;e3e[j'[g T4 6V6TKS3h METHOD TO FABRI CATE M M CAPACI TOR USI NG DAMASCENE
PROCESS FI ELD OF THE | NVENTI ON The present clained invention relates to the
field of sem conductor processing. Mre particularly, the present clained

inventio I - ] 1M Lt.or and a
ot hod SPEFERES RO S ApRR R e SR CRPACHIR BRI R ASERRG e or
geonetries continue to becone snNBROSESSd smaller, new difficulties arise
in the i i i duct or devices. 10 As one exanple, with

progr egiﬁgg @ﬁi%m | es, a problem has arisen due to capacitance
bet ween adj acent netal |ayers (i.e. ipterlayer acitance). That is, as
devi ces shr"ﬁc‘iﬁ Hrﬁs%‘?tz%l?“%?é{%?ﬁt‘?%ﬁéPaée%tt%)égﬁé‘&zg %@@Péggﬂmt oget her.
Such a condition results in a deleterious_increase in interlayer

capaci PEifessing: cMozaparenlarky.iiber presgrt slaimedomvention selatemtas rul e- based
sem conduct or devices. A simlar problemexists due to the reduced di stance
bet weehoelj mebaltingudaforimefad .(Ngé‘égpﬂpé%lt¢ry?nﬁrﬁj€re@@ﬁ§0€i formingances,

unwant ed effects such as cross-talk and various other RC

(r d5i ssuch @vbgpasitaance) del ay effects between closely spaced netal |ines
negatively affect the operation of the sem conductor devices. 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
met al BACRBGHROUNIY. ARTnes, interconnects, and the like). Such newer
sem conductor fabrication techniques include, for exanple,

damascene/ dAgl setwicead ectdr rgeom etdsacrgirtue to bessme syhatlerraedli | y enpl oy
copper netal and which achieve highly desirable results. Unfortunately,
copper smadlepnewadiffieulties ardse iredHe Ifbaicatien dfsenhieohdueturedevibes:h
conventional | y-used al umi num for exanple, is etched. As a result, certain
st10ict Akeshe 8x&ifiphs withasrogpessiveli fiflert dediBh miss, Hprobhaarhdseadi |y fornmed,
at least in-part, by the etching of alum num are not conpatible with the
newer gfigeA AU dpdcitiinice Hetwaeh emljatdtitemetalClayess (fQring¥Aapke, copper
damascene/ dual - damascene/ nul ti - damascene 10 processes. a Wien form ng huge

copper c@padifinced e M=l isPaS Aedites shethlasn @i iad§hcenitSIBYBEs ad@dpQE&QHI ON
occur. For exanple, using conventional chem cal mechanical polishing (CW),

sever exdlirghil Okl RYgQBeH! SHAMN thedRARPEEsulls f aldlefirfouP{tiGbatddn. foOr
exanple, 8-10 mcroneters. Therefore, |arge copper netal -insulator-netal

" . : , ; : le, 10
(MM mamyggrc%aéﬂaﬁée WHiéh ad%f%rfla%ctsaf,g&raﬁmaf .ﬁfrﬁﬁ*copp ' €

m croneters m croneters are ficult To formwt

dajms ceRR/ sl aan omﬁévkeeganﬁssqggpa &%measisgsggéé th€the2not her

concern, in order to achieve w despre acceptance to ensure

PR AT T L RS OB RS

above-[T¢ 0 existing sem conduct or
fabri C@lﬂ'b&&s%ﬂ&%? YeSvarfted 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,

T
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Thus, ‘a need exists for a capacitor and a nethod for formng the capacitor
wherein the capacitor and the formation nethod are conpati ble with newer
sem conductor fabrication techniques. A further need exists for a capacitor

and a nethed .f,or, fQrm ng the capacii or rein.th capaci.t nd the

For at F6h HREUHER- naeth ke o sORR e e P gt dbion Je P RRRR el | ng

sem cogl)ductor abr,i cati on oGesgses such/ t hﬁtéISi ni fi cant revanpi ng of

sem ColfiuEr PSR EIASSE eI 07 BasEe R -3 A oFe e SPRATRTSTE | NVENTI ON
The present inyentio rovi des a, capagi t.or,and .a net for. farm ng the
Capac: PORLRRAGTH crRaoF R J et ah oV G AIBH PR OIS A mat bl o

W th newer seﬂ@' onduct or fabrication techni ques.,K The _ﬁ)res nt. 5 enbodi nent

f ur t heFestsyi orfunately, C8PPEhPS 2R 3G eots ot Ry gbchedMe R r wher ei n
t he capacitor and the formatjon nethod achi eve the a}{iove-li ted

ac dnpmasmfEny highy cangerdapatly preedaptmaamy ifor esam 8nétuciieck alsi cat i on
processes such that significant revanping of sem conductor capital

equi pnemesul, gertain strudyresnaugly ascapaeitpsyiwhich mothepaskthageovi des a
capacitor and a nethod for form ng a capacitor with huge copper plates, for
exanpl been zeadily foraned0at lepshnn-pArdy bmtger@.chmg ohalumithod, endodl nent t he
present invention recites formng a nunber of first openings in a first
subst r egrapatibée pritls ¢he mewed semicondutot Sabdcaties techniquesasuadppsr regi on
wi thin each first opening during a danascene process, wherein each copper

r egi onfdraexamipde, sopper danTascepreéddeal-denmstenemultielamdasgpoees a diel ectric
| ayer proximate to the top surface of each of the first copper regions

dul0 ngptéeesdasmscene process. After depositing a second substrate over the
di el ectric, a nunber of second 20 openings in the second substrate are

made. Next, a nunber of second copper regions are forned in the second
openi ngs, during the damascene process. The dielectric region is thus

di sposed beWWigan foaing hsigeceuppRr plages)nsevansl phsbleatosdclc apptishimggi ons. In
so doing, the dielectric region forms a dielectric barrier between the
first eofriag, had OFvsidhGcthe IsiO08farhple, using conventional chemical
mechanical polishing (CMP), severe dishing may occur when the copper
15 plates are larger than, for example, 8-10 micrometers. Therefore, large
copper metal-insulator-metal (MIM) capacitors plates with a dimension

larger than, for example, 10 micrometers by 10 micrometers are difficult to

form with copper damascene/dual-damascene/multi-damascene processes.

20 As yet another concern, in order to achieve widespread acceptance,
and to ensure affordability, any method of forming a capacitor, which
overcomes the above-listed drawbacks, should be compatible with existing

semiconductor fabrication processes.



copper regions such that a netal -insulator-netal (MM capacitor is fornmed
duri ng a danascene process. These and ot her objects and advantages of the

present invention will 5 no doubt becone obvious to those of ordinary skill
in the art after having read the fol|ow ng detail ed description of the
preferred enddafreReed BFith 1aF @ GapRGYeF impetied foBAPHRNGIFAN ng i gures.

5 BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs,. which are
i ncor poeRestor whargin shencapgeiter and; thesformatian mtﬁeﬁ are| qopapaables

enbodi nents of the invention and, together with the description, serve to
expl ai rWithengwen semieondsfcten falrri¢catiem tedmiqresUure further nasdr epsts i ve vi ew
of a metal -insulator-netal capacitor, in accordance with one enbodi nent of
t he prdoenmt capazdimohlidlaenetlmt{)fmomﬁbemiiaﬁitar avhareéin ¢het i onal vi ew of
structures illustrating various formation process steps utilized in
conpunotaipawiter tandt the foomredidromeshod mestethecalpave nead andageor dance with one
enbodi nent of the present clained invention. 15 FIGURE 3 is a flow chart of
st eps penipatible withaexistidgneemivonduoter fabiriditivenprafessédespelesbat cl ai ned
invention. The drawings referred to in this description should be

under stgigdificantatevhaipiggtfasemicondaetor evpityltequiparendtiitiwet! fequirédd. 6



-

DESCRI' PTI ON OF THE PREFERRED EMBCODI MENTS Reference will now be nmade in
detail to the preferred enbodi nents of the invention, exanples of which are
illustrated in the acconpanying drawi ngs. Wiile the invention will be
described in conjunction with the 5 preferred enbodinents, it will be

under S%MM%Yt(REyImWONntended tolimt the invention to these
enbodi nents. _On the caontrary, the jnvention is intended t? cover,

al t er nat i veslNepEegen¢ 4RV eREOB RY Oéﬁiﬁs\ﬁa%}?ﬁ%t,orvﬂﬂcgﬁ %51% 9rrforgded wit hin
the spirit and scope of the invention _as defined by the appended cl ai ns.
Fur t herttheregpacitor fyeherein ¢he sgpaeiter pad thedermptippinethadarao present

i nvention, nunerous specific details are set forth in order to provide a

t hor ougompatébletwithi mewer semacqrdambon fahneationotechnbywaser Thetpreisent be
obvious to one of ordinary skill in the art that the present invention may
be pr acnbedinvérthfurthéhpeevideeai dapacitet andsa method Her formsirenties, wel | known
nmet hods, procedures, conponents, and circuits have not been 15 described in
det ai | capanitbr twhereire tke eapatiyoohaduhe fasmpetivn méthdieaghieserthei nventi on.
Figure 1 is a perspective view of an enbodi ment of the present invention, a
met al - ialRwvledisted neicamplzhateritoand Ge fcompadible withaxisireme 20 process. The
capacitor 100 has a substrate of inter-netal dielectric 102 (e.g. lowk

di el ectgeinticond attiozl hbricatiohi procebsescapdethal sighifodes vaphpiingsofl14 and
copper interconnects 106 are forned, via a damascene or dual damascene

pr oces sentié6ndastor a iﬂa@tegagsm_bhe i§h@€fré%§ii‘i‘e@.| AtrsSprebént @idditnerdte | ow k
dielectric material 102. Additionally, the small copper el ectrode pl ates

114025 fakth&! ff&vaa@sablcﬁpaenaﬁ%ada RetWBHbr FA1GiRRSa tdfacikoMerg, it is not
required 7 hat the copper el ectrode plates be connected together.
BeCausgy ffe E&i5pd i&d | fBf ekhidple OfarkBP thad 100M fl26 thiGoidtderd. he copper
electro&gﬁ%lﬂg%gog%h may be dé¥81éﬁ§d cl ose toégiher. A highrk dielectric
material 110 resides between the copper el ectrode plates 114. Preferably,
the high-k dielectric 110 5 overlaps the bottom and top copper el ectrode

plates 114, B30hs ORBINbARLE tho WELLARILARIN aEiBYSEtng he

Cﬂ.paCi tor 1 € one contl nuous pl ece;

pac . ] . . however,
cor  esanara St oo s JHARLS: LR BeRRE BB ot rode
Pl akes dhhitcs Hiemt P oTokReR 14ERGL LOMROONG 600 SERRAE AR Lt o5 114D rmy be

formed in pa eacC he "parr i ntially the sane
i h th t .__HO it is - t ired that th b
cqual nBercRae Brisie b cin B Firnstsgabn BT potte Wbl 188 nor that

the top . ll4a an ottomcopper el ectr.ode plates 114bh are i red together

w th oertiRs BRPoRpeRE tECE RiTndEeS & GBtERe TR dbatmRle I B Bin. "o e

Fi gure iﬂ_’kl | us ratigs ﬁg ?.rréag of copper (al ect rt%de | ates 114, the present

i nvent iOHT4SE epachs f Phe firgt GomReT Treamt ARERe e damaRERne  BEifESSel ect r ode
pl at es 4 effectjvely form a |arger .capacitqr plate, 20, Figures 2A-2H
pr ovi o AT GeDaatiag A FeCiTd BB Al o 0t the G S TaF B PO Ber of ARG o

enggdi nents of _the nmethod of the pre;ght invention as set forth in the fl ow
ch#P: OPepings in she sgeond spbatrate, are made \Nexha numhoriafpegrrd ussi on wil |
utilize the side sectignal views of Figures 2A-2H in conjunction with the

f1 ow cifapPepregiong aresformed unthe sg ppenings, duriggoths Aamascenet he

present invention. As Wl be described in _detail below) 8
process. The dielectric region is thus disposed between the first copper

regions and the second copper regions. In so doing, the dielectric region

forms a dielectric barrier between the first copper regions and the second



t he nethod and apparatus of the present invention deal with a novel

net al i nsul ator-netal (MM copper capacitor. Furthernore, although the
foll owi ng di scussion and exanpl es specifically describe a novel copper MM
capacitor and formation nmethod thereof, the present invention is also 5

wel | suioppdr tregiome snichhthmadt alngetad hasulatan metapdMIMUcapecitor és t he present
invention is well suited to formng a netal -oxide-nmetal (MOV capacitor.
Wt h rdbemedcduriog a4 daFngsrene2pragess.t o step 302 of Figure 3, in the present
enbodi nent, a substrate 102 as shown in Figure 2A is conprised of 10 a
material such as, for exanple, an inter-netal dielectric (IMD) material. In
one enbodinent, the IMD is conprised of a material such as, for exanple,
silicon di oX'dese #hd btherholgucts and hiantdgesi ofl thespresent édvemtibhevidy esent
enbodi nent, the present enbodinment is well suited to the use of any other
mat & i aho dohbt Bédodhe bbvioas dethosslof erdinary kil pi eBerirt adee! hdwig15
capacitor. Mre inportantly, steps of the nethod enbodi nents of the present

i nvent ix@adoafehlfolwﬁih'grue&aﬂms@ﬁpﬁaﬁm prefereBhéibodimlehes RiggaNt novel
copper capacitor is forned during, and using fabrication nmethods which are -

conpat i HleeilMstPated iSRS $8RBus @rawidgTasa@ae, or multi-danmascene process
flow The present invention is not, however, 20 limted solely to use with
a dual -damascene process flow. Wth reference now to step 302 of Figure 3,
t he present enbodi ment fornms a nunber of netal electrode regions 114b and

i nterconnects 106 during a dual damascene process, along with the formation
of various 25 other trenches/openings. In Figure 2A, the copper netal
regions 114b, 9 which conprise the top of the "T' structures on the left,
will formthe bottom capacitor el ectrode plates 114b of the M M capacitor.
The lower part of the "T' structures on the left will formthe capacitor

i nterconnects 106. The two netal regtons to the right will be other

i nt.erconnects. The interconnects 5 106 and the capacitor el ectrodes 114 may
be fornmed during different steps of the dual danascene process. It will be
under stood that any nunber of copper regions 114 nay be used to conbine to
formthe MMcapacitor. Step 302 of Figure 3 is illustrated in Figure 2A
In the present 10 enbodi nent, first a nunber of openings 204 are nmade in

t he substrate 102. In a damascene process, a liner material 202 (e.qg.
tantalum tantalumnitride, titaniumnitride, or the like) is used to
prevent subsequently deposited netal (such as copper) from contam nating
substrate 102. In the present enbodi nent, |ayer 202 is conprised of a few
tens to a few hundreds 15 Angstrons of liner material (e.g., approximately
50- 200 Angstrons). However, the present invention is well suited to other

t hi cknesses. Then the openings 204 are filled with netal. The present
invention is well suited to bl anket deposition, electrodeless, or

el ectrolyte processes. In one enbodinent, the barrier |ayer 202 is covered
with a top |ayer, of 20 approximtely a few hundred Angstrons, of seed
material (i.e. a layer of the material to be subsequently el ectropl ated
into openings 204). Next, in step 304 of Figure 3, the present enbodi nent

t hen renoves



excess nmetal (using, for exanple a planarization nethod such as chem cal 25
mechani cal polishing (CWP)). The surface area of each copper netal . "". 10
region 114, which are the electrode plates of the MM capacitor 100, is
smal | enough to avoid the deleterious effects of problenms such as, for
exarrplBBIE%SEE%R%EWNQQF&BH&D&QWIINGS%Ver, t oget her the copper netal
regions 114 forma large region. For exanple, a copper region of

subst ant i al The agepmpanying qlravangscwivieh eire imggrinrated iedind foran danascene
or dual damascene process. As shown in Figure 2C, step 306 a dielectric

mat er i partlgftthis spepficatied, thestrates ¢empodrmerposithesimfeatwroindhe net al
regions 114, as well as other 10 regions. Deposits of 100 Angstrons to
sever alogetiverswiith #irgdesaiptionysdrgetsakplaiepthedprigeiples bftlapaci t ance
desired. However, the present invention is well suited to other

t hisckngseasionybre specifically, as shown in Figure 2B, in the present
enbodi nent, the present nethod deposits a layer of high k dielectric
material 110 above the structure of Figure 2A. The high 15 k dielectric
material may be, for exanple, silicon nitride, tantalum oxide, or any
refractory BPYGURRIIL {d 8 perspedthiay vieweof hhaetdldhskladbenasthl capadyoye an
organic high k dielectric. Mire generally, any material which is a high k
di el eciy hécortlfints vEGHRAE dhbodirhEnt BE tEeRResePEllandd Iho6stisn Y be used.
Furthernore, in the present enbodi nent, the deposition of the high k 20
dielectric material 110 is acconplished during, or in a simlar manner to,
the deposition of dielectric material for various other purposes during a

Seqrcene DERGERESGRIUIDUN Liaen B8 HaFlii S oflding 2
Fi gur e, 28,49 f er?gfiﬁ'l ) céés st soﬁﬁﬁée& Qn' fﬁﬁe{’?ﬁ?&{ GALE tﬂgrf%%lﬁﬁoﬁf high k

dielectric ma I sposed thereon. IS step o present

enmbodi . . Of . it teriak. ist 206) is
deposi (o gyl bRl P AGIREHE] WiV oFB' bbbt MRPARERLT ST el y
over t giﬁragin 'h(E forms the bottom5 electrode plates 114 of the MM
capaci tor £60"VEre erably, a small overlap 208 nay be created. In this

fashion a high k dielectric |ayer 110 for the MM capacitor 100 is forned.
I n one enbodi mrent of the present invention, the renoval of the high-k

diglectric j rforqred ysin reacti.ve ion etchin RI. rocess. The
pr@sent invét@pJﬁE%glsn%ﬂge%Smafgﬁpﬁﬂeéﬁo%efﬁéafﬁ)or ¢ lefe} ®an et ching
process bo [ enoyve f?}grtions ofl hi B.k dielectric material 110. , Wth

r ef er eHBROABRERE OF ‘f)%%e’btfcﬁﬂg SW¥CBHETE| gures 2D 2E, the present

enbodi nent deposits a second lowk I MD |ayer 102a. The |l ayer 15 102a nmay be
deposited by, for exanple, Fluorine Spin-on-dass (FSG, Spinon-Qd ass
(SOG, undopged i n-on-Q.ass, (USG,, .etc. Then, the present e i ment masks
and patter n’i‘ﬁ?disrmg&’r‘ﬁ% Hgf%ﬁdg%ﬁcti}’t‘%rdeé?léml% Ob‘ﬂ‘g éﬂ‘i%‘ég‘gﬁg capaci t or
i nt erconnects. 103§qSi mul t angously with the ﬁt hergént erconnects. 20 'Wth

r ef er A BOKBRINGHAEARD tessaly exceptf spegifigaly fgtedor the present enbodi nent
forms the top capacitor electrode plates 114a and interconnects 106 by
depositing a barrier 202 of Tantalumor Tantalum Nitride (Ta, ~VY) and
filling the trends/via wth copper. As nmentioned above, in a 25 danascene
process, a liner material 202 (e.g. tantalum tantalumnitride, 12



titaniumnitride, or the like) is used to prevent subsequently deposited
metal (such as copper) fromcontam nating substrate 102a. In the present
enbodi ment, barrier 202 is again conprised of approximtely 50-200
Angstrons of liner material. However, the present invention is well suited
5 to otNBSCHRIPIIAN QI THE PREFBRBED FMBODIMBNTSayer, of approximately a
few hundred Angstroms, of seed naterial (i.e. a layer of the material to be
subsequent | Refesenceopilhnew bemadpiandeipiltuiheg preferrsdi embodments dfarri er
202. The nultiple second netal regions 114a are forned on top of the high k
di el ectthiecinvegtion, exemples ofwdtick agedllustrated irdheactampadingpaged bet ween
first 10 netal region 114b and the second netal region 1l14a. In so doing, a
di el ectdrasvingsr i Whilesthieanwvedtibat widk he fdesstiberkimkconpgiction wittbtleend t he
second ' nmetal regions 114a such that a M M capacitor 100 is fornmed. As

wit 5 t herefatredrensbetitnends, ibiveillelse hihdbrstodt thatptheyper noteindendedtons 114a
formthe nunerous snaller top capacitor electrode plates 114a, which may be
j oi ned limibtheriiventiOtotisesé 2mbedihnts 00n tly gentphay,ehel invehtionkie
understood that the Figures 2A-2H only show a cross section of the MM

capaci tigted@8H td keva' Aiterndtivey; aedifieitibng 80 @a%ivalénes,evhith i Wth
reference now to step 314 of Figure 3, the present enbodi nent 20 then

remyeﬁnﬂmwﬂﬂﬁﬂthél@ﬁﬂ_ﬁlanfi@&?/gé(%ﬂ'ﬂh@ixﬁreﬁﬂtmé dafihed d such as
chem cal mechani cal polishing ( )), such that the top electrode plates

114a argphéHdediclaims OFW¥thBhabr idl ﬂleefb‘ll'biwﬁing At siled Hes¥iptioA! dffthie

dielectric region 110 di sposed between top electrode plates 114a and bottom

el egf 1 9fRsBhBifveritidh n l@f&\f‘sr Spécific Hetéii@mwﬂ%ﬁrﬁﬁggﬁéi&em, the 25

formati'on of second nmetal regions 114a are acconplis during, or in a 13

si'm | ar%@gﬂ%%@‘%{"‘%@ﬁ &%9%35@2?@% }{lﬁ’%hPé’s%n?fiH@ént‘?Fxﬁ.a'Hé&é\‘r&I yes (e.g.

nmetal r ricat s ot her purposes during a damascene
dual . Wi .af. . Ei 3,

and P gL PR RAARE St ormiafb B 6 BRGE PO LR BERaEHv Bl T °

st op, | Ahayh PO Bl tase SERAC ARG, ThEHIGMIARER WL Lot ur e of

Fi gur e lowhOnBRNGld CrBbddiurekNEoRbRHEM S8aA0K AL RBYEQR MELGI0dS of L he

pr esent e realrzeée g éxisting of fabrication

Capmegocr e gl LRt FE Wb EebBPY BB SERRPRIE iRl o o

r equi reinsv'e%rt]{Jn'.Cé‘m costs to inplenent.

Figure 1 is a perspective view of an embodiment of the present
invention, a metal-insulator-metal capacitor 100 formed in a damascene
20 process. The capacitor 100 has a substrate of inter-metal dielectric 102 (e.g.
low-k dielectric material), in which the copper electrodes or plates 114 and
copper interconnects 106 are formed, via a damascene or dual damascene
process. The gaps 105 between the electrode plates 114 comprise the low-k
dielectric material 102, Additionally, the small copper electrode plates 114

25  are electrically connected by metal regions 124. However, it is not required



15 Thus, the present invention provides a capacitor and a nethod for
formng the capacitor wherein the capacitor and the formati on nethod are
conpati ble with newer sem conductor fabrication techniques. The present
enbodi nent further provides a capacitor and a nmethod for form ng the 20
capaci tthet iheceppen ¢lectzagedlates bermonnreteddiogathiasn Becavsg dfdhiedow t he
above-listed acconplishnent and are conpatible with existing sem conduct or
f abr i caefleetiypity of thebovsdcdietdastitic d0gntHe eopper eltectroderpiabés bdimagnbect or
capital equipnent is not required. The present invention further provides a
capaci tdevelfopededosantagethensAdnighps dodsetrisi mhtexiplptl0 2ésitleatbetergehe
substantially larger than 100 square mcroneters. 14 The foregoi ng
descr i phe @oppef ekeptmideiplatestbidi. nBréferaifly f the nighdedielechrim1i®n have been
presented for purposes of illustration and description. They are not

I nt BndedetlapbeheXostosh iand tp doppét Blectriole plavesritlidonstiostdebyprthei se 5 forns
di scl osed, and obvi ously many nodifications and variations are possible in

light elighbevabayealbegehe edge b ehe ohpdtitooD. VB didlestete a0 ng@sbei bed in
order to best explain the principles of the invention and its practi cal

appl i cghnleQddntirtuduieprRioy; RorRbVEr, thirisSnétkidduefed. N"FoR@xamiplepthesd utilize
the i nvention and various enbodi ments with various nodifications 10 are

sui t ed Iﬁ%’ Haexdpy t (i aleléificCOl &b &odding Euié&ahmiaﬁl},d@dtﬁ bRé ghipg scope of

the invention be defined by the C ains appended hereto and their

equi val1palisetween the coppdFelédétrotiginplated 114 "ﬁfehéa? 11%a 4 BbfiGnR cdppdrcapaci tor

during a damascene 5 ocess, said nethod conprising the steps of: a)

foRgi N@1&etkdde b1dtbd 13ubiMafbe BiRled iRPARS Whikdeld edcHINBRHRRSS the

’ pair is substantially the same size an(j' shape as the other. However, it is
not required that there be an equal number of top 114a and bottom copper
electrode plates 114b nor that the top 114a and bottom copper electrode plates
114b are paired together with each member having a similar size and

15 shape. Furthermore, while Figure 1 illustrates an array of copper
electrode plates 114, the present invention is well suited to other geometries
of multiple copper electrode plates 114 effectively forming a larger capacitor

plate.

20 Figures 2A-2H provide side sectional views of the structures created
according to embodiments of the method of the present invention as set
forth in the flow chart of Figure 3. For purposes of clarity, the following
discussion will utilize the side sectional views of Figures 2A-2H in
conjunction with the flow chart of Figure 3 to clearly describe the

25 embodiments of the present invention. As will be described in detail below,



process, each of said first plurality of netal regions having a top
surface; b) disposing a dielectric region proximte to said top surfaces of
said first plurality of nmetal regions during said damascene process; and 10
c) formng a second plurality of netal regions during said damascene

pr oce$he sretheg asfd spparatis|of the ipresenf; nyeption daaldwaﬁ%eaermwlcm?% on

di sposed between said first plurality of netal regions and said second

pl ur alinsylapér-metal (MEYDoreppencapaior s & ariieymoaeaal trorughs ther ned. 15 2.
The nethod as recited in Claim1 wherein said step a) conprises the step of
al) f dolleowipgsdisdussiontand exainples epecrficallyrdesicoite aindved gapebet ween t he
sides of said first plurality of netal regions. 20 3. The nethod as recited
i n d AlRMlcagaeiter mrsl fopmmticp muthedsthielneof5tthp mfesahd ifvemiiony is apdaur al i ty of
coupling nmetal regions to couple ones of said first plurality of netal

r egi oRgellipnited ta wbermithemetgls @tkes thaf copper.THRunthehmdrestheeprdsedti n C ai m
1 wherein step a) conprises the step of: al) formng said top surfaces such

that tifieantise iswhdl sditedltd Yoiminda metal-ptideanetalXMUM) @aphcidos recited
in Claiml wherein step a) conprises formng said first plurality of netal
regions of copper. 6. The nmethod as recited in Caim5 wherein step a)
conpri ses
With reference now to Figure 2A and to step 302 of Figure 3, in the
present embodiment, a substrate 102 as shown in Figure 2A is comprised of
10 a material such as, for example, an inter-metal dielectric (IMD) material.
- In one embodiment, the IMD is comprised of a material such as, for
example, silicon dioxide. Although such an IMD material is recited in the
present embodiment, the present embodiment is well suited to the use of
any other material into which it is desired to form the present novel MIM
15 capacitor. More importantly, steps 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,

20 limited solely to use with a dual-damascene process flow.

With reference now to step 302 of Figure 3, the present embodiment
forms a number of metal electrode regions 114b and interconnects 106
during a dual damascene process, along with the formation of various

25 other trenches/openings. In Figure 2A, the copper metal regions 114b,



10 renovi ng excess copper by chem cal nechanical polishing (CW). a 7. The
met hod as recited in Caim1 wherein said dielectric is selected fromthe
group consisting of silicon nitride and tantal um oxide. 15 8. The nethod as
recited in Claim1l wherein step c¢) conprises the step of cl) form ng each
of sai dhi€c oomhppisertdid top of thee tBlstregiuwes ohahedefte splirfdrmothenkotéémsai d
first plurality of nmetal regions, wherein pairs of netal regions are forned

Wi th eegpaciwrtdectoddé pratesi 114kavf tie RIM ehphabsd. alhy lawer parteofsthee and
shape. 9. A nethod for formng a nmetal insulator netal (MM copper

et al - (PREAItuRes 68RACI TERY willliThie thelaiReORRen Hreeesects 1860 Tiké bwd
conprising the steps of: 17? a) formng a first plurality of openings in a

first siisl F@dions ) therrighe wallfbé sthédl Mitatdonvieefs. CDRPeAtereahMEs W t hin said
first plurality of openings during said damascene process, said plurality

gf Foppes IR S pRbra¥ttIodes 11;9;@ 4y bedBriaed difridgaiterefe sidpaefsur f ace,

erein the sides of said plurality of copper regions are separated by

sai d f%ﬁéﬁ%lﬁylaﬁgﬂ%c@he(%logészﬁqoﬁ w#%edﬁﬁa&%wd&tﬂﬁy% Attty ¢f said top

surfaces of sal I st ity of copper regions I ng sai d danascene

b0 e Bopstr 1GRL912 B %{%géﬁgh@mé tO G TS MIMAapREABH Substrate on
Step 302 of Figure 3 is illustrated in Figure 2A. In the present

10 embodiment, first a number of openings 204 are made in the substrate 102,
In a damascene process, a liner matglrial 202 (e.g. tantalum, tantalum
nitride, titanium nitride, or the like) is used to prevent subsequently
deposited metal (such as copper) from contaminating substrate 102. In the
present embodiment, layer 202 is comprised of a few tens to a few hundreds

15 Angstroms of liner material (e.g., approximately 50-200 Angstroms).
However, the present invention is well suited to other thicknesses. Then
the openings 204 are filled with metal. The present invention is well suited
to blanket deposition, electrodeless, or electrolyte processes. In one
embodiment, the barrier layer 202 is covered with a top layer, of

20 approximately a few hundred Angstroms, of seed material (i.e. a layer of

the material to be subsequently electroplated into openings 204).

Next, in step 304 of Figure 3, the present embodiment then removes
excess metal (using, for example a planarization method such as chemical

25 mechanical polishing (CMP)). The surface area of each copper metal

.- 10



e) formng a second plurality of copper regions within said second
plurality of openings during said damascene process, with said dielectric
| ayer di sposed between said first plurality of copper regions and said
second plurality of copper regions and formng a dielectric barrier between
sai d 15egionstl4iwhighiang thle Jepivede plajesnt thﬁdgﬂﬂi@p@eﬁondoﬁl, ig amiadly of
copper regions such that said MM capacitor is forned. 10. The nethod as
r eci t ednbngliitai amodd whe deletesions edfectoofpprabdemsisaichtay fof e2@mgpdy, f or ni ng
said first plurality of openings in an inter-netal dielectric (IMD)

mat er i dishini, chspinga andvetosibire| éhtwavery tdgether the cepper diethbeegionsr egi on
di sposed between said first and said second plurality of copper regions,
wher ei n1hfersi désrgyf regaonl Hor sixapiple a4 icoypaf repippel swugitantialyeoveepar at ed
by said inter-netal dielectric (IMD) material. 18 11. The method as

recht ed 00nsdul srenmidromteters magt lew fdmed)inrd damdseensboemwefl-. bl) formng a
plurality of coupling netal regions to couple ones of 5 said first

pl ur al idayn 8dcer@PPLbcds8gi ons during a damascene process, such that said ones
of said first plurality of copper regions are electrically connected. 12.
The nethod as recited in Caim9 wherein step ¢c) conprises disposing said

| ayer of high k dielectric nmaterial selected fromthe group 10 consisting

of silicon nd Eliléj@nfifldﬁ(‘iglﬁi’f)% ay gte@fia@@a didRctric dRTRsGE riqfo%%%gftbased

metal -i nsul ator-neta capacitor conprising: a) a first plurality of

ol 8 S RV R O U Py 1y st ourf oo
10 regions. Deposits of 100 Angstroms to several thousand Angstroms may be
- used, depending on the capacitance dgsired. However, the present
invention is well suited to other thicknesses. More specifically, as shown in
Figure 2B, in the present embodiment, the present method deposits a layer
of high k dielectric material 110 above the structure of Figure 2A. The high
15 k dielectric material may be, for example, silicon nitride, tantalum oxide,
or any refractory oxide/nitride. Furthermore, the high k dielectric may be
an organic high k dielectric. More generally, any material which is a high
k dielectric and is compatible with the copper backend process may be used.
Furthermore, in the present embodiment, the deposition of the high k .
20 dielectric material 110 is accomplished during, or in a similar manner to,

the deposition of dielectric material for various other purposes during a

damascene process.

Continuing with step 308 of Figure 3, Figure 2C illustrates that the

25 present embodiment then subjects the structure of Figure 2B to an etching

11



damascene process, wherein the sides are separated by a substrate; b) a
di.el ectric region disposed proximate to said top surfaces of said first
plurality of metal regions, said dielectric region formed during said
damascene process; and 20 c) a second plurality of nmetal regions disposed
on t oppgdcesaitd rdhriveceitdinr®gtions ofilith Sadidlsbtalathtdréalr ED) afspdsefposed
between said first plurality of netal regions and said second plurality of

netal  tledeons)InSelisl s6qf eNthPbresnit leynfdimRhe) a 188iratpHabs@ckigvei ng sai d
damascene process, wherein said MM capacitor is forned. 19 14. The

damasc gl ePia ¢€ g pReREsITE RO i8R RU-dTRI phtteARAL! The sHotbt&¥igh 13 wherein
said first plurality of netal regions are conprised of copper. 5 15. The

damasc R PIOF By BEpEsteRBifirdl POVERLIN af®i #hidPRAGIL e Bbttbhdi M 13 wherein

said first pluraliity of netal regions are conprised of electroplated

CORPE! cletfholf.p1EBE SABEORNBIN RGBaSAARRS PRBLaNIISY B oM UBHap oapact tor

of Cdam erein sald ectrfc materil a 5es a dielectric

oxi ge. 208 39 e e Ry Jel 0 (2R T Bleh & ORI, LS LD E Y et tor

of Ol aiyfint$apIeiik 1059k doRREE"daPbal Blobbti BatTBE e EEAIAPSRaLSGRIP | Sed of

copper . amascene process-based metar - I'nsul at or-Te Capaci tor of
20 O 24 1WOS 8t thedRigh-k'diBtecBlst 134 befhoriRiAleib ROFeNicicR! oot Tcal 1y
etching (RIE) process. The present invention is not, however, limited to the
10  use of such an etching process to remove portions of high k dielectric

material 110. N

With reference now to step 310 of Figure 3 and Figures 2D-2E, the
present embodiment deposits a second low-k IMD layer 102a. The layer
15 102a may be deposited by, for example, Fluorine Spin-on-Glass (FSG), Spin-
on-Glass (SOG), undoped Spin-on-Glass (USG), etc. Then, the present
embodiment masks and patterns to form the top capacitor electrode plates
114a and capacitor interconnects 106 simultaneously with the other
interconnects.
20
With reference now to step 312 of Figure 3 and Figure 2F, the present
embodiment forms the top capacitor electrode plates 114a and interconnects
106 by depositing a barrier 202 of Tantalum or Tantalum Nitride (Ta,N,)
and filling the trends/via with copper. As mentioned above, in a

25 damascene process, a liner material 202 (e.g. tantalum, tantalum nitride,

12



19. The damascene process-based netal -insul ator-nmetal capacitor of Caim18
wherein said first plurality of metal regions forma conbined 25 region
with a surface area substantially greater than 100 mcroneters. 20 20.
The danmascene process-based netal -insul ator-netal capacitor of Claim13
wher ei fitaiven mitride,amdhedike)devsed tppuevdrittsubseqrently degyistied metah pai rs
with each nenber of the pair having substantially the sanme size and 5
shape. (s2th dFEheoptmrh$weneoptavosdingsebstrateal 02as dhdther prasealtt capaci t or of
Claim 20 wherein said dielectric region conprises a plurality of regions
wi t h seinbodirhient,| bartrier 202his agade cangridedpel ppreaunapdyr5®200ai d first and
10 said second plurality of nmetal regions, such that each pair of netal

r egi onAngstromsloflinee matieeladctlowevergitha prédent invention is well suited

Al ACA A3[ LA A ALS. A5 An. An. A&] . A@ An. Ay5. A. A. AL AS. An. A Ay4<:rsw OxC

{ves gbjodeaironicied ks alaaneadmbdiaat] aat]opalhyaz} wf] apjroajmalelyly ca] cal ca ca

] cRa] cRa] ca] ca] ca] ca] ca] ca] ca] calU] ca! NgN~OvP:

s! x!" %3 hisiirdd Ad gt ek caff sseicahead glali cea]aclalygﬁ]omhs ahatdréal tabea] ca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 3(8()

+-, - QB&}HI% y
<a>AABfé D} xshi d_Z]] gé?‘ggt]%)ég? ?éaﬁoc?jegg]lgc %?g)al]sc%e]pg gitg g]oé1 at]:l%:%})gg?gg]zgg] cal ca] ca]

ca] ca] qakGAleRbRAdaha herl Fapioal ke aleabHRMARIVHE biUAL gu%wKSWKKKnLLNN

NONNNA O PPPPQG xsni d_Z] | ca] ca] ca] ca] ca] ca] ca] ca] cal]ca] ca] ca] cal ca] ca] ca]

%&ﬂﬁﬁ)W%%?&%ﬁﬁ%@ fécg?]:qe g} %g% %ca] caj ca] caj ca]%-gla-} -(I:"zli-irca]

NXXXXSYNYTYYYZ

g?ca] Cﬁ%tgﬂé@})ﬁﬂ]]@ %ﬁﬁl %%so% dﬁx %}?%gfd ] ]csg’fa%%?§ cal ca] cal 991 Icg]_g

aab_bbgleggéﬁdg%}&%]eeszgﬁeﬁ 6}% Qﬁb}g’gs d%‘f‘f@@:’g?clg] ?A ]%iég]%ee?%a] caj ca] ;ﬁ

| KgT

! ahn PteT SRR AR SRR R B SRR ST Rk T aal ¢

g}jg?}#(l:gl}ézoﬁ: aiec%]o%a] qaéesalllﬂx] %ﬁg anﬂ %Jp%%hﬁé@a’f%&x%h%aﬂ (Elaé]f%a Cﬁlé: a] ca] ca4<s: |
L é??o %Jrggrgu(s)s%gﬁ Qp cé&plé)col/ or e(lgctr (9 g igét{eg llllg(,%ngfn{:l)l nslla}lé beEf]omed
15 by metal regions 124 to form one large plate. It will be understood that the

Figures 2A-2H only show a cross section of the MIM capacitor 100;

therefore, numerous metal regions 114 are not shown.

With reference now to step 314 of Figure 3, the present embodiment
20 then removes excess metal (using, for example a planarization method
such as chemical mechanical polishing (CMP)), such that the top electrode
plates 114a are formed on top of high k dielectric region 110 with high k
dielectric region 110 disposed between top electrode plates 114a and bottom
electrode plates 114b. Furthermore, in the present embodiment, the

25 formation of second metal regions 114a are accomplished during, or in a

13
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| 109 &irhjlaS 108 Yo, el gRatidrd oS¥BOMEIS( JHELmueal (ruboTHBT(ETY9100°&: () -
109@& ()-L! 109G°& () -u] ; gF1! F3940%>& ()-m ! N3Y%A0% ()-m f &10%&' () -

& () - mRK1 0800} 195) BRI 63 tedNbpT \@rid 9B D) phABERS(Juring 4.0 1039100& () - yL-

1098 ()- ! 3%A0% ()-m qN~dE:/ 10T 10TF991005& ()- L10%& ()- MLOYA& () -

| 10% §afnascene or dual damascene process.

10

15

20

With reference now to step 316 of Figure 3, and Figures 2G-2H, the
circuit in completed by forming interconnects or links, as per conventional
dual damascene MIM or MOM processing. In this step, an additional

substrate 102c may be deposited over the structure of Figure 2F.

Beneficially, the structures and formation methods of the present
embodiments are realized using existing semi;:onductbr ff;brication
processes such that significant revamping of semiconductor capital
equipment is not required. As a result, the present embodiments do not

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

embodiment further provides a capacitor and a method for forming the
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 invention
further provides a capacitor formed in a damascene process with copper

that may be substantially larger than 100 square micrometers.

14
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4" 10978 ()- f109@& ()-OvxY:/ 10T10% 0& ()-9 s$10% o0& ()-
10% 0& () -10% 0& ()- 10% 0& ()-S10% 0& ()- 10TP: dE: /
10TO! #10% 0& () -, , g10% 0& () -, 8Z10% 0& () -
“110% 0& ()-1"10% 0& ()-310% 0& ()-: gxmbA 10T z#10%& ()-& 10' 0 10'
10' 0910% 0& () -S)S10% 0& ()- L' 10% 0& () - @10% o0& ()-0[ }[9InbA
10TI N 3" 10% ()- 1" 3" 10%&' () -
“#10% & () - Th@ Fonupify desaoplions ofspediie@nihodimends wf thel piesény) :
10T 1 f #1094\ & ()- 10 10
10Y89 1i08@n o, hatid Be@h (presémtiet! B2 GUBD6Jes’ ofallistrbBidn &h)ASsErHpSIRRE] " 2g\ |
10T! | f SH#! 10% & () - 9S100& () - ! y9O$10% \ & () - 9$109%B& ()- ! f 9$10%\ 2\ & () - f #10%&
' () - & Bhéy afd 03¢ iifenided 10 Be éxliiddstivie)or, toA AMABE inyentidf\toliBe precise
10\ LO10% & ()- | +$10% & () - t| +$100\ & ()-)y* ++-, B--}[<~\=
106 ! Sorafawtldskd! hdd HABuLly 18&h9 % Biflchtions and variations are

possible in light of the above teaching. The embodiments were chosen and

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
10 are suited to the particular use contemplated. It is intended that the scope
’ of the invention be defined by the Claips appended hereto and their

equivalents.
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| X9$109%&' ()- s$10% & ()-!N s$10%p& ()--L...... /0~ @10T' 1"
#10% & ()-,!10% & ()- 10t 10t 10t9910% & ()-y/z#10% & ()- !ay/ z#10%&' () -
0a00041V22dE~ @ 10T!!'s! L1 10% & ()- SY!' 10% & ()- SH#10% & ()- ,L10% & ()-
@AL0% & ()- @10% & ()- 234K4445dE~ @ 10T!!5! 10% & () -
S3110% & ()-,110% & ()- S-10% & ()- +@10% & ()-S# 10% & ()- 5&5' 5(5) 5\66;
78{Y7 10T! X&3$10%R" 2" & () - & S&3$10% "-"& ()- & #10%& ()--! #10%"& ()-- 10\
10\ 10\ sOMLO% & ()-88":: :b;c; d; eCLAIMS10T! 10"
We Claim:
1. A method for forming a MIM capacitc;r during a damascene
5 process, said method comprising the steps of:
a) forming a first plurality of metal regions during a damascene
process, each of said first plurality of metal regions having a top surface;
b) disposing a dielectric region proximate to said top surfaces of said
first plurality of metal regions during said damascene process; and
10 ¢) forming a second plurality of metal regions during said
damascene process on top of said dielectric region with said dielectric

region disposed between said first plurality of metal regions and said

second plurality of metal regions such that said MIM capacitor is formed.

15 2. The method as recited in Claim 1 wherein said step a) comprises
the step of:
al) forming said first plurality of metal regions with a gap between

the sides of said first plurality of metal regions.

20 3. The method as recited in Claim 1 wherein step a) comprises the
step of:
al) forming a plurality of coupling metal regions to couple ones of

said first plurality of metal regions during a damascene process.

16



10" 10" 910% & ()-! @3z#109& ()-!\ &y##10%66& ()- ! X&y##109%R" 2" & () -
&3$10%&' () - &e; <<>a>>@ X6PE:
10!t $10%008&' () - 3! y$1094] & ()-3!y #10%e& ()-S'y #10%08& ()-S @#10% W& () - !
S @#10%008&' () - @AAAAAABB-\ = 10!t #10%&' ()-! #10%\ & ()- 10'0 10'o0
10' 0910% 0&4()Tlsd evethed (@s-12eksd Aol 1 3EharDDEVFaX6onprigtsDiies 109BB& () -
I\ 3#10%PpP& ()- !S3#10%\& ()- !S3#10%\& ()-
$10%:=&stap 6f X$10% \ | \ & () - &FHPHSHTHUHVHHH-_ @ 10! D z109&' ()- 10%&' ()- 10\
10\ 10\9910% & ()-f)$109%&' ()- !tf)$10%\& ()- HKII1J _JdE~_ @

10! DyS" 10%&'a() forriidiRsaid top ka¥Rice) suéh thk'they ade substantially in the

" 1098 () - &109&' () - _JJIJI+KSKVKKIE~ @10I Dy#109%&' ()-! 109%&' ()-2z10%&' ()-fz
109%&' ( kame plane.

5
5. The method as recited in Claim 1 wherein step a) comprises

forming said first plurality of metal regions of copper.

6. The method as recited in Claim 5 wherein step a) comprises
10 removing excess copper by chemical mechanical polishing (CMP).
7. The method as recited in Claim 1 wherein said dielectric is

selected from the group consisting of silicon nitride and tantalum oxide.

15 8. The method as recited in Claim 1 wherein step ¢) comprises the
step of:
cl) forming each of said second plurality of metal regions to
correspond fo one of said first plurality of metal regions, wherein pairs of
metal regions are formed with each member of the pair having .

20 substantially the same size and shape.
9. A method for forming a metal insulator metal (MIM) copper

metal-containing capacitor during a damascene process, said method

comprising the steps of:

17



109 () - YI0%& () - GKKnLLMNN NNAE: / 10 10s” 9109& ()-y510%& ()-- 109%& ()- y+
"100&' ()-'"10% & ()-9% 109%&' ()- NNONNNAO\ PPXY:/ 10, #10% 0& ()- '!10% 0& ()-9
'110% 0& ()-!10% o0& ()-'!10% 0& ()- 10% o0& ()- 10PPPQQOOQLC
10S10%4& ()- @0%4& ()- 10' o 10' 0

10' 08910% aR foymifg H0first&pluraliBi 0Fop&nin g PRIRYRRIENGA,0f &10%H& () -,
10944& ()-Sy 109%4& ()-, 109%4& ()-s 310%4& ()- @ 10%4& () - RR SgSSSTAELC

10f S#10%-&b} ) foktni#g GARSH prurh @t GFId8pppr OGRS ithif 3ARDANE( ) - 3,
10948 () - THT| TTT UOUJEbC 10S| 110%& () -

@/ @ PULitY - SopehRfigl during 5a 08 ntdscelle’ prdvdeiss, (Spid @FREAWHEON ) -

OURUSUTUUUUUUULC 10f f 109%8& () -, " 1096&' () - S109%6& () -, 109%6& ()- 10H
copper regions each having a top surface and at least one side surface,
5 wherein the sides of said plurality of copper regions are separated by said
first substrate;
¢) disposing a dielectric layer on top of said top surfaces of said first
plurality of copper regions during said damascene process;
d) forming a second plurality of openings in a second substrate on
10  top of said dielectric layer; and
e) forming a second plurality of‘ copper regions within said second
plurality of openings during said damascene process, with said dielectric
layer disposed between said first plurality of copper regions and said second
plurality of copper regions and forming a dielectric barrier between said

15 first plurality of copper regions and said second plurality of copper regions

such that said MIM capacitor is formed.

10. The method as recited in Claim 9 wherein step a) comprises the
step of:

20 al) forming said first plurality of openings in an inter-metal
dielectric (IMD) material, which is a low-k dielectric relative to said
dielectric region disposed between said first and said second plurality of
copper regions, wherein the sides of said first plurality of copper regions

are separated by said inter-metal dielectric IMD) material.
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10H 10H9910%H& () - UR2VKVWWAEDC 10t 1096& ()- @ 10%& () - @310%6&' () -
f1096& ()- @31096& ()-3 s1096& ()-V, WWWKNXJELC 10y
10968& () - @ Y%109B& ()-yf#109B& ()-&L! " 1096& ()- y@
10968& () - @109B& () - NXXXX5YNYQYRYSYdE: / 105 10599109&& ()-f3
1096& ()-y1ml09%& ()- @/ 1098& ()- | +ml0%B& ()- yf)GLOYBE () -
SYTYYYZCZZZXY:/ 105910%& ()- "10%& ()-109& ()- 10%& ()- 10%& ()-y1l0%& ()-
105Z[ J [ [ [ <tAE:Thelfifethd@ %R’ ferit¥d QA 1a)m IVGBhELEN (skeP L) W {PriskbOdR’ () -
,S10%&' ()-<\\\9%4 M]]dE:/ 105y)' 10%&' ()-s' 109%& ()-f#s100& ()-y ! #10%& ()- Yz
109%: (teB 6f10%& ()- 1] A @J_bC 105, : 10% 0& ()-s10% 0& ()- 10 10
10L910%&' () -- 109%& ()-
b1) forming a plurality of coupling metal regions to couple ones of
5 said first plurality of copper regions during a damascene process, such that

said ones of said first plurality of copper regions are electrically connected.

12. The method as recited in Claim 9 wherein step c¢) comprises

disposing said layer of high k dielectric material selected from the group
10 consisting of silicon nitride and tantalum oxide.

13. A damascene process-based metal-insulator-metal (MIM)
capacitor comprising:

a) a first plurality of metal regions each having a top surface and at

15 least one side surface, said first plurality of metal regions formed during a
damascene process, wherein the sides are separated by a substrate;

b) a dielectric region disposed proximate to said top surfaces of said
first plurality of metal regions, said dielectric region formed during said
damascene process; and

20 c) a second plurality of metal regions disposed on top of said
dielectric region, with said dielectric region disposed between said first
plurality of metal regions and said second plurality of metal regions, said
second plurality of metal regions formed during said damascene process,

wherein said MIM capacitor is formed.
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15. The damascene process-based metal-insulator-metal capacitor of
Claim 13 wherein said first plurality of metal regions are comprised of

electroplated copper.

16. The damascene process-based metal-insulator-metal capacitor of
Claim 15 wherein said dielectric material comprises a high k dielectric
material selected from the group consisting of silicon nitride and tantalum

oxide.

17. The damascene process-based metal-insulator-metal capacitor of
Claim 13 wherein said second plurality of metal regions are comprised of

copper.

18. The damascene process-based metal-insulator-metal capacitor of
Claim 13 wherein said first plurality of metal regions are electrically

coupled.

19. The damascene process-based metal-insulator-metal capacitor of
Claim 18 wherein said first plurality of metal regions form a combined

region with a surface area substantially greater than 100 micrometers.
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pairs with each member of the pair having substantially the same size and

5 shape.

21. The damascene process-based metal-insulator-metal capacitor of
Claim 20 wherein said dielectric region comprises a plurality of regions
with substantially the same size and shape as each pair of said first and

10 said second plurality of metal regions, such that each pair of metal regions

has a distinct dielectric region.
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