' PEe3eJ&G, p6T& OCYLI NDRI CAL SEM CONDUCTOR CAPACI TOR AND MANUFACTURI NG
METHOD THEREFOR TECHNI CAL FI ELD The present invention relates generally to
integrated circuit devices and nanufacturing, and nore particularly to
cylindrical sem conductor capacitors and nmanufacturi ng. BACKGROUND
Capacitors are used in a nunber of different applications in integrated

circuit device | ixCali i i ifors, which are
used with Iarg?gwgﬁﬁ%ﬁmgﬁpﬁﬁﬁwégﬁgwgﬁmurrber of driver
circuits. Another anpANUFACINURINGSMETROD THERERORS, Which are used in
integrated circuit nmenory cells having a high integration density and which
use a conbination of the transistor and the nenory capacitor in a nmenory
cell. Capacitors are used in_decoupling applications because the driver
circuit power connections i nﬂm}gﬁmgl@ﬁcui ts are particularly sensitive

to noise created by the effective inductance inherent in sinultaneous
swi t chi ngThet ipwiseyt dsvantionr gehates h generally eto pintegested ngircuitr déwices tand trend

Suc RGBT P R Dol o GRATAY olegRegHuEiot apatiera Phoat or

prob Hfabhukidge! ectromagnetic interference or el ectromagnetic noise. The
nost effective neasure agai nst noi se has been to use a decoupling capacitor
so that the switching noise will not be coupled to a signal line through a

comonN mai n power source circuit. Such a decoupling capacitor serves as a
power source that can be easi |BAGKGRQUND or switching the seniconduct or

el ement, such as a transistor. The decoupling capacitor is charged by an
ext er nal papmitosvare meedoinch nsnbrea pif differetit applavatienk indntggratedacirwitideiicesy cur r ent

whi ch m ni i zes el ect,romagneti c noi se., At the sane.tjne, the, sw tching

peo B AEPERH Ty o 5% (PGPS Sapasiara qHich aHo VFHTRRa G S8 IR ent pat h
bet wegtitsHavifRd mgn dlmber ofRlrREEEcuRtS. JA AdiRer @PPRGHbR S ad MeMBbASdaph@tod, Ni M ze
t he inductance and inductive noise, the sem conductor el enent and the

capawhidrareysed ipdntggrated pirguiy sremory eells hagingadhglbintegratiandensithantbehichf short

Capadt b nomate e E rRANLPER GF RIS aSoRET SROMEL 8L T Cecoupl i ng

capaci t or Saghdies aft 0sédoiibdecovplisgcippliéations teeadse aheludriver didcgitgsdvieron t he
upper surface of the sem conductor substratie as one attenpt to_solve the

pr obFeRRSCHRRLW ntegrAte Sifcwis f&% PyEcHaTY serstiveadioissy wealed by flseffetivengenent s
cont -0 | <shrin LY. capacitor
oopl [itiBiahEe GO if s RABRLAIP oARciRlg B ds Weouts i PR Pl BRAE | O
have Futthératlee stead kelards highiet apeeslt andc {awes spower wiohsumptithoofreg¢mioondsictari ng

o b et st o QPbtn S o5 SR ar RaRSiRS s cried RO R RR ot o
char gafh bRERéIASHRE ifRRfetcS Bt lefecRbMaBhdticOnditd)i Al thd&Ceffderid ndakiltet hi s

reduction in the size of the nemory cell, it is necessary to maintain the
capaegainstowisechasrbsen & Bsead ecoypbing canapitorssecthaisths isyitehinl motse, willwt peobl ens

conti nue ég retur[\ . N%rer@us cyli ndr;i.cal0 ca%aci t%r(s: .ga§e bee d%\‘fel oped for
use °RUF'R %Past‘f"é’& BP? PY&e 458 Oﬁelg} rpe_%?ﬁﬂ%rfflg%"s 80163 Lt 1ingajtions
of t RgpdRtby SdrldsRa poiver Shuteethaneintie dasitititilézed fordvachigthe kerficosdRy | N
their manufacture. A high capacitance, easily manufactured capacitor for

seni clempnst Bichrsva dwasistan Theedecoupling ednaciiors ishehasgadobyy apeaxteradupfverbut  has
el ud . Sk i ) . Hl%g . . §|§l| resent

i nve%&i“lggg%?bs\s}{é gisye&alSdr}rlg{g%gSo 3’% aﬁg{?l%%g? serﬁgglg%ﬂc_iﬁé %y Ca%e%’ﬁ%?ne@ﬁ t aki ng
a di eboie! At thelsame timehthehswitthingrspeed of\ths logicsudizhit dwdiatédto thebelhctanee ofnd

si mul t aneously renoving a core, volu and t or oi dal ﬁgl me around the core

vol urtie cutrnt pathoketye serisondcRTelement japdLhe capaciqr) Inrdgs tomBmESquct i ve
mat ery : i (=3 ' fHeal

For of i nPlanl TdERRHIE hONE, B R PRt o TR and
ri ng arangeihoerydclosé wegash dthkirobret & mumbenpEshat ciserdtopatiesdmiust be ptovededt he
dielectric ring .between the co ctive, material core and ring to forma
capa eg%qeptfg\gaq lic%‘?@ﬁt"&fz mept adhe £anacitol s deposited, patterned, and
filled with conductive material to make a first connection to the ring, and
a further diele ?*c i s deposited, patterned, and f] f mmﬁonductive
mat eri al tﬂw second connection to the core. Mwﬁmm | | ows using
a back end JIM h is sinpl eland conpati bl e c‘ﬁ(gy,enti onal
integrated circ cesses. The present invention furfffér provides a

met hod for making a cylindrical sem conductor capacitor by taking an oxide

| ayer which is forned over a sem conductor substrate and simultaneously
removing a cylindrical volune and a toroidal volune around the 2
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'.cylihdrical vol une. The renoved cylindrical and toroidal volumes are filled
Wth a copper/tantalumnitride conductor to forma netal cylinder and a
metal ring. An oxide ring between the netal cylinder and ring is renoved. A
high dielectric constant material is deposited to replace the oxide ring
bet ween  t$weniosriductorydevivde rhage theen rigvélopddo wmad&ys{épmfg' &gloiteRRPAIShdsed -

Addi tional, oxide paterial is deposited, patterne and filled wth
coppesighbering cach af thej semicandHeter slementsamdbe apper Sirfage ah e searicenslugtos net al
rin f i [ .Cpnd i & t n i W th

i To8Rp s o eRPhpEl LR MCploARRAS AL W' hEle oudlle ratfisct i on 1o
t he bmttlkdse aphngetiesnts continueetdnoouraéd problems angizes sheiak. end process which is
sinple and conpatible with cgnventional integrated circuit processes. The

present | ¥VBHTICHIOTY CRRARKPT IPPYGAtIBsTeset iR pcapaciy) DRAM cdhaanioRardgsaci t or
made f iad r by 8 i 1c ri.ng which
' TAbs? MG} e Rhave Rk ERacE MUPRES Mwitc iftRRiGEORE 11 €0
and ¢apagitdrorare hirengedoabevandemaryhetleselzbtingd) eransigtasi t Theseastabkeb ecapadioei t ance
can be controlled b#répe di mensions of the, capacitor and the dielectric

consitaiftures campengate hordhe decrease Of agpenulated plaress bacauseibe BSBIPEY &7 a8 di t i onal
adv { ] AR Hn e & : Killed
g B N e o TP e IREFE AL b BT | aen
i n cmaintaic theaapaditahcd fodnsure stabla wpemtjon aadias siges BRENERhWDRRORIPT t@NnGE THE
DRAWNGS FIG 1 is a diagramatic cross section of a sem conductor device
aftewrﬁwnb_xi de etch step of the present invention; FIG 2 is a diagramatic
Cross seciuRBroak ic§lindhidi® apacHERARVE bREh abRifopRl fbhas@fxﬁmg:atb@\éﬂeﬁih?n; FIG
3 is a diagramatiC cross section after a second oxide etch step of the

pr eseutttheyaenprimarilyrpased onjmodifieations ofdhe polysilisen steeatirerandforgequirecapaci t or

dielgctric deposition s f r esgnt. ention, FlG 5 |

di aggﬁgﬁam‘@gﬁr 8§ SSE%) &clt g‘%ﬂaﬁj{a@‘éﬂg Sr s‘? q}é%%r?\ég%tnﬁﬁcre%’ &Y l? cm?ié‘g%cg‘%’? flon step
of t EpasitcisfensemiteadictandevideS.and thaseappliGgionsrhhve lohig dseen S0 Ht MUt dHaber a
first channel and via formation step of the present invention; FIG 7 is a
di ag?IHMﬁhesecﬁk@@@éhﬁ%n after a second channel and via formation step of
the present invention; 3 FIG 8 is a diagramati c cross-section of the
conpl eted device of the present invention; and FIG 9 is a top view of the
present invention al on®IRCNOSVRE OFTIE IRVENTEOWN th the interlayer
dielectric renoved. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON Referring now
to FIG 1 [N tep..n_the. '

eyt i ndr i ol BERE R ER ORE, hahbhfl 3 ARchE o BRiCHIROL Shlhofy g
shhowekihgsediclotituayearwisiolb i foaned dPerhasenigomiubias sutdirefeemidrsimultanesidly con
nitride | ayer 14 deposited thereon. An interlayer dielectric or, oxide

('si | FeaRaying wr&e\)o?wa? and Sdomi! Nelbmep %&Oév@lu‘f‘ﬁe%ﬁf?%ﬁe%?qf?i de

! ayeandlésmﬁ{levg dearl 8Y188 with DEhdREAR MALGA Y eStnPR orRhueieImidRiabcore

conventi ona otol ithographic processes to forma cylindrical volunme 15
and and arcondimitive ahaterial oroidal cingard didlpdriariog Hepwegnttbe oputhictivg intiteridalng of

th i de,| 16. As | d J dent . h kil in ot t, th
Lo R ARAFAYS! hered" AR el L SRR Rt el e BBt L0y
i m badheb tie EOMdUHVE idterRlBR Mid ﬂ%xo ool @pacitor) | AdditioRt! digrsetsibape.
Simlarly, the toroidal volune 17, ich makes up a ring around the core

needmatgriah dv edephsitade cratiemneraand r Blied gatly icondustivewmatarialh éugnakenias figstos s
S b5 e 8 S BB, E B R I o

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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' deposition step of the present invention. A conductive material has been
déposited in the cylindrical volunme 15 and in the toroidal volunme 17 to
forma conductive cylinder 18 and a toroidal conductive ring 20. The
conductive ring 20 woul d have a generally rectangul ar cross-section. For

hi _9hbymfanfcalusbm;econpmcfraﬂ@vedagmfdﬂcﬂr ah@W8foidal Ofoldhieivate Viildd REndgposi ted
prior  to deposition of the conductive material. For exanple, for copper, a
t hi nceppet/tantalwmnitride eonductirde formy emetaldydinges asdpomitabung.nidn edily ring pr event

detrijgental, el ect,r o ' f i t i nder of the .
et DRREE A S B PPk 258BIEL A Nt B B 1 ¢ e
art . déyd3REd oRplAGE theoxidd Bhig Bétsvebm Heudetabdyliniaand @ @, fofthlav§lindasd al | oys

t hereof , conpounds thereof, and polysilicon. Since these materials would
al socanacierpoddditienad exidednatenial ds denpsitesipaemned; eind fdled widhoenppar/iantatum

e B FERORR I G & TR rhidlon & METAR Hle ol iRt 85T g 20,

Ref edépodBed) pattb@ed| 4ad fBlled With @idditiofalsdoppey/tantdivad hitiigd tendub®s So $&ef hon after
a second oxide etch step of the Er,esent i nvention. Thr ough anot her maski ng

and 8ecend gepnsckion totthe metal cylindes Thisanetlpoddlovs usingradhask €nd prasessoehigken t he
cyli L& L] . oroi dal volune 22.

Ref e%?sﬁé}gl]eﬁdg?\/%g 16153%%8 %‘ﬁ%hﬁ%ﬁ&oh&ﬁ%&éﬁ%ﬁc@% %%rggsﬁ%t ic cross-section after
ahcapaci t The ﬁ'te]?éxﬁdmvdngpniﬁpﬂﬁrl 'p’raxridestaeqylifidrriﬁalhmmibeﬁcﬁmd toric_ayafb(ﬁjtb'r fade ip G 4
shows_a step after a dielectric material has heen, deposited over the

sur f 8 cantral pactahgydipderspsiounged byna diglqtiiciapg r@;ﬁhmufrh@ Eiounead Wkar i ng 20
into i : } e
o o SREPIRBL VA T, She MM RIRIACRREHRETARERS SR PR BEZ i g a
t or ocatmlcitak, @hd ther ¢apacitange 22h be cowenlled by thy Idimehsions ®f dlnel capaeitoroandube i ve ring

20. The dielectrjc.ring, 24 be i p-on dielectric and may have a

cont Eﬁch_g&ﬁ CW@P{e‘?féﬁ? (}]‘%H%hﬁ‘g%{c W@f@i&?ﬁgagonst ant. The higher the

di el ect ri ¢ne apsvleainl addifienATRHCart AR BE tHeditedet MVORA Will Bedbme APREEAQD -

Exanpl es of the high dielectric materials having dielectric constants of 20

and Hiogtskilled dn thaath | fiom pageding @€ therkotlop)ng detpited deseriptian whew takes isonst ant
of be . . riym.sirontiumtitanate (BST), which has a

di el 8%‘1{}@?%0(%8%@?%%?9%){%Y@g$%g£and 400. Referring nowto FIG 5,
therein is shown a diagramatic cross-section after a first channel
dielectric deposition step of the present invention. A first channel

di el ectric 26, or oxiBBRIEIPESCRIBTIIEY 64| THE DRAWINGS surface of the oxide

| ayer 16, the cylinder 18, the dielectric ring 24, and the conductive ring
20. Ref er FIGY1 iOWdidprdthdtic &osd feetien bf b Semivontudordd B Adcodftdriaa Sidsstchect i on
after a first channel and via formation step of the present invention.
Severigp of thegyesent BVEIEION; conpl et ed here. The first channel dielectric 26 has
been patt ed,.. et G Il i d eri rma
first chaﬂél gééeda%g&g‘mggg tﬁ(g:gtsi Afgg(\ﬁ\%ﬁ 4&1\/‘}2%#%0%%?% %néﬁﬁﬁ é%s‘%:ngnt act

Wi t hidveatiegnduct i ve ring 20. Again, depending on the conductive materi al
used for the vi.a cgnductive and the fjrst chapnel 36, a barrjier |ayer and a
seed | ayeFltay ibe dHagamplicarostssriion afipr aa%?w@gtmesie&cheﬁtemPﬁ@heppﬁé%gs woul d
be U%‘?\Qn{iﬁn-f ormthe first channel 36 and the conductive via 34 at the sane
time so they may be both be filled at the same time. The top of the first
channel 3&IGnd it hdiagianstic chss sedtiodiafibre rapacit@clitlastsic idepositpinasiey ofzthd by a
CWP process in FIG 6. Referring nowto FIG 7, therein is shown a

di agPKPEREIBVEHG8s . section after a second channel and via formation step of
the preseMGi 5YENHiagRAic chdss sBRiontafted 8 \iRéthakief BfelddaieddpRSIfioR 8fch @ Med
simlar to those described above. First, a second channel dielectric 38, or
oxi déhd preeant intvastidieen deposited on top of the first channel dielectric 26.

i th an s 5301 Bl LoREEmn iR REEEh AR ity Pelbt P U Rl R85 R or ol so

as t grédsefifihdertiongducti ve via 40 and a second channel 42 in 5 conducti ve
contact with the cylinder 18. The top of the second channel 42 and the
second chdfdel iyt diagramatic cpps sespionsdieha second channg! ad Wa damaiopstepof The
seco :el.ectric 3 8 is of the sane material as the first channe
die|2@%§¥§9§§h§n&$&j|| becone integral 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 fhe primary conductive material.
Referring nowto FIG 8, therein is shown a diagramatic cross-section of
the conpl eted device of the present invention with a further dielectric or
oxi de | ayer 46 deposited over the second channel dielectric 3 8 and the
second channel 42. Referring nowto FIG 9, therein is shown a top view of
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"CLAIM5S 1. A sem conductor capacitor conprising: a sem conductor substrate;
a dielectric |ayer over the sem conductor substrate and having top and
bottom surfaces; a conductive core in the dielectric |ayer and having top
and bottom surfaces respectively coplanar with the top and bottom surfaces
of the di lEcs id £diagimtiatic Brose8eltioh iof the'dobipldté ddViceifRhe presdrt ix'l@)’lﬁ{)n;ar ound
t he conductive core and having top and bottom surfaces respectively

copl @andr with the top and bottom surfaces of the dielectric layer; and a

di el ectri i r.oun h onducti.ve re, and. i nsi de,t opducti.ve ring
and havi ng10od e BBk oF £ PAYEL WeolBR AR it o cnaf i B AL ang
bot t gifeflaer Akdscti@d renfvivedi el ectric layer. 2. The sem conductor capacitor as
claimed in claiml1 wherein: the dielectric ring is a high dielectric
constant dielectric material having a dielectric constant about and above
20. 3. The semc ctor Cj s _cl ai i laim1 wherein: the
dielectric ring %&%& M&Dﬁ@ﬁﬁo‘?éﬁéﬁﬁ&bﬂﬁmﬁﬁml@ﬁe sem conduct or
capacitor as clainmed in claiml| wherein: the conductive core uses a

conduct i vdRefertieginow $@ |Gt ddl thereim & shosmparc dmitials stepgn athe dormativonpf @opper ,

silver,. gold, an alloy thereof, C ound thereof., an | ysi,licon 5. The
sem (%HH%E‘F‘ rsegaﬁ%uf%F . %@a%l&’éi ﬁ@dofgﬁ%lpﬁsrﬁnq 1%%‘?‘8?-@: dqléce) ﬁi oWt @i ¢ ri ng
uses s@miioBHEGbr kebstialeerd Rhvifig!Lpisecible@ic oriedn Ailidd Flybn ¥4 Uepbaflgal um
pent oxi de, barium strontiumftitanate, and conbi nati ons thereof. 6. The

seni dhercerst An intgaxsrdiglecitic er exide dsiliepncdiexide)laydrdibchas bee deppsitediovérve ri ng
uses cqnduct.| rial I e p. SISt f ,al um num
coppdfe STPYGE, b1 TR SREdsCHhybt 18, PhsOhRHTRARCG b Teltl

pol y sbhvéional /photblithsgraplto jdowkses toafonnid oylimisical volole iNaed ai wrdidaher ei n:

t he conductiv ore is a cylinder; a he conductjve ring is a rectangul ar
t or oivglume 17 which are separated t}/y a toroidal ox?d% r}ng of the oxide layer 16. g g

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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+ 7. 8. A sem conductor capacitor conprising: a sem conductor substrate; a
plurality of dielectric |ayers over the seni conductor substrate, one of the
plurality of dielectric |ayers having top and bottom surfaces; a conductive
core in at |least one of the dielectric |ayers of the plurality of

di el gglyki | Lyel opl anar
i ¢ nOFHE ML R SORIE DR (OGRS M hREEE CLABRAGE g 2§ DT ng
i n aforireths toroial wdlumh@2di el ectric | ayers around the conductive core and

havi ng tORF nd botto rfaces re pectiazel coéol anar with the top and
bot t om su ’Eﬁwf‘h _ Yo fhersip xS Aperciag _até ErosT-wctipR after agapagitaind t he
CONdyfeldciife egfo%itféﬁdsteféf fife %@?en@%%ﬂﬁ iV FIG! agsé@ag DY el ARy gagyiot t om
surfaces respectively coplahar with the top and botton surfaces of "t he

di el emtariat hhayemn. deposideovee thecomfhoe bb thecayidec layer 1@ she cglinder 18,narell them 8
wherein: the dielectric ring is ahig el ectrigc constant dielectric

ot cEPRuctiu il 20 Hioct EepiREvalne 2nch SsBrin ioownages topotitne ©
sen g RaterRPRSEE Rithafe ShFAdERSE the o|dR! IBYS Wﬁaﬁh? ‘a fobGiddl! fiLBGhE ¢ ring
is a spin-on dielectric material. 11. The sem conducTor capacitor as

cl ai neg 2drbetverinrth@cylinaer i $ and the coodentiove iring 200 rheudielscteic cingR4danaybe ant eri al

sel ect.ed fr.0 . group cqnsistin f,alumnum .copper ilver old, an

al | ofP TRy di #&é’e‘f MS&&@W ﬁe?o‘ggrpﬁe%nge SR l?lg@n&e?_ﬁélws@@ﬁi fiduct or
capagighef thrsdiéle@tiREndtihtCihaimo chiige &an betsbed ittRapaditok] FampRS of _
dielectric material selected froma group consisting of tantal um pentoxide,
bar i the bighodielegtric: matgiiglsehaving dieesirie aongiaats tofe?@@nd highertars tastalwdnduct or

conaettigtradpohid'niy 3 FeRotlacdising of HebORA'S0 AR 40t Bifud e,
Si | vetronti@h etanate (BETRwHittehaaf dielactfio opwstant of betveaf 2000 400l ysi | i con. 14,

The sem conductor capacitor as clainmed in _claim@8 wherein: the cqgnductive
core is aRelamngiaew QG e thepinisshown 4 digaramatic RS SReHATRISI o B

- ACA RV fEV/ . " . )
/@@&aﬁ&rﬁﬁgﬁvﬁ%@géﬁ% ngeF R present ipvention, A first channel dielectric 26,0r

7S* ca] ca] caj ca] ca] ca) ca] ca] ca] ca] caJ ca] ca] ca] ca] ca]
ca] cakida]layes, is deposited over the surface of the oxide layer 16, the cylinder 18, the dielectric

uv] Cﬁ%&%ﬁ] gnad]tﬁgl;g%u%&%c&l‘gc%.ca] cal] cal] ca! 0225~: 9<><E<>>87?7???# @00
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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therew1th As prevmusly 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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a semiconductor substrate;
a dielectric layer over the semiconductor substrate and having top and bottom surfaces;
a conductive core in the dielectric layer and having top and bottom surfaces respectively
coplanar with the top and bottom surfaces of the dielectric layer;
a conductive ring in the dielectric layer around the conductive core and having top and bottom
surfaces respectively coplanar with the top and bottom surfaces of the dielectric layer; and
a dielectric ring around the conductive core and inside the conductive ring and having top and

bottom surfaces respectively coplanar with the top and bottom surfaces of the dielectric layer.

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 ring uses a conductive material selected from a group consisting of aluminum,

coppet, 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.
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layers having top and bottom surfaces;

a conductive core in at least one of the dielectric layers of the plurality of dielectric layers and

having top and bottom surfaces respectively coplanar with the top and bottom surfaces of the

dielectric layer;

a conductive ring in at least one of the dielectric layers around the conductive core and having

top and bottom surfaces respectively coplanar with the top and bottom surfaces of the dielectric

layer; and
? a dielectric ring around the conductive core and inside the conductive ring and having top and

bottom surfaces respectively coplanar with the top and bottom surfaces of the dielectric layer.

9. The semiconductor capacitor as claimed in claim 8 wherein:
the dielectric ring is a high dielectric constant dielectric material having a dielectric constant

about and above 20.

10. The semiconductor capacitor as claimed in claim 8 wherein:
the dielectric ring is a spin-on dielectric material.

11. The semiconductor capacitor as claimed in claim 8 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.

12. The semiconductor capacitor as claimed in claim 8 wherein:
the dielectric ring uses a dielectric material selected from a group consisting of tantalum
pentoxide, barium strontium titanate, and combinations thereof.

13. The semiconductor capacitor as claimed in claim 8 wherein:
the conductive ring uses a conductive material selected from a group consisting of aluminum,
copper, silver, gold, an alloy thereof, a compound thereof, and polysilicon.

14. The semiconductor capacitor as claimed in claim 8 wherein:
the conductive core is a cylinder; and
the conductive ring is a rectangular toroid.



