;e3e|:V6(T| D WO 02/ 50852 PCT/ USO1/ 44822 w th Extended Surface g§fb
Lands and Met hod of Fabrication Thﬁmm ‘W‘ m“@m‘ccal Field of the Invention ’
The presavd oi/so8enti on rel ates gene rete capacPCOUSII/&EL nor e
particularly, to surface | ands on the swwf2zaces of discrete capacitors, and

met hods of capacitor fabrication. Background of the Invention 10 El ectronic
circuits, af@pitorivdth Bxteyded SuplrcekandsandMethodefFairication Thexefars, have in
recent years becone increasingly powerful and fast. As circuit frequencies
continue to escalate, with their associated high frequency transients,

noi se in the power and grouflicthhicaldeld nfthedmientgony becormes a problem To

reduce such noi se, capacitors knomn as 15 decoupling capacitors are often
used t;0 proviqge ﬁréér@h’lv@mﬁ}nga nel‘%ﬁ?@ d%sc?éff’@zg)ﬁcl%‘s BRY¥Rbrel © the circuitry.
Capacitors are further util |ze 0 danpen vo e overshoot when an

el ect r onipertigslarly.do gerfage lands g5y the eurfages)of| |d§0r¢¢ﬁ/@pw0t$owd meilmﬂs b danpen

.vol t age % P"%ﬁpcaru&‘? devi ce powers up. Decoupling capacitors and

capaC|tors anpeni ng vol tage overshoot or droop 2o are generally placed
as close as practical to a die load in order to increase the capacitors'

effectiveness. Oten, the cagglcltorl ;e surfloace mounted to the die side or
| and side of the package upon—&a%—cf'r-‘?ﬁg—c]ﬁ—§4—§1 nmounted. Figure 1

illusrates a cross-section of an integrated circuit package |02 having die
si de capaci t oEdectromic aiehits.cand particidartyagragiuter pad inStBimantagios cird@ndevennt h t he
prior alt g I u of 25 the
package a%ceﬂ?geafsn g%rgea?x&gbsﬁr%;&m&?fgﬁén% fg§ 5&% ‘E%u‘i’t”f eqHS}c;?e%‘”Ent@]hQFo

capaci t orescal#g “aﬁﬂhermsmmledingltﬂm]uetmyammmtsmdse m‘th¢ jmvepan&ggmleZ as the
die 104. .Fi simul ates the

ol oot cdmeditbRadndy pePibeh SROER, Totklir S aSlsh tcitr B cure 1 The

ci r cuist Sdhmhﬁg ehpaclto@saﬁe 3flen, usumnoqinoum/a s*tﬂﬂcusngﬁl maqm stuiip’ll@@f pwérab se
danpenln in order_to.func aci tance can be

o b e 0 g heRise (Gt e s B D YaraSRonhe oBRoR sBREAL on tre. dle.

Q her capaeirb@bdevicd @WE UPFaceditsy is fodveppd Aoivilethd @b BarptnRoltd® drdvpivahed by of f
chip capacitor 206. The off chip capacitor 206 could be, for exanple, the

die si de%"a‘?fé(lﬂetpﬁf"@rsi'% and/ or |l and side capacitors 108 illustrated in
Figure 1. Yoo i 598%%01%@&1@%%@&5 43 AdmPetinyy witayo O\QFSBO(SHM Brogppaci tor 206
me

woul d be | ocated so i stance, however snmall, fromdie | oad 20 due to
manuf dct @9 grgealn slased asiclose aauistigal fge gie leashia ofdstigdrasnsethe sapagire] ed by

i nduct or e%l@?hveﬁé‘s's SbreR Sh\& geﬂzlt&l@ %re@uﬂ‘aée%n@é@% t&Ofide R sfRRA|eL Or 206.

The value of the inductor 208 is related to the "l oop area, " which is the
el ect ri caackiige uponcwhith hadigiiempender. Fogure { fifustigps Tepscseetion of@6, and back to

di e | oad lﬁtggrateﬁggguéﬁck&gq %@%&M énﬁlssllog‘ﬁ/n{l]ﬁﬁ? Ligs éiﬁ)rﬂﬁso“ of f

chi p capaci esir n| mze t oop
reduci ng it hesowdahesewidt the pdarsrioDigside CMIMSI%@rMQWtQQ})lﬁth side ofi e si de

capacit org, péa Al aetﬁe%me Aol Yir TR £, %&H{aﬁg, gg% Btg{]éagg%ﬁ{s R ofi € 104, and

provi de ca nce to ar|ous 0|nts 10 traces, Vvias,
and pl anesox(ntudtonstlmwp))suemcterméthpepectkag@lmtthﬁc:ank;e di e side capacitors |06

are mount ed al’Found% g@uﬁreﬁgsralﬁrr}%%mc?l CE!EII?I'[ 1{1)1% sﬂxlnglﬁtg?{hg eggttn\éﬁ%n?rgctgﬁs%cé oad and

capaci tor 106 ?‘%‘[&/ are rve uctance teature between
the di e lodae capatitosithsirhied inl Kgure 1. The circuit shows a die load 202, which may
require capacitance or noise dampening in order to function properly. Some of the
30  capacitance can be supplied by capacitance, as modeled by capacitor 204, located on the
die. Other capacitance, however, must be provided off chip, as indicated by off-chip
capacitor 206. The off-chip capacitor 206 could be, for example, the die side capacitors

106 and/or land side capacitors 108 illustrated in Figure 1.
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In contrast, |and side capacitors 108 can be nounted directly bel ow die
104, and thus directly below sone die | oads. However, the package al so

i ncl udeswaosesszde 15 connectors (not shown), such as pi n8CBUSPHAYZZ | n
sone cases, placenent of capacitors | OS on the package's | and side woul d
interfere with these connectors. Thus, the u$e of .lLand side capacitors 108
i s not al waysNawalgo8ihimeasacitor 406 wauld be logaed somscdisianes: HoPsEF &M s gure 3
11 ustrates & sl W @ lmdrabhilhl o SioRMiRG! Adlcrhigy comananbnt, 800, whi ch
can be u¥®Y A4 ecoupl'ing capacitor or to danpen vol taﬂe ershoot or
droop, i moadedbyintkaeor208 axists etweep theotie lopd anddhnetichip capps Brr%i EBC el ectrical
connections tp electr S. 9 Lt oo ARG {6l distehcibia N
;capaci to?"ﬂ% .th%ﬁsﬁcéorgl%oé l\icvlfagegq?wgmﬁoﬁglea’pper Ilge?l'ge c%%n.t act 302, the

pol arkti g 164d 200 thAREs cipadioa DG rndbakie tindend 20 sBedayse IAHFLa efhtends. This

results in _opposing contact L.€e., .CO t. I Y L each ot her)
-havi ng ofpday the "Eft?g‘ésFit‘me .O%ﬁ%caggﬁﬁégéégdgdﬁg%%bﬁu éas{mfs?@??glggﬁpands 304 on

the top g%fﬁggqe&%g]qum&ﬂiﬂmﬁwma&e of 25 capacitor 300. Referring al so
to Figure 4 which i

_ | ustrate si.de vi.ew a .di. Lor in
accor dance wi Refetring back 19 ighre ? ‘gea@ﬂe ?aBE)c“Q}fdl%E 3fettgprh§alq§§%&8 gﬁ%ﬁ? b
electric i i€d04, Rh@HDNid8 capaditant €tovarialsipomti@iZhe dictthreughi de sur f ace
404 of t?%é%éggggb??gél?@?nnerﬂel legf?gdecﬁrlcaéenﬁg& ﬁhowné .eliﬁgtcgéjag%&% Yogconnect
Wi t h he tigcebevine prd plaias Gres s ihihg P t FeeiEe dEFPSE ands 304. The
llength of 1an l1Snd h bR BSiween 3did loadand cadabiyar 106ie | and
| ength i &% ggﬁg?\e%él‘{ gﬁgée&ghﬁgéﬁgg%p%{ﬁat é@l | ows a cléeHaciblde sutrf nount
sol der atrmohsmitrit a refativalyi ighoindedience &agrbetyeen dhe dig,jopd ald GARAHIOT B2 ¢ o ¢ he
wi dth 310 of capacitor LS aditoR Gidlchy beRetied dinEy Beldws PRSD4,RET/ USI | 1
/ e822 the sangng%”a%glg?@%gﬁa?gé%p%@? C(L;‘l?(/arrpl e,e alc_ap}gai tor h@ﬁ\/i ng a width
310 of 1.tBusHitebilyredie@n songerdi loadsi| Howsyst, 8l Hagkapaalee Inghydes 19tsidl b1 engt hs 312
of about 0.3 mm iich s approxi 0 t Pigceetit 6F oapdkites 10&paci t or
300. BapfOPpGis %%Wﬂiégu%aa\g@ rrg?@a%%%ﬁ ggiv\ger&gcosh?a:ts, as %lll?r“ For
exanpl e, Ji @epakbeed lnbsidaveasd mterpe witlethessf copnacks. clowe-4b¢ uggiof iand o
capacitor 500 in accordance with th | Q. j Rfprsidh.act s 502
contact tH¢e @P%"Sd$8%ééﬁa3? awa?ﬁ%bﬁé’ og{tgﬂ?&e?lg?rdgga?'o Merein as "side
contacts." Twopigfre 3 AflsRfitSa oP4icnositaacight tratagtiserase capagits PPH Vb Fan ang are
referred to herein as "end contacts. " Coi i OfR dcbpddspeper | eft
contact 5@Pused pEa %P%ﬁlinﬁi"%&acﬁ?még%iaé'&egv %?8{?8%1%%??;%%{?%& ween positive
and negat g theé#?i'o} ke tHRaceramaG&vade dietridal comhectibrsdo electrodgspEamdnteil s resul ts

i n opposing side contacts 502 having, t he sane i L hh& 3end
contacts &apacitmasisucsppyithineapasitay 140 .‘ngﬁl."e"%wﬁg"tg h@ﬁ%ﬁ;&p{%ﬁlgﬁgﬂgté and end

cont act  SyefaG0,l ARInAUPIRNeABR Headtob yodtiwand gt TEhisweshlis iy,
respect i vely. with the capacitor 300 illustr, %e% i Fiﬂ;%ﬁr'ﬁe&t he ratio
of the | enpidsingtontadts (e centerss disathaeRPOSfHPULY “r‘g I sgt"g’p éne W ggt h ?10 of
capaci tor .15 500 J-sHtyi 43 3048 t5a00P srércg308 alddwtioR3g9facef nost
capaci torE?%W%g‘ﬁ%@gil%og%&?hgﬁfgpﬁo of the length 514 of the end contact
surface | anmsitdrd00.he | ength 516 of capacitor 500 is also typically about
the sanme. For gxanmpl i hiraes asilevigw bf HdBcrefe capBiteninwoul d
typically haveﬁgﬁgﬁlegélstog%tﬁgpgﬁdgm%ht h | engths 514 of '?@O‘éégxgct?d mm which is
appr oxi mataedoyrdahbAvitl thielpeiot ah gadh tgﬂﬁ“‘kﬁ‘)“elﬁg iR Ps B icady e eg;roni c

devi ces continue .t o _ady [ Ne ) RA0NEEHe eaphditos. frmer dectrodes

capaci t and®© %Slaeetaﬁ%lg%%ﬁgga?ﬁéﬂﬁggdesgﬁédge_co,upl i ?gph VBH \ ethgm%?i ng, and
suppl yi ng (GRakeen) elestriadi ¢dnoest withiessideggindnadiopy102c AR BHEE" S01 Ut i ons t hat
do not interfere with package connectors, and which do not limt the

i ndust ¥y tlandsdPt-ai n devi ce sizes and . packi ng_densi ti ¢S hAgaﬁgge ingly,
there is a needthiMengihefamids Sk is adicateday idieensiap A b GHEE Bysthe @8 {8s in the
fabrication and operation of ect r oni i chehdhnpac kageis. Bri ef
Descri pti dﬁd@ﬁ‘g“ﬁ’ﬁg’ k[ﬁ'adﬁﬁ%a’ﬁ ﬁ[?rwé ai&%bhgﬁégf@éuxg@%criis& section. of an

. nt egr at edyGid Grlth 3 PBcHcagRceands 304 i the widtte3 Wrad crraitrr 08 & té’&‘ﬁ%{ 48 i n
accordance wth the prior art; 30 Figuee 2 illustrates an electri cal
circuit that sinulates the electrical characteristics of the capacitors
illustrated in Figure 1; Figure 3 illustrates a top view of an eight
contact discrete capacitor in accordance with the prior art; WO 02/ al11852
art; PCT/LISOL/~:1822 Figure 4 illustrates a side view of a discrete
capacitor in accordance with the prior




Figure S5 illustrates a top view of a ten contact discrete capacitor in

accordance with the prior art; Figure 6 illustrates a top view of an
ext endedwsuo®/ses2 | and capacitor in accordance with one enbodiUsert4szF the
present invention; Figure 7 illustrates a top view of an extended surface

| and capacitor in accordance with a second enbodi nent of thﬁ‘;ﬁr esent
i nvent i o saniegfor Mo devibess Fontxemple, ¢ eapacitasheving anidh 3 A rid® RilineEs | and
capacitor in accordance o Wt ' YOgH f0.30hm! WBicRisesent invention;
Fi gure dmm)ﬂﬁ%@ﬁ?s/eo&é”ﬁ?(%b“\‘)? @vﬁ%m%%&ggggﬁ gg&gurfarge l'and capacitor in
accor dangg,dhiteld 2B uuftike wiathadd weodpaciforBA® present invention; Figure 10
illustrates a top view of an el ectranic j.fiC LA »enbesided,

.ext ended sur fEAPBCIOANIPIEHPALIAE 'S o T rocfoﬁféétg’%gv‘éephbgﬁéé -eﬁbbdlgment of the
present ABqidentp odw ofa @i Bnthd: didchaistapaties 560 ioromsdasecwitiote §fior he
el ectroni ¢ package shown in Figure 1Q al on ction ld - A Figure 12

.i | | ust r atresEightcafsentaeieeq? ‘E’Htaﬁtftg? ﬂ&ﬁf%‘&%‘g 5§ r %grg r{‘fg‘gﬁﬂé’gﬁ?@} e'%:Sor shown in

Figure 6. eod&gt 2ot ”}‘@5‘ of doRBSts Ao Lconiddt Thie@HdEo Eapacitdr S0 raad exs referedtos sect i on
of the exteéen ec’i1 sur I i i

ace |l and capacitor shown i rh Fi %g{ ,,7ﬂal glggﬁ ection
| i nes A- BereiBiagieral coatapts !’ (eqing¢laakvaserfrompthgdipper d¢it ¢on ot f 8P *Fabri cati ng an
extended surfa ' | SbsRRE AhPAREEVeNMUkOte casadieti ment  of t he
pr esent Pi?@hc%§g?’a@g§3§g%8?%%d %Se sgheﬁ%?i c_cross sections illustrating
vari qus giigasd ofFifuabBbj thiarésnly i oppesingaideroai@cts 50% bavine i ¥™apaci t or i n
accordance wi.th one enbodi : RL invention; Figure 18
i || ust r aPeRriugs Wﬁ'fleea actogtaag?%}ba% OIE)‘;;’?E%@?‘% nt er poser, socket, and printed
circuit boar dTheRabthobf thbsidhandend doritast burtise linds a5e rapisseehi¥edded, ext ended
surface |land capagitors,in accord i o QbigRedi ineRuse Nf the
pr esent idﬁvféﬁtqnégl,z%i dﬁé’d?ﬁe ﬂ’reltrg' %&%ﬂ%&?ﬂ é?es a lg.ener al - pt[Jg?pose
el ect r oNigg S bEMN: IAgGID bihaside vérttivt auriice bdcto Hervide> 10 196 C3PRUOE Nt
invention. ~ W) 02/0852 Detailed Desgcy, pii 1 VRBkioRhe ratio
PCT/ USOL/500 isgypicaii naHShe B B hTouT 51 °f‘f%’£9’§?‘gépeatﬁ?&? nventi on pr ovide a
capaci t or,ehabydins1 4 1StaRe QRRoRkct Bxfae datidendtballength 5 2@ ef dapasiter S00rs 989 i ous
enbodi ments, an "extended surface |and" 5 %al Sé)lefﬁwwﬁdlféﬁnh\%lﬁhn as an
" ext endepitailydibputithe smeq Far FAMBIC HEFPAFIID BFEH ST Ace oF a capaci t or t hat
has a land | .t}ﬁ%o{énﬁméad'mual {s Sl1@asaboB00A8 afn, héchis dt h of t he
capaci to;}g%?ﬁ%b%he gr?gth of 1the g(t:lap_a'ci t§r. Capacitors that include one
or nore eappsxiteaely dAth, of therletetieH 6 cARACUPY8s  ext ended | and capacitors, "
can be surface AR SRe td fvhkceCar iGtiedsirpubed exadtefof Bigher, an
i nt eg?oat ed ci r%s{?‘!%t@‘tﬁg%ﬁg‘g‘é, iont er poser, ,sockEt or Bri. nt glgd %lglg i,t 10 (PO
board), ocaphdiaycecaith teduastirsieiarse fpriderorpline dPEe ABMPEINE FELTPPEUBst r at e.

Wen mounied o, QluRIPE Al dpRididsbhas ha de nevitterferesvithand

+

capaci t or e {RAL 50 e S Iments provide sever al ad\éazgtdages. First,
an ext endgsksgd doaseetdrgant whinh go ootiligst the NAMEDAACPIAN (FVIRE B B anl e
connection o the.capacitor - ABYn a8 (PO Sit BdrQltenktng csdcidancar t | ands.
Wien an eR*lch@éGmI‘téeﬁd%3506%8%1&%?&?é surface mpunted to.or gbedded

s solutions in the fabrication and operation of electronic devices and their packages.

Brief Description of the Drawing

Figure 1 illustrates a cross-section of an integrated circuit package having die side
and land side capacitors in accordance with the prior art;
30 Figure 2 illustrates an electrical circuit that simulates the electrical characteristics
of the capacitors illustrated in Figure 1;
Figure 3 illustrates a top view of an eight contact discrete capacitor m accordance

with the prior art;



15 within a substrate, a substantial portion of the extended | and can be
electrically connected to a trace within or on the surface of the

substrat gyo Beamsse the connection can be larger than is peesiushe4sex h a
capacitor having prior art |ands, the connection can carry higher currents
and will be | ess susceptible to vibration damage and ot her Egges of

fati gue. Wherkiane éiltishidtech sidevdew apadiserete capacitqriparserfanger Wit a PLbst r at e,
mul tiple vias can 20 be connected to each extended surface |and, in one
embodi e, which is not possi bl e using capacitors with prior art lands. In
the event t hatig@es iltfstrhtbesmpwiensoffagin eonfaet gscretel capaeitor fin geordarcedritis) , ot her
vias are still available to carry current to and fromthe capacitor.

“Rel i abl ethédfife¥ti on to an enbedded capacitor is inportant to ensure that
the i pduct ancgghebWhahakdepaRactarexrndbdistfadedad caparitoris acendzoet ent from
substrate to substrate and over 25 tine. Another benefit to using extended
.surface withgae gmbadiipent ohthy PESFNt JV8W®e nore current carrying capacity to
the capaci tor igmgr:}' iThdaes B EopRRsS bPinexishlidiGuithdedindedapadiantisaccodambag| e
conventi onal f nd has a current carrying capacity that is limted by the

| and' s améth acecont embedimentad ghej Hepant I3¥eBUONGf the via or ot her connection that
carries the ciol 8HlGal08 Wity oBh ditbnBQbFAG lancapmitoediechraaind ace | and
enabl es nul tiplFe ‘conventional vias or_ a |larger connection to electrically
conneot twithexahind érabrdljmerit o6 therpres¢ny inyeRipni he anount of current that can be
carried to the, extend | a i a&iiot B acBdrianct ur e. WO
| 12/ S08S2 PCT?‘L%%W‘ﬂ.“%gﬁféﬁg‘gps\ﬂ?‘ﬁ"%%not g‘lﬁdgﬁg%‘xé?% e ng extended | and
capaci t orgith aeieherhisodithént dfdie presedt wventions t hat t he i nduct ance and

resi stance between t.he capacitor apnd the l. : This is
because nore gfg“fea\DdHPSt‘@ggﬁg%‘f‘%%gpa(“eeﬁegcﬁ?ljng?gcskggéﬁ n?rﬁcggggl;’lsggﬁd’exi st between
t he capacitnlednadenand capatitolsin atdidhhcewithivee smbedimpet of Hisau¢sedr can be
enbedded within the substrate underneath a die, the loop area, and thus the
i nductsandaveniiely be smaller than with surface nounted devices. Figure 6
illustrates aggp M Busalesarrexienses thesicbuonppotkage SIHOO i Figateddr dance wit h
one enbodi nent of the present invention. Capacitor 600 includes eight

cont act s, aleugisedtiopliges Mediel ectri cal connections to el ectrodes of an internal
capaci tor Str yghit e filGfaickQ rhOMRlioNbK exiaphairtior la6@Gapaditsic sapval ibckwi se
fromthe upper Teft contact, the polarities of the contacts alternate

bet ween pligirt bwbngsertiopdjagsiArds This results in opposing contacts (i.e.,
contacts diregt | B 6D thb@dragd SPPOS iahe cqpatian shdvesin Each
contaél incl ug‘il L&g}gg@g@&{&;ﬁg@@%ﬁgﬂ the top surface and/or bottom surface
of capaci Figiire GQhngEeationiogs Ad bottom | and pair is electrically connected
through a sideg.15 ' i R fbriSdtihe a8 Uxibeded saffaceapaci t or
600. Each of ﬁ\%ur%ﬁgg@%ag%ssao%#&%ﬂﬁéowé@%%ﬁ capaci gor structure

el ect ri calghy capacine bt scoidorve exitbrope embedimeni of the Prasent dNGRU%er ni nat i ons, and
thus with the surf and Iidohs i iR Pdr{tRE sthges oD Fabrickeingi | | at er
in conjunctio ‘ﬁl’f%{:ﬁ'}gﬂf8%6%8&%%@&%”01}%26%&3%6& capgb itor 600 is

i ndi cat ed ,pyxatideeamiaoniabd dapaditar iroacgbrdarise with o erpbodimeny PSP wi dt h" are
used herein to describe particular dinmensions of capacitors in the various
Fi gures, {He¥¥hierns are not neant to inply that the invention i

appl i cabl e onl pigfie 18eihisamgsdrpinteghited ettcwtmalcige onSIPOEH: %’é‘%&?&ﬂﬂ*%@, t he

vari ous enbodi ments of .the present .inventi ' ls@rfice 1&p@paci tors
havi ng r ee&iremidiopeds C@HQB?Q(E‘Fh§ﬁ’§§}"éEugﬁg%ee%,rﬁog%gﬂ%@ﬁg@l_g;s{ﬂﬁg(%gg . 25 One or nore
of surfaceg,l; ‘F@?in@@orh&c@ﬁzitﬁ%ﬁ@lﬂeﬁbsﬁmﬁmsef thapesent inver©ne#dodi nent, an
"extended surface |and" is a Si q? | and gnt_a iégypteﬂ{inba%&' sukihame of a
capacidor t hat Figaes 18 ijlughates & BeReFR I BYHOIG T PYC Gthal "t0 at | east 30% of the
w dth 614 eofboaiggmc(ﬁm irtQht ifRBtiomhere a "side land" is a surface l[and that
touches a fnop edge 606 or a bottom edge 608 of the capacitor 600. For
exanpl e, an extended | and capacitor having a wwdth 614 of 1.3 mm 30 w ||
have lands 604 with I engths 610 of about 0.39 mm or nore. An extended
surface land is differentiated froma gonventional |and used in prior art
capacitors, in that the conventional |land has a land Iength that is |ess
than 30% of the wdth of the capacitor. As WO 02/ S0852 PCT/ US01/ ~~822
used herein, the "land length" is defined as the length of a surface |and
fromthe edge of a capacitor to the end of the land, in a direction

per pendi cular to the edge. In another enbodi nent, an "extended surface
land" is a side land on a top or bottom surface of a capacitor that has a

| and | ength 610 such that a gap 612 between the extended surface |and and a
surface | and touching an opposite edge of the capacitor is no nore than 5%
of the wwdth 614 of the capacitor 600. Using the previous exanple, an
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20 within capacitor 700. Each of the el ectrodes of the internal capacitor
structure electrically connects with every other one of the side

term nat momsy/s@s2 Wi | | be explained in nore detail |ater i BCTAISPUMSEEI on with
Figures 12 and 13. Four of the six contacts include surface |ands 702 that
extend only fromthe top or bottom edges 722 724, while two of the six
contacts include surface Deta ‘ £ e Iy fromboth the top and
bottom edges 722, 724 and al so fromthe Ieft edge 728 or the right edge

726. One or Rpj u?famﬁ&fn{tétﬁ?of’tﬁé"ﬂ@seﬁﬂﬂv&ﬁﬂn bﬂavm@m\ce;ﬁﬁcltmt”tMt itchrdds or they can
be extended |an I'n various enbodinents. In contrast, | ands 704

are ext ened neue é)&@reied awnfhee lands. dmuarigwp SRPoRImENtS. 28 CFeieided h‘g a@?(f A ded 1 ands

. 704 i ncl e » Jrebttos@saegeefd s 70G ext end
fromt op gs %tle“?%tc%gggw%sta\ém@gﬁglw%g %%?ggggﬁa\t/uﬂdtr 2 Sof capaci tor 700.
Second s@@aam thaT BB adancummgﬂpeatpen@abt@laaielasgt wrxﬁﬁtlz?o‘tsuth thﬁts @RRHIAY O each

gfirst se 7 ari tor BRSE de®fangapaci tor 700.

Accor di ngqr%qeelﬁléﬂ?h 8&&’8%’8@% %ggﬁ%gﬁgﬁl%%ﬁgéﬁﬁlgms ha eexze% gném i n, one

errbodl mMepdferred tmlbﬁ/aw&&atdaﬁﬁhdﬁmhcltord ’Lcatnavzzuﬂfarcetnmugteéfﬂ)@oﬁ Wé‘ﬁt’lc an
"extended surface | and" i 0 a capacitor

havi ng acrauPeits & e ﬁ&tm"e&att%cﬁcdls?u ﬁa&eét Blrtégﬁosggtsét&g%%%{l@? ﬁle&{l:tapam tor. An
"ext Qde@’c%%fn@§%r klﬁ?@an BadintRUd@ vichinlaf ¢leawbnicicirceitabsttbdaice with this

enbodi nent aland on a to ttom surf Vi ng a

first segnent Wk)retl Froyuied Agof @tt%f‘%%‘t‘fﬁt‘“ RIS ﬁ "'é‘?"é‘ ﬁ?‘j, lrglgcpgua(bé&%&

?apaC' U Ofpe &pgusael%ﬁﬂﬁ% s%ﬁ&di@é Hev%hltahv@tdg%ﬂdFlfsﬁrachhtehdedtsuMMSialﬁ r om t he
irst segmen

to aleft or ht edge of tEhe caﬁ)a itor L os%[bh‘e

embodi rreptcsftdeairﬁub@mﬂeﬂﬂe@'esrﬁk? &d@nr%rﬁan tq the capagieg 1a'ém?y8 P0p or bottom
surface of. r ' ténd anhdlcaRetid it hafacenbenesotohemeetded e | engt h
of the cgﬁlggpﬁ&pﬁlla cgr é’tﬁ%ﬁ aHQx Ie c?@ga slu Iand at to (ahes a left
edge @r avithighsubsalge acﬁilb&tajltlﬁlh?@ftwmﬁ&ete&en q_déh‘i‘f£°37 elﬁﬁ% Q’cﬁt"}fc with a
capaci tor e 1€ Baalketlic @Khnoechn Ristger704 nake
cont act \X??Efg éﬂg %"otrhgg%gcggﬁges%t 726, ?28ethr ee tine Accordingly,
| ands 702haﬁﬂ§1pd>§nﬂtsw1’l’104capa¢n®r boringrsior it d4nds degesoniesiion 9%?3”37;@“@‘728 a total
of ten tines cl.ockw s tin dsaf eaticapld 702, and

| ooki ng étm‘?'i‘t%a‘ﬁswglol?eat?slsts‘glfc 'b[eatﬁg?g}#gﬂu 7483 eS’S‘zﬁtS. e tghe touch an
edge 722, 724 wiHaGn ei%ﬂdedtlhel qapdciton i pmbe@bd Mthmtaéubﬁélta‘éﬁe'@rtlt‘ﬁlfsv“’tsl%’é and
negative along the ed ur.e LR is ¥ BB extended
surf ade |BEFANRSSIRYLP £35 eé@@‘l:ﬁgk'flf%e§a§1fik1&lc6§%r%§%(t§§m?ﬁ ac‘(::orS anl?esmvu th athird
embodi ”eﬂlsn@fcaﬁ&&oﬁrvﬂﬂmtm hr0laad. |Imthe e@erpalnat b ofglge Vigs Bills{g-&rdUed capaci t or

600 (Figure 6 except that C ucture of 20
t he <(axt griﬁé‘ﬂ"%’t?ﬁts&é’éher &ﬁﬂ%‘eét‘lzav&? Lhr[bf ca{ry c\%?ah?oc%)nﬁtfg??t hlE E%paﬁl}jcgs surface

| ands 802R¢1B0% findchi6h {oQR embedded cipatitonin impoftard ¢o afsure b tietifhicBOE.  Each top

and bottomland pair is electrjcally conpe si de
t er mi nat i atwecnrbe capaiton P lgtdlo‘@mg‘ﬂ%/? g’ &}‘ cglﬁ)bgéay g%%t%ﬁtg\og X

cont ac{ Lo vide electrical connections to el ectrodes of an internal

capacitor structure (not shown) withi itor 8 of the
el ectrodes of Ashdrberatis i “Swﬁé@ll‘te@rs“&?‘iﬂﬁ ?satfaetﬂeeé’tc?l I*‘)Villc:@?%)onnects with

every ot Nl ANG.Rhn rﬁtaﬁacta},%ht e4pakiftR bilan Hightde paésitie intngeocil ait eds.i A 1o e
C

detail |at'ef on with Figures 12 a X contacts
i ncl ude ssmglacmvleamml B@hé‘tsHa@tlrr@%tcérﬁd“S)?ﬂpﬁ‘“tyrtg?h‘stlﬁgltﬁd\l@ttﬁg law?a’% edges

828, 826, ile 1dcfi6] taeamiss fiacerrémnaide 804. t hat

ext end 30°% Bﬁﬁotgh%e% 10"% argbgftgz%zﬁatsgahégb%ottom e 24 aqross a wi dth 810
of capgci 10son808, an@x&nded mfn@ layfd @@blﬁ%@tlptiﬁﬂgvegg‘%“a YA° & &RV ent i onal

| ands or they can be ext h i8g1Me dindBiitio$ current¥Ba02/ 5082
PCT/ USOL/ QQ‘B‘Q%‘QWOSE:W%%&C%S@G&@%%l &ﬁﬁﬁéﬂoﬁre ext ended surface | ands,
in one enbadid@mtied tbhetdxteadeiiuidindtmthe indernal sRPASHASTUEWf ace | and” is a side
| and on a top or bottom surface of a capacitor having a |l and | ength that
.extends the entire width of the capacitor. Lands 802 make contact with a
capaci tor edge 826, 828 only once, whiJe each of extended | ands 804 nake
contact with a capacitor edge 822, 824, tw ce. Accordingly, lands 802 and

| ands 804 make contact with edges 822, 824, 826, 828 a total of ten tines.
Goi ng cl ockwi se fromthe upper left surface | and 804, and |ooking at the
polarity of |lands 802 and 804 each tinme they touch an edge 822, 824, 826,
828, the polarities alternate between positive and negative along the
edges. to Figure 9 illustrates a top view of an extended surface | and
capacitor 900 having ten contacts in accordance with a fourth enbodi nent of
the present invention. Capacitor 900 is simlar to capacitor 600 (Figure
6) except that the nunber of cont acts and the structure of the ext ended

11" £ £ g o a I NN N ~NrN A




?s positive and negative. In the enbodi rent shown, an "extended surface

|l and" is an end land on a top or bottom surface of a capacitor that has a
| and | engtdor/bms2 i s equal to at | east 20% of the | ength ofPCTRABOL#MSAZI t Or .
For exanple, an extended |and capacitor having a length 912 of 2.0 mMmw | |
have | ands 904 with | engths 910 of about 0.39 mmqr nore 30 |n another
embodi nent , aStillaswthenbpagfittousiag extprgdsd tand §apéﬁ't%dvhl%’fﬁaa@#eét%a&ﬁv%ﬂs bot t om
surface gf, @ ?n%%{?ﬁcregﬁd F%@an%ft@eeh@l%aﬁ&ﬁ&tJi'ld%@l’&ad HatbeRediodd. Misveen t he
ext ended"Surtace Tand and a surface |and that contacts an opposite side of
the ext eixtechusembeeme ldrgarconectionsiog.evieheirages) en exib betwag the eApagiios

capaci tor. in h I ev SITI/.1.1822
_ext endeda'Pda‘Hg'lO@g‘p cal%f1 P nhkée\%{%amaé% ﬁg?rﬁq’SF%e‘}é‘éeqSQ%{Vﬁﬁ?\% %%E{g%/ée a gap 914
bet ween haduiisea®CAliqfthelbopibres). a6 thustherinductesce, HrY bhistaalles then #ith surfasels coul d be
i npl enented in capacitors that are larger or smaller than 2.0 mm|ong as
wel 1. 1 nioppted deisSher  enbodi ment, an "extended surface land" is a |land on
a top or bottppuswilladtesta t6p Vdepacin eentittbinnddapatitor 66 inypcomdmets two or
nore side termnations halvi ng the sane cg}lol atri %%j Tlhi ) eg%{ior}litatcison i ncl udes

| ands 60vithrae ymlodimpnt b e resgntipyepiigp, (@Racion gy inclujes elelt pontagts, |

addi ti on iy driGddMlESical bethectionsio dietrtdes anarcin®edal tapatitoy scamdeiot ve pl ane on
the top or bottom surface of the capacitor, wher é%ﬁ&%ﬂne apnects from

two t19 aBhovenddthinsappiigr POhOURS elpgkvasefiom e Bpper e & PIPERE has voi ds
that al | ylQohiles SRR SwaAl RNV aliaRgsive oTRie relimoh obpaligyoitsad at ed f rom
t he pl ane. hln one enbodi nent, ‘a Si ngnl e pl anar I%nd,l s used to connect all
si de t er rfi.natonteis diséctlylpppesitesaqioitiher) haying PpPosHHRY2E AS0di ment s, mul tipl e
planes coul d ﬁgc ecron{al&ﬁ £108es QL tRRU 4RI ELSH BE Bp hirfadd@nd/ahsbiiomairfeeanpl e, one
pl ane could el'ectrica Py connect two or nore positive side ternnations,
and anot hecambians08.o0Bial tep asthottom langd peisisriectricaily connesied brgighasidte si de
termnations. 15 |n various ' : GRPRGT HOkle&des oFQkL © 800, 900
i 11 ust atE@aor (g ey néS@Pg'%gAé:ggﬂ% ?Cét?ﬁﬁgdbcapaci tor, al umi num oxi de
capaci t OrintefifaDaphditot stn@tirt electocally comsets with evernatenpreptthersidgal | y any ot her

t echnol ogy, .as, woul d _be_ obvi ous. t ' 1o Able LAgeH0N the
descri pt i BHRRIPRS ﬁpgs}qﬁ%wgﬁﬁg <) Bcr?ga@? %%‘gfﬁ%gm%clres"b%b&ﬁ?%oo, §00, 900 coul d
vary w deih)émgdﬁ:ﬂ@ﬂdiitﬂgigmesde&hgrh3.and manuf act uri ng constrai nts or other

factors. In 20 additiqQn, ca i tor 700, . necessarily
be rectangul arfip V4R %a,pa%ﬂéoe ?%V' %Y??egq’gsdgge&félogggﬁngggo%ﬁ ?rgeit%}?%rent shapes
(€. 9. 99 SAH@fel” afill e HktPrare @ed Reteinito Sésdist) partiilah dinghsivireofcagraitirs brtbe 600, 700,
800, 800 ill'ustrated in Figures 6-9 degi ety ands Oﬁ oggﬁ@ic ﬁe%ﬁl??& as being
symmet ri cedrious Figues teese tepnt are pet meapHadnply dhat Beiny PRy SRR GaT rent s, For
exanpl e, ,%c({a@%ﬁ rgﬁhpw@apta%@i@‘@th@fcommmet»aﬁomuoaingmtse)fﬁ)e poweitd be a 25
conventi ona and, "and ‘a land on the bottom side of thehg%g%%{)ﬂ& coul d be
an ext endissertiondre applisabledo appeitprs aying deqtaneliar shapesn gty SPAFEC LAy | ands of
capaci tor aggso, 700, 800, 900 are shown as extended surface |ands, one or
nore of thoSe | ands coul d be conventi onal Iegnds 3%% ne or rrgre Pf t he

pd e e

| ands 2slepi ct edOwmesoraune efisirBerlpndsHid s wsHepded suryge 0 gpg $Ro8 el hgs. 30 1n

each of the,capac ' r HRINE S theé BF Adagavilesthii-as t he
pol aritied o?‘?egﬁeéfﬁh%%sl?&g’s}sfzﬁgvag%%%%1% %t he edges_ of thg capacjtors,

al t er nat ea bt weeth G10shat iscgualrielatieaghi0®% ef the wistio t4hef thy RAHICEP a8t t he
capacitor. |.n al ternat i iLiRgomfedtd6slodfids do not
strictly &fdsRY 61§agwﬁac?%ﬁ%}ﬁ%?%’sflgﬁg‘fggfﬁgdrfgg%ﬁr. ingi 0. D 02/ SUSS2
PCT/ US( | 1{aphcifd3300.SEaruamnpleydnickendaddans depayiterhouing arHethedg o516/ ® he ~
capaci tor could hav h a | dnd&d subagaandf t he
ext encéd il hayedan 5E%W§B%“gt%ﬁgpdn%(ﬁ%§‘¥ggb%ﬁgfggfe?igﬁgﬁt connect any or all
of the | andgfhamishal fidhea samentmhBland ysed Inprindati tapesitors, fiethatthended surface

| ands need not  al ways, be regcta | ar . in,sh . : exdrended
surface Iéﬂ'ﬂ@“?%&tﬂﬁ@?@&ﬂ% lﬁ“@gﬁ‘ﬁgé{essstgﬁ%fdgg%ﬁgﬁv 3}&%&2?%%%%% ons coul d be
used, in other enbodi nents. Although the capacitors 600, 700, 800, 900
illustrated in Figures 6-9 are shown t@ have six, eight or ten contacts on
two or four sides of the capacitors, a capacitor could have nore or fewer
contacts, and those contacts could be |ocated on nore or fewer sides of the
device, in other enbodi nents. Specifically, the capacitor's contacts could
be on 1, 10 2, 3 or nore sides, and sone or all surface | ands associ at ed
with these contacts could be extended surface | ands. Figures 6-9 are

i ntended to show several discrete capacitors that could have extended
surface lands in conjunction with various enbodi mrents of the present
invention. These exanples are not intended to be limting in any sense, as
one of skill in the art 15 woul d understand, based on the description
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30 Figure 10 illustrates a top view of an el ectronic package 1000 i ncl udi ng
enbedded, extended surface | and capacitors 1002 in accordance with one
enbodi nemo of/si8ke present invention. In one enbodi nent, pRERAGE/HITD

i ncludes nultiple, conductive bonding pads 1004 on its top surface, which
are electrically connectable to conplenentary pads on an n 02/ S( 1852
PCT/ US( hikéd herdi@2tBe [lavdlgngti’eis defimedab the(length efifgwrfyce lagiomytheglge 2 pads 1004
are electrical con Vi:AS.: ' in turn connect

vari ous qaﬁﬁfétf’gé%ﬂfw %réc(f%gﬁgeglgri%gba %%gﬁ({e’{}%%ezlbgwn%?gé%%at hi n package 1000 with
the top surf daenotRackbgdimbo0ah fenthdetonrfasedamst” inbside lapheYYER O ext ended
surface | and capacitors 100 eac i i : ectable to
.a set ofb%@ﬁ‘cﬁ“ﬁﬁc %#(fscaliﬁﬁﬂ tﬁ ﬂrh(%suagﬁmgltegg& @Paﬁcﬁéﬂ{g%&%gﬁ%eﬁ?@%& bondi ng
pads i 004kidnaedtethcs 1408 by suatate/iambiovehimparhoppbsiteledgaefplarcdapaniter 8002, whi ch

indicates that up to thirty vias coul d trically. ch capacitor
.1 002 to AW thayp éﬁf%ﬁé"é‘?&p# Q/Qﬁ‘? ‘Eﬁ.‘?gc‘%’h'g@ii?% tgl?prr%lrogg%@ﬁﬂee\hg‘? bondi ng pads
1883 COU%)ge RO 38 bafeRit@Hating A Radth 5 PF ofI0DAm ’ilchan®s gapod] 2fbevesen tadaci t or s

1 cou

e to enbedded wthin the_ package 0Q. Figqure.1l illustrates a
cross se6d4d afrabott 0:07ama|os koss- Oﬁﬁt@d%wgg%lagmljdﬁ% ‘@PG@?‘& e‘iﬁ’ Gpasit 81%5 ection
li nes A‘{[\a&%g%?g%ﬁpsﬁﬂ‘ﬁﬂemh'antl.@%lﬁeﬁaéé?»'%veq’lf the package 1102 is a discrete

capaci t of screte capacitor 1104 includes two or, m)rehcont acts 1106,
each 10f whi chAltimpigh déssret illpiteas an gighkcontagbeagpriionel0 eapaciiegy G "6t t om
surfaces of capacit ' ts1 FRiré BluskR&ta tbs dleofe@nnected to a
si de surP’Qteeorﬁgw‘%é:ﬁg@ft%’é?61‘[1]?[%%‘3[%r] t?hlljgg%tro an interng_l capacjtor structure
(not  showgdndet aursicd danklenpricitart 7106 having Sip contrss i copitancs Vil a 366989 ext end from
the top surface of. the packa 1 ANer & Kt6r SUohelguidmkage

| ayers, S‘i'?éocﬁﬁ’ﬁ’ét Oéltléecql?%gtépvegg% ](gaﬁaé\?\fof Eé(ggtsend(rad (iagznbdsr 1108, %ﬁgt he

enbodi MegfcepiH@NMthé Aurbey uf enakis abdithe irarture of the waikieded svrfase dangs 2R each
extended 20 | and 1108. Accordingly, in this enbodi nent, an "extended
surfdée WP s a side or end Iand on a top or bottom surface of a

capaci t or haviggeh c@ntadfidelh@sgiiruce hats 702, Vohon thepghd/pobotiowmosutiaceradr e vi as,

whi ch are insul ated fromeach other,.to .be.connect d. In other
enbodi meseracitersi08. Faghstop anbbadigm e fsicds S FArical) c\(}mgl}eﬁtg%glg%&gg%{léeﬁlged | and

1108, or cﬁx\'ﬁae WA Shaddrbandt Ohdvéh) BRkiEe Q@ ficacsf capdchoreoh Texsie natdatts and 1108,
even though the 25 extended | and 1108 is |on enogo?ht.f%ftot;%% two via
connect i gnevideTalestrie sannegiiens ioslegiresdes P anipiefnal GRALEY PRI T 6]I e vias 1112

to an,exta 83-08acR btk BRbrdMRS 6f 6l Int@Rd] cabitdatremure iekedritallt he | and
1108,20an$1§1%§gaﬁh§c%?i7on ce‘fnosti Il exist when one,. but f.eg?r t ha of the

. I,
vias 1112onmwmseritl ewgrstasherqpe pithesideriomninaiians, as Wil heexplARsEim gL d;?ha wn, Vi as
1112 make contact w yeyet s 1108 on 30 the top surface of
a5 Bt TG0 e

capaci tor her e nments, one or_nore vias coul Erake. cont act
wi th conventi doat ofthedipronsctsandeds shefredansis 70hhatiatend Ay FFHm 8 '\ e apaci t or
1104. In addition, . .Figyre 110 eRied Rl Yuriedck Watls P04ethitrtedar i ous
conduct i rﬂj’ttﬁlﬁloe‘iﬁﬁsh@gh%cﬁplng Iggglreggécfo‘ﬁ%acéage 1li020, for eq%ke?ﬂ%h%

descr bt i fadin bbih thdtop ahdivdttopacigad@2 dBdiagd alse from thgdef 2gnBE ! o1/ . 4- Q822
one or nore conducting angd/or non Cil Y81 fan89H tReveosh ¢ above,

bel ow, orquﬁ7§%r g %rl’ng’ﬂsuﬁté%egglﬂsgr%g%% &?‘r'\éngr%{er o m rﬁ ze the | oop

i nduct ancg;:hatavrais, aapRioud enboliiibdtsand a die load, it nmay be desirable to
enbed capacitor 1104 as _.clos the t of, dnbembasage 1102 as
possible, alt %G@Wr%shﬁgchg?aﬂgﬁ.}Ogﬁee%t?nggq ﬁ%éégg%é@l fors coul d be embedded
in one orpgldrif &idnadEhsdsT04 mchidagive cpadictigresegivents 3dfs 7@rbBtitment s of t he

internal capacitor structure will now be deschi 1N, j tion with
Fi gur es 1segmeats 786 eFPW@“PZ’e\Fq‘geI ]}gttpﬁ%tggn Sggt?%g!ég&gsescap Ylgfrpllnﬂgy Iatiahe ext ended

surface | Qd%g ig&%&.i §Qbnd 2RI bxkdhd Pegundicuaryl fomy alswt e oentériofieachA- A,
Capaci t or g0" coul d” be enbedded in a SUbi/L*éa%e stuglﬂ) a%\c@é&dln@éﬁgr at ed
circuit phicksageent Hi6dp poighiredse Bose 1ethedgrh d7% L BPAPSL/ g ShAYEFetri cal | y
connected _t g the tan: Pfostriens3u4s tiAbElAldh ofie @nitodimentror € ot her | ayers of
the substrate using vias, as described in conjunction with Figure 11.
Capaci tor 1200 includes two or nore contacts 1202, each of which includes
extended | ands 1204 on the top and/or bottom surfaces of capacitor 1200.
Lands 1204 are electrically connected to a side surface of capacitor 1200,
and thus to an internal capacitor 15 structure, via side term nations 1206.
The internal capacitor structure includes two or nore el ectrodes 1208,
formed of conductive material, and separated by one or nore |ayers 1210 of
dielectric material. Mving dowward fromthe top el ectrode 1208, the

el ectrodes 1208 electrically connect, in an alternating manner, to the |eft
and right side termnations 1206. Accordingly, these 20 el ectrodes and

S A NN 1 S A~ o o



structure, via side termnations 1306. 13 wo 02/sns~2 PCT/USUl/-t4822 The
internal capacitor structure includes two or nore el ectrodes 1307, 1308,
formed ow@oiah8sz i ve material, and separated by one or noPETIURYE+¥221310 of
dielectric material. Mving dowmnward fromthe top el ectrode 1307,

él ectrodes 1307 electrically conng;‘ct to b@t.h ?i ge tﬁrm' (r)[f?tﬁi ons 1306, and

el ectrodes 13othiseemnbedimensaneettendgd giripeland;iga 408 ofiaiR P761"9%06. Those of

the el ec Sitd1aling Q 18R AGkich® thhientivé Gtk 2306MeRg | ons 1306
connect Sﬁlg%a%ﬁogta%?r% lcolnt algg (notels own) on c;gaci tor 1300, Accordingly,

el ect r odmpaciizn 7An “€3@8dedmirieniaedeanalsq bedefingm iacegtdanee g ¥)Sa capaciti ve
charge when [ he, exi ! - £cAphdiRE haARg A6kt édgpmiShown) are
el ectricat 09‘“&68%%% aéqg%ﬁgt%g(\g/\ler €tEa?llf{éﬁ‘lgr 8hﬂd?£’r espelctiii%vel ; dIgn lt hi s

enbods mewith a tahé lengthtthaaaxtendsghe ergireteidihoof theraaparior, end2 30! $98%entt he same

polarity., In one enbodi nent .. the i i . res shown in
.Fi gures” Yih a}agd %gggléaqfétfﬁéﬁf{:onéglﬁggsﬁ ?é(}?’?%ht tﬁ%‘@fﬁé‘?ﬁ%%gﬁ)ﬁ%m s, the
st ruct ur @pacieH! I dirr tabateedts,am-eattéeled sunfacgland’ds en et lgadhorea teper i al s, many

of which are known to thgse of skill | e ar f el ectrodes
1208, 13epromyshifaceffa °§P?6%ﬁr€]?aﬁ‘“§£5?f‘dd?llgg\ té%egfg%n@ﬁthé‘%@ﬂ%ﬁ? Et}}g?g{ew or fewer
el ect r 0dggaGRH vheRem\SRMIah® i8laRGiTace MG diatntiees a Fifpedze of 4righticdst ofat es a

flowchart of a nmethod for fabricating an extended surface |and capacitor in
accon@anthe coitae¥rone enbodi ment of the present invention. Figure 14 should

be viewed in GoRl HAGhARR Wbl DeapRSodipd 722, b4 ohly aner, stlieemhbf cross
sections illustrating various stages of a%g%%%%setﬁt ended surface

| and capecérded lands HM¥aurke sartact 2thg capackpredg i oS HHES P& ent
invention, [ ' 02 1Pl 6 ek b 7eakimpsanctant er nal
capacito % r&ﬁ%lﬁ%@?ggg%féﬁ%su'fﬂ 15). Itnt er %S‘?@éia aclief{:or Structure 500

i ncl udes of temtimes. vieg dbdorisoiien thespper lefbyuriaee land E4nantiopkine #dl%erial , and
separated by o r r . hehgebni mariend@ikhe | N addi tion,
in oré e%ﬁ%‘?’r‘?@%’% %difaé‘g 7@%%%?’%"%3@% t%ISCB(G2 ofgcdi cleciric material 25 exists
over theFél@@tieslalierhateﬂetw]:ai)ﬂqsitandn(hndg@ﬁ\te@&nn@éhﬂengPsayer 1508 exi sts under the
bottom el ectrode 1502. | n one.e [ I 1.6adi@Y 8dhavaR4ixand cover
| ayers 15086, 'Qﬁfg:hd ‘ésula{?? Phgca) Vd?vvgp%e%ﬁ?eg S%g?éee?iﬁ{ac{ (%a?%lrlltgyel ect rgdl_gs 1502 are
f or med 0Rgithees hay@idantswhl a shislemeedineni ofthepyesnidoesnsion. EC et 8¢ 151502 coul d

be fornmed from copper, nickel,  silver al | adi I Lver, L orgol d or

ot her contRilf F‘\F@P%&P’é‘?qoafhg,“rea@’ ?"ge@ﬁﬁ}?mgfl %mﬁ%ggg&géétss |dlﬂileg§|?rrl1l t][uheo art. The

screep Phidieadsenfmiah@Wnes &S and cover |ayers 1506, 1508 are then

stacked, pressed, and cofired_usin bricatjon te I S to those

of skill in tﬁechéptltactﬂacludweﬁfaﬁ?Pgb@zg‘gc?ﬁ/“‘? @Pfﬁ@%% s

enbodi ”E'EéﬁacitélerU.CEhUlﬁoﬂéﬂpbcﬁt@Hﬂ iehdyRirfio¢lectdeally oonmecigd tiraughmbesi talos,  such as
Xy-9d

FR-4 epo ass, polym de-glass, benzocycl obui en Tef | on epoxy
resins, isilederminationsdnefehioprinside SB’rfacte?\%tc‘%P%étf’r@ aﬁl’&’ﬁfﬁ °SPiEER SP@E f or

bui | di ng e?:e%tr{cglvc%hﬁecﬂgnsccg RRUGIdeY 6f ANfteinAISt4paitbNgrucayemst shawn) wighin be enpl oyed
usi ng techniques known to those of skill 1n the art eating a

: thus.c
mul ti g e dapacior 890r Beehuofahg gemtrodasf dhe intgrAl fRRRFEr %ﬁ'ﬁf”i‘%etc]?%a“éaﬁlyf or exanpl e,
any combi nati.on .of i ARl terntYREtRAE, A5 WilEPOSipldined,in ploget detad,
printi ng,coplg&%r%ﬁegn{}q%%o@ﬁ%p pr ocesses for selectivel y adding or
r enovi ng |aenideotjuneionmdthifogresol?cdndd?ve materials. In still other
embodi nents, structure 1500 ¢ AUREORSIEREAR oflly oAt HE Rt dro
Accordi ngly, y&f‘%"gt&&e Ss‘%?ﬁmcagtrlsdﬁécf{l%rsgﬁzdgr@cati on techni qltgjles, i nclﬁtﬁii ng
material gi@pesiet B28) 826)avhile fourgf theshutonacssincludesualape landet4 BPt PP t he

structure. In bloc 4, | S 1 Q4. ([ %% sberomd on the
top addl/ oftm“b&ettﬂ?ﬁc}éﬁ\%?tq tgﬁg&goq?fgg%zﬁ%ggé ao@d%%cogg%{)g?f%r structure 1600.
I'n one enyqgliBBndurfatdlands 892 damie dyventiosd angs omthdyregn|ba Aignded dnds. 1504 on t he
top and/or bottom cover |ayers 1506, 1508. is Qther conductive nmateri al
depositioﬁ“@é%ﬁﬂ%ﬂﬂ@%“%nomn to those of skill in the art could be used in
.ot her enbodi nents. Either or both | ands 1602, 1604 can be extended | ands,
in various enbodi nents. Lands 1602, 104 could be forned from copper,

ni ckel, silver, palladiumsilver, tin, gold or other conductive materials,
as is knowmn to those of skill in the art. 20 In one enbodi nent, |ands 1602,
1604 are fornmed after the internal capacitor structure 1500 illustrated in
Fi gure 15 has been conpl eted. In another enbodi nent, |ands 1602 and/or 1604
could be fornmed during formation of internal capacitor structure 1500. For
exanpl e, in one enbodi nent, internal capacitor structure 1500 is a ceramc
structure, and either or both |ands 1602, 1604 could be formed before the
various | ayers are stacked,



25 pressed, and cofired. Therefore, in various enbodi nents, blocks 1402 and
1404 could be perfornmed together or in sequence. In still another alternate
enbodi nemQ od/sussbs 1602 and/ or 1604 could be fornmed at a | BCEUSH/#822 such as
when the capacitor is enbedded within a housing. Referring back to Figure
14, side term nations 1702 éﬁlgure 17) are_then forned, gﬁp Iock 1406,

on side surfaneentmfst surace lpdsc3Or are exruded sy faee lendsninoge FBR T?‘GZ Bl ectrically
connect a 602, 16 ts I{ Dottdri) s@rfRe 6fbOdi nent ,
side ter éWée"E%Zg‘iern\é%#%rr%e&glagfllﬁéggg laﬁggffﬁg&gﬁd/ or striping process,
as is k 1ﬁo@hﬁdiﬁ§zelaﬂ<ﬁ lesjth tliat xterids gheaantire OO thesAPRGERT ve material 15 WO
(12/ 511852 P S t-4822 depos e bRSE Oof skill
.in the au coSi-‘radi"EH %@if COpa %tth éhéﬂ@l %’“@%?gé C!;E@&gﬂ&g%wﬁg“ ons 1702 could
be fog rre&térrd@maﬁapm mald&lcciﬁedt,wmlal capacjtopadgt 820, 84.gvicoepccrdinglygol d or ot her

conductive materi nown ..o Finally,
‘the | andigndss}2 anémés %‘?e&Qntla@r"Yﬁtheél?? 0@2 @Ogﬁahigé Eﬂl Qfdate% e?1ecessary
in ]?' OCkg?;‘h@%locﬁWQefﬁlaﬁl t%ﬁﬁ&ﬂleﬁ@ﬁace%@t&om,@nﬁPht&)kln;gmdﬂleanlduty@f tndat i ons is
per f or ne

n one enbodi nent, usi ng n roc O her plating
t echni qu&@kﬁcﬁ%%@ﬁ%@@’@ﬂc%%q g ?% ?ﬁﬁi—: 82?1 h’gh Bﬁﬁrgues fi % ot her
enbodi megéta,F $b%1tR%§B&H&aWe0£ﬁ%ill&ﬁé5ﬁ use any of a nunber of conducti ve

nmetals, Inc ng copper, nickel S|Iver tin, gold 10 0X
ot herio conduct Figercrfillustiaes @ fopaidew 8f KR ?‘bs‘ll 4146@@“‘8 aP%%‘)r ?60 havingde gr t.

descri bed D1 VI QUSINancE Y16 RS SHibbaRent e faRaciiaption. Caatitas0o hose
descri be8®THR BéVArious enbodi nent s above, can

u

i nt egr at ewsnmllam:uwhpapﬁmrlé&@@lgurﬁﬁbﬁmbﬂlat thgyaueatier o B’”“Btls aﬁsgf%ﬁﬁta‘l‘c l"eFl gur e 18
illustrat an i nt e i ackage, interposer, socket, and PC
boar d, ?ﬁ’ Sf‘te\‘}\ﬁ Ceq%ggla%c elRone or more enbedded, 15 extended
surface | and @@ﬂe@ntmrmcludesamm:mneﬁow%ow@w top syraseBdPHRAOD of t he
present invention. romt LBy cHiedtdd @suahed circuit
1802 ¥5s Isutias®f B?Paf"ltﬁrgébag%ch "R @g%%{t&ﬁ %&%l P}r,l%e rat ed él;%r cuit 1802

cont ai NS QR tSmifRIoA (fdtsEdw) Sn awide stltrfaae ef @pe@tor Pl The t@cﬂﬁ’ﬁ@étﬁ ed to
integrated circuit package 1804 b nec 9 holWah egr at ed
circuit Ieoideeeqivicabgonifiops tog eﬁﬁ %‘? uieybazgépg@{qr %tt?"ggir}agﬂ%s Ci r?:w ts. In
one enbod]#EALagakidr80. pE@ﬁ%ﬂihelelw’@(ﬁtteB ofithe iméragj caaciorsirnguretelesBioally s a

m croprocessor, al though integrated circuit I gej¥ory device,
appl i cat |®nn8§ﬁe\wlf gvery othegnapldhe & ?@Uplt“at‘clﬁsgal“?g US%V%{ ﬂgﬁ 421gﬁ?(@aeclessor or

anot hey %ﬁe o, 208MI Eéeexbﬁlngci fthore aball 1A Sonjdmtmm\eltlﬂElga)caﬂ@)a@ Bhown,
i ntegfate

tiréult is a"flip chip" pe of.inte t ircuit,
meani ng that tOre qrmpul@ pﬁmnfwtlartdéPﬁ% ed’ﬁg‘y Hom L@n%slﬁ'gh?a%qo%cur at any
point on its g&l[aL @fo&seémﬁoﬁﬁnéﬁ&' n btfrafieatd o Battlio€ sirface laads Werment t o
i nt egrat €4 ¢! Feul pac

age it ISHIF{W@ over nda'%% S? vi a
sol der buegxmded sirfiick nds e cMbaGMSHd Sipe PRk o {7 st joft <11 &gr at ed
circuit p 1804, . Al dd GU8EA 8O heGlolagitbd alibBRR teduded be wire
30 bondedg“&,ﬁ@féngﬁ’ﬁ}ﬁw alf ?éﬁ(?gﬁtgrgﬁl%ﬁatl ons are cegpnnect ed to integrated
Ci rcubt pp&ha@eandﬁéghtlusl ng bond wires to pads on the top surface of
integrated cir cka 4 gelgl{dntm&un@ulohs‘tw bhin
integrated ci r]g‘d*“? 'ﬁ@ﬁ‘ﬂ"%‘?f@"%‘g‘ga“a%}%ﬂ& g\;/%/nl:k:éc l q:gl re. ci tance,
noi se SUDB«St&%blﬁﬁce aﬂdéapacmoihma@eadmdﬁ@mlﬁbat IS%ﬂ*h%l teﬁt 3t &0 18 WD 02/ S0852
PCT/ LI SO1/ - 4. 1822 capaci t.ance | V. eaeeh Eaph 99b of he present
i nvention enE‘}‘ Qfé*ﬁ%fépg%tf’% féﬁ’%a"@iﬁaglég“%&h%g n%j%a%g@(rage %804§ﬁhThese
capaci t or g o18Q83viihevehidkionl W&hllgngﬂmﬁm@ofawutt%&m@ quoé@r ated circuit |oads,
at least 1n part, using one or Ssa toBordescri bed
above.30l n t hi sImenether embadiment %Fgengéé ?a%g?a %laﬁlggdngﬁd]ca?)a)gl tance are
Provi ded {g, | pLGaKRLPH ofpalfHitr HAQAuncHbssah probutath atp bedyeea g QRGN ng. and

noi se suppression, when needed. The cl ose proxi et {anghi p
sour ces ofsunfamamdtaad@éurﬁﬁaﬂfé‘dﬁ%’for’éﬁ noé’ﬁﬁg)étg S]ﬁeag%%,le ?%F@'? |8§\§/]£T v low

1nductance p %1? tRarl 98 0B fenbih oFtHeRBpRIbO di s thepreerusemrdslel #ind capaci tor s
1807, 1809°™9 are enbedded within i#terposer 1806, socket 1808, PC board
1810 or some conbination thereof. to Integrated circuit package 1804 is
coupled to interposer 1806 using sol der connections, such as ball grid
array connections 1812, for exanple. In another enbodi nent, integrated
circuit package 1804 could be electrically and physically connected to

i nt erposer 1806 using a pinned or other type of connection.



I nt er poser 1806 is coupled to PC board 1810 through a socket 1808 on PC
board 15 1810. In the exanple shown, interposer 1806 includes pins 1814,
whi ch nateo wi/308sxonpl enentary pin holes in socket 1808. APCEMSAVISE] v,

i nterposer 1806 could be electrically and physically connected to PC board

1810 using sol der connections, such as ball ﬁl’l d arrag connec for

exanpl e. extended lahd capaciton bavieg a lspgth AE2 elbbainhwilkhave & ey ]é‘tt@H’V‘??Pﬁaé‘a?t package
1804 cou Laent&G o 4810, 20
W thout LR ER T b B B By e A et od arrou
package theide hrpdr BGniatarttiad Bdnc bugds well.el ectrical |y and physical ly

connect ed usi n al | rray o Q6 fhy Ways of
.connecting i e 6‘?5‘%"&6 S'ing%cﬁ ft %ncfégle&?ggrj&% Eé glzc} %’%L{b?(grcoul d al so be
used §n wddoal suefamarmpucaor teauemceatam FonoéCts thioar d10l€851(1)‘3 tewuingtiope, for

exanpl e, a_ not her boa uter 2 Qcts as a
-vehi cl e hayingt ‘b?f\?’epﬂ?\iﬁé HP%W‘ogﬁWl%qsﬁﬁaéﬁ? 8“@2?‘5“?%?%‘5& Circuit 1802.
These DPOPRfires @R desp@étﬂ/e@'t herdBlignalirhaesa lauquhi kchm mmcgnhcaﬂy aces or
pl anes (not shown) on or wthin PC boargl 1810 inecon lgr poser
1806, aneotdretivgplanegn &eﬁ%‘i"tb"%@lﬁ&'ﬁ?’fefé ﬁcapﬁﬁ'eorc‘g Sj‘ﬁrp "on escrl bed

above '”erH.%U?&él' Qe 1rhifatioRs bPWs s@wrnserah&me@whé h@ovoidsribatpew of a
general purpose electronic system Figure 19 illustrates ab(gfneral pur pose

el ectip onthe oppesite polarity dands tcu@ﬂi@trwatlhlselﬁ@d Eemahs Higng: 19ong A

i nventi on, GoHsl o7 tHeBamé PhladivamPbtBer @ conputer,
a wrel eglgglgrp?a\l/}AEMg%P%gaw?ﬂfg?tggg EEqe\elIDHC?IQI"‘/&USOl/ t4 ?m g ggeymmnl Cg.tl on device
(e.g., tembpdimaes, mmﬂniﬁerplanﬁl douldisowr theﬁelg@rbOttPladP'ifaceé’cf@‘e)la“da ©&l evi sion, a
oL O it BB ARl B RRRUI, S g uid ect o
1904, | nfaﬂ@hatpede cmumdea*.trlpm&s lcagecli®oor mom@gmérdqewaﬂ%% ket 1909, bus 5

191 0, power s 1, nal . pro pe-Teeot I ntegrated
ci rcu1|5f packatli‘e‘g_rﬂéb%emll? Ht“é o S5 %i@gg&%ggcég’tlg%?g%@quand/ (E)l?fn %%aeéf:’% boa?d

i ncl Udg ONBuRibe %&ghnwﬁad @ﬁtdtﬁd altmitilmapdccapwl@r @rgantCWePaCdve@@p%CH?}j gr e
mount ed on or enbedded within,t r enbodi ment s
of the prne@ém‘thl"m}‘éﬂi’?@’n"&‘ff‘ fEchpeigs eas%'?fﬁg p%‘gﬁ%met(gfggfg lh:ﬁﬁt% er poser 1908,
and sockef,sdi A heReR phoMhé&taPTIRCESEBiond Mpﬁ@totsL&QOJ BDO8We 99thcawtdder to

del i ver power and communi cation si gﬂ | s bet n, g] % %t%essq 1904 and
devi ces oceupvidelyidspendingiapdssizgn Aniy rain 1 8“Coup! es

m Ccropro ot x’s@ommr&oOM%edqmt\ﬂéce@sumlby ré@dhulanincshapegasal processor
1912. ﬁl—b\%ga&% cg}t% 2 be understood that in alternati vgm qut% di nents of

t he presedhty qonkd@nttum@ra number ofpstiferen sbapes G SaURTe: SECEYT B nory 1914,

pover supply 608! AR BRD V0L ERratddrin Biglired 5-Lddpicelaedst busses.
Concl usi on Théﬁtﬁ&us%‘?[ﬁ%cﬁ%gﬂ%ﬂabove defi nels eg?ten ded | ands_.in several ways,

in severan @ptmidlsrdemssbelrﬁﬁb’@mewalaﬁlﬁé@dﬂm%‘éﬁawlﬁmﬁ?’r‘f@ INQHGE can be used in

ot her embo nﬂa ge e Pexafipi¥ Hanﬁ%n ‘Eh%%&f él&%ﬁ'ch cft&l%OO‘%Fnguﬁe\@) C@ﬂ&ﬂ Bgd aphs. Fox
exanpl e, § odi e , ext ended surface eg side or end
| and en acoho@tlonﬂalﬂmﬁiammwarrdfcmdbe bﬁttoal &!@p’éé‘letcépaCHawot"}bi b& al“&h@“qi ngth that is

caual 1 Ba e B0 A0 01l 16, M, R 58BBEL b el e e

urrace side or end land on a top or
bot t om sugrb aissvnQls ertendbd3cificerankds\ona gr mom@ﬁﬂlosﬁelnlgisi?%lé‘ beagrveptionajual to at
Ieast 50% of the width of. t acitor 8¢ Sl p@ats an
" ext endediasdfy e PHRgre qféhegﬁnd%glgp'f’ cgﬂlléétl?%gﬁ%r Bottom surface of a
capaci torgffaliahs a land length that is equal to at |east 40% of the

| ength of the capacitor. In st neled surface

|l and" 30 s a si daeaph ofike qaa?‘féfo’éréoh %Oﬁ'}%b?&{%ﬁ” i éﬁggrgseggf thg)f’%:lgpam tor that

has a |an8’ﬁth§%935ha§t‘ﬂ9§‘c&n%¥ thd eGRR obEk w@eatotmeua@atemtwndawsmc fadce | and and

a surface on an ‘opposite side of the f end d “rfﬂe lj@nd is between
er’e

5% and 50n6gafive dreundithiy Gircgmigrence b g canagifor- [npligpnate SMEgEY fEbodi ment, an
"extended tdridiél afdtvdd drmreranwxamkunface of a
capaci torp@%ré%e%%gglleg%qségbﬁm?ﬁgﬁgglsuchld hat a gap between the extended
surface |land and a surface land that is W O 02/ 5(1 852 PCT/USUL/ -4.1822
contacts an opposite side of the extended surface |land is between 4% and
50% of the length of the capacitor. In still another enbodi nent, an
"extended surface land”" is a side or end land on a top or bottom surface of
a capacitor having a length that is greater than 0.6 mm Various

enbodi nents of a capacitor structure and nethods of fabricating that
structure have been described, along with a description of the
incorporation of the structure within a substrate and a general - purpose
eI ect ron| c system The descrl pti on speC| f| cal I 'y ref ers to enbeddl ng a

. .



1o substrate, as well. In addition, the various enbodi nents of the extended
surface | ands could be applied to other discrete devices (e.g., inductors,
resi st or WO OX3A% stors, etc.). Wiile the foregoi ng exanpl BETASIHENSI ons
and ranges are considered typical, the various enmbodinents of the invention
are not limted to suc_h di nensi ons o[  ranges. @&L} sreco d that the
trend witeqrence while travplingarpgnd s edegs Péth B’ra ﬁ’b@’ecﬁlﬂer@ ﬁ‘ﬁ‘ty[‘ or the 15

associ at g, 6iPShe A0 sRHRS OFtHBEEEIBE BB Tacs Bndd dduldne nic;aimctb Bﬁcﬁeél@l | ed
description, reférence is made to the acconpanyi ng draw ngs, which forma

part her ecmﬁiectamdoll Al Qﬂﬂiedﬁndﬁhev@&ﬁwfialbﬁlpww ofn qdﬁltﬁg’tth‘*a?’ftﬁhieg pEECcE i ¢

enbodi me t d SCafkdiedi ments are
.descri be ?Sndegﬂ i°C) 3}?1 @déefé}ggqlﬁﬂtlg@% a%r@%xﬁrg@g é?%lﬁlg? es-dmlgn ?he art to
practs cedm@mallmvmctcme -palatity tesininatioes copldrbeaisest ndpthpy embodiments. or di nary
skill in the t an i eve the
-sane pur pose, fi‘ ng St axitgf gé’(ggﬁg%b O@%‘%&%ﬂf %%oﬁ?%n%ggﬁg&m For
exanpl e, haddix, elcghtadr tédnaopatasts ofi typadit fonnsddds ofmhdumaclms, petmcited wuldnd vias for

[ d d
SR EC T N K TR e

various gfipedéevigd) irsotha ¢bbE@entsleSpdciflealty, tie chﬁe&ntﬁ@ﬂomabts@bulprbemn dj ng excess,
of f chip_capacitance to a die n the woul d
under@t aRd OJAYE dldgh ARG OMGES é‘p F‘fcf?ar"Sﬁ)f'mﬂ%?Sé‘?cl’f‘tec{‘ﬁ@} thfﬁ‘fe?o%?t%%l‘ éhed appar at us
of the pegsgRl shrffyeMai@n coul d al so be applied in many other applications
where a capacitor having a | ow inductance, |ow res%)tftance and/ or highly
reliabl e pat hFigeres6diarciiendadda shqve seygia] digsgete qapacitoryipas coulfha¥g,ch 30

appl i cat LoRsiars ﬁ‘féc@tlfnﬁgﬁ%oﬁﬁnétﬁahlmm Jafibis dinthBdisRhisiof thapeese@dRnGdn. t he
present 1 nvention I's application is intended to cover, any adaptations or
vari ati oﬂ‘heagfexalhldemes@nmtendqdéqm lniting fneany sense,dr qpe Akl ndef Aescription is,
theretore 2NSKerotd\@ftble dsdge readily
undenst o8 BnelEeRE ehF Pl ylerielripkBh bt BRRGReroBORebleptiybes ° {0 Y0852
PCT/ USOlﬂ:scre&Ztﬁpatcﬁtalrsgpestlwl'rmsGrtee dhovices (esg., inductors, aal@lstfaﬁde%ﬁ’f@r&rﬁéfehent s of the
parts and ste ich dauerder to

expl ai n Pﬂ@aﬁﬁﬁlﬁp\é\ﬂ(ﬁl}e etxpﬁl dsva%tlglgdﬁ%E"h@%grb&Qngl)éhHéﬁtﬁ }t%édﬁ pa§rat| ng from
the spi r ichpaditéts sEGpE deﬁcctshmmgtmm ontfﬂwermemgs geldwling diffdrent apes #idng cl ai s,
zo V\002/5082 A(\{ Véﬂ is clained is: 5 1. A capacitor conprising: an
i nternal rﬁlﬁtbvﬁéfzteﬁ)?oué Be st and PCT/USfl 1/.4-t822 an extended surface

| and, el ectri Q@He)iu&iéalpﬁﬁtoeﬁly,ttﬁe thiendeth hiefanaland eqpacitoroof the varotsir e and f or med
on a surface of the capacitor rejn the extended urfa e |land has a | and
| engt h t IgEOGigEN(§EN @fgﬂﬁ‘I‘Fdf%‘rorf’Wg @red Wbtrlé’ A)i® & froni B Stb%e Yétt’ed to the

ext ended paUiLbAGRerhBset, %Békct @HFt Ed%ﬁd)l Eﬁtﬁ'eﬂv&ljlghhlar@r gur faeélgbbl opthe t he ext ended
surface I'and from an edge of acit nded

t
surface lexigadedilandg ptﬁVFC@%ThP Gﬁ"ﬁﬂ@g dRUET Pb]? 3”?’?%“‘8’888“ c?n“elcﬁgns Spacitor as

clai med i, { g{eﬂ{a\'l;}]al acﬁo‘n‘EtN%ﬁfre CO{IRE ih lefgndRA Suidce THAE QaRdiddrs hogmbedded ended
surface l'an eore In at | east one of the one or nore addjtional extended

surf awe |capatiiotsgen pravidppdsitional adypiEages-yInfnagicriah deepiiasd@R b8 f ace | and. 15
3. The c f ' 1.in MR8HRE that 1h€ cdpasitbrs &8 @lokerits equal to
at Ieastaeg%gkie w‘&%ﬁiﬁ{%?gdcgc‘gg@dggalgt é)nr 4, Th(ea1 cgéal@l tcl)r S 8@;& med in
claim 3, dthkeamthart1heoslsdvlvdlsln@rﬁgltfwellao‘@@d&PPaP’(‘Pr&tA?C@ el dos GRo4ISH dt h of the

capaci tor. o, The ¢ oﬁﬁg@%ﬂle k1 b \Uﬁglebsﬂn&ucﬁhé@ tan 408 SureicB ndofted and | engt h

i s equal ape cétowc?ﬁlﬁa capacltor. 6. The capacitor as claimed in
claim 1, capsiteishintoiedykasesl | ength is equal to at | east 20% of a | ength of
the capacitor nguﬂ%l@%fﬂ%ﬁ&sﬁlt% \I/’l%\?’l'%f Gl ak ﬁlc rchl&é@idHO%clMﬁi ghiedidie | and

lengt¥ is equ € Cap aC|
. extended surface land capacitors 1002 in accordance with one embodiment of the present
invention. In one embodiment, package 1000 includes multiple, conductive bonding pads

1004 on its top surface, which are electrically connectable to complementary pads on an
11



21 WO (12/508S2 PCT/USIII/.t.1822 8. The capacitor as clainmed in claim1,
wherein the land length results in a gap between the extended surface | and
and a sum@exsisnd t ouchi ng an opposite edge of the capacP€CBUSIHEB2] s no
nore than 5% of a width of the capacitor. 9 The capacitor as claimed in
claiml, wherein the land |length results ext ended

surface integrtedrvitcuit @of shows).| Same or all OhPady 19% ﬂﬁg@&“ﬁﬁ yé’aﬁléeci‘?p?‘f W8% capaci t or
that is 1 Sgﬁgﬁ)m%?cﬂ \Aﬁ?{?rREorﬁHeJﬁ%%uB 1B rstoP BackARALIOD OF devidds ebdidedpaci t or as
| )

cl ai ned erein the internal capacitor structure includes
cer am c. witHin padkege Hffovithathe top suifagened in claim |1, wherein the internal

capaci tor stryl %ﬁ' qO@\Sﬁmcﬁﬁé L{}%ﬁ& RbBH 39%&@ &'ﬁén@édssurf%ge laﬂ-ch@apﬁ@iéﬁsc' tor as

claimed in cl'd’ erern exten face conprises; a first
segment (2] eX benhish acalasicatly vandediabdd totarset szma@lilg mds 199ththgpugla¥ighd segment

Lhat extgnds et pendl ot auby LLOMARRHE RuSaRSY Bhidels digst segment To an

.edge of {i§ere capaci inclaiml, further
CONPr i Si Bipacitof1002, WRIC irdlicdRs that up waliitpniss bauld dgctacaélanenrp:ol eaehity, |ocated

on a side of the capacitor _.and el ectricall opnect e ended
surf ace P%@t%ﬂeogt@t%@l’éﬁ“f%ﬁr Véflg'isﬁ“%’ ’¥er PRE T q"(’ae&‘ralgt ggalpa%:l t or
struct ur %04V¥1*25§rd9doﬂnéchﬁ> &t ensadr s000f @aandraotfeiver capacitorsel062 touldbé | y
conductive plane on the top or bott om surface of the capacitor, that 2o

conneet s embesldedyithin thopaskaged80¢-er ni nat i ons, and the el ectrical |y conductive
pl ane I ncl udeg; vl ddigtes ékﬂo@%e&m%m&ldaﬁbﬁ& bickageandsn toFipecabect ri cal ly

i sol ated fromllgﬁe electrically conductive pl ane. % @ge

f abri cat ialogg sectiaphudstioA, Borhedeastvithin @6%‘?‘%%@" packpge 110 Sr?g‘P%ﬁet? nt er nal
capaci tor, Sty uct KaeNRdr :bid @fdictsands, @ichafsur f ace of
the int eF?P&Flt%r;“gjc;:l o%é%etcgﬁﬂt@?lé%gﬁer ein trrle extenééd surfacméand has a

| and | eng\thlibhtxhraudets sxtendeg lado Lit8 dndhe topendder beipw syifaces pirapacitobhlWct ed to t he
ext ended _su | a an WO
/ﬂégaye e?ec{rgg@}(ﬁ Elgcrt]%ﬂgq sid@ Sedde 'o?c a&%?gidl afd thido

02/ 508s2 sur ace land froman edge of the
capaci t ofinth/@alasap®iter Sfuctube(netshaewieda sdﬁrtfeamaaticmﬁdlllq n a direction

per pendi cul ar to the edfgs 1&}?8’&8}5‘?@&.&’? t%e EoatkdIE 1161 Afaf | ons, which

el ectrical |y O3RRERErEW {0 one “or nore el ectrodes of
the i ntergaby m8Rafhdr phckahd M@drs)aad macdfﬁectrﬁaécqmmchwnih extergled janddl 108. cl ai m 14,

wherein formn thelnternal cap citor ng a
ceranic daﬁmm%@fhWF thomgrie Figys 1 TtPf'é? Vﬂ@thﬁ) mﬁ n‘t:a%mféﬁ ?"‘%ﬁc%g‘%“%hm wher ei n
form ng tAe 1108 er«e@drdlﬁgpaﬁltmémsddﬁmﬁ whe‘ememd iswtime land’msm@m OC awshei tor
structure using organic material s od .a “L%l cg~rla|m14

wher ei n_flanddmegop REDOHATETEFC ‘tfé‘ﬁéﬁqcft%rrhal‘”@g?ge ‘ﬁlg?rlﬁﬂ}e ses ormng an
i nt egr at g, G (B Yia ARRAIathsulated from each other, to be connected to the land. In

other embodiments, more vias 1112 could make contact with each extended land 1108, or
fewer vias 1112 could make contact with each extended land 1108, even though the

25  extended land 1108 is long enough for at least two via connections. Two advantages to
electrically connecting multiple vias 1112 to an extended land 1108 are that more current
can be carried to the land 1108, and a connection can still exist when one, but fewer than

all, of the vias 1112 connecting to the land 1108 fail.
In the embodiment shown, vias 1112 make contact with extended lands 1108 on
30 the top surface of capacitor 1104. In other embodiments, one or more vias could make
contact with conventional and/or extended lands on the bottom surface of capacitor 1104.
In addition, Figure 11 does not completely illustrate the various conducting and non-

conducting layers of package 1102, for ease of description. In an actual package design,
12



18. The nmethod as clained in claim 14, wherein formng the extended surface
| and conprises formng the extended surface land with the land | ength being
equal tovenol/amst 30% of a width of the capacitor. 19. TheCmaiShueésas

claimed in claim14, wherein form ng the extended surface | and 15 conpri ses

form ng the extended surface land with the I&Rd length bei ng_,equal to at
| east 2098%AT MOTP goPustingrngd/AEnQGoRdUGtER laysts co e?“ﬁ‘ta(?gYeaP%[BWc Ruit package

conpri si g&'aué VARSI 1104 NG d#84 G mirfiide MEDOARINAGRHNE bétREerblapatiorr €, and zo
an extended surface | and, electrically connected to the internal capacitor

st ruct ur é1Cfandfashievoed, drmay belesitable tofembprbcapagiigr | HMras cligetodhgtophe ext ended

surface 4 hat +fi O nore vias to
‘be connecgzl?rgc\gB tB gﬁf ﬂ%ékg%?l elhggg&%ﬁ‘%?&%“éﬂoﬁ%}{r@@%nﬂg#ﬁ@lail'adr%é ‘}@@%ﬁ{"ﬁs is alength
of the extwdteedmbaidédinent andultiperiayens dagimgtefpacksge.25 capacitor to an end of

t he extended surface.land,. ip.a.directio j. f ] dge; and
-the two or no 8r1?}15§§]b8($318?tﬁ Pgtzgf: Ilrael(r:lglrftﬁ%agp %‘gs(?rgl%ﬁ'{gg}gﬁé)é?ebﬁg‘gscfhgﬁdrlﬁace | and.
23 WO 0aijoittisR wiREFidureSU2 hnd 13. 18igdre A2 illubtrates atregyrsadtiod of thecniendgdackage as

clainmed in_claim?20,. iin the_ca itor is enbedded w thi,| e

i nt egr at éﬁffa(?F?"d‘H]ic?paﬁ’é‘%rﬂgéJ@hoﬁ’?.m ;ﬂ?élp‘:iai?l%grsgftéodﬁ@ﬁ ‘gﬂgt C%”&Sl%%{g«%bgs cl ai med
in clai mg@d bvbab&ided nSuBARAS kicAlas bs infagtHddatkcoidpakadel ndegoserd, sdchet
integrated circuit package. 5 23. An el ectraqnic g _stem;:ong{jisi ng: a bus; a
menorl) ceuHPERC beprd:ipad plgdrically CPPﬂe@ES’Bé‘?@BtQH"%@lﬁSP Beander eIt o t he

bus, the gyt ﬁg&%ﬁﬂe Gl @At hsiRRGKA A8 ddsbGbedGh BhjurkforPwiiRPRG#L 1l , | ncl uding an
i nternal capaCitor structure, d an extended surface (and, electrically

an
connected to ChEaCitm1@991&101@%@@@?0’%?%&?@%5[}?@2@#@ of sbigddnelides surface of _
the Capa%k%f?gegrlé{\@?ﬁfd4”ontti?§to$>sh<?/&d&ﬂm§+§u¥@€e§ of f’égg‘:iﬁﬁﬁ(ﬁ). 3Rk lenalh that is

| ong enoug Wo or nore‘vias to be connec to the extended surface

| and, andlectizallaerinécsaide hside serface nfjedpacifor 1209, andtbysde an svgrndcapacterd from an

edge of 15 the capacitor nd of the extended surface land, in a

di reclgi oﬁ?rﬁcet?rﬁé‘ﬁ%iggﬁﬁeéﬁn?%o Fﬁgb(’gdge, and the two or nore vias electrically

connected to Theintecbad napacites shricioe inchids tvenut neoregleqtiodesoZ@8slormedofat ed on a

top surface of the integrate ircuit package . ] cessor
Ry BarRah iR oo e Gt RS SERp B R

cont ai ni r1cally’ connec e extended
surface IM&Eng &Avnwikefreth eettopelearsly o8 irlactraderd20s dectlicailec@Bectwher ei n t he

OB LU ] BRI e, DR BBt 1" e
on 2508 S4cfaER afd ndld@niwkio8129¢:8d208, 1210 supplsalcageitivd dharde When the left
and right extended lands 1204 are electrically connected to power and ground,
respectively. In this embodiment, the left and right extended lands 1204 have opposite
polarities.
Figure 13 illustrates a cross section of the extended surface land capacitor 1300
25  shown in Figure 7 along section lines A-A. Capacitor 1300 could be embedded in a
substrate and electrically connected to the top of the substrate and/or one or more other
layers of the substrate using vias, as described in conjunction with Figure 11.
Capacitor 1300 includes two or more contacts, although only a single contact 1302
is visible along cross section A-A. Each contact 1302 includes one or more extended
30  lands 1304 on the top and/or bottom surfaces of capacitor 1300. Land 1304 is electrically
connected to the side surfaces of capacitor 1300, and thus to an internal capacitor

structure, via side terminations 1306.
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20  with one embodiment of the present invention,
The method begins, in block 1402, by fabricating an internal capacitor structure
1500 (Figure 15). Internal capacitor structure 1500 includes two or more electrodes 1502,
formed of conductive material, and separated by one or more layers 1504 of dielectric
material. In addition, in one embodiment, a top cover layer 1506 of dielectric material
25 exists over the top electrode 1502, and a bottom cover layer 1508 exists under the bottom
electrode 1502.
In one embodiment, dielectric layers 1504 and cover layers 1506, 1508 are formed
of a ceramic material, and electrodes 1502 are formed on the layers using a screen printing
process. Electrodes 1502 could be formed from copper, nickel, silver, palladium-silver,
30  tin, gold or other conductive materials, as is known to those of skill in the art. The screen
printed ceramic layers 1504 and cover layers 1506, 1508 are then stacked, pressed, and

cofired using fabrication techniques known to those of skill in the art.
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In still other embodiments, structure 1500 could be a semiconductor structure.

1

(e

Accordingly, various semiconductor fabrication techniques, including material deposition
and doping techniques, could be used to form the structure.

In block 1404, lands 1602, 1604 (Figure 16) are formed on the top and/or bottom
cover layers 1506, 1508 of the capacitor structure 1600. In one embodiment, this is done
by screen printing lands 1602, 1604 on the top and/or bottom cover layers 1506, 1508.

15  Other conductive material deposition techniques known to those of skill in the art could be
used in other embodiments.
Either or both lands 1602, 1604 can be extended lands, in various embodiments.
Lands 1602, 1604 could be formed from copper, nickel, silver, palladivm-silver, tin, gold
or other conductive materials, as is known to those of skill in the art.
20 In one embodiment, lands 1602, 1604 are formed after the internal capacitor
structure 1500 illustrated in Figure 15 has been completed. In another embodiment, lands
1602 and/or 1604 could be formed during formation of internal capacitor structure 1500.
For example, in one embodiment, internal capacitor structure 1500 is a ceramic structure,
and either or both lands 1602, 1604 could be formed before the various layers are stacked,
25  pressed, and cofired. Therefore, in various embodiments, blocks 1402 and 1404 could be
performed together or in sequence. In still another alternate embodiment, lands 1602
and/or 1604 could be formed at a later time, such as when the capacitor is embedded
within a housing.
Referring back to Figure 14, side terminations 1702 (Figure 17) are then formed, in
30  block 1406, on side surfaces of the capacitor 1700. Side terminations 1702 electrically
connect lands 1602, 1604 with the internal electrodes.
In one embodiment, side terminations 1702 are formed using a dipping and/or

striping process, as is known to those of skill in the art. Other conductive material
15
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embodiment, using a barrel plating process. Other plating techniques known to those of
skill in the art could be used in other embodiments. The plating process could use any of a
number of conductive metals, including copper, nickel, silver, palladium-silver, tin, gold
10  or other conductive materials, as is known to those of skill in the art.

As described previously, extended surface land capacitors, such as those described
in the various embodiments above, can be included within an integrated circuit package,
interposer, socket, and/or PC board. Figure 18 illustrates an integrated circuit package,
interposer, socket, and PC board, each of which could include one or more embedded,

15 extended surface land capacitors in accordance with various embodiments of the present
invention.

Starting from the top of Figure 18, an integrated circuit 1802 is housed by
integrated circuit package 1804. Integrated circuit 1802 contains one or more circuits,
which are electrically connected to integrated circuit package 1804 by connectors (not

20  shown).

Integrated circuit 1802 could be any of a number of types of integrated circuits. In
one embodiment of the present invention, infegrated circuit 1802 is a microprocessor,
although integrated circuit 1802 could be a memory device, application specific integrated
circuit, digital signal processor, or another type of device in other embodiments. In the

25 example shown, integrated circuit 1802 is a “flip chip” type of integrated circuit, meaning
that the input/output terminations on the chip can occur at any point on its surface. After
the chip has been readied for attachment to integrated circuit package 1804, it is flipped
over and attached, via solder bumps or balls to matching pads on the top surface of
integrated circuit package 1804. Alternatively, integrated circuit 1802 could be wire

30 bonded, where input/output terminations are connected to integrated circuit package 1804
using bond wires to pads on the top surface of integrated circuit package 1804.

One or more of the circuits within integrated circuit 1802 acts as a load, which may

require capacitance, noise suppression, and/or voltage dampening. Some of this
16
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embedded within package 1804. These capacitors 1803 are electrically connected to the
integrated circuit loads, at least in part, using one or more extended surface lands, as
described above. In this manner, one or more levels of additional capacitance are
5 provided to integrated circuit 1802, also providing voltage dampening and noise

suppression, when needed. The close proximity of these off-chip sources of capacitance
means that each source has a relatively low inductance path to the die.

In other embodiments, extended land capacitors 1807, 1809, 1811 are embedded
within interposer 1806, socket 1808, PC board 1810 or some combination thereof.

10 Integrated circuit package 1804 is coupled to interposer 1806 using solder connections,
such as ball grid array connections 1812, for example. In another embodiment, integrated
circuit package 1804 could be electrically and physically connected to interposer 1806
using a pinned or other type of connection.

Interposer 1806 is coupled to PC board 1810 through a socket 1808 on PC board

15 1810. In the example shown, interposer 1806 includes pins 1814, which mate with
complementary pin holes in socket 1808. Alternatively, interposer 1806 could be
electrically and physically connected to PC board 1810 using solder connections, such as
ball grid array connections, for example. In still another alternate embodiment, integrated
circuit package 1804 could be connected directly to socket 1808 and/or PC board 1810,

20  without using an interposer. In such an embodimenf, integrated circuit package 1804 and
PC board 1810 could be electrically and physically connected using ball grid array or
pinned connections. Other ways of connecting integrated circuit package 1804 and PC
board 1810 could also be used in other embodiments.

Printed circuit board 1810 could be, for example, a motherboard of a computer

25 system. As such, it acts as a vehicle to supply power, ground, and signals to integrated
circuit 1802. These power, ground, and other signals are supplied through traces or planes
(not shown) on or within PC board 1810, socket 1808, interposer 1806, and integrated
circuit package 1804.

The configuration described above in conjunction with various embodiments could

30 form part of a general purpose electronic system. Figure 19 illustrates a general-purpose
electronic system in accordance with one embodiment of the present invention. The

system shown in Figure 13 could be, for example, a computer, a wireless or wired
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10%_ QL &ofmunication device (e.g., telephone, modém, cell phone, pager, radio, etc.), a
television, a monitor, or virtually any other type of electronic system.
The electronic system is housed on one or more PC boards, and includes
microprocessor 1904, integrated circuit package 1906, interposer 1908, socket 1909, bus
5 1910, power supply 1911, signal processor 1912, and memory 1914. Integrated circuit
package 1906, interposer 1908, socket 1909, and/or the PC board include one or more
extended land capacitors or other devices that are mounted on or embedded within them,
in accordance with various embodiments of the present invention. Integrated circuit
package 1906, interposer 1908, and socket 1909 couple microprocessor 1904 to bus 1910
10 in order to deliver power and communication signals between microprocessor 1904 and
devices coupled to bus 1910. In one embodiment, bus 1910 couples microprocessor 1904
to memory 1914, power supply 1911, and signal processor 1912. However, it is to be
understood that in alternative embodiments of the present invention, microprocessor 1904
can be coupled to memory 1914, power supply 1911, and signal processor 1912 through

15  different busses.

Conclusion
The description, above, defines extended lands in several ways, in several
embodiments. Extended lands defined in other ways can be used in other embodiments, as
20  will be described in the next two paragraphs.
For example, in another embodiment, an “extended surface land” is a side or end
land on a top or bottom surface of a capacitor having a land length that is equal to at least
40% of the width of the capacitor. In still another embodiment, an “extended surface
land” is a side or end land on a top or bottom surface of a capacitor having a land length
25 that is equal to at least 50% of the width of the capacitor. In another embodiment, an
«“extended surface land” is an end land on a top or bottom surface of a capacitor that has a
Jand length that is equal to at least 40% of the length of the capacitor.
In still another embodiment, an “extended surface land” is a side or end land on a
top or bottom surface of a capacitor that has a land length such that a gap between the
30 extended surface land and a surface land on an opposite side of the extended surface land
is between 5% and 50% of the width of the capacitor. In still another embodiment, an
«extended surface land” is an end land on a top or bottom surface of a capacitor that has a

land length such that a gap between the extended surface land and a surface land that
18
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or end land on a top or bottom surface of a capacitor having a length that is greater than
0.6 mm.

5 Various embodiments of a capacitor structure and methods of fabricating that
structure have been described, along with a description of the incorporation of the
structure within a substrate and a general-purpose electronic system. The description
specifically refers to embedding a capacitor with one or more extended surface lands in a
substrate. The capacitors of the various embodiments also could be surface mounted to a

10 substrate, as well. In addition, the various embodiments of the extended surface lands
could be applied to other discrete devices (e.g., inductors, resistors, transistors, etc.).

While the foregoing examples of dimensions and ranges are considered typical, the
various embodiments of the invention are not limited to such dimensions or ranges. It is
recognized that the trend within industry is to generally reduce device dimensions for the

15 associated cost and performance benefits.

In the foregoing detailed description, reference is made to the accompanying
drawings, which form a part hereof, and in which are shown by way of illustration specific
embodiments in which the invention may be practiced. These embodiments are described
in sufﬁcien"c detail to enable those skilled in the art to practice the invention.

20 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 specific
embodiment shown. For example, additional layers of patterned conductive materials and
vias for carrying signals, power, and ground may exist between, above, between, or below
the embedded capacitor structures shown in the Figures.

25 The various embodiments have been described in the context of providing excess,
off-chip capacitance to a die. One of ordinary skill in the art would understand, based on
the description herein, that the method and apparatus of the present invention could also be
applied in many other applications where a capacitor having a low inductance, low
resistance, and/or highly reliable path to a circuit load is desired. Therefore, all such

30  applications are intended to fall within the spirit and scope of the present invention.

This application is intended to cover any adaptations or variations of the present
invention. The foregoing detailed description is, therefore, not to be taken in a limiting

sense, and it will be readily understood by those skilled in the art that various other
19
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What is claimed is:

5 L A capacitor comprising:
an internal capacitor structure; and
an extended surface land, electrically connected to the internal capacitor structure
and formed on a surface of the capacitor, wherein the extended surface land has a land
length that is long enough for two or more vias to be connected to the extended surface
10 land, and the land length is a length of the extended surface land from an edge of the

capacitor to an end of the extended surface land, in a direction perpendicular to the edge.
2. The capacitor as claimed in claim 1, further comprising one or more additional
extended surface lands, wherein at least one of the one or more additional extended

surface lands has an opposite polarity from the extended surface land.

15 3. The capacitor as claimed in claim 1, wherein the land length is equal to at least

30% of a width of the capacitor.

4. The capacitor as claimed in claim 3, wherein the land length is equal to at least

40% of a width of the capacitor.

5. The capacitor as claimed in claiﬁl 4, wherein the land length is equal to a width of

20  the capacitor.

6. The capacitor as claimed in claim 1, wherein the land length is equal to at least

20% of a length of the capacitor.

7. The capacitor as claimed in claim 6, wherein the land length is equal to a length of

the capacitor.
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capacitor that is no more than 5% of a width of the capacitor.

9. The capacitor as claimed in claim 1, wherein the land length results in a gap
5 between the extended surface land and a surface land touching an opposite edge of the

capacitor that is no more than 4% of a length of the capacitor.

10.  The capacitor as claimed in claim 1, wherein the internal capacitor structure

includes ceramic.

11.  The capacitor as claimed in claim 1, wherein the internal capacitor structure

10 includes organic materials.

12.  The capacitor as claimed in claim 1, wherein the extended surface land comprises:
a first segment that extends across a width of the capacitor; and
a second segment that extends perpendicularly from about a center of the first

segment to an edge of the capacitor.

15 13,  The capacitor as claimed in claim 1, further comprising:
two or more side terminations having a same polarity, located on a side of the
capacitor and electrically connected to the extended surface land and to one or more
clectrodes of the internal capacitor structure, wherein the extended surface land
forms an electrically conductive plane on the top or bottom surface of the capacitor, that
20 connects the two or more side terminations, and the electrically conductive plane includes
voids that allow opposite polarity lands to be electrically isolated from the electrically

conductive plane.

14. A method for fabricating a capacitor, the method comprising:
fabricating an internal capacitor structure;
25 forming an extended surface land on a surface of the internal capacitor structure,
wherein the extended surface land has a land length that is long enough for two or more

vias to be connected to the extended surface land, and the land length is a length of the
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extended surface land from an edge of the capacitor to an end of the extended surface land,
in a direction perpendicular to the edge; and
forming one or more side terminations, which electrically connect the extended

surface land to one or more electrodes of the internal capacitor structure.

5 15.  The method as claimed in claim 14, wherein forming the internal capacitor

structure comprises forming a ceramic capacitor structure.

16. The method as claimed in claim 14, wherein forming the internal capacitor

structure comprises forming a capacitor structure using organic materials.

17.  The method as claimed in claim 14, wherein forming the internal capacitor

10  structure comprises forming an integrated circuit capacitor.

18.  The method as claimed in claim 14, wherein forming the extended surface land
comprises forming the extended surface land with the land length being equal to at least

30% of a width of the capacitor.

19.  The method as claimed in claim 14, wherein forming the extended surface land
15  comprises forming the extended surface land with the land length being equal to at least

20% of a length of the capacitor.

20.  An integrated circuit package comprising:
a capacitor, including:
an internal capacitor structure, and _

20 an extended surface land, electrically connected to the internal capacitor
structure and formed on a surface of the capacitor, wherein the
extended surface land has a land length that is long enough for two or
more vias to be connected to the extended surface land, and the land
length is a length of the extended surface land from an edge of the

25 capacitor to an end of the extended surface land, in a direction
perpendicular to the edge; and

the two or more vias electrically connected to the extended surface land.
23
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5 23.  An electronic system comprising:
a bus;
a memory coupled to the bus;
an integrated circuit package coupled to the bus, the integrated circuit package
including:

10 a capacitor, including an internal capacitor structure, and an extended
surface land, electrically connected to the internal capacitor structure and formed
on a surface of the capacitor, wherein the extended surface land has a land length
that is long enough for two or more vias to be connected to the extended surface
land, and the land length is a length of the extended surface land from an edge of

15 the capacitor to an end of the extended surface land, in a direction perpendicular to
the edge, and

the two or more vias electrically connected to the extended surface land;
and
a microprocessor located on a top surface of the integrated circuit package, the

20  microprocessor containing a circuit which is electrically connected to the extended surface

land.

24.  The electronic system as claimed in claim 23, wherein the capacitor is embedded

within the integrated circuit package.

25.  The electronic system as claimed in claim 23, wherein the capacitor is mounted on

25  asurface of the integrated circuit package.
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