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Technical Field of the Invention The present invention relates generally to
el ectroni cs packaging. More 10 particularly, the present invention relates
to an electronic assenbly that includes an interposer having one or nore
enbedded capacitors to reduce swtching noise in a high-speed integrated
circui twoamdi2ve manufacturing nethods rel ated theret perd:&nB3fkaround of the
Invention Integrated circuits (1Cs) are typically assenbled i nto packages by
physically and electrically coupling themto a substrate nmade of organic or
ceramic material. One or nore | C packages can be physically and electrically
coupled to a printed circuit board (PCB) or card to forman "electronic 20
assenbly". The "el ectronic assenbly” can be part of an "electronic systeni.
An "el ectroni c syileentironsc Naetbyy duinpiesdi e maiarpssaywiphoduct conpri sing

an "electroni c assenbly". : onl ¢ systens include conputers
haﬁﬁﬁaﬁﬁ%ﬁ EL?%&%EE ) .

(e.qg., desktop, |aptop, server, etc.), wireless comrunications
devicés (e.g., cellular phofleshods ofi Merufassngs, pagers, etc.),
conputer-related 25 peripherals (e.g., printers, scanners, nonitors, etc.),
entertai nnent devices (e.g., televisions, radios, stereos, tape and conpact
disc players, video capsgidi@aiesorders M3, ,LNPtipn Picture Experts G oup,
Audi o Layer 3) pH%Xﬁ%&htﬁ%&1£ﬁ gj—rﬁe igk —tmthe field of electronic
systens there is.an PHtosSanbobs e????gﬁ°§%m5F$§§é§@9§%ﬁ&ﬁfnanufacturers to
driveé® he perfRﬂ‘F‘WHHﬂ%_%prﬁsﬁ@i“}W@éﬂﬂirﬂﬁ%f’aW"'thﬂﬁFP%erH‘i‘lYﬁ‘iﬂhg down production
costs. This i singledes preinfegposey havingone egmend iembeddévecapgsitors &gredige of |1 Cs on
substrates, whesitehisgudiserienhighageantegrated kirtCdnd g ManuMdakin®r Ovi de i ncreased
per f or mance Whhdigodd fiiRdéBhdrdtoei Ng smal ler or nore conpact in size. 35 An IC
substrate nmay conprise a nunber of insulated netal |ayers selectively
patterned to provide netal interconnect lines (referred to herein as
"trac&s"), and one or nor 82 Oyount ed on one or nore
surfaces of the sdfedated drcung{iCshire Sipicalli assemblep dniepackages monponent s are

physically and electrically coupling them to a substrate made of organic or
ceramic material. One or more C packages can be physicaily and electrically
coupled to a printed circuit board (PCB) or card to form an “electronic

20 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.), computer-related

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

In the field of electronic systems there is an incessant competitive

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

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

40 hierarchy of conductive paths that includes the substrate traces. The substrate
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- functionally connected to other elements of an electronic system thiguyghye

| 40 hi erarchy of conductive paths that includes the substrate traces. The

| substrate | | WD 02/ 11206 PCT/US01/2371 9 traces typically carry signals
that are transmtted between the electronic conponents, such as ICs, of the
system Sone |ICs have a relatively large nunber of input/output (1/0)
termnals, as well as a | arge nunber of power and ground term nals. The

| ar ge nowderiieds 110, power, and ground termnals 5 reqptigf/ﬁém}zg'iat t he
substrate contain a relatively |arge nunber of traces. %strat_es
require multiple |ayers of traces to accormpodate all of the system

i nterconnecti oRg..q ygfcrq@ﬁ lr&%?gh awenms %ﬁ{t‘%{] I K\ e{?ﬁrrls are typically

connected electri cF"bu h- hol es”) forned
in the board. C“YBPRRf é“ %I%/S hé""r?d'F]é“‘feHr ﬁﬁ@h sone or all

| ayers of a su@ﬂ@?ﬁpélnamutmbﬁf%t@mnh'g ag Wéli asnatlengc osmbrobfpower f ace or filling
the hole w th andgrebmatrmiadd [Tie Regedumbirwe FOpiodset, ahd gréthd fermfmalgopper or

tungsten. O;le od u&éﬁha@ﬂi&‘é%ﬁrht@@&]talﬁ@?ewﬂd@yf enmﬂé}to'fﬁﬂze@rsohag on a substrate
s called coewse%tésqgﬂl Sl RG0! A0S o &ite-ail oFipl §RleCats N9 @ o4

package, 15 thrs UCt| ve termnations o 5315 Hds (generally
referred to as ™BFEEEHPY¥al contacts") of an I C conponent are sol dered
directly to corre5pesadncaigd withia diffsrent laeersaie fyaisdlyoonneed subst rat e usi ng

ref | owabl e sol dlectricdbly byp siae (alsoablled .“pAiaé thixligphaed s forimal imhddbasd.used because of

i ts robust ness safigcandk Habid By hiking2DhoftSihloligh otk 8F 1Akyerd drGWitlsirite Of | Cs, such as
processors, Opgﬁ@ﬁlgﬁﬁhlglﬂkqgt@{lothQQUmcg illi tﬂgt%l%]{vﬁlg%enmes and as |1GCs

operate at hi g noi se can increase to

unaccept abl e | 3\?th'°3 fth"g FageéggﬁL§ §st°a?f’%eﬂ OO HRRF - and for other reasons
stated bel ow whi choﬂ‘wflﬂre wBteatienabpeheds fr moynins@s &C gp pubEIE i the art upon
readi ng and 25 callsd Eeostreltedicniippsehipoessetit(C4)p dciabiicating 004 pxkegee is a
si gni i3 cant nee elestricdiy canductl\feaemmatsmmmgenaﬁnﬁfea&séatofa@r packaging an IC
on a s ubst rate “aémcamgmae&%%an 127 R Sr{éﬁv arc.sé& e Sirdell b ! g ng; se. ngsotci a ed
W | | I pti
of the %r awi n §° F‘—ﬁs@%'ﬁg Tendis D“gtp%%ﬁgc é\ﬁﬁ?‘e 5%"%?@%%]’%‘??@ 'syst em P
i ncor porating gempsor balls. The C4 process is wide y used because of its robustness an
simplicity.
20 As the internal circuitry of ICs, such as processors, operates at higher
and higher 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
25 understanding the present specification, there is a significant need in the art
for 2 method and apparatus for packaging an IC on a substrate that minimizes
problems, such as switching noise, associated with high clock frequencies and
high power delivery.

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

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

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

2




| east .one el ectronic assenbly with enbedded capacitors in accordargce VMH]E
one enbodi nent of the invention; FIG 2 shows a cross-sectional TIAN D
representation of a nultilayer interposer 35 in accordance with one

enbodi nent of the invention; FIG 3 shows a cross-sectional representation
of a multilayer interposer wth enbedded capacitors in which the vias that
coupl e capacitive layers of |ike potential are arranged throughout the

i nteri owoal/1tde i nterposer in accordance with one enbeqjRpiMs-@f the

i nvention; 40 FIG 4 shows a cross-sectional representation of a multilayer
3 1 JAN 2905 2 z WD 02/11206 PCT/USOL/ 23719 interposer with an enbedded

discrete capacih{eg,gsclrQit@g@gﬁ%ﬁ@edige&a&aﬁd@mrqﬁ iRbakewemipdi ment of the

i nvention; FlI Gl 2 t%hl%gg .l%egggﬁgi&gﬁob,onal representation of a nultilayer

I nt er poser wi $EMERS n%ed’e di ser g ‘e capacitors iin accordance with an
alternate 5 enbodifertsheys & HessishRant F??FF,SE‘%“@O AR DosHhi cal

repr esent at i onwithf twoaiedded disaret eapstitorsdp agoraice withan Ji§9aHi el ectric material s
t hat ®an be usambotimeatrvfitetieveptiaer Wi th an enbedded capacitor in accordance
with one embodi Men{G.Gfshb¥a bridHRal iepsentatién of CapiaGitaiicelveBUs Aéafar am of a net hod

of fabricatl no . AELRALiaklh Qﬁﬁﬁiﬁéd%axﬁi% gheddesh capacitor, in
dit el

accordance wt 08% e ﬁ £olelvent ¢ ;ftgn%v.!.-:lt%‘ 8is aflow
di agram of a nELHTELd GFPAFIE T 58 ?{’t“% SETYPURTT Qe BEHBPY having an

i nt er poser conpri SiGg iaalewdiegaaptegsies porbricatine ag idugPdehce with one
enbodionent of ¢onprisinysrembedded tEpabitirdn hesdrdDiss with pue eorbodifme®abodi nent s of the
I nvention | n thbevédtibh,owti ng detai |l ed description of enbodi nents of the

nventi on, T ef er ente isss ROF dlah! 1 AAGTBARY e dh Akitar Whi ch form a part

hereof, and in | is_shown'b Of i ; ' pecific preferred
enbodi nent s Zﬁse\ll\n/%l VR Y Wger?oﬁ%%ﬁ%ﬁ@aﬁﬁ%@%%g%ﬁ &é@d. These enbodi nents
are descri bed ROrdFs Vith ensrembatizent of S8 t hose skilled in the art to
practisce the invention, and it is to be understood that other enbodi nents

may be utilizeOetandetihatéscription of Embodiments of the Invention
In the following detailed description of embodiments of the invention,

reference is made to the accompanying drawings which form a part hereof,
and in which is shown by way of illustration specific preferred embodiments

20 in which the inventions may be practiced. These embodiments are described
in sufficient detail to enable those skilled in the art to practice the invention,
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

25 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.

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

30 decoupling capacitors in a multilayer structure. Various embodiments are
illustrated and described herein. In one embodiment, the multilayer structure
takes the form of an “interposer” between an IC die and a substrate to which
the die would ordinarily have been directly mounted. The embedded
capacitors can be discrete capacitors, or they can be one or more layers of

35 capacitive material.

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. Electronic system 1 is merely one example
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| ogi cal , nechanical and el ectrical changes may be nmade w t hout departin
ffomthe spirit and scope of the present inventions. The follomﬁng3&eMHﬂNﬁd
25 description is, therefore, not to be taken in a limting sense, and the
scope of the present invention is defined only by the appended clains. The
present invention provides a solution to power delivery problens that are
associated with prior art packaging of integrated circuits that operate at
hi gh cl eed&kespergds and hi gh power | evels by enbeddi ng OE@ or nmore 30
decoupling capacitors in a nmultilayer structure. Vario TE6d ent s are
illustrated and described herein. In one enbodinent, the multilayer
structure take rmof .an "interposer" between an IC die and a
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02/ 11206 PC / Ufalbidada dfbukks, 3Pin@hE6thérafitblesyamhgm i n which the present
i nvention can be u stem | conpri ses a
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data processing sys %Fﬁo?}ﬁﬁ?emlﬁﬁéfsﬁag@edgm§V§%?ﬂsgu§%§"%§ coupl e the various
conponent s of sty 4 easrincludgany eirpuis ascombination efeicuitonimont cat i ons | i nks anong
the vari o:Js goammﬁnﬁ eﬁctafnﬁddaﬁmlyaqhamgaﬁroseégar%mhich%&dbeccﬁn be !rmlbfm%nt ed
as a single bu ak , busses,. or.in any of her suitable
rrannelrsd. El ect r%ﬁi ¢ a%éaé‘%ﬁtg" %%gcg%sgélnggnst%y?fgfgcﬁnﬁﬁ%f{%aF El ectronic
assenbly 4 canSiHE|SUEEAs RHYA0E [IAKGY tp 2 BUCTRSPASFSAR R MBHOWAPIeR.@uits. | n one
enbodi nent, el @aiplexinhstructiva aetiebyiputing (CISOPMAR r@rqeR6es fediice® Whi ch can be of 10

any type. AS URSRIGT &l fmpuBARERS HicroffBRIS: AWr S Bk RTP UL at | onal
circuit, such a‘gﬂkﬁi ot. [imte 0 am croprocgs,s r, a mcrocontroller, a
conpl ex i nst r u¥erd Iég)tm’éf?ﬁf?ﬁ?’?‘ﬁga FeRhSEProsesserfotigitab signl Progesye duced
i nstruct i on setRSEHpertyi atiger (yiRe SProgessor opraessgoirsuita very | ong i nstruction
word (VLIW i cr Opreiff S5 of ofrcis ARNIRR! HRIRARESMletecRodid Sbchibly £1 gnal  processor
15 (DSP), or any , QL el it R Gn Al p L RS S e iR PG RRR (ATl et
like, such as, for example, one or more circuits (such as communications
circuit 7) for use in wireless devices like cellular telephones, pagers, portable
20 computers, two-way radios, and similar electronic systems. The IC can
perform any other type of function.
Electronic system 1 can also include an external memeory 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
25 (RAM), one or more hard drives 14, and/or one or more drives that handle
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
30 controller 20, which can include a mouse, trackball,
game controller, voice-recognition device, or any
other device that permits a system user to input
information into and/or receive information from
electronic system 1.
35 FIG. 2 shows a cross-sectional representation

of a multilayer interposer 50 in accordance with one



Qt her.types of circuits that could be included in electronic assenbl3y] AN Bi%
a customcircui-t, an application-specific integrated circuit (ASIC), or the
| ke, "such as, f or exanple, one or nore circuits (such as comruni cations
circuit 7) for use in wireless devices |like cellular telephones, pagers,
portable 20 conputers, two-way radios, and simlar electronic systens. The

| C can performany other type of function. Electronic system1l can al so

i ncl udavam/agdiéeer nal nenory 10, which in turn can i ncpagesopRE1Or nNore nMenory
el enents suitable to the particular application, such as a main nenory 12
in the formof random access rrermry 25 (RAM, one or nore hard drives 14,
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| nt er poser | Nt er pose bet ween. | e d pri substrate 60. IC
di e 40 can beaoFl%l‘ﬁ]&“i%/ﬁérCBh“ch apd the Sﬁg‘FOp E¥r S ‘&%E?ocont roller,
menory circui €0 Sampp icfakhpnssigeblei tydeneeds eiredechadaiof (ASIC), digital

si gngl pfocesgﬂp é@@bleamsegfpaﬂreqyewor@aﬁwmtateaﬁﬁmllfler a power
converter te a ¢l.oc |n%+0|rcwt and_the.like. Plrrary substrate

60 can be of Qﬁ}yéﬁ‘i’%blsélﬁﬁ%' @85S, _PHiT he FRIFELSt 'E_'Lr(‘)d any suitable

material, e.gliagm.organic material, a polyimde, silicon, glass, quartz,
ceram c, and the Interposer 50 contains at least one embedded

capacitor 55, comprising, in the embodiment shown,

15 alternating pairs of capacitive plates 52 and 54
with high permittivity (Dk) layers 53 between them.
The expression “high permittivity layer” as used
herein means a layer of high permittivity material
such as a high permittivity ceramic ply such as

20 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) technigues; or a layer of any
other type of high permittivity material.

25 The Vec and Vss electrodes of capacitor 55 of interposer 50,
represented by reference numerals 52 and 54, respectively, can be coupled by
metallized power vias 48 and 49, respectively, to the corresponding bumps 43
and 45, respectively, at the core region of the die and to corresponding bumps 63 and
65, respectively, on the primary substrate 60. If it is assumed, for the

30 embodiment illustrated, that the via pitch is approximately 150 microns, a
large number of such power vias (in excess of 2,000) can be accommodated,
coupling capacitor 55 directly to the Vce and Vss power nodes or bumps of
IC die 40. This ensures a very low value for the loop inductance and

_ enhances the current carrying capability of the overall IC packaging structure.

35 It will be understood that the land/bump pitch of the top of interposer

50 needs to match the bump pitch of die 40, and that the land/bump pitch of



like. Interposer 50 contains at |east one enbedded capacitor LA
conprising, in the enbodi nent shown, 15 alternating pairs of capaél 11\}‘92005
plates 52 and 54 with high permttivity (Dk) |ayers 53 between them The
expression "high permttivity layer"” as used herein nmeans a |ayer of high
permttivity material such as a high permttivity ceramc ply such as 20
titanate particles; a high permttivity dielectric filmsuch as a titanate
filmthavowyideposited, for exanple, by Sol-Gel or E’E‘JT/US{]I%ﬂbC chemi cal
vapor deposition (MOCVD) techniques; or a layer of an er type of high
perrn'ttivity material. 25 The Vcc and Vss el ectrodes of capaci tor 55 of
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15 of the Vce, Vss, and signal levels between the IC die 40 and the primary
substrate 60.

The invention is equally applicable to embodiments where signal
traces occur other than at the periphery, and to embodiments where Vec and
Vss traces are provided anywhere on the die. Essentially, all signal I/O levels

20 from signal I/O bumps on the IC die 40 can be coupled through interposer 50
to its opposite surface using through-vias like vias 46 and 51 shown in FIG. 2.
Likewise, Vec and Vss levels from corresponding bumps on the IC die 40 can
be coupled through interposer 50 to its opposite surface using through-vias
like 48 and 49, respectively.

25 Interposer 50 has a plurality of contacts or lands 44 on one surface
that match corresponding solder balls or bumps 42, in terms of their pitch and
placement, on a surface of IC die 40. In addition, interposer 50 has a plurality
of contacts or lands 56 on another surface that maich corresponding solder
balls or bumps 58 on a surface of primary'substrate 60. Die 40 and primary

30 substrate 60 can be of any type. Although the embodiment of interposer 50
illustrated in FIG. 2 is described as having the same high density
configuration of lands and vias as the IC die 40 and primary substrate 60,
other embodiments could have a configuration of lands and vias of a different
density. The through-vias can couple lands (e.g. lands 44 and 56) on opposite

35 sides of the interposer 50 that have the same pitch, or the through-vias can be
fanned out in order to relax the pitch of the lands on the lower surface of




Signal bunps, such as signal bunps 41 and 47, are typically routed ag PE?MS
periphery of the die in an arrangenent that is, for exanple, four or %ﬂ

10 rows deep (only one row being shown on each side of die 40 for the sake
of sinplicity). For peripheral signal bunps, interposer 50 may use

t hrough-vias (e.g. signal vias 46 and 51) which route signals fromthese
signal bunps on the die to the opposite surface of interposer 50.

| nt er pow@ri23R0ean eventual ly be coupled to the primapyradbsissate 60, thus
ensuring conplete connectivity 15 of the Vcc, Vss, and signal |evels between
the 1C die 40 and the primary substrate 60. The invention is equally
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that match corl®EspYrirangcivphaad to Ka traingt Sinfppweygubstiata6& Uprf ace of primary
substipat e 60. aBHitior}@t Bastlonersigh® termBA! A udaslia Mtiecdopledc@n tireughfviany t ype.

A though the SBIRALIRBIL oflc SBLALRIRS conbpoldisdithiiakithal dl ol & 2 18 descrt bed

as having the sanme g ens t%j_‘co]?f,lgu I nds aln& vias as the IC
die 40 and pr PR WwhBete ol Anpdditiongt ypae! Bt IS dBtE h e a

confi gur at i on tabughavial §1 thacdtowilasin edditondi ICTsegnaiével td eigmal teymindlle@ t hr ough- vi as
can coupl e | angsyriffaybubdn@@s. 44 and 56) on opposite 35 sides of the

i nterposer 50 that have the sane pjtch, or .the throygh-vias can be fanned
out i'A order to relPR% BAREARPYRE ?{hf“l"l’éér?oéﬁrdito@ﬁovfd%ég w\?\]élrmg urface of 6 3 1

JAN 2005 WO Ozapaciase REGTVeIG0ese2ahe dic ip prdertp rpduge tiBGiiegigbriadtive | C package is
assenbl ed, thgnddidScofiflingwhedtheIPRSpdrathR, @R uiatPatpleadiotiospsadsder bunps 42 on

ICdie 40, andt heFi@. g%ﬁov?sGa c?gss-isél{igr[apﬁﬁl%gcnégon of a multilayer
interposer 310 with embedded capacitors in which the vias that couple

20 capacitive layers of like potential are arranged throughout the interior of the
interposer in accordance with one embodiment of the invention. Interposer
310 can be coupled between IC die 300 and primary substrate 320. Interposer
310 can be coupled to IC die 300 by suitable connectors such as solder balls
301 on a matrix having the same pitch and location as corresponding

25 condugctive leads on IC die 300. Solder balls 301 can be affixed to lands 302
and 305 of interposer 310. Lands 302 are intended to be coupled to a Vee
potential, while lands 305 are intended to be coupled to a Vss potential.
Lands 302 are coupled to capacitive plates 306, whereas lands 305 are
coupled to capacitive plates 307.

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

s areas of primary substrate 320.

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



are coupled to sol der bunps 58 on primary substrate 60. 5 At | east fﬂe ?[@
terminal 43 on die 40 is coupled to a via 48 of interposer 50 that dé’p\)/ %
Vcc potential to layers 52 of capacitor 55 and to Vcc termnal 63 of
primary substrate 60. Also, at |least one Vss termnal 45 on die 40 is
coupled to a via 49 of interposer 50 that couples Vss potential to |ayers
54 of capacitor 55 and to Vss termnal 65 of primary substrate 60. In 10
addi t i owO e11kmwast one signal termnal 41 on die 40 is g g%%

t hrough-via 46 that couples an IC signal level to a COFY Sp d ng signal
termnal 61 on primary substrate 60. An additi onal signal termnal 47 on

die 40 is CO”%&E 3593#4]5 9&8%&% f?x‘?‘he}‘ Ough%{é? 1pl O eg(@y%%gl' tional |C signal

| evel to signal teérm rinar UEHE nport ant
pur pose of t hevipshuey #50irei03; blkﬁwlsf)ﬂl@f\ﬁaﬁ@imwa&iﬁivwﬁﬁ% 3647 gts coundgsiaci t ance
relatively cl oneard®305addi% andthey defurthe coaaasedchomal byect of reactive

nduct i ve _coupLdBGDAL 4flis 15, ARGLANL BNt LEHLALY 21 i g cl ock

speeds. FIG nal a multilayer
i nt er Boser 31@%%’%%@8@@8%@?&@%:&@ ‘i‘sﬁﬂ\?ﬁdl“tfﬁ“@%aw fgaklhat coupl e 20
capacitive |aylﬂrﬁ)fﬁfelﬂltbl'kcﬁrdgﬁﬁl&mimﬁi)osafoeraﬁlﬁdsﬂmé310‘” oughout the interior of

the interposer Iﬂ%&%&@é}%o @%{Lé}lsgm F%Pc@% [Eg%%tor sfta((jft qge ;515{ ent on.

| nterposer 310 can e couplé ry substrate 320.
| nt erposer 3195 Whigh BRbe3bRsAted by usipgmyifigle Spers BSP'BESL?F'E‘%&HW@ fithnnect ors such as

sol der balls [BOihgamigh pamdittivity {DkY (irghdving aslwtmtnplccmiamagﬂdtelr @drati on as
corrggpondi ng ga o?ansuﬁ%%rycﬁb'm%cgﬁh vlrs@cgﬁn%ctr%ﬁé)are @%h ogtg%hk 301 can be

afflxedtolanegs:%Z %? mterqu are intended to
be coupl ed to AcoRges ohthe empgdded coppeitprstack H%OHB??B“ tP%quR?Efé\ﬁd@GSto be coupl ed
to a Vss pot enpitt®lplate tieatwige B rawtaéllmduqakmd)ugbmzamﬁaymanvd pl ates 306, whereas

| ands 305 are coﬁ%ﬁb&@c&ﬁn;@ﬁ%ﬂt&%ombﬁt es 307. 30 Also coupl ed to
capacitive pl ates ace i nt erposer 310.

Certain ones of so%gté?‘atb‘&fyl’ °§ipf°‘g°66?)‘11%§f°q?‘?2§’“§ﬁ‘:2{ll d'S‘HEBF‘P%lﬁ pondi ng
conduét i ve tr aeyes onmultiple dayers pf thini fiteis which vs denesitsd 8P @chriiques sudbli t i on, | ands 315

are coupl ed t oys&3pael mmgﬁlﬂéﬁnﬁ&ﬁh@ﬂ@ to others of solder balls 311 that

can be affixed to gqrres ng t ces or areas of primary
substrate 320. In Sdesc“ﬁ%a P thf%n?%n%%ggmt' 3% g]aedleca?g?/e pl ates 306 are

coupl ed to 7 3rouneyistotheseqmodenf ]_hfgepaeaors by using metaPnzed vias. The
signal bumps (not illustrated in FIG. 3 but typically located at the peripheral

20 regions of die 300) are routed to the opposing face of interposer 310 by using
through-vias (although not shown in FIG. 3 they can be of the type illustrated
in FIG. 2).

FIG. 4 shows a cross-sectional representation of 2 multilayer
interposer 410 with an embedded discrete capacitor 430 in accordance with

25 an alternate embodiment of the invention. Interposer 410 can be coupled
between IC die 400 and primary substrate 420. Interposer 410 comprises an
embedded discrete capacitor 430 having one terminal 426 intended to be
coupled to Vec potential and another terminal 428 intended to be coupled to
Vss potential.

30 Lands 402 of interposer 410 are intended to be at Vcc potential and
can be coupled via certain ones of solder balls 401 to corresponding
conductive areas (not shown) on IC die 400. Likewise, lands 403 are
intended to be at Vss potential and can be coupled via other solder balls 401
10 corresponding areas (not shown) on IC die 400.

35 Lands 402 are coupled to one terminal 426 of embedded capacitor 430
by a route that includes vias 404, conductive layer 406, and via 412. Lands




PCT/ USQx/23719 Il ands 302 and 312, and they are further coupled to g ;@WZ
other, by conducti.ve vias such as via 303. Likew se, the various ¢ 3 i ﬂ%e
plates 307 are coupled to lands 305 and 315, and they are further coupled
to each other, by conductive vias such as via 309. In this enbodi nent, vias
that connect 5 capacitive plates of the sane potential are dispersed

t hroughout any suitable part of the interior region of interposer ceramc
subst r awe @i@os The i nterposer 310 conprises an enbeddegrfapashi,or stack, the
plates of which can be fabricated by using nultiple layers or plys of
ceramic film having a high permttivity (Dk) (i.e. having a dielectric

constant greatgy, a;c}},%Ppl%pt{) ﬁﬁ?{fto‘éfbﬁ'siﬂlﬁp{& grlg(%?fe{é glgl)ud?s-qhﬁ a¥gc and Vss

connections are cou enbedded capaci t or
stack by connecti né'a‘iqﬁéo-’r@’5ﬁ‘é@kﬂ\?@@@ﬁ’d%‘m"%ﬁsﬁéﬂﬁ?*‘éﬁ@ Cé‘P"’éE?rr ode usi ng
nmetal | i zed vi ag0thhaesgthithechesplisaidrbndbtivedgyanef indnaldlger ami ¢ substrate

technol ogy. Al fEh0iakelocd BnERAT Qlni OH)heHa Behfedvalr | cat ed by using a

single 15 layer e layers 0 are deposited by
t echnfques sucH?>- as SoI Gel MOCVD, sputtering, or the like. As described
above, the Vcc andL‘a/mis4bsjsrmS40@camHaeowﬁled tc emrelpendicpeondictiveliesds t he el ectrodes

of the capaci t&ra?eapéﬁof-bﬁb@ﬂdﬂ‘%rsﬁlleckéﬁéﬂbéﬁaéswoU_E‘golde‘fbﬂﬂ%'mlpurms (not
illustrated in Fl 3 but i.cal l raI 20 regi ons of
di e 300) are rout S&’af‘ﬁustsﬁéaldg’&}% (19 ‘ul“ﬁrc? d ?"ﬂ?eﬁf‘l@r 388‘8[“"% Yy usi ng

t hr ough- vi as (@imprising$ignabareasiodithdie AVOFta@Bainold¢rdplisci®h, appropiats he t ype

I | T'usfrat ed liandzloﬁmt&}oseﬁﬁan&s@m ne@aﬁdﬂ@smmaphte@ag&4r03|aﬁresent ation of a
miltilayer Inhgr owdegrvo%lpmt?rgoserrﬁﬂb%wdﬁge&'f@ghoeutbgtﬁo%g%' tor 430 in

accor dance wi t# nvention. |Interposer 410
can be coupl edoré@W/é'@H | C die 400 and prinmary substrate 420. |nterposer 410
conpri ses an enbedipedddt sapacioed Iajambs dfany diddblhgypé.rigoone term nal 426

i ntended to befimlfbgwlnpﬂlsté)ce}éﬁﬁci cﬁx% &Bédu@r' thﬁ@a@ﬁﬁ'&@ﬁ:‘sﬁn term nal 428 intended

to be coupled ser 410 are intended

0
to béSat Vcc proresstipng Ce&%" CIE&??PB%“’EGSWP’QQY VWB'%caeSt"lg Cﬁg H¥s of solder balls
401 to corr espnods ilgstraedfdithe saite ofsimgdsity ofctiusgtowaid descripBonli e 400. Li kewi se,

Lands 403 ar e i hERHEH kAR e hecl35DBh RleAl i1aut AFTbRgCOUPI ed Vi ot her
sol der balls 401

correspondi ng. areas on I C die 400. 35 Lands
402 are coupl ed totl:g(f’ré5 PRYH G- %fep@ﬁ%‘éﬂgﬂré%‘j}‘él\g‘g B or 430

interposer 510 with two embedded discrete capacitors 530 and 540 in

20 accordance with an altemate embodiment of the invention. Interposer 310
can be coupled between IC die 500 and primary substrate 520.

Embedded discrete capacitor 530 has terminals 526 and 532 intended
to be coupled to Ve potential, and it further has terminals 528 and 534
intended to be coupled to Vss potential.

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

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

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



by a route that includes vias 404, conductive |ayer 406, and via 412 Lands
8 3 r JAN 2005 WO 02/11206 PCT/USOL/ 23719 402 are coupled to | and h@@‘ﬂ% a
simlar routing that includes vias 414. Lands 403 are coupl ed to anot her
term nal 428 of enbedded capacitor 430 by a route that includes vias 405,
conductive layer 407, and via 413. Lands 403 are coupled to |lands 409 by a
simlar routing that includes vias 5 415. Lands 408 and 409 can be coupl ed
to correspondiesy conductive |l eads or areas (not shomm% on a surface of
substrate 420 via sol der bunps 411. Various signal rouffHYSU#3H% 11 ustrat ed
for the sake of sinplicity, but conprising signal areas of |1C die 400,

N oo g oPbdsinct Uon ABRY ABGLA G0k 31, Okl BlsBoser 410, and signal

pl anes and vi as W|t ed within
i nt er poser 410, as WSTrFteE@a&ﬂ‘R!é}ng‘@d‘dO Ioyet BeniealoB2 apd fdnary skill. Enbedded
capaci tor 430 Gamitwd 531 is@oupl&ito Vabbrethé prixgary hubstees20oesltingby, it is a

cerart ¢ chi b oaARk Ak ol iahaisint AL B3\ ELHAG L JuguuBTIgnal coran ¢ ohi p

capaci tor techno % Si.n e capac ustrated, for the
sake of sinpli CPPPS YL Liketyseterminghodritoynled o)Yse pothe Primavt i pl e capaci tors
coul d be used swbstritesmm'adnmmrgtthatiricmﬂ¢swmaed dofiductive.laydr 5B Ga S5 shows a

cross-secti onalksyf, %H@?@%@&dc@?s&&erﬂu |4ijl ayer interposer 510 with two
enbedded di screté Cﬁgam tors (% in 20 accordance with an alternate

embodi nent of the i E’Hf?“%‘ﬁi ‘Q“H?ge@ﬂ%‘@?g%&"@’ argag A oedie PSrdd bet ween 1 C die
500 and pri mar ylustrdest forthe s#k2 Of siiapiinitgly] exttachi ssiderda s S0apppiopaate 530 has terninal s

526 and 532 | ntaRGnicirBsd1CQLPLSGhd 27 V68 B0 @Q&e’\s/?éd;g%s‘tlgﬁﬁ further has

termnals 528 and 534 en e ou

of interposer Srfﬁpoﬁreswﬁ‘t‘%r?aéﬁ tlécal?é’?sgg’ ?fg&'g‘ﬁo nEereogiall.asn be coupl ed
via certain on&dll efundesbiged bipdipdesf &@inatyskilor r espondi ng  conducti ve areas (not
sh?wn% oln ICddl e 5%bédﬂé€ﬂ3éba%ﬁms|5§mﬂﬁSW&n%ngan&BI:ﬁBQSﬁ%ez913?1@ at VSSd
otential an o correspondin

gr eas (not shm%ﬁ Od}ﬁﬁeﬁggh’%are ?(ﬁﬁ“c ?fgﬁcggrsgﬁgmafh”%%% B8 to one F er ni ngl
526 ol> enbeddefonvgpignalcerrmiship agpaciiorieshnadogy hWhilg ngca@e@wiﬁs 504, conductive
| ayer 506, andam 302k3llustr@aslSor the sake of simplicity of illustration and

description, a different number of capacitors could be used in the embodiment

illustrated in FIG. 5, including only one capacitor.
FIGS. 2-5 are merely representational and are not drawn to scale. Certain
20 proportions thereof may be exaggerated, while others may be minimized.
FIGS. 2-5 are intended to illustrate various implementations of the invention,
which can be understood and appropriately carried out by those of ordinary
skill in the art.

25 Fabrication
Multilayer interposers (e.g. interposer 50, FIG. 2) can be fabricated by

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

3¢ 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 Al20O3 between metal planes, in the present
invention multilayer stacks of high Dk ply are used in one embodiment. High
Dk ply is commercially available for fabricating ceramic chip capacitors, for

35 example. Suitable high Dk materials, such as titanate particles, can be
inserted into the conventional ceramic matrix. Multilayer stacks of high Dk
ply, such as BaTiOj3, in the present invention can provide capacitances as

10




502 are coupled to land 508 by a simlar routing that includes via_514.
Lands 503 are coupled to another termnminal 528 of enbedded capacitoﬁ T$®bw&y
a route that includes vias 505, conductive |ayer 507, and via 513. 35 Lands
503 are coupled to land 509 by a simlar routing that includes via 515.
Lands 508 and 509 can be coupled to correspondi ng conductive leads 9 3 1 JAN
2005 WO 112/11206 PCT/U 5111 /23719 or areas (not shown) on a surface of
substrave 0y2Qoai a sol der bunps 511. Discrete capacitpergkd@si@s two | ower
termnals 532 and 534. Termnal 532 is coupled to Vcc on the primry
substrate 520 by a routing that includes via 531, conductive |ayer 525, via
535, land 521, .and.Qng, of so NI i rmnal 534 is
coupled to vsgugﬁméﬁeﬁ%'fﬁﬁf&gﬁéﬁbggﬁggémgiét%§h§§ﬁ2§?¥ﬁggthat i ncl udes via
533, conductiJ@HﬂaﬁmeBQBP“Uﬁ@ﬂY537, | and 522, and one of sol der bunps 511.
Various signal routysngliedsipeiembodimeit,gridgdh i lewes, soth ak Etidinge B0 ( not
Illustrated fafg, t(B@;éslqlsx)pbﬁBsrnlok PhArY)03 (PETL@MarGpdrdeTiOhadah s 501,
appropriate 10 | ands on“interposer 510 such as |and 517, and signal planes
and vPas wi t hib§ e iBe esranig BHOSTARIHPYZEONR et Hh 231298 provi ded wi t hin
i nt er poser 51QGyrgaaR chivhickl vagor deydeiriat OAC VYY) trivesseorafSobGdl pmecess. ski | | . Enbedded
capacitors 530, 3ty 3%0) EaMn Bl s@PihsBh bl 3R Fﬂrf(ijé{ﬂ%aii&i(%ne enbodj ment,  they

a rica

C

are ceram c chip capacitors conventi onal

arfe fa e Si.
ceranic chip 6&%5@WF6W°F§EHW6FU@?“Lﬂﬁ%T@“?WB“5§6§E¥$3W§ B30 and 540 are
illustrated, for t Hreeithekasephigs Dhpiategiltcn bf enmbeided evtgmpessturand  description, a

di ff ghent NUMigtee@fhaCAPAS 8IS warRkghibRchis Ry {olb. bitelco0BaMesent 111 ustrated
in FIG 5 |nﬁé¥d|n%gonly one capacitor. FIGS. 2-5 are nerely

representatio ntigra are not drawn to scale. Certain 20 proportions thereof
may be exagger at ed Regdndingthe emboedémengpyillystrated WiFiFS eand. Shegin es5 are i nt ended
to illustrate §afdrO8iSerdt®BpaiieRianldndediedin thiateipaventictito thewhi ch can be

under st 0od and. apgr oneL 8l.S) v AT SlcRlnalerh 408 Sl AiApgy  SKill in the

15 laser ablation, and the Vcc and Vss conductors of the interposer can be
coupled to the appropriate terminals of the capacitor(s) by any suitable
metallization technique that is consistent with the temperature requirements

of the process.

20 Estimation of Capacitance

Capacitance values for the embodiment shown in FIG. 2 can be
estimated via Equation 1.

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

d = dielectric layer thickness (meters)

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

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

line 604 for SrTiOy (Dk=200), and line 605 for TaOx (Dk=25).

11




Multilayer interposers (e.g. interposer 50, FIG 2) can be fabri catgd bx
conventional techniques, such as but not limted to high tenperatur T JAN 2005
co-fired ceram c (HTCC) technol ogy, high thermal coefficient of expansion
(HITCE) technol ogy, or glass ceram c technology. Al though it is known in
ceram c technology to enbed |ow Dk capacitors in ceramc substrates, by
sandwi ching thin (e.g. 2 mls) filns of conventional ceram c such as A1203
bet ween wenxkizpd anes, in the present invention multil I 1?1/2%9}55 of high Dk
ply are used in one enbodinment. High Dk ply is conmerci AT y“avail abl e for
fabricating ceramc chip capacitors, for exanple. Suitable high Dk

materials, such as gjd @@.ﬂ-ﬁlﬁa%({h ;{p?oitlmﬁ@lqn%ﬁ(ofc%g?%n eava;ISElt 0 tce cuch as

conventlonal ceran ¢ mat
BaTi 03 , in th&iBREwrpustiinatse %ftﬁ‘r?htslsﬁla Flﬁwﬂ&@até%p\é{bwaw&éghas 10 3 1 JAN

2005 WO (121112@@1111@%#213@911 ayBad O nigpragnatedf espmiccply), the onpar ed to

capaci tances | wfor lowDk ply. I'n an
rhdtnﬁﬁ:d Qi'ﬂgsecoﬁés ﬁrmDé AQm G %% gnt% nat e film e g.

alternative e
(BaxSr1 X Ti e%levg@swthaﬂﬂ RO ric y?f"‘p‘z'??“ yfe aﬂ#é{?%)%yea%m agsk 03, can 5 be
formed in the cemaining48eMsbiayase by known techni ques such as a netal organic

cheni cal vapor depoﬁﬂthé&ﬁe&Mmlc%rﬁﬁ@ﬁﬁsmﬁcl&B@@bvﬁa process, in which a
sol (i.e., a c%b&aﬂeﬁm@lgs@@@swpspﬁloi%lm rtﬁe&ﬁ?aea&u?e"qw d)

transforms into a gel du€ to growh fconnecCtion o solid particles.
In either caseSomspnddRa 0damigrmalimed thetialicaie disttedcat tenperature 10 ranges
that ase conpati bl eTowdisfy GiRrcagicRanteehnenegy of My givePQibodPRE:, degr ees

Cent i gr ade) . - RaALAl figd NS, SIROUIATRIL Sublh Ul LAl (N FICS 4 and. 5, wherein

one or nore disc ca a e interposer, access to
the capacitor(s) 051@6 anfﬁﬁ" ipgram, pf 2 IBRIhRsle £3b5pRING RlatMotRie, such as
punchi ng or 15cémpesingablembedded capmitot, mmcdiodanamnditives embatiiait of s of t he

| nt er poser cant@qnveggé;plﬁgn{e@jo@ &%H@proqpr iate term nals of the capacitor(s)
by an¥ sui tabl e #‘??lt* tlgn t echni hrhat IS C nS|st]ent with the
tenpetature requir el f’ﬁ‘ 1GHAPI5HY, E‘Eb SAESEPREETURIYF  Capaci t ance
formed within a structure. In one embodiment, the structure is a multilayer
ceramic structure, although in other embodiments the structure could be
formed of a material other than a ceramic material. The capacitor comprises
(1) at least one high permittivity layer sandwiched between conductive layers;
20 alternatively, the capacitor is (2) a discrete capacitor.
In 705, first and second power supply nodes are formed in the
structure. As used herein, the term “power supply node” refers to either a
ground node (e.g. Vss) or to a power node at a potential different from ground
(e.g. Vee).
25 In 707, a first plurality of lands are formed on a first surface of the
structure, including a first land coupled to the first terminal(s) of the
capacitor(s) and to the first power supply node, and a second land coupled to
the second terminal(s) of the capacitor(s) and to the second power supply
node. The first and second lands are positioned to be coupled to first and
36 second power supply nodes of a die (e.g. IC die 40, FIG. 2) that is to be
juxtaposed to the first surface of the structure.
In 709, a second plurality of lands are formed on a second surface of
the structure, including a third land coupled to the first terminal(s) of the
capacitor(s) and to the first power supply node, and a fourth land coupled to
35 the second terminal(s) of the capacitor(s) and to the second power supply
node. The third and fourth lands are positioned to be coupled to first and

12



Capacj tance val ues for the enbodi ment shown in FIG 2 can be esti 55 g I\!@qel
Equation 1. Equation(l) C=A * r* O'd 25 where: A = capacitor si zer?l a b &
neters) r = permttivity constant 8.8 54 x 10-12 Farads/neter O =

di el ectric constant of insulator d = dielectric layer thickness (neters) 30
FIG 6 shows a graphical representation of capacitance (in nano- Farads)
versus a side dinension of the capacitor (in mcrons) for various

di el ectwoozmaberial s that can be used in an interposepckdi 84 enbedded
capacitor in accordance with one enbodi mrent of the invention. Shown in FIG
6 are plots for the following dielectric materials: line 601 for PZT 35 (Dk

=2000), line i = v 4 L .(Dk=500), Iline
604 for SrTi g%?& Bwes l,yq’g‘ri]eé(’Pik%”é’}‘g‘}geg&?gbér”b%&%’%&gﬁé@%fﬁl 3 1 JAN 2005 WO
92/ 11296 PCT/ e 8pstapoged totaesepand surface phifastiuswes- (hemsthod @4t #di b range of

capaci tance avai | aBI 8 isd fldw difiganv af 4 petbod df fdriadtiag arpglettronde de nmat eri al s

i ndi cated. Wh ] vy _(:such BaTi O3

| npr egnat ed cé%g%ﬁ‘e’h%r{gf e BELP e it Yo BRIARGaBr B0 TS Che maxi mum
capacftance géfROFPPYVE de RPBRABINEOMPT VEtYD The SietiRd PIAIRER! pl y bet ween Ve
and Vss | ayers$0i.n a stack containing 40 such layers. In the case of a

dielectric formed Byse99 & hroNdedi R seMadi BRYosv (& £<LT, BST, SrTi G,
or Ta705), the co%s%f’ed]v :pm ° rresl on ) O pl%yg? en filmof the

alues ¢ d to,a 0,25

i ndi cated dielectr 1@“W’§é13‘%‘f‘%dﬁmg?§éiﬂ'éiﬁ“g%EEP‘?"@&EHPP ments of any
gi ven enbodi nndes. nultiple [ayers of capacitors could be stacked as
necesgary. FIG 7 ySp3 dnlidWpsleas bR odoiph Hode Rfind Abfiagat i ng an interposer
conprising an_enbedded capaci tqr, in accorgancei._vvl tdlh omﬁ enbodi ment of the
i nvention. Thé "FrEl'HBYCHEGPRES & CaHPe capaCiion"2/g3 M9 EHEE ‘one capaci t or
having first aerirsbedhelcapenitai qeaipsses §1) af loashrend hightpRinnittizitslayenct ure. I1n one
e{ﬂﬁodl rrengt » t Gﬁ}(d%ﬁ{ﬂﬁﬁbéiﬁ&nlc&dﬂct%|latyrﬂs;%)t{)'t%at%v@@[m%@?o‘hbﬂd§t ure, | al t Eoughhi n
ot her enbodi mgnts the structure co .Or ial other than a
ceram ¢ mat e?ﬁésfr.ete‘fﬁ%ac@%{pa ?'P{%FP"?:%?%E&‘FFS%’? plit6 HBfk ety gﬁa%

15 on a first surface thereof, including a first land coupled to the first terminal(s)

of the capacitor(s) and a second land coupled to the second terminal(s) of the
capacitor(s). The interposer also comprises a second plurality of lands on a
second surface thereof, including a third land coupled to the first terminal(s)
and a fourth land coupled to the second terminal(s).
20 In 809, the first and second lands are coupied to the first and second
power supply nodes, respectively, of the die.
In 811, the third and fourth lands are coupled to the third and fourth
power supply nodes, respectively, of the substrate.
The operations described above with respect to the methods illustrated
25 in FIGS. 7 and 8 can be performed in a different order from those described
herein.

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



(1) at least one high permttivity |ayer sandw ched between conductive
l'ayers; 20 alternatively, the capacitor is (2) a discrete capacitord. ] AN s,
first and second power supply nodes are forned in the structure. As used
herein, the term "power supply node" refers to either a ground node (e.g.
Vss) or to a power node at a potential different fromground (e.g. Vcc). 25
In 707, a first plurality of lands are forned on a first surface of the
struct umey ei/nedsudi ng a first land coupled to the first inal (s) of the
capacitor(s) and to the first power supply node, and apéj@%}r{g}]‘gnd coupl ed
to the second termnal (s) of the capacitor(s) and to the second power
supply node. The first and second | ands are positioned to be coupled to
first and 30 secfbsrfjic"?s‘béﬁé n@wﬁswﬁs’a@@n&n '8‘55’“8’&‘?8‘.“%"&“5‘1’8?40, FIG 2)
that is to be difigrenbgsahodichents, inchuslinfg andatergegef, aceleatonit hgsersbly,ot ure. In 709, a
second pl ural i bMctRinicspiehs, adke@ pfoREsIME s a SREON R SHkih@se of the structure,
i ncluding a thi rtccll_ tljszeirngnd%ou I0 % Itn%“t1 éaﬂglc&gt. terrgina(#ltés of the capacitor(s)
and to the fir8toponef"'dd "@13 _FIO ane 4 POt and"coupl ed to 35 the
second t er ni nafmBYdimgnts Wl be eepdilyi apparent Yo thesg of erdinpry siiddotdapolier supply node.
}Rﬁ t2 BBrS d \A%m(:lltayaciﬁbh dé@rﬂbﬁ%_r oabige mﬁdtériaﬁn@asﬂe@ieg@nmy@k&@esltc@nEil{j st an 12 3 1
. sec Qwer. su nodes of a
substrate (e. ggé gﬁéggorselﬁtgarg@_%g%gé ‘%E‘H%i‘:{“ %{';\g. -&5 p_‘]‘%’é&f’f?}%?'}e{leﬁgsed to the
second sur f aceobthe pRkeddydeapacitprels vanydlepbleipsresisheorigniationsize, 8 is a flow
di agram of a neirhied, ledatibraindi compasitipnafitheir eqdstitoent elemagsenbl y havi ng an
i Nt erposer conpri siy; I S nce with one
errbodlanent of the, i\ggnéﬁﬁ}bg&é&%ﬁiﬁg&%&?ﬁ%ﬁ%’\%@niwﬁé&ﬂg%ﬂg@%g'én. 803, adieis
provi ded that PRR¥ideq ?rg‘fndé?ﬁd’cg%ﬁ’méﬂdd&)\'@i‘hé’gbﬁldyvsﬁ%"éé?“‘e ProMidgds, a substrate
i s provided t hatthddiscdrlitedmantibnfioequally qppiiable saxppiiodimensavdsre ti0 | n 807, an

i nterposer is ReAidiRdodt GRHBLF altiepelbirt dod OenBUBRLERRr  The TNt er poser

Capaci tor conpy Pt aEyact ot pistieb A RGRR BEFE 111 vity | ayer Sandwi ched
bet welén conduct i ve Hugtherths predehionveationie hat to bdenstapdasi linoted iosusa di screte
capaci tor. Thejj ¥ RkiReLindfitkah BElsed ViR ahyS&Rer fypk bf BipaBlagt #hdrl Y Of | ands

the herein-described features of the present invention provide an advantage.

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
20 arrangement which is calculated to achieve the same purpose may be

substituted for the specific embodiment shown. This application is intended

to cover any adaptations or variations of the present invention. Therefore, it

is manifestly intended that this invention be limited only by the claims and

the equivalents thereof.
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15 on, a first surface thereof, including a first land coupled to the first
terminal (s) of the capacitor(s) and a second |and coupled to the &dcidNdils
termnal (s) of the capacitor(s). The interposer also conprises a second
plurality of lands on a second surface thereof, including a third |and
coupled to the first termnal(s) and.a fourth |and coupled to the second
termnal (s). 20 In 809, the first atlAMNMSond | ands are coupled to the first
and second power supply nodes, respectively, of the die. In 811, the third
and fourth lands are coupled to the third and fourth power supply nodes,
respect i Whiyt is ofairhédissubstrate. The operations descri bed above with respect
to the nmethods illustrated 25 in FIGS. 7 and 8 can be perfornmed in a
different order fromthose described herein. Conclusion The present

i nvention provj ' nethods of 30 manufacture
t her eof P%at &?ﬂ?ﬁ?ﬁg&%?g%ﬁ%ﬁiéﬁgﬂéﬁS§§%§§?#§ﬁ?ﬁ§“nb se, associated with

hi gh cl ock fregplentitest powtr Ahd@ Broaadetas deh corerygiod bEtherigempober; i nventi on
provi des scal abl e high capaci tance ( >10 nF/ square centinmeter) by

e.g.
enpl oyi ng enmbeudsebedéebeaparitay haxingdirsiang seeorp AgmIAls:i nduct ance which can

satisfy the power delivery.requir v I ' f ormance
processors. Anamﬁfsé ¢t %?‘ﬁ &%éﬁ?q% A ﬁlﬁg? ilﬁ%@g r°5 o&z’}‘fez)sﬁ%e&pulp Eéé(gﬂ)t E’h%i fril\%/{e ntion
can oper atgniahl thidaigR first ek of ﬂﬁgﬂ'@'@ﬁi g@ﬂ@r ivias tdmarefier sluraiteof gotmer ci al |y
attractive. 13 3 1 JAN 2005 WO 02/1121/ PCTI USQ 1123719 As shown herein,

t he pr esdnndsi qoupledito the sasond tarminad twnvghdfirsh onesrefrtbe pluselity @if fgreunditial;

enbodi megatng, i ncluding an interposer, an electronic assenbly, an electronic
system ata processing system a nethod for naking an interposer, and a

met hod of making.cand ﬁir%bﬁ%ﬁn%&%&iﬁhﬂ»lmﬂﬁt@@fpﬁw@f@ﬁﬂﬁ ol toithd filke readily
apparent to those of ordinary skill in the art. The capacitive el enents,

choi ce oftemeinelr thedugh sgeendeonss @f theapluralifp af pewercess, sad asjecondplugality 86l to suit
ticul i i t Th ticul t t nbedded
P apbac t or ot [ Sl sh BERRDR 1t Bkt s fonf R o Yoo, Py ofD 0

| ocat i on,%rgﬁ}gjﬁggrposi tion of their constituent elenments. 10 Wile

enbodi nents have been shown in which signal traces are
wherein the first plurality of power lands and the first plurality of ground lands

are positioned to be coupled to corresponding power and ground nodes of the die

through controlled collapse chip connect solder bumps.

2. The interposer recited in claim 1 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 the substrate.

3. The interposer recited in claim 1 wherein the capacitor comprises at least one

high permittivity layer.

4, The interposer recited in claim 1 wherein the capacitor comprises a plurality of

high permittivity layers.
5. The interposer recited in claim 4 wherein the capacitor comprises a plurality of

conductive layers interlcaved with the high permittivity layers, such that alternating

conductive layers are coupled to the first and second terminals, respectively.
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provi ded around the periphery, and in which Vcc and Vss traces are provided
at the die core, the invention is equally applicable to enbodi nents el005
the signal traces occur other than at the periphery, and to enbodi nents

where Vcc and Vss traces are provided anywhere on the die. 15 Further, the
present invention is not to be construed as Iimted to use in C4 packages,

and it cdh be Thedateppaskr waifedinadaim | pdierin the firstanuighitywidards qomprises a

her ei n-d ribed features of th resent invention provid % age.

A though LTkt RO e bipl S acimeoiEis, SlaR R BL B BENAN.E0G

it wll behaERMRS sbRd pRYalith 08 Riné ccﬁﬁﬂfid&é‘h%iﬁﬂﬁldnh positibh&l @de dolipled &1y 20
arrangenment which is calculated to achieve the sane purpose nay be

subst i t utaebrfesponding sigeal npdeokthb sehsiretet shown. This application is intended
to cover any adaptations or variations of the present invention. Therefore,
it is mnifestly intended that this invention be Iimted only by the clains

and _the qui VAlEtdpbRerantd i?Blakit GuhendtiNi8Mh SR MAR art Sogplad med i s:

1. An interposer to couple a die to a substrate and conprising: a plurality
of power nadcandocting pattathat eomprises at leasjoneivief t he i nterposer; an enbedded
capacitor having first and second termnals; a first surface including a
first plurality of power |ands coupled to the first termnal through first

ones of tdie plMf @lebirdni@hsRRINE compfiingand a first plurality of ground [|ands
coupled to the second term nal through first ones of the plurality of ground

vial; and a sedierndnguisingce firsh pluality @f powec nordts phd mafinst plurditp ofigtoundinds
coupled to the first termnal through second ones of the plurality of power
Vi as, and®%€%econd plurality of ground |ands coupled to the second term nal

through second, QiggaR cohlpfisRisW @tddd/plRfalitPbOPEwLr HodSs antBERbAd pikeality I St
plurality of power ?arfggﬁaﬁ%gﬁe ?i r%t plﬁral i t§ of ground Iangs attjr(e
posi t i oneaf grourfdencddesi@ndd t o correspondi ng power and ground nodes of the die

t hrough controll ed col | apse chi p,.connect, sol der, .b S. 2. The interposer
recited in cl M@WF@%’%&B‘%‘BE% € Spkstcate ‘%#%Bg\er | ands and the
second plurality of ikd .

a legagﬁg Ign; @dr}gé Al ErdtRRidsq @@oieqegt%n GPLIRE GiterbBser;

correspondi ng power e substrate. _
an embedded capacitor having a first terminal and a second terminal,

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;

wherein the first plurality of power lands and the first plurality of ground
lands are coupled to the respective first plurality of power nodes and first
plurality of ground nodes of the die; and

wherein the second plurality of power lands and the second plurality of

ground lands are coupled to the respective second plurality of power nodes and

second plurality of ground nodes of the substrate.

9. The electronic assembly recited in claim 8 wherein the capacitor comprises a

plurality of high permittivity layers.
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3. The interposer recited in claim1l wherein the capacitor conprise§ JajaN 2005
| east one high permttivity layer. 4. The interposer recited inclaiml
wherein the capacitor conprises a plurality of high permttivity |ayers. 5.
The interposer recited in claim4 wherein the capacitor conprises a
plurality of conductive |layers interleaved with the high permttivity

| ayers, such that alternating conductive |ayers are coupled to the first
and seco t erf : [ : [ : r
recited inﬁ)'cl aﬂﬁ%ﬁ%‘é‘?@?ﬁm’yﬁﬁ%‘% %glc%#rélgz]t&yc%?pﬁlaenc?gg(}%rrrpéral eE&Z§ fifth

| and posilimhgdof coslactiva piyerd interleawedr with phwn Highgpesmimiaity nayees, ghich ttat di e, and
wherein the second plurality of |apnds conprises a sjxth | and positioned to
be coupl t%““&"%’&ﬁ%"@%lﬂaﬁsr@& %qvgﬂegﬂo st seond feaminaleespectivelk
interposer recited in claim6 wherein the fifth and sixth | ands are coupl ed
by a conductive path that conprises at |east one via. 8 An electronic
assenbl y rlonprAs elegtroric 8ystert comptising gn alettrdre agzembbl ddmprizsingoower nodes and a
first plurality of ground nodes; a substrate conprising a second plurality
of power nodes® Si§FompEsEGRINEH plusality pf pewernesles and adisst plaraditaal gietied poser
coupling ﬁJEl‘Es-di e to the substrate and including a plurality of power and
ground vias iI’n a core region off the interposer; an enbedded capacitor
having a firsta §ubsirateabmphiding asseeanplulit} sBpower nbidéssindsdisdeas®plupglitydi ng a
first plurality of power |ands coupled to the first termnal through first
ones of tMerpmdrmades;andf power vias, and a first plurality of ground Iands

coupled to the_ s i t h_fi . the plurality of
ground vi as; aaﬁdg{;eggoggéﬁdéﬂslﬁg #h éac(gé Rﬁgf aﬁsﬁé%eﬁ@i@%ﬁ%n%l urality of power

| ands coupl ed to thglutdlitpbf pweiiandlgrdund 818 hin § e6RMEgiONOS thRfinfeljosat ural ity of
power vias, and a second plurality of ground | ands coupled to the second

term nal through setoiabeddpdsapatitarthaving st teymispl apdasegond gomingherein t he

Coupl el to°t he  oc O sub B Befifihel S0 BBl AN ulle Spilg hents e
plurality of ofifgt iémifdethirctight fit nes ofRe WEARYoft PewereGRBd aiMd Wr st ty of

power |ands and the second plurali tﬁédOf ground | ands are coupled to the
respective secdwalipt of gioung lyfdsowpled o dlessegand 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;

wherein the first plurality of power lands and the first plurality of ground
lands are coupled to the respective first plurality of power nodes and first
plurality of ground nodes of the die; and

wherein the second plurality of power lands and the second plurality of
ground lands are coupled to the respective second plurality of power nodes and

second plurality of ground nodes of the substrate.

12.  The electronic system recited in claim 11 wherein the capacitor comprises a

plurality of high permittivity layers.
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second plurality of ground nodes of the substrate. 9. The el ectron'ﬁg 0
assenbly recited in claim8 wherein the capacitor conprises a plu I'IﬂtNyZ %f
high permttivity layers. 16 3 ?. JAN ?005 10. The el ectronic assenbly
recited in claim9 wherein the capacitor conprises a plurality of
conductive |layers interleaved with the hi gih permttivity |ayers, such that
al ternatify comfuelestienic systen rseitedcwugipiey 12 ovherains the apagiler seawRgest &r ni nal s,

respeot i Akt dt cOituEl 6 LA 8R! HGEIATRRTRE bRk fkeAhs SR G aRe ! Y

conpri si dre conpri si ower es "and a f

plurali tyaltehagnguamuaﬁdemyexa aﬁdlhﬁlb[eﬂtte theeofifer drkdli se€ordl teLgianld, lebpecaldlyy of
power nodes and a second plurality of ground nodes; and an i nterposer
coupl i ng the die to the substrate and including a plurality of power and

ground Vige | g GOS0 AlodiHel hPhEF ASlng: 2N STbedded capaci tor

havi ng a ermmna a second termn first surface including a

first pl ural i ta/plﬁfahlbpﬂﬂ’lgﬂaaﬂﬁs nb@pah;ﬂfératleegﬁds}eofthb irtérpb&drri nal through first
ones of the plurali power Vi as, dafirst plurality of round | ands

coupled to t héﬂ%@@l@ﬁéﬂ fiest ﬁwrﬁm cpmpaaf@w ﬁlis? plurabifieef signal {ands gpupl iOttE*e

Pands coliaifr sy SRl PR R osRiRel 1 PPLOGRE LEGRAPaRULE Benttndt BELTT o

power V|aﬁedﬁnﬁuﬁ second plurality of ground | ands coupled to the second

t erm nal through second ones of the plurality of ground vias; wherein the
first plurali t‘yheremgbemcon@n@riacammneem mpn%plumty ot;/SIsmal@ar@aﬁaupletbnds are
coupl ed t he,re i.ve flrst Iur it and.fir

o urat st yBdhe SRR G oyins had gbionodiche PR 1R “Be@Rbenk it ¢y of
power | angdeastiht Behst@eond plurality of ground | ands are coupled to the
respective second plurality of power nodes and second plurality of ground

nodes of the substrate. 12. The electronic systemrecited in claim1l
wherein t c aC| Qr co urality of high permttivi | ayers.
31 SaN 2os. THE ipbererensh ol Pukhdeis e Bepbdf sPpHbis g thivef e
capaci torcepgﬁﬁggtrﬁaﬁrea plurality of conductive |ayers interleaved with the
high permttivity |ayers, such that

16.  The interposer recited in claim 1, wherein at least one of the power vias does

not go entirely through the interposer.

17.  The interposer recited in claim 1, wherein at least one of the ground vias does

not go entirely through the interposer.

18.  The interposer recited in claim 1, wherein the plurality of power and ground

vias is a relatively large number.

19.  An interposer to couple a die to a substrate and comprising:

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

an embedded capacitor having a first terminal and a second terminal;

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

coupled to the second terminal through the plurality of ground vias; and
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al ternating conductive |layers are coupled to the first and second teryﬁqﬂh§%5
respectively. 14. The interposer recited in claiml1l further conprising: a
plurality of signal vias in a peripheral region of the interposer; wherein
the first surface conprises a first plurality of signal |ands coupled to the

plurality of signal ' viags and positioned to_be coupled to coryesponding
si gnal nodes oa?gect’ﬂ%s'&‘@? l%ﬂﬁ‘ﬁﬁﬁéﬁé@%dtmgag'é(dlfmwﬁhwﬁéo%‘?ﬁpﬁoi @8rsh second

pl urality.Qf:Si I : I i S ! nd
posi ti onetgﬂ{nggfbgﬁ@k(%lp?%&ﬁ?%ﬁ%?fgos‘g%r(r)lv| rigang i ég;%la()h& ?ﬁ’é‘%&gﬁo&q@ ﬁgl\{% 3@%1 rate.
15. The icuupledds ére seeaid terinal thtauightte plubadityeofigrbdiel viad;er poser conpri ses a
mul tilayer ceramc Ism'é_)ruct re,., 16, The interé)oser recited in claim1,

wherein at | ea¥per firstiplurglityenf Revees lapds and ther firgbplurality ef ground &wds ¢ he

the of ountie oSt E 1b BeCtRBREL tof SGikosibdily Boftel add Bt of B 07
i nt er posethroughicbeitolisd collapseichip sundecissldehburpsir al i ty of power and ground

vias is arelatively large nunber. 19. An interposer to couple a die to a
substrate and conprising: a plurality of power and ground vias in a core

Second Wi m 1 FRARRRE xooi @ 57 EREA 1By RARA e SeoDEPARD skl AL ™

| ands cougldettle secoht pldralitytof gr@urd lads 4rbposigbnddne beldsnpled ty correspomding Vi as,
and a first plurality of ground | ands coupled to the second term nal

t hrough tREvesand groung ngdespidhmenbsirals; and 18 3 1 JAN 2005 a second surface
i ncluding a second plurality of power |ands coupled to the first term nal
through the plurality of power vias, and a second plurality of ground | ands

coupl ed t.t heTlgem@dtposee Fetitodlin tRfrRUgHvHdiéin Phe éapatitot cdimpiised/ dedst dhe Wher ei n
the first plurality of power |ands and the first plurality of ground | ands

are posi thlélhé%l‘mltil%l%‘)@ﬂpl ed to correspondi ng power and ground nodes of the
die through controlled collapse chip connect sol der bunps. 20. The
interposer recited in claim19 wherein the second plurality of power | ands

and the sErondriy intedpdsey redftedinCeliich | RRHEren e RAFCItbOAREPrises b?hﬁﬂit?bﬁd to
correspondi ng power and ground nodes of the substrate. 21 he i nt erposer

recited ilnglpemmitivityansrei n t he capacitor conprises at |east one high
permttivity |ayer.
23.  The interposer recited in claim 22 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 terminals, respectively.

24.  The interposer recited in claim 19 further comprising:

a plurality of signal vias in a peripheral region of the interposer,

wherein the first surface comprises a first plurality of signal lands coupled to the
plurality of signal vias and positioned to be coupled to corresponding signal nodes of
the die; and

wherein the second surface comprises a second plurality of signal lands coupled
to the plurality of signal vias and positioned to be coupled to corresponding signal

nodes of the substrate.

25. The interposer recited in claim 19, wherein the interposer comprises a

multilayer ceramic structure.
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22. The interposer recited in claim19 wherein the capacitor conprises a
plurality of high permittivity layers. 23. The interposer recited ion! dAI0G
22 wherein the capacitor conprises a plurality of conductive |ayers
interleaved with the high permttivity layers, such that alternating
conductive |layers are coupled to the first and second term nal s,

respect i & y. “Ehe interposer Fesited deelaing d P wherein af legshonoof thetnosier visiorsi ng: a

pluralit i i n i pheral region of the interposer, wherein
t he firs%“@g?gg@ggbgﬁ%'|§g§na (%%%t plurality of signal |ands coupled to the

plurality of signal vias and positioned to be coupled to correspondi ng
signal nodes of the die; and wherein the second surface conprises a second

plurality’ef sihgriaterpasagreciiesiin dym {Q wheseip|at feast ang offthe gxpyBd viassecsnd

position | o} pondi ng signal nodes of the substrate.
25. The ﬁ%gﬁsﬁrg&%ogﬁﬁé%eﬁnne?é s‘glls'm 19, wherein the interposer conprises a

mul tilayer ceramc structure. 19 3 1 JAN 2005 26. The interposer recited in
claim 19, wherein at |east one of the power vias does not go entirely

t hrough t3% i rkheriptespeser rerited fire clamm di%p oderein di plugelityhot pewven agl graped ei n at

| east one.of. th round vias, does not go entirely through the interposer.

28. The ivﬂ?sé%&%elg&veﬁ%&r eel(l.flqﬂﬁerbl aim 19, wherein the plurality of power and

ground vias is a relatively large nunber. 20
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