.2 7 APR 2006 METHOD TO FABRI CATE M M CAPACI TOR USI NG DAMASCENE PROCESS
FI ELD OF THE | NVENTI ON The present claimed invention rel ate@ T ARRMEDES el d
. of sem conductor processing. Mre particularly, the present clainmed

i nventjon rela tal - ~ I citor and a
met hodWHf%g? ﬁ@é&ﬁéggﬁﬁﬁﬁga@@&%mmQw‘%cﬁﬁconduct or
geonetries continue to becone praldEssand smaller, newdifficulties arise
in the fabrication of seniconductor devices. 10 As one exanple, with

pr ogf B8lesDVRFYTHENSNVESEN SN ul es, a probl em has arisen due to capacitance
bet ween adj acent netal layers (i.e. interlayer capacitance). That is, as
devi ces ¢ pkegemtailaned i eerdnen relpdes tathe dipdd @f semicanduelosl v t oget her .
Such a condition results in a deleterious increase in interlayer
capamiccessiegwiiore pdvidewlairly, shequesenpeleamedninyientionereldées hals rul e- based:
sem conductor devices. A simlar problemexists due to the reduced

di stimned rhetaldasubdprosstnl (MIM) tapmstorSpedid methiog, fourfdemingne

ci rcunst ances, unwanted effects such as cross-tal k and various other RC -
6r esiuwhanag/peajteci t ance) del ay effects between closely spaced netal |ines
negatively affect the operation of the sem conductor devices. 20

BACKGROUND ART
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,

S




I'n one attenpt to reduce such deleterious effects, newer sezsmzcgnfg%h&c;r
“fabrication techniques are enploying | ower resistance netalis/( Ply. pper)

to formmany netal elenents (e.g. lines, interconnects, 1 2 7 APR 2006 and
‘the like). Such newer sem conductor fabricatjon techniques .include, for
exarpidetheldikgs.c Sichdnaved sraricens st fataisadiane bee leeééé%éu%\ﬁhi ch readily
enpl oy copper netal and which achieve highly desirable results.

Unf dot uaxameple, drppseenelsugd-dompaprene/muliollapesgepg BIQKELS n the 5 nanner
whi ch conventional |l y-used al um num for exanple, is etched. As a result,
cer twhithsteadityuemploy wohpar neetsd b mhichchieyanhighdyplesiratdoe  been
readily forned, at least in-part, by the etching of alumnum are not
conpatuhke Wafdrtuhatalgnespsaniasond ezaorplealsr iefatdashlyt etdheidgoethesuch as,

for exanple, copper damascene/ dual - damascene/ mul ti-damascene 10 processes.
Yhenmnkonet Rghicho®mepgeonglpuesd slemeimalmpfoberampdects eghdidshiag,

cuspi ng, and erosion occur. For exanple, using conventional chem cal
mechapédiat, @etaishétacteids), sushves eapadhorsg whiyhdactire phginhahe copper 15

pl ates are larger than, for exanple, 8-10 m croneters. Therefore, |arge

CopRRenRiadilyl foskled, Ait-16BEBin-phird) byt theetdlting dfl tiesinuint hae dotrensi on
| arger than, for exanple, 10 mcroneters by 10 mcroneters are difficult to

for ot gdtisienprah dedaeerieddt Rlondaivese Rl datidni tédimgoessuphotssses.

for example, copper damascene/dual-damascene/multi-damascene

10 processes.

When forming huge copper plates, several problems such as dishing,
cusping, and erosion occur. For example, 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.




20 As yet another concern, in order to achieve w despread acceptance, and
to ensure affordability, any nethod of forming a capacitor? wakh 2006
overcones the above-listed drawbacks, should be conpatible with existing
sem conductor fabrication processes. .2 é 7 APE q%(%06 Thus, ﬁlneed exists for
a capaci t ahUsng neaskeHSE f@ra capPATIHY Mg 2 Bighhe f % he capacitor
and the formation nethod are conpatible wth newe& sem conduct or

f abr fepaditer wheRsingthescapaditar ared thedermeatiepgmetled gre goamatileand a met hod
for formng the capacitor wherein the 5 capacitor and the fqrmation nethod
meet Wi te neeresameisandnetoarfabricefivat tashaiges Axfuther D§§§1 exdfiduct or
fabrication processes such that significant revanping of sem conductor
capi fal a egpipitenanis nrthoddor fexmnig the capreibgoebsuvide OF | NVENTI ON The
present invention provides a capacitor and a nethod for formng the
dapacapaitahendithe finenstipaanedrodameet hbe fabowamesd anst hoel are conpati bl e

wi th newer sem conductor fabrication techniques. The present 5 enbodi nent

f ur t benhpatibie desh @xisipag isearicanducondtbrdafion frocesseg suvh thatpaci t or
wherein the capacitor and the formati on nethod achi eve the above-Ilisted
accoginisbagn ket phie of eapatohlwctvd thpital stiifignent is not required.




sem conduct or fabrication processes such that significant revanping of

sem conduct or capital equiprment is not required. The presept] expgodigent 10
lLurther provi fjes a c?pacitor and a nmethod for formng a capacitor with

uge copper ates, for exanple, larger than 100 square mcroneters. In one
net @UW&@MEWW@%M i nvention recites fgrm' ng a nunber of first
openings in a first substrate. The present enhodi ment 'the 15 recites

f or ni ng dlbepresentegiventisint pravidet @Pﬂ%‘@oﬁ)ﬁéﬁi%@%ﬁw gr &°d8Hescene
process, whgrei n each copper region has a top surface. The present
enbodienengaditeerwhespndbe capmicioscnd the foyearatpromeathed a6 the top surface
of each of the first copper regions during the danascene process. After
- depogithpaghke sétiondwenbsimizbedoster fabdcalien dechnigues. nideresmisecond 20
openings in the second substrate are made. Next, a nunber of second copper
e gi §abodirtehp findtet provielesec oapadfreramy s, methddprt feemdagdbeene process.
The dielectric region is thus disposed between the first copper regions
and ¢dpucRporHefantBe dagicitos andtisofdaiatinn tethdd elchitvd theegion forns a
dielectric barrier between the first copper regions and the second 4 2 7

APR 2008 1isQRPSécongslisitfeAtichdt A8t cémprtible witduesistingmet al (M M capaci t or
Is fornmed during a danascene process. These and ot her objects and

adv%ﬁ?;%gxdglfct‘;ﬂﬂ'ﬁab%&ﬁ%ﬁ prdeaRbs @fchithht sfrificdotbevimping ofbvi ous to

t hose o rdinary skill in the art after having

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.

In one method embodiment, the present invention recites forming a
number of first openings in a first substrate. The present embodiment then
15 recites forming a copper region within each first opening during a
damascene process, wherein each copper region has a top surface. The
present embodiment then disposes a dielectric layer proximate to the top
surface of each of the first copper regions during the damascene process.
After depositing a second substrate over the dielectric, a number of second A
20 openings in the second substrate are made. Next, a number of second
copper regions are formed in the second openings, during the damascene
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




read the follow ng detail ed description of the preferred enbodi nents which
are illustrated in the various drawing figures. 5 2 7 APR Zg%@lﬁl ﬁﬁ?ﬁ
DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs, which are
incorporated in and forma part of this specification, il|lustrates
enbogiyRptregiing fiech Bentimptairidsulaogenheal WHN)tdpagearisption, serve to
explain the principles of the 5 invention: FIGURE 1 is a perspective view
of afypil ahpsiy atdimeetale papasktor, in accordance with one enbodi nent of
the present claimed invention. 10 FIl GURES 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

enbodi mm’i‘h@%e £18 RLEs 8BfectshAal RE dntuged bbthe presdrEURFedticn willl ow chart
of steps perfornmed in accordance with one enbodi nent of the present

%}ai Hﬁ‘ﬁohgt’ £0Ld,88 obTsHoAMRE Hf 0RARIFTe I N inrthehdas aftechiapingn shoul d be
der st oo as not being drawn to scale except if specifically noted. 6 2 7

APR 2006 RERTRIWIH R (T edH e RRFHT RGP R/ BEBIdEN ®mbodiments which

are illustrated in the various drawing figures.




Reference will now be made in detail to the preferred enbodiymen ﬁR?,U t he
‘invention, exanples of which are illustrated in the accorrparzg?n‘g gﬁm ngs.
VWhile the invention will be described in conjunction with the 5 preferred
enbodi nments, it will be understood that they are not intended to limt the
i NVEMIEMDESCREBEION OF TEiE HROWENSScontrary, the invention is intended
to cover alternatives, nodifications and equivalents, which may be

i ncl uded et iédonighenpipigr ditawaitgsss ooipiehodrd hecorpetedon asddefinnad by the
appended clains. Furthernore, in the follow ng detail ed description of the
10 BLESSNthisWRRIfi@RIor)UREDtges pathddimetes af the aneestonfamd,h in order to
provide a thorough understanding of the present invention. However, it

Wi | Lo D8HEPVPN $hb QleRBS pPlon keiaty esiliaih the prieciples dffthe the present
i nverition nmay be pl‘aCPI ced without these specific details. In other

%nsgxg‘pé:rﬁﬁ wel | known met hods, procedures, conponents, and circuits have
ot “beén T% described in detail as not to unnecessarily obscure aspects of
the present invention. Figure 1 is a perspective view of an enbodi nent of
the present invention, a netal-insulator-netal capacitor 100 fornmed in a

damnscengrRQ B0 59% pdlipoFARBSAL Ao IOMAAR B AND! ata] efpdcitoes - ot al

dielectri dielectric material), in which the copper

el ectrodes, or pl ate PYEhd I neetesy bemion.formed, via a
dané%@&ﬁ%r%ncﬁuvgﬁ%d‘glﬁéééle@y%eﬁgcess.el #ﬁ%egggs 105 between the el ectrode

plates 114 conprise the lowk dielectric material 102. Additionally, the
smal | copper el ectrode plates 114

10 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.

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

embodiment of the present claimed invention.

The drawings referred to in this description should be understood

as not being drawn to scale except if specifically noted.




25 are electrically connected by netal regions 124. However, it is not
required 7 2 7 APR 2006 that the copper el ectrode plates bé € oAPRe

t oget her. Because of the | ow reflect|V| ty of the lowk dielectric 102, the
~copper electrode plates 114 ma devel o cl ose together. A high k

di el ®ESCRIFRI@N QF THE PBEK E@c E@Eﬁomgﬂﬂa‘ﬁper el ectrode plates 114.
Preferably, the high-k dielectric 110 5 overlaps the bottom and top copper
el ect r ode Reffateese ¥l naw hesmeeerinbyetafleto e greferredrampodinoertsitfe edge of
the capacitor 100. The dielectric 110 may be one continuous piece;

howeyRgé intéiidoh sexabplasgefl which Boe idwsimpies int bee eccompabeinggps in the
dielectric 110 correspondi ng substantially with the gaps 105 between the

copp@ra®iged.r Weilpkhe éavdiidon Wi beodedddizedaird chmjunetmonoppidr thd el ect r ode
pl ates 114b may be fornmed in pairs, wherein each nenber of the pair is

sybstaaferald ¥mibeaimants, it #ell drdusdapeodbtlidtehey e ndtdneseded k¢ is  not
required that there be an equal nunber of top 114a and bottom copper

el ectiRiankliabestida4b these ehdjodilent9pOhlée enidrast, ttheieopptiondsect r ode
plates 114b are paired together with each nmenber having a simlar size and

15 shap gx UEJWeFQﬂ@em\éﬁwb@ Fodufi@tionld Anglegatetdents, aVhry ®aydapper
el ectrode plates 114, the present invention is well Suited to ot her

Lo i PRyl oo sctigmn b dam et b, For o s
the Sﬁ)pgﬁhg& Yaith€ a%@thermore in the following detailed description of the
10 present invention, numerous specific details are set forth in order to

provide a thorough understanding of the present invention. However, it

will be obvious to one of ordinary skill in the art that the present invention

may be practiced without these specific details. In other instances, well

known methods, procedures, components, and circuits have not been

15 described in detail as not to unnecessarily obscure aspects of the present

invention.

Figure 1 is a perspective view of an embodiment of the present
invention, a metal-insulator-metal capacitdr 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

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




.according to enbodi ments of the nmethod of the present invention as set
forth in the flow chart of Figure 3. For purposes of clari tyg APR 00k ow ng

~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

enbothatetitescagiper idegrede platem besohoecteddogpthler h Bateyseiohdleilnwdet ai | bel ow,

8 2 7 APR 2006 the nmethod and apparatus of the present invention deal with

a noveflectibtitat of theslovakalielestrad 1024 thie coppprelectipdeinlates it mhast ber e,

al though the follow ng discussion and exanpl es specifically describe a

novelewspped clddeMogaiteari t Athighdk dmievhtic onateetdiod ( hexides betweemr esent

i nvention is also well suited to use with netals other than copper.

Fur t fler eapper dlbetrpdepbaties 114y dhteif@mbiyg thelHiglhdi dededtoicf bkOn ng a

nmet al - oxi de-netal (MOM) capacitor. Wth reference nowto Figure 2A and to

5 epoviiidad ti Boftensand nop bepparr dsethbdeplnds ko) as s sadisby gshe 102b as shown
in Figure 2A is conprised of a material such as, for exanple, an

| Nt eglighet aderthh e hBsig tise ¢4 1T @iparitor 100. MR SlEbediiveING nidyebé MD i s
conprised of a material such as, for exanple, silicon dioxide. Al though

SuChogd chViintBhLE Hidke; HowdRir! Bisi 8 dlGeqiiiRde o BRARMDIBherkhe present.
enbodi nent is well suited to the use of = any other material into which it

R B S A ST
damagge RERESE BES c&ﬁ}%ﬁ‘ elddtfbad ﬁ]zatéé‘flfi. The top 114a and bottom copper
10 electrode plates 114b may be formed in pairs, wherein each member of the
pair is substantially the same size and 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,




present novel copper capacitor is formed during, and using fabrication

nmet hods which are conpatible with, a danmascene, dual - damas

mul ti - damascene process flow. The present invention is not, R AB@&U,UB
limted solely to use with a dual -damascene process fl ow. Furtherrmre, in

t he present enbodi ment, the formation of first netal regions 114b are
acconplished during, or in a simlar manner to, the formation of various
other nmetal structures (e.g. nmetal regions 125) fabricated for various

ot her ptirpoedsodiamd agparadusrat tenpresentdoakntanslesbwithpr neead snetalt h
reference now to step 302 of Figure 3, the present enbodinment forns a
number ﬁns@a@r-mtébeM capg%m)amb Falﬁﬂleirme cdthwaghdheos 9 2 7 APR 2006

during a dual ,danascene ﬁcess al ong {1%%* Lormatl n of various other
trenchesﬁ%‘é@h’ﬂ?‘ﬂg SC‘FWIW@B @xQWP ?%ﬂ’etfbfﬂ)‘ﬁ?éy HPeAIVENSCARSh, whi ch
conpris t f1 | ],.f he b

caphol ¢ oMDYisePReifls anRCfosmasipaEefR @gp%%rs%vwvwéoa? BB Rart of the
T StrUCtelﬂ&ﬁteocPt lPSeé ieltrpwaH olfh% %{]&&ﬁﬂ& énjtﬁlee{h(é & ts 106. The

t wo ITE'[(;I/Y regl ons er COI’II’IEC'[

| nt er conpeel 8ikR Sfm' ﬁﬁﬂ@d Q(F‘?@ﬁl‘utn%ra ﬁle%qidx@ai@&&a{m@m%gmw@d during

di fferent steps cene process under st ood t hat

any nunber of copper regions 114 nay be used to conbine to formthe MM

capacitor. Step 302 of Figure 3 is illustrated in Figure 2A. In the present
With reference now to Figure 2A and to step 302 of Figure 3, in the

present embodiment, a substrate 102b as shown in Figure 2A is comprised
of 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
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,
limited solely to use with a dual-damascene process flow. Furthermore, in
the present embodiment, the formation of first metal regions 114b are
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 or dual damascene process.

With reference now to step 302 of Figure 3, the present embodiment

forms a number of metal electrode regions 114b and interconnects 106




enbodi ment, first a nunber of openings 204 are nmade in the substrate 102b.
In the damascene process, a liner material 202 (e.g. tantalum tantal um
nitride, titaniumnitride, or the like) is used to prevent Sfb ﬁﬁtly
deposited netal (such as copper) from contam nating substrgteiﬁggg. In the
present enbodi nent, |ayer 202 is conprised of a fewtens to a few hundreds
Angstrons of liner material (e.g., approximtely 50-200 Angstrons).
However, the present invention is well suited to other thicknesses. Then

t he openichgingodual dampbtend puotdssnatong with hpfarsmtion ofwasiausorthes wel |
suited to bl anket deposition, electrodeless, or electrolyte processes. In
one enbodrenshes/opraingsy In Eiguragdy theopper sstal kegions K4k, wdch | ayer, of

imately. a f h LAngst ., of d.materjal, (i.e. I f
?Eﬁr% :?qo?m{w @E%a‘é@i}a% Sgcbner ohsht a0 . Next, in
step of Fiqure t t ' t . I
(. GBI RN B B
pol i shi ng T f : : 7 R 2006
ogi on 118, S tupes i, ME TeREFT i e GRBBGERRECORTER 186 h b 00
snal | e%g@’gﬁ%%ﬁé’% thel fd&hgb@rdmé{qn?é&&ﬁi&z@frmabé@aﬁnmh as, for

exanpl e, , cusping, and erosion. However, together the copper netal

regi ons 1hehnidoh@caphdi@ié@edeR 11Eaiayehefinted dudappifferd@isaipsof
substantially over 100 square mcroneters may be fornmed, in a damascene or
dual of the dual damascene process. It will be understood that any number of

copper regions 114 may be used to combine to form the MIM capacitor.

Step 302 of Figure 3 is illustrated in Figure 2A. In the present
embodiment, first a number of openings 204 are made in the substrate
102b. In the damascene process, a liner material 202 (e.g. tantalum, tantalum
nitride, titanium nitride, or the like) is used to prevent subsequently
deposited metal (such as copper) from contaminating substrate 102b. In the
present embodiment, layer 202 is comprised of a few tens to a few
hundreds 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 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

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

10




damascene process. As shown in Figure 2B, step 306 a dielectric materi al
110 is deposited over the top or exposed surface of the netal regions 114,
as wel | as other regions. Deposits of 100 Angstroms to sgvierR f#ifusand
Angstrons nay be wused, depending on the capacitance desired. However, the
present invention is well suited to other thicknesses. Mire 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
Fi gure 2#egithdlhiwhichiardithe electiodepdates ok thaddIM eapdadtor dQ@ripbmallsi | i con
nitride, tantalum oxide, or any refractory oxide/ni tr| de. Furtherrmre t he
high k dieabughte evwhséieémen@ﬂgaffneefsmfgmféleamse& wehnas, for aplgeneral Iy, any
material which is a high k dielectric and.is co atlble ith the copper
backend ﬁ#%@gscwyn%émés“éﬁmOnFHPt"Vf’é’ieﬁ'otPgethleﬁﬂi%&P Eergb‘?)‘(’:ﬁ ment, the

d f th h Kk I 0 | ished d ,

o i o Safen sfarkedrstoy. Fowishlsca PrBH e & %@s?%"ﬂﬁx WHal for
t th

305 of - Fagnrau S BRAGRCASE LAY, us¥°?§¥?ﬂ&‘?ﬁ%ﬁ9ﬁ%9&§é?fe§‘§%'Q%B&Vn“em hen

subj ect s gL,he s8d LJeb& of Figure 2B to an etching 11 2 7 APR 2006 process
to rermvgtacerst alliéjﬁﬁjgrtlons of high k dielectric material 110 disposed
thereon. In this step of the present enbodi nent, a |ayer of

As shown in Figure 2B, step 306 a dielectric material 110 is deposited
over the top or exposed surface of the metal regions 114, as well as other
regions. Deposits of 100 Angstroms to several thousand Angstroms may be
used, depending on the capacitance desired. 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
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
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

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

i1




phot osensitive material (e.g. photoresist 206) is deposited and patterned.
The photoresist el ectrode plates 114 of the M M capacitor 100. Preferably,
a small overlap 208 nay be created. In this fashion a hi ?WKmejﬂ tric
| ayer 110 for the MM capacitor 100 is formed. In one enbodi t @: t he
present invention, the renoval of the high-k dielectric 110 is perforned
using a reactive ion etching (RIE) process. The present invention is not,
however, limted to the use of such an etching process to renpve portions
of hi gh progiselt@nimoce oatanipmirtions of Wghk dédlecteivaeatevial 18 st ep 310 of
Figure 3 and Figure 2D-2E, the present enbodi nent deposits a second | owk
| MD | ayedispoped thereonaliethis s@pofithy presens gothadémeny, a lager ekanpl e, Fl uori ne

Spi n-on-d ass (FSG, Spin-on-d ass (SQQ),. updoped, Spi.n-on-d ass (USG ,
etc. A mipkrtosensitive malesigh (¢-5. Iﬁi‘gtefeeﬁlsé@.ﬂ%)rﬁé{%’i’?ﬁ’ée‘bFgéé’t‘i‘ﬁt"-é‘i’t‘ffﬁdi ment nasks

%Sﬁﬁ ¥ %?frh@?n el eebodsafenitt ok e S R TieR B TheferiRba R  onnect s.
t 3 = . i .
enbodi e e urta A AaF Be el i B BB AN Itk feietivicafe’ BOCNC ot e

106 by dqp@side i TapLAbY MO naRbalHREN 4 -Ny) and
filling tq Eée)ﬁ%ltreg%ggﬁ\%) garﬂﬁ!cgﬁr gi)op%e?. ) rrg(?ﬂei %ﬂgghabovg(?FtFlg%geéeggmscene
ggggess, iAverd tERhEREBOVA of(tBe highAdRdetic 1 ANPeufBriiddrigifigal2 2 7 APR
reactive ion etching (RIE) process. The present invention is not, however,
limited to the use of such an etching process to remove portions of high k

dielectric material 110,

With reference now to step 310 of Figure 3 and Figure 2D-2E, the
present embodiment deposits a second low-k IMD layer 102a. The layer
102a may be deposited by, for example, Fluorine Spin-on-Glass (FSG),
Spin-on-Glass (SOG), undoped Spin-on-Glass (USG), etc. A mask 113a is
shown in Figure 2E. Then the present embodiment masks and patterns to
form the top capacitor electrode plates 114a and the capacitor interconnects

106 simultaneously with the other interconnects.

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 of Tantalum or Tantalum Nitride
(TaxNy) and filling the trends/via with copper. As mentioned above, in a

damascene process, a linear material (e.g. tantalum, tantalum nitride,
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titaniumnitride, or the like) is used to prevent subsequently deposited
nmetal (such as copper) from contam nating substrate 102a. In the present

enbodi nent, the barrier is again conprised of approximtely EPR%
Angstrons of linear material. However, the present invention is | suited

to other thicknesses. In one enbodinent, a top |ayer, of approximately a
few hundred Angstrons, of seed material (i.e. a layer of the material to be
subsequent|ly el ectroplated into opening 104) is deposited on the barrier.
The nul t tipdreiusenitnidenat die lilegiionsed flprevest fobsemeieotlytdgposited he hi gh k
dielectric region 110 with high k dielectric region 110 di sposed between
first nemdtak@yrloas capper firom fentasupatingsubptraiegiodn. Inithg preserdo doi ng, a
dielectric barrier is forned between first netal ;regions 114b and the
second getkadi fdh§bﬂr4§“§@6ﬁlft%{lp§s‘ﬂiﬂféﬁﬁ%%‘w‘é ely 8208 formed. As with
the bottom el ectrode plates. b, the..top copper tal. region 1l4a form
the  numAREROSHPt hedgpe CHRLHRBEVE: (e PIGEhORIEBEOR 15 AT noy be

j oi ned tal.kreqions, 124 f h p ] be under st ood
t hat the%/f;—’ﬂ]bseﬁﬁﬁe‘%‘d(fl > I&‘n%?/e é’%‘g\g’vagmggggsthgel elrblr)l?%‘fprtofgfemﬁe %apaci tor 100;

t her ef or ?e‘fv%?g%,{&{tﬁ%mé 59 EQJ}:Fnérlﬁ")%ﬂr(ﬁe.@fayt%EBI’%e Mhtehidi ¢ geence now to

step 314 o present e I ment en renoves excess netal

(using, fap lyeelBctRbiatdd #Ab bPBnitRl 1029 is desdbiRd Gih@iE Katiegechani cal
pol i shi ngS (?%)?etmsyﬁ%hcthlglt t he tog réili%f:trode pl ét es 114a are fornmed on top
of high K alifgsleisecsed ietallidfionstinddbghfdtmed @l &gl of herlighdn 110 di sposed

bet ween top el ectrode plates 114a and
dielectric region 110 with high k dielectric region 110 disposed between
first metal region 114b and the second metal region 114a. In so doing, a
dielectric barrier is formed between first metal regions 114b and the second
metal regions 114a such that a MIM capacitor 100 is formed. As with the
bottom electrode plates 114b, the top copper metal regions 114a form the
numerous smaller top capacitor electrode plates 114a, which may be joined
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
then removes excess metal (using, for example a planarization method
stch 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
formation of second metal regions 114a are accomplished during, orin a

similar manner to, the formation of various other metal structures (e.g.
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bottom el ectrode plates 114b. Furthernore, in the present enbodi nent, the
formati on of second netal regions 1l14a are acconplished during, or in a
simlar manner to, the formation of various other netal L;7c tpr @ge g. 13
2 7 APR 2006 nmetal regions 125) fabricated for various ot hg pq.nRgZ

during a damascene or dual damascene process. Wth reference now to step
316 of Figure 3, and Figures 2G 2H, the <circuit in conpleted by formng

i nterconnects or links 106, as per conventional dual damascene M M or MOM
processi mgetal regidns125) é@bnmedm«nma')thsnpgtm&teedmﬂzg amay be deposited
over the structure of Figure 2F. A mask 113b is shown in Figure 2G

Benef i ci slampascenfeonsdyaldamassenn@r9epomt i on met hods of the present

enbodi ments are realized using existing sem conductor fabrication
processes such that significant revanpi ng of sem conductor capital

equi pnent is not required. As a result, the present enbodi nents do not
require significant costs to inplement. Thus, the present invention

provides a_capih i &ler A Fowrb 8% Blof FhE4T 90l g GRRACL.SM! gher el n the

capaci tor and i'on e S are ”conpatiblg wth nehe

sem Cond%ﬁfcﬁftlme ﬁ%ﬂ% f&ﬁnﬂgqﬂﬁmnﬂwﬁﬁmm@a@gm tent furt her
provi des a capacit and “a neth for formng the capacitor wherein the
capaci t orcoafehidieal fdiialdhhR céRt PNV 3£ M @NEpidtRssing. In this step, an

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

A mask 113b is shown in Figure 2G.,

Beneficially, the siructures 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

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 methods 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.
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above-listed acconplishnent and are conpatible with existing sem conductor
fabrication processes such that significant revanping of Sﬁ?] ﬁgnductor
capital equipnment is not required. The present invention fart R ﬁﬁﬂﬁ)vi des
a capacitor fornmed in a damascene process with copper that nay be
substantially |arger than 100 square mcroneters. 14 2 7 APR 2006 The
foregoi ng descriptions of specific enbodinents of the present invention
have been presented for purposes of illustration and description. They are
not intended flheferegoiagsesaiptions of dpenific ethbodimentsiofthe present preci se
forms disclosed, and obviously nmany nodifications and variations are

possi bl e inventien hayhbeest prasen puspesesed illypisatiomand deperdptigie  chosen
and described in order tg best explain the[\, priﬂci_ | es. of ttll"e i nventi on and
it pract il dpmot iatended to peexBrutiveandgilanttheisvantigntodhen  the art to

best utilize tge in

ention and vari OIS'S enbodi 1ntti W th,vari Qus

modi fi cablterise rmnsdiscloged sndebyapely mpny nl?s‘gg cafiousard yatations ; o i nt anded
that the scope.of it i i fi Al nded hereto
and ¢ hot ATERTTYBledi Be IRARBC RSB O EA R The iR e Reee

chosen and described in order to best explain the principles of the

invention and it 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 equivalents.
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1. Anethod for formng a MM capacitor during a nulti-danmascene process,
said nethod conprising the steps of: a) formng a first capacitor el ectrode

conprising a first plurality of metal regions during a figrst ene
process, each of said first plurality of netal regions hgvfdaﬂggﬁ@g
surface; b) disposing a dielectric region proxinmate to said top surfaces of
said first plurality of netal regions; and c) form ng a second capacitor

el ectrode conprising -a second plurality of netal regions during a second
damascene process on top of said dielectric region with said dielectric
regi on di sposed between said first plurality of netal regions and said
second plurality of netal regi onsC3ddMSthat said M M capacitor is forned
during said nulti-damascene process. 2. The nmethod as recited in daiml
wherein said step a) conprises the step of: al) formng said first
plurality of netal regions with a gap between the sides of said first
pIuraIit&V%Fjﬂﬂ%al regions. 3. The nethod as recited in Caim1 wherein

SLD ) Com g of g £ LG BB bk AnRupl 70 el

regi ons S Sai ura " regions during

sai d 1154, dRATBIEE AR RELEERDrisiPy the/stbhfor006

a) forming a first capacitor electrode comprising a first plurality of
metal regions during a first 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; and

¢) forming a second capacitor electrode comprising a second
plurality of metal regions during a second 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 during said multi-damascene process.

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.

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 said first damascene process.
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4. The nmethod as recited in Caim1l wherein step a) conprises the step of:
al) formng said top surfaces such that they are substantially in the sane
pl ane. 5. The nethod as recited in Claim1l wherein step a) conpri ses

formng said first plurality of netal regions of copper. Zh@z, @ﬂ;od as
recited in Claim5 wherein step a) conprises renoving exces cﬁané

chem cal nechanical polishing (CVWP). 7. The nethod as recited in dai ml
wherein said dielectric is selected fromthe group consisting of silicon
nitride and tantal um oxide. 8 The nethod as recited in Claim1 wherein
step c) conprises the step of: cl) form ng each of said second plurality
of nmetal regions to correspond to one of said first plurality of netal

regi ons, wherein pair nmet on re.fo vvlth eac menber of the
pair having &ubBe tgﬁalﬁr?%@%s‘é‘nég’éﬁnz]zwgﬁwgﬁ a) COMNiSES Y for formi ng
a netal iEsu%ﬁt or netal (MM copper netal-cont a| ni ng capacitor during a

mul ti-da e process, said nethod conprising the steps of: a) formng a

C
first plurality) ol ARGMIEHY Rufades Silh BARThERLR subbtantial §FR 206

same plane.

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

removing excess copper by chemical mechanical polishing (CMP).

7. The method as recited in Claim 1 wherein said dieleciric is

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

8. The method as recited in Claim 1 wherein step c¢) comprises the
step of:

c1) forming each of said second plurality of metal regions to
correspond to one of said first plurality of metal regions, wherein pairs of
metal regions are formed with each member of the pair having

substantially the same size and shape.

9. A method for forming a metal insulator metal (MIM) copper
metal-containing capacitor during a multi-damascene process, said method
comprising the steps of:

a) forming a first plurality of openings in a first substrate,
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b) formng a first capacitor electrode conprising -a first plurality of
copper regions within said first plurality of openings during a first

damascene process, said plurality of copper regions each hgvyn
surface and at | east one side surface, wherein the sides 02 td&ﬁ?gh@fality

of copper regions are separated by said first substrate; c) disposing a
dielectric layer on top of said top surfaces of said first plurality of
copper regions; d) formng a second plurality of openings in a second
substrate on b) dprmingaifusiiaphedor ¢lectragecomanidineg) a fiostrplnglidysdcond

capaci tor electrode conprising a second plurality of copper regions within
sai d seconppy negidnstyitbin saidfinypluaalibhef openiags duriagielitséne process, with
said dielectric |ayer disposed between said first plyrality of copper

regi ons SAMASERNE RS spidIarality afcopppprasionseachlaving atePni ng a

dielectri ' t Ssaid first, pl | it.y of [ d said
Second pPUFAFY £ ot Rashiiet SPegHRse Sbfreth dte SHeRof ARIBRRIT S s T or med.
10. Th t hod it ' ' . ' I b i th t

of: al) foPRers et e R LSBT e et el

G el e AP A bt e gt 0 pel
copper r %gﬁﬁlp;iy oBSpparveithssi des of said first plurality of copper regions
d) forming a second plurality of openings in a second substrate on
top of said dielectric layer; and
e} forming a second capacitor electrode comprising a second
plurality of copper regions within said second plurality of openings during
a second 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 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 b) comprises the
step of:

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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are separated by said inter-nmetal dielectric (IMD) material. 18 2 7 APR
2006 11. The nethod as recited in Claim1l0 wherein step b) conprises the

step of: bl) formng a plurality of coupling netal regions t? h ones
of said first plurality of copper regions during said firgt d@ﬁgg e
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
from t he groupl. Wonwiethadas vfcitellin ddaimilf pyhiyebmstep I campmsesilie. 13. A
mul ti - damascene process-based netal -insul ator-netal (MM capacitor
conprisiBtgp &) a first capacitor el ectrode conprising a first plurality of

nmetal regions_each havi .top surf.ace and at, | east one side,surface,
said first pPutirmipedPlbEliy dlagrpliasiarRLeriont rohls Poes Bhnmscenc

Pé;’??ﬁsarsgi‘ﬂéﬁéﬁ R e L TSR SR

: _ . | i

o ural | £ g0a) Tt 3R Sl ERRA R RRRANG N BRPE} AT ATRIEHRALF, 36T on, wi i
sai d di el.gGhLdi€d.

12. The method as recited in Claim 9 wherein step c) comprises
disposing said layer of high k dielectric material selected from the group

consisting of silicon nitride and tantalum oxide.

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

a) a first capacitor electrode comprising a first plurality of metal
regions each having a top surface and at least one side surface, said first
plurality of metal regions formed during a first. 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; and

¢) asecond capacitor electrode comprising 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 a second damascene process, wherein said MIM capacitor is

formed during said multi-damascene process.
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regi on di sposed between said first plurality of netal regions and said
second plurality of netal regions, said second plurality of nmetal regions
formed during a second damascene process, wherein said MM capacitor is
formed during said nulti-damascene process. 19 2 7 APR 2236%% Jd%e
mul ti - damascene process-based netal -insul ator-netal capacit g Claim 13
wherein said first plurality of metal regions are conprised of copper. 15.
The nul ti-danmascene process-based netal -i nsul ator-netal capacitor of Caim
13 wherein said first plurality of netal regions are conprised of

el ectropl ated copper. 16. The nulti-damascene process-based

met al - i nsul at 3#-Fie multicdamascene pegcess-kpsgd BmefHansnlnatesmetali el ectric

material conprises _a, high k dielectric .erial selected fromthe group
consi st i ﬁgpéﬁlt@iqfi@éﬁnﬂgt‘ﬁ’]ﬂ%"&?ﬂ}ﬁ f{réhf’]éﬁqgi’rfyoﬁk ’éi'é.taeif?gwﬁ‘ﬁérﬁ‘rul ti-damascene
process-based.net gl -insul ator-netal capacitor of Caim13 wherein said
second pICBPHTrﬁr@ %fCORBFEU regions are conprised of copper. 18. The

mul ti - damascene process-based netal -insul ator-netal capacitor of Claim 13
wherein said first plurality of nmetal regions are electrically coupl ed.

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

comprised of electroplated copper.

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

comprised of copper.

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

electrically coupled.

19. The multi-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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19. The multi-damascene process-based netal -insulator-netal capacitor of
Claim 18 wherein said first plurality of netal regions forma conbined
region with a surface area substantially greater than 100 mcroneters. 20
2 7 APR 2006 20. The multi-danascene process-based netal '?sgﬁﬁgﬁ : met al
capacitor of Claim13 wherein said first and said second7L urial i gﬁof met al
regions formpairs with each nenber of the pair having substantially the
sanme size and shape. 21. The multi-damscene process-based

metal -insul ator-netal capacitor of Claim20 wherein said dielectric region
conprises a plurality of regions with substantially the sanme size and
shape as each2palke giultizlagnascene progegs-based w&n&s‘»\af/amramﬁw of netal

regi ons, such that_each pair of tal regi.qns ha di.stinct dielectric
regi on. 22paciiy ok&lay 13y f‘éEF’c%’dnﬁiff’fsﬁ%ffg‘f‘%,sefz?ﬁ‘fHg‘frai’%ﬁg’i‘@? g: forming a
first plurality of inter.connects coupl to.ones said firs |urality of
net al rgéf’%lﬁg,s)f%’ﬂlpﬁgf‘r’ﬁlﬁbeﬁc Ei%ﬁg%‘“'fg‘lfﬁﬁsll’ﬂ S ﬁ?g?tégﬁﬁ%&ﬂge coupl ed to
ones sai %aﬂ{ers%eax{)ci%aaﬂéty of netal regions. 21

21. The multi-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 said second plurality of metal regions, such that each pair of metal

regions has a distinct dielectric region.

22. The method as recited in Claim 1, further comprising;

forming a first plurality of interconnects coupled to ones said first
plurality of metal regions; and

forming a second plurality of interconnects coupled to ones said first

plurality of metal regions,
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