;5 <e3eXBt X?rrstttXtt6tTt)+CYLI NDRI CAL SEM CONDUCTOR CAPACI TOR AND
MANUFACTURI NG METHOD THEREFOR TECHNI CAL FI ELD *159159* The present
invention relates generally to integrated circuit devices and

manuf acturi ng, and nore particularly to cylindrical sem conductor
capaci tors and manufacturing. BACKGROUND " ~z* Capacitors are used in a

nunber of differ eoyTANPRICHL SEMiGDNWfMQFﬁAPK@TG%Q%CGS- One

application is as decoupling capacitors, are used wth |arge scale
integrated circuits hMANYEAGTHRINGMETHODITHEREEORCUi t s. Anot her

application is as nmenory capacitors, which are used in int egrlm,m 1 i
menory cells having a high integration density and which use Wll‘mmm“mn
of the transistor and the menor @ﬁﬂf@Aﬂ%&EL a menory cell. Capagjtfrs are
used in decoupling applications because t river circuit power

connections_jn integrated circujts ar eﬁéﬁrti cularly sensitive to noise
created by {6 Sresshtpxention,Jeliiise genr@lento i miegrated: £iewihs devipesc ndg
acti vi S\t gr-1WE 0SNGk oarU t ds
i gher "HsaEgREE ol RoRS At Elay D6E el hElnalclt (Bl MBICY |
m cr ocompmufathwingnd digital signal processors, has caused greater problens

with el ectromagnetic interference or el ectromagnetic nois mm Mum

ef fective neasure agai nst noi se has been to use a decoupl m“w" W SO
that the swi tching noise wll nobA%‘i%(%ﬁQ to a signal |ine.gsough a
comon mai n power source circuit.” SU coupling capacitor serves as a

power source that can be_easily, uti ldigé‘ed for_switching the sem conduct or

el ement, sudippagitoss areised W ypumberof dilterans apaticatiops i miserated eifeitdeyiasy. an
extern r; (3 gl I SEhAr Y i chd urrent
ohi cn gt BWlcaB i€ B WRLolrfik WBRAIorS! ORI EP IaLE vl fort RUNE BiHclihell
speed afrctitehdving & highmmmiber ofdniver airewdtst Another appticationaris es nferohecapacit@st pat h

bet ween t.he sem ¢conduct or, el epent and e capacifor. In order to, mnpimze
Che | naHEERHEQRSS o MIAGTe GEHanu Crls Barioheh 6 RpR ARty SRS
capaci Lg awﬁﬁl%ixﬁﬁoﬁlgfﬁl@%ﬁsigt%f Xn&ﬂh@%?enﬁﬁ%ﬁ’ﬁé@it&liﬁ‘%rmexﬂ&@ @jnunber of short

current paths nust be provi ded between e sem conductof el enent and the
capaci tor. Capecitarsrueicised inalecoupdingaspplioations deecatsepthed diiivdr cdemigupdwerg
capaci tors di sposed nei ghbor.ing each of. the.senj conductor el emen on the
ppor SonmertERE i FGRER AR SRyl ARl RES FieBlea Y B SBROE® e

pr obl enRdwtsRe ish@entint dimuliaeous edattihg RS GERPAS bérs wWitht pAriRd Praédssingenent s
continue to encounter problens as sizes shrink. In the nenory capacitor
appl i cdturdar, thedeand towngisclipheri sppedrRI/HO W)y PRI CCORSWEDHOINOE SemicNBHINtoTes )
have tq LLar, Sty j i | 1.an- i.Ng
Capact (59 UG DU B EACORARRUA'and dMdEh Wit bidp S LB PL LA Blolenil?

st ack edwitlapitromagadticuintarfepence wipeedmintghetic hbise.delecAmst effeaive ufitdsaieed

charges because the nmenory cells are mcro-mniaturized, Even with this
r educt i #AINshnQise hay beende upea g capacitor go that hecaatchmg aaisewilhnetibe ¢ he

capacit to . i . i ri t ens
conti nu(g)% f(;edrtgtduérlgﬁmql\l‘l?ﬁe%hgh %31% ?‘ﬁgérlfgrgf apéaiislotﬁ%)cr%? cgi\}'e egr? %bgegélg%led for
use i n daphci@t d¢@ds a3 a4 pawdrsoutes that bary baeassilp uiilized foy swinching the semitiohdwadr ons
of the polysilicon structure_and/or require _a | arge nupber of steps in
their ndfFHcifeas A Wﬁﬁ“ﬁa{ggﬁi %mlPi‘Pg E4RIQr ﬁsaﬁg?f& Gy e exdprgel Pever or
sem co j : L6 ; has
ol uded THoSangF PR RO B A P Fich PRI PRl |

i nvent i moisep Ad thedsesnedtime ttheosivitahingspeéedhof the dagid civwituis tedated topthe iindmetapge ofaki ng
a dielegtric |ayer ich.is fornmed over a sem conductor .substrate .and

21 mul t SHBGHTPS BB HhectsOe PO eI AN AT RS FORACT o 1 ABE SO cor o
vol une. (hEhRdiRaRY aRdCGaaEetFB tholise! Sedmivstdub®s eRhfenf bhd @6k VApabite masdbct i ve
material to forma conductive material core and a conductive materi.al

t or oi dadrrangad).very glos¢ & eadhcother, gng @t piswbertafeshed raprent pethsamust beprevdded and
ring is,remved.. A. i i pal is formed to replace the

di el ectl?‘?’t‘(’:w“?rll ﬁ‘g SB@P\?\’@%‘%& hegé@%ng%%p%fggéﬁa%%ri al core and ring to forma
capacitor. Additional dielectric material is deposited, patterned, and
filled wth conductive nmaterial to nake a first connection to the ring, and
a further dielectric is deposited, patterned, and filled with conductive
material to forma second connection to the core. This nethod all ows using
a back end process which is sinple and conpatible with conventi onal
integrated circuit processes. The present invention further provides a

met hod for nmaking a cylindrical sem conductor capacitor by taking an oxide
| ayer which is fornmed over a sem conductor substrate and sinultaneously
removing a cylindrical volune and a toroidal volune around the 2

ey o o " 11 _



The present invention further provides a cylindrical sem conductor
capacitor nmade up of a central netal cylinder surrounded by a dielectric
ring which in turn is surrounded by a further toroidal netal ring. The
metal cylinder and ring formthe anode and cat hode of the capacitor, and
t he capaci t Semicondustdsedevaces rluive datehydevhlopeld vaths desosplidg cheacitapadispesed and

and adRHERBHE 80 3 ARG GRS BB 51 eCRPROFRF of JRCFRCHHSREN, (o

t hose §iﬂsir£teohsidheta!ﬂ§n@i o E6198 R p%{ﬂnmas@{,]ciatﬁ& wiftl {hew @éboqgﬁxgg'r gfaqcitors

description when taken in conjunction wth the acconpanyin ngs. BRI EF

DESCRI Bntititee @Frafigmanisvinticse 1 epcountersprabléina@s simet sheinkr oss section of a
sem conduct pr,,devi ce after, an oxide etch .step of. t resent i.nyention;

B o s gt vty Beb ol oliadih feckrt Btebonaeint PR AN B hachiC KRR ¢ e
pr eseni ctddy Mémeries) Hlate tS Habe @tadk&gé@a&%rcstﬁfcﬁﬁis &e@hicﬁﬁnﬁfrhﬁfio@s@ﬁﬁgnd

oxi de etch step of the present invention;, FIG 4 is a diagramatic cross
sect i opRpafiters ase empagad: abovei mpmeryr-¢edl-welasting ttrapsistorse p Theset stacked esnpagitor

i nvention, FIG 5 | dj agr i [0 ction after first channel

i o oot PR phrapesls Taf g B hERRACAShuaE: Birae B mshity SARAS

di agr affdroMnialaEized CEVdnowitR tHiefedactidn ialthe Kiad bthe aitdhory dell Gt 1¥Bieb&Rargitep Of
the present invention, FIG 7 is a diagramatic cross section after a second
channemaijyigin $hexcapaeitanee tninsyre stable apgratiop.cand s sizas ghiinkothe problerps ontues a

di agragéaltebﬁ,ncross-section of the conpl eted device of the present invention;
and FI I's a top view of the present invention along line 9 - - 9 of

FIG 8 w t hNuheroustestihdyedl cdparitorst hdve beenwi¢eslopddbEoT ubbOREidtédratcdARM NG OUT
THE | NVENTI ON Ref.err,j ng ngw to EIG .1, thereiB,j_s shown an initial step in
the foPWathey ﬁr%pn@aelm 38 jomamodifisations afthe polysiligen sthctury Bid/arreqpregent

I nvent | S . ) r gu r . '

di el ec!a(rggec n(@rn %gf Ijolfc%ﬂﬁ?lflfrl ge l agféﬁ#ﬁ:&% d‘gpog?t% g%‘%é?%%#ﬁ%nﬁ?ﬁﬁgﬁgger

di el ectapacitar fopsenécopdudtox devickismuddbysel apphicatiohs fhase bmgnbabaposaghteblitchasr t he

silicon nitride | r 14. The oxide |ayer 16 has been patterned and etched
e rors e

using € %P?thographic processes to forma cylindrical vol une
15 and a toroidal volune 17 which are separated by a toroidal oxide ring of
t he oxide | ayer 16. As woul d be evident to those skilled in the art, the

cylindrical volume 15, WDHISTHIOHERE QF THE INMBNTIDN he capacitor 10, is not
limted to a cylindrical shape but may be of any solid or holl ow shape.

)20, R R U, MM SRS AL
sect i omking pdifdetnickiyer which is formed over a semiconductor substrate and simultaneously
removing a core volume and a toroidal volume around the core volume. The removed core
and toroidal volumes are filled with a conductive material to form a conductive material core
and a conductive material toroidal ring. A dielectric ring between the conductive material
core and ring is removed. A second dielectric material is formed to replace the dielectric ring
between the conductive material core and ring to form a capacitor. Additional dielectric
material is deposited, patterned, and filled with conductive material to make a first
connection to the ring, and a further dielectric is deposited, patterned, and filled with
conductive material to form a second connection to the core. This method allows using a
back end process which is simple and compatible with conventional integrated circuit
processes.
The present invention further provides a method for making a cylindrical

semiconductor capacitor by taking an oxide layer which is formed over a semiconductor

substrate and simultaneously removing a cylindrical volume and a toroidal volume around the
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Referring now to FIG 2, therein is shown a diagramatic cross-section after
a netal deposition step of the present.invention. A conductive material has
been deposited in the cylindrical volune 15 and in the toroidal volune 17
to forma conductive cylinder 18 and a toroidal conductive ring 20. The
conductylir@ricahgoltenoulie memeved gelmdrichl ynd eloraidajuvelnmes oge - filbedt math. aFor

ot o bRt GRS R aarta B sehe T ab S gt Ao SRt EBES:
thin t gedabs Thé inidtAldsy1dder bl rindyRI reovbdl e ardldcit cohstdm!hatedi Rr event

detrinmental electro-migration of copper into the renmainder of the
seni coderasied torteplace the oxidarng betwegn ithe metal clindamandoringhtostormla ¢lliadrical t he

art. O her.con . erj.alg . .um n .St lver. ., and alloys
t her eof:?paggﬁﬁbo‘gﬁ(&m%{%eo f egfr,ﬁétgli@ 15@%@Sﬁ?ﬁl@)&ﬁ?mg&%ggfﬂ’,]egs‘gﬁl}rg?pé)ﬂ/ Eﬁnga‘il%ul d

al so beitepeshdiRebrad il & disofornbeticiXiddthel M@l rihB, aml aORMMBAL diekRalric is

chem cal - mechani cal poljshing (CVMP) process would then be used to damascene
t he codepasitedepaitgtnsd; and filled with addetiongl copper/tan@lum aitrife cerdiglor it Jern ang 20.
Referrin W . LR ' i c.Cr - sect | after
- secont e Buteibh B g e & fiades; TBIRARAF Al AR bR IREREM ki ng
and et ¢ghdinglesir@ionipatiblé withooonlentiongbintegrated dictultprocessesed from bet ween t he
cylinder 18 and the conductive ring 20 to formthe toroidal volunme 22.

Ref erring ndwePeespntanventiop digither proddes ndriggl segmiceneyctorGapacitos sede 8 af t er
a capaci : ; g . . . 4
hons. & aentingt EHEPRRRIbaT by ook MREEER N ek ¥Rk e b

sur f ac durthier ttbu@idak invkeal Iringe r THebmetah eylinder ankk ring Sornatde dnode and dathbdesef theng 20

into a toroidal volune 22. A process, has heen . use o polish t
di el ectCPPfl?_‘tﬂﬁtaéfiitgq °4@9W°W°%C¥gﬁ8n§§fqd;lﬁye&ﬁf‘ﬁ?‘ﬁ%“%?i cgre&"F §5w1tarﬁan£_§\?i ng a
t or oi d%ﬁe&?&éﬁé 8&&%@0{‘&1@3%%9@&%%&&5&ni%‘(ériai‘der 18 and the conductive ring

20. The ectric ring may be a spin-on dielectric and may have a
control | ed, Theabeveadidyadditivnglhgdvdntagesofithe presant inventionTwél bécginerappérent to

dielectsic t.a t nor e charge, c be stored,i,n the capacit.or..

e AR ity ot BBy pEinget dpt SPoVing (R SPsbPipt BRLE D of 20
and hi gRgfundfich WRR R ¢BdRFHyg dewings205) . which has a dielectric constant
of between 20 and 40, and bariumstrontiumtitanate (BST), which has a

di el ectric constant of between 200 and 400. Referring nowto FIG 5,
therein is shown a diagramatic cross-section after i rst channel

di el ectric deposition gNEF&ESt%IPSJ%é&ﬁ THW&%@?’W% first channel
dielectric 26,or oxide |ayer, is deposited over the surface of the oxide

| ayer 16, tHIGcyisadbagra®ati¢ hsslsedtiontafiacseniiegnpdddtor dedee bfiercamolxide ietch ri ng
20. Referritng now to FIG 6, therein is shown a diagramatic cross-section
after #9Adhe PRSHLVeRYSyia formati on step of the present invention.
Several steggghave PALErARAR &be sQB0R afithQ fkfab depdiaiiebtediof!BE ipidsent26 has

been patterned, etched, and filled with a conductive material to forma
first oheentieh; 36 and a conductive via 34 which are in conductive cont act

Used for tnaivha Hondibtbie s RedtRER L RARRT OB AQTSABICtRe PRGEH 214

seed | ay@éntisRy be deposited. CGenerally, an isotropic etching process would
be used to formthe first channel 36 and the conductive via 34 at the sane
time so theyFlfag ipae dingramajic qrpss)seetion afion@ capapitor disisctriprdeppgiion ptep RE the 1 st
channel rg?en?ﬂlq/e he . first channel dielectric 26 have been planarized by a
CwP pro%ess I'n > 6. Referring nowto FIG 7, therein is shown a

di agr anat i ¢ FI$sis aalidgranataf ¢ress seci@cafia acfianciahnelntielodtec epositionatepsofep of
the present invention At this point, several steps have been perforned

si mi | arthe grespfdBVeRESRy i bed above. First, a second channel dielectric 38, or
oxide layer, pjefs i0a%h R dr64 BBidOMiePh firiQ@nhhikred ind1ia t6@hatidh Sep @i ihe 26.
It has been patterned by a conventional photolithographic process, etched
wi t h anpiiesan iopentiorgt chi ng process, and filled with a conductive material so

as to form ucti.ve via 40 and.a second channel .42 .in nquctive
contact wit ?Fﬁ‘ﬁgp B Cll?ﬁfﬁrpati ‘.’roﬁﬁwséecP%lba%?r atﬁgoré@%lgﬂ%elcaﬁ%ﬁ’ haeﬁ%"ﬁﬁt?oglnsggq %1%
second gRpndseht iialteairic 3 8 have been planarizaed by a CMP process. The
second channel dielectric 38 is of the sane material as the first channel
dielectric 26 and will becone integraj therewith. As previously described,
t he conductive via 40 and the second channel 42 may have a barrier |ayer
and a seed | ayer deposited before the primary conductive material.
Referring nowto FIG 8, therein is shown a diagragmatic cross-section of
t he conpl eted device of the present invention with a further dielectric or
oxi de | ayer 46 deposited over the second channel dielectric 38 and the
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Also, a plurality of annular rings may be interconnected to formthe anodes
and cat hodes of nultiple nested capacitors. Wile the invention has been
described in conjunction with a specific best node, it is to be understood
that many alternatives, nodifications, and variations will be apparent to

t hose skil | &dGi 8 i hdiagramatin ctasgrhectioh of e @hgiagbiadcadeithe prsertinvention;
Accordingly, it is intended to enbrace all such alternatives,

m)difi@&&i ons, and variations which fall within the spirit and scope of the

i ncl uded cl B9 if‘%?to?éfiév@%? tREpreb&t liflydhGib alor@! 1iRNOWN 9 Bf G, SLRMARNYI N9

drawings are to be in preted 1n an illustrative and non-limting sense. 6
CLAI VB interlaykr dishdctriongostved. capaci t or conpri sing: a semi conduct or substrate;
a dielectric layer on the sem conductor substrate; a conductive core in the
dielectric layer; a conductive ring in the dielectric |ayer around the

conductive core; aB‘ﬁS?@ﬁ@*f??ﬁgﬁﬁgﬁwomﬁﬁgﬁ%ﬁ@ﬁme and i nside

t he conductive ring; connecte conductive core; and
a second channel. connect tqQ the condyctive ring. 2. The sem condugtor
capaci t or agie??rapﬁe‘m O gﬂg‘i ﬂY fﬂ?ﬁﬁ’@r Bi foWman dP‘é‘gEEttePiIB ﬁiﬁ@%ﬂ% Rt gh

di el ectc&liﬁ%r‘?é%ﬁ‘sméorﬁh%?%a@h&td?aﬁ@rb@'thé"_ Q8t AnthiBloRC! 'FIG. CONSHAN About
and above 20. 3 . The sem conductor capacitor as clainmed in claim1l

wher ei rsemidoadditet edistrate 13 hgving aabasgi dielootridi @l siliton nitride dayienl14 depodikes

senm conduct or ,capaci tor..as clai ned in..claim, erej n. the conductive core
uses. 5 TSRO APVRRaYSddrotde Ph Ede Flian GORslY il ohas tes SEROSIEbAY sum
copper 1th§'silié%5511 ni_ﬁl_ﬂied layeh 18! | OHe 1dXede Ryer A 6CRAAPBABANPAtRERRA0hnd 3RMed usjng

polysilicon. 5. The sem conductor capacitor as clainmed in claim1 wherein:
t he di elogeentiopalr phjolithegraphidipspeessesite formes iculindsishlevolather tpand agtopoidal

ggz;: ﬁ;‘%@%ﬂg fl’( %vﬁcgigalrrg gpepl&Fart]écPB(yi Z(lj {ao’roigglroixliJ e r'rtlgr (%q;flé gﬁ‘dé iaty%rn f%.e’ and

As would be evident to those skilled in the art, the cylindrical volume 15, which
makes up the core of the capacitor 10, is not limited to a cylindrical shape but may be of any
solid or hollow shape. Similarly, the toroidal volume 17, which makes up a ring around the
core need not have the rectangular cross section shown, although this cross section is
preferred.

Referring now to FIG. 2, therein is shown a diagramatic cross-section after a metal
deposition step of the present invention. A conductive material has been deposited in the
cylindrical volume 15 and in the toroidal volume 17 to form a conductive cylinder 18 and a
toroidal conductive ring 20. The conductive ring 20 would have a generally rectangular
cross-section. For highly diffusive conductors, a barrier layer (not shown) will be deposited
prior to deposition of the conductive material. For example, for copper, a thin tantalum
nitride barrier layer would be deposited initially to prevent detrimental electro-migration of
copper into the remainder of the semicoductor. This preliminary step is well known to those
skilled in the art. Other conductive materials include aluminum, gold, silver, and alloys
thereof, compounds thereof, and polysilicon. Since these materials would also be deposited
on the top of the oxide layer 16, a conventional chemical-mechanical polishing (CMP)
process would then be used to damascene the conductive material to form the cylinder 18 and
the conductive ring 20.

Referring now to FIG. 3, therein is shown a diagramatic cross-section after a second

oxide etch step of the present invention. Through another masking and etching step, the
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The seni conduct or capacitor as claimed in claim1l wherein: the conductive
core uses a conductive material selected froma group consisting of

al um num copper, silver, gold, an alloy thereof, a conpound thereof, and
pol ysilicon. The sem conductor capacitor as clainmed in claim1l wherein: the

condug tdﬂ;@ RYER6ivoudd by tdnisied fromm Betiveen ERNGUAHIME dnidBe bSndRchRELAD IV kAT
torol

. Af L. A formgpertopgidal valyme2. AFv *vyGe: 21 M "' ' - 0225: K<| wr mhc”Y] ca] ca] ca] ca] ca]

cal cal cal caliealoal oalealinal gaherlFakiaheakrakRkRatealeal seleah salaabeal cal

] ca] ca] cal K

2472727 p ARMBABE MepositioR Bfepl"ﬁfl the rﬁm’éfﬂ] mabetiine aF @] 4 3hewd aadigahial £ Aldaksal cal c
a] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca
F_*A<l yisgetoks I]Sa& 0 depositodver the sutigee 9L the oxide layer 16, the cylinder 18, and the

R b R LA

10F<” 10&(&eét}rc'm8#mﬁl]l@% with tHe#y#hO8®S the oxide layer 16 leavmg a toroidal dielectric

109%&' #1109 ( N<SHE!! 109&; 10% S#109&
f OSH 18?3@% 3’.4 etween the cﬁmder %Ztﬁe con uczlvc@gmg 2@‘ (ﬂle dielectric ring Ql may be a

| Sf# 1ocy ))n%l l&( & aﬁg ey %&Sla":conﬁg ﬁféféx)dbfy §4#étp%fbl@mc Rorstdi® fhe ! Sz#

109%& () 2#10 7y ZH#HTO%E ()
hlgher the dielectric constant, the more charge can be stored in the capacitor. Examples of

the high dielectric materials having dielectric constants of 20 and higher are tantalum
pentoxide (Ta,Os), which has a dielectric constant of between 20 and 40, and barium
strontium titanate (BST), which has a dielectric constant of between 200 and 400.

Referring now to FIG. 5, therein is shown a diagramatic cross-section after a first
channel dielectric deposition step of the present invention. A first channel dielectric 26,or
oxide layer, is deposited over the surface of the oxide layer 16, the cylinder 18, the dielectric
ring 24, and the conductive ring 20.

Referring now to FIG. 6, therein is shown a diagramatic cross-section after a first
channel and via formation step of the present invention. Several steps have been completed
here. The first channel dielectric 26 has been patterned, etched, and filled with a conductive
material to form a first channel 36 and a conductive via 34 which are in conductive contact
with the conductive ring 20. Again, depending on the conductive material used for the via
conductive and the first channel 36, a barrier layer and a seed layer may be deposited.
Generally, an isotropic etching process would be used to form the first channel 36 and the
conductive via 34 at the same time so they may be both be filled at the same time. The top
of the first channel 36 and the first channel dielectric 26 have been planarized by a CMP
process in FIG. 6.

Referring now to FIG. 7, therein is shown a diagramatic cross-section after a second
channel and via formation step of the present invention At this point, several steps have been
performed similar to those described above. First, a second channel dielectric 38, or oxide
layer, has been deposited on top of the first channel dielectric 26. It has been patterned by a
conventional photolithographic process, etched with an isotropic etching process, and filled

with a conductive material so as to form a conductive via 40 and a second channel 42 in
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therewith. As previously described, the conductive via 40 and the second channel 42 may
have a barrier layer and a seed layer deposited before the primary conductive material.

Referring now to FIG. 8, therein is shown a diagramatic cross-section of the
completed device of the present invention with a further dielectric or oxide layer 46
deposited over the second channel dielectric 38 and the second channel 42.

Referring now to FIG. 9, therein is shown a top view of the present invention along
line 9 - - 9 of FIG. 8 with the interlayer dielectric removed. For ease of understanding, the
first and second channel dielectrics 26 and 38 are not shown. It is shown that the first
channel 36 is connected by the conductive via 34 to the conductive ring 20. The conductive
ring 20 encompasses the dielectric ring 24 which in turn encompasses the cylinder 18 to form
a cylindrical capacitor semiconductor device 10. The cylinder 18 is connected by the
conductive via 40 to the second channel 42. It should be understood that the conductive vias
34 and 40 could be manufactured separately and could be contacts of tungsten, titanium,
tantalum, and other refactory metals.

In operation, the first channel 36 could be an anode for a capacitor element made up
of the conductive ring 20, the dielectric ring 24 and the cylinder 18 which forms the cathode
with the conductive via 40 and the second channel 42. The capacitor 10 may be placed
immediately adjacent the transistor or power line which it serves and connected by the first
and second channels 36 and 42.

Also, a plurality of annular rings may be interconnected to form the anodes and
cathodes of multiple nested capacitors.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the spirit and
scope of the included claims. All matters set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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CLAIMS

1. A semiconductor capacitor comprising:

a semiconductor substrate;

a dielectric layer on the semiconductor substrate;

a conductive core in the dielectric layer;

a conductive ring in the dielectric layer around the conductive core;

a dielectric ring around the conductive core and inside the conductive ring;

a first channel connected to the conductive core; and

a second channel connected to the conductive ring.

2. The semiconductor capacitor as claimed in claim 1 wherein:

the dielectric ring is a high dielectric constant dielectric material having a dielectric
constant about and above 20.

3. The semiconductor capacitor as claimed in claim 1 wherein:

the dielectric ring is a spin-on dielectric material.

4. The semiconductor capacitor as claimed in claim 1 wherein:

the conductive core uses a conductive material selected from a group consisting of
aluminum, copper, silver, gold, an alloy thereof, a compound thereof, and
polysilicon.

5. The semiconductor capacitor as claimed in claim 1 wherein:

the dielectric ring uses a dielectric material selected from a group consisting of
tantalum pentoxide, barium strontium titanate, and combinations thereof.

6. The semiconductor capacitor as claimed in claim 1 wherein:

the conductive core uses a conductive material selected from a group consisting of
aluminum, copper, silver, gold, an alloy thereof, a compound thereof, and
polysilicon.

7. The semiconductor capacitor as claimed in claim 1 wherein:

the conductive core is a cylinder; and

the conductive ring is a rectangular toroid.



