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The present application is related to the foll ow ng applications which are
assigned to the sane assignee as the present application: Serial No.
09/631,037, entitled "Electronic Assenbly Conprising Substrate with 10
Enbedded Capacitors and Methods of Manufacture"; and Serial No. 09/628, 705,
entitled "El ectronic Assenbly Conprising Interposer with Enmbedded

Capaci tors and Met hods of Manufacture”. 15 Technical Field of the Invention
The present _invention relates, generally to electronics packagi ng. Mre
parti cul ar | $lectropic Assembly (omprish t@%ﬁé’&? Hyhyid,Subsr @tW'M'gbegg%nbl y that
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tape and conpact disc pl ayer Sy lidePicdsHElvEntlogCOr ders, MP3 (Mdtion
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field of electf&etERITA rdIRE RndrlyaD elbAGRRSHRkaghRMRR o811, @RS Ur € anong
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20
Background of the Invention

Integrated circuits (ICs) are typically assembled into packages by physically and
electrically coupling them to a substrate made of organic or ceramic material. One or more IC

25  packages can be physically and electrically coupled to a printed circuit board (PCB) to form an
“electronic assembly”. The “electronic assembly” can be part of an “electronic system”. An
"electronic system" is broadly defined herein as any product comprising an “electronic assembly”.

Examples of electronic systems include computers (e.g., desktop, laptop, hand-held, server, etc.),
wireless communications devices (e.g., cellular phones, cordless phones, pagers, etc.),

30  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

35  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.



generation of packagi ng nust provide increased performance while generally
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20  conductive terminations or lands (generally referred to as Aelectrical contacts=) of an IC
component are soldered directly to corresponding lands on the surface of the substrate

using reflowable solder bumps or balls. The C4 process is widely used because of its
robustness and simplicity.

As the internal circuitry of ICs, such as processors, operates at higher and higher

25  clock frequencies, and as ICs operate at higher and higher power 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

30 packaging an IC on a substrate that minimize problems, such as switching noise,
associated with high clock frequencies and high power delivery.

Brief Description of the Drawings

35
FIG. 1 is a block diagram of an electronic system incorporating at least one
electronic assembly with embedded capacitors in accordance with one embodiment of the

invention;
2



For the reasons stated above, and for other reasons stated bel ow which w Il
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departing from the spirit and scope of the present inventions. The following detailed

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

20 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 decoupling capacitors in a multilayer
substrate. Various embodiments are illustrated and described herein. In one embodiment,
an IC die or chip is directly mounted to a hybrid organic/ceramic multilayer substrate, of

25  which a ceramic portion contains one or more embedded capacitors, and of which an
organic portion includes suitable routing and fan-out of power, ground, and signal
conductors.

The substrate portion contains a multi-layer stack of conductive plates separated by
high dielectric layers for forming one or more high-valued integrated capacitors. The

30 overlying organic portion contains high density dielectric layers comprising metal
interconnections. The organic layers are used for routing conductors and for transitioning
from the die bump pitch on the die to the more relaxed pitch on the opposite surface of the
substrate. Because the organic portion is relatively thin, the integrated decoupling
capacitors of the ceramic portion can be kept relatively close to the die, resulting in

35 relatively low reactive inductance when the IC is operating.

In addition to the foregoing advantages, the use of a relatively rigid ceramic
portion provides a desirable amount of stiffness to the package and significantly reduces

3
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Other types of circuits that can be included in electronic assembly 4 are a custom
circuit, an application-specific integrated circuit (ASIC), or the like, such as, for example,

one or more circuits (such as a communications circuit 7) for use in wireless devices like
cellular telephones, pagers, portable computers, two-way radios, and similar electronic

25  systems. The IC can perform any other type of function.

Electronic system 1 can also include an external memory 10, which in turn can
include one or more memory elements suitable to the particular 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 removable media 16 such as floppy diskettes,

30  compact disks (CDs), digital video disk (DVD), and the like.

Electronic system 1 can also include a display device 8, a speaker 9, and a
keyboard and/or controller 20, which can include a mouse, trackball, game controller,
voice-recognition device, or any other device that permits a system user to input
information into and/or receive information from the electronic system 1.

35 FIG. 2 illustrates a top-view of a die 60 on a substrate 50, in accordance with one
embodiment of the invention. This die/substrate structure can form part of electronic
assembly 4 shown in FIG. 1. Die 60 can be of any type. In one embodiment, die 60 is a

4
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20 embodiments where Vce and Vss traces are provided anywhere 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 provide an advantage.

FIG. 3 illustrates a cross-section of the die/substrate structure of FIG. 2 taken along

25 line 70 of FIG. 2, in accordance with one embodiment of the invention. The multilayer
substrate comprises an organic portion 80 and a ceramic portion 90. One important
purpose of the invention is to provide relatively high capacitance, for example in the form
of one or more capacitors embedded in ceramic portion 90, relatively close to the die in
order to reduce the effect of reactive inductive coupling when the IC is operating,

30 particularly at high clock speeds.

In one embodiment, organic portion 80 comprises a plurality of organic layers 81-
83. Organic portion 80 provides a suitable medium for routing and fanning-out, if desired,
conductive traces for I/O signals and/or for power supply potentials such as Vec and Vss.
For example, a signal conductor (not shown) on die 60 can be coupled to solder ball 62,

35  which in turn is coupled to land 101, signal via 103, conductive segment 105, signal via
107, and land 109. Likewise, signal vias 111 and 113 extend from signal conductors on
die 60 through appropriate conductive paths to their own respective lands 109 on the

5



In FIG 2, die 60 conprises a plurality of signal conductors (not shomné
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plates 141 at Vce potential and a second pair of connected plates 151 at Vss potential.
Between the plates 141 and 151 is a high permittivity material.
Ceramic portion 90 provides a suitable medium for providing one or more high
25  value capacitors having first and second terminals that are coupled to Vcc and Vss
conductors, respectively, in the core of die 60. For example, a Vcc conductor (not shown)
on die 60 can be coupled to each solder ball 64. Each of solder balls 64 is coupled to a
land 147 on the bottom surface of substrate 50 by a circuit that includes land 121, Vcc via
115, conductive plates 141 joined by via 143, and Vcc via 145. Likewise, a Vss conductor
30 (not shown) on die 60 can be coupled to each solder ball 66. Each of solder balls 66 is
coupled to a land 157 on the bottom surface of substrate 50 by a circuit that includes land
125, Vss via 116, conductive plates 151 joined by via 153, and Vss via 155.
Substrate 50 can include one or more reference planes, such as reference plane 85,
comprising a conductive layer of material. In one embodiment, reference plane 85 is
35 fabricated as an upper layer of ceramic portion 90; however, it could alternatively be
fabricated as part of organic portion 80.
Substrate 50 can include multiple Vcc, Vss, and signal conductors, only a few of
6



conductive traces for 1/0O signals and/or for power supply potentials such as
Vcc and Vss. For exanple, a signal conductor (not shown) on die 69 Uc n be
coupl'ed to solder ball 62, 35 which in turn is coupled to | and 101:

via 103, conductive segnent 105, signal via 107, and land 109. Li kevm se
signal via nd 113 extend from si gnal conductors on rough
appropri at 3”‘%%‘3‘@’8“% paths to their own respective |andggq§§)qgﬁsz

AUG 2005 WO 02/19430 PCTI US01/ 26822 bottom surface of substrate 50. In
simlar fashi nal 0 ht hand side of die 60 (as viewed in
FIG 3) are g'ﬂ"t‘ g tfg 31? g\i?t ?f‘F’B gnal conductors (not shown) on die
60 to correspondi Agmentieded abave h@nbembqslnm@urﬂfea@me@ed sapasitorsedach ®Mpriseands 109,
147, and 157, &rbf@piﬂﬂlv%@lﬁte@ﬂﬁlﬁﬂﬁ@ﬂéﬁnt&ﬂhﬁ(ﬁl@ﬂ@e@@eﬁ@éﬁtB@ca%Qdi‘tWeed 5 through

sui tabl e Con {:etsor ?‘uét%%@un%pggg%ﬁg%uﬁtggﬁ% n%asgctoncli)aJ iRal écfou K Sﬁtﬁgondl ng

nodes or Substr jacent to
substrate SOOWat%uﬁjAé%’mal—@GB@ﬁ%RTBCEWS“é%ﬂ?rﬁga%eicﬁtll?l%t’rt%heﬂl%%nt|cal to
substrate 50, or Affire aair bfcapaciive plhtece@i plates 141Ppafnel capadioBdantie copled,to or ot her

type of Substarv%t?e.m;ﬁgﬂn& &th%td%% gwgy&gsﬂu%%&as %Q@ﬁv&@ﬂﬁhalor power

suppl condu t1ona e I ncrease , W thin the
or ggn?/c porti %’ong@e Pshe ag Stbstrate o0 dyilravisegs @"0‘15‘1.?% ‘?aP%‘t‘PVGngfeﬁée%pper
surface of splagsdal)ef 86 cemcitor gandmicewpllitt & Wsotbrntived (rot gowh) @andi¢ € by wpower

igg gtgt L?stgg%kteh 3a1b6§45w§1r1 ggﬂofaaﬁgtgﬁﬁlgﬁqgﬁ b @k ﬁ)wr%psurﬁtge'éblf@ﬁ%stéﬁg Sﬁ I gnal

bet ween si gnal C(a)ir?d’fft?f 8‘P§°dlm gs e?aé'ﬂ?gﬁff %Ebf ff‘f?éé/‘“‘r%ﬁ M&ﬂne‘r%lﬂg’f‘? vely

t hi ck enmbeddeubeddpdiedpacitors cach @@ﬂ&mlhwmlmsm hoyingsore thaptvastonpected| at i vel y
thick ceram glak Yer poRyiY EMorebvan vithin It sibaté; cgpacitorCIaREp iffefeht MiMbersnot  be

necessary If %&%Xecltéﬂr])h{t% p‘é’}‘;%:[]hng?éoﬁg alé‘&“bé( usIeH P%%%q%%h%%?g&bg@ﬁém%onp“ sing

only a few rons or |ess)
and/ or of!dhi @waor@rfwlﬁhava%oe@lgte oflea?-h qutsw,at 4ne§1§l)capasé9ramwé B¥rtion 90, in
one enbodi nettiree cangoted pintes perfpolarigrl i ty of ceramic layers 20 91-95. Enbedded

Wi thin ceramc 'a'Yt?erOpan%&raxg 6%&1};@@&3&9&&6&0&@\/& hb&&ﬁléﬁh&% offif the
sake of sinpli.ci t%n at i on eSCI’I%Q[LI on, I ncl uq}%s a first

pair of conn&EgHHoNiZe pum 54 pcagion, Ao °?)‘Blf°é‘rt|‘f”i‘ %‘i?“%{‘t‘éeét:ﬂﬁﬂe“b‘al oo
connect ed pl atoesdiicdikte capaditos cpdd batsedinstcadRd thesepacitinestpkctateaustrdted ind 151 is a

hi gh per migt t ipy 3y RERd:&ict by be made to Related Inventions 1 and 2 above for further details on
the structure and composition of the embedded capacitors.

The expression Ahigh permittivity layer= as used herein means a layer of high
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

25  Sol-Gel or metal-organic chemical vapor deposition (MOCVD) techniques; or a layer of
any other type of high permittivity material. Substrate 50 can be provided with one or
more embedded capacitors of any suitable type.

Die 60 can comprise a relatively large number of Vss and Vcc die bumps
distributed in the core regions of the die 60. This large parallel connectivity ensures very

30 low inductance (e.g. <1 pico-Henry) and enhances the current carrying ability of the
overall IC packaging structure.

Various embodiments of organic/ceramic hybrid substrate 50 can be implemented
using known organic and ceramic substrate technology to fabricate the constituent
structural elements. The structure, including types of materials used, dimensions, number

35  of layers, layout of power and signal conductors, and so forth, of substrate 50 can be built
in a wide variety of embodiments, depending upon the requirements of the electronic

assembly of which it forms a part.
7 {



Ceram c portion 90 provides a suitable nediumfor providing one or nore high
25 val ue capacitors having first and second termnals that are coupled to
Vcc and Vss conductors, respectively, in the core of die 60. Fon Deéﬁ‘lﬂﬂh% a
Vcc conductor (not shown) on die 60 can be coupled to each sol der ba 4,
Each of so J|ls 64 is coupled to a |and 147 on the surface of
substrate E@fwlg?(’ci rcuit that includes |and 121, Vcc vi apgﬁ&%’g}zgq}ﬁduct Ive
pl ates 141 joined by via 143, and Vcc via 145. Likew se, a Vss conductor 30
(not shown) on dig 60 can be coupled tg.each solder ball 66. Each of sol der
balls 66 is coupg‘é’dt”’lt‘bg%cafl F\&°“i?§9 oy @%°%P¥W§Lﬂ@}f&bthwgl§@5§wsat e 50 by
a circuit thanit otepsielcd, sueh as laris, 10%947,wndi1 371 Ghe adsiitiboglipackegipp element 151 | oi ned
b|y via 153, h%ﬁhﬂbe\éﬁx siitaBle Hvice, Sdébafgécaﬁ@q&ebm@ 20@%44511%13&{&?1 te,rsixﬂﬂhrrl %, 61‘3]‘: erence
pl anes, suc [ re onpr i si.ng. a conduct i v.e er o
material. In dgf?leée ng ng%aﬁ%%rg%?,%&&g*%ragn%og C%qﬁ%ir’\eé fcggxinép%sgp?“gﬁé FiEeht g%arés an upper
| ayer of Qer 4RFR) 9567nd; aomother;bosrdgs gt other type efpagkaging elemgnti vel y be fabri cat ed
as part of organi In FIGrI3,itiercofiductiveipifdsrial andSi31 eaiprise CondaRivelytrs fir@ed@C, Vss,
and signal c b - . 312 /

PCT/ 11 S01/ 26 15!42&!6\%%' ch °2?éegh¥?1 G{é‘?\r%g?'féBféé%‘gﬁégs%ékg&%ﬁ@%ﬁjr%i“g%pd As

y.
ment i oned ab&9RAuctivs Plates 1Ah#s frmetbetweanseramsdayss 9 102 au X U andasetpndorpri se  a
pai r of capageir ofiendictivesatesni S larefompiedbetweeit derawiid lgyefd92)93 angd &4/85.0Bteween t he

capaci tivg RHr@b8is of Dnduclivd pldt& 1l Blioihed by A48 hnll the P BR cBY o Ve&ldrig second

termnal is coupled to the.5 h late” A Al m pal can ejtheyr be the
At tsel 1 Sgond b of el P 151 ok inet 41 R 15 A ey 58 Pouplst K o (1 e
pl at es (e.g. Gonditctve platgy 14dfandd cemprdends ifdesired, thymghaony pibstantiably the entire t er ni nal

(not shown) Qgidh tRtvien RdjoinRY 169érs 50dcthic Rakhial64 as well as to a Vec term nal
147 on the | ower

face of substrate 50. Ljkew se, . con air .of
capacitive pl at esﬁll(t":é.4 ?uStr_%fsaatcéosss'i%%naé)feprteﬁeg{aﬁ%fb@?dd???uigﬁ??%sgm%gﬁEfed to a
Vss termldal FlGatakenalong lism70ufEIG @, acepadangeovigf angliprgetive smbpdimentaln wel | as to
am\olsz _ter m nahis dpbodinient, Renductive lates 64 Par 361 campriss dontitivdlaydri forhdier
enbodi nent s, Welal S e | nor e
enbedded capz;@ﬁngtﬁgsﬁéﬁgﬂtcﬁ%\eﬁwﬁgﬁ%ﬁ'yﬂ?% Peé% g% %Wg%é{%ﬁ%%% ﬁ{in t wo
connected plah fBanedayithingeramic yergpldad9dyand gpecendpais abcandudive pletes ¥ #aci t or s
havi ng di f f erfemted mithineeramicdéyecstraed 94 drhp lcartdestive dayers oarslrei fosmedpfot d al so be
used. Foryoexaihsle, withinthd lafiSorRit id id:i&iaPRfen the ceramic layers are being built up.

The first pair of conductive plates 341 are joined by via 143, and they are coupled

to Vce. The second pair of conductive plates 351 are joined by via 153, and they are
coupled to Vss. Conductive plates 341 and 351 can extend, if desired, throughout
substantially the entire region between adjoining layers of ceramic material. The structure
25  of the substrate illustrated in FIG. 4, and the fabrication thereof, can be carried out with .
any or all of the variations mentioned above regarding the embodiment illustrated in FIG.
3.
FIGS. 2-4 are merely representational and are not drawn to scale. Certain
proportions thereof may be exaggerated, while others may be minimized. FIGS. 2-4 are
30 intended to illustrate various implementations of the invention, which can be understood
and appropriately carried out by those of ordinary skill in the art,

Fabrication

35 The organic portion 80 of substrate 50 (FIG. 3) can be fabricated by conventional
techniques, such as but not limited to conventional organic build-up techniques. For
example, dielectric layers 81-83 can be fabricated from materials such as epoxies,

8



15 capacitor could have only one plate of each polarity, and another
capaci tor could have three connected plates per polarity. The p & AUGD08Y
geonetry of the enbedded capacitors is very flexible in ternms of the

orientati 081052'61??30 nunber, |ocation, and conposition of tpﬁﬁ§@§&§%i t uent
e

el enent s. nore di screte capacitors could be used t he
capacitive structure illustrated in 20 FIG 3. Reference may be made to
Rel ated | nventi ns 1 and 2 albov for I:I‘Ff r details on structure and
conposi tion GFYARS RbEBIEES 80Ky %‘}ef’é’f’ sul érwl%séé‘%‘f? ﬁﬁl JoBYIPRSt tivity

| ayer- as useud h@plesnlmlmmala Tlab)lwer@hn be ephstrugted nsing femiliay cquipnent fat such as a
hi gh permtt lesetr&dfngc edaﬁﬂg @plﬂmug &UGﬁ}aﬁﬁg Edréeﬂlpﬁhﬁgpﬁéﬂcllﬁk &%d déctortblddthg,

permtt|V|ty e mthat i.s deposited, for
exanpl e, Sg/ ch) E" %&{é’fne%t Su°h atsélmeg}’scuss coater oﬁ%“rrrtl% %‘a‘ff’ater fgdld baéfaé‘s. tion (MOCVD)

t echni ques’ or a Cay@ic portion A pf mbﬁ@ﬁe iofp@b%f?brrﬁatgﬁbqoeqnmmmmcpmm,en al .
Subst [) iat e 50 saetiasibet ot imitetid high tdinperatur©to-firsdéctantl o (FETTE)dechaglogi high s of Sny
suitable typ {elpgelc Vss and Vcc
Gi'e burps * areTPREeRRoeRbes %i@?%é fulidhs ¢ el fRall WO o

paral | el connecti ¥P F%F“@H%‘MF@%V f spriessgsistangs (B3 ¥A ‘éﬁ%ﬂc”elot"ée’ﬂf’e”@”? s"dF‘bo Henry)
and enhances drhepperaompatiblcarfirgd crganaib techrtojogp may beusedvEreatdultingtipmc kagi ng

structurey VaJefaﬁh@sh@éYP&% FBplcal Rk RECFBLIGH §6 FAdfs ana/?bk@alaymﬂer&tg% 50 can be
i npl enent ed own organi ¢ and ceram c substrate technology to

fabricate theoL%%@gst uent structural elenents. The structure, including
types of materi al ¥Mulifeydr stepksrefhighoPlsply panhsased3s casdmic agmtios 50. Ilétngkpbff power

and SIt gna:c c %;%mdxg Aéislly a&%bﬁ:(ibnfi@ﬁrﬁo@hngQi‘eraﬁxMiﬁoﬁﬁa@lt&Q fglad%mhﬁle E?%U;;able It n a wde
variety of erhgdygly ‘Lx RSP e R0 st A é@éé.e@@mggg b roni ¢
assenbl ’ et 1/ 26822
Substra%/ef){so f&% bl\éulg ﬁ”@&“ast"gﬁ ikl $4c8 AP 1 (F RIFSE BYEAPn 64% ough t he
l'ands on it sprovideapditincacas hightis 0 dsq. ands 109, 147 and 157. The additi onal
packagi ng_ el ement y, £3foR6AMhnSfint %ﬁrsdo% l?a SEARAAY, i%;”ate
200 that is i

Substrate Zodggg[r %&Lre %r exgarrpT (PBfRI’I 0cg%rcu éﬁg{

card, a not heuerahma;mhoncﬁmb&lkyovutﬂeeinuqllymcloefsammx-agmngclmlnﬁmmmr In FI G 3, the
conduct i vgy Pl @h&ioh THMORND) brokes BTRISbEGI pRIVEUSGH WiRRh b 3SR Rick RaTBbidl

suspension of solid particles in a liquid, transforms into a gel due to growth and

G o

interconnection of the solid particles.
In either case, high Dk material can be embedded at temperature ranges that are
compatible with ceramic technology (e.g. 600-1000 degrees Centigrade).

25 Metal traces and vias can be formed in organic portion 80 and/or ceramic portion
90 using additive or subtractive techniques that are well known to those of ordinary skill in
the art. For example, vias can be punched through each layer prior to stacking, and they
can then be filled with metal paste prior to ceramic firine.



t he boundary between adjoining |layers of ceramc material. For exanple,

first pair of conductive plates 141 are fornmed between ceramc Ia%gpaé@i/ 92
and 93/94, and a second pair of conductive plates 151 are f or med

ceram c layers 92/93 and 94/95. The 10 first pair of conductive plates 141
are joi nedWS0Xip430143, and they are coupled to Vcc. The BEWBHA26M2r of
conductive plates 151 are joined by via 153, and they are coupled to Vss.
Conductive plates 141 and 151 can extend, if desired, throughout

subst anti al | ynatdrislseihe seeondrpegfioo hadisiltigecondtitars, suchgs viay 8035 1 Jf 118t kim ¢

mat eri al . Fl Gaod $16 (F1G!ISY. Pie@onducorQfduds @ Gt @cﬂﬂhctéreﬁkﬁ‘ 2Nl 815 (Pm Qf taple

di e/ b
el substr at & SLORELEEEA mdin bR el TR BNk L plBaC (Ebis 2, TN

accordance wi't P RRC &l
pl ates 341 arfandystor, seshss Visd 16 BiduDs thatds qoppled-tg theseqend termingliaf thechpacitkay er s of
ceram c meft erfhakondbebrs ExcehePincludeta third cohdyetor,'sudh as ¥RNABCRIGYD), hbtds @wplddl  are

formed wi thi o &%F%Hﬂlﬁg&eaﬁﬁlgﬁGg%) \ﬁ&%tﬁ§fﬂ3§ﬂbﬁloﬂg§%ﬁ%n§l) oj‘?ﬂe[lsHQ t%onduct lve

pl ates 351 are conducti ve
| ayers can be. for Hed7 & st mmberof lgsdse suchas lands 10hd 2], 4p¢425 GIG.Ghani ¢ materi al
when the cer doimed bay eurfacaofthdecong portioh 80 (FEG. 3) dTthe fubstsdte. JEhiellands incladeciict | ve

B;ﬂ es 341 SLfg%tllla@Hrkﬁ%Qﬁan ¥ 131, 8 lecﬂgﬂxekfgz naﬁ&orqqs?h@ds a&céémar Z“%EEBFES
to Vss. dd&?}ia\?i" Bll %éguf%ﬁllm g’ﬁdd%‘h ée(%g} wgég\‘rpg‘ﬂ‘ s(P‘FWHUQhout
subst ant i al | yi0l lveupdesttp the thiedyooduckos d&EHG.88j oi ni ng | ayers of ceramc

material. The Str sl witregided 29700 PRI IShe AEadd VTG RIpIsRiokiD 4. and the
fabrication there f. thevrlatlons

mont | oned_abSOERAR R g IRk SRR e of 1 iz 60 B0 Bt b iRt 5!,
are nmerely rdptheypner surfagmefi thaxswbisteaied0 qud physieall atfixed thareto. T@ﬁqcmdn‘mdproport i ons
t her eof nmy hesgneggef;&ismdnedmhbé&uphmwﬁsem&p&&r@applynoaechg Fhgpof die- 4 are 30

| ended to | oleet spUe g0} BRCIRIBLLART, Slcobliea INEALISR ol o can

be understoo and ‘appropria inary skill in
the art. Fabri0dBG 8h 35 The organi c portion 80 of substrate 50 (FI G 3) can
be fabricated by Irmsv,emeémxrlahmb&re«EIaMSqmeh;as lande b0% $4%) atd 15GH(FIG. B), ared t O

conventi onal Bh & st S't‘tHé)ﬁFste;FoRIbh%?ﬁG ﬁ%memé erheqhxﬁik hhdg |ayers
81-83 Can be fffﬁrlén%a;[u%}?as lan, OJn 4r7ra<301elpr>llecf1 to thcS irst tcrmmaleﬁ?)&l%s 3);afi ané\ lgl%hZOOS
as land 157, coupled to the second terminal 151 (FIG. 3); and a sixth land, such as 109,
coupled to the signal node 107 of the first portion 90 (FIG. 3).
Still with regard to 259 in FIG. 4, the fourth land 147 (FIG. 3) is positioned to be
coupled to a first power supply node 203 (e.g. Vcc) of a subjacent substrate 200 (FIG. 3).
25  The fifth land 157 (FIG. 3) is positioned to be coupled to a second power supply node 205
(e.g. Vss) of subjacent substrate 200 (FIG. 3). The sixth land 109 (FIG. 3) is positioned to
be coupled to a signal node 201 of subjacent substrate 200 (FIG. 3).
In 261, some or all of the conductors of the second portion 80 (FIG. 3) are fanned
out from a first, relatively tight pitch of the first number of lands (e.g. lands 101, 121, 125)
30 toasecond, relé.tively relaxed pitch of the second number of lands (e.g. lands 109, 147,
157). This fan-out is fabricated primarily within second portion 80 of substrate 50.
However, fan-out is not necessarily limited to second portion 80, and some fan-out could
also be performed within first portion 90 of substrate 50. The method ends at 263.
The operations described above with respect to the methods illustrated in FIG. 5
35 can be performed in a different order from those described herein. For example, it will be
understood by those of ordinary skill that 261 will preferably be carried out during the
fabrication of second portion 80 in 255. Also, 259 could be carried out during the
10



WO 02/ 19430 PCTIUSO /26822 acryl ates, polyim des, polyurethanes,

pol ysul fides, resin-glass weave (e.g. FR-4), nylons, and other sijf IA86 2005
materials. The | ayers can be constructed using famliar equipnent for

ext rudi ng, ing, Spinning on, spraying, screen-printin i.ling, and
dopt or - bl a&fér)\%?m ating equi pnment such as a neni scus coa?%’?la%)ore‘ﬂgﬁ%tai n
coater could be used. 5 Ceramc portion 90 of substrate 50 can be fabricated
by conventional, techpiques, .such but not limted to high tenperature
co-fined Cer2%?18&“@}1{?%&?%[%3%9}}%9919%% gh thermal coefficient of expansion
(HI TCE) technol ogy, or glass ceram c technology. To ensure |ow equival ent
series resistance (ESR) values, a | oWondugiosr ature silver or copper

conpati ble co-fired ceram c technol ogy may be used. The resulting thin 10

ceram c slteets ham@ pleskitiihvetion fidvides &5 8n Eéctrdfit asserhbly Bhdmansdsand a Dk val ue

in the range - . i l used in
ceram c port |moaﬁ£fg%9"g%|‘eg%?%2t '%{%}3‘5‘% @X@%mns%ur%g Féaﬁ“ﬁ%mg%g%eg%f %1%{%1391&5@@' cating
ceranic chi p clogpfequersics and pigh pwardeliverysikhe prpteat inyention nrvidagseafableibigh such as
titanate par tchpbiemee (e@n>emF/speretcentinieret)by teh@loging vendrincoatmisddani ¢ 15 natri X.
Mul i1 ayer staaeigloafhobts blvirdl v indiiihoP SR n sty fle piWRer BEIRESNL 1 nventi on
can provjde ca amtaqp s as I’lh‘?s 10 F/'sq. c I'n an _alterpative

enbod! mentd,  IAYIFTReni Ot fOF FRamg I e A TOMARCRIOCHPIS: S 4HRE # IHATEA ( BaxT1
_X) Ti 03 ( BST)pontion fip ZerHuciBr 10RHIE) the cerdrail G tion th@cdinpiises thadedowplingr med i n t he
ceram c port icefacitfs & bl Pesiione® flbiivélyQ18se 3B 1@ 8ic AhisahidinTifh SR induddies cal

vapor 20 depqgsition 0ces red. S0l - G2l | proces whi ch a sol,
which is a cﬁlﬁf Sﬁr%ﬁlf ﬂ)o ik %ﬁsglFSS%vYal?tos.t@ﬁ ﬁ?‘é{‘%é%“ﬁ%ggga‘f‘?{‘e"é“%ie?‘%fgi d, transforns
into a gel dgapagitpreangatsh peavifles requigitestifeningite e paskage e proyent wamege: iAdl es. | n

ei ther came, elcgdniddystemtiei insbrpérates e preseheitvbatioridan opsiie felibbly &t higheges that are
conpati bl e wfl ﬁgc{ug'rg@iegghg%@%?%@gnélgﬁeew&meﬁgﬂ? 29Qidegrees Centigrade). 25

Metal traces and v f I'norganic portiaon 80 and/ or ceramc
portion 90 usi nghhtgppheisingthe gresant invantioncap e pepleeatedimapumtepofiiel | known t o
those of or didifeerent akbddiments, intlndinga tubstfate; areelévtrphie assembly, analtectoaiquystahed
through each a'dﬁtﬁﬁf%cgééfggﬁys&?n, Phkthas for%ﬁin%%%str&é%&&%ﬁnb@ﬁmfeﬁt& bfithew th

gECtT?'l J ggiiog 63%}51 y apparent tg ?hrgsef: o olrc{ixllarg}gs'killgin%e%rt. TEQ 865m(\2/1\1g, gl%{egiaﬂésggometries,

and dimensions can all be varied to suit particular packaging requirements.

Although specific embodiments have been illustrated and described herein, any
arrangement which is calculated to achieve the same purpose may be substituted for the
specific embodiments shown. This application is intended to cover any adaptations or

25  variations of the present invention. Therefore, it is manifestly intended that this invention
be limited only by the claims and the equivalents thereof.
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materials. The second portion has nultiple conductors, such as vias 103,
111, *113, 115, and 116 (FIG 3). The conductors include a first EOntlG300r,
such as via 115 (FIG 3), that is coupled to the first termnal of the
capacitor. The conductors also include a second conductor, such as via 116
(FIG 3), that is coupled to the second termnal of the capacitor. 5 The
conductors further include a third conductor, such as via 103 (FIG 3), that
is coupled to the signal node 107 (FIG 3) within the first portion 90
(FIG 3) of the substrate. In 257, a first nunber of |ands, such as |ands
101, 121, and 125 (FIG 3), are fornmed on a surface of the second portion
80 (FIG 3) of the substrate. The lands include a first |land, such as |and
121, coupled to the first conductor 115 (FIG 3); a second land, 10 such as
|l and 125, coupled to the second con§&MMS 116 (FIG 3); and a third Iand,
such as 101, coupled to the third conductor 107 (FIG 3). Still with regard
to 257 i nWhe@s claimediis: first land 121 (FIG 3) is positioned to be coupled
to a first power supply node (e.g. Vcc) of a die 60 (FIG 3) that is to be

j uxt aposed to,the. er. surface of.the.substrate 50 and physically affixed
t her et o. E‘j‘he s‘éé%'ﬁﬂgﬁgﬁﬂb%{eléﬁmf’ﬁt@gaﬁwf(gn%&qgti oned to be coupled to a
second power sagphitichoetton(@niprisiMgah embediice cap@itdrHatang First ahigedohdir d | and 101
(FIG 3) is positioned to be coupled to a signal node of die 60 (FIG 3).
In 259, ate8B®Bl§d nunber of |ands, such as |ands 109, 147, and 157 (FIG 3),
are forned on fd i bstrate.
The | ands i ncl ?J e&gﬁ&ag%e?ggﬁsh%%laa%rg%gg(g]thglg&? g%g!d@%? ﬁ‘%?&g (é(; f[fe gstlf}he first
term nal theXir§tfér@inad pnd asdcohd lanl aopledsto dle ssoridaanhifi@l/whereimghefirst and he second
termnal 151 I 3); . .and i xth l.and, such.as 109, oup] ed.to the signal
node 107 SEouhandd € oy S BedPpien a0 CopShaR R o T il P850 ' n G
4, the fodgklsnd and 147 (FIG 3) is positioned to be coupled to a first
power supply node 203 (e.g. Vcc) of a subjacent substrate 200 (FIG 3). 25
The fifth | andam®gari¢pertion yomprisieg3 plughistoficonguctorsiptleding a fisst second power
supply no | : sixth
and Too (g dtpling e HndH MARE TS FhEeofiSoldb for clpiind 18 O

subj at@nt scohdlanditeeth2 8&ofdFte@nim@d).. I n 261, some or all of the conductors of
the second portion 80 (FIG 3) are fanned out froma first, relatively
tight pitch of the first nunber of |lands (e.g. lands 101, 121, 125) 30 to a
second, rel atiyed Mukitd Kﬁf&sﬂ%téEé@itétfintdlui‘msl&&ﬁffdnlﬁwlﬁbﬂpﬁﬁﬁ%]hQMﬁd(e- g. lands

109, 147, 157). This fan-out is fabricated primarily within second portion
80 of subBlFalityofands on a second surface thereof, including a third land coupled to the first

terminal and a fourth land coupled to the second terminal.

3. The multilayer substrate recited in claim 2, wherein the pitch of the second
15  plurality of lands is greater than the pitch of the first plurality of lands, and wherein the

pitch is increased within the organic portion.

4. The multilayer substrate recited in claim 2, wherein the first plurality of lands
further comprises a fifth land positioned to be coupled to a corresponding signal node of
the die, and wherein the second plurality of lands comprises a sixth land coupled to the

20  fifth land via a conductive path that comprises one of the plurality of conductors.

12



However, fan-out is not necessarily limted to second portion 80, a?g §@fﬁ
fan-out could also be perforned within first portion 90 of substra 1005
The net hod ends at 263. The operations described above with respect to the
met hods illustrated in FIG 5 35 can be perfornmed in a different order from
t hose described herein. For exanple, it will be understood by those of
ordinary skill that 261 wll preferably be carried out during the
fabrication of second portion 80 in 255. Also, 259 could be carried out
during the 10 3 D AUG 1005 WD 02119430 PCTI US01/ 26822 fabrication of the
first portion 90 in 253. Conclusion 5 The present invention provides for an
el ectronic assenbly and net hods of manufacture thereof that mnimze

probl ens, such as switching noise, associated with high clock frequencies
and hi gh power delivery. The present invention provides scal abl e high

[ . nf [ by. | Qi
cmbodded Stecolft TNTEL bR EoREl MR EFERTE WAnERERE ot Tty tne

power del pluedlity dlafidddsl preadEthian thefpitch of the Xiadtplalith bflands bhd Whediaher ocessors.
By using a thin orgapic . portion for, conductor routing, the ceram c portion
that conpPitdbis MoRaserbwithipthefganiepertiPR.or s can be positioned rel atively close
to the 1C die, thus mnimzing the inductance. The ceram c portion |ends
itself well to the fabrication of high valued enbedded capacitors and al so
provi des bpequi $he muliilayef subismaje regitehin qlainida gdeten the dusiandforrgaigeds ater 15

el ectronic systemihat incorporates the present jnvention.c erate

el iabty Beosnat b Qropled e FRR RN vl STy hede S PRI E SRR 21 1
at tract i veubjAsnttb g mbilil=8cerdniie s@s@aRNt i nvention can be inplenented in a
nunber of different enbodi nments, including a substrate, an electronic

assenbly, an electronic system a data processing system and nethods for

meking a gubst Iﬁ"ﬁ% ﬁultﬁ}%iegubgﬂﬁg LoAE el ! 1|, wiErefthE gﬁ%utéfr c%ﬁ@?i@gs% to those

of ordinary sk in the art. The elenents, materi geonetries, and
di mensi oncastame high pfeemitavifydalyer.o suit particul ar packagi ng requirenents.
Al t hough specific enbodi nents have been illustrated and descri bed herein,
any arrangenent which is calculated to achieve the sanme purpose may be

substitutgd foThé MealtilgReaibsirste esERed in®4iinS] , Shemih the RigacRonpaisésan | S
i ntended to cover any adaptations or
plurality of high permittivity layers.

9. The multilayer substrate recited in claim 8, wherein the capacitor comprises a
plurality of conductive layers interleaved with the high permittivity layers, such that

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

10.  The multilayer substrate recited in claim 1, wherein the organic portion comprises

15  aplurality of layers, each comprising a portion of the plurality of conductors.

11.  An electronic assembly comprising:
a multilayer substrate comprising:
a ceramic portion comprising an embedded capacitor having first and

second terminals;

13



25 variations of the present invention. Therefore, it is manifestly intended
that 'this invention be limted only by the clains and the equivalgqta
thereof. 11 30 AUG005 CLAIMS What is clainmed is: 1. A nmultilayer su sPPQm%
for nounting a die conprising: a ceram c portion conprising an enbedded
capacitor having first and second termnals; a first plurality of lands on
a first surface thereof, including a first land coupled to 5 the first

term nal and a second | and coupled to the second term nal, wherein the first
and second | ands are positioned to be coupled to correspondi ng power supply
nodes of the die; and an organic portion conprising a plurality of
conductors, including a first conductor coupling the first land to the
first termnal and a second conductor coupling the 10 second land to the
second termnal. 2. The nmultilayer substrate recited in claim1l and further
conprising a secon i I . €?¥T of ,
including a third Faa% kglglﬁajpl)]llt}g%ﬂ%dstoﬂg F‘%E?&eﬁgf‘ﬁq@%gﬁw‘% au%ﬂlg{ut?h | and
coupl ed t couphel tg ghedirst terminalral a s&cond mdreoipled wythe sesobdterminel;pedti ted in claim
2, wherein the pitch of the second 152£Iﬁra.'H¥.ofdlﬁnds Hs.ﬁéezt?r t han t he
pitch of the first ?5'1?}5%{}1???%8?@3?{&%? Lpiyralifve s ondycerors, elpdipe # &St o e ased
W thi n t heord@en icbulgithefirst Bnd e st terdPAnduebéidadoadidéd doaplingh cl ai m 2,
wherein the first plurality of l.ands  further conprises a fifth |l and

posi t i dnethersecond lang p thegpeeenddermypgledidondi ng si gnal node of the die, and
wherein the seggud phHERL 9&4%&9 It .Sl cﬂ'tﬁé‘ﬁr@ pled to the
20 fifth I and v?a g o%g%c&¥3e %gt atg@%kgﬁﬁgeg&%ﬁ% 8f t S plurality of
conduct or secofi®laBdQ redpkstiR€IF5 5. The multil ayer substrate recited in claim4,
wherein the pitch of the second plurality of lands is greater than the
pitch of the first plurality of |lands, and wherein the pitch is increased

W thin the2or gaRé eledd@nid 8embly recited in claim 11, wherein the substrate further
comprises a second plurality of lands on a second surface thereof, including a third land

10 coupled to the first terminal and a fourth land coupled to the second terminal.

13.  The electronic assembly recited in claim 12, wherein the pitch of the second
plurality of lands is greater than the pitch of the first plurality of lands, and wherein the

pitch is increased within the organic portion.

14.  The electronic assembly recited in claim 12, wherein the first plurality of lands
15  further comprises a fifth land coupled to a signal node of the die, and wherein the second
plurality of lands comprises a sixth land coupled to the fifth land via a conductive path

that comprises one of the plurality of conductors.
15.  The electronic assembly recited in claim 14, wherein the pitch of the second

plurality of lands is greater than the pitch of the first plurality of lands, and wherein the

20  pitch is increased within the organic portion.

14



6. The nmultilayer substrate recited in claim2, wherein the third and fourth
| ands are 5 positioned to be coupled to correspondi ng power supply nodes of
an additional substrate subjacent to the multilayer ceramc substgﬁt&UGNWS
The nultilayer substrate recited in claim1, wherein the capacitor conprises
at least one high permttivity layer. 8 The nultilayer substrate recited
inclaiml, wherein the capacitor conprises a 10 plurality of high
permttivity layers. 9. The multilayer substrate recited in claim@8, wherein
the capacitor conmprises a plurality of conductive |layers interleaved with
the high permttivity layers, such that alternating conductive |ayers are
coupled to the first and second | ands, respectively. 10. The multil ayer
substrate recited in claim1l, wherein the organic portion conprises 15 a
plurality of layers, each conprising a portion of the plurality of

conduct or 6. 1 1Thé6$1ec%loﬁfct ars?é?ﬁb(iy ?e%ﬁgm cYalﬁqu&'h%'Bﬂg%e téx?rd %h tf&t{r@ﬁ?rﬁ}ds strate
conprising: a ceram I on nprisin paci aving first
and sec opchlmcmedtmbad GD,uprﬂ tﬁcﬁreéﬁﬁdﬁigjﬁw&r Suppbt nqdlesiofdn ﬁdjﬂltﬁ)ﬁla]l sabstmatoon a first
surface thereof, incl a first land coupled to the first termnal and a
second | afHPIacERP &if B Ukﬁg“§5@3ﬁamFB?ﬁ1na and an organic portion
conprising a plurality of conductors, |ncluding a first conductor coupling
the first land to the first termnal and a second conductor coupling 5 the
second | ahd t oTkhdectmaisragsamiytasted ingtaimd 1 dwhereivrthe ¢appeitpricpmprisesad second

power §uppﬁxﬂgpassgﬁ§#§m%gu$Egége first and second |ands, respectively. 12.

The el ecttroni rec in claiml1l, wherein the substrate further
conpri ses a second plurality of Iands on a second surface thereof, including

athird I Ied to t e fir erm_nal and a fourth | and coupled to
the seco n t er %“h"g tropig assgb %feégf‘f’é‘r‘?ﬁadmalg sWREFY heeaPREtPTICAMETISES f 12,
wherein t Pfﬁraﬂ’ity} Qﬂ“boﬁﬁuén% la%fé(?ﬁérlea%dl with 't}‘ieyhlg{ pérﬁﬁ‘tﬁ%tj(] Ryés es%ﬁ? fhat han the

pitch of I rst urali'ty of lands, and wherein t pltc is increased
withint h@ltmaj@gpgmg@hw larers are coupled to the first and second lands, respectively.

19.  The electronic assembly recited in claim 11, wherein the organic portion

10 comprises a plurality of layers, each comprising a portion of the plurality of conductors.

20.  An electronic system comprising an electronic assembly having a die with first
and second power supply nodes coupled to a multilayer substrate, wherein the substrate
comprises:
a ceramic portion comprising at least one embedded capacitor having first and
15  second plates;
a first plurality of lands on a first surface thereof, including a first land coupled to
the first power supply node, and a second land coupled to the second power supply node;
and
an organic portion comprising a plurality of conductors, including first and second
20 conductors respectively coupling the first land to the first plate and coupling the second

land to the second plate.

15



14. The electronic assenbly recited in claim112, wherein the first plurality
of lands 15 further conprises a fifth |land coupled to a signal nOdF[ngén&
di e, "and wherein the second plurality of lands conprises a sixth la

coupled to the fifth land via a conductive path that conprises one of the
plurality of conductors. 15. The electronic assenbly recited in claim 14,
wherein the pitch of the second plurality of lands is greater than the
pitch of the first plurality of |lands, and wherein the 20 pitch is increased
within the organic portion. 14 3 0 AUG 2005 16. The el ectronic assenbly
recited in claim12, wherein the third and fourth lands are positioned to
be coupled to correspondi ng power supply nodes of an additional substrate
subjacent to the nmultilayer ceram c substrate. 17. The el ectronic assenbly
recited in claim1l, wherein the capacitor conprises a 5 plurality of high
permttivity layers. 18. The electronic assenbly recited in claim 17,
wherein the capacitor conprises a plurality of conductive |ayers
interleaved with the high permttivity |ayers, such that alternating
conduct i va&l-| ayBeslestrenic sygiens gecited indaim 305 wheneth the swhstratie dwreher coraprirsst i vel y.
1o came el SR GBI b kGl th PP Il Tad A ouBleday © Porti on
10 conprises a uralirty of layers, each conpri si a portiono he

pl ur al i t ythefirst phaciuazidar feurtl? ind Aoupdédetotthexsecandsplatt emhereinplied michgf dre el ect roni ¢

assenbly havi a.diewith first, and secq ower su nodes coupled to a
ol 11 ay oo ALT IS P e n iagtane BShgrlbeot et ¢ port1 on
conpr i ssi ngh@tintRASitchQMcRIRAGHAEBSN BRRASNIcHortiavi Ng first and 15 second
plates; a first plurality of lands on a first surface thereof, including a
first land coupled to the first power supply node, and a second | and
coupled tg, th ] ' . IG: ' conpri sing
bl ural i B of MEaanane Rkm SR ARGCL, B B GPBE Y, 7

respect i viarthercouplisesg fifttelahd catplddand signal dode bt thetdigy bad ehereth thosgebndg t he

I . h I . .
second ﬁlqgll%yooftlan%s %gr(r:lgr?s%s g sg;[the Ianf} goupled to the fifth land via a conductive path

that comprises one of the plurality of conductors.

10 23.  The electronic system recited in claim 22, wherein the pitch of the second
plurality of lands is greater than the pitch of the first plurality of lands, and wherein the

pitch is increased within the organic portion.

24.  The electronic system recited in claim 20, wherein the organic portion comprises

a plurality of layers, each comprising a portion of the plurality of conductors.

15 25. A data processing system comprising:
a bus coupling components in the data processing system;
a display coupled to the bus;
external memory coupled to the bus; and
a processor coupled to the bus and comprising an electronic assembly including:

20 a die comprising first and second power supply nodes and a first signal

16



3 0 AUG 2005 21. The electronic systemrecited in claim 20, mhereindgge
substrate further conprises a second plurality of |lands on a secon A6 808
thereof including a third land coupled to the first plate and a fourth | and
coupled to the second plate, wherein the pitch of the second plurality of

| ands is greater than the pitch of the first plurality of |lands, and 5
wherein the pitch is increased within the organic portion. 22. The

el ectronic systemrecited in claim?2l1l, wherein the first plurality of |ands
further conprises a fifth land coupled to a signal node of the die, and
wherein the second plurality of |ands conprises a sixth |and coupled to the
fifth land via a conductive path that conprises one of the plurality of
conductors. 10 23. The electronic systemrecited in claim22, wherein the
pitch of the second plurality of lands is greater than the pitch of the
first plup@dd fag of Iands, and wherein the pitch is increased within the
organic portion. 24. The electronic systemrecited in claim20, wherein the
organi ¢ portion conpmubBidayer subsirate adnprysing: | ayers, each conprising a portion
of the plurality of condug&cﬁs. %5 25. A.data ﬁrgces§in %§Pt?n1conprising:
a bus coupling conponentd“TH™REMFR MBI ILLE s7RY” 24 é‘ﬂ?ea HLN A coupl ed
to the bus; exémbdidbd capavitor havidph Eigst t@mimeatlbsecambteaniphl9ambsor coupled to
the bus and conprising an el ectronic assenbly including; 20 a_die
conpriding first and secragpusRartiensmrisigdadughty of cendustorsjinghudingls 3 0 AUG
2005 node; and ' : t WSHoA9 ] € rtion
conprising a s%gﬁﬁg”@%gﬁg%ﬁﬁgggEggggzﬁwﬁggngﬁkggkgﬁggggggh@g%gbitor havi ng
a first tern nscomhebnductecenglingthaiserahd pewet sapplp ngdamtiochesecondiermsioalpr i si ng a
plurality of conduectars,.ipncludin first. condquctor caupli the first
Pover supply roHe P EReRF o Bg here! i SRRH et e tp i ng e

second power supply node to the second term nal,

26.  The data processing system recited in claim 25, wherein the plurality of

10 conductors are fanned out within the organic portion.

27.  The data processing system recited in claim 25, wherein the organic portion

comprises a plurality of layers, each comprising a portion of the plurality of conductors.

28. A method for making a substrate to package a die, the method comprising:
forming a first portion of the substrate using ceramic materials, the first portion
15  comprising at least one capacitor having first and second terminals;
forming a second portion of the substrate using organic materials, the second
portion comprising a plurality of conductors therein, including a first conductor coupled
to the first terminal and a second conductor coupled to the second terminal; and
forming a first plurality of lands on a surface of the second portion of the
20  substrate, including a first land coupled to the first conductor, and a second land coupled
to the second conductor, wherein the first and second lands are positioned to be coupled

to first and second power supply nodes of the die.
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and a third conductor coupling the first signal node to the second signal
node. 26. The data processing systemrecited in claim?25, wherein %@eAU 05
plurality of 10 conductors are fanned out within the organic portt %@
The data processing systemrecited in claim?25, wherein the organic portion
conprises a plurality of |ayers, each conprising a portion of the plurality
of conductors. 28. A nethod for nmaking a substrate to package a die, the
met hod conprising: formng a first portion of the substrate using ceramc
materials, the first portion 15 conprising at |east one capacitor having
first and second termnals; formng a second portion of the substrate using
organic materials, the second portion conprising a plurality of conductors
therein, including a first conductor coupled to the first termnal and a
second conductor coupled to the second termnal; and formng a first
plurality of lands on a surface of the second portion of the 20 substrate,
including a first land coupled to the first conductor, and a second | and
coupled to the second conductor, wherein the first and second | ands are
posi tionezb.t o e mehqd edited ia claim 28, whatein dorating (he\fiest portjpplcpmpeisas of the die.
17 30 AUG. 2005 39. The nethog recited in claim 28, mherelg formng the first
portion cOFBIBSAYS siegphRafls Wherrip Pr 3 sCGRBA BOTIR SPRPFSHE SPFRIG® t he second

portion CHFchiRRtor etsttﬁlétgtoathe ﬁtat dighat %tﬂ:UEﬂd)&h&&H rftx%dng thetth& phirhisdy osi gnal
node, and wherein formng t first plural ity of lands conpriseS formng a

t hird | anldndsnepipsigest forming attlmrdr lan¢ envaplestte the thllﬁ‘écqmilu?tér ItegidirddanddeBigposi t i oned
to be fu& ﬁgngfto%eséog{}l%t&?ﬂgna?];toﬁéqgftﬂéc?ie 30. The nethod recited in claim

28 an a second plurality of lands on a surface
of the first portlon of the substrate including a third I and coupled to

the first_ter ou th | an led to the second term nal, and
wherei n i %et‘ﬂ@h iB& at"P@ﬁ aB&FPB&FE@E“H%HW ng out the 10 plurality of
conductors frofﬁhﬁmﬁ'arsééonﬁlphﬁkht%fiah& éde{ﬁrfal?é S Rt ﬁts‘t’pQFnoh%Pﬂr% to a second

pitch of the second plural |i¥ | ands.
substrate, including a third land coupled to the ﬁrst tennmal and a fourth land coupled to

the second terminal, and wherein forming the second portion comprises fanning out the
10  plurality of conductors from a first pitch of the first plurality of lands to a second pitch of
the second plurality of lands.
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