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causes a loss of capacitance. Both ruthenium and ruthenium oxide, on the other hand,

exhibit a high oxidation resistance and high conductivity and are suitable for application
as capacitor electrode materials. They also function effectively as oxygen diffusion
barriers. Ruthenium has also been proposed for the gate metal for lanthanide oxides. In
addition, ruthenium is more easily etched by ozone and by a plasma using oxygen than
is platinum and other noble metal compounds. The use of ruthenium as a barrier layer
separating low-k material from plated copper and as a seed layer has also been
attracting attention recently.

The inventors have discovered that high-quality films of ruthenium and ruthenium oxide
(RuO2) can be deposited under appropriate conditions from a precursor of high-purity

ruthenium tetroxide (RuQ4). This precursor can also be used for the deposition (film

formation) of perovskite-type materials, such as strontium ruthenium oxide, that exhibit
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The electronics industry is abandoning carbon tetrachloride due to its high toxicity.

Alkanes such as pentane and octane are good solvents for RuQOg4, but reaction between
the solvent (for example, pentane) and RuOg4 causes the incorporation of carbon when

alkane containing dissolved RuO4 is used as a film formation precursor in film

production. Carbon causes an increase in the resistance of ruthenium-type films, and as

a consequence the presence of carbon during film production is a critical issue.
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2x+2<y+z

and 2<x<15

and z>y

and t+ux1

X, Y, 2, t and u being positive integers equal to or greater than 1.

Preferably the non flammable fluorinated solvent is selected from the group comprising
3-ethoxyperfluoro(2-methylhexane) and Tris(heptafluoropropyl)amine.

According to this invention there is also provided a method for forming ruthenium-

containing film, said method comprising the steps of:

»  depositing a ruthenium-containing film on a substrate by introducing at least a
precursor for film formation disclosed hereabove into a reaction chamber
that contains at least one substrate, wherein said precursor is introduced in
gaseous form.



that contains at |east one substrate, wherein said
precursor is introduced in gaseous form Preferably,
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i ntroduci ng a gaseous reduci ng agent into the reaction
chanber and thereby depositi#g rutheniumon at | east
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t he gaseous reduci ng agent. The reduci ng agent is
preferably hydrogen. The pressure in the reaction
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reacti on chanber; > purging the reaction chanber by
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The method according to the invention may additionally comprise the steps of
» introducing the gaseous precursor into the reaction chamber,

> purging the reaction chamber by injecting an inert gas into it

> thereafter, introducing the gaseous reducing agent into the reaction chamber:;
» purging the reaction chamber by injecting an inert gas into it.

» thereby reducing the ruthenium oxide on the substrate.

The method according to the invention may further comprise the steps of
> repeating the introduction step of the gaseous precursor i.e. until the desired film
thickness is achieved;

Preferably the deposition of ruthenium on a substrate shall be carried out while
» maintaining the substrate temperature between 100°C to 600°C.
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According to the invention, a non flammable solvent is preferably used because non
flammable solvehts are preferred when the mixture is used in an environment above
room temperature. However, there are uses of these precursors where the process is
performed at relative low temperature and wherein flammable solvents may be tolerated

usually not highly flammable solvents, but only weakly flammable solvent.

According to the invention, a non-flammable solvent will be a solvent having a flash
point of at least 40°C preferably of at least 80°C.
For some uses, non fluorinated solvents may be appropriate as long as they are non-

flammable.

The solvent choice, particularly if distribution of the product is made through bubbling,
may be (while not necessarily) key to the invention.
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Regarding the substrate on which ruthenium films, or ruthenium oxide films or ruthenate

films can be deposited, they may be of different nature and shape:

They may be semi-conductor substrates (whether or not already covered by different
layers of materials as is currently done during semi-conductors manufacturing), ceramic
substrates (such as silicon dioxide or the like), metallic substrates, polymer

substrates,...etc.
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described in detail hereinbelow, along with the
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ruthenate filn. 1) The filmformation precursor The

Thef Mayl diso have odiffpredtt shapes slﬁ:hraﬁ hﬂat surfdoet r(mféiecérmiubstrate

ol. ve pr ef e&abl in.a no g]rrmab{)e sol
for fpyPél e?'%?H At 8 duERederRdia] Bnbalh shRaLpuface , including
nané Béﬁi‘de@. Qid ?MF tygeNbF rﬁaté}lal‘éfféﬁé%d?er?zéd*by?a I%r?e §pe§mf icc&ace.

y, and .
be| ng p03| tive int egers A non- fI arrmabl e sol vent,

Thepfélﬁ'I f6@MtHn R dééﬁ?é&rga%&%nﬁﬂ Vr%”ﬁné“.ﬁ&‘eﬁt.%ﬁ 2318 fdegcdrl%%}j in detail

orement 1 oned genera l'a cah be exe
hereinbeidvealqrey With dhe (rixtimed shipt fmemmgar)uihé?mnmmoutamuhg film (for example,

A L
trifluoromethyl hexane (C3F7CF(OCZH5) CF(CF3)2). This
articular fluorinated solvent, a fluoroether, is

%&Mwﬂm&@mwe for exanple, fromthe 3M

The g‘frgpfﬁH@thrbdﬁFeftupse?rgs Ajut%eglug g?@x@edggé@qu) a%c;xll—ypcgpreferably in a

nontﬁérﬁﬁwgﬁlreo BNt D ‘?é}gbl d;ﬂéﬁ%'i@od BREAL S tthgoqeeie'?&t formula

ozdn 0ES not contri

CXH?FQIQNf 0(f1mh%n ﬂ(ﬂ@dka@@%e sol vent, preferably a

[‘'uor 1 na solvent witA tRe aforenentioned gener al
fornmul 2 exrx p® al so exenplified by
tris(heptafluoropropyl)amne. Particularly preferred
for thiz># @ddi nated solvent is
tris(hgptgklyoropropyl)am ne (C3F7 3N. This

X, ¥, Z, t and u being positive integers.

A non-flammable solvent, preferably a fluorinated solvent with the aforementioned
general formula can be exemplified by 3-ethoxyperfluoro(2-methylhexane). Particularly
preferred for this fluorinated solvent is 3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-

trifluoromethylhexane (C3F7CF(OC2Hs)CF(CF3)2). This particular fluorinated solvent, a

fluoroether, is commercially available, for example, from the 3M Company under the
tradename Novec HFE-7500. This 3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-
trifluoromethylhexane is preferred because it does not deplete the ozone layer and does
not contribute to smog formation.

A non-flammable solvent, preferably a fluorinated solvent with the aforementioned
general formula can be also exemplified by tris(heptafluoropropyl)amine. Particularly
preferred for this fluorinated solvent is tris(heptafluoropropyl)amine (CsF7):N. This

particular fluorinated solvent is also commercially available under the tradename
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In addition, since this film formation precursor does not exhibit an absorption
spectrum in the UV-visible region, the RuO4 concentration can be easily evaluated

visually or by absorption spectroscopic analysis.

(c) The A non-flammable solvent, preferably a fluorinated solvent (for example, the
3-ethoxy-1,1,1,2,3,4,4,5,5,6,6,6-dodecafluoro-2-trifluoromethylhexane,  available
under the Novec HFE-7500 trademark from the 3M Company or tris

(heptafluoropropyl)amine, whose commercial name is Fluorinert FC-3283), in the

inventive film formation precursor have a vapor pressure that is very similar to that
of RuO4 over a broad temperature range, as shown in Figure 1. This means that

ruthenium-containing films of uniform thickness that are free of lot-to-lot variations
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RUM were to exist for a filmformation precursor
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By having the RuO4 and a non-flammable solvent, preferably a fluorinated solvent

exhibiting very similar vapor pressures over a broad temperature range as in the
case of the inventive film formation precursor, the feed of this precursor to the
reaction chamber by bubbling with carrier gas results in the delivery to the reaction

chamber of carrier gas containing a constant concentration of RuO4 gas from the

initial to later phase. As a consequence, the thickness of the ruthenium-containing
film can be made lot-to-lot uniform even when, as specified above, film formation is

carried out on a plurality of treatment substrates by a single-wafer procedure. In
addition, transport of the RuO4 gas-containing carrier gas no longer requires

complex efforts at precursor concentration management.



addi tion, transport of the RUO4 gas-containing carrier
gas no | onger requires conplex efforts at precursor

w@egneest2snt i on managenent . (d) The desired PCT/IB2005/002833

(d)

rut heniumcontaining filmcan in fact be produced
since the non flammabl e sol vent, preferably a
fluorinated solvent in the inventive filmformation
precursor does not react with RUD4 when this precursor
is used in gaseous formto produce filmby thermal

D. ,Thus en.the filmfarmtion precursor is. fqrne
o)1 8880, M BRR Sogsanife Al dranc iy FAck 144 petduess ines, the non-
tieniriable didns, Srafaralsly solliorimatatESoIvVarti M tHelmletive film formation
precursor in gaseous formto a reaction chanber, the
Ruedursoddoemonst rdactonifoRUO) avhen this prbeurporid wsed imgaseous form to
active Ru and this active Ru reacts with the water,
mreducs g bnthemmebiC¥li de. This makes it quite
difficult - to produce the desired rutheniuntontaining
film In the case of the inventive filmformation

PriRfU Wheh thé fifin femdtion @oﬁ@'fgﬁﬁ‘é% Ggﬁgﬁag&@%%m in water

with the active Ru conmpounds produce

CRROAPORERation bl ehératt OV ischaribe bub by defivefling &udh GEfrecursor in

fromthe reaction chanber along with unreacted gas.

Tdassons ks ta a peaddioblchambeothaiRuQ@hendergoesdecomposition with the

rut henj um contai ning fil munnodified wth unwant ed

quagdiiiens of @stiva Rande this (agtivehidu nigacts| withetbeewater, producing
[P : i o [ r$Qk WS .

AP oidel A HEIReS 1 alihe TMEHTRS cRMBE Y, dibiret uthenium-

i copkadmingtfilrhi | m production in a safe environnent when

_rutheniumcontaining filmis produced by thermal CVD

usi ng the gaseous inventive filmformation precursor.

(Ih)thé hrastl sfothieniavériveativefdrmatiort PReduist? NtheV Rod-faMmable solvent
formati on precursor is preferably non flanmmbl e and

eddeisbiat geacthwiththehastivel R campbunds prduucéd wihlee Ru®4 decomposes
possible - when this filmformation precursor is used

iih the seantiont diambesrandhis disdhdgad Gamothe reaction chamber along with

unreacted gas. This makes it possible to obtain the desired ruthenium-containing
film unmodified with unwanted compounds such as oxides.

The non-flammable solvent in the inventive film formation precursor is preferably
not toxic. This makes it possible to implement film production in a safe environment
when ruthenium-containing film is produced by thermal CVD using the gaseous

inventive film formation precursor.

The fluorinated solvent in the inventive film formation precursor is preferably non
flammable and exhibits a high thermal stability, which makes it possible — when
this film formation precursor is used in gaseous form for the production of
ruthenium-containing film by thermal CVD — to avoid incorporation of carbon into
the film as well as decomposition, combustion, or explosion by the solvent.



rutheniumcontaining filmby thermal CVD - to avoid
i ncorporation of carbon into the filmas well as
waolemeng28i ti on, conbustion, or expl osion by theCT/1B2005/002833

solvent. The stability of the inventive filmformation
precursor during holding (stterage) is confirnmed by the
following test. An R11CI 3 nh O solution and Ce(NO3) 4
2NHANOB were m xed so as to provide an 8- fold nol ar

The cstabilityt ohttherinvgntive filml formatione precdsort dudngvdwlding (storage) is

I ion at roomtenperature with
°°“f%'?‘8bﬁ’y§€? ?éﬂp%f‘e%?.& 4,4 5,5, 66, 6-dodecafl uoro-2-
trifluoromethyl hexane (Novec HFE- 7500, trademark of
the 3M Conpany) using a separatory funnel. After
An Ri€iar atHpOrsobitionrendigeNOzad 2NFENGD dershmixes, sa asto provide an 8-
HFE- 7500 sol ution was held at sone test te erature in
fold meplarjgencestration of dx apd avereapastask dhisrwias lowed by extraction at

roonfjet er gnilsdaters | 0di Gath! v by %N oXy- 3'( ggg PGS 8@%@?9%%ﬂuoro-2-

UV-vi si bl e spectronetry ana
tnﬂuonqlmejlyylhexaneg (Noved HFENZSTN trademal'ke olf-lHEe?EMOCmipﬂniy@nrusing a

oo A L SS9 8 P o P, 6 g e 750
solut?ﬁ‘f‘W{sg %‘;fl??%%qg?e?%ﬁﬁﬂa%éﬂ g%g ﬁf %tﬁ?‘gﬁd 318 the RuO4

conceftthfiori Was ddctephined Béﬁ%lca-r?ebye@vw@blen sEéétkHrﬁet?y UV-visible
confirmthat an HFE- 7500 sol ution contai ni ng RUM

speciogdiic; @nalynisa(SO8nwBhvast GafHed foud. byomixing Ht mpl/g NaSCN into the
HFE”ﬁO%@QIutH?ISdro{/ﬁed% ?I‘Pé Eh(gﬂné&?@ﬁﬁgﬁ%' l%guﬂsoaﬂer}gf)&‘téﬂn Figure

formati on recurso e I nvention

2. Figarak! shows ﬁf@k&l@tldr@ﬁﬁr b&vBeh1tAE ARGD) Rohbéht@Aibk Hd the storage
00C. In addition, during use of a filmformation

tlmeanQF\H'd% a%@wtﬂé@lﬁ%’%ca %H%@niaﬁm ﬁg@ﬁ‘a ssdlvaPRub}E

si gna asured from rged on
dlfferent days (for exanple, days 8 , 18, 24, 39, and
45) from a bubbler at roomtenperature and 85 torr
The oasulty imFiguogy@rconfirm itteat apaSFE-71560 ssiution|dontaining &uO4 dissolved in

si gnal stren?th was obt ai ned regardl ess of the day of
a Coﬁﬁg@t[ﬁt@ﬁe?fto Aweightdo (9.8 mele’dniat ihe splutior cpirasrasding to the

film Roffation Obrellirsor according to the invention, is capable of stable long-term
storage in the dark at 40°C.

In addition, during use of a film formation precursor comprising RuO4 dissolved in HFE-

7500, the UV signal was measured from RuO4 gas discharged on different days (for

example, days 8, 18, 24, 39, and 45) from a bubbler at room temperature and 85 torr
using nitrogen carrier gas. The same ultraviolet signal strength was obtained regardless
of the day of measurement, which confirmed that the film formation precursor was
capable of stable long-term delivery.

(2) The method for forming ruthenium-containing film



capabl e of stable |long-termdelivery. (2) The nethod
for form ng rutheni um containi ng
wo doss2beni um containing filmis fornmed by depOBiB200502833

rutheniumcontaining filmon a substrate by
i ntroducing, in gaseous form2 at | east the inventive
filmformation precursor into a reaction chanber that
hol ds the substrate. Anobng possible

Ruthreniuneicontainiogt ilmiisrdordimedrby tepoditing outhegiuar-eontaining film on a

suo 358 R 54485 55 A e eGSO Frcursr
into BltactidniRaMbeiehdt Hom tReGuBstraten) , and 2-3) a nmet hod
for formng ruthenate film 2-1 ) Method for form ng
rutheniumfilmRutheniumfilmis formed by introducing
en} ti dobon Nac=y il pr; - a . r .
A e Rk Rl AP e oAb CareTRER Rl dBscrved
hereinheiowiol ds a substrate and depositing rutheni umon the

L2 ot B MR TOFE o 1Lt S
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Pregyr s®metisd fod fémiihgl Hitherffte AiPh.ed above, can be held
within a vessel and an inert gas (e.g., nitrogen,
argon, helium etc.) can be bubbled into this
2-1)( PRREIY fbr fored AltvrfunGith’ ! | ed) vessel ‘using an
Inert gas oupbpting tube, resulting in delivery into
Rutheméum efilot i forhedridyyr indfodubiagi thee invientive ffilrs ufiosmation precursor in

raipned in e.jn s, The.invention is certapnly,
e’ R Pk sb s B padlphd i ety oGS W2t holas o
substratevand nepokitiag /rathepiuindbn the sabstrzaé bgregetingaths précursor with the
used. The reduci ng agent under consideration reduces
redyciigAgENtm oxi de to rut heni um metal . This reduci ng

agent can be specifically exenplified by hydrogen
(H2), but is not limted

The inventive film formation precursor can be introduced into the reaction chamber
using a bubbler system. That is, the inventive film formation precursor, being a liquid as
noted above, can be held within a vessel and an inert gas (e.g., nitrogen, argon, helium,
etc.) can be bubbled into this (possibly temperature controlled) vessel using an inert gas
bubbling tube, resulting in delivery into the reaction chamber of the inventive precursor
entrained in the inert gas. The invention is certainly not limited to a bubbler system, and

a liquid mass flow controller/evaporator combination can also be used.

The reducing agent under consideration reduces ruthenium oxide to ruthenium metal.
This reducing agent can be specifically exemplified by hydrogen (Hz), but is not limited

thereto. A single reducing agent or the combination of two or more reducing agents can
be used. Hydrogen is particularly preferred for the reducing agent.



thereto. A single reducing agent or the conbination of
two or nore reducing agents can be used. Hydrogen is
w@anbiogusarly preferred for the reduci ng agentpcBroesal02833

vapor deposition (CVD) and atomic | ayer deposition

(ALD) can be used to formthe rutheniumfilm Wen CVD

i s used, the gaseous reduci ng agent and gaseous film

formati on precursor according to the invention are

i ntroduced sinultaneously in the reaction chanber. In

this case the reducing agent and RUM in the precursor

react in the gas phase, resulting in reduction of the
CherRld@ﬂ vbporr dépesiionm(CVD) ahd daoni la?eﬂﬂef)Bﬁtlé?rU RatDptsn be used to

her ei nahove specified non-flammabl e sol vent,

m”“ﬁ?%ﬂéh%WP ™| uori nated sol vent that acconpanies the

RUX in the gaseous precursor does not undergo

deconposition during this rutheni umdeposition, and

its incorporation into the rutheniumfilmis therefore

I T
Bl EPp U588 e Uikl aRUEP LR ity SAGHERGH Kption procursor
accormngltcatrreeudva’ttnh aré imtmsducted sifiifarteouslydn the eagtisrechamber. In this
preferably nmaintained at 0.1 torr to 10 torr. The
casesthpgedugiag agept afid Rablayin ey peatursor 36act in thedgas pliase desulting in
is nore preferably heated to 1000C to 400 OC. The
reductimtuof the Rg@atto irgtheioit, widch dépositsernr thacdubstrateh Thb drereinabove
in sufficient quantity to reduce the RUM in the
Speqﬁeédmnsfbammblmmhéeﬂtmmldv a fiyweinatedogolvend nthiak accompanies the
ent, at |least 4
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dop iR 858 lo ety B s ab el FF BT ey die Fre st
(| n terrrs of the reactive conpounds invol ved, that. IS,
e 8 Py 4t G i WU B AdrclolSprteaoy
malri(ﬁhé(d b1 RYefo {000RAt sHE & hébéeﬁr)eféfﬁbl"y%giﬁgildﬁa 0.9%0rr to 10
formed on the substrate éptsor?tl on an

torr. J e@&wpétgatﬂ i® nreeferabheh?ate@ ta 8 “Cnarg isonorefprefesably heated
to 1?6"@% (?rogen rh&ﬁ.&.%%gam W d\% Qd Ito' e fedd Z\gr&tc&?mber in

) O renove unr

sufr&.éma@kmftige réddc® therRmb] /it s@éufs%r to IrmﬁbHﬂhﬂsmemewr\en for

her ei nabove specified non-fl anmmabl e sol vent
exarpplef kydibgen & Gsebas trad mdiucing agent, at least 4 moles hydrogen are used

per 1 mole RuOg in the precursor. The by-product in this case is H20.

In the case of ALD, only the gaseous film formation precursor (in terms of the reactive
compounds involved, that is, the RuQOg4 in the precursor and the reducing agent) is

initially introduced into the reaction chamber and a very thin layer (monoatomic layer) of
ruthenium oxide is formed on the substrate by adsorption and decomposition of the
precursor. The interior of the reaction chamber is then purged with an inert gas (e.g.,

nitrogen, helium) in order to remove unreacted (unadsorbed) film formation precursor —



sol vent acconpanying the RUM in the gaseous
precursor. This purge is followed by the introduction
w®b0o6ms328t he gaseous reduci ng agent into the rB@EDIB2005/002833
chanber. The incom ng reduci ng agent reacts with the
nonoat om ¢ | ayer of rutheni utm oxi de fornmed on the
substrate and reduces the rutheni um oxide to ruthenium
metal . This results in the formati on of a nobnoatonic
inclufliagetheoherainahoveuspesifiedhaor-faamable solnest preferably a fluorinated
el aboration of a thicker rutheniumfilmigs desired,
solvant e aceAMBARYIRY %B&Pde'ndﬁﬂ 938eP\s) RERCHESOLf { IS RuRge is followed by

the 8eRdioBol, Y b8 eioin ¢ Said SRS S 3he pRRgRls EighPer. The

incornitg fed@tingCdyetit 288@s withntheadosdatomicofaybhef ARARGAUM 6>t|diénformed
formati on precursor according to the I nvention

on thesubstratendivhiedyees the uthaniim exide| teratheRinm metal. 'This results in the
foerlr cﬁ‘Fb‘lr z-?’?ﬁono'aFHrﬁu?cli loPFuthénilifCor #4IDIHaRI Men the.elaboration of

e renova reducl ng agent and gaseous react
a thlpkerdlwﬁ'(&mumrﬁlmoldeHSlred the follewingssequenée canf g mneamed after the

re
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ageri‘tOfalVEtbe’dh purgedrfsam thenmedxtionnéhiamibere thtrodactiork efrftheegaseous film
formg@nmgéqggéggﬁqéﬁglgqlzﬁé gagé]tﬁta ad)é‘fégﬁgl %&aje&f th% %esidual film
formbfidri Qﬁé’&ﬂ%r firtro®ICHBR! & tHeOredlicihy %Qéﬁtndptﬁ‘éeﬁerﬁb\%h’ of reducing
rate of 0.5 seemto 100 seem The purge gas can al

agery@ng gaseau efction prasiugieol e, for 0.01 second to 10
seconds at a flowrate of 100 seemto 5000 seem The
total pressure in the reaction chanber during ALD is
preferably mai nt ai ned at 0.1 torr to 10 torr, while

intro gk lah sseb P PG Riieliat Br R i g PR el far be caried
out EXpélse delivery v e f:aéd’@f Alle. Thy gaséows ffiinl farrhatigrepée@rsor can be
precursor is |ntr8duced [ eous forminto a

introgagack fo PXamRIBAPT Ot Sarand 40 40 SE50RGSEIA fiawirateref G scom to 10
sccni Qﬁam Peffl:lr;ﬁir%%ﬁeﬁﬁrcaﬁ% iRBPodUHEHOfF EXEmiplE, ort (161 RBESAPEL a flow

eous form by a bubbl er system as
rate gégé‘x sm t@ﬁgo(g;ccmn Thripyirge,gas can also be introduced, for example, for

0.01 second to 10 seconds at a flow rate of 100 sccm to 5000 sccm.

The total pressure in the reaction chamber during ALD is preferably maintained at 0.1
torr to 10 torr, while the substrate temperature is preferably maintained at 100°C to
600°C.

2-2) Method for forming ruthenium oxide film (RuQO» film)

The inventive film formation precursor is introduced in gaseous form into a reaction

chamber that holds a substrate. This film formation precursor can be introduced into the



the substrate is heated to a tenperature at which the
RUM in the precursor is deconposed and solid

WO 2tobesszgmm oxi de (rut heni um di oxi de) i s produced/IBEnEs/002833
solid rutheni um oxi de produced by RUX deconposition
deposits on the substrate. T™se herei nabove specified
fluorinated solvent that acconpanies the RUM in the
gaseous precursor does not undergo deconposition

reaction chambkr in ghseons faronby#é bubblee sysiemcas dizscribed aboee. In this case

i ncorporation into the rutheniumoxide filmis
the tsnbstéatgr@ ae%t@damo@d&ynpemwr@,oan whicht theniRu@4ojn dbe precursor is
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and disdncorporation Snfor takauthiznjuns @kidat fild. i thérefaoretaisd @06ide@r The solid
and nore preferably is set at 0.1 to 5 torr. The

ruthenibsi oxide (RuOp) &instians vs redeeampasition ¢atalyst fosdbe gaseous RuOg.
nore preferably is heated to 3500C to 400C. The

As = uémiltt ahee shd gaseeus RuGshkeas been idecomposed metiérothe application of
descri bed above under 2-1) and 2-2) can be exenplified

heathgnd selic: cutherivay oxide prediced kyutlvs decamnposition has deposited on the
substrates. The follow n f or exanp (¥nebe formed

subgifate.rihe 9asRPED RYRe N ke g%‘d%‘%‘i‘@”'yld%PWPPﬁ? veR Yhen the heating
fil - silicon dioxide film titaniumnitride
tem?‘?r?mre%o%ggggq‘i Im tantalumnitride film nolybdenum
film tungsten film and ferroelectric film The
rut henium filns and rut henium oxide filns afforded by
this invention exhibit an excellent adherence to these

Theftétbﬂﬁr&&ﬂ'ewlkﬂln i) réé%ﬁé?ﬁ‘ gh@MS@r ARG thidhitHehRin lede deposition is

chem cal nmechani cal 80| i shing (CWP). Moreover,
preferabby $airattQ-Oh terr te 3900 iterr @nd mgwraéeratdvmﬁetaatjo 1 to 5 torr. The

subaﬁdté’ gse&%fecrﬂﬁlp Hiated to at least 150°C and more preferably is heated to 350°C
to 400°C.

The substrate submitted to the film formation methods described above under 2-1) and
2-2) can be exemplified by semiconductor substrates such as silicon substrates. The
following, for example, may be formed on this semiconductor substrate: low-k film, high-
k film, C-doped silicon dioxide film, titanium nitride film, copper film, tantalum nitride film,
molybdenum film, tungsten film, and ferroelectric film. The ruthenium fims and
ruthenium oxide films afforded by this invention exhibit an excellent adherence to these
films and will not debond even when submitted to chemical mechanical polishing
(CMP). Moreover, the incorporation of impurities, such as carbon and halogens such as

fluorine, is entirely absent from these ruthenium films, ruthenium oxide or ruthenium-



fluorine, is entirely absent fromthese ruthenium
films, ruthenium oxide or rutheniuncontaining fil ns.
WO moadsti2gi on, an i ncubation period is either PCT/IB2005/002833
unnecessary in the present invention or is very brief,
whi ch enabl es deposition (gi'®wth) of the ruthenium
films and ruthenl um oxide filnms in a correspondl ngly
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used as a carrier gas and/or diluent gas. In the case
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provided in the reaction chanber 11 and a single
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the sem' conductor substrate to the prescribed reaction
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The follow n ?ﬁprow ded in the line L2 considered
of the heateripa §-WaRTdPAde: a UV spectrometer WS 1

The feed source 12 for the film formation precursor introduces the film formation
precursor into the reaction chamber 11 using the bubbler system already described
above and is connected to the inert gas feed source 14 by a line L1. The line L1 is
provided with a shutoff valve V1 and downstream therefrom with a flow rate controller,
for example, a mass flow controller MFC1. The film formation precursor is introduced
into the reaction chamber 11 from the feed source 12 through a line L2. The following
are provided in the line L2 considered from the upstream side: a UV spectrometer UVS,
a pressure gauge PG1, a shutoff valve V2, and a shutoff valve V3. The UV



a pressure gauge PGl , a shutoff valve V2, and a

shutof f valve V3. The Uvspectroneter WS functions to
wazbh3arst he presence and det ect the concentr ardDIB2045/002833

the precursor (particularly the RUM) in the line L2. ]

The feed source 13 for the r#duci ng agent gas

conprises a vessel that holds the reducing agent in

gaseous form The reducing agent gas is admtted into
spectiometendVSdunctionsidoconfirm thenpresence’ anrdideteat the copcentration of the

through a line L3. A shutoff valve V4 is provided in
Pfecﬂfﬁé’rl(ﬁ)@f@c‘lﬂgﬂyﬂ'l?eRPpn)e'"LtBei'%eé-@nnect ed to the line L2.

The inert gas feed source 14 conprises a vessel that

hol ds inert gas in gaseous form Inert gas can be

introduced fromthis feed source into the reaction

chanber 11 through a line L4. The follow ng are
The feedi spawice 3t fos tgﬁrf@dEﬂ'f‘goﬁﬁﬁf@egeédC(?mBHSQ%é vessel that holds the
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upstreamfromthe shutoff valve V1. This line L5 joins

into the line L2 between the shutoff val ves V2 and V3.
A shutoff valve V7 and a nass flow controller MFC4 are

The $h&Pgas fedd'séiliee |1'4n&)nlﬂ§née§ 3 (6ssel R hoRIBURGE %aE i Gab8us form.
upstieam side. A line whi ch reaches to the
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t.

a Im%’:q.4vef Ie?@lcﬁ@ﬁig %Aq pl%vﬁ%i) u‘? e IX Irf;g(}:@slﬂecr 8?@%&1%1%%?m side: a

shutoff valveW e eximass floe ¢mﬂrlodm MFCBhend eguressune gaagb®G21 The line L4

.. an hefo ar.e rowddln
joing it HiSing L s PoRea TR el siey kavé V4 ThedBed t ragghes off  the
line E&3pstretimtficih tHe/shablf 9alyVieor adj usting the back

pressure, and a hot trap 15. The hot trap 15 conprises

a tube that is provided over its circunferencewith a

A lifee 5 Hranchle’CForh hﬁ? ﬁ%é Bstl‘réb?n %ﬁ?ﬁsm&ﬁg Waﬁ/%fvi SThis line L5

converted into so rut eni um oxi d
joingjinte thsoline Larhetween theoshutaff valves AR and cy3t A shutoﬁf valvepV7 and a

masy_?low controller MFC4 are disposed in the line LS in the given sequence from the

upstream side.

A line L6, which reaches to the reaction chamber 11, branches off between the shutoff
valves V3 and V4. A shutoff valve V8 is provided in this line L6.

A line L7, which reaches to a pump PMP, is provided at the bottom of the reaction
chamber 11, and the following are provided in this line L7 considered from the upstream
side: a pressure gauge PG3, a butterfly valve BV for adjusting the back pressure, and a

hot trap 15. The hot trap 15 comprises a tube that is provided over its circumference



can be elimnated fromthe gas stream by conversion
into solid rutheni umoxide, which deposits on the

wo even3izad | of the tube. In order to produce redhE2008M02833
filmusing the apparatus illustrated in Figure 3, the
shutoff valves V1, V2, and g are first closed and the
shutof f valves V6, V7, V3, V4, and V8 are opened.
Wil e operating the punp PMP, the inert gas fromthe

with! B€hdat8@Ss ngﬁgtehr%" gif@ﬁh?rﬁ l}ﬁ% egz#%[:?ﬂ%r‘éﬁﬁrsbpgg gﬁgﬁge into solid

reaction c

b, e TP P AT SRS 0 e ot v 1
can Bﬁaémﬁﬁaté& ffdn? d gﬁs Eggéfﬁ'ﬁggccﬁ\%%org 0 Eﬁut oL??é‘HIGI?I dxide, which

[ owed 1 nmedi at opening o val ve
depmtsa:mhvznwcwalm‘thmuhﬁduct| on of inert gas fromthe
inert gas feed source 14 through the line L1 and into
the feed source 12 for the filmformation precursor.

In ortler to presluté sutheniuhefi Ihmlsmgﬂthetépvaratﬁs Jrstrated ipFefuré 30the shutoff

d h f - b
vaivesTeu, snd UB A1) 0358R ThE puitol yPUER VS, WnVa, Vheand VB are
open&RWhiosérating [heléutﬁp PMP&hb it §as A0 the %ért VR fe@d source 14

The reduci ng agent gas and RUO4 react in the reaction
are ipHafuead info t reégaq:ttqrt@ambetr Hd thopebithe ine b# andiiSevia the line L6.
netal on the sem conductor substrate. In order to
produce a solid rutheniumoxide filmusing the
apparatus illustrated in Fi gure 3, the apparatus is

P QSi the s ves V5 as wel s V4.
The RGRAE Vot V3 38 tfih bRBnad dnfl fegUBng et 8 iSFiptrodticet into the
reaction u:ham@eﬂgemﬁong&% reduting @gehegatsfed sUﬁﬁchmoIEiWéd Pnmediately
started, S\b?%#gm’con t| on.is created, and 'shut of f

by tg PpgaingH ArandoNe and the iBirersictiop afdRart gas from the

inert fecd@Solrt&Wa fhfoddhetheaife! LP%n@hﬁfH’fH’e feeW‘édu?cel H2 for the film
this state, the shutoff valves V1, V2, are opened 8I

formiatien predsors Thistresultsde the |hcrmilt|¢libnl df @fa%eélﬁﬁplfe%@r@oﬁ gRU@z?and the
14 through the line L4 and the line L 1 into the

heregaboye specified nohdlanirablé soivent, prefpraityia Slaorinated sbivieny) into the
in the introduction of gaseous precursor (RUM and

|
react'ﬁ@ﬁea@ubﬁa%wea msémefh%andwmﬁ lineak$rathecresyringragent gas and RuO4

erably a rinate t t he
rea |n Ihe reaction ¢l am er 1‘? resul?ng H-, ()ieposmon of ruthenium metal on the

semiconductor substrate.

In order to produce a solid ruthenium oxide film using the apparatus illustrated in Figure
3, the apparatus is prepped by closing the shutoff valves V5 as well as V4 and V6 and
keeping these valves closed since the reducing agent gas will not be used. The pump
PMP is started, a vacuum condition is created, and shutoff valves V3, V7, and V8 are
opened in order to have inert gas flown in the reaction chamber.. While in this state, the
shutoff valves V1, V2, are opened and inert gas is introduced from the inert gas feed
source 14 through the line L4 and the line L1 into the feed source 12 for the film

formation precursor, resulting in the introduction of gaseous precursor (RuO4 and the



reacti on chanber 11 via the line L2 and the Iine L6.
Since the reaction chanber 11 is being heated, the
WORIME4328t r oduced i nto the reaction chanber 11PCT/IB2005/002833
under goes thermal deconposition into solid ruthenium
oxi de, which deposits on théS9substrate. Figure 4
contains a schematic drawing that illustrates an
ex e of ana aratus that can be used to inp
nerefrBOHE SREGTH noURAyIT AL SAEBh FAFOra, 8 uaHnaBHspvept ) into the
reacibiPchdMBePRPAiRIHES lid L!%Jnﬁ%@qmbrLd: 'Sﬂgé@ttfb H-;%%tlén chamber 11 is
structure in which a line is provided In th
beingHzated, Ube Rh@shmt&dcﬂd:edﬁnfa uw feattion fbh%rﬂbbﬁdﬂ&wde‘igoes thermal
Itself provided with a shutoff valve V2' and,
decamopesitioneiatn $olidrrutheaiuph okidef whizh\depogits omittehsubstrate. t r ap
15" that is the sane as the hot trap 15. The sane
ref erence synbols have therefore been assigned to

Flgut&éaﬁniﬂlmrﬁcﬁeﬁhﬁt deév&lng hﬁat&ﬂtﬁ&ra@és bR ekh@ipleCof3an éﬁﬁaratus that
t hese el em=1‘nts W | scribed in detail agaln

can bg bsechip grplement W@t"&?thegl °f ?ﬁ (flogmation: ef yéhanium filn) beALD.

line L2 between the ultraviol et spectroneter WS and
the pressure gauge PGL , while the other end is
The appaabiscitiusteatedhin Figuee 4 hap et stristure lire whish a hra)Lafs pnoglided in the

oo Ao KBRS S MBI AR T Bl v vz

and, dowretrearpird@sth¥y/ Shatdf Wveve’, Withsa héi ﬁ’é@%'afhﬁt Is"fie same as the
'shutof f_val ves V6, V7, V3, V4, V8 V9 are opene

hot Hapat% The same cseﬁererm%wnncﬂsdwe’vmemt@re rb@epua@slmmd to those
clomch 481 34 s i 3Pt 2 ohs SRR pe gpscrbes
detail @gdirs ddne end 4f itise installedUuined 8 iis comgfectétbtd thedinedl2m@tween the

nd into he act chanber 11 vig.the lLine L6, , ,
utragief KbechoheldtWYSTaha dhe prBERe gkt By e e pitieq end is
conreatedote the Ilﬁ@Uthéed thef st tabi18nard ©epusy PMPesul ting

in the throughfl ow of gaseous precursor (RUD and the

her ei nabove specified non-fl amuabl e sol vent,
preferably a fluorinated solvent ) in L2 and L8, al ong
wth the inert gas. After this initial set up has been

In ordlgr to pEpduge, rutheaiumn fitrattly AP wsingothei apparatye diustrdtedhia Figure 4,

the shutoff valves V2 and V5 are first closed and the shutoff valves V6, V7, V3, V4, V8,
and V9 are opened, as are the shutoff valves V1 and V2'. As the pump PMP is
operating, a vacuum state is generated in the different lines in which inert gas from the
inert gas feed source 14 is introduced through the line L4 and L5 and into the reaction
chamber 11 via the line L6., he passage of inert gas through the line L1, the feed
source 12 for the film formation precursor, resulting in the throughflow of gaseous

precursor (RuO4 and the hereinabove specified non-flammable solvent, preferably a

fluorinated solvent ) in L2 and L8, along with the inert gas.

After this initial set up has been carried out, the shutoff valve V2' is closed and the

shutoff valve V2 is opened and a pulse of gaseous precursor is delivered into the



shut of f valve V2 is opened and a pul se of gaseous

precursor is delivered into thereaction chanber 11.
wabkios/03msf ol | owed by the sinultaneous cl osure PET/IB2605/002833

shutof f valve V2 and the opening of the shutoff valve

V2' .which results in passagg through the |ine L8 of

gaseous precursor along wthinert gas which will be

deconposed in hot-trap 15 . A purge of the reaction

reactivArghambentar imars LYfolldwed By tHesl gigiuiRRebds @losDR: b6t dHoff valve
chanber 11 of |nertm%as fromL4 and L5 via L6 | eading

V2 ang theconesing ef| the shuteffamiveci2’ whieturesults (n passage thyougle the line L8
of oB§fol3 FHECBeR aio: ithing®igh Wi Wi o dAROIBESE] i hosran 15 A

purgr;‘ of the reaetidni cimarnbemibteriof by tHd ntoduttidrf inta theeredbtiors chamber 11

.t d d I d t
of 13RI a8 AN 6 A A tepcii it W 28R 8 uRactey precursor
(inclldigothel Adh-fldiafiab@asoliér "pﬁéf@abﬁ&i ﬂu@ﬁﬁat&@ %@iwéﬁtuy 8Rd ¥enerated
into the reaction chanber isis by

by-Rrpducis dram the, teriqsibsthe \V%aqtlen\%lamb@s am .Thg shutqfﬂq\éalve V5 is then
opeﬂﬁ{jﬂl ﬁﬁ& 'éyplqé Pgﬁlﬁg %F;eh rs s gt@ﬁ{)én&%)ﬂohhfﬁg rggﬁénﬁé’ggent gas feed
sounger ¢ cleny Metbumertgg@gé'nm thet inert gasrfeedwesoumcu omto the reaction

chafBRAR: THF/S loReR RS R YT I8 R kB3 LG n o celivery
of aZpE)sel\/bt lrestt gas ity then geaotibh edtiintberi 1M dRdt Rstn@ia dfi lediction by-
rmed by introducing fhe her ei nabove specified

pr04qqt§n%$@{:§? EAYsInG: AeeYr el fEREdbe seadion dianber Jds dbissprocess
cycl@rcﬂf"’\'!ﬁé| Febahted UnGPARRHEMuMTIA itH BBddsRBd IAHRSE i ds‘ Srhined.
hol ds a substrate and reacting the precursor an
organonetal I i c conpound in the presence of an
oxygenat ed gas and thereby depositing ruthenate on the
surface of the substrate. The filmformati on precursor
2-3)c aMeltteod fmrfardﬂm;mthenajefuhe reacti on chanber by a

ST T S,
predBﬂécDHh’D éasedils Cfbrrh sarfdl B- ?hslé@h@ Rg&fonhatallie cdEPhSuNdCiAtd BEreaction
i

or an mstal ¢ conpound. Wen a
cham% tﬁ ho?d g strate and reacting the precursor and organometallic

compound in the presence of an oxygenated gas and thereby depositing ruthenate on
the surface of the substrate.

The film formation precursor can be introduced into the reaction chamber by a bubbler

system as described above.

When, for example, a ferroelectric film of BaRuOy is to be produced, Ba(DPM),, which
is a B-diketone/barium complex, can be used as the organometallic compound. When a

ferroelectric film of SrRuOy is to be produced, Sr(DPM),, which is a B-diketone/strontium



ferroelectric filmof SrRuOx is to be produced,
Sr(DPM 2, which is a b-di ketone/strontiuntonpl ex, can
wheood®eisns t he organonetal conpound. Here, DPMT/EB2805/002833

abbrevi ation for dipival oyl net hanate or
2,2,6, 6-tetranet hyl - 3, 5- heptgnedi onate (TMHD). The
oxygenat ed gas can be, for exanple, oxygen, ozone or
N2O. CVD can be used to formthe ferroelectric filmns

compiex; cambd usbd\as, the rgdrionietalacoenpdundh eteee, IRIAV® an abbreviation for

..specified fil romtion precursor in. gase orm and

o RS e ERe 2. i Tt Y i EBlane iR ae SIHOS
introduced into the reaction chanber. The RUM in the
precursor and the organonetallic conpound then react
in the gas phase in the presence of oxygen, resulting,
for ex le, in the formati on of BaRuOx (or SrRuOx )

The RYOeAISd RS SR PEno6 RXAMBIes RGN PEoneer N sare 11 e,
however, the herei nabove specified non-flanmmbl e
solvent, preferably a fluorinated sol vent acconpanyi ng

CVD ban BeQdsedtd Femg tecfanelpctrizufiies méntisnetbbbove] an rhich case the

deconposi tjon during deposition of the ferroelectric )
nere ARV SHEFBRS T SO SR TR G by grseaus ST AN it erganometali
I The t er at ' reactiQn chanpber i .
meta, raskifis' BB R: MirBolibesh it SR8 TbaRtor, AREHBEL T Ruos in the
t I S redih t .
P e b et ol P8R AR Cr e in (e B yfhase in the
presehES ofBkyted, RSItIIG! for @xaMples it theFoh ARAY SFIBRR WO of 8ARuOy) and
be used, for exanple, in capacitors. Moreover, since
its depositiére ondtbe estbstratef iAlt iiise sameltimer v, g Hidreimabove specified
met hod, these filnms can be used as el ectrode materials
nonflamymable solvaet, Rieferablisa Averimated solvéntnsmccompepying thecRuOy4 in the
terns, these ferroelectric filnms (particularly SrRuOx
933%°“§ar?’%%"§%reod°£§ ek uaﬁ%reoaﬁlecwaa@wt'%m e@¥ringyedeposition of the
ferrolwécw s tﬁé?éb?a%%l%%ﬁ)}irﬁ; iﬁSérb@%tlgﬁtir‘itthé fiflm.2s a buffer

ayer between a ferroelectric and the el ectrode
material). These ferroelectric filns, being oxides,

The FafpSaftE M 1 aBl PR € bR brth i S 33T fobdhyc. whicn
is thanehdtiondempeaturetfer thesagases. ( PZT), and at the sane
time, by adopting the sane perovskite :

The ruthenate films (for example, BaRuOyx and SrRuOy) produced by this method

exhibit ferroelectric properties and can be used, for example, in capacitors. Moreover,
since thin ferroelectric films can be produced by this method, these films can be used as

electrode materials just like the Ru fims and RuO2 films. In specific terms, these

ferroelectric films (particularly SrRuQOy) can be used as the upper and lower electrode

materials for a separate ferroelectric (or as a buffer layer between a ferroelectric and the
electrode material). These ferroelectric films, being oxides, can prevent oxygen and
PbO diffusion with respect to ferroelectrics such as lead lanthanate titanate (PLT) and
lead zirconate titanate (PZT), and at the same time, by adopting the same perovskite

structure as these ferroelectrics, can increase the adherence at the interface of the



structure as these ferroelectrics, can increase the
adherence at the interface of theelectrode materi al
wowdokosfrzese ferroel ectrics and can prevent or PEFE2005/002833
inter alia, generation of the |ow dielectric constant
| ayer that can occur at thi2interface and can prevent
or |l essen deterioration. Exanples The invention is
expl-ained in greater detail bel ow through exanpl es,
electrode trhaterial evith timeses ferodelectrids iante dabypreverste oeesgehednter alia,

Ex le,.1 reacti.on ch r gaded with,a siljican
gencrafiat p e font Sy oBRAEM TPy bt SR8 EErLh 2l Pies? and can
prevedt or Ieskeh gétetriciio] oxide filmon its surface; a

contai ner was | oaded with a filmformation precursor

conprising rutheniumtetroxide (RUM) dissolved at a

concentration of 0.12 weigi{dipies 3-ethoxy-1 ,1,1

,2,3,4,4,5,5, 6, 6, 6-dodecaf | uoro- 2-

trifluoronethyl hexane (Novec HFE-7500, tradename of

e B 5 oo P ka0 e R i 1S fyention i

not feshictédisy these@yampldy. ough the contai ner. Hydrogen was
al so introduced into the sane reaction chanber at a
concentration of 0.5 volune% with reference to the
nitrogen. The total presstgendlé1t he reaction chanber
was set at 10 torr and the substrate tenperature was
brought to 300 OC. Proceeding in this manner resulted

A reéﬁ%&sr{‘%ﬁq@g&s\&ﬁé RAdBH with'Sifk&IN fatehnd éllsa‘mﬂi{ﬁeé’\%ggbn substrate

e ruthenium netal deposition ra
that adamied @ gilicom diokide bl annitxdsurfadesra gontaintesl was loadedswith a film
‘tightly bonded to both the silicon substrate and the
formatipn pEgeuaSAnGamPrisiniudheniuna tefraxide RuQglissolved at a concentration

of Thddart WPGMKR T oadl | on GREPKT Hel Grbbih-bp o Siplecatuoro-2
winupRitiPhuRBiand O\ FEbA0hL Beieihe GPHR S CatiBigp: and RO,
andmp%ifir?t)? gtgr?r:ﬂl'gﬁdé if&nitrbden Werd FRRIGUSEY! iRRN i h&ddtiBh Schamber by
bubbling nitrogen through the container. Hydrogen was also introduced into the same
reaction chamber at a concentration of 0.5 volume% with reference to the nitrogen. The
total pressure in the reaction chamber was set at 10 torr and the substrate temperature
was brought to 300°C. Proceeding in this manner resulted in the deposition of a
ruthenium metal film on both substrates. The ruthenium metal deposition rate was about

9 A/min.

The obtained ruthenium metal film was tightly bonded to both the silicon substrate and
the silicon dioxide film on the other silicon substrate.



i ncubation period was zero when ruthenium netal was

deposited using pure Ruqg 4 as precursor. Thus, this
wdxapsesil, notw t hstandi ng an i ncubati on per i®cI/tB2845/002833

was a little longer than for the use of pure RUD wth

its explosion risk, enabled2ilmformation to be

carried out in a safe and practical manner when

considered in overall terns. The silicon dioxide
The fnqubation pated (tine ireqired after tha stagiwefitbe reactiontundl the onset of film

form%%ﬁ)‘?ﬂitt?@rﬂﬁbﬁiun{ He‘@l‘@ﬁﬁgﬁliﬂ?w%gg RREE fof i dlidoh subtrate and
It y Auger

S ‘'surface conposition el'ectron
7 mipdes rfos dbpy siliddre diexide tfdmesusfacedositieah i subBirater dn5contrast, the
. Figure 5 reports the atom c concentration profile of
inculation periasbwas zere whendutheniusm metpk was depsited wsing eHresRuO4 as
metal_filmsurface. Thus, . the sputtering tine plotted )
precrsof Eus. AR EXAIP JMENthstANdilS) BR decBtigR PEFiod e was a litle

e A5 AT AU iy R Bt o
carrib@RUf infd gﬁe%nq%rflé{iﬁl \ﬁgx‘gﬁglewﬂgﬁ %SHﬁgere@fﬁ‘Egécﬁll ﬁerms.

Rut heni um net a orned as descri
Exanple 1 on the followng: alumna film lowk film

f nj ' 2) il I h j,d La2d. 3
The BicBh YR A s{ietl o Ry ePPle PO s e lipigdium metal fim
was ( 333 sabjelctddn tot iahalysismoni it i slefacéi MpmpaSitiohi bin Aagér electron
PZT fil The rutheni um netal deposition rate was )
SPeclioEfRst e fiN¢ JesHES rare uiepoBed tiReFiduren anbiogkEs Sierartsy the atomic

conc®nfFafiort glrclﬁmé b @aek ;elérft??r;idégi & ifHbtioh T8t deptd ﬁ'gﬁ‘me"iﬁ&@nium metal

was in cases tightl onded to the underlying
fiim surfage. Bhalspthe sputiedag timenplotiadisertheasaxis inl Eigue Hicosresponds to

deptﬁif}oin’?% %%der ate and also with a silicon substrate

that car a silicon dioxide filmon its surface; a
contai ner was | oaded with the sane filmformation

As IGGERE ™ FMI oD (it SARERC R WA gfadsa g none of
the iFRENtIEHOP QY ANt Fwedetbcied., and RUOH and HFE- 7500

Example 2

Ruthenium metal film was formed as described in Example 1 on the following: alumina

film, low-k film, hafnium oxide (HfO2) film, lanthanum oxide (La203) film, tantalum

nitride (TaN) film, tantalum oxide (Ta20s) film, titanium nitride (TiN), BST film, and PZT

film. The ruthenium metal deposition rate was unrelated to the nature of the film and
was about 9 A/min in each case. In addition, the ruthenium metal was in all cases tightly
bonded to the underlying film.

Example 3



entrained in nitrogen were introduced into the
reacti on chanber for 0.5 second in such a manner that

wo bwetidl gas flow rate was 0.07 seem A thin Pa1/1820065/002833
rut heni um oxi de was fornmed on each substrate. After
the unreacted RUM and accopanyi ng HFE- 7500 had been
removed by purging the interior of the reaction

chanber with nitrogen, hydrogen was introduced for 1
A reagliopraanies wasdoaded with @ silicentsubstiatesand @isp withea sifican substrate

that ?%I‘?Igpa% F’@%od"gtozu i fﬁlpﬁgﬁ fts Reia8e: ué%g f?ﬁ’neq (f/#emagea_ Oith the same

ni trogen use
film forrhatier preclinsorpwitis SUO. GZ\ANelglntl% t:bacemanbncas inhBxdraplewhsnitrogen
mai ntained at 4 torr. The substrate tenperature was
was bubbled at@oty rataef 18t sacothrasigh; the comdaineroand Ru@randi E-7500
t.hen purged with nltrogen after which the cycle

e“t“ﬂ'é%%}"l HEeoahweee WH? P‘éﬁfb'ﬁ 'H'etrﬁa@ﬁ&nﬁh?"&bqfu?h%ﬁlsﬁﬁﬁ)nd in such a

manf; Gpt B@p'?g%th s U E&‘F&‘f“é“ oxide was
formrs@emagg sfa«blﬁt,:at'ec %?iie?@nr% SefRidage éﬁ&;mfg ViR HFE-7500 had
eerBibveY bt phfBind BTt dsthd oo dHesT i Blrpgen, hydrogen

was #ntebdwaed fbrsp sé@cimi ihto thehreastidn cleamiskroati ifow rate of 1.2 sccm along
filmsurfaced ons trat whi ch_i ndi cated t hat
with ptrqgenhging us 'HSN eﬁg@l owrate of thepitrogen used as diluent

was If1 78 $eahi qrnewéés@ﬁe Wi’chﬁn the%laét%ﬂ dﬂéﬁ{béi‘ v&astrhsmmad‘rsmon The

I mwas deposited %/ using pure
subsiate lemparatums wasiset at 3QQ° ﬁenl um net al f| | m vvas f or med
as described in Exanple 3 on the follow ng: alum na
film lowk film hafniumoxide (Hq 2) film
| ant hanum oxi de (La2U3) film tantalumitride (TaN)

e e HENARRABS R e e BB T - Sl pien e
cyclé Gb@crm atvvel Wé@éeﬁeatédlﬁ) oBtal & rathehlien fﬂétﬂ‘ fmdwitfthe desired
about 9 A/mn cycle in each case. &addltlon

th'Ckf‘ﬁ%S rTlﬁ‘leHé'Fh%WHfH@?%tP' Wsﬂ'ﬁ" &ate wassahoutilghiingingen gielet o
the underlying film

The number of incubation cycles (number of cycles required after tt;e start of the
reaction until the onset of film formation) in this ruthenium metal deposition by ALD was
zero for the silicon substrate and was also zero for the silicon dioxide film-surfaced
silicon substrate, which indicated that efficient film production had been achieved. 75

incubation cycles were required when a ruthenium metal film was deposited by ALD
using pure RuQOg4 as precursor.

Example 4

Ruthenium metal film was formed as described in Example 3 on the following: alumina

film, low-k film, hafnium oxide (HfO2) film, lanthanum oxide (La2O3) film, tantalum



Exanple 5 A reaction chanber was | oaded with a silicon
substrate and also with a silicon substrate that
w@ 200608488 silicon dioxide filmon its surfacePCHIB2005/002833
contai ner was | oaded with the sane filmformation
precursor with a 0.12 wei ghtZ concentration as in
Exanple 1; nitrogen was bubbled at a flow rate of 20
seem t hrough the container; and Rug 4 and HFE- 7500
nitrickN{TTaN ) T, tamtaluiy e (‘V@Og? fimh [ titdiQatinitrifeO(TiE BST film, and PZT
reacti on chanber. The total pressure in the reaction
film.cHuarhdheniam setal adepbitibn rateawds tuneelatedstor theenature of the film and

t t 400 .0C.  Und t hese. diti .
was hOHE] 2\ AR BRT KSR @2 FRSR- P ARaop, aiienisg migfativas in all
caseEXfightipboRGed S en@iliepyingdh. substrate in 60 m nutes

(deposition rate = about 17 A/mn). The obtai ned

rut heni um oxide filmwas tightly bonded to both the
silicon substrate and the silicon dioxide filmon the
other silicon substrate. Brief Description of the
Drawi ngs Figure 1 is a dikx@uptiedhat illustrates vapor
pressure versus tenperature for Rug 4, HFE- 7500 and
FC- 3283, which are possible conponents of a film

A rebctiom¢hanibernveasiloaded adthar sliicom substrbte anmd/alsd iwith. a Siligpn Substrate
2 1is a dagramthat illystrates the rel ati onshi ]

that Gairips SUEN ARSI BT ORI AT BRSah GOTIRNG 145 BROGH aftigipe same

film ¥tnidien GRekurdér #AG 0o WeightehcoRBEhtPioRtAOh EXamPlieCl) nitrogen
RUM is dissolved.Figure 3'is a schematic di agramt hat

was Subbleatatcafiow ratel of 20 sdons thaoughk thiepdomtaiherd and MAD Lamd HFE-7500
for carrying out a method according to the invention.
entra@ingd e nfragenawerehintraduceddintoythenieahtion shaweher iThel total pressure in

' r for o
v 445 8 VLS4 5 SEPF. e ¥, OREIAL apr wes 40
Undéi these conditionsch afgmmnitdgat r_ulHdéwm rwddlsﬁﬁlhhwlitﬁta)tﬁi@(ness of about
ncentratijo rofile aj ne en e siligon
100§ AR SRtbirR. B ach Rl At edEnulak (dpaslian iaten= about 17
A/minyit TReI shtaimebatuthéhilmaesigé diiMdwas tightly bonded to both the silicon
substrate and the silicon dioxide film on the other silicon substrate.

Brief Description of the Drawings

Figure 1 is a diagram that illustrates vapor pressure versus temperature for RuO4, HFE-

7500 and FC-3283, which are possible components of a film formation precursor
according to the invention.

Figure 2 is a diagram that illustrates the relationship between the RuO4 concentration

and the time of storage in the dark at 40°C for an HFE-7500 solution in which RuQy4 is

dissolved.



to Exanple 1 of the invention was submtted to

anal ysis of its surface conposition by Auger el ectron
waepwesascopy. Reference synbols 11 reaction chemB2o0s1@d2833

feed source for precursor for filmproduction 13 feed

source for reducing agent g#8 14 feed source for inert

gasClains 1. Precursor for rutheniumcontaining film

formati on, nPrl Si n% rut heni um tetroxide dissolved in

FiguFeord 1% AnPRBPRANE (R0RA depts sehemeticalyilvgiratee Heexpmple of an
appa\‘zrgygllfgﬁc@ryab@aﬁé\%e&naa aé%?duﬁgr'ibth@ﬁﬁ\?eﬁt‘bﬁ and ;

z>y, and; and z, t and u
bei ng positive integers 2. The precursor of Claim1,

rauff 55 4 s lagPah ol Sl RREES HAGER. e of an
apparatus(foegdrafingl outop natiydd acdording to tetiheehtioar fornmi ng a

rutheni umcontaining film conprising the steps of: >
depositing a rutheniumcontaining filmon a substrate

F.gulewsnélbrdwbt@rrnmwmué@aé& tie BloRfid c6REeritttioh Idrdsmé @bt‘ﬁiﬁéd?\ﬁhen the
accordin Claiml or 2 into a reaction chanbe

silicarogipxidadi ?THtSUFf@'é%(i sieen subsdateceatedmdthauthesnivng metal flm accordmg
to ERERBIY #OF the ilvBhliGH WaSsubMifl&F &9 URail/9& Bf its surface composition by

Auger electron spectroscopy.

Reference symbols

11 reaction chamber
12 feed source for precursor for film production
13 feed source for reducing agent gas

14 feed source for inert gas



4. Method according to claim3 further conprising the
steps of: > introducing a gaseous reduci ng agent into

w0 bwengagt i on chanber and thereby depositing rethE2003m02833
on at | east one substrate by reacting said gaseous
precursor with the gaseous Pé&duci ng agent. 5. Method
according to Caim4 wherein the reducing agent is
hydrogen. 6. Method according to Claim4 or 5 wherein
the pressure in the reactc08anber i s maintai ned
between 0.01 torr and 1000 torr.7. Method according to
one of Cains 4 to 6 wherein the fil mdeposition step
i st.car RArecurson faxt ruthenilis taoataining rfier fermiations oegoprising ruthenium

tetro%ﬁ%}'ﬁgs%ﬁe[%g5%758n-§g91%btk% gu!}ﬁrﬁ}gé sofent difagin Ot[hﬁgﬁencgral formula

wherein ¢ ng agent an

r ' F&{Ursor are simultaneously introduced into
CXH‘(%%@J\ wh%n chanber. 9. Method according to one of

2x+2y@p Nghgd to 7 conprising the steps of: > introducing
t he gaseous precursor into the reaction chanber >
2<xgdbrgmchp t he reaction chanber by injecting an inert gas
into it; > thereafter, introducing the gaseous
z>Y, @8%uci ng agent into the reaction chamber during a
and €i&ber m ned duration, thereafter called reducing agent
pul se purging the interior of the reaction chanber by
X, ¥,iznt aed urheing positive kdegersto it; and thereby reducing
t he rut heni um oxi de on the substrate. 10. Method of
Caim9 further conprising the steps of: > repeating
t 2 i ntTihed pretcucsor sefe@lainm 1, hewhgreisothe fuerinatedsplventyis selected

unt, | the desired fi.l.mthick IS '
fromye 8 aBEHPI ngOTBTEREI m o o e ERailBlEdiheppg)  and
Tris(ﬁéptaﬂ’umb%gﬁﬁﬁrﬂa the substrate tenperature between

1000C and 0C. 12. Method according to claim 3,

conprising the step of:
3. Method for forming a ruthenium-containing film, comprising the steps of:

> depositing a ruthenium-containing fiim on a substrate by introducing at
least a precursor for film formation according to Claim 1 or 2 into a reaction chamber
that contains at least one substrate, wherein said precursor is introduced in gaseous

form.

4. Method according to claim 3 further comprising the steps of:
> introducing a gaseous reducing agent into the reaction chamber and
thereby depositing ruthenium on at least one substrate by reacting said gaseous

precursor with the gaseous reducing agent.
5. Method according to Claim 4 wherein the reducing agent is hydrogen.

6. Method according to Claim 4 or 5 wherein the pressure in the reaction
chamber is maintained between 0.01 torr and 1000 torr.



> thermal |y deconposi ng the gaseous precursor > and

t hereby depositing a rutheniumoxide filmon the
weubsnsage. 13. Method according to Caim 12 cROpPIB2803N)2833

the step of: > maintaining the total pressure in the

reacti on chanber between 0.88 torr and 1000 torr. 14.

Met hod according to Caim1l2 or 13, conprising the

step of ;. > maintaining the substrate tenperat edabov_e_

at7-| easMefhasbecoosing s posiok Slaina g & whetein fhedim deposition step

is cafriédldif 'at aXTBEIrtetempBRatHEUOMtised Beibvesr 86D 800°C.

si mul taneously or in separate pul ses the gaseous
precursor, a gaseous organonetallic conpound and an

oxygen [ : t ti

ol de MERbR sREAEIrED Rl Cidffpd 36 2 MpreiE Fegicift) agent anc
the rothgaiuenptezutsor ace sipnltadeausty dioduoey i theoebelion clianglser.

t hereby depositing a ruthenate filmon the surface of

the substrate. 16. Method according to one of clains 3

t @ 15, NMERbEaBedramgtynkoR Claihfs AtT bbﬁwﬁﬂsih@%!@s § oF:
for sem -conductor manufacture. 17. Method according

t o> intedyicing the gaseousopPresursehinte the fepetian ehambere i s a

c ] i ; ; ' o0 claim

17 Bl e R BT RAdhoer . nkElAG S ARERGS: RO 1

c orphereafteqtintrachxingstheegaseous dedugingagentsintchthesrelactiqgrs chamber

.19, Met hod agcor di to.one, of clains 3 to 15 wherein
aurin gl eaREiraton, Marp it 25U i @ragent Burss
» purging the interior of the reaction chamber by injecting an inert gas into it; and
thereby reducing the ruthenium oxide on the substrate.

10.  Method of Claim 9 further comprising the steps of:

> repeating the introduction step of the gaseous precursor, e.g. until the desired
film thickness is achieved

11.  Method according to Claim 9 or 10 comprising the step of:
» maintaining the substrate temperature between 100°C and 600°C.

12.  Method according to claim 3, comprising the step of:
» thermally decomposing the gaseous precursor
> and thereby depositing a ruthenium oxide film on the substrate.

13.  Method according to Claim 12 comprising the step of:

> maintaining the total pressure in the reaction chamber between 0.01 torr
and 1000 torr.

14.  Method according to Claim 12 or 13, comprising the step of:
> maintaining the substrate temperature above at least 150°C.-
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15.  Method according to claim 3, further comprising the steps of
> introducing simultaneously or in separate pulses the gaseous precursor, a
gaseous organometallic compound and an oxygen containing gas into the reaction

chamber that holds the substrate and

> reacting said precursor, organometallic compound and said oxygen containing

gas thereby depositing a ruthenate film on the surface of the substrate.

16. Method according to one of claims 3 to 15, wherein the substrate is a

silicon based wafer for semi-conductor manufacture.

17. Method according to one of claims 3 to 15, wherein the substrate is a

ceramic based material.

18. Method according to claim 17, wherein the substrate is not a flat surface

but comprises at least some curved surfaces such as bumps.

19. Method according to one of claims 3 to 15, wherein the substrate is a ball-
shaped substrate. '



