. e3ex Lj86$Tx WO 02/ 03-421 PCT/ US01/ 1936~ EMBEDDED CAPACI TOR ASSEMBLY I N
A PACKACGE FIELD 5 The present invention relates to integrated circuit
packagi ngwandus®re particularly, to a package assenbly f @rivoe@ssased
circuits, electrical system hardware, and conmputer systens, although not
limted thereto. Ra rw~unr rnrn 10 15 Recent devel opnents in integrated
circuit technolqqi d i evel s erf ormance, and faster
operation spee(ﬁmﬁdﬁwwfﬁ‘éﬂ{ A§§ It Yol NoAe conpl ex
integrated circuits (1Cs). These chi evenents and i ncreased

| evel s of conpl exi ng~ has nade .?A)tmﬁ; re difficult to maintain the
power source |level applied to an integrated circuit (1C within a

prescri bed range. For exanple, techn ﬁ;)i cal achievenents in integrated
circuit technol ogies and, especially; = the design of processors have
driven 4 he oper@t j8eh fokQGAeaSd t d Gircui Gl t hi gher

| evels (e.g. , th%a hi gh end ofs%fiﬁéegga{r?egaﬁlélr)a?&zag[m?m(r%g%gg)&arghg,a%gﬁe

cor r espondissagbly Jor dtegatelircirutiit) gleon@hts@@RRarasara)@idlcofiteNYitG®, AMdugh MSlicieaver and

| ower. Typically, in integrated circuit (1C) packages such as for nounting
processor W®s, anong other 20 25 integrated circuitry, a voltage regul ator
circuit is used to provide a steady DC voltage. This is irrespective of
whet her such DC power is froma battery or has been converted from

alternating current (AC) power. Aﬁﬁ%o@% of providing voltage regulation

to a sem conductor die or IC chip ng a vol tage regul ator nodul e

(VRM @n the Pﬁe&%wéloﬁr%tls lrﬁ%égﬁfe g&m@'[)whmﬁqg{es RSAIR) ﬁghexﬁltave@ %{mgmé system

VRVE, however, are typically ineffective I'n neeting the po Istribution
syst em ( PR faft@ logtedion siiRacdad) ey, dve kLB udlievopaieriof Age forperpRghacirigyond t he

| ow end of the kHz range. As a result, therefore, as frequencies and edge
rates of [@3). ditche ar@herartadvéments ofl idaieggdy lgyels dfeompmigehapnae @ s8o RSl fveeye escal at ed
greatly, b(%/fpass capacitors operating as power decouplers have been utilized
to reduce THSUBAAR Proowe squece (gl pprlipd tosy) e e Fiiagt A Wathie epreseiihed @rgeon.

Ext ensi ve di scussion regarding the characteristics of a power distribution
Syst om ( ey ST oDt BGRB8 e S st

PCT/ USQL/ = ' i L ' t: i tl.ed

pover - Distr b o ay s AL MR LSRR SR G L Y o

Moder n CMGign ERCI 018 n@i@hertz {MHz) Fhge) UM, ebtrefiondilgly, ard dlivinEielzapdy @RSIBETbIRNS ON
Advance Packagi ng, Vol. 22, No. 3, pp. 284-291, August 1999. In order to

provi de efrhagisiloner pdila@er. decoupl i ng capacitors for the next generation of
i nt egrated

Typically, in integrated circuit (IC) packages such as for mounting processor dies, among other
integrated circuitry, a voltage regulator circuit is used to provide a steady DC voltage. This is
20  irrespective of whether such DC power is from a battery or has been converted from alternating current
(AC) power. A known way of providing voltage regulation
to a semiconductor die or IC chip is mounting a voltage regulator module (VRM) on the PC board (or
motherboard), for example, of a computer system. VRMs, however, are typically ineffective in meeting
the power distribution sysiem (PDS) target impedance of ICs at operating frequencies beyond the low end
25 of the kHz range. As a result, therefore, as frequencies and edge rates of ICs and, especially, of high
performance processors have escalated greatly, bypass capacitors operating as power decouplers have been
utilized to reduce the system noise as well as suppressing unwanted radiation, Extensive discussion

regarding the characteristics of a power distribution system (PDS) and use of ceramic capacitors in high
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circuits including single chip processors and m croconputers ) although not
limted thereto, there will be a need for bypass capacitors integrated into
t he interﬁ,@nﬁﬁ,ﬁhlsubstrate, for exanple, a processor die ipgq@rwoRaRst
substrate. Wth the devel opnent of chip capacitors and vias (and m crovi as)
t echnol ogy) the enbeddi ng of discrete capacitor elenents such as

multiterm nai pair ceram c capacitors has now been nade possible. 10
However, tshes 1c0RRR61iH BOpdfish&latle CARBE HoRdr Dis-BABS Sylsm Mdfbasibdy gy noi se from
the wirings and | oops devel oped by the presence of the vias and vari ous

W ring | aylasagitoe Bectianifa ddolieyn CodRoh:@dy.t' Heb mith | ncl udi ng the supply and
ground wirings (or power and ground planes). These inductances can

adver sel y ¢t BAEER Hansgolings pyetdvaperfaskasing. ¥ gaclioaPrp) 28401 hgkst {98 quenci es and
shoul d be taken into ac o#tnt. when conﬁi deri.ng reduci ng the sr%(ste(;n noi se
attributed, fof®SXABIo%% TRV fFPPRRS TSR gfg‘ﬁBW LR IFeBRE ur i ng t he

act ufal sf uQmunﬁnélﬁinggingtlenﬁiﬁg%o%ssg{s ﬂrﬁml&oc(c\ix'nﬁuﬁw, Jltfl&ﬁ%h I;Eh%lé(i t%r&o, ﬂ%fg vﬁlglg:iat ion to

pl aci ng the capacitors I e the processor iInterconnect substrate or, for
exanpl e, infd@i Yypads cHASERBRgrat hi e GieRbrinetidubstr 3dr dxaFIER)prddésior fiOr t hat
matter, in the core |layer of a notherboard on which high performance

sem condudctadonierttsébgragt ed circuits are nounted, the connection assenbly of
such enbedded capacitors nust be such as to maintain the effective

i nduct ance r es Wit ihs gevelprmsntohipsiragierandtviag @rirriespviap)dechnology e epiedineyt | ow | evel
so that a | ow power distri Buti zn ZOls%lstemgPDS inPe ancedi S l?lghi eved even
at frequerff88 AT EFBTRIITY IRyl BY" SHEYR RIS BY Ve TRTAREP 2 (M)
range fnd Beuonth o BRER PSR s Qndik. RRAVELNGS, ek 06280100 and a

better understanding o e present invention w econe apparent fromthe
25 fol | owippehe giafemte bRk R S vhiith{ WFingQiyeS ¥MRAS cQPlRdhdRA ik nditnd HBNC! ai ms
when read 1 n connection with the acconpanyi ng drawi ngs, all formng a part
of the di s6dg9aud eiriafs (drlpbveer hnd g@mridiplates). Whdsd ieduttirees koregnengfeand PDOI | ow ng
witten and illustrated disclosure focuses on disclosing exanple

enbodi mentperfayhangen espicialibe aithigh frequengies and/ghpulyDhe GRendnto @Mt WBMEIBIREE-reddsal d be
clearly understood that the sane is b of illustration and exanple only

. way
and i s” not™YHE FRyedy iy, exapppls: tgﬂ‘FFW’%éh‘%@r?B RS ‘_ESef" a Wém%)tPee*‘é"@ﬂf““_l“Pﬁ/ent i on
Fepr estnt o B e il PRl bt ARRARCRCAL B Wave BB ™™) Wand 16
are ant exaf}aéo%ne%tlshugﬁerno%tfiargﬁag@fe, iaa@hflsackageewirﬁegldm@i_mbddﬂar@m) Eﬂ Q’ME?’% 2A and
respectively, of an enbedded capacitor assenbly in a package. : an
2B ar e an iemasopd 16yei df b tdthéreaid@n wiiéh high pérfdenaude cavicamitcia@intagppe tircpilsar  vi ew,
respectively, of an enbedded capacitor assenbly in a package having an
opt i m zed mopriedpihgiecareetion asskmbly ghsutheppbrdded paciiers mystiberiesh ayro fpBtaip fhe effeprive
invention; FIG 3 illustrates the %Itggenent of capacit i

t

. . B &rs in.a ,gackage
assenbl y dRRHHER Y e BHES RAGESTHOIFENC DT PR [oF SEE T B3 APH TS Aisributon

20  system (PDS) impedance is achieved even at frequencies (or clocking speeds) at high ends of the

megahertz (MHz) range and beyond.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and a better understanding of the present invention will become apparent from the
25  following detailed description of example embodiments and the claims when read in connection with the
accompanying drawings, all forming a part of the disclosure of this invention. While the foregoing and

following written and iltustrated disclosure focuses on disclosing example embodiments of the invention, it



FIG 4 illustrates the placenment of capacitors in a package assenbly
according to another enbodinent of the present invention; 15 FIG 5
il lustratewotda@syphacenent of capacitors in a package asse C%é@i/?%‘%l ng to

a further enbodi nrent of the present invention; FIG 6 illustr éener al
pur pose conputer systemto which the present invention is applied; and FIG
7 illustrates a nethod of optim zing the via placenent design of enbedded

capaci t or s sholld bag@ay ehidGoo hatiRQarkEHRY of IRMARH A exarkic LAY Wial: BEHGRY PT! ON
Bef ore beginning a detailed description of the subject Tnvention, nention

of the f ol [towiondhd spirii and gogher the presert eendtagilimed obig SChd Prinds nndppehdie di scl osed
. enbodinents, in terns of relating the sane to the 25 present invention, it
shoul d be fiBi&d that |ike reference nuneral s/characters, if any present, in
di fferent draw [Blgefioll | ustrations, are _useEI to desi gna,t e identical)

. correspondi ng of S M PaFPESHHBEEscartons of e dpvings EegiFani ng i | | ustrations are
not drawn to scal e and, also, well-known power connections as wel|l as other
circuit and/ or prgkaogd SRR ; i : I i nherent to the
enbodi ment $f dnlehbtadet 3dpR§lor aggﬁoly%{ﬁp ﬁa\l{%ﬁ%ﬁlggﬂg iﬁg%@? ﬁé%%/p%gg}évy,fes%%?vel& | shown
wi thin the various exanpl es of tﬁe Invention illustrated for sinplicity of
illustration anBIGHi Zcueé 28 Deyn cadmmle SstAton O side Oied BEGH igerph e vib v@pkivey, Al so)

t he vari ous exanples are shown in block formin order to avoid obscuring

t he i nvent b embeddsd gapachoriassergbilydine ptkagehavifgae bptimiret viareaietidesig@yaii | s t her eof

W th regpect to i npl enment ati on of such bl ock di agram arrangenents are

hi ghl y dep&fd lﬁ%toﬂg(‘}ﬁsef‘tﬁ‘é’erﬁ‘%t formw thin which the present inventionis to
be i npl ement ed, . £ i £ d be wel| within the purview of one
okilled in the oG S it Iﬁ’tet?’ﬁ“e‘%g‘%%}fogfsé“sa R %%:el“ées“’eb?Y QU e h g
ceram Cc capasd fridnbinteliogl €ctroni ¢ packages, and effecting interlayer
connection using |laser vias, the invention is not to be considered as being
limted theret OFIGA Bimsratéshie: platewien bf d@aciiol ifWfackh @ ai@nbBatsidde tadurs bei ng
limted to only those types of packages and 10 processor assenblies

ment i oned Fehodimgy ef teppresenf igsntioainy ref erence to a processor shoul d be
understQod as al so_being inclusive of a central processor unit (CPU), a

mi cropridcessor , I pilgtaesdhsplagaess of capapiion injeckass ssemblvepfopie & sdetput er  chi p,

and the Iike ggihtl further).reference in the specification to "one
X d h . ) )
enbodi rrent"? ét)n1 rit etelp?ﬁzeélp?ﬁe)mp%’n enbodi nent” and the |ike nmeans that a

particul ar featpgedin I St i:hed. | nection
W th the embodi nont e e oy e Bl AL B b R REoL PN g
i nvention. anihe appearances of the phrase "in one enbodinment” in various

pl aces in the specification are not necessarily referring to the sane
enbodi ment . Fl GIG| Allisyatgyg methedd breimizing the vir pliceomt defignaf gibd@ed/dapvitoef a
capacitor assenbly in a package and FIG 1B shows an upper plan view | ayout
of t he ap¥eyiigyto he ResBMye™iGoki ng t hrough the wiring layer 160 side. In the
capacitor assenbly 100 shown in FIG |A, the core layer 110 of the package
180 contains one or 20 nore capacitors 120 operatively coupl ed as bypass
capacitors, respectively) so apiAndgrsisekebiReNer noi se signals. Capacitors
such as these nay be ceramic capacitors wnicn are, typically, multilayered
chi p capaci t or spefoeatiegighirg a RéutileEdebctiptioRds tRbles: 1REn], BedkiHOMRS onbiind HR exanpl e
shown herei nbel ow, each enbedded ceram c capacitor has four pairs of first
and secondorgdrebitthegickeilcd 38@ipiion ofvhd disalomdignabedimdntsyin dirspdskihg geisans t@he rever sel y
applied with a first potential and a reference potential, respectively, the
first pot eMEFHnvEEnYshquidty njed s lkerreferenspauirerplefehatatiorn if agriesenh én diffeessnd bei ng a
reference pot.en itzglt. %e.g. %i rcuit ?round grtodlenti aI[). For exanpl e, assumi ng
the first Darrs of aipPaae s LLesahys Haial Saiepng o splprsamporests. Btiretit ongd

el ectrode ; r i i c . t] (PWR) and
gr ound (@ﬁ%ﬁ“%@%ﬁﬁsé ,“&r“g‘i*g%é??&*ﬁ* %/1&3 B Ghs: Bk BRI T one

circuit and/or package components, which are connectable or inherent to the embodiments illustrated, are




adj acently disposed pair including first el ectrode 133 and second el ectrode
134 are applied with the ground potential and the power supply potential,
respecti v@lgp2@pisi stent with this, the first and second &G 09H§':§54135 and
136, respectively, of the third pair are applied with the power supply
potential and ground potential, respectively, while the fourth el ectrode
pair, nanely, first el ectrode 137 and second el ectrode 138 are,
respect i vealbiyall sifvp kingslthsviatibus tRBpIgroomatveph @ntuard foaddhipewelluGpphy pot enti al |
whi ch may be the power supply of the circuitry attached to the package. The
appl i cat i oiscusfiont 4né sqrowne to diepp iy invaplidna géso.aird afuouimables at eotva &lblotisfotin ough
effecting contact of the individual electrodes 130 §131 to 138) to the
i ndi vi dual°"fsbReroidphurge 4 ftiendqny 4ng glsolin Yiey ef thedigt it spsgiticletaifsaligeept WitB0. Usi ng t he
power source volt ge and vol t age conve di scussed a ove) met al
ErTps 10 e SR8 o P Hag o BESREMG heh O TS FY BASIR | o et
strips 5152w1th;11§;1)’hch ﬂi@]ﬁ'es@ﬂ%vgr\ &11&95 ﬁlﬁlprgéﬁgd tx@ Ep@c@ﬁcgg QH@% well Mtlﬂl?lﬁe Tx??ew
convention can al so be applied ternatlve y In case the tirst
el ectrode of 3ok sRfledlidvge 4, r St pai r of el ectrodes is applied with ground
potential while the second electrode 132 of the first electrode pair is
applied with thdghqugwesrexamples diglopd feemt embeddimretamiocappitdriin eledirage hakdge(, 171 t o
178) in wiring |layer 160 connect the plural pairs of electrodes 130,
t hr ough t 184 efisttiag infepyygrconpestion vsipe Ity Viasglae Ipventioinis pes e congiferd dubeins Hsisdci at ed

wth the ckage. The el ectrical cgonnection between the i d|V|du airs of
capaci t or pE eé‘b?’}'s(?d‘@%m‘ﬁﬂtﬁ’“fsﬂét ? l&?ﬁ)‘@@‘?f‘\f&%’v 6’9‘5?‘”“&/‘?’4%’9]}‘0[360’%5? ﬁ?flﬂag‘@sFB‘Lng strips

are ef T()e ct %(QF'E(J? ESQQLA%EE grgxglofleg Qéré{db'gwl Al§o P r&grenfcé b §Fro?e%8l‘ shoafade gndé/rgtgq% 35140

associ at ed Ther ew t r exanple, applrcation o e power supply voltage
(PWR) to be&iiRiGvelodd cetval biB&@ssériuhiB{CPOR b icRbrofks8f b hOGRS: chr? Py connecting
the power strip (PWR) 151 thereto through the cluster of first vias 20 141
of the fi rsitrogekssor ki @wbnpater dhipeangmolitad Stlfueier rdeentedn Gppbdfediot © “oke second
el ectrode 132 of the first pair by electrically connecting the ground strip
( GRND) 15 2mbeipeat’ gndile lkprer a1 qpbedispent indgkedihigicags thisa pagpulysfleapuifestbi¢irg or set |
Simlar such electrical connections or contact |inks are ]i%ffect ed between

the first BHEFERELHHE REPIFEIRYTDR TRBPHEPIUFEE LB AN MU T i, the
d.th R.f ol t
second s nr ity AL RAL bRk hldelBSnd i Wilui A0 a1 D ShedydeiiPdrg ST 7L P

associ at e ew tH thr oug i'ndi Vi Vi a sters 8. 25
Wring | ayr%{negegsgmmrrb,gtoqhets;}ﬁeremg@nﬁe&t erl evel via connection |ayer
associated with a multilayer wiring | am nate of package 180 or nmay be one
that is direct|c.akticmkacdpk duddtioh bf gt sitve of achpaditod dsselblein@packdge md FUCh as a
processor die or chip, although not limted thereto. As can be seen from
the plan viBehpwsaywed plan WY BRAOSR caPaPr uSOLly 1988 throggh tha mieerarer 169fside-he power
and ground netal strips and via arrantgeemants associated therewith, the vias

in the w rIPﬂ’QcﬂP%fi}‘érassiw 1(0851‘@“’“ in F1Cq i1y e epre faer & KL R pacigse 180 RBRYS ofF & ) aced
aV\ay f Efm t rll'(::ecac ell{:log'sqao O] Czatlvele Coualrf S Borsts ICa ar!:lt(g‘g réts I‘E:gtlvgl nggC(ﬁlgpg(’%}elt [Blse
forts &t &

their Vi ng Yan® op or enbedd d
capaci t or Sy e 89 r@&.ic@e}rsl Moh ab messam@&amamlm ma Kr@-gﬁ'plcﬁﬁlsﬁmwel%§chipor hi gh

per for mance I Cs 1 ncluding processors and nenories, although not limted

t heret o, tdagciprsaswpta plunig ot @itsof biecweded elh e mamﬁdshbmnerembmemmmbacfdect he vi as
170 (171 to 178) away fromthe capacitor 120 |eads to inductive noise (the
presence oframigireditprchas fourpaiggatifickt ardgecodsisprodqs 35y whigh-pdigcetily sisppestd @ties Picous
effects on the overall power distribution DS edance Ievel of the I1C
The nul ti t"8YRFHapPled BBt ‘d"’tE’H‘F’ﬁ“dcaa‘ﬁf&ré‘i‘c‘E wemcafz@%wiv the st BEIBHN T 2F1 GS. 1 A

and 1B 13[)# FI WI;:,i'e'IS%pepd,é)C entlgl ané) tﬁ'le secioeij‘beipéa re%ren thnl;lal ?u é: Q?Y?Mtp?0§§ %éﬁ%l EO?I’ s t hat

are place age purp ses pomer

decoupl i NG QfN QL iRHng e FRBhR oFick A ifchiBind fHcRreQRd0B1 RAWRId 88ctdR!1b2 as when the
circuitry 1s1n an operation node. These capacitors are intended to prevent
. the vol t agReréof Qenpgiicd ph Mgpdoed saipty posatial PPVER)Qhd gr@ih® (GRNDRpoteeiat Iresgeerively,, the
rypically set by the voltage regulator nodule (VRM). For exanple, when the
processor is initially powered on, it requires |arge amunts of current and
qui ckly. 15 These bypass capacitors (poser decouplers) keep the supply

vol tage from drooping, especially during turn-on of power. That is, these
bypass capacitors, which are placed at various |ocations in the package)
are intended to maintain the voltage level in the presence of current
transients at the power/ground wirings (or powerlground planes) to ensure
hi gh performance operation by the ICs. As the frequencies and edge rates of
hi gh performance 1 Cs increase -- including, for exanple, 20 high
performance processors with clocking rates in the high negahertz (VHz)
range and beyond - - bypass capa0|tors play nmore and nore of an |nportant

o = o o S o



25 not limted thereto. These and ot her known ceram c capacitors as wel! as
ot hers bei ng devel oped are usable in the MHz range and beyond. However, the
manner i nwpgesibhese capacitors are connected in the packgg,[e/ g&ﬁﬁg%l y
becones even nore critical with ever increasing frequencie VBT

speeds, WO 02/ 03.121 PCT/ USQOL/ 1934 especially) in high performance
processors and the like. That is) the effectiveness of a bypass capacitor)
especi al | yidjhcnti digdsed par ihfudASKREEroaSISS i sdcaB clediant 1BLEOHRIE G BOgendy t he

i nduct ances contributed by wirings and via connections associ at ed

t her ewi t h.potfisialand tespolvér supply pe@@E espSiviely C h?bmigennmttgms Clgfirss ind kdcord elaaodes on t he
power and ground |ines/planes. Therefore, is inportant to mnimze

i nduct ancés’® 6 hiby ﬁeﬁﬁﬁlé“é}’ bfyheSh"tdW@r %E%)%’Pl@ét"l“b‘he RYY APl poreisd erdisgteld with t he
bypass capacitors. | eads to i nduct ance is

. energy st (5’%5“&31 i nverﬁi,\fV {"ge tfel%tﬁlgf§ gec}f\?‘?e Pt mtelé’rtlmglﬁmﬁgq%ﬁa&éseﬁvyéecgf’%I e coil

or W re Orl383ar<l: 28Q ctlvw tappltE@\gﬁlrttg gl:ogndl pgtgr[?i'?l’anc;ﬂager sﬁ}ﬂl&’?& Ql@&ﬁ Q;vhlicggg;ﬁt%?ﬁ
(decreases) as the area of | oop 1's increased decrease is is also
true for Qy‘m&@plgaﬂamgr&lmfyammemm@et ed as power decouplers. In the
exanple in FIGS. |A and 1B, it is noted that because of the considerable
spread 10 bet w&errppliosiof ¢ints poveen ghpgeebagel ard [gosddeptentidfis tiwouple gffedtin@ conetghi f i cant |y
sized |l oop areas are formed which | ead to sizable inductive | oops and
magnetic f“!eulié‘w‘d%f"le“éf?%ﬁﬁpél“ PH@@‘P@“@V&P%@VC{%E@WF%W Iaglitifefieetlve | oop:
Power strl s 141 Clt as an roun | ane 152.
Such | oops g&r%sé{’lg Bﬁvebf}’mﬁé’ Fm“ éﬂﬁltéﬁ co%’ﬁ%“"‘/ﬂﬁ“‘@ﬁg%bg%e glftﬂ'l 'P%Sr t her et o.
Mor EOoVRyY, 1%1“?540 Eﬁ%ﬁcﬂﬁ@cdﬂfespyddaosthe]nger(st;lgs]whglpmétaz §)1ps 1?23‘@5% 15@ al?anS’ﬁf fective

wi deni ng of 'the Toop which I'eads to a nuch greater inductance and,

cor r esponabmgiodd to Gk @RLRKiridsd> THRGRHRhtiof cah hikbbe apb@ afdria@@lylinv@hidh@BPhE Al udi ng,

for exanple, via clusters 171, power plane 151 ) vias 141, capacitor 120,
vias 132, eherwdnidl pd teerfiest fif elaciradecib appliee wih grotidd pomedtiaf wirite the secqnd westrbdgrigtund
wirings (or power/ground planes) and the like leads to a significant

i nduct ancef thﬂﬂ@ie!ePt@ﬁ%Haif}?S)apﬁliWeNiﬁﬁljm@’ter goured pesentieb gndise forily Yird? L Heto pesence of
the nmetal strips thenselves also |eads to greater inductjve naise.

Consi der i riy" et h%%&ﬁ%‘gh%?é%&ﬁ“a?fé{iﬂwe@ R T Rk VT T YiriEss desi gn

scherrelSas %@&Eerﬁha?s%&%ﬁ‘?eqxvﬁgm% J egar d_ to the exarr_pl ein FIGS. | A and 1B,
t he rese i nventors have ac Ved an i nproved design schene therefrom for

connecti ng suc hhéaeyelaﬁmcoﬁ@a@@bmér&hw&mum pars RPG KRB clec RS ind BSIeGctispneme Wil |
now be explained in the further exanple given with regard to the

i |1 ustrat ioelyingipdwkei38d gravd st a2 Bffected @roughAveiimgliviaim! setslofrttaat stcomt vk 140 schenmati ¢
side view and FIG 2B is an upper plan view thereof of the |ayout schenme of
t he enbeddesqm%e&m@wﬂbr%a@m*mwyhcz@o of the nOTe sypBly keiiggs (BVBR) t%%ﬂf\ﬁdﬁélézﬁm%xarrpl e

of an 25 optl m zed vi a pl acenent deS| out accor I} resent
i nvent i on.frsFPRF gheleckadgs g’B‘@""Ffé‘f}g PEPoRF § 1&(1’8@% Q%\ldléerﬁt%maughg‘gﬂﬁsfeé?f ’§‘S/§'?Sem The
| C pac%agq4{ %%lﬁﬁst SIIP ylel%%lseathQ Eﬁr% Vﬁ%e%ﬁgncep 9 &h?g% ﬂ%@ecmleﬁgo&?ﬁ &%tﬁrs@paﬂr ocessor

di e i s"noun ereon and rocessor
by electrically connecting the ground strip (GRND) 152 thereto by the cluster of second vias 142 of the

first set. Similar such electrical connections or contact links are effected between the first and second
electrodes of the other electrode pairs (e.g., the second through fourth pairs) to the power (PWR) and
ground (GRND) strips associated therewith through the individual via clusters 143 to 148.

25 Wiring layer 160 may be either an interlevel via connection layer associated with a multilayer
wiring laminate of package 180 or may be one that is directly attached to an integrated circuit die or chip

such as a processor die or chip, although not limited thereto. As can be seen from the plan view layout



VWO 02/ 0321 PCT/ USQOL/ 193Gt die may be also of the flip chip variety. The

package may al so be a printed circuit board (PCB) or, for that matter,

not her boakgp @503kd ch a processor die or other high-speed Cl’éa/‘llJIS%l %3£By be

mounted on. In addition to PCB or notherboard, the package & though

it isnot limted thereto, a high-speed organic package such as an Organic

Land Gid Array (OLGA), a Flip Chip Pin Gid Array (FCPGA) and an

i Nt er pos erarrankBiEenfHAMK fgher dni grbilh@ mPRISEIRY thd APRlahgemints @RodaRE BESwithpmé Natn part of

t he package assenbly having bypass capacitors enbedded therein. For

pur poses cdhe vasrpllatrribhg et hdielprresemectioniayehire paved away onntbe @hitertohge exanpl e in

. FIGS. 2A and 2B, a simlar of package and material thereof is assuned
for this éi?’é‘ﬁ‘b‘i’féheé‘@beﬁﬂe? Ffpiicé(gpg’é‘fe“te@orls Rigcieyingsin optimized yia R‘E?e‘é%a‘??m‘bfo‘ al t hough

not limted th 5 That. ne ca it
48 1
. multilayered ¢ c%ﬁrs capac IV t"’1 oot "°n ﬁ% ag‘agc? assen%gerf%(rgﬁg}ége(r:%rﬁg FIS or al t hough

not |irgt agtuiahgﬁrs&mrs i3 nﬁx;msp g@gugh Rot mﬁe@ tHeRd Sthe pheslht Rbend R BaPARIRAR) the core
| ayer may be an organic substrate such as nade of epoxy material (e.g.,

st andar d ReBplacemdnedt thalias 130 @71 & Rreflavap Gty thgtapmtor 1700days torindlesvg h@s Sthe
benzocycl obut ene, Tefl on, other epoxy resins, or the like). The enbedded
capaci t or m@gcy of magpesic fliveatd lasge lorcaas. Py hab dieteR@ effeprslonsheoveadll powérr s of

el ectrodes 230 (231 to 238 uniformy arranged along its opposing sides.

In this e%&ﬁﬁW@““EF%%?“PH%F@“&#@K?our pairs of | S electrodes in which 231
233 ) 235 and é%fil‘ﬁ tﬁgmma exalt)ed%ed C 1p cop&cxtor *38% ]}t%{) %wnaingld;gelfAeJ gwes 232, 234,

236 and 238 ar SR S ForHr irs electrodes
respeciy VelkyesensQhe do Y hPRSES o s&lh%as@aﬁa&%%ﬁﬂapﬂe pdeBfin a&aacﬁge%oﬁ@%ﬁs ent the
first pair of electrodes, 233-234 represent the second pair of electrodes,
23S- 23G r gpipesadtbficdng pctvht dechufitn 6 naigeChigRads/dudiyGhern@ Pors povler 4s el fsouméette pai r of

el ectrodes in an enbedded capacitor 220. In this arrangenent) the first and
third pai reirgfitrtyd$ ipen operation madey dhashapagitprpeareliitenddd roprevent thiy eqitega éow droppisi | e t he
second and fourth pairs of el ectrodes have the same biasin thereacross)
but opposi‘i"\@‘vf‘ﬁ“etpﬁ’ regpende frxel {5+ §¥P‘°§}¥de‘§%@%WHagﬁ&’ﬁﬁ‘f‘%"f&"d‘@ @Eﬁ}

ecte

respective| lep m Tvl%n Fpe plgcessgr 18 1{119151%1 p%\)ﬁlgeg ! 1t reqmres ggge amqurﬂj 3 curl{rent am(\f’/i\%%lcﬁ(yjl

capaci tor, sl e earl nd ground
vol t A0S Afpkse %Qsjs Ea@gxt&p(pgﬁp lﬂec&ﬁler@)r} El{f Q&i@gi flgltl dxtogtﬁngf Q 1a19%hr§n§ of

el ectrodes through the netal [|ayer 550 and the plural s of first and
second Vi afn-duher povced 1ThAdh& kheseloiats Ié@ac?t&s IWheh ¢ plaiage NRdks l@ftloﬁshﬁthd: mackiapel, dual

nmetal strips associated with each of the el ectrodes as depicted in FIG i

of the dr cam ingdedquniigkin hewifagk vebindle@rreente obfurrerh pangi¢ng gt tha power@eouifwitiige pl an
view area of the capacitor), the part of the netal layer in the vicinity of
each of tH@W@WB@@H@QMEﬁH&EFW%W@”?@“ﬂﬁﬂﬁmﬁﬁmbW”ﬁIF?rst portion WD 02/03421

PCT/ USQL1/ 19364
I g‘tg Ilfr?qbléngl edée A tof %QE ema;nﬁécg %S u{cr%:asé rhcf:uglﬁ" g»F %%1?1?; i nstance,

i ncl udi ng net al al a sec i'on 253

whi ch b qhg%hwnﬁaaée pYocdsSR! vith B6kking AW lt]hﬁh@l. Mégitlere @B rasph baBSyondVDyBass
particularly) the first portion, which includes netal strips 2S'1 and 252,
is forned dpacifmstphgmera B nivetofdn ilnpoy@tt roRS0re@Bing ystm ©OBE.I BB pigineki prgeetsors tahe second
portion 253. The individual strips 251 and 252 (herein) referred to al so as
power st riqe exempe edranic @psaitrsiate sepeciaili desifable S mpigipipingohe RIS ippsdangpdvels at Ialayer and
are spatially isolated fromthe second portion 253 thereof via spati al

ring 254 APHPRTA Y dTyelofhererEsA Wpbes el dff@reé‘ft*p@d’f e O M R N q‘e&ﬁm et ween
port I O.n 253 e%{c]:ﬁildl ga N h%fm t)&& ? W as%\}eﬁ ﬁsgevgrgﬂﬂgs%cﬁxgxg 515066‘%]& %dl-:’%)?’ a-[}nﬁ%ix agonal | y

el ectrical 1'SO surroun éach

S hapedzﬁﬁtﬁa{ linfied th@o. ftSse §ﬂ%@l@1qm$vﬁl ca@ht ObANdrOas BB omérs belt@ av@bpal arst ri ps.  Such
el ectrical isolation is necessary in order to prevent contact between the
met al st ri@slelOmd MPPIahgd Gndwiksiohd. [HoWeEr, $© i ivolidhalge)capadidrs e tahecpdint i on 253
whi ch acts as the ground plane. (Alternatively, portion 253 may, instead,

. act as t hethqrovege aptnblydeqomesteivanmorersrticalyvdth ayst ingreasing freguencies/qlockinglsee®y may be ti ed
to the ground potential.) Through inplenenting such a netal layer in the
formas that shown in FIG 2B, in which each of the netal strips (power
strip connects) is extended so that opposite ends (e.g., end portions)

t hereof cover 15 the first electrode of a distinct pair of capacitor

el ectrodes as well as the second el ectrode of a succeedi ng adj acent pair
thereto, a mutual electrical connection can be effected between those two
el ectrodes through the first and second vial associated therewth,
respectively. For exanple, netal strip 251, which is diagonally extended)
has opposing end portions thereof that overlie the first el ectrode 231 of
the first electrode pair as well as the second el ectrode 234 of the second
palr of electrodes in ‘a manner mhlch 20 pernlts a mut ual electrlcal

Y o a N " L S I T T

bypass



first electrode 231, and the second vias 244, associated with the second
electrode 234. In a simlar manner, nmetal strip (power strip connect) 252
mutual |y eaneees first el ectrode 235 of the third pair vm‘t,(lfcmr/w@/@?&ond

el ectrode 238 of the fourth pair of electrodes through the firs ustered
vias 245 ) associated with the first electrode 235 of the third pair, and
the clustered second vias 248) associated with the second 25 el ectrode 238
of the fouwspedrilpan Kghgbrichaed prachess and e dkeldTHat s nhete€iectivehess of b bypass eapaitarj ng f our
el ectrodes, of the four pair of electrodes showmn in FIG 2B, are

el ect ri caletgeiddpinrigt enddC prskaghrsseghliou nes bm‘)fa‘h@g@@@b}t the induepneds getipitginl ¢l usters
of first or second vias, as detailed in . As aresult, therefore, a

“simlar typEeynd via gipRepliphy agqciae fhepspf. lﬁ@i?s‘ff@%%s‘ﬁdmy’w%*ﬁ%“ﬂﬁﬁw&tl on

ot he-exanar EXaF ol il Rt DRSS DR SlebRly £ oMbt PR SEREREGY | 4 Ld
" 1B, Nanel yne c6n@Edn 0688y R3da@nfn 43 4ypas cpRlibrs.as 235 bnd 238 arc applied with
power source voltage (e.g., the circuit power supply associated with the

package assenbFlpy ofvuiréngledde rorindn@dne (BB2tanc@i3 Snerg® S6redun cha@Bi flax) e Aajpicioed Wit h
the reference voltage (e.g.) ground voltage) of the ground plane. It is
not ed thatcaff'lSF“a‘éflbééF@Pléc@r?b@dﬂéﬂloeﬁap‘ﬁ@l TEEBTIS0 1Repwi thednIBFR IR RS PR ASERSeDf pai rs
of el ectrodes and se congﬁnel ect rodes such

2% Shoan 8 i s G Be St RHERBE T lp e 8 i RS i SERART ¢ he
number  of pg\gér diéougferse&n%e ekd Eqn %ﬁ? I?taﬁ‘c{ l%dn E%Btl:cf Bt becdnfe’o gﬁ{}j&ms%g}aﬁe ?eQOaCI tors

are known “and have been avai l or connection as ypass capacitors to
ef f ect 1opOWervect @ @Ik REbn® EluskR 0B Hires I BN AdnBicantiPWRY Bbp arBI HRETHe D PrichIMAE B
capacitors in a manner as that disclosed herein, especially, with regard to
t he exanplsiablerindkdiGSoopRéhd aaghe@Blux. | Bor exdamad, kiygreds fovend @efolllowing &ducappropach. As a
result of inplenenting a netal strip arrangenent as that shown in FIG 2B,
t he t hird Beveastip 140, yiag lfrlheapwtfrfll%wpsel%rﬁ“d%@“d R ER- élwb{sapnaereéqahveq bsi teeal
connections to other ones of Wri ﬁs or ﬁower 15 term gg ﬁtﬁfsom ated with
b P i

the packaddHSUEHHS yUCh eGP pUPERE BEPFHFE 4V asEr § $G M as over

the center, | sets of
third vias ff%&?}‘hﬁﬁl%n&%gg)ggw@%ﬁggsf$7§§UCh %lgat%glg‘?cteargaeégﬁgéog?s&naﬂglp(%#étgrsect| on
(betwegn thenkd et fRAGSHRNooh HBIEGR! ANExEmiIa Pid BlisteRI Y1, ovehpidnb @41, @aakM, set
contacts either a distinct power netal .strip or the ground plane 2S3. For
exanpl e, tcadcitt 20,5&t 127d¢road paran 2ayiedusien 122 apll fuglieepowarmbuedwitisas fort he gr ound

pl ane 253, the via set 272 are arrayed in a cluster and contact 20 the
metal str |P9W62/51P““d\mh@wn¢ e i doads 9 asicaifiespitindueiancct %d@tmﬂ'éctf“@&?gﬁeﬁc Bxect rodes 231
and 234 throu h via sets 241 and 244, res e clustered array of

T
third vi ages9% fon depresence of the, metl strjas tepsclyes alsp gfflstmrﬁr%ar PdNe P are simlarly
di sposed as th%snsfa&mg{hgdmm&s SOURBLLED bl ke B v Bl ol i

positioned so as to ect contact at one of &’ end ereof to the netal
Strip 252, wikdeh toSilelekdhpRiOMESI QR aidt 1BUndigbse n@hilofsinga hchﬁﬁb@ Beieplo®A d@fgn t he

el ectrodes 23§ and Z38 through the first and second via sets 24S and 248,
respect i vetigme @efbhirfouginectiby ssch\byrass pipadiiersrittin iBskaggn Sl Hesigescheme wdlonjunct i on
with the formation of power strip connects) such as in the exanple shown in
FIG 2B, drletewwgﬁn%fmﬁrmaw@eigwen@rtbtesﬁyd tathgr"g%*mtfopeﬁﬁ‘@% YARMEBr effective |oop

i nduct ance res s over,_ t hat 3-121 PCT/ USQ1 193G 4
known/ convent i h‘f’;\IzAéFélgl‘"dﬁra‘é"é'ﬁg"rr‘étéem&ﬁa& ¥ a“%ﬁ% ek hiR Tt {BpeT PIZ} YISy t{'e(r)e\‘/)goFof the via

pl acement LFB;W o8 0nd P nk Qﬁbef‘aé@expmr Rfembly B in lhé\pa@;agl, z%&homg%te%g@ ofdrlier.

I nci dent al each termn of “the capaci tor be associated with one,

t WO Or 24 I R@mig via bRdembrd désigiMBfolit@EcordM toliR Pyesedi @ﬁntxaﬁ the termnal side permts
, to lower both the connection resistance and inductive

The package 280 may be an IC package in a computer system. The IC package itself may be a

processor package on which at least a processor die is mounted thereon and in which case the processor



5 noise. Likew se, the individual sets of third vies 271-275 shoul d be
clustered together as nmuch as the capabilities of the manufacturing
processes Wwahiy1 The nunber of vies in each cluster of fi and
third vies rragmbe linited based on the all owed pitch of théé&méisiyﬁﬁpt

size of the electrodes and Il ength of the diago:ial portion of the netal
strips. Also, in addition to centrally positioning the clusters of third

Vi es over dideya¢ 0@ ot by fip & Qyletf. e pARACHAY @) belatprint& cabug Bodke@et)iogit@l to
cluster the sets of first and second vies as 10 closely as possible to the
i nner edgé@ﬂmﬂwthew@aba@wv@ﬁdpaMs%smdhsﬂﬂ@rmgﬂmnédmﬁenywzem@mw@heIeffective
. i nductive Ioops even further (the capacitor pads relate to the el ectrodes

231- 238 t HEHEEIQ D) or meshigbeprd; ‘H"gpafklﬁ@ “@éb“a&‘}hf“@? R fspetdimjted thegetoj, & higfy- sa%,eéd | nsi de
the packagoe%%ig? gsucglrx%s anf(E)rF nic La Llea %[ré r('OEéJ\)dgﬁl:}I)r@u Ci’ &nd Ar LFC 3 5(% may be a

. polyimde s e

mat eri & faca_rmtﬁ%@ﬁs Tﬂzta;ckaas marpaam ab&caapééag% t%%@c%pllhé aaa asslerﬁslﬁ{mg (e.g.
processor die al though not limted 15 there Specifically, as shown by
t he pr ocesgpassrafatiGes edbedich@e@M (vendor or original equi pnent manufacturer)
first enbeds the capacitor into the core |ayer of the package (701 in FIG
7). This may b&otRyrpesehf cxpining o wieseprinyertesin tsfmseof the ¢xpropledn HGSe24 and $he cor e

| ayer of the package substrate so as to place thereinto the capacitor. The
enbedded CHBECTRA] AR i mesaLlal SHrPLPT A PR T 0850 U TP A et c 1

placed in %9?}3 Q{% p?e %Rgu n&h%lt?%xatgl by is, a?lezgpénﬁcage}cﬁor eahp% uqtﬁ)ag?rezdochl n place.

Subsequent to t are formed t rou ront-face core

| ayer 210 (ﬁ{k&&\bgwﬁlﬂﬂnary essp&atnlc\éa)a&tapaaburgpﬁot ahla@merad)es QR P 1HBHESE Vi es may
be | aser vies, as one exanple, although not limted thereto. For exanple,

al t hough nﬁﬂwbxﬂ@éedcmhmﬁemaﬂmemﬁgmmhmmmapanmhmmeMsmﬁmmagmﬂabeddedi|n t he
core layer, holes are nade by laser drilling of the dielectric core |ayer
to expose RQBena@aﬁaﬁ B emttsla%‘ @oly e gl drnzpeygepez STEflony othes epoKkIpiin et

t hereover: These | aser holes are then plated and becone | aser vies, Laser

2S vies rdfiie ﬁPese“l??flgedéip&ﬁ‘BT B0 BIYPIERERG °P% b‘?é‘éon 311 a4 plogl gpirs of "6‘1‘3‘60"% 28 forming
techni ques 241 t@ % 8mformn5?z{r%n é’cﬁ%lé it§ ?Fgo%in &F e{n thns exafmgfhaésf) qulere % oxfr algr Pcesses

for producﬁng ser V|es e

strips9f dddeoaiif WinG: zb@y@,r, 2783k iam semmaarsﬂeladrasstaﬁd &feﬂeayse»,@z,aWzsesdpcpr OVI ded
t hereover followed by dte I1 WO 02/ 03-121 PCT/USOL/ 193G~ formation of the
pl ural set2s8 at tht kecond eletirades af@rtplual fairs @viedtrodeh eesgaspelg.i Fap purfodd4) this Pr ocesses
avai l abl e in connection with the manufacture, for exanple) of wring

boar ds) PCBsustigiglet -2 rresasthafiis P@t‘ﬁe‘FC“P%?bé%3 Bt repregrt e ecdpaitafat es,

[th h t 1im t her et whi ch t .art in . ti
o LRORY s enE e e S P SO B S S *YA%er f or mance
G5 il g Rerh O TR AD oS BRELh AR RSk S TR oD28Rk e

towards the manufacture of an timzed via placenent ign, accordlng to

t he pr esenterdadt¥:e Rhile @R -secdidiaf R pflis 8LGkcYddR hRle e QMR Basif @R teBifosS Gl 8FRsite S
particul arly advant ageous for hi gh performancel hi gh-speed packages such as
OLGA (O ganihat ok @etirst@hd deodd wairygf eladnddel;@Rfaéivelrl ip Chip Pin Gid Array) and the
| i ke, although not limted thereto. In connection with such via placenment
desi gn | ayout, Asemingemigfdedcapasiior POATPRIECIIHET EDYBTS GARFeifer, i'@“l%fba‘?:ihﬁgf Bet ween vi as

is reduced in addition to being centrall P g t he nynber of
vi as i ncl UGEH TIPPEaRHPOSFT AphEouetyolaessAe aﬁp}éd 0 Oé ﬁfﬂoges °€ﬁ f&‘frﬂa’ﬁg maxi m zed
and posi ti e?égtﬁﬂes%m%ﬁ 8? Bl 188 zﬁpa%ﬂhf)hﬁaltsé?s thﬁﬁt a‘ﬁ@&@&xh L4 FEMef MunikdOVever ,

t he nunber of vias course, 1s by the capacitor size and
avai | abi e fd drGiemdnioratidhdivi®n metaN@ipiBRiotihtedSkithieRB of( tRAWEHodeS b deflcr@iGNAIGCT S) |

. which are extended over the center of the capacitor and are used to connect

t o the | Csofgedewingupipthyleadas Bacemenind the yiasootsipd o the plan tidverrek pfxh cabitopi e of t he
core of the capacitor. Cearly) therefore, the current path associated with
. this arrarr§sihamethlsye inthe VCinGSHE e olthermpidad eapapisors i madednal A st PagRgy

i nduct ance area than that resulting fromthe exanple in FIGS. IA and 1B.
Further, the magnetic flux resulting fromcurrent on the netal |ayer above
the capacitor and the current in the cabacitor, effectively, cancel each
other. This becones maexi mzed as a result of the via connection of the
front side of the core layer 210 to the front side of the interlevel 20
connection | ayer 260 being centered over the capacitor. The cancell ation of
the magnetic flux as well as the attainment of a smaller overall |oop area
| eads to a | ower | oop inductance of the overall PDS. It is enphasized) the
optim zed via placenent design, according to the present invention,

provi des for a much | ower | oop inductance than woul d be typically expected
fron1convent|onal approaches and also |s achlevable mnth I|ttIe or no

gy . . ~ -



according to FIG 2A and 2B not only leads to the mnimzing of the |oop

i nductance through optim zing the via placenent design but achi eves thi S

wi t hout i ngopesneing the effective cost. This mnimzing of ? ‘21936 ~0

02/03-t21 PCT/USO 1 /193G 1 inductance is particularly advantageous tn ni gh

per f or mance/ hi gh- speed processors and will be even nore so in next

generation processors in connection with increasing the yield and reduce

t he nunberincdfiingy frass sne cpswiptio 8 pleeatdsence, icinghdiay sthip2st i nRaDeBISDHI

i nt erconnect substrates. Increasing the yield as well as reducing the

nunber of 3pYpHRPad 129&}9&%53t"@k°§ is eleqirpallytisglaigd frespibienlyrd Weﬁalrftrlphd\d@thavlﬁﬂyctbst of
manuf act ur | n?‘ﬂ roce [ package assenbl | the draw n

"1 ust r at 85 PHEORH dﬂff Ui MG SEREE S 5?06’3?96{E9P’t”5r5§‘%§ﬁ@|4ay§"3258f‘5 %%he type
di scussed c@llpﬁﬁ{)ﬁc)mg%) &P&&%‘ﬁ%% 2:&3I I:Phé ﬁﬂvléu & rlﬁsLZgl anfg| QSZa(Ferﬁ?’nl to €% oy ackage

. assenbly such as for uter system er et 0). In
accor danCeowdrlstip Edaiets) chil@utD AE KRPOrticS? BN 1§&Qndfaeeas§34ﬁm@$somaa fr&?ﬁ @grat ed
circuit 301 which is housed by I C package 302. Integrated circuit (1C 301
may cont aiseroslpertior 253 emawfivis acpatiat tihg 254 awhiind énctent ehere ke toreffecadidcyica goimpat ed to t he
package 302 by connectors 305. Although the connectors 305 are illustrated
as bunp (P&Wpep P?W%’él%‘\“’é €3k @fd‘l@é’oweéftﬂlé“romte‘j}b?éé ang 252 xlheplestaicali isplating pretsl

connecti ons sed includin ut not limte 'ns. These circuits
may act asa“?%xf ‘E’H‘B%‘Efcq Ogg‘ﬁd‘f'ﬂm\%h?‘&‘?‘id f)"ff%étf‘ps e sgaﬂ"rﬁld‘?‘f"gar"btf}thftt?émf)ackage
assenbl y \%éMmpAl 5@9%&91&%&@&%‘9{%& %LSIOIQCH é/\grlt Eo@lgg bgt\gegy hQ {hel‘% stp ﬁwer Suppl y

whi ch may be provi In a nown pe may be noun

not her poarghpRERith fved sburdedof ?@Kﬁ&%m%m‘é@iﬁ vt Res bhleneCdrdufid fidnE. Y Al nd nted on
or even on an interposer, one is enployed. Integrated circuit 301 could
be any of partindsdeny, mﬁteadoadaay ths pdwegilanppuiitfod AR Grehistrphn2ss peied fiyee asisor s whi ch
may be enployed in servers or network systens or otherw se and nmay be ot her
types of cdhasEipdnstestigd i ncl ude, al so, combinations thereof. In the

enbodi ment sho n. Fl . inte ted circ
nmount Ied pr oies ﬁg&;mwm%su%w gaé Qtﬂ}ei%m:%% '}mé%'ﬁwb‘rfrg?/q ?§ "b’l”h’@ﬁfﬁ)cﬁ thlorIo a 20
conbi nat | 518 n% s%p%fp% g&cﬁﬂ%@ efxte&llecf s%ld{a{]oﬁ o'sx@%lx 9:' gngnthornons) ihereqf cov

hi gh- perfornanc evices or c thou not  I'imted thereto.
The exgmlig HHOWER OH dx!ﬁ?m& Pdirfdf Sayd2Bor Obcrrbdes We@ﬂ tlle$ecmd @Pctz()hh@f b Jucde@stat ed (305)
on an upper surface of |IC package 302. Alternatively) the integrated
circuit 30djadempaichiypdoy minkiekcuical@emedidn cpn @hifed eoRanhcgive sledbdes thotight hat
matter, may be a surface nmounted chip) in which input/output term nals
ther eof arte fgBrndeesprddia soried the@wihckergec130Dor @Xsinpigy HsBIRYIPAPT. eiclir  connect i ng
he upper surface 25 of the ch to bondin ads_at the upper surface of IC
pac kage 300 "ﬁ@ O I A L G e B T S SN o emeaf“ﬁﬁ'rer%’gqe zafggﬁﬂésﬂded

capaci t or g, ;«%ée SR Ys 8 ab {H%%EOQ&)&&&&Q 2440 e %Qﬁd Aa&&%‘f&&% AsndeeEd

necessary, ftor achieving a target power distribution systemlrrpedance for
exanpl & L3rmits MMEDdécRBal l&ﬁecM{ Mﬁ@% 48:36ded ihdozn PR CKEGR, BRdared kG 3, is
coupled to a socket 306 which is on a notherboard or PCB 303. |If the pins
307 of I C fpaelkage 230 2ndalieaecpriojpel yasseiakd with thh scondrpécaore R3Marlya gikr hol es in the
PCB or not herboard 303, then socket 306 which is used for mating

(i nt er f acimges mstajip (P%?th C@F‘ect) e W“@a’bfa?éll@&‘ﬁfe’“%ﬂ%"“‘aﬁe 237 of thgthirgypair b‘ﬂf&r d 303)

GT corl y mmpEpsaerpt s Ak i ot s DRS00 T LBV R AR D) £ or
exanpl e, tmlme% HecTaE 395 o B le hy te %@&L LQRRq gaaonﬂlgg za% bldocNeh B tﬁfﬁ%

connecti ons, oug not thereto. The notherboard or PCB may be in

a conpay erele&bbﬂé ﬁﬂbftﬁ)é @ P@hor Biedirodek. N hiod 10 &fisCihOremdiify i MERSEQ of ﬂﬁay al so be
of the control collapse chip connection (C4) type.
four pair of electrodes shown in FIG. 2B, are electrically connected to the ground plane 253 through

individual clusters of first or second vias, as detailed in FIG. 2B. As a result, therefore, a similar type of



Through i ncorporating enbedded capacitors in an el ectronic package such as

that illustrated in 10 FIG 3, although not limted thereto, |oop

i nduct ancevoors®s2r esul ting from bypass capacitor connecti OQ?T/‘I@@/%(%PQ Vi a

connections can be mtigated substantially thereby | eading 10

i nprovenent in the overall power distribution system (PDS). In this

connection, the enbedded capacitors becone especially effective as power

decoupl er spowhrgrouidrennecsivrebiggiogirtahgdnecifor thabybdseramcne2201s ihfencpatlingeard wnder neat h

the IGdie and the like. | S lIntegrated circuit (1C) packages may al so be

connect ed fhFxamplclwa in FBt Ré pisoBragithyt Wepistsd) it FHFS- LhendiBoNamely, ¢lpriredes 8¢t s as a

- di nensi onal #ﬁterfﬂacgi beat \ﬁ?en the | C Qacgﬁge connect ors and connectors on
the boar d.* f*FhElat w2 AT &° PRIER JILPORTSUIE'Y28ede i s PrEr el Porsic®PBoser, whi ch

may be consj Lt e wWth pass capacitors

for of f oot oo BB AAEhb MM (Ml 39, 55 8 bl e e VRS ot

thereins fefre®X Mk ®.2.] floufld wRiz8 oBihELARA fibre. 1 BWEE haDRF &Qfede cfbdalt@r 10 pl ace

of being enbedded in 20 the Ié package 1tself or the distribution of the

bypass capagtitosmsvingay evenpimbigl ef reinde elebtrogs, Gon example, Tk gairs ofdist adp@aidt ors i n t he

interposer in addition to enbeddi ng one or nore in the | C package itself.

Al t er nat i Vi&PYpdesguch asghovnrinthis riseplel altg nemhsrt tigsrmsy peepguable hylbbeorpbar afnsigs of n t he

core | ayer log;odt he interposer, depending on the particul ar design approach

bei ng used By the vendor (OEM. FIG 4 of the drawing shows an el ectronic

package assenbly 00, FHCHr AR M eagacf@%r&n&gmma% be@hvANH fgga@@@&ﬁ#aseﬁp' oys an

i nterposer 403 for Interfacing the package connectors and connectors
of t hedoadyshseAQfhcilof @t pdHRr debTaMinD bf nBEEYsighRL }Q@evﬂ,eﬁﬂﬁdﬁng.sdﬁﬁfaﬁﬂcﬁbrs iah S0)

al t hough bunp el ectrodes (balls) 406, 409 and pins 408 are i1llustrated, the
el ect r oni cmypee kaigedigbse hdndiy espetiiy, sitnieme e nb eddgdin CEGSazA {noLB, i dearly ' f O

02/ 03421 PCT/U SO 1 / 19364 according to the present invention, nay al so be
enpl oyed i ersriaekapPreshwi t h packages and boards, interposers and the |ike
havi ng di fferent t%/lge%,of external el ectrode connections, such as earlier

t,o { &l

di scussed. Si mi‘Faf nREMPYPEATPELY WP AEPIBERFP S Ty hOVRR Py ZBsPE Bt 0 be bunp
(flip chi ed, ; d i il her et o.
Nuner al s %%{Hgﬁrﬁk rﬁ‘g(Bay?sfteig?gggw&gggeegggg&gég%g??? tgér?ghe? gfa‘JfJ%{)/r%g‘é&i ncor por at ed
into the |EnpaeskadigedWid thelph@agk RkRILH OSEHw A& as PMRIkek bF QAR okl e 5 shows
an el ectroni c package assenbly, according to the invention, featuring an

or gani c | amadergf theknheddadcafa@ooA) thiyatkealg ehed@iia) sefs nttirdodus &1, AT, @132 036
capacitors 502 each having a connection arrangenent such as shown in FIGS.
2A and 2B, 2rfeRipes Ay e Gere eption thatresn s eleatredes offhe cerepcappsisonrfirhyhatead s f1ip chip
mounted integrated circuit which be a hi erformance/ hi gh frequency
processor BHE® HiKL ‘ﬁﬁ“ﬂoﬁ“ﬁf rbe&éﬂﬁ’gogﬁgérfm\dgla‘ﬁ&%g F}C))b?f‘T fe. %Yfﬁts‘&&%oaﬁe a

mot her boar g, 04, cﬁgé,amv@tam%ghég Sl PHDE 84, ﬁpvi{ga[enm%%e% Aagéxusm%d phagessor 503

provi des heat nmnagenen acts as a heat sin to OLGA packagi ng

t echnob®yi iesSmetd fGY258hich aSiutalyleicitballyREin@ebd toRlcbReR 31l fd £56 wedugP@dkedi gh

per f ormance/ hi gh frequency processors operating at the high nmegahertz (MHz)
cl ocki ng spPesdg4dareshetiiegho rithe eimtbred pdy obtbipdas 213| ay wellasl tharitsaegpd @iy thind vipy 0cessor s
used in servers, etc. COLGA packagi nq t echnol ogi es have been recently 15
devel oped ZHn#e amdark Aisraped eghet piddle g%’kf Psfegse| a2 Oﬁgfflk’&g FHgreretird roYites.

Alternativ t he package, substrate 501 be a Cip chi in grid array
(FopaRy orsted bt b fhip e S5 el b B v el o "o n
grid arrayeokdelaty o AR EK AR ésxsgﬁd_slsér%me%pingye@&d yiRbehs Q4N 2430k opk i B €0

thereto. The I C packages and I nterposes described in connection with FIGS.

3 and 4 nephrdagh HONHRLERS: deSendchbled) intbnjteoh @ibeefothaldioCsdwtGrpBonpail of a
conput er system such as, for exanple, a 20 general purpose conputer system
al t hough nsodh ab innficteathple Heweino.

FIG. 2B, although not limited thereto, a significantly lower effective loop inductance results over that of

10



FIG 6 illustrates a general purpose conputer system 600 that includes,
according to the invention, one or nore enbedded capacitors, as deened
necessary waog6sgf dance with the various enbodi nents of thg dﬁ@84

i nvention. Conmputer system 600 is housed on a PCB or nnthergoar % and

i ncludes at | east one bus 602, a processor (e.g., mcroprocessor chip) 603,
an | C package 604 that may or 25 may not contain an interposes and socket,
a power sup@Eincosemgoal deggnaratsafid, ©Dhat mame, ako, WedTDE yia piGmend ippropaakirge and/ or

i nt erposes 604 electrically connects the processor 603 to the bus 602 so as
to connun#@ﬁw@ObﬁﬁﬁﬂA§ﬂbB%9W§$@ﬁaﬁg and non- pomer supply signals (e. 9. ,

, data signals, iont r? Si %&gl 2) address signal s, 321
PCT/ US01/ 1936. e i Fmuh ot SHpgTom 80108t V%{‘}tlan F“Pé’mh{ee r fog®yi ces
coupl ed T GuafiSys 4-vi s R0 }Alngl Sl 6 &%lmﬂ@&@e 1Bfhecifl SOIRULET il N Das an

enbedded capacito accord e 1 nve hecessarily
limited tqokdatikeisd, uﬁtr{aamdsets 3 thitdGias @n zmomemdmeed tctgttﬁer AAcessRr 603 may
be coupled to the nenory 606 and to the power supply signal generator

t hrough sepavititeeofiius@sutandngtphadsset feemic AMPLiber obYis tievahhiyterion flstigdenome or a
plurality of separate such conponents as that illustrated in FIG 6. Also,
as stated teinviap Bpy be tllﬁéedp‘?@Weqﬂ thp\a[igyied pitsh of s Iviagraf é‘F aze@f thergiseiresies gdlsigth dbned

ot her than_on t or not her board 601. FP@resent invention is

particul ar e tiag: ‘B@B‘P%"?t‘hﬁ "8 i o o het et iy 8‘(‘%‘ eyt M YBdnnect i on
wi th enbeq)%ql ﬁﬁg?o%&%? the WRhGREY, s Gisd RAGRLAY cﬂ]tstgrqtéf%gts HRARE ARG £ O S such

as for decou ansient noise signals and mnim zing I nductive |oop
noi se s ¢ rb%lse’@ 20BdsGhle 1081d lirfler QldIEHT e S:BacEN bR Sk Y6 raifetilsizd drane RERGear get

i npedance for the package assenbly. Particul ar processes enployed in
connect i orindugtivdlodpk evemfnttiea {the@apeoichads gelqr to he sl tradee23n-238dbelnyelvayyai | abl e to t he
vendor (OEM fabricating the design. It should al so be understood that
embedded capacResrds ge eapprier ispiicieis glagef! ingide)therppakesg 280 teee perjigarliveingide Bhed
earlier in this apgllcatlon Q her ty citors even ones that are

present | y B P Ly s & B uRTe %p T‘?aéﬁ’ﬁtfega 3‘“%‘%? AT SEPHEE™HE i nventi on
IS particy qu;n% gghxgrg&l;dgqgh%kagpgse%l Léplé'd@sg ?f perbégﬂ&‘%ﬁe@t :ﬁm&&@r% %gltl_ng%# sing from

t he act ual Ing o apacitors an connect1on

pover / g ouiehidd | SpdaiSalty, b BB Y byl thepRocddh i Ngs as well as to other wiri ng
connections. It shourd al so be understood that the enbedded capacitors are
not necessA6.iq, the DEMI(te@dbr br@rigigd &Ciphadr Manviingdn) fast emieosUile ceidci@sinb yhp ass

capacitors for decoupling noise signals in supply lines but may be other
capacitoréwaﬂééeﬁﬁvﬁﬁ@méhéﬁﬁ?bd@s@@Hﬁé@?Pb%smeﬁﬁpﬁgOfﬂﬁbmghmém%%trates 20
using via p ? nts. This concludes the d scrl tlon gf t he exla;

enbodi rrentcgre o ‘B%’%j?b"‘%eﬁébsﬁ’ee*% ésr{? PICR PERTP B Caﬁ%f& "o SBTFTIEEL SRR K
reference Eug stliad? Me%rarogrtd xe aImJJ y(ﬁ&JC@lE is}ﬁﬁce@ EB*%&%%I@%@%&JQ;%&{%% ’holb Ihe éE‘thUr d be
under st ood that numerous ot I cations and enbodi ments can be devi sed
by those skblkde.e@llbke@emh@m@,rvtas arb &Eme‘dﬂtﬂrdugﬁc 16 thonW¥hde Bf the dofd@ay&PRIG dbbve@dd Scope of
the principles of this invention. Mire particularly ) reasonable variations
and 25 nodespict@tcapaditer edertendmdsion| Brede miad ey be AP0 R breEaantpl, Athaisionot
arrangenments of the subject conbination arrangement within the scope of the
f or egoi ng leitadshassriier expiple, d‘l‘ha%i‘ ﬂ‘gﬁm@ﬁ él‘e‘te‘ﬁe‘m‘éf‘ﬁ??éﬁﬁ@’df ig folly erePeddfcim it

departing fromthe spirit of pventlon For exanp £ % IC di es may
be nount ef°S Ilf‘yg tg)fehap E’adf ey laser drlllmg of the dielectric core layer to expose the ¢apacitor pads to th

metal layer 250 to be provided thereover.” These laser holes are then plated and become laser vias. Laser
25  vias represents one example of known types of via (or micro via) forming techniques (in fact there are also
a number of known different processes for producing laser vias). Subsequently to the formation of the

metal strips of the wiring layer 250 (703), the dielectric layer 260 is provided thereover followed by the

11



. el ectrodes sai d

. each of sal

WO 02/ 0321 PCT/USOL/1936. 1 package substrate and a plurality of package
substrates may be nounted on a PCB or notherboard and the |ike. Al so, the
type, chanpghg§issiics and design of I1C dies (chips) my aff ﬁf/hsﬁ ){ocatl on
of placenent of various conponents and bypass capacitors, e se I on of
the capacitor arid other aspects of inplenentation, Further, a variety of
mat eri al s, conponent types and inplenentation techni ques nay be used. 17
WO 02/ 032 YorREHh (SI@phuid 86-of M VIas bepir(Dly AteMEEXabfSitor 704) APoexgacdviiale iassenbly in a
package, conprising: at |east one capacitor enbedded in a core layer of the
package, ez@w@wa@d@@an%aawcfm srmplead| wirge BfPaEﬁS d:ICBf)’a‘#hrdglg OLGA{ g pthea fydessecond
ural sets of first and second vies

di sper sed Qféaln'°§‘é?ist8teb |315*P55h “f)tilf"f‘tgl ﬂl?fetoe%@@taFed‘B‘é‘g’ LA BB S R 8%t he pl ur al

pairs of Vi er over
SR ol USSPy LIRSS

i ncl udisng spdkd pr&Bsdrs, HaLod WBHIRA toﬁzirdslﬂ@,maﬁlllﬂﬂm@ oERGRMePAE fiiceront a%l@ct ri Cal I y

isolated fromsaid at | east one strip, eac.t of said at | east one netal

strip overadodipg potelpresdneindentios.t T opidrized die plafment dtbigt scirmé is paiiculaf el ectrodes 1 O

and the second el ectrode of an adjacent pair of electrodes and effects a
mut ual el GERRILERS foébmé?fplﬁﬁe/kb@t%@wcﬁaﬁéwlt%I%GQNO%%‘@ LagdGeid A aslecond Vi es

avor) ot RES A P BEIRGE Okt SRR BRIl s g
between the figst and éﬁﬁ%% L&RES Q%Eﬁayo& hge&&s@m%kgo ngaiff?dre L&) and

Wi rings or power termnals as ocl ate sal d pac respectively. 15
2. ThejCangcing RfwedSas Habdicell A a@iRAGHRBE RGBSR, Ao Ghedhmibel of vAbIEr €1 N sai d
at least one capacitor conprises one or nore ceranic capacitors operatively
coupl ed asnchyqdarsactoe paeast20r-575, foresquplet shavll by madbizd andlhegtioaaipadestipss assenbly in
a package according to claim 2, wherein at each ceram c capacitor) the
first el ecpwibldioshempcittisceniee Hareve) Bermb ebvias i pane. 1Sdmeteq bydhstceperitersize
respectivel osin es of a core section of the ceram.c capacitor and
orma s B SHEREPED TAHER HF ar e PLaTT O RSP EQ T LA RE e 4 The
CapaCI tor c@r§e§8ﬂpe c¥ LIBI' ﬁid&%ﬁ!@ Q%onﬂé%&gFhﬁkd@%o&e?wﬁél;a'a{!‘ mal@%ou (?troﬁa'e B‘oxga(:h

ceranic capacitor 1s a ml ayer ed chi p capacit aving four palrs of
first gnd sﬂ@@f@lfé@o@ basd dﬁﬂd@ﬁ , CI&AH therefore, the current path associated with this arrangement

shown in FIGS. 2A and 2B leads to a smaller loop inductance area than that resulting from the example in
FIGS. 1A and 1B. Further, the magnetic flux resulting from current on the metal layer above the
capacitor and the current in the capacitor, effectively, cancel each other. This becomes maximized as a
result of the via connection of the front side of the core layer 210 to the front side of the interlevel

20  connection layer 260 being centered over the capacitor. The cancellation of the magnetic flux as well as
the artainment of a smaller overall loop area leads to a lower loop inductance of the overall PDS.

It is emphasized, the optimized via placement design, according to the present invention, provides
for a much lower loop inductance than would be typically expected from conventional approaches and also
is achievable with little or no additional cost involved in implementing a design scheme such as with

25  regard to FIGS, 2A and 2B, although not limited thereto, That is, the design scheme in the example
according to FIG. 2A and 2B not only leads to the minimizing of the loop inductance through optimizing

the via placement design but, achieves this without increasing the effective cost. This minimizing of loop
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wherein said at |east one netal strip consists of two netal strips. 18 WO
02/ 0321 PCT/USQ /193Gt 5, The capacitor assenbly in a package according to
claim 3, whapgbpisaid at |east one nmetal strip includes a s%ll/‘ﬁ.%

metal strips. 6. The capacitor assenbly in a package according to c a|n15,
wherein said third vias in said 5 connection |ayer are conprised of plural
sets of third vias dispersed, with respect to a plan view | ayout, over the
cent er of infuqence ppetiglady ddontagbus Setiigh po@rantetizt-aPaAPrdcasors)andit be seim®@é t hi rd
vias being | ocated such that a nutual contact is nmade by the third vias in
that set ’@?“t%fat‘%‘érfﬁes@éﬁdbﬂ‘rﬁ’ﬂf‘eﬁm t"i“UPFf%ﬁmgt”%S Y&‘dﬁ&feﬂuceghermlpber o byrrtte

capaci tor age accord wherein said plural
sets of t %afm%’rslrﬁedgq "éltgmﬁlP’ 2" ﬂgerprr%ifg’a Y ecf %gsttrat%f I’ﬁ aSH'F F’f?y‘?ﬂ &BLE ve sets

al t eznat e RghRERE Bk @Szrsé AheitoRGeal 161k Mk tﬁm)%éalﬁfost b GniRhAl, Strips and
contacting sard second portion to provide interlayer e ectrlcal connecti ons
t her et hir optgassoripaspe askdnbisy, from first el ectrodes of odd-nunbered pairs and
second el ectrodes of even-nunbered pairs to ones of wirings or power
termnals in sE6E qbae kagiegsalyphaicetie anbtddingofpeame mos wgppiitys woi 4safyse ged f rom
first electrodes of even-nunbered pairs and second el ectrodes of

odd- nunbe?%“&ﬁﬁ?%e?@m%@ﬂﬁﬁmﬁﬁé§m8fm@ﬁ?$ﬁﬁ§Pﬁ*%ig“P@WﬁFhﬁﬁgaWW“@ﬁid package
applied with aci t or i n_a package
accor di ng™1'o" €1m°“gm"‘lt%mq %eﬂ%ereelo% a]g 5°°?f§aé1?e "f“ﬁ {31 t%o??%kaﬁéfsaq’b?ys@} %mrfsrf‘gl udes a
pluralit %n@érat%rallt 361 Wi S nodh b9 1C JAA8 e CRP s AL ASR AP mhfoRaiRBEAOE
according to claim@8, wherein Said connection layer is an interlevel wiring
connect i ofork eiycaits wakh e ERtiricdlly agnacedho vie bickige 301 bBdohdti@s 308C hdad ten t he
package. 10. The capacitor assenbly in a package according to claim38

wher ei n sepugeters BlSateiiltugtratsd asrhaabally typd gipstradeseotiteotyfpe ofcrtemab elkoyrical pginécdabs Wi t h one
of a first potential and a second @otentlal respectively, and 2S said
second pofdibeHsed Eclidps e nepdipiieddeping (ThFse Frenitp et aﬁ)ﬁ@ntﬁﬁde"c Ipd pWhigk and second

tential t ding to cl 10,
et oi n- B PR pAEERTeR e EY Yo Aot o PaiST s e re et SIO\T/er
source p0§u Mﬁéh nge p§(§zldgd iR 99&1&% PAbGWheay Lesmof&nté Fx%n&ﬂ&@barggkﬁ%llél

The capaci assenbly 1 n a package according t alm1l, whereln sai d
package Iﬁaclagb dnRhRghelcRtcuyiChiuhted dnG) evaﬁ@!ﬁagerp&er, WoheGdenPRG:dOr NoOr e
integrated circuits are nounted thereon, in a

Integrated circuit 301 could be any of a number of today’s high performance/high-speed

processors which may be employed in servers or network systems or otherwise and may be other types of
circuits and include, also, combinations thereof. In the embodiment shown in FIG. 3, integrated circuit
301 may be a flip chip mounted processor or may be representative of a plurality of chips or a

20  combination of different types of circuits including high-performance/high-speed devices or chips,
although not limited thereto. The example shows a flip chip type of IC which is bump (bail) mounted
(305) on an upper surface of IC package 302. Alternatively, the integrated circuit 301 may employ other
known flip chip technologies or, for that matier, may be a surface mounted chip, in which input/output
terminals thereof are connected to the IC package 302 using bond wires for connecting the upper surface

25  of the chip to bonding pads at the upper surface of IC package 302. As can be seen from this example, a
number of embedded capacitors 304 may be incorporated into the IC package, as deemed necessary, for

achieving a target power distribution system impedance, for example.
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5 conputer system 13. The capacitor assenbly in a package according to
claim 12, wherein said | C package is a package on which at |east a
processor wioazios42rount ed t hereon. 14. The capacitor assenbl%jj/l;g Fackage
according to claim1l) wherein said package includes 10 one Of 0&1 it ed
circuit board (PCB) ) a notherboard ) an organic land grid array (OL&G) , a
lip chip pin grid array (FCPGA) and an interposer. 15. The capacitor -
assenbly in a pEekage3@CHEFG 3NEcdRNdqd fiotReiB06 WhHEEINA nhbrdoaf i P@d 30pAir s of
first and second el ectrodes are arrayed such that the first el ectrodes are
subst ant i atht gins A7 $f3G¢ pAckageli0 pre pody atde @iiecobBlesintdey porfholtimthe AReetded capaci t or
-and the second el ectrodes are |ikew se dispersed at a second? opposi ng si de
of the capBEPFHrd 3BntenfAErePGwhichisgrsed i matm (igteriring e pif lavoptof BaiCppckatqar r ow
shaped net [ di rsed such th ea tri.p, is substanti.ally

i agonal Ty b kRS- SRR G RGN e FresPlds el BN Rebhgs whi o
overl i est hgyfidalipdonRb@Gs 150943@oﬂisingasomr%dn&@&ns,Q@fle;zanglte, el frfalafRAREARNd the second
el ectrode og an adjacently succeeding pair of 20 el ectrodes and which

cont act t henfiektiod or Rindhri8 AQBNEGA) BBeddias o@haaghad: iinfver mivdd. ThadotBemtiostd Wi B

| andi ngs, respectively. 16. The capacitor assenbly in a package according

t o cl ai m 1®ay hafirer computer fystern,haltiodshyiptdinited; trpretpa i THe rrerpsse oty dvo bt afyi@rcontal e
conprised of plural sets of third vies dispersed) with respect to a plan

vi ew | ayouftoflapseship &eppsciqn(GN &Per t he enbedded capacitor between the first and
second el ectrodes of. the successive arrangenent of said plural pairs of
Frret and seconirentabPialem Rt et RO TRt sttt s el R “Sets o
third vjesrpre aﬁl(oﬂél\%@t(iinﬁéﬁqﬂrew?ﬁgp RRLRHEERIs! Bésumnif?&?lgfgas DESicfbhEERAL € 20 WO
02/ 03-121 PCT/US01/ 193G 1 between contacting the individual ones of the

met al  stri pQudiaGiaCaiidchdt tah Ge Hiflkatha SRCAly PatHyil@ding tOaninprietlent inMie@vdrany er

el ectrical connections therethrough, respectively, fromfirst el ectrodes of
odd- nunber pavepdtribytion siters RISh dn dlssorneciuhe the erfbeddedeoppasigrrbespckspsaiillystftctiveones  of
wirings or power termnals in said package applied with a d.c. voltage
suppl y and®PPEFnifepurkts “aendhey a5 gesdionsd. p{esqe ol tihRerkags: pdsrpeat 2 i detd e

el ectrodes,.of odd-nunbered pairs to other ones of wrings or other
termnals I said package applied with a reference voltage. 17. The

capaci tyor asseni*a%gfatédreira]it%%ss&aags RAGGRE B Bhedi (&4 R hinertbhh3 kiiiduph fach set of
third vias includes an array of closely clustered third vias, the array

bei ng di r egietposdnial Q13@s 4 difensinAG@RBe bENR S IMOPAckId2 cothec®AGHY Jikddrs Giftkel .  18.
An el ectroni c package assenbly conprising a carrier substrate, a package on
sai d car ri bwrds Uibisteleettoric pagkhecdssennis tsigne injerpbsey Wity b¢ ogsideted onrnsai d package,
sai d package, conpri si ng:

additional wiring substrate, the bypass capacitors for effecting power decoupling of transient signals may
be embedded therein, for example, in a core dielectric layer thereof, either in place of being embedded in
20  the IC package itself or the distribution of the bypass capacitors may include embedding one or more such
capacitors in the interposer in addition to embedding one or more in the IC package itself. Alternatively,
all of the embedded capacitors may be incorporated in the core layer of the interposer, depending on the
particular design approach being used by the vendor (OEM).
FIG. 4 of the drawing shows an electronic package assembly 400 such as used for a computer
25  system which employs an interposer 403 for interfacing the IC package connectors 406 and connectors of

the board 404 (socket 407 may or may not be needed). Herein, also, although bump electrades (balls)

406, 409 and pins 408 are illustrated, the electronic package assembly, containing embedded capacitors

14



a core layer having at | east one capacitor enbedded therein, each said
capacitor having plural 15 pairs of first and second el ectrodes
successi Ve oRéssnged, and said core |ayer having plural Sﬁ@ﬁuﬁhn9hh5t and
second vi as di spersed over the plural pairs and connected to t

pairs of electrodes, respectively; a nmetal |layer on said core Iayer over
each of said at | east one capacitor and conprised of a first portion

i ncl udi ng aabrding mslic peeseat inettab, ngy Kliobe etigoylxbin eqpypkctoe ditvpatKageo e bafdsa fi r st
potential and a second potential, 20 and a second portion, electrically

i sol at ed fipesppresseangtheylike Ih@alsﬂlffefﬂlé tyn@toéqxteg*ﬂlleleﬁmderfé@%@qsiSv@layeaﬂtetﬂlig@seéppl iedr

with the ot her one of the st .and second po said at | east one
metal strioBUBR: A TEEEH ‘i"§'ﬂ‘d10%u‘(‘§}}1|°ht ‘ﬁﬁ'?wréta%b“ﬁ%f%ﬂ Chg;’l ‘P‘?“B‘%\?‘@P‘fl P& hot h t he

first el eCCB ét?qu as%gmglmql:géﬁu%rg&tN l'afs 465f 3{?&1??&%&%%%&&%&9c%%]:%or?ﬁgt%n? el ectrode

of a succeedi ng pal ectr es an cts a nutu ectri cal
connects ONncBBdrRAAR R Padibife i) bhe idRfbodet 408 br 81dn SRCONd Vi as associ at ed
therewith, respectively; and 25 at |east one wiring | ayer on said netal

| ayer and havi IF. £ siowslaneiestonit packugoassedly iaproding myterinvatiee featiringlan @ganiaect i ons
i ncl udi ng between the first and second el ectrodes, through said netal

| ayer) andiivetd arasObPARdiRse 5Pl ineerppatiag cabeddedcameiars Mi2teprh §aying @ gredeinge
Resenbl y ETBFI AR L FPL G RSk ATFIAL e B PO ARpy Bof
compr! Ses ilGip HouflBiifeeAUPARS: @ﬁmﬁ%&omghg%nn c%mglé hudly JRLS 340 1. St abl e)

substanti al'ly " norse-tree pre-set operating volta ed w sai d
packagfy asseikiphdage 50130ump RRiehoBiddoR R inbihddRak 3GE 565 SREHL Yoreearsli ng to claim
19) wherein said one or nore bypass capacitors are nmultilayered chip
capaci t or Sxcksi@pRErboedr\sn3 RdvidesTiea mehagatent@ng. Cac sakag enkas sanBlgaaccording to
claim 18, wherein said at | east one capacitor 10 conprises one or nore
ceram c capdsing Geigologinsr by iawdsralydiigsice i reeanth Jqyeleped ehperéirpageedhich fiegprsit i vel y.
22. The el ectronic cka e assenbly accordi n to claim18, wherein said at
| east one PHEBYSS OE??“P%)‘“ iR ’Iglhﬁig%heﬁz ﬁﬁ@r%\qc]“i’gf"% S apgbheygnd @l preysspecilty 15 wher ei n

the third awagf &uQm %cgso?s%sedglasgrnlet%) Ht% M(EA gﬂgka%@@c&rﬁ) i@s h%%rﬁ% réglqﬂ?f pl ural

sets of third Vias I'sperse respect n view | ayo centrally

over the erRRAGH FARN S Mbse sidiBd in PiRaghl @6HnbIEHIS CARARKAY Ands SR BlnMraC COr di Ng
to claim22, wherein said plural sets of third 20 vias are arrayed such

t hat adj ao‘enmiywedﬂn@pmsmdgmﬁraesy @Cr@Y) natfe thiotaveeahecomrt efdbll grig atrdye BGAYI vi dual

ones of the metal strips and contacting said second portion to provide
i nt er | ayeror Bih et ¥ c@OALRIFFARE EPFSIRRE b %@PWW‘W@WOI lrﬂé‘scbtémt? vely) fromfirst

el ectrodes of odd-numbered pairs and second el ectrog en- nunber ed
pairs to ones of wi Tlicﬁggacﬁggﬁﬁ‘\/@f’rp‘is‘&dﬁfw&q 'g cqnpection i h§§§ aaﬁ‘gx%ysénbl y, and

fromfi rstce@Lc%eSRo R RhoNRE R @ngtmw@ma@gteﬁ%&g od L egLE ofes  of

odd- nunber airs er ones o rings or ot ower termnals in 25
sai d pﬁpk%&raﬁﬁxﬁ%@bnﬂputegﬁ'stem-rg%o@h%&ﬁl&@éﬂ't&reﬁackage aSSE‘I’Tb| y according to

claim 23, wherein said at | east one wiring
FIG. 6 illustrates a general purpose computer system 600 that includes, according to the
invention, one or more embedded capacitors, as deemed necessary in accordance with the various
embodiments of the present invention. Computer system 600 is housed on a PCB or motherboard 601 and
includes at least one bus 602, a processor {(e.g., microprocessor chip) 603, an IC package 604 that may or
25  may not contain an interposer and socket, a power supply signal generator 605, and a memory 606. The

package and/or interposer 604 elecirically connects the processor 603 to the bus 602 so as to communicate

power supply signals and non-power supply signals (e.g., data signals, control signals, address signals,

15



| ayer is conprised of a nultilayered wiring |am nate, the innernost |ayer
thereof being an interlevel dielectric layer including at |l east said third

vias to pnewgiodesgsnt erl ayer connections. 22 WO 02/03.t21 %/Ulgt?’%sé 364
25. The el ectroni c package assenbly according to claim 24, erern id

W rings or power termnals are conprised of at |east one of wire traci ngs
and power supply planes enbedded in said nultilayer wiring | am nate, 5 26.
The el ect reanivewa i agessasms aalcycul 6:0devids dgpldde b 62m 24, wherein said first
potential is a power source potential and said second potential is a
reference pot entshaldalsel undrroog |2 emppignihich s ek aryeddeisamatitot apsemble.aecdiding to cl ai m

18, wherein said package includes a rated circuit (IC package.
28. The el®&f F’&‘Wf“if’ By R?ﬁb‘@‘”ﬁé@‘é’f’r’ﬁ? g?a‘éﬂl,’ffrétf‘ﬁ’i“ﬁgi Po ¥ EK R ShE ProRETF éqp 3 said

pac kage i Sma bp %ﬁ ?dgc?thé) Herxg@ &)E ax%tto tL r@ﬁér s%glgg ?r%?g%x?epaqor gll' E%{L s?ﬁa% 'ﬂus£ agd t her eon.

. 15 29. The électronic package asse Ing to cl wher ei n sai d

packages i Ngd: thel@spQi8ysefn nddy ﬂlf:lbdétoﬁ%d)rgblﬁ@lw bt sRRRE Cheil BPnensANmATIAAAIE il and gri d
array (L&), ﬁlp chip pin grid array (FCP&G), and an intetposer. 30.

The el ect rEfi &€ Apacdsatgted a@gise i poweasniplyr stkhah genérgor @lag bepodi@®ned 2Mevine petheiPG ai d

plural pairs of first and second el ectrodes of each enbedded capacitor are
arrayed suwkdpreotribpast 60 ectrodes are substantially uniformy dispersed at
one side of the enbedded cagam tor and the second el ectrodes are |ikew se

di spersed at a ToRUBHY MvEEpd RHH’@“‘WGEWB? 10 4 &nd PR iR Wﬁ“"iﬂﬁéﬁ‘%‘l”h said at
| east one Mah&dhéﬁ%& ‘d&%‘é wﬁictparéﬂ:l gb&&( a?B%pggF I:agimt(ﬁ} su: fo) de@tﬂgl dl erein

said plura ty of st rips are narrow s trips spers such that

each sig i PranfeniRisSiiaat A8 nirdhikidg ldil@ﬂ@l%lnbxye sQUAIOMER dofdolehade :0BRABSIBG ends
t hereof act as via | andings which overlie the first electrode of a distinct

pair of el wechSosesimpainct fve ths priopchsehigy t Favidaer pocesses eangiord anbincigudteedi ng
pair of electrodes thereto and which effect contact with the first and
second vi asstug smbsddingtpeogess Hereadily tvailaple toghsivepderi(@EM)Fabricating the design. It should also

be understood that embedded capacitors are not necessarily limited to the type mentioned earlier in this
application. Other types of capacitors even ones that are presently or will be developed are applicable

15  herein since the invention is particularly directed to the minimizing of inductive noise arising from the
actual embedding of the capacitors and the connection thereof to power/ground planes, supply line wirings
as well as to other wiring connections. It should also be understood that the embedded capacitors are not
necessarily limited to capacitors which are coupled as bypass capacitors for decoupling noise signals in
supply lines but may be other capacitors also having electrode connections running through substrates

20  using via placements.

This concludes the description of the example embodiments. Although the present invention has
been described with reference to a number of illustrative embodiments thereof, it should be understood
that numerous other modifications and embodiments can be devised by those skilled in the art that will fall
within the spirit and scope of the principles of this invention. More particularly, reasonable variations and

25  modifications are possible in the component parts and/or arrangements of the subject combination
arrangement within the scope of the foregoing disclosure, the drawings and the appended claims without

departing from the spirit of the invention. For example, plural IC dies may be mounted on a single

16



WO 02/03. 121 | andi ngs, respectively. PCT/USOL/ 1936~ 31. The el ectronic
package assenbly according to claim 30, wherein the third vias, in said

W ring Ia«,%rm/o? ,§ conprised of plural sets of third vias ¢ 035856 W
respect to a plan view layout, 5 centrally over the capacitor between the
first and second el ectrodes of the successive arrangenent of said plural
pairs of first and second el ectrodes, respectively, and wherein said plural
sets of thtkeg swtis@se add epladlitegf edkeganticrdidiaty sedyjcaceivh b PCBloaasdchrdnése al t er nat e
bet ween contacting the individual ones of the netal strips and contacting
sai d secolikd P thedime. ckrragieripti¢sdest desien of ICalep(chips) mastaffpct & loeatienné pladepantof

t heret hrough, respectively, fromfirst el ectrodes of odd-nunbered pairs 10
and secont'®f é@??’l‘iﬂf%@dB‘fpaséﬁa@?‘f‘“?‘ih%éeﬂeétt?“ plipe capagiigr a(?flnes of wirings or power
term nal s a es of

even- nurr‘ooeﬂlF:re%?§e al rlsg]gnﬁkeg&g)gcgﬁ 4%%%%%’%&%?1 Ogn g‘%e‘fﬂﬁ%"a‘f?‘?@ to like

ot her pneﬁmg&mmm@m@gﬁdor ot her power termnals in sald package assenbly.

32. The el ectronic package assenbly according to claim 31, wherein said at

| east one capacitor 15 conprises one or nore ceram c capacitors operatively
coupl ed as bypass capacitors, respectively. 33. The el ectronic package
assenbly according to claim32, wherein said plurality of strips of said
first portion are applied with a power source potential, respectively ) and
said second portion is applied with a reference potential. 20 34. The
capacitor assenbly in a package according to claim 31, wherein each set of
third vias includes an array of closely clustered plural vias, the array
bei ng directioned al ong the diagonal extension 25 of each netal strip. 35.
Enbedded capacitor assenbly with optim zed via placenent design to reduce

i nductive noise 24 WD 02/0321 PCT/USOL/1936-t in an integrated circuit
package, conprising: at |east one capacitor enbedded in a core |ayer of the
package, each enbedded capacitor having plural pairs of first and second

el ectrodes, and said core layer having plural sets of first and second vias

17



di spersed over said plural pairs of electrodes and connected to the plural
pairs of electrodes, respectively; a netal |ayer on said core |ayer, over
each of sgg@losssheast one capacitor, and conprised of a fiﬁﬁ/ug@lyﬁktﬁn
including at | east one netal strip, and a second portion, electrically
isolated fromsaid at | east one strip, each of said at |east one netal
strip overlies both the first electrode of a distinct pair of electrodes
and t he ~wrxandcCehptrisde of an adj acent pair of electrodes and effects a
mut ual el ectrical connection between themthrough the first and second vi as
associ at ed t het-edfipiritorragsepbiin  paskage. cappesi®0 a connection | ayer, on said
netal | ayer, hagi ngrﬁt hird vias to (]E)Or Qvi de el ectrical connections including

between the fi P'<Ps BFFREBRLHECEIELT PEIRE O PHPGT g caehsedorstcanaciioipeipe  and

Wi rings or ] [ | Ld K respect.ively. 36.
The ondeddslPUELor Rl B 2k (BE0E 1 S ot b0 B b PRCARP iy HFEREFLY S Ui

| east one gfefskdbvdRaid ﬂﬁ:tlal%%%f AecRbded 234 dohdéctQifto Bt Frhe Daifs OF 1A, Rlpedidind at | east
one capacitor. 37. The enbedded capacitor assenbly according to claim 36,
wher ei n t he t himelalVayaon sdidros deyet, swerrehdh gf shid yiegast ogercapadionpudi ceemhisaafor pfitstr al set s
of third vias dispersed, with respect to a plan view | ayout, centrally over
t he enmbed@@HONARNAIRS 3 dpast ongmgtal iy 40f mseoad BPrijpR.fleglricalpisclated firom s3i¢ 3 legst 28 ar e
arrayed such that adjacently disposed ones alternate 20 between contacting
The Y ndi vttt gl R iy SERE R B et FiGasl B “ERO8RA port i o
to pr ol dud il b AYEIoaEb G bibdil SOARREL AN ML ELNL NN ot GEPEC | vel V.
fromfirst el ectrodes of odd-nunbered pairs and second el ectrodes of

even- NUNDeEREn Bigth ffous OO SndQfcom viak RGSiatel thedRONE reshe@tivBIlNAd S | N sai d package)
and fromfirst el ectrodes of even-nunbered pairs and second el ectrodes of
odd- nunber ed pabdntecitod lagé N@rsaidNES lagdr, hakiig tiQYiaoK poVikodectiat sonmealoss | N sai d
package. zs 38. The enbedded capacitor assenbly according to claim 37,

wher ei n s dickidipg hgpegnitheyfirsy find gecprid glectrgdes tneyel Wi mstalpyer andwtinites ¥ Pevieps di sper sed
such that each strip is 25 WO 02/03-421 PCT/USOL/1936.1 substantially

di agonal | Y BRA ETIBHISE R AR B85 pE8F Y Yends t hereof act as via | andi ngs whi ch
overlig the first electrode of a distinct pair of electrodes and the second
el ectrode of an adjacently succeeding pair of electrodes thereto and which
ef fect contact s WirhdcaplRor hddndly it HciBR QMY b 3BimAS SAGLIALRG: eREKHEW th at said
via | andi ngs, respectively, and wherein each set of third vias includes an
array of chpased pmmlses Dhear @drepéramiatapagitodsperitingy @nme s kyedsnigpaditesect i oned al ong

t he di agonal extension of each nmetal strip. 39. Method to reduce enbedded
capaci t or r¢speeiveled i nductive noise in a package, conprising: providing a
core layer of the package with at | east one capacitor enbedded therein,
each 10 enbedded capacitor having plural pairs of first and second

el ectrpdes, the ﬁeggp%hoi JSJC,%BW ﬁg%gc;ﬁagg&@&?&'ttﬁa&&QCl,ﬁqgféJggé ey cm?gagma'{a' ly

h
uni formy di spersed-on oppos Ides o he enbe capaci _ ’orm: ng
plural sety faf eifcirdddd an@ el scaRE O oddd BFeot Ae 18Rlchlar c@FeBivhIRMBbsing Sidks &f AdoRS DeEI NQ
di spersed over said plural pairs of electrodes, respectively, of each
enbedded caf@ef thOteramic capacitor and form a substantially uniform distribution pattern between them.

4. The capacitor assembly in a package according to claim 3,
25 wherein each ceramic capacitor is a multilayered chip capacitor having four pairs of first and
second electrodes, and

wherein said at least one metal strip consists of two metal strips.
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providing a netal |ayer on said core |ayer over each enbedded capacitor,
said netal layer having | S a first portion including a plurality of netal
strips, tudeydnpd ied with one of a power supply voltage apélr/hg({l(%g ce
ground, and a second portion, electrically isolated from and surroundi ng
said plurality of strips, respectively) to be applied with the other one of
t he power supply voltage and reference ground, the netal strips being
positi oned such Tiratpag@chseabl@in@\peekdgt @sordigtthicliiing, Wherehitsai®@dt Rad @ dheiof a
distinct pair of electrodes and the second el ectrode of an adjacent pair of
el ect r odestip Helpdes pPlgrplily fowkistrips the first and second vias 20 associ at ed
therewith, respectively; and providing an interlevel connection |ayer, on
said netal layer, with plural sets of third vias therein substantially

di spersed, wt |.an.,.\l ayout. |.l y. over t.he enbedded
. capacitor such@tE%?B%ﬂ%r%ﬁﬂgéﬁagg%%kg$&% ﬁ?ﬂ£35§§Q%P?%¢%5 %ﬁgﬁ?geen maki ng
cont acts t QornétdérMiyeihdd coRptasd @hrukinGs dlitite s di Rk, vih kdsRS (AW SRY hysecond
portion, respectively. 25 40. The nethod according to claim39, wherein
each mnet aloves the cqptehafshe gorm gertioo vf ssith eeppmicaamiciios eath segafmiand lvigs et Rrutke chclsmatt hat
opposi ng ends thereof act as via |andings overlying the first electrode of
a 26  WOMWRrGIHpts oy hUBORId 93 6. et 11 18 Eifhercseid pradng pesfon el leé melgdiEis. and t he
second el ectrode of an adjacently succeeding pair of electrodes and
effecting contact with the first and second vias associated therewith at

said via | andi hgsg,, cgpqagﬁa%;ehlmglnxssagﬂaﬂge acbor G ULSTs, m&&mdg@%i A9 Anppckage

assenbly conprising a carrie strate, a package on s carrier

subst r mt e vange ataydd@@s thabicehth) s REHEsRE 0t afidrfiatelbbtlveeh BonBetingl P AGiK@GRnesoBhel package
conprising: a core |layer. having at | east one capacitor enbedded therein,
each sai d meapeips drdconmating seifl spdonrt rattiopta progidedfiterfayer gltctrzridors@dammn tierghragh,r odes
successively arranged, and said core |ayer having plural sets of first and
second vi a¥PEivEnfodie firsiplrasFodes Rk odsinimiered paits Al seeprd eteeiToprs of cuep-nugbered gait| ur al
pairs of electrodes, respectively; 10 a netal |ayer on said core |ayer over
ach of i SEY VITERSE P RES CUpA T PO PGB SRl SRR &1 T on

I ncl Ud! ng e%&r he%%ﬁévengnq]lﬁbe%#)ﬁlls ax?dtch'orﬁ’eleE dé? Gt (%&)Rl.hﬂbgrg Ws ¥0ch9r es%{ wiﬁn fs 'fnr st

pot enti al and a secon potential, and a second po 1|on, electrically

i sol atgd firmimiSiakdh Alkade@htd AMG rdiBdnatl volizd. 1 P, respectively, to be applied
with the other one of the first and second potentials, said at |east one
nmetal stxip being dispersed such that each netal strip overlies both the
first electrode of a distinct pair of electrodes and the second el ectrode
of 15 a succeedi ik cprasifor femly Beprcydetccydier tefifindt gherginmid 4 dehst ek @elr i cal
connection between themthrough the first and second vias associ at ed
theremﬁthme8§%§E?PW@F§W“§ﬁH“ ¥ Least one wiring |layer on said netal |ayer
and having third vias to provide interlayer electrical connections

i ncludi ng between the first and second el ectrodes, through said netal

I aye:ﬂ,j zioand W I ibN@fe cBlaciidOMBMbly Bl FhcREb fc@ERAE Liah 8d whidrditkaid dbntecita th@ge

assenbl y.

an interlevel wiring connection layer of a multilayered wiring substrate included in the package.
10. The capacitor assembly in a package according to claim 8, wherein said plurality of metal
strips are to be commonly applied with one of a first potential and a second potential, respectively, and

25  said second portion is to be applied with the other one of the first and second potentials.

11. The capacitor assembly in a package according to claim 10, wherein said first potential is a



20 42. The conputer system according to claim4l, wherein said at |east one
capacitor conprises one or nore ceram c capacitors operatively coupled as
bypass capggiob@is: respectively. 43. The conputer system a?’??{%%@g) to claim
41, 25 wherein said package is a package on which at |east 3ebr die
is nounted thereon, and wherein said package includes one of a printed
circuit board (PCB)) an organic land grid array (OLGA), a flip chip pin
gri d arr aypopérGhEsApotenain Andanid tettin@ popameR a refrenceAptfni. A, SR Ay; e. AGR A N R A@
LA a L AS(CLA (A9 A@s. A Ns. As. Ay9. A, Ns. AS( . A ANs. AN. A@ s. Aa. AN . A
S.AS( . A s. Au . ALFLN#47:"'\]lan}{H
"zupkfa\ W ca] ca] ca] ca] ¢cal] ca] ca] ca] caV] caV] ca] ca] caU] ca] cRa] c<a] ca] ca] ca] ca]
: %éﬁ‘%%ff (f‘éFf’li'ﬁ’] '}i“ﬁﬂcE“ﬁi LSpraiE i BiR faeakees @ a] ca] ca] ca] ¢

ca] ca] ca] ca] ca]ta

Ul cnn] oh] o R A Bl o R il AR LRSI ER ST | ca) cau

cal ca]ca] Gapwlys@hcal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca%ca] cal!-55. 7771 889~9;

;5 N<[ <] <>L>>?72p.C'd BB GCGUBDEy ik E pdefyadcgbiing]td e ¢ vaadical cajaciataaad cal ca] caj ¢
a] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! +FFFF
FE GLII1dJ yggcgypgmlmmmcessor die is mounted thereon.

QLQzZUUPVgVW3WNt oj e [ V] ca] ca] ca] ca] ca] ca] caU] calU] ca] ca] ca] ca] ca] ca]ca] ca]c
a]J ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]cal WbDYNN[[/\\\\ __W " 7aabc

deee*fJfffffB A ki al . alca cal] cal cal caV] ca] ca
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q} 49qqid eut yaym@abitbidd G 1 hinakha\hsrlsabaakaadl 6] &) 6l #al cal cal ca
] ca] ca] ca] ea] ca] ca] caU] caU] ca] ca] ca] ca] caJca] caJca] ca]ca]ca]ca]ca]cal]|o|(~
~~T"r @7{" dif x549i(BCRGA) ek ahendsea) ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! _+YAk~zL!"' Bj } xrmhc”Y]]]ca] ca
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] ca] cajral grbedd eplaaldhabcad srbeql crleal shicatcabarl sakealicapsad cal calcalc
aJcalcalcalcalcalcalcalj:H
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| - . . .
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YmLO0%&' ()-'\ dEFS&@ 109&' () - FS&@ 109%$&' () -, 1109%& ()- @(10%& ()-$109%& ()-FS
10%&' ()-y\]1”_ an}bC 3@0% ()-3"s10%& ()-s10%& HI 10 10 10 "F 109%& ()-& :
10% ()-L{H ~ dEbEsreregioraysetiin o ongkagy 2cepulingoipolain 13 jfergia fhy third vias, in said
109%&' ()-310%&' ()- "dEbC3! 10%& () - : 109&" () - . .
Tovi: () - CoF oy 5 Smun £ ey et vt 2 BB YT - s010
()-. 1098 (dearfaiil QeiBnelekibodded Lipaor bbreibl BERL O K eloha Liecku¥dRss (h) succb@iv® () - 10%& () -
10 10 10Y5 10%& ()-naBbCyl10%&' ()-3 f10%& ()-!s10%& ()- 10%& ()-3 10%& () -

arrangement of said plural pairs of first and second electrodes, respectively, and

wherein said plural sets of third vias are arrayed such that adjacently disposed ones alternate
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10 of each metal strip.

18. An electronic package assembly comprising a carrier substrate, a package on said carrier
substrate and at least one integrated circuit on said package, said package comprising:
a core layer having at least one capacitor embedded therein, each said capacitor having plural
15 pairs of first and second electrodes successively arranged, and said core layer having plural sets of first
and second vias dispersed over the plural pairs and connected to the plural pairs of electrodes,
respectively;
a metal layer on said core layer over each of said at least one capacitor and comprised of a first
portion including at least one metal strip, to be applied with one of a first potential and a second potential,
20  and a second portion, electrically isolated from said at least one metal strig, respectively, to be applied
with the other one of the first and second potentials, said at least one metal strip being dispersed such that
each metal strip overlies both the first electrode of a distinct pair of electrodes and the second electrode of
a succeeding pair of electrodes and effects a mutual electrical connection between them through the first
and second vias associated therewith, respectively; and
25 at least one wiring layer on said metal layer and having third vias to provide interlayer electrical
connections including between the first and second electrodes, through said metal layer, and wirings or

power terminals associated with said package assembly.
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21. The electronic package assembly according to claim 18, wherein said at least one capacitor

10 comprises one or more ceramic capacitors operatively coupled as bypass capacitors, respectively.

22. The electronic package assembly according to claim 18,
wherein said at least one metal strip includes a plurality of metal strips, and
15 wherein the third vias in said at least one wiring layer are comprised of plural sets of third vias

dispersed, with respect to a plan view layout, centrally over the embedded capacitor.

23. The electronic package assembly according to claim 22, wherein said plural sets of third
20  vias are arrayed such that adjacently disposed ones alternate between contacting the individual ones of the
metal strips and contacting said second portion to provide interlayer electrical connections therethrough,
respectively, from first electrodes of odd-numbered pairs and second electrodes of even-numbered pairs to
ones of wirings or power terminals in said package assembly, and from first electrodes of even-numbered
pairs and second electrodes of odd-numbered pairs to other ones of wirings or other power terminals in

25 said package assembly.

24. The electronic package assembly according to claim 23, wherein said at least one wiring
layer is comprised of a multilayered wiring laminate, the innermost layer thereof being an interlevel

dielectric layer including at least said third vias to provide interlayer connections.
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26. The electronic package assembly according to claim 24, wherein said first potential is a

power source potential and said second potential is a reference potential.

27. The electronic package assembly according to claim 18, wherein said package includes an

10 integrated circuit (IC) package.

28. The electronic package assembly according to claim 27, wherein said package is a package

on which at least a processor die is mounted thereon.

15 29. The electronic package assembly according to claim 18, wherein said package includes one
of a printed circuit board (PCB), an organic land grid array (OLGA), a flip chip pin grid array (FCPGA),

and an interposer.

30. The electronic package assembly according to claim 18,

20 wherein said plural pairs of first and second electrodes of each embedded capacitor are arrayed
such the first electrodes are substantially uniformly dispersed at one side of the embedded capacitor and
the second electrodes are likewise dispersed at a second, opposing side of the capacitor,

wherein said at least one metal strip includes a plurality of metal strips, and
wherein said plurality of strips are narrow shaped metal strips dispersed such that each strip is

25  substantially diagonally extended so that opposing ends thereof act as via landings which overlie the first

electrode of a distinct pair of electrodes and the second electrode of an adjacently succeeding pair of

electrodes thereto and which effect contact with the first and second vias associated therewith at said via
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plural pairs of first and second electrodes, respectively, and

wherein said plural sets of third vias are arrayed such that adjacently disposed ones alternate
between contacting the individual ones of the metal strips and contacting said second portion to provide
interlayer electrical connections therethrough, respectively, from first electrodes of odd-numbered pairs
10 and second electrodes of even-numbered pairs to ones of wirings or power terminals in said package
assembly, and from first electrodes of even-numbered pairs and second electrodes of odd-numbered pairs

to like other ones of wirings or other power terminals in said package assembly.

32. The electronic package assembly according to claim 31, wherein said at least one capacitor

15 comprises one or more ceramic capacitors operatively coupled as bypass capacitors, respectively.

33. The electronic package assembly according to claim 32, wherein said plurality of strips of
said first portion are applied with a power source potential, respectively, and said second portion is
applied with a reference potential.

20

34. The capacitor assembly in a package according to claim 31, wherein each set of third vias
includes an array of closely clustered plural vias, the array being directioned along the diagonal extension

25  of each metal strip.

35. Embedded capacitor assembly with optimized via placement design to reduce inductive noise

24
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strip, each of said at least one metal strip overlies both the first electrode of a distinct pair of electrodes
and the second electrode of an adjacent pair of electrodes and effects a mutual electrical connection
between them through the first and second vias associated therewith, respectively; and

10 a connection layer, on said metal layer, having third vias to provide electrical connections
including between the first and second electrodes, through said metal layer, and wirings or power

terminals associated with said package, respectively.

36. The embedded capacitor assembly according to claim 35, wherein said at least one strip
15  includes a plurality of strips for each of said at least one capacitor.

37. The embedded capacitor assembly according to claim 36, wherein the third vias, in said
wiring layer, are comprised of plural sets of third vias dispersed, with respect to a plan view layout,
centrally over the embedded capacitor, and

wherein said plural sets of third vias are arrayed such that adjacently disposed ones alternate

20  between contacting the individual ones of the metal strips and contacting said second portion to provide
interlayer electrical connections therethrough, respectively, from first electrodes of odd-numbered pairs
and second electrodes of even-numbered pairs to ones of wirings or power terminals in said package, and
from first electrodes of even-numbered pairs and second electrodes of odd-numbered pairs to other ones of
wirings or other terminals in said package.

25

38. The embedded capacitor assembly according to claim 37,

wherein said plurality of strips are narrow shaped metal strips dispersed such that each strip is

25
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39. Method to reduce embedded capacitor induced inductive noise in a package, comprising:
providing a core layer of the package with at least one capacitor embedded therein, each
10 embedded capacitor having plural pairs of first and second electrodes, the plural first and second
electrodes being substantially uniformly dispersed on opposing sides of the embedded capacitor;
forming plural sets of first and second vias in said core layer, said vias being dispersed over said
plural pairs of electrodes, respectively, of each embedded capacitor;
providing a metal layer on said core layer over each embedded capacitor, said metal layer having
15  a first portion including a plurality of metal strips, to be applied with one of a power supply voltage and
reference ground, and a second portion, electrically isolated from and surrounding said plurality of strips,
respectively, to be applied with the other one of the power supply voltage and reference ground, the metal
strips being positioned such that each one overlies both the first electrode of a distinct pair of electrodes
and the second electrode of an adjacent pair of electrodes thereto and contacts the first and second vias
20 associated therewith, respectively; and
providing an interlevel connection layer, on said metal layer, with plural sets of third vias therein
substantially dispersed, with respect to a plan view layout, centrally over the embedded capacitor such that
the plural sets of third vias alternate between making contact to individual ones of the plural metal strips
and said second portion, respectively.
25
40, The method according to claim 39, wherein each metal strip has a narrow shape and is

diagonally extended so that opposing ends thereof act as via landings overlying the first electrode of a

26
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41. A computer system baving a package assembly comprising a carrier substrate, a package on
5 said carrier substrate and at least one integrated circuit on said package, said package comprising:

a core layer having at least one capacitor embedded therein, each said capacitor having
plural pairs of first and second electrodes successively arranged, and said core layer having plural sets of
first and second vias dispersed over the plural pairs and connected to the plural pairs of electrodes,
respectively;

10 a metal layer on said core layer over each of said at least one capacitor and comprised of a first
portion including at least one metal strip, to be applied with one of a first potential and a second potential,
and a second portion, electrically isolated from said at least one metal strip, respectively, to be applied
with the other one of the first and second potentials, said at least one metal strip being dispersed such that
each metal strip overlies both the first electrode of a distinct pair of electrodes and the second electrode of

15  asucceeding pair of electrodes and effects a mutual electrical connection between them through the first
and second vias associated therewith, respectively; and

at least one wiring layer on said metal layer and having third vias to provide interlayer electrical
connections including between the first and second electrodes, through said metal layer, and wirings or

power terminals associated with said package assembly.

20
42. The computer system according to claim 41, wherein said at least one capacitor comprises
One Or more ceramic capacitors operatively coupled as bypass capacitors, respectively.
43, The computer system according to claim 41,
25 wherein said package is a package on which at least a processor die is mounted thereon, and

wherein said package includes one of a printed circuit board (PCB), an organic land grid array

(OLGA), a flip chip pin grid array (FCPGA), and an interposer.
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