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chemical vapor deposition and liquid ruthemum precursors,

Backaround of the Inventio
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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GR IF, IT, LU M N, PT, SE, TR, QAPI patent CO a, Cm
GA. ON, GW M., MR, NE, SN, TD, TG . Published: w thout international
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two-l etter codes and ot her abbreviations, refer to the "Gii d- anceNotes on
Codes andAbbreviatione"appearing at the begin- ning of each regular issue
of the PCT Gazette: CN R4), o}thglnvl}a/gt'{(lj—lws FOR PREPARI NG RU HENI UM
METAL FILMS (57) Abstract ?&E_ngSEﬂf_THVEWﬁ i on provides nethods for the
preparation of - ruthenluntnetal filme fromT aidth r e g ru nmum COn

pl exes of the forrmula (diene)Rn(CO 3, wherein "diene" refers to | i near,
branched, or cyclic dhgag | i C d| "
f1uorinated derjvatives tﬁ%&@o ¥ﬁ%ﬁ%ﬁ%ﬁ$?§%§“%h %ﬁﬁ‘ rlvatives

t her eof addPiovisiséin ¢ fiesbaspeat af thgplﬁ@!l@nmtlmrﬂlcwehroaﬁedmﬂnbtded ofSi, y: S Se,
P, As, N, Oknafifad N3.QX SEP 2004 . VWO

01/ 66819 PCT/ uso_tﬁ/ih %%5%%%%%@3“%% m&_ ”‘&&E{]ﬂ%rg’éﬁr lU‘EJ"‘ YRETAL FILMS Fi el d
of the | nvefimigthdytiprsubsimient $‘tbﬁm|tfeﬂsm‘fé@ povidig agmeidgeatisan of rut heni um
films usingcombtRitios SRR o} the m precur sors.
Backgr ound of @ﬁe Iﬁ%@%ﬁﬁgﬁmg Fi | é&hﬁQm&ﬁ%f#e“”5drtléﬂﬁ%ﬂfy rut heni um
films, are becoming inportant fdmepRwEiQety of el ectronic and

el ect ¢ oehemBakinARRlik o310 Snesf Sanc AR i SHIDBRIAuLRLTS ar e general |y
unreactive to siljcon and netal oxid 5 q“E0Rduct ors. Films of
ruthenlunth&V@C§ﬂ¥¥ﬁ%ﬂ@mHPEﬂéﬂﬂﬁégﬁﬂ@EQ§dﬂmaﬂwmﬂpnmfmmaemﬁhn i ntegrat ed
circuits. FesntaXast@oatsioNcE A&, 858%d P AN &tcf%rg magi' [cuits for

el ectrical contacts. They are particularfy 'stita
thereof; vaporizing tlie liquid precursor composmon to form vaponzed precursor

composition; and directing the vaporized precursor composition in combination

with at least one oxidizing gases less oxidizing than O, toward the semiconductot

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

semiconductor substrate or substrate assembly. 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 compctunds of the formula (Formula I):
| (ieneRu(CO),
wherein “dienc” refers to linear, branched, or cyclit: 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



as barrier layers between the dielectric material and the silicon substrate
in menory devices, such as ferroelectric nmenories. Furthernore, they may
even be suitable as the plate (Le., electrode) itis f§§j‘pg citors. There
are a wide variety of ruthenium conpounds that can b u as precursors
for the preparation of such filnms. Many are particularly well suited for
use in chem cal vapor deposition techai ques. See, for exanple, US. Pat.
No. 5,372,849 (McCormck et al.), which discloses the use of ruthenium
conpounds contai ning carbonyl |igands and ot her |igands. However, such,
conpounds typically formdinmers, which are |l ess volatile and not as easily
used 20 in chem cal vapor deposition techniques. Thus, there is a ‘
conti nui ng neeWWMtho}B&nﬁfsﬁﬁﬁ%MQgQ%%ﬁ henium fil ns using
chem cal vapor deposition _techniques. 25 7 S E 4 2 Summa of the

[ nventi on -Met hd’&%cgfsg'i%s‘ﬂ?‘éﬁ'é‘} ation of rutheniumnetal films may be
provided. In a g tRSRRG “]g at i.nyent.ign, there is provided a
nmet hod of nanuf%'gftﬁ{rgi ng a lgzggn}con J(%%’%ﬁgﬁorul}gh“?be!?ﬂ{oﬂe met hod conpri sing:
providing a st astone pidisisg pasiess opidizingsban G tewaslalsnbl y; provi di ng a

| i qui d precur sQemiceriiRRs kit i ia%ﬁ nore conpounds of the
formula (Formula, l): (di t%ﬂg@%uﬁﬁ%a% e(rggriqﬁ?gm I ene" refers to |inear,
branched, or cyefeiugimeal fln pa a gusface ofthessoicondudtiraylestine di enes, f1 uori nat ed
derivatives thekessratd@&inglli ves thereof additionally containing

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

t hereof; vaporizing the.liqui recursor conposjition to formvaporized
precursor conposi |%trgl;rd'3sr?gc 8??‘88?’[57?&’%"?@09’%?}Si’é‘a"‘lﬁfiecursor conposi tion

i N -combi nat i onmetkiotl hf @inufeasing ®sEniCondktar sGUct@8SBESmEM®SS OXi di zi ng than 02
toward the sercﬁrgondug:t or substrate or substrate assenbly to forma

rut-heni um nmet a‘f‘?‘}f’}“ﬁi on a surface of the sem conductor substrate or
substrat e assaovling aBambaidbbysubii R5hididd: 1% is less oxidizing than
oxygen (02).-This nmethod can be useful on conplex’ structures, such as

t hose cont ai rimygdiosa liguid pecesemampodiiaitomplisiag ofeak nford €at ures (e. g. ,

openi ngs or &%Blﬂdiégﬁthﬁtf&ﬂfula &3 ulal%’hi ch typically require excellent step
coverage. In a second aspec € present invention, there is provided a
met hod of manufacturing a s@rh&Rad®M;or structure, the method conprising:

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:



provi ding a sem conductor substrate or substrate assenbly, which is at a
tenperature of about 130C to about 300C, contained wthin a reaction
chanber having a pressure of about 10-3 torr to about I/ ﬁ%@ﬂgdfe
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 |): (diene)Ru(CO 3 wherein "diene". refers to |inear,
branched, or cyclic dienes, bi cycl?lb di enes, tricyclic dienes, fluorinated
derivatives t Ipevelidg a sepicondattonsbstiateant swlfsteatd aisérmbipal | y cont ai ni ng

het er oat ons su -hal | de I Se. P N, or 0O, or conbinations
thereof; 7 S Egﬂﬁéﬁ%ﬁ%?ﬂmﬁoﬁgofﬁng$#$Mﬁ or conposition to form
vapori zed predesmset conposition; and directing the vaporized precursor
conposition in coppinatign wth at |east one oxidizing gas |ess oxidizing .
than OZ toward n SIS SPOBORCAPBIIE WGHEPEt e assenbly to forma
rut heni um et alcompduitlsdf it fortiufaiBemia :he sem conduct or substrate or

substrate assenbly. In a third-aspect of the present invention, there is
provi ded a nethod of manuf d@EaRAC S seni conduct or structure, the method

conpri sing: providij a.sem, conduct or .substyate or,.substrate assenbly;
Provi ding a |iqui dw%g%"gu‘?%ngr reg%s g'gﬁrﬂ'b(ﬁ‘fw@%‘;rﬂﬁyglfcﬁj@e“ﬁﬁe or more conpounds
of the fornmul a (Fobinydiadites, ticjichadidries,(fuaditateddedivaives " di ene” refers to

| i near, branched, gr |4 ¢. di ene bicyclic.dienes, tricyclic dienes,
fluorinated deri va@ Fve %gfse'%?@sfc?g(rhla\’/'gp?\%ém?‘f\%reof addi tional |y
cont ai ni ng het er obeteyoatoms soth andalivie] $ids, Se P, As, @&, o, As, N, or 0, or

conbi nations theregf ..vapanizing the |liquid precursor conposition to form
vapori zed ? ‘

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

LS

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, |



precursor conposition; directing the vaporized precursor conmposition in
conbination wth at |east one oxidizing gas |ess oxidizing than OZ toward
the sem conductor substrate or substrate assenbly to foznﬁaEPrgBQ&ni um
metal filmon a surface of the sem conductor substrate r subs e
assenbly, and annealing the rutheni4fnmetal filmlin a fourth aspect of the
present invention, there is provided a nethod of manufacturing a

sem conduct or stryct thod conprising: 7 SEP 200 2b providing a
seni conduct or subgltcdrsg{ﬂgasg%gga sPrate %@8 esr/‘g‘séﬁ’t’ﬂﬁgf'ém‘?@oﬁo%urface havi ng
one or nore snaptufishuging aspeicenducttn structire Ahehinethod En@isibNg a | i quid precursor
conposition conprising one or nofe conpounds of the fornula (Fornmula 1):
(di ene) Ru(C@SEBmE’Fé%MdBﬁ%“m?%PSQWQWW branched, or cyclic

di enes,  bi cyctdmpridingaedtack hivitig©hé 6r hbrE AR hif 44pLi Bab €d derivatives

t hereof ; deri vat  ves L.gg eof additi 8$%|°| y.containing heteroatons such as
halide,. Si, S, E@é",es‘lj,'h S atg temperafiire gh aboytd 3 Cagbayhs t her eof ; vapori zi ng the
I'i qui d precur sBS0°Coniimadi the Sdinitdaddcir FubSBRE bi shBskrateP €CUr SOr conposi tion; and
directing the y r.ized precursor conposition in conmbination wth at |east
one oxi di zi ng 633%“ ’%?5“‘8‘51‘%‘?%%“ V@8 he seni conductor substrate
or substrate apsenelofationt fodtet @ abéus | Aedisphitreret al fil mon the surface of the
sem conductor substrate or substrate assenbly having the one or nore high
aspect ratio fBRVidingaliqpd pecyrsor composition at adémpeiturposent i nvention, there is
provi ded a miﬂ&ﬁ&@tﬁ&ﬁﬁﬂﬁ%,%&ﬂm&wﬁlmﬁﬂi@ pn a substrate, the
nmet hod conprising: providing a substrate; providfng 8 I qui d precursor
conposi tion coff5rF TeFFompennds of the fermuly@emumal: of the fornula (Fornula 1):

(dienc)Ru(CO),

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),



(diene)Ru(CO 3 _ wherein "diene" refers to linear, branched, or cyclic

di enes, Dbicyclic dienes, tricyclic dienes, fluorinated,dgrH l yes

t hereof, derivatives thereof additionally containing th S%Mfsuch as
halide, Si, S, Se, P, As, N, or O, or' conbinations thereof, vaporizing
the liquid precursor conposition to fggm vaporized precursor conposition;
and directing the vaporized precursor conposition in conbination wth at

| east one oxi di Zinhgeid 8diede® EeferOiililbat] Bighchddst chdiclanyey, d the substrate to
forma rutheniumpmetal,. filmop surface of the substrate. 7 S E P 2004 2c
In a sixth aspect™¥¢ BEente %fié’ﬁf‘ﬁ“"é‘ﬂ,d V¥ is provided a nethod of
manuf act u(rji ng a aﬁftfhgwﬁhlﬁrb@mm&&ﬁdd&iﬁuwycﬁdﬂﬁﬁf@t hod conpri sing: f|orovihdi ng
a sem conductor substrate or supstrat SS conprising a surface having
one or nore snal Wﬂ%ﬁ@%#’ogiegﬁf?ﬂg’ ch is at a tenperature of
about 150C t o abesihbinatibti@hersditer ei N t he sem conduct or substrate or substrate
assenbly is contained within a reaction chanber having a pressure of about
10"3 torr to vaperipingtholiqudpmsurser compesitionteform vipogizedd precur sor conposi ti on
at a tenper at S &Qrf conpbRiith; #C t 0 about 50C, the precursor conposition
conprising - one or nofre coirpounds of the fornmula (Formula r):

(di-ene) Ru( CO) direcivdpahaniaporizell memitsor engusitivroin lcomldastionbr anched, or cyclic

di enes, Dbicygld ' s plal | ' Lene yorinated derivatives

t her eof deri%&%&%g%pﬁ%?dé%?é%ﬁﬁﬁg%&gg%& ning heteroatons such as
hal i de, Si, Sub8mfedPsubitsate dskembly tO forowa rutheniion matal filns t her eof ; vapori zi ng t he
liquid precurwgm&@!&%?%g%&nh&t&%mtggp | precursor conposition; and

directing the vapori zed precursor conposition in conbination wth at |east
one oxi di zi ngasgashly.ess oxi di zing than 02 toward the |

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 |
dirécﬁng 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,



sem conductor substrate or substrate assenbly to forma rutheni um netal
filmon'the surface of the sem conductor substrate or _sugﬁ]égﬁe assenbl y
having the one or nore snall high aspect ratio feature}. ¥ ent h
aspect of the present invention, theke is provided a nethod of

manuf acturing a sem conductor structure, the method conprising: providing
a sem condugct or. substr . qQr._substrate. assenb roviding a Liquid
precur sor g%f%:&g ?Itefleght%%cﬁr%(ra}eg?shguogﬁagte%?e%?vgs 1%‘8&@8%&2"363“{% fornmul a
(For mul a 1) additemaherRian®@)8teiba@mERucR@O Halidd, Sif B 1Sej ) AsdN.ene. o efers to

i near, bra 2d .. Jic dienes, bicyclic dienes, tricyclic dienes,

fl uori nat ed‘gb e?‘?a\t/lg%l’ﬂ\}%é&’ t hereof, derivatives thereof additionally

co%ai ni ng Vmﬁﬁﬁgﬂ?@@id%tb@t_ﬁts@&oﬂ@tﬁitﬂ)lﬁ;to &Igva?pori%%prg)mns&s; N, ?r 0, . Orf

conbi nations._ther.eq s g the Liquid precursor gonposition to form
vapori zed %()rrﬁe%%?lglgra n%%%g%é% tﬁ" ga%?ﬁ%fﬁgreaﬁr&gccf’ ?’H%Sltfoﬁ‘én FAPBIE9Rd precur sor
conposi t i onwithadessbhimaridomg gas tolvasitthd semsbndnrer exbisiditzbrgbgag t oward t he
sem conduct rat e enply. to form a rutheni um netal
film on a %ﬁ?‘f‘ggE)Sf%ﬁ%ﬁ%aggag%&g%aﬁh é&’ﬁéeun%"%‘é?ém ﬁ&%ﬁ%‘frate, assenbl y.
I n an ei ght suriaspeidhe sgmidohducor substrate drsvitrateessemblger e i s provi ded a net hod
O 0 2 L et iR Tl harkbo P 0ol P UBSIR! e LB ROT, COMPE S1 NG,
providing a substrate; provi di ng a Fiqurd precursor *co & tion conprising
one or nor emetodpbiomeisg »futhchiwmfmatehiilm of Eowbstrite, the methell ap)ifug:CO) wherei n
“diene" refegrs; tQ.ld . branched, or cyclic dienes, bicyclic dienes,
tricyclic d?@ng%‘% afs. %gr?dlé’nat ed derivatives thereof, derivatives thereof
addi t i onal | yrozidinzailidgrecheserepwptsiive compiisizgsonk at inde, coSpound; ofSe, - P, As, N,

or 0, or cg{g%mgai(g&%miaq?_reof;
(diene)Ru(CO)s

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



vaporizing the liquid precursor conposition to formvaporized precursor
conposition; and directing the vaporized precursor conposition in
conbination wth at | east one oxidizing gas toward the SL?osﬁE% Q[}ﬂé forma
rutheniummnetal filmon a surface of the substrate. In a ninth aspect of '
the present invention, there is provided a nethod of manufacturing a

sem conductor structure, the method conprising: providing a sem conductor
substrate or substrate assenbly; providing a |liquid precursor conposition
conpri si imtggoked ca';‘cuitsdtist@btrrp'dmmgd thiiat mhmemodsrmsl wot luhFat toul a 1) ;

(di ene) near ..branched, or cyclic

di enes, %@é&%ﬁﬁ? gwﬁrs ﬂ-{%? Othgle %ﬁ%sz)fkv fee c(yg? Pl IRRAIE £ 5 i hat ed
deri vat i wefsr, etedcarvlfe, usgtbarsmoeéit Alﬁe,sthftmeih@isfcan m:sed m(smadaﬂ-gn-cont ai ni ng

het er oat Qr conbi nati ons

t her eof ; &\E}gp%%?%ﬂﬁgg?? : o g B%gt:egrg@grhanp\%mcom{m{m SOET¥%r m vapor i zed

pr ecur sopr subgiasasiemblies, calahttiusatﬁméhftm@OQSh'ﬁlev@pdndezﬁdem@mr sor conposi tion
i n.conmbi RaLl %e%‘@tctﬂt}?etsuﬂs‘ﬁ@t%ﬁ%f&ﬁnc%?lﬂl&' %&%eorsyg‘@r%{cd t he sem conduct or

substrate or suBbstrate asse orma as out a 95 atom-% pure
r ut heni upsseratlz the ﬁlmmcambﬁmmdrdiraéhf op fthet lneess eemiigoduts bofacs obst r at e or

Substr At fieAFRERP! of thel Bprfel5iicl oA RPGH Riedd BFPL.GSENL LANEY ! On, there s

provided a nethod o ormng a r ubstrate t he
met hod cevipripsiterepd wafnrofpr elamgleallsnihe e Esempnonduicei mysimtd’ﬁmpyl d precursor

CONMPOS| { {7l (OPEsS oo layBOLE, egm&n&&nggsgh&g%a{eomu' a (Formula [):

(diene) Ru(CO 3 wherein "dien s to ranch or cyclic
di enes, Beeyer 4 siticgh dayergleposited enanbther mtenind such 4 silimoh oasapghicker i vat i ves

thereof , Tﬁ@(efgﬂ%h%%ﬁdﬁc%?&ﬁ@éat@%gén?ﬂl)o by rger AU BfoRficet oF 0at ons such as

hal i de, S, | nat1ons reof vapori zi ng the
li quid prebstute brvingonp esinere dayers or ftoeires &poed theopr ecur sor ', conposi ti on;

and directing e YARRIESHnBHCRHERR! oGARBASLEMAD kil SAIPLNat i on  wi th at

| east one oxi di zi ngb as toward the substrate t orm at Jeast about a 95
structure, preferably having a surface 'with one or more small high aspect ratio features may be | ;

provided. The method may include the steps of: providihg a semiconductor
substrate or substrate assembly, which may be exposed to a heater preferably sct at
a temperature of about 150°C to about 350°C (more preferably, at a temperature 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
(O2).



atom % pure rutheniumnetal filmon a surface of the substrate. Conpl exes
of Fornmula | may be neutral conplexes and can be liquids at a tenperature
wi thin a range of about 20C to about 50C. They can be used in flash
vapori zation, bubbling, mcrodroplet formation techni ﬁpg , as neat
liquids or in combination with an organic sol vent. erein, "liquid" -
may refer at liquid (a liquid at roomtenperat SO|Id at room .
terrperatu?te(Pt ﬁagtlsmal ts at an el evated tenperature up %&Qﬁg’d‘ﬁ“&oq, or a ;
liquid or solid in a suitable organic,solvent. Suitable organic solvents
t hat could be used include hydrocarboﬁs such as hexane, pentane, and
tol uene, for exanple. The nethods may be well suited for formng filns on a
surface of a sem conductor substrate or substrate assenbly, such as a
silicon wafer, having high surface area topol ogy, such as high aspect
rati o openings forned therein, but such gaps are not required, used in
formng 7 SEP 2004 3 i nt egBdéfdibsaripti ubtthel‘lrn to be understood that the
nmet hods are not limtegd. to SsitdaQ i con, wafers: rather, other
types of wafers (e.g. f’ Illﬁ?rgcg'e%atenﬁf’gﬁc eﬁé YePOrJeposjuon sstem,  sed as wel | .
Al so, the nethﬂelﬂefoansebnthsmhddmfﬂ!bbmnmmm.nsul at or technol ogy.
Fur t her nor substrate %ﬁ% ctor strat es or substrate
assenbl i es%can be used§ Ehlg %ﬁlﬂtb%%@ glg’ erﬁ”f)r exanpl e, fibers,
wres, etc. Idepbheoxslm&ommtﬁﬂzs@rmMnﬂemEnmthmhetcompmdlbnsubstrate
assenbly, the_§.j. e _ e e conduct or
surface of tﬂ{e‘h%%gstra ,né?w%y‘g%lﬁﬁ%#gx?%? Igtﬁ%n any of a variety of the
| ayers (i ‘.e.,usdm@peﬁﬁonmem a patterned wafer, for exanple. Thus, the
term "sem conduct or su@%lpﬁ Egﬁy . nduct or | ayer,
e.g., the lowest |ayer S|i§ %{Sg‘ff"?% é&&ﬁ&sﬁéﬁrﬁ%[ﬂ glgm l'icon | ayer
deposi t ed Hh muhmfom@mmm%lhmasamomgﬁh@mppmmmmm'he term
"sem conduct o gos8 =,r nduct or.

?’Iﬁg %{r&frtﬁ'n No &% < o] dxldidePudell &)@ﬁg@a&%

substrate. hav rmre rs or structures thereon. In one
embodi ment , apmé@ﬁo“@“'cﬁx”n'aﬂiﬁ mrﬂepﬁglbanwmsebnductor structure, preferably
having a surface !with one or nore small high aspect ratio features nmay be
provi ded. The nethod may i ncl ude the stes of prOV| di ng a sem conduct or
substrate or substrat e Retailedi phipe ol xreterrel mhodimends t 0 a heat er
preferablysset at a t [.eggﬂf S@gg:{ nor e
preferably, §at a terrpe‘ralz?g re O?ﬁeﬁfggg{[&%%so% t@s%ﬁ%ﬁ@ﬁgé and may be

cont ai ned’ wi t atel flm asieg 3 vporzationieshnique (eigsashemichiyapardepesiioessur e of about

10-3 torn to ghfud) «Ad SRR HdFiguldRHitRenium 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 Aungust 27, 1998. They can be prepared according to. -



preferably, having a pressure of about 0.1 tort to about 10 tort);
providing a liquid precursor conposition preferably at a tenperature of

about 20C to about 50C, the precursor conposition maé&ﬁg se one or nore
conmpounds of Fornmula |; vaporizing the liquid precpr gﬁié)’bsi tionto

form vapori zed precursor conposition; and directing the vaporized
pr ecur sor dResbtion, which may be in conbination w . nore
oxidizing“&gses toward the sem conduct or substrate oﬁkgﬂggﬁpﬁFe assenbl y
to forma rutheniumnetal filmon the §urface of the sem conductor
substrate or substrate assenbly having~“the one or nore small high aspect
ratio features. Preferably, the oxidizing gas is |ess oxidizing than oxygen
(02). 7 S EP 2004 W 01/66819 PCTIUS01/ 07402 4 Brief Description of the

Drawi ng Figure \ s, a.schematic of .a chemjcal v I, sition system

su table 1o febedseRrBElBRY of aporifa bR oAbl PR PRy 7 1757 &
graph that shf®&2,7l6i ckness of filns versus deposition tinmes for a process
of the present inventi

| .t h 0.c red t. oxidizer ("No Or = no
oxi di zer used in depos?ﬁéfngﬁx%;rogg%@&%%?m&gb@%ﬁﬁ FHEFH deposition
gl)(r)oces_s) - Fi tgimmttbniasmutg:ieq:ﬁpitﬂea@ds&uﬂm’ fdbhﬁ-obm'mﬂpeﬁamedaf ta;endence OI t he

resistiy usjin rocess .0 e presen

i nvention v§ t#ﬂ%ﬂge@%%ﬁ%ﬁ%ﬁtgg?fﬁ%&gd%:%%Wdi zer used in
deposition pAoEkSkEhesecampleds aresultidie foxwsd it vapokization teehniyugx(egess) . Defil ed
Description Ofchéggi&fl%pro?ﬁs FHH&?FF @Qﬁé’r&@%hgwﬂwﬁﬁﬂ% h?a‘{igﬂlt I on provides
nmet hods of formng arutheniu a I’musing a \ngorl zation techni que
(e.g., a cheniteshiiqueahwbblerdgrbaiquéscand/or wishorirapies Jechmiguesoptionilyrior e | i qui d
r ut heni um coMabi@ion W ch bighil Sofvent. "rofelte SRR NS e Uiy et €0 1O

met hods of manufacturing a sem conductor device having a eni um net al
filmtheredth. dewritddhersinare partioplady syitable derdew tempsratreC¥P, aghe f ol | owi Ng

br anched, or %ﬁ@&?‘é‘ﬁﬁ?%%ﬁ“@%@?&? oFB00EThN (| Lor T na o
derivatives t P& derivatives thereof additionally L
: 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 - - -



25 contai ning heteroatons such as halide, Si, S, Se, P, As, N, or 0, or

conbi nations thereof. Preferably, the diene |ligands include about 5 to

about 8 carbon atonms, and nore preferably, about 6 to_about 7 carbon

atons. These precursor conpl exes are descri bed m?A@cEchﬁQ# Assi gnees'’ i
copendi ng patent application entitled "Precursor Chem stries for Chem cal

Vapor Dep@si diksgdle ©f Rut heni um 30 and Rut heni um Oxi de" fllq' ' S. Serial
No. 09/ 14%,%23%?@?M cron Docket No. 97-0675), and file owsﬁﬁg&'t 27, 1998.
They can be prepared according to . 7 E P 2004 WD 01/66819 PCT/ US01/ 07402
5 nmet hods described therein or accordi g to nethods described in U S

Patent No. 5,962,716. Conplexes of Fornula | that are suitable for. use in
the present invention are neutral conplexes and are liquids at room

tenperature or_are soljgs_at, rqo erature that |t at an el evated

t enper at ur e Wﬁ‘%t‘g‘g%ﬁ?“’gbﬁ?mm&’@%aﬁgﬁgb%@ gﬂﬁ‘ﬂ%?ﬂnﬁ’??"&? use in

;/apﬁr! zat i ;)n dmibadh uﬂ?'?,dvmgmﬁaﬁmmm_ :wmglmﬂnmmwx%dﬁfﬁm?) -

echni ques), such .as. sh v rizatjon techniques, bubbler techniques,

and/ or nicr odﬁ'ﬁb@&as{%ﬁﬁ&&@@?ﬁg&#@ﬁﬁ °ﬁ’ﬁy' conbi nation with an organic

sol vent. Preferred enbadessegdrssiof otidicergmnfrunigd,d,Baskesesi bed herein are
particularly suitable.fqr l.owt eratur D .e.g., eposition techni ques

i nvol vi ng Sub®VPufEsy g’rogl ?ﬂlggﬂ;ﬁ‘gﬂ%‘@ﬂﬁy%&&mﬁgﬂ%ﬂ%‘&ﬁ%w A preferred

cl ass of conpheddizéerfzmeitied hisdsdisddsed inlAgpplicant’y Agipnee’ peopasliipe of greater

than 0.1 tort : . ds | 15,

(cycl ohexadi e%’&%?ﬁ%% cycC %ﬁg}g?%g@%&ﬁ%%%%&%%ﬂg%l y, the
precursor conpe®r wiiformityis varpusingherd signifiieantly bettes thas eandsk actdeveld r eact ed \r/1v|t;1

one or nore o aTen : e idizing than

t han 02, and g‘;li)ttqlhéﬁai i y,g%gs.%nﬁﬁn%@g&%g@?%@@??%mﬁé@%é%%wﬁbhem um net al
film The lthemro oxjdizer; sudi fotrfilma of domparable thitkpessghsresistivity pftheal | y 20 sel ect ed .

fromthe group,foasi ﬂ'am{,n ' ' Lxtures .
thereof. In the cont%&_t ) ﬁﬁ%%@gﬂoﬁﬁfeenglon,g@%%&t&gas i s one that
i s generally using seaendiger. hhe surfaceancepholricr.cad nwephologheuiutien with and does not

gases ar e r eadtaptit, WOl Rl YOG RO ARD, chisliie/ AR ' 5 "o ~
surface under asdepositadand mpealedSilms & sinilarifar e twapmcessisposi t i on. Exanpl es of 0
oxi di zi ng ggses sui t abl e Qi oPihE Bakdnt Bivéhtion are particutarty well suited for |
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, such as a 1 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 i
(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



rut henium netal filminclude N20, NO @02, CO H202, and H20O Preferably,
the oxidizing gas is N20, CO, (02, or H20, and nore preferably it is N20.
Vari ous conbi nati ons of oxidizing gases and optional r§Et s can be
used in the nethods of the present invention to form f4 r?s Accor di ng
to the literature, Ru netal deposition typically requires 02 in the

process i pfidediot 0 deconpose the precursor. Dependin :{.l.mg 7 SEP 2004
WO 01/ 66819 PCT/1U801/ 07402 6 anmount of 02 used, Ru ne%a Hytfggn% films can

be obt ai ned. For the conpl exes described hereln even a small anpount of 02
| eads to oxygen incorporation in the filmand a si gnificant nodification
of the norphol ogy. A less aggressive oxidizer, particularly N20, has

several 5 advantages: the deposi tion rate is significantly higher than can
be achi eved W|th noo, a nethod that is disclosed in Applicant's
Assi gnee' s cdfp¥ E’P’%"" bé‘f‘ft %ﬁﬁ?f‘g"c%tlﬁ?)ﬂa‘sﬁ?’%l‘“ °ta99/ 140, 878 fil ed

on August 27 obemmushhmabmfﬁmlah@mdwpl gummmmhm and

S|gn|f|cantly better t han can be achi eyved. wt o oxidi,zer; adhesion is
better than &P ‘F‘\ff{cﬂe“}?g 'ﬁ#ﬂﬁbﬁﬁc}

RYOAE di zer, and for
films of conpapitibR té bintdtiates, wéshﬁeﬂcm;@ulawmay@ﬁotﬁeh&nﬁmum metal film

deposi ted ysi N20|slo r than far i | m depogi te usi ng no oxidi zer.
The surfacg nﬁ‘gﬁ %W%%%ofe{/ﬁ & I3 RIGn% | ng, are
conpar abl e behamﬂmp&tmﬂo\WSanveﬁh@ﬁanBéWﬁkfdrﬂiﬂgmmhhe

as- deposited nneal ed . f.i.l.nB | ar .for .the t rocesses.. 15

Met hods of thg“ﬂa‘?fi‘%yé PW&\%W@?@ %’i"‘{&ﬂ!ﬁ"‘[t&ﬁe HoFS¥3for forming
hi ghly pure rﬂtﬁnmmgmnﬂeﬁmﬂnﬁhehmdxﬂeeﬂﬁrshhﬂ)meﬂhyekmeﬂst@bout 95 atom %
pure, based on _X.ray S tros Q XP Spect roscopy,
or other neth §f'"%hT § C“]Wsé é%%%’teéémggtfﬁ“t:onductor

waf er (e.glQ SO%ismpmwmgecanbgatleudn'Hﬁmfcmiemmitmrof&emchnpss@Eass 20 pl ate,
etc., and on ' . iﬂﬁ &a; t ther it be
directly on t%@‘%&t‘gﬁ%‘% e or ontg géﬁeiﬁé osg'ﬁﬁf'eé deposited on the
substrate as Mhmiunsmnmtfdmdmmcﬂubamdﬂefoaﬁmmubblycmﬂfwmham of
structures co W %g ve the rutheniumnetal filns deposited thereon. For

exanpl e, posts of trenches (vias) could have the ruthenium netal
films of the present i rfhenithenivntpgaldilndsidepdstednpondecompoditiérhods of t he.

present | nygn t(@ygi@al@,’ fheAf &é.c&%o%[tﬂ{) &%ﬁé bij mgrg Eomplex&s 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. -



depositing highly pure rutheniummnetal filnms on the surface of a
sem conduct or substrate or substrate assenbly, such as a silicon wafer,

having a high surface area topology, such as a sur SEEQZﬂDé' of an
i nsul ation | ayer) having high aspect 30 ratio feature S openi ngs

(i.e., gaps) or posts (i.e., studs), forned therein or -thereon. Small high

aspect raty@odiR@bures typically have feature sizes or 4 WO 01/66819
PCTI US01/ 07402 7 critical dinmensions bel ow about 1 m C]Z(g[ﬁ? 8‘97 , the

dianeter or width of an opening is Ie%s than about 1 mcron), and nore
typically, about 0.3 mcron to about m cron, and aspect ratios greater
than about 1. Such aspect ratios are applicable to contact hol es, vias,
trenches, and a variety of other configurations 5 For exanple, a trench

havi ng an opening of 1 Jrncron a th of .3 rons. has an aspect ratio
of 3. The present i nverﬁjtg’] Srmgrﬁﬁ"rhﬁga%ﬁs 3 e?o?@%’?‘gq‘ f?@s‘gﬁsﬁtﬁ%‘? on barrier

| ayers in snakdbsﬂﬁtgﬁssaﬂ;hes)tarerlmmmeﬂMhamB&IGUAcbﬁstﬁnhﬁomiﬁﬁ of CVD processes
for formng conf . m |ff r|er over step
structures. Typre. se#%bl%(ﬁahed#% g%g g‘bﬁ r??%ll‘?r"? greater than
about 10 80°/dm°€poame35ﬂ§@ d‘anoﬁﬂmuarﬂﬂap&umiagerepmﬂoﬁfrﬁt&&ndo the ratio of

top surface PR R aoil e AERBRMEL b ErpR B BET b0 ¢ o

form ng el ect am350°§u6hbsagte|1ﬁmmmbaﬁm:¢mpls,byﬁhe!ectncﬂem um metal film

I s deposited ( r mal onposi tion) of
one or nore cgé%rr% exes % isl(orrm§ilsu lk#o% the prc'g‘%em?qh \r?;ntlon can
utilize vari odlsah@aﬁwﬁumtpmyab@mtﬁmeb Fornla'mlm and phowsissistep@VDzat i on,

bubbl i ng, etc gg ifi h photo- and
pl asma- assi st & eposi t | ons 0 not typ| ca| i prgw oogg g{égp cover age) .
Exanpl es of®suitable C\imthis precess; Pmmp@ﬂoy%ma@mmezo

Applicants' Ginfh Toly! ﬁg@{ " Precursor
Chem stries ﬁ%ﬁlggﬁ&@ggor Delggtssisﬁionﬁcgjfld%u%Kenl u analé henium. . .-
- Oxi de, " havi ndersperatere on an glgyates tempetrs i solishat oonpiemBiratarecorfin 4ned on August

27, 1998, as dﬁﬁn{ VesSel 402 R e : 31% ? rmck et al.), for
exarrpl e. AtypicCa emﬂgal ag@ tﬁ%g% &;@é systemthat can be 25
used to perforqwmaoqamm%mfe@bhrt t30% 'elabol!lméht'ﬁhenrem@h&mveswl Figure 1..
-The systenki NPl QuifhiHiGBer 182, rn.gee grgmoer 10,

which may . be a ¢ I-type CvD reactory ﬁ%uc ressure may be created

i n chanber gasis pumped into vessel 42 and bubbled through the precursor composmon 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



10 using turbo punp 12 and backi ng punp 14. Preferably, the chanber
pressure -during deposition is about 10'3 torn to about atnospheric

pressure, and nost 30 preferably, it is about 0.1;tgr§£@ 2@@ t 10 torr.
The pressure is chosen such that it produces good st o] ge and

deposition rates. 7 SEP 2004 WD 01/ 66819 PCT/ USOV07402 8 One or nore
substrate g., sem conductor substrates or sub assenblles) are
positione &&Iﬁgﬁgrﬂ)er 10. A constant nom nal tenperatsj{ﬁ:rzﬁﬁg ®-apl i shed
for the substrate, preferably at a tenperature of about 150C to about
350C. For optinmum step coverage, deposrtion rate, and 5 formation of a
film the nost preferred substrate tenperature is about 200C to about
250C. Substrate 16 may be heat ed, for exanple, an electrical resistance

heater 18 on which su 16 | S r?) nt q h li wn. nef.hods of heating
the substrat ePRAY & ?oénc?%% ‘§ é%rf%éﬂﬂ Eﬁ’(ﬁ%’ %\&?f’sted CVD
Ipr ocessig I hovfatban lommmnmumuMdm@mhﬁammM mhgnl f![cant |y
ower n ocess recurs 0Si n ich contains one
or more conpl Ee‘%é’@“@b o?rﬁ%ﬂrs‘) gﬁgﬁ aq)ﬁ%?f&?(@alf%?ma neat liquid at
room tenper afufaee ofnhmbsuatedﬁeﬁathedepoempmmwtempmhnmﬂepdldaig room
t enper at ur lrehdhy 'M%Hm nper at ure of
the i qui desprecurs n%om “%%‘ﬁl%l S pref’“‘P‘é{%@S ‘E‘i)@?“t geabout 50C. The
pressure wt hd@pome@sdiowet&,ﬁstepsomB&qmyedshghelrwmpmmrésaﬁaywi t hi n chanber
10. A source a vessel 42 and -
bubbl ed througﬁb{’%&d&@gﬁi}r g%‘?s’é%%ps%ast?@gﬁ% %%lnjﬁgatl%p € precursor
conposi tion anwmmngmaﬂy,mhdmmonmm@msm i ne 45 and gas

di stributor 46, Mm 1 B% upplied from.
source 48 as neéded to provide t §e5| re’ﬁﬁconcen raf on o % precur sor

conposi ti ol aﬁhfﬁ@g‘ﬁ?rapgmmnuﬁﬁemmwmwdwiﬂpom tion across the
surface of substrate lGuASiwle %%g&%c?ﬁ géa@;‘%g@??‘%fag gnd cl osed as

requi red. The reaction and optlona I nert ases can be

preheated if Wféamp@%ﬁ%hewdmm@édm%pﬁ@wrmﬁ s carried into

the CVD 25 Chﬁﬁﬂ?‘ﬁ{ass]ﬂb JolcT e out 0 scem
(standard cubi c centi rre“?égr@gﬁ%gﬂ% %gﬂgcgﬁ]ﬁﬁgtﬁgd pre e}eﬁg at a flow
rate of about "Mglorgasis %WPIWQQEH!PMMM%W&@USNM :

vapori zati q§ m&a%&&m&&%&@%@g&ﬁﬁﬂmm i's often used. A

reacti on gas preferabl ,.an oxidizing g

Xi e, 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



such as N20) is typically introduced into the CVD chanber 10 at a flowrate
of 30 about 10 sccmto about 1000 sccm and preferably, at a flow rate of
about 300 sccmto about 800 sccm The sem conductor substrate is exposed
to the ' 7 S E P 2004 WO 01/ 66819 PCT/ US01/ 07402 . 97pbéclrZ}4 conposition
at a pressure of about 0.1 tort to about 10 torr for a tinme of about 10
seconds t 30 m nutes depending on the desired thi I n chanber
10, the p?g%ﬁﬁg%? conposition will form an adsorbed Ié&gﬁ&gﬁéﬁ%e surface
of the substrate 16. As the depositio 0rate i s tenperature dependent, 5

I ncreasing the tenperature of the substrate will typically increase the
rate of deposition. However, if step coverage is required, higher
tenperatures may becone detrinental. Thus, a substrate tenperature is

chosen to bal.anc WO. D riies. hcal |y .desirabl e deposition
rates are abdu 0@6}"&%‘%&’?%@ mvngﬂ%gglfogﬁ%%%a)‘%%%&mﬁﬁ nute. The
carrier gas csmoh as didectly intbGhe Vaporiratiinichaober oxinpombinativn with theer m nat ed by

cl osing val ve | ves to such nethods include an approach wherein
the precur so?rgci%sﬁg%&sﬁéclglonﬁﬁ‘i s heated and vapors are drawn off and '

conLrgI led by a vapor Altheghfpaific vapot deposition pracessesanp dessritsbdlbyy qui dBi n{De?:t i gn
nmet hod as des | N ?ﬁﬂi ] . e ition By Pul se
Li quid I nj gctllggn tlonﬁg%r{qﬁ@%f ra%%%@%ne&&?%@ &gﬁﬁ)ﬂnﬁxi de on
Sapphire fr owsﬁdmwmvamsbmsiﬁpum%hm WerigessD petesat , j ournal o
t he Anmerican %Hegcﬁo%%ﬂg%g%gejlggéhcwgggr Io%a w% Formula | are

al so particularly we sui te use wt eposition systens, as
descri bed i n wogenditmespheris or seduted presauregeactas; aswvelles plsda gllaned0 entitl ed

"Method and Appghat 74! %Qsdﬂi- ' . ositions and
System for Usi ng?%apngﬁe%?%gﬁé&édg%% er 2%%‘5%%@%3%%@9? one net hod
descri bed thespscificivaposdepesitiomtschpigyes: i zati on of a precursor composition in
liquid form In a fi rstﬁa%ﬁﬁgm&emwﬁwm%&fﬂo%ﬁ%ﬁ@t om zed or

' m St .

nebul i zed generati n,gw?i gh surface area mcrodroplets or In a second

stage, the codesed.yEhiseande donedn the GVERreestion chamber orinet Torceystalliser i zed by 25
| ntimat e m Xt h@oientify AUBAERA! e fhedifg prolhlh & it Slydo @pO [ zatl on
approach provides a repro ucible'QeIiveri for precursor conpositions
(either in th@as,esﬁlﬂscrwgab%avthei@emw o furtherpridizerdilny di ssolved in a -
|1 qui d mediy o gighp/ o dolsfing BRSO bkiE SRR ohldBling Bl FheseB  CUI AT Y T
devi ce appli (?gt i onsp’w' th sm di mensi ons. 8 et o '

the pressure of this post annealing process is about 0.5 torr to about 5 :

atmospheres. Preferably, the substrate temperature of this post annealing

process is about 300°C to about 1000°C, and more preferably, 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



30 Various conbinations of inert (e.g., carrier) gases and/or reaction
gases can be used in certain nethods of t he present |Hy :gg@{ey can be
7 S E P 2004 W 01/66819 PC1YUS01107402 10 introduced |nto t em ca
vapor deposition chanber in a variety of manners, such as directly into

t he vaporization chanber or in conbination with t he precur sor conposition
Al though qRrefilbdis vapor deposition processes are desChichf$efianz ef erence
to Figure 1, nethods of the present invention are not imted to being
used with the specific vapor depositi systens shown. Various CVD process
chanbers or reaction chanbers-can be used, including hot wall or cold wall
reactors, atnospheric or reduced pressure reactors, as well as plasma
enhanced reactors. Furthernore, nethods of the present i nvention are not

limted to an Lf] Siti o | s. After deposition,
the filmcan %‘ge'%?g?%ﬁg‘%e‘m ﬁlgy 3%%“‘% orhl"tlfcaﬁ “‘3%5? " This can be
done in the G)vlﬁlenenmnmgmthahdmtsewpemfthnpresenfmvmﬂpn.t allize and/or densify a
film preferably, the annealing process is carried out in an. inert gas,
as descri bed above for the carrier gases. To further oxidize a film 15
preferably, the anneal I ng process Ex__mmg_ded out in an oxidizing gas.
Preferably t he pr g; Q , &6 Is about 0.5 torr
to about 57 atnospheérl perat ure of this post

annealing process is mwe@u@@mdmamo% Hﬂddﬂ‘ﬂdrteapr ef erably, about

500C to abouf, b%ﬁ?gﬂuﬁggdﬂlﬁ wfm&%&n‘éﬂggl a{ﬁ?ﬂér ' vm 1of formng

films of the present nven nare e varitety of thin
fil mapplicat2END seagtor. Thebubhb!ﬁ"@diﬂmmnmﬂgb@h!mmpwt icularly those

requiring di f%iﬁ%b E&Emhﬂh i ncl ude

capacitors_an %?Pe&{gjtll g%ss :;1)3‘?:9‘?0’51 suc H%?&Pé{/@?&% ﬁitégrconnect s in

an int egraﬂbdTb¢b!thb1ermh°efedt9méoMSﬁ&1an§taﬂdewmme@5nﬂe§w| bed, for

exanpl e, in ApplitefRbes he &a&b%ﬁeﬁmcmmwwgfe%gﬁ.%@&gd *B%? glon entit]ed
t

"Ruthenium Silicide Diffusion Barrier Layers an Form ng Sane,"
havi ng Seri al annh@dzaehwad@ insideithe CYB reagtpr. Rutgpiumand filed on

?ﬁgusgoz\Zar }ga’gmss;;?ggﬁc and preferr %ﬁ%ﬁrﬁﬁt%ﬁ%hgsauey e
shoul d be thermocouple in contact with the heated chuck) and establishing a chamber o
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.




7 S EP 2004 WD 01/66819 PCl YUS01107402 it understood, however, that many
variations and nodifications nay be made while remaining wthin the scope
of the present invention. Exanple 1 5 Rutheni um Met al-3? Islggm zaagsi tion Using
(CM)Ru(GM The pale yellow precursor, (C6H3) Ru(CO) 3, dtoa

bubbl er equi pped wth a dip tube and exit valve. The bubbl er was connected

to a CV . The bubbl er was further connected i carrier gas
i nt roduce Oﬁﬁiraégg{;h a mass flow controller into the di %%F@g}é”"g‘@?t of the
bubbl er. 10 The bubbl er was heated to about 26C and all downstream
connections to the chanber were heatdd to about 50C. A silicon wafer
having a | ayer of BPSG thereon was placed on a heated chuck inside the CVD
react or. Ruthenium deposition was carried out by heating the wafer to 210C
(as nmeasured by a thernocouple in g,gﬁt ?ct wi th the heated chuck) and
establishing a chanber 15 pressure € torr using a heliumcarrier flow of
500 sccm an argon fl ow CHaradéristic®am fonRd fikids adBPSGonal fl ow of N20

(pl unbed separately to th recursor el ivery. Jine) at 500 sccm The
heliumcarrier f |ow was ?&é’?‘féﬁ%@g‘ﬁﬁ%@dﬁ%cur sor bubbl er for 180
seconds vyield 4 ivan PRs NS Rebisaiyqdpi ¢
ellipsonetry ek, T

deposi ti ondra
carried out asg
of 200 seem el ded

rut heni um fil 4 d S £3%5 2 Hé;ﬂr p.rlat e of about
72 Angstroms/iinute.l Represientative process. results 283 for thgse two ‘
experi ment® ate Mo i1B0 Talb] 43811 f br _5ill ns; o24.¢ohpééalll e 1G8hi ckness. 7 SEP
2004 WO 01/ 6681N,02 |[TallRe || Chds&cterissicl D24.d 1058.5RU fild8s _dn BPSG
Deposi ted Usi ng MO0 jor 1BD Oxi d3&®er|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).

Argon flow

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.



10 PCTIUS01107402 ProcessDep Tine Thi ckness Thi ckness Rs neanRs

NUResi stivity Sec(A) NUohm cm No Ck350421'514'732'%1§§§F32QDQ
Ox350409. 712. 033. 212. 4136 No Ox350419. 411.932.511.12 '
0180438. 15. 124. 75. 6108 N 0180438. 85. 224. 75. 5108 N 0180438. 54. 824. 65. 2108
"Thi ckness” and "Rs nmean" = average of thickness and sheet resistance
measur emegicouskRepecti vely, taken at thirteen (th'CkngﬁﬁﬁBﬂﬁuﬂhne (sheet 15
resi stance) sites across the wafer. "Thickness NU' " = standard
deviation of the thirteen (thickness);;0r nine (sheet resistance)
measurenents (nonuniformty in the thi'ckness and sheet resistance). 20 In
both cases, the filmwas thin around the edge of the wafer, thick in the
center. The degree of nonuniformty was significantly decreased for the
process of t F&ﬁc | Q deposition rate
for the N20O g@ggégéﬁagzég%gﬁ% | ca éWP&QﬁP hkd@ﬁ%ﬁﬂ or t e process with no
oxi di zer, as %sultingancsphologys om t he data in Table | as well as in Figure 2
whi ch 25 shows deposition tinme series for each process. The film
resistivity was somewhds-denssiied apdanneled suppley,were exasminedaisingidvgss i n Table 1 as
wel | as Fi gur&PAPMwmm Mﬁbmmﬁnﬂﬁﬁﬁﬁ%&@nh&&e resistivity

for the two f deposited, the filns were only partial

crystal liné, gﬁﬁ%ﬁ@%@(@?@%%kﬂnm&hé} NWMMFH‘%—'&B&Mt ed for a
‘crystalline @@ nithdofiim SHPECAVAIAERAR. mm&m&g@%ﬁmtﬁmﬁutlon of filns

deposited using the N20 process were exanin SEM_ Deposition onto BPSG
yielded films %‘@W“Frﬁ’rtﬁ'lﬁl gyidation g W’&}aﬁmfh‘&#’gg\“%neal 7 SEP 200
treatmcntsmthe process flow.
10 Example 2
Chemical Effect of N,O

As shown above, the film deposition characteristics were quite
d:ﬂ'erentbetweenthetwoprocacsw 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 peints 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



WO 01/ 66819 PCTI USOV07402 13 Deposition onto a clean Si surface, however,
yi el ded poor nucleation and resulting norphol ogy. As-deposited and

anneal ed sanpl es were exani ned usi ng Auger depth prgfiS%P. ?Dlgzroxygen was
observed in the film within the detection |imts 5 of the techni que
(approximately 0.1 atomc-% . No appreciable interdiffusion of the

rut heni umyag G was detected. This indicates oxyge he film

will not be g&éﬁiﬁgsue in ternms of oxjglati on of underl y%%’#égy@?‘% during .
thermal treatnents in the process flow 10 Exanple 2 Chem cal Effect of As
shown above, the filmdeposition characteristics were quite different
between the two processes. In order to establish the effect of the N2 0 on
t he deposition, several tests were run with varying process gases. |In one
15 case, N2 was directly substituted for the N20, and in the other. case the
N20 flow was reduced to 100 sccm The results of these depositions are
shown in Table 2, along with data for the other two primary processes.

Fil mthickness was not tr—frot—{ hese depositions, but several

-

poi nts can be seen. Repl aci n&' N O Wwih N2 yielded a process very
simlar to the process| with Bo 8xiHSIHIF2@| ("No O«"). A chenmical rather
than dilution argunent|is su@pcBt Rerle|since the partial pressure of the
carrier gas was the sale _forf he tWo rdcilpés. Similar nonuni formty, :
deposition rate and repistivgties rie obgerved.. Reducing the N2 Oflowto-
100 seemyiel ded a lpwer dep@sigi on|R(&I&(&pnpared to the 500 scccm N2 0
process, but still gher then Wheny nio o>1"$i zer is used. 25 7 S E P 2004 WO
01/ 66810 14 PCT/ US 0r462 v=~—O (Tt
5 @ ot A L 1L
;g 8I2le| 2
S
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" Table 2

Dep. rate
(A/sec)
22
1.6
1.21
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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.
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15 All patents, patent applications, and publications are herein

i ncorporated by reference in their entirety, as if e ggéwere i ndi vidual ly

i ncor porated. The foregoing detail ed description dhd§ Qﬂﬂés have been
given for clarity of understanding only. No unnecessary limtations are to
be 5 understood therefrom The invention is not lim-ted to the exact
details shown and described, for variations obvious to one skilled in the
art will DEOPHEPIded within the .invention defined by rtwusshmisos. 7 S E P
2004 WO 01/66819 PCr/USO1/07402 16 CLAIMS A nmethod of manufacturing a

sem conduct-or structure, the nmethod ckprising .. providing a

sem conductor substrate or substrate assenbly, 5 providing a liquid
precursor conposition conprising one or nore conpounds of the fornula
(Formula 1): ¢dhewne) Ru(C0)3 wherein "diene" refers to linear, branched, or
cyclic dienes, bicyclic dienes, tricyclic dienes, fluorinated derivatives

10 thereof, derivajives,thereof additionally containing heteroatons such
as halide, Si? S,‘%gFﬁfé°A?Fq%mﬁﬂg%ﬁm%ﬁmﬁ%%ﬁﬂpﬁﬁﬁF3W§“FW€reof; vapori zi ng
the |iquid precur sompdgngosition to form vaporized precursor conposition;

and
providing a semiconductor substrate or substrate assembly;

5 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 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.



15 directing the vaporized precursor conposition in conbination wth at

| east one oxidizing gas |ess oxidizing than 02 toward the sem conductor
substrate or substrate assenbly to forma rutheni urny n§ P g[][]lfn on a
surface of the sem conductor substrate or substrate assenbly. 20 2. The
met hod of claiml wherein the substrate or substrate assenbly is contained
wthin a {m%aua | chanber having a pressure of about | rt.to about 1
at nosphere. élsﬂgﬁ The net hod of claim2 wherein the sﬁg“g{l’%‘f’;‘{o@‘%r substrate
assenbly is contained within a reacti,gn chanber having a pressure of about
0.1 torr to about 10 tort. 7 S E P 2004 WO 01/ 66819 PCT/US01/ 07402 17 4.
The nmethod of claim| wherein the substrate or substrate assenbly is
contained within a reaction chanber having a pressure of about 0.1 torr to
about 110 torr, 5.5, T h | aim,1 rein the step of. vaporizing
the liquid p?‘ect}?jgg?eﬁlgg%érl?’%glsaﬁeﬁ%%eguﬁ%%%séhsga%mgds fromthe group
of flash vapori zabthioed withil b keéaptipn charglep baving agiresfioe oftsbowtd,1 tarrdb conbi nat i ons
thereof. 10 6. T mb@&d of claim 1l wherein the sem conductor substrate or
substrate assenbly conprises a silicon wafer. . 7. The nethod of claim1l
wherein the precursor conposition is vaporized in the presence of at |east
one inert gas. 15 8. The nethod of claim 1l wherein the oxidizing gas is

sel ect ed f Bonf-t he Thymsthpd of clamQl wingin Besteoivapedizie thellipid and conbi nat i ons

t hereof 9. The rremg&gmgp‘ @ée@ugn FAgTen Aot B.g,#g&q]a% selected from
the 20 group of 0, C(%l0 2, HZ%] andﬁg%)%lt_natoﬁio%és thereo é10. The met hod
of claim9 wherei rvapisizatig; bnbiing micredroplet formationy andpembinetioned of clai m 1

wherein the |iquidpgptgcursor conposition 25 conprises an organic solvent.
12. A met hod -of manufacturing a sem conductor structure, the method

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.  'Themethod of claim 1 wherein the oxidizing gas is selected from the
group of N,0, NO, CO, CO,, H,0,, H,0, and combinations thereof.

9. The method of claim 8 wherein the oxidizing gas is selected from the L

20 group of N,0, 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:



conprising: 7 S E P 2004 WD 01166819 PCTI US01107402 18 providing a .
sem conduct or substrate or substrate assenbly, which is at a tenperature
of about 130C to about 300C, contained wthin a reaction chanber having a
pressure of about 103 torr to about 1 atnosphere; 5 prngQD l'iquid
precursor conposition at a tenperature of about 20C t'o about C, the

pr ecur sor [tion conprising one or nore conpounds of the formula
(Fornul a fﬁ?&%ﬁﬁéne)Ru(cx»S wherein "diene" refers tEFYI8YY402h anched, or
cyclic dienes, 10 bicyclic dienes, tricyclic dienes, fluorinated
derivatives thereof derivatives theredf addi tionally containing

het er oat ons such as halide, Si, S, Se, P, As, N, or 0, or conbinations

t hereof ; vaporizing the liquid precursor conposition to formvaporized 15
precursor conposition; and directi t he vapori zed precyrsor. conposition in

combination with at I%E%n%ﬂéen&i‘?“g\? rﬁé’s °1%'§§I"’Eﬁﬂsi‘fm¥‘¥yn‘ghlf‘han 02 toward

the sem conductor sulisbraeRp@imewhsiotel30° QBR3P0 cdriiikeda rut heni um

metal filmon a surface..of the,sem conductor substyate 20 or substrate
assenbly. 13. A nethodwﬂmnﬁﬁﬁﬁFgﬁg%ﬁFﬁ VggééﬁﬁﬁﬁﬁﬂéﬁpﬁﬂoéFFHEture, t he

met hod conprising: prabsuth Agosphaeyri conduct or substrate or substrate
assenbly; 25 providing a |iquid precursor conposition conprising one or
nore conpdunds of t hePPHAWE pAqyitprerursos campositign etptpRpra@®edf wher ei n' " di ene”

refers to linear, branghgho°@%o séel J0°C,HhéREdrsor & 3! | , tricyclic
i A Estuner RnBLEoopBRE

di enes, fluorinated derivatives 30 thereof, rivatives
addi tional |y cont ai ni ngpepr Sore gompownds oftheforpwla @pnpels Daso1/ 07402
© (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



19 5 10 heteroatons such as halide, Si, S, Se, P, As, N, or 0, or

conbi nations thereof, vaporizing the |iquid precursor conposition to form
vapori zed precursor conposition; directing the vapor—,’ gf)r rsor
conposition in conbination wth at |east one oxidizi néS S s oxidizing
than 02 toward the sem conductor substrate or substrate assenbly to forma -
rut heni umggRdaksidi | mon a surface of the sem conduct orp§hRSLGALE OF
substrate assenbly; and annealing the rutheniumnetal film 14. The nethod
of claim 13 wherein the annealing steplgi s carried out at a tenperature of
about 300C to about 1000C. 15 15. A nethod of manufacturing a sem conductor
structure, the nethod conprising: providing a sem conductor substrate or
substrate assenbly conprising a surface having one or nore small high

Conri sing one o nore. cacrAKA LR oRparldhick, BE IS 2EIor GORPOS! 1 01

(di ene) Ru(CO) 3 wher ei n " dowhisationstheresfit o | i near, branched, or cyclic

di enes, bicyclic dienes, .tri li.c _dienes, fluorinated deri,vatives 25
Lher eof , der i vatives.  RGPEAPE T Bt BIFEFTS CRBREION !9 FEPHYas oms such as

halide, Si, S, Sc, P, pecurbhrcompdditiony conbi nations thereof; vaporizing the G

| i quid precursor conposition to form vaporized _precursqr conposition; and
7 S E P 2084 WO 01/ 668 fieqting thejgaporiged paecursor epmpgsition 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



15 20 25 directing the vaporized precursor conposition in conbination wth
at | east one oxidizing gas |less oxidizing than Oz toward the sem conductor

substrate or substrate assenbly to forma ruthenium ZE§g1%f [Eléon t he
surface of the sem conductor substrate or substrate as I ving the

one or nore high aspect ratio features. 16. A nethod of formng a

r ut heni umge Il mon a substrate, the nethod conprising: providing a
substrat e; p'?lgéj\?ifltgji ng a liquid precursor conposition coPr‘qusg’r’q:f@“zone or nore
conpounds of the formula (Formula I): (diene)Ru(CO 3 wherein "diene"
refers to linear, branched, or cyclic enes, bicyclic dienes, tricyclic
di enes, fluorinated derivatives thereof, derivatives thereof additionally
containing heteroatons such as halide, Si, S, Se, P; As, N, or 0, or

conbi nations thereof, vapaqrizing the |iquid precursor conposition to form
vapori zed precursor cé‘ﬁ%ﬁ%ﬁ%‘?ﬁ%ﬂm &F’H@S“{%én rTQ‘Q‘éd precur sor
conposi tion in conbi nawithat least bt oxididigans legRidigtha Ogogag thess oxi di zi ng
than 02 toward the subst.rate. to {)sor‘_m a?“;ut heni url’r)b'ne al filmon a surface
of the substrate. 17. SEURIINGOr sypstatson PSR aSHE tgi‘?ﬁ"@onductor structure,
the method conpri si ngrutienfinPm2@DERNINAAY DB BeIdmitehiBhfiard02 21 providing a
sem conduct.or substrate _.or .substrate as |, conpri si a surface having
one or nore small hi gh SERERer ﬂ“ff“#@gﬁ[ﬁ g,thﬁﬁ?n%‘fnfoéerﬁgha t enperat ure of
about 1SOC to about 3afpect rafvcfestimes.t he sem conductor substrate or substrate

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:



5 assenbly is contained within a reaction chanber having a pressure of
about 10'3 torr to about | atnosphere; providing a liquid C or
conposition at a tenperature of about 20C to about SC[? BEQSdf rsor
-conposi tion conprising one or nore conpounds of the fornmula (Fornmula 1):
10 (diene) Ru(CO 3 wherein "diene" refers to linear, branched, or cyclic
dienes, hicyclic dienes, tricyclic dines, fluorinated derivatives thereof
derivati ve® ¥ff8#H20f additionally containing heteroat FFESMHHMZs hal i de,
Si, S Se, P, As, N or 0, or 15 conbi nations thereof; vaporizing the

| i qui d precursor conposition to form ¥dporized precursor conposition; and
directing the vaporized precursor conposition in conbination wth at | east
one oxidi zing gas |l ess oxidizing than 02 toward the 20 sem conductor
substrate or substrate assenbly to forma rutheniumnetal filmon the
surface of the seni corRIP¥¢iBe 2 sczni¢pndycior subsirate pywbstateassemblynb| y havi ng 't he

one or more snall i GonBRBRES suribd Kving Bhekrdfore SN dpddBiafipd Of
manuf acturi ng a sem conduct or.,structure, the method ~conprising: providing

a seni conduct or subst riggtEreghighizat p fempertieafabout 150/C3opbivhg a [i qui d

precursor conposition I5pRP)Wikkdiothe Seoi ndibidr QubseAEBPMbdARat0f the fornul a

(Formul a 1)5: 30 (diene)Ru(,CO3 7 SEP .§004 WO 01/ 66819 PCT/ EI SO1/ 07402 22 5
10 wherei n?"di ene" ref EFEORHSEP Wi m ¢ 83di enes, bicyclic

di enes, tricyclic di enggssuelof ot et BaboitdtabN@pherd; NEr €of , derivatives
t hereof additionally containing heteroatons such as halide, Si, S, Se, P,
As, N, or 0, or conbi paviding ligwid preeyrsor 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; - '

]

O

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),



vaporizing the liquid precursor conposition to form_ rized precursor
conposition; and directing the vaporized precursor &0%‘88 t?ﬂargr in
conbination wth at | east one oxidizing gas toward the sem conductor
substrate or substrate assenbly to forma rutheniumnetal film on a
surface of the sem conductor substrate or substrate assenbly. 15 19. A

met hod of formng a rutheniumnetal filmon a substrate, the nmethod

conpri si n@‘{o‘ﬂ(ﬁs}g 30 providing a substrate; providi ng RETUSBME™P2pr ecur sor
conposition conprising one or nore conpounds of the fornmula (Fornmula 1):
(diene) Ru(CO 3 wherein "diene" referg2to |inear, branched, or cyclic

di enes, Dbicycle 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
liquid precursor conposi tiviwreino‘diese’ refprs o lincan dranghedon pydie dienssposi ti on; and
directing the vaporized pn i 4k ki % Ralidegn W th at |east
one oxi di zing gas toward tbﬁéb%ﬁﬁinf%%ﬁtﬁgﬁ ggr;l% a fr?:fl?tﬁ enltergn nmetal filmon a
surface of the substrate. tereoideivatigesherepf additionalpedntsining nanuf acturing a

sem conductor structure, tHRg JARHIQEHGS dE,%i{ﬁSe,PShQ,‘N,‘&B%ra sem conduct or

substrate or substrate assenmbly; providing allquid précursor conposition
conpri si ng3one or nore corfoBbpadonstherep® fornula (Fornula I): (di ene)Ru(CO) 3

wherein "diene" refers Jdneak. .branched, or.cyclic dienes, bicyclic
di enes, tricyclic di ené’%&“ﬁ“&ﬁ“ﬁ%ﬁ@%&?ﬁ?ﬂﬁﬂ%’é%{#?EPE%ﬂp, erivatives
t hereof additionally peowsaicompasitivejaadoat ons such as halide, Si, S, Se, P,
As, N, or 0, or conbi n?ﬁri ons t her eof ; e . .
ecting the vaporized precursor composition in combination
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 L.
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.



vaporizing the liquid precursor conposition to forn1?a qggzgﬂg&recursor
conposition; and directing the vaporized precursor CoMnposi I n

conbination with at | east one oxidizing gas toward the sem conductor
substrate or substrate assenbly to format |east about a 95 atonfo pure
rutheniumnmetal filmon a surface of the sem conductor substrate or
substrate assenbly. 21. A nethod of formng a rutheniumnetal filmon a
substrate, the nmethod conprising:provighing a. substrate; providing a |iquid
precursor conposition conprising one or nore conpounds of the formula
(Formula 1): (diene)Ru(CO 3 wherein "diene" refers to linear, branched, or

cyclic dienes. bigyeihb€otthNfsturihg 4 Sxiddnbuctdd s@RASe, e Mdanahpekugder | vati ves
t hereof, derivatijves thereof additionally containing heteroatons such as
halide, Si, Bovidmsasemisgndugior sybstigte op substepieisseatting Reovidingadionid preepesen zi ng t he
liquid precuoabsitichBeRgisihgdhe oP mbRIBIMYARAS bARNoRIAS TR, ONPOSi tion; and
directing the vaporized precursor conposition in conbination with at | east
one oxidi zing gas toward ﬂﬂ@“@ﬁﬂ§¥»ate to format |east about a 95 atom %

pure ruthenium metal fuilemiPiche” i BRed brinBRdSHR§ I Ses, bicyclic
A 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
gaé toward the semiconductor substrate or substrate assembly to form at least about a 95

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 atom-% pure ruthenium métal filmona
surface of the substrate. |





