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Met hod for the deposition of a Ruthenium containing
fil mBackground Ruthenium (Ru) is expected to be

WO pdogositaeed i n the i ndustrial sem conduct or PCT/EP2006/066639

manuf act uri ng process for nan§ applications in the
com ng years. This nove towards the use of new
materials for chip manufacturing is necessary to solve
i ssues generated by the continuous scaling trend

| rposedviethéd for fHEdépusitiol of & RultAghidR IMAINGAY film
nodes, Ru 1s considered as e best candidate fTor e
el ectrode capacitor for FeRAM and DRAM appli cati ons.

E Ras t he required properties, such as high nelting
i 9r°‘l"b resistivity, high oxidation resistance and

adequageHMikmf %Rﬁs' RN, tell to! 1R HHErS%&ﬁdaSﬁattﬁe industrial

el ectroge mat erial " f or transi stor.
aelmmuinaigemrcmﬂpafmmru:g iprockssmfem dhariyatpplicatidns tro the scoming
| ower reS| sti vi and Ru ease of dr

Mot THIRMaye BT dhe Useqpl RoKdTRtere) Ch'rs%w'@ Keanufacturing is
PR et Wl Ao

to Jhe widustrigaver lties hextpaotrativrehedés,i Ralis mooparetrw@s the best
than other nmetal oxides known to be nore insulatin

rendidate & e ralatiEedry wmEpeciton Wef@Wd?ﬂ%t@RM aappllcatlons

R B S SRR L B Bl By,

Blidation aesistfdeaars dded)uat® drkpfincad, a(rﬁk)rﬁg jir @qRA6ntial gate
with a single step. Alarge variety of Ru CVD

plestigde omateriad &Faﬂ%ﬂéﬁetraﬁﬂlSMnﬁlhdﬂ/@ [REYANA0SSi @gmpared to
PRI DBOHE G 8 AP Lo M UGS Pty etoing
RdtfoRBlyY.) RuOlheada highmBomdi@ivitg oMt foestfork 3PWRuU oxide by
precursors contain significant anounts of carbon and

ditugiom ofrygieni et cobld @menbign ferecelaetsicdilispdPZedSEd, BLT,...),
\%/ﬂpﬁa\];er ?ergstlqunepa%i %%uerlgctrlcal properties than other metal oxides known to
be more insulating.

Ru is also a promising BEOL process candidate as a liner material for
copper. A single Ru film would replace the Ta, Ta(Si)N, and the copper seed
layer. A Ru process replaces the two steps Ta/Ta(Si)N process with a single
step.

A large variety of Ru CVD precursors are available and many have
been studied. However, the currently available precursors have a very low
vapor pressure (i.e. 0.1 Torr at 73°C for Ru(EtCp).). The Ru films obtained
with these known precursors contain significant amounts of carbon and
oxygen impurities. The C impurities are suspected to come from the precursor
material. The O impurity comes from the co-reactant gas (O,). It is known from
T. Shibutami et al, Tosoh R&D Review, 47, 2003, that Ru films have poor
adherence, uniformity and also have a characteristically long incubation time.

It is known from e.g. US-B-6,897,160, to use Ru precursors such as
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material. The Oinpurity cones fromthe co-reactant

gas (O) . It is known fromT. Shibutam et al, Tosoh
worgseeMeew, 47, 2003, that Ru_fil nms have poorPCT/EP2006/066639

adherence, uniformty and al sé have a

char acteristically long incubation tine. I's known

it kbaymaiohexagienps %ﬁéifﬁﬁy%cuﬁié’ﬁsiaﬁﬁ%lum oxide
%2@%'v¥/hér@H9§a|Htﬁe{?'ﬁ6UI%Pb%u?§)r (Q¥E'cxa @réleéf”sa‘?&‘ rE)‘%tent)sls held

rticular precdrsor (see exanple 4 of 'said pate
imed ¢ubblea rosdvbirat reser teaiperature Qammtaﬁﬁﬂ)anmr feel{Lab @s1bubbled
250) and heliumis bubbled through it. However, as
BepYigh Hed in US-A-6,517,616 to the same assi gnee, such

Ru( CO) Bbdvevar, Céé%%l??ﬁ%g: |ﬁrl?é Apéaﬁ%gﬁs& ﬂfagnaéﬂinguél\s%i@ﬁee, such

roon1tenperature s at abouf

Re(@O3:A1 B-tywishsadicrs) puotugirie oot Bquidiat reomdbrgirature (it melts
order to obtain a liquid solution of precursor and
gbpbewt 39 oageh s ecassary Heoissghe sueth PERCUEP) (thajsplvent in

rB ltS%b aLﬁaBI ééZrJﬁ%ﬁ oq é:éLﬂ'gSISaﬁé]Fglrvgﬁ thqgu@ll k/\/?u(fh the inert

ent um prec rsors SO|U rons rn so

§&s Bsueh968, Hén@)n iRUbGEDISd (US-B-6Ya7 Biex aicss)s ir great details

di scl osed also in the article of YW Song et al., ECS
futheritot pwrsqmplutlpnﬁ in solzr@oss— i $R8 AlBOrYSiB-5,969.716).

nat ur e | ent j ti.n oj nt, of

350 AREIGRECkAdone FRBEHRISY 3o s o g i HpBAlbe"or vw.
BBhg &t &1. heEs gaesttionk! 2(4)hel 1513”20@@5 2Rty W8I &dlid Rature at
thel'r high melting point such solid products require
am@leméempesatstﬂ wdtht a imelingipeint of Barel e a |iquid

Peaict ol iR S0P UGHTaPCEl  GHpBoNEHINGrS of Chymolecule have

Qé‘él-?{tia'ﬂg tRB ddMRé tdrgﬁlﬁa&@ QHEEN iid thdilP WRIHE nelfift® fp‘&g Qlich solid

a solvent i1s usually viewed as haV|ng a bad in nce
pmduwbs tmpmelthemsemfcacmlsemme drdet toehdntdle asliquid pfoduod through

Yot PRl gt i I it SinsidBrauh ¢ieehuborizaion or by
yﬁg%% ﬁﬁgggﬁkmgubﬁltused are usually toxic and/or

elr
However, the use of a solvent is usually viewed as having a bad

influence on the deposition process due to the intrusion of the solvent particles
in the reactor and the incorporation of undesired impurities in the deposited
films. Moreover, the solvents used are usually toxic and/or flammable and their
usage brings many constraints (safety aspects, environmental issues). Besides,
the use of precursors with melting points higher than 20°C (and even for those
having a melting point above 0°C) implies many additional constraints during
the process deposition (heating of the delivery lines to avoid condensation of
the precursor at undesired locations) and during the transportation.

The reactivity of the known CO containing precursors does not enable
today to reach an ALD deposition regime. Ruthenium films are only deposited
by CVD and some articles even outline that ALD mode is not possible with the

Ru(CO)s(1,3-cyclohexadiene) precursor.
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usage brings many constraints (safety aspects,
environnental issues). Besides, the use of precursors

wowRdoR/0smEbs | Nng poi nts higher than 20 C (and evePCT/BP2006/066639

t hose having a nelting point dbove 0 C inplies many
addi tional constraints during the process deposition
(heating of the delivery lines to avoid condensation
of the precursor at undesired |ocations) and during

b@@aiig@%gepipﬁgﬂon. The reactivity of the known CO

contal ning pfecursors does not enable today to reach

s AhDROjestasigroviderratiomum Rrebamsorsrwhidhn@resindicuid gtate at room
deposited by CVD and sone articles even outline that .
lQntpergiiEei anch drorsoREaTRIabIVAR Havide SRE @b)tgmperatures above 0°C,
. i .angq) U £,4i or i pLi .
o 8 BB s 3B SR R P BRRGELP Y] R gy whic

ehabledteepositRrdf poremutesmematitiondf riBeRium containing films
preferably in liquid state at tenperatures above 0 C

dependisaroréheg coveaei@nasisgdrwith ithgirrscurgpt.hwhese resulting films

At eOndeB i RO ROnSIARE i ier 28GR RFIEY $17 ARD regime
daneRdibIgined fohBuROUIRANRMepiRRbGS el fBF BEP6SIASN of other

whose resulting filnms are deposited w thout detectable
fuibemniam eentainig filsl(Rwo: akiacrexampheD regi ne can be

bt ai ned f t heni d iti | f

Cepas RranChdt Rerd B ARAS 28 biRBason T, Fhdflon of
ARh&RuRXesMbRing AFE BhH SEsirdid SEdinbisiRg Y RDsf:

process for the deposition of a ruthenium containing

filmon a substrate, conprising the steps of: a)

providing at least one substrate into a reactor; b)

"t r oducingraHiBS ek Eass BS el BIe O psesiOtne

rut heni um cont ai ni ng precursor having the fornul a:

(Rn-chd) Ru(CO 3 , wherein, - (Rn-chd) represents one

cycl ohexadingmoeutimigdntd ihgesald reactor at least one ruthenium containing

precursor having the formula:
(Rn-chd) Ru(CO)s,

wherein,

- (Ro-chd) represents one cyclohexadiene (chd) ligand,
substituted with n substituents R, any R being in any position on
the chd ligand;

- n is an integer comprised between 1 and 8 (1 < n < 8) and
represents the number of substituents on the chd ligand;

- R is selected from the group consisting of C1-C4 linear or
branched alkyl, alkylamides, alkoxides, alkylsilyamides,
amidinates, carbonyl and/or fluoroalkyl for R being located in
any of the eight available positions on the chd ligand, while R
can also be oxygen O for substitution on the C positions in the

chd cycle which are not involved in a double bond;
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substituted with n substituents R any R being in any
position on the chd ligand; - n is an integer

weovpioseerl between 1 and 8 ( 1 < n < 8) and r epCBEERIWE066639

the nunber of substituents on*the chd ligand; - Ris
selected fromthe group consisting of C1-C4 |linear or

branched al kyl , al.kyl am des, al kqxi des, . .
o Ryrerty aninsubSlied eeRns o ik e, figang are ocoupied by H

fluoroal kyl f8Ecffeeing | ocated in any of the eight
avai |l abl e posclgt(l:%ns’ on the chd |igand, while R can
al so be oxygen O for substitution on the C positions
in the chd cycle which are not involved jn a doub]e

bond; -~ U3 FISSOMRASHE 581 &t derstana ReheRym iceakriniageprecursor
occupi ed merﬁémb&%%r%S%on'ditfansd&ﬁR’épﬂfd%ﬂ said at

| east one rutheni um contal ning precursor under

tenperature conditions above 100 C, - d) depositing

said rutheniumcontaining filmonto said at | east one

subst rat é) dapesiingp$sid ru&qr@a@w%ﬁ@nmgsﬁlmpnfmémdsaﬁ least one
| ocat ed Q& SA bon atom of the ligand involved a

doubl e bong, nore preferably in a double bond with

anot her carbon atom According to a preferred

enbodinent, n =1 and Ris a Cl1-C4 al kyl group,

pr ef er &eferably sablegst ppe Rsubsiifyenigrisdpcatad it giaggbem atom of

ot.-her . enbadi nent e . .ruthenium pr rsor fo a.s .
A bt TAVRITTA aouble ol i bRIEEALIP 3G & HoIe Boha with
ghetre) talgenr&eRy! ruthenium Preferably to a further
enbodi nent, there is at | east one R on a carbon of the

chd ligand not involved in a double bond. Preferably,

]E ?gmt eIREbANiNY §o P PrifbirBASeAbSdiRRIRCHe 11 BhE 1R i 3189-C4 alkyl

group, preferably R is a methyl or ethyl group.

According to another embodiment, the ruthenium precursor formula is
Ru(CO)s(1-Me 1,4-chd) i.e.(1-methylcyclohexa 1,4 diene)tricarbonyl ruthenium

Preferably to a further embodiment, there is at least one R on a carbon
of the chd ligand not involved in a double bond.

Preferably, the temperature conditions are selected into a range from
100°C to 500°C, more preferably from 150°C to 350°C.

The pressure into the reactor shall be preferably maintained between 1
Pa and 10°Pa, more preferably between 25Pa and 10°Pa.

The process of the invention may further comprise the step of
providing at least one reducing fluid into the reactor, said reducing fluid being
preferably selected from the group consisting of Hz, NHs;, SiHj, SizHs, SisHs,
hydrogen containing fluids and mixtures thereof.

The process of the invention may also further comprise the step of
providing at least one oxygen containing fluid into the reactor, preferably

selected from the group consisting of O,, Oz, HO, H,O,, oxygen containing
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100 C to 500C, nore preferably from 150 C to 350C. The
pressure into the reactor shall be preferably

woreiosdaideed between 1 Pa and 105Pa, nore pref er@ER2006/066639

bet ween 25Pa and 103Pa. The p?ocess of the invention

may further conprise the step of providing at |east
redu0|n fluid intq the regctor, said reducing
icals sUFh G &é?rég%lb??gé@%%?% §P8M t he group

conS|st|ng of H2, NH3, SiH4, Si2H6, Si3H8, hydrogen

cont ai ning fl ui ds and nixtures thereof. The process of

t he i nVdet ippeserdy irslesitiof ualsberelatemriosthe hesestadpthef ruthenium

provi di ng at | east one oxyll%é'n containing fluid into

F‘Pl%taf%%\g: BRCUrgRretaMing ke @ed fromthe group
consisting of @, @B, HO n

cont ai ni ngradi cal s such aé B ~or %al nZ”m’xtures

t her egherdihe present invention also rel ates to the use
of the rutheni um cont ai ni ng @r ecursor havi ng

fornmul a \Aﬁerrceﬁhrepr@ﬁﬂn@h@)cyp pexadiang (&heybgmﬁuaﬂéht@d with
(chd) 11 gagg,sih 33 gﬁ( #“"b‘eih(g;. #Rﬁéé%t‘ﬂ&%ﬁ tﬁe cﬁ8¥|g§1d,

bei ng in any poéﬁﬁ

i nt eger Wr@rarﬁedtegéwaﬁﬁprlse’mcbe%wéerl £ & 68)(1aﬂdn 8) and
represents the nunber of substituents on the chd

| i gand; IePTeiS§n§$eﬂh§dtLl§ﬂb¢erfrﬁtth$§tWpn dloeshddipagdiof

2 koxi dedt s RerBRAT e BLout fonfhie. 8MEs dhger or branched

and/ or f'éﬂ@ﬂ@f’i" Ié}{dylafrﬁh'fde'éz bedikgkidos at agkyldilyRinyides, t'Bafifnldlnates
ei ght avail'abl e positions on the chd |igand, while

can al so caeb@ry gad/@ fleeroalkyt for Bt beingdacated ia any of the eight

t t h d | ved
oubl o banaap Rdsiiorsa e 'Bhe Bodad il Ria g e pfigen O
onto a sybstipdtftution %fneflﬁsbbypoéltloné n@'ﬂﬁ’e RhdScyele Ghhich are not
al kyl, preferably nethyl or ethyl,

involved in a double bond
for the deposition of a Ru containing film onto a substrate.

Preferably, n = 1 and R is C1-C4 alkyl, preferably methyl or ethyl, while
the R substituent is located on a carbon atom of the ligand having a double C
bond.

According to one embodiment, the ruthenium precursor formula is
Ru(CO)3(1-Me 1,4-chd) i.e.(1-methylcyclohexa 1,4 diene)tricarbonyl ruthenium,
for which the distribution of the ligand, together with the configuration of the
cyclohexadiene optimizes the steric hindrance and the reduction of the
electronic interaction and then reduces the melting point.

According to another embodiment, n is greater than 1 and R is a C1-C4
alkyl, preferably a methyl and/or ethyl, while there is at least one R on a carbon
of the chd ligand having no double-bond.

The molecular structure of the cyclohexadiene ligand is freely chosen
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the R substituent is |located on a carbon atom of the
I i gand having a double C bond. According to one

weededs4rent , t he rut heni um precursor fornula i BCT/EP2006/066639

Ru(CO) 3(1-Me 1, 4-chd) i.e.(1-fethyl cycl ohexa 1,4

di ene)tricarbonyl ruthenium for which the

di stribution of. the nd, together with

BRNBgualk | GO oSS EIBRex et iR | nl-agcigheradiene  or
stV o keRf&nee and the reduction of the el ectronic
interaction and then reduces the nelting point.

Accor diAngotdingnot ther ievemionehe, relducmggeganteshathalse Yoreferably
and Ris a C1-C4 alkyl, preferably a nethyl_ and/Q

gelrgied wipme t@“ﬁer@'oiug fonsishisg et orN|é3=ca$'|5|e=n %TZH& SizHs,
h |
@?@o@@ﬂrégngﬁﬂﬁwef’a\ﬂl s. E‘ggggﬂ%hgn %@alaﬂbeﬂ? ?r?%lyl BE preferably

sdlestafrong ttad |gr@xp sonsgtingssfi Ob,| O] €80, HKTY, AXygen-containing
1, 3-cycl ohexadj ene or 1, 4-cycl ohexadi ene. According to
Fasicalnsuah iasrD)” eHaHr eadanpdragdhereshal | be preferably

sel ecte@ gé@?‘ {%UP tRE 9 088 Sde{HQQnyé tdfy tN'éBRre%sUﬁe shall be

Si 2H6 ydrog con ai ni ng Pod cal’

compasad betviéen d F$é1ahbl 109 pocPer Qhéfér&ﬂ’ﬂf Betvasbrf P8P bﬁd 1000
8roup consisting of @2, @B, HQ

RAygen- cont ai ni ng radi cal s such as O‘ or OH* and

vent FoRRE 1B bESaTatan eyl FETE S e iptroduced
ifdo @l ré&@o@@i@w@%mﬂlt@ﬁéb@éﬁ/ YchahiReagsdr d?éb@!ﬂl‘i’ori‘)()@@quentlally

Pa. According to the invention, the various reactants
tedamire lsyer degasiéian) at diftetient eabipatiens Megreof, another example is

i mul .t aneousl,y ( m cal or. dep on
o LHRILER y e SHEEOTayeP AEIRE | CATGHSY o epr-apBiaining  fluid
ESMHUMISIyO R RETiRbdu@N thd st REAIMhEtd| Ssdifick by %I‘é‘@épulsed
t he hydrogen-contai ni ng and/ or oxygen-contai ni ng f
cloermicalivagodrydepusitian)i nt r oduce the at | east netal
source %OP&%S& gl%“rﬁ%%nium containing precursors defined in step b)
here above shall be usually liquids, in other words having a melting point below

20°C, and more preferably shall have a melting point below 0°C.

According to an other embodiment, the metal containing precursor is
selected from the group consisting of: Ru(CO);(1-Methyl-1,3-cyclohexadiene),
Ru(CO)s(2-Methyl-1,3-cyclohexadiene), Ru(CO)s(5-Methyl,1,3-cyclohexadiene),
Ru(CO)s(1-Ethyl-1,3-cyclohexadiene), Ru(CO)s(2-Ethyl-1,3-cyclohexadiene),
Ru(CO)s(5-Ethyl,1,3-cyclohexadiene), Ru(CO)s;(1-Propyl-1,3-cyclohexadiene),
Ru(CO)s(2-Propyl-1,3-cyclohexadiene), Ru(CO)s(5-Propyl,1,3-cyclohexadiene),
Ru(CO)s(1-Butyl-1,3-cyclohexadiene),  Ru(CO)s(2-Butyl-1,3-cyclohexadiene),
Ru(CO)s(5-Butyl,1,3-cyclohexadiene), Ru(CO)s;(1-Methyl-1,4-cyclohexadiene),
Ru(CO)s(3-Methyl-1,4-cyclohexadiene), Ru(CO)s(1-Ethyl-1,4-cyclohexadiene),
Ru(CO)s(3-Ethyl-1,4-cyclohexadiene), Ru(CO)s;(1-Propyl-1,4-cyclohexadiene),
Ru(CO)s(3-Propyl-1,4-cyclohexadiene), Ru(CO);(1-Propyl-1,4-cyclohexadiene),
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chem cal vapor deposition). Accordingly, the ruthenium
containing precursors defined in step b) here above
W@ baBlo34aes usual |y |iquids, in other words havi PQI/BP2006/066639
nmel ti ng point below 20 C, and’nor e preferably shall
have a nelti ng poi nt bel ow 0 C. According to an other
[ , cont ai ni n ecurs r | selected
RIGAOIE Hypaitp! dowsiaheragieae). i Bos gt ‘1
, 3-cycl ohexad| ene) Ru( CO) 3( 2- Met hyl -
, 3-cycl ohexadi ene), Ru(CO) 3(5-Met hyl,
1, 3- cyAtatrdiradiccardtheRe(rEBOdah ENt, Ehdayhet:hl containing film deposited
, 3-cycl ohexadi ene CO) 3( 2- Et hyl -
RIS SR be Ry 1S, cE onnde fim.
1, 3-cycl ohexadi ene), Ru(CO 3(l -Pr opyl
, 3-cycl ohexadi ene), Ru(CO) 3(2-Propyl -
, 3- cycEraephsdi efiehe iRuéidr3shotidopyl ndw disclosed along with the
3- cycl ohexadi ene Ru(CO 3(1 - Butyl -
f@ur@?dﬂ/f&iﬁléi%reéﬂ@g Ru( CO) 3( 2- But yI -

f;g;t@'ﬂ,ﬁ(;(ﬁédﬁﬁﬁg gaﬁa( ?g((ﬁ?ﬁé*%c{% ¢._and Figure 1b the ligand

14-eyibladexishe(iade aRt 18 i#r B&stPLsitio
4%%/% ohexadi en:%ea ?ﬁcgﬂ -Etws-I "

, 4- cycFighéxadi en Ru( ctb)ea( 3 Et rgh|en10al structure of

SEsT A BuC i ee: EORLL M

. 4- cyckpluexagli eee)depddltion) fate oPrr@MEnidm films in CVD mode v.
4- cycl ohexadi ene), Ru( CO) 3( 3- Propyl -

dap@ytmmhﬁn@ae@we) and m xtures thereof. According to

anot her. enbqdi .the metal, contajning film

Geposi FEH oAt 8 TGO HSEot PAtSCREVERFi ¢ i1 m or

metal pde il Framplesysficl B ANKaRhR SR dedfited by
now di sCl osed along wth the figures which represent

Ru¢@O:(1-Methgl- 1 jdgeyaibHiex@digne ) ainea 310eitd  subatta e gsmeaeaslmred by
he Ilgand 1, 4- cycl ohexadi ene (face and profile) in

’p03|t|on Figure 2, the chem cal structure of

Ru(CO 3(1 -MNethyl-1 ,4-cycl.ohexadi ene u
deéosi) Elore Patrl el RBHStRn o eohs o ligaty: invention)
deposi Figore Tetheededasition time v. estimated thickness of SiO, and TaN;

Examples:

The precursors disclosed herein are usually liquid at room temperature,
which means that their melting point is below 20°C, (the temperature set at
manufacturing fabs). They are more preferably liquid at temperatures below
0°C.

Ru(CO)s(1-Methyl-1,4-cyclohexadiene) is a light yellow precursor which
is liquid at 20°C.

This precursor was then placed in a refrigerator set at 10°C and stored
during a few weeks under these conditions:
Ru(CO);(1-Methyl-1,4-cyclohexadiene) was still liquid in this low temperature
environment.

This precursor was then placed in a bath maintained at -50°C for
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Figure 4 , a rutheniumfilmused as a gate el ectrode;
Figure 5, the In-depth profile of a rutheniumfilm

walepess#erl by Ru(CO 3(1 -Methyl-1 ,4-cycl ohexaPi BRRI0060656639

a Si2/Si substrate as msasuréd by Auger; Figure 6,
mul ti Iayer dep03|t|on on a substrate (prior art v.

invenlon ure the deposjtion tine v. estimate

bRV Rhagus 1t o Sl SeRnboudlh ¥ aaasi prEased. As a
Qbrﬁl_ghpa?ﬁ/@ fé%'i,v\x/% ﬁ'r\‘r?/ags’ﬁ'@‘iéh Vil II ﬂwaeﬁ 3 fftes . under the same
tenperat ure, I ch means that t Ir melting point 1s

benditio2 C, (the tenperature set at manuf act uri ng
f abs) The%[@are nore preferably liquid at tenperatures

bel ow CeoPsR IdQSWE'PﬁSJI ing thig_igyentinle 251y with yery low
0 e [
richite, B8int WhRFEENSA?To MbheSs ripBsgr S idiatgiion of a
€o|&edt stored during a few weeks under t hese
conditions: Ru(CO 3(I -Methyl-1 ,4-cyclohexadi ene) was
still liquid in this |owtenperature environment. This

PepoRlsit. ot Rice BT, © 'Toui & oven though,

its vi pgRSithehined ﬁﬁﬁ@dverésde%)déﬂéﬂﬁfcﬁﬁ'téﬁlpb?étbreéf\@bﬁ\f/e 250°C
was frozen in |less than 3 nm nutes under the same

veingi RuGHS)s(TFMvethyleb drayslohedadienebethe iquisi preicaventtwas stored
B2 A B Era, 1 e R 4 DBl ot ar
PRYVEMN, -hdRBRPH thivPasd WY BsédbBentarmel iga8B as HIRas for dilution
rutheniumfilns were deposited fromt errperat ures above
poipoSe. Tests were done with and without hydrogen as co-reactant.

The deposition characteristics of films deposited in CVD regime are
shown on Figure 3. With a pressure of 0,5 Torr into the reactor, films were
deposited at a temperature starting from 250°C, and the deposition rate
reached a plateau at 350°C. Figure 3 shows the deposition rate values of
ruthenium films on silicon oxide substrates as a function of the deposition
temperature. Silicon oxide was selected as a state of the art oxide materials
(gate dielectrics, capacitors...) in order to validate the use of the ruthenium
precursors disclosed herein for the deposition of ruthenium films to be used as
a metal electrode (MIM, DRAM, gate electrode,...).

Figure 4 represents the ruthenium film deposited in such conditions to
build a gate electrode on a high k gate material deposited on a Si wafer. (Drain
and Source are not represented on Figure 4).

The results obtained are disclosed on Figure 5 where two regimes
clearly appear: the reaction rate limited regime (from 250 to 350°C) and the
transportation limited regime (above 350°C), which characterize the CVD mode
depositions.

The concentration of various elements into the ruthenium films were

analyzed by an Auger spectrometer. As can be seen on Figure 5, pure
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using Ru(CO 3(lI -Methyl-1 ,4-cycl ohexadi ene). The
liquid precursor was stored in a bubbler and delivered

wo eooslozibot - wal | reactor by a bubbli ng met hod. PAINEP2066/066639

gas, heliumin this case, was’used as a carrier gas,
as wel | as for dilution pur pose. Tests were done with
S, CO-re ctan The sition

eﬁﬁ?é“eﬁrﬂ agp?$l€%0@tgrﬁ) grRe ,sﬂlceqrgd 9)@5@ ,g%y%{r(ghosen for
&%g%e%%sswtﬁ?ﬁ abo\’)étrﬂeﬁtlcme%?sq*h@ SncBnkatioh lof dlBen in the

react or ms were deposited at a tenperature
aitheniung fifmowa29felGy Hed dehexctidapliwitt ofo AESat €he ezorivedtration of

pl ateau at 350 C. Figure 3 shows the de 03|t|on rate

GRIbeBsWas qﬁﬁ?'}ﬁ@ﬂﬁﬁrﬁw FPMRapRI dhe RS BienRitias; B RuaMdN (Ru),
f d t r e c
35 UM IR, RELROEPS 80 ph A Folor i Bl by
sputesrire) metlgsd eandiceir ésdhirigse: thepaebd®content wdshfounded be less
to validate the use of the ruthenium precursors ]
thasicd.a3edheepwiity of dhe filas ieplpiastishnilar whelhee Rydiagen ifgised or
be used as a netal electrode (MM DRAM gate
efectrode,. ..). Figure 4 represents the ruthenium
filmdeposited in such conditions to build a gate
el ectrode on a high k gate material deposited on a Si
m&athrulmm and Source are not represented on Figure
resgats obt ai ned are

wher o DRBSS RN 88RE TR AT sRbf0sR 2359 18hs dedifibad above have
bb&h pReforRel R dUrb8ehLaB thBBalinHbsaH diffePent substrates such as

transportation limted regi ne (above 350C), which
By and draN: &-itrhe WevD da]ndasltddpnssﬂlcm‘rn@md'éheubstrates for the same

conce rati o of vr|o Iemsntsmotherthen .
fG4508 b XRle RiPalier I<ynsdt oo pevabliangosfarrer and

gﬁleslﬁ & iﬂrbé%kgéﬁc?oﬁtheolﬂfeeéﬁlf)lﬁ%ﬁb\% & é)ﬁn[}ﬁﬁfe% or} Fﬁgure 6, or as

epos ted onto a thernma I con OXI ayer osen
aorlediodedaper easinde meateddlsve- ment i oned) . The

concen ra ion of _oxygen_in the rutheniumfilm
bol ow AR ShaBiaa F AT g.wtahbmax@ dapRSIEBRIL it I bmagerial, on

R R RRA QT e e

The Ru layer avoids deposition of two different layers, one of Ta, the
other which is Cu seed layer.

As depicted on Figure 7, a linear behavior with a y-intercept and
x-intercept equal to 0 is observed whatever the substrate. From these
experiments, it can be concluded that no or no significant incubation time is

observed.

Atomic Layer Deposition:

This precursor Ru(CO);(1-Methyl-1,4-cyclohexadiene) and the likes are
suitable for the atomic layer deposition of ruthenium and ruthenium oxide films
at low temperatures (150-250°C) using the appropriate co-reactant. It has been
found that ALD is possible when the co-reactant is molecular and atomic

hydrogen, as well as with ammonia and related radicals NH;, NH, and oxidants.



Ru-LMM (Ru2) and C-KLL (C) of the analysis nmade of
films obtained by sputtering nethod and our techni que:
wo bmsoaubon content was found to be | ess than BCBER20061666639

purity of the films is al nost!%i nil ar whet her hydr ogen
Is used or not. Incubation tinme: Depositions done in
the experinmental conditions described above have been
performed at durations up to 60 m nutes on different

N. Filnms were deposited
EEBé%t?%ﬁ§f§§?g! Sg}tgpates ‘or the same reason than
expl ai Ramamlnweoxia@t Hibns Umere depckiasl dysimalib@ntheusuthenium
barrier and glue | ayer in back-end of the |ine ]
BESSIUr Tt FNsh 8N LXYERBrRANtRINEY Bridregel & @ deppshigndyrnace. In this

i A R O L e e N

on which the Ru | ayer is deposited, then the copper

| ayer. The Ru | ayer avoids deposition of two different
| ayers, one of Ta, the other which is Cu seed | ayer.
As depicted on Figure 7, a linear behavior with a
y-intercept and x-intercept equal to O is observed
what ever the substrate. Fromthese experinents, it can
be concl uded that no or no significant incubation tine
is observed. Atom c Layer Deposition: This precursor
Ru(CO 3(1 -Methyl-1 ,4-cycl ohexadi ene) and the |ikes
are suitable for the atom c | ayer deposition of

rut heni um and rut heni um oxide filns at | ow
tenperatures (150-250 C) using the appropriate
co-reactant. It has been found that ALD is possible
when the co-reactant is nol ecular and atom c hydrogen,
as well as with ammonia and rel ated radicals NH2, NH
and oxi dants. Deposition of ruthenium oxide fil ns:
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Rut heni um oxi de filns were deposited by making the
rut heni um precursor and an oxygen containing fluid

WO e@s34468 a deposition furnace, In this parti CBCHEP2006/066639

case, the oxygen contai ni ng filui d was oxygen. CLAI M5 1
- A process for the deposition of a ruthenium
containing filmon a substrate, conprising the steps
of : a) providing at | east one substrate into a
reactor; b) introducing int€ Afpfgsaid reactor at |east
one rutheni um contai ni ng precursor having the fornul a:
(Rn-chd) Ru(CO 3 , wherein - (Rn-chd) represents one
cycl ohexadi ene (chd) ligand, substituted with n
substituents R, any R being in any position on the chd
[ s [ I ¢C -

1 Woogss ok In ash B BB orf ERREARE BGheETRa Ml fsubstrate,

edmplisinghtelstgmnef; - R is selected fromthe group
consisting of Cl1-C4 linear or branched al kyl,

al kyl amaleBrovidirg 2t teest oaplspbsirpigainieiageadtnrdi nat es,

car bonyl, _,a r fluoroal kyl. f R bej I t in_any, . .
o tne’ &ghirodbenalBlcssidie r&hCoatleng oRE Pl Weining
whil e R capretiupsorifavingy sRfofnliRr: substitution on the C
positions 1n the chd cycle which are not involved in a
doubl e bontR~cluh&uef)s uwbargivsi ti ons on the chd

l'igand are occupi ed by H nol ecul es; - c¢) Deconposing

said at | east one ruthenium containing precursor under

t enper at t(Rﬁ_cﬁe?q*bb&éé@ﬁtsa%ﬁéecw&q&ameﬁa (ERPPRGAA Isubstituted
said netal containing filmonto said substrate. 2 - A

process adton dubgtittents| R anyl Ribeingimany pogitiandrRheschal ligand;

Cl-c al l§1y|is’ an integer comprised between 1 and 8 (1 < n < 8) and
represents the number of substituents on the chd ligand;

- Ris selected from the group consisting of C1-C4 linear or branched
alkyl, alkylamides, alkoxides, alkylsilyamides, amidinates, carbonyl
and/or fluoroalkyl for R being located in any of the eight available
positions on the chd ligand, while R can also be oxygen O for
substitution on the C positions in the chd cycle which are not
involved in a double bond

- Unsubstituted positions on the chd ligand are occupied by H

molecules;

- ¢) Decomposing said at least one ruthenium containing precursor
under temperature conditions above 100°C.

- d) Depositing said metal containing film onto said substrate.

2 - A process according to claim 1 wherein n = 1 and R is a C1-C4 alkyl,

preferably R is methyl or ethyl;
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preferably Ris nethyl or ethyl;3 - A process
according to claiml or 2, wherein at |east one R

wensoseents i s | ocated on a carbon at om of tPer/EPDasth6639

havi ng a double C bond. 4 - Azprocess according to one
of clains 1 to 3, wherei n the rut heni um precursor

orpjula is 1- C Xa 4- di ene

O PpetsS AN 0 GRIET L1k 2 WaSTETg: lsBsi ARR T SHsttwents is

Io%g%océn SeAbb atorR gt %E ﬁ%ﬂd ﬁa\Vﬁbrby\A#OL%lQ@B g4hyl. 6
process according to al ns erern t ere is at

| east one R on a carbon of the chd |igand havi ng no

doubl e bond. 7 - A process according to_one of th

2| 'aIA'I’lEF)rQC%%ﬁ @Ccmﬁjé'?gsltﬁ PR lerigipat lirte éoﬁmqrﬁﬁh§h%rréthe”'um
500 0C,
Eféé:g %cgg’f)hﬂ Irgdgh1rl@%%ﬁ/ %’C%%Q%Q% éAﬁpr ocess accordi ng

to one of the clainms 1 to 7, wherein the pressure into
the reactor is nmaintained between 1 Pa and 105Pa,
ére°ﬁ BrQGISSS ASEPLRRM toelpln én\thr@SPﬁ Is greatar Bﬁﬂck@@d Risa C1-C4

&fé éﬁgga6| Orﬂgh ah&/%r%lt jm 1 to 8, further

I Sl ng providing at | east one reducing
f|UId into the reactor said reducing fluid being
glreferably sel ected fromthe group consi sting of H2,

H3A Biagess @anm%lmﬁyﬁjrwbewl@dhem I ﬁg I¢asi|@rse R on a

CHRE Rne 284 GRaRaR ikl SR YD G nor compri sing

the step of providing at |east one oxygen cont ai ni ng
fluid into the reactor, preferably selected fromthe
gr-otyprooess sc¢q1"gir‘@ftoozne(g§ thez@imepro Goxwhgrain the temperature
0 inin uchasOor and, m_xt.ures
ERaors He StiedRyTinth&” réase ot 105hEalch BhG r gecfeealy from
mggq@g) gggo@or mul a (Rn-chd) Ru(CO)3 wherein -
Rn-chd) represents a cycl ohexadi ene (chd) Iigand
substltuted with n substituents R, any R being in any

QOSAtI on on the chol li
- A process according 10 o

agtdfhe claims 1 to 7, wherein the pressure into
the reactor is maintained between 1 Pa and 10°Pa, preferably between 25Pa

and 10°Pa.

9 - A process according to one of the claims 1 to 8, further comprising the step
of providing at least one reducing fluid into the reactor, said reducing fluid
being preferably selected from the group consisting of H,, NH3, SiHi, SizHs,

SizHg, hydrogen containing fluids, hydrogen radicals and mixtures thereof.

10 - A process according to one of claims 1 to 9, further comprising the step of
providing at least one oxygen containing fluid into the reactor, preferably
selected from the group consisting of O,, Oz, H2O, H,O,, oxygen containing

radicals such as O° or OH° and mixtures thereof.
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- nis an integer conprised between 1 and 8 ( 1 < n <
8) and represents the number of substituents on the

webaslosgend; - R is selected fromthe group coPSI/EPI00g066639

of Cl-C4 linear or branched a‘kyls al kyl am des,
al koxi des, al kyl silylam des, am di nates, carbonyl
R bei ng | ocated i of the

nd/ oroal kyl for a
& ghiEe.qtiPapie s cOnERang PERWSeT aY'P@&H%%\W‘H'Pe R

can al so be oxygen an the C

positions in the ch cyco?ﬂm q ‘are not involved in a
doubl e- chRchhﬁgnreprbeedtspas:ytlohexatﬂleaeF(uhdpngarhahisngstituted with
filmon a substrate. 12 - Use according to claim1

wher ei n & substisyentRR. angR bging 'IE‘yfF”y lb‘?%ﬁ"%r? QBIWG ﬁﬁgﬁ'ﬁﬁnd
t hyl 1
\%e?elﬁ zglt]r?eaanstLrﬁt%ﬁ%?E% %'n%({ chbee?] Qéﬁm o%%‘i <,n < 8) and

car bon atrepresentdiiel nigaper dsfasutrsgt@mbuhltl@e 6hb¢|gdnd 14 -
Use according to one of clains 11 to 13, wherein the

rut heni uri} tﬁ%@Jae@érfrqrarth@|gaowrscqn$1ﬁmnﬁ/pf &y cFotiegar or branched

1, 4-dien d | a
L0 ety SRR S ol 2 VEHBES.D dhignets
met hyl a%@’r@énwtdh\d/or ﬂ@oroam%/ef@CROb@ihggot:@teal i éThyl@f the elght

wherein there is at | east one R on a carbon of the chd
| i gand n@vailablelpasitions en thrupheligand, while R can also be oxygen O

for substitution on the C positions in the chd cycle which are not

involved in a double bond,
for the deposition of a Ru containing film on a substrate.

12 - Use according to claim 11, wherein n = 1 and R is C1-C4 alkyl, preferably
methyl or ethyl;

13 - Use according to claims 11 to 12, wherein at least one R substituent is

located on a carbon atom of the ligand having a double C bond.

14 - Use according to one of claims 11 to 13, wherein the ruthenium precursor

formula is 1-methyl cyclohexa 1,4-diene.

15 - Use according to claim 11, wherein n is greater than 1 and R in a C1-C4

alkyl, preferably a methyl and/or ethyl.

16 - Use according to claim 15, wherein there is at least one R on a carbon of

the chd ligand not involved in a double-bond.



