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Enbedded Capacitors and 5 Methods of Manufacture Technical Field of the

I nvention The present invention relates generally to el ectronics packagi ng.
Nbr e parUWE%Pg%lPV the present invention relates to an el®&d{% SBH?@ 24ssenbl y
t hat 10 includes a substrate having one or nore enbedded capacitors to
reduce switching noise in a high speed integrated circuit, and to

manuf acturing nethods related thereto. Background of the Invention 15
Integrated circuits (1Cs) are typically assenbled into packages by

physical Iy and el ect ij CAldohi 6OMPdniRl vt BEHDELs oS WaBLEAL RAYR Of organic or
ceramc material. One or nore gukduddd Bag sCandbe physically and

electricglly coupOed to a pri mﬁogy&gjlﬁanbgaégm(&CB) or card to form an
"el ectronic assenbly”. The "el ectronic assenbly” can be part of an 20
“electronic systenf. An "electronic_s erg 'sProa l.y _defined herein as
any product conprising an=2 es of electronic
systens include coanhEP’@seP’émgen“%@ms@ﬁ‘erﬁuﬁﬁ?@Wﬂ‘&ﬁ@"m Matg ver, etc.),
Wi rel ess communi gmtticalasly,disepresent ifwentipn relgte$ tonglectininassembliothatl ess phones,
pagers, jgtc.), Cqmudeeﬁsﬁbairﬁém;ﬂg%leﬁé@bﬁb@e@capa@msnﬁ&dme scanners,

nmonitors, 25 etca‘)"’% ﬁ%ﬂg? YitdpPted Brotit, and BlnPiihftagy radi os,
‘IE}'E“’ pl ayers,

stereos, tape an vi deo cassette recorders, MP3
(Motion Picture Audi o Layer 3) players, etc.), and t he
like. Inthe field of el ectronic systens there i s an incessant conpetitive
pressure anmong manuf act ur er s Begkground 1o cths SRERPB of their equi pnent up
30 whi | asdriving dommfpgrmddumteumﬂ@s)atestypﬁﬂly serpblpdiinta packages by t r ue regar di ng
t he packagi ng of ﬂh?ﬁcﬂﬂaﬁ&él&dhﬁ@ll?&ouplﬂigem&nmhbmwmﬁéefafgmrof packagi ng
nust provide incr Obﬁ’é‘&qﬁoﬂé‘@dch‘ic eﬁgebme%mlfmwr or more

conpact in size. su S lmpﬁﬁ ul at ed net al
| ayers 35 sel ecti¥ é‘ﬁ@& I‘OVI t(f? N} ngo ec | i nes
(referred to heref® W@ﬁ%ssﬁ}‘ %D‘?"B 2 ni ¢ conponents

nount ed 20n one or“elmh'@ucwﬁpmécés 'thﬁﬁﬁembﬁﬂ%@?@wm@%?s@ﬁh conponent
or conponents ar eprodustiiriprisiag ary“cleotrordcassaintiy’’. @Exhreplesdftecmonic of an

el ectroni c syst engykiim®inghidécontputttsIE.gldeskibp, A&k, BandMRldpseives, etc)at i ncl udes
the substrate tragggess IEmatisibistetices (e.g., cellular phones, cordless phones,

pagers, etc.), computer-related peripherals (¢.g., printers, scanners, monitors,

25 _ efc.), entertainment devices (e.g., televisions, radios, stereos, tape and
compact disc players, video cassette recorders, MP3 (Motion Picture Experts
Group, Audio Layer 3) players, eic.), 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

30 while driving down production costs. This is particularly true regarding the
packaging of ICs on substrates, where each new generation of packaging
must provide increased performance while generally being smaller or more
compact in size.

An IC substrate may comprise a number of insulated metal layers

35 selectively patterned to provide metal interconnect lines (referred to herein as
“traces™), and one or more electronic components mounted on one or more
surfaces of the substrate. The electronic component or components are
functionally connected to other elements of an electronic system through a
hierarchy of conductive paths that includes the substrate traces. The substrate

40 traces typically carry signals that are transmitted between the electronic
components, such as ICs, of the system. Some ICs have a relatively large
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40 traces typically carry signals that are transmtted between the

el ectronic conponents, such as ICs, of the system Sone |ICs have a
relatively large 1 WO 02/11207 PCT/ USOLl/ 23721 nunber of input/output -
(1/0) terWPHHIRO? a5 wel| as a |arge nunber of power andP®§ F@ﬁﬁ‘d’ 372 mi nal s.
The | arge nunber of 1/0, power, and ground termnals requires that the
substrate contain a relatively |arge nunber of traces. Sone substrates
require multipl wmbsyefinpuleutpyt YQgerminalscasareiesalageaumberrof poiersy st em 5

i nt er connect i onand glouad tegminals.cThedarge nvimber ofilA0, povests and groandtepminals ypi cal | y :
connected el ecleqiifed tHab/thshbstraifcofiinaQelstivelydsige iinttierof tiabésp8ehie hol es") formed

in the board. ﬁbé&aﬁes?éﬁﬁu@ﬁulﬁﬁl@ Baybt¥ of Bséd 1S ackoRlo8atd &l Gk ysaRe or al |
| ayers of a SUbinge{-c% ecu&g then plating the interior hole surface or

fllllnﬁthe hol a e_Iec i cally conduyctive rial, such as
copper or tungsten. E’Eﬁt"’q ﬁ\’f@‘ﬁb’%‘ﬁ ‘iah 8%“"% rmuntl ng an IC on a
substrate is celeatically by,yies(aiso @Heé‘&lwﬁ@“@w’&s’aé the board. |
fabricating a Olvj:aa:akhgmadebwhakmgeholptlmmghymmrdqumeftmbsﬁatmt ions or

I ands (gener al Iwd&wn@mgmbm@ﬁrholeémdrﬁaingm%mma); of an | C conponent

are saldered di daMy Lddcd g%&q .the surface of the
subst?ﬂate usi ngél%%? aM{/(% R or%r (t]n f t’hes t4aRiPcess is widely
used because of S SI rnternal circuitry
of 1Cs, such ascaHF é@%‘!‘gi“ﬁé a&? rl"o"""e‘i’?ﬂil ﬁ%@?kaé’ock

frequenci es, an@ealscm@élyeg@ﬂ@wetmmmogﬁ@rl b (eepsrgflyapfepeddens 20 | evel s,
SW t chi ng noi se“eleatricalvontansPofian IQ nammoent atslseldéred/difestly 8or t he reasons st at ed
above,isand for Mmdxﬂ@ﬁﬂdk&nﬁe&h@ebﬁ&:@ﬂbmmgwﬂdwaﬂem apparent to

those skilled ' fs. FIRAES frécRel i idRty Ysed bREHREIF IS fiblsindsdndPr €sent
speci fication, 'S a Si gnlflcant néeed in the art for a nmethod and
apparatus for gy C on a bstrate that mnj 25 probl ens,
such as sw tchl ng S FPERTOSEPTS ORPES ﬁé‘@ﬁ % es and high

power delivery. mﬂ@@ﬁ%#ﬂ%@@n%@ﬁ?@ﬂﬁ&ﬁh@?’ﬂd@g POeE pl ock di agram
of an =l ect r oni kevely switchingmoise g rincrdasego nnacéeptable levels. one el ectroni c assenbly
w th enbedded CapaCFoirm&&ﬁmsm@mamm'mrmnsetmoﬁélmmchf t he

i nvention; FlG t @host AKil1édan He aft@pseAIigdinion of a mul tilayer
substrate wt hun%ggaﬂﬂﬁ § BRAH dpBliffuatih, RS £apifcalll deb AR MTDOI et of
the for a method and apparatus for packaging an IC on a substrate that minimizes
25 problems, such as switching noise, associated with hlgh clock frequencxes and
high power delivery.

Brief Description of the Drawings

FIG. 1 is a block diagram of an electronic system incorporating at least

30 one electronic assembly with embedded capacltors in accordance with one
embodiment of the invention;

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

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

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

40 embodiment of the invention;




I nvention; 35 FIG 3 shows a cross-sectional representation of a multilayer
substrate w th enbedded capacitors in accordance w th anot her enbodi nent
of the invention, FIG 4 shows a cross-sectional representation of a

mul tilayer WORYIRGE e Wi t h enbedded discrete capacitors i PCEVERALe with
an alternate 40 enbodi ment’:¢f the invention; 2 WO'02/11207 PCTI US01/ 23721
FIG 5 shows a graphical representation of capacitance versus area for
various diel ectric neiIGr § shiowspigtaphical mepesendation of eppaciudeyersug aseadpx h an
enbedded capaci t wariousdielectric thaterials thitichn bensed hiacsdbstretetwithfan eimbeddad ent i on;

FIG 6 is a flow eu m%mmme%bsmemmemwdﬁubstrate 5

conprising an enbe d cgg o%&?&hadﬁ'ﬁa gbodi ment of the
i nventi org, and FI G 1S e% %t m catfl ng an

el ect roni assenﬁ‘f"&?"ﬁ%aﬂé‘“ EPFLYT c%%‘?ﬁ“%’f‘?@‘%ﬁ ¥ capacitor,

I n accordance wi th§ nB¥di ment of the invention. 10 Detail ed

Descri ption of Enbodi rﬁiﬁt’élS@fﬂowibagrawmmﬁhpdqffﬁbnmngmﬂmon@ detail ed
descri ption of enhssehbipbivdngd substratei compridingun embedided capacitor,iis made to t he

acconpanyi ng dr aw,dagRiandaivith ondEfibollinkat bf theta@@tion. and in which is shown by
way of ijdustration specific preferred embodinents 15 in which the

i nventions may beppractd £6flsc pueTels TR Tt - T iednridy suf ficient
detail to enable %ertgére—mra@ n, and
it is to be under stl’bﬂ’af?lmﬁﬂeﬁé‘\’dm odignts of the OVeuHSR and t hat

| ogi cal , mechani cwiference isshagle to the adcompeaying drawings bichdistm apattthersof, departi ng
fromthe Spl rit amlﬁmmﬁl@ihomsy%ﬁéﬁmsw&ﬁ%p& ferfdd@nibBliveNk Ny det ai | ed

20 descrl tionis e, and the

t.herefore.. not t.o be.t imtin
scope of the pr eH'eWﬂei’l @Xﬂ%ﬁwb&éﬁ‘%"ﬂ%“% ?ﬁ?see'ﬁ@(’({“ﬂ?ts gﬁﬁé cl ai ms. The
present |nvent|onlmieéb@t%ltgmathS@Waﬂ&W?mpm% that are
associated with pmﬁfmwbemakta@dmﬂereﬂoﬂgﬁemmhy%mﬁMmdmt operate at

decoupl i ng iSSSS.S oBies, B (LB afle APRARMBSRNR diborily | B0
i|lustrated and dfem ”o%’H‘tﬁ’édr%Pl?W PERSENt dYERiensethe fol i) é“ﬂWF‘E is directly
mount ed 20 t he nuldstriptipa is, thetefire, adtdo bevtakentin ahuﬁtmgmmse;rabdatllded)peabac itors.
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
25 decoupling capacitors in a multilayer substrate. Various embodiments are
illustrated and described herein. In one embodiment, the IC die is directly
mounted to the multilayer substrate, which contains embedded capacitors.
The embedded capacitors can be discrete capacitors, or they can be one or
more layers of capacitive material.
30 FIG. 1 is a block diagram of an electronic system 1 incorporating at
least one electronic assembly 4 with embedded capacitors in accordance with
one embodiment of the invention. Electronic system 1 is merely one example
of an electronic system in which the present invention can be used. In this
example, electronic system 1 comprises a data processing system that
35 includes a system bus 2 to couple the various components of the system.
System bus 2 provides communications links among the various components
of the electronic system 1 and can be implemented as a single bus, as a
combination of busses, or in any other suitable manner.
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The enbedded capacitors can be discrete capacitors, or they can be one or
nore |ayers of capacitive material. 30 FIG 1 is a block diagramof an

el ectronic system 1l incorporating at |east one electronic assenbly 4 with,
embedded Wgﬁé’éppbrs in accordance with one enbodi ment SETRVBRention.
El ectronic system1l is nmerely one exanple of an electronic systemin which
the present invention can be used. In this exanple, electronic systeml
conprises a data proﬁﬁmw%%béﬁmabdwymbweﬁ eetranigt em bus 2 to

coupl e the vari assemblgdanimninde my ciréult o8 yoahismation fedrcnity Misne?2 provi des

comuni cati ons uBlfimaTyMlirbieadciPH fioRaRRQRSELGr 6 Plict B bEbECL T ONi C system
1 and can be |rrBPement§g g a .SI% ?ru co%b gtLor‘i of busses, or

i n any ot her P CESS9T| TSHY El ectronic
assenbly 4 is coimgiiteshch as byfnotdimited;to amicroproeessondinicrgeantnoliénya 4 can i ncl ude
any circuit or e&ﬁﬁe:ﬂahmﬁﬁoﬁet& ﬁwgt(elsd)mmce@sah@%dﬁmt el ectronic

assenbly 4 |ncI S As used

her ei n, processor neang&g@ﬁgé S%%B&Q&Fa’uoba]log% CI rCU|t such as but
not limted to %o QLW mwssoraasﬁa IWFF%‘MEBI SN PFASESE i nst r uct i on
set conputing (mmormybmﬁnmeﬁpmcesmorMcmﬂstruct|on set conputing

(RI' SO Hgn Cr Opr 0C {55 &@'typ eQ?jf’&‘EMtslt&@gan'HQ%c[ddG&h(Eﬁ e J1 Croprocessor,
a graphics processor,,; ec%”&e S,0r any ot her type
of processor or SRR EELAY ?’{fﬁE ?’s that can be

i ncluded in el esumasuformﬁmhqomw circylits @mhta@ammmnmanpnsamcmt

appl i fatl on- spegy fofﬁse':ﬂ%v&ﬂé?&i&dceﬁhk@déllﬁlm(t@@h@ies fgers, pRrthbik e, tSUCg) afs, for
exanpl e, one or circuits i r Cui or use
in wirel ess devf%% T NPy d#) raﬁ‘{lé’% nes %gg,g} ﬁ% abl e conputers,

t wo- wa¥s r adi os, perfrmanypthertype|of ﬁlﬂf“"lﬂﬁrc systems The IC can 15 perform any
ot her type of furEléclzﬁﬂcs;EteanImnlscmmaemmdenmhmmbryomm&hmlaman external .
menory 10, whi Cpay lﬂcxawoﬂeom&emeﬁ Aenii slfah W Bo PRARIY el ements suitable
to the.particular tlon Suc n 12 in the form of
random access MB’( Wﬁff‘mﬁigﬂh‘g&’ﬂ“fl%@/ PSS WA one or nore
drives that handiszB@nq:mabarédwm%awormnna@eﬂnmgwtbnnélkettes conpact

di sks £4°Ds), di wnioa&blemmismsmksﬂ@bﬂxskeuadcdﬂpactldiske(cmb digitsloni ¢ system 1
can al so i ncl udgl %‘lﬂ?@nﬁ%’ GfeS: @ Ioudspeaker 9, and a keyboard
heCan

and/ or controlle . ncI ude use, ckbal |
Electronic system 1 can also inclu &sp device a speaker 9,

and a keyboard and/or contr_oller 20, which can include a mouse, trackball,
game controller, voice-recognition device, or any other device that permits a
25 system user to input information into and/or receive information from
electronic system 1.
FIG. 2 shows a cross-sectional representation of a multilayer substrate
210 with embedded capacitors in accordance with one embodiment of the '
invention. Substrate 210 has a plurality of lands 211-213 on one surface
30 thereof that can be coupled to leads or conductive areas 201-203,
respectively, on IC die 200 via solder balls or bumps 208. Leads 201 are
coupled to signal lines of IC die 200, lead 202 is coupled to Vec, and lead 203
is coupled to Vss. It will be understood that, although identical reference
numbers have been used for the two conductive paths cgrrying signal levels,
35 i.e. the paths comprising the structure identified by reference numbers 201,
208, 211, and 221-223, these signals can be different. Signal path structure



ganme controller, voice-recognition device, or any other device that permts
a 25 systemuser to input information into and/or receive information from
el ectronic . FIG 2 shows a cross-sectional repre

rrul tilayer ‘iﬁﬁ%’f%"tle 210 with enbedded capacitors in acc}%%lé‘?gé’yg%?fh one
enbodi ment of the inventi:an. Substrate 210 has a-plurality of |ands
211-213 on one surface 30 thereof that can be coupled to |eads or
conducti ve areas Saminciuds varigussigaal cordupiors ilystrated a5icandugtive Jayersowithiner  bal | s or
bunps 208. Leads Bﬁémﬁlsﬂ:strstelm,a(éhiaﬁ)mgmlgmahctérkmm | C die 200, |ead 202

is coupled to W, and él le 3r b CQHQ % Jéf]l?e under st ood
that, although identic renc éQFedJ ers hav t he two
ign heamp

conduct i ve paths 8538 aggrr?nggmertt rising the
structure identi fseardrahpwsdeﬂpl(mlrmermmbanssmonem&;dezidlpmmﬁbrmzl- 223,

t hese signals cansgkeoflglfn{,w@pt Signal path structure 4 WD 02/11207

PCT/ US01/ 23721 can i [ LOLS, cto trated as
conductive layers wt ﬁub#r e%’l?mmga%eﬁﬁﬁpg?@iy éﬁgxgioo&% #%P conduct ors
235-237. Signal | eelts fey ofwhishare Wlustrated Sordheyeles ofisimplisiteo1, are typical |y
arranged at the peri phSubytratd 210l6mpkiises & paifdt efmbédided capaditorst EBath i's, for

exanpl e, severa 5{{;&9 A {ggglgag-\ﬁ side of die
200 for Jf(ﬁe sake%%%ig‘?,rzm |CP"§£§] é’ago &PVPW%%B%?&&E%IH pl e Vcc,
Vss, and si gnal CBWH%FEY‘F}?@,I‘)I“ #8betvessn the caparitive plptes 226000 22% 84y for the
sake of sinplici tyem&mmcmmzma)neammeplmzp@ofeacifcapadhadzﬁedmapam tors.
Each 10 capaci torb@é’&tremammuﬁﬁzds oﬂfdlefz%ﬁ%ﬁ'&hd{ﬁtopbfst Rdd 220aRNd 229,

and 2507 ant" bet sl LA, AP oo heni 45 e s i e

and 229, and bet
capaci t o¥s 230 cancolbbdmw@dmlmlaowlc %Qﬁﬁlmmndlm%ﬁ 1ad@1200d vi a
conduct or 215, | apsldesball2080d sol der ball 208. Another capacitive plate 229

of each capacitor 230 “ di e 200
vi a conductor 227, n’%ﬁ%ﬁ&sﬂoﬁ ﬁgﬁjg%"gﬂ"&l l?’feyf%wgﬂlg&wragés %n hi gh
permttivity |ayePf IQSP%E%"“H@P"E"H] #5 high VI%P“NPQH’ Mt tivity
mat eri al such as ﬁmwmsmh@pemmmgrmmqﬁlmmMamnamﬂmﬂme

particleg, a hi ghlsl%ﬁcmté& rafbiamé g}s&téexs &ahlmr%mhaﬁmavap&ranate film that

oposi 5o (e oietoa ATl ES et B Sy o o hgh
_ perm1tt1v1ty material.
Substrate 210 can be provided with one or more embedded capacitors
230, |
25 Die 200 and substrate 210 can be of any type. In one embodiment, die

200 is a processor, and substrate 210 is a multilayer ceramic substrate.
In the embodiment shown in FIG. 2, metallized power vias 215 and
227 can connect the Vss and Vec capacitive plates 226 and 229, respectively,
of capacitor 210 to the corresponding regions of the die, which can comprise
30 a relatively large number of Vss and Vec die bumps 203 and 202,
respectively, distributed in the core regions of the die 200. This large parallel
connectivity ensures very low inductance (e.g. < 1 pico-Henry) and enhances
the current carrying ability of the overall IC packaging structure.
The invention is equally applicable to embodiments where signal
35 traces occur other than at the periphery of the die, and to embodiments where
Vee and Vss traces are provided anywhere on the die.



permttivity material. Substrate 210 can be provided with one or nore
enbedded capacitors 230. 25 Die 200 and substrate 210 can be of any type

I n one en‘g‘p nent, die 200 is a processor, and substrate 210 is a

mul tilaye ‘% U#7c substrate. In the embodi ment shown | PGWESOUBT2het al | i zed'
power vias 215 and 227 can connect the Vss and Vcc capacitive plates 226 -
and 229, respectivel of capacitor 210 to the corres ondln regi ons of
the die, which can c% Wil bewmdersipod:that anhile the pitsh of pever ving d@? lss and W die
bunps 203 and 2FK3. 2rieshoento becthe/same iasthe tie bindpl pitoh, the pitch@f power giapns of the di e

200. This |argezP§£rﬁ|2h%ould3&rH?E&£dtﬁ-bxh¥ha$9ﬁH£&§b W6 isch! Om&}gyct ance (e.g. <

packagi ng St 1 uqPIHIES Pt pgtalrit 3.%%3524#%%5@&%9 S0 cnbod nents

€ enbodi ment s
wher e s$ gnal 35 bumppitoh, ib eanld bedhesame irranothert emblodiment: Thérgeogetsy of he die, and to
enmbodi nent s vmethevnamﬁclmmﬁtchroﬁﬁﬁ@va@n&@m&hpwlﬁmémwre on the die. 5

WO 02/ 11207 PCT/ g%é% t ile the pitch of
power vias 215 aéég %Z&Jdﬁétp% Hﬁomg’tﬁé&%%ﬁ#ﬁﬁ%gas the die bunp
pitch, the pitch of YRsiResembhodim herimplementedyysing cpramigispbsirptent from t hat  of
t he di e bunp pi technoldgykew se, V\:hl |l e the pitch of signal Was 223 is shown

to be der than th bsﬂ:‘a{e sane in
anot he?d enbodi hgi??}’gﬁgl’{ s | ggthehfb | kaﬁ%&@ %jl%l tch, can be
varied in any s g Elgcmtﬂ&ﬁél&lﬁ detiPanet ers known
to those skill emdhwmma&qumﬁvamweemmmomﬂnapl ement ed usi ng
.cer.am ¢ subst rapﬁu&mbmgmwuocks e inportant purpose of the substrate

wi th enbedded caqﬁé %sﬁnﬁ&/ﬂcrbsl%-seétﬁaﬁ%s&?ﬂo h@“u %&eﬁpgjﬁlcapam tance

relatively close uce reactive
i nduct +¥e” coupl PRbeddpdsapaciiers inacpardagsrwith angther embodimentafshel y at hi gh cl ock

speeds. FIG 3 hivembnahahmﬂ»odmhulﬂm&htedhmesaamb@tdwmminbe substrate 310
with 15 enbeddgg g p@g Sub Sq%ﬁg@ stithaedi ment of the
i nvention. In t?f% u|I at I.n El G %ﬁﬁsu Stté@r 310 can be
coupled to a fu ”S{ng ).op the opposite, H™ ar to

substrate 310, ovmm@namewmgow@m@e@mo@wmp Seadspe opposite
surf acgy t her eof cond@dtive hresd334,389,and819Vfekbsaté 820 dan BOupled BCB) or ot her type

of substrate. Lgads, Qling lands 331,332, and 317 of substrate 310 via solder balls 338.

' The internal structure of substrate 310 can be similar to that described
above regarding substrate 210 (FIG. 2). Thus, substrate 310 has a plurality of
lands 311-313 on one surface thereof that can be coupled to leads or

25 conductive areas 301-303, respectively, on IC die 300 via solder balls 308.
Leads 301 are coupled to signal lines of IC die 300, lead 302 is coupled to
Vee, and lead 303 is coupled to Vss. It will be understood that, although
identical reference numbers have been used for the two conductive paths
carrying signal levels, i.e. the paths comprising the structure identified by

30 reference numbers 301, 308, 311, and 321-323, these signals can be different.
Signal path structure can include various signal conductors illustrated as
conductive layers within substrate 310, such as signal conductors 335-337.

Substrate 310 can include multiple Vce, Vss, and signal conductors,
only a few of which are illustrated for the sake of simplicity.

35 Substrate 310 can comprise a pair of embedded capacitors 330, each
comprising a pair of capacitive plates 326 and 329, with high Dk layers 340



20 conductive areas 334, 339, and 319 of substrate. 320 can be coupled to
corresponding | ands 331, 332, and 317 of substrate 310 via solder balls
338. The internal structure of substrate 310 can be simlar to that

descri bed ¥B0¥I%yar ding substrate 210 (FIG 2). Thus, sJS5HYE340 has a
plurality of lands 311-3%3:ion one surface thereof that can be coupled to

| eads or 25 conductive areas 301-303, res ectlvel , on IC die 300 via

sol der bal | s 308. betwesndhe capevitive plates 334 and 329 MWMlcame%or@ﬁOr ©ngi e 300,

l'ead 302 is coupl a&@vepmazméacheammsweanmeuwpmdwovsse@mmal will be

?Ege{ \iﬁ)oggnéﬂit i ve 3|to(§t carr i ng ‘?"&ﬁgfg 43 j1wﬁ)&'ﬁ&rpﬁi\/ﬁmzt;tP f gzﬁgrfgr ng
the structure |de??cs|°ﬂ‘§'6° 0331“1% €P§“b§m 3%““%& and

321- 323, sthese si gasdgmemaﬁﬁhmdﬂlﬂ;‘wdsdderbalss@aa&noﬂm@pmu“c@latﬁii%can i ncl ude
Sobstrate 910 Sﬁma &*‘%“a%m“%&q I88t0 SRRl A B R0 b can | ncl ude
nul tiple Vcc, Vss %ﬂ“@g&ﬂﬂg lgr d g@ %\gaoﬁ?ﬁ?%%?ﬁwﬁa

il lustrated for tMpbdmwc@mmlBSﬂqgﬁubmtesa% mamomlasmnfc&?ﬁqoru se a
pfur of 3egbedgegzga¢pm msaldmllsgach conprising a pair of capagi)tlj\zlgnl

pl at es an W

bet ween fohe capaC|t|ve a eso%}\(?%ﬁé&gﬁd be?rge%%édéggp%gg 1%5 330. One

capacitive plate 3% of each capacitor 330 can be coupled to a Vss terninal
303 on die 300 through)wseoaﬂgmms%lﬁmdmaﬁwofaﬂyd'psolncbae bal | 308.

Plate 326 can alM B%PI 18§é1%’tw§§%pﬁrk gate 320 by

means of 5 via se nent her
capacitive plate %‘gwt%?“ b‘ﬁmtf' atP&B °‘BB° ?Pﬁlséwt‘?fﬁggé Vce
t erm nal1s302 on dise c8@ictsabsiratgh VI a segrrent 327, land 312, and sol der ball

SOS Pl at ef 329 can al %ﬂi&%mbéﬁh&%t%ﬂoﬁﬂn cacmbﬁnﬁemisslﬁ%m tSUbStLaEe 520
y neans of via s £ ubstrate

310 can be provi d fﬂaﬁtgatovﬁg%% sé%g—gggg&ggﬁ ﬁggrzs%%%?ﬁmﬁ§e 300 and
substrates 310 anﬂameéﬁﬁlﬁaélﬁ)!ﬂdé?ﬂ? %2§’§éﬂb¢ﬂth6frﬁépar§ﬁﬁ%9frﬁgﬂt die 300 is a
processor, subst rgnfindhdviapand 301328 LamycotineCrtheVisaind Vobadpicitive platssd substrate

gﬁgsit?ate In the§li&(r$31%’ﬁlgﬁ r’re%gp&ﬁk%h f@g&%ﬂa‘.fz zegﬁﬁ"&%\gig‘; C316 (it

shoul d be noted t fagdieywhichcrn comprise agelatyely lorge 2 and 3,
such as bumps 303 and 302, respectlvely, distributed at the core regions of the dle
' 300. This large parallel connectivity ensures very low inductance (e.g. <1
pico-Henry).
25 Various embodiments of substrates 310 and 320 can be implemented

using ceramic substrate technology. The structure, including types of
materials used, dimensions, number of layers, layout of power and signal
conductors, and so forth, of substrates 310 and 320 can be similar or different,
depending upon the requirements of the electronic assembly of which they
30 form a part.
It will be understood that the land/bump pitch of the top of substrate
310 needs to match the bump pitch of die 300, and that the land/bump pitch
of the bottom of substrate 310 needs to match the pad pitch of substrate 320.
While in the embodiment shown in FIG. 3 the pitch of the power vias 315 and
35 327 is the same on the top and bottom of substrate 320, and the pitch of the
signal vias 323 is wider on the bottom of substrate 320 than on the top of



via segnents 315, 316 and 327, 328, can be either separate vias or one
continuous via) and 327, 328 can connect the Vss and Vcc capacitive plates
20 326 and 329, respectlvely, of capacitor 310 to the corresgondlng regi ons
of the dW@OZMMEh can conprise a relatively |arge numh&CTEONBR1nd vec
die bunps 303 and 302, respectively, distributed at the core regions of
the die 300. This large parallel connectivity ensures very |odow i nductance
(e.g. < 1 pi cosuteimety320, the pitchrelstionskipboni bealiered ipfany suieble faskion ®10 and 320
can be i npl enenthgdfy desibd\cnSifindEnd oBjeitives. at e -t echnol ogy. The structure, -
i ncluding types of i | ayout of
power and signal colﬁg flm%]s c’l&scei%mo Fﬁﬁ*&&f"“ gg‘?ﬁ%s ﬁéand 320 can
be sinilar or df¢ Wtoema@ﬁé rﬁﬁ"%?ﬂ?}??"scﬁga?‘b “?@ﬁ‘é"ﬁ?“é’e he el ectronic
assenhly of whi abaltehmie edfbodimenhof thedmventiont Subsirate BH), whish cantiocdutlet hat t he

| ?ng/ buggopi tcg tLg% WW& ﬁﬂ%&&@ﬁaﬁcoﬁﬂ&bﬁ'%ﬂ@n&@ﬂ@tﬁéﬁﬁget bu[rp gI:LE)Ch
of die an ubstrate
needs to match fagHats ‘@P %gﬁﬁﬂb@ﬁhﬁ feg&ﬁ]ﬁo{: enmbodi nent
shown in FIG BWhmmmdmhemumcmgn@Pgsmb%@hm is the sane on
5w dbr on the pre “”‘ﬁ‘gfsﬁ““““’?“‘““‘“"m"""“"“‘“""tﬁm“‘; o N 021 11207
PCT/ USOL/ 23721 4@%&?@&? dtgggﬁt\fsﬁé&erﬁﬁpaﬁh re ath‘hs |p cog{)g;be altered in
any suitable fab#lsdfl Wﬁ‘gﬂm 0- and objectives. FIG 4
shows a cross- sectldnﬂérewemﬁwmahnmmﬁnmofahymﬁ@}etype;dbsm ate 410 with
;Y\?efgg?gdggbghl rrent mffw n loomgubs 'cBm o R :[312 |ﬁ2| ude
nul tiple |ayers °6‘P“‘%l€ ?342& H’L'f?st@r” 9?%%?’3‘66 ed to be used
to nowmt a di edltc)etetchmcmﬁh_mmgr tsmnlvémﬂ/pawhmwndﬁe i nt ended-to be
?t Vcce potené' %upﬁa%ns%thbapfeey&h@ﬁovs@sw4lemyeﬁesemdsmirderL tk)al s 401
o correspondin Slidem i kewi se,
| ands 10 403 ar ’%f“ﬂ’?éHﬂéﬁwﬁsé}%éﬁ&ufﬁgﬁ)weéﬁ%ﬁ;%can %‘ggcoupl ed via
other sol der baingls discretecapagipnr prbeddervithin an intgepogen als, | C die 400.
Di screte capaC| thatmdﬁ@lednﬂymmeumrpmdﬂemgm tﬁaﬂmdaltoymlﬁ‘l#n one

Cermndls 422a23‘a“**‘§%‘°§“nﬁ“m§“w°m‘@“‘*"’?‘*ﬂ"‘ﬁ“’mm@ o 425 Fouover,
15 discrete capftl 4 %tﬂl?ﬁqvwgﬁ%'ngmgs}ha{gﬁ Sup@eﬁ @Qﬂhgué’% POrwith terminals
. substra

Lands 402 are coupled to upper terminal 426 of embedded capacitor
430 by a route that includes power vias 404, conductive layer 406, and power
25 via 412, Lands 403 are coupled to the other uppér terminal 428 of embedded
capacitor 430 by a route that includes power vias 405, conductive layer 407,
and power via 413. :
Lands 431 are coupled to lower terminal 423 of embedded capacitor
430 by a route that includes power vias 418, conductive layer 416, and power
30 via 422. Lands 432 are coupled to the other lower terminal 425 of embedded
capacitor 430 by a route that includes power vias 419, conductive layer 417,
and power via 424.
As illustrated in FIG. 4, similar Vcc and Vss connectlons can be made
to the terminals of capacitor 440 as were described with respect to capacitor

35 430.
Various signal routing (not illustrated for the sake of simplicity, but



coupled only to the upper portions of substrate 410 nay al so be used. For
exanple, in the Related invention nentioned above, in one enbodi nent a
single discrete capacitor enbedded within an interposer has two term nals
that are cIUPP¥H®hiy to the upper part of the interposer POANEOHATZY
capacitive 20 structure could |ikew se be enpl oyed:i n an enbodi ment of the
present. .invention, i.e. having ternminals that are co@PIed only to the

upper part of sudemprising signad areas.0fdiG dig @90, sertninsoldsr balls A0, apmsenriafeer ni nal 426
of enbedded capacraﬁdsronsﬂaﬁatbmwsublommdshwandms#mswmesunes 404,

conductive |ayer 4 ﬁ %E“aﬁﬁﬁg‘ﬁ'&aé alk'ﬁ'l c%ﬁ’%s@ﬁ@grﬁﬂ&&l ed to the
ot her upper termn C ac te that includes
power \Was 405, coWf 3’34(’?9'5@ nds 431 are
coupl ed tso | ower ter mEnweddbﬂzambltmsﬂi@ddéﬂﬂ:@ph@oﬁmysm%cmstrucﬁowte t hat

i ncl udes power V'ﬁ%nééﬁbocﬁﬁéiﬂ%&y'ai’eecelﬁﬁ@émﬁ‘ﬂa acltaa@%apm%m&saus 422. Lands
432 are coupled to t%% ot1 er J%%r t e m, 1, n@b “8\]} gfnbeddetd %%)am tor 430
by a route that i FREVeIRLe mp 54y %?ﬁ’jbt & a?g?'cliﬁ and power
via 424. As il | usandA¢@ ereiilipsizated, for thessake of simplieity of sllpsationgadhnect i ons can be
made to the ternidieriptionfa diffest hitber 4f@patosenifld bessed inkeenbodimentspect to

capaci t s 35 430 9!15 |IIustrat ed for the sake of
si npl i 001[ y, but %I Wgﬁlﬁggﬂ %1‘;}%1? hor ri sing signal areas of

| C die 400, cert ai FIGH2ftare parelyJepresentational ag Pﬁe vihgscale CEB rate 410
such as | ands 408prapumiticisfherenfinhay bopxaggemtedwhileautivtrs maycheahinimized. wi t hi n
substrate.410 SUCﬁq%Sz.ilamadendéuao lﬁmm%lﬁhxﬁﬁeﬁ&lm%mveﬁha Jin
substrate 410, as e u to 0 di nar . 5 Enbedded
capacitors 430 an?f ?f“’ r’fn%ég aﬁ% lcgm ﬂ‘gﬁ’ W one

enbodi met , t hey skilkindheastsi ¢ chip capacitors that are fabr| cat ed using

conventi onal ceram c chip capacitor technology. Wile two capacitors 430
and 440 are illustrated, for the sakgficabiPhi Ci ty of illustration and

e on, 2 O g el sy e o MOHRAPY SFRSCRBaL o Fi s
2-4 are nerely r etochaigues, suchenbut notriinited éo high tempemmretco-fs@aﬂemmer tain
proportigns ther qqﬁct‘aycchm asigiehainfllcoctidnforeiiasion GEYCEP i ni ni zed.
::ln\(/fnt |20f1f are intg g}t, % 151' scgllmﬁ.’ttgchnglréyous I npl ement ati ons of the
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 Al2O3 between metal pianes, in the present
25 invention multilayer stacks of high Dk ply are used in one embodiment. High
Dk ply is commercially available for fabricating ceramic chip capacitors, for
example. Suitable high Dk materials, such as titanate particles, can be
inserted into the conventional ceramic matrix. Multilayer stacks of high Dk
ply, such as BaTiO3, in the present invention can provide capacitances as
30 high as 10 _F/sq. cm., compared to capacitances in the range of only nano-
Farads/sq. cm. for low Dk ply. :
In an alternative embodiment, a high Dk layer, such as a titanate film,
e.g. (BaxSr1-X)TiO3 (BST) or PbZrTiO3 (PZT) or Taz05 or SrTiO3, can
be formed in the ceramic substrate by known techniques such as a metal-
35 organic chemical vapor deposition (MOCVD) process, or a Sol-Gel process,
in which a sol, which is a colloidal suspension of solid particles in a liquid,
transforms into a gel due to growth and interconnection of the solid particles.
9



whi ch can be understood and appropriately carried out by those of ordinary
15 skill in the art. Fabrication Miltilayer ceram c substrates can be
fabricated by conventional techniques, such as but not limted to high’ )
t enper at W@ OSPT red ceranmic 20 (HTCC) technol ogy, hi ghPEREPNE Zoef fici ent
of expansion (H TCE) technology, or glass ceram c technology. Al though it
I's known in ceram c technol Oﬂ%{ to enbed |low Dk capacitors in ceramc

substrates, by sandvip&ithesgase.iigh Ricmajeriabeagibe embeddedyas tegtperaighy ent i onal

ceram c such asrafgdGkat betcompaniblemtitl cefainivrtechnology (&.55600+166@dygreedS | nvent i on
mul tilayer staclguffaddgh Dk ply are used in one enbodi nent. H gh Dk ply

Is coormercially aval l.e for hi.p .capacitors, for
exanpl e. Suitable h|%ﬂ$‘“ﬂ}£’ B{b %"5 ali“ﬁ@ﬂ“g’g%ﬁ?ta ﬁ?‘%‘g F‘gﬁecl es, can be
inserted into tmm@ﬂtanwaumbadﬂedmmbwmawqawr stacks of hi gh Dk
ply, such as Badj z:ﬁ&torsﬂohﬁwmrmwmademywdomnﬁmlﬁmiqudﬁuaﬁaamtances as

30 high as 10 r range of only
nano- Far ads/sq ergb%@aﬁ?ﬁ%%&ﬁ%&s%@&ﬁ&ﬁ?oﬂuﬁ)&%ﬂpmm a high Dk
| ayer, such as spnt e mertqwmaléogcapwalxéﬁq 4 byanysparepriste phzf Ti O3
(PTT) or Ta205 metafizdticn@echnique thit s consistentiwitintht kempemtureiequiembnts r at € by known
techni gpes such ﬁﬁe@” pital 35 organic chem cal vapor deposition (MOXCVD)
process or So | process, in which a sol, which is a coll oidal
suspensi on of solid particles in a liquid, transforms into a gel due to
growt h and interconnection dstikation jof ﬁa@aqwaps_ 9 WD 02/ 11207

PCT/ USQOL/ 23721 In @dph&l&n&&ﬁl&esf&tweﬂodmhﬁhbﬁmﬁaﬂ Peandebedded at

t enperature ran gnpatible with ceram c technology (e.g.

600- 1000 degr ee ntlgr 0? Regardi ng the enbodinent illustrated in FIG
4, whet®in discrete 5 capamtors 430 and 440 are enbedded in the substrate
410, access to capdi‘i“?‘!ﬂns( n3o=&% o “40dd can be made by any conventi onal

t echni que, such as m&chwgc@@m{oaggg dtép§), and the Vcc and Vss
conductors of substrate 410 Pgmt I's of capacitors
430 and 440 by any approp al::g‘ rrelta |za§1§%4£%e(t:gﬁlnﬁeﬁ I s consi stent
with the tenperature requiden @E%?rocess Esti mation of

Capaci j@ance . d = dielectric layer thickness (meters)

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

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

SITiOx (Dk=200), and line 505 for TaOx (Dk=25).
FIG. 5, summarizes the approximate range of capacitance available
30 with the various titanates and oxide materials indicated. When using high
permittivity ceramic ply (such as ceramic ply impregnated with BaTiO3), the
indicated values correspond to the maximum capacitance generally
achievable with a 10 micron thick ply between Vec and Vss layers in a stack
containing 40 such layers.

35 In the case of dielectric formed by Sol-Gel or MOCVD embodiments
(e.g., PZT, BST, SrTiO3 or Tap0s), the computed values correspond to a

10



Capaci tance val ues for the enbodi ment shown in FIG 3 can be estimated via
Equation 1. 15 Equation (1)) C=A* . * .0/ d where: A = capacitor size
(square meters) permttivity constant 8.854 x 10-12 Farads/neter 0 =
diel ectri c%ﬂ%ﬂlaﬁ’t “of insulator 20 d = dielectric | ayer tAGTASIEIYN2Y net er s)
FIG 5 shows a graphi cal represent ation of capaciitance (in nano- Farads)
versus a side dinmension of the capacitor (in mcrons) for various
dielectric materi ﬁpgnﬂmﬁwth}‘én‘gwaﬂ icsubstrate with an enbedded
capaci tor 25 in accor devsatisfrticlapacienestisquitements ofdnylgiven emibstihern. Shown in

FIG 5 are plots als: line 501 for PZT
(Dk- 2000), |ine m&%@(ﬁ%&&ﬁ%ﬁiﬂg ﬁe Hgaé%é&for BST (Dk=500), Iine
504 for SrTi OX (Dk=2 5%5%%? oW, diggragpef 418 Emmszs stigip G 5,

sumari zés the apmmpusmgtaeembndgelqapac@aqaamcmmmﬂaoﬂwhdbedmﬁmﬂth t he

vari o;Jts tltanat esﬂﬁ&d/eﬁ%nd%aﬁkﬁédsﬁgﬁ;shfwlcat ed. When using thlhgg Tiog), th
permittivity ceramc as cer e aTi e
i ndi cat ed val ues corrgﬂgéonﬁy,%%t?'ﬁ’m% rhﬁ}??‘%éﬁg”rﬁa 3%8‘2“5@1&%5 |y

achi evabl e wit h aformedywithin sybstratgstypcture, dp orecembodimentythe seuetureisar s in a st ack
cont ai ni ng 40 suchmmw&mnﬁésﬁuatuiebﬂﬂﬁﬁgﬁnefheﬂhrﬂioﬂﬁiemsﬁefs&ﬁﬁﬁd by Sol - Cel

or MOCVQ enbodi megt sq gﬁgp nput ed
val ues (Ezlorrespond to e( gé} @%@Wﬁggﬁgﬁ ())migbm g’?on film of
the indicated di eFW PeREtiityJayer sandwishsddstiveeB rent s of any
gi ven enbodi nent, condu:ttiveHyas,laﬂtymatweb'ttheaq.pamtotsr(%)aadisckaﬂedapacﬂ:backed as
gecessary FIG 6 is Gln%bs)‘ﬁrﬂh&fﬂ’e@dﬁh Bbwé s Me&ﬁrefd?ﬁédﬁ@ﬁé % g Subtstr?te

conprising an e agi tor ccor odi ment o
the invention. W%%a“’@% %ﬁé’seéithe@@iﬁ' %‘?NmGB%weré?Ppﬁyellfg é“ffapam t or
havi ng f%5r st and eithgomgromsinorieéeigs VEs) or 1@ pawer natle #tiapotential Bifferent e st r uct ur e.
I n one enbodi rrentfrorhlgﬁ,uﬁa (eVaE)e is a nultilayer ceramc structure,

al though in other embqgisipbfudiforihdyi r&e&&&w&%sﬁmﬂ of a

materi al other than a cerd e capa corrprl ses (1) at
| east one hi gh peFT¥FRrs {Rclufing 8 fies laad eoupled fp-the Brt trmalpe!
capacitor(s) and to the first power supply node, and a second land coupled to

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

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

In 703, a die is provided that has first and second power supply nodes.
In 705, a substrate is provided that has third and fourth power supply

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

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

11



conductive layers; alternatively, the capacitor is (2) a discrete
capacitor. In 605, first and second power supply nodes are fornmed in the
substrate structure. As used herein, the term "power g node refers tao
15 ei t herWQ%YtB0hd node (e.g. Vss) or to a power node ag EX’ i al
different fromground (e.g. Vcc). In 607, a plurality of Iands are formed
on a surface of the substrate structure, including a first land coupled to
the first term A¥I®s) of the capacitor(s) and to the first power supply
node, and a second Ihﬁm,dhnibkt@ddseooﬂﬂandhxeswhddoﬁeﬁmmse@)ldof t he

capaci tor(s) angoﬁré?sﬁ e@@woﬁmémmwexmtmst and second

| ands are positione supply nodes
of adie (e.g. ICdi 8%“‘15?@%%‘1 Ov%jwrtﬁ;‘efsg&gm %gsgfsﬁg%ktdo a surface
of the %ubstrat@@ﬁﬁ&%‘@rfé’aﬁmﬁ%ﬂdéﬁﬂlﬁe@ﬂf%@ Méﬁsﬁ? dhe met hod ends
at 609. 25 FI G heteins a fl ow di agram of a nethod of fabricating an

el ectronic assenbly having a substrate conprising an enbedded capacitor,
in accordance with one enbodi nent .of ihe. i nvention. The net hod begi ns at
701. In 703, a die is provided that——ﬂ%&%—r—%t and second povver supply
nodes. | n 705, &heptesent inyention proyides foran eletanicpssembly and metheds furt h power

suppl y1p 30 nodemtmlrsub&bmitmﬁmﬂaarpmmmcﬁmmmoﬁwpac| tor having
first and secongssgﬂgg‘p@{ﬁ%%&'%ﬁ m&&gﬁa )Th@&)reFéﬁ?St one high
W be;

permttivity |ayer tween- con aers rnatlvely,

t he capacitor |§‘V§‘“°HP%°<YF‘§§W@%B'§W@P“M1‘W %ﬁﬂé corrprl ses a
plurality of | ahjdemplqymgmndddecwﬁmgwapmmwllmmdumwhlbland coupled to

hode | md b sl & phie dRehARRGbA &) padnpR fige 11 pOeT SUPPIY
s e
capaci tor (s) anHe"Ei fﬁf? ?ﬁ?ﬁ“’%‘g Sﬁg’q@"\@%ﬁ%%ﬁ%&/ USOL/ 23721

node. In 707, th’éelﬂionsmm W@SQMEJWW?‘M first and
second power sumﬁhmﬁn;cmﬁacnvespectlvely,. of the die. The nmethod ends at

709. The o [
T DS S A e B
described her ePmb ?E‘B Pég‘aiﬂg is'fhﬂﬁ?’laﬁﬁl i des for an
el ect rani ¢ asseadsemblpad ehﬁtdnmﬁstcm, adgapmmgmggxstw@amempéﬁn that mnimnze '
problems, such ggkiayh bifbbidhe) astd Misthod for making an electronic assembly. Other
embodiments will be readily apparent to those of ordinary skill in the art. The
capacitive elements; choice of materials, geometries, and capacitances can all
be varied to suit particular packaging requirements. The particular geometry
25 of the embedded capacitors is very flexible in terms of their orientation, size,
number, location, arid composition of their constituent elements.
While embodiments have been shown in which signal traces are
provided around the periphery, and in which Vcc and Vss traces are provided
at the die core, the invention is equally applicable to embodiments where the
30 signal traces occur other than at the periphery, and to embodiments where
Vec and Vss are provided 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.
35 Although specific embodiments have been illustrated and described herein,
it will be appreciated by those of ordinary skill in the art that any arrangement
which is calculated to achieve the same purpose may be substituted for the
12



associated wth high clock frequeneies aﬁdihigh power delivery.. The
present invention provides scal able-high. capacitance (e.g. >10 nF/ square
centi neter) | oyi ng enbedded decoupling capacitors
inductance‘&ﬂ?%ﬁﬁﬂgan satisfy the power delivery requirenen gﬁ%y%ﬂﬁ%r
exanpl e, high 15 perfornance processors. An electronic systemthat

i ncor porates the prese Lny.ention can.o al.e .at hi.gher cl ock frequencies
and is. therefore r’rSPeec?Hccefﬁ?,_fé’fl{@Ptgﬁ 'g@fsr%ﬁﬁaygliggfng%\%oﬁé% n, the
present i nvent i on adgmations ¢fivgTietionnefdbe nrepent inventigne Thegrefom, ftistpanifestynbodi ment s,
i ncludi ng a subst rigttled that this@wietitivhibe imed ey bythe ylaindandthe equivaldnGs system a
data processing system a nethod for nqﬁ%&g a substrate, and a nethod for
maki ng an el ectronic assenbly. Qther enbodinents will be readily apparent
to those of ordinary skill in the art. The capacitive elenments, choice of
materials, geonetries, and capacitances can all be varied to suit
particul ar packaging requirenents. The particul ar geonetry 25 of the
enbedded capacitors is very. flexible in ternms of their orientation, size,
nunber, |ocation,. and conposition of their constituent elenents. Wile
enbodi ments have been shown in which signal traces are provided around the
peri phery, and in which Vcc and Vss traces are provided at the die core,
the invention is equally applicable to enbodi nrents where the 30 signal
traces occur other than at the periphery, and to enbodi nents where Vcc and
Vss are provided anywhere on the die. Further, the present invention is not
to be construed as limted 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. 35 Al though specific enbodi nents
have been illustrated and described herein, it will be appreciated by
those of ordinary skill in the art that any arrangenment which is
calculated to achi eve the sanme purpose may be substituted for the 12 WO
02/ 11207 PCT/ US01/ 23721 specific enbodi ment shown. This application is
intended to cover any adaptations O variations of the present invention.
Tleefore, it is manifestly intended that this invention be limted only by
the clains and the equivalents thereof. 13 WO 02/11207 PCT/USOL/ 23721
CLAI M5
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What is claimed is: 5 1. Anmultilayer ceram c substrate for nmounting a die
conprising: an enbedded capacitor having first and second termnals; and a
first pIuraI Y | ands on a first surface thereof, including a first Iland,
coupl ed tWOLRHL 2f"frst terninal and a second |and coupl ed® S'UFWZZ:’ cond ;
termnal, wherein the first and second | ands are positioned to be coupl ed
to 10 correspondlng power supply nodes of the die. 2. The nultilayer
ceram c substrate recited in clai m ICleHMS urt her conprising a second
plurality of lands on a second surface thereof, ‘including a third |and
coupled to the ﬁm%ﬁglﬁﬁ{ gignal and a fourth Iand coupled to the second
termnal. 15 3 ti{ayer ceramic substrate recited in claim 2,
wherein the third and fourth nodes are positioned to be coupled to
correspondi ng pbvemnultilapssicsramiesubstrate for meuntingjardienemprisiogist r at e subj acent to

the nultilayer ceraghembétddsd éapicitor AVing firsl i s83ondl tenAingls; a6@r ami ¢ substrate
recited in claiml ngﬁ“fhp"h%‘% ?ﬁﬂﬁﬁfsudﬁc%%éo% Lﬁiﬁngja%&tl gne high

permttivity |ayer. ceramc recited in claimi
wher ei n t he capéupled o the friip ﬂflﬂy"‘pﬁP‘Eﬂn d faod go psscendiprminabi t v | ayers.

25 6. The nultlwweinﬂmeiramdsemﬂMMrepcsﬁmn«Hdbemwledm 5 wherein the

capaci fpr conp oWei bul BiesoPiddfel | ve layers interleaved with the
hi gh {po(e)r mitti VH gy gé suc?hw%a%s alternating conductive | ayers are

coupled to the f| rst and second | ands, resa?ctlvely 30 7. The multilayer
ceram ¢ subst r a2.dhe multilayer deramid subswuate regited inickim A end fypbesicemprisingonpr i ses at

| east one enggdglgggom ﬁ&lﬁﬁ@ﬁhh&bndsﬁrfaoﬁﬂhe@éoﬁ,ﬁﬁdlﬂmg&tmﬁﬂml yd
CorT'prI Si ng a Igl Hg] noaes,
mul tilayer cer ofupled 1o Ho'is 18 corrpr‘{u ?ﬁ@%ﬁ@%m%£§WV| Dlo11111 11

(111 B L MW 02/11207 PCT/US01/23721 third and fourth power supply nodes
coupl ed to the $iThe mulikyesemamicsupsratrecitedinl claim @oheterein the hindtand el y; and: a

" fidihg Por Iy nod
and a secons e e e e ™ ™

ate sul jacent t

20 4, The multilayer ceramic substrate recited in claim 1 wherein the capacitor
comprises at least one high permittivity layer.

5. The multilayer ceramic substrate recited in claim 1 wherein the capacitor
comprises a plurality of high permittivity layers.

25
6. The multilayer ceramic substrate recited in claim 5 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.

30

7. The multilayer ceramic substrate recited in claim 1 wherein the capacitor
comprises at least one embedded discrete capacitor.

8. An electronic assembly comprising:
35 a die comprising first and second power supply nodes;
a multilayer ceramic substrate comprising:
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5 9. The electronic assenbly recited in claim8 wherein the capacitor
conprises at |east one high permttivity layer. 10. The electronic
assenbly recited in claim8 wherein the capacitor 10 conprises. a plurality
of high per¥®P¥1¥W%hy |ayers. 11. The electronic assenbly gég?qséyzqﬁ1cl ai m
10 wherein the capacitor conprises a plurality of conductive |ayers

interl eaved with the high ermttivity layers,  such tha&e%gﬁer ating

conductive layers are coupl®Hd s foyrth poysr supply podes goupled ig,

respectively. 12. The sstandipower supphssamles; irgspectivély;@addi n cl ai m 8 wherein the
capacitor conprises at | eashpasif hAIRES HRcteMind tQipfd tehe HildPower20 13. An
el ectronic system compri.sSi an ectroni | v havin | e coupl ed
to a multilayer cEPR 'ngdé%%%[sre%ot“g, r?ﬁ%&gﬁ@es‘?%gfée%%%}ﬁ?ﬁeﬁuﬁﬁgg?gﬁ'east one
enbedded Tapacitor having first and second terminals coupled to first and
second power suppBbyrheekesonid asichblytecited Abcldith 8 WikPeithe edpacitor Comprizeem reci t ed

in claimi13 wher epfelPéne @}g@ﬁﬂt}éﬁ&pri ses at |l east one high permttivity

| ayer. 15. The el ectronic ted in claim13 wherein the capacitor
conprises a plurality of high permttivity layers. 30 16. The electronic
systemrecited inlel ai nThé&eledironie assembly revitediniclaim 8 whenejnrthesmpacitopl ural i ty of

conductiyge | ayer scidirREd Sanahty O high pRithvig layeRSr M ttivity | ayers, such that

alternating conductive layers are coupled to the third and fourth power
supply nodes, respectively. 35 17. The electronic systemrecited in claim
13 wherein the caphci t oFhe geatroni¢ assembly reritediinvhaim 10 whergin thelca@eiigd 02/ 11207

PCT/ USO01/ 23721  cedhinriseSplivlity @8sindative Ry itkeldavdd $ah tedighapaci tor. 18. A

data processing s §;§m | S s |p.the data
processi ng syste alﬁgllggé%’g%?ﬂém&?e%ﬁ?%&?ﬁ&e&g%%? exégﬁﬁgﬁﬂn@ﬁory coupl ed
to the bts; and aﬁﬁFH@éS‘éﬂ% g FERsGUYSY -t he bus and conprising an el ectronic
assenbly including:

12, The electronic assembly recited in claim 8 wherein the capacitor
comprises at least one embedded discrete capacitor.

20 13. An electronic system comprising an electronic assembly having a
die coupled to a multilayer ceramic substrate, the substrate comprising at least
one embedded capacitor having first and second terminals coupled to first and
second power supply nodes of the die.

25 14. The electronic system recited in claim 13 wherein the capacitor
comprises at least one high permittivity layer.

15. The electronic system recited in claim 13 wherein the capacitor

comprises a plurality of high permittivity layers.

30 ‘
16. The electronic system recited in claim 15 wherein the capacitor
comprises a plurality of conductive layers interleaved with the high
permittivity layers, such that alternating conductive layers are coupled to the
third and fourth power supply nodes, respectively.

35 :

17.  The electronic system recited in claim 13 wherein the capacitor
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a die conprising first and second power supply nodes; and 10 a nmultil ayer
ceram c substrate conprising a capacitor having a first term nal coupled
to the first power supply node and a second termnal coupled to the second
power supQOAEHE. 19. The data processing system recit REWESOHRIRM 18 '
wherein the 15 capacitor conprises at |east one high permttivity |ayer.
20. The data processing systemrecited in claim18 wherein the capacitor
conprises a pl urcamprisgs aflcati onb empbadded discretet oppdcitgrer s. 20 21. The data
processing systemrecited in claim20 wherein the capacitor conprises a *
plurality of congductive [S.] rleaved. wth the high permttivity

| ayers, such thg?' al tédr?kftl n&%ﬁﬁe&f‘{%ﬁ“&?ﬁs are coupled to the first
and second ter mi rfsug coyplingeamipogepts in thejatp procesping gystems pr ocessi ng system
recitedsin cl ai méddspidyaoapled tb ke bugapaci t or conprises at | east one enbedded
di screte capacit If1g a multilayer ceram c substrate
to package a di CeH,Fxt emrret gﬁ}gﬂtﬁ‘r&%gﬂﬁkﬂd‘ao formng in the substrate- at

| east one capaci t%H® T?f’é‘pE Pgﬁer@ﬁﬁni@gwﬁﬂng@eﬁl pase¥ ning in the '
substrate first inghdingecond power supply nodes; and forming a plurality of
lands on a surface of the drtemprisiAirst 208 bddSid}dwar suppty Addeb:angl coupl ed to the
first %éerm' nal and to ther?;itg?};ergoweir %ﬁtgal?l%: nade. ~and .35 a, second | and
coupled to the second tef ‘“ an 854 % E&S’Hﬂﬂ%%wf@ﬁ'rfﬁ 2 nhode,

wherei n the fi r §istigrainalcounied tp thedisst npwer suppiy nodeend asecopd tegmwpl ed to first 16

FETTTTTEEETTTT T kéupleditd the kdcbhd power supplly foddD 02/ 11207 PCT/ US01/ 23721 and
second power supply nodes of the die. 24. The nethod recited in claim23
wherein the at | east gpe, capacitor is foryred of a plurality of high
permittivity |ayers. ﬂw%swwwm'%ml%wm@a wherein the at
| east e capac rdpacitor sompirisesat tbash bnechigh permittivity layér. conduct i ve | ayers
interleaved with the high permttivity layers, such that alternating

conductive | aye are..coupled to  th first. and second | ands, respectively.
10 26. The net hg@ reci te WM%%‘“W é’?ﬁa%@‘@}“% t one capacitor is

capacitor comprises a plurality of high permittivity layers.

20 21. The data processing system recited in claim 20 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.

25 22, The data processing system recited in claim 18 wherein the
. capacitor comprises at least one embedded discrete capacitor.

23, A method for making a multilayer ceramic substrate to package a
die, the method comprising: .
30 forming in the substrate at least one capacitor having first and second
terminals; ' :
forming in the substrate first and second power supply nodes; and
forming a plurality of lands on a surface of the substrate, including a
first land coupled to the first terminal and to the first power supply node, and
35 a second land coupled to the second terminal and to the second power supply
node, wherein the first and second lands are positioned to be coupled to first
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formed of at |east one enbedded di screte capacitor. 27. A method of making
an el ectroni c assenbly conprising: - 15 providi'ng a die having first and
second power supply nodes; providing a substrate conprising; third and
fourth pomﬁogﬂgﬁpi nodes; at |east one capacitor having fl'l(%é‘fs"yﬁﬂz%econd
terminals; and a plurality of lands on a surface thereof including a first
land 20 coupled to the first term.nal_angd to the third power supply node,
and a second Landm@éﬁﬁpéﬂmﬂaﬂﬂP nodespféhedi® ni nal and to the fourth power
supply node; and coupling the first and second lands to the first and

fﬁcon? FOWE: sups.y n_o'ﬁf‘e'ingtl?o'ﬁrgﬁtediﬁgfairfﬁﬁﬁ m%eﬁ%%%}oﬁﬁ@pﬁéiﬁ}%f ;Mtier_eit n

e at | east one gapagitor i ormed of .a.plurality o igh permttivity

| ayers. 29. The n@{:ﬁ%ﬁoﬁa@@q@éog iRt "%hs)(ﬁé'rei n the at | east one
capacitolm is 30 formed of a plurality of conductive |layers interleaved
with the high peasn ttiVhdniethaireditd insclki 24 Rbbreinltheit leastioRgcapadidrizt i ve | ayers

are coupled to th@?“%‘é@é’."ﬁ“ﬁ%‘gﬁgﬁ‘iﬁgﬁm méﬁ&g%\é@é?ﬁgh%. The net hod

recited in claim 1e easl’ one_ cap 35 fornmed of at
| east one embeddeeraitdvtydeysrscsich that alfernating condpgtivelayers arq gaupledtothe || 1111 17

*CLS first and second lands, respectively.
10
26. The method recited in claim 23 wherein the at least one capacitor is

formed of at least one embedded discrete capacitor.
27. A method of making an electronic assembly comprising:
15 _ providing a die having first and second power supply nodes;
providing a substrate comprising:
third and fourth power supply nodes;
at least one capacitor having first and second terminals; and
a plurality of lands on a surface thereof including a first land

20 coupled to the first terminal and to the third power supply node, and a
second land coupled to the second terminal and to the fourth power
supply node; and
coupling the first and second lands to the first and second power

supply nodes. '

25

28. The method recited in claim 27 wherein the at least one capacitor is
formed of a plurality of high permittivity layers.

29. The method recited in claim 28 wherein the at least one capacitor is
30 formed of a plurality of conductive layers interleaved with the high

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

30. The method recited in claim 27 wherein the at least one capacitor is

35 . formed of at least one embedded discrete capacitor.
T




