3 DEC 2004 SEM CONDUCTOR CHI P PACKAGE W TH EMBEDDED CAPACI TORS FI ELD 5 The
present invention relates to integrated circuit packaging and, nore 3 DEC 7004
particularly, to a package assenbly for integrated circuits, electrica
system hardware, and conputer systens, although not limted thereto.
BACKGROUND 10 Recent devel opnents in integrated circuit technol ogi es have
|l ed to higher levels of perfornmance and faster operation speeds and, also,
have led to t t i | FCLH (ICs).
These and Gt hor achr vgnont SPERG” M RsFREThEr; IS GRS nas mde it
nore and nore difficult to maintain the power source |evel applied to an
integrated circuit (1C within a prescribed range. For exanple,

t echnol ogi cal achievenents in integrated circuit technol ogies and,
especially, in the design of 15 pgocessors have driven the operating
frequencies (e.g., clocking speec L9 o nuch hi gher levels (e.g., the high
end of the I . range), and, correspondingly, are driving

voldst ages asﬁg\/\gﬁgséﬂé’gnﬁéﬁ%géls %ng’t%fsc" WRAT2ELP8 0 ’&REW?‘% Yoot pagkagd n

i nt egr i i Ne ck s such as for nounting processor dies, anong
ot her ﬁ#ﬁgégdrr%t& gllé&%l&llrc%’l c?: %/'Ca %Sq?/molfsa[d%gé' afl%“djfﬂp‘é{'fr@f‘“eﬁ'f’ra@m’&h rpidinifeld t o provi de
a steagy)C voltage. This is 20 irrespective of whether such DC power is
froma battery or has been converted fromalternating current (AC) power.
A known way of providing voltage regulation to a sem conductor die or IC
chip is nounting a vol tage regul ator nodule (VRM on the PC board (or

mot her board), for exanple, of gaeRERYLRH Ssystem VRMs, however, are
typically ineffective in neeting the power distribution system (PDS)

tanget i nperaat eevebpmefisin ilegBEiBli WigholoERIRNQISERANRR b feliGmbiyv end 25 of
the kHz range. As a result, therefore, as frequencies and edge rates of ICs
and, esgdsientpeytionafeedinghalsopiand aT N teeRiner 05HME SmpleViRgfariaked greatly,
bypass capacitors operating as power decouplers have been wutilized to

r educe (e Thypsand mberathisyemangs ané infresss! Iyelpeficampeixinghasnage h e atdaskrat i on.

Ext ensi ve di scussion regarding the characteristics of a power distribution
syst emSfisEs maipin RePoT squese Iy wpplicd fpae integratsd ¢irquit3Q) Ivithin 8prBEMeR 692, WO

02/ 0342, 1 PCT/U%%&/19364 speed ICs is given in the published article,

ent it &§° BN FFUBPISHF] VTR Byrsee RERN 5hatlessy ad rrgpecially. in the design of

15  processors have driven the operating frequencies (e.g., clocking speeds) to much higher levels (e.g., the

high end of the megahertz [MHz} range) and, correspondingly, are driving voltages as well as noise
" margins lower and lower.
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 converied from alternating current
(AC) power. A kmown 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 system (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

i

regarding the characteristics of a power distribution systern (PDS) and use of ceramic capacitors in high



Capaci tor Selection for Mddern CMOS Technology, " L.D. Smth et al. ,3ig
| EEE Transacti ons on Advance Packagi ng, Vol. 22, No. 3, pp. 284-291, ,R ng@%
1999. In order to provide effective power decoupling capacitors for the
next gMERESIPn of integrated 5 circuits including singPETAHOYI66cessor s
and m crooconputers, although not limted thereto, there will be a need for
bypass capacitors integrated into the interconnect substrate, for exanple,
a processor die interconnect substrate. Wth the devel opnent of chip
capaci tspredICaisciven fshe pailishedrdrtolep erititied | PawsTistububion Sysianhietisdties didng of  di screte
capacitor elenents such as nultiterm nal pair ceram c capacitors has now
been meEdRacs SEectiondor MagermGHes Eschnolopye” ESnfBidt i on of such capacitors |eads to

i nductive naise fromthe wirings and | oog’s develdgc)@ed by the presence of
the vi &slalfdERATRIEREoRRO Atrancs BArkesias. dole et Np-ca Pl y3Chnerse i her et o,

i ncluding the supply. d.ground wirings. (0 ower and ground pl anes).
These i nduc?‘h?ﬁieégo%é‘éwe %gvg?g‘@‘leﬂ/gcﬁ?'?h@%f"g"’t“r‘?és é”[ﬁ% el SPICR PO s peci al |y, at
high fr enci.es and shoul d be.taken into _account. n _cqnsi deri ng reducing
e sy ST HEHER B ol o pRE RO, JoBG Bl d B Gl B over s
well a [ the .act e f ' ' jrcuitry.

Ther ef ?)]Feg?&ib#gsasggl? %ﬂlﬁ%tﬁ ole?) ggc%rgoﬁnéaé%%gi f{ﬂ%e?gﬂ é’!ehgp}c?gesstghée processor

i Nt er coRLQatecSSid ate or, for exanple, in any 1C package, printed circuit
board (PCB) or, for that matter, 1in the core |ayer of a notherboard on

whi ch hi gh patfiRdeRpERnE? B QPO vids in@ Gicaliay einbl6gyl hé erteding BPUNt €d, the
connection assenbly of such enbedded capacitors nust be such as to nmaintain
t he ef fddorete wapacitorrBmetssnhas mdtetninglpgr feramiticipadion haaewberh mhdegsssitlt. t 0 a
sufficiently low level so that a | ow power distribution 20 system (PDS)

i np¥darityweves tha connestianchf englesapagitorsfieadsto musiive snofsofront howkingsgndipmpedisdloped  hi gh ends
of the negahertz (MHz) range and beyond. BRI EF DESCRI PTI ON OF THE DRAW NGS
The f orbage piswncg efithevissapd various wifiag e sigrticglyspuneqes heretos implpdingriveayrplyon wi | |
beconme apparent fromthe 25 followi ng detailed description of exanple
enbodi r?’E‘Eﬂ‘%“"%H’deSH%‘ PRV PReRTORPARIARESL Altbest HARCBPRAEER PBSFIse TFF R BPS acconpanyi ng
drawings, all for

' t of |.scl o f this.i ion. Wile th
For eoo Iy aE Pl ey P FEEL ARt Pt pr el Wit Paetieiscs on

021 6343 BeFBEDHFEIR0F R b BB Rk Bl abube B 80 S ¢ )

Vayys0f o dhk 48 bl cBip lcAdRing N et TR RaiRRhd/plRME hé Spddidrs ihdid¥inle Gebeessor

interconnect substrate or, for example, in any 1C package, printed circuit board (PCB) or, for that matter,

in the core layer of a motherboard on which high performance semiconductor integrated circuits are

mounted, the connection assembly of such embedded capacitors must be such as to maintain the effective

inductance resulting from the placement thereof to a sufficiently low level so that a low power distribution
20 system (PDS) impedance is achieved even at frequencies {or qlocking speeds) at high ends of the

megahertz (MHz) range and beyond.

BRIEF DESCRIFTION 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 illustrated disclosure focuses on disclosing example embodiments of the invention, it



thereto. The spirit and scope of the present invention are limted on“{ Lb%/
the terms of the appended clains. The follow ng represents bri ef EC7006
~descriptions-of the drawi ngs, wherein: 5 FIGS. |A and | B.are an exanpl e

i |1 ust MP0¥M4BE a side view and an upper- plan view, respBETIUSRII6S of ap
enbedded capaci tor assenbly in a package. FIGS. 2A and 2B-are an- exanple
illustration of a side view and -an upper plan view, respectively, of an
enbedded capacitor assenbly in a package having an optim zed via placenent
desi gn tayibbe cleady wndersead ithatghe seme i by Yy @S iEprratiop ¢d siamplg onlp-pnd is sgt imied st ¢ at es t he
pl acement of capacitors in a package assenbly according to o enbodi ment
of the PrE8embe PigtadEopsPf heprerentAnvequpn ¢ W@ﬁ*%&ﬁ%mpeﬁgcapaci tors in
a package assenbly according to another enbodi nent of the present

inventi 88™15 FIG 5 illustrates the placenment of capacitors in a package
assenbly acc ing.to a further . enbadi 0 present invention; FIG
6 illustrat e?gc&l"l&gﬂ’éf? ﬁ%ﬁﬁ%cggﬁcnggo%%ﬁggﬁg&ﬁ’g’%’%@% whi ch the present
invegtion is applied; and FIG 7 illustrates a nmethod of optim zing the via
pl aceénent degjgn RGOS siadPRev? i O b8 Plah Gied H&pRERFENT

i nventi ancRE.%d c?ggg&%ﬂ%ﬁ%%%‘%re begi nni ng g}pdgt ai l edﬁ%esc?i ption of
the subject 1nvention, nention of the followng is in order. In the

det ai | ed deseidspii o 28 brelal xaslhisilhs@ a6l ofarsiae dibwimia as uppérplah elewmespdeive| at i ng t he
sanme to the 25 present invention, it should be noted that |ike reference
nuner al sf shabagddesgcitol fsseibly i packega having an gitifnfzey viracengtnialesigndeydut | ust r at i ons
are used to designate identical, corresponding or simlar conponents.

Fur t fver ,acdofdidg todkiespuéserg invdntianst r at i ons are not drawn to scal e and, al so,

wel | - known power connections as well as other circuit and/ or package
conponent's, V- Ghllugtrates the ARrEmErhH|CPIGIPTS i1y RaTkags essempP it AR EHIDYF FRReHIEent

illustrated, are 3 3 DEC 2004 WD 02/ 03421 PCT/ US01/ 19364
of the present invention;

FIG. 4 illustrates the placement of capacitors in a package assembly according to another
empodimeni of the present invenidon,
15 FIG. 5 illustrates the placement of capacitors in a package assembly according to a further

embodiment of the present invention;

FIG. 6 illustrates a general purpose computer system to which the present invention is applied;

and

FIG. 7 illustrates a method of optimizing the via placement design of embedded capacitors,

20  according to the present invention.

DETAILED DESCRIFPTION

Before beginning a detailed description of the subject invention, mention of the following is in
order. In the detailed description of the disclosed embodiments, in terms of relating the same to the
25  present invention, it should be noted that like reference numerals/characters, if any present, in different
drawing illustrations are used to designate jdentical, corresponding or similar components. Further, the
drawing illustrations are not drawn to scale and, also, well-known power connections as well as other

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



not all shown within the various exanples of the invention iIIustrate? éﬁ)f[][]f;
sinplicity of illustration and discussion, and so as not to obscure R
-invention. Al so, the various exanples are shown in block formin order to
avoi d oBOdR0B42g t he i nvention, and also in view of the fRCt/ubhatsepeci fic
details thereof with respect to-inplenentation of such bl ock -di agram
“arrangenents are highly dependent upon the platform5 within which the
present invention is to be inplenented, i.e., specifics should be well

Wi t hi n tdell phowy wighin thefariousexaadpied df @el inventidnlitusweatetl for Sitnpilepigshtuttasonanb npl es

di scl osed feature enbeddi ng ceram c capacitors in electronic packages, - and
ef f ect i Aigrussivh.cand spyee not tconbsparsttiedavertisn. ngsel thes@riowy pramplestaleshdwnwrebidck rm ins not t o
be considered as being limted thereto. Also, the invention is not to be
consi dePHer 1@ avoldobssering thaiinvention. endalie ip vieH o5t sy patspegific fetditbagrwitnd 10

processor assenblies nentioned hereinbel ow Al so, any reference to a

pr oc ess &FPeEH® iplympniatiohef syl blggifiagram apmgpe Bt h ey fiepepleptyppon dhe litrant r al

R

speci fi %f"éniegﬁhe@%tﬂeo e enbodinment” and the |ike or "an enbodi nent” and the
| i ke nmeans at a particular feature, structure, or characteristic

descr i bed i 1 GRS bbb B BB R hanic ik WLREh ol pRlagheeast one

enbodi ment of the 15 invention. The appearances of the phrase "in one

enbodi NMpR effedifly MfidyQUsmmBios &g lafr liemSRRGkoh isRld RoBid&ed A BlingNBGQSSAri |y
referring to the sanme enbodinent. FIG 1A is an exanple illustration of a

si de Vi @atedi AfoCiBdiaeehiion fis RS 69 d0hsiieredas deifbaRKaI6 o flosE-types of phikag@h@s an upper
pl an view | ayout of the capacitor assenbly |ooking through the wiring |ayer
160 19i derocesionastemblies apationdd dereisigberBlsy, afiGefersine v propesfet Bouldlbk undebyeoder e | ayer
110 of the package 180 contains one or 20 nore capacitors 120 operatively
coupl ed alsasbeing inglsivecof p ceniral progessor yait (PR, amiqrgprocestor. aPropassofidioBpl e power noi se
signals. Capacitors such as these may be ceram c capacitors which are,

typi cal [MYCTORRGESHIr PR, @oprpputeship. and the diks. tSHY turdhes, refeepesin A1 Recifieatap 1w P™ai r s of

el ectrodes..In_the anpl e sh Jherei nbel ow,. each enbedded ceram c

capact ¢ SpoirEn; ytindF P e prby " B R BEPBHRER Sonf i o

adj acent i i . . i ] b tential and
a refer (giﬁ%agg lﬁ%?ﬁ%ﬁ%@?%@%pé’?ﬁ \{}lggﬁﬁ?%m?ﬁg iraé‘f:%j E%(‘i)ftagn‘?f g‘l‘%%ﬁ\%fmg 25 DC
POWeY5 S WRBHi¥n. PR Sipkdrbes 3e iﬁm GE&0 BiboBbdn Rrib@HRECHAR spOkQRIR (€. 9.,
circuit ground potential). For exanple, assuming the first pair of

el ect r oGdeSeden@liytichthg td heametdedinatde 131 and second el ectrode 132 ther eof
are applied with the power supply potential (PWR) and ground ( GRND)
potential, r &&pastis anekamnpletilveradonf DEAE vRO 052 ABCIGR2AsGBMIR in a package and FIG.

1B shows an upper plan view layout of the capacitor assembly looking through the wiring layer 160 side.
In the capacitor assembly 100 shown in FIG. 1A, the core layer 110 of the package 180 contains one or

20  more capacitors 120 operatively coupled as bypass capacitors, respectively, so as to decouple power noise
signals. Capacitors such as these may be ceramic capacitors which are, typically, multilayered chip
capacitors having a plurality of pairs of electrodes. In the example shown hereinbelow, each embedded
ceramic capacitor has four pairs of first and second electrodes 130 in which adjacently disposed pairs are
reversely applied with a first potential and a reference potential, respectively, the first potential being a

25  DC power supply potential and the second being a reference potential (e.g., circuit ground potential). For
example, assuming the first pair of electrodes including first electrode 131 and second electrode 132

thereof are applied with the power supply potential (PWR) and ground (GRND) potential, respectively, the



PCT/USOl/19364 adj acently disposed pair including first el ectrode 133%a€¢2mL
second el ectrode 134 are applied with the ground potential and the p
supply ; SNkl fl » respectively, Consistent with this, thgd second
electroggéﬁﬂ%gg'and 136, respectively, of the third pair gﬁgkg%%fggd wth-

t he power supply- potential ‘and ground potential, .respectively, while the
fourth electrode pair, nanely, first electrode 137 and second el ectrode 5

138 are o e PR I Ebotl 1 G AMAhaP Ol SRyl AR b BRURT SUPD! Y

pot ent | power supply of the circuitry attached to the

package. T ?,?ml' td Hah . CoRRRhwitd st RO frsAfdke@hddiiagbaprot ent i al
i's throﬂ‘aﬁgﬁ ec%éoﬁgrsg@ﬁtpggﬁnhb w&?ﬁ%{i ndi vi dljal el ecfgrodes 130 (131 to 138)

to the indiyiHURlpeRous o amrﬁagmgppﬁgdmm&e 36wer fupplylf@n@f anggoak | ayer 150.

Usi ng the power source voltage and ground vol tage convention di scussed
above, nBL@k, fipedifdy, whik ddrdurth 2drodehBih namdy, fisB:lecionde €5 poivecondriettnde power

strips while netal strips 152, 153, 156 and 157 correspond to the ground
strigs. 1388, capv@el] pliec att bd Sombmteappini eavcaiuppby petsntial ahigh gy WM ch case t he
first electrode 131 of the first pair of electrodes is applied with ground
pot ent i gbwenkipple of thecimgatechel tethe paddge- 132 of the first electrode pair is
applied with the power source potential, and so ]‘orthti Vias 170 t(171 to
178) in wi riTheapbliytion of BOPOWEFREY (olfagrandprofind potsgtial s Swqueh eliceung qopad el 4 30

t hrough the netal layer 150, to wirings or 15 power r.mm ASsoci at ed
with tg héhcﬂ%(’é:‘*lwﬂé‘.ec“Pﬁé 13 @Yt p@a‘?%&ﬂ’ﬁ@ﬂ@&’ﬁ%@?ﬁ%@ﬁ“ﬁ% t?‘llll ?’t‘?éﬁal pairs of
capacitor el ecjrodes and the res j ec : AVl PRVR! m gt ound
strips dP& lég‘f tRedtF RORFSUET V?lhge aﬁﬁ%ﬁgd\[}%{g%%% @\e{%éd )g%‘ fi r@?ﬁanﬁﬁghe]%ond vi as

140 , as Sl?ﬁik%‘q?j &3 ?gﬁ%&ﬂmd 5 Qe pSWER s SRl ingRt 20153056 e spover  suppl y
0]

volt}fge el'ectrode 131 of the first pair of electrodes is by

connect ic%ﬂggf;&?tﬁ&%&“ﬂ&hﬁﬂspﬂcemnﬁa@hilﬁ&&é £pied bileeratigly irf Whishcdsese st of fir st
vias 20 1" of the first set. Likew se, the ground reference is applied to

t he secofdirdt eAtr 86 arsilpd? ondiectidae if dpplied wigairound fotent] widlt the esednfl glecgedsrdiéct i ng t he
ground strip (ORND) 152 thereto by the cluster of second vial 142 of the
first sedsmeSimiitcasiepich aplidctth the atweruovreratertioh andse fopl nYigdfo {17iHR 478y e
effected between the first and second el ectrodes of the other electrode
pai rs ( eingiring layer 16&woneet thelpluslpphs 9 sleguodes H30; tuoyehihs meigdaysLIRR VIR and
ground (GRND) strips associated therewith through the individual via

cl ustier spopgFenminals agociated Wiy 1 128y er 160 may be either an interlevel via

connection | ayer associ ated wt 05 LAY LM LidcB8ked ANt atRaRsy package
180 or may be!GFETH "ﬂ%ﬂoﬁ?ewég%cén%ug%eé 5 an integrated Ij(i:%i rcuit die or

Chi'p_ SUCI), 35, B B1.80E53fuif b ol lolan i yPUaR DR shaSeicadhitshen et 0. s can
be seen PFOMEHE rﬁ'ﬁ(g v?éu\?v]gl a;?m?t SOgg DEC 2004

associated therewith. For example, application of the power supply voltage (PWR) to electrode 131 of the
first pair of electrodes is by connecting the power strip (PWR) 151 thereto through the cluster of first vias
20 141 of the first set. Likewise, the ground reference is applied to the second electrode 132 of the first pair
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 lﬁyer 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



WO 02/ 03421 PCT/ US01/ 19364 arrangenent of the power and ground netal S%Erﬁilﬁ’(ﬁ
and via arrangenents associated therewith, the vias in the wiring | ayer
160 (e.g., a dielectric connection |layer) are placed away fromthe center
of the g%@’“%b‘rti‘on of the enbedded capacitor. In their R34

achi eving an optim zed via placenent design for ' enbedded.capacitors,
‘especially, in connection with package -assenblies for high performance |Cs
5 including processors and nenories, .although not .li rH'Et'ed thereto, the

present ATmREERERGH e pRnvEATd growy meRlsIPs 4o Xip anpoprteasociged hepelvity, B2y " (171 ¢ o
178; fromth jtor 120 Ieads to ] [ ve nojser fdd _ f
oot Hecitne By 16y GEna Selsgs aPgny e sl Bl BT kbt e HHPBr il | PTEDENOE O
Il po di st.ri but i i foibhieod dion
T Pt gt ts e Blider BAta ) 1 Gld kot IORHRIGG BRs BlpkiRul i B
18, 10 re%{dﬁe%%gﬁétﬁgnﬁpeagﬂyﬁr BARR GG wath phekabssembiiR o Biasdorfadioautk t or s that are
e acC

pl aced in age forf ICs for purposes of effecting power decoupling

of Nnal s§uRIIAE Procssoks bdd RBmbALS, aliiéhgh-roNinéd RSN the pidsei@ventashawdermiifee Circuitry
is in an operation node. These capacitors are intended to prevent the

vol t age i AiBesén0sTRicNEs 170 170w 138) ERayfropsietcapadtbraiR@ lsle tol imlpaive paise Ghe, t ypi cal |y
set by the voltage regulator nodule (VRM). For exanple, when the

Pr 0CESS OfresénBe of Miagrietit] fluy and danesriewol areas). This basdejetfrioussipctron de aAUPPYT of current and
qui ckly. 15 These bypass capacitors (power decouplers) keep the supply

vol t age diswinticg (R impepancelppbefBICy during turn-on of power. That is, these

bypass capacitors, which are placed ious |lo Lans_in, the package,
are intended The mpHEming enbedded “@BW@?&‘E%%%@#O fsﬁﬁfiwﬁé”c%{rsge'ggn%&efhdf current
transients at the power/ground, W, [i LeRQNEE] B RURE Bl jaes) to ensure
hi gh1$errFHf’sﬁ°ésn‘i9%°f&5‘8‘PV§f?%%mbs?gtbﬁ’é&f%g&miéﬁt 62’ }f[@equeﬂralci%s and edge rates of
hi gh perfornm S 85 of ndidd GibMA ikehe tf RFn-0R%EFIREE s well & wihénGhe
perforna%“{rpé’s%(rq%ggs rp{gé}\%&?ﬂ; %Oog‘ﬁi nig rates in the high negahertz (Miz)
range ang; heyRafhn operdddRARS THeRRAAID® i infthddy tolPRvet therebltape fremafopidng | mpor t ant
role in reducing systemnoi se. For high end processors, as one exanple,
ceram C sRRA6HE M rdteceSpEe kR abybialld esbyrtabickesf meulaton mpduiei (MRMY. Foie PDS

i npedance | evels at an appropriate |ow level. There are a nunber of

di f f er enéxatpyiesealic preessomiscoitiaipeaeErebens it fHIEhaBeAReuEs of FETeREn (Y cor e

including NPO X7R, MR, and Y5V as well as seyeral sizes jgﬂp}cgmudi ng 1206,
805 dhd BBS:; bypdstcmscitgh @erflsioumioriykiea die fRREY ¥HREe M9 A0 eGP ST Bnown cer ami ¢

capacitors as well as others being deyel o : ik Bhe bRGMHZ T ange
and beyoH’&‘.*’“H{)B%‘\?’erT,ha‘t“I'ng‘“FrBWﬁséFapfcnor\sﬂﬁlgl?hargﬁ%%%q gagﬁ‘ggiéggﬁssl ar gacgﬁnect ed in

the package assenbly.PEQ evel'i ltrdnf @dnsioh QEr/dréded Widfds N
P F.%gx}eﬁeg éolgnaeram v %??1 %Ylﬁ%emgeﬁnew dufednf @dnsits b inp6SEr/g fdsNQg

frequenc I'ng spee
(or power/ground planes) to ensure high performance operation by the ICs.

As the frequencies and edge rates of high performance ICs increase — including, for example,

20 high performance processors with clocking rates in the high megaheriz (MHz) range and beyond — bypass
capacitors play more and more of an important role in reducing system noise. For high end processors, as
one example, ceramic capacitors are especially desirable for maintaining the PDS impedance levels at an
appropriate low level. There are a number of different types of ceramic capacitors which have a dielectric
core including NPQO, X7R, X5R, and Y5V as well as several sizes including 1206, 805 and 603, although

25  pot limited thereto. These and other known ceramic capacitors as well as others being developed are
usable in the MHz range and beyond. However, the manner in which these capacitors are connected in

the package assembly becomes even more critical with ever increasing frequencies/clocking speeds,



3 DEC 2004 WD 02/ 03421 PCT/ US01/ 19364 especially, in high perfor mancg 2004
processors and the-like. That is, the effectiveness of a bypass capa iQEcgr,
especi %b%zkﬂﬁ'i gh end I C package assenblies, can.beconepgpgigifdey the

i nduct ancesS contributed by wrings and via connections assocl at ed
therewith. As a result, excessive switching noise can still remain on the
~power and ground lines/planes. Therefore, it is inportant to m nimze.
-inductances, c s} P etilai 9 eRTS A ofaDFas icphdot, W t h the
bypass °é%°§§“3r @%g%ﬁ%&f@*@ﬁsﬁn@eads to i nductance %aﬁdﬁg(?ance IS

ener gy &0k Agh ARATRLag abskblids, caBecbrikégrad by @eiRdbEncEstieritiyed By si npl e coi |
or wire or a loop. Wth regard to | oops, the inductance increases

(decr eag@isgs anda collctials@iociied taewitio Op a resuli, poessaseichng edresaselilemaihi s i s al so
true for bypass capacitors when connected as power decouplers. In the
exanpl eor the gowéS3nd drdundilivgls/IBes. i Therefere,ibis mppontantie mistmize indactapees eHEidEeHN der abl e
spread 10 between the first and second clusters of wires 170, significantly
si zedl | Gopnmripasssambly ahsoriged Vi HE BYRask @8 YD  si zabl e i nductive | oops and
magnetic flux. For exanple, there is formed the follow i nd ive | oop:
Power strip HeMOf cmessleasyip indyciance (ipquglpncs 15 fRerey Ftﬁrg?fﬁ,gmgc\rll\ﬁdm n)g rAéld'ﬁJJ&%I ane 152,
Such | oops are realized by the other | QNS Lmdar

t her et 0“3 PRHPEHVEL f‘m?‘%%)g Bt %'Isceo hERR f‘w\?/hl ré%%rlw;%&%’l 71 tug)%ﬂlc% %():ré:éeg édgggﬁtk%)aan

effectiyewd %Qh nlg?pqg indrD6ed (RQBst IR id 88 0% hiQyphsdBfabitoB e RfinedriddbiCt ance
and, coftréspondl hgl'y, greater 15 magnetic flux. The effective | oop

i ncl udi ﬂﬁzc%px%_aﬂ%e%mﬁﬁie% 154 A &RSIB] F s, notBOMR beclsedtene bintiderableagreali4 1,
capacitor 120, vias 132, ground plane 152, via clusters 172 and further
powely/ OhQkdaglmiMidsd ai@cdn®Elustep@IREds GTOOsignificpitipsizs Joomareks frh forhdgdirdich legdds to a
significant inductance. Additionally, the magnetic flux resulting fromthe
pr esenc gizafe ifdEveTaipaind shgnefsslug. Hemsainglo shere| isforned fe Sl pdealoon nduct i ve

noi se. Considering the drawbacks associated with a et al _layer %d vi a

desi gn Povresep k4, Gidsd#l. eapasiterd Y vins 199 g gropnd Ry o SBCH 'pPES B S FIGs. 1A

and 1B, the present inventors haye achieved an i I chene

t her ef r GHFTOR=EoR FRER ?‘F\ﬂm’é"ﬂg‘ﬁ“ﬁ%g’g%wrc g‘f)ﬁ%ﬁc Gr gv'a\ngfoﬁ;{ﬁq%ﬁgglcEaggl? Such
design schenme wi. Il no b i e iMcuntl ol @brr &AL p8dden Wi t h
regard tegecPY?é“‘ignPf'%ogﬁegv"[o 8ﬁmﬁ%%?&séﬂf{& and 2B. FI'G 2Ais lgﬁgdl | ustration
of a.sch A & SRl e iiEWod RiudiheSror &BuplS vARIUEPEN, felvarplavd BW videslieof of the
IayohstS scn%%r%tﬁ%i‘ ll_'%he _enb(édtftliséle(l:l1 cgzci;i)aci tor assenbly 200 in the package 280
show ng @N.ieXAIIE 19 gdihd pidde 1670 ik HuZedsh 7% el fiyphax pewepigtovmlesiingn(of ay out

according to the present invention. The package 280 may be an |IC package in
a COMpUtRerfytBidgmnesine e (kepadskagesnificatinfuctingg Aidivgnally thsaegetrlusackage on

which at |east a processor die is mounted thereon and in which case the
pr ocessaesulting from the presence of the metal strips themselves also leads to greater Inductive noise.

Considering the drawbacks associated with a metal layer and via design scheme as that discussed
20 with regard to the example in FIGS. 1A and 1B, the present inventors have achieved an improved design
scheme therefrom for connecting such bypass capacitors within a package. Such design scheme will now
be explained in the further example given with regard to the illustration in FIGS. 2A and 2B.
FIG. 2A is an illustration of a schematic side view and FIG. 2B is an upper plan view thereof of
the layout scheme of the embedded capacitor assembly 200 in the package 280 showing an example of an
25  optimized via placement design layout according to the present invention.
The package 280 may be an IC package in a computer system. The IC package itself may bea

processor package on which at least a processor die is mounted thereon and in which case the processor
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vari ety. "The package may al so be a printed circuit board (PCB) or.

“that matter, a notherboard on which a processor die or_other gh speed

ci rcuMAY/ 48! be nounted on. In addition to PCB or .moPREMUSBHIM t he
package nmay be, although it .is not Iimted thereto,;.a high-speed organic
package such as an Organic Land Gid Array (OLG), a Flip Chip Pin Gid

Array (FCPGA) and 5 an interpose The 1ckag he S, application
r ef er i€ may healep ofsb i e veRy - Jhe RaGisE® W 4 a)?“?‘%cl“ﬂlﬁtboahd %&@s?g{éﬂpam tors

enmbedded t her ei oses. of on in terns
of t hE d5eHHt ré‘l"'{’]ehbofﬁ&% it Qe%@&lﬁlc %#gdr&{e‘gpje gf% gglg%nkegglgqghd mlat eri al
ther eOJdmoé %ﬁgﬁnﬁ&mﬁ&smt&u packgggmw g m[ﬁsmmrnem;mt Rnigigedsl GS. IA and I B

not limted thereto. hat is, at |east one capaci t or

( e an”ﬂdil& elsY 8E &%rﬁaﬁk Rark@GrR ARREIOLAR), u\:hl_i;athiprmycrhearay qEpanj ad capaci t or,
aIthough not |mted t eto) is enbedded in core |ayer 210 of the

pagk agintedpbier. CIOE fackagy Blthe FReyenbapplRnionreGand wat palvs e pitiegessembinbaviiade of epoxy
material (e.g., standard PCB,materials are: FR-4 epoxy-glass,

pol yi bypde cghdss emizdde deryiol obut ene, Tefl on, ot her epoxy resins, or 31 and
plural pairs of electrodes 230 1hG& 20 |st¥l a co eadpgﬁtion X. -Nor
the The G- For pyoieteaf expisiing e gresept imyentop g topms of ie pxymp 81%%} iformy

d al t d ln this f
R A R 583#%%5%?%1% b sngi e W sl BGEI "L e T 1ot
el ectrodes arg) ep%{?l B?tej&%él mto 2&4},55 ﬁ?’e@m@n@@apa ﬁéi}e rae‘mh,g]g,eé@&&nd el ectrodes

of thé" 1I rodes, tespective or purposes of this

di geuss z%ftnr' \F']Lc%tmag Beh4 @raic! cfatifor, %ﬁHougth h& hfnhd’d%fereﬁﬁls EmtRdeLin06it hpdem, 233- 234

repres e second pair of electrodes, 235-236 represent the third pair
and 2%?312&%1@%@ e %&6135«:: ool o0 Wfghrlic soRirdte soih abhe birepate Material @Iy, sewtipedded

capaci tor In this arrangenment, the first and third pair of electrodes
have tpoe ragfi®s du: &nmmgoxg@mismmwmsmmlcebmmw@wm eRPrd IBUIet h pairs of
el ectrodes have the same bi asi ng thereacross, but opposite to that of the
first tenie)ssoomdedded apciof ":@rsem:a'r*eéaxesrwweeme?é% imé)élvv' ““ﬁ“s‘gﬁ'ﬁ‘i“ﬁffse:??bedded
capacitor 220 is connected as a bypass caE)am (il d}}/ as that of the
earl i 6231&%P@f0ﬂﬂh@ﬁﬁmngdﬁappg?’5&ﬁﬁ Va1 é‘?c’ %ff)ﬁrf B to%each of the

el leSCt re?egt(rao?icscl)li wltucl'.‘]h%B]; ,02 3, 25)5a and §37 tepresent the first electrodes and references 232, 234, 236 and

238 are the second electrodes of the plural pairs of electrodes, respectively. For purposes of this
discussion, let 231-232 represent the first pair of electrodes, 233-234 represent the second pair of
electrodes, 235-236 represent the third pair and 237-238 represent the fourth pair of electrodes in an
embedded capacitor 220. In this arrangement, the first and third pair of elecirodes have the same biasing

20 thereacross while the second and fourth pairs of electrodes have the same biasing thereacross, but opposite
to that of the first and second pairs of electrodes, respectively.

Assuming embedded capacitor 220 is connected a5 & bypass capacitor, similarly as that of the
earlier example, the power and ground voltages are applied to each of the electrodes of the four pairs of
electrodes through the metal layer 250 and the plural sets of first and second vias 240 {241-248). Unlike

25  the arrangement of the individual metal strips associated with each of the electrodes as depicted in FIG. 1
of the drawings (which lead to placement of the vias outside of the plan view area of the capacitor), the

part of the metal layer in the vicinity of each of the embedded capacitors is made up of a first portion



el ectrodes through the netal |ayer 250 and the plural sets of first a?gEEZ[]UL

second vias 240 (241-248). -Unlike 25 the arrangenent of the individua

met al s@riq%? sociated with each of the electrodes as depicted in FIG 1

of the YPORMEE (which Iead to placenent of the vias out é&?@%ﬁ”?%é pl an

view area of the capacitor), the part of the netal layer in the vicinity

- of each of the enbedded capacitors is nmade up of a first portion 8 3 DEC
2004 . WO 02/ 03421 PCT/ US01/.19364 .i ncl udi ne I one A trip (in
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r ef er r egyrdeQoming Qo @6 seBon PoMRIn 253, MhPinGiGiANER1S)S1 @EYES2 {hErtih,@eftrhea cfdlsoet porti on of

the neta] layer and are spatially isolated fromthe second portion 253

t her gof pieRstip Gpmttabostitin e Bbdpoaionefid mealiyeid irhgpatatipiseiated fomdlfef ect

electrical isolation between portion 253 and each of the power strip

connect sec@B porsion252 Bereof Fiaa spdtidaing 256 atoimy eqck of] themm sp af 1@ et jelgfiricalipolagion 254

surroundi ng each of the diagonally shaped netal strips are shaped to

conf or mbetweep pertion?53 aridsach githepowe sirip Franecigll H“deqséc'{tfeiefﬁ‘iﬁ)wil"s‘fﬂm&'ﬂgi B s

necessary in order, to prevent contact between the netal stri 10 (applied

wi th powess S4Trewding pachefdhe dpaselirsherid 5B FiPpH® 3‘@’35)%?“% LT YAE the ground

pl ane. (Alternativel porti.on . i wer pl ane

porti ongﬁﬁ%“fpﬁ‘eg‘f%g]ﬁ%cglt’s%ﬁ%? ‘sz%ﬁ?%g'ﬁa{@%‘zm h%&hﬁgg%cf e tng& IIItiektllgmfcgérgound

potenti . %E@)‘!ﬁ] A 288 VB Bdts 45 @Y Brourld pladeN @AkRaMeRs t hat

showq) iﬁipﬁl?c&m%%m?sﬁ%och ea%ﬁ&é?Whe nmet al str?‘gs powgr strig connect s)

I's extendgish 59 maf) alsteR) RO theShoRdd Pline(pbrtith and @OEerp @fifsi2ONEY 22Ivey Bodedoover 15

the first electrode of a distinct pair of capacitor electrodes as well as

t he secandreabepieiitle of a succeedi ng adjacent pair thereto, a nutual

el ectrical connection can be effected between those two el ectrodes through

the first andhsegomdevining seh s oepidavedn thimartiershowrdsHECR. Pariieh c2hff exanpl e,

metal strip 251, which is diagonally extended, has o ositp nd portions

t her eof thefetal Byrs Pawer %“Wé‘°‘F’F‘r%F“’é‘I“@EEF¥‘Bﬂ8W?%‘ e‘ﬂ?(efhéndfp&g%@ eg‘ioe‘(zf’t"errode pair

as well as_the secaond. el ectrode 234 of th i f des in a

ranndt il T S AP T et o Syt B2 AP Bl B O

el ectrod%s throﬂlgllg tl‘Suer'l

oM bR Serti A SR RE LB heiWednole 6o erdciréasd mahgact r ode
231, and' {aﬁgtpgjéconﬁ VI as é%ﬁ,CMg@z%%O?at ed vvithet he gecconed ceI ectrogge 234. In

a sim | ag. s A8 EEond WELAbcisddileRwith R¥REtvaY. IFoPext:ail) @ethl)strig 321, whitiial | y connect's
first electrode 235 of the third pair with
diagonally extended, has opposing end portions thereof that overlie the first electrode 231 of the first

electrode pair as well as the second electrode 234 of the second pair of electrodes in 2 manner which

| 20  permits a mutual electrical connection of those two electrodes through the first vias, associated with the
first electrode 231, and the second vias 244, associated with the second electrode 234. In a similar
manner, metal strip (power strip connect) 252 mutually connects first electrode 235 of the third pair with
the second electrode 238 of the fourth pair of electrodes through the first clustered vias 243, associated
with the first electrode 235 of the third pair, and the clustered second vias 248, associated with the second

25 electrode 238 of the fourth pair of electrodes. 1n addition to this, the remaining four electrodes, of the

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



the second el ectrode 238 of the fourth pair of electrodes through th pf%fﬂtﬂﬂ
- clustered vias 245, associated wth the first electrode 235 of the t

pair, a\gg tggucl ustered second vias 248, associated with the second 25

el ectr 0@ 84824 the fourth pair of electrodes. In addi tRGHUSH/I9364s: t he
~remaining four electrodes, of the four pair of electrodes shown in FIG

2S, are electrically connected to the ground plane 253 through i-ndividual

| ust f first or -second vias, detailed in FIG 2B. esul t,
{her of ofBSpie] Gesion Bpg ses<ges ooty fovity o bmsrea el §5304
/gr d ' bi asi : tyaf e it 220
oot oot e PR P AT 1 R LAAITRE a8t IRV AERRAEAROE 0T T

depi ct eglg zﬂ a5 i W@g \)ade ?ﬁiiedm&)& sofleERItdgPAGS, @ Jikcuit oWke &gty as wel | as

235 and 8 are applie power source voltage (e.g., the circuit power
suppl y aes@HinleRGaidde Bsdaddf) PRE REIRIASE 058D kndM37 bt afphiarviiales 232, 233, 236
and 237 are applied wth the 5 reference voltage (e.g., ground voltage) of
t he gr oterebnfRlvalage (e.bt glohd Radhgfoftis gtouddpiandl i Isic ioeti enaefibiischehe embeddzppaci t or s havi ng
an even nunber of pairs of electrodes, for exanple, four pairs of first and
second capdciaart iravidem: evn odmbersof gdin wielectrpdeshiosexampien fohepairg of Srstasddsemmd of st ri ps may
be equal to half the nunber of pairs of electrodes. As stated earlier,

cer ani celespdss selysa eorpindhis-eramplen BOMmaGS AT 1Py BaNE eFraLL bat e pmmber oA nect i on as
10 bypass capacitors to effect power decoupling of noise signals. However,
enbeddi HEF™%tich capacitors in a manner as that disclosed herein,

especially, regard to .t le . : PBmedtiSn &l €arly a new
and novel ap%grsﬁ)age‘(j:ﬁﬁﬂ%ﬁlscc%&? (éhéplrhg ?agzég%n%‘fdgﬁneﬁ%aﬁawé@@ gf? st r‘%u?)n grrangement

as tlﬁat bj%%kl?\é\%aciit & lefiict @5&[‘ dwtﬂﬂiﬁgm:f hdke GipRR. HoWeer! é?nb&iaﬂﬁlﬂkﬁ tap@idroiar 260,

whi ch pr el'ectrical connections to other ones of wirings or power 15

t er m nakgmaSs AeidRliee tihhespbRPRaicagR wasamYdin FEBSe2Aau2Bliisdunsed as pl ur al
sets of third vial over the center of the enbedded capacitor. In this
exanpl e pevt @ ngblupprdactset s of third vias (271, 272, 273, 274, 275) are
centered over the core section (between the el ectrodes of the ceramc
capaci t or) s#chretuh af implemehting @ metalsginpEmgamentjay i shoyn BiFE 2Rctre BB netal strip
or the %ro_und pl ane 253. For exanple, the via set 271 are arrayed in a

cl ust er 2%Hgthe yHipleyer 24Mish rpxide giactiFal copaegtions th athes ones f prings & AP 51 1 aved in a
cluster and contact . the netal. stri 1 ' ' t lectrically
conndct &R "’é"’f’%”(ﬁdrwd%g'gp‘ﬁ%fe 1l Lt&féf PR %%gsﬁd a%/\@g&{s]sg% gf 4%@513"%&1%44,

respect i d,fgL gmemﬁﬁgéf 3@5&5@% s 10 Tmeolakal & Wi it vl @7837MBY, 285 215he

clustered array t Vi es
are centered over the core section (between the electrodes of the ceramic capacitor) such that each set

contacts either a distinct power metal strip or the ground plane 253. For example, the via set 271 are
arrayed in a cluster and contact the ground plane 253, the via set 272 are arrayed in a cluster and coniact
20 tlllc metal strip 251, which is mutuafly electrically connected to electrodes 231 and 234 through via sets
241 and 244, respectively. The clustered array of third vias 273 as well as the clustered array third vias
275 are similarly disposed as that of 271. The clustered array of third vias 274 are positioned so as to
effect contact at one of the ends thereof to the metal strip 252, which strip provides a mutual electrical
connection of the electrodes 235 and 238 through the first and second via sets 245 and 248, respectively.
25  Through this via placement design scheme, in conjunction with the formation of power strip connects,

such as in the example shown in

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



275 are simlarly disposed as that of 271. The clustered array of th?rﬁgm
vial 274 are positioned so as to effect contact- at one of the ends hereotj’
to the netal strip 252, which strip provides a nutual electrical

connect WOP28B44he el ectrodes 235 and 238 through the firSCTAREEENnd vi a
sets 245 .and 248, respectively. 25 Through this via placenent design
scheme,- in conjunction with the formati on of power strip connects, such as
in the exanple shown in FIG 2B, although not lim.ted thereat.o. a

si gni f i EWRR/FRvanHRREl design eSS g, E’b‘&iﬁ “Fﬁ%*u“%?’é’ﬁ%@’“r‘"é‘n]&f o gppcalty B of 10 3 DEC
2004 WO 02/ 03421 I?CT/ (I;EO%/ 19 6él.el<rn0\/m/conventi onal design schemes and, for
that nafPEpe oGy, 1AWIP: PS4 S) acement approach in the exanple of FIGS.
LA and 18, i seUaned. PRaIllfLn RElEaRh Y Libic@Rlh REH &¥lrett, i capaci t or

may be assocrate one, two or three or, for that matter, as many vias

as the En“a‘&cg‘aﬁ‘ﬁﬁnysviaﬁﬁ ﬂg%rmnh%idéﬁrrbi@\tﬁbwebm Heneadn RSSkicomd frestigt ance and
i nductive 5 noi Se. Likewi se, the individual sets of third vias 271-275

shoulsd QgeCr tishid, @ielinkiti@al $26 fof thisd viad QN-2AS shbuidbe chispradiiogeitied ae guucifas thhe
manuf acturing processes permit. The nunber of vias in each cluster of
first, spamuesdnd maidticrdng\preassenpeymib cTHe umiberead vines eagh epster pfdirsd SPOUA pi t ch of
the vial and the size of the electrodes and | ength of the djagonal portion
of the nistlatas Bayrbie mited Ahsebon terglione| pitch gfher vaas and eS¢ phyhe sleTofgs 37 ‘Hg&t“ﬁe

clusters of third vias over the ar e‘g, cover e]g, b%i'ot he capaci tgﬁrﬂw
benef i citheldiagasal @preier of fhe fstal st sAlggy rafdilop to FRAFAD ROYTORIE (S SUSIEEs of FB Vi o) v as

possible to the inner edges of.the. c i e the size
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to the electrod ] DETREINES) padsREBAS iRt b £apaskter itself, it
is pl acé:k’S ynag?oﬁsgﬁfﬁégeb%%%g e 28%!’por, Rore particularly, inside the core
| ayer j IBY, PRn fard¥? ki daia6ler Sk ttie eRtyoddsa31-13B &emsvlesh.er , any known
type owg&d%&ra?e rr‘nater!(al‘ﬂaafor PCBs, notherboards, |IC package assenblies
or 1C dies (@egirdingfic@aGE0itseis] ite)aceddisishbeigbkaga B0 bri, mote @ertichBely, iasidethe .
Specifically, as shown by the process in FIG 7, the OEM (vendor or

or i gi nal coRyirpiizh inay Mg phigioide substatefor, fas thatepasergany kpawn &g efcbiswrte 1408l t he core

| ayer of the package (701 in FIG, 7). This may be done by any known process
of ~cut t i forPCRs.hestherbpandst Kepackess awsenpbliss oF 1Gfes {4 fe %‘é?%&'&s?s“ﬁ%%é‘r“g%m‘%’% as to
pl ace thereinto the calE)aci té‘[c' The enbedded capacitor has an encapsul ant
formtd athestnPrroificallyps g &Y BRFPF¥ " s placed in the bol e above the capacitor
to bold the capacitor 20 i HRSEIH SR enttRdstulicspacitéi 186 uRkge f Or med
t hr ough ]flﬁe"’ﬂ‘g%ﬂ é’%lg%oﬁ?ngplﬁlgh%orgnﬁayer glo above tﬁp;

layer of the package (701 in FIG. 7). This may be done by any known process of cutting a hole in the

jast is also

core layer of the package substrate so as t© place thereinto the capacitor. The embedded capacitor has an
encapsulant formed around it and a dielectric is placed in the bole above the capacitor to hold the capacitor
20  inplace. Subsequent to this, vias are formed through the front face of the core layer 210 above the
respective capacitor electrode pads 702. These vias may be laser vias, as one example, although not
limited thereto. For example, although not limited thereto, once the capacitor is fully embedded in the
core layer, holes are made by laser drilling of the dielectric core layer to expose the capacitor pads to the
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 2lso
2 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

il



respective capacitor electrode pads 702. These vias may be | aser vias, as
one exanpl e, although not I|imted thereto. For exanple, although notd DEC 200k
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{her ef of<2%" §THE HHFPERE 5 4EH° SEBELP AEAT TP s 2 BB e S Bn | n F1 GS.
21 300 3R & 8285 M AMRE| Glend AR CIAAGEN B Red D] e ul L1 NG from
t he 'exanple 1n I'GS. an . Further, the magnetic ux resulting from
current goRy, [echah 2pa%e 0 aRAME non SuchAR ARk hef ha@RGidhl Bork HE E@Rfle kN the
capacitor, effectively, cancel each other. This becones naxim zed as a
resul t efcst heandila. camaeak nahetid ful latlihg Bonk cusrird en 10 mdtdn Byee aiore thayer 210 to the
front side of the interlevel
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 attainment of a smaller overall loop area leads to a lower Joop 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 littie 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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20 connection |ayer 260 being centered over the capacitor. The canceld @t( 06
of the magnetic flux as well as the attainnment of a smaller overall |oop
area leads to a | ower | oop inductance of the overall PD i hasi zed,
the optW@#8H¥2Vi a pl acement design, according to the pr g"%%ﬁ”ﬂ"ﬁl?@ﬂfi on, .
- provides for a much | ower | oop inductance than would be typically expected
from conventi onal approaches and also is achievable with little or no
additional cost invglved in inplementing. i.gn _sche with 25
T egar d gewECE bR s S TR G RS RGO T iRl ¥
desi 0N SENENR e hfiEor BIATPLrecBf G0 Hxiiind B fiidina RAcBBE Bt bpill y | eads to
the mnimzing oF the Toop 1 nductance through optimzing the via placenent
desi gn QtiorsedibEMSBarly M %eéw&c&smk&uaom@& SdstiaiRg Thh@sifffeatdd ¥Qecast . This
m ni m zing of loop 12 3 C 2004 WO 02/ 03421 PCT/ USO1/ 19364 inductance is
parti CUleditihythesivdeiongeasiGpdcibrd1tagito p edicosnimmne evelll gis-of pewticppringcessor s and
wll be even nore so in next generation processors in connection with
i ncreasprevgssdripeckage edsolnbiiesd r educe t he nunber of bypass capacitors needed
internally in the processor interconnect substrates. Increasing the yield
as wel | as Hedrfithagrapines iHnsrtse e embediing sEane prpscapeaiors P Wed¥®y r educt i on
in the overall cost of manufacturi ng 5 Iﬁro essor pack ag&&g&gag@l ies. FIG 3
of the HicunGdAbYeaitopalrpiHIIed hefre: BB BERE P RGO SHE or

one ot & capact tors such as
of the type  discussed above al | L1t Bk R 8hEkRuresad @N

el ectroﬁ}ﬁ BMg%tslg‘sngdeﬁ%‘%' s Oxdg}gy%g]rtﬁg{tmégkrrp&t er sttemrfsal t hough not

|1 mted; Qe 301 PrdGEREARRGE plikdeh 3d2N ifogratel BreRAEHATEMASHRLDbiy¢ 0300
featureg&gﬁ&ﬁ%nttegrat ed ci rcsl}?t p30 whi chg’irs housed by | C package 302.

| Nt QI Al cifcuisGatlich ade bfedtricd®) koriesed €M padkipe GOREby @onndBrsrB0S. eAltiowgh ttiet s whi ch ar e
el ectrically connected to the package 302 by connectors 305. Although the
connect ehsectdd® 3052k ecithistrdtad 24 busnp &elll)ape Herupdes, lothbr thpes of pretermal Bastricd demgections her t ypes
of external electrical connections may be used including but not Iimted
t 0 pi nsmaylteased including Hut not reitpd tq pins. JBrese pECvity ey AY el Hepdedrd AR  power i s
suppl i ed by the package assenbly VRM Al though not shown h in, a voltage
regul at BRYep®Eplied ?Ub‘p‘?a&ka%?fsﬁq’i”yr?éy"'bélmﬁ?%\?Ptdléo o hefein a\‘?&]@?eotfgué[eg RN

own type nmay

be mounted on .a not her. ard,FRFEf, an, | ' L& circuitry
i s mounf'g8yY 8&‘“ %B’rﬁw%gmaan it 3%%"33% élf'?yfbgg"’(rél’begi‘ﬁlggn ée){rﬂr%%%lcai?hﬁ%ﬁtlggr at ed
cirguit a%?ajg:\:l\iu%cQﬂQ?C gim{itrpfs affunted BP& eveR fon biOifterYossr, b RBlofar mance/ hi gh- speed
processBrs Ich may be enployed in servers or network systens or otherw se
and may be Ofghted ¥RBE30DEouldGE 4ng U 4 rambeR 6f tbdagh highenerf@msos/highespdzit nat i ons
thereof. In the enbodinment shown in FIG 3, integrated circuit 301 may be
a flip ehbtdsonBuih ey Rropgessinserers ongywodesyrepoegkentigaid sy G oder SPesal ity of

chips or a -
P 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 representativz of a plurality of chips or a

20  combination of different types of circuits including high-performance/high-speed devices or chips,
although pot limited thereto. The example shows a flip chip type of IC which is bump (ball) 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 matter, 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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20 conbi nation of different types of circuits including 3 DEC 2004
hi gh- per f or mance/ hi gh- speed devi ces or chips, although not limted
thereto. The exanple shows a flip chip type of 1C which is bunp (ball)
mount ed WO3IB®P42dn an upper surface of | C package 302. AltBETASIVEBE t he
fintegrated circuit 301 may enploy other .known flip chip technol ogies or,
“for that matter, may be a surface nounted chip, in which input/output

term nals thereof are connected to the |C package 302 using bond wires for
_connecti ng t hi€ pagkpee30% in M@ Ck is2Biplsfl tOtaHeCkéﬁ%d"!Cb“l?bhapthﬁbobféa‘g"%?’oﬁ-ﬂé upper
surface of |1C package 302. As can be seen fromthis exanple, a nunber of
enbeddedmempﬁwﬁﬁﬂﬂgmgﬂﬂ3ﬁ%VHﬁéﬂﬁﬁ$@?ﬁ@ﬁﬁ?@ﬂ“@ﬁ?ﬁmPﬂﬁ‘?@?%g%ﬁage, as deened
necessary. for _achieving a Langet ower distri utigg uéﬁﬁﬁg]ig@gdance, for
exanpl e. metgerboard@P3. shespeka 0 ¥ Pighin 3¢d PETFIEIT 19%6% PPCYRERKEge PH02) in FIG

3, 1s coupled to S et 306 _which i n . 3. If the
pi ns 307G @ab"ég%“g’él’%m “%Et%%neﬁ?s%gér@?%h% éﬁgvﬁte ![3 ?@@%ﬁgﬁ?ﬁ%&% n hol es
in the PCB.or h , | f&ia adrsy (B6Rd for nmating

(i nt ept a%ﬁ&“”¥ﬁ°e@%ﬁ°‘§{°:%§‘%%?§‘g‘é 5?'?1%9%&%‘5’%%5’5%3\6&% Gkl WA Ol arg 303)
nmay not Q@m&ﬁ&?&sﬁf Yrid RS PAA conhdetida GlRGH ndQidhiteQktketh. [The RdtReHoArE orHABY
directly physical ly connected to board 303 using sol der connections, for
exanmpl e, yafhd in §Ednigutar systn, AtB6XM not Giminaeieteioo Te macesiir mayGiiode ¢itreamupPGA)
connections, although not limted thereto. The notherboard or PCB nay be
in a compsila@e clipy/@treedon @d4) ieugh not limted thereto. The processor may al so
be of the control collapse chip connection (C4) type. Through .

i ncor por at i ng Temizh éhderporasiap erebeddert cgpacitprsip aneslegeonie Bkage HIR PYANETE Ss t hat
illustrated in 10 FIG 3, althqugh not.linLIep theret o .. oop ifductance
noi selor e -3 HEgjoueh Baviimird estoe FFe PERITELPE LRGBS Vi A
connectigons .can be niti ed.subs . t, : L Rg -t all

i npr ovendlfiudiog, iz ?‘I’W&sr%ﬁw m%%sru%%mégtn?P]E%tiyilégﬁﬁgggﬁ%%ﬂ%g%%n.ﬁlO?iat hi s

connecti o, t DRARARs LOhSBE B0 IR eeesiRts icoff éspehilyktleci®s power
decoupl e@w%gﬁbﬁﬁgﬁggfg’ pgsi tisoned, in the core of the package, underneath

the 1C dig &«Qﬁdc&dﬂcgcrs lvhde @hey 4D pdsinbrR@ iBtheebreQif the phickage| hidyrnpackdQesandsly al so be
connect ed Fo-a PCB or notherboard through an interposer, which acts as a
di rensionat. i nterface between the | C package connectors and connectors on
the board. If the electronic package assenbly i s using an interposer,
whi chisray be duwresited el (Gkspackazes mebclse boreatectd 1 # PP & qeeprpaatddogha? phypass

capacitors for effectin ower decouplin transi ent siqgnals
P interposer, which acts as agdin?ensional interface bgtween%le ?(t, package connectors amltl g)rmectors of the

board. If the electronic package assembly is using an interposer, which may be considered as an
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 capaéitors 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 electrodes (balls)

406, 409 and pins 408 are illustrated, the electronic package assembly, containing embedded capacitors
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be enbedded therein, for exanple, in a core dielectric |ayer ther60f3DEE2W£
either in place of being enbedded in 20 the | C package itself or the

di strihutic f the bypass capacitors nmay include enbeddj ' nor e
such 'égbégﬁ?%?s in the interposer:in addition to‘enbedd?§8n§§§n§§4nnre in
-the 1 C package. itself. Altérnatively, all of the enbedded capacitors may
be incorporated in the core |layer of the interposer, depending on the .

particul ar%igétgjmggréfaeec 2agh &g%ﬁﬁ@@ﬁ%ﬁéﬂgﬂ@&@ka&%muﬁL G 4 of the’

dr-awi ng*&H an-e roni'c assenbly 400 such as used for a

conput e{ntexbpaéﬁsﬂdsﬁlﬁmean RirEleR Itﬁé@%f b ralN i dAOSRtectdi SsubtOds edrith @ikdigel. ng the |1 C

package connectors 406 and connectors of the board 404 (socket 407 may or

My Not giRG.rfyeae R brated 8 401, WG Ois sidvh DL BIplipThip metited cbiws) nftdel | s) 406,

409 and pins 408 are illustrated, the el ectronic package assenbly,

cont ai Nidagruedd eclaiatniedpacd.t Bungrals408anDEQ r @Gt nbedde/cagds tRORYYS01/ 19364

according to the present invention, may al so be enployed in connection with

package scapkdddne B61C pagkagedPh 81 dnesposen A03oRever inkeb-havi ng di fferent types of

external el ectrode connectjons, such as g?rliﬁr.discqs%gd. Simlarly, the
p

i ntegrat ed cFiG% ditovagelecgaic earkiee sl ot 158 BUMS™ PP b &hi" 5)F* It

I'p)” nount ed,
hould not b trued as being |imt [eta Numm 5,and 410

et ool GRITAICHCAMIEE B PRIy Re: BHERE PR Spditen SN

package 408, hi1GeulaMAELRAEREs. #05ha 0, i doflinBd flreuf 116 0O MBIaR: £1 ect 1 oni ¢

package *TRELI VM 2REHAi ng To the 1 nvention, featuring an organic |and

grid ar ch{ﬁgn%)a RAFKA B8 Vilich 1) 05 AT REdbrAghoaparighesty poRaci 100r $he502 each

havi ng a ‘connection arrangenent such as shown in FIGS. 2A and 2B, although
not {oi Mdred dadifieabOis ubipaball fAnEE@empkyrbinass0a 505 whish shiopatedntieed i nt egr at ed
circuit which nmay be a high performance/ high frequency processor 503, The
10 OLGA ppssideas @e piddssossob popides bal thanapmmerhiead aetyes aberinRe AS&EP%FS04. 505, which
is mounted on the backside of the processor 503 provides heat managenent
(6.0, aetegmeecanolpeies ey MpURETECH TRTRIRY IO PYERHIGIEE B4 hoy ar e

basically directed to recentl | oped hi gh perfor .gh frequency
processdW§“§ﬁ%F§?FﬁQ“ﬁ?m*ﬁﬁgﬂ%ﬁﬁ&ﬁédﬁﬁgﬁﬂ§“%Wﬂ@?ﬂca%%%?% c@%geds and beyond

and are, especially _adyvan oys QS ES R hSioptS Bele bidn SBIMEr s, etc. OLGA
packagi f§"%F Rl esosrs'ﬁgl@"é %%lgh&?e%e%nt K %% devg%jopegi and are known to

those skj ' e &8GhRkagheshnd¥zler N@initvay, yhe pidige phglkage
subsfsr ardgjlellog%lwnggﬁgggg’%sp chi %L:p?gﬁgri d Ear ray (FCPGA) or, for that
matter, i hey veltReSipdhn goia bday FAPG ARSI, By hat (BGEA)otherTypegif hallgrid drras B&Y ( PGA)
package types may be enployed, although not linmted thereto.

or pin grid array (PGA) package types may be employed, although not limited thereto.

The IC packages and interposer described in connection with FIGS, 3 and 4 may be
connected to 2 PCB or motherboard which forms part of a computer system such as, for example, a
20  general purpose computer system, although not limited thereto.

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
emhodiments 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 1C 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 electrically connects the processor 603 to the bus 602 so as 10 communicate

power supply signals and non-power supply signals (e.g., data signals, control signals, address signals,
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The | C packages and interposer described in connection with FIGS. 3 ?E’EL‘/"ZUU&
" may be connected to a PCB or notherboard which fornms part of a conputér

- system such-as, for exanple, a 20 general purpose conputer system _
al t hougWOrf3#0342Imi ted thereto. FIG 6 illustrates a generBCT/PEBeIp9d@ conputer
system 600 that includes, according to the invention, one or nore enbedded
capacitors, as deened necessary 'in accordance with the vari-ous enbodi nents
- of the present invention. Conputer system 600 is housed on a PCB or '

nof her boa) W@ hepragessdr 603 apdiamsuitar divisg spuplshie P5$82-602, a processor (e.g.,

m croprocessor chip) 603, an | C package 604 that nmay or 25 may. not contain
an i nt er poself shaidplsebe grderstood. b@m@#f&@ﬁﬁ?@ﬂﬁ“&*ﬂ% ca@%"ﬁér’ﬁf‘l}tﬁy'éﬁ?ftém%md a nmenory

606. Th yack d/ or_int, . i h
003 to Bk ongUe- ey (R RIGERE FHEE roE Bl SEPRERRETE NOOCTEND

supply signal s ad, ' 15408984 Srou e fus&lagal s, 15 3
DEC 20042 cﬁjﬁyégfglmgﬁﬁ?ﬁ%ﬁ?%%ﬁp%@;s?émbgt ween thggq%r oceusssoar 603 and
circyit  qr ‘lﬁfgd' RES e B i58hal She BHSpRRR- of debarfd 1Al cBmPhR ab@at RS m00d, a
corrpﬂt e?hQ[ N C l]ha&éman grrjbedded tkzppaci tor assenbly, according to the
i nvent i e, 61 R1s8) @4 sRAGCRES Ahd oyerl siphly igel] deferdion auky tielpbsitoted atherdhanon 84 B 6. For
exanpl e, the processor 603 nay be coupled to the nenory 606 and to the
power suqapl oy methgbrald 6gener at or t hrough separate buses and 5 that the
conputer system may include one or a plurality of separate such conponents
as that ill uStemeeseatinyeption \|paticuiprly difeetedl to Haand posiepBrinpAcsRegdesignid power suppl y
si gnal generator may be positioned ot herd t{uygn on .tlohe cFﬁC Opgarudlggr
not her b &MPBLEGOVID eoppeaded Fapacitort WhichaEePBRTISs RP PRAGAT S "l €ct8d™t o via and
power stri l.acenent ~design.in . connect | plﬁggaggg&qu\g@g?@gfg,ors whi ch
are IPnCHF’Bg’?tE?’ﬁd‘g s B9 BRI 551“;51%{:8?@?%0 ﬁ%ﬁéﬁﬂé@@ or decoupl i ng - 10 transi ent
hoi se si a Fem'n@% L il P3G bedEG, Warb P Prode ks BipiSied Bitbinedtibi ith woul d
ot herw sﬂ%egr}gg\%’egre{;l% y a eé%lﬁt éee PDS)!target Pon%e(;aﬁge for the package
assenbl y ... Pakidhy bRk ORRRPABiIRETR R ¥ebeor (OEM Gibiieeiy trdeugr Mt shdvdt alsact ual
embeddi ng process are readily available to the vendor (OEM fabricating the
desi gn. ph fndsrteudludt exivedaed dpcitndemstneeshriatitdnibe Goetentiampbeilieon hisar e not
necessarily limted to the type nentioned earlier in this apglication.
Ot her t wpeisatiod Quizpgypds bbrasacievsencnopes hatateareseayyer pilbs svelpRed ot 288H12PIe he devel oped
are applicable 15 herein since the inventjon is (ﬁiarticular hé}ﬁg}ierect ed to
the Wi nibeieipisineg tesfinvprienie paraianiiliveded 5 PedP 2P YT “BEIRE "eRbEddi ng of the
&afﬁﬁbgﬂi&l and the connect | oD mt DGREah whror RO/ AAWs PhiiiARe witige! y 11 ne

as well as to other wiring connections. It should also be understood that the embedded capacitors are not

pecessarily 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 subst. 5
20  usiog 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 2 single
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as well as to other wiring connections:. It should al so be understood fﬁﬁfmm
the enbedded capacitors are . not. necessarily limted to capacitors whic

are Coupl@eh/gua2pypass capacitors for decoupling ndise si q:r@l/ﬁsdlﬁ'%@uppl y

| i nes but may be other capacitors al so having el ectrode connections running
t hrough subsu. :s 20 using via placements. This concludes the description of
- the exanpl e enbodi ments. Although the present invention has been described
W th repRkROMBstae aml apRENS of Pfkabel shikdGids Bby beanoCiiAREH b FER bSmdulkeO4nd tiet shoul d
be understood that nunerous other nodifications and enbodi mrents can be
devi sedlilky Aldoosetysek cHatagaistion arid ldeiga pf IC tieatchipg indy affeck the lowitibrhdf pladelent sfpi ri t and
scope of the principles of this invention. Mre particularly, reasonable
vari at i suBusEAEPORGSARdPYPIstarAitrss theselsctiopefdheishraciforand he conponent parts and/ or
arrangenents of the subject conbination arrangenent within the scope of
the for SGTIHMEAT ieniegentan. Rupherdvaney phwaterily ©RRIISH) Bg duldmelpaanitiony t hout
departin fron1t§$ spirit of the invention. For exanple, plural IC dies my
be mdun ei‘&‘%ﬁ‘%’ ‘ﬁ‘@ﬂpe 16 3 DEC 2004 WO 02/ 03421 PCT/ US01/ 19364 package
substrate and a plurality of package substrates may be nounted on a PCB or
not her board and the Ilike. Also, the type, characteristics and design of IC
dies (chips) may affect the |ocation of placenent of various conponents
and bypass capacitors, the selection of the capacitor and other aspects of

i npl enentation. Further, a variety of materials, conponent types and

i npl enentation 5 techniques nmay be used. 17 3 DEC 2004 What is clainmed is:
1. A capacitor assenbly in a 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 |ayer having
plural sets of first and second vias dispersed over said plural pairs of

el ectrodes and connected to the plural pairs of electrodes, respectively;
a netal |ayer on said core |ayer, over each of said at |east one capacitor,
and conprised of a first portion 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
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both the first electrode of a distinct pair of electrodes and the Sec’f’ﬁ'ﬁ'ﬁ 004
el ectrode of an adjacent pair of electrodes and effects a nutual

el ectrical connection between themthrough the first and second vias
associated therewith, respectively; and a connection |ayer, on said netal

| ayer, hawvhang didimedlisvi as to provide electrical connections including
between the first and second el ectrodes, through said netal |ayer, and

Wi rings or power termnals associated with said package, respectively. 2.
The capagitor RseaRk YsskhblR iPRAFRAR, AnfpRtidhng to claim 1, wherein said at

| east one capacitor conprises one or re-ceram c capacitors operatively
coupl ed as by phlsast ongesphdiler embeddedsipecievaleyof the pafkageomplaenbeaddedassenbly in a

package i i .0 ,Sal t |least on tal strip

nel ades CaFeefet Hafink flubh Pt rst AR el Sha3feliodh, anf B30 o8 BaeTBiBe i &
package agsof filistagdtsecond viasnlidpersath evepisaid pral piacif agarddss am cohmiediahed
circuit nore integrated circuits are nounted
t her eon, The capacitor assenbly in a package
accordi ng to almstahldyer orhwaidaiore 1ayir,chvpreakiagRaidianzhyt d8Scapidonfand printed
circuit board é,PFB} a notherhoard, an organic land grid array (OLGA), a
flip chi FPPHEGPT Y 'QFPWT?@P’S% At o mef Sriped @ segond perionapaci t or
assenbl y elebiricalFasHReE ran 6418 g 188t iR stripdbdth 2f saBN QLI bnd neBRAGRp 6GL-HLH C
capacitor, the first ;I ectrodes and the second el ectrodes tﬁer eof are

| ocat ed apthiestystalectads of agigtiatipaty o ¢lawdesang thegeeond eleetrasts obfn adiserter ani ¢

capaci to 'bzgiiﬂﬂelécﬂbﬂésaaﬁ efpsck A thitahlleYec ki BhlBticH ttwdeR %hﬁtﬁrcﬂ@ﬂ e 'Rk Pet ween

them 18 DEC 2004 7. The capacitor assenbly in a package according to

cl ai m 6, hwrAndyizsqeseciaied derevidasarertvly; pad a mul til ayered chip capacitor
havi ng four pgichsedfion lhyer,Sh sﬁﬂ%e}?ﬂ@%\%ﬁ}gl&ﬂ@ﬁﬂig@gﬁo p?déa%e efRhn said at

| east one netal strip consists o strips. e capacitor

assenbl y cpmregtiopaimcbidwe deisenithn fret andoteenncheBetrades tpvehsaiddnesl lvenstd one
metal St Gjighgk BFﬁW%erﬁinQis%s?kih&Xgﬂﬁ \?\ﬂgﬁxé"ékagﬁ {eg;%ﬁttiﬁ:?y The capacitor assenbly

in a package according to claim el n” sal iIrd vias in

ack n,which one or
bl PR s PR e

2. The capacitor assembly in a package according to claim 1, wherein said at least one
capacitor comprises one or more ceramic capacitors operatively coupled as bypass capacitors

>

respectively.

3. The capacitor assembly in a package according to claim 1, wherein said at least one

metal strip includes a plurality of metal strips.

4. The capacitor assembly in a package according to claim 1, wherein said package is an

integrated circuit (IC) package on which one or more integrated circuits are mounted thereon,

in a computer system.

5. The capacitor assembly in a package according to claim 1, wherein said package
includes one of a printed circuit board (PCB), a motherboard, an organic land grid array

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

6. The capacitor assembly in a package according to claim 2, wherein at each ceramic
capacitor, the first electrodes and the second electrodes thereof are located at respectively
opposing sides of a core section of the ceramic capacitor and form a substantially uniform
distribution pattern between them.
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sai d connection |ayer are conprised of plural sets of third vias di spﬂlata%
wWth respect to a plan view |layout, over the center of the core sect !
said ceram c capacitor, each set of third vias being |ocated such that a
nmut ual contact is made by the third vias in that set to either said second
portion ot to Eherepaitorsdsseinibly ih@.paddage scapdigt®tlaiasgenbl y in a package
according to claim9, . wherein said plu ?l sgtgj of third vias are arrayed
such that adj a‘@@ﬁ?‘?ff‘}’cgdﬁr@@écs‘ia%“gre‘tsg "%EFtl Bierd caiPaRARRYhaw s fore PHRGT t he

i ndi vi dudirstafié second élb@roded, ald stri ps and contacting said second portion to
provide interlayer, electrical connections therethrough, respectively, from
first el ectrod®ergn saidigf leashnemstp! plaip cansistspd tee@eatst@isect r odes of

even- nunbered pairs to ones of wirings or power termnals in said package
applied with a power supply voltage and fromfirst electrodes of

even- nunifer ed Thssapasiteragsesdboind patkess acoetding &f clad, mheromrssidpalerst obo ot her
ones of wirl : ! i i package applied with a reference

vol tage.\q’figfj.’l@% elg‘g%%g%ﬁug@tg%fs%t %%lsn a package according to claim 3,
wherein said connection layer is an interlevel wiring connection | ayer of

a multil gyere i.L] S te included.in the package.. 12. The capacitor
assenbl yag%/n a &\ggéﬂéggmfg%%trbgﬁ Hg p?cg(a%el T d'gfétW%lP]eq?H’%grg’i%cfalﬂljfﬁFda‘f'?stlﬂ} of
met al st rseidsomneetidndayre acemmprded ofpipial @t ofitiild \issalispbrsad, With séspaodteent i al and a

second poj i

: tivel d_sai d d portion is t i ed
it t nb e e FEPRE G of s R 2 BbRa SR aREY peion siebeiholc b 1 o

assenbl y thind dapisiigdomtedGac Hatngnutm] cdnddctis advbethe itirdsadsdn Matdetto pairs of
first and.q?ecagd el @Ct r.odes ar egazr rayed such that the first el ectrodes are

subst ant 4Py SHCPOPTHO" ¢ '€ ASKEEH Bt one side of the enbedded capacit or
and the second el ectrodes are |ikew se dispersed at a second, opposing

si de of t@e calﬁlgci tor, and il9, 3 DEC 2004 wherein said plurality of netal
strips ar'd nar PEFPRAGUYSSRRIAD 2 spckpgsacenrdips fosdiimPy whereinisaid pielisets et i p i s
subst ant itkitd Viaghir@@edel byth enek eystestySRcdelie seRRRShAbaNES LhgkERfmact as via
| andi ngsgéﬂiah overlie the first electrode of a distinct pair of electrodes

and the el O’éqsé’éf]}ed’.lféa] SriPandLapiagivssid seqrbrBITg PRRYIde iBpTlaveect r odes
and whi cRieerbahndchiShsithdrdhroddltresRe Oy, AT RR06dAbEML NI hrat said
via | andi ngs, respectively. )

and second electrodes of even-numbered pairs to ones of wirings or power terminals in said

package applied with a power supply voltage and from first electrodes of even-numbered

pairs and second electrodes of odd-numbers pairs to other ones of wirings or terminals in said

package applied with a reference voltage.

11. The capacitor assembly in a package according to claim 3, wherein said connection
layer is an interlevel wiring connection layer of a multilayered wiring substrate included in

the package.

12, The capacitor assembly in a package according to claim 3, wherein said plurality of
metal strips are to be commonly applied with one of a first potential and a second potential,

respectively, and said second portion is to be applied with the other one of the first and second

potentials.

13. The capacitor assembly in a package according to claim 3, wherein said plural pairs
of first and second electrodes are arrayed such that 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, and
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14. The capacitor assenbly in a package according to claim 12, wherei En%gi@"
first potential is a power source potential and said second potential "
reference potential. 15. The capacitor assenbly in a package according to
claim4, wherein said | C package is a package on which at |east a
processor di e wherempsard purabtyefl eetal st ardrerovaghaidtnuetal atsipe dispeysedd much package
accordin |_ai i.n_t t.Ni vias., 1n sald connection | ayer,
e conp atSesffipTt iBsuaR) Sladorfif el el st fopbha G e ERAREENET 1572

pl an vi ewandmgowhich centi¢ &k lfigst eleetrodt hfa éintredpiich fekpacdet aid thetasegh t he first
and secon e] ectrodes of the .success|ive arrangenent of said plural pairs
of t i1 ot Slclet B Gra PR PG s r BRI P e b bR B et s
of thi rd vids asodlhited thereawthdt SiCHa lahdihgsats@eewdly.y di sposed ones alternate

bet ween contacting the individual ones of the netal strips and contacting
said second portion to provide interlayer electrical connections

t her et hr qugh, ThesiRckdrukexblyiif @ PAckhdeSkcor@heidAMES, Vherdf drintber ed pairs
and second el ectrodes of evéen-nunbered pairs to ones of wrings or power

t er mi nal $oteptiad i aPowaE R patsplial aed spid sgcend potential é & rgfpeensuppenpiabnd from fir st
el ectrodes of even-nunbered pairs and second el ectrodes of odd-nunbered
pairs to other ones of wirings or other termnals in said package applied
with a rdfer erddecysritaygesembly in Thackesspaedirdiog togbasmfbiherein said fapackegs isccor di ng

to clai M LG ST Ghith BAGH: Sbedlor bl AowrfdAferkdte! udes an array of cl osely

cl ustered VI as, ray being directioned along the diagonal
extensi on of each netal strip. 18. An el ectronic package assenbly

COmpri o118, 2, TAEEhBEUBSHERYE pAKRAUAISNON Pl SALDL Bl AL BT © and &
| east one integra ed ciTcurt "onPSai package, sai d package conprtsing: a
cor e | ayeasid hennestgpnadyet, egsompriged ofi placil sar ofelnirbdabedispeived, svith respac v sai d

capaci tor, havi ngoalgl ur.al %ai rs of %‘ici?rst and secongs 1Ls?§1$c£st%ge successi vely

arr anged,p]‘?‘(?lr‘f1 Wslg é;SWea“VaVerrthe eﬁnelf\? Scﬁaﬁ'tl%{lbe%vgf% d second vi as

di sper sedlecwaies titke pictussive gaanpanandl saidphesltpads 6ffirktuad s@bhd elkctipdés; S Of

el ectrodes, re ecéi vely; a netal layer on said core |ayer over each of
said at Ireesg%cltw%gea“ apacitor and conprised 20 3 DEC 2004 of a first portion
i ncludi ng at asin @idepluretsals of thindpias @ abeyedppdh st adjatdntl9dRp&kd andsi r st

ngfgt Lgla{;t?rgﬂg E%Wge%;ggﬁggﬁéﬁﬁeghé%hgﬁl giqgs 0 th%%ce?a? gtriBg zgntdI cggthctﬁllg%‘%td rsécgr? 'y
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 applied with a d.c. voltage supply 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 applied with a reference voltage.

17. The capacitor assembly in a package according to claim 16, wherein each set of third
vias includes an array of closely clustered third vias, the array being directioned along the

diagonal extension 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 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
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strip, respectively, to be applied wwth the other one of the first agohEtCmm
second potentials, said at |east one netal strip being dispersed such that
each netal strip overlies both the first electrode of a distinct pair of
el ectrodes and the second el ectrode of a succeeding pair of electrodes and
ef fect s afmfirstpbrtioh étudingelt lean pnembtiarig) & beesppliddnaih drierod b kst pdrentdal r st and
second vi as assogci ated therew th, respectiyely; d at. least one wiring
ayer on s ot brertitl MU LR ARG, Sl peef BOpRugtEe oH B ay 1

el ect ri cairipCreRmesidy) ishd dpplidddlitlhOeh¥yaRB of e fifst sl seednd poRARIN] s8d &ct r odes,
through said netal-layer, and W ri nqgs or Bﬁgwer term nals associated with

sai d paclksgions gstahiirip beingdisngrssd eychehat gach enciph stiip grerhigshethhs finstelestigdag t o

cl ai m 18 o yherift Baiﬁé’ﬂé?ec%dés%ﬁ@ﬁae 6nd Q&G &f‘%u@&@&?ﬁé paoof@[EEtrSHes AN € bypass
capacitors each coupled to naintain a stable, substantially noise-free

pre-set eofestsa mpgahelgotrisgbcoansstion batwepnwhannthewihithe dicit arbseaeslondsl y.  20. The
el ect ronia&oagtﬁgﬂﬁﬁwqtﬁ%éﬂ%ﬁfve@gﬁﬂ ding to claim 18, wherein said at | east
r

one capacitor conprises one nore ceram c capacitors operatively coupl ed
as bypass capatieasdpse wiring sgyercin said|metal 2aver afd dawhgbird oias & pacéage assenbly

accordin | Qi rei.n.sai t | one netal strip,includes a
pl urali t)%" t%)r% y?rreet%é: ncé?croln%%so gﬁ?lﬁﬁd%eﬁeep Elgesf%r tiap'gse\(/:?%ﬂgel?c?{oggi tc}il mz'ijghl east one
Wi ring | asiémeal kyeaomprwisiegh apowtrucralinatsatssociafed withiseid package dssyidy.sed, with
respect to a plan view |l ayout, centrally over the enbedded capacitor. 22.
The el ectroni c package assenbly according to claim 18, wherein said package
i ncl udes 18N | Thegkatdit Rickapt hiseriblChcdontingRg elain? 38, whdiedakicd: teastione package
assenbly according.to claim 18, wherejn said ckage. i.ncludes one of a

ori nt e GPPEHRTCOBRHIEHOREERIOTE BYpasseapaciiers Path GOt o MRInA™ ¢ BROR) & f 11 p chip
pi n gri dsaystagiallyroRetiee pRAG: GpRrating AilRGSREocialA. withRidglaciele aRbmblpackage
assenbly according to claim 18, wherein said plural pairs of first and
second el ectrodes of each enbedded capacitor are arrayed such the first

el ectrodes. ar €hs blesttchit! padkdgy addbrhB19 aEboddinhi 5 RRINS €8] whkrefRidsd: i@st@he t he
enbedded capacitor _and the second el ectrodes are |ikew se dispersed at a

second, GH3HEGTSHTPIISES SnEGEMOFpEFAamic capacitors operatively coupled as bypass capacitors,
respectively.

21. The electronic package assembly according to claim 18,

wherein said at least one metal strip includes a plurality of metal strips, and

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.

22. The electronic package assembly according to claim 18, wherein said package

includes an integrated circuit (IC) package.

23. 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.

24, The electronic package assembly according to claim 18,
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
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side of the capacitor, wherein said at |east one netal strip includes g
plurality of netal strips, and wherein said plurality of strips ar e hBkl B
shaped netal strips dispersed such that each strip is substantially

di agonal | y extended so that opposing ends thereof act as via | andings

whi ch overdeiofthebgpatitsrst el ectrode of a distinct pair of electrodes and the

second el ectrqde.of .an_ adj acent .succeedi air. of electrodes thereto
and which eff feé'b?ﬂ‘g%ﬂe"’ééoc“ﬁmefalé"? e esaarﬂ‘?@@wﬁa’evl PR e ci at ed

therew th at saiebiniadd plaiyH@Strips £8 RAEIv shapel metl stribb Bispdr@@lsh@nhs package
assenbly according to claim19, wherein said gne or nore bypass capacitors

are nul t RSByl sistaptiallysiagppally xtended se that Qrprsing orgs thersef et atYiz oni ¢ package

assenbl y 13@e5 AhRH ot QliCIneinmd eletrddB 6f £UiRin A dHetbtRbdes SiBthOfecofdi rd vias are
arrayed such that adjacently di sposed ones alternate between contacting the

i ndi vi dugleciseriesf an adjprentipsugeeeding paisofpingtredsa therato ang WasheEetcwndctpotht i on to
provi de gt Ekd AY Scon®liBELkd SRl (RRARELL: ] -t respectively, from
first el éctro es (ﬁmodlg- nsur?f)agéretg f}g]?{r:% 882213 i%@i“%%gésg@%%l?/bdes of

even- nunbered pairs to ones of wirings or power termnals in said package
assenbl y,-and [ I ey 1 . Dal n econd

el ect rodgg' of ﬁ%ggg%ﬁﬁearc E}J&g%%:é@@?? %C%E)dt"%etrgQ%ﬂﬂggg{h%%”{r)%h%@ca %SF er power

t er m nal ypass sapadtopeark g ktilayersd elmp kapacifirs, 1Fpetivdlect r oni ¢ package assenbly
according to claim 26, wherein said at |least one wring layer is conprised
of a multilayered wiring | am nate, the innernost |ayer thereof being an

i nterl ev@b. di dheelkctranid pagkage assehblg iacrgrdidg th esh 2 §avt@reihdaidbplwiabststod pr ovi de
interl ayeafr. connections., 28 ctrqgnic ackage assenbl ﬁg&égcordi ng to

The el
cl ai m 27 AP HIE Féclsu\?\nh |a*nagdé’f‘-°8’%tg’ %%’ﬁﬁec PENTRACSRFE COHSPTSBE of at
| east onéndiiduad ores of the infegd steipdand @v@actBg BAd Yecphdyieton te phetidaesteddyesai d
mul tilayer wiring |lamnate. 29. The.el ectraoni c, packa ssenbl y according
Fo. ol o mssieghsiher s Hehep i ety AP0 RRGlart wBneRasbeBiy | ol and
sai d secandlsepoidaiidctradesiof eenin@inbéredipfirs pbeB bf Riring36k powbetehifglé ngaidc package
assenbly according,to claim?22 erejn sai ckage is a, package. on which
e Teast PiRzetn. S bo B Blsrits chrarBonbe Pora@dsrued ¢ Bt kage
assenbl y cad-a@hisbréipaird toCdther Bhedbf Wik 6f dthdripewbmbmtnald @Said ipiickage?

assembly.

27. The electronic package assembly according to claim 26, 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.

28. The electronic package assembly according to claim 27, wherein said wirings-or
power terminals are comprised of at least one of wire tracings and power supply planes

embedded in said multilayer wiring laminate.

29. The electronic package assembly according to claim 27, wherein said first potential is

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

30. The electronic package assembly according to claim 22, wherein said package is a

package on which at least a processor die is mounted thereon.

31 The electronic package assembly according to claim 24, wherein the third vias, in
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3 DEC 2004 said wiring |ayer, are conprised of plural sets of third \ﬁi[?ﬁIZO{]L
di spersed, with respect to a plan view |layout, centrally over the
capacitor between the first and second el ectrodes of the successive
arrangenment of said plural pairs of first and second el ectrodes,

respect i seidyyiriagblyerhat ebmprisad of pirdr @ts of eird virs dishérked, witRfespdcroarplayed such

t hat adj acenh‘lg%/ di S{r)aﬁfed oHes al ternate between contacting the individual
ones of tA&" HET CeRyF YRy e IRGCAPBHICL BE P RE theiigt wdserond clsgiradeod e provi de

i nt er | ay guccelsdtabiafgimeBOSTREA iplud) paik I ETREAR QLIS AREBRS! edpRbtelyl ffam fi r st
el ectrodes of oddﬂnunbere? pai s and second_ el ectrodes of even-nunbered

pairs to ones “grereifsaid Ayl sts of shied viassareirmypd such thepadipcertbidispesedssesnbl y, and

from fir ste@hbbivRelesonetif B ind HTRES R RAd ﬁ&al%ﬂfbs%ﬁ@%ﬂacﬂ Gla'sodgs of
odd- nunbered pairs to like other ones of wrings or other power termnals

in said PaEieadereEisle inerlayerzfectricplecopnastiensarirgthionglk sageectivedw fivim/firac cor di ng t o

clai m 31, 00064e8 iopocﬁiaﬁlﬂab%Pe.dlpgiFéatnd%%P% g@gg&&%& RevGORIHeRGSa PG oRLs JFOr €

ceram c capaclitors operatively coup ypass capacl tors, respectively.
33. The cupagsior ppwerderainls/iniszid pagkagekeaspebhic et fhm Grst eleattcdesnfaten- wher ei n each
set of thi ' ' rray, of clasel L ust.ered ural vias, the
array beHhélggfqgﬁﬁiagﬁg%ggf%ﬁcgﬁg %eOfD f%‘gl;"cl)lﬁeéﬁ% pé‘%%lgﬁgﬁe(g ea?negﬁtwrwgm strip.
34. The etlecprvomitaompatkaged pasagrksyemalcording 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

r ef er encé2pot dikielktro@Spackage askdatilyaa@ading nrclam SeWlheyeinbdidatogisi dhezed Vi a

pl acenent de§i qn to reduce inductive noise in an li@g‘ge rated circuit
package, “REHYISIRYSeS 8P PIIBYP CHHBICCARISEI™S Breruiys awted 43 Pt Fati%ifer of t he
package, respediivelybedded capacitor having plural pairs of first and second
el ectrodes, and said core |ayer having plural sets of first and second

vi as di spersed over said plural pairs of electrodes and connected to the

plural padrs dfheehcidraskmblyifspakhiebotdingto@iiRl3 1) ANSEin ethS& o pfar e | ayer,
over each, of c? id at |least one capacitor, and conprised of a first portion

i ncl udi ngAHEESEN B oheiPsaly destares! plurabivias, e eamubging divesiipned alpegthe i cal | y
i sol at ed didgesm sabmiclofefAThetNBRipSt ri p, each of said at |east one netal
strip overlies both the first elpectrode of a distinct pair of electrodes

and the second el ectrode of an adjacent
34. 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.

35, Embedded capacitor assembly with optimized via placement design to reduce
inductive noise in an integrated circuit package, comprising:

at least one capacitor embedded in a core layer of the package, each embedded
capacitor having plural pairs of first and second electrodes, and said core layer having plural
sets of first and second vias dispersed over said plural pairs of electrodes 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 ieast one metal strip, and a second portion,
electrically isolated from said at least one 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
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pair of electrodes and effects a nmutual electrical connection betwee DtEEﬁEﬂﬂ
through the first and second vias associated therewith, respectivel 3;

23 3 DEC 2004 a connection |layer, on said netal layer, having third vias to
provi de el ectrical connections including between the first and second

el ectrodes, t hcoughtiadayer,matsail neta) dayer, bavihg third viagte porvide@leetrictler mi nal s

associ at | i d. e, kespectively. 36. .The enbed capagi tor
assenbl yggné'\gz(‘)tﬁogf ﬁlglutg 51%%%5\5%%1" %‘f‘)ﬁ rs\?\ﬁnerseefoﬁ] seiallalctdrO ﬂ?? ’tﬁ'rg‘él@tsggﬁjéqugﬁyﬂ’ 5" ncl udes a
pl ural i t wirigs st povs tdrminaBaedaciafed 94th daid padkeges tesgeogvedapaci tor. 37. The
enbedded capacitor assenbly according to claim36, wherein the third vias,
in said wiring |ayer, are conprised of plural sets of third vias

di sperseds. W (The Efbddded cdplci@r séiibly ¥dcBillidgaly OMim 35 hkfeml sadd 0Wadt ohdre enbedded
capacitor,. and whergein sa}j d. plural sets of third vias are arrayed such t hat
adj acent FYPFylss 2 plugBcor s ips &1 sahert saif fldeatt e5iFERCHP g t he i ndi vi dual ones
of the netal strips and contacting said second portion to provide
interlayer electrical connections therethrough, respectively, fromfirst

el ectrodéé of THeembridetragerighassanbingrcerdingrielcleineis, persin the this aias.ivinber ed

pairs to i of I ok d ; i S A i q,; from
T ot ol S e O D e e by ac T PRy

odd- nunbeieadaysal eeptrally ovanhe eabeddedtapapitarigd or other terminals in said
package. 38. Uﬁ@rem%qﬂtﬁgl ERRBArH as Q}%%grg%quaﬁﬁﬂra _fa pg;g}s@s@ﬁ Bles?, Wherein

said plurality of strips are narrow sha metal sStTi persed such that
each st r ialternate batyeanaontactingyhedndividved lohes of ’ie arethé sirippandivantasipp sxd segoishds

t her eof . j ' ' ' [ c of a

i st  mt Poiof b hERR IR NN E iy BUERS bre gt BT bR i 2 ent 1
succeedi mlgctpalies ofgfddemberedpas anhecatdelairddesiof efenabihbatd pontacieswi t h t he

first ang. i_as ocl.at ed, t herew t t,said via |andin .
respecti \(E/Le1 l&% %gﬁ%‘yﬂ\?ﬁ%ﬁ%lﬁﬁn Leaé%%ac%aéf ’ %gﬂoﬁq}% e\l/‘:"lmgcs’éjeiS Ac vﬁ’d’é]gmléeﬁgd;‘?ar"éy of
cl osel y ehdisterdetccpbdes af odd-mmbetelh pairsato ptgr dnes oiywvitingewotlenedniakloing t he

di agonal _extension of each netal strip. 39. Method to reduce embedded
. Sal AcKage. . . . . . . . . .
capaci tor P AU i nductive noise in a package, conprising: providing a
core layer of the package with at | east one capacitor enbedded therein,

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 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 landings, respectively, and

wherein each set of third vias includes an array of closely clustered plural vias, the

array being directioned along the diagonal extension of each metal strip.

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 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;
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each enbedded capacitor having plural pairs of first and second el ect rm%m
the plural first and second el ectrodes being substantially uni form;

di spersed on opposing sides of the enbedded capacitor; formng plural sets
of first and second vias in said core |ayer, said vias being dispersed
over said pl urpadvigiag » meti lapdreotsaid ders layeespeetch vmbgdﬂed)éapaamh sﬁﬂh&d@led

capaci t Oﬁ%&?%v%&%s&%ﬁ%n%cq lgngeapﬂ}lrah metaL Psn bo a’{;egitm o over

each enbe acitor ayer |nclud|ng

a plural |pbwerosfuppﬂpwalltagsiand lpﬁaxeﬂcegrbencapnﬂ i &donﬂ foRiomNéleddrfically 1slalavwrfro§ﬂpp| y
vol t age an‘g ref e .ence and a ecg] orti | ectrical Ify i sol at ed

from and"SteSH %ﬁaéd glgﬁaﬁ S SFRP repecielys tp BgPPI‘F‘ég’BE@FiWWe? e appl i ed

with the pOtvElEthﬂyleolﬁgehﬁdarefeﬁmdegroﬁw?ﬂiehéiﬂ'sﬁr@gﬁelﬁgﬁbsftﬁfn&f RBCHaaQpnd, the
net al strlgs bei n bgilytﬁ%}ﬁ ejned such that each one overlies both the first

el ect r od&@noPVELISi qtrogdg of s diginptynis of slegiradpeanddhessserndicleerods @€ of  an

adj acent apadjacedt pAl TCICOSIRS tHeh@d MdRomBds $0 B AGtSseldha vids a%%c:?@ﬁl second vi as
associated therew th, respectively; and providing an interlevel connection

| ayer, ofhesayith, Frapeslive Mgyad | with plural sets of third vias therein
subst anti al | y pehv3di8g Sfiddieri¥iel Ebn'h@c%@ﬁ‘l:atyert 9r1 ?ax@#n@tgl e Wi fﬂ%{%f serscf el 1y over
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wherein each netal stri narrow shape and 1s diagon extended so
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41. A computer system having a 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 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, 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 a succeeding 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
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plural pairs of electrodes, respectively; a nmetal |layer on said core_l gy
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