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PCT Gazette: CN r-4 (54) Title: METHODS FOR PREPARI NG RU HENI UM METAL
FILMS (57) Abstract: The present invention provides nethods for the
preparation of rutheniummnetal filnms fromT aid th r e g ru num COm

pl exes of the formula (diene)Rn(CO 3, wherein "diene" refers to |inear,
branched, or cyclic dienes, bicyclic dienes, tricyclic dienes, ']
fluorinated derivatives thereof conbl nat ions thereof, or derivatives

t her eof additi onaMRBTHC PERTN ENTEME VST A as Si, Yy : S, Se,
P, As, N, or O in the presence of an OXIdIZI ng gas. .,7 SEP 2004 . WO

01/ 66819 PCT/ USO1/ 07402 METHODS _FOR PREP G RUTI EN w' _METAL FILMS Field
of the Invention This i nvent i onFIemmﬂghraaﬁohe preparation of ruthenium

films using chem cal and li.quid ruthenjum precursors.
Background of the Inven olﬂveg 1?% g‘frh‘ B&“@F’&‘B‘F‘ US8t heni um
filnms, -are bemhemmajvapom'pcpbsmmaﬂmmnﬂmmimpreaﬁsoﬁ.ectroni ¢ and

el ect‘rochem' cal applications. For exanple, rutheniumfilmnms are generally
unreactive to silicon and netal oxides, and are good conductors. Filns of

rut heni um have suitabl e propeBadkemuhdiof the Invention -
5° Films of metals, particularly ruthenium films, are becoming
important for a variety of electronic and electrochemical applications, For
example, ruthenium films are generally unreactive to silicon and metal oxides,
and are good conductors. Films of ruthenium have suitable properties for a
variety of uses in integrated circuits. For example, they can be used in
‘10 integrated circuits for electrical contacts, They are particularly svitable for use
as barrier layers between the dielectric material and the silicon substrate in
memory devices, such as ferroelectric memories, Furthermore, they may even
be suitable as the plate (i.e., electrode) itself in capacitors.
There are a wide variety of ruthenium compounds that can be
15  used as precursors for the preparation of such films. Many are particularly well
suited for use in chemical vapor deposition techniques. See, for example, U.S.
Pat. No. 5,372,849 (McCormick et al.), which discloses the use of ruthenium ' |
compounds containing carbonyl ligands and other ligands. However, such
compounds typically form dimers, which are less volatile and not as easily used
20  in chemical vapor deposition techniques. Thus, there is a continuing need for
methods for the preparation of ruthenium films using chemical vapor deposiﬁoh
techniques.
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variety of uses in integrated circuits. For exanple, they can be used in 10
integrated circuits for electrical contacts. They %s@prmgﬁl arly suitable
for use as barrier layers between the di-electric eria d the silicon
substrate in nenory devices, such as ferroelectric nenories. Furthernore,
they may even be suitable as the plate (Le., electrode) itself in
capacitors. There are a wi de variety of ruthenium conpounds that can be 15
used as precursors for the preparati @ of such filnms. Many are particularly

wel |l suited for use in chemgg J eilg‘;%o ition techni ques. See, for
exanple, U S. Pat. No. 5, 37?&#&% al.), which discloses the
use of ruthenium conpounds containing carbonyl |igands and ot her |igands.
However, such, conpounds typically formdinmers, which are less volatile

and not as easily useg,[eag,dgﬂ ﬁ;@ ' i tion te hni ques Thus,
there is a contjnuing need fo E‘%&ﬁﬂm E%Rﬁeng’%gm%?]é%?fﬁlﬁ rut heni um
filns usi ngPENidkd -dap hgshaspect a%tbgmmenblnvennec tietecjeip®videba ﬁietﬁochfP 2004 2 Summa

of the | nvemah‘ggctﬁ{g%r}qgﬁ] ¥oTs p. of rutheni. m nmetal filns may
be provided a ftirst as ug%{]&rg?tﬁ& %Eg'%eglggﬁ?mpnﬁ PERPBNE R here is provided

a nethod of S‘f?ﬂ?ﬂiﬂ&‘é‘?ﬁfﬂb%ﬁ&f sbpatenshinbl prostdingatliqnid préctisormet hod conpr i si ng:
providing acofigiitioR BsHssRY Foﬁy&%ﬁ(ﬁ@&cﬁnsp%{ma%?ﬁ]%rf&}.&ﬁﬁ "F%{)Unprovl ding a

l'iquid precursor conposition conprising one of more” &y ds of the
formula (Formula 1): (diene) Ru(@a@e)Ru{Kdsein: "diene" refers to linear,

branched, okvhext *dfene! RRESo liRdaE YidnkiEd! li,c _di enes, fluorinated
derivatives thereof, deri Vg.tl ves t11 erdér%pt'q%éhepg 1&?/ﬁ%cdlel(%eosnt ai ni ng

het er oat oms THel dienes Aporiated dprivatives ghereof derivatives|theprof ﬂddltmml}onbl nations

t her eof ; VaB&fﬂl&hQHﬁt&bﬁoM éﬂlh’iﬁ@iﬁﬁ&cg{ §% BOAPRSH %rcom ina %r m vapor i zed
precursor conposition: and di recting thé vapotized precursdr conposition

in conbi nat HSFFOL KPRORZIE theé‘aélti PER S epriPsitiog t@@)sesaﬂoessi poocugbzi ng t han 02
toward the sSefpRHORUGE Bkectingiis Hp%&d%ec&lé&%@&sﬁlg P& b forma
or 'su

rutheniumnetal filmon a surface of con Bt rate or
substrate a¥¥Bablesst onsoxidizinggases lespexidizingthan Qgtogas ﬂnessehmaducmxi di zi ng than

oxygen (02) subkits orBabdaar a6:3MbE%o fé%ﬁ%'r'.!l é?ﬁhn?ﬁ@@ffﬂé;t ﬁréc‘ér such as
t hose contai ning one or nore Snal aspect ra 'S AR B8 (e.qg.,
openi ngs or semiconductor substrate or substrate assem ly. Preferably, the oxidizing gas is less

oxidizing than oxygen (O;). This method can be useful on complex structures, such
. as those containing one or more small high aspect ratio features (e.g., openings or
post-type structures), which typically require excellent step coverage.
In a second aspect of the present invention, there is provided a

method of manufacturing a semiconductor structure, the method comprising:

providing a semiconductor substrate or substrate assembly, which
is at a temperature of about 130°C to about 300°C, contained
within a reaction chamber baving a pressure of about 107 forr to
about 1 atmosphere; |

providing a liquid precursor composition at a temperature of
about 20°C to about 50°C, the precursor composition comprising
one or more compdunds of the formula (Formula I):
| (ieneRu(CO),
wherein “dienc” refers to linear, branched, or cyclié dienes,
bicyclic dienes, tricyclic dienes, fluorinated derivatives
thereof, derivatives thereof additionally containing

heteroatoms such as halide, Si, S, Se, P, As, N, or O, or
combmatlons thereof



post-type structures), which typically require excellent step coverage. In
a second aspect of the present invention, there is provided a nethod of
manuf acturi ng a sem conductor structure, the nethod-zngﬁbigmﬁ_ provi di ng
a sem conductor substrate or substrate assenbly, a tenperature
of about 130C to about 300C, contained wthin a reaction chanber having a
pressure of about 10-3 torr to abouZal atnosphere; providing a liquid
precursor conposition at a tenperature of about 20C to about 50C, the
precursor conposition conprising one or nore conpounds of the formula
(Formula I'): (diene)Ru(CO 3 wherein "diene". refers to |linear, branched,
or cyclic dienes, bicyclic dienes, tricyclic dienes, fluorinated

derivatives thap@bingtﬂeli W :b&@s%r&&iﬁﬁcﬁ%n%jﬂiﬂﬂv ?ihléi’ cont ai ni ng
or U,

het er oat ons such_as hallde Si, . S conbi nati ons
thereof ;-7 S EW“?UEﬂ‘?B“VﬂBﬂ%?%@ng the I|qU|d precursor conp05|t|on to form

vaporized precdivesfis RE’ ? t. th vapori zed precursor
conposition in conblnatlon m? Qﬁmg&@f%ﬁ%0%§l %?Png gas | ess oxidizing
than OZ t owar d Wifeat leashope exidiging gas lewivsidizngthar Ostobvsidniat e assenbly to form a
rut heni um net alsedichfdulidbe Substtiid S5GbRhie %@gm&ﬁqb(gnductor substrate or

0

substrate assenbly.. In a third-aspect present i nvention, there is
provi ded a netH H“HP”WﬁﬂﬁﬁaeﬁaﬂkﬁﬁPef@&%m@umdmmucmm&mmucture t he met hod
conpri si ng: prqwkdgﬁgbaséﬁg&ponductor substrate or substrate assenbly;
Providing a liquid precursor conposition conprising one or nore conpounds

of the formula (FOﬁFW£ug % “éﬁ@ gﬂ“%ﬁ@%@ Wge%eln "diene" refers to
| i near, branched, or P{PE REY P thergs@rydded; ¢ cycl i ¢ di enes,
fluorinated demiethat Df/ma;nufacturmg a semiconductor structure, the method
comprising:
pmﬁding a semiconductor substrate or substrate assembly;
provxdmg a liquid precursor composition comprising one or more
compounds of the formula (Formula I): !
(diene)Ru(CO),
wherein “diene™ refers to finear, branched, or cyclic dienes,
bicyclic dienes, tricyclic dienes, fluorinated derivatives
thereof, derivatives thereof additionally containing
heteroatoms such as halide, Si, S, Se, P, As, N, or O, or
combinations thereof: '
- vaporizing the liquid precursor composition to form vaporized
Pprecursor composition;
directing the vaporized precursor composition in combination
with at least one oxidizing gas less oxidizing than O, toward the
semiconductor substrate or substrate assembly to form a
ruthenium metal film on a surface of the semiconductor substrate

or substrate assembly; and

annealing the ruthenium metal film_

1In a fourth aspect of the present invention, there is provided a

method of manufacturing a semiconductor structure, the method comprising:



t hereof, derivatives thereof additionally containing heteroatons such as
halide, Si, S, Se, P, As, N, or O, or conbinations thereof; vaporizing the
liquid precursor conposition to formvaporized precursgr S’:Eﬁ;pgg[]t’fl on;
directing the vaporized precursor conposition in conbination wth at |east
one oxi dizing gas |ess oxidizing than OZ toward the sem conductor
substrate or substrate assenbly to forma rutheniumnetal filmon a
surface of the seniconductor substr@e or substrate assenbl y, and

anneal i ng t he pwividing asemiveddattof substrateror aulfstrate hdserallipect of the present

I nvention, ther - provi-de t hod of facturing a sem conduct or

structure, thecgn%l{)%g%a%ﬁaﬁ?g??nﬁg@g?ggﬁ%%tmodi ng a sem conduct or

substrate or sdtesat e assenbly conprising a surface having one or nore

smal | high aspect._fratip  features; providing.a |iquid precursor conposition .

conpri si ng onePEY g PFRSYR FOmBYSIHORSOMBTTINg ope OFBPRY| a 1) :

(di ene) Ru( CO) 3 comippsiindy of thedbrintx'(Féréfuly Tk to | i near, branched, or cyclic

di enes, bicyclic dienes,-tricyclic dienes, fluorinated derivatives

t hereof; derivatives thereof(dgaeRu(CNal | y contai ning heteroatons such as

halide, Si, S, Se, As. N, oar 0. or ., copbjnations thereof; vaporizing the

li qui d precursor c‘gr%%"sli ?ngnm?%sﬁ‘o(g'?’%r\/b%%g}fyzgﬁ’ydﬁr @ sor conposition; and

di recting the vapobicwliddipsesddcyslic diemgiustitataiderivatioanbi nation with at | east

one oxi di zi ng gas xd di 7] t .02, towar.d the sem conductor substrate
P, S el

or substrate asse orm a Efilmon the surface of the
sem conduct or  subbsteredtenseuchsashbalideaticS,BesB sl W, drdyiong t he one or nore high

aspect ratio featuges. e . ihercof

vaporizing the liquid precursor compoﬁition to form vaporized
precursor composition; and

directing the vaporized [.)recursor composition in combination
with at least on¢ oxidizing gas less oxidizing than O, toward the
semiconductor substrate or substrate assembly to form a |
ruthenium metal film on the surface of the semiconductor -
substrate or substrate assembly having the one or more high
aspect ratio features.

In a fifth aspect of the present invention, there is provided a

method of forming a ruthenium metal film on a substrate, the method comprising:
providing a substrate;
providing a liquid precursor composition comprising one or more
compounds of the formula (Formula I):
(diene)Ru(CO), -

wherein “diene” refers to linear, branched, or cyclic dienes,

bicyclic diencs, tricyclic dienes, fluorinated derivatives

thereof, derivatives thereof additionally containing

heteroatoms such as halidc, Si, S, Se, P, As, N, or O, or

combinations thereof;

vaporizing the liquid precursor composition to form vaporized
precursor composition; and

=S

directing the vaporized precursor composition in combination
with at lcast one oxidizing gas less oxidizing than O, toward the
substrate to form a ruthenium metal film on a surface of the
substrate, |



In a fifth aspect of the present invention, there is provided a nethod of
formng a rutheniumnetal filmon a substrate, the nethod conpri sing:
providing a substrate; providing a |liquid precursor conpz gﬁpn ggli:rpri si ng
one or nore conpounds of the forrrula (Formula 1): (diene) CO; 7 wherein
"di ene" refers to |linear, branched,2%r cyclic dienes, bicyclic dienes,
tricyclic dienes, fluori nat ed derivatives thereof deri vatives thereof

addltlonally cont gi t at o Si, S Se, P, As, N,
or 0, or' conbi nglt rgﬁ)){r]]ilgasl‘) Egro g%‘ preseng‘(??f‘?“;'i’?lsﬁeﬁ’é pfq"?ﬂﬁf'a“}ﬁp’@éaf sor

conposi tion tomm!faﬁlmages¢rmemdugomcmrthemame$d:dnh;@ﬁmgand directing the
vaporized precursatr composition jn combination wth at |east one oxidizing
gas | ess oxidi }° é%‘@‘?“ &r substpdaasgemblyt o f orm a rut heni um net al
filmon a surfaﬁ@mﬁ:ghb&faosmﬁigroa&&m&eﬁnﬁlﬁ’g@% Afic! N a sixth aspect of

t he present in}sl Etl "31" here I S prov ed a rrethod of manufacturing a

seni conduct or S§t Ap¢ ubrow di ng a sem conduct or
substrate- or sMCrmmsmﬁdﬁmﬁﬂsﬁﬁtsﬂeref ace having one or nore

smal | hi gh asp rati o which is at a tenperature of about 150C
to about SSOCESSV%WQ %a"? "c’iﬁmﬂ’éflﬁfnbﬁl’&?f‘g&te or substrate assenbly
i s contai ned wptelsine ofiaboesl®it@ntoabai i afim ng a pressure of about 10"3

torr to about 1 at m)s%here providing a liquid precursor conposition at a
tenperature of Pro¥idig a liawdpregiegs sepapostion ataHemperatweiok or  conposi ti on

CONPrising  oNnghoRr 20M0 kCabbRBAE LS r&i.mm%nipﬁ{. ! Qeula r): |
(diene) Ru(CO) 3 wherein "diene" refers to ﬁr?gé‘?m'g §nched or cyclic

di enes,  bi cycPEr BPEfGPons offhq fopnul EnmenlaB1 uor i nat ed derivatives
t her eof , derivatives ther eof(d@%%&(bagal | y contai ning

wherein “diene” refers to linear, branched, or cyclic dienes,
bicyclic diencs, tricyclic dienes, fluorinated derivatives
thereof, derivatives thereof additionally containing
hetemato_ms such as halide, Si, §, Se, P, As, N, or O, or
combinations ihereof; — ‘
vaporizing the liquid precursor composition to form vaponzed
precursor composition; and |
directing the vaporized precursor composition in combination
with at least one oxidizing gas less oxidizing than O, toward the
semiconductor substrate or substrate assembly to form a
ruthenium metal film on ‘the surface of the mﬁiwndudor
substrate or substrate assembly having the one or more small
high aspect ratio features.

In a seventh aspect of the present invention, there is provided a
method of manufacturing a semiconductor structure, the method comprising:
_providing a semiconductor substrate or substrate assembly;
providing a liquid precursor composition comprising one or more.
compounds of the formula (Formula I):

(diene)Ru(CO),



het eroatons such as halide, Si, S, Se, P, As, N, or 0, or conbinations

t hereof; vaporizing the liquid precursor conposition to fs(rgrp)v I zed
precursor conposition; and directing the vaporized prec_ﬁr cﬁﬁ@%si tion in

conbination wth at |east one oxidizing gas |ess oxidizing than 02 toward
the sem conductor substrate or substjgte assenbly to forma ruthenium
netal filmon'the surface of the sem conductor substrate or substrate

assenbly havi ng M&@n@e&vwm}gﬁmﬂjﬂmmﬁaﬁm@ati o features. In a
sevent h aspect o resent inventjon, there is provided a nethod of

. the n, .t
manuf acturing a E’SYﬁl'&' Gielicfipnesfiyopnatedderivaliveiod conpri sing:  provi di ng
a sem conduct or gHi¢RsL daivatives therebadditib@alla Sentdiiihgy , provijdi n]g ahl i ]9ui d I
precursor conposjtion conprising on r. nor onpounds of the formula
(Formula 1): (di ﬁ%‘)’ﬁf(‘%w&%ﬂ?’ﬁ'%&e? "diene" refers to
| i near, branched combinatiyislthegeoti enes, bicyclic dienes, tricyclic dienes,
fluorinated derivatives _thereof, derivatives thereof additionally
cont ai ni ng - heapesizng thatiquid peisusser composition tsformgapodeed P As, N, or 0, or
conbi nati ons 4 BerBPLompYdRAY 4val Ng the liquid precursor conposition to form

vaporized -precursor conposSition; and directing the vaporized precursor
composi ti on i directingthenaporaed predutdor ampositien inooabisatiodi zi ng gas toward t he

sem conduct or_ . A{*ie%&r @%ﬁhﬁ%@@e%ﬁ&? (L0 forma rutheni um netal
film on a surtace of the s conductor substrate or substrate, assenbly.
I n an ei ght h subpwtsor abstiateaspmblydn formmasethtiiommetah@ile i s provi ded a net hod
of formng a 5#{&%&%%%& ﬁ&&&pmﬂﬁnﬁeﬁ}' te, the nethod conpri sing:
provi ding a substrate; provi ai ng a l'i-qurd precursor conposition conprising
one or nore assembly. . ' .
In an eighth aspect of the present invention, there is provided a
method of forming a ruthenium metal film on a substrate, the method comprising:
providing a substrate;
providing a liquid ptecmsoi' composition comprising one or more
compounds of the formula (Formula I):
(diene)Ru(CO);
wherein “diene” refers to linear, branched, or cyclic dienes,
bicyclic dienes, tricyclic dienes, fluorinated derivatives
thereof, derivatives thereof additionally containing
beteroatoms such as halide, Si, S, Se, P, As, N, or O, or
combinations thereof:
vaporizing the liquid precursor composition to form vaporized
precursor composition; and
directing the vaporized precursor composition in combination
with at least one oxidizing gas toward the substrate to form a
ruthenium metal film on a surface of the substrate.

In a ninth aspect of the present invention, there is provided a
method of manufacturing a semiconductor structure, the method comprising:
providing a semiconductor substrate or substrate assembly; providing a liquid
Precursor composition comprising one or more compounds of the formula
(Formula I):
(diene)Ru(CO),

wherein “diene” refers to linear, branched, or cyclic dienes,



conpounds of the formula (Formula I): (dieae)Ru(CO wherein "diene" refers
to linear, branched, or cyclic dienes, bicyclic dienes, &Eé%‘%c di enes,
fluorinated derivatives thereof, derivatives thereof ?j ' (LY
containing heteroatons such as halide, Si, S, Se,-P, As, N, or 0, or

conbi nati ons thereof; vaporizing the liquid precursor conposition to form
vapori zed reecunsor c ition: and directi t vapori.zed _precursor
conposi ti onﬁf c(ﬁ?: 81%‘?8#5&8{@3%%16\9\% log =r;{f"de‘agf{;:s va%vﬁ%&gQPgs?fv ve§erPhbwar d t he
subst r at e t miditonatlyontainingdwictatoms swh ab hdlide (8i, § S8, A€, 09D, bthe substrate. In
a ninth aspggt,.of. the. present invention, there is provided a method of
manufacturing a sem conductor structure, the method conprising: providing

a seni conduedporiziag b 1igaid prediirs&bmbssaion G HBR FRlotzedPr@isd Ng a liquid

precursor c : i.8ipg . one . or nmore- conpounds .of the fornula
(Fornul a 1) 9%?‘%%%%%%%@%& tﬁ%/\ﬁ%?%eﬁ P%a‘l“é%ré*’ TPAYENIN FNNAHEL  branched, or
cyclic di enwsh aflessEme28{dizinges fowerndthd semitioademr sibisiraty 6 substidieenes,

fl uori nated Lvatd f, ' i ves t.hereof ..additionally

cont ai ni ng Wg%@%%%ﬁ&g%gﬁ%g@w;ﬂﬁ é,‘%gfe,m enigg megl fggony o o " or

conbi nat i onsurfabeefdhdf semicapdicior subgtratée shbsgatiedsspmblyur sor conposition to form
vapori zed precursor LEiQn: ' i t he vappri zed precursor
conposition in conbi ngltoz{r%%ﬁE%Bl!eﬁ%fgl'?ggaeg%{nggnﬁfgg’%})ﬁr%fsfln‘h "835 toward the

sen conduct oethed bforminga oithegivionetal tfidm on g sehsivaty, thaométhosdwnoatprilimast about a 95
atom - % purgr()w[ gnisipaetal filmon a surface of the sem conductor
substrate o ubStrate assenbly. In a tenth aspect of the present

i nvention, piemdmgiadigprdpydctiser campesitioh sdmprfisifgomeiongioz compduads ofm metal fil m on
a substrat ethetfgt‘ﬁmmi?&%ﬁnla' nprising: providing a substrate; providing a

| i quid precursor conposition conprising one or nore conpounds of the
fornmula (Fornula |): (diene)Ru(CO), .

wherein “diene” refers to linear, branched, or cyclic dienes, bicyclic dienes,

tricyclic d_ienes, fluorinated derivatives thereof, derivatives thereof additionally

containing heteroatoms such as halide, Si, S, Se, P, As, N, or O, or combinations
thereof;

vaporizing the 11‘qﬁid precursor composition to form vaporized precursori'
icomposition; and‘-.‘directing the vaporized precursor composition in comBination
with at least one oxidizing gas toward the substrate to form at least about a 95
atom-% pure ruthenium metal film on a surface of the substrate.

Complexes of Formula I may be neutral complexes and can be
liquids at a temperature within a range of about 20°C to about 50°C. They can be
used in flash vaporization, bubbling, microdroplet formation techniques, etc., as
neat liquids or in combination with an organic solvent. As used herein, “liquid”
may refer to a neat liquid (a liquid at room temperature or a solid at room
temperature that melts at an elevated temperature up to about 50°C), or a liquid or
solid in a suitable organic solvent. Suitable organic solvents that could be used
include hydrocarbons such as hexane, pentane, and toluene, for example,

The methods may be well suited for forming films on a surface of
a semiconductor substrate or substrate assembly, such as a silicon wafer, having
high surface area topology, such as high aspect ratio openings formed thérein, but

such gaps are not required, used in forming



(diene) Ru(CO 3 wherein "diene" refers to |inear, branched, or cyclic

di enes, bicyclic dienes, tricyclic dienes, fluorinated derivatjves

t hereof, derivatives thereof additionally containing het @ro%EMDﬁAch as
halide, Si, S, Se, P, As, N, or 0, or conbinations thereof; vaporizing the
| i quid precursor conposition to form vaporized precursor', conposition;
and directing the vaporized precursor conposition in conbination wth at

| east one oxidizing gas toward the substrate to format |east about a 95

at om % pintegratadtciremisulisriebeaindeistond that the maﬂxé@caeemﬂimhei tsubstrate. Conpl exes

of Fornmu a n be id at a tenperature
within ahe%zgéﬁtée o!féaﬁ:lglgg{t%e %&ﬁp %B‘be[e%?&gg%g&%aeﬁ %aéiﬁu e“ffiged in flash

vapor i zawiien gtehaivblbe usgi asrwedly ABe,dld methdds cansbd wed merhbdm-ques etc., as neat

| i qui ds gﬁpf d her e| n, "liquid"
may ref e?x'él%l%tgratgneaf it ﬂ%%uﬁﬁra&%gﬁgﬂtg%los% n uctor%ubsr%tgi Sr a solid at room
t enper at m@bwmasmibh@calubalﬂﬁeéinéh@mtuoctseﬁm:acludeefqupcampleabout 500), or a
liquid o anlg jn %QQ' bl e organi c sol vents

t hat couFlb r%e used If?hne? i ocar ohozglgb\égﬂé Ors%exgne pent ane, and

t ol uene, assemblitbmigims carﬂ%ﬁefomwudcgiymayheﬂewmmmmduom sérfce 6OrmMing filnms on a
surface gf @k&@rﬂr% gébﬁﬁe asse such as a
silicon vva u havi n é C}E sur?gl%%tgr@ée gﬁ%‘ {agérg(lsuc H:gssyhl gh aspect
ratio opéﬂf\mﬁg’sﬁmd It fhé@f@mnle Bus, thesteuh “sgaponducer nbbtratedouiyr ed, used in
formng refer SR04 seﬁuéoﬂﬁlﬁ:&l’r?g fhg i vleSt Ia)!'eF of Hlichf glnder st OOd that the
nmet hods are not limted pos fion on silicon walrers: father, other
types of Walf exassilicen dpyer dgpesitedion amphenthaterial sushes §Ill®n@n)sapphm be used as well .

Al 'so, thepdRiheds;ioaiicRe e iBenti t echnol ogy.

Furt her nor e, substlrat é;s gt her Ee an %erﬁngggﬁgﬁcdf#}ﬁscﬁ %Ctroét es or substrate
assenbl i é@sﬁﬁﬁhﬂy@g@éﬁfﬁlﬁreﬁmﬁﬁeﬂttﬁ'@ms formeg theiepw| ude, for exanple, fibers,
wres, etc. If theﬁwg%;ﬂbga htSa 9&9; Ssubstrate
asserrbl y, the filnms can mgr me tgl rect ng-,i %éy%g'ﬁwna’%&gem conduct or
surface Wmtf%@feﬁiﬁ%!mf@aSBlffacph’e@Ql}anrlberefsmalhhahmpccamodéaMes\mylbety of the

layers (rRided 66 b5 a ﬂﬁmu@m@st@gg@m&%n%@&ﬁiﬁc nlifhor€xanpl e. Thus, the

term "sem conductof Substrate er Pase seni conduct or | ayer,
e.g., theubstieatsubsipierasssmbly; wluebma)'rbﬁ ppsgi to mheater prafemblyaetad si | i con | ayer
deposi t eqi tgﬂpe@zﬂﬁpe %Féboﬁ?fsﬁ*d falaballﬂ §§b é?mgxle pl'e?&ghl? atd t%}%Be%t[lr% of ‘

about 200°C to about 250°C), and may be contained within a reaction chamber

preferably having a pressure of about 10 torr to about 1 atmosphere {more

- preferably, having a pressure of about 0.1 forr to about 10 torr); providing a liquid
precursor composition preferably at a temperature of about 20°C to about 50°C, the
precursor composition may comprise one or more compounds of Formula I;
vaporizing the liquid precursor composition to form vaporized precuzsor
composition; and directing the vaporized precursor composition, which may be in
combination with one or more oxidizing gases toward the semiconductor substrate
or substrate assembly fo form a ruthenium metal film on the surface of the
semiconductor substrate or substrate assembly having the one or more small high
aspect 1atio features. Preferably, the oxidizing gas is less oxidizing than oxygen
©2).



The term "sem conductor substrate assenbly” may refer to the sem conductor
substrate having one or nore |ayers or structures forned thereon. In one
enbodi ment, a nethod of manufacturing a sem conductor structure, preferably
having a surface !'with one or nore small high aspect T?EP gggit.ures may be
provi ded. The nethod may include the steps of providiln sem conduct or
substrate trate assenbly, which nmay be exposed ter
preferabl?ﬂgg?agi a tenperature of about 150C to abod%ﬁggﬁgﬁﬁ’ re
preferably, at a tenperature of about,200C to about 250C), and nay be
contained within a reaction chanber p?eferably havi ng a pressure of about
10-3 torn to about | atnosphere (nore preferably, having a pressure of :
about 0.1 tort to about 10 tort); providing a liquid precursor conmposition -
preferably at a tenperature of about 20C to about 50C, the precursor '

conposition may conprise one or nore conpounds of Formula I; vaporizing
the liquid precursor conposBtief@esdriptivenfnheBrawinged precursor conposition;

combi nat on i th-one: oF Sd® bPEFIAGE JaBal afiient el *2HH conduct or
substrate orsuitabils for atedn desmtlipd pf the pfesmbineentiot.heni um netal filmon the
surface of .the sem co QL. st r.a . subst.r.at e assenbly having the
one or m)ré smal | hi ghi}%gg&e]%%%|os#oeasﬁfd‘?%’&‘s%@ﬂemy, t he oxi di zi ng
gas i s | ess oddpdsiiéonmtimestona mpooespard the pB29nt inverfiol with 200 4oMfaralits 66819

PCTI USO1/ 0740&&2@(3‘1@ Oﬁeg%iowmh%%s@@%&gsﬁmlﬂxe=k. S a schematic
of a chemical "vapor ‘deposition systém sSuitabte Tor use inzthe nethod of
the present i nsdindepositiGyfdcgesde 2 is a graph that shows thickness of filns
versus deposition ti 1 is 8 PRGN td REINGESGREGh IR O Wi Eh 120
conpared to no oxidizer = no oxidizer us I'n d%p05|t|on process;
"Alt Ox" =10\2eesistigtydor two PrEPatadusing o prosesy of the preset igvéngomwigh aph t hat shows
t he thickness ﬁ%& e s il de¥ddi f11 s prepared
using a pr oceggﬁg@pufg}grn%%%\&g%g‘\iﬁgnt]_onn%v(\%xty‘jﬁieyh%gﬁnc%e%%édgd or no oxidizer
("No OX= no oprogesset {op nglepasition Pyoeesddess; "Alt Ox" = N20 used in
deposition process). Defiled Description of Preferred Enbodi nents

iled Description of Preferred Embodiments
15 ' The presént.invention provides methods of forming a ruthenium
metal film using a vaporization technique (e.g., a chemical vapor fleposition
technique) and one or more liquid mthenium complexes. Specifically, the
present invention is directed to methods of manufacturing a semiconductor
device having a rutheninom metal film thereon.
20 The liquid ruthenium complexes are of the following formula
(Formula I):
(diene)Ru(CO),
wherein: “diene” refers to linear, branched, or cyclic dienes, bicyclic dienes,
tricyclic dienes, fluorinated derivatives thereof, derivatives thereof additionally
25 containing heteroatoms such as halide, Si, S, Se, P, As, N, or O, or combinations
thereof. Preferably, the diene ligands include about 5 to about 8 carbon atoms,
and more preferably, about 6 to about 7 carbon atoms. These precursor
complexes are described in Applicants’ Assignees’ copending patent application
entitled “Precursor Chemistries for Chemical Vapor Deposition of Ruthenium
30 and Ruthenium Oxide” having U.S. Serial No. 09/141,236 (Micron Docket No.
97-0675), and filed on August 27, 1998. They can be prepared according to. -



15 The present. invention provides nethods of formng a ruthenium netal
fil musing a vaporization technique (e.g., a chem cal vapor deposition
techni que) and one or nore |liquid ruthenium conpl exes ecifically, the
present invention is directed to nmethods of manuf ac?usiE"ng Zﬂ&‘em conduct or
device having a rutheniumnetal filmthereon. 20 The |iquid ruthenium

conpl exesvﬁf,ﬁmgg'wt he follow ng formula (Formula 1): (&gﬁgﬁ%@&@ 3
“dil ene’ ,

wher ei n: refers to linear, branched, or cyclic bi cyclic
di enes, tricyclic dienes, fluorinated_derivatives thereof derivatives
thereof additionally 25 contai ning het &r oat oms such as halide, Si, S, Se,
P, As, N, or O, or conbinations thereof. Preferably, the diene |igands

i nclude about 5 to about 8 carbon atons, and nore preferably, about 6 to

about 7 carbon at . _Jhese .precursor. ¢ Xes, afr.e cribed in

Appl i cant s’ Aggtlgﬁ(%'erﬁs&m{%cg 2R ioﬁﬁcc?)rg'tnﬁﬁ?m%i &S U&i?ﬁ?‘?‘ “ " Precur sor
Chem stries f886XHém cal Vapor Deposition of Ruthenium 30 and Rut heni um
Oxi de" having U. S. Serial No. [ 141, M. Dock No. ., 97-0675), and
filed on August 27, 19955”?@5%3@2%“8%1@2%‘&?‘8%{’@?%‘% FEent 7 s £ p 2004
WD 01/ 66819 Pin¥éitis dretiewt? conpleehadsrdianils atyecn tdagremtute @areaccordi ng to

met hods desgcr ' e ] 16. |.exes, of Formula |
that are sﬁ"{l;ta eaﬂfrg?lybegj@egﬁﬁ?ﬁ%%ﬁ&gnﬁl&aﬁ\;&mﬁeﬁ%%a%@hﬂaI conpl exes
and are |i qui §8°GitTheseeomplergsaresuilable for use irevaporizatiomiechniquesem, t enper at ur e
that nelt at e@bﬁ aﬂ 0 . Lhese conpl exes are
sui table for Eﬁsl"é’gl&%%%ﬁggﬁ n (liac n@‘&%}éss&?%.%és?wpgﬁ?%o%al vapor

deposi ti on ( Cthniquss,imbblersechniquescndies micretsdplat sgobmiquestoptmally imchni ques,

bubbl er technigu&sas ) I , QR';' AHE b I in
conbi nation wit 1%“023‘8%%?8{%%{:8%‘?@? %&gFg‘?re enbod) Bnlgr??lgﬁg e\ét he conpl exes
10 descri b&¥ Hescabed hgrein ase\partiquiprly syitable fortlemy bempraturd G¥D1eguper at ur e CVD,

Co about " a00CP Ao SRS pRIg R, SHpaLARs BABIMBOT HEBS N Mhave a
vapor pressurd0@. greater than 0.1 tort .at 50C. Exanpl es of such compounds -
i ncl ude A preferred class of complexes include those that have a vapor '
pressure of greater than 0.1 torr at 50°C. Examples of such compounds include
15 (cyclohexadiene)Ru{CO), and (cycloheptadiene)Ru(CO),.
Preferably, the precursor composition is vaporized in the
presence of, and reacted with, one or more oxidizing gas&e Iess aggressive (L.e.,
less oxidizing than) than O,, and optionally one or more inert gases to form a
ruthenium metal film, The inert gas, which can be a carrier gas, is typicatly
20 selected from the group consisting of nitrogen, helium, argon, and mixtures
thereof. In the context of the present invention; an inert gasis one thatis - . . . .

generally unreactive with the complexes described herein and does not interfere
with the formation of a ruthenium metal film, The oxidizing gases are reactive
with the complexes described herein, at least at a surface under the conditions of

25  chemical vapor deposition. Examples of oxidizing gases suitable for preparing a
ruthenium metal film include N,O, NO, CO,, CO, H,0,, and H,0. Preferably,
the oxidizing gas is N,0, CO, CO,, or H,0, and more preferably it is N,0.
Various combinations of oxidizing gases and optional inert gases can be used in
the methods of the present invention to form films.

30 According to the literature, Ru metal deposition typically requires
O, in the process in order to decompose the precursor. Depending uponthe - - -



15 (cycl ohexadi ene) Ru(C0) 3 and (cycl ohept adi ene) Ru(CO 3. Preferably, the
precursor conposition is vaporized in the presence of, and reacted wth,
one or nore oxidizing gases |ess aggressive (i.e., less oxidizing than)
than 02, and optionally one or nore inert gases to?f GSErPaZU Yt heni um net al i
film The inert gas, which can be a carrier gas, is typically 20 selected

fromthe gPReHoNSI sting of nitrogen, helium argon, &J}ﬁlsmé&gé&r es
a

thereof. I'n the context of the present invention, an iner i s one that
is generally unreactive with the conplexes descri bed herein and does not
interfere with the formation of a rutfieniummetal film The oxi dizi ng
gases are reactive wth the conpl exes described herein, at |least at a
surface under the conditions of 25 chem cal vapor deposition. Exanpl es of

oxi di zi ng gases suitabl or e i a rut.heni.u tal filminclude N20,
NO, 002, CO %ﬁ“fﬁd‘sﬁz%?mﬂ?’ﬁ‘?b?‘&?m?hﬁwe&i ¥ e"g’&?ﬂ"r"gﬁ" N20, CO, 02,
or H20, and ndesibpd héreinpdobya éntalliamoiR@f O, Mads t0 usygeintirpaitioanstel oxi di zi ng
gases and optj.onal i%wgaso% an ﬁ u;%ﬁ]ﬂi’é)n t he met hods of the present

i nvention to PEt3RdeASieRificant glodiicalon o g‘eﬂ? &-iterature, Ru netal
deposition Egpi cally rmmnm?o%%%m?ﬁmmgfug)ég?@?ﬂ; Ut8 dggzggoge t he
pr ecur sor. ndi ng. n t.he :

amount of 02 ﬁg’gﬁ,ﬂgegu&‘ﬁé%%ﬁ%?mﬁdﬁl (faﬁ@ygﬁ‘?‘fr %t%ﬁf‘%?ye‘? t he

conpl exes deseodidiect (hmeibodithatdydisclaedinpdpplicantsAssignée’ Oddpbmlirgys t 0 oxygen

I ncor por ati ong4 f i 288 Ans 1087 id L Lficati@p af,.the
nor phol ogy. Adr%gé‘g'gg’*d’ iéésagllz've OX|%iogéﬁ(,g’h@:ériﬁglﬁ‘guagr"ft?qﬁgg’%&‘é“'severaI 5.
advant ages: t weRedegifosnity i surprisingly and siggificdntly hetter thancaylibe nclievad can be

Aol nee' o copii Bty Gheidh SR0RxY REh RELANIR SRlPl 206 Tiiea
on August 07, noogdizes; an for filwa pEeomperiable thickngssi the meistiyity efthgl y and . -
better ¢ nan { ik mbPnt oy AEEEUTont hih B0 i dpRELT TOIPSI 2012
films of conpasiaphecxidicak hbswriacemorpholigy;dnd mogphology évolution wigthi um metal film
The surface. marpi, s bl Ralch B o ot LORRS T b 10 ©0 02T
conpar abl e betagdeppsitadand gppegledftlms issimilanfordhe twoprocessdsi nity of the - 0
as-deposi t gd and annealyggyfdsly ebﬁs&iﬂéﬁﬁn&gﬁaﬁaﬁmb%n%%%ﬁes' . 2
forming highly pure rathenium metal films (preferably, at least about 95 atom-; L
% pure, based on X-ray Photoelectron Spectroscopy (XPS), Auger : _ |
Spectroscopy, or other methods) on a variety of substrates, suchas a , f
semiconductor wafer (e.g., silicon wafer, gallium arsenide wafer, etc.), glass i
20 plate, etc., and on a variety of surfaces of the substrates, whether it be directly on :
the substrate itself or on a layer of material deposited on the substrate asina. .. |
semiconductor substrate assembly. A variety of structures could also have the 1

rutheninm metal films deposited thereon. For example, posts (studs) or trenches

(vias) could have the ruthenium metal films of the present invention deposited
25 onorin

Methods of the present invention are particularly useful for

depositing highly pure ruthenium metal films on the surface of a semiconductor

substrate or substrate assembly, such as a silicon wafer, having a high surface

area topology, such as a surface (e.g., of an insulation layer) having high aspect
30 ratio features, such as openings (i.e., gaps) or posts (i.e., studs), formed therein

or thereon. Small high aspect ratio features typically have feature sizes or



15 Methods of the present invention are particularly well suited for
formng highly pure rutheniumnetal filnms (preferably, at |east about 95
atom % pure, based on X-ray Photoel ectron Spectroscofy Eﬁ Auger
Spectroscopy, or other nethods) on a variety of subst a$ ) as a
sem conductor wafer (e.g., silicon wafer, gallium arsenide wafer, etc.),

gl ass 20 pifhiResi®tC-, and on a variety of surfaces of rates,
whet her it be dﬁ rectly on the substrate itself or on aﬁ#@;@ﬂ@i@ mat eri al

deposited on the substrate as in a sem conductor substrate assenbly. A
variety of structures could also have The rutheniumnetal filns deposited
t hereon. For exanple, posts (studs) or trenches (vias) could have the
rut henium metal films of the present invention deposited 25 on or in.

Met hods of the present, invention are particularly useful for depositing
hi ghly pure r%ﬁ%ﬁﬁﬁ%‘ﬁﬁ%ﬁ’”‘f@%%‘@gks@?@% F Wit efane onduct or

subfstrate or @dﬁiﬁglfsdéseﬂﬁﬁ&%ﬁbi hﬁicrtﬁﬂ@h?ﬁféreﬁyﬁéaﬂl&,f‘aﬁ&}tb@fxﬁbmnﬂfiw ng al hi gh)
surface area,topol ogy, such as,a surface (e.g., .of an insulation |ayer
avi g hi gh SpEAmgt andasper i aier GERAORL SUETARGLTE AR - gaps) - or
posts (i.e., #plichbleto bonkaatichldsheissgirehchedf andaaddyiof ocliitPbdnfipBibngspect ratio
features typigall ave feature sizes or. 7SEP2004 01/ 66819

bCT| Uso1/ 034085 seaipale  sph ot af okt o LTI & dohh GhgRoCES .|t he

di amet er or whadtah aspectaatio of peTheygesent ivestion dan be abd ok fohmifig@iftRjon and nore
typically, abput 0.3 micron.to apout,.1 mcron, and ct ratios greater
t han about 1.ga§agﬁay§?b%ﬁa%r%a5§°°§?ﬁof%ﬁ °atBF1§"P%°mB@F°SF%| es, vias,

t renches, andfoafomingebyfomial nitheaivmonxideidiffitsivhibarisr layerstover stepanpl e, a trench
havi ng an opening of .1.m.cron_an th of .3 micron has ap aspect ratio
of 3. The pregéuﬁﬁn?h\?%frglug’n (oF %mglg&ués%g]geqr%sfmf%vreﬂ?o gm&?ef’fhﬁ%fs'%’ﬁp barri er

| ayers in BaB0%lsicp hovempecin be athicyed. cRiizmefess td the ritio dof the thidaesfof CVD processes
for form ng cqnf A ' Egg QAN | erwl ayers over step
structures. T@%’i@%‘l?%?Jﬂﬁué&gtghrre“&@o S ogbihﬁ{ej‘?nptrgé;g %eﬁvgﬁtion greater than
about 10 80%rshenpnrmetelfiime are partibwariycshitablesfir folthing ele@fodesssiuchatine rati o of

the thi cknessmﬂmtc%%dmsyer deposited on the bottom surface to that on the
top surface. e rathentum netal filns are particularly suitable for -

formi ng el ectrodes, sudheasheanivm BERANnapdaposited spon Beempositieni um netal film
I's deposit ?9 QM?W &éc&h&ﬂiﬁon) of one or more complexes of Formula L '
Methods of the present invention can utilize various vaporization techniques,
such as flash vaporization, bubbling, etc., optionally photo- or plasma-assisted
(although photo- and plasma-assisted depositions do not typically provide good
step coverage). Examples of suitable CVD processes are generally discussed in 1
20 Applicants® Assignees’ copending patent application entitled “Precursor
Chemistries for Chemical Vapor Deposition of Ruthenium and Ruthentom - - -
Oxide,” having Serial No. 09/141,236 (Micron 97-0675) and filed on Aungust 27,
1998, as well as in U.S. Patent No. 5,372,849 (McCormick et al.), for example. _
A typical chemical vapor deposition (CVD) system that can be |
25 used to perform a process of the present invention is shown in Figure 1. The
system includes an enclosed chemical vapor deposition chamber 10, which may
be a cold wall-type CVD reactor. Reduced pressure may be created in chamber
10 using turbo pump 12 and backing pump 14. Preferably, the chamber pressure
-during deposition is about 102 torr to about atmospheric pressure, and most
30 prefemb!y, it is about 0.1 torr to about 10 torr. The pressure is chosen such that
it produces good step coverage and deposition rates. -



.15 (typically, thermal deconposition) of one or nore conpl exes of Fornula
L Methods of the present invention can utilize various vaporization

techni ques, such as flash vaporization, bubbling, t;s.egpozggq_nal | y phot o-
or plasma-assisted (although photo- and pl asna-assi's d sitions do not
typically provide good step coverage). Exanples of suitable CVD processes
are gener pacussed in 20 Applicants' Assignees' c ' patent
applicati %6&6??% ed "Precursor Chem stries for Chemgwgg?z Deposition
of Rut henium and Ruthenium. . .- i d‘;, " having Serial No. 09/141, 236
(Mcron 97-0675) and filed on August 2?7, 1998, as well as in U S. Patent
No. 5,372,849 (McCormck et al.), for exanple. A typical chem cal vapor
deposition (CVD) systemthat can be 25 used to performa process of the
present invention is shown in Fi,qure 1. The .system includes an encl osed
chemical vapoi depositi ﬁorc’ﬁ%rﬁﬁ%b?&‘ltfil%\&ﬁg‘c §““g"és"f‘;{’s¥.5*51’scf"'WaI | -type CVD
react or. Redusubsirqie @ssauhlies)rmpokitioned dnthankbér10c Aaohetint ndbinalsi ng t urbo punp 12

and backi ng pu 14 .Preferahl t he .chamber.pressure -during deposition
i s about 10' 3“FHFRMLS %%’Eifh tfg%t%%%gﬁa%’%?@?gﬁ?&m#%'gpr eferably, -
it is about 0130°Cdoe aboub3MBOU Fol Gptitmmny step Eoeerypepdepositionirate,addsen such that it
produces good CRUPA ki ates. 7 SEP 4 WO 01/ 66819
PCT/ USC)\/O?%Zf 0enog\ré mq§°§§%£g?%¥§%%mﬁm§ﬁﬁeﬁégc ®r substrates
or substr at e abst2505Ci Substrate 36 poy b¢ heated,dor axample Hyan elefirica\ const ant noni nal
tenperature iS..& | f ol E'E,fé : p I t .a tenperature
of about 150 B%L%lgh@]%é%%%ﬁ op ﬁ%ﬁé@g&' ?gg/eg%%gug?ﬁl%%%g'tion rate,
and 5 fornati deating the sehstrate may elserbeutiligeds fFor plasings ainbphomt msistah@EDat ure i s
about 200C to abaut %9%& E@;‘.EE f xampl e, by an
electrical rdsi stahlé%i&gé%hgr g’?\@%@c su g%aggggﬁ%gﬁng@ﬁﬁt ed. O her
known net hé®s of heat iIn#his precesy B pregersorcampesitivn 40,ovhichi dontaimgloneFor  pl asna
and phot o- assighee A REESRES: isRR i SIRAL f the
substrate nmay be signi e|xcantly Io@r.@g&?(ﬁméﬁ%kpr oce@sd%foﬁ% precur sor
conmposi ti on 40empgmter oralge sleyptedderaperayre ifisplid o ooppt tlemperatufe, ¢2dmaul 2 1, is -
stored in liqy QbR YERL1 4b1 GHH B GhBlrr® Or at an el evat ed-
tenperature if soci_(_j e}t)’al?oom ten%oat%@%%%ﬁgﬁ orge{ni c solvent) in-
vessel 42. Theomppiiionds preferably abons 20°1Ceaiabious FEEL b pressurepuithiint veswel i s
pr ef er ably 13bastis B0ty iR A% Giin 5B 26 S Asurtd 44 e SR Slert
) ' gas is pumped into vessel 42 and bubbled through the precursor composition 40

picking up the precursor composition and carrying it into chamber 10 through

line 45 and gas distributor 46. Additional inert gas or reaction gas may be

supplied from source 48 as needed to provide the desired concentration of

20 precursor composition and regulate the uniformity of the deposition across the
surface of substrate 16. As shown, valves 50-55 are opened and closed as
required. The reaction and optional inert ( e.g., carrier) gases can be preheated if
desired.

Generally, the precursor composition is carried into the CVD

25 chamber 10 at a flow rate of the carrier gas of about 0 sccm (standard cubic
centimeters) to about 1000 scem, and preferably, at a flow rate of about 300
scem to about 800 scem.  Typically, for flash vaporization a carrier gas is not
required, although it is often used. A reaction gas (preferably, an oxidizing gas
such as N,0) is typically introduced into the CVD chamber 10 at a flow rate of

30 about 10 sccm to about 1000 scem, and preferably, at a flow rate of about 300
scem to about 800 scem. The semiconductor substrate is exposed to the



15 42 is typically simlar to that within chanber 10. A source 44 of a
suitable inert gas is punped into vessel 42 and bubbl ed through the

precursor conposition 40 picking up the precursof 20@? ?Dﬁ\g and carrying
it into chanber 10 through |Iine 45 and gas distri bdt 6 di tional

I nert gas or reaction gas may be supplied fromsource 48 as needed to

provi de t gigsdped concentration of 20 precursor co I tion and regul ate
t he unifolr%n?ty of -t he deposition across the surfacenf)i?ocsﬂgiﬁg???‘gt'e 16. As

shown, 'val ves 50-55 are opened and cIo§ed as required. The reaction and
optional inert ( e.g., carrier) gases Can be preheated if desired.
Cenerally, the precursor conpositionis carried into the C/D 25 chanber 10
at a flowrate of the carrier gas of about 0 scem (standard cubic

centinmeters) to about 1000 scc an [ r.ab flow,rate of about
300 sccmto %{Bﬁﬁ’rwgg%nn@a \ ?ﬁ@?“%gmwﬁéﬁ‘%@ﬁz“m@s’f@sn a carrier
?as ics ng]t rmbbmédmgﬂdslnﬂat@ht30tmiﬁstemdq)agding$ﬁd}[ed6§ifcdlalﬁmn_eni gﬁz 4 it
pref-erably, idizin such as. i S ca i ntroduced into

t he CVD chambé lgt‘ﬁ%P‘??‘%%§?°é?%°s%P“§’Hi\§B%m“diﬁg€dém?%‘hﬁbout 1000 sccm
and pr ef er abl surfacet of ghefshiosivate 4 6.2 As the dbpnsition £k is ®mpatatuee depaident300 sccm  The
sem conduc r.guggg ' . .E P 2004 01/ 66819

PCT/ U801/0t7§20§1. %?éetgﬁksor (%gﬁn%%él |o% R EERET ef?fev‘\’gbout 0.1 tort to
about 10 t or r dépositien. tHavsvergf stepycnveragdis segoinaicibighen teatperatur&@nayi nut es dependi ng
on the desire ' %E r osition wll
form an adsorg%cégkg%/hg@%' ;rﬁlés’ggﬁorgﬁ%tee&lg? %%&%ﬁ%ﬁ%ﬁ%@m t he
deposi ti on r atwo prapertiesp Eypically.alesirabledepnsition Bites awrabag 50y t he tenperature of

t he substrategwg'ﬁomgm',ﬁ@gol Jt e gg i liigﬂ' However, if
step coverage 1S required, ag?gﬁgdrft er at u?%’smrray g%c%orr% etrinmental .

Thus, a subbt thetpeccursensempesition iy dosingzhla%e t hese two properties.
Typical ly, desirable dm&hﬁ&&%&%&m&&%&%uﬁ?ﬁ'}m@@ mnute to
ai ni ng t

about 1000 Angstrons/mnute. The carrier gas co he precursor
conposi ti on i Precusericompesition s hepted imilapess gte dswm offandeonirolleddy at o such net hods

e dr qun of | o st 48] @i Bod Pp OG0 QPP ALPAER de Bt ] e pul sed
li qui d i nj ect i"MetalrseanisChamicalc¥iaper Dengsition By Rulsed LiguigHinjectioglsinigo’l  Vapor
Deposi ti on1By (iithssfie NokA I HiahithA5ibki88 ol SipPireAom Titanium (V)
Isopropoxide,” by Versteeg, et al., Journal of the American Ceramic Society, 78,
2763-2768 (1995). The complexes of Formula I are also particularly well suited
for use with vapor deposition systems, as described in copending application
U.S. Serial No. 08/720,710 entitled “Method and Apparatus for Vaporizing
20 Liquid Precursor compositions and System for Using Same,” ﬁled on October 2,
1996. Generally, one method described therein involves the vaporization ofa .
precursor composition in liquid form. In a first stage, the precursor composition
is atomized or nebulized generating high surface area microdroplets or mist. In
a second stage, the constifuents of the microdroplets or mist are vaporized by
25 intimate mixture of the heated carrier gas. This two stage vaporization approach
provides a reproducible delivery for precursor compositions (either in the form
of a neat liquid or solid optionally dissolved in a liquid medium) and provides
reasonable deposition rates, particularly in device applications with small
dimensions.
30 Various combinations of inert (¢.g., carrier) gases and/or reaction

gases can be used in certain methods of the present invention. They can be



.15 U trasonic Nozzle: Titani um D oxide on Sapphire from Titanium (!V)

| sopropoxi de," by Versteeg, et at, journal o the Anerican Ceramc 'e
2763-2768 (1995). The conpl exes of Fornula | are also particularly well
suited for use with vapor deposition systens, as de cg R PR copendi ng
application U'S. Serial No. 08/720,710 entitled " NEt hod and Apparatus for

Vapori zin Gkihgw d Precursor conpositions and Syst em g Sane, "
filed on & 2, 1996. Cenerally, one nethod descrl(g)lgltl}ls Wé ei n invol ves

t he 'vaporlzatlon of a precursor conpagjtion in liquid form In a first
stage, the precursor conposition is atom zed or nebulized generating high
surface area mcrodroplets or mst. In a second stage, the constituents of
the microdroplets or mst are vaporized by 25 intirrate m xture of the

heated carri er T | LA row des a
reproduci bl e ‘ﬂ% ver I‘]’ft%réh\ég'églur Zh%h oS ?’g“et%h‘éh "he form of a
neat |iquid muclsaﬂd@ctbphbdﬂapgnﬂhmhﬁm&dormmbmaﬁmdnﬂmhh um) and provides

reasonabl e de particularly in device applications with snall
di mensi ons. 3@8%%&%5‘;0?% i nations of inert (e.g., carrier) gases and/or

reacti on gases can be Alibagh ispecifie varsr depositibroptecesdes ada despriteddpt | nventi on.
They can b 7 Q‘M;? ﬁ@ﬁ 0 4 roduced into the
chem cal vapor eposi t%ny\gﬁ er rg’s%\l}a“ e%(g/n%?gnanner tbem €uch as '
directly i nt omﬂm&&pm@vmdsmmbemmshnmﬁbmmGme t he _
pr ecur sor "’&gﬁ&l& ]’gﬁgﬁﬁd rocesses are
descri bed by rel?g?%eﬁé?ghgo |gure M%ﬁ.ﬁ%g 5%?8@% I nvention are
not limted tmﬁeﬂs@moaphwwqdhwdmwmcmmmﬁmsmm@d syst ens
shown. Variou ,ﬁé@ﬁb@ be used,
?ea&%l& Pﬁﬂkﬁﬁr @ée;%}éseﬁﬁﬁ&hhcﬂ{‘a:

i ncl udi ng hot react ors, atnosp erlc or ° &luced pressure
reactors, Hs mﬁcawﬁwn@o&m reactors. Furthernore, nethods of the

present invention are ngfer higdkiti thEﬁhﬂ&)hbe Siinkdlidto VBRAT i t§eposi tion
techni ques. After deposition, t(ﬁ‘éj filmcan be turther anneaf ed to densify

it if desiredesirehi Fhigean bydoreintheiGYD wectiovehambararingt Toraysiallize or not. To
crystallize mé%gﬁwp@fﬁl&r&e% gm%gve A DRt GRdd iBGe PrOCESS IS

carried out in an. inéert gas, aS describe or the carri er gases. To'
further oxidi w,asﬁsq:qhedaboveforthemergasu To further oxidize a film, :

15 preferably, the annealing process is carried out in an oxidizing gas. Preferably,
the pressure of this post annealing process is about 0.5 torr to about 5 |
atmospheres. Preferably, the substrate temperaturé of this post annealing
process is about 300°C to about 1000°C, and more prefetably, about 500°C to
about 800°C.

20 The use of the complexes and methods of forming films of the
present invention are beneficial for a wide variety of thin film applicationsin . .. ...
semiconductor structures, particularly those requiring diffusion barriers, For
example, such applications include capacitors and metallization layers, such as
multilevel interconnects in an integrated circuit structure. Such structures are

25  described, for example, in Applicants’ Assignees’ copending patent application

entitled “Ruthenium Silicide Diffusion Barrier Layers and Methods of Forming
Same,” having Serial No, 09/141,240 (Micron Docket No. 97-0993), and filed
on August 27, 1998,
The following examples are offered to further jllustrate the
30  various specific and preferred embodiments and techniques. It should be



15 preferably, the annealing process is carded out in an oxidizing gas.
Preferably, the pressure of this post annealing procﬁ%sSEﬁD 0.5 torr
to about 5 atnospheres. Preferably, the substrate tenperatureof this post
anneal ing process is about 300C to about 1000C, and nore preferably, about
500C to about 800C. 20 The use of the conpl exes and nethods of form ng

films of Wepyeprgsent invention are beneficial for a ‘ﬁ‘&ﬁisyﬁfﬂilﬁty of thin
filmapplications in. .... senmiconductor structures, particularly those

requiring diffusion barriers. For exgﬂpl e, such appl i cations include
capacitors and netallization |ayers, ch as multilevel interconnects in
an integrated circuit structure. Such structures are 25 described, for
exanpl e, in Applicants' Assignees' copendi ng pat ent application entitled

"Rut heni um Si | i,ci d Barr| er Met hods of Forming Sane,”
havi ng Seri al"Rg=° g@?ﬁ %H’%p %‘i@ O%R% 738952 %and filed on
August 27, 19®tﬁleraihanlhgh'itmmheg¢cqnaﬁ1hbpssatmvafﬁbn.r ed to farther illustrate
the 30 various specific and preferred enbodi nrents and techni ques. It
should be 7 S EP 2004 WD 01/66819 PCI YUS01107402 it understood, however,
that many variations and rmdlflcatmmmiy be made whi [ e remaini ng wi t hi n
the scope @f the pre; . , . m Metal Film

Deposi ti on~Usi ng (CN *DFE % (C6H3) Ru(CO) 3, was
added to a bubbler eqﬁh@mveﬂpwbreawhr{(&m(ﬁﬁh 'aaS|aﬂd6dadme The bubbl er

was connect edy E:EHQFJ € ected to

hel i um carri er&bggg tro ucegm%e}gﬁg mag‘lsl ow co%‘éﬂo e{b into the dip
tube port of ﬁmmreﬂembwmrmmmbémmmout 26C and al |
downstream com,]%g,;de@ HR&l 'ﬁ’bﬁﬂ 0C. Asilicon
waf er having a ayerﬂﬁ(% BPSG tﬁe}?eon e\‘/\/ﬁ@% &g@&g@go eat ed chuck inside

t he CVD r eltt dhe biybblenwns heated wabens 267Gand waslomgommhomlﬂvatl ng the wafer
to 210C (as NeRsiee %@k&dt&&%ﬁf@bﬁéuﬁds&&hMﬁ&g tBEg gheated chuck)

and establishing a chanber 15 pressure of 5 torr l'ium carrier

f1 ow of 500 scﬂmonmsalﬂgénn#hwd@hu egh@ﬁvl)mtoarkm onal flow of N20
(plunbed sepaiggisinin Was dtfedBhEly HeNg the wafer to 210°C (as measured by a

thermocouple in contact with the heated chuck) and establishing a chamber
15 pressure of 5 torr using a helium carrier flow of 500 s¢cm, an argon flow of 500
scem, and an additional flow of N,O (plumbed separately to the precursor
delivery line) at 500 sccm. The helium carrier flow was diverted through the
precursor bubbler for 180 seconds yielding a film that was later measured by
spectroscopic ellipsometry to be about 440 Angstroms thick. This corresponds
20 toadeposition rate of about 147 Angstroms/minute.
This same process was carried out as a comparison but without -
the N,O flow and with Argon flow of 200 sccm. In this case a deposition time
of 350 seconds yielded ruthenium flms about 420 Angstroms thick, for a
deposition rate of about 72 Angstroms/minute. Representative process results
25  for these two experiments are shown in Table 1 for films of comparable
thickness.




delivery line) at 500 sccm The heliumcarrier f |ow was diverted through
the precursor bubbler for 180 seconds yielding a filmthat was | ater
nmeasured by spectroscopic ellipsonmetry to be about ?4%@&992@@% t hi ck.
This corresponds 20 to a deposition rate of about 14 t / m nute.
This sanme process was carried out as a conparison but without the N20 flow .
and with ow of 200 seem In this case a deposigt.l i of 350
seconds yﬁg eﬁ‘fl;r uthenium fil ms about 420 Angstrons tkﬁcl(l; ,OI%OSﬁa
deposition rate of about 72 Angstrons/ninute. Representative process
results 25 for these two experinents dfe shown in Table 1 for filns of
conparabl e thickness. 7 SEP 2004 WD 01/66819 12 Table | Characteristic
Data for Ru filnms on BPSG Deposited Using N20 or No Oxidizer 5 10

PCTI US01107402 ProcessDep Ti ne Thi cg_%gs Thi ckness Rs neanRs NUResistivity
Sec(A) NUohm cm No Ox350421. 514. 732. ©2138 No Ox350409. 712. 033.212. 4136 No
Ox350419. 411. 932. 511. 21 3tharittéistioDaéa Hb RuZhny 6 BRSE N

0180438. 85. 224. 75. 5108 N 80438..54. . 6 Q8. "Thi ckness" and "Rs nean" =
average of thickness and Sﬁ@é’f‘%ﬁe@f‘@tﬁﬁcg%ﬁﬂgﬁfremnts, respectivel y,

taken at thirfeen (tbblgtﬁﬂ@q')ﬁgnﬁesg’l e #s mean| RENGT Regisdvieyi|t es across
the wafer.
. Process | (sec) (A) | NU(%) [(ohm/sq)| (%) |(pohm cm)
No Ox 350 421.5 14.7 328 12.2 138
No Ox 350 409.7 12.0 33.2 124 136
No Ox 350 4194 11.9 32.5 11.2 136
10 N,O 180 438.1 5.1 24.7 5.6 108
N,O 180 438.8 5.2 24.7 5.5 108
N,O 180 438.5 . 48 246 | 52 108

“Thickness” and “Rs mean” = average of thickness and sheet resistance
measurements, respectively, taken at thirteen (thickness) or nine (sheet
15 resistance) sites across the wafer. - '
“Thickness NU” and “Rs NU” = standard deviation of the thirteen
(thickness) or nine (sheet resistance) measurements (nonuniformity in the
thickness and sheet resistance).

20 In both cases, the film was thin around the edge of the wafer,
thick in the center. The degree of nonuniformity was significantly decreased for
the process of the present invention (with N,O), however. The depdsition rate
for the N,O process was significaritly higher than for the process with no
oxidizer, as can be seen from the data in Table 1 as well as in Figure 2 which

25 shows deposition time series for each process.

The film resistivity was somewhat lower for the N,O process, as
shown in Table 1 as well as Figure 3, which shows the thickness dependence of
the resistivity for the two films. As-deposited, the films were only partially

crystalline, so the resistivity was higher than would be expected for a crystalline
30 film.

Surface morphology and morphology evolution of films
deposited using the N,O process were examined by SEM. Deposition onto
BPSG yielded fitms with good morphology as-deposited and after anneal.



"Thi ckness NU' and "Rs NU' = standard devi ation of the thirteen

(thickness) or nine (sheet resistance) neasurenen?sfsﬁgpngpm.rormty in the
t hi ckness and sheet resistance). 20 In both cases/} the f was thin around

the edge of the wafer, thick in the center. The degree of nonuniformty
was significantly decreased for the process of the present invention (with

N20) , howensdisssifie deposition rate for the N2O procesghReysidn ficantly
hi gher than for the process with no oxidizer, as can be seen fromthe data

in Table I as well as in Figure 2 whi 25 shows deposition tinme series for
each process. The filmresistivity was sonewhat |ower for the N20 process,
as shown in Table 1 as well as Figure 3, which shows the thickness '
dependence of the resistivity for the two filnms. As-deposited, the filns

were only parglal:l I L"‘}%ﬁ h StV . hi gher than woul d
be expected f%@g{lﬁl}gfn&%%ﬁﬁﬁn% e’???%#ﬁgﬁr a e&}rﬁr‘%‘?%ﬁﬁgy and nor phol ogy
evol ution of wepulting maapholpeyt ed usi ng the N20 process were exani ned by SEM

Deposition onto BPSG yielded filnms with good norphol ogy as-deposited and

after anneal. 7 SEP ZMWMW%WMMWW&&%WM onto a

clean Si surf @G priie 1Y oxypdnSid 86k RR® n tHMGIhe Hthil heMdlctidnSititst | NY

nor phol ogy.  As-deposited and anneal ed _saon}ol eS were exam ned using Auger
dept h prof iV eef thajschpiape GRPREIRaihcG} stemic 7). tNpappresinble igterdiffasiennf det ecti on
linmits 5.0f thenitkmbi sHdBPSGRRAL AXedBS. eihis ifdidatedd bR§Peh within (RORIRPPT €Ci abl e

interdi ffusion, of _the ruthenium gnd, BPSG was detected. This indicates
oxygen Wi t hi n“ﬂﬁ@tb?WWW&F%@B“&HO?@%WF&W@&%MM i on of
underlyi ng | ayefdedidibiitpréddqaped, treatnents in the process flow 10
Exanpl e 2 Chem cal Effect of As shown above, the fil mdeposition
characteristics were quite different between the two processes. In order
to establish the effect of the N2 O on the deposition, several tests were

run wi th vHFyi ng process gases. |n Emmpld® case, N2 was directly substituted
for the N20, and in the other case the N20 fl ow

Chemical Effect of N,O
As shown above, the film deposition characteristics were quite
different betwoen the two processes. In order to establish the effect of the N, O
on the deposition, several tests were run with varying process gases. In one
15 case, N, was directly substituted for the N,0, and in the other case the N,O flow
was reduced to 100 scem. The results of these depositions are shown in Table 2,
along with data for the other two primary processes. Film thickness was not
made constant for these depositions, but several pbints can be seen. Replacing
the N, O with N, yielded a process very similar to the process with no oxidizer
20 (*No Ox”). A chemical rather than dilution argument is supported here since the
partial pressure of the carrier gas was the same for the two recipes. Similar
nonuniformity, deposition rate and resistivities were observed. Reducing the N,
O flow to 100 scem yielded a lower deposition rate compared to the 500 sccem
N, O process, but still higher than when no oxidizer is used.

25



was reduced to 100 sccm The results of these depositions are shown in
Table 2, along wth data for the other two prinmary processes. Film

t hi ckness was not nade constant for these depositiop»s,S@Pt zggyferal poi nts
can be seen. Replacing the N2 Owith N2 yielded a process very simlar to
the process with no oxidizer 20 ("No Ox"). A chem cal rather than dilution
argunent i rted here since the partial pressur arrier gas
was t he sgﬁoe& o?gt he two recipes. Sigglar nonuni formg‘fé)‘]jmség'%é ition rate .
and resistivities were observed. Reducing the N2 Oflowto 100 seem

yi el ded a | ower deposition rate conpared to the 500 scccm N2 O process,

but still higher than when no oxidizer is used. 25 7 S E P 2004 WO 01/ 66810
14 PCT/ USOLl/ 07402 uv~ Q~ ( M*1 nd0 00 cio0 W at ~

(micro-
ohm cm)
107
116
134
137

Rs mean | Rs NU |Resistivity
(%)
39
8.7
8.0
10.0

(ohm/sq)
26.8
40.1
61.2
59,

1.67
2.3

167
3.57

Carrier gas
partial
pressure
(Torr)

" Table 2

Dep. rate
(A/sec)
22
1.6
1.21
1.27
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Q "d ascn a~o OONN G.OW, SOO0OW ~v -~0OQLa ~zzzz w ygN M uGo
oo LO in7 S E P 2004 WO 01/66819 PCT/US01107402 i5 Al patents, patent
applications, and publications are herein incorporated by reference in
their entirety, as if each were individually incor pprgtEeéZUmﬁ: f or egoi ng
detail ed description and exanpl es have been given :

WO 01/66819 PCT/US01/07402

15

All patents, patent applications, and publications are herein
incorporated by reference in their entirety, as if each were individually A
incorporated. The foregoing detailed description and examples have been given
for clarity of understanding only. No unnecessary limitations are to be
5 understood therefrom. The invention is not limited to the exact details shown
and described, for variations obvious to one skilled in the art will be included
within the invention defined by the claims.



for clarity of understanding only. No unnecessary limtations are to be 5
understood therefrom The invention is not limted to the exact details
shown and described, for variations obvious to one illed in the art wll
be included within the invention defined by the c7fa§ ) 2004 E P 2004 VO
01/66819 PCr/US01/ 07402 16 CLAIMS A net hod of manufacturing a sem conduct or
structure, the nethod conprising .. providing a sem conductor substrate or
substrate-assenbly, 5 providing a |iquid precursor conposition conprising
one or nor¥O%¥EHFounds of the formula (Fornula 1): (di ecm¥dawe@ 3 wherein
"diene" refers to linear, branched, or cyclic dienes, bicyclic dienes,
tricyclic dienes, fluorinated derivatiltes 10 thereof, derivatives thereof
additionally containing heteroatons such as halide, Si, S, Se, P. As, N,
or 0, or conbinations thereof; vaporizing the Iiquid precursor conposition
to form vaporgcggavs precursor conposition; and 15 directing the vaporized
precursor conposition in conbination wth at |east one oxidizing gas |ess

oxi di zing than 02 fowar he .sem conductor substrate or substrate assenbly
to forma ru?‘heni‘% W%ﬁtmmawaaseﬁ??‘g‘?@’mﬂ?@ﬁ%nduct or substrate
or substrate assendohwprsi®® 2. The nethod of claim | wherein the substrate or

substrate assenmbly is coptained within a reaction chanber having a
pressure of about |0a clor sbsipte s sybstratogss@nblfthe net hod of

P @
Feact] on chanber havi ng dasa i pHEgkd b AR nbise nE BB 10 rort. 7 S
E P 2004 compounds of the formula (Formula I):
(diene)Ru{CO),
wherein “diene” refers to linear, branched, or cyclic dicnes,
bicyclic dienes, tricyclic dienes, fluorinated derivatives
10 . thereof, derivatives thereof additionally containing
heteroatoms such as halide, Si, S, Se, P, As, N, or O,or
combinations thereof;,
vaporizing the liquid precursor composition to form vaporized
preciusor composition; and - |
15 duechng the vaporized precursor composiﬁon in combination
~ with at least one oxidizing gas less oxidizing than O, toward the
semiconductor substrate or substrate asscrobly to form a
ruthenium metal film on a surface of the semiconductor substrate
or substrate assembly.
20 '

2. The method of claim I wherein the substrate or substrate assembly is
contained within a reaction charaber having a pressure of about 107 torr to '
about 1 atmosphere.

25 3.  The method of claim 2 wherein the substrate or substrate assémbly is

contained within a reaction chamber having a pressure of about 0.1 torr to
about 10 torr.



WO 01/66819 PCT/ US01/ 07402 17 4. The nethod of claiml wherein the
substrate or substrate assenbly is contained within a reaction chanber
having a pressure of about 0.1 torr to about 10 tor SE}BZ[][}I@ nmet hod . of
claiml1l wherein the step of vaporizing the liquid precursor conprises
using a technique selected fromthe group of flash vaporization, bubbling,

m cr odr op t| on, and conbi nations thereof. 10 t hod of
claim1l ro&);cs%'it he sem conduct or substrate or subst ré‘t@E’“IQ‘Z"ggeﬁm y

conprises a silicon wafer. . 7. The hod of claim 1l wherein the precursor
conposition is vaporized in the presernce of at |east one inert gas. 15 8.
The nmethod of claim 1l wherein the oxidizing gas is selected fromthe group
of N20, NO CO, (€02, H202,1120, and conbi nations thereof 9. The method of

claim8 wherejn t he Q_group of N20,
CO, 02, H20, hanﬁ?o"%ﬁ”ﬁa ?l%]%ls er@gﬁ%ﬁ&%&?ﬁm ‘% ¢faim9 wherein
the oxi di zi ng ga&ontmn&d?@xtb:ﬁﬁmaﬁﬁmchwhholhmigxﬂmmdfahhﬂﬂ@tmme liquid

precur sor conposi&&qm%p conprises an organic solvent. 12. A nethod of
manuf acturing a sem conductor structure, the method conprising: 7 S EP
2004 WO 01166819 PCTI US01107402 18 providing a sem conductor substrate or

substrate assenbly, which is at a tenperature of about 130C to about 300C,
cont ai ned Swi &hi n The methed pialaimhlawhresin the stemof vapgrizingshalguisk  about 103 torr to

about 1 at nnsphergmcérsﬁrcg gma%“e%; 1é°c R @g@p n at a
tenperature of out 20C P‘g abou q% pr ecurﬂs% orrpﬂg‘l‘s't?tl on

conprising one orvapRsizationghbubl @J%?df?m Q@M@d(cf’@bmq}sl)
(di ene) Ru(CoO 3 thereof.

10 6. The method of claim 1 wherein the semicondnctor substrate or substrate

assembly comprises a silicon wafer.

7. The method of claim 1 wherein the prec{xrsor composition is vaporized in
the presence of at least one inert gas.

15
8. The method of claim 1 wherein the oxidizing gas is selected from the
group of N0, NO, CO, CO,, H,0,, H,0, and combinations thereof.
9. The method of claim 8 wherein the oxidizing gas is selected from the
20 group of N,O, CO, CO,, H,0, and combinations thereof.
10.  The method of claim 9 wherein the oxidizing gas is N,0.
11.  The method of claim 1 wherein the liquid precursor composition
25 comprises an organic solvent.

12. A method of manufacturing a semiconductor structure, the method
comprising:



wherein "diene" refers to |inear, branched, or cyclic dienes, 10 bicyclic
di enes, tricyclic dienes, fluorinated derivatives thereof derivatives

t hereof additionally containing heteroatonms such as halide, Si, S, Se, P,
As, N, or 0, or conbinations thereof; vaporizing tHe?iS@pj ur sor
conposition to formvaporized 15 precursor conposition; and diTtecting the
vapor i Zedvﬁéﬁ?&ﬁor conposition'in conbination wth at | east one oxidi zing
gas |ess O Zi'ng than 02 toward the semi conductor sSUPESPHY#20r substrate
assenbly to forma rutheniumnetal filmon a surface of the sem conduct or
substrate 20 or substrate assenbly. 18, A nethod of nanufacturi ng a

sem conduct or structure, the nethod conprising: providing a sem conductor
substrate or substrate assenbly; 25 providing a liquid precursor
conposition conprising one or mare, congounds of the forpula (Formula 1):

" (di ene) Ru(CO) 3 wher e?fﬁ"‘“ & semipqnd %“?‘Fﬂ’é%’ straff; ag3cRRBVhisR cyclic

di enes, bicyclic dierigstateimpsattieiof atdEI3OC tof dbb@B00°T, eshtk@l vat i ves 30

t hereof, derivatives theareof additiqnally containi 7.S,E P 2004 WO

0AT 66816 POTI USOL/ 07 403 8 seadsyshandienta %W%&%ﬂ‘&llpé@,“%i .S, Se, P,
As, N, or 0, or conbisbeti oamosphaerof , vaporizing the |iquid precursor
conposition to formvaporized precursor conposition; directing the

vapori zed Precursor coPipyidingpliguid pregsascorapasiien atg empesetuteofist one oxi di zi ng

gas |l ess oxidizing tha ) i : or substrate
mﬁ@&ew@a&dﬂgc,lwﬂaﬁ gmmaa?hg{] .

assenbly to forma rutheniumnetal filmon surface of m conduct or
substrat e _ one or more compounds of the formula (Formula I): :
© (diene)Ru(CO),
wherein “diene” refers to linear, branched, or cyclic dienes,
10 _ bicyclic dienes, tricyclic dienes, fluorinated derivatives

thereof, derivatives thereof additionally containing
heteroatoms such as halide, 8§, S, Se, P, As,N, or O, or
combinations thereof} _
vaporizing the liquid precursor composition to form vaporized
15 . precursor composition; and
directing the vaporized precursor composition in combination
with at least one oxidizing gas less oxidizing than O, toward the
semiconductor substrate or substrate assembly to form a

ruthenium metal filin on a surface of the semiconductor substrate
20 or substrate assembly.

13. A method of manufacturing a semiconductor structure, the method
comprising:
providing a semiconductor substrate or substrate assembly;
25 providing a liquid precursor composition comprising one or more
| compounds of the formula (Formula I):
(diene)Ru(CO),
wherein “diene” refers to linear, branched, or cyclic dienes,
bicyclic dienes, tricyclic dienes, fluorinated derivatives
30 thereof, derivatives thereof additionatly containing



or substrate assenbly; and annealing the ruthenium metal film 14. The
nmet hod- of claim 13 wherein the annealing step is carried out at a

t-enperature of about 300C to about 1000C. 15 15. A r’re?\fﬁ)g fUm_nuf acturing
a sem conductor structure, the method conprising: priovidi g

sem conduct or substrate or substrate assenbly conprising a surface having

one or nogkRy kY hi gh aspect ratio features; 20 pro:? h?&"ﬁ bl qui d
precursor conposition conprising one or nore conpounds o e formul a

(Formula 1): (diene)Ru(CO 3 wherein H@lene" refers to linear, branched, or
cyclic dienes, bicyclic dienes, tricycClic dienes, fluorlnated derlvatlves
25 t hereof, derlvatlves t her eof addltlonally contai ning heteroatons such

as halide, Si, S, Sc, P, As, N, or O, conbi nati ons thereof; vapori zing

the liquid precursor conp f rsor conposition;
and 7 S E P 2004 WO 01/GGSQB;P%#?E%%f%hg%é%ﬂ%%sé 8&?%%59'%5 directing the
vapori zed precursor conpospmb@ﬁnmﬁﬂwvﬁﬁlnatlon with at |east one oxidizing -
gas | ess oxidizing than Oz tgﬁ%@ﬂ sen1conglcﬁg¢ subst.ragte or substrate |
assenbly to forma rufffERFU E1 pFPFﬁFSWmFW B PR EPEFE S he g
sem conduct or  subst r apeecwasorsopdsitithe assenbl y having the one or nore high -

aspect ratio features. 16.. A nethod of formng a . rutheniumnetal filmon a
substrat e, 3 he .met hod directing the vaporized precursor composition in combination

with at least one oxidizing gas less oxidizing than O, toward the
semiconductor substrate or substrate assembly to form a
ruthenium metal film on a surface of the semiconductor substrate
or substrate assembly; and

10 annealing the ruthenium metal film.

14, The method of claim 13 wherein the annealing step is carried out at a
temperature of about 300°C to about 1000°C.

15 15. Amethod of manufacturing a semiconductor structure, the method
comprising:
providing a semiconductor substrate or substrate assembly
comprising a surface having one or more small high aspect ratio
features;
20 . providing a liquid precursor composition comprising one or more
compounds of the formula (Formula I):
| (diene)Ru(CO),
wherein “diene” refers to linear, branched, or cyclic dienes,
bicyclic dienes, tricyclic dienes, fluorinated derivatives
25 thereof, derivatives thereof additionally containing
heteroatoms such as halide, Si, S, Se, P, As, N, or O, or
combinat_ions thereof;
vaporizing the liquid precursor composition to form vaporized
precursor composition; and



conprising: providing a substrate; providing a |iquid precursor conposition
conprising one or nore conpounds of the formula (Fornmula I):

(diene) Ru(CO 3 wherein "diene" refers to linear, bra CB?SP m;ycl iC

di enes, bicyclic dienes, tricyclic dienes, fluorinat ves

t hereof, derivatives thereof additionally containing heteroatons such as
hal i de, Skﬂo(ﬁ gg, P, As, N, or O, or conbinations thereof, vaporizing the
liquid precursor conmposition to form vaporized precur’%cgfus@émsi tion; and
directing the vaporized precursor conpgsition in conbination wth at |east
one oxidi zing gas |ess oxidizing than ¥ toward the substrate to forma
rutheniumnetal filmon a surface of the substrate. 17. A nethod of

manuf acturi ng a sem conduct or structure, the met hod " conprising: 7 SEP 200
WO 01/66819 PCTI US01/ 0 2 2 BFO\éG%If sem copdyct or, .sybstrate or
substrate assenbly ﬁ‘b‘?” &fﬁ af\‘?i"ﬁ%mt!?ﬁé“?ﬂmwensrml | high
aspect ratio featuresmm/m]eéstomommgtmoﬁmﬁin ewird HOC t 0 about
350C, wherein the sem condu sgﬁm ;‘ﬁ or sub Eyr a}_ 5 assenbly is
contained within a realff “??F"i’ QM about 10' 3 torr
to about | atnosphere; nph@imdm%lﬂ:ﬂdﬂhﬂsﬁir%ewmésaﬁm&ﬂaﬁawiti on at a
tenperature of about 20C to a cur sor 05|t| on

conpri si ng% one or QD S{ﬁ‘i'gén Y%Pﬁ%&ﬁmﬁ'—%r“?ﬂﬁ? rrgll

(diene)Ru(CO 3 wherel raspeehrameiéatumi ers to linear, branched, or cycl iC

di enes, Dbicyclic dienes, tricyclic dines, quorinated derivatives t her eof E
derivatives thereof additionally containing 5

16. A method of forming a ruthenium metal film on a substrate, the method

comprising:
10 providing a substrate;
providing a liquid precursor composition comprising one or more
compounds of the fqrmula (Formula I);
(diene)Ru(CO), -
wherein “diene” refers to linear, branched, or cyclic dienes,
15 bicyclic dienes, tricyclic dienes, fluorinated derivatives
thereof, derivatives thereof additionally containing
heteroatoms such as halide, Si, S, Se, P, As, N, or O, or
combinations thereof;
vaporizing the liquid precursor composition to form vaporized
20 precursor composition; and
directing the vaporized precursor composition in combination
with at least one oxidizing gas less oxidizing than O, toward the
substrate to form a mathenium metal film on a surface of the
substrate.

25

17. A method of manufacturing a semiconductor structure, the method
~ comprising:



het eroatons such as halide, Si, S, Se, P, As, N, or 0, or 15 conbi nati ons

t hereof; vaporizing the liquid precursor conposition to_farmyv I zed
precursor conposition; and directing the vaporized precarg&ﬂbdﬁﬁggsition in
-conbination wth at |east one oxidizing gas | ess oxidizing than 02 toward
the 20 sem conductor substrate or substrate assenbly to forma rutheni um
metal filmon the surface of the sem conductor substrate or substrate

assenbly NR8 he one or nore small  high aspect rat8@USE##Res. 25 18. A
met hod of manufacturing a sem conductor structure, the method conprising:
provi ding a sem conductor substrate orlsubstrate assembly; providing a

| i qui d precursor conposition conprising one or nore conpounds of the
formula (Formula 1): 30 (diene)Ru(CO 3 7 SEP 2004 WO 01/66819

PCT/ EI S01/ 07402 22 5 10 wherein "diene" refers to |inear, branched, or

cyclic dienes, bi cyclirevidipga samicondyctar sphsiate prsybsiraterapsemblynat ed deri vati ves

thereof, derivatives thgahfighg A6ffabd BURE bie GrUMrdidMll Bkt oms such as
halide, Si, S, Se, P, As, N, or 0, or “conbinations thereof; vaporizing the
liquid precursor conpoirevhichis ¥atsmpspbwe ofagoutdSEE e 8t conposi tion; and
directing the vapori zeskopc Seittehthe ScaiittadbdidrQibstrite 6PMBAAL I ON with at | east

one oxidi zing gas toward the sem condquctor substrate or substrate assenbly
to form a Putheni um netssimbly jsgpntained yithin 3 reactiop chamber hawing aonduct or substrate

or substrate assenbl ypredshrebDaboht I(E&Maﬁémﬁ(a&ﬁﬂsﬁ&r@ rutheniumnmetal film
on a substrate, the nethod

providing a liquid precursor composition at a temperature of
about 20°C to about 50°C, the precursor composition comprising
one or more compounds of the formula (Formula I):
10 : ‘ (diene)Ru(CO),
wherein “dienc” refers to linear, branched, or cyclic dienes,
bicyclic dienes, tricyclic dienes, fluorinated derivatives
thereof, derivatives thereof additionally containing
heteroatoms such as halide, 8i, S, Se, P,As,N,orQ, or
15 . combinations thereof; | _. '
vaporizing the hqmd precursor composition to form vaponzed
precursor composition; and
directing the vaporized precursor composition in combination
with at least one oxidizing gas less oxidizing than O, toward the
20 semiconductor substrate or substrate assembly to form a
ruthenium metal film on the surface of the semiconductor
substrate or substrate assembly having the one or more small
high aspéct ratio features.

25 18. A method of manufacturing a semiconducior structure, the method
| comprising:
providing a semiconductor substrate or substrate assembly;

providing a liquid precursor composition comprising one or more
compounds of the formula (Formula I):

30 (diene)Ru(CO),



conprising: 20 25 30 providing a substrate; providin | i qui.d precursor
conposition conprising one or nore conpounds of th {gEﬁh%QDéFornula 1):
(diene) Ru(CO 3 wherein "diene" refers to |inear, branched, or cyclic

di enes, bicycle dienes, tricyclic dienes, fluorinated derivatives

t hereof, derivatives thereof additionally containing heteroatons such as
halide, Si, S, Se, P, As, N, or O, or conbinations thereof; vaporizing the
i quid pr &UPEEH? conposition to formvaporized precurBS3fUstdidsiti on;: and
directing the vaporized precursor conposition in conbination wth at |east
one oxidizing gas toward the substrat@2to forma rutheniummetal filmon a
surface of the substrate. 7 S E P 2004 23 20. A nethod of manufacturing a
sem conductor structure, the method conprising: providing a sem conductor
substrate or substrate assenbly; providing aliquid precursor conposition
conpri sing one or nore coﬁﬂ@@hd@kaﬁrﬁﬁ§t¢gmeWEMQﬁdﬂmuﬁﬁcﬂ¢mw(diene)Ru(CI»S
wherein "diene" refers tob?&&ﬁﬁﬁmm Qfkne. hw&ﬁﬁkhﬁmﬂk s, bicyclic

di enes, tricyclic dienes, tluorinate erivatives thereof, derivatives

t hereof additionally , cortbeseoldstvatisesdheseof additionglitcontaining i de, Si, S, Se, P,

As, N, or 0, or conbi ”ati%&r&aﬁ%@ﬁﬁhiashﬁﬁ&%j&b@,@dhg,qslﬂolﬁyéfd precursor
n

conposition to form vaporized precursor conposition; and irecting the
vapori zed Precursor conposiombipationgthewafii nation with at | east one oxidi zi ng
gas toward the seniconngxn ubst.,ate or substra&; assembly. to form at

0

c .
| east ‘about a 95 aton&bpuregﬁﬁt d PIERRTOE COTOgSitiop W form Vapapeed - o ot ¢ he
sem conduct or subst r at preoursargbwposition; andssenbly. 21. A nethod of formng a

rut heniumnetal filmon, a sulstrate,, the nethod _conprising: providing a
substrat e- I&u'e.:cung ¢ vaporized precursor composition iHEombinaﬁ%n P g

with at least one oxidizing gas toward the semiconductor

10 substrate or substrate assembly to form a ruthenium metal film
on a surface of the semiconductor substrate or substrate
assembly.

15 19. A method of forming a ruthenium metal film on a substrate, the method
' comprising: '
providing a substrate;
providing a liquid precursor composition comph'sing one or more
compounds of the formula (Formula I): ,
20 - (dienc)Ru(CO), |
' wherein “diene” refers to linear, branched, or cyclic dienes, ‘
bicyclic dienes, tricyclic dienes, fluorinated derivatives
thereof, derivatives thereof additionally containing
heteroatoms such as halide, Si, S, Se, P, As, N, or O, or
25 combinations thereof’ ‘
vaporizing the liquid precursor composition to form vaporized »
precursor composition; and
directing the vaporized precursor composition in combination
with at least one oxidizing gas toward the substrate to form a
30 ‘ ruthenium metal film on a surface of the substrate.



providing a liquid precursor conposition conprising ngugﬁ zapgfconpounds
| ehe

of the fornmula (Fornula I): (diene)Ru(CO 3 wherein'"

ers

to

l'inear, branched, or cyclic dienes, bicyclic dienes, tricyclic dienes,
fluorinated derivatives thereof, derivatives thereof additionally

cont-ai ni ng

het eroatons such as halide, Si, S, Se, P, As, N or O,

conbi nations thereof; vaporizing the |iquid precursor conposition t
vapori zed precursor conposition; and dsecting the vaporized precu
conposition in conbination with at |east one oxidizing gas toward
substrate to format |east about a 95 atom % pure rutheni um net al

a surface af.t hes aithsd bBhufacturing a semiconductor structure, the method comprising;

providing a semiconductor substrate or substrate assembly; providing a liquid precursor
cbmposition comprising one or more compounds of the formula (Formula I):
(diene)Ru(CO);
wherein “diene” refers tb linear, branched, or cyclic dienes, bicyclic

dienes, tricyclic dienes, fluorinated derivatives thereof, derivatives thereof additionally

«containing heteroatoms such as halide, Si, S, Se, P, As, N, or O, or combinations thereof:

vaporizing the liquid precursor compdsition to form vaporized precursor composition; and

directing the vaporized precursor composition in combination with at least one oxidizing

gas toward the semiconductor substrate or substrate assembly to form at least about a 95

or

o form
rsor

t he
fil-mon

atom-% pure ruthenium metal film on a surface of the semiconductor substrate or substrate

assembly.

21. A method of forming a ruthenium metal film on a substrate, the method
comprising:providing a substrate;

providing a liquid precursor composition comprising one or more compounds of the

~ formula (Formula I):

(diene)Ru(CO),

wherein “diene” refers to linear, branched, or cyclic dienes, bicyclic dienes, tricyclic

~ dienes, fluorinated derivatives thereof, derivatives thereof additionally containing

heteroatoms such as halide, Si, 8, Se, P, As, N, or O, or combinations thereof;

vaporizing the liquid precursor composition to form vaporized precursor composition; and

directing the vaporized precursor composition in combination with at least one oxidizing

gas toward the substrate to form at least about a 95 atorn-% pure ruthenium metal filmon a
surface of the substrate.



