SELF- ALI GNED COAXI AL VI A CAPACI TORS Technical Field of the Inventi £8 ﬂ]ﬂ%m
i nvent ion rel ates generally to capacitors, and nore particularly to

sel f-al i gneglopépaas al capacitors formed in vias, apparatus petrlsedsiige such
capacitors, and nethods of their fabrication. Backgound of the Invention
Electronic circuits, and particularly conputer and instrunentation
circuits, have in recent years becone increasingly powerful and fast. As
circuit frequencies exceed several hundred nmegahertz (MHz), with the
associ ated spectral conponents exceeding 10 gigahertz (GHz), noise in the

DC power and ground |inegiiai9aNEW 0O ALLEOTRIASCRPARIISHRSTNi S noi se can
arise due to inductive and capacitive parasitics, for exanple, as is well

known. To reduce such noise, capacitors known as decoupling capacitors are

often used tg provide a stable ic r}aijll Jw%h%?'l . H&ply of power to the
circuitry. The decoupling capa%@-ﬁe—gm—@-ﬁy’—pl aced as close to the
| oad as practical toThegiRatien ey gen&hli et dapsiess andompacpdredigarBie furt her
utilized to danpen gower overshoot when an _electronic, _device is powered

up, and to danpéelifg cgavshcappaiors loened iBsasorRPErateRatiigRe e ns usi ng
ower, such as t ' ' age caused by a rocessor
P cgﬁﬁcgp{gg%{ﬂgg?lgﬁse&h tl&lé?tr faﬁl%atnﬁﬂ. y p

performng a cal e capacitors are surface nounted to the
el ectroni c device, such as a proBsk d of th akage substrate on which

it is mounted. Other solutions . have involyed the formation of. a planar
capaci tor integrated ES?FW%‘?WB% p%‘l"f"ﬁ?%’ %?"é‘ﬂ'g?tapgt“@,%""g‘ﬁ’&‘ﬁ“%
hi gh-density i NntgtaRN A in(bleh) yeatebbt BiRreasiflgly potwarfulandubsdti A3%REuit

structures. As electronic devices continue to advance, there is an
i ncreasi ng need freguenyiiesteaceddepedral hyndied preethenta éMHz2 wilethg @piocratpdand power

el 00 o R BRI CLAIG o e AL dOBUSRASRY oo
capaci tors becongsurdl liregidréginghcicosmesraproblemndihés noise can arise due to
15 inductive and capacitive parasitics, for example, as 1s well known. To reduce
such noise, capacitors known as decoupling capacitors are often used to provide
a stable signal or stable supply of power to the circuitry. The decoupling
capacitors are generally placed as close to the load as practical to increase their
effectiveness.
20 Capacitors are further utilized to dampen power overshoot when an
electronic device is powered up, and to dampen power droop when the ¢lectronic
device begins using power, such as the immediate need for voltage caused by a
processor performing a calculation.
Often, the capacitors are surface mounted to the electronic device, such
25  as aprocessor, or the package substrate on which it is mounted. Other solutions
have involved the formation of a planar capacitor integrated on or embedded
within a substrate, such as high-density interconnect (HD]1) substrates and
ceramic multilayer structures. As electronic devices continue to advance, there
is an increasing need for higher levels of capacitance for decoupling and power
30 dampening at reduced inductance levels.
At increasingly reduced device sizes and packing densities, available real

estate for surface-mounted capacitors becomes a limiting factor. Furthermore,



for planar capacitors, increasingly higher capacitance requirenents f&qlliNe),

I ncreasingly large surface area. This increases the risk of shorts or
| eakage, tWE/5083uci ng device yield and increasing devi ce Pcalisaviiing y
concerns. As will be seen fromthe above concerns, there exists a need for

alternative capacitance solutions in the fabrication and operation of
electronic and integrated circuit devices. Summary of the Invention For
one enbodi nent, téreplamay eagacsorspimoncasingly highapeapiditance Eneiramgmcretoire | ncl udes
a via having sidewalls defined a suhstrate and extending fraogma first
surface of the sd%%ﬁsg'tgg' {ABgeasugggeoaﬁﬁa's P IR %Bé%?fl}g?'?sg‘?"el?%ﬁﬁ%rt@% t he
first surface exteidmgQiehiRyilIY ahd Bochiifg abvdewalidtility daficep@aci tor further
includes a first electrode overlying the sidewalls of the via and at | east
a portion of the firstAs Eilkexeen gpmithe abayssoncgims, therrexistirartedder st | |
further includes ' L: - g ' : t first
portion of thg fia?g%hfﬁ'egc %&gkgﬁogﬁt%og s?%{a}%gaﬁﬁﬁgﬁﬁq %53 %Blr]t% ??)lﬁc oIS he vi a
unfill ed, wherei rant heedratedcirpait dévicesof the first electrode is within the

sidewal | s. The capacitor still furt Ser i ncl gdas a second electrode forned
in the renaining portion of the via=3 & odi nent, the invention
provides a nmethod of fry Eh@&nﬁodiﬁ@ﬂ@ﬁietiﬁ&entizmﬁro@ﬁfegQ@gﬂa@ﬁéﬂj@ﬁﬁ cgﬁcﬁblng. a

first electrode |ayer overlying sidewalls of a via and at | east a portion

of a first surfadecladesa Gaybavungsidewallsaleined byt hsubgiratewnd ¢xgergling fremifasiar e

defined by a,port] of..the .substrate extending.from the firs urface of
t he substrat elBto sz‘inc‘)tne‘;:c(i')fnté'3 guLPrsﬁ%tggo %Fectoﬁéégl‘lsrg 58 g‘gfé‘,?hsérﬁ%’ W%’Fg’i'“he E‘fswe first
surface extends cutfaed cltehds oatvdrdlg fointihealdesallsT NEheGapRNGr furtheri@Eludésc! udes
forming a dielectric |ayer overlying at | east a first portion of the first

el ectrode layer v dequegdsererhangtesidsialls ofthevigiand ablesst p pertopted theifirst he
first portion ofg .Sfth]éhlab;s{r%t g a@ﬁ&rstillﬁnéﬁmee?ﬁ}idmd%?@dﬁ\l,ﬁﬁi’@h & The

met hod still further Inc s formng a seco ectrode, ereirn formng
the second el ectfoouel wowerliesat deafior fishgpriaow ofthie fitst elecinade @nd &b leave 4 he

portion of t hl% Vi r%mlal%filgg péjrgf()tll lol' &lg wbaymt.f{fleed,d\!lr}%r&zelﬁ Ehrt::I tfrstl ohion of the first

electrode 1s within the sidewalls. The capacitor stili further includes a second

electrode formed in the remaining portion of the via.
For another embodiment, the invention provides a method of forming a
capacitor. The method inciudes forming a first electrode layer overlying
20  sidewalls of a via and at least a portion of a first surface of a substrate, wherein
the sidewalls of the via are defined by a portion of the substrate extending from
the first surface of the substrate to a second surface of the substrate, and wherein
the first surface extends outwardly from the sidewalls. The method further
includes forming a dielectric layer overlying at least a first portion of the first
25  electrode layer while leaving a portion of the via unfilled, wherein the first
portion of the first electrode layer is within the sidewalls. The method stil}
further includes forming a second electrode, wherein forming the second
electrode comprises forming a conductive material in the portion of the via left

unfilled by the dielectric layer.



For a further enbodi nent, the invention provides a nethod of operatimggwlamg
electroni c device. The nethod includes coupling a first electrode for each
of a plurgli capacitors to a first potential. The ne ,g further

i ncl udes C%Bf’%/oﬁ%]a second el ectrode for each of the plur aﬁlf Sigi33176
capacitors to a second potential. Each of the plurality of capacitors is a.
sel f-aligned coaxial capacitor forned in one of a plurality of vial of a
substrate supporting the electraoni.c ice, .and in.a one:to-pne .

el at] onshi b Lo 1 he i AdRE <Gbogimgmt b e B Mo ARG CRERRHR  « ne

i nvention provi dgsel@froficedeviceN The nitddGacludidRotpiRglar itk ddeciRdt €8 eaflicdfudes a
first potential source, a second potential source, and at. | east one

capacitor. The a&PlRElSt offipaciionnioia st Rasentish eShemsthed REbeRigclifeoval | s
defined by a sub ' fAnk-St ubstrate
to a second surf%%gﬂ%fat engé st?dae{%f&ac/ﬁgl{g}erﬁlélﬁféwf%?gtE@%I??%%:g%gﬁends
outwardly frdm tgueersiall eBadhl of thelpleradity dfaapscitorsas e aglfahigned cbamsllvapaditoc| udes a
first electrode.overlying.the sjidewalls_of the via and at |east. a portion
of the first surPEBE Broncins aqlpabo sl anespf 8 sutstrs Susboging e sleeionr st i1 |
further includesgedicedad G dricQolonY edlationsipdo tHe phualityio€ vk, | east a first
portion of the first electrode and to |eave a remalning portion of the via

unfilled, wherein theForna sl fygheresppogdimenthe mventiongredesqmeioctronict hi n t he
sidewal I s. The aj_J)ea |, | ' d
el ectrode for ITEd&eI‘JI!lC%f ?\Iéhe%@%gﬁﬁi?%h%%hcft@g& %P %hé@@?a&séu&@%%ﬁi@%@gg%ﬁt s of
t he i nventi or0 i nedukicte andatlleads onegupadi wir uThaatdeassyret caparitof inchrdys mgiascope.

ot a selt-al | gnoleesitayalsQeae bor SHeHis At et BB i LR S gur e 2
i s a cross-secti giialraté1&Ws@ond s9fick o tHediBHrated Fhbin BARAE SirPice exfeh@Ur €S
3A-3F are cross-sectional views of a self-aligned coaxial capacitor at

vari ous processi ogwardly&wom the sidewalls. The at least one capacitor further includes a first

electrode overlying the sidewalls of the via and at least a portion of the first
15  surface of the substrate. The at least one capacitor still further includes a
dielectric layer formed to overlie at least a first portion of the first electrode and
to leave a remaining portion of the via unfilled, wherein the first portion of the
first electrode is within the sidewalls. The at least one capacitor still further
includes a second electrode formed in the remaining portion of the via.
20 Other embodiments of the invention include methods, apparatus and
systems of varying scope.
Figures 1A-1F are cross-sectional views of a self-aligned coaxial
capacitor at various processing stages.
25 Figure 2 is a cross-sectional view of a self-aligned coaxial capacitor.
Figures 3A-3F are cross-sectional views of a self-aligned coaxial

capacitor at various processing stages.



Description of the Enbodinents In the follow ng detail ed descriptioh§ JUN 2004
reference is made to the acconpanying drawi ngs which forma part hereof,
and in whi ¥R®E®Iown by way of illustration specific enbBEVHSMAITN which
the invention may be practiced. These enbodi nents are described in
sufficient detail to enable those skilled in the art to practice the

I nvention, and it is to be understood that other enbodi nents may be
utilized and that structural, |obescptgnefthedmbodimentyhanges may be made

wi t hout departing fr [ Qi”% ol refd?Enck AVEdd 8he The

foll ow ng detailed dg@ctblgg?liﬁ’g‘hﬁé g?t t1 e(?e% rlé),ﬂ’ l-r?ot tco be takenei nalimting
sense, and the ssepmpafhyihfdrawingsnviiiokn fors ajsdri eeebicanidyn nchhe skpypedeay
clainms and equivalents thereof. Like nunbers.in the fiqures refer.to |like
conponents, whi cf ‘Hlé‘FF%PG_SB%C‘ﬁ‘}‘)B‘QIS%‘ﬁP‘eP’rSd?nWE‘W@ t@%‘m’%‘m‘m ) eerfﬂ?@d'vari ous
enbodi nents W | | Thaedaitioliniant 4rf dbfpibe@ i ixficia deresleRuie tagakillears f or

m cr opr ocessor package applications. One exanple of am croprocessor package

i s that of an i nthegrttoeuactice theiinvensiah.caddue tobe widsrstapdibatotharo a print ed
circuit board (PCB), .the PCB praui din | S r : ' ry
circuitry and coﬁlﬁg%%'ﬁfcgtsfn&%}i IFCI @}gizlgéri\&g %@gy%#"%ﬁ#é’ %E%gleag]g g?é}gé%? gl?aqué% on
the die. However mayhe maiearitioandépartig frem thel spiritadd schipesfthekinvdnidni The he art

will recognize that the various enbodi nents of thg iéari(\éenti n.are adapted
for use in conj ufaing deteteddasenpiands (RGRIOS: ARVP 08 Lakeu 1R filing $enphs

nul ti-layer bec%&’ﬂ-{eﬁgosi 2 6ﬁwgﬁioxﬁ§99ﬁﬁa(ﬂgwéﬁﬁﬁeﬁlae@ﬂﬁnﬁﬂﬁr printed

circuit boards, hig I nt er connect ) substrates and ceramc
mul tilayer structqueslentsinarénds hdreayumbensinghe figues refes tulikagampanentsswiveh t he

fabrication and characteri zati.on of the acitors as substantially

cylindri cal strué{}?}’rlggf: a%ﬁvgpfng’?ﬁgpteﬁteogaﬁg?'ri es are suitable for use with

the various enbodi nentreRaAvisiRibddifiedtavilbbddscrbed i iticantert bzakbeddad ar e

nodi fied for the obvious differences in geonet ré. Fi gure 1@ (}epi cts a via
rO

105. A via is an cepRsHPHORIGPRIPFRSRABkARR 2BRlicabens: (BREX1BPECId a
substrate, ang i sggoggoéggsogﬁse&gg%&%ﬁ'o?aﬁ [riGRhted BIEHGORANSREAAS &

circuitry on one strate to Circuitry on an opposing surface
of the mounted to a printed circuit board (PCB), the PCB providing physical support

and ancillary circuitry and components facilitating use of the processor contained
on the die. However, the invention is not so limited. Those skilled in the art will
recognize that the various embodiments ’of the invention are adapted for use in
20  conjunction with other electronic devices as well as other multi-layer electronic
substrates, such as motherboards and other printed circuit boards, high-density
interconnect (HDI) substrates and ceramic multilayer structures. Furthermore,
the various embodiments describe the fabrication and charactenzation of the
capacitors as substantially cylindrical structures. However, other geometries are
25  suitable for use with the various embodiments provided the mathematical
characterizations are modified for the obvious differences in geometry.
Figure 1A depicts a via 105. A via is an opening extending through at
least one layer of a substrate, and is used to establish electrical interconnection of

circuitry on one layer of the substrate to circuitry on an opposing surface of the

4



| ayer, or to circuitry on one or nore other layers of the substratey HAgUN 2004
typicat via may have a dianeter of approximately 150 mand a length o

appr oxi matwbywi/s6823 40 m when extendi ng t hrough a single | ayperoEoosubgtrate
100. Substrate 100 may have nore than one layer. A via 105 may be bounded
above and/or below by additional |ayers of a substrate 100. A via bounded
on only one end is often terned a blind via. A via bounded on both ends is
often termed a e [ : i iRl HORe LRy el soRhl da
substrate 100 its)lld%%‘ri%nt\étcgrrcﬁe O\g(?’ﬁ%ugh %ﬂglgre&wrﬁ ty ia‘hcﬂzi;ltr thr oﬁgh hol e may
have a di amet er miy hapyerodinmeterdfappsoximatehol 39 1L ends kength of gpproximatelzl y 800

m While the foregojng exanpl es,.of ,vi a,di mensj ons .ar.e_consi.der pcal,
the various emoéf’%ﬁgfswg@n%%@@?ﬁ/@ﬁ%gbﬁs £ ]aﬁf_('ftOf Is'i’lfﬁ"?'&r}%pogg%g#eyﬁb

di mensi ons. Furt het go¢ EmorURaEoEaerS AR 105 thall bEBBSIdRE Sbo R Md)or kaWvse not
limting. It is recognized that the trend wthin industry is to generally

reduce devi ces di beaddigersal layerstofe subsatd Hi0ed\ vie dpurded opentyoenveendas oftgenef i t s.

Via 105 has si dewal | 0, def, ned by, t.he t 4 i from
a first surface Eﬁrgecg? }’ﬂ‘ﬂ%v@u&Y‘fag’%}{%ggmtb%%g&;dégsooncfﬁgwggeb%%U%f r‘L?he
substrate 100. Vig ckRading theugkell layess ofannistraleiOmns ofter tend 4 thfowgh holen ng

an opening in a substrate. Exanples include laser drilling and nechani cal
drilling. The fi# &picalirensh holomgyatcrdapesieiappexmycy, 8 it dar di v

fromthe sidewalls 11 In_Fi - rqQde FS. formed
overlying the si Le&ﬁﬁﬂ ‘?fsapf?él_mggfgfsoéﬁ‘én'e%%lai?ﬁrgeiﬁ{egg{rlﬁng&%?og &ctrode 125
further extends URn&MRinkafk @hsiierRds typical AR vdridls embédimedits 0§ thedtvehdogart15 and
at |l east a portion of the second surface 120. For 'another enbodi nent, the
first el ectrode noHlimited auelhdinensionsr Fathegnorecubseayen sremplanGiimepdons; r st
surface 155, but ' ] 'Eg&ng . : :120. The
first el ectrode f%gh?chgetrallr#é?gﬁ%{ﬁfgﬁfe asfe%g{r&'?ﬂ%ﬁ&?ﬂg“@%]&dar 1&%} ocessi ng
for form ng a vi gedfsllpreduceaiavesaiimensids feathelassodinted kesy and perbumamge t he

I nt er connect. Upg)n fforrri ng the first electrode 125, the via is generally
referred to as PHUted via or pl ated t hrough hol e. In the use of via

105, the firgk el ectrogg 1888ad SaGRIMRNAD) defiedssl the sesBRADO and extending
from a first surface 115 of the substrate 100 to a second surface 120 of the

substrate 100. Via 105 is formed in a manner known in the art for forming an

opening in a substrate. Examples include laser dnlling and mechanical drilling.
The first surface 115 and second surface 120 extend outwardly from the
20  sidewalls 110.
In Figure 1B, a first electrode 125 is formed overlying the sidewalls 110.
For one embodiment, the first electrode 125 further extends to overlie at least a
portion of the first surface 115 and at least a portion of the second surface 120.
For another embodiment, the first electrode 125 may extend to overlie at least a
25  portion of the first surface 155, but not overlie any portion of the second surface
120. The first electrode 125 is generally formed as part of the standard
processing for forming a via 105 and represents the conductive laver used for the
interconnect. Upon forming the first electrode 125, the via is generally referred

to as a plated via or plated through hole.
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circuitry on the first surface 115 to circuitry on the second surfagg JURQ)4
In addition, or in the alternative, the first electrode my be used to
connect ciweoldosds on the first surface 115 to circuitry arCvVese03BITs
internedi ate | ayers between the first surface 115 and the second surface
120. For one enbodinent, the first electrode 125 contains copper (Cu).
Copper is a common plating material used in printed circuit board (PCB)

manuf acture. The firgimelecssaseosi e fist él06raR, 125 is gaBrllp Tedth EBhtect DY
depositing a seed | ayer, such as sputter-deposited or

el ect r ol ess- deposiuitador Bisfast sugface hie @sisvityan theseeped ruwslaes 14y 18l ectrol ytic
plating a |ayer  of. - Se Y, FOmadpet.her | the
first elect rOdea%%&?@?ﬁ%?%ﬁ&ﬂg?ﬁegﬁgt%ﬁtdegécgo phg?ol it hota(r%ap i E:H?@E:Wni gues.
Such t echni queson thel firsesupatd Brniorvgrcaitrypinotapions mbyymagiatedayrasheteecraths ur f ace

of the substrate 100, |eaying  ,expos thos rtions, of the.s trate 100
where it is %es%f%&“’g@eflggﬁpgmf SF?‘?'@?S“E}?%%F%OO e()rfﬂg?mgc’q%gtr th(g;ﬂ%%onduct i ve
material is thepedenRsidsednimsidpparLa ,egq?ﬁl; ltsim;bm plpfiySing@tialaise® hem cal

vapor deposition techniques (PVD or D), followed b rempval of the mask
and any over| yi igprimpbsir¢uatchaast GB) marpfarsyre ndhe HEpt clsetrodeddd ds fommed. time
first electrode wll. be a rent to t N i I . ch as
screen printing°8¥ %@Peﬁf’lﬁﬁﬁ 518 Jg%ﬁgllj tl’eg&%ﬁﬁggﬁ%??c@%tﬁ?gpl C, a

di el ectric | ayeklet@BiessSddpokitgictoppér 6i tersgbarats Hioefotiowed byneleardlptic  For one
enbodi ment, the dielectric |ayer 130 contains a netal oxide, such as
t ant al um oxilfle ERiMER)ayerieé corpenrn Bigisged Weone enbodi ment may be forned by

sputter depositing f r]:?,%ﬁmﬂﬁie?ﬁtiohﬁﬁ&ﬁhhé Birsh @leBirétie! 2%8§ fotthed H@ngRhmdarg and

anodi zing the layer of the netal In a weak acid electrolyte to formthe
met al oxi de. Forphowdittegaphictechniquele Sughatiechriques ncdudepeitgmingias an or gani ¢

acid, e.g., citric acid, dilute non-aqguepus S0 i . th bout 5%
by wei ght. Such Phﬂ@é‘%’%ﬁp&l%ﬂ“@%&%‘f W@ge f@'eéﬁ'ﬁ%{eé@ﬁt lgg"r“légg’ﬁ’t"s‘f“ﬂ‘ﬂ%&f_i ' m

Wi th Tower incl Ui oFih subbthdds 100 WNere iSik desifed 1d Remithe fifsneleerade 10Be oxi de
can be controlled through the application of a controlled voltage. For

exanpl e, usilfg oA layer of eondnetinsrmatenial iien denosiieren A CHOSEHROHBRESY oxi de, an
oBP! L vol {89 s ARPL LA kol Bl bl (virorcyD) s

removal of the mask and any overlying deposited material. Other methods of

depositing the first electrode will be apparent to those skilled in the art, such as

screen printing or other printing of conductive inks.

20 In Figure 1C, a dielectric layer 130 is formed containing a dielectric
material. For one embodiment, the dieleciric layer 130 contains a metal oxide,
such as tantalum oxide (Ta,0,). The metal oxide of one embodiment may be
formed by sputter depositing from a metal target to form a layer of the metal, and
anodizing the layer of the metal in a weak acid electrolyte to form the metal

25  oxide. For one embodiment, the weak acid electrolyte is an organic acid, e.g.,
citric acid, dilute non-aqueous solution of less than about 5% by weight. Such
weak acid electrolytes are expected to result in 2 film with lower inclusions and,
thus, lower stress. The thickness of the oxide can be controlled through the

application of a controlled voltage. For example, using a tantalum layer for the
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Remai ni ng non-oxi di zed netal in the dielectric layer 130 is not a g% W@
as, it iwll reside at the interface between the first electrode 12 W’e

di el ectrl 130 and thus not adversely affect the r

capaci tan 8°§¥'§§1 its conductivity. Through the use of a&f{{c{%@%’ﬁﬁsk 185,
the layer of netal, such as tantalum may be deposited by PVD in areas not
covered by the shadow mask 185. A shadow nmask 185 I s a mechani cal mask

pl aced on the bstrat 100 in cl a8 oxi to t & 6D strate 100,
to bl ock or ?u”%?t'é’gs W?erpgtaﬁ%’%% AR le% ‘%it(aﬁeo méﬂ“atgg gﬁ%‘"&‘—}ﬁbodi nent ,
the PVD processgesultigh thisksdebibf @hialn okide oﬁﬁfpm)&diam;tmfamgsthﬁﬁb sur faces
115, 120 of the substrate 100 such that dielectric _layer 130 is forned to

overlie a portiRgmaping panoxidized mgialin theidigegmc {gyer 1304s 50‘ %)‘ER“FFTBr’f‘Sé)‘f t he
second surface Jn@loresﬁé’ﬁttﬁé‘ﬂité}ﬁfce ﬁ%ﬂ‘&% Eﬁrli,rst iddrobe/ %Ctﬁéﬁre ec

sputtering, is carried out fromo Irst surface 115 o tﬁﬁe substrate
100 such that di38landthisaok ag«a’sellyeﬂ'facsthfemcsuhmgtcap@uande@vm ipoondamivay. t he

first surface 115, overlie a §CO d surface 120.
Al ternatively, rreﬁ}{f’ é}’a@} %‘é‘d% @d%bey]a%?’é’?fl’regﬁ V.3l ating or
phot ol i t hogr aph’aﬁtahﬁﬁ@x'fﬂ}'ﬁ}%ﬁom@ﬂ@y%ﬁﬁr@ﬁ roPcdvefedB3itAb sidbAeniak

anodi zation in a weak acid electrolyte. In enbadi nents using anodi zation

or simlar react8ve pliadewgnask 18§ ig bmhapwel Pr Rlecedion thespbstratg 300, ope
der | fi
underlying fi rsﬁlc%s@g‘c{ ﬁxjrggh THYstQfe 108! Gl-fl Io?gn%é%ka?eta% h dfé%sr%rom such

advant ageous to prot ose areas o elec
attack. Onel(ex amnbedesired uB@sona ppibpdmgeng thm“BVqurmacss Ismhms spuxteemgpsed

ot or a1 pr | or ABESISATLPAB T Ak 2B L b Byl D YD BN EREE cxanpl o

i ncl udes appl yi pgera; 3004 AIME8H td SV6Blie PPoriiBh Bf the Yiedt sﬁr@ﬂ:efl'ls%“@h%hmde 125
and selectively anodi zing only those portions of the bl anket |ayer of

metal that defipertiomef ﬁlatsmogdémémdﬂm of anpiher embodimente thedtVIp prassisng a
Pat L e ned POt O g8 Lo AL 8 LarEE U Sl A B hRRCE 113 bARe Bfbie 0 11

correspondi ng ne € pro I've fayer and any overlyin
material cold d bao fmhmdlcldcmcaldybrtmo&s foanedwdvasilien gosty@r ofahelfitht be appl i ed
to the first electrode 125 prior_to formation of the dielectric |ayer 130,
and t he surface 115, but not to overlie a portion of the second surface 120. Altematively,
a metal layer may be deposited by electrolytic plating or photolithographic
techniques, and converted to the metal oxide by anodization in a weak acid
electrolyte.
20 In embodiments using ancdization or similar reactive processes to form
the dielectric layer 130, the underlying first electrode 125 may be vulnerable to
attack. It may be advantageous to protect exposed areas of the first electrode 125
from such attack. One example includes applying 2 protective layer to exposed
portions of the first electrode 125, such as a patterned photoresist material, prior
25  to anodization of the dielectric layer 130. Another example includes applying a
blanket layer of metal over the first electrode 125 and selectively anodizing only
those portions of the blanket layer of metal that define the future dielectric layer
130, such as by using a pattemed photoresist material. Following conversion of

the metal to its corresponding metal oxide, the protective layer and any overlying
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adhesion | ayer could serve to protect exposed portions of the firstyg junomu
el,ectrode 125 during formation of the dielectric layer 130. In addition,

t he di el eWPOVs082/er 130 nmay be formed by RF sputtering frBET/USMBATSOSI t e
target of a dielectric material, or through reactive sputtering from
multiple elenental targets, w thout the need for anodization or other

oxi dation techniques. Metal organic CVD (MOCVD) and sol -gel techniques
have further beaaaterial could bd re¢modidr du aiditibmamadidsidn layirdeuldibelappliedtos. O her

techni ques of forming |ayver f dielegctric terial are kn bn the art
and can i ncl ude%gﬁﬁ‘gyﬂﬁe;gg&%h}?aﬁ%ﬁm&%ﬁﬂé&%ﬂ? @ﬁftlﬁeg?aﬁg&ée, ot her
di el ectric mat eradidsfon 167t cBeldukivieitd pebtidt ekpdsbEpomiohOoihe bt dicoBsdest 25
Exanpl es of other dielectric_materials include strontiumtitanate

(SrTi 03), bari urfufipg fermasion phthedielerdnie layer S0 onti um titanate (BaSrTi 03;
Bon ) ead o . : Ty o . .
), lead zigrconi um ?g&ig@g,glﬁé @Q@M&%&rqﬁ Inay He BBy ORF dlcthe B3 OF

zirconi um oxide (Zr2 orne sputtéring onposite
target or by MOG\dompoetitd tacget ekadigleetrid matena contbrosgh caantrensputieahg fioml ectri c

terial h il di.oxi d S 2),, sili itrid Si d
T T eon oxyni o' auplaielspRye) BeRelS Hihapt e e o SBndrrion °F pes pRkaf
conditions, espagitduss! hatal g{gt VDN (MOC YD) WhE 5ol GRPREANIGua HePRSthEd ON

technique. Organic substrates typically require processing tenperatures
bel ow about 250't@emhtilizedgodireasty forma masplagaiertielectapo Ptherdachsgueaiofues may

require opergi{ing tennerat L. f J r

exanpl e, manf/H ofgf'ﬂlggﬁr@fezﬁ%@?é&c%gﬁza%kﬁg‘gﬁ%wg@%gic@8(?(13@5 ant, such
as the titanat esind@isaissamdnad @D (PECVID) e Fartlidrpord, ethiprdialedtrie maeasdl i cat i on
or anneal i ng process subsequent to depogﬁiﬁii on ig order to ob ,%i n. their

maxi mum val ues ofandearibzed vith thearigns emeptimenis, Examplss ¢ .er;ff’ td9€es may

reach t enper at ur gl AANACBRA Eh ikl (OO B iRk RBa T thtbhe for

organic substrates. However, su ensitication processes wou
sui tabl e for substontitestitheard (BaSaTiG),gBET), leadpuceiumditanats (PbAnoe);; BADDh as

Coram ¢, SUSH S Syt ped PREQS ISR B AR RS HRRPL. g
of the first el egbmad@uipdsite G obby MOCYD. Gxither dxamplesiitludefmare copper
Bl eCtrode. Hoey e O e e T eal suth as Aficon dioxide (Si0;), silicon nitride
(SiN) and silicon oxynitride (SiO.N,).
The designer must consider the operating conditions, especially that of
20  temperature, when choosing a deposition technique. Organic substrates typically
require processing temperatures below about 250°C while some of the foregoing
deposition techniques may require operating temperatures in excess of about
550°C. As an example, many of the metal oxides having a high dielectnic
constant, such as the titanates discussed above, utilize a high-temperature
25  densification or annealing process subsequent to deposition in order to obtain
their maximum values of dielectric constant. Such densification processes may
reach temperatures of approximately 700-1,000°C and be unsuitable for organic
substrates. However, such densification processes would be suitable for

substrates having a higher temperature resistance, such as ceramic substrates. In
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advisable as it will generally roughen the copper surface and may ipgggg%ﬁg
defects in the subsequent dielectric |ayer. The dielectric layer 130 is
formed to overlie at least a first portion of the first electrode 125, the
first porwodwseR3the first el ectrode 125 being that porti SRVUHYRIT t he
sidewal I s 110. Furthernore, the dielectric layer 130 is forned to |eave a
~remaining portion of the via 105 unfilled. As shown in Figure 1 C, and as
previ ously described for one enbodinment, the dielectric |ayer 130 may
extend to over khge ambeaipitsts) adlickion of thetdicledtiic siateekktotthofist ¢i2graded2fyi ng a

ortion of the first surface 115. Such, second.porti o the fii

gl ectrode 125 nageyiherenhapcegippghhcopditioning Qfﬁg%?‘%{ ﬂ%“?gsg%a’ %t ?Sat(’:%éklzo.

Extensi on of NG, fHoel Sl o b B¥ffer LIARNE Hower, SRpRAREN aymoobe L he [ 1 st
v

el ectrode 125 provides certaln antages relating to separation of the

first el ectrode ati?hable asitavillgesearalliersughdnabe perpsr asfage prd pay sieductpar ent

bel ow. However, at | east ortion of .1 ﬂﬁexﬂ rst electrode 125 on the first
e

a 8 t diglectnic
surface 115 rendefRets AR MUY PREYE P&t ric 1ayer 130. In Figure ID, a
second el ectrode 135 i digietEe 14yer | 3kis fammidno ngerboatleast a fisst poionvifhe105 not

filled by the dielectric | ayer 130. The cand el ectr 1351 ornmed, in
one enboéi ment , fixpt ¢l¢¢trqdﬁd2g cﬁ&‘rﬁ?ﬁ’ioﬂ@?g'@rf?"?tc?ﬁccgf’aﬁ %e‘?ﬁlﬂg%ép({dl?rh a
conduct i ve past ey, figr, o8GRO BT ncrfe, RNHuEL:Y fuyBABICRs fomegned.

ectr o)

Al ternatively, ey’ ol ess plating l'owed by electrolytic plating of
nmetal , such as clep@ed rengining portis df fhervinHis i Asghowipir Hgwred G, agdas of

el ectropl ated netal over]yi he di el ectri

el ectrode 13% IPFEWP?Y@F%B@%%%Q{R“FW Oé&%ﬁéd eﬁ@é@%%ﬁ&%@m“fﬁﬁﬂ?\}g
general ly a holl 8\‘/&&@5E?t‘bh&'b@nﬁﬁfdfﬂfédirh)bléd&edeuﬂmmymgm‘pdrﬁmoféﬂmﬁrﬁt ng
portion of the via 105 |ef

conpl etely fill suréacedii ﬁ\'taﬂgsgéﬁsllréq?gwb%’ﬁ&lg ggémébgw 5 %%Sﬁrﬁ%%ﬂ he
oo con” aoBH R ) B ibaacigel o ol
known in the art seddhbgortivatofdetsfirsseledtrods 1 2mprpvigies GWQ(’GE@S‘?SH NgW¥r the
conduct | ve. mifor FeprRioMal B BRLIEBRELES BB 4 3e R aleckBas B ibecome 1 o
18010 o R o S et s 0y 5
surface 115 remains uncovered by the dielectric layer 930.
In Figure 1D, a second electrode 135 is formed in the remaining portion
of the via 105 not filled by the diclectric layer 130. The second electrode 135 is
20 formed, in one embodiment, by filling the remaining portion of the via 105 with
a conductive paste. For one embodiment, the conductive paste is cured.
Alternatively, electroless plating followed by electrolytic plating of
metal, such as copper, can be used for one embodiment to form a layer of
electroplated metal overlying the dielectric layer 130 as the second electrode
25 135. In this embodiment, the second electrode 135 will have generally a hollow
structure defined by the structure of the remaining portion of the via 105 left
unfilled by the dielectric layer 130, and may completely fill the remaining
portion of the via 105. Any portion of the via 105 unfilled by the resulting layer

of electroplated metai in this embodiment can be optionally filled, e.g., witha
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necessary, to provide separation of the first electrode 125 from the §sgmons
el,ectrode 1W®.01/50823 one enbodi nent, renoval of the excess portion of the
second electrode 135 includes chenical - mechani cal pl anari zRCTOHM/ENG to
physically abrade away the material. Renpbving the excess portion of the
second el ectrode 135 may include renoving a portion of the dielectric |ayer
130 overlying the Jli rst . SE'{gf ace 115 or the second surface 120. Wile it is
desired to maintdl i ar {"BRLS: & 15 kBevp ynthefart; shetinedtbads such laayrhy $Bfose

overlying the fi rdsscribed fBe@e kna®of of siface 120, in order to
reduce the Iikelihood of bridging or s ofﬁgticeﬁég‘}grgg?y\geﬁa?ﬂé"bﬂ‘?egtm@?@mrode

125 and the secorf®nEYLvemeaienal 3stheisecind ehmtrodelps inake reAitiREpERGE of (VI NY
t he excess porti | ectrode 135 may include Tenoving all
o s ISR TIRORY L SR 005

mat eri al overlying the secon 0. t hose portions of the

first electrdde 125, IldiRigwetlEj fn bHay&pokddh ke trode 135 . .
overlying the second surface 120 As Fshown iR %?gﬁ%e%%%rlég&fﬁp%?d’ﬂﬁe

excess portion of"tHETY s de Faaratienef teirstelectrode 2 5Raanhd @dogpr t i ONS

137 on the surfacfectbdé 185 f Férdne & 125, ver, any. such separated
portions 137 of the second el ect lr"?ﬁgﬁ’%ggT%W%Vahg?&gemﬁ&e?woagfm@ycme

separated from t Iféecedohdh mchdes dweical dechyniédd 8lathelatieh ECM}JR g&'d@[),f%ﬁy and

they do not inter ) the function of the first elect I n
Figure IF, a fir s%&rdﬁgmagp?en@amée epaymedhes gregtspontien dfthesecohd elisé tride

el ectrode 1230 t H85diayliacludé eerdoayay 256kh 0 ctrode 135 and
patterned to expOﬁﬁ a p%rtion of th?;(??cr,st e%gf?%er%g.%eagcfgggﬁﬁe@“%&?i%ﬁ of
the second el ectSPoths I P ierend sirfago] 201 Whide & if desirediol iRais@HPAedsPa t NE

exposed portion tdrend & I 125 apd_t he second el ectrode 135,
respectively. ‘let he c%%%%?g%g?&lg‘ﬂ%ﬁﬁggﬁgfsﬁsq%cﬁé@ aw] hesenondhe

. first surface 1] S8rfaas 120, imiagderdo réducothe Iﬂéliﬁ&H%fBﬁHﬁiﬂ%% g@bﬁ}fé&ée\l‘%ﬁ‘l }BgA

coupled to its r ' ctrode adjacent the sec ce
second insul at i ngﬁﬁ%‘%ﬁg%gf@dﬁ& Preand elgetradgil g it ismotmegized. sPitthermacie, t he

first insul atlbng rémyeng ifeQxceB $oRhio? iHAEE, S ortjon of contact
140 and a portion,of contact 1%2). The expoingcfle%%fg% ?nsa'B%% SETMAARE | S

coupl ed to a fi r &l MAmAhovenlying thesecond sutfaced 26, igr,ahidhd poRfnG Bt indlg 460, and

the exposed porticRegie 135 afelirGhyet 150 hia S2H Gt e 35 oe\(r:e(glr;rcijng the

second surface 120. As shown in Figure 1E, removal of the excess portion of the
second electrode 135 may leave separated portions 137 on the surface of the first
20 electrode 125. However, any such separated portions 137 of the second
electrode 135 are not a concern as they are separated from the second electrode
135 by the dielectric Jayer 130 and they do not interfere with the function of the
first electrode 125.
In Figure 1F, a first insulating layer 150 is formed overlying the first
25  electrode 125, the dielectric layer 130 and the second electrode 135, and
patterned to expose a portion of the first electrode 125 and a portion of the
second electrode 135. Contacts 140, 142 are formed to couple to the exposed
portions of the first electrode 125 and the second electrode 135, respectively.

While the contacts 140, 142 are both formed adjacent the first surface 115 in
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potential source, such as a supply potential V,, 165. Wile the resujyimg
sgl f- aligned coaxial capacitor 170 is adapted for decoupling or power
danpeni ng wampssgat i ons in this configuration, as previ ouspyrgssesifged, the
capacitor 170 can be used in any electronic device application. The

capaci tance of capacitor 170 can be estinmated using the followng formula .
(with reference to Figure 2): (err) where: ¢, = permttivity constant
(8.854 x 10-11 F = diglectri.c.constant of dielectric materjial r2 =

di stance fromt hg%é%ﬁgr‘mﬁf’r %{EC ggf}tﬁlinag‘ﬁ%%‘f fﬂ”@ijcpgo HREFSPEGIYE Cﬁé?‘é‘sﬁ rode

r, = radius of thga&ReRRAeInacEFALa20r A sechnd msulitingaRs 3 591ks fohfedli el ectric
layer) L = length of via in meters As the power and frequency requirenments
of i cr opr ocessoP¥eriyirg Wg sentacts j) engothe firy insulating layeelidnerd pasterneddoupl i ng
and power danpeni j NG I J e wth

t he foregoing en%%sﬁéﬁggk@m%lfﬁaﬁg%r%gtr)%ﬁ‘?g%gtéﬂgf) ggiﬁgaﬁfde?gﬁcgggg%gr such
application ofi i pertowef chinue\id0 js doapled to a ficst patential sawrog Iseot 4s\a grbund

m croprocessor packa ri with it an increasin nunber of vias, and
Chr ough hot es. i hPPlaTI A6 gre Surgml Rty aiBE EaL g RESaRe Batmsrat "o
nodem mi cr opr 0CepaRhtAA6HRE SudPs M\ssly?fﬁémi;?vgQ@s.mle%e@eﬁﬁﬁng’w&ﬂ: agi ng
150 min diameter (after plating) and 30 min fength as well as

appr oxi mat el y 206bzqsdapexiakdapaniigh 1 Fbisadapiod fos grenypimporpower damnetieg  (af t er

plating) and 800 mdn..lenath. Wdh h(F)}I . ad V) nd_t hroough

hol es coupl ed tgp?lhcé‘ms’%sp'%ﬁlglls 5°\r1'¥di gg“?%%ﬁﬁas &%ﬁ‘ﬁ‘ﬂ%’g"gﬁ%{é@?ﬁ%&‘eﬁ oﬁ?‘g, t hey
forma paralibel veapaintafyercwstic dévicd dpplicaiddi tive. The conbi ned

- capacitance for the mcroprocessaqr packaﬁe ca{)l be adjusted to any desired

val ue by controlling tihecenasitance of e2raptend{Qsan be gimgted using the fgllobang al | and

the number of Vi ggmhhi (Wigieff@ence to Figure 2):

15
where: € = permittivity constant (8.854 x 107 F/m)
g, = dielectric constant of diclectric material
r; = distance from the center of the coaxial structure to the first
electrode
20 r, = radius of the second electrede (1, - r, = thickness of the dielectric
layer)
L = length of via in meters

As the power and frequency requirements of microprocessors increase,
25  the capacitance requirements for decoupling and power dampening also increase.
A capacitor formed in accordance with the foregoing embodiments will

generally be grossly undersized for such application on its own. However, the
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capacitors. For exanple, using a tantalum oxide dielectric material h&JUkhai
a, dietectric constant of approximately 25 and a dielectric thickness of
appr oxi matW\PI80823 m jn all plated vias and pl ated t hrough REF&SEINDhI ned
capaci tance of approximately 3 p.F can be obtained for this exanple

m croprocessor package. As a further exanple, using a BST dielectric
material having a dielectric constant of approximtely 500, and a

di el ectric thi ckinersssind conagigxitxefmiceipyod@s0b pakiagest iregp vathd tan/inere asingl

approximately 0.30 minp the | at hr.o hol e a _conbi ned, capaci tance
of appr oxi mat el y““é'l’P':l":oE&ﬁ'_sB‘éd%%@?‘H&ﬁ‘?g%%gog%%ﬁ@gﬁg%ﬁso &Bor
package. Wil e thambl, agidesth RIRGHbIREIrpaclape iayardvé beer 10/008 hiatda Whs a
capacitor in a via having openings on both sides of a substrate, blind

vias extend onl yavepaging Hi0 ymamdigmgrer faftan platipgk and 36 yn ielength asedlegi ct an

enmbodi nrent of_. a coaxi.al | a.capacjtor . .forned in a ind via. B bsequent
f or ma!t i on of San %R?é?ixﬁ’?ll aﬁ&’“@fi&“ﬁhﬂ%‘ }goijcgsatg ?rlgglé',g 2? hg“b’ln?/chﬂn?}f:%(aﬁgrcongg a
buried via. The guighslandg60 Le inTBigRH.| With cabitloNk PRk s dmartiiongh heydd vi dual

| ayers are generally as provided Tabove with reference to Figures IA-IF.
Exceptions wi || ¢teipteditethe sipplyrand Zrowndpotentials ay descdosl aboive, tBSosniaends

through at least_o | ayer 302.0f supstra 300.. but does nat .extend

t hr ough t he subsP‘i’@?eéc !tm\?fs&n%ﬁ?tﬁ?se %ﬁhvﬁt teIExeac?mgmggga r?aﬁ"f‘né:flg?ngffm of the
substrate 300, eXe6prodesdér gaelad:‘gb can POLdjuaed to an@fldegiredaiaile W3 coflirblding the
conductive run 306, Layer 302 rra&&]reg_resent_ nore than one .| ayer of the

substrate 3080 Lfleleginsehickngss the gl g thepymaber 95 Kiag yidlizedaser of

the substrate 30 3 t;gg ' f 4 : r, 302 of
t he substrate 30 ?"a&%ﬁ‘& gé}t en gﬁ%’ 9%*?2% rst Déﬂ%fdéégﬁéiéa%ﬁﬁglti%@u strate
300 to a second digiccaivecof@ant offappriorimsaitly 26 atd a 8lectridtbicknessof sur f ace 315

extends outwardly fromthe_sidewal]|s 10. The. second rface 320 extends
inwardly fromt h_épEP’él'&%‘?qY Q:lﬁ@:’"‘l};ﬁla Bnasiagdf’l?ﬁ?e‘g"ﬁ“ﬁﬁ °l!‘?ﬁﬁrfé’m%ﬂf(§m- in

the art for forMiRcfinceRe R Gxilridy 5 Eth 8L Sotainkd S Sxirfiple ude | aser

drilling and nmechani ca I ng. r purposes of this description, the
second surfadé 3aticropidcedser packagene’s £ furtber exainpleansingh BETplieledric matdoakbver |

Formaton techni ques. U9edd Lt heR Ry S50 1int o FeaRE 80 ess o

approximately 0.05 pm in the plated vias and approximately 0.30 pm in the

plated through holes, a combined capacitance of approximately 34 puF can be
obtained for this example microprocessor package.

20 While the foregoing embodiments described the formation of a capacitor
in a via having openings on both sides of a substrate, blind vias extend only
partially through a substrate. Figures 3A-3F depict an embodiment of a coaxial
via capacitor formed in a blind via. By subsequent formation of an overlying
layer of the substrate, the blind via becomes a buried via. The guidelines for

25 materials and methods of forming individual layers are generally as provided
above with reference to Figures 1A-1F. Exceptions will be noted.

Figure 3A depicts a via 305. Via 305 extends through at least one layer
302 of a substrate 300, but does not extend through the substrate 300. Via 305

terminates at a second layer 304 of the substrate 300, exposing at least a portion
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surface 320 that is non-planar, such as concave or conical. In Figdﬁ%JBBﬂma
fi,rst electrode 325 is forned overlying the sidewalls 310 and the second
surface 3%0@deos2one enbodi nent. For anot her enbodi nent, tReTusdrs176

el ectrode 325 is formed overlying the sidewalls 310, but |eaving exposed a
portion of the second surface 320. Such an enbodi nent may be obtai ned by
formng the first electrode 325 prior to lamnation of the |ayers 302 and
304. The fi rStofeiﬁgfaf%hgi?c%n{iwtfv@?ﬁn%QQ?&mrﬂéﬁ%ﬂeé‘erﬁfmdr@ﬁﬁﬁoﬁe por tion
of the first surface 315. The tfirst electrode 325 i's generally formed as
part of the st hycrofdhpsubseate 309 Likewisor ayargOA maygeigo®nt marethan oe of vi a
305, the first ,ele ode 325_1Ls generally used to connect circuitry on the
first surface S?gmﬁgaﬁ%ﬁﬁﬁﬁ%FPgaboupled to conductive run 306. In addition,

or in the alternatiVv¥ia 30%haskideshallel 5; defastd by 2he 1angt 302 off #RtbubsraORNECL
circuitry on_the first surface 315 to__circuitry an various internediate

| ayers between #Hbextendsdragmp figs surfacs 3&1518&%@@@3@@8‘)%?F%F@Bdé‘?@acﬁﬁ?%ugh
addi ti onal CO“dHFﬁéE;é@b{dé&%ooF%e%ﬁ SBARQM 5% iends 6ﬁﬁmﬁi)g%%m%@§3e"\mlg 325

cont ai ns copper ( Figure a dielectric layer is forme

cont ai ni ng a di 81@cThe secombsurfacaB20 Sitendd iimvadlyfrom thapslewaB931G Yerfed to
overlie at |east first portipn of. the first .electrode 325 ,the first
portion of the 1§ ﬁ@%We%‘F‘?’B&E%%“ H’e‘i’ﬁ@nlf?{ﬁnmng %Wf%mvﬁ%lhf%%he

si dewal I's 310. Eua;h?e& [hele 1L dANink A6d ficthahYEdrIBRY) For pudsosedbf thie | eave a
remai ning portion of the via 305 unfilled. As shown in Figure 3C, the

di el ectric [1fyedesgptionhesecentisurtace 32} wilkbepresmed do besubisiantighy plagars i r st
el ectrode 325 ggﬁ i i LS GEsubdin- nsi on of
the dielectric %}%c&w’ gglgietc} gu%eug{:)&]nﬁ %gét{ag?ygéa@t Ese flﬁras%qectrode
325 provi des cestdice 320k ismpesplasdrasuchgs ¢comcpepacaticaln of the first
el ectrode 325 from a_subsequent. el ectr.o as. W ll beco appar en el ow.
However, at |east a 6’6#{3“5‘?1 a@ﬁbelﬁ%ogf gs%lsiﬁﬂe&?é’e%&‘gg?ﬁ 5‘%«3"“&%‘?
surface 315 remaphitheBEshitsupicdy20 R ot @hiRAihdt. FevmbthePdBbodimentyie
enbodi nment, the dielectric |ayer 330 may be forrred%ltrquibg‘(g]‘ physi cal vapor

\ e

deposi tion did dustielrstrods 325 isHemess avaBxing 8% sidewgls? a0BY exposd .
reference to Fi qufgn'srinéldeGid'@irface 5 KR h Srmbbdibeftm&) HEbbngd 67t 11 ©

forming the first electrode 325 prior to lamination of the layers 302 and 304.

The first electrode 325 further extends to overlie at least a portion of the
first surface 315. The first electrode 325 is generally formed as part of the
20  standard processing for forming a via 305. In the use of via 305, the first
electrode 325 is generally used to connect circuitry on the first surface 315 to
circuitry coupled to conductive run 306. In addition, or in the altemative, the
first electrode 325 may be used to connect circuitry on the first surface 315 to
circuitry on various intermediate layers between the first surface 315 and the
25  second surface 320 through additional conductive runs. For one embodiment,
the first electrode 325 contains copper (Cu).
In Figure 3C, a dielectric layer 330 is formed containing a dielectric
material. The dielectric layer 330 is formed to overlie at least a first portion of
the first electrode 325, the first portion of the first electrode 325 being that
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materials and their deposition techniques as described above with r e} BriH W

tg the dielectric layer 130. In Figure 3D, a second electrode 335 is
formed in MYROIYIER ning portion of the via 305 not filled PSTUSM33176
dielectric layer 330. The second el ectrode 335 is forned, in one

enbodi nent, by filling the remaining portion of the via 305 with a
conductive paste. For one enbodi nent, the conductive paste is cured.

Al ternatively, elmrtiomnviabs th stewalsi3a0] Puaherpre tiecdielotnit 15epd AT is fenfel
netal, such as co pfer, can be used fcgfr one grrbo iment to forma | ayer of
el ectropl at ed rrettgl °3Y§ B PHPREROEIQN ) the Yip 305 patiiled. Fapshownin Kiguee 3ndhe

el ectrode 335. | nditiBktfic e4yRPSH0TRR pxtElg@tt;)S:ﬁf‘éﬁﬁq LL&fd SRS @%Q%Msk bielfoce

generally a hollow structure detfine y the structure o e remal ni ng
portion of the vi¥530%riyagn portidr ofitheifitsysurfaee 3l o Bxtensian ¢fahedieR80ic laged nay

conpletely fild t I_ni FL 0, e Vvi.a.305. ortion of the
via 305 unfill’ed %& bt Jectite pitiqn atthe fyst eiop? 3%? Bioyite B | 0 o s
enbodi ment can beadvphtagaatlaing iol depstaticn 6 the Rist Hledtrode28 Hokn ¥ ksl as | s

known in the art. Other nethods, such as many of those described with
reference to the FIEFTPSERSHIIbPecOms apparent hejquy i Hopever.m leastapasionefathie fitsd f or m

a conductive nmat efbdHod@sath “%ﬁmﬂg“ﬁ rede: | .0l ortion
of the via 305 left un?i Ffeg y the %ﬁ%c‘?&%géﬁgideﬁe@ggLﬁggﬁie&r?ggizygeﬁre 3E,
an excess portion3ik Hdreneembedimeht therdiclectB@hyers3 30anmycforméd ushggessary, to
provi de separgtion of the first..el ectrode.325 fromth cond el ectrode
535" For “one. Rrbotaisat VPobApaiion AR iy BLa shifiit mark BB Sresbedaree

el ectrode 335 i NCiiiH esfereh@to RgurdBChAictiite dhbYARhERANEHIPR JifdVRleidctc

physi cal |y abrade away the material. Renoving the excess portion of the

second el ect rode MatsHalsand thein depesitiemiscinigpes apdasenbed abbve With défelenct i ¢
| ayer 330 overlyi . | urface 315. Wiile it is desired to maintain
at least a porti oﬂlggﬁé?f&#éé %?éerl 1e'%?t ric layer 330 overlying the first surface

315, in order to reduch Figerel3lkalstdvndeleofroddB35dgiormed in hboerhiingg peitisaen t he
et et ofle 325300 130 RARRIN B SEALRITaTs oL b s ek Eede i e
335 may |eave sepajme8inRAé bnBAEm3A! b AlilrdqhSieidaffify PrtibASF the via 305 with
a conductive paste. For one embodiment, the conductive paste is cured.
Alternatively, electroless plating followed by electrolytic plating of
metal, such as copper, can be used for one embodiment to form a layer of
20 electroplated metal overlying the dielectric layer 330 as the second electrode
335. In this embodiment, the second electrode 335 will have generally a hollow
structure defined by the structure of the remaining portion of the via 305 left
unfilled by the dielectric layer 330, and may completely fill the remaining
portion of the via 305. Any portion of the via 305 unfilled by the resuiting layer
25  of electroplated metal in this embodiment can be optionally filled, e.g., with a
polymer via plug, as is known in the art. Other methods, such as many of those
described with reference to the formation of the first electrode 125, can be used
to form a conductive material as the second electrode 335 in the remaining

portion of the via 305 left unfilled by the dielectric layer 330.
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first electrode 325. However, any such separated portions 337 of tg% ﬁﬂfﬂmp
el.ectrode 335 are not a concern as they are separated fromthe second

el ectrodewOd8508y t he dielectric layer 330 and they do noRCHHSMW3BESe with
the function of the first electrode 325. In Figure 3F, a first insulating
| ayer 350 is fornmed overlying the first electrode 325, the dielectric

| ayer 330 and the second el ectrode 335, and patterned to expose a portion

f the first elect . i .
0 e first elec rog;??%ra%e %i]%@x&% Férﬁ@n%?dk@&on&@ﬁ@t%ﬂceﬁg% et ed 3B

Contacts 340, 342 ar to couple to the exposed portions of the first
el ectrode 325 amecesteey,3epnrvillesiepaatiatef tBe8rst cleeide 329 &ofn the §grondi n t he

contacts 340, 342 ar t Q. f or ned, adj acent ' second
i nsul ating | ayere%eﬁgg&l é%f ?Pﬁgae a0Re ‘bﬁerrlltgrﬁ%ﬁ%ﬂ*%%{cgégfb?&g%%ﬂg?%@?%e
first insulatingldcayes 33350cluacdhpmidabhieehanical plunoizatien ((MP) torphgsicabnt act
340 and a portion of contact 342. The exposed portlor} of cor(lj;eict 340 S
coupl ed to a5fi rabradpawantheanateraly 3@‘,"°§l§’(¥ﬁ€%§:"°§ssé’f’ﬁlﬂ’?c? Ot ERFCAWEE  and

. the exposed port{;q uag,fwﬁew&%w{g%arﬁoﬁemkaﬂlekﬁcaa,&egwavd@@s@mmst

source, such as ‘a“supp potential”™ Vtt 365. Wiile the resulting
sel f-al i gned coaxifate 3apFhileoit is3WBiredsto raainiainead ldasira pasderuef thedielsctrisovner

danpeni ng applicatiqQns in, thi figuraf.i.on, as A ri bed,
t he capacitor 37‘6“6%38 B%erm%%ieﬁior%ﬁ g c(’e%t(,lt5 r’grﬂr%rtel\'/eﬁlécge thgg%%]?ﬁggﬁﬁgn.
Vari ous enbodi meg{dindf orGRéringbeteap tic! fikSeléotod®R S andvthadechal/ cedmea

descri bed. The various enbodinents are self-aligned i(g_ t hat the ocglecgj ng
defi ni ng t helGsechifditas et reqyaned; Asshopen imFigwe 3E. empvalidhs sreeiPofan ¢y the

nature of the dﬁ'ggééoa'jtj ORcRdde A8 fﬁ%}f‘?ﬁ"g?"?ﬁé‘é?g&“a%ﬁ‘ﬁ“ﬁeg“’m" bamer s.

This self-aligni nature disting oregoi ng_enbodi ments from
capaci tors for meflrst elesticas 32fis Howewverpanycsask separafad|portiogs 33pphthegespnd with a

dielectric material, subsequentl renovi ng a portion qf t ' ric

material by dril Flmdﬁﬁggﬁ’g’rﬂ%ﬁcgmﬁ*g?%%ea?p%ﬁé%d[%%%ﬁaﬁe‘goﬁda lgck%ﬁ%

formng the Secoaﬁkg@.@nﬁ@&%é Rydr A0 200 &¥y#8 noTRrfe) With Bleifgneidnoferei al
e

capacitor requires wer process stages in many applications as it can be
used to form#$hofissaeldstraste 333paci t ors si nul t aneously, whereas drilling an

Chan about 20 at a {IrEEraE LR b ok BRI R 1D e
wi th thinner electrode 325, the dielectric layer 330 and the second electrode 335, and
patterned to expose a portion of the first electrode 325 and a portion of the
second electrode 335. Contacts 340, 342 are formed to couple to the exposed
26 portions of the first electrode 325 and the second electrode 335, respectively,
wherein the contacts 340, 342 are both formed adjacent the first surface 315. A
second insulating layer 355 is formed overlying the contacts 340, 342 and the
first insulating layer 350, and patterned to expose a portion of contact 340 and a
portion of contact 342. The exposed portion of contact 340 is coupled to a first
25  potential source, such as a ground potential 360, and the exposed portion of
contact 342 is coupled to a second potential source, such as a supply
potential V_ 365. While the resulting self-aligned coaxial capacitor 370 1s

adapted for decoupling or power dampening applications in this configuration, as
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dielectric layers, thereby permtting higher |evels of capacitance fiof JoN 2004
gi:ven via dianeter. The deposition techni ques described herein further
permt ror YQYMEB| over the ultinmate thickness of the di #oFaiseis3rayer
thus permtting greater degrees of freedomin the design of the integrated
circuit. Because the second el ectrode of the various enbodi nents tends to
be nore centered than is practical with openings drilled in a dielectric

material, reduceprepivasiguisscribed.ahé tipayitdr37peasbdied imbiycheddonfgevicer tighter
desi gn tol erances End resulting gains in performance and reliability.
Regi stration acc | aser or nmechanical drilling is current I y on the

order of approxi nﬁte'Vaﬁ&xs@mB&ﬂHﬁeﬂt& oF édaﬂﬁl &stﬁcﬁyr@fo?ﬂe& inCWE%‘l'x to no
| ess than about 20 pm Accordingly, the self-aligned coaxia capamtors of

t he various embodéseabads %m&mﬁh@%wtﬁmﬁﬁbeﬂmhmm tlmmtehmgor der of

one to two o der d ac drilling an
opening in a Sdl e?@?%g]a% e&h h@(ﬁﬁg@?’ gﬁ‘iﬂtg? agy %ﬁ@at\}r&rq fous
embodi nents are swcrepahmi@romeﬁmeled@mmaldmmap&werm@mengxﬁ
applications. For such applicati ons it is general ly expected that a

plurality of coaRMfe depmguisheyibe f Fegeine FObRsIERE fiom eaRacitorniomsetitaviasni | | be
coupl ed in paral Lghe apr&egeafﬁlﬁnf&ma \ﬁewwﬁh%%écﬁgcﬂgg%ﬁ{ur AosefiBRAP! ! ance-

By formng the capacitors in vias stant al ona strate

real estate, i.eremeung apmlaneﬁmmdselecaqummdaledrﬂhngm syeadigf thiouelttedi ment s
have been il I

stra descrj rein,,it w,l reciated by
those of ordi ar§3ll leigﬁ-rclm? Hghan {mﬂg e%Fﬁ?‘id?i?crt@%éWgﬁ't ﬂ%ﬁﬁ“@ ﬁg‘self‘
cal cul ated. to achiigia colbalSRAPECiRHFRAREs M¥r HBcEY Etﬁgésttﬂh?aﬁy a{;ﬂ'icaﬁ&ﬁ‘s afecific
enbodi ments shown. Many adaptations of the invention will be apparent to

those of ordi nar yanhs pseditnfarmethonsands/of capagitar|simultaneenslyp pheras dwlfing en 10
et L0 €Ok AL SRS R SR Bl R |1
clainms and . equi wbdwe2Dsit 4 hiaree Ghe self-aligdelfSoaxial capacitor can be fonned with thinner
15  dielectric layers, thereby permitting higher levels of capacitance for a given via
diameter. The deposition techniques described herein further permit more control
over the ultimate thickness of the dielectric layer, thus permitting greater degrees
of freedom in the design of the integrated circuit. Because the second electrode
of the various embodiments tends to be more centered than is practical with
20  openings driiled in a dielectric material, reduced process variability is possible
which allows for tighter design tolerances and resulting gains in performance and
reliability. Registration accuracy of laser or mechanical drilling is currently on
the order of approximately 20 pm, thus limiting the dielectric thickness to no
less than about 20 pm. Accordingly, the self-aligned coaxial capacitors of the
25  various embodiments are capable of inductance vaiues on the order of one to two
orders of magnitude less than capacitors formed by drilling an opening in a
dielectric material.
The coaxial capactitors of the vanous embodiments are suited for use in

decoupiing and power dampening applications. For such applications, it is
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1. A capacitor, conprising: a via having sidewalls defined by a su?%tjﬁtﬁﬂa
and extendi ng froma first surface of the substrate to a second surface of
t he subst W@M/508Berein the first surface extends outwar dPETUSNINNE
sidewalls; a first electrode overlying the sidewalls of the via and at

| east a portion of. the first surface of the substrate; a dielectric |ayer -
formed to overlie at least a first portion of the first electrode and to

| eave a remaini Q@eﬂmrytdxﬁ&t&lfthﬁtfbe%l\ﬂaﬁt)bkb'ffdohh@ﬁhap&mfsebﬂcﬂlhﬁnﬁdrﬁlgtm gertion of
the first electrode is with e sidewal l's; and . a second el ectrode forned
in the remaini n@"oﬂﬁﬁ“ﬁ a¥ill e conpled nparallshin erden tg ashigveithgdesied ava of 2 The
capaci tor of cl l; er and the
dielectric | aye?dpg(b)nprl se tan{lgﬁlﬁ%h%a% K lﬁg;ag%ﬁetﬁgggggé?g?lﬁg claim1l,
wherein the di ek@sﬁaﬂemed]agme lta.grmtfemcarmnd ieguired. second portion of the

first electrode over | th ur 4. .The cagpaci.tor. of claim1l,
further conptising: l%‘?'?@t ‘@81&‘515 V?Beef'ﬂll sﬁflﬁﬁgt&“‘gfi‘?gﬂ’g{ie and to a
first potential h&e! ﬁ%n%@dpﬁre&e&aw tERB bABHirkPL NI th the aft it ag¢ ond

el ectrode and to a second potential source. 5. The capacitor of claiml,

wher ei n the subswrangementwhich escqawlatwmamévgﬁhsaﬁne PYRescIR3RE substintedr gani c
substrate and agaefa lﬁ%%%%gﬁﬁe%m sh§ 9%8@;5‘1&53% o?&e%lwaeh{l%&w;ﬂ“’ﬁgfe' ”

the substrate conpri S nore an one capacitor, conpri si a

vi a havi ng si deupﬁdra:td@ﬂiosteddmnan&kﬂsmrthémaﬁdcomdmgyphhrsgapﬁhmmals‘| rst
surface of he s trate to a@econd surf.ace of, .t he substlrtate, . ?I’EI n the

First surtadb oREHIES © BuichAPAHFPRAGH THEn e s A Hednvention. 1t anifes
1ntended that this invention be limited only by the following claims and

equivalents thereof.

17



a first electrode overlying the sidewalls of the via and at | east awpggﬁmk
of, the. first and second surfaces of the substrate; a dielectric |ayer
deposited to overlie at least a first portion of the first electrode and
to | eave a remaining portion of the via unfilled, wherein the first portion
of the fiQIsAIMS!| ectrode is within the sidewalls; and a second el ectrode
formed in the remaining portion of the via, conpletely filling the via. 8.
The capacitor of claim7, wherein the second surface of the substrate

ext ends joutway 1.0 .sj.dewal | s. 9. The capacitor of claim?7,

wher ein tlhe \él\?‘efggg%liclﬁtéqngé}grl@'urther overlies a second portion of the
first el ectrodeinbavihysidgwallreddéfined thysasubsicate and Oxtendiog fmoi a birst sudagsrofsi ng:
a via hayjng .sidewal |l s defined b ubstrate and .extendi froma fjrst
surface 8t g‘f‘?’fératfuf?sf‘r %ﬁcgn‘i &“ga%%(?gﬁ SHPsTAL, ‘?aﬁli‘er‘flﬂe&gufg@{]gﬁ?‘ e Wﬁ%‘?d& n the
first Subﬁﬁ%dl?ﬁcﬂﬂdﬁsi&'ﬁa‘n@;r dly fromthe sidewalls and the second surface
extends inwardly fromthe sidewalls; a first electrode overlying the

si dewal | s of aHustslectzndd oxerlyingthe sidgyealisiodtheoyiaand af lepgita pastien sbesibst
surfaces of. the substrate; a dielectric |ayer overlying at |least a first
portion S‘Frf?cﬁé’?#fer%‘t%s%%%’ctrode, wherein the first portion of the first

el ectrode ext griddedtriotayeh orfed 36 oSeHit A€ Rabtn fikepstiond tisafifsaeRctradetand
wherein formation of the dielectric |layer |eaves a portion of the vj

a
unfi | | edtenileaye remaippgaporien &f she vidpniiled; yheagia the dirstcportion of the dirgt
second el Yeld telhy filling the portion of the via left
unfill edegg&g%ﬁg‘%ﬁlé egtsﬁ%c lg’yag#l. 11. A nethod of form ng a capacitor,
conpri sing: farswteag deftrodetfomhat i tdaemaining pordoh yoif nke siadewvapleelofillmgvi a
and at least a portion of a first surface of a substrate, wherein the
si dewal | $h%o¥iathe via are defined by a portion of the substrate extending
fromthe first surface of the substrate to a second surface of the
substrate, and wherein the first surface extends outwardly fromthe
si dewal | g; The capacitor of claim 1, wherein the first electrode comprises copper and the

dielectric layer comprises tantalum oxide.

3. The capacitor of claim 1, wherein the dielectric layer further overlies a second

portion of the first electrode overlying the first surface.

4, The capacitor of claim 1, further comprising:
a first contact coupled to the first electrode and to a first potential source; and

a second contact coupled to the second electrode and to a second potential source.

5. The capacitor of claim 1, wherein the substrate is selected from the group

consisting of an organic substrate and a ceramic substrate.
6. The capacitor of claim 1, wherein the substrate comprises more than one layer.

7. A capacitor, comprising:
a via having sidewalls defined by a substrate and extending from a first surface of
the substrate to a second surface of the substrate, wherein the first surface extends

outwardly from the sidewalls;
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formng a dielectric |ayer overlying at least a first portion of t hb8rJUNSR0L
el,ectrode |ayer while leaving a portion of the via unfilled, wherein the
first portion of the first electrode layer is within the sidewalls; and
form ng a second el ectrode, wherein form ng the second el ectrode conpri ses
form ng a conduirbt alectrvdt @vedying thet dideviubls tof e vib ahdhat lebst o mirtiomnf thelfest by
the dielectric layer, conpletely filling the via. 12. The nethod of claim
11, V\herépﬁsefcéﬁﬁlrﬁw&cﬁsf’f%ﬁ“@"é@brode layer further conprises formng a

layer of COppErdleleJtﬁc 13}%‘? d?@&ékgéi 18 TovEhi@! dndabs a‘mﬁrﬁdrporf BF MeN@rsPeldb®dRCL i C

| ayer further conp rmn ayer of netal overlying at |east a
first pomhd mlerafze hhemﬁmmg p@hentotf dnkevﬂaaméﬂledmh@eme:hwfm pertpoy of ba fokt t he
via unfil]ed, wherein the fi st ortion of the first electrode |ayer is
withinth C@?%’\ﬁé‘fﬁ’é“ theside ng the layer of netal, thereby formng the

di el ectric | ayeeondldect'dde ﬂaﬁhapih e lelnaimglﬂomM%&"%@va‘aoe&mﬁgte@y gilpigectric

| ayer further conprises: sputtering a |ayer of netal overliying at |éast a
first pothdwoa of the first electrode |ayer while |eaving a portion of the
via unfilled, wherein the first portion of the first electrode |layer is
within the sidewalls; and anodizing the |layer of netal in a weak acid

el ectrol gte, tiner@Bycifdr d8int 17e wiitkh QB¢ skoniadieface of the Thisstiaet Baendyf
claim 14, wherein the weak acid el ectrolyte conprises an organic acid

di | ute nontvqdlzdiem thsisidevslls. 16. The method of claim 15, wherein the
organi c acid dilute non-aqueous solution is a non-aqueous sol ution of
citric acid of less than about 5% by weight. 17. The nethod of claim 11,
wher ei n Bor m Mhe aapasiRndfajlgat 7od@efeilt theedicleomier lagasfurther overlies a second

portion of the first electrode overlying the first surface.

10. A capacitor, comprising:

a via having sidewalls defined by a substrate and extending from a first surface of
the substrate to a second surface of the substrate, wherein the first surface extends
outwardly from the sidewalls and the second surface extends inwardly from the sidewalls;

a first electrode overlying the sidewalls of the via and at least a portion of the first
and second surfaces of the substrate;

a dielectric layer overlying at least a first portion of the first electrode, wherein the
first portion of the first electrode extends from the first surface to the second surface, and
wherein formation of the dielectric layer leaves a portion of the via unfilled without
removal of a portion of the dielectric layer; and

a second electrode formed completely filling the portion of the via left unfilled by

the dielectric layer.

11. A method of forming a capacitor, comprising:

forming a first electrode layer overlying sidewalls of a via and at least a portion of
a first surface of a substrate, wherein the sidewalls of the via are defined by a portion of
the substrate extending from the first surface of the substrate to a second surface of the

substrate, and wherein the first surface extends outwardly from the sidewalls;
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filling the portion of the via left unfilled by the dielectric Iayer Wi /¥ 40 -
conductive paste. 18. The nethod of claim 1ll, wherein formng a second

el ectrode further conprises renoving excess naterial to separate the first

el ectrode fromthe second el ectrode. 19. The nmet hod of claim 18, wherein
renovi ng excesening er dialectrier lapear ovedyngi ®csast raefiy ipngioa @fothei fost electrdite

dielectric layer. 20. A netho f form a capacitaor, comprisi .~ f.ormng
a first @Yébt%lﬂelef“&?%ra B‘?}EPPﬁ%ﬁ eé’l‘%lé’\‘/r{ﬁﬁg% wher n\f}lﬁqﬁﬁtdp‘ﬁ%gP é’is'ﬁgéhf)tort i on
of afig Etrgagdlgggﬁfggm%ﬁygﬁgwgﬂgaﬁ@d a second surface of the substrate,

e SO

wherein the si the via are defined by a portion of the substrate
ext endi ng frodofieg fa setonducléctuelet ovhietsin fomgingdths useterk elegtradatsemprisest he

first f t end t Ly .f .t he. sid | S if ' a dielectri
ayer ovErPgihg careByE el egBrors B YRR pRLeT BT B Sk | ©
whi |l e | eqyinpRidly RAldeitR@vRf the via unfilled, wherein the first portion of

the first electrode layer is within the sidewalls; and form ng a second
el ectrode, wherein formng the second el ectrode conprises formng a

conduct g st kot 5P BB Bl Sndby o s

capaci t ofernfi@gR1dyet #0coppex. M ng a first electrode layer overlying sidewalls
of a via and at least a portion of a first surface of a substrate and a

second surface of the substrate, wherein the sidewalls of the via are
defi ned a peLti u b i r febsbrisyr face to
t he secgﬁ'd sﬁ(r?l g%%&‘ﬁ%ﬁ%ﬁ'eﬁé?ﬁ%ﬁ |rlsg[e£]§i31r% é%g%d t ee se@gn "surface
ext end out war dbiyning adaget bEntadl evalyisg atfleasti fgstgpodie@ eftthe ificstlebegepdolager yi ng
at least a first portion of the first electrqde. |ayer ile_leaving, a
portion dfhikergavinga pertion eithe win ilfed, w@eﬁl}&e tst P%ﬂn\gfﬂ%ﬁnﬁfﬁ ??&‘Egde

el ectrodqa)Jeﬁ}g 'tﬂiﬁt}‘(@sticﬁ@ iishg,gi dewal | s; and form ng a second el ectrode
overlying ‘the dielectric layer and conpletely filling the via.

anodizing the layer of metal, thereby forming the dielectric layer.

14.  The method of claim 11, wherein forming a dielectric layer further compnses:
sputtering a layer of metal overlying at least a first portion of the first electrode
layer while leaving a portion of the via unfilled, wherein the first portion of the first
electrode layer is within the sidewalls; and
anodizing the layer of metal in a weak acid electrolyte, thereby forming the

dielectric layer.

15.  The method of claim 14, wherein the weak acid electrolyte comprises an organic

acid dilute non-aqueous solution.

16.  The method of claim 15, wherein the organic acid dilute non-aqueous solution is a

non-agueous solution of citric acid of less than about 5% by weight.

17.  The method of claim 11, wherein forming a second electrode further comprises

filling the portion of the via left unfilled by the dielectric layer with a conductive paste.

18.  The method of claim 11, wherein forming a second electrode further comprises
removing excess material to separate the first electrode from the second electrode.
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22. A nethod of formng a capacitor, conprising: formng a first el tr@g@
| ayer’ overlying sidewalls of a via, at least a portion of a first g@r# 04
of a substrate, and a second surface of the substrate, wherein the
sidewalls of the via are defined by a portion of the substrate extending
fromthe first surface to the second surface, and wherein the first

surface elﬁten%out rdly 1f.ro the si.dewal ls and the sefﬁ% surface

ext ends ifwar dbB§ PFORM (3feclainy dfn Wherein Teipyipg Fr5ess; BASHR CRYEPPLNEY | yi ng
at | east yanbiihgh pBRIdn AMhOdjcleb@iclliyes! €l ectrode layer while leaving a
portion of the via unfilled, wherein the first portion of the first

el ectrode layer is within the sidewalls; and form ng a second el ectrode,
wher ei n fzﬁr m E,g tg"e0 sgﬁond el ect rgde cor‘rHSf.i ses formng a conductive
material 2°n t KeMSHPHOSIOTEHNg R SRACKOT EPPPUNPS | | ed by the dielectric | ayer,
conpl etely fi lthinfiflg bITastiédléctrodd Jayer beerliBiidsidevodscifal vin aRd af leadtagiortion of

conprising: formng a first contact coupled to the first el ectrode; %gd
formng & ysowniaceofa substrateapd ageeandiieacsoighe sehstiatey wherein the sidawalls flod of

form ng capacit risi-ng: of ' ' I | yi ng
i dova) o PRckG; BfineE T pABH of W TRHaR codrting B WE RS ARKEE 9YR
subst r at gecankleudhde, hitewhe@dave ffisst Glirfadeextends autevaethy froaothbgidawpbis;t i on of

the substrate extending fromthe first surface_to a seco surface of the
substrate, andormyfgdedigleckic W?rs?"eém"fga%telreé%taeﬁffé PSSP ﬂg‘? fﬁl‘isbﬁfet:“%‘;e

si deval | g, eflvﬁﬁfer Qhﬁihkgﬁbbﬁﬁ?ﬂlﬁﬂhggvig unfiYEd, RhersRCARAiREp&HioR L1t M8 firkt St
netal see ayer, there ormng a first el ectrode; depositing a | ayer of
t hi rd netebdctrodelalygr ingvithin theagkewallf;iandt portion of the first el ectrode

while leaving a portion of the vjia unfi.lled, .wherein the first portion of
the first el [ e ,eanod hird

dorigach Fecad fieFiradse RadRaTingo s ares PR S orrofs B REEeY
metal, t !fsmﬁg af Bhidie IndliiPd] 85 tHe FortictY 6F the Mid lehnefizieddl ehehiticeiR gt i on
of the via left unfilled by the layer of third netal with a conductive

past e, tlempheely dillmgihe xiasecond el ectrode; and renovi ng excess conductive
paste to separate the second el ectrode fromthe first

21. A method of forming a capacitor, comprising:

forming a first electrode layer overlying sidewalls of a via and at least a portion of
a first surface of a substrate and a second surface of the substrate, wherein the sidewalls of
the via are defined by a portion of the substrate extending from the first surface to the
second surface, and wherein the first surface and the second surface extend outwardly
from the sidewalls;

forming a dielectric layer overlying at least a first portion of the first electrode
layer while leaving a portion of the via unfilled, wherein the first portion of the first
electrode layer is within the sidewalls; and

forming a second electrode overlying the dielectric layer and completely filling the

via.

22. A method of forming a capacitor, comprising:

forming a first electrode layer overlying sidewalls of a via, at least a portion of a
first surface of a substrate, and a second surface of the substrate, wherein the sidewalls of
the via are defined by a portion of the substrate extending from the first surface to the
second surface, and wherein the first surface extends outwardly from the sidewalls and the
second surface extends inwardly from the sidewalls;
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el ectrode. 25. The nethod of claim 24, wherein the first netal seed | ayer
and the first electrode further overlie at |east a portion of the decdtllll
surface of the substrate. 26. The nethod of claim?25, wherein the second
surface of the substrate extends outwardly fromthe sidewalls. 27. A

met hod of f or famgng acdipkeiricolayercoveplyingi atgleast afﬁrsm'pngiom clothpefirss eledirodey er

overlying sidewalls of a via and, at .| ea ortio a first ce of
a subst rg‘? ver Winler leaving Rep@tige ) the via ”Pﬁ@ ‘ﬁ"gheé?lé ‘gﬁf irifeROTtigR T tgf“t o gtn
t he subgerc%% l\%ﬁérqg‘wlﬂﬂﬂlt&k@ﬁ'eWES fhgst surface to a second surface of the

Substrate erein first 'surface extends outwardly fromthe

si dewal | s; el datming ya |setajnﬂyelp¢tatdengvlard1myfennmg &Jgpqygond)mlqcﬁgdq;@pp;@rlsgeed

| ayer, t ereb for i rst el ectrod of . t al um
over | yi ndoZin @ég{‘gn‘é?t‘g?%e%?’f thspogiion ?1@1113 a@?’ﬁ @?‘? gﬁ ‘\%ﬁlefzt@'c lg%&/l ng a
portion ngb%lyﬁﬁlﬂgqhéuaed wherein the first portion of the first

el ectrode is hin the sidewalls; anodizing the |ayer of tantalum

t hereby form ng a t ant al um oxi de di el ectrl c layer; filling conpletely the
portion nf| b er of third netal with a
conduct i éé t‘\"éi%fbcyal%# in %cérg ns‘ é/el ectrode; and renoving excess

conductive pa%mhgasﬁemw{aetdohgleae@aﬁcﬁreﬂ@mod&anﬂromthe first
el ectrode. 28. A nethod of operati ng an el ectroni ¢ device, conprising:
0

coupling to afeinisg asesondcpatactcoppled to thesgendddectigfe.cach of a plurality of
self-aligned coaxial capacitors forned in one of a plurality of vias of a
substrate supporting the electronic device with the first el ectrode

over | ayi iig. t hes gietdedalfferntfig b bepacitar, bawprigng di el ectric |ayer forned

ouerlying ol sact @ portof, ol b st SLectlofe, Lo PLULAL ol
B: uratit N fﬁréétg;ggfg?c?%!‘rias SBERhie\Whdteif IO AR Gia ol A&l b9fa ddion of
the substrate extending from the first surface to a second surface of the substrate, and
wherein the first surface extends outwardly from the sidewalls;
electrolytically plating a layer of second metal on the first metal seed layer, thereby
forming a first electrode;
depositing a layer of third metal overlying at least a first portion of the first
electrode while leaving a portion of the via unfilled, wherein the first portion of the first
electrode is within the sidewalls;
anodizing the layer of third metal, thereby forming a dielectric layer;
filling completely the portion of the via left unfilled by the layer of third metal with
a conductive paste, thereby forming a second electrode; and

removing excess conductive paste to separate the second electrode from the first

electrode.

25.  The method of claim 24, wherein the first metal seed layer and the first electrode
further overlie at least a portion of the second surface of the substrate.
26. The method of claim 25, wherein the second surface of the substrate extends

outwardly from the sidewalls.

27. A method of forming a capacitor, comprising:
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potential, wherein the second electrode is formed on the dielectric,|layer
anpretely filling the via. 29. An electronic device, conprising:TB;mN?Wi
first potential source; a second potential source; and at |east one
capacitor conprising: a via having sidewalls defined by a substrate and

extendi ng fromyihg El%bp}f)efrLééécﬁ!h?eﬂﬁveﬂbﬂxgsdimfaﬂlabéatv(ia andsatdenstla purtfonad aof t he
substrate, wherein the first surface extends outward fromthe si %%vval | s:
ortion

a first dirgcurfacteofoyambsipatagwhereingheisidawalls ¢ffthe pia ap deitprd byt a PSP ok
of the fi 65%%&33&&%%? Rbmtd {‘1?# Q&Jf#c@%tﬁg chcﬁld%hﬂ{a Sth€ shitwste, ARY Whekeino

overlie ar st™a St portion o ITst electrode and to | eave a
renai ni NghdoRfst siefacobxtehids otit@ardiyf fromebe sidbveallss n the first portion of the

first electrode is within the sidewalls; a second electrode, forngd in the

remai ni ng por efestobticalthepkiing ai‘B’F{bP FAPGT O ?l}el qoﬁﬁe&ﬁ?gg%yﬁf’%ger%xngofm&%t act

coupl ed tachrgt{%‘?e Jgst electrode and the first potential source; and a second
e

contact coup to the second el ectrode and the second potential source.
30. An el ect r aepesititeyh tayer aftaptalus nverlying dtileast a fiost @ortionl ofsbe fiess elestradec ond

potential source; and at |east. one.capacitor C [1SiNge . a Al |
o1 dowal | svialsrlea@E bpomionaidhs viednGHES SRR FT RIFE Pl pR b Ciaeuts
substr at g,y heSEERMsSUr face of the substrate, wherein the first surface
ext ends outwar (?I y fromthe sidewalls; a first el ectrode over|ying the
Si dfewal | s of tanedizing thethyer of] tantahumg theeetyi formipg a tantalupy gxide diglgcuicdpyse:
surfaces of g, 2UOSLEBRLR) the portion of the via left unfilled by the layer of third metal with
a conductive paste, thereby forming a second electrode; and
removing excess conductive paste to separate the second electrode from the first

electrode.

28. A method of operating an electronic device, comprising:

coupling to a first potential a first electrode for each of a plurality of self-aligned
coaxial capacitors formed in one of a plurality of vias of a substrate supporting the
electronic device with the first electrode overlaying the sidewalls of the via having a
dielectric layer formed overlying at least a portion of the first electrode, the plurality of
self-aligned coaxial capacitors in a one-to-one relationship to the plurality of vias; and

coupling a second electrode for each of the plurality of capacitors to a second
potential, wherein the second electrode is formed on the dielectric layer completely filling

the via.

29.  An electronic device, comprising:
a first potential source,
a second potential source; and
at least one capacitor comprising:

a via having sidewalls defined by a substrate and extending from a first
surface of the substrate to a second surface of the substrate, wherein the first
surface extends outwardly from the sidewalls;

a first electrode overlying the sidewalls of the via and at least a portion of
the first surface of the substrate;
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a dielectric layer overlying at least a first portion of the first 48 jun200
e_!"ect-r_ode, wherein the first portion of the first electrode is within the
si'dewal | s, and wherein formation of the dielectric |ayer |eaves a portion

of the via unfilled w thout subsequent renoval of a portion of the
dielectric layer; g sRfefft BlyeCtsmitd {ObvERHe iah 1bae DOkt potiod of ke Miirst | ef t
unfilled by the dielectric layer, conpletely filling the vja;. a first
contact coupl etectrode hnd o deave &l aainiog paripn plthe yia unfiedny %mes@ErtIHét, and

c .
a_second cont agt; counl efl § 9ctRSieIEGAAh GLSRkLae and the second potential

a second electrode formed in the remaining portion of the via, completely

filling the via;

a first contact coupled to the first electrode and the first potential source;
and

a second contact coupled to the second electrode and the second potential

source,

30.  An electronic device, comprising:
a first potential source;
a second potential source; and
at least one capacitor comprising:

a via having sidewalls defined by a substrate and extending from a first
surface of the substrate to a second surface of the substrate, wherein the first
surface extends outwardly from the sidewalls;

a first electrode overlying the sidewalls of the via and at least a portion of
the first and second surfaces of the substrate;

a dielectric layer overlying at least a first portion of the first electrode,
wherein the first portion of the first electrode is within the sidewalls, and wherein
formation of the dielectric layer leaves a portion of the via unfilled without
subsequent removal of a portion of the dielectric layer;

a second electrode formed in the portion of the via left unfilled by the
dielectric layer, completely filling the via;

a first contact coupled to the first electrode and the first potential source;
and

a second contact coupled to the second electrode and the second potential

source.
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