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Background of the invention. Field of the Invention 5 This i nver]t

relates to el ectrode structures that have good, reliable, robust contact to
i nsul at or WIS havi ng hi gh di el ect r| c constants, and PGIAUS8P409¢ Ul ar ,
to form ng capacitors in Ie t hese el ectrode
structures and high diel ectﬂ:{@ SBWS‘ ﬁ%&@ﬂ%ﬁri ption of the

Rel at ed Capacitors are critical devices in integrated circuit designs,
particularly for high density 10 rrermry ch| ps such as dynam c random
access menories (DRAIVB) Capaci tiages D E1S QR Bhal to both the el ectrode
area in co dielectric and the dielectric constant of the

i nsulatin the trend toward increasing the nunber of devices
on a sifngle chi 'ﬂnhamvenmderclates rieebssda)stmmmaaﬂet broei goed rslmblel. equﬁrmn’gﬁhtq er,
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capacitors. For mar "flat sandvm ch" configurations, wherein the device
consis_ts o-‘ STIp) HeraStilpne on top of another, have given way to

cont ai ner " dCa;ﬁI:*t’cQs a&%*ubﬂ%ﬁéés%%mg’i‘éw&larﬁm&gm ParbOM R ﬂaﬁh%ﬁ&léﬁﬁtﬁ or .
is made inside ahole or via in a | ayer” of insulating material

| ayer etd stmanmwmblpéamlnamgynamcmdpwea&m@@m@m@@@the shape of the via as
the layers are i te n l—'v?tﬂ%{hl%ﬁx fleilhade
contact area m@? aoganc 5 HOP? gnagﬁ%%r%@igcﬁ%tﬁag}ésur ce the contal ner
and the cidieledtas cdpstanicfithelinsulatingematedal gAs thetilead towtaed mewgng ithechuimber of slgvibesc e

can al so be able.. Yet th acgi tor S 8 S
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Vi ia Si mf I@Pécym@msﬁ&mwm t@ﬁ:gaﬂgid ahe Brobleat ofthowan tricgpaseaddobare cabiectairen a
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ectrode 25 material i hrou eries .of .d 05|t|on
ot oF 15 OBk yeTaE I S RUReE5 e A B SR orete SRR 1§ EPOEap
deposi t ed Q¥&Htodsh %&&&urmt s @RRY EBnﬁQmBﬁbn!stﬁh&éih e Eick aamstsAﬁqmar Ialsrars
surface area of the ch IEHU ccupi ed the capacitor is small n$> red to
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t he tot al wkentepofanether W@W@Gﬁf‘%ﬂ“&%’e@d “sipd sqonBgyratipas,
surface area, VQ'OD portlaggc%c%r{§ Y%id@%rﬂo%rﬁh‘ﬂfa%gﬁgﬁsu&h hterie0! THE,

as well as the er way to get ndre capacitance out of a
smal | ar edayesed strucise fdnmng&nmmtmmfcmsgo Wetshapewf te vén as|teedleyerscare deposiigd s

k), | Led, H
) e Drhoe PR o agpq s s R Bl e Bk Rl Mchlab AR e b taliaPlicd B8 BT
oxygen durthé\gonkdigh and mmnaztrubbﬁonpr s idagignsyhie ctntsrdauﬂm@nm cerfce ¢ipl adso be

Ada 1 onal e apeblen 5t e bl Roe gy e (BPerRel GRARhY B
11/ 08/ ZOOQMWWH{WMS t hat can corrode conductlve el enent s of

the integrated circuit, such as underlying polysilicon g1
‘ imilarly, capacitors can be made in a stud configiration, wherem a column of electrode

25  material is made through a series of deposition, photolithography and etch steps, and additional
capacitor layers are deposited over the column, conforming to its outer surface, Again, the §urface
area of the chip occupied by the capacitor is small compared to the fotal electrode/dielectric
contact area, or effective capacitor surface area, which includes the cylindrical side surface of the
column, as well as the top portion.

30 Another way to get more capacitance out of a small area is to use dielectric materials with
high dielectric constants (k), so-called HDCs, such as barium strontium titanate (BST) or tantalum
oxide (Tas0s). A difficulty with these materials is that they tend to lose oxygen during high-

- temperature processing, which causes undesirable changes in their dielectric properties and may

- oxidize nearby materials. Additionally, most processes for forming these materials irivolve highly




Accordingly, there is a need for processes and materials for for | f
5 capacitors in integrated circuits, which are conpatible with @QQ?%%&B

dielectric materials. It would be advantageous to use a naterial that is a
barrier to oxygen diffusion fromthese HDC s and al so has the electrical
conductivity characteristics necessary for a capacitor electrode. 10
Summary of the Invention In accordance with one aspect of the invention, a
capacitor is provided wthin an integrated circuit. The capacitor includes

a rhodi um ri cRyizingCétirBnmants "ARVEAHTLOIHE corfilBlive BiebhSCof HENERGkM LD the
rhodi umrich sl Ebheas whde pdiilicaPpebel ectric in direct contact with

t he rhodi um oxi de | ayer, and a top el ectrode over the capacitor

dielectric. In theaActdreinglydhest B AGEdRINpFocdsbss SRPARLdrAN BRYorivaleh af stud
or container shgdeforsiiByintegratedl ArcDR) | vhidiehrl compalipl with Lsteof highlidigRdtricc h
structure anchareisentalbbduld @eRIdeNRadtoad t6liusé achatefialapMSt anbari@t 8 roxagen f or

t he capaci t or diffdsieh @oht ihese PDCEbarDalkd has eiey electeiéal cohditidyodhacictaspact of
the inventi onnecsssalydata epacitceersirsdd.ng of a series of layers, for a

sem conductor device. The electrode includes a first |ayer that includes a
nobl e neta#, and a second | ayer Bamimagy ofithelrivbation50 at om ¢ percent

rhodium In accordance with another aspect of the invention, a nethod of
fabricating an i nineggcatdagee iwitbusrte. asizet ok theo thvemntiohy desapdeifon Ss tpirovigdes

rhodi um ri ch wilieranaintegrateg eicui. nghe chpadiec timdiwlesed anadilm-ticke strastane, aThe

di el ectri c nathediual okide layedinedlizct contactowitis tharrhodjumeartobrstiubtre, sbcapacor Bri ef
Descri pti ¢h ofielettgc r digichemiacheille thertodivmexidadmectandaftop klecirodesovier the wi | |

be readily apgspaeitar daledrie Indhé llisdhted ¢mbedimentsyihe wapdcitbheay bavd & etid

descri ption besl eontainat shape.appe rordindradle mgtal allads intthe Inhadium-rigta structgre

i 11 ustrate anhdherefeblyi employhehiginvdelectia, canstint rmalisiiah: foF thar eapacitar a
schemati c crodeleetdet i on of a capacitor structure, constructed in
accordanc® with the preferred enbodiments. Figure 2 is a flow chart showi ng
the steps for exedh@reRjdancer witeanatiiprmspertof thefinvention; ea sisctrode gensistiva. 40
Figure 3 is fcr 8giesseideyass for asemiconducipadeviasr The Klegtodsxivaipries ¢ firstve

| ayer st ructlayes thatdnplydes @ eableametdl. dndg seroad layeb baNingmorethan §8 gieraisent

i nventi on. FiR§ieeRt thodiimy cr oss- sectional view of a container capacitor with
a five-la¥fer structure according to an enbodi ment of the present

i nvention. Fi gur e 'Bapeordance ydiheanother pspact gblbgjinyention. 2 aethad ehisREFatBE with a
three-1ayer aisintagrafed gireuit. cd H%WQIEQ%H‘%’@@%F&P%?%W{QOH dhedivrpsiah fayer 288 t he

present i nverfepasiting a dielectric material thereover. The dielectric material has a dielectric
constant greater than about 5.

30
Brief Description of the Drawings

These and other aspects of the invention will be readily apparent to the
skilled artisan in view of the detailed description below and the appended drawings,
35  which are meant to illustrate and not to limit the invention, and in which:
Figure 1 is a schematic cross-section of a capacitor structure, constructed
in accordance with the preferred embodiments.
Figure 2 is a flow chart showing the steps for executing a preferred method
of the present invention.
40 Figure 3 is a cross-section of a stud capacitor with an exemplary five layer
structure, constructed according to an embodiment of the present invention.
Figure 4 is a cross-sectional view of a container capacitor with a five-layer
structure according to an embodiment of the present invention. _
Figure 5 is a schematic cross section of a stud capacitor with a three-layer-
45  structure, constructed according to an embodiment of the present invention.

Detailed Description of the Preferred Embodiment




Det ai |l ed Description of the Preferred Enbodi nent 2 11/08/ 2005 [
illustrated in the context of high dielectric constant capaci t\(;\ryisl,ﬁQ%é2005
skilled artisan will readily find application for the principles and

advant ages disclosed herein for other electrical applications. The

el ectrodes have particular wutility adjacent volatile materials, or when
processed in highly oxidizing 5 environnents. It is very desirable to use
HDC (high dielectric constant) materials, such as bariumstrontium
titanate (BST), tapiabis@xtedan (HAé0mbxt Sahigh B st 2apacitdis! geni um
oxide (Zr @2), skifddian®aii Wili CRb8ily( Fh&Zappli€dibn B RS Nbribipfels| bk tRivantagds Si O2)
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circuits, as yfileyadjacent deoldtile afateriRPagH tvidhe ppRsdddy ih hARhFO oxiizeg al s

wi th | ower;sdi gh@@hikests. constants and, thus, yield a greater capacitance for
a smaller surface area. Unfortunately, these nmaterials tend to | ose oxygen
during subsequent HhiigWery Hesldleatbuwise HDO® (Iegs dis@ctrivebadiart pmatesials| $uchrasl eakage
current thr ouphridnh atroatRac ititamatel BBSTd tarmaloni shadd (Ta,0f), BafhiuauptdadH@d.eri al s
duri ng deposi tira@niuncodiden(@r@y) chafhinmugieatst (HFORBICEL R hiréandunm eiticadé (Zrbe-SiGH).egr at ed
ci rcuit. @ondalaminze(Abiogcar rhatsiurh aoxiies(NbR0sE Ointaapacitord for tititegriafe@ cmtids, iasl ar e

t he ot her cothppenide geaes Sapycithocarakesity thamploehetedalp adtht lowes dielectrier e.  The
bott om 20 el ecdnstzahés mmdt tHus, gielde at greatr ntapicitano® dor laesmallar asuri@oat area.

bet ween t he HOWortomdtelyi #Hesanniatehielsstendt toataseaoxygen duringssubseaqurng hhigh-

oxi di zi ng envienperature prehessing whidpoi teisolh indlrakame rmuakentrthrovih e cagpotor

typi cal | yisat aehipexiatiores! gireanding materiaB0d@ing dBpasitiano budngnandathgugboth as

pl ati num ar ethafatgigatianat tha integraderpeiccuitt o oxygen but  al | ow di f fusi on of
oxygen through them which can |ead to oxidation of nearby 25 materials,
such as the under |§ensycliveralectnode laygrsaincbontast with thediPS maienaheee thegtierit i on,
of course, cagPMSOeRiasRecessaiede rogke Recarapielgcedparitay gifuctiieseTlhd &REPMs. The
pr ef er r ed2tembieltivdat Muwf be Ieblecter maintain raasdt elgetrieatplogiack bekyeesi ther HDC

el ectrode st rmetelialeandaife riybsirate rghd rto ithstan lycowidizing enviingrnseiwidd as
both an 30 o sitien and;annsalinghef the HOEh dynically Abitesneratures gragierdban 89%4-ng

| ayer can co & aoblp metalphsyeBtag platinugh ase upteactive Wilbraseesido £X9ehhbYtevel  of
Rh. After falAlipwadifiesioropf oryaen tBrough thens, wms;cwnc&ad He axsiation 9f A PHunber
of ways, ¥s Vingteridle syck s deaindsdyipgeontag Pluganddie slieanrybsiratac QXidstiogt es it
possi bl e to CicPyserangigpreasrieidestpy e qopdyrdivibt @fiteessrebdeaits st eps wi t hout
degradi ng the HDC_ wi t hout oxi di zi n% 35 surroundji ng materials and w t hout

| osi ng the conductlihgePipiegge qmiagiments 1o the cuirprfgiavention Lrapioy, a; capagipr

el ect rodes i rGAAEe strugtaredtaving: high; hedinmARha conteRte Whish SRRYEK as P ABct
contact it h ¥¥Rengdidysion parder ang aropdynier. i BeRMgly 'av;%L(rEf%“o?qunS_e
preferenti al '%}553 i%ﬁﬂ@"ﬁ)ggnﬁaa?m@@s 8fg'5i"}gf"?§ﬁ; 3 gélgﬁ‘ 5 @g?%?'ﬁde
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oxygen. temperature process steps without degrading the HDC, without oxidizing
35  surrounding materials and without losing the conductive properties of the electrode.
The illustrated electrodes include at least a thin interfacial layer of RhOy in direct
contact with the dielectric. Furthermore, rhodium oxide can form preferentially
along grain boundaries of the Rh or Rh alloy electrode structure, thus blocking what
are normally fast diffusion paths for oxygen.
40
With reference to Figure 1, a capacitor 10, constructed in accordance with
the preferred embodiments is shown schematically. The diagram is not drawn to
scale. The capacitor 10 is formed over a contact 12 forming a conductive path to
underlying circuit components. This




40 Wth reference to Figure 1, a capacitor 10, constructed in accgo
wth the preferred enbodi nents is shown schematically. The di a@ﬁ!ﬁ?gaﬁﬁ
drawn to scale. The capacitor 10 is formed over a contact 12 form ng a
conduct i VW¥O@P2D67300 underlying circuit conponents. This 3PAUUSB/EGOS WO
02J067- 302 PCTI/S02/ 04090 contact 12 conprises a polysilicon gl &g | n 1 he
pref err ed contbudiZneonpriserdia pobysibicen plugrinifhs prefared | qmhodiment gRdy FRerp JE© usi on
barrier 14, . such as . a thin 1i | Lm0 104 190k thies, bl sdeRe. THE
cont act 121“{1 %5?‘1%9"“&%9}%&#8‘8“’ r%u%%%gdn%dﬂ%q ayer§ 16 tosan_ active
area of a contan IR ayeally ex@ndsShrsugto meinstlating Jajies 16 &t an gotve awpachn)irangisler n a
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The rhodiumri ?ﬁelcg aedrtorp?de]}%!dggﬁy as gr eat er tooan about 60 at o% c 10
percent r hogiuotive tayare At Ebsironb lof theduyeeek retdim-ricly d.ca conthins perectasn abelti>80

atomc percent rhodjum T illustr d bot C &g 2021 :
first or Sf9PUePEReet ’h ﬁ%o?ﬁ\?éL?&i%'P%é%yermﬁe%%my%% (E)aqn% ri seaﬂa?ra ﬁgﬁﬁ%ﬁﬁgt al ,
met al 1l | Qoenteihadin®O MvedI ebferilily Weiveks @boud70aatomith peradnt and t Heatemic pereeny.
titaniumnitride over polysilicon). As will be appreciated fromthe

exanpl es éhOdP}“gures 3-5, 15 the structural |ayer 22 can define the basic

shape of the capgqidliodibtionhtfeoidd Joarthats i Sapowiridéttbamithofive Apar2cwhick,
however, that the first |layer can be omtted in favor of def ibni n tﬂpe of
capaci t or cgthegraprisdizmeblel metali mptal plloyy mstal eamnorRd, PelYFilieqn T SN thete

il | bt i . i i e 3,yi
I11ustrat %s!%ﬁ%%lg@ngﬂgﬁgkwﬁlag%ﬁ@%ﬂow@m b\ tediteli Ik B eikbglseof Fipufed SF3,y 1 ng

the first aye e structure 24 can_include one or npre
r hodi um r itlerstruatyel leyer P2 ednalefincithe Basicshanesf the cimeifaid@ Thryskdied estisgroillreasidly um

a rhodiumrich alloy, preferabl ] . ' . | QhapRUr €
rhodi um O@B?rc%at?’ﬂi?ﬂfx‘%@ctﬁc ?%tgvy&wg%h&a%g{%g?aﬁ @e%g?e@ne afi{g,r as used
herein, idaedtydethmdheiiim-bich gakfuedi4um osmium iridium platinum silver
and gold. Platinumis t preferre in the r.hodi ri.ch.al .

bi | ayer, the aI%ﬂ“%?%fé‘?@%a%F@"’%g% FRPRE ‘%‘ﬂ‘?‘mﬁﬂcﬁ%ﬁcﬁxﬁﬁvﬁ %We&%
under st 00¢odduaivel IRfRr 20T UIHe Wiriictdd Padan Hieehide etk winnfdre Fhodinarricki byern  Srefiirted
anount of rhodiumin the 25 allaqy, i relatjvely, t

J ) ) f 2 g]%ck pur e rhodi u
| ayer 28veeramplesinrduds(‘pusg” CAEYekTholm; & thedngp e pliox) 8“%”3%5“ @F‘g] es a
rhodi um 0%’9&1@; é@&%%?&la}i SVer 2GhddRiTRich ?]Q‘y Rt o 610 ViRtal. t 616 Bredis i¥hukdditferein,

structure be appreciated fromthe discussion of Figure

bel ow,  t hénchidotitheniuox palleditmyesmiwg, indinm.adaiprmedver apheold.| Flelemmde paft predrrer,
prefor abi JF LRI Y. O, o b1l oiCioh Sy BERABIY b on Wiplgh il 1200 °
rhodi um oxhdbestdodythat tRGstmcnyerd4s@a be shalivwhiidnesen with Rh@@d. amount of thodium in the
25 alloy, if a relatively thick pure thodium layer overlies the alloy.
As shown, the bottom elecirode 20 also includes a rhodium oxide (RhOy) layer 26 formed
directly over the thodium-rich structure 24. As will be appreciated from the discussion of Figure 2

‘below, the rhodium oxide layer 26 can.comprise a thin interfacial layer, formed naturally during high

k dielectric deposition and curing, but more preferably comprises a deposited or grown layer. More

30  preferably, the thodium oxide layer 26 comprises stoichiometric RhpO3.
The illustrated dielectric layer 30 is-a material with a high dielectric constant, k. High
 dielectric constant materials, known as FIDCs, as used herein, include materials whose dielectric
constant is greater than 5, more preferably greater than 10 and most preferably greater than 20.
Preferred materials that Iﬁeet these criteria include barium strontium titanate (BST), tantalum oxide




The i'llustrated dielectric layer 30 is a material with a high diel i
constant, k. Hgh dielectric constant materials, known as HDCs,ﬁaé&%é@@OS
herein, include materials whose dielectric constant is greater than 5,
nore pref &FQios72eat er than 10 and nost preferably great @TSH2042%,

Preferred materials that neet these criterja jnclude_.bariumstr i
titanate (GEEPs), thafiemueridxi 1 FenIh $xide) @@6%@%6‘?@%0% 2),
Ta205), h ' ' ' i el lium silicate
212- Si )02) , %Wgﬁ%ﬁ%@ﬁ#@é@dﬁ Zr %gmg%@ngfm)gg%%gg%ﬁ and ni ohi um
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| nt egr at ed giidy iiel subbd bl fearREAAIARTRRErarel bR OX | ayer 42 is formed by
deposition. off athinTiImo

I pure rhodium and then oxidizing it fully.
Mor e pref er abl yin rotheRrGogeragnbriheiRhQ g lapter 93 45 fosmediby @%‘Pﬂ?"‘b?ftzaoth’gﬂ%mt%é’“%c
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i | | ust j@t eehet IDC GhyRE by GHemical apsrhdegosition: | Mostgirefosblys themsultingn@fidryeIPTHes t he

rhodiumrich structure 24 in the bottomel ectrode. The structure 44 can
i ncl ude - offeicBPMEFF &@ndi um rich 1ayers. As described for structure 24

above, preferr eéwz&l&ﬁﬁ&h@&h@%!‘dy&dﬁ b iltuptated top 2REYGderih o dthodiym-gich lswerturendfti ch
all oy, preferably with a no r a

l e netal; .and_a bil.ayer, o r '
rhodi um ri erplozews te thashadiumiriclpiruclys 24 in W%?%ﬁ%@dﬁo&gg?%%é ?g ﬁﬂalg e
rhodi um 1 &hoaldrOodis-tich IRAVMA s dRsciiBl RF biructufe24 ove Ippsftrraddaampies intlede be

patterned, elther for each 7individual cell or for e%ch a

. .dh
capaci 19r [miré2p96%abedumcrdpodipngich slley prefshiorit & neh e g 5%g‘¥ﬁ33-?yg%%p&'ﬁ%rt
Of FI 0Ure g0 OEA0RSLAH GARREI Aoy KRS, AR RS hBSIREcAUniD el o

nunber of €ON I'guratrons, prefe s noted in the discussion f Figure
1, by shapiidgalidye asriskbowmln Kmyat, (e top\eledtiods caro then el patiemed:; siae 8 cag o
sandwi ch st_wo eﬂ, ¥\her§i n the device consists of planar |ayers as shown
in Figure PSRECHJ "SEHCRE® or trench structures and structures with
rugged surf acesThelfipsstorisdititiontsd avcardingao themestidtontlined & tha fow chert pE¥iEyrg 2.

enmbodi nents. of the i nvention apd.not .excl yde ot her. ¢ ' t
o L85 Do Tictsalrah popptonegean R At i ot g Gugbe S iR beRRRL, B
for capaci h@kd = ReRBschitfnWit®igsRN! B depm@hd seicidal SdyetiZ2. UV erious Possibilinbeinclsde
structure is fabricated inside a hole that h beIen formed i.n_a lﬁyé;dh?f'
i nsul at i ngflafeendeich structpess, whersiihe Fle‘flq’f’é’og*i‘%‘éqaﬂiﬁ"ﬂ g TR dn Figiely HFwe
shown in FLOMEE renCRnbRnd SROSHERRs WANGEREOSMabAR. ThR cRbiaples #¢ medihioke, -

and the other Structures conprising the capacitor are forned over this
| ayer 30 waitlfn illustresing einbodimentaof the bryertiongnd seldo s&sludy, othersopiigusationt that way

obt ai n structural. |layer. 22 fornms a columm of material, and
subs egtffe\r,l\{lgeclfﬁ‘; 5oL 2 dgn&g%/ &1 Hithe 40

ures are fornmed over this colum. The skilled
artisan will bepkfried ieabodiniehis tihe cmcitoe dhaye includd ventainer &k stihgrudigee A

ot o1 1 ¢ hoHPEy S aprcptagpeias & hold Hiafhhs bos fed iR el b Hutating material

' For example, the structural conductive layer 22, shown in Figure 1, can be deposiied to conform to

. the shape of the hole, and the other structures comprising the capacitor are formed over this layer

30 within the hole, as will be discussed below. A stud structure obtains when structural layer 22

forms a column of material; and subsequent capacitor structures .a.re formed over this column. The

skilled artisan will be familiar with the procedure involved in forming these initial hole and
column structures, which include deposition, photolithography and etch steps. -

With continuing reference to Figure 2, a rhodium-rich sfructure is depositéd over and

35  conforms with the capacitor shape 220. In the preferred embodiment, the structure is formed by

.5-




Wth continuing reference to Figure 2, a rhodiumrich structure.is
deposited over and .35 confornms with the capacitor shape 220. ELIJr/t(h%/ZOOS
preferred enbodi nent, the structure is forned by -5 11/08/ 2005 chem cal
vapor deposition (CVD), nore preferably netal organic chem cal vapor
deposition (MXCVD). As discussed above in reference to Figure 1, the
rhodium rich structure can include one or nore rhodiumrich |ayers and
that the term rhodiumrich can nean pure rhodium i.e., nore than 96

atom ¢ per centhdrhiedli vaBbr @épositian (B00), Undbrel $rBreRubl) MelbRfanR ticatiep&i n the
rhodi um cont eaépdshioA(MDENEY). 23 AERIBBEY atRBGR MfelRhed & Bl 1, 3h€ M Rlunt-han 60
atom c per centich 3tiGcturdDidgh McRideraHY ¥r Reirdaesdiun QicALIBVErS 4RaT HaNthedRFnm90

at oni ¢ per centhodilinerighr @@ W& pugd thodRi] i.6.9 nfors thah 08 aRiie pElRehtad&liuyorCVD or
MOCVD can 5 10a beodihosietnndbi® metal alitYh @hein e lrBddidre comesti i Bl easBoE6 ic

i ncl udi ng Rh2qc@it)préfeiably, gisafer tianGi-Biorid Détcerfnénd, ded pPeférablp betdden

Rh(rl 3-al | yl) {i@Capic genéarit Andibd glojriic parssht( ( PF3) 2RnCl 2) 2. Ot her known and

yet -t o-be devel oped vol atile rhodium conpounds can al so be enployed. In
the 5 preferred enbedpmensor gas(uskd to SoEhé GO2Rh tayasdCVIDhe MRQUBIdahon

t enper at ute ibe ghesar &by abetmbem o bhoidtile? GdGiunl compdubds) Gnelading Rigf-er abl vy,
bet ween 250C GilCGROBMNPEH MO R’ Cobk)( 4 BCBDRB(fially)(60anRharabyl); Those
skilled in tandafPFaeRhCl)ndeOthernkhavmatand epaido-be odevelbpead i tdlaties rhaditm be

opti mi zed forcosmolngs @anr sise paseraployndgh b fier i prefiatred | @mbodiménthRgh™-f i | ms
deposi t ed undeHsNG@@hisrusdd Hherdgansitiorsiempestyeadeprefeagblbetweemabdut €60¢ | y

cont am natded andt3$0&amormprafedatdy hgtveeni2fR andeb08Ce Rrefemed gasier gaB arenbi ned
wi t h hydr ogereliteanshiergon. of Those sidiedsint 8w rmHrowillunnderstand dhatbdenpsitian er

than 90% and@oBdiioNsamupl b6 apmizeY, foripenh @recduesdr as thudughl éxpgrimentaiigrosi t ed
by MOCVD in dibewaty filns slegesitedt under heacyumewithiserdanio soorom ghsesl aegrbare a
conbi nati on &9niflsantlyaeeianinatedfwircanben mindeoyer| whemthe psarseh@es U ri ch
al oy tha® i ompied yiterhydraggn; themuibt of the depesiisdahgdiuprfbpuasdre graster or

pl ati numis AREMAAEdSYemanbioBa§i®8¥at i nun{1V)-trinethyl (MeCpPt (M) 3).
This gas is conmbined with a rhodium precursor gas in a proportion to
produce the desi r ¥heR 3 bpdiverisbalioy israpasitaddydd@eYPrivangtherarangementow r at e
of the Rp pﬁ'gcQﬁS&wS to'foun Hiedayar ape 9 ca@pbination ofibeigases thatdaimie PU® scem
For the Bt 3§ Sur Sof rhpdum-figtoaliqydinaty igraost prefersed isaRn-Pt.o dnviemplasout 5
sccm and 200P q&‘@o" ?B% e afiramy st eethdexsiopendadienipiabiaum(I)-ateiybn about
| Torr and 8 Mepnle ThISESTS SURPRsA R @ rRQAiuNRRIgsHISOE 03N ARAPLIOIC and
500C, nore plaRaius e deg 2 C@?B@'t&’?d" Heoepogitash e (hedlowyelgi ity gas is
nitrous gxid Q%?’S 19 lapre r efveen bt neteAm AN 10018%9™Ms deahtm Bt 1500
sccm O Rér E‘? {594 B Jag daw ratgf psgfecadlyNegtwgen abaut  sepapd, 09 s¢ Mbe used

i b ?{@‘H be | ahout{ Torr and 80 Torr.
at flowrate W%legmperature fc?ﬁ'ﬁg;}% is %%Wee%%?(,) andﬁlSOOC, more preferably,

between 350C and 460C. A preferred oxidizing gas is nitrous oxide (N,O) with a
flow rate of between about 100 sccm and 1500 scem. Other oxidizing gases, such

35 as NO, Oy, O or H;O can also be used at flow rates between about 100 sccm and
1500 scem.

Rhodium oxide is formed 230 directly over the rhodium-rich structure. In one
embodiment, RhQ,, is formed by oxidizing a portion of the rhodium-rich layer. The
40  oxidation is performed in an oxygen-containing atmosphere, such as O, Q,, NO,
N-O or H;O 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 for between about 0.5

min and 3.0 min. '




Rhodi'um oxide is formed 230 directly over the rhodiumrich structu
one enbodi nent, RhOX, is forned by oxidizing a portion of the ﬁh’c/a{?%(r?;bloc%
| ayer. The 40 oxidation is perforned in an oxygen-contai ni ng at nosphere,
such as Owo®2we7s N20O or H20 and at a tenperature pref cPCGRHU2HMeen

about 300C to 800C, nore preferably, between abou 00C.and ..7Q0C, Th
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usi ng the precursor gas 1} S, C5 CO { th :
aboL 10 SEheRhBPEEU e B o o0k o 7Y S9g et 1ps ytHkipgfegu s anen
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| ayer 10HD@yeP@EIC)dver thdbddimmrichetmattre.uct ure. The HDC | ayer can be formed of

any material with a high dielectric constant. . but: .pLefefigblyc comRed, SRS
bari um stronti Wt@gr}%[eé.cmhé’ﬁ TR % &P ﬁlrj#etsl rg{rﬁliauﬁgéi tanat e BSTt)" can be

formed wi ?Pef&%@%dnﬁiséﬁﬁ%ﬁﬂx%@ntﬁmﬁmaﬂ. N@enenlly tavjunsttroptioh ditanate BEDican Peim

introduced into a ‘chemcal vapor depgsition chanber, along AR iRpygen
anbi ent . Cprenedxwitlp |valalfle preprtands 0%%@53’“69”9 B fd el ecy}utg%?cg

| NCOT POT Al ghchiebd iehdilon RERKF idbg Bt @n ik atmblent clied excmplaisgirbyess vsce
ron

oxi di zi ng envi nt-wthin the process chanber. This ou . €X ry
pr ecurl$or srgaompetaliie precBems hidyEparinesierameii Wiaﬂedé‘rn@'?‘?e(tg‘{) R 5SS

Ti (i sopropr 2(thd |- : ufsdRtomatisey apor
deposs b1 o gvifudenf gt bidorscEiaofarble) This G S piabigeans Tore erap
pr ef er abl Ba(EhQ0fad. Sr(ibd)y FORCithenFilsepromreiytidly opTedFe(bde. p‘?‘ﬁgf%i’g’o?'g
conpri sing. B 2(tet). ...20 Sr(DP AF | bl PM
Cs bi s(d %P?}%%t Bf“é’%msamtaet%m?‘%gt@é%‘?l% P@%&‘.ﬁ 30084 E%@&? plaatatoP
deposi t i OBOECCH F00A aAhethRae eRimplery I proges afsesabmursor@mmmisalsoét@?é@ziﬁt)rhe

BST | ' | ed_sub t] tween 40 ; e.
pr of bl FrEFMAB: THOB--Caan Vs BEM R SR e A o %ﬁzg;?n}sl ary
anneal i ng gﬁéfaaﬁlp s a%dogﬁ&ua&&rsan Bitehpbiure far2 ofaldut A@C iatabant|7PeCs TheBs

between 50 Torr and 660 Torr, nore preferably at abo% Ot‘lé'lgrurt.55 <0 an

Al t er nat i aseyis annepled| subpedients ai beiwess PG An ™98 11 Iag&fl §Er>  rant al um
oxi de can i S ERInplAPSedRP ISickpHRR: iHShdg a hiikifeiS)%ndas
carried bygffé?%g?&ng%dgggg%&gh terrperatpure bet wgen about 350C and 550C, nore
pr ef er abl Wotettepensabaibetwten 6 For 25060 Tommworeprefwahin plabett G9d°Bxygen gas is

about 2 Torr artier i Fhbim §2ERb0s BR G de AGHCR RIS ol chteneen
ul travi ol @epdsitghby fohemical vapor deposition using Ta(OCoHs)s gas carried by helium gas at a
temperature between about 350C and 550C, more preferably between about 430C and 500C. The
flow rate of the oxygen gas is between about 100 scom and 1500 scem, and the chamber pressute is
between about 1 Torr and 20 Torr, The Tag0s5 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. Alfernatively, the TapQOg 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 thodium oxide is preferably formed 250 directly
over the HDC layer. In one embodiment, the thodium 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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30 bétween about 30 seconds and 10 m nutes, preferably, about 3_minu o AN
an 02 or 03 atnosphere. Alternatively, the Ta205 | ayer can be &m250&5
700C to 850C, preferably about 750C, for 10 mnutes to 2 hours, nore

pr ef er ablwoatyearso2l hour, in an oxygen or steam at nospher epcirosozoyssng BDC
deposition 240, an upper rhodiumoxide is preferably forned 250 directly
over the HP@ingaytecknedsheimeen shobiokimand 10 nmh eordpreferablybriveen shauti2 pmead & 8/, be

formed directly., hy L cal vapor .deposi.t.i a ' e
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| ayer has a thickness about two tines that of the initial rhodium netal
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oxi de. This de itio 0_can . a h991§c ' alddier
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112 that is filled with polysilicon 114 and . overlaid with.a t{]@lﬂ'f{;?’il]igltam um
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about 40 ﬁfm andm%%q.rl;frlnh?%ﬁ_e glgnp@ci tor s ru}gtI reis fornmed with an ini‘?i al
col urm of the thicksgss fob fie slifionybagrier dayer isdptwrEn Ahash4qRAmpnd 200 gyn. | The gapaciter

| ayer of - chtalboan
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126 has. arq?mlﬂx?xs%%?bowe%%@rﬁnéaeépmmowfsﬁaﬁy betywen AP oppd ﬁ’r%?-er ly

bet ween alpQitneAQf theHIHM thya(120 R profefiblydketnéen MoubXATRhALY na GO BETRHA tetRRE! t OF
is illustrated in Figure 4, not drawn to scale. Again, there is a silicon

subst £&it e 2o 3 anvard 200y Sr [TpeQn Fhak) laven126dve p diickppssief betveen ahaub R0 Baranfer
| ayer 1-1610@-8&&?&:%%&&3%%%& %gutizpnﬂlaﬁ&’%ﬂtﬁ.t hole in an insulating |ayer
- as

112. A contal ner e een formed in a thick insulating |ayer 130.
The di anet er ofinilelycantxeimplary baltandr saacitdr ds Hlubtyatediio thigen 4.aisb draws go sealand.

1000 nm r.e pref.erabl het about 50..nm_and, .50 . - -t he
2000 o b6, BLE(EE Ataoh RELHECTHORAR Y oty iR ! Syl bt o bl Bl
I132 com;) gra!yérngﬁ. ]‘E]Ihe tpgig lslg &{Dbuﬁéd inhﬁ:otﬁﬁﬁtgﬁlcriﬁlan in(’jﬁhiiﬁﬂgﬁaydmes.s _Aotfonta:ner Blyllc

avyer | r er neen apou m,. an nm. .nor.e J e r

bt s o R i B s ey 0o JPe iater o efioyeng pods Stay) o
HDC 136 anéwasaibbayr somCind 196 hml 88re pliteably betkRasboRf 50888 Bad3UPant RY Qlstakes

r ef er abl
P ' })/f-thc art DRAM circuit design. The capacitor structure is formed with 2 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 RhOy 134, a

30  layer of HDC 136 and another RhOy layer 138. The thickness of each RhQy 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 prcferably between about 10 nm and 40 nm for BST and
between about 3 nm and 20 nm for TagOs. 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 deseribed above for Figures 3 and 4. The capacitor structure includes a bottom
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bet ween about 1.0 nin and 20.0 um nore preferably between about .5
10.0 nun. The thickness of the HDC | ayer 136 is preferably bet\jv&e(rfs)%'gg]g?’ry
10 mini and 40 run for BST and between about 3 nmand 20 rimfor Ta205.
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capacitor is shown in Fi ggre 5, not drawn to scale. The underlying 35
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the interface etween mrich struc es an

tend not to degrade oyer .tine. In.the. prior ar I utheni um oxi ( /J has
beon used HHE G Sfeaeta Smgba deiecki R iy Snipionte ST AR A GRS
tends: t o ouivdbZModiia rishistfOuite mDHDES S5d Rives ashldefiisiod Bihias Cidpaditolzdamed et .

Pl ati num does not. oxi di ze, but does not forth an effective barrier to
oxygerVdi Ffsmairialypged ot fodee@ls EEES hr ough pl ati num and react with

surroundi ng Mate fHedhisr arEnid ’l%ggﬁd&ﬁﬁj’(?,jﬂ&sﬁﬂg@m%%an dectfodd fateMICRRERL can
overcone there problens. Al though the oregm ng i nvention has been

)

descr i bed skongt @diger.omd dletendsi tn qyidigecthe swrouadmmapienss.s Plagnpe hae #so bramaied
will becoﬁaﬁ'ﬁtﬂﬂﬁ&& t oxiti rﬁﬁﬁo&fnvo\lﬁfoﬁhgﬁl@ffecﬁgééaﬁér%cg ¥rogidd] > B the
di scl osure herein. For exanple, I'Te the preterred odi nent escri be

stud and ecsndiffaseettrougloplbiityur atd wag withhsrehnding eubtedatsi SElrctwided cobiaimdhg a high
or the princi ed herein to nore 30 sinple or nore

2gfrlp: gst Lg“g‘%{c"fﬁt%’%l e %vr?%c. B‘lﬁ\ ; ?%?‘?i!a%s/ the present invention is not
i ntended to be Althbupht el fiegbihg ihemiitmitiaovead dpicHbedlr e dertizboficeraitt prefdtetl | S
| ntended E%z?lbgd?mgnetg, Lf%grdem%géi%lagts %1 ge%gn%é gpr;])gr%nt to those of ordinary skill in the art, m view of
the disclosure herein. For example, while the preferred embodiments describe stud and container
configurations, the skilled artisan will find application for the principles disclosed herein to more
30  simple or more complex capacitor designs. Accordingly, the present invention is not intended to be

limited by the recitation of preferred embodiments, but is intended to be defined solely by reference

to the appended claims.




to the appended clains. 11/08/ 2005 WHAT IS CLAIMED IS: 1. A Capgfli}(gé/ZOOS
within an integrated circuit conprising: a first conductive |ay i

contact with a portion of a substrate assenbly, where a material for the
first conductive layer is selected fromthe group consisting of a noble 5

met al , a mMEATBTIANMED et al conpound, polysilicon, and conbi nations
thereof; a rhodjumrj tryueture .| A6 coMptibint-ne first conductive

| ayer, where thie' rh%g%ﬁ‘?n&o:r:‘bg }ﬁsatsrldlﬁéc%mg@e%i S %’etpv@etel% 20 nm and 100 nm t hi ck;
a rhodi um oxi de | ayer fiishconilwotive laparin eataciivitiha pergon pow pulRYats pendlsh JEFGre,
where the rhodium. oxi de layer is.. > 24Q it QinGitine 19 a@noble
capaci tor diel erg!f%‘r’rilai)%?rnt%%iﬁ?eé’f)ndél(%)tﬁ‘flgaw\?\ﬁe#cgﬁeéoﬁ}hogi%m_p;xi demfgayer; and a
top el ectrode ometl, 4 hetalcAlogcirhaul colivgtued; polysiticod, andleembiapwos therolof O aim 1,
wherein the top el ectrode conprises a second..rhodi 1,68 SThbed CHAEE thed-
The capacitor of O & Fhogl,“m\iﬂ’\cgip R E £°8 Cte?”élétthk}eog%eép%gr%l%s?esyr 2 pure

rhodi um 15 | ayehedidn-rith Sn@apais bbtaeend0 nGl aat N02ym vk ei n t he second
rhodiumrich structure conprises a .noble net al oy | a

capacitor of O ai m 4 ThofHwperide fayer ‘HéHFcé°?Péatcbwlat{éf}165b°q¥'é“3}‘e¥§(£:%urcr§ﬁ’ ?gg{eéh Rh- Pt
al | oy cont ai ni Ng.dMRh BxilidRferaPRUrech @ naltOP) smpRokgent Rh. 20 6. The capacitor
of Caim2, wherein the top _el ectrqode conpri segagﬁ econd, r.hodi um oxi de

| ayer ¥et ween the diasrasttern dicleptp ip fisect Rty Py e & Ur e of t he

top electrode. 7. The,anashd Ver BF cipadiotiblectiibler ei n each of the rhodi um
oxide layers is 1 nmto 20 nmthick. 8. The capacitor of Caim ZIH?d\img_rei n
n-thick

each of the rhddi umThe etpasitarof Clirad. Whergifhidemelcomede pomprses 4SS

9. The cag%ﬁi‘?%&@ngf Claim 1, wherein the capacitor is formed in a container
shape. ) € capacitor of daim1, wherein the capacitgor is fornmed in a
stud shape. 113. The Thapaeritarofdtlai@l A whetein thedereplctrade C@E‘B%Wtad?m"dfh{!gﬁlgﬂ‘tri c
conpri.ses.a material having a dielectric constant greater than about 5. 30
12. TH cé??’ﬁ%i tor of daim1l, wherein the capacitor dielectric conprises a
mat erial havi By a dhelspatitdr of Chirs Rawhergn dmtsegond mkzndivpbteh stpgture| PMPTHES a
capacitor of Clajml, wherein the capacitor dielectric conprises a materi al
havi ng a &P@F@E?l%ﬂ:ﬂ@ﬁstant greater than about 20. 14. The capacitor_of
Claim 1, whereisn theheadpasior of Cihire Ueehdrdin theawbieirsaa ablay fayen cogBrisgs pdt-Plum
titanate (BST). 15. The capacitor of d aiﬂ14, wherein the BST thickness is
bet ween 8al{1|cm cga@mmmﬂxﬁtl@rigaout () atomic percent Rhi.

20 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 rhodium oxide layers is 1 nmto 20
nm thick.
8. The capacitor of Claim 2, wherein each of the rhodium-rich structures is between
25 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.
1. The capacitor of Claim 1, wherein the capacitor dielectric comprises a material

having a dielectric constant greater than about 5.
30 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 compn'ses' a material
- having a dielectric constant greater than about 20.
14. The capacitor of Claim 1, wherein the ' capacifor dielectric comprises barium
35  strontium titanate (BST).
15. The capacitor of Claim 14, wherein the BST thickness is between 8 nm and 40 nm.
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11/ 08/ 2005 16. The capacitor of Claim1l, wherein the capacitor (_dLile 581 rzioc05
conprises tantalum oxide (Ta205) 17. The capacitor of C aim 16, erél n
the Ta2Gs thickness is between 3 nmand 20 nm 5 18. An electrode for a
sem conduct or device consisting of a series of layers _conprisi.ng: a 1fi rst
| ayer conprising6a ndBleeapasiten ofcGlair lswhecia the samacitr | diglectics TRPSP ALy os
Rh; and a soeglgr(lfl bajyer containing nore than 50 atom ¢ percent rhodium 10
19. nmand % M>20. 21. 1522. a dielectric |ayer having a dielectric
constant gr eat en7t haThalkepabitd:of Sirin dboeharcn g TaOcbivkesst isriyger fgm and 2
dielectric |layer, the el ectrodes conprising rhodium rich structures with a
Rh-Pt all oy wherein the Rh-Pt alloy contains at |east 70% Rh. 23. The
capaci tgr of C agm 22n felcteid fon =lseniboridoatbr cevitactnsishing oina weresr PL/il4GTs 20
sem conduct or substrate through a polysilicon plug. 24. A nethod of :
fabricati ng®8'¥"¥t egrated circuit conprising: depositing a rhodiumrich
layer, with a Rh-Pt alfr@ylayenb@iising bmeblRimcBl cahproing adtinbtaillag with af leas 70%09
Rh; and depositing a material having a dielectric constant greater than
about 5 over th&%aW rhodiumrich layer. 25. The nethod of O ai m 24,

further conprising dgRAhd 120G cantsisee pdrethaciownntic péicent digéinmover t he
dielectric. .26. The nethod of C aim25, wherein each of the rhodiumrich
| ayersfncludes an alloy of Rh with another noble netal. 30 27. The nethod

of Caim 25 whggei “aﬂ@{eﬂactﬂide bhelaf o8li whkdid 88 thidresssofite fysielageetis bdnaeen 2oout
96% Rh 28. The method of Caim 24, further conprising depositing RhQ,,
directly owmmnd b nm.hodi umrich |ayer prior to depositing the dielectric

| ayer. 29. The pgetho | IR A8m fsWhiGh (e R dyed ddenpHlep®si ti ng RhOK
directly over tgg BS’h‘gél%ﬁqgg‘%%cg nn]at erial prior tyo deposi ti n%@ge second

rhodi umrich | ager. Theelettode ofdama0, Ghantinthedirstigyer Bher coaPTEs ness of the
| ayer ompri ses2pt . MATgrad{ R SRR st T " he Tt T ayer.
further conprises Rha dielectric layer having a dielectric constant greater than about 5; and
electrodes in contact with the dielectric layer, the electrodes comprising thodium-
rich structures with a Rh-Pt alloy, wherein the Rh-Pt alloy contains at least 70% Rh.
23. The capacitor of Claim 22, formed in electrical contact with an underlying
20  semiconductor substrate through a polysilicon plug.
24, A method of fabricating an integrated circuit comprising:
depositing a rhodium-rich layer, with a Rh-Pt alloy, wherein the Rh-Pt alloy
contains at least 70% Rb; and
depositing a material having a dielectric constant greaier than about 5 over the
25 rhodium-rich layer.
25. The method of Claim 24, further comprising depositing 2 second rhodium-rich
layer over the dielectric.
26. The method of Claim 25, wherein each of the rhodium-rich layers includes an alloy
_ of Rh with another noble metal.
30 27. The method of Claim 25, wherein each of the rhodium-rich layers is greater than
about 96% Rh.
28. The method of Claim 24, further comprising depositing RhO, directly over the
rhodium-rich layer prior to depositing the dielectric layer.
29. The method of Claim 25, further comprising depositing RhOx directly over the

35  dielectric material prior to depositing the second rhodium-tich layer.
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An integrated circuit capacitor conprising: -11 11/08/ 2005 30. A
fabricating a capacitor for an integrated circuit conprising: #&1’%%8%9%5
desired capacitor shape; formng a first conductive layer to conformto the
capacitor shape, where a material for the first conductive layer is

sel ected from t 138. gr dupethahdifdticatige o Caprcitwiforan ifegras¢dadircuibcomprisingal | oy, a
nmet al conpound, pol ysﬁi)rlrx{if%nde i%ﬁg %glgtr)isﬂ]aagj ons thereof, formng a first

rhodi umrich structuf@ over-the “HHFSY "8/ duct i ve | ayer to conformto the
capaci tor shape; f or dormghgr i digkt Wohduciiete lagterr &C tdnformvier the lvepakiters shapd odllicmenar i ch
structure; depositing.a |layer of dielectric, materi with a high dielectric
constant (HOG  TRFTY Fad St erBuBHE ol ST BL R, % B SErsroa LTSt e
directly over thetHaGetaalby, i MEE] Ddpaurdcssyslicohasd shibinatdhssierestt ure 31. The
met hod of Claim 30, wherein the rhodiumrich stru ture&mare great er. thtan
about 96% Rh. 15 32. 1ofpesdirsshpdam-ushstmeas ovaHas Bisheongiofyslgysr i conform to
rhodi um-rich st gdGhpeRS skePri ses chem cal vapor deposition. 33. The

met hod of Claim 32, wherein formng the rhodiumrich structures conprises
metal organic cheni cErmipgEdivaegsiisidiregly quanshs st rhadumrigestiietfod of O ai m
33, wherein the precyiRQlingdf8er HSEHlettc nferMOME 2aKigh el (dofisth HEIIHO) 2
and N20. 35. The nmethod of C aim 34, wherein the deposition tenperature is
bet weel 200C andirec850Cr thgghodipeoxdst hod of C ai m 30, wherein the

rhodi umrich structuges; [.S€:4an: . st h anot her nobl e netal .
25 37. The met hod offo%ﬁ]gg%@%&%ﬁﬁg?g@#&%ﬁ%&n}éﬁ?hﬁ%i um oxi de directly over
the rhodi umrich stioguing? eecomithedigesichstiudird.ng a top portion of the

rhodi umrich styuctupe. o] . i - [ f i

r hodi um oxi de |lr‘ ect f n&%g?d gtﬂglafﬁﬁ%@ \gg%g%é;‘g@ﬁ%ﬁc ep(gtg]{}ts ia%gpg&?rhimr%ﬁ

| ayer of Rbhour®b%Rland oxi dizing the entire Rh layer. 39. The nethod of

Cl aim 38, wheregjn t oxi di,zi .C ryses .exposjng the Rh | t an
oxyger'}gcont ai ni%lﬁg at s%ﬁji}éorde(’fg%ugg’gggh?rﬂ}rﬁgﬁ% %lﬁghotdﬁlﬁ’r%@osr@?g@{eg co?lplgé,%SOZ,
NO, f N20 gl&ﬁedﬁﬂvapcﬂr@epo'ﬁﬁen.rre]E hod of C aim 39, wherﬁi n thﬁ oxi ]Eiatci onis
performed at a_.tenperature o 30 to 800C. .41, The nethod o ai m. 30,
wher ei n for mi ng=r ho hﬁrﬂe&?fid’écﬁﬁgz ?ﬁf‘gﬂer{%‘?ﬁ* fre f‘%?ﬁb‘&‘fﬂ°&e‘g‘3§‘?‘{efgﬁ?’p%ﬁ§s4z.
The met hoghetil ofghiit Bheddical WHoF &ipbsifA(@AICED)H) (CO) 2 gas is used in the

chem cal vapor deposition. .
P 34. P The method of Claim 33, wherein the precursor gases used in the MOCVD are

=

20 Rh(n’-CsHs)(CO); and N,O.
35. The method of Claim 34, wherein the deposition temperature is between 200C and

550C.
36. The method of Claim 30, wherein the rhodium-rich structures comprise an alloy of
Rh with another noble metal.
25 37. The method of Claim 30, wherein forming rhodium oxide directly over the

rhodium-rich structure comprises oxidizing a top portion of the thodium-rich structure.
38. The method of Claim 30, wherein forming the rhodium o:_cide directly over the
HDC comprises first depositing a thin layer of Rh metal and oxidizing the entire Rh layer.
39. The method of Claim 38, wherein the oxidizing comprises exposing the Rh layer to
30  an oxygen-containing atmosphere selected from a group that consists of O, O,, NO, N;O and H,0.
40. The method of Claim 39, wherein the oxidation is performed at a temperature of
300C to 860C.
41. The method of Claim 30, wherein forming rhodium oxide comprises chemical
vapor deposition. _
35 42. The method of Claim 41, wherein Rh(n’-CsH;)(CO), gas is used in the chemical

vapor deposition.
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-12 11/08/ 2005 43. The nethod of C aim42, wherein the chem cal ;va
deposition is perforned between 200C and 550C. 44. The net hod (#L%?%(%O%
wherein depositing a |ayer of dielectric material conprises chem cal vapor
deposition of bariumstrontiumtitanate (BST) using precursors 5

Ba(DPM 2(tet), %3( DPWhometwy of fdeim 420 heeBHhF ghenyiprd vapqpigpesifion is performed

bi s(di pi val nd tet is tetraglyne. 45. The nethod of Claim
44, wherei r?ggwﬁg%dk?g%lﬂig?ocsapor deposition is performed at between about
400 C and 700 CA4.and ThhencB8T ofsChin ¥ énteiny depositing edlagar fe diglseinic mPeiand
650C in an_oxygen,at.masphereg, 10 46 .Th ai 0, i
doposi t i ng T oy aPERoBB8! Senobflor br, dibfin Rlelfien R R E ucl Pl
deposi t § on BofDHMk (et SEDPMip{ et and Ti(@QAaLE,) (| BSaE DM isdisidipivaingorcthaBigtand y2

and Sr(thd%?t with Ti(isoproproxy)2(thd)2 or Ti(Oi-Pr)2(thd)2, where the is
t et r amet hyf® etﬁagbﬁnedi onate. 47. The nethod of O aim 46, wherein the

cheni cal vapor d®posihd methédof@niim44recherin thd bhdasdaivemior diyositiondQErbon@COC,

o e B YRS TR g2 Rl BELASEN, 4900 P RROCUD ROV 0on

di el ectri cinmmBloRydeahtmogsheRer i ses rf magnetron sputtering a Ba0.5Sr0.5Ti 8

target in a mxture of Ar and 02 to_form barium, strogtiu‘iqt]ajfﬁ?anatet B§T).
20 49.10The met W of The methedssl Gaimy b whemii ApRoFHBE dnBET g YERETBSFY R an

N2 ambi ent confppites@RQbiEal Yapdt BdpbStibS6 MEridm sRRHEm tRALEERS DLERE pERirsérRBRthd)50.
The net hod ofp Cl aim 30, wherein depositing a |layer of dielectric materjal
conpri ses @Hefi(thd)2 vapodi(emerrra)YHhdd qro&ﬁ?t‘iﬁé@l‘% Fhrige ot dodFTREHY]

Ta( OCZH5) SneP@ﬁed%%j ed by helium 25 51. The nethod of C aim 50, wherein

t he chem cal vapor deposition is perforned at between 350C and 550C. 52.
The nethod of @7ai mBit methed tofi §laimcgpwhereindheashamish] vagorn depostie, is PsHoumsA @t 500C
in uvcli f ] ! ~ g he
ot hod of ettt SRER R H ) B RS bolh) mBlint il IRE B0 B SICHL o
30 10 m nuhesygenaiholgeres i n an oxygen or steam atnosphere. 54. An el ectrode
for an integrated ciftcuit, ca itor.conpri.sing: .. a conducti : I
layer: a bilaydf rh f’Jﬂerﬂi’q%cﬁfagalpac?(gr‘gg%vlér({gg(fsﬁlé‘gt%eayg%r?gu&é%%éé gr,?a trt‘a'llﬂi%!taural
| ayer, wheomlprisehe nbighaipe sprittainge0BS, sSr, {TiOsthrgkidy @ migtnd ofl As endO¢ltd fayme bsrivnher e
the first I%Sr IS aZ g,{_loy of 35 rhodium and a noble netal, and where the
second | ay&ytipm tanaiedB3b). 9504 r hodi um and a |ayer of rhodi um oxi de

overlying the sgcondhd ayRsd &f Clhine4s, Faict Barhpriihg ShiedGipthe BSTL8 an N, ambient
for about 1 minute using a rapid thermal processor (RTP).
50. The method of Claim 30, wherein depositing a layer of dielectric material

comprises chemical vapor deposition to form tantalum oxide (TaO,) using Ta(OC,Hs)s gas carried

by helium.
25 51. The method of Claim 50, wherein the chemical vapor deposition is performed at -
between 350C and 550C.

52. The method of Claim 51, further comprising annealing the TaOy at 400C-500C in
uv light for 30 secs to 10 minutes in an Q; or O; atmosphere.
53. The method of Claim 51, further comprising anncaling the TaO, at 700C-850C for
30 10 minutes to 2 hours in an oXygen or steam atmosphere.
54. An electrode for an integrated circuit capacitor comprising:
a conduetive structural layer; 4
a bilayer rhodium-rich structure overlying the conductive structural layer, where
the bilayer includes a first layer and a second layer, where the first layer i§ an alloy of
35 rhodium and a noble metal, and where the second layer is at least 96% rhodium; and

a layer of rhodium oxide overlying the second layer of the rhodium-rich structure.
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11/ 08/ 2005 55. The el ectrode as defined in Caimb54, where the fir l,aye
of the alloy of rhodium is rhodiumrich. 56. The el ectrode as &éff‘ﬁﬁ%éior{{s
Claim 54, where the first layer of the alloy of rhodium is not
rhodiumrich. 5 57. The el ectrode as defined in Caimb54, wherein the |ayer
of rhodi um oxi de&3i s Thenrlkétpde esidafinedis Claiindd ewhierd e frshiayer ditheladloy of rhodium
constant ng ﬁllé)jﬁﬂlln-n(gfl the capacitor such that the | ayer of rhodi um oxide
provides a barrier to oxygen diffusion fromthe high dielectric constant
material. 10 5856An &hecltndeaf definaiin iCire ga atlee: e ficstiayered geailoyof rhodium
conpri si ng: nogrh%gpdgccﬁ]i ve structural layer; a rhodiumrich structure
overlying the conductive structural | ayer; and a layer of rhodi um oxide
overlyi fig the rBladi unThe déctipte ue tiefined ib8laind 138, hacihrihe Gayasoftbdimachxide i€ ai m

capact Lor . CRUPERD 1 DT AL HER e Re Ao P Shthe RaF B A B B i ve

struct ur al of syéitim olide proMEEs SiRsricdto dx@?eﬁtdifﬁﬁﬁn $elraké Bgh fieRonit bas@fhitnkierial.
consisting of a_noble netal, nmetal alloy, nmetal conpound, polysilicon, and
conbi nati ons t h&¥eof An glectrogh forgn aterarderaut GRIFIHWIPHSEE Qi m 58, wherein the

rhodi umrich struct uf @nfidiivOffucte® el ses: a first layer of an alloy of
rhodi um and a noble netal; and 20 a second | ayer of at |east 96% rhodi um

overl ytthg the first 3@gdpmrigh stropfse eicdripg tg eongyctiyssirvrdgalilgyesiagd m 61, where

the first layer of thgyRblMbaiah oa0Bhctiing b hdMGi-HER fhfilire 63. The el ectrode
as defined in daim6l, where the firs Fayer of the alloy of rhodium is

not rhodi umrich: 25Mhgalecknde af definedde Claim 8f wherdini the Goaduati@1strupiesl dayehe
100t o Tt k3 (LR PLAABge orop consi o ng of ruchenium pal | adtur
in Caim58, worei Thteeciradecss deffinechodClaim 68) erbereinathg costusti@nstiupturt fayer al
| ayer ‘15 comprises at least one selected from the group consisting of a noble metal, metal alloy, metal
compound, polysilicon, and combinations thereof.
61. The electrode as defined in Claim 58, wherein the rhodium-rich structure further
comprises:
a first layer of an alloy of thodium and a noble metal; and
20 a second layer of at least 96% rhodium overlying the first layer.
G2. The electrode as defined in Claim 61, where the first layer of the alloy of rhodium
1s thodium-rich. ‘
63. The electrode as defined in Claim 61, where the first layer of the alloy of rhodium
is not rhodium-rich. .
25 64. The electrode as defined in Claim 61, where the noble metal is selected from the
group consisting of ruthenium, palladium, osmium, iridium, platinum, silver, and gold.
65. The electrode as defined in Claim 58, wherein the layer of rhodium oxide

- comprises an interfacial layer.
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