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[ 0001] Thwoioawersti on pertains to nethods of form ng mnetal PCans02/2410y
materials, such as, for exanple, capacitor electrodes. The invention al so
pertains to capacitor constructlons BACKGRClJND CF THE INVENTI O\I [0002]
Capaci t or cHMetiodsacifiFonsing i apacital & *
such as, for exanple, nmenory ar aga;cntotrCMm!gng rrermry array is a
dynam ¢ random access nenory (DRAM array, w th individual DRAM cells of
the array conprising a capacitor and a transistor. [0003] Capacitor
construct i OBEGHCWI FE#Da first conductive capacitor electrode and a second

conductive citor Y. nong
the composiBiBfls sui TEpFEeRBR T RTRIS ot bl el timBRbi rlerol
netal s, susichas, fdrexampleacapaeitordiedtiodas) Théristeriron dlsa pkriaims tougabaciionm et c.
The netal s é:aﬂ_uq;?ndepom ted by exposing a netallo-organic precursor
material t 3 RNYGXdi zi ng anbi ent (such as, for exanple, an anbient 02, 03,
and/or N20O to break down the precursor and rel ease the netal. The

rel eased t ' substrate to forma netal filmwhich
s ulti nang}é‘ﬁkcamm‘ggﬂzafﬁgqﬁkﬁ§?§)@apac| tor device as a capacitor

el ectrode. [pOGZ]4] A Gapdditoutdnstrubtians acentilzed im nutoeiony semicdadudior of t he
met al | o- or gani, c [ecursors i h t I

sem conductg’tBLfcuérﬁ% Pﬁ?@ f§$ éxaﬁx%%s@%"g& a?'HXg %‘Q% ?zﬂaé; @‘%ﬂ’w |£lrcr) s's %and can
t hensel vesdyresticreanasimiaccess menoinh (0 RAM pandasg métt datividual iDRAM leellsoefghadsiay on of
the netal |l 0-organi c _precurso G dingly, it would be desirable to
devel op al FUPRETY C%%qcﬁ%%ncg%f’ra& ?&ﬁét ion of netallic materials on

sem conduct[0003ubst r €apacitootdrestruttions doheries adissticondwtiversareditor elegentiec
precursors SUMVARY THE | NV I 0 | I on
enconpass egn%a SREQ O%ngpct*\/SrCﬁpﬁEt'\g %ﬁ"é{? gg%argféd% ea(?igﬂgﬁir(:frnétgﬁal ﬂ%’ﬁb
sem conductmrcoumosmonmuntable for stdlzammmamtczrwﬂmtmdeQaneﬂneQalsowdmﬁ, faand a
met al | o- or gan curso id t

pr ecur sor PRarRRlpaRai: Moddndbitl EhSiaFE Fob M4 s bEEposied by,

pr ecur sor, emuimgauhnemuu@rgdn;c pl‘eeursed reatedd toehalxidiznglapbient @dcloag fort he

sem conducte%mag basr;[ er\r%lt.)ight 0,, O3, and/or N,O) to break down the precursor and release the

metal. The released metal can then deposit on a substrate to form a metal film which is
ultimately incorporated into a capacitor device as a capacitor electrode.

[0004] A difficulty which can occur during oxidation of the metallo-organic
precursors is that materials associated with a semiconductor substrate are exposed to
the oxidizing conditions, and can themselves become oxidized or otherwise degraded
during the degradation of the metallo-organic precursors. Accordingly, it would be
desirable to develop alternative methods for formation of metailic materials on

semiconductor substrates, other than the oxidation of metallo-organic precursors.

SUMMARY OF THE INVENTION

[0005] In one aspect, the invention encompasses a method of forming a metal-
comprising mass for a semiconductor construction. A semiconductor substrate is
provided, and a metallo-organic precursor is provided proximate the substrate. The
precursor is exposed to a reducing atmosphere to release metal from the precursor, and
subsequently the released metal is deposited over the semiconductor substrate.

[0006] In another aspect, the invention encompasses an embodiment of forming

a metal-comprising mass for a semiconductor construction wherein a metal-comprising



[ 0006] In another aspect, the invention enconpasses an enbodi nent of
formng a netal-conprising mass for a sem conductor construction wherein a
met al - corpypision4N0O 03/ 017341 PCT/ US02/ 26191 precursor i PCEASOERA9L 0
ammonia to release netal fromthe precursor, and subsequently the rel ease
metal is deposited over a sem conductor substrate. [0007] In another
aspect, t h®reayashis eposed ingyawenia tegalersgdnelglfrem the Breavrser. apd sulsaayently

el ectrodes eie%lse nfet&igd @%p&‘i’cg@ﬁléﬁd“&bn?i&&’?dﬁcﬁﬁ%ubs‘%ra@é(posed to a reducing
anbient to osit a nmeta nprising nmass which uItlmateI% ) mcorporated

into a capEQ@ Thr comsaneiben aspesls the iBgsdien epgorapasses sreiho r fprpaing
[ [ | O THE
| nventi on %%%&il bpéleglgﬁir‘e Wh%%et%%b‘iﬁﬁdéﬂg‘ B8ursorifbihosea R RIEdU R

DRAW NGS [ Pre odinents of the invention are described bel ow
with ref eghignt iodenesitegnetalraperisingonpemyhiah ulimaignig. ingaopareiedinie & i gure i s

a di agr anmbi LoitofE uét‘ﬁﬂésoé‘@é attevei8dtrayesen conductor  wafer fragment
Il lustrati %an e | ment of the present 1 nvention. DETAILED DESCRI PTI ON

OF THE PREFIORPSD ENB@DBWIENFEOT alse inclusies eapriioneenstigetiange i nvention is
described with reference to a sem conductor wafer fragment 10 in the

figure. ment 10 includes a substrate 12, which can conprise, for
exanpl e, &EF%@R'PK@%QH Tl DRAYVINGS i n i nt erpretation of the clains

that followggh§f !er ErefeRehRehErhe 6 the Ivbhfrtare EcrRABeFANAIGL OF

substrat e” are defined to mean any construction corrprl sing sem conductive
mat eri al , irgferange tqytheollowingacqompaniing deawindil k semi conductive material s

such as a Sﬁmépnductvh\éq.gw g oﬁ%r%ﬁ{gggﬁra&es&ﬁohé} VRSP Jsérﬁiéo ri sing

other materlal s thereon con material |ayers (e|t er al one
or in assemﬂf¢re‘segmmpHlustrai@g@mmqumtmt@)presmﬁlnvem*ﬁn "substrate" refers
to any supporting structure, including, but not limted to, the

sem conducti ve substrates descri bed above. é@QOlZ An insulative material 14

i s formed GEFAILEDESIRIPTION uTHBPRETRRRER EMBQPRIMENEI e,
bor ophosphogjghyfat e gslrﬁéﬁbéoﬁ%%ofw{n%me lid eégbngé@mtq?efefaac@w' ng

extends thr uhlnsulatlve mat er 1 al and to substrate , and a diffusion
regi on 16 |S§mlcfoodu@gr wfehfragmmtshorlaﬂfee fwret Fragmest 1@ inchides asgpbsiraig 12,

Di 1usion rggl O&g?n%?ff%?bﬁr ExdfiSE, m&&cé%?al%l% . wotayd AR Fbretatioh Bf/tae

conductivit usi on reg gi on COI’IS“I dered as an exerrp ary
enbodi nent math?éfcé'@Wr tr@atermﬁ)@emmmswtweéuwraée dr“ggraiconductor substrate

are defined to mean any construction comprising semiconductive material, including, but
not limited to, bulk semiconductive materials such as a semiconductive wafer (either
alone or in assemblies comprising other materials thereon), and semiconductive
material layers (either alone or in assemblies comprising other materials). The term
“substrate” refers to any supporting structure, including, but not limited to, the
semiconductive substrates described above.

[0012] An insulative material 14 is formed over substrate 12, and can comprise,
for example, borophosphosilicate glass (BPSG) and/or silicon dioxide. An opening
extends through insulative material 14 and to substrate 12, and a diffusion region 16 is
formed within substrate 12 at a base of such opening. Diffusion region 16 can be either
n-type conductivity doped or p-type conductivity doped. Diffusion region 16 can be
considered as an exemplary embodiment of an electrical node supported by substrate
12.

[0013] A series of conductive materials are formed within the opening in mass
14, and extending above diffusion region 16. Such conductive materials include a mass
18 of conductively-doped silicon, such as, for example, n-type or p-type doped
polycrystalline silicon. The conductive materials also include a layer 20 of metal silicide,

and a layer 22 comprising metal or metal nitride. It is noted that other conductive
' 2



12. [0013] A series of conductive materials are formed within the opening
in mass 14, and extending above diffusion region 16. Such conductive

mat er i al sworsloutse1 a nass 18 of conductivel y-doped sili corCTasor2asy for
exanple, n-type or p-type doped polycrystalline silicon. The conductive
materials also include a |layer 20 of nmetal silicide, and a |ayer 22
conpri si ngnatetials cam benesed eitfaraitemativaly, ios imasdition:ta Ae 6‘9?%'@'%%86@??’\?3 2 WO

03/ 017341 ot irfelelde g@#.ﬁgtgaées RGN a5\8R Be FhABALI ) 4 BERAiVShgtal OF i 1

addition t lustrated I n ure. For
i nst ance, piug, enctabs, for exampie afépmlam@ugaqr atupesign elugy dn ﬁﬁleélembﬁg'ﬂﬁnt% @ch as,

for exanplg ms){er%f Hertaqghlgme@aH%egfro @E%@giﬁhkﬁgn rég?orp‘i@ﬁﬁd sinésdi ments, a

| ayer of siT1cl rovi ween fusion region 16 and
silicon- occmntammg taget w/m.thwemnlamrr@i@@wmde§ campasing fitanigmdiciMpr i si ng

titani um sj | s%rg?h Eé&ﬁeﬁ%ﬁ%&%d‘ﬁ é'ja@rbéﬂl%)’ één%%“‘%%'&m"%‘%n be fornmed

by conventl n partic odi nents, |ayer 22 can
conprise, §a0ig st ofln rerticuban simbodinesnts favies PP gan £OMBHLE, GP“WK@ Bfeopsitlani um

ni tride, tungﬁiﬁg Faﬂ oq?nor% %Pﬁ@h*dg? ﬁ]frhé' ﬂg%steﬁhﬁm’éﬂé'ltalhﬂntrﬁiﬂdélm el ement al

tantal um of> tungs can onprise, consist of, or
consi st esslemental fitgniom, etemeantalttant@umlwedmnemalttumﬁﬁfbﬁngiaYPb?-%léa“ Layers 20

and 2 ZCLﬁ?cgc}nliLﬁorﬁSac?%@si Eﬂ" o 85\?5%? %/séééntlgfefs’ &a{lt‘agﬂW@f&d@éﬁunéﬁ%@i}lc@e

nmet al ornme conductive layer 22, and in the
shown enboldiyeen20 arsd szmeym aatiffosion and/ov\pxlﬂatloamrrlezg I n accordance with

met hodol Ogé%ﬁsgt he pA%?e%QFcoanfr‘ﬁ% h‘%&g Izg?ssm%rr%éd bﬁee f&h&@&w@kﬁi‘@@%d@ﬁna

nmet al | o- or precursor to a at nos re to release netal from
t he pr ecurmershowmémb@dhqutsantnhySIcai@on’@bb\alﬁb@yﬁﬁ?al Injagcerdpees Wi to form

mass 24. @ﬁo@gymheg,g? F}fﬁg@ﬁtgn”ﬁ'@s 34 id érrf?@c‘i B?Eﬂc?diwigrﬁ RetallbRpgaHnIul ar

bl ock. Sche acco xanp ot ol I't hogr aphi ¢
pr ocessi ngpranarsantospedoging atreosphete tafreleasej@stﬁéfrpmdﬁe PEFCUFSPE 38| eased met al .

Appr opr i at etbtg gté}lt tubeo g%&&ﬁ&@gﬁc}s{}gd?&féﬁe%&s% QREKH dHowms  will be

recogni zed I nar art 0016] Mass 24 can
conpri se, embsdlmtent-;matmais pgrtterﬁed into 8 septangulasblaske S@Ph o Be gecomRlishethi um

r hodi um By’%u&aﬁ‘i’? %lhbtohﬁ’\@é ﬂic cé%lsﬁ%?ealnd%rn p%drla’ténétcﬁ thé" dé%b&ltl&w ar

enmbodi nent onsi st essenti al %/ r ut heni um
and wi || bef thé celemstdoyetek pherropfiate Phetelibegrapiiy Eraseesing PN 8 ch\ﬁ\swenii'tms

precursor \t)v?I 52 rreggéh(?ié&goy persons of ordinary skill in the art.
[0016] Mass 24 can comprise, consist essentially of, or consist of one or more of

ruthenium, rhodium, iridium, cobalt, palladium, nickel or platinum. In a particular
embodiment, mass 24 will consist of, or consist essentially of, ruthenium, and will be
formed by exposing tricarbonyl-cyclohexadiene ruthenium precursor to a reducing
ambient comprising one or more of ammonia (NHs), diatomic hydrogen (H), or plasma-
activated hydrogen species. The reducing atmosphere can, in particular embodiments,
consist of, or consist essentially of, one or more of ammonia, diatomic hydrogen or
plasma-activated hydrogen species. In an exemplary embodiment, tricarbonyi-
cyclohexadiene ruthenium precursor is exposed to ammonia at a temperature of 210°C,
and a pressure of 4 torr for a duration of 120 seconds, to deposit mass 24 to a thickness
of about 450A:

[0017] Prior art methodologies have existed wherein a metal-containing mass is
formed over a layer identical to the above-described layer 22 by exposing a metallo-
organic material to oxidizing conditions. However, a problem with such prior art
processes is that the oxidizing conditions can oxidize various components of layer 22 to
reduce the conductivity of such layer. For instance, if layer 22 comprises titanium,

tantalum or tungsten, the exposure of such layer to oxidizing conditions can form oxides
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anbi ent conprising one or nore of ammonia (NH3), diatom c hydrogen (H2), or
pl asma- activated hydrogen species. The reducing atnosphere can, in
particul awosglottrent s, consist of, or consist essential lPgTafSp2/26181 Or oY €
of ammoni a, di atom c hydrogen or plasma-activated hydrogen species. In an
exenpl ary enbodi nent, tricarbonyl- cycl ohexadi ene rutheni um precursor is
exgosed toofatmmmmmatuagstanDeﬁm@imuﬁgcbwlg&%@l’e elegidcadly prsulalive.@ndf 4 torr for
a duration ut
3504, [ 001 oy BERELAR cbAAEERr hdralBRSIcE bt e 2 Hobnpabimised, othe

net al - cont somé ngsamlsme@tlrehdpﬂewh@b &8N zendgy deviceresibiseayently ferped from

above- descy, ggl?% oa:ye%o a9¥ W@&ﬁl’aggg‘% tﬁffﬁ%ﬁ‘dncbf ré’c?]lﬂ,‘?db' SnBRbRS indl to

oxi di zi ng C rror art processes is
that the oxmdodnmegtsoqfrhm pneearsi lr@mtmcm awdlaxlﬂ@tw Qfé%@ﬁ@ﬁ'@@ Qﬂayleé%r 22 to

reduce t heaﬁ%&?&ﬁ?&h@{{l%%’a{uﬂgmw&Beén@ﬁecrond uctive 'cﬂéia?i%ﬁgucs'cff |dy8Y 88 désng-ONpri ses

titani um ten, the exposure of suc er to oxidizing
condi t i onsfoarmatidroofrmass 21%9‘\ ftheCRd@NEIRS LRIy @QGQ‘PQG%‘X’“OW'M i tani um

tungsten o eﬁ@%@gg%h snegﬁk &Rt i trﬂtﬂfatnyn?&éﬁatoﬂ gﬁmlp@éduvsebr nédtstials

accordlnglg}1 I're I've characteristics are
conpr om sedontain dxpgers a\rhﬁcl"mdg relpasecduringeshpnical degrappiian Q,féhle PESHSPT devi ces

subsequent | y, ?fr%isma%ef fefilked gx\(@ren%%nto%d% %BS&?Q& %@t@n 4. nHG\%‘Jerr attlizatioR&f

utilizatio educing con I ons in nts t he present i nvention
Cﬁn 3v0| d gxediaimgcmtrm‘sphéw caneesandinby wver@gaathemygerabﬁjor@dwﬁ*%tewﬂy mai nt ai n
the desired c c [ f
mass 24. Ar?elf’%tr\ﬂjg]g %gs’tpﬂ?ah%?% uﬁrlufs;?ﬁr?e | %’ (I:cf ng con Pﬁ?ngigﬁr{ﬁtpkéé@np

net hodol og)nvehtldmhll-prces@atutlllzaddntesa&ntlaliy smenmwg@et al | o-organi c precursor
materi al s nﬁ)@?é]‘?'hg g)r/%%ggon al r%ﬂy&ﬁg Pﬁ‘dit‘i s%@@‘ﬁo%‘r‘é\nﬁgsl?%& Gifzed for

degradatio ur sor rel eased oxygen can oxidize
substrat e fatning eirsluctievmasses inusérhicenduictat COhStrL@tlﬂl@leééhﬁi@h%fﬁ 103 BPRGEEN can

essenti al | X@ %s\ﬁgﬁgﬁ%ﬁo Qﬁ'xe?éﬁ arggp%rcﬁrs'of' wﬁ'ﬁ# ‘gﬁﬁf !{TVEHg |ayconEI§é}ﬁE $nthitrHadd

Substrate |ns I ments of the present
i nvent i on, fodkizddmm the pleq:Ursqremletss tlreessrenurrsan is pxpesaddn gidizngyenditipon 18] A

reason that %géi'&!t %gth(égdggéetn't MRS R ﬂr‘cét odisaH tﬂ'élfsééfb&?i‘ﬁeod%ialtlbﬁ fdefor

form ng corfuéeye “nes n-sem con constructions is that there is a
concern t ipatbleraatiooin phﬂmmaaswmah¢l&t®ﬁ§@rmaborpal@rd@ﬁ%@5 than is Q%&@B@” Pfwithin a

conduct i ve bl al JBSRad ALY SEE%&moere‘%fb'ér FOF in4BIrR8 Sin thEerRbSSitEROT 1 S

exposed to oXIdizing condition
described W|th reference to the Flgure it can be highly desirable to maintain the
conductive characteristics of layer 22, and of less concern is elimination of carbon from
mass 24. Accordingly, utilization of reducing conditions to form mass 24 is preferred
relative to utilization of oxidizing conditions, even if such causes an increase in carbon
incorporation within mass 24 relative to that which would occur with utilization of
oxidizing conditions. However, an analysis of a mass 24 formed by exposing
tricarbonyl-cyclohexadiene ruthenium precursor to ammonia has shown that there is
very little carbon incorporation within such mass. Accordingly, in particular
embodiments of the present invention, oxidation of layer 22 can be avoided, and also
carbon incorporation within mass 24 can be avoided. Such can be preferred
embodiments of the present invention, but it is to be understood that the invention can
also encompass embodiments wherein carbon incorporation occurs within mass 24.

[0019] Mass 24 can, particular embodiments, comprises multiple metals formed

from one or more precursors. The multiple metals can include one or more of
ruthenium, rhodium, iridium, cobalt, palladium, nickel or platinum. In some aspects of
the invention, it can be desired that mass 24 does not consist solely of platinum.

However, in such aspects, mass 24 can comprise platinum in combination with other
4



one aspect of the present invention, it is recognized that carbon
incorporation is |less problematic in particular sem conductor fabrication
appl i cat iwog3phzal i s oxi dation of materials associated WPCH/I$02/26191

sem conduct or device. For instance, in the enbodi ment described with
reference to the Figure, it can be highly desirable to nmaintain the
conduct i venethisr Actendirgty, & Sanbe|dgyiced hat masri2bbe fasged fiontalleast &ne| i ni nati on

of carbon fé&ﬁ%or%&gﬁﬁma&c qjél %‘@He\f ’thél’{filét'rﬁﬁ{ ipAfsith ét?&dé?bﬁ@pr%@ﬁ\gbﬁ lons to

form mass % I'zation of oxidizing conditions,
even if sumh weumhw lam:ombm‘aéalswlth ntmpmnrsorm@a?%f:@znpr&e RIPHWM mass 24

relative t fo%&evm'mrwmaﬂoﬁﬁpﬁﬁg?%ﬁ h diélb!:t‘né?ﬁdt%l 96 is SPolided bl the

condi tions an analysi's o by ‘exposi ng
tricarbo nyhassydlnellaemmaéw@l Qatcae spmpiiss sicanstioxideangiorsilican mifddes hown t hat

there is ittonall Lglt&ﬂ ﬂR}% bR RO Al 6 dn o *s!&ié dRSHHed Aghar di ngl y,
&l p ORI

in parti cdA present 1 nvention, oxidation of |ayer 22
can be avanaiedal, amhaasl fmexarapbo'lﬁazchorporat ion within mass 24 can be

avol ded. Si&gz,lgan be,d r?%rﬁ‘[alh?ﬁ of GERAGHHRALFal 26, égé’cd?{d%%ﬁg&tdr BMBRbdLPg but

it istob erst oo I'nvention can | So enconpass enbodi ment s
wher ei n cais formetover gieteetric orateriat Qﬁs Gapatiion elﬁ&h'gd@% carj cemofsenaetal and/eran,

particul arcongJO gtg/ c{btp%fi shigdm' 1f §Fé%trgai’é éé P&rﬁpf@%ts%étaf Qué}?@an id BFh&ge or nore

precursors € netal s can e one or nore of ruthenium

r EOdI um i mtlhzllngmredlnﬁnag atmqsahdaradisuvﬁs dﬂsclk@d rrevipugly foffermatian sbnaswdpect s of
t he invent C t I f

ol at i num . ARgnal ey ERePEIE A L. bbba BESTRhe s RELNS argie pebust Bah ©
conbi nat i ooxidizing athdephert. \mm@rmacvemuzommssm mezlemmlonn@@@p@c meteri dfngl vy,

l:t)rrg(ralnsgg cg?-ﬁ%c{rrgq lS%Eh ?r?atgr o nci QB Sy fié)@fﬂ% defyséx B8iRg aRh&akg-Sor that

han | nunm but™ suc t one precursor can
be utili zedrghnic peetoisoato @ndlwng |¢omilt1ms ;)Tﬁemxrobmgcqnvutoné@aewwqxw pl ati num

[0020] Aft ﬁégg};e%rc%giﬁa?@ g oth@ﬁﬁlge & st if fg% @aﬁﬁe{tér‘fal ”PBﬁFléH‘ahcezq’f thé highvi ded

over the £ P e n conprise silicon dioxXide and/or
silicon ni matetiel cordutises Tes@d, there oan ¢ tagionstin thel patesiplaviieh have aredsesart 26

can conpri %}maﬁ\gﬁ ?T%%tﬁ)e tgg?é%ﬂgwh of HWCq‘JeE's%lthaﬁw& h]g?esnal s%ntSP&ﬁ‘m?& Hi.e.J8805.

[0021] Aft ectric materi a a second aci t or
el ectrode that these rsmorediartoaiem thareskasid be presewtrin e steichicReHis @@Eo'ﬁhﬁbt rode 28

ggﬂpﬂ)gg;l ﬁ%tdrf t&, U u?%%g{]m'[)&? Pag)'l’cﬁﬁ JV (Rlatk HRPeLirel bk dHarfi&stieP6ang 8
high-k materlal Exposure of the tantalum-rich regions to oxidizing conditions can
convert such regions to Ta,Os, and accordingly improve the dielectric properties
associated with the regions.

[0022] Second capacitor electrode 28 can comprise, consist of, or consist
essentially of ruthenium, rhodium, iridium, cobalt, palladium, nickel or platinum; and can
comprise an identical metal to that utilized in mass 24, or a different metal than that
utilized in mass 24. In particular preferred embodiments, mass 24 will be formed by
exposing a metallo-organic precursor to a reducing environment, and will constitute a
first capacitor electrode; and mass 28 will be formed by exposing the same metallo-
organic precursor, or a different metallo-organic precursor, to an oxidizing atmosphere,
and will constitute a second capacitor electrode.

[0023] The masses 24, 26 and 28 of the Figure together define at least a portion
of a capacitor construction. Such capacitor construction can be incorporated into
various semiconductor devices, such as, for example, a DRAM cell. In embodiments in
which the capacitor construction is incorporated into a DRAM cell, there will typically be

a transistor gate (not shown) utilizing diffusion region 16 as a source/drain region, and



utilizing a reduci ng at nosphere as was described previously for formation
of mass 24. Alternatively, electrode 28 can be fornmed by exposing a

nmet al | o- ow@aniot73pr ecur sor to an oxi di zi ng at nosphere. | nppmafSer/eadl

enbodi ments of the invention, dielectric material 26 can conprise a high-k
material, and el ectrode 28 is fornmed by exposing a netallo- organic

precur sor fecasstindly glasicabinernnesies. to mass 24itaeughdifisiontiegionntd. dagueiur e oxi de
defi ci enci @wbaﬂ{en?@%ééyﬁrdé{h% @hbidbredh foftigokic BRE @Bpaditor E&{stm&wnce

if the high- mat erial conprises Ta205, there can be regions in

materi al which have an excess of tantalumrelative to the anmount of oxygen
so that the material is tantalumrich (i.e., so that there is nore

tantal umthan should be present in the stoichionetric relationship Ta205).
Such tantalumrich regions will lack the desired dielectric characteristics
of the high-k material. Exposure of the tantalumrich regions to oxidizing
conditions can convert such regions to Ta205, and accordingly inprove the
dielectric properties associated with the regions. [0022] Second capacitor
el ectrode 28 can conprise, consist of, or consist essentially of

ruthenium rhodium iridium cobalt, palladium nickel or platinum and can
conprise an identical netal to that utilized in mass 24, or a different
nmetal than that wutilized in mass 24. In particular preferred enbodi nents,
mass 24 will be fornmed by exposing a netallo-organic precursor to a
reduci ng environnent, and will constitute a first capacitor electrode; and
mass 28 will be fornmed by exposing the sane netal |l o- organic precursor, or
a different netallo-organic precursor, to an oxidizing atnosphere, and
will constitute a second capacitor electrode. [0023] The nasses 24, 26 and
28 of the Figure together define at |east a portion of a capacitor
construction. Such capacitor construction can be incorporated into various
sem conduct or devices, such as, for exanple, a DRAM cell. In enbodi nents in
whi ch the capacitor construction is incorporated into a DRAM cel |, there
will typically be a transistor gate (not shown) utilizing diffusion region
16 as a source/drain region, and 5 WD 03/017341 PCT/ US02/ 26191

accordingly electrically connected to nass 24 though di ffusion region 16.
In such enbodi nents, mass 24 can be considered a storage node of a
capacitor construction. 6 WO 03/017341 PCT/ US02/ 26191



CLAIM5S 1. A nmethod of formng a netal -conprising mass for a sem conductor
construction, conprising: providing a sem conductor substrate; providing
one or noOWe m®i Bl o- or gani ¢ precursors proxi mate the substPCatusp2/ad191 | east
one of the one or nore precursors not conprising platinun exposing the one
or nore precursors to a reducing atnosphere to release netal fromthe one
or nore pr@gumMsors; and depositing the released metal over the

sem conductor substrate to forma netal- conprising mass on the

sem conduc or ;%%%Eﬁo%t%effo%ingi:rgﬁ‘le@lﬁ rigi?ug%égs%rla YhiRicEhductdrRoRstRRtibAL €

conprises an u per-surtace onsistin one or nore of TiN, elenental Ti,
WN, el enerdoadprigthgTaN and el enental Ta; and wherein the upper surface is

exposed to the j -ﬁfﬁﬂa ing formation of the
met al - conpri si r%.gﬂg@é%gsf% e Qn@ﬁ%%*é?cl aim1l wherein the substrate
conpri sefs an oxpravidiablose wp pwre metalivsarganie pwcurserseRraximate thersybstEaigAti si ng
mass i s r med icall ﬁ%i PR orisiig” -t he oxi di zabl e upper
surface bg?%% 085%?5 q‘teo‘yrt e rpge}tl'jl(rzgld?ngnat nﬁ@gﬁ@?ﬁ' ﬁ‘?{nn t he rel ease o1|‘opat
| east sone of téuposiay dhe ore oMheremresugorsiio alredusing a,m@sgmett%el%m@ta't e
conpri ses an er I 15ting of one or nore of TiN, elenental Ti,
W, el emerffﬁc’(ﬂ1 H‘chﬁaﬁqﬁéﬁ%&%ﬁgﬂ%ﬁ“ Ta; and wherein the netal -conprising
(r:nlaz_s mli :‘Aﬁrneq qhipﬁ)sitingtheyretﬁjabdlg'[etalmelﬂbpéﬁmimﬁﬂ@@@ﬁu@tre‘@ﬂ@fQ’fﬂ't%G‘Gt%‘f

i erein. aon r . conprise rutheni [
the rel eas@ﬁ“%fngl'ﬁéssgq%e Sm&é‘ﬁ@"?‘%ﬁ‘i&g’?te' th he st bod oo

_ _ ONnSi StS ess ruthenium 6. The nethod of
claim1l wherein the one or nore precursors conprise rhodium and wherein
the rel eased neTlke methogiof claired yehereinlthe swistrateoramprises an YRRENAWTABR of cl ai m

1 wherein n%%gisﬂr'é@o%n lﬁo@rcﬁw,iﬁ%ﬁe MAMWRE eldmehital W, PMland\@igf@hial ¢ he

rel eased nsrsts essentially of iridium 8. The method of claim1l
wher ei n t hEa;ame voverein tiee pppet shEagess c¥peredde thaedreing aieespiges iRt he

rel eased gl ol GoRthe R ARSRRHLAD ase! cODAI T 7 WO 031017341

3. The method of claim 1 wherein the substrate comprises an oxidizable upper
surface; and wherein the metal-comprising mass is formed physically against the upper
surface; the oxidizable upper surface being exposed to the reducing atmosphere during

the release of at least some of the metal.

4, The method of claim 1 wherein the substrate comprises an upper surface
consisting of one or more of TiN, elemental Ti, WN, elemental W, TaN and elemental
Ta: and wherein the metal-comprising mass is formed physically against the upper

surface.

5. The method of claim 1 wherein the one or more precursors comprise ruthenium,

and wherein the released metal consists essentially of ruthenium.

6. The method of claim 1 wherein the one or more precursors comprise rhodium,

and wherein the released metal consists essentially of rhodium.

7. The method of claim 1 wherein the one or more precursors comprise iridium, and

wherein the released metal consists essentially of iridium.

8. The method of claim 1 wherein the one or more precursors comprise cobalt, and

wherein the released metal consists essentially of cobalt.



9. The nethod of claim1l wherein the one or nore precursors conprise

pal l adium and wherein the rel eased netal consists essentially of

pal | adi univo1G/017Be et hod of claim 1 wherein the one or mMPCE/USPERAIPEOr S
conprise nickel, and wherein the released netal consists essentially of
ni ckel . 11. The nethod of claim1l wherein the one or nore precursors
conpri se i carmbemydthodyidlaitmekatiereivethe ohbonmane prezursprrecargrisedPaliddivmai m 1

wherein the reduci a i . The method of claiml
wher ei n tﬁ@dr‘"’z"&[ﬁfri‘ﬂ% rgte%géfgﬁ]%gag Cg'ggrr‘{%é Fg%i‘“gﬁ ?f\F;aiﬁ aéotlﬂllg'hydr ogen. 14. The

met hod of claim1 wherein the reduci ng at nosphere conprises H2. 15. A

met hod of 1Dor niTing raethed of claionpwheisinthe®ne oF Hrore PERSHISOFNRRIBRSE NIkt @Ptct i on,

conpri si %eﬁz{irﬁgﬂeqje%%sgd ﬁ%@gl%%'gé{gtegéetrﬁiﬁﬁ&%fr @&l providing a

nmetal -co precursor proxi nate e substrate; exposing the
met al - conprising precursor to NH3 to rel ease netal from the precursor; and
deposi t i nd1t he Thelreetbed ohgainl 1 wiherein the onefr el RESCYFSOELBRTRTISELT$BPIHm  t he

nmet al _-con%&&%%d[gagsmthéﬁmm'[he met hod of claim 15 wherein the exposing
conpri ses exposing the precursor conprises to an atnosphere consisting of

NH3 to rel ease the nmetal fromthe precursor. 17. The nethod of claim 15

wher ei n t H&. pr dhermethod ofgains b whergimheiradycinghatmasehercopREseNBased net al
consists essentially of ruthenium 18. The nethod of claim 15 wherein the

precursor @WrTrﬁgﬁe&@&’@i’ HHim fMeldietRl r@duéiﬁ’g?atrnﬁﬂsgﬁé@%omieés saNaiedt s

essentially of r rum 19. The method of claim 15 wherein the precursor
conpri ses hydragieam and wherein the rel eased netal consists essentially of
iridium 20. The nmethod of claim 15 wherein the precursor conprises cobalt,

and wher eig thﬁqérﬁéﬁaé%ﬁcxaﬁﬁ @Mh@%iﬁlk%@d@cﬁﬁgf&@rﬂo%bhs’re@‘on@b@é Hy,. 8 WO
03/ 017341 PCT/ US02/ 26191 21. The nethod of claim 15 wnerein the precursor

819 WB;: f:gi {)ﬁ?{ ! al&j Imuert]llodaor%qforvnﬂr?g; g Imne‘calitcrc]ﬁ‘nprri(sailn(gaE%nsaes% f(r)rlp at gelmfégﬁcﬁ}c%rscoﬁs ?u%%ﬁ,al 'y
comprising:
providing a semiconductor substrate;
providing a metal-comprising precursor proximate the substrate;

exposing the metal-comprising precursor to NHs to release metal from

the precursor; and
depositing the released metal over the semiconductor substrate to form

the metal-comprising mass.

16. The method of claim 15 wherein the exposing comprises exposing the precursor
comprises to an atmosphere consisting of NH; to release the metal from the precursor.

17. The method of claim 15 wherein the precursor comprises ruthenium, and

wherein the released metal consists essentially of ruthenium.

18. The method of claim 15 wherein the precursor comprises rhodium, and wherein

the released metal consists essentially of rhodium.

19. The method of claim 15 wherein the precursor comprises iridium, and wherein

the released metal consists essentially of iridium.

20.  The method of claim 15 wherein the precursor comprises cobalt, and wherein

the released metal consists essentially of cobalt.

'



22. The nethod of claim 15 wherein the precursor conprises platinum and
wherein the released netal consists essentially of platinum 23. The

met hod ofwoloaiom3ib wherein the precursor conprises nickel pcarnsomb@pei n t he
rel eased netal consists essentially of nickel. 24. A nethod of formng a
capacitor, conprising: providing a sem conductor substrate having an

el ectrical 4ode hegpethedaf clairei 2pperemihgiprpusser spegrisgcralladivime pad whetain i n

el ectrical tRoORdI&dbd'\Mdthl doRSisRASentidN§ of GAIRAIUR].Cal i nterconnect conprising
conductivel y-doped silicon; formng a conductive material over the

el ectrical interconnect, the conductive material caonprising one or nore of
TiN, W, Tak: el EedRethrd eholaig) Erwhersin the PERRYIrsqs camprses P'W”‘#ﬁ‘?’(ﬁ?‘ﬁmﬂ‘?@e'a

net al | 0- or gR& rdleddel GhEtaIYonBER dsEBATRI BEpie@ifwct i ve material;  exposing the
precursor to a reducing atnosphere to rel ease metal fromthe precursor;

depositing the rel eased tal over the conductive material to forma first
capacit or elect rﬁ'@é’f‘e'SB?' gFﬂ@'”h?%Y"éFr@B’t e CrerrSaricampERRs NickRd gndvdierein ghri t or

el ectrode; rapésed PE BehsistS essndalgaiafker el ectrode over the dielectric
material. 25. The nethod of claim 24 wherein the precursor conprises

ruthenium ,and wherein_the released netal consists essentially of
rut heni um 2 ﬁ@ef{@pﬁg&ormn%?agpﬁ qn GABPEIMEt he precursor conpri ses

rhodi um and wheréliding blenicdnaasiefsiBtrale ROMY i Sedtfic Mbd@slppored’ hodi um
27. The ne of clalm 24 wherein the precursor conprises iridium and

t hod
wher ei n tHEerPQY;eased metal consists essentially of iridium 28. The nethod
of clai m 24 wherfginiing BE eRIcBREN iRFcHPBELTh SRStrical®htact AN theddRl the t he

B ek S SR k!
consi sts essent ifadnitg @fcopaldtiael riateriad o VP tRS3 1841734l intBlebhhEfl 2hd @dRductiv®. - The
met hod of Crlla ie.%l%ﬁm‘é"r‘.?ik& iorr}etop?no ergfc 'HN,SWN,('\I%NPQe?n%Snt l'l'g:[ ielgr%g]nta??idanvélher ein
elemental W;
providing a metallo-organic precursor proximate the conductive material;
exposing the precursor to a reducing atmosphere to release metal from the
precursor;
depositing the released metal over the conductive material to form a first
capacitor electrode;
forming a dielectric material over the first capacitor electrode; and

forming a second capacitor electrode over the dielectric material.

25. The method of claim 24 wherein the precursor comprises ruthenium, and
wherein the released metal consists essentially of ruthenium.

26. The method of claim 24 wherein the precursor comprises rhodium, and wherein
the released metal consists essentially of rhodium.

27. The method of claim 24 wherein the precursor comprises iridium, and wherein
the released metal consists essentially of iridium.

28. The method of claim 24 wherein the precursor comprises cobalt, and wherein

the released metal consists essentially of cobalt.

29. The method of claim 24 wherein the precursor comprises palladium, and wherein

the released metal consists essentially of palladium.



the rel eased netal consists essentially of platinum 31. The nethod of
claim 24 wherein the precursor conprises nickel, and wherein the released
metal corwpIBM1IBEEentially of nickel. 32. The nethod of clparrasazizeber ei n
the precursor conprises tricarbonyl- cycl ohexadi ene ruthenium 33. The

met hod of claim 24 wherein the reducing atnosphere conprises NH3. 34. The
met hod of &Pai mTha m@tb@cépfrplalﬁeﬂrwn@r@mﬁge@f&ﬁygq&ﬁé@r@pawla@w,a@@liwm@@

hydr ogen. ﬂ%r%G of é?ﬁ%oﬂ&st%'é%is t%ﬁymm;géﬁ{%_t he reduci ng at nosphere

conpri ses e nmethod of ¢ wherein the conductive materi al
consists of one or nore of TiN elenental Ti, W\, elenental W TaN and

el enental B4. 37hemiriherphriaimb?4 wherein the PrraFsar fompESasTuslel andyehareip the

el ectrode GQERdSRStal EMRAECLdeRtiMydPRRAeisi | 1 con. 38. The nethod of claim 24
wherein the second capacitor electrode conprises netal; and wherein the

form ng the second caBaci tor. el ectrode conprises exPosi n_g
net al - conpr@si nd hemertied et claig 2¢ wRergky the PERGYHS ReMerisesdr Q‘%@mﬂ’et hod of

cl ai m 24 whekehdkabiRfe s@HEAOCapaci tor el ectrode conprises nmetal; and
wherein the'formng the second capacitor el ectrode conprises exposing a

met al - conpr.i si ng precursor to an oxidizing, at nosphere. 40. The t hod of

cl ai m 24 wiSér ei fhereetaed shelaiphghwhersin tap equchi9RtitgapSe S8MPHERSIN L wher ei n
the dielectric material conprises an oxide; and wherein the form ng the
second capagi t orThelresthé®BEcISGiaES WhERInEKE eedutthgoatmebphere @oplisds yrtipateg ur sor
to an oxi gn;yZI ng at nosphere. 41. The method of claim24 wherein the second
capaci tor eOgFBde conprises netal; wherein the dielectric materi al
conprises an Ta205; and wherein the form ng the second capacitor el ectrode
conpri ses &5posiThg reth®d af claitP4 wheredh the esduciy atinospitere @smrigastd,. at nospher e
conprising one or nmore of N20, 02 and 03 10

36. The method of claim 24 wherein the conductive material consists of one or more
of TiN, elemental Ti, WN, elemental W, TaN and elemental Ta.

37. The method of claim 24 wherein the second capacitor electrode comprises
conductively-doped silicon.

38. The method of claim 24 wherein the second capacitor electrode comprises
metal; and wherein the forming the second capacitor electrode comprises exposing a
metal-comprising precursor to a reducing atmosphere.

39. The method of claim 24 wherein the second capacitor electrode comprises
metal; and wherein the forming the second capacitor electrode comprises exposing a

metal-comprising precursor to an oxidizing atmosphere.

40. The method of claim 24 wherein the second capacitor electrode comprises
metal; wherein the dielectric material comprises an oxide; and wherein the forming the
second capacitor electrode comprises exposing a metal-comprising precursor to an

oxidizing atmosphere.

41, The method of claim 24 wherein the second capacitor electrode comprises
metal; wherein the dielectric material comprises an Ta,Os; and wherein the forming the
second capacitor electrode comprises exposing a metal-comprising precursor to an

oxidizing atmosphere comprising one or more of N,O, O, and Os.
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