésbaledea acnamv - &lafd %Jagncﬁt@x%‘ﬂﬂgs plurality of

| ands conprises a siXx oSl ed to correspondlng

si gnal node of tHeM§Gywhing étruciu_{c iﬂﬁ’éc P‘Hé‘%‘r"ﬂ%éﬁe StEci &g aimpldleysr m 10
wherein the fifthkemnde sttuctuiie, laihaigh Iboterembodimentd tHeystractoeeduidbe ve pat h t hat

conprises at | ea%m?é?feof\éin?aterial other than a ceramic material. The capacitor comprises
(1) at least one high permittivity layer sandwiched between conductive layers;

20 alternatively, the capacitor is (2) a discrete capacitor.

In 705, first and second power supply nodes are formed in the
structure. As used herein, the term “power supply node” refers to either a
ground node (e.g. Vss) or to a power node at a potential different from ground
(e.g. Vce).

25 In 707, a first plurality of lands are formed on a first surface of the
structure, including a first land coupled to the first terminal(s) of the
capacitor(s) and to the first power supply node, and a second land coupled to
the second terminal(s) of the capacitor(s) and to the second power supply
node. The first and second lands are positioned to be coupled to first and

30 second power supply nodes of a die (e.g. IC die 40, FIG. 2) that is to be
juxtaposed to the first surface of the structure.

In 709, a second plurality of lands are formed on a second surface of
the structure, including a third land coupled to the first terminal(s) of the
capacitor(s) and to the first power supply node, and a fourth land coupled to

35 the second terminal(s) of the capacitor(s) and to the second power supply
node. The third and fourth lands are positioned to be coupled to first and

12



12. An el ectronic assenbly conprising: a die conprising first and second
power supply nodes; a substrate having third and fourth power supply nodes;
and 2 o aWwo nr/emposes coupling the die to the substrate angcﬁfg@p{/i’ﬁwg: a
capacitor having first and second termnals; a first plurality of |ands on
a fu~st surface thereof, including a first |land coupled to the first power

supply node and the first termnal,.and further .includi ¢cand | and
coupled to the sé?:cé)ﬁg pﬁ%mp@%B%q%flbﬁ%%lgméaﬁ%&z%S%’%Q&‘gggﬁg' @éﬁaﬁfsﬁtgl ; and a
second pl ural ity befuxtznosks! tothezecond surthcs of thesteucturer Bl methortdndsiptivdla third
|'and coupl ed to the tipG R BQWeH dhsPR Jf WAEtRoRBCkabitBtihd drSdiecki®hidl Nal , and

further including a rth and coupled to the fourth paower, supply node and
the second ternmi %ﬁﬁel.nfb%haf?.g a?ﬁgerg?sg’g‘fmﬁs@'gﬁgg’%f#v& F%d(%?’}/‘\)gdni n claim12
wher ei n &% he capaeirtadancowph oseemtwdishant of the invesdtioni Fhe method bedindat 5~ | ayer s.
14. The el ectroniggjassenbly recited in claim 13 wherein the capacitor s s

‘conprises a plurality_of, . .conductiv rs.interleaved with the high
permittivity |ayers, é‘hg%’f‘ﬂﬁtls %fPYlg?Jntﬁgtﬁﬁ@ﬁ@Bﬁ?f{f@?qr\sié’o}vﬁwpgly&%escoupI ed to
the 16 n WO U2/ 11206 $0TA uifsttd¢ Bravideditihat hasthitd setomdh pawat sypply
respectively. 15,,4he electronic assenbly recited in claim12 wherein the
capacitor conprises a east . one enbedded, discrete gapacitor. 5 16. An

el ectrotfic system comﬁﬁé% AR IniEPossrdR Predidpd togouplpieyie to the substrate.

The interposer comprises at least one capacitor having first and second *
terminals. The capacitor comprises (1) at least one high permittivity layer
sandwiched between conductive layers; alternatively, the capacitor is a
discrete capacitor. The interposer further comprises a first plurality of lands
15 on a first surface thereof, including a first land coupled to the first terminal(s)
of the capacitor(s) and a second land coupled to the second terminal(s) of the
capacitor(s). The interposer also comprises a second plurality of lands on a
second sutface thereof, including a third land coupled to the first terminal(s)
and a fourth land coupled to the second terminal(s).
20 In 809, the first and second lands are coupled to the first and second
power supply nodes, respectively, of the die.
In 811, the third and fourth lands are coupled to the third and fourth
power supply nodes, respectively, of the substrate.
The operations described above with respect to the methods illustrated
25 in FIGS. 7 and 8 can be performed in a different order from those described
herein.

Conclusion
The present invention provides for an electronic assembly and methods of
30 manufacture thereof that minimize problems, such as switching noise,
associated with high clock frequencies and high power delivery. The present
invention provides scalable high capacitance (e.g. >10 mF/square centimeter)
by employing embedded decoupling capacitors having low inductance which
can satisfy the power delivery requirements of, for example, high
35 performance processors. An electronic system that incorporates the present
invention can operate at higher clock frequencies and is therefore more
commercially attractive.
13



conprising: a die conprising first and second power supply nodes; a
substrate having third and fourth power supply nodes; and s o an interposer
coupl i ng W@ozlileod o the substrate and conprising: a capa0|p§fﬂ@@ytﬁg,flrst
and second termnals; a first plurality of lands on a first surface
thereof, including a first land coupled to the first power supply node and

the first term nal nd furth cond | a t he
second power suppl? %8&'8}15%81 fhné’rer} égwggﬁoelfcﬁaf%% ?mﬁem%fl%h ﬁ%ggﬁn c%fﬁral ity of
| ands on a secondlifSuettgmbodimentsdncludipganigiernyses, anﬁlqcaomlan@el@b!mmned to the

third power supplefechiosle s@tsh E'ﬂ@ta%ldcﬁsffsmtg%ﬂ/mrﬂaﬂmetﬁ&ﬁfof Mﬁlhh fnincluding a
fourth | and coupl.ed to th

node .an e second
ternminal. 20 17. “\tﬁlé’(’%elreaé‘ d§§E’?t£EHgF%§Q$boéloaﬁse&b§f g?tﬁl‘% wherein the
capacitdr conpri seeﬂaodmphtsmall bt seadify dppglantte thois¢ ofi ordingy skillynethe art18he The

el ect roni ¢_syst eupehivetlniefts hiolbifabhRt Ghiine:, ERABFIN Bcel BrGATPT | S5 2

‘plurality of conductive ers interl eave ermttivity
| ayers, such that ee‘(?‘t“é“rtﬁé?‘ilwlm(ﬂﬁwgwg‘qq&%‘?g“tsah@e(%‘g'ﬁ'lﬂg ©F¥he first

and second | ands,of tespdetddedebpacitd®is vEhefledide tnrtemisof e toeimntatgmi sizel i n cl ai m
16 wherein the Capapki Rfcat?tﬂ ﬁﬂ%ﬁl‘p%ﬁ@?&f tﬁﬁa&hstﬁﬁb%t aghadded discrete
capacitor. 20. A data I.ng S ri,si us coupling
conponetfts in the dat ﬁbg %hF% s &l"éﬁp%} S’@B‘ﬁﬁ‘iaé?faf the bus; 35
external menory qmmpdiaelchrmmdtlte@ehpimry,andilmtpclob!mmms treges ext praviddde bus and
conprising an el gei.Qf c%re?ﬁi%qﬁ%h‘bfonliz equaﬁygpﬁi%éﬁé%(e}rﬁoﬁﬁyng%ﬁ]e% e 719
signal traces occur other than at the periphery, and to embodiments where
Vee and Vss traces are provided anywhere on the die.
15 Further, the present invention is not to be construed as limited to use
in C4 packages, and it can be used with any other type of IC package where
the herein-described features of the present invention provide an advantage.
Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
20 arrangement which is calculated to achieve the same purpose may be
substituted for the specific embodiment shown. This application is intended
to cover any adaptations or variations of the present invention. Therefore, it
is manifestly intended that this invention be limited only by the claims and
the equivalents thereof.

14



including: a die conprising first and second power supply nodes; a
substrate having third and fourth power supply nodes; and an i nterposer
coupling W®odiieod o the substrate and conprising: s a capag:iRik)Na%|N9
first and second termnals; a first plurality of lands on a first surface
thereof, including a first Iand coupled to the first power supply node and
the f rst termnal, and futrther incl uetgg}/lg second | and coupled to the
second power . supply node and the secon ermnal; and z o a second
plurality of lands on a second surface thereof, including a third I and
coupl ed to the thradigxeamed supply node and the first termnal, and fut~ther
including a fourth | and coupled to the foutrth power supply node and the
second termnal. Zs 21. The data processing systemrecited in claim?20

wher ei n 5t he capadiAnmterpessr iosesplaa giede abubstrate ainddogtpripiegimi tti vity | ayers.

22. The data processi Reamysdr@Rineaist & sefor@h@infakl wherein the capacitor
‘conprises a plurality of conductive |a i nterl eayed w.th the high 2 o
permittivity |ayers, §3%ﬂpﬁlf£’?y %flll?r@ﬁ95¥i%i% S‘érge}?ﬁf}}?lqogé“q]%’@r%ﬁrﬁﬁén oupled to
the first and secowued wribsfirsttewpea and/2begondiBndcauplet takhé secondifetmingl; an
interposer to coyple a die to a substrate, the nethod conprising: 2 s
formng within a nultil ayer cer.am tructure at_ | east one capacitor having
first g]r?d second t er nfigRd plp@ﬁlﬁ!iquaq%ﬁo?ﬁéecg{lq%{a&er erf?fwlug%asecond power
suppl y nodes; f orthiichigndcdupledto the firsaterminabdndlagmdth lamd @upled &1 ths sacbate of t he
structure, includipg.a first land coupled to the first termnal and to the
first power s o supply node, and a second | and coupled to the second
termnal and to the second power supply node, wherein the first and second
| ands are positi @nElk in@rjesercenitpd ectldim If whestin dredirseod sedoqpblards aseippl y nodes
of the gie; and fQrm j ; rface of
The stricture, i Aoy ioh a2 FRpRG o Bl Sty o HRRAC anl

] ) coup Irst termnal and to
the first 3 s powdreredyihsthyrdqgd urthmngdes argpasitioned tgbg cRusdi'®d to t he second
term nal and to tchgespendinglpgraneuppbupmdbyofibdaibstzer ein the third and fourth
| ands are 18 WO (12/11211( PCT/ USOL/ 23719 positioned to be coupled to
first and second power supply nodes of the substrate. 24, The nethod
recited in clai m32Bhsinterroser reaifed ixclaimalswhesein thefpeiand spcondslandsiasd ned of a
plural ity of highomsiediotthd fiiistandlseysad Serminals, respectively, of the capacitor by a

conductive path that comprises at least one via, and wherein the third and
fourth lands are coupled to the first and second terminals, respectively, of the

capacitor by a conductive path that comprises at least one additional via.

25 4, The interposer recited in claim 3 wherein the at least one via and the at least
one additional via are located at an interior region of the interposer.

5.The interposer recited in claim 3 wherein the at least one via and the at least
one additional via are located at a peripheral region of the interposer.

30
6. The interposer recited in claim 1 wherein the capacitor comprises at least
one high permittivity layer.
7.The interposer recited in claim 1 wherein the capacitor comprises a

35 plurality of high permittivity layers.
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25. The nethod recited in claim?24 wherein the at | east one capacitor is
formed of a plurality of conductive |layers interleaved with the high
perm ttiviwgoraness, such that alternating conductive |ayepgralsg/saypl ed to
the first and second | ands, respectively. 26. The nethod recited in claim
23 wherein the at | east one capacitor is formed of at |east one enbedded
discrete capaci t of mdfufbse ediRh NP 7 FRULAGAREHECILADEG ASSemDl Y
conprising: providing a dre avi ng ?l rst and, secBn power  supply nodes;
provi di ng an i nt e¥alEof exndpstivelaygrs inferieayedwith e high peunittiity dayeisng first and
second term nal s;sueiattaltbinatiig qnthicdive tayed hrel catsied wrheafiki dndtsecud f ace t her eof
including a 2 o flMcﬁt e%p%&q,c upled to the first termnal, and a second | and
‘coupl ed to the second t'ermnal; and a second plurality of |ands on a second
surface thereof including a third Iand coupled to the first terminal, and a
fourth Iand ﬁouglgemhé tdrftReryesiRd th &leilrfT} waéreigzﬂsb qapmbflddngaria%m]g&ﬁtr ate 4
‘conprising thir n . y nodes; coupling the first an
second lands to t%g(g*nﬁ)gdgaagﬁpgésé%é%aﬁcg&gomer supply nodes; and coupling the
third and fourth lands to the third and fourth power supply nodes. 30 28.
T]tle rrelt hodI r eci t?@h! nhcnaaiime%;saﬁﬁ_ﬂame?mdlm 1mh&@$gk mﬂglﬁgnﬁeflhﬁusdi_s folr med
of a plurality o | R ttivit, [ : e nmet hod recjt inclaim
58 whor b n the arcoPeRS I had pibae A BE Bourfidoo dESRABLIGE sl A€ |
conducti ve | ayer sofithe die,landwbereinithdsecons Hirgkity 9élandls aomprisep 2| sixfleland  such t hat
al ternating condygkiti¥fed t %€ ESupRid@o & QbiPdsBshdin® sidhg! dde of WOsUbk#FA1d1211G
PCT/ US111/ 23719 first and second | ands, respectively. 30. The nethod
recited in claim27 wherein the at | east one capacitor is formed of at
| east one enbedded. di scFhetinterpapraesdited in ahm, 18 wharedr thafiftinandsixthdands . A( & A
9. A(. A 99. A & . Aare & led'ﬁ?@eoﬂlﬁﬁvﬁa%—th&\doﬁfpriéﬁs&t Bist HheSyiANLT #$OH_f
Z] -v"] Qwrmhb] X] ca] ca] c*a] ca] ca] caU] ca] ca] ca] ca] ca] c*a] ca] ca] ca] cal] ca] cRa]
cal] ca] ca] cMa] ca] ca] ca] c”a] cal] ca] ca] ca] ca] ca
*)1) <)M mn))) 9*: Ry* 7* opigeleat@nfciassembly ¢omprisingksni d_Z] | ca] ca] ca] ca] ca] ca] ca]
Ca} fa{ ca] ca] ca] Ca]’\f?}] @&ﬁ&&hpgﬂiﬁ kﬁ%kﬁ@l&@d@@l&ﬁ&@gﬂy%h&,@] ca] ca] ca] ca] ca] ca]
cal[,\,,.,,,.,,, --NO----- alsly; ..
EUEXEbEr EO{ vql f a\ W caPeHya Ld@&']“%i]“@aﬁ‘égﬁugg@fgﬁr] WRRl% 899E514%a] ca] ca] ca] ca] ca
] ca] ca] e@] ca] ca] ca] cajasajterppscaiap]ingibe diedajleatiBDaOaxPOORPising= * aRb bnbccd* e
fflw?gg?gg?h' ] ]<J }]wrl ]gbl\\/%t:gﬁam%%iﬁ h%@lrﬁfsle@o’h@]t&ﬁ}rﬁi\s‘?] ca] ca] ca] ca] ca] ca]
.aJca] cal] ca] ca]ca] ca] ca] c™a caUl cal ca] ca] ca] cal.cal) cal)l.ca ..
<j Lj kAl 'l ssssx_zjz||]]|=}7qt %’\%ﬁ%ﬁ@%\%@ é‘}‘%&]’é‘g‘]‘%é‘f%‘a&f gﬁ[‘“‘@%”&ﬁ‘]‘@%%a] ca] ca] ca
] ca] ca] ca] ca] ca] ctatkf]lea] @aplediccthaficsapavedr cayiglciadde apdtht Ciest Ganom), @asd VYdvW n[ t 2t
{val gb] X]] ca] ca] caksalicalsml £absaliedl Gapeald salealapherbgalarlis aleal cal cal ¢
FLNt =] EXWeh- | wr mhc/Y] |

ia]c ;ia]c ;ia%g?]c ;ia]c S?bg?g?@?ﬁalg%ﬁ ;iaé aJca]ca]ca]ca]ca]ca]c ai: 2!31;: 2!31;: 21;1;: 21;1;: 252
a] ca] ca! Nt =] EXWeh- | wr mhc” YhFécond platati] afddmsia pe apeahd arized thajeol] ca] ca] ca] cay
colesieel el ol copeaag) apaghrshanl e hqnhealaglp sk aifh a0 -

a' 1109 ()-!fO! 16%4%3(3“-‘*%’%%! g’%‘)‘b}bﬂ“’(g)a-fw%ﬂé. d epygleft o e i‘ég%hﬂ"}&lw'ﬁ - MLO% & () -

supply node and the second terminal.

30
13. The electronic assembly recited in claim 12 wherein the capacitor
comprises a plurality of high permittivity layers.

14, The electronic assembly recited in claim 13 wherein the capacitor

35 comprises a plurality of conductive layers interleaved with the high

permittivity layers, such that alternating conductive layers are coupled to the
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a substrate having third and fourth power supply nodes; and
10 an interposer coupling the die to the substrate and comprising:

a capacitor having first and second terminals;

a first plurality of lands on a first surface thereof, including a
first land coupled to the first power supply node and the first terminal, and
further including a second land coupled to the second power supply node and

15 the second terminal; and

a second plurality of lands on a second surface thereof,
including a third land coupled to the third power supply node and the first
terminal, and further including a fourth land coupled to the fourth power
supply node and the second terminal.

20
17. The electronic system recited in claim 16 wherein the capacitor

comprises a plurality of high permittivity layers.

18. The electronic system recited in claim 17 wherein the capacitor

25 comprises a plurality of conductive layers interleaved with the high
permittivity layers, such that alternating conductive layers are coupled to the
first and second lands, respectively.

19. The electronic system recited in claim 16 wherein the capacitor
30 comprises at least one embedded discrete capacitor.

20. A data processing system comprising:
a bus coupling components in the data processing system;
a display coupled to the bus;
35 external memory coupled to the bus; and
a processor coupled to the bus and comprising an electronic assembly
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formed of a plurality of conductive layers interleaved with the high

permittivity layers, such that alternating conductive layers are coupled to the
10 first and second lands, respectively.

26. The method recited in claim 23 wherein the at least one capacitor is
formed of at least one embedded discrete capacitor.

15 27. A method of making an electronic assembly comprising:
providing a die having first and second power supply nodes;
providing an interposer comprising:

at least one capacitor having first and second terminals; and
a first plurality of lands on a first surface thereof including a
20 first land coupled to the first terminal, and a second land coupled to the
second terminal; and
a second plurality of lands on a second surface thereof
including a third land coupled to the first terminal, and a fourth land coupled
to the second terminal;

25 providing a substrate comprising third and fourth power supply nodes;
coupling the first and second lands to the first and second power
supply nodes; and
coupling the third and fourth lands to the third and fourth power
supply nodes.
30
28. The method recited in claim 27 wherein the at least one capacitor is
formed of a plurality of high permittivity layers.
29. The method recited in claim 28 wherein the at least one capacitor is
35 formed of a plurality of conductive layers interleaved with the high

permittivity layers, such that alternating conductive layers are coupled to the
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