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BARRI ERS Background of the Invention Field of the Invention 5 This d 7%
inventio e to el ectrode structures that have good, i robust-
contact t qdﬁ%ﬁg% or materials having high dielectric congﬁgmsgﬁ&@?lod, i

particular, to formng capaﬁgbﬁmh@[dﬁgm@mhmmevi ces with these
el ectrode structures and high dielectric constant materials. Description of

the Related Art Capacitors are critical devices in integr i {
designs, particularly for high rclgi I %pthg%mﬁtyonchi ps SJQWWMHM’Mk
random access nenories ( DRAMs). oportion he

el ectrode meRafim Ie@Ati@ct With the dielectric and the diel ect™¥E%const ant

*of the insulating material . As the trend toward increasing th f
devi ces® on a si WP EVERTG Tlaes i glectiode ﬁ%cé‘gg%%tdlfa(‘)e Fake lalea\g?]letreogugs? lr%r:xalrgﬁ%‘[étr t%and

snmal | er, the Way mhRridhihehing BRAGIARER Rdhfatgbnd catpatichias b daming @haniges. mThe

probl em of how to I ncrease el ectrode contact area 15 w thout usj ngléa | ot of

surface ar wicreslectrhric dewigss itk thseececplersEuEwgs B MY R BREFSphy of
capaci torsy Former ~fl@ah. sandw ch® configurations, wherein the device
e

consi sts O%F%nar—ﬂ‘aem on top of another, have gi ven vva%_to _
"cont ai ner" andCasdcitets aconfticguleritéson sntegartedh girevittispigns, RadeHithi 196 PieRAsaERt or
is made . inside a_hole.or wvia.in | I khg material. The | ayered
struct E?e PSRRI FECh s SRani n%’ginaf%ge%%%l {11841%325 s&as e of the via as the

| ayers are depogiapReame isiiepoaivnilap bah teriiriede ardiiinsontachwitk theliglestits andrthact

area includes both the ¢ylindrical sid urfa of .the ¢ i her
circul ar bdielestiic cP?ﬁtaé%ﬂ%tfv‘%I%‘é‘iqﬁﬁg mafeffgl éﬂt%l%el @8g(walrdnﬁ?ﬁe%séq%qéeﬁll}@%gregfg%ﬁ&gﬁe o)

be made avajl,aBlde Mpthad BRICARBRELET o USRS daviodi shalielr dndmatierethe (Waycintirithnt ")
that is only the size of the circular top opening of .the vi a. ﬁ\%ﬁrn’la[lpgal
capaci t or s cepitdye anvdehsicpted basded g cBUIE B&ﬁp&?ﬁl% ?f]i‘/ﬂ%froé?‘ﬁ‘?aaﬁf CeAraCcoggact @

el ectrode Zp Rt QL %l 10{0% SRS afDLRUB ELR BE bL&SadResd€ BP Shanbidh the topography of
phot ol i T hography amd et ch steps, and additional capacitor |ayers are
deposit ed @uekitére Fomhenfflat sswiwidy’ onfigurations, svherginghe gemigeaoasistagiplanar flyers:
surface area of the chip.occupied by 1SARAEH QAP o SRS, mAARAfRLL. to the
total el ector“f)aléyoaiogP%O@eﬁihgvec%n?f@yp%rcélg&?m%r Ige fSEeL@tlc\/lgigcapagi tor surface
area, which inclaldegaihdieapalibridmadainsidé dolswr fvade adfyer hbingdhtingrmatertal wdlhe  as

the t tion. 30 Anoth t i a _
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so-cal lgd HRCS, tWEAnder DU SlbdtRBE Edabict dréAineitces bRETe optindriasitsaleymfaceiofe
(Ta2Cb) A difficulty with these materials is that t_he%/ ,t(g_ndl to. | ose fx%gen
during’ hi ghthesntainer andothp eisedas Botia. IiPRA designs die QHiIYHaEIcR! BHATTSER 1R
their diel |aGaiRbRP &/el | Bith: TRY o Qb dindRe RRAYI ofRRe rehe@ksSonlyAdlel kit oN@k | Y,
nost procegl{sﬁe({ga %%ngﬁrﬁli{r}llg%%lﬁesé mataer |bal S iﬁnvo:’(ve0 i ggl y Vy\i% 02/ 0Gr302
PCT/ US02/ 0-e408I@r tog iopknirigred therwai r onment s t hat can corrode conductive el enents
of the integrat ircuit .S ' S e PLUGSN of electrod
Accordingly, t hggglﬁfr%y ’ga%aggﬁygaorb%glﬁ%ggrgéé%h ggnﬁ%{%églr’i aqgs for foIF rora% ieftz).n0 gf
capaci tI¥ s mftediditingadd thebugh rceidsof deguisition, arhetotithopraphivbind epiht stepssrad giddiiop

dielectric materials. It would be 5 advantageous to use mat.er i IS
a barrier t‘iﬁ‘p‘%&tﬁ’g@?’lerﬁl?tfeflﬁ%qsgerﬁl QF"?%PFE ?Qﬁ%l?e c?-lﬁ%“gngffﬁdtsé’ tg%suﬁfg%e't gné hgt:spl?%cgal
conduct i Vi tjeL bRtRCING b&upied bialeL sdpaditer insmall capgedd or theltetalt elattede/Galentaicy

of the Invention In accordance with one as .eﬁt &f t he inven iﬁn a

capaci t or i @nEElAIF eBCRiCHYR ¢aPagHOY Sr‘l‘ffé"g’rraé?aeﬁ'g’& Aneipdes th?ﬁ)élméﬂff;é ¢ 8130k of e
a rhodi um r i g8, SHEWEl W Re tof pbda@di Um oxi de layer in direct contact 10 with
the rhodiumrich structure, "a capacitor dielectric in direct contact W'tﬁ1h
the rhodl um oxi dandthsrevay teyael mere espacitpnce LpRi@ sBRE areg frdo MsfodielpetnT MaicEpE P ¢
In the illus ' S, P@Hﬁ 1i.Qr e 8 &Oialner
shape, may ?:1%%?1 tglﬁgtrﬁggr%gah{r%g@éf ?Fl oysélp’%ﬁéthth% b? ﬁ?d{ f%%*\rﬁrgrillglrt\ﬁ%étégﬁﬁ)ur gmand
_preferably enpd (BasOb). gh diifeblgctith thesromaseriatt isrthathdvatend fooloset dreygeraiist igh-
dielectric., ln actor dance w.th another. f » dpvent | .

el ect r ode, E?B\lf%riagjtr T Rgest & “\éﬂé%hi Bt n%%‘rﬁ%g@%%ég,eg %ﬁhgg déeécr%ﬁg (}!ﬁ?}%ﬁ%% NI e
The el ect r odddizeradatidesateridld. rAadditloayist mbh atocessed fadfesmimg niekd watemdlainyolse dighly
second | ayer having nore than 50 atom c percent rhodium |In accordance with
anot her aspect of the invention, a nmethod of fabricating an inteqgrated
circuit. The nethod includes depositing a rhodi umri 3mnllmﬂmwmmmmmfiepoy ting
a dielectric material thereover . The dielectric mat el ectric
constant greater than about 5 . 20 Brief “bDescription of t4@o®r awi ngs These
and ot her aspects of the invention will be readily apparent to the skilled
artisan in view of the detailed description below and the appended

drawi ngs, which are nmeant to illustrate and not to limt the invention, and
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Figure 3 is a cross-section of a stud capacitor with an exenpl ary
five-layer structure, constructed according to an enbodi nent of the present

i nventi orwoé}, /Oﬁﬂyre 4 is a cross-sectional view of a con?@%)ﬁgﬁz/&%aci t or
with a five-Tayer structure according to an enbodi nment o he present

I nvent | 0”-oxiﬁiz91gre%v§oﬂn§en?s BENEGNBLHEILERTTTE Cleidits OF e Bitegthiadapasiitath wi th a
three-layer structure, 35 constructed according to an enbodi nent of the
present i mudanlyingmolysificon ph®s02/ 0C>73( 12 PCT/ US02/ O~U90 Det ai | ed Descri ption
of the Preferred E | RA W bl b Rrib 18 GoCRRhANN BlcaficBts in
dielectric cong\cgﬁggg%bggﬁ g%{léefﬁggjékl %s{egf&&g?{tﬁi@rgéngl | readil 1hlfi nd
appl i cat i dimagrated tcheuipy whoh pire sompetibledviintusgy e high shitleeae nietsrigisn ﬁ‘ldYO“Jﬁ Rer
“electrical applications. The.electrodes ' it ' t
Vol ati o HETERERS. o BF Rapmr b fsE B eaaeRo i B SIoE o wHk HnC buChankh
It is veryhdastiabi@didiviie eharidGriftivs giveghgl fact mpeitoodstadt ) material s, such
as bariumstrontiumtitanate (BS]), tantal ym oxi de (Ta205). hafni um oxi de
(Hf 02), zirconium oxide (Zr02), CHEEHEE (HF 02- Si 2}, zirconium
silicate (Zr02-15,02}dand@ Wit R 2bI2AWe ifentibr) Bapatiodx icieoidda2ABn aniiftegrated
capacitors for iIntegrated circuits, as they provide greater _c.aﬁaci t%&c?
density t hamuitloThocapagitr inslusesp Fipdiugiigh TPt FlodEpFEfs Y Y 13 fect CRYR
yield g greater . 1 LANGE QT | rif, ag Rt W etiHaER oxide
t hese 1?pat e‘?’ﬁ’a € ﬁ Oerll'gﬁt1 %g{ggg"etmgy@gae‘%ag’hrdﬁegﬁséuﬁﬁ?g‘ﬁﬁg“ﬁf hi gh-t enperature
pr ocessi nglayathinzha aem eteesadet ovien theeedpagiter disteckiat Ihibguljrsteied Empdiarrsr thind

in oxidation of surrounding nmaterials duri | b EQN10S 4 imad 8m-rich

t hr oughout S3PHE% ZAY [1%V§tai S&ﬁ B FCOPREC; Srll}%péagrrn%# gog'tagflﬁ)ogﬁ %l%tglrllaS Og:on& uc;tli ve e

el ect rode YA¥QFSmH PrefRiiRchployd g dicedidGomsie matetialarfe thedvapotthediclemponent s
necessary to nake a conpl ete capacitor, structure. Th ot t oam. el ectrode st
be able to nmai nBACROTEBEH Wétpéé?tggg?é?e%‘gﬁ AR e_cﬁﬂége’ SR "g_ﬁ SaeﬁgsaonfgLI
the subst rﬁgﬁs 309, deRibhedr AR ITHB btk Hichidad: fasMbyed tiaeintiaded umbblg metal,
deposi tion and annealing of the HDC, typically at tenperatures greater than
600C. Sorreand@bb@ndéaya{tl@yl@meﬁ@néqﬁ?mﬁ@ﬁﬁcelﬁﬁ'}é’dl}lﬁ"r-eacti ve with respect to
oxygen buty 20 all ow. b hYSLORA o ﬁggﬁgmﬁ)m PHEMod B?%ri&dﬁh% Bn GRddrdtQBErchR.

oxi dati on df*near y materials, such as the underlying contact plug and the
silicon suiisd matied Deiudest depositiog ac hediveyridhateyere erde slsposiing g Helesiict peterial
conductivity of these elenents. . The.pref [ +9f the current

i nventi on Q%Jﬁf“éefz Eﬁ%§ﬁlg%tf1f Bﬂa{egflehgi?%l 8@?%@%@%&?&23@8‘5 031 i gh rhodi um (Rh)
contentp which serves as bot h @michRssaemiod iof fhaHirowingzarri er and a 25

=

conductor. The Rh-containing |layer can co | se re Rh nmetal an. al | oy
that contains alpss§Rnd adel aSB?CtﬁR%.“%’F’f"’é’lno‘?%lﬁ }’%’é\cﬁ% napé?f‘re{’%tpsfl%eﬁkg%fl ra{c}}:f%r,l o

whi ch can bydgnge idiRBcRHPR6T bddw Walythe agenddd| draviiggslivhizt aseednetooitinsttatee
Rh- cont ai ni na structure nakes it possible to carry out subsequent

hi ght enper atdmobtojinai¢ s nveptigns angi it WSigh: degr adi ng the HDC, without oxi di zi ng
surroundi ng_mat gfi,al 5isaNdph AR Ass SQRONGE § BHaGRP dihiry & oftRPEd fd @8codantd1e
el ectrode. The ?[g:u%sltslrsgdt%ggﬂé%tgct rsic’)des d|qncl Eﬁg at 30 Ireagt athin

i nt erfasi awithahyearefoiredRn@odinrentdi r ect contact with the dielectric.
Furthernore, rhodi um oxide can form preferenti i LES
of the Rh or Rhgﬁufeoylséll tg)(‘:”tcr (.%}es osvi"%@l & S,f%f h’&@tk%éég%f%%ge%%&aﬁwn%?gﬁgﬁ y
fast diffusivemtionat hs for oxygen. Wth reference to Figure 1, a capacitor

10, constructed_jn agcordance with_ the preferred enbodi nents is sh
schematical |y. FHE™? &P S-SRt Oﬁr’ig@ﬁ‘ fagacligh Piih e cxeg Q'CﬁYCGIﬁyeiog%ﬂg{u@S
formed overomuGast acbrdihg td &1 smvd@in@nCoNiikiystdemanyeation. t 0 underlying circuit
conponents. This 3 = WO 02/0Gr302 PCI/ US02/0-1090 con}thgct, 1;”8(:0 rises a
pol ysi BPcon pl u§igue ¢ Hie apFesersiorel ortib af AeopialRfyCaPagos et dive-aypr Structure
incl udes a ,cORANCH Y SmBbdifnbit of the RRsr: Bfverkfbn, SUCh as a thin titaniumnitride
| ayer, on its surface. The contacCt 12 typically extends through an
_insulating |ayeFigue fds anschanitipecress seption of 2t fethsaraeitnr With & Tyesriayd rIver sy
substrate (no : - ri ses the | owest | evel

of 5 sem c%ﬁﬁhg?tg?%ngﬁdg;?gﬁ%ﬁ%\tﬁh CEO%%{}%%?%‘F&R ormed. Exenpl ary
substrates conprise single
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crystal sili con wafers, epitaxial silicon layers, gallium arsenide and
other 11l-V material |ayers. The capacitor 10 includes a first or bottom
el ectrode 20 includes a plurality of conductive |ayer t one
of the | ayé)rosﬁqu}"% hodiumrich, i.e., contains nore than aﬁﬁ{ﬁéﬁhg om c per
cent rhodi um The rhodi umptifd D@MBtoREBhEPRRIKI Basodheat er than about 60
atom c 10 percent rhodium nore preferably between about 70 to% Erercent
and 90 atomic p®hdenfustritedintve caiextiof high dichicais wBEtem FrRACEEE Bl TR udes
a first or r.u | SRnduct ! SAYIET oAb §idosc@ MRk I6: AhddeRbEical
netal , met ?;YFSlf %?F“ﬁ’(té’;[,{n%r?ﬂéﬁag?:rb%bgﬁﬂ%aylglg?%ﬂdi Con of a conbi nati on t her eof
(e.g., titapilieanons.t Thekdedass haod yestidulac otiljiy adiscent Ydlathemaisprlacr aherPPrefAdt he
exanpl es of Figures 3-5, 15 the structural |ayer 22 can define the basic
shape of t HehigHpEfEGE B PRESski | | ed artisan will readily appreciate,
however, that thqejfiehplicdiaperoars HBC ghigh tdetkciriv éamviont) ofatatslsi michgpst bium
" capacitor shape directly with the rhodi umrich stru re 24.. The. .
i|lustrat e@h'mmdmﬂ&eé@g?b@féta@@‘ %%3295%’6@?%???%@@% AcenpE S e(S%leorzl)’yi ng
the first KPR zirkBBurd bl (6,210 0 Adlurhis (Aldes)an @icblunhoxide
rhodi umri %%&ﬁlgg/%fﬁ&g.(@gf }acf?‘r%’ezélr 20u_exarrpl gs |2nc! ude "pure” ag>9%/%. r hodj um
a rhodi um (Ns§0O%) in@ypacitere farabtrgted ity 2h S15Y BrOTISE greater ARPAGiaReq SR B Hur e
rhodi umover a rhadiumrich all | NOBIa6 fBiR bapaNRRESIOPBERMISs sudcdised
her ei nTOi ndﬁlqﬁﬁ@{sr‘ﬂgﬂgﬁ?rudﬁqecggﬁ ﬁog%?ngérf%ﬁ(}gunsf ﬁm ig?}ﬁdi_u?%a plati num silver and
gol d. Pl at ijam Usforstelyrése rmadiasntetdiéo toso dkyaen rduting gnlsequent] kehlepPPaEs |
the alloy is preferably rhodiumrich alth bt WM upder skretod Bat
the Struct UFesesnee A ecThGaHhnfh fFREse sty Ehg{'g tsh\rérﬁa(llal)aégﬁ%unt of rhodi umin
the 25 al | Qyyoidding h@ibld W@y defdstionpaikigg aibdiraughdua fier fabrietibn ebthe fgeaittedy .
As shown, the bottomelectrode 20 al so includes a rhodi um oxi de (RhOx)
| ayer 26 fonweil directly over the rhodiumrich structure 24. As will be

appreci gt ed fromfhe di 3EUSHAR R in oSttt Svith he DT mbidall 46 e Lothed xortigonkity er
26 can conprise athininterfacial I

~layer, formed naturally duri&g{ hlgg.lc
di el echi ¢ depesiry icomalerdeompldtneppaditar stivsiues. Fihebetierp eipctrasispusReebie 'Y EREETR ed
or grown | ayer.. re 30 ferably, i L QYKL to2 QitBIHAr hi
st oi chi omat%l of eﬁ‘fwgﬁgl Coﬁﬁ%{ f%f;tr{fj%i l?%t%%eg?%{}ggtam&lxgggﬁak% i é altmat er ilgllijl§
with a hi ghoddigthg ehviioamens sitrany depositionHinghendéading of thiecHRENSPEALY AeaEBPFARES

known as HDCs, as u erei include material s wh J: [ nt
is greater SRS BN %S'egﬁ}l%‘?‘g’?edﬁ%@s’dp‘%‘aaf B%E?Lﬁléﬁrelwl%gtgveqn%g{rg %(gft ‘g?@gﬁf/ﬁ‘ﬁ :
gr eat er ¢ hagdQairfRi&f & dxGebnRiBFH Bbis, Wihe caet tb hredaion oif herbyamaterélls) dech as
barium strontiumtitanate (BST tant al um oxi de -4 WO 02/ 0&:7302 o
PCT/ US02/ ( 1the 0drlying seact Phg pRd HesiHsqnubstrpieo Sidatqn, effoPisi 8% T2 Ay d55oy
haf ni um si | {hgggrglugtmtggf@g%megisr coniumsilicate (Zr02-Si02), alum na
(A1203) and ni obi um oxi de (Nb2G3). The capacitor 10 incl udes_e&és_e ond or
top el ectrode 40Tha meferred eabodiseasisiof éhs currgt iVetiop gmploy @ SARAGHEY A& TP BRI LU The
rhodi um oxi de.| ayer . ( ' t VIS tus Hafdiet RBd 2
bottom el ecE"‘rV l}feygba’.h ﬁﬁﬁs‘%t%ﬁ) g@é%’??@ggp%av&%lsgeg}ﬁg%ggﬁ be forned as. a
thi n i neer f agidadtord dafheRh-esn@ininglryen garodontphise WDCRhagetal of an alinyethas epaiaintigfight o

deposition of t r hadi .ri.ch yer 44 or,. i r heat:
treat ments ??F’eltqqghi ggtgb#‘g{“éa&"%?tlrt@ﬁsie{@ 798 %}Hgﬁ%ﬁg ggégﬁﬁgﬁﬁtﬁfﬁg? ﬁggy%%(%m

| ayer 42 i spf apemskdyélofe meski-t@mithy srictuienméliek i jefssiple ne carhodit snsequent igen
oxidizing it fully. Mre preferably, the | ayer 42.is deposited .
directly onteeammt%éromézsgaw&thw d&ﬁ@ﬁ%@%‘f;o‘?%‘lﬂ’&b%?ﬁ% r?%“tf)%é‘flg materials
preferably, .t ngimRBiskihk BY BXddBGRER IS 85ths bldtiab OTRY fllhsiratda2(Btrodel RiETuyie Mg
the RhOx layer 1n the rllustrated top electrode is a rhodiumrich strycture

44, anaPBBgolmsttaghintsterfarielilaver pf RO inrdireetipratagiavifiyihe diglegigict ditharaeses 9eUmThe
structure 4 i j i S&hdredndsor
structure 2 Xlgggﬁ?e% e éér?lP %l é?(r%% eg&?ﬁd(# %ﬁmﬁghbﬁ%}r?g%y(d&gg%% rhodi um - a
_rhodi um ri chloakingyhatpresfoemalbi fpst diffusion patksfbeoxyeéral ; and a bil ayer of pure
rhodi um over a rRedi ich l...alh0 j ' i

preferred in the%ﬂ‘o%?%érﬁclgé%ﬁgﬂegy% Clltog 1{(()%%1‘%?:?]%? Hé’%ﬁ#&?ﬁgﬁ tﬁ1 SprEP Stbrred

el ect rode cambbdimentbés Patvh atlvecticallyt IThe dfagrame@otot dradinud depdd. Tl ¢apanitof &P is
each array. The capacitor i az%ab.ri cate gccort it(r)u% %Ol t he .meléhod (%létt|si nﬁlgs in
the fl oW’ chdPmedfovey §pPas 12,miRg 2qeafyclyf RYR AR MPIFYEEPEE SRBEY Sr ne

200 in any of a nunber of configurations, preferably, as noted in the

di scussion of Figure 1, by shaping the structural |ayer 22. Various
possibilities include flat sandw ch structiares, wherein the device consists
of planar |ayers as shown in Figure 1, folding stacked or trench structures
and structures with rugged surfaces. These exanples are neant here to aid
inillustrating enbodi nents of the invention and not to exclude ot her
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25 be used by one of ordinary skill in the art. Preferred enbodi nents for
capaci tor shape include container and stud structures. A container

structurewt Sozlo {%& cated inside a hole that has been fornegctr{hsgz/(ljﬁg r of
insulating material. For exanple, the structural conductive layer shown

in Figure l; Pta&ap’ REmAGROS fy(ﬁ%lﬁcgncd?ﬁ’gf QA MetRetth@ SMBREMET dnde e ﬁr,efeﬁdb@ t he

ot her structures conprisin he capacitor are formed over thls Iafyer 30
a4

Wi t hi n t heintlofies 2 caslugiiive] dlﬂﬁ@lculubgt,flps é‘éducbéﬁ &hin At2giupanigide lpy et PeitoWitasend Mihen
structural I Ragiit Qr
o1 oot or osconf T St B TRors R e IRALEVE 1 B SURSHALEI CARRE

fam liar wehicohti@idersossater exot nltt&lrt\)tedl"ltemubmam grgetalie sempirides i thd 1om9$telemtdbf
- colum structures, which i.nc ede osi t otol.i t hogr aph d..€ }
steps. Wt FF“EQﬂltti‘icltﬁhllﬂﬁe‘l‘aéf"ér ‘edﬁ “FPY Bnéél EX?"?'P&%W ust’n]95 i %ﬁ%mpﬁkuctsﬁ}%

deposi t ed Y& sfHa6h @%eﬁ%})ﬁt@itﬁ][%ﬂi@bﬁ ﬁyér@%alﬁﬁtﬁ&ﬁsbﬁlﬂé arﬁil‘bah‘.bEIIPX/(}natétm Tahars.
" preferred enbodi nent, the structure is formed

02/ 0G73

PCT/ US02/ O. t 090Tksh m@@t IPaipelideged &t tof &ﬁtt‘trwt?fg(’%?% thgt é’Fci q‘r‘r‘éltltél of
or gani c Ch? ndﬁﬁ%ve Y%Qgr AP Lid HNiné M%;g@ rhofBmichC HS S&Qnta@r@%&e %lﬁllraﬂf)lﬁr%nce
to Figure iumrich structure can include one or nore a
rhod| um ri elombcayecest dwdlutthaﬂ'ht Hediveanehr iy uefeiebly Hhag greaies dinhpe EOngemism

e than 96 atomc [ £ nakhie A
aI I oy, n&hei’@?‘ﬂ“t %d“t“ho’a'f’t? e el g;n Etglgl s!ﬁg&tth ?gaag(tlﬁlggl%(tégfmﬁé IBer cent, PRk
pref erabl yjgeat. er than 60 at om c percent, and, nore preferably . bet ween

70 atom c percent and 90 atom e The i ec as us f t he
pure Rh |ayer bgh@@swedMBe@&‘E ‘{9@88}%‘93%? gucﬁlﬁa T CF‘eelg)feE ? 2. oheH

r hodi um conpOLRGSise b MEbIE Ghhddg, kbl M&o@' &aélaah@ourﬁhbdyﬁh@tdﬁ)a(mbmuon thereof
Rh(~15- C5H5) (1. 5- COD) , Rh(r~3-ally é (~13- ka%/S anF £ Fi

( ( PF3) 2RhCI2y 2titagenaiirifh e pqlamhm) y tWt"dW@PH@e‘é# sragpies of FigWet tim
compou L BaslcRBapR GEFE E4 Qt%ﬁrmﬂn NRiMed artisan will readily
Rh(~~5qg:5H§]%rg&%% glllg}%hg n%ﬁgetgepagscl tIpOI’l te‘;g)pgr a)ture |es pr e?eliagblly bet ween
about 200Caapsrelc1zﬁc50fiwemrtbat|tihetﬁ&t ey canthet amitiefl PSHOT0fdleBWOL thepepgeitpr ghgpe
carrier gasges Those skilled in the art w |
under st and %A% thﬁgsr"ﬁn cona‘g?llgdrﬂ's nmust be optim zed for each precursor
gas through expeamt nestatd Bittorm élédnodg 0 ﬁhobvw xﬂapmsmlednwnme% weeclyimen the fitst
organi c 15 source ase be significa cont am nat ed t.h car

oxygen, V\/né’ﬁnctuﬁ%"eplggé ?sﬁy gsarg"t\“gg%o%ll 2 e\ﬂnf R R oé’gmmlt elayt‘)zhsr|%)lgﬁngd1 t he
deposi tygd rebtaﬂmémha‘mde W%&@rbb@%msatﬁ {a thétiin S0Rall0s) Heferbin vath ahblgman]; 934
When a rhodiumrich I's deposited by MOCVD in anot her arrangﬁle nt, the

gases used bilaver efpire lﬂil@dllﬂaf@?r aartl@duan@e)hﬁt% Fith grmoble meppb YeRlewetpls 2 U6 PRteithe
pure el enerlb&udeq:lﬂﬁenfuprp géttéﬁi%{% 5511'1’91}1}11 QHhQM ptl:ﬂﬁﬁm' sAvérasd gdid. qflﬁfn[n%qls hést flfef?ed  An

exenpl ary precursor ga lati numis nethyl

cycl opendadh éeythpdimmirialya{loy) lrt # bitwen e gliop qupltefelt?@)ﬂl}hOdlmr@hgd@oug@ it ¥itbPhed
with a rhodi r or n d | 4 oy
composi {1 oA PHOT RO LnPR {5l SARRREH o/eR oREDES G i TGt RbEY,
s prefexs abillyy,btatrmmlyamohpmdﬂqoétumh}almreﬂﬁﬁltsdhm For the Pt precursor gas,

the flowrate is, preferab be e bout. nd 20 ure
in the 25 deposﬂ?{)ﬁyﬁw?:’ﬁg%(}éﬁpmi f’i&%ﬁ%@eﬂﬁ“%"i rhfg’rum ox% @86$ a¥er D
t enper at ur edifeétly dvbr fé rHogiubeticheetict& Qb andilbbippraoiatee fipmethe diddukyon difé«tgmaem
350C and 460C. A preferred oxidizing gas is nitrao oXi de N20 | ow
rate of bettuashths Bt exidedaeht &g Ci@weé‘g&‘tﬁme&ﬂéﬁay&l foyms ﬂﬁ“‘éa’gé‘k‘ E‘ﬁ

as NO_ 02, 19&1%11&%%0&@& Al S@ir2eh SR atfafatlg%lﬁats@ssa BRbYEE Br abwtayarom&s an
and 1500 sccm 30 odiumoxide is fornmed 230 directly over

r hodi urd® i chefereblycthemhediun gxige layes A ermnriserstoighipnietricRbpBR-med by OXI dizing a
"portion of the r i n
bygen- cont ai ni ni el et iR Clhyer 0% Rhigii) Bt GBEELELEE Sty 75 wien
_tenperatur ed1¢iecmhceccmbﬂagfc thasees inewroat HROH @s tlsrdBt@tIe@ mmlrde ntntﬁfabr\rdmwdlelbmlween
about 400C and 700C essure n.the ch bou

and 660 Tor?ongarﬁds %atga@?rgé ab]é? etager (%}bn:(e?te1 \Exleaen a }&r{: Feba bgl egter]th% Y
mn. -6  V¥efeidd ﬁﬂeﬂﬁﬂﬁaﬂ?ﬁ&k tHS&Z:HfbnTa @30 baramnodtioetiura fitagatg E3RANL tantdline ox1de
rhodi um oxi de structure can be forned directly by chem cal vapor
deposition, preferably using the precursor gas Rh(~~5-CSHS)(CO 2 with a
flow rate of between about 10 sccm and 100 sccm an oxidizing agent (e.g
N20) at between 50 sccm and 1500 scan, and a pressure of between about 1
Torr and 80 Ton'. The deposition terrperat'ﬁ're is between 5 200C and 550C
and, nore preferably, between 300C and 500C. In the preferred enbodi nent,
the filmis subsequently annealed at preferably between about 350C and
460C, for about 0 5 mnutes to 2 0 mnutes to |ncrease the graln Si ze and

o Y b1 - o o - )




30 between about 30 seconds and 10 m nutes, preferably, about 3 mnutes, in
an 02 or 03 atnosphere. Alternatively, the Ta205 | ayer can be anneal ed at

700C to SQ,Q)qgmp 3(3gerabl y about 750C, for 10 minutes to 2 9’,‘!’@[’2/0‘3"?

preferably-a hour, in an oxygen or steam atnosphere. ow n

deposi ti Olr_‘%‘%%@ ), ar(&ﬁh'lﬂﬂe&deh@fw Q¥R Dxie efZROAD| Baffieh MEHcalb QHAD - &ﬂzb y

over the yer. In one enbodi ment, the rhodi um oxi de structure can be
formed di rzamohlymblylwg@ (&192rfi02), al&u@p@r@&@pb@idﬂ’ﬂ@ﬁm dde A28k cussed above for
step 230. Alterpatly 40 ﬂ\é\Paléol%r%é&Oe? lurality of
PCT/ US02/ O- togo?ﬁa%pgm%f 1(?}‘11 c@’é%{aasgec %é}n oéetr 1 lnm and nm p#glrlg °

pr ef er abl yccbﬁthae nuyabouhe ﬂlor]m*raaﬂddeﬂaym(RhQs() dkmam@s dhthe Rhl@a lagxe 264y de.

This layer_is t dco ) lity
for thefiPfont 8"&50 !)gxi étqpo e#]y% yer% &% ?enfogﬂ‘gcg%oilﬁl fﬁfeaﬂ%?ﬁh}@r
thickness ahewiburin %Q)fttlienﬂlsctlky@t 1sO<fonE Bbsqatitit@kiepobicioh ufnhﬁehmmnh—alyleﬁayeﬁl@m

T upper rhodiumrich structure is dep ited 26Q over the rhodium oxide. This

deposi t i ondPEE ohen SUEIUERS hed ey BRRis ?16‘H’§ra $ESed earlier for step 220.

Exenpl ary Struciipasf Qll?efdg&ﬁ&ﬁdtl@%@{( GHyR oot i9 fied By t@dsiasbert Mentie &fputde
current invention, are illustrated in I¥| gures 3-5. An exenplary stud

capaci t or dadivog ammd@romhmmt fuilly h Moeef eseferably, the RiPglpyer 43 1 H‘E}’PSIEffié]\‘/bﬁCﬂ(Yd’nTD
scal e. p SI Licon su 1 b b d6s
over | a;}@ %fzf[% 3-‘(% Y Shgmical vap {)E%Fr F\E&Il n%ﬁ'!eﬁle%?& atﬂiﬂnltgeglﬂgf/gerﬂ?éb tﬂﬁat is
filled w tRopdloneiddRI9O3! 14 and overl ai d W|th athintitaniumnitride (TiN)

or titaniumsilicon nitri (T|S|x r I
Preferably the t%?e@’%%é’é &%d@i h?‘lte r?eecg (?asglrrhllxg 1§er c&ésgﬁﬁtggégf 40

nm and 200 ;pffbgolf & m@a@eiuhpﬁcfsmummmn itise B‘oﬁbmtécmdeh Tan sirnitare ## ceoinglwre of

Pt 118, followed .by a layer of Rh-rich Rh-Pt f .HDC
| 22, anot heéne phmprejr “IQPT“IﬂT laggrp.ofps fi%%%}ed f‘?ﬁ“uﬁ‘ﬁﬁ E?%‘h"é’ﬁlﬂ}e %f%g?lg%fl Olzlil)(}gr Z
26. Thesdi & ef>9@% Hﬂ@mﬁt a Sl attimridnldiol ?r&&%l?ﬁx@tmamoblehwrhnab(wﬁyéﬁf pure and
1000 nm mofe preferably between about 50 nmand 500 nm The thickness of

each Rh-ri chodiay ever 22idiunprich robisrm¢telelpy. yAgsiy pledrrmaisarnst roteHR Wibe 1OE M
more pref erabl b MR A0 A0 RN oEhfodk NaGhAESS: Bluckite, Hier hipvan 122

is preferaB ween a nm-ah or BST and etvveen 20 about 3
nm and 20 uﬁcﬁviﬁ@dlcalaaﬁ&eaalhma?t | ayer 126 has a thickness of between about

10 nm and 100 n nor e. pr.e about - 20..nm.and = ly,
an exenpl ary coﬂhﬁicﬁ%ﬂm‘gdﬁ%ﬁ?? g@ch%oriﬁw ﬁ’qp? alf”tl | l%luﬁ%]gng?hée %QV %gtt 0? Fgﬁlﬁaz: 0
scal e. g0aiThe dehiRH apabitod skdpk b4t foitul2d L0@Ine&n;l 60 Iand)eﬁofpmhﬁgjrzitioﬁﬂ Iprqﬁéralgy B34
covered with a diffusion barrier Iager 116. The s forned i

3P § e jneld
cont act holwtqdin H dispussion of Figrre dyhyshaping, th%“é‘&%‘iaé ?‘Fé 21, I"“éoufé’oﬁﬁ’é 158 gjtude

formed in agd BidakichRgkdnatd, RBedeANRE debR® conkRB ol bRARUSIErsQE shdva i8 Piduad Nesldigl e
is preferably between about ~0 nmand |1 000 nm nore _preferably between

about 50 nmtasisell GEGnAEHYYregansksipees Wilbrugeed sprieger: c Tess fremgles g meantihgre to
capaci tor sgy “‘C‘M@H r{x} éiktswtpe ?ﬂ%@%ﬁ?ﬁeﬁot k@&cﬁayaﬁaemdmg&rgtﬁngw hape

of the cont@ainer ness 0 ayer 132 1s preferably between
about 213 nrbeameﬁlﬂy&ﬁnenfwrdmmryeskmrlatwraabl y bet ween about 20 nmand 50 nm This
is covered with

DC 13 | r | 38.
The t hi ckness ofﬁh%ﬁdlﬁ?&fﬁnaﬁ%f apacl’ \‘Eha%lm%bgt(g\o@%n aboutg\;? F\t?%}ég'nd‘&
20.0 nm nodoltafeedtticnbd iy fafbﬁbaﬁ&ﬁﬁmdﬁmhlﬂe tﬁat&anlb’aemfuﬂm&d)m& lalyen of ihgatinginceniab s
of the HDC | ayer 136 is et about. | O nm and 40 for. BST
ohd. bet weer SECHEEIS b AF DGR P RO iy A G PSR M Ler 1 el
with Rn 140gme A0t BEthe BXI6 MM A othdr audhaRA®hipaking the SHSAGHori afe fonglel Gvebthigiager
drawn to scale. The underl%f;ng 35 structures_are as descri bed above for

Fi gures3®3 aithin therhple, @8 y4tlibe shscusedibder-e 4 #ed SRS RIS, Ofaing Bihen ghructurghdpyer 22
02/ 01 7302 Pfé%y.?'%rgn 080168l £Chb eaﬁec{afmt%spa&%@ sﬁﬁbtdr&earmaa@d Her RrisSRlufhrt MR 1S

covered with an HDC | ayer 152, and then with a layer of Rh conprising the
top el ect r odkélledsatisarhvell dieafrmilisr vifh tha@resedue fnyolyed i fostiing thetewmétis! #B6LANA50

i ckness of° e REERLEH 2% AbIRR AR AR R0 O 40 nm

for BST and bet waéth @bmuungBrefﬂnramdo Fig2t hm ﬂmdiufﬁa‘zmatruaﬂu& tsofepbsityd overf ankh

20 hm afa) SO AR PR A0t 200 | 40k PRRET RGO e PR 2o LAY
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boundaries of the Rh layers | 50, 154 and HDC | ayer 152. Advantageously,
the preferred enbodi nents provide processes and materials that are

conpati bl g w e of high dielectric materials for fabrl
capaci tor‘%gvgzz?pf‘}ﬂ?egr ated circuits. 10 Rhodiumis very usg?. qs‘(?ﬂo.fﬂf)o

el ectrode, art a@% fSabl AR Wikdnfe shehfical vaER ddePusigan
di ffusion 'ﬁ) 1r“iaer O?dj %&hs ev n%jgbré;l?tgdl ?f usi on% g encf romt heg HDC,
then eby pMeOEYD).Nghs ritsandssd zﬂmrem wfegene tof Fieurg At ‘@glf%ﬁdé’dn'é‘f’l? SHHCRITS IS
detrinmental effect f oxidation, .Addi . g6k QR Hofe
mat eri al s E%Eé@lﬁﬁ’ﬂg‘g?”équ@'egﬁgﬂ theagﬁjll tﬁe @E@dr nlﬂf%@ n%ifag%r operties.
Because 0Oxygg0s eRMerddhif rhotiem adita, 1hd>dium-$101ﬁ nabﬂ):pﬁetall Aoy, ddletdmethHD@diuay@Fltent

thereby preserving its dielectri Much of th roc
f or m t h&se issatrlgest 39 @ﬁonllﬁvé‘]c@}%osplﬁlcbaﬁyy ?rd‘i @a@m}? PYSHEN TS g, E)n(;?]hedsl%ﬁeer
some oxi datowﬁpyo Jﬁ%@g&%ﬁ%é%ﬂ?%aﬁedtm erface. But as bot h rhodi um and

" rhodi um oxi ave good electrical conductivi t%/éé t he el ec}ébodes remai
conducti ve. Rhodihemeoxic gasised ledoimnthe prigdd et NeeNDr i dIRPaP e e ré’t"?‘fl}(,f’tol‘]}‘ es

and HDCs al,sg, S6F ©9S,Afiu@ it ShAfo AL hBliinRIGL ERI(E0) PARREP -Wis ) @0)HDC

materials 4n Fumtend not. to egraeover time rior. art,

rut heni um szhl(ﬁﬁngI@@é}C@m; Rigehallig80ks R ellizbs @B@ié(PﬁaXZBPF 2 Bk kpoyR 4
strong _oxi di zer X d %&}ﬁlo tgri ferred

Pl ati ndfh haad é’F”stGabﬁe‘Eﬁél?Pe?éd’ OF%}eal’?llonlﬁ%é S&Jr?gtcgﬁélfsg:tge bu}Jtmdglgs?‘?éngllyze “Form
an ef f ecti wg JBaiehe Rh0-CAREYE0) Hisfubads iThe depbbitien temmyfgtsre is prefadibhyf Rpsweep @pAtigh

pl ati num and react with surroundi ng des. con i gh
25 rhodi um 2886 eaheS0CamosuEsEghiy ‘{%?Bg%%)‘féfﬂ%e@gc nge% 6?1”1{3 he S#%ré;]keglg’rﬁl%@
i nvention b § ' driw i BiddBrs@hd S8 depbditid @heiti anﬁmrﬂ)adpﬂmBﬂtd;fm
ot her enboga?g?éjn?@{a\sfﬁd??l%ggg%e appar ents to thoege of S\rwglél}r]\@r%/ skill . bn the

art, in viewclopretuer disstybeghmeerierngtion. fishoughaiss dpo YRGUR At Preaye
efTbOd' nts describ fd atd Q8 gen, WWhen GK bleb@sor ﬁstilssan
will appicr EAT %nﬂ q%&j tg}pl nci pl e%lq@?lsdgﬁ)géed ﬁgrgel nto mi;re 30%5|

or rmr e comhﬂ:mﬁapﬁmyﬂmgerdém@w offibe denghitedIrhodivrm &ilp et Be greptan B Pk al“é
not intended to he |I9Ig].ted by the recitation of preferred enbodi nents, but
i s i nt endedFB2HESE Hed sol el y by reference to the appended clains. _9
WD 02/ 0C>7302 PCRhLISe 2hdAndR00h YHATs|dBpdSitdl BEMQE/D in amt}mrﬁ@@n&emenwﬂtemaﬁﬁsan

integrated circuit conprising r hodi st u ]
| ayer in ditsegio Pupthsdeyehier %Oﬂlglr}aﬁ%?ﬁﬁ% F‘isﬁ%thgtt{’ %hﬁrpgte Emz]iencsa aml? R

di el eCt%d C jith Qlokecﬁatt iCRAR% 3edfervdatih Rhbve, %Eh%iblﬂﬁlhl@@ldﬁnéoﬁgﬁr fmqﬂzdmamh@methyl-
el ectrode over the capacitor dielectric. 2. The capacitor

wherein t hecﬁctqpelaiaélsmwmd@ueﬂﬁ])ﬁﬁl@@bylaﬂ\@e@égwe)ﬁ}1oéﬂ“ﬁ Ly }Sc‘f?ng’f”r‘:@?é‘fl{kj‘raeljho%‘umThe

capaci “” of LORLELREE] ARS 6RPRHRES iR debUsRed Hiadi THY 10
| ayer. 18'95%;1) Cl to:ﬁ@(g’roieti eﬁ’ 21190(1 &vvherel n thg cseicsztzf)})nd r hodi uﬂ}rrt{Sr(l3 ch

st ruct ur e cﬂmprrats efitha Rhoidcerspregaalis preferaplyl bejrenen alut T eccanandciop sgenbf Farythy Ph 4,
e out BB e I oflun @Y A HAREA AR ook bl 280 L. LD efePr ©

than about BETAIB&'L cen
25  deposition chamber is between about 1 Torr and 80 Torr. The MOCVD temperature for Rh-Pt 1s

between 300C and 500C, more preferably, between 350C and 460C. A preferred oxidizing gas is
nitrous oxide (NpO) with a flow rate of between about 100 sccm and 1500 scem. Other oxidizing
gases, such as NO, O7, O3 or HpO can also be used at flow rates between about 100 sccm and
1500 scem.

30 Rhodium oxide is formed 230 directly over the rhodium-rich structure. In one
embodiment, RhOy, is formed by oxidizing a portion of the rhodium-rich layer. The oxidation is
performed in an oxygen-containing atmosphere, such as O, Oy, NO, NoO or HpO and at a
temperature preferably between about 300C to 800C, more preferably, between about 400C and
700C. The pressure in the chamber is between about 1 Torr and 660 Torr, and oxidation proceeds

35 for between about 0.5 min and 3.0 min.



15 6. The capacitor of Claim2, wherein the top el ectrode conprises a
second rhodi um oxi de | ayer between the dielectric and the second

rhodi umr ture of the top electrode. 7. The capacpifusfdosdd@i M 6,
wherein e\é@ﬂ)@kﬁuﬁe rhodi umoxide layers is 1 nmto 20 nmt ﬁl ck. 8. The

capaci tor of CigifdRer aasteRicht, 8RGHoddkm bkide kiedirecanr beclrsddr dictly s cliegnical
between 20 20 nm and 100 nmthick. 9. The Capﬁ\%ﬁtff LCSEZ 1, V\h%tgl R t he
capaci t or viagorf éapagtion, preferaliituging ghe PIFSPYECT &% é%% FPROV S F T

wherein the »ﬁe%%ﬁdutt% scbi afl@'imes@cm Nindx Atk Shapss., 0) afmveam&bdr@nndofsoﬂ aim

1, V\/nereln e capacitor dielectric conprises a mat erj al hava)artg
di el ectri @cmnmﬂarmesgn@aﬁ@twqehabpuabahﬂ and 80230112Th3ﬁ%058¥9ﬂé%rf‘1f° T8 1S REEeh 1,

wher el 0 "y £A0SHA I Ik BEG Ly SRR S8 STRber Lhe BRYLRG cabdBLRCIE | C

consta e capacitor of CTaim1, wherein the
_capaci tor ﬁlllrrﬁ‘ﬂs@ﬂiséqLﬁntQmﬁﬁdfaﬂcﬁl%plafemiydthmen hizou ?rﬁﬁcaméifl@ce&frﬂl?@t@éﬁ%lfl%?ﬁm

greater than about 20. 14, The ca n the capacitor
di el ect ri c2-8 BHHHTSIR MCKATE; R SH St E%ﬁf‘%uce thte C% anat Omegrbg%}qﬁﬂs The capaci tor
of O aim 14, wheisin tds8SE of Bipektiasser of fortatewrzeBeralin sma Aodivm oxi. wilthe
capaci t or of Claim1, wherein the capacitor. die]ectric s t um
oxi de {Ta2®snp. 2392t t@ﬁ@cﬁ%ﬁéjé?‘?%)fubéﬁfq“@t Sepasiign a‘?ﬂ!nag’t’%?hﬂg 2%8 ngrl‘raz‘ag‘ f d%%rﬁ{iess
i's betygen éﬁwgvg%egﬁom_mg%mmwo 02/ 0673( 12 PCT/ USOZ/O 4090 18. An
el ect rode r-a m conduct or device consistin asllsééb rs,,Gomps

| a
ismg: a first | é\"ileﬂﬂlﬁbhqym Simge afOIW@SI@ vt Eptert n"éﬁl‘ﬂha Bﬁe?o g Bl 8ni ng

nore than SO at ételg} 386y ket sheatamofitafdt@ (88T 8an be
wherein t h& t&?i"ii Com ‘Eéscb%{]}ﬁlmsp rst tgyer |e§ %@%V\elen 20 nm and 100 nm 20.

The el ectr m‘&ewfwxﬁi ablatild Seaomuéy einteitihe bitiyrst stioaljien 48 nipneBsnppduced ntq g

el ectrode of C aim 20, ere th er,
The el ect r Ganigs! "@)%dﬁl?“é‘i“’“\xhaé‘?béf ‘rallof’%\év% gll‘ ?r(}%lé%%ﬁl%rgl r%ng%hqgg]gﬁrgﬁgﬁgsso%gs

Rh-Pt 19 alolnysmasnt %Jld%lu@&s&hcdrﬁtﬁ.&tng?ﬁﬁ’alﬂ‘nhyl Z@ptardionate dijrdatreastedi incajhighly
capacitor conprising: a dielectric |ayer

greater t h&ﬁldaiﬂitﬁﬁnV's@ﬂnﬁﬁHW’éhl’égFrPtﬂféﬁ c ﬂ“@&ai[t%ﬁ:&ow %J x?“llpeglﬁflp% o %?r? f’@p‘}mes
i 53, FOFRSH T Ca el Cont act i an umder L yi 3. se conduct e o
substrat e tchemiagtvaporglepopition joe@ys iplajgmpepatire p@nﬁ@gf}ﬁyautdip € é%ﬁ(fogg]p Oﬁegplg 1218{)’
(03 o0 e A RARY. oo e il monit,
over the  Sr(DPM)y(tet) and Ti(O-i-C3H7)4 where DPM is bis(dipivaloylmethanato) and tet is tetraglyme.
Preferably this deposition occurs in a temperature range of about 400C to about 700C. The BST
Jayer is annealed subsequently at between 400C and 650C, more preferably at about 550C, in an
oxygen-containing atmosphere. An exemplary annealing atmosphere includes a mixture of Og and
N7O at a pressure of between 50 Torr and 660 Torr, more preferably at about 660 Torr.
25 Alternatively, tantalum oxide (TapO5) can serve as the HDC layer. Tantalum oxide can be
deposited by chemical vapor deposition using Ta(OCpHs)s gas carried by helium gas at a
ternperature between about 350C and 550C, more preferably between about 430C and 500C. The
flow rate of the oxygen gas is between about 100 sccm and 1500 scem, and the chamber pressure is
between about 1 Torr and 20 Torr. The Taj05 is annealed at 400C to 500C in ultraviolet light for
30  between about 30 seconds and 10 minutes, preferably, about 3 minutes, in an O or O3
atmosphere. Alternatively, the TapOs layer can be annealed at 700C to 850C, preferably about
750C, for 10 minutes to 2 hours, more preferably about 1 hour, in an oxygen or steam atmosphere.
Following HDC deposition 240, an upper rhodium oxide is preferably formed 250 directly
over the HDC layer. In one embodiment, the rhodium oxide structure can be formed directly by

35  chemical vapor deposition, as was discussed above for step 230. Alternatively, a layer of Rh metal
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20 rhodiumrich layer. 26. The nethod of Caim 25, further conprising
depositing a second rhodiumrich |ayer over the dielectric. 27. The nethod

of Claim rein each of the rhodiumrich layers incl oy of
Rh with a t‘ﬁW?%Hgm e netal. 2S 28. The method of Caim 23%5\%@%@# each of

the. 1 hodi Uil LIl RYEL Berlen A GRY 8 du2D nBDALHE RE% R bet?8on aFBE: Rk Ak @h,

d ai m 25, er conprising depositing Rh4x direc over the rhodiumrich
| ayer pri ois dcposuteqbolgo theriPE heerdi Bliscleyar |19c:thﬁlh‘9ié¢lzed$empéﬁé’ AETRDEFSEICERRPHA 25,
further co i to
deposi ti ngPtH gc’rlﬁl(c‘g?1 S{ hogﬁnggk% gh{lﬁﬁ)hc?é %?‘Eagﬁgg%df&ﬁ%g gyégg%glg ﬁltnglfﬂe%%r
an int egrata&ﬁltﬁx/dt@ﬂdstthzﬁoﬁme instiahghodfumrmétaidayar. desi red capaci tor shape;

formngarhodlumrlch structure to cqnfor citor ape: f.orm ng
rhodi un® oxi de diATEBPF IR TIETHEIUEHER 8?R°F1fe§]ﬁt6§f’ @Fﬁﬁ&a utn pEide. @PP%})OL%H

02/ 0673112 )BCTf U302y ke QR0 ndaRasditduaed sardi@yerstephoali el ectric materi al WI th a
“high dielectric constant (~TDC) directly over the rhodium oxide, form

r hodi um oxi de diBxewplpy swshreshabuped aGeerdigr 19 H@feéeﬁl rahogimersc i Ser &LETEE} e.
5 32. The rre‘;ehfg(gl ?’Ié@fﬁ%ﬁﬁ g%sguyggggel n the rhodiumrich structures are

greater t han -abou The nethod of C aim 31, wherein formng the
r hodi umr | ch st rﬁummmebncmrq:wap%t@r etvehr wdbrsipad ith delpreRgettp dgursy, no’fl'ﬁré“’Pré‘t hod

8: ggmatl ch éFﬁl%a rp%ll'tlr(]) fo?r W08 %Jgﬁralieh%ggo%q’@thsgnrﬂﬁiaﬂﬁg %v&ﬁ?&r 1'15e$h31@ et al

vapor ep05| ron ( The net Claim3
wher ei n t heopkatlesinthegasisng kge 110 thahe WECvDhaoksikbqn-HY agSg)ra@0oyzh aﬁdn

N20. 3G The rrethodo m 35, .wherei.n it nte ratu
botveon. 200HAR PESEATIe STl RRrHHGE CF et s e S SPel G ety
rhodi um ri Ghe &idiMEk WF &R GO icaNaydt lsétvikn Bbouriio hmaaaﬂt:irmernnnotﬁ'heecmlml

38. The nethod of C aim 31, V\/nerelnformn |um0|de ver the
rhodi um ri crueiyelie famed wihngn e celupg °f|Prt1d f?lg)p‘?eﬂ@?’ta (5?1(tj !Rﬁl rh-1} oy
rhodi ungst ' ?{055 Y&l e ig)% anbifer ﬁEM@Q@hQ’f’t a@yalbf@l 34, aﬁﬁ‘ﬁﬁeﬂlyrhnﬁﬂi&mtﬂ@ef In®s.

r hodi um oxi de ectl ovef the 20 HDC conprises first depositing a thin

| ayer of RhThﬁ:edlahetamlf the i R celumy tlﬁelselmfﬁllﬁbly Restyegy apout 49, nupraad n’é’@& &4 gpore
G i 35, MY EMRTIhah 3018 BOTRA BES TR RERLAD L eV b g
NO, N20 andpréf2fblydkiweth ebcmetm ath afi 10D amrmw&; profesblyi etwder 20 xind atd Yhnins The
per for med a&ncfclness glpt e ﬁ{)&rlfyelo {22 is prc?era%ly between gbout 8 nm and 40 nm for BST and between
20  about 3 nm and 20 nm for TapOs. The Pt layer 126 has a thickness of between about 10 nm and
100 nm, more preferably between about 20 nm and 50 nm.

Similarly, an exemplary container capacitor is illustrated in Figure 4, not drawn to scale.
Again, there is a silicon substrate 100 and a polysilicon plug 114 covered with a diffusion barrier
layer 116. The plug 114 is formed in a contact hole in an insulating layer 112. A container hole
25  has been formed in a thick insulating layer 130. The diameter of the container hole is preferably
between about 50 nm and 1000 nm, more preferably between about 50 nm and 500 nm for a state-
of-the art DRAM circuit design. The capacitor structure is formed with a Rh layer 132 conforming
to the shape of the container. The thickness of the Rh layer 132 is preferably between about 20 nm
and 100 nm, more preferably between about 20 nm and 50 nm. This is covered with RhOx 134, a
30 layer of HDC 136 and another RhOx layer 138. The thickness of each RhOy layer is preferably
between about 1.0 nm and 20.0 nm, more preferably between about 5.0 nm and 10.0 nm. The
thickness of the HDC layer 136 is preferably between about 10 nm and 40 nm for BST and

bétween about 3 nm and 20 nm for TapO5. The remaining opening is filled with Rh 140.
Another exemplary stud capacitor is shown in Figure 5, not drawn to scale. The underlying

35  structures are as described above for Figures 3 and 4. The capacitor structure includes a bottom
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42. The nethod of O aim 31, wherein form ng rhodi um oxi de conprises
chem cal vapor deposition. 43. The nethod of C aim 42, wherein

Rh( r~5- CS]X@ gas is used in the chem cal vapor dep05| 44 The
met hod of al mjﬁé wherein the chem cal vapor deposition ?lgmégzr/?%or med

bet ween 200¢.aad oPRIT50 Hh3ne sm& T8l dAROnAfis CvaleMvdl an WDET B¢t 168008 iteh REtha

| ayer of dielectric is material conprises chem cal vanr dep05| tion of

bari um st r tisenof rlhhtqotnamgeﬂl‘( BsTipctpdp Adf prhedinmstsy of thy pferaily between about
Sr (DPM 2(t )@hﬂ%ﬁ | b0 Vh OXhEBENARA IR )nANd
35 tet is ?6%1 1-606 %ﬂ ?%ém% OL73 eg%@})%gg%%ﬁggo 46ll Trlle met hoél of
d ai m 45, m}é}leyen 115213 pcdfembly:adtwmp@outd@pmmd #ommifer Bidrane batderaabolet ok atl

about 4 0 and 7 d. t e BS u 400C

and 650C 1 (0 3R 5%y gelPat Mo BHErE) Ay is FHETADY ROyt RERCR S £ RS AP b

deposi ti ng peefdrail e bet@tentibeht0 tnfi @dnsatre.i Althib intepfagisli lgesoforhediie akidy fopos at the

" deposition_of bariumstrontiumiijt t B usi ng precursor s Ba(thd)?2
and Sr(thd??ulﬂﬁrt‘%OEFhFﬁEllayfFFH%b{)‘#@%%ﬁ’%{ﬁ%)2 or Ti (Oi.-Pr)2(thd)?2,

where thd is tetyRmRiAMlsyheR! pRefte@NAMBdindRs pfiRicNBrlobeds Ofnd Ghatesld that are

wherein the chem cal vapor deposition is perfoned at between about 500C to

800C, and tchep®BIE Vith w%é@héchgﬂcmals ar fbriggien AP BOE hineBEICIEHS O
an oxyggn %&]F]R L& d B Rke toMISEE] RIIGRASE bish'd RBod

| ayer g§ di p?é’ ulgeg?llagpﬁgggﬁ%s%agﬁcfgl%&hetbrtgn sputtelrl ng a s819 gdo
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titanate (B net hod, of alm 4 NYa iR
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processor (oRbR)gen Ftom ADE 1m¢rilanctamfes GldasinbId Jchangbsemehmr ddpmlsa priopaytic. I%yarse of
dielectric material co |ses che apor 05|t|ontoform an

oxi o ( TaOO 4531 Gt A0 P8} § BAGPeed it NG g HeEY PRE B oo are
Cl ai m 5%, cRic® the chem cal vapor deposition is perfornmed at 20 between
350C and 550C. 53. The nethod of C aim52, further conprising anneali ng t he
TaOx at 40UC- 500@uqhpf the pracesing fodfprngthessetuctares mplyes highly Sxidipngsnpongentg gnd

at nosphere. [ S gReRbd the
TaOx at 70615§4 Eéaéh?%}{r{&im%rﬁ%i%u%&tﬂ? }ﬁ?%(l){&‘rﬂgér?iﬁé aﬁéﬂig)gj{/ogen&g?rgst eaml%lo i

at nospher e.havd @od Afectfidsl condndtiMita the A irades rovgeingoBdusgfe. AoABmoxidegit the interface

el A LA S el
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10 10K@i %WBE 10! X, $10%08& ()-!, $10% ()-! @$10% & ()-!, $10%&' ()-!, $10%
&'8-'33SY(10%&'() Ve[ aBE 1(();x, 11+ 109 ()-Y (10% () ' €10% () -! @' $10%
& ()- s 109%' () - al * adEE

101 X, $1F§‘;’%0f/ (3) Ivy@$10%&() 010%& () - | /10%&'()--slot%.ﬁ%usvwf%cy&()
226789d YNGY@IA% BlcrLOnih 50 3= 109&' () - 610%&' ()- : 10%& () -

S510%&' () -3sI0%& () - 9HVWK] A<YNC10! X! #* $10%&' () - $10% & ()-1@"10%t& ()-!'p@™
109HH& () - L. A capacitor within an integrated circurt'comprising:

" é%’/‘&&'( §)Yé(1)(())/¢ & ()- Kafil%m%%%%rﬁ%'n(@w‘y&' ()-1"10% & ()-$10% & ()-f10% & () -
% & % & (
10" " ZX6YNCLO! | N- $10fy&ik(o)1m@ oBidg mwn(d)wc@acoﬁtac&mb/&e(ryadn@-n@wmq,- &10% & () -

' D$10% " THK$SCHPS
100 F=10% & () -1y 531050 0R P DBy BR rHE (A3 URA e ) e PR g
) $10?'/&' (). Z!,f $109& é)oleetﬁ&iit@V&'th@wﬂﬁ%ﬂ@%étﬁ 1 S9$10%uu&’ () -
I(%&.l (())/&Lg})(yé.( ( % D* %&%&m%cet;} q? ¢ él% I /2\910%%1 tgn?e top electrode compnses a second rhodium-
0w ()- (?ﬁ‘a‘*’/%“?“i 210 ()1 Q%VAW&' o
109&' *109& "109& 19! $109%& V. A?2101 1 Ty8F" 109K () -
6F" 109& () - y5F" 09& [The 0@32@329&'0 Fl%leﬁme%e)n 'tiroiﬁ‘t‘)?i BoEHRIBTL }6?81'“?“' Y
S(10% (@ g} , 9810% (& () -! 10%{ & ()-10% &' () 10 10 103=
109%& () - 4<4X526yV\5 =10! 1 1$10% ( & (? TP10% (& () -

The capacitor of Claim 2, wherein the second thodium-rich structure comprises a
noble metal alloy layer.
5. The capacitor of Claim 4, wherein the noble metal alloy layer comprises a Rh-Pt
alloy containing more than about 50 atomic percent Rh.
15 6. The capacitor of Claim 2, wherein the top electrode comprises a second rhodium

oxide layer between the dielectric and the second rhodium-rich structure of the top electrode.

7. The capacitor of Claim 6, wherein each of the thodium oxide layers is 1 nm to 20
nm thick.
8. The capacitor of Claim 2, wherein each of the rhodium-rich structures is between

20 20 nm and 100 nm thick.

9. The capacitor of Claim 1, wherein the capacitor is formed in a container shape.
10. The capacitor of Claim 1, wherein the capacitor is formed in a stud shape.
11. The capacitor of Claim 1, wherein the capacitor dielectric comprises a material

having a dielectric constant greater than about 5.
25 12. The capacitor of Claim 1, wherein the capacitor dielectric comprises a material
having a dielectric constant greater than about 10.
13. The capacitor of Claim 1, wherein the capacitor dielectric comprises a material
having a dielectric constant greater than about 20.
14. The capacitor of Claim 1, wherein the capacitor dielectric comprises barium

30  strontium titanate (BST).

15. The capacitor of Claim 14, wherein the BST thickness is between 8 nm and 40 nm.
16. The capacitor of Claim 1, wherein the capacitor dielectric comprises tantalum
oxide (Tap03).

17. The capacitor of Claim 16, wherein the TayO5 thickness is between 3 nm and 20

35  nm.
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109%&' ()- F109%&20)-y ”@@@ty@pc(dy of Clalm 18, wherein the first layer comprises Pt.

109%& " 109& .
. mgz&. @ 10%.4) - SLERRILL? S0 kRO o B riBaRE0%.

yY$109&' ()-z\\\ZR] "~ TheFefdctrddd! ¢f) G2l 0 vRwieyein theOkger (cpmpwm/&h cynsjsie eDBRLE) - s

"1 109 () - . %rl0% aadE: /1 10 103=109%& () -: $10%&
y810%&q% éﬂ@@«&%"??“%ﬁﬁ?ﬁ%}@ 7" 109 () - aaaaEbccdxVa/ 1 10! h/I(’ﬁ)lO‘Vgg&' ()-

I|\/$10%&'() " 10948’ () - ﬂe@%&d(c)reulﬂdawu@)eomef&hg) 10dQddoe<f f gaB4/ 1

18:%';?? 3(/)& 13;{%;%&.) (;ﬁ ' égg§ %ﬁﬁcﬁ%o(y& Qfﬁﬁ E’Végl% %géég%l}t gater than about 5; and
109&' () -9! M 10%&' () - ndidQ¥des (i cariabDlh (hk-diel %k 163)er Hhd ¢1€dtjofl@lcdingriding rhodium-

rich structures.
15 24, The capacitor of Claim 23, formed in electrical contact with an underlying
semiconductor substrate through a polysilicon plug.
25. A method of fabricating an integrated circuit comprising:
depositing a rhodium-rich layer; and
depositing a material having a dielectric constant greater than about 5 over the
20 rhodium-rich layer.
26. The method of Claim 25, further comprising depositing a second rhodium-rich
layer over the dielectric.
27. The method of Claim 26, wherein each of the rhodium-rich layers includes an
alloy of Rh with another noble metal.
25 28. The method of Claim 26, wherein each of the rhodium-rich layers is greater than
about 96% Rh.
29, The method of Claim 25, further comprising depositing RhOy directly over the
rhodium-rich layer prior to depositing the dielectric layer.
30. The method of Claim 25, further comprising depositing RhOy directly over the
30  dielectric prior to depositing the Rh-rich layer.
31. A method of fabricating a capacitor for an integrated circuit comprising:
forming a desired capacitor shape;
forming a rhodium-rich structure to conform to the capacitor shape;

forming rhodium oxide directly over the rhodium-rich structure;
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34, The method of Claim 33, wherein forming the rhodium-rich structures comprises
10  metal organic chemical vapor deposition (MOCVD).
35. The method of Claim 34, wherein the precursor gases used in the MOCVD are
Rh(n3-C5H5)(CO)7 and NpO.
36. The method of Claim 35, wherein the deposition temperature is between 200C and
550C.
15 37. The method of Claim 31, wherein the rhodium-rich structures comprise an alloy of
Rh with another noble metal.
38. The method of Claim 31, wherein forming rhodium oxide directly over the
rhodium-rich structure comprises oxidizing a top portion of the rhodium-rich structure.
39. The method of Claim 31, wherein forming the rhodium oxide directly over the
20  HDC comprises first depositing a thin layer of Rh metal and oxidizing the entire Rh layer.
40. The method of Claim 39, wherein the oxidizing comprises exposing the Rh layer

to an oxygen-containing atmosphere selected from a group that consists of O, O3, NO, N9O and

H>O.
41. The method of Claim 40, wherein the oxidation is performed at a temperature of
25 300C to 800C.
42. The method of Claim 31, wherein forming rhodium oxide comprises chemical
vapor deposition.
43. The method of Claim 42, wherein Rh(n3-CsH5)(CO), gas is used in the chemical
vapor deposition.
30 44, The method of Claim 43, wherein the chemical vapor deposition is performed
between 200C and 550C.
45. The method of Claim 31, wherein depositing a layer of dielectric material

comprises chemical vapor deposition of barium strontium titanate (BST) using precursors
Ba(DPM)s(tet), St(DPM)(tet) and Ti(O-i-C3H7)4, where DPM is bis(dipivaloylmethanato) and
35  tetistetraglyme.
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"Headi ng 3brienedippeli ng” 43] ¢" " Headi ng 53] c" " Heading 63] c" "Heading 73]c"

"Headi ng 83]c" "keadi "Bl I F
80 - 9IE\ gR"I 0/}; N, g]egkg&% %‘%\%\Lf\% Q?%la}%ﬁ}égﬁ\lvﬂeég g tk%g%@lﬂnzal \919& deposition is performed at

<BHL#S{ UW betdgesi thel3T006de PG, andzthq P@’P(ﬁubqequenabmdweﬁlgmtjbkﬂwmﬁl@ﬂsand\ﬁ\m@zn{ |}~
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<=>? @\BCDEFGHI JHKD| NNO?@SI&WMZ[O@&_B Bbektedig depdcitpop daysi WY Vikalectric material
comprises rf magnetron sputtering a Bag 5Srg 5TiO3 target in a mixture of Ar and O7 to form
barium strontium titanate (BST).

50. The method of Claim 49, further comprising annealing the BST in an Ny ambient

15 for about 1 minute using a rapid thermal processor (RTP).

51. The method of Claim 31, wherein depositing a layer of dielectric material
comprises chemical vapor deposition to form tantalum oxide (TaOy) using Ta(OCoHs)s gas
carried by helium,

52. The method of Claim 51, wherein the chemical vapor deposition is performed at

20 between 350C and 550C.

53. The method of Claim 52, further comprising annealing the TaOx at 400C-500C in
uv light for 30 secs to 10 minutes in an Oy or O3 atmosphere.

54. The method of Claim 52, further comprising annealing the TaOy at 700C-850C for

10 minutes to 2 hours in an oxygen or steam atmosphere.
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