09 DEC 20 El ectroni ¢ Assenbly Conprising Substrate w th Enbedded C& acitors
and Met hods of Manufacture Related |Invention The present inventio 0§ C 2004
related to the followi ng invention which is assigned to the sane assignee
as the present invention and which was filed on even date herewith: Seri al
No. 09/628705, Eedtranicdsséablyctomyprising’Sdstrbteywitolipbedied G apaditrpogkr wit h
Enbedded Capacitors and Met hodMeahodshifiMamofagtwerd. Technical Field of the

I nvention The present invention relates generally to el ectronics packagi ng.
More particularly, the present inﬁelgtti o, rteolnat es to an el ectronic assenbly
that includes a substrate having oRe2StIVEHMe hedded capacitors to reduce
swi t chi ng noTkeeprésantantengin s paded fonheiyllaviag inventoniwhichangstgoedmmhef saet ur i ng

nmet hods__rel ated thereto. . Background the Invention Integrated circuits
(T ooy apetebis gt B et B ) s DA GBEV B B PRt 'y “and ef ect 1 oal Ty
coupl i ng t hegarladNa. (BLRSI5AER tIGR A @lonRAGSMYly OPm @i Th@rpdBdr &¥ifhdmbe@na or
nmore such | C packages can be physically and electrically coupOed to a

pri nt edCenapigass andpbetheds cbMBpufasugard to forman "electronic assenbly". The
"el ectroni c assenbly” can be part of an "electronic system. An "electronic

system is broadly defined h i n_as. an 1prlodu t conprising an "electronic
assenbl y". Exanpl es of el ectrmm conputers (e.g., desktop,
| apt op, handTlegirekentseventon relates gineraifyne tlegsonice pankagicg t Mo partidelail g elee fresegt. |
cel l ul ar_phone cordl ess phone ers, etc.), conmputer-rel ated

ot | pharfeot EesiS it pEEnE R Bl ARG Saee i SRR ShE behis it e

devi ceScdpfi@rs to keR@LEVIWSICRIAS noikefiflla®Sah spécRNiMBErated AiRRItANd 16 PERFLIurtHgSEethddb ayer s,
vi deo cassette recorders, MP3 (Mdtion Picture Experts G oup, Augi o Layer 3)
pl ayer srelagddhgreto. and the like. In the field of electronic systems there is

an incessant conpetitive pressure anong manufacturers to drive the
performance of their equipnment up while driving down production costs. This

is particularly true regardi ng Baokerpadioddfiednvenfion Cs on substrates, where
each new gengratlQnf; KRG Wk SIS ckDEL BASRS: An@llBRg/yhi | e
general ly betl?lneg]talémratbllIlélF5 (@m?%ﬂ?cog%%g?gﬁeﬁ Sl g.&%\n IC sﬁﬁg rnatee may Y
conpr i seuglirgthiye to ofubstrasarhatead orgatialbr ¢eaaraic matcehie Qriewenpregath Ki prekiagepcan be
provi de ,met i nt erconnect lines (referr t ei n ~traces" and one
b or PHFedb B EGRSRR04 E RpthEL S ok B P a e praE edrorilc
subst r aisesmblyre Tht etéctrofic @ssEMBIPOERIYE partt oL AITPRAEINSsyaER”. AnllMdtdctromalsysyem” is

S e T e 56 oy Prodict COmpsiog o eltctsonid saerbly. Exagples of terranig Y ©f
conduct ¥ )bgﬁﬁg erein as any p t comprising an “electronic ass y p
systems include computers (e.g., desktop, laptop, hand-held, server, etc.), wireless communications
devices (e.g., cellular phones, cordless phones, pagers, etc.), computer-related peripherals (e.g., printers,
scanners, monitors, etc.), entertainment devices (e.g., televisions, radios, stereos, tape and compact disc
players, video cassette recorders, MP3 (Motion Picture Experts Group, Audio Layer 3) players, etc.),
and the like.
In the field of electronic systems there is an incessant competitive pressure among
manufacturers to drive the performance of their equipment up while driving down production costs.
This is particularly true regarding the packaging of ICs on substrates, where each new generation of
packaging must provide increased performance while generally being smaller or more compact in size.
An IC substrate may comprise a number of insulated metal layers selectively patterned to
provide metal interconnect lines (referred to herein as “traces"), and one or more electronic components
mounted on one or more surfaces of the substrate. The electronic component or components are
functionally connected to other elements of an electronic system through a hierarchy of conductive paths
that includes the substrate traces. The substrate traces typically carry signals that are transmitted

between the electronic components, such as ICs, of the system. Some ICs have a relatively large




that includes the substrate traces. The substrate traces typically carry
signals that are transmitted between the electronic conponents, sQ8WEEI0N

| Cs, of the system Sone |ICs have a relatively large | 0 9 DEC2004 WO
02111207 PCT/ USRH B3(a1 nunmber of input/output (1/0 terminals, as well as a
| arge nunber of power and ground terninals. The |arge nunber F§FUSPES Hower ,
and ground termnals requires that the substrate contain a relatively |arge
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conductive material, suclh_ _as copper. or tungsten. One of the conventional

met hods for nounting an 2GR ‘&J‘fﬁ‘g’("i'%ifféfei‘fsiaye'ééfeltﬂucallwmﬂpmd ed col | apse
chip connect" (C4). | ¢ledtigstly batianiglsacallad yrdasdatreygh-tidhe ab@et id tabdayd.
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contacts®) of an | C cammmasingiie moLIRIEthd FEhI ok fon" ©5POndi 1g

| ands on the surface 4 ubstrate using re
balls. The 3 processaizcgwgﬁ%l§qnyucftf§eerél,m6'éai’e§ﬂ 3 5PPPFE ¥ 1EHESt ness and
simplicity. As the inter i€ 0[F Eenveptipngmethods fos meyntiag aiplornaswbstiste inper at es
at higher and hi ghercagpdrntralledcdiapse abip comectagC4).Cn fapeatiiga Cltpatkaghier and
hi gher power 20 | eveths¢lestidallg bordgetRO tesRinSiis b161de Aferhl®) RAGEHBRL bl e
\IAke]veIhS- For ! he reasonfchicaltiladdP¥an I(Eleg?ﬁo%m%pﬁ:ﬁer%@@%H%St ated bel ow
ich wi econe a : il led, 1 n ar on, readi ng an
under st andi nlg the pr p@@%@é%@?i#%ﬁﬁ%ﬁtmﬁ ﬁng %Sulbgrage lésf“éﬁ#qwéglﬁtsg%éeg in the
art for a method and®SRBaTr BSisThedr Rerersdyrigly asedibecaype of its pbystress andt hat
i ni ni zes 25 probl enssiMBliféH as switchi ng noi se, associated with high clock
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2¢ levels, switching noise can increase to unacceptable levels.
For the reasons stated above, and for other reasons stated below which
will become apparent to those skilled in the art upon reading and
understanding the present specification, there is a significant need in the art
for a method and apparatus for packaging an IC on a substrate that minimizes
25 problems, such as switching noise, associated with high clock frequencies and
high power delivery.

Brief Zescripticn of the Drawings
FIG. 1 is 2 block diagram of an electronic system incorporating at least
30 one electronic assembly with embedded capacitors in accordance with one
embodiment of the invention;

FIG. 2 shows a cross-sectional representation of a multilayer substrate
with embedded capacitors in accordance with one embodiment of the
invention;

35 FIG. 3 shows a cross-sectional representation of a multilayer substrate
with embedded capacitors in accordance with another embodiment of the
invention;

FIG. 4 shows a cross-sectional representation of a multilayer substrate
with embedded discrete capacitors in accordance with an alternate

40 embodiment of the invention;
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.0 Detailed Descripti 8osRnEHdnaemiodimsnt ofe itvevént i on  In the fol | owi ng
det ai |l ed desétiption of enbodinents of the invention, reference is made to
t he acconpanyi ng dr awegsild dlsteoimnpart Efiereat t5 a7md the MMt 108 Shown
by way of illustration 1§9.%%:fowngme%h@crae§9 ﬁgmo&f%g@ s St LT D 1

I nventi ons may be practfl ced. Tt&ese are "sufficient
detail to enable thos& R ISP FFP‘P%%CC%{PFP”Y‘B% PRyees wlich feem p parebareadn,  and it
is to be understood thﬂaitm@fﬂlhérwsembmbbrWwfsllmgtlob@eufbbtemddambbdﬁdi@ts
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and it is to be understood that other embodiments may be utilized and that

logical, mechanical and electrical changes may be made without departing
from the spirit and scope of the present inventions. The following detailed

20 description is, therefore, not to be taken in a limiting sense, and the scope of
the present invention is defined only by the appenaed claims.

The present invention provides a solution to power delivery problems
that are associated with prior art packaging of integrated circuits that operate
at high clock speeds and high power levels by embedding one or more

25 decoupling capacitors in a multilayer substrate. Various embodiments are
{llustrated and described herzin. In one embodiment, the IC die is directly
mounted to the multilayer substrate, which contains embedded capacitors.
The embedded capacitors can be discrete capacitors, or they can be one or
more layers of capacitive material.

30 FIG. 1 is a block diagram of an electronic system 1 incorporating at
least one electronic assembly 4 with embedded capacitors in accordance with
one embodiment of the invention. Etectronic system 1 is merely one example
of an electronic system in which the present invention can be used. In this
example, electronic system 1 comprises a data processing system that

35 includes a system bus 2 to couple the various components of the system.
System bus 2 provides communications links among the various components
of the electronic system 1 and can be implemented as a single bus, as a
combination of busses, or in any other suitable manner.
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application, such as a main memory 12 in the form of random access memory
(RAM), one or more hard drives 14, and/or one or more drives that handle
20 removable media 16 such as floppy diskettes, compact disks (CDs), digital
video disk (DVD), and the like.
Electronic system 1 can also include a display device 8, a loudspeaker 9,
and a keyboard and/or controtler 20, which can include a mouse, trackball,
game controller, voice-recognition device, or any other device that permits a
25 system user to input information into and/or receive information from
electronic system 1. ‘
FIG. 2 shows a cross-sectional representation of a multilayer substrate
210 with embedded capacitors in accordance with one embodiment of the
invention. Substrate 210 has a plurality of lands 211-213 on one surface
30 thereof that can be coupled to leads or conductive areas 201-203,
respectively, on IC die 200 via soider balls or bumps 208. Leads 201 are
coupled to signal lines of IC die 200, tead 202 is coupled to Vce, and lead 203
is coupled to Vss. It will be understood that, although identical reference
numbers have been used for the two conductive paths carrying signal levels,
35 i.e. the paths comprising the structure identified by reference numbers 201,
208, 211, and 221-223, these signals can be different. Signal path structure
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portabl e conputers, two-way radios, and simlar electronic systens. The IC
can 15 performany other type of function. Electronic system1l can al so

I ncl ude an .external nmepory 10, which in turn _can include one or re nmenory
el enent sCaRp¢lagy waroys ﬁ%a%&ﬂawmsa ustigsd| ascqpdustive &ayer wdhig crrgHe g@ﬁﬂﬁ&? 12
in the fﬂdpsggh@%?@qﬁmo%ﬁ&?ﬁsa{%@ﬁy (RAM, one or nore hard drives 14,

and/ or one’or rives handl e 20 renovabl e nedia 16 such as fl oppy

di sket t es. - cospaticals sufGhch i Gialburigs 400 b sloida M Brangiachihe |1 ke,

El ectronic system | can also includé a display device udspeaker 9,
and a kepdriphey el die iz amtmradgearentat ishfoc hxamaplej stetrabimvws deepémly bnaokbal | |
gane controller, voice-recaognition device, or any other device that permts
a 25 sybaiegshedayon each sisdgofidig HIofat thesakselosmpleiby- recei ve i nformation from

el ectronic syst.eml,,.El G . QWS,,:a, .Gl 0S$~.secti 0 r e ti f a

mul til ayer su%‘é S%Eeez 16?1‘6 ”gﬁl'f# %@88%?3%%?’ 3’5%58?@@? '?Orrlﬁgéc@%r Q‘Igﬂ@eﬁ%#h one
embodi MeRhichfard iNGstrdtY R hONKe SPARplidftg 210 has a plurality of lands 211-213
on one surface 30 thereof that can be coupled to | eads or conductive areas
201- 203, respntratedd ] comprisés apar @nhweidded cdpdeitorbaEhch aapaditon230208prikesads
201 are caoupled to signal lines of IC die 200, lead 202 is coupled to Vcc,
and | ead? pggof wwawpgtf:sgéﬁ vad 229,twigh high peraidadtysika deyeratls batvefoubh

I d I cal . b d f e ' h
orvy eetahSligh FRGS 22 AR 3R HAVENBSE AR S, R sHRIFR B s premie
i dent i fi@glabiiorn8hH e HE Couplét@raSV ddrmindlORN3 ohildie 200diaddhdwedsr 2 shesa 23Bgnal s

can be different. Signal path structure 4 0 9 DEC 2004 can include various
si gnal camiciebdeobsll 208.uAnothtechpasitivopliteci 29w chelyeapscitirtZ30can be apied st r at e

el SRy, T B LAl TE 52D 25
S enSen )b AP S LI AR, oersripr Dol no
permittivity material such as a high permittivity ceramic ply such as titanate particles; a high
permittivity dielectric film such as a titanate film that is deposited, for example, by Sol-Gel or
metal-organic chemical vapor deposition (MOCVD) techniques; or a layer of any other type of
high permittivity material.
Substrate 210 can be provided with one or more embedded capacitors 230.
Die 200 and substrate 210 can be of any type. In one embodiment, die 200 is a
processor, and substrate 210 is a multilayer ceramic substrate.
In the embodiment shown in FIG. 2, metallized power vias 215 and 227, situated in the
central or core region of substrate 210, can connect the Vss and Vce capacitive plates 226 and
229, respectively, of capacitor 210 to the corresponding regions of the die, which can comprise
a relatively large number of Vss and Vee die bumps 203 and 202, respectively, distributed in
the core region of the die 200. This large parallel connectivity ensures very low inductance
(e.g. < 1 pico-Henry) and enhances the current carrying ability of the overall IC packaging
structure.
The invention is equally applicable to embodiments where signal traces occur other
than at the periphery of the die, and to embodiments where Vee and Vss traces are provided

anywhere on the die,



Substrate 210 can include multiple Vcc, Vss, and signal conduct ors,ngrﬁl)ﬁ ﬁ]
few of which are illustrated for the sake of sinplicity. Substrate (5 2004
conprises a pair of enbedded capacitors. Each capacitor 230 conprises a
pai r of capaciji tes 226 and 229, with high permttivit Dk) 1 ayers
228 bet ween thgb%glé%g?i tive plates 226 and 229, and between %ﬁt@éél{z&? 230.
One capacitive plate 226 of each capacitor 230 can be coupled to a Vss
term nal 203 on die 200 ondéejector 215 and sol der ball 208.
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capaci tor 210 to thefo@Eridespuialy highcaricigmes relutiveheclepe & thevhie dthordeaite conpri se  a
rel atively |arge nuniedurce eie ekfss ofuagltiVe mdghiiee duphs wHIB thand is2peratingespect i vel y,

distributed in the gafe.p Qtih‘?ﬂcngckg&@dsdi e 200. This large parallel
connectivity ensures é{eﬁrﬁ_iow?n uctance (e pi co- Henry) and enhances
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other than at the j r f i : i re Vcc and
VVss traces are pr ov?ﬁwﬂﬁm Ib{tifécmi:&ﬁmgdt%{us@aﬂéﬁ 15@1@@&%%%%%35 02/ 11207

PCT/ USO1/ 23721 It wi ﬁ%ﬁﬁ%t%gm}%g%ggﬂ% ﬂﬁt gkl‘ﬂ%ifﬁ‘t%%%ﬁgn Bs Rfarde sYSsHats: vi as 215
and 227 in FIG 2 i¥0siptonally bavirg anH€ dg:dne sksvrl) hiethel ioppobsitengarfpdettieaneof,t he pitch
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pitch. Li k%\é\n s€ conductive areas 334, 339, and 519 of substrate 320 can be coupled to
corresponding lands 331, 332. and 317 of substrate 310 via soider balls 338.
The internal structure of substrate 310 can be similar to that described
above regarding substrate 210 (FIG. 2). Thus, substrate 310 has a plurality of
lands 311-313 on one surtace thereof that can be coupled to leads or
25 conductive areas 301-303, respectively, on IC die 300 via solder balls 308.
Leads 301 are coupied to signal lines of IC die 300, lead 302 is coupled to
Vee, and lead 303 is coupled to Vss. It will be understood that, although
identical reference numbers have been used for the two conductive paths
carrying signal levels, i.c. the paths comprising the structure identified by
30 reference numbers 301, 308, 311, and 321-323, these signals can be different,
Signal path structure can include various signal conductors illustrated as
conductive layers within substrate 310, such as signal conductors 335-337.
Substrate 310 can include muitiple Vce, Vss, and signal conductors,
only a few of which are illustrated for the sake of simplicity.
35 Substrate 310 can comprise a pair of embedded capacitors 330, each
comprising a pair of capacitive plates 326 and 329, with high Dk layers 340




whil e the pitch of signal vias 223 is shown to be wi der than that of die
5 bunp pitch, it could be the sane in another enbodi nent. The geoneﬂ}% E@
the vias, including via pitch, can be varied in any suitable manner in
accordance with design paraneters known to those skilled in the art.

Various embodi ments can be inplenented using ceram c substrate technol ogy.
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of substrate 310 can be simlar to that described above regardl ng substrate

2 10 (FI&8.2). Thus, substrate 310 has a plurality of lands 311-313 on one

surface theregqf that an be coupled.to | eads or nduct i reas 301- 303,
respectively, g‘btl’? trage 302 p&‘?"é&)%‘gf’ﬁféfm?)ﬁli ‘ingr‘?f@e%d?_@%’?m igaﬁe coupled to

signal lines pfg :}(%5 Qtd]eﬁuﬁggateé %%8 c@%B?HP’a A 9 &fé(fentl nh?f’& ?%0' S

coupl ed to Vss. un erstoo erence

nunbers RavfokRst, siettatt G0 iNeniutilays? Rotdfiid Mﬂ)sﬁﬂhl'@td SuBstrate BP0 BigP@B. | evel s,
i.e. the paths conprising the structure identified by 30 reference nunbers

301, 308In @wther amomensngsttﬂffew @la@mc sebstiple- di fferent. Signal path
ayers w t by niBastPag e G, SRS eBnbtS L TE A3oiBRELT ol
S0 L) e B 8 o S LTS st 2 O
conpr i seardl 3, B2&fcanibbeitbadepap@oiidswrond 3ontimtachviap amjp327% BRY, siupei in tie
capacit] <\:/eentrgll grt ceosre ?ezg?onaonfdsu%gt?ate \?I:Vi(;[ T:al? Icgnr}leak th!a g sg gufd %ﬁg capacitive plates 326
and 329, respectively, of capacitor 310 to the corresponding regions of the die, which can
comprise a relatively large number of Vss and Vee die bumps 303 and 302, respectively,
distributed at the core regions of the die 300. This large parallel connectivity ensures very
low inductance (e.g. < 1 pico-Henry).
Various embodiments of substrates 310 and 320 can be implemented using ceramic
substrate technology. The structure, including types of materials used, dimensions, number
of layers, layout of power and signal conductors, and so forth, of substrates 310 and 320 can
be similar or different, depending upon the requirements of the electronic assembly of which
they form a part.
It will be understood that the land/bump pitch of the top of substrate 310 needs to
match the bump pitch of die 300, and that the land/bump pitch of the bottom of substrate 310
needs to match the pad pitch of substrate 320. While in the embodiment shown in FIG. 3 the
pitch of the power vias 315 and 327 is the same on the top and bottom of substrate 320, and

the pitch of the signal vias 323 is wider on the bottom of substrate 320 than on the top of



09 DEC 2004 between the capacitive plates 326 and 329, and between
capacitors 330. One capacitive plate 326 of each capacitor 330 can (b DEC 2004
coupled to a Vss termnal 303 on die 300 through via segnment 315, |and 313,
and sol der ball 308. Plate 326 can also be coupled to a Vss termnal 319 on
substrate 320 by neans of via segnent 316, |and 317, and sol der ball 338.

Anot her capacgitive plate. 329 of ch capacitor .330 can be.coupled to a Vcc
tor m i SE3 R aRd b B8 ianan i Pt e Sipie e 9 75ROt cror "bal
308. Pl abtr3f 26dBbjedtses be coupled to a Vec termnal 339 on substrate 320

by neans of via segnent 328, |and 332, and solder ball 338. Substrate 310
can be provi dedGnt BowsErass-seebipral EprrseiEyn ehpaeitiaessugpte Plevihgpoand

substr ateﬁl%egﬂ%g d@&gte%g;%ig§94ﬂﬁan(af44g' ac[':émﬁ'ce lvri.'th an Qlteﬁ:%??@&%%%ﬂﬁem gf thie 300 is a

processor, substrate Is a multilayer ceram c substrate, and substrate
320 i s amefin. SubstarectlherhicnixadndieletnulipldbieradEBV@2Usy, sndsigel anmdecteabst r at e.
In the enbodinent shown in FI.G 3, netalli r_vi 315, 6 (it should
e ot GPEHLE 1o b FERL wpi adiaafeReon, L 2028 T oeid o3 Bt such”as

vi a segneit $cchbintid hd cAH Y c3dpled A2 Bortafifdhe D6 BideNKills SEPRIcafr&piidigg OF one
continuous via) and 327, 328, situated in the central or core region of

subst r atcendygyve aseqn (nob phosi) on Kedivda0. drikewies lapdirdBiarg ipendadde Beatds and 329,
r espect! Bthitat 2 cafi BOBGIRIARIviAdA rtsgﬁdg%llgﬁlkg%&?&%@ggra?&k sl Be die,

ich can conprise a relatively l'arge nunber o and Vcc die bunps 303
and 302,ICdes{p@ctively, distributed at the core regions of the die 300. This
| arge parallel_connectiyity. ensures ver | ow.i.nduct.ance Q... <1
bi s Honr y) | \RFTBR RSt HERR e Pt st it SBE SRanS stbodteh
i npl enenb@disesdd\@pasionsioand 3D sdrigHses 4 RETUTAhRE YermibhR 436 inic428ra8d a baie! udi ng
types of materials used, dinensions, nunber of |ayers, |ayout of power and
si gnal ©bHuGE icgpgals 42tand #26 o Hpwevepdisstrtrqapagitars “aonos ar e temnalbe simil ar

or di ffepeptwint@RERSS BipHRQRIVE rehBHYIDLRIRNS fSuttirate N80 la§aks B0LEd apsenbl y of
which they forma part. It will be understood that the | and/ bunp pitch of

t he top eadmyebs the Related Tovenberdmentisnedabord: int ¢ng ehnbagmgntacsingds dighrgde 300, and t hat
t he | / i . - f th d
e | LD B0 Sl B 0L SRR HL IR TG L pat

of the pemefthvimsp@td Anild2dpactiteheuaareoda likdvasd apnehgedhotanom of substrate

gﬁg ,St ?ggeglbtgggleﬁ)t;fg&%dﬁgsghgg\{%% n?‘le-}'l\z{\lngg telgrrzli:r)’lalls 'f:hay\grg ggup%g O%Eeto f %tutpgép of

part of substrate 410.

Lands 402 are coupled to upper terminal 426 of embedded capacitor 430 by a route that
includes power vias 404, conductive layer 406, and power via 412. Lands 403 are coupled to the other
upper terminal 428 of embedded capacitor 430 by a route that includes power vias 405, conductive
layer 407, and power via 413.

Lands 431 are coupled to lower terminal 423 of embedded capacitor 430 by a route that
includes power vias 418, conductive layer 416, and power via 422, Lands 432 are coupled to the other
lower terminal 425 of embedded capacitor 430 by a route that includes power vias 419, conductive
layer 417, and power via 424.

As illustrated in FIG. 4, similar Vee and Vss connections can be made to the terminals of
capacitor 440 as were described with respect to capacitor 430.

As illustrated in FIG. 4, the power vias, including power vias 404, 405, 412, 413, 418, 419,
422, and 424, are located in a core region of substrate 410 (the left-hand portion of IC die 400 and
substrate 410 are not illustrated for simplicity), which substantially underlies the core region of IC die
400.

Various signal routing (not illustrated for the sake of simplicity, but comprising

8



0 9 DEC 2004 substrate 320, the pitch relationship could be aItereo[]gUELa
suitable fashion to sati sfy design constraints and objectives. FIG 4 s
a cross-sectional representation of a nultilayer substrate 410 with two
enbedded di screte capacitors 430 and 440 in accordance with an alternate
enbodi nent of the invention. Substrate 410, which can include multiple

| ayers of Vcc ds al, c ors, .is iptended to se unt
a die é%ak%@ﬁeg%d‘tgﬂﬁﬁcrﬁgfiﬂf Eﬁ‘a?ﬁ ZPRoDrAy i3p qﬂﬁﬁ"éﬁﬁf élgaucﬂﬁéga% ‘080
pot ent izgl 48 dnF@habFlatRERd Ehay Vigs #RKih3WrABLF0 Qkh §@41Qﬁ[ viRabd)zakthldo 8O
correspondi ng conductive areas (not shown) on IC die 400. Likew se, |ands

403 ar errovidedridhin substiate 40, ayygll bpundsratqod|by shwde efamdibery ebillpl ed vi a ot her sol der

bal s 401 to 189{11{1%? %%89 FitY 42%1@%1 zgl vpats 33?&‘@4 518{51 via (4‘\0?j lafe lé&?ﬁdnga ﬁgrji %Er%l each

capacitors 43 any sui n one e
di scr etregicigfanbsirate 4460hal&& }AA@po:rmsrpdsﬂ ISeke A0pad subeﬂ‘ratupp)eare h@rlhdstrakd f04126 and

428 and a .pair . of lower ter 23, and_42 wever, discrete capacitors
with moePlsyk éf\li\}éFS bé?aﬁﬁlarli]ﬁlugggrgﬁdﬁ%?erww Of@‘ﬁ‘?ﬁ(ﬁos coupled only to the
upper porti onﬁmgédam?scn@;sasé%h ARYaRbS OF HG sWBSR colPictidX I BheSomboBintcRe

Rel ated | nvention nentioned above, in one enbodi ment a single discrete

capaci tthey asptveadeie chipicamaritoraihat ang @bp@é@rﬂswagoqwlmlrwaﬂmﬂi chip papecir e coupl ed
onl Yt QediSolPREfie R O;g/a% frork %0 43136 BASRlsra, %y%aﬁ(e smgm&elyvo@ﬂﬁw% ure

could I resent rnvention, i.
havi ng ahe ﬂmcmt{os, 4 dhﬁbreatrremﬂaewﬂcephcmrls youldbd ived mppeemquanetnt Ofustsandabit F3G e, 410.
Lands 40% ar e(ﬂ_@o?jgl ed to upper term nal 426 of enbedded capacitor 430 by a
route tRAYNE WYY ESEPYENer vi as 404, conductive |ayer 406, and power via

412. Lands 408 GR! 24GRURHEH réfestMBtiddb@H aretPPrlawh &F ¥h18 A CeddS pRbortibReteest
capacitor 430 by a route that includes power vias 405, conductive |ayer

407, areRyswsisesisdalgle othsrdaeayiE miniezeds RIS R4 e insensed todpatrals vauous of
eﬂbeddqﬂlgfeﬂmgﬁang of $3%hveM 2&95911; &a ﬁ%%%%cr&t@éa dﬁﬁ%g;f BRIy WrAs st By moqnutuct i ve

| ayer 41 ower via 4 Land are coupled to the other |ower
t er m nairdidg?$ siofl lreﬂlbedded capacitor 430 by a route that includes power vias
419, conductive |ayer 417, and power via 424. As illustrated in FIG 4,
simlar Vcc and Vss connections can be made to the term nals of capacitor
440 as were described with respect abneg@citor 430. As iIIustrat ed in FIG

4, the power MB rlacrc]a(;r:anylg Isubgtre{;t)gsvc\%l; be i‘a%n?ate%zhar cppve Ptmn&%ﬁc es su% as%ut Tipt 422,

and 424, are I'n"a“core’region o I'éft-han
por t i oringifed k¢ high &mﬂa@ﬁnﬁld) fugd bﬁ'ﬁmﬁt(HTéﬂZﬁ)tcaHﬁﬁldggthlgH ﬂhbt&tal aieﬁtbm‘m)bf expansion
si npl i Chﬁ%@m tech}lﬁggys,grbg gs%rclgrgglcltgchn&der lies the core region of IC die
Although it is known in ceramic technology to embed low Dk capacitors in ceramic
substrates, by sandwiching thin (e.g. 2 mils) films of conventional ceramic such as AlpO3 between
metal planes, in the present invention multilayer stacks of high Dk ply are used in one embodiment.
High Dk ply is commercially available for fabricating ceramic chip capacitors, for example. Suitable
high Dk materials, such as titanate particles, can be inserted into the conventional ceramic matrix.
Multilayer stacks of high Dk ply, such as BaTiO3, in the present invention can provide capacitances as
high as 10 _F/sq. cm., compared to capacitances in the range of only nano-Farads/sq. cm. for low Dk
ply.
In an alternative embodiment, a high Dk layer, such as a titanate film, e.g.
(BaxSrl_X)TiO3 (BST) or PbZrTiO3 (PZT) or TapO5 or SrTiO3, can be formed in the ceramic
substrate by known techniques such as a metal-organic chemical vapor deposition (MOCVD) process,

or a Sol-Gel process, in which a sol, which is a colloidal suspension of solid particles in a liquid,

transforms into a gel due to growth and interconnection of the solid particles.



400. Various signal routing (not illustrated for the sake of sinplicity, but
conprising 8 0 9 DEC 2004 signal areas of I1C die 400, certain sol derl HAEC 304
401, appropriate |ands on substrate 410 such as | ands 408 and 434, and

si gnal pl anes @quaggpal vias within substrate 410 such as si gnal vi a 409)
can al so be prov within substrate 410, as wi |l be under 883 ¥ hose
of ordinary skill. As illustrated in FIG 4, the signal vias, including
signal via 409, are located.in a peripheral region of substrate 410 (the

| ef t - hand portion of |C dié™ ?Séasaﬁtﬂﬁfs@b@@tﬁ%iéambf@rr@p@emttemnermrat ed for
sinplicity), which suigtsthitias compaiditerithi cemniidrechnetbiyBer 5000004 fegilee 400.
Enbedded capacitors 43Qignd) 440 can be of any suitable construction. In one
enbodi nent, they are ceram c.ch]jllep %ag_aci tors that are fabricated using
conventional ceramic chi prealaSitiesmbodmerilisaasd e % vhaieindispasi t or s 430
and 440 are 31| ust r arapdsitorot3Otahdd Hakeeendreddeid plhe aibbtyatedf10j dcbagsior at i on  and

description, a diffeegationdsdand o SRRARIEYY S i LN ghe
enbodi ment illustrate § ‘ = nycfb;lbééﬁgﬁéfg%@gqufﬁ@ FIGS. 2-4

n FI G i nclydi o]
are nerely represent Blchh‘r‘fﬁlor lé?‘?&lélgart@“’r?&’flHﬂr\pégﬂ“‘{]\[)“§€'§r’@9r5@§?‘{b%ﬂaﬁ 4Poporti ons
thereof may be exagepyrhatceeniedth thedervinhle oEcapaojtotse3tramdi 44 Beshy apprGiat2- 4 ar e
i ntended to il ustrah@NiddUshnilERhR RBhRNOEH B driierahi R Blile@lns Whi ch can
be under st ood and apgfrtﬁ)ﬁrri |<:';1tssel y carried out by those of ordinary skill in
the art. Fabrication ?mayer ceram c substrates can be fabricated by
conventional techniques, such as but not limted to high tenperature
co-fired ceranic (HTCC) technol ogyiihighert her oabagiaehtici ent of expansi on
(HI TCE) technol ogy, or gl : i [ £ ho it _i.s known in
ceram ¢ technol ogy to -enb%?ﬁl%r\%&%@%ﬁ@fé%‘%o@&%’eﬁt @3‘?’%% & %‘fj"ﬂ@?r ates, by
sandwi chi ng thin (e.ﬁ?‘méteﬁi"1a§ﬂ”‘f“i°f‘ﬁs of conventional ceranic such as A1203
bet ween netial planes, in the present invention multilayer stacks of high Dk
ply are used in one enbodigumivh(1) H gl Dk *plyydis commercially avail able for
fabricating ceramc chip %gpaci tors, .for exarTPI e. Suitable high Dk
materials, such as titanat& partT tPEL" W{sPaeiPesti ed into the conventional
ceramic matrix. Miltilayer stacReer@itivigengit 3R x dibhFamlsBa®r O3, in t he
present invention can provide capafititamCRast@s of b@oras 10 _F/sq. cm,
conpared tqQ capacitances in the _rdange,of onl‘)LFnano- Farads/sq. cm for |ow Dk
ply. In an?8lternative enbodi méatdeitmin lgysr ticknegyGreteryuch as a titanate film
e.g. (BaxXSr1-X)Ti3 (BST) or PbzrTi 3 (PZT) or Ta2(Cb or SrTi 3, can be

formed in the ceramc FIG. 5 shows a graphical representation of capacitance (in nano-
Farads) versus a side dimension of the capacitor (in microns) for various
dielectric materials that can be used in a substrate with an embedded capacitor
25 in accordance with one embodiment of the invention. Shown in FIG. 5 are

plots for the following dielectric materials: line 501 for PZT (Dk=2000), line
302 for BaTiO3 (Dk= 1000), line 503 for BST (Dk=500), line 504 for

SrTiOyx (Dk=200), and line 505 for TaOy (Dk=25).

FIG. 5 summarizes the approximate range of capacitance available
30 with the various titanates and oxide materials indicated. When using high
permittivity ceramic ply (such as ceramic ply impregnated with BaTiO3), the
indicated values correspond to the maximum capacitance generally
achievable with a 10 micron thick ply between Vee and Vss layers in a stack
containing 40 such layers.

35 In the case of dielectric formed by Sol-Gel or MOCVD embodiments
(e.g., PZT, BST, S8rTiO3 or Ta2O3), the computed values correspond to a



substrate by known techni ques such as a netal -organic chem cal vapgr 0
deposition (MOCVD) process, or a Sol-Gel process, in which a sol, ME@# ql*s
a col | oi dal suspension of solid particles in a liquid, transforns into a

gel due to i nt erconnection of the solid particles DEC 2006
WO 02/ 11207 P%{'}‘ég%p’%?ﬂ In either case, high Dk materi al P&JﬁUSBB 3é?r‘bedded
at tenperature ranges that are conpatible with ceram c technol ogy (e.qg.

600- 1000 degrees ardi ng the .enbodinment illustrated in FIG
4, wherein discrete 61%5 %5{)%'%’?3?@3@6”5&ﬁ'eﬁﬁﬂcare enbedded in the substrate
410, access to capaci t orle s#3fy thnehparitance aaquipamantseé aryygian ymbasient i onal
techni que, such as rﬁmnplbndyasefcab@&&écﬁm@etdrdelaadaéﬂslzeés vec and Vss

conductors of substrate t s of capacitors
430 and 440 by any appr o%?‘?atlggﬁow igg mog?f"‘ ‘f%’gﬁ?ﬂcaﬁ‘éaﬁﬂ’éi’a‘ﬁ?s consi st ent

with the tefperat ur EOFwEENG dvfathedded i@a@fOf tiheccpidance with otsnibnditnentinf of
Capacitance Capaci ttammeemahumﬂeﬁfodibkgenseamm ment shown in FI G 3 can be

estimated via Equation 1iné& ?Qeaﬁ%”@éag?%ﬁavmig Ir tm&o&%{er@nggﬁ X 10 12

capacitor size (squ(af e nete
Far ads/ net er P"é‘}egé”f“thf"ca S(:'Eﬁ‘fé‘?é’ﬁ‘fc‘%? IFﬁEW‘d’@éﬂnedt the dirshuecis pi ¢ | ayer

t hi ckness (neters) mhilager stramis stucgirg pliichgh infofiiRF antiadindhis @R seficug@paci t ance
(in nano- kgrads) vehgH$e ?orﬁbdj&’aqﬁa@ﬂﬁét tlﬂﬁ Eggmﬁ%?eﬁglt She %agamtoui crons) for

various dielectric rnalterlg1 ! % h an
enbedded capacit or Z8MPHRLR A Elﬁh%‘é thﬁmb‘itfé'%ﬁifééﬂnﬁ’éﬁbed#“&eh@ i nventi on.
Shown in FIG 5 are comuem"@ Ipysrs: tligenafily, owicagcidiréd (24 disceetampaitoral s: | i ne 501

for _PZT (Dk-2000), line I3, ﬂr&ranmlbr%o(v%‘:ﬂlpg&)es ark 'fd?ﬁeosig ¢f Or BST
(Dk=500), line 504 fsu%strﬁe s ru ré %s u%gdol}efem he term ‘power supp?yr no-cll-g” refe s[t)é( =25).

15 either a ground node (e.g. Vss) or to a power node at a potential diffzrent
from ground (e.g. Vcc).

In 607, a plurality of lands are formed on a surface of the substrate
structure, including a first land coupled to the first terminal(s) of the
capacitor(s) and to the first power supply node, and a second land coupled to

20 the second terminal(s) of the capacitor(s) and to the second power supply
node. The first and second lands are positioned to be coupled to first and
second power supply nodes of a die (e.g. IC die 200, FIG. 2) that is to be
juxtaposed to a surface of the substrate structure and physically affixed
thereto. The method ends at 609.

25 FIG. 7 is a flow diagram of a method of fabricating an electronic
assembly having a substrate comprising an embedded capacitor, in
accordance with one embodiment of the invention. The method begins at 701.

In 703, a die is provided that has first and second power supply nodes.

In 705, a substrate is provided that has third and fourth power supply

30 nodes. The substrate comprises at ieast one capacitor having first and second
terminals. The capacitor comprises (1) at least one high permittivity layer
sandwiched between conductive layers; alternatively, the capacitor is a
discrete capacitor. The substrate further comprises a plurality of lands on a
surface thereof, including a first land coupled to the first terminal(s) of the

35 capacitor(s) and to the third power supply node, and a second land coupled to
the second terminal(s} of the capacitor(s) and to the fourth power supply



FIG '5 sunmari zes the approxi mate range of capacitance avail able jﬁg m.ﬁh
the various titanates and oxide nmaterials indicated. Wen using hi 2004
permttivity ceramic ply (such as ceramc ply inpregnated with BaTi 3), the

i ndi cat ed valwgsmﬁ A espond to the maxi num capacitance generally achievable
with a 10 micron thick ply between Vcc and Vss layers in a $LAARBAt ai ni ng
40 such layers. 35 In the case of dielectric fornmed by Sol-Gel or MOCVD
enbodi mrents (e.g., PZT, BST, SrTiB or Ta-,05), the conputed val ues
correspond to a ;o §°% DEC 2004 WD 02/ 11207 PCT/ USN/ 23721 0.25 nicron film
of the indicated diel ecthi7g7, thhfirstaand ssicondtlings arapapilddanthe fiesegnd se@a@nt s of any
i ven enbodiment,  gkilspigty e rSpedlcBRBARL B! iUkl B Shapked as
necessary. FIG 6 is a f+h%v¥ grl @&Egglpge a%met hgd of fa}&:flgca |ng a substrate 5
conpri sing an enbedded capalytors orRrted AbMa W gespict | tsrmethads st of  t he
i nvention. The net hétflﬁég‘?ﬁ@ 7en pogerfomeddnadiffatent cedes tromnimse dpattet or  havi ng
first and second teh#reinal s is formed wwthin a substrate structure. In one
enbodi ment, the structure is a nultilayer ceram c structure, although in

ot her enbodi nents the structure 10 could be forned of a material other than

a ceramic material. The capacitor co ) at | east one high
permttivity |aver sdidnicsnbavindompevidesdordeletirant: dsayblysand aletigswdt i vel y, the

capaci tor ios (2) a fhusgiciretheRPRsdthGhimi j nd power supply
r&t t 1m|zle'ﬁr0@Q§vs, sfl.lkt{étesgﬁﬁgnrgéﬁ%.g the term

ngﬁzr a;ﬁp];)lo;rrﬁgd:a'r']?s%cgc aé?d:‘%& otiéfq%&é?‘{e%\%géi%r ef’ Béﬁag‘ﬁ%&&“%& ghegesnt or to a
power node at a pot BNEtan Pgvidessednfle higlh emrcifamsa g, G40 gF/sYieed centlimet&)7, a
Pty o |20 W ettt euimg it AL
323 ;Jol t ﬂe first po%gqatgs pﬂ% g&tﬁggﬁ\@%rﬁ%{u?‘é%%oorﬁ‘ | %ﬁ'&p%ﬁuﬁ ed to 2po t he
second terfi nal (s) of’?l@c‘gﬁrﬁ%eé?ofso rs)ecHRic petemtikat fserepratepthapresetippl y  node.
The first and secondvintintlsnapeapastiticoriod frequdneiccaidié Betefors hbre St and second
power supply nodes @ﬁnn@e,gglg dtfichve | C die 200, FIG 2) that is to be
As shown herein, the present invention can be implemented in a
number of different embodiments, including a substrate, an electronic
20 assembly, an electronic system, a data processiig system, a method for
making a substrate, and a method for making an electronic assembiy. Other
embodiments will be readily apgarent to those of ordinary skill in the art. The
capacitive elements, choice of materials, geometries, and capacitances can all
be varied to suit particular packaging requirements. The particular geometry
25 of the embedded capacitors is very flexible in terms of their orientation, size,
number, location, and composition of their constituent elements.
While embodiments have been shown in which signal traces are
provided around the periphery, and in which Vce and Vss traces are provided
at the die core, the invention is equally applicable to embodiments where the
30 signal traces occur other than at the periphery, and to embodiments where
Vec and Vss are provided anvwhere on the die.
Further, the present invention is not to be construed as limited to use
in C4 packages, and it can be used with any other type of IC package where
the herein-described features of the present invention providz an advantage.
35 Although specific embodiments have been illustrated and described herein,
it will be appreciated by those of ordinary skill in the art that any arrangement
which is calculated to achieve the same purpose may be substituted for the

.



juxtaposed to a surface of the substrate structure and physically affixed
thereto. The nethod ends at 609. 25 FIG 7 is a flow diagram of a nef$®pE; ei
fabricating an electronic assenbly having a substrate conprising an
enbedded capaowb@s/iizon accordance with one enbodi nent of thﬁbﬁﬂdebﬁpn The
nmet hod begins at 701. In 703, a die is provided that has first and sécond
power supply nodes. In 705, a substrate is provided that has third and

fourth power supply 3Qpéaﬁfé%§1bocim§1t§l‘rmt Fl"ﬁlts ngf}ﬁ%ﬁhﬁﬁén i d §8SL,,0Ne

capacitor having first and second ter or co&ﬁmises (1) at
| east one hi gh per mi £A3RAU0YS o YgrHonsof %\RF&%H“’%‘P ﬁﬁ“‘é@ﬁdﬁ}&mﬁméstl)'avers
alternatively, the capensid tblut thls ingentign belimited oaybachetotaims atld eéheeqliisilanat € furt her
conprises a plurality of lands on a surfgagg.thereof, including a first |and
coupled to the first termnal (s) of the 35 capacitor(s) and to the third
power supply node, and a second |and coupled to the second termnal (s) of
the capacitor(s) and to the fourth power supply 11 0 9 DEC 2004 WO 02/ 11207
PCT/ US01/ 23721 node. In 707, the first and second | ands are coupled to the
first and second power supply nodes, respectively, of the die. The nethod
ends at 709. The operations descri bed above with respect to the nethods
illustrated 5 in FIGS 6 and 7 can be perfornmed in a different order from
t hose described herein. Conclusion The present invention provides for an
el ectroni c assenbly and nethods of 10 manufacture thereof that mnimze
probl ens, such as sw tching noise, associated with high clock frequencies
and hi gh power delivery. The present invention provides scal able high
capaci tance (e.g. >10 nF/square centinmeter) by enploying enbedded
decoupl i ng capacitors having | ow i nductance which can satisfy the power
delivery requirenents of, for exanple, high 15 performance processors. An

el ectronic systemthat incorporates the present invention can operate at

hi gher cl ock frequencies and is therefore nore commercially attractive.




As shown herein, the present invention can be inplenmented in a nunber of

di fferent enbodiments, including a substrate, an electronic 20 asﬁ&vﬂfﬂ[yz,ﬂugan
el ectronic system a data processing system a nethod for nmaking a :
substrate, and a nethod for making an el ectronic assenbly. O her -

enbodi ments will be readily apparent to those of ordinary skill in the art.
The cap&ﬂmﬂle el enents, choice of materials, geonetries, and capacitances
can all be varied to suit particul ar packagi ng requirenments. The particul ar

geonetry 25 of the enbedded capacitors is very flexible in terns of their

orientatijon, 9 @hstrat@bib@buntinpCadieOhe saitraeaiRgeisidgon of their constituent
el ements. Wil e enbodi nents have been shown in which signal traces are
provi ded ar oudd entbedgas qappeiroy hawing first apd isegpnddermupals.\/ss traces are provi ded

fhe 30 si gnal “rasebrabEHEMS Bk S RENRI R E R PR e % A R RS <
wher e  Veg thfitstVemniahleand 0ftsthsdratity W6 Bnd® AinB o1l el to bl §edBAid tekfithaPr €sent
invention is not to be construed as |Iimted to use in C4 packages, and it

can be used wiatsacensysusfape hasinpa sefondCopainkhiginghegcend phealiis oéipawge bads bed
f eat f ot i ti Lde. dvant,age. 35 Alt h i fi
Copon e BlrihE RE SRS et BUCRA BhT 8815 R SRR RS ot e lore 11 ©

appr eci at@ghiff, t hose of ordinary skill in the art that any arrangenent

which is calcul ated to_achi eve the same purpose may be substituted for the
09 DEC 2094 Wwterin thesfrshuturalisoef pavear langseandithe fiesrbbualite of gedvevrdandrrare

o esent PRVEREEHRERsh & ER Epoftie pfiAl SR RaREABHE T TS | nvent on

be limted only by the clains and the equivalents thereof. D 9 DEC 2004
Clains: 1. A substrate for nmounting a die, the substrate conprising: an
enbedded 2eapadibe substease depitedrigt claimy 1s adhsrrin tthe shbidate isaa ffiilﬂlgg}’% EETAEEC havi ng
a first %%s‘ﬁa%enc' uding a first plurality of power |ands coupled to the
first termnal and a first plurality of ground | ands coupled to the second
term nal ,

3. The substrate recited in claim. ! or 2, wherein the second plurality of power lands
and the second plurality of ground lands are positioned to be coupled to corresponding

power and ground nodes of an additional substrate subjacent to the substrate.

4. The substrate recited in any one of claims 1 to 3, wherein the first surface has a
first periphery including a first plurality of signal lands, the second surface has a second
periphery including a second plurality of signal lands, and the signal lands of the first
plurality of signal lands are positioned to be coupled to corresponding signal nodes of the
die.

5. The substrate recited in claim 4, wherein the signal lands of the second plurality of
signal lands are positioned to be coupled to corresponding signal nodes of an additional

substrate subjacent to the substrate.

6. The substrate recited in any one of claims 1 to 5, wherein the embedded capacitor

includes at least one high permittivity layer.

7. The substrate recited in any one of claims 1 to 5, wherein the embedded capacitor

includes a plurality of high permittivity layers.
14
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a second surface having a second core including a second plurality of power

| 'ands coupled to the first termnal and a second plurality of grouh@pEanws
coupled to the second termnal, wherein the first plurality of power |ands
and the first plurality of ground | ands are positioned to be coupled to
correspondi ng power and ground nodes of the die. 2. The substrate recited in
claim1, wherein the substrate is a nultilayer ceramc substrate 3. The
substrateg recited in _claim enein the S889 nd pIur

ands 't hd MEebRs toptrd ¢ Clfmgfo e e IR Rebdslat WSl R oupi o
Lo correppahl @?{n&f cHRUREH VAN 8 %&%a@@&iﬁﬁlﬂpfth@ﬁig@ﬂﬁéﬁmﬁﬁ@ﬂy RYOS! kadte that
subjacent to the substrate.” 4. The substrate recited in any one of clains 1

to 3, whelematingheonduective layers arseconpleddo tifei first andesergridetesminalsirespeeigvedy.f i r st
plurality of signal |ands, the second surface has a second periphery
including a second plurality of signal lands, and the signal |ands of the

first ploural ifhy @bsttdnalted anasy &{eeomﬁhis' 1%851 WiRrdg thOsRbEHe Qapacitor
correspondi ng signal nodes of the die. 5 The ‘substrate recited | n claimd4,

wher ei n titndudsis ghleastloanémbefidadnbisaete saphcpbural ity of signal |ands are
positioned to be coupled to correspondi ng signal nodes of an additional
substrate subjacent to the substrate. 6. The substrate recited in any one of

claims 1190 5Theh@bSide tdRe®PAAISE SEARGIS Pfo 9, WidrbiHes st b@@ﬁéw&mgn@l gh
pernmittivity layer. 7. The substrate recited in any one of claim 1 to 5,

wher ei n phehecmseplisdity appewerdands incbupled taths! fustteiminabhréighha perthattdoeyi ty

| ayers D9 trate recited in claim7, wherein the
enbeddednehﬁﬁ%ﬁy%gghﬁk@swg%%? ‘urality of conductive layers interleaved
with the high permittivity |layers, such that alternating conductive |ayers

are coupled to the first and second term nals respectively. 9. The substrate
reci ted ilh. anyhemsabstfateciegitersiniany ong of plaemel o 1 hevientin dtilsdstoms groungy land

i ncl udes | east e..embedded crete agitor subst r at ecited
1 any. ot tsroear MESHET o GOR b3 Ty Sair A RE e shbong Sk AR B ok s
pl urali tﬂoggnd@%mhn}@ﬂﬁougnﬁ@gﬁﬂsﬁdtetO the first termnal through a via that
does not go entirely through the substrate. 11. The substrate recited in

any one of claims 1 to 10, wherein at |east one ground | and
12. An electronic assembly comprising:

a die including power and ground nodes, and
the substrate recited in any one of claims 1 to 11,
wherein the first plurality of power lands and the first plurality of ground lands are

respectively coupled to the power and ground nodes of the die.

13.  An electronic system comprising the electronic assembly recited in claim 12,
wherein the first and second terminals of the embedded capacitor are respectively coupled

to the power and ground nodes of the die.

14. A data processing system comprising:
a bus coupling components in the data processing system;
a display coupled to the bus;
an external memory coupled to the bus; and
a processor coupled to the bus,
wherein the processor comprises the electronic assembly recited in

claim 12.

15



of the second plurality of ground |ands is coupled to the second term nal
through a via that does not go entirely through the substrate. 12.0 NDEC 2004
el ectroni c assenbly conprising: a die including power and ground nodes,
the substrate recited in any one of clains 1 to 11, wherein the first
plurality of power | nd the first plurality of %ﬁqﬂnd | ands are

e

ds
respecti vty C%Htﬂﬂéﬂﬂiafgb 8 ptrafe P BrckasR Asats OMPIEING 3. An

el ectronic sy i S i j ' im12,
whorel n the. 1 PERmg Ble bt AR BRL LA AR I AROEA el
respectivel y dotmingdn thecubiteatp fivee andipetond puwer upgbsncaies;tdpnd die. 14. A data
processi ng system conprising:. a bus coupling conponents in the data

pr OCﬁSSLng. sydpeRing aplwalpy 2 lanisprea %llbfa%éflg&%?u%ﬁa‘@xtl@hﬁ%mg adirst landoupl ed
compr 1 secppRaly i MALAARA akOHIhE ek BobRP B ndaThR 4 i BRSERIRY

net hod f ab theddcogd ®ermitab tniditetht Gegmaclqreeer aupthle notdieviietinake fitsand sédvgd

forming in the substrate at | east one capaclitor having first and second

t er mi nal dandsragg lacatgdiaha fingt cerppfithe swrfacer and ars posiievssdiogwioupked sp fiystmedes:
and form | i I .on a surface of the substrate, including a
first Iansggon?c}%ﬁ%guér%yf]ﬁ%esfaﬁagetsdl?'ern1 nal and to the first power supply
node, and a second | and coupled to the second termnal and to the second
power supply node, wherein the first_and second |ands are |ocated at a
first corld of thsemsthodseeitedapyclaima bbavhereimethet ybyeate duigl multiayer icemmignd
second p%ﬂﬁgua%xpply nodes of the die. 16. The nethod recited in claim15
wherein, the substrate is a nultilayer ceramc substrate. 17. The nethod
recited in claim15 or 16, wherein the at | east one capacitor is formed of
a plurality of _high permttivity layers. 18. The nethod recited in claim 17,
wherei n tie atTheéa%‘PO‘gFFé“E‘iBhE'P’c%rlgi% 1poWherginpthe gt legst gng| Gapacivor ictormgdt i ve

| ayers i Q}tf%rﬂllﬁﬁi\f@%f‘fﬁéﬁ‘pérﬁ?ctimtﬁﬁygﬁf mttivity layers, such that

18.  The method recited in claim 17, wherein the at least one capacitor is formed of a
plurality of conductive layers interleaved with the high permittivity layers, such that

alternating conductive layers are coupled to the first and second lands, respectively.

19.  The method recited in claim 15 wherein the at least one capacitor is formed of at

least one embedded discrete capacitor.

20. A method of making an electronic assembly comprising:
providing a substrate by the method recited in any one of claims 15 to 19, and
providing the die with power and ground nodes;

wherein the power and ground nodes are respectively the first and second power supply
nodes of the die.

21, A substrate to package a die, the substrate comprising:

a plurality of power and ground vias in a core region of the substrate;

an embedded capacitor having first and second terminals; and

a plurality of power lands coupled to the first terminal through the plurality of
power vias, and a plurality of ground lands coupled to the second terminal through the

plurality of ground vias;
16



al ternating conductive |ayers are coupled to the first and second | ands,

respectively. 19. The method recited in claim 15 wherein the at | ea$hd bilel)
capacitor is forned of at |east one enbedded discrete capacitor. 20. A ’
met hod of making an el ectronic assenbly conprising: providing a substrate by

the nethod recited in a ne of cl ai 15 t0,.,19, .2 ovi di.ng t.he die
wi th power and‘dﬁf%ﬁn‘g'e nﬂﬁﬁ"@w eP&VH ﬁ‘gs p%\ﬂe?heaﬁhlr%ﬂ?ﬁu%{i gﬁ%&_s%é‘% are
respecti g%giﬁoﬁéﬁofﬂerc%ﬁpléﬂ'@b SREQPInDRYBE WEURR RfourOfRRs Of theliife di €. 21. A
substrate to package a die, the subsirate conprising: a plurality of power

and ground vias in a core region of the substrate; an enbedded capacitor
havi ng first d second terni.nals,; d | ural i of .power, I ands coupled to
the. {1122 er PN OFHTD AUIE HB At 11 MPeBin HEHBMIGF 48 8 BHIIAehEREIT Ly of
ground | apglsracoupl ed to the second termnal through the plurality of ground
vias; 16 0 9 DEC 2004 wherein the plurality of power lands and the plurality
of ground | ands are positioned to be coupled to correspondi ng power and
die. 22..T e recit rein the

ground nqges th .The,suypstr din claim?21, wh
Jubstrardiie dhas Wﬂé@@t&%ﬂ%ﬁﬁeﬂﬁuﬁg avaereiphe plalliy Rt Roes lEusied i n
claim 21 : I Lia; ds are substantially
equal inS%Srﬁ?ll%&%%éﬁlgﬁggﬁ#%@H%lﬁé%%eﬁgg@24. The substrate recited
inclaim?2l, 22 or 23, wherein at |east one of the power vias does not go
entirely _through the substrfle. 25, The substrat.e recited in any one of
clains 2%%o %%FSHE%W@?WCH? feglaim dhel P i"ﬁévheg%&hﬁea@ﬁ% fdhe PRYET ien

gln;: :Tgl %fb{;%&g%t} ewpel Hﬁéﬁg'hathgsu&ﬁ-ate-.rhe substrate recited in any one of

urtther conprising a plurality of signal vias in a
peri pheral region of the substrate; and a surface having the plurality of

power | ands, e uralit f. ground l.ands, .and %uralit f si
| ands; \M%gr ei hth ﬁg‘Lﬁaﬁ‘? 5?‘%?@ IB%"‘%iO&ﬁd?facll%iﬁ’&ﬁaPe?%o\Eﬁ) TREey ?tolg?sﬁémﬁlq%gg?i ty of
si gnal vigﬁﬁmdm dokb Bot o ritdrdll ¥hB gl tidN@bstlaad)ds are positioned to be coupled
to correspondi ng signal nodes” of %he di e.
26.  The substrate recited in any one of claims 21 to 25, further comprising
a plurality of signal vias in a peripheral region of the substrate; and
a surface having the plurality of power lands, the plurality of ground lands, and a
plurality of signal lands;
wherein the plurality of signal lands are coupled to the plurality of signal vias, and
the plurality of signal lands are positioned to be coupled to corresponding signal nodes of
the die.

27. A substrate to package a die comprising:

a plurality of power and ground vias in a core region of the substrate;

an embedded capacitor having first and second terminals;

a first surface including a first plurality of power lands coupled to the first terminal
through first ones of the plurality of power vias, and a first plurality of ground lands
coupled to the second terminal through first ones of the plurality of ground vias; and

a second surface including a second plurality of power lands coupled to the first
terminal through second ones of the plurality of power vias, and a second plurality of
ground lands coupled to the second terminal through second ones of the plurality of

ground vias;
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27. A substrate to package a die conprising: a plurality of power ang[ﬁ{omﬂd
vias in a core region of the substrate; an enbedded capacitor havi f iCrl
and second termnals; a first surface including a first plurality of power
| ands coupled to the first terninal t hrough first ones of the plurality of .

orm nal ¢ hr onterain et leeey bldtumdast ing i gy il o erctadond € onc

surface pB&glibcide 1R 386108t BirkdsBbidig AEwROMR erbdHIdRde o the first
ternlnalbth#gﬁ%h secong ones oﬁa%he %ﬁd?a |tf¥o ggﬁegye%gg“;and a second

plurality of ground | ands coupled to the second term nal through second
ones of e plyral it rQun 2004 wherein the fi.rst
pluralit 95 J@ﬁauhftétege% 4 1p ?‘&Wé ratnatiﬁsy Sratq s arnultiags cghmic
posi ti ongghdgibe coupled to correspondlng power and ground nodes of the die.
28. The substrate recited in claim27, wherein the substrate is a nultilayer
ceram c substrate. 29. The substrate recited in claim27 or 28, wherein the

first pl al i of , power | a tantial l nber to.the
fiver PIaba) | he o8 foaiPl faiaih 37 o0, Shestt bRt ahallly OF Porar [108% 28
or 29, Whgl &hRatilfl egtrtﬁrmht%@tdﬁlyfﬁt nﬁmofl 3 @&, _substantially equal

in nunber to the sécond plurality of ound l'afds. 31. The substrate recited
in any one of clains 27 to 30, wherei n at | east one of the power vias does

not go entire t he, su str 32,. The substrate,r |ted in any one
of ol a0y e b tRfesiint B cREhat 8 2 Wheas gt PSS S E PRuET o
entirel YIzinﬁE QHGb§tAtiaT ﬁlaih%unf’bér toAh8 Yehd phialit? opg%gqaxﬁis.d' e, the

substrate conprising: a plurality of power and ground vias In a core region
of the substrate a pIurallty of signal vias; an enbedded capacitor havi ng

first an sec mnas a first s ace ncI i i,r.st pIur ty of
power L ants. compisuBEE g  abd Phe R clitS AT Gudh Whep 2Bt Bpeiohehé

pl Ura“tﬁoﬂérﬂ@sy\@des\ﬂo@%@ eftiiy ough bl g1 ound | ands coupl ed to the
second termnal through first ones of the plurality of ground vias, and a

first plurality of signal |ands coupled to the plurality of S|gnal Vi as;

and a Se??”d THE <86 &ratd fditSh 99 afly 3RE Wi o' 31, Un AR 1EAF AR GPYRL € T O

the firs
ground vias does not go entirely through the substrate.

33. A substrate to package a die, the substrate comprising:

a plurality of power and ground vias in a core region of the substrate;

a plurality of signal vias;

an embedded capacitor having first and second terminals;

a first surface including a first plurality of power lands coupled to the first terminal
through first ones of the plurality of power vias, a first plurality of ground lands coupled to
the second termmal through first ones of the plurality of ground vias, and a first plurality
of signal lands coupled to the plurality of signal vias; and

a second surface including a second plurality of power lands coupled to the first
terminal through second ones of the plurality of power vias, a second plurality of ground
lands coupled to the second terminal through second ones of the plurality of ground vias,
and a second plurality of signal lands coupled to the plurality of signal vias;

wherein the first plurality of power lands, the first plurality of ground lands, and
the first plurality of signal lands are positioned to be coupled to corresponding power,

ground, and signal nodes of the die.
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termnal through second ones of the plurality of power vias, a second
plurality of ground |ands coupled to the second term nal through &%BBE\@{]M
ones of the plurality of ground vias, and a second plurality of signal

| ands coupled to the plurality of signal vias; wherein the first plurality
of power Jands,, the first .pluralit f ground | ands, and t first .

L ubal Ty Tngaibstrah qecifi o G aflete f Stupreat rombbir Shmisg
power, gypspge. and signal nodes of the die. 18 09 DEC 2004 34, The
substrate recited in claim33, wherein the substrate is a nultilayer ceramc
substrate. 35. The substrate recited in claim33 or 34, wherein the first
plurality, of wer | ands . are substantially equ i.n nunmber to the fiyst

pl ur al i t y3Jof 8&&9 straff gecitedgn ¢ S?‘Jﬁé’f@r?‘@é ¢ 85t ip E]Fté(i%ﬁ%‘feré@d{%r 35,
wherein t fld 0 1 DS ot g & SosiPShantial ly equal in
nunber toapgﬁ%ggag{g%}?gécg{aur atfl%flgy o‘? gr c{tsjr#ciaﬁraaﬁrds@%?. %e'substrate recited in
any one of clains 33 to 36, wherein at |east one of the power vias does not

go entirely through the sybstrate. 38, The_supstrate recited jn y one of
claims 33%0 gﬁh,e mg%traé*F Fecited |1%§]§tm§3e369r Sﬁewggffmﬁwa sgqozd @W@Em@fpwr
entirely . llng’&il‘ YOt ] [ ny one of
cl ai ns 34,%%?3%&%\%}@?52%2&& ura itc;)rgl%osﬁ SI ﬁ%ﬁ%ﬁ%&ggehﬁ%éa peri pher al
region of the substrate. 19

37. The substrate recited in any one of claims 33 to 36, wherein at least one of the

power vias does not go entirely through the substrate.

38.  The substrate recited in any one of claims 33 to 37, wherein at least one of the

ground vias does not go entirely through the substrate.

39.  The substrate recited in any one of claims 33 to 38, wherein the plurality of signal

vias are in a peripheral region of the substrate.

19




