-e3e)y/)v¥*+d, 1 6-Z.6. T/S\9 METHOD TO FABRI CATE M M CA A
CURVI LIPNEAR' SURFACE USI NG DAMASCENE PROCESS FI ELD OF wmmwmm\l The
present ‘claimed invention relates to the field of sem condygtor processing.
More particularly, the present clained invention relates to novel vertical

cyli ndr'g\m*rfﬁﬂﬁ_ P PAHRNSATE! BIIM CAPACATOR I THVMAMC PRVARINH QRS and a
nmet hod for form ng such capacitors. BACKGROUND ART As sem conduct or

geometries continueg I@g@gnggﬂrq@ W@t@q@l gﬁgcﬁsy difficulties arise
sem conductor 1

in the Fabrication o evl ces. one exanple, with

progreﬁ%%bﬁmlgﬁ%mlwes, a problem has arisen due to capacitance
] acent neta

bet ween "a ayers (i.e. interlayer capacitance). That is, as

devi ces SIT il bt 1o APSRAL B S8R & BRARER TPLEnELaRSlal oot her.

Such a condi results eterious Increase rninte

capaci tance whi ch.adver sel f f S er.at, o f. finer _design 15 rul e-based
sem cor?d'ﬁﬁ?sﬁn%e@%%rees.gai cs"%iﬁ{a]lya?ﬁélp(ggg% (QQ}@F g laﬁ%nﬁgntrﬁzéf%gdii?ced di st ance
bet ween adj acent ,net.al , l.i nes. , Speci f.i.cal | under . sSone ,Chr ances,
unvant el peenealnpdricdl Sad sBeRnti mdia 0SSt ol G

(regi st ance/ ca acht anc agéoay effects get weeﬂ: cl osely spaced netal |ines
negdt i FEPFCLPTLAR t?]é"%?f)‘@ T JATHIG SECR GAPASHATR:t or devi ces. 20 In one
attenpt to reduce such deleterious effects, newer sem conductor fabrication
techni ques are enpl oying | ower resistance netals (e.g. copper) to form many

net al %X&?{néﬁo&?N% A&{iqpes, i nt erconnect s, 1

As semiconductor geometries continue to become smaller and
smaller, new difficulties arise in the fabrication of semiconductor devices.
10  As one example, with progressively finer design rules, a problem has
arisen due to capacitance between adjacent metal layers (i.e. interlayer
capacitance). That is, as devices shrink in size, adjacent layers are spaced
more closely together. Such a condition results in a deleterious increase in
interlayer capacitance which adversely affects operation of finer design
15 rule-based semiconductor devices. A similar problem exists due to the
reduced distance between adjacent metal lines. Specifically, under some
circumstances, unwanted effects such as cross-talk and various other RC
(resistance/capacitance) delay effects between closely spaced metal lines
negatively affect the operation of the semiconductor devices.
20
In one attempt to reduce such deleterious effects, newer
semiconductor fabrication techniques are employing lower resistance

metals (e.g. copper) to form many metal elements (e.g. lines, interconnects,

IR g
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capaci tance capacitors consune consi derabl e surface area when manufact ured
accoragi ng to many conventional techniques. Thus, a need' exists for a
capaci tor and a nethod for form ng the 5 capacitor wherein the capacitor
and the formation nethod are conpati ble with newer sem conductor

fabr| C@%Qﬂtélﬁ@@ggé'ﬁforspb%ﬁﬁﬂgrcoﬂﬁl%r%f-esélf‘rfg% d e&ad?ﬁght or and a met hod

for forning the capacitor erern the capacitor and the formation nethod
meet t aﬁ@ﬁ%@u&%ﬁgc&f}ﬁiﬁgﬁ 'mgﬂg%%béhﬁ Whi B &fﬂighb&g sem conduct or

fabrication processes sucC fra S|gn|P|can? revanpi ng of sem conduct or
capital equipnent is not required. A further need exists for a capacitor
and a nethod for formng the capacitor which provides a high capacitance

per unit arega. 3 UMVARY OF | NVENT]I The e { -1 nvent j,on provi des a
capaci tor aﬁgmf’ r?b?%%%eﬁlé%% %Jr%cﬁgaggl%n %I%aacﬂ O@\XQ’F g‘?lﬁnﬂgeé eapaci tor and
the_fornmati.on t hod are conpati bl ith _newer sep conductor fahrication

t echini GRBACITa Bisr e, fHe eSBABEM At Hip dPPREHOR B FRAL 22¢ CABRAHF and o

met hod f.or form ng the .capacjtor erein the capagitor and,the formation
ot hod "AER AT AmIRSBIBe T e At OO eR AR BrRThEr EGRAE B it h

exi sting sem conduct or fa%&k&g&i?n pr ocesses sych that significant

r evanpi®iya FRPACKEF; &ee pioHRINgG, the, FRPRCIEA WHETeRGtRS ed. The present
enbodi ment 10 further_ provi des %?pacitor nd a nethogd for formng a
capaci papammaaddbecfeﬁpéﬁmauaﬁ&q metékeaﬁgp@? neg gF&in 100 square

m croneters.  The present enbodi ment provides for a capacitor and a net hod
for f ocampgtible apithi exdstingsemicondncton fabricatien precessestsughethatis | n one
met hod enbodi nent, the present invention recites form ng an opening in a
sub@t r signifiganh gevamping of semicenduntor Tapitpl equinment é3ineb mequired. reci t es
formng a dielectric region having two curvilinear surfaces opposite one
anot heA furthensieegaxistsl foy aapacitor andpanethpdoferifoyming themascene process.
The surfaces are curvilinear with respect to a 20 horizontal cross-section.
The pr espatitenibddcivprovidesm hégh tapatibanienpern ulnit areaopper regi on having a
curvilinear surface proximate one of the surfaces of the dielectric region
during the damascene process. The present enbodi nent then recites formng a
second copper region having a curvilinear surface proximte a second

surface of the dielectric region 25 during the danascene process. In so
doing, the dielectric region forns a 4




1 dielectrjic barrier between the first copper region and the second copper
regi orp such that the vertical cylindrical MM capacitor is formed. Another
enbodi nent perfornms the above steps in which the 5 curvilinear surfaces are
cylindrical. In this fashion, a vertically oriented cylindrical MM

capaci tﬁiﬁMﬁA&?{ @F’IWE IQer enbodi ment perforns the above steps in
whi ch tthe curvilinear surtaces are serpentine. In this fashion, a vertical

: . oo d. bi q
advant ages ornd REsRBagkbSYinb BrbPLiR rRodSRuRl @ oBkbRk BRUPERINEC" nose
rt _aft. ead,.t he f wing detail ed

Gescr | FEE GREREph S reHe PR Bt ARt bshrentos mrBadFETrated i n the
S R TR MY 8ot e e bt S
SPo5 LS LUBLEALES SEbodIenLs of £ he LRVERL L o0 2ng L oget hor wh
capacitor wherein the capacitor and the formation method achieve the
above-listed accomplishment and are compatible with existing
semiconductor fabrication processes such that significant revamping of
semiconductor capital equipment is not required. The present embodiment
10 further provides a capacitor and a method for forming a capacitor with
huge copper plates, for example, larger than 100 square micrometers. The
present embodiment provides for a capacitor and a method for forming a

capacitor with a high capacitance per unit area.

15 In one method embodiment, the present invention recites forming an
opening in a substrate during a damascene process. The present
embodiment then recites forming a dielectric region having two curvilinear
surfaces opposite one another at least partially within the opening during
the damascene process. The surfaces are curvilinear with respect to a

20  horizontal cross-section. The present embodiment then recites forming a
first copper region having a curvilinear surface proximate one of the
surfaces of the dielectric region during the damascene process. The
present embodiment then recites forming a second copper region having a
curvilinear surface proximate a second surface of the dielectric region

25 during the damascene process. In so doing, the dielectric region forms a



FIGURE | A s a perspective view of a vertical cylindrical netal 10

i nsul at or-netal capacitor, in accordance with one enbodi nent of the present
clainmed invention. FIGURE 1B is a top view of the vertical cylindrical

net al -i nsul ator netal capacitor of Figure 1A, in accordance with one

enbodi gRNMctelk Bd1®idR et fenctil iR doppertbsidn dd Eh@é%%&&%b%geﬁr e side

sectional view of structures illustrating various formation process steps

utili Zf‘%ﬁ&ﬁ' &g iﬂh@@tth@r»ég& {cA1 CHRnARACHPMIN QlhaditdPUs!fofARACI tor i n
accor darce v%it one enbo imsnt?ofcl ﬁﬁe pr esenlpacf a?rre O:Envehti on. 20 FI GURE
3is aflowchart of steps performed in accordance with one enbodi nent of

the present clainmed invention. FIGURE 4A is a perspective view of a
verti el ARG ERRRAThh MDA R o SRR LB wpidh BB dance v L one
a3 oubBp e b ioed R nBisRent SR b ENE oA iRt on. 5
FI GURE 5.i s..a chart. of .steps qf form ng a vertical serpentine
capaci ?ﬁ??é?ﬁala@g{?d’gﬁggt fth fgﬁgeghbodi ment of the present clained
Yet another embodiment performs the above steps in which the
curvilinear surfaces are serpentine. In this fashion, a vertical serpentine
10_ MIM capacitor is formed.
These and other objects and advantages of the present invention will
no doubt become obvious to those of ordinary skill in the art after having

read the following detailed description of the preferred embodiments which

15  are illustrated in the various drawing figures.



invention.»10 FIGURE 6A is a side sectional view of a structure

illustrating a step in the formation process utilized in conjunction with
the formation of a novel vertical serpentine capacitor in accordance with
one enbodi nment of the present clained invention. 15 FI GURES 6B-6C are top
sect i OBRIBF ®ESCRIPTION O THE BRAWINGSvari ous formati on process steps
utilized in conjunction with the formati on of a novel vertical serpentine

capaci tor. i MaCaeédapatyiig AroReng1beHiciEAFe Phcdror iR Bitand firied
invention. 20 The drawings referred to in this description should be

under s oﬁ%hi%oéﬁééﬁiié&i&{ alfustiates AnfhAKieRRitsiIf theaaiveheidnl andioted. 7
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Ref erence will now be nade in

det ai | rRIBE! gt@mﬂ [ j es of which are
illust rt g ettcliqlé?r}’pi ttﬁetﬁgc(gégﬁ% nyi r’lg6 g‘?i%&tﬁ’éf%m%?}é?}?hg@?ﬁgﬁwon will-be
desgri lgﬁg%li)ﬂ {ONj unction with the 5 preferred enbodinents, it will be

under st 0o tﬁat they are not intended to limt the invention to these
enbodi mrents. On the contrary, the invention is intended to cover
alternatives, nodifications and equival ents, which may be included wthin

h ar’ . . . - d ol ainms.
e DI RSk 4 eI ATk AP SRR (lhfeigRged ol o
oo Pl AT ABRBE ol Bttt Ry mk S ahBoBpU chg, Pl ope °
obvi ous_to one of ardi nario skill in the art that the preéent i nvention may

be pradPEER GAIMSE: YRR hecific details. In other instances, well known

nebﬁods, procedures, conponents, and circuits have not been 15 described in
detdil as not to unnecessarily obscure aspects of the present invention.

Figure I A ctive view o vertical .cylindrical, .
met al i nsul ats%&ﬁgt%;ﬁ c‘ép?aE‘?R X}evﬁﬁgtﬁﬁl”ﬁﬁﬁc cy&“ﬁé?r‘éagcr@ﬁga]ﬁn@b@stg?‘ accor di ng
to 20 an enbodi ngnt (f)f .the &resent i nyention. Figure 1B shows, the sane
st r uct Jretal ewpagites of Figyre e 1patacp @yw%fanwme‘e%gmqt&f conpr i ses
an outer netal_ cylinder 108 having a substantially cylindrical inner
surfacé)l'&ﬁﬁlmaﬁlqlmférmﬂﬁnélomegi on 110 having a substantially cylindrical
outer surface. Each nmetal region 108, 110 al so has a second surface which
is 25 shown to be cylindrical, although this is not required. A high k
dielectric 8

15 FIGURES 2A-2H are side sectional view of structures illustrating
various formation process steps utilized in conjunction with the formation
of a novel capacitor in accordance with one embodiment of the present

claimed invention.

20 FIGURE 3 is a flow chart of steps performed in accordance with one

embodiment of the present claimed invention.

FIGURE 4A is a perspective view of a vertical serpentine metal-
insulator-metal capacitor, in accordance with one embodiment of the

25 present claimed invention.



material 106 having substantially cylindrical inner and outer surfaces
resi des between the copper cylinders 108, 110 to formthe vertical
cylindrical capacitor 100. There is a substrate of inter-nmetal dielectric
104 (e.g. low k dielectric nmaterial), a portion of which is inside the
inner netal cylinder 5 110. A second portion of the substrate of
inter-metal dielectric 104 resides outside the vertical cylindrical MM

capaci t or 1QQGI§REC4BQQ%fto%oﬁ@w%ﬂh%%i%ﬁpg@x%nftﬂﬁ h@@ﬁﬁ@@@@ cyl i nder

110 to higher and |lower |ayers of the circuit, respective ctrodes

102c a@ﬂ?éa(?%apgenaﬁsm P4ACEn %Qaﬂﬁ%.gﬁ%lv&iﬂﬂ%hii&ﬁbbﬂhﬂéﬂ%f ggqd |over

| ayers of the circuit, Tespectively. igure I's a perspective view of
a verti Qggeéteél%?ﬂlteidrﬁ%ﬁgﬂ)'ni nsul ator-netal capacitor 400 fornmed in a
damascene process, according to an enbodi nent of the present invention.

Fi gure 4% shows the same structure froma top view. The vertical serpentine
capacitor 400 is forned 15 within a substrate of inter-netal dielectric 104

(e.g. low Kk ki I, rhal t @l jon 402 is divided by a

verti cal se@@ﬁﬁgﬁéﬁrﬁiﬁfgl@%fﬁﬁ%ﬁ ifﬁﬂg?rﬁeﬁlﬁé{sgﬂpﬁnﬁ% formthe
vertical serpentine capaciton 400. The..hi ielectric,regipn 406 has two
ver t1 c4rPBERREND AEERERE W PRS ol ST e B RL L1 et ) ragi on
402 has_two,.si des 402a and 402b 20 each having a surface of substantially
verti caPVERHBBNt i ne shape proximate to the serpentine diel ectric region
406. El ectrodes 408a and 408b each connect one side of the copper region
402 to higher layers of the circuit. Not shown are el ectrodes which connect
each hal f of Wg&sr rei%i on 402 to the_ |lower layers of the circuit. 9
Mor8 gener allfl £ Sidgsiechional vieraef a sbaistuge 1bustrating: a stan
inventioon may be fornmed with_the high k dielectric barrier having any

curvi | iRdhe formadion Precess peidizedgnconjunstion avith the foxmatiomolor pl ane. 5
Consequently, the two netal regions formng the capacitor plates will each
have an9yel yeetipgloserranting capasitar 4p aecerdamsetwith ong embediment of he
curvilinear shape of the high k dielectric. Advantageously, the curvilinear
st ruct bhe pesene claimedninvienliont i on provides for a capacitor with a |large
surface area and hence a | arge capacitance. The present enbodi nent 10
exposes a relatively small area of copper to a CWP process. Furthernore, a
| ar ge capacitance per unit horizontal area nmay be achi eved by the

cud®i | i near BIGURES €B-6C gue dop 2Act2dhgdrdewdsf strdetuzes illostrhatinigews of
structures created 15 according to enbodi nents of the nethod of the present
i nvent ivamioas foemdtion process lséepd abvilizbdrin wmhjEhcior vith Rhe formmbies of
clarity, the follow ng discussion will utilize the side sectional views of
Fi gur eof 2Ana¥¢eli vertica] sexgentinercapaditor ihl acvordwmnde with-bgareenBodimeritear | y
descri be the enbodi nents of the present invention. Wile Figures 2A-2H
depi ct of the3fresentrelnimeddhventiepaci tor with a vertical cylindrical shape,
the present invention is well suited to form ng capacitors with other
curvilinear shapes. As will be described in detail below, the nethod and
apparatus of the present invention deal with a novel netal-insul ator-netal

(M20) copperTKalpswings refeFredeon Ry this ebfeptibnidHouldbeouhdersibaF ussi on and
exanpl es 25 specifically describe a novel copper MM capacitor and

for mat iz@mdtehdiag dkdwn to scale except if specifically noted.



t hereof, the present invention is also well suited to use with netals other
t han eopper, for exanple, alum num etc. Furthernore, the present invention
is well suited to form ng a netal -oxi de-netal (MOM capacitor. 5 Wth
reference now to Figure 2A and to step 302 of Figure 3, in the present
enbodi MEESCRAPTEONf OF i PREFERRERN EMBODIMENTSer connect s 102b and 102d,
along with other interconnects 202 in a dual damascene process, a substrate
104 of | ow Refetesce arill sow dmosiaded nadet anlpioktde Peferrad estlowdimentFiofur e 2A.
The substrate 104 is conprised of a material such as, for 1 i0 exanple, an
i nt er - ke dhvehidbecéxdmplds\id) whikile aralillustratyieire thodcomnpanying | MD i s
conprised of a material such as, for exanple, silicon dioxide. Although

such adrhvihgat Whidé the inesities will bédesdréiseenin esijadetientwithhthepr esent
enbodiment is well suited to the use of any other material into which it is

despr eghrbfertéd BiiboimERRS M wil R ulléfstautpetidithey Mee ol SnteAdi gt | y, steps
of the nethod enbodi nents of the present invention occur wthin a damscene

procesgithitaWNe ihbahtibs 7totthés%’ BRI mMRAYE! OrPRE¢onEADAL &Iﬁ@ invéntion fed during,

and using fabrication nethods which are conpatible with, a damascene,

dual - dafRs e &be%‘liémﬁfi%§?%ﬁiﬁéét§&§aﬁd @&’ﬁivﬂl@nﬂ%[ A thaydation is

not, however, limted solely to use 20 wth such danascene process fl ows.

Wth r ] eyl g f 3 bt t he present
erbod o RRAHRM Uk bt S dSediof thesfrren O B d e By he i ng. &

?ﬁ?éé%&%ﬁ%ﬁ%%%ﬁ?ﬁ%@fﬁ%ii%%%"rﬁi oy Eé@aéfer%?‘é%é‘@iﬁﬁéﬁ?ﬁgﬂ cal
a1 1 RBe i LB RET By uS spsalc BRI IR dfferdiO0e T

respect_to.{he | yi nsul et seen...In a simlar

e ¢ toa S(?l alior ﬁil barrier . as vvioll Pﬁ een. .

f ashi 0P o71de 2 thGoYel IRY R TR Hothe prsseat i Redie% PR FEnitng 104 5 be
cylindrigcal . Wih reference,now to. ki e 2C.and,to step 306 of Figure 3,
Che. pr dElhbe alrgHs 1 nfe gh ELRALY kil il 8 AL B ek e R Ferdias ' i n t he
cylindrical openi.ng,2Q4. Th resent th posits a |l ayer of high k 10_
i ef cotPRE becharHara Sitha fheie SHAIBCREMIRe TLPREE SASRFPaREL: antal um
oxi de, ,or tant ug nitride in the trerlch/via.204. Iternghﬂievely, the high k
di el ectWHEREN04S, RERFeAUTES,OMBERENts, A Growisdhays DoTheenyi gh k

di kecfieiéc ,ge&(iﬂ}g& ﬁz;g need not have a,fyl i ndrical shape, Furthernore, in

t he“pr Frog eheih@s natdoduprrGess Yopbscyge RSBEFLR O ithe @ materi al
240 15 is acconplished during, or in a simlar nmanner to, the deposition of
di el eciPVenWfARerial for various other purposes during a danmscene process.
Referring to Figures 2C and 2D) as well as step 308 of Figure 3, the
present enbodi nent then subjects the structure of Figure 2C to an etching
20 process to renmpve certain portions of high k dielectric material 240. In
this step offignee pAdsenperspestivaanew of a Hedicabreylindrissbmstal-ve nateri al
(e.g. photoresist 206) is deposited and patterned. For exanple, the nmask
206 ovapsulatorrmgiak capaditon 100 fermyedrin2xndamascene procesanactoadingépe. | n
this fashion, a high k dielectric layer 106 with a cylindrical shape for

t h8025 ancembodiment ofithe prasemt Vhvemtiont dtigut01Bsshowrsntde. sdmeone enbodi ment

of the 12 present invention, the renoval of the high k dielectric 240 is
per f or mérhckere from aetopt view.i Thestarhical) cylRhdicadr capesitor MO qumepEses i nvent i on
is not, however, limted to the use of such an etching process to renove

por ti oran ohterimbtdl aylimidec t108chaeingy a aubathtidliyheylindrdealhasierisaafae0 nay
al so be etched 5 during this step.

and an inner metal region 110 having a substantially cylindrical outer

surface. Each metal region 108, 110 also has a second surface which is

25 shown to be cylindrical, although this is not required. A high k dielectric



Still refarring to Figure 2D, the cylindrical high k dielectric region 106
may be typically be approximately 500 Angstrons w de. However, other w dths
such as, for exanple, 100 Angstronms to several thousand 10. Angstrons, nay
be used dependi ng on the capacitance desired. Furthernore, in the present
enbodimetdrialt he6 thineaig sabstantizdlycyylinmdificalainnler gmdk odted satfiaces regi on 106 i s
conpati ble with narrow wi dt h maski ng techni ques, such as, for exanple, 157
nm | i tresigleabetwann theepppedeflimddrsiifd; i1n0 tbiformgrhephartidal cylinldrival
understood that variations of the above steps 15 may be used to formthe

hi gh kagheitee100C Trgeds aldbstiaé of integ-meovultdiekectre d 02Kegndostlep 310 of
Figure 3, in a damascene process, a liner material 212 (e.g. tantal um

t ant aldigleRttic imigteridl), aniportion of imtech a8 ihsidel thecinries meesl éfipdayent
subsequent |y deposited netal (such as 20 copper) from contam nating

supst riaie AQkcond Ebf‘ﬁoxﬁ’b%l@é‘buﬁéﬁ?@ﬁ& oERter-hital dilectric LOAPEiARs Of
approxi mately 50-200 Angstrons of liner material. However, the present

i nvent '%Qitd'he%ﬁ@e&énfc'ai EfEnaQ A MEM E%gdsﬂﬁsm El&i@fodde102£2hagds 208 are

fille metal . The” present invention is well suited to bl anket

q o . di |
Epos'ltdﬁ‘corﬁie%ﬁ%%xgﬁi&:éocpﬁgrcghﬁ%f Ph ¥ }Héﬁéﬁﬁﬁ%g?v'e??}%@rszéf @odi ment

the barrier Tayer d wth a top | ayer, approximately a

few hyagd : 656k ' L. terial to be
subsequerﬁ ’yégﬁgétlti r opl gt} %"Eﬁl nt o%ﬁéﬁggégggwéﬁdnﬁg&éﬁrn%?ﬁe e inner
verti cgh: i | C t J O.¢ 13, f i i ylindrical inner
surf acc?hp?@ékilﬁié) g@glﬁq{grfogﬁ@rr 19 ggéeijso?f ‘t&’f?eaﬁﬁqgg’ {&@Bgﬁe@%ﬁt ric region 106
gépi ng the danascene process. Furthernore, the outer vertical cylindrical

al region 108 is formed with its cylindrical outer surface proximate the

i nner surfage of the high k dielectric region 106 during the damascene
orocess. 1 T 4G shsbebivB ftkdrdy YR skpbeithe Metalt: for 100 1 s
formed. Furthernopre, in. th resent, .enmbadi nent, the 10 formatJi on, of inner
and odPEPIRgF Al capaniton A0P JGraid 1818 damASEehe; RIOSR AFCPEHZE tlr i ng, or
in a simlar panner t he farmatj.on qQf. vari,Qus oth netal structures

(6. 3. AREmbodgenh ot 158 PrTsantBYPBHORoFiglits ARsSKERpaRTRes. during. a
damascene/ dual, damasceng/ nulti - dajrascene process. Additjonally, portion
o 't LRI AranFotD M b berrbaR) speRUap canstior 4l Btaatiad’ Mo

capaci tgor .100. The inner cylindrical nmetal region 110 is fornmed with its

i Afer Vgﬁi‘f%@es‘fhséﬁtﬁﬁ énf‘?‘lyém?ﬁgs‘ilﬁgchlidi.‘i (Qﬁqilngéé;lflelﬁﬁﬁ'é‘? stood by those
of ordinary skill in the art, the present enhodi ment renoves excess netal
usi ng,mﬁtﬁn@ﬁa#pp@tahrqﬁl%épﬁza@wﬁeﬁmaemeﬁ IPEREREIRBIGR AAMNi cal

pol i shi ng gCNP). 20, Wth reference nowto step 312 of Figure 3 and Figure
2F, t 1 Hebde dielecisisgmaterialik fprm she vertica] serponting waprEiter 400ae | ayer may
be deposited by, for exanple, Fluorine Spin-on-dass (FSG, Spin-on-d ass
(s00)  Thehigle & dislertria Tegwns4Q6bap twer vertivad serpentine sbepedevsfanesent nasks
14 and patterns for the capacitor el ectrodes 102a and 102c simul taneously
wi t h tdppositeame anashennfbetmsetaliregionaf0 bas twosidasct02aand HO2f Fi gure 3,
and Figures 2G2H, the 5 circuit in conpleted by form ng the capacitor
el20ct reagbshddidg asdrfhee of snbstardteally merticalrserpestidehape proxiomabteent i onal

dual damascene M M or MOM processi ng.
to the serpentine dielectric region 406. Electrodes 408a and 408b each

connect one side of the copper region 402 to higher layers of the circuit. Not
shown are electrodes which connect each half of the copper region 402 to the

lower layers of the circuit.



As descri bed herein, the nmethod described in Figure 3 may be 10 nodified to
formcapacitors wth other curvilinear shapes wth respect to the

netal -i nsul ator-nmetal barrier. Figure 5 describes the steps of a process
whi ch may be substituted for steps of the process of Figure 3. Figure 6A
shows a side sectional view and Figure 6B-6C illustrate top sectional views
of capacitor formation. In step 510 of Figure 5, the present enbodi nent 15

deposits aMurglpdnedhRy ctiid ntetabigshRltonidtal capacibenoNghé prédentsubstrate.
The openi ng need not have a shape anal ogous to the curvilinear shape which

t he caRa@itiodf nAI0beVdrméBvwath The Highse dicleBiriO afie@Pbiaving@ahgyer of high k
dielectric material 240 such as, for exanple, silicon nitride, tantalum

oxi degyRAlihBgr bhk&a With (ra8p8&! € alHbrizhtal P& sR RO PMne.t he 20

deposition of the high k dielectric material 240 is acconplished during, or

i a eppl it foRmink thi oel A5tdd & ial for
iy oI R T Ml (o piota oAl EIAL (gt oRof AL FUTBRe, 2o 520 of

Fi gurgage %%&%’g?&iﬁﬁitg% Eﬂﬁhﬁgﬁie@kl&in%wggh”ﬁﬁ%ﬁo‘ﬁ?&nger forms an

et ching process renove certal It portions of ielectric

mat er . [ fq.t e I ) I :
photog%ﬁgﬁﬁgeggﬁ%@@ﬁ?éﬁg?ggg}i6E§¥%P§§ig%hggB%gF§E§%b8§$f@%ggﬁgﬁgatterned.
For e . i ielecksi i 40 may have a
cor pertineiie S Bt dn P Tiph dtoRidts for ¥ GiBEltar R P06 ™S i T
vertical, serpent.i shape for the verticalmserpentine capacitor 100 is
{ or e SUr 266 SBER St PRREE BJegke SARSERAnCR (IS BREGECIRPOLPERe pr osent
ipvention, the renmoyal of.the hjpgh k djel jc_240 i formed using a
Do bttes: EoloRVRY proe) bt 06 ECpPeis pACUEBrotegen tBnFEATD & honaver
i clAgeABIRRERt BT 3G hETHEPCR] Sk B ba e BIAYSY theo be etohed
during this step. The serpentine high k dielectric region 406 nay typically
be ap ?B%hﬁ&?él THEWI&ngst roms wi de. However, other widths such as, for 15
exanple, 100 Angstroms to several thousand Angstrons, may be used dependi ng
on the capacitance desired. Furthernore, in the present enbodi nent, the
creation o%,the serpentine high k dielectric region 406 is coppatible with
narrow w d pgtmk%&H PEPYIdgUBde segbinnal viewsy obglgmstaresioreatd | i t hogr aphy
and step-and-flash inprint |Lithography. 20 Referring now to step 530 of
Hyur acwrding toemhgdiments of the methedcefihepresent inventionassat eri al 212
(e.g. tantalum tantalumnitride, titaniumnitride, or the like) is used to
pr evefartB indbetow (chatepbFigune JetBor purnoses of clanpton, the folewing ani nat i ng
substrate 104. In the present 25 enbodi nent, |ayer 212 is conprised of

appr oftiseussiop wil podizaridet sidasestiongl views of Fagneasi 2A-2Hidnever, the present
invention is well suited to other thicknesses. Then the openings 428a, 428b
are fconjunctioniwithtthie. flamehart of Migiine 8rivi dearly destiibsitheed t o bl anket
deposition, electrodel ess, or electrolyte processes. In one enbodi nrent, the
bar r i emblodymengd af the poesendé dn¥entioh. aWhile Figraes 2#-2kbdepict theel y a few
hundred Angstrons, of seed material (i.e. a layer of the nmaterial to be
s2bs efpreration of ectapaeiteotrestithrd weotieal aglin@A8al shape aheopregent he et al
regions 402 with vertical serpentine surfaces are forned around the

verti irtertiorp éniviellesited té foimaieg capacitors with 4flersaervilingar a verti cal
serpentine M M capacitor 400 is formed. ~0 Furthernore, in the present

enbodshigpds. ABevilbhedesaribed inwlethil RdbRNshé SrethotMhrid apparatusngd si de
surface 408a and 408b are acconplished during, or in a simlar manner to,

the fghieprésthtdhveatiofUdedtvith delovel shetating@atériidtab(MIM)doppati ous
ot her purposes during a damascene, dual damascene, or nulti-danmascene

pr oceggpacitor. Furthermore, although the following discussion and examples

25 specifically describe a novel copper MIM capacitor and formation method

10



15 Beneficially, the structures and formation nethods of the present

enbodi nent's are realized using existing sem conductor fabrication processes
such that significant revanping of sem conductor capital equipnment is not
required. As a result, the present enbodi nents do not 20 require
significant, costs to inplenment. Thus, the present invention provides a
capaci Fe%fnﬁh%pﬁ%?%dg??ﬁt‘?’ér‘ﬁ? VR sudtedco gte wWh E}‘ﬁafsh‘é &pacitor and
the formati on nmet hod are_ conpatible w th_newer sem conductor fabrication
technitt[ﬁ@é‘s?omf’é\ BPeesmmPle ANERigRRnetcs uﬁpﬁéw’irmoa@i 4as Pxegepfaci tor and a
nmet hod for formng the 17 capaci tor erein th itor and the

f or natiNZANRERHS Y g’é used torforamaga meé\é\g@u GBﬁf?ﬁl (ﬁm CaRRfIe conpati bl e
Wi th existing sem conductor fabrication processes such that significant
revanpi ng of sem conductor capital equipnent is not required. The present
invention 5 further provides_a capacitor fornmed in a damascene process with
copper t hat Witly réeferendesnamto dligyrd 28 gad tohstep 392 efiligured, dndhet ers. The
present invention further provides a capacitor and a nethod for formng a
capacipmesent einlwdbinght,cafber foraring therbatbim capagiton intereorinedtydiOlh
descriptions of specific enbodi ments of the present invention have been

pr esemmsd 108d, plongowéth otherlihtextconbeds 202dinda siall gtamasceflegyroaess, not

i ntended to be exhaustive or to limt the invention to the precise forns

di scl csedbstarate 204 iof lst k maberiabidi depoaitiedrendomdiskad i206, asshamm possi bl e in
| ight of the above teaching. The enbodi ments were chosen and 15 descri bed

i n~or dEigure 2¥es Thexpilstrate4pis comppised of atrhatdérinlesnidhoas,afodd i ts practi cal
application, to thereby ehable others skilled in the art to best utilize
th® | nesgithply) adnthteametad deeleetlieeIMD)whateridl | hilsnsRdhbodiaté)share suited
to the particular use contenplated. It is intended that the scope of the

i nventim Recsigbiized oha hliRefadisieh A eoeetamplet dlieow dibgide. 20
equi val ents. 18 CLAI1VIS W Caim 1. Anethod for form ng a

met al - AR%hghWudiEAR TMI Yh 4634 isFecitedUni the FredeAReafiAiRRCHse Sai d
met hod conprising the steps of: a} formng a dielectric region having a

first gadeat sRMYMmMEHE Vi Weltalitsd'td B5€ udd!bf Ay DRher AaiTRPREIRLPr OCess, said
surface being curvilinear with respect to horizontal cross-section; b)

flor M Nghici 1 3 ddital oo REHPhd BYedhehoidl WIMNARECAYE! dagrelur i ng 10 said
damascene process; and c¢) fornming a second nmetal region having a
cufs/i | jE& taAtly! 86dps of the method embodiments of the present invention
occur within a damascene process flow. That is, the present novel copper
capacitor is formed during, and using fabrication methods which are
compatible with, a damascene, dual-damascene, or multi-damascene

process flow. The present invention is not, however, limited solely to use

20 with such damascene process flows.

With reference now to Figure 2B and to step 304 of Figure 3, the
present embodiment forms a cylindrical opening 204 in the substrate 104
during a damascene process, leaving a cylinder of substrate material

25 remaining inside 104b. More generally, the opening 204 need not be

11



during said danascene process, with said dielectric region is disposed
between said first netal region and said second netal region such that said
M M capacitor is forned. 15 2. The nethod far formng a M M capacitor as
recited i n CI ai m 1 wherein said fi rst and said second curvilinear surfaces
of sal sai E% 35““ li ne rface of said first netal region,

and s%ﬁ r I ‘?fe‘?ffa’gﬂ g QJrter g @eé’ L% aPeRing MAZ R BFe QHPTsubst anti al |1y

cylindri cal for for a MM capacitor .as recited in
d ai nf apwi Sl allaw ibr <he dapmasie épe?cgaﬂﬁcewfm fesriRdficates of said
dielectric, ,said curviljnear surface of sajd first rre‘[}gg regi on]i and said
cur vi W%‘F‘“%F‘F%@ét &0 thametalupaulater-metabbamietads WUhSESERal Iy verti cal
serpentine. 4. The method for form ng a MM capacitor as reC|ted in
d ai rra:slmmér éﬁh\lonsﬂfeﬁ »ot ragpiFed Ehat @eamyler SHFI268 0&15 8 Penieg 1R4a
substrate_duri n? sai d damascene process; and a2) formng said di eI ectric
r égi obe gylindaalpartially within said opening during sai d damascene
process; step b) conprises formng said first nmetal region with its said 10
curvilinear surface proximate said first surface of said dielectric region
during said danmascene process; and
With reference now to Figure 2C and to step 306 of Figure 3, the
present embodiment deposits a high k dielectric material 240 within the
cylindrical opening 204. The present method deposits a layer of high k
10. dielectric material 240 such as, for example, silicon nitride, tantalum
oxide, or tantalum nitride in the trench/via 204. Alternatively, the high k
dielectric material may be a suitable organic material. This high k
dielectric region 240 need not have a cylindrical shape. Furthermore, in
the present embodiment, the deposition of the high k dielectric material 240
15 1is accomplished during, or in a similar manner to, the deposition of

dielectric material for various other purposes during a damascene process.

Referring to Figures 2C and 2D, as well as step 308 of Figure 3, the
present embodiment then subjects the structure of Figure 2C to an etching
20 process to remove certain portions of high k dielectric material 240. In this
step of the present embodiment, a layer of photosensitive material (e.g.
photoresist 206) is deposited and patterned. For example, the mask 206 over
the high k dielectﬁc region 240 may have an annular shape. In this
fashion, a high k dielectric layer 106 with a cylindrical shape for the

25 vertical cylindrical MIM capacitor 100 is formed. In one embodiment of the

12



step c) conprises formng said second netal region with its said surface
proxi.mat e.-sai d second surface of said dielectric region during said
damascene process. 15 5. The nmethod for formng a MM capacitor as recited
in Claim4 wherein: step al) conprises formng said opening with a portion
of said substrate repmaining substantially in the center of said opening,
sai d Presepbinyentdordhe resnenplad thethighiedigleglirig 240 is perfaraned ep ¢)
conprises formng said second netal region with a second surface proxinmate
sai d nsimg airagctivbinn etching (Rikk precesed Fleg presemtrigvaniion isapelsi t or as
recited in Caiml 25 wherein step b) conprises formng said first netal
r egi ohowkevendpeited2o the7useTofesuadt Anceteling pracess) ta remiveapadiansy ofas recited
in Claiml wherein step c) conprises formng said second netal region of
coppehiglbklielectiderasatenial 240c d3thdrasedchet/wlasi 2iduimsyoalsosiabtohiedV)
capacitor conprising: a) a first nmetal region having a curvilinear surface,
sab d fursig thisatepegi on forned during a damascene process; b) a dielectric
region having a first and a second curvilinear surface, 10 said first
surface di sposed proximate to said surface of said first nmetal region, said
dielectric region forned daring said damascene process; and c) a second
metal regi BeilhseferEng tbRighge 2D thei dyliirkical iighde dielectric region

106 may be typically be approximately 500 Angstroms wide. However, other

widths such as, for example, 100 Angstroms to several thousand

10. Angstroms, may be used depending on the capacitance desired.

Furthermore, in the present embodiment, the creation of the cylindrical

high k dielectric region 106 is compatible with narrow width masking

techniques, such as, for example, 157 nm lithography and step-and-flash

imprint lithography. It will be understood that variations of the above steps

15 may be used to form the high k dielectric region 106.

Referring now to Figure 2E and step 310 of Figure 3, in a damascene
process, a liner material 212 (e.g. tantalum, tantalum nitride, titanium
nitride, or the like) is used to prevent subsequently deposited metal (such as

20 copper) from contaminating substrate 104. In the present embodiment,
layer 212 is comprised of approximately 50-200 Angstroms of liner material.
However, the present invention is well suited to other thicknesses. Then
the openings 208 are filled with metal. The present invention is well suited
to blanket deposition, electrodeless, or electrolyte processes. In one

25 embodiment, the barrier layer 212 is covered with a top layer, of

13



di sposed proxi mate said second surface of said dielectric region, said
second netal region forned during said damascene process, wherein said 15
dielectric region is disposed between said first netal region and said
second netal region and wherein said MM capacitor is fornmed. 9, The

damascene process- based tal -i nsul at or - ret capacitor of Claim 8, wherein
a0 FPP RIS bR doBaRBRGr e ANELORR, ST BETBNab b & STt r | ¢
region, said curvilinear surface of said first netal region, and said
curvi teatesial fabe sobseanen s chrroniosed HEGi renangs 20851 Gmio al | y
cylindrical_in horizontal c¢ross-section. 10. The danmascene. process-based
net al deingythe drnppvarticalpadindrcals metalgegion 4 10isdpemngdsuith 5 r st and sai d
second curvilinear surfaces of said 21 dielectric, said curvilinear
sur f aedindrigal inrarrsurfaes proxismatenthexputerasurfacs of thenbigh kurf ace of said
second netal region are substantially vertical serpentine in horizontal
crips sdiedectrimregon 1.06Tderiggnttyr dam gacene guobesse dF nethermareuthe or - net al
capacitor of Claim8, wherein said first metal region is conprised of
coppeouter2vertival dylindrienk metat rsgioma @8 isforahed math atsocylimdra¢alcapaci t or of
Claim8 wherein said first netal region is conprised of electroplated 10
coppeoutdr sixfadd praenestedhe imnereaafhasefitiehigh krdieleatde rogioal 1@paci t or
of Claim8 wherein said dielectric region conprises a high k dielectric
mat er darinpetloe dathdsceretgrocgsnuin cloissfashiory ®fvestibalcoylimditicaldBIdd t ant al um
capacitor 100 is formed. Furthermore, in the present embodiment, the
10 formation of inner and outer cylindrical metal regions 110 and 108 is
accomplished during, or in a similar manner to, the formation of various
other metal structures (e.g. metal regions 125) fabricated for various other
purposes during a damascene/dual damascene/multi-damascene process.
Additionally, a portion of the substrate 104b may be formed into a cylinder
15 inside of the capacitor 100. The inner cylindrical metal region 110 is formed
with its inner surface proximate the substrate 104. As is well understood by
those of ordinary skill in the art, the present embodiment removes excess
metal using, for example, a planarization method such as chemical
mechanical polishing (CMP).
20
With reference now to step 312 of Figure 3 and Figure 2F, the present
embodiment deposits a second low k IMD layer. The layer may be deposited
by, for example, Fluorine Spin-on-Glass (FSG), Spin-on-Glass (SOQ),

undoped Spin-on-Glass (USG), etc. Then, the present embodiment masks

14



15 oxi de., 14. The danmascene process-based netal -insul ator-netal capacitor

of Caima8 wherein said second netal region is conprised of copper. 20 15.
A netal -insulator-nmetal (MM capacitor conprising: a) a dielectric region
having a first and a second surface of curvilinear shape with respect to a

hori zontal plane;. b), a first tal reagj hayi a.surface of curvilinear
Shape A d haftelpeter the endchiorStstrodesol and J08e Siriionutly SHRY 1 1o;
surface of said 25 dielectric region; and 22 c) a second netal region
havi ngt?‘é’ Qier JRLersoNBEES: | i near shape with respect to the horizontal plane
di sposed proxi mate said second surface of said dielectric region, with said

dielectric region disposed between said first nmetal region and said second

of metal region, wherein said MM capacitor 5 is_fornmed. 16. The

met al - i nsul Wi referencecagysde step 814 of Higwres3, %@Fwe%(&?ﬁ,rt&e and said
second curyvilinear surfaces of said dielectric, said curvilinear surface of
saibd feirauit iprcampletlsdory famingdhe capegiter glestrogdesildda and 302 and second
metal region are substantially cylindrical. a 17. The netal -i nsul at or - net al
capaci atber ghtaicanneats, 23haseper eanivéntional daad damasceneMdMcor MOMear
surfaces of said dielectric, said curvilinear surface of said first netal

r egi onprawedseeg.d curvilinear surface 15 of said second netal region are
substantially vertical serpentine.

As described herein, the method described in Figure 3 may be

10 modified to form capacitors with other curvilinear shapes with respect to
the metal-insulator-metal barrier. Figure 5 describes the steps of a process
which may be substituted for steps of the process of Figure 3. Figure 6A
shows a side sectional view and Figure 6B-6C illustrate top sectional views
of capacitor formation. In step 510 of Figure 5, the present embodiment

15 deposits a high k dielectric material within an opening in the substrate.
The opening need not have a shape analogous to the curvilinear shape
which the capacitor 400 will have. The present method deposits a layer of
high k dielectric material 240 such as, for example, silicon nitride,
tantalum oxide, or the like. Furthermore, in the present embodiment, the

20 deposition of the high k dielectric material 240 is accomplished during, or
in a similar manner to, the deposition of high k dielectric material for

various other purposes during a damascene process.

Referring to step 520 of Figure 5§ and Figures 6A-6B, the present

25 embodiment then performs an etching process to remove certain portions of

15



18. The petal -insul ator-netal (MM capacitor of Caim1l5 wherein said
first metal region is conprised of copper. 20 19. The netal -insul at or - net al
capacitor of Claim 15 wherein said dielectric region conprises a high k
dielectric material selected fromthe group consisting of silicon nitride

and | LRI GREE mfer TPEAP LA AN TRbalo CARBGNARENET, O & M 15
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& 10%4&' ()-yM 10%4& () - ST0%& ()-y10%& () - 10%& 8) Zbi K- S3Y10%4& () -
@ 10%¥prrbxhatéis H00- AngSffomy wide:SHowever, other widths such as, for
10948 () -f) & 10%4& ()-f'!109g&" ()- Yb+{]?S3Y1098Yf 10%& () - Sf 10%4& () - S10%&
" (15 M} HtEHI00HAn &R EOMEHE {aveph]l tHAMEM A Angdfoms, may be used

depending on the capacitance desired. Furthermore, in the present

embodiment, the creation of the serpentine high k dielectric region 406 is

compatible with narrow width masking techniques, such as, for example,

157 nm lithography and step-and-flash imprint lithography.

20
Referring now to step 530 of Figure 5 and to Figure 6C, in a

damascene process, a liner material 212 (e.g. tantalum, tantalum nitride,

titanium nitride, or the like) is used to prevent subsequently deposited metal

(such as copper) from contaminating substrate 104. In the present

25 embodiment, layer 212 is comprised of approximately 50-200 Angstroms of
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402 with a serpentine side surface 408a and 408b are accomplished during,

or in a similar manner to, the formation of various other metal structures

fabricated for various other purposes during a damascene, dual

damascene, or multi-damascene process.

15
Beneficially, the structures and formation methods of the present
embodiments are realized using existing semiconductor fabrication
processes such that significant revamping of semiconductor capital

equipment is not required. As a result, the present embodiments do not

20 require significant costs to implement.

Thus, the present invention provides a capacitor and a method for
forming the capacitor wherein the capacitor and the formation method are
compatible with newer semiconductor fabrication techniques. The present

25 embodiment further provides a capacitor and a method for forming the
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that may be substantially larger than 100 square micrometers. The present
invention further provides a capacitor and a method for forming a capacitor

with a high capacitance per unit area.

10 The foregoing descriptions of specific embodiments of the present
invention have been presented for purposes of illustration and description.
They are not intended to be exhaustive or to limit the invention to the precise
forms disclosed, and obviously many modifications and variations are
possible in light of the above teaching. The embodiments were chosen and

15 described in order to best explain the principles of the invention and its
practical application, to thereby enable others skilled in the art to best
utilize the invention and various embodiments with various modifications
are suited to the particular use contemplated. It is intended that the scope
of the invention be defined by the Claims appended hereto and their

20 equivalents.
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105 105 1. A method for forming a metal-insulator-metal MIM capacitor
5 during a damascene process, said method comprising the steps of:

a) forming a dielectric region having a first and a second curvilinear
surface during said damascene process, said surface being curvilinear
with respect to horizontal cross-section;

b) forming a first metal region having a curvilinear surface during

10 said damascene process; and

¢) forming a second metal regian having a curvilinear surface
during said damascene process, with said dielectric region is disposed
between said first metal region and said second metal region such that said

MIM capacitor is formed.

15
2. The method for forming a MIM capacitor as recited in Claim 1,
wherein said first and said second curvilinear surfaces of said dielectric,
said cﬁrviiinear surface of said first metal region, and said curvilinear
surface of said second metal region are substantially cylindrical.
20

3. The method for forming a MIM capacitor as recited in Claim 1,
wherein said first and said second curvilinear surfaces of said dielectric,
said curvilinear surface of said first metal region, and said curvilinear

surface of said second metal region are substantially vertical serpentine.
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step a) comprises:
5 al) forming an opening in a substrate during said damascene
process; and
a2) forming said dielectric region at least partially within said
opening during said damascene process;
step b) comprises forming said first metal region with its said
10  curvilinear surface proximate said first surface of said dielectric region
during said damascene process; and -
step ¢) comprises forming said second metal region with its said
surface proximate said second surface of said dielectric region during said
damascene process.
15
5. The method for forming a MIM capacitor as recited in Claim 4
wherein:
step al) comprises forming said opening with a portion of said
substrate remaining substantially in the center of said opening, said
20 substrate comprising an inter-metal dielectric; and
step c¢) comprises forming said second metal region with a second

surface proximate said remaining substrate.

6. The method for forming a MIM capacitor as recited in Claim 1

25 wherein step b) comprises forming said first metal region of copper.
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310% %}fe)rem Q{'e“ﬂ E')} @J}gg‘r{ses forming said second metal region of copper.

5 8. A damascene process-based metal-insulator-metal (MIM)
capacitor comprising:
a) a first metal region having a curvilinear surface, said first metal
region formed during a damascene process;
b) a dielectric region having a first and a second curvilinear surface,
10 said first surface disposed proximate to said surface of said first metal
region, said dielectric region formed during said damascene process; and
c) a second metal region having a having a curvilinear surface
disposed proximate said second surface of said dielectric region, said
second metal region formed during said damascene process, wherein said
15 dielectric region is disposed between said first metal region and said second

metal region and wherein said MIM capacitor is formed.

9. The damascene process-based metal-insulator-metal capacitor of
Claim 8, wherein said first and said second curvilinear surfaces of said
20 dielectric region, said curvilinear surface of said first metal region, and
said curvilinear surface of said second metal region are substantially

cylindrical in horizontal cross-section.

10. The damascene process-based metal-insulator-metal capacitor of

25 Claim 8, wherein said first and said second curvilinear surfaces of said
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5 11. The damascene process-based metal-insulator-metal capacitor of

Claim 8, wherein said first metal region is comprised of copper.

12. The damascene process-based metal-insulator-metal capacitor of
Claim 8 wherein said first metal region is comprised of electroplafed
10  copper.
13. The damascene process-based metal-insulator-metal capacitor of
Claim 8 wherein said dielectric region comprises a high k dielectric
material selected from the group consisting of silicon nitride and tantalum

15 oxide.

14. The damascene process-based metal-insulator-metal capacitor of

Claim 8 wherein said second metal region is comprised of copper.

20 15. A metal-insulator-metal (MIM) capacitor comprising:
a) a dielectric region having a first and a second surface of
curvilinear shape with respect to a horizontal plane;
b) a first metal region having a surface of curvilinear shape with
respect to the horizontal plane disposed proximate said first surface of said

25 dielectric region; and
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5 is formed.

16. The metal-insulator-metal capacitor of Claim 15, wherein said
first and said second curvilinear surfaces of said dielectric, said
curvilinear surface of said first metal region, and said curvilinear surface

10 of said second metal region are substantially cylindrical.

17. The metal-insulator-metal capacitor of Claim 15, wherein said
first and said second curvilinear surfaces of said dielectric, said
curvilinear surface of said first metal region, and said curvilinear surface

15 of said second metal region are substantially vertical serpentine.

18. The metal-insulator-metal (MIM) capacitor of Claim 15 wherein

said first metal region is comprised of copper.

20 19. The metal-insulator-metal capacitor of Claim 15 wherein said
dielectric region comprises a high k dielectric material selected from the

group consisting of silicon nitride and tantalum oxide.

20. The metal-insulator-metal capacitor of Claim 15 wherein said

25 second metal region is comprised of copper.
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