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WO 2008/034468 1 PCT/EP2006/066639 Method for the deposition of a
Ruthenium containing film Background 5 Ruthenium (Ru) is expected to
be introduced in the industrial semiconductor manufacturing process for
WhafP4ptiteations in the coming years; This move towards thd/EBa7066639
new materials for chip manufacturing is necessary to solve issues
generated by the continuous scaling trend imposed to the industry. For
the next generation nodes, Ru is considered as the best 10 candidate for
the electrierr8aapHAROHES RO aaRlicAISRE
required properties, such as high melting point, low resistivity, hig
oxidation resistance and adequate work function, making it a potential
optiglestigde material for CMOS transistor. Ru has advantages
compared to iridium and platinum due to its lower resistivity and Ru ease

of dry etéHitfiEIB At IOnRy, RESSIRAS 12 high CHNAGHFRE) 4B thiee industrial
feenrtioniatiRe PddeRYeHidsion e ERMEIR GHFEaRRMhe coming

ferroelectric films (PZT, SBT, BLT.... ), will have less impact on electrical

prEREHidSIth SIP¥thEMARELS) Bl deeiPbiAtdNBE AR M stilRinpamifasturing is
aleeasREPYNisIREIRE Qbupo ceserrBdidatehascadinaidnaterial igriéAd imposed
copgher._A single Ru film would replace the Ta, Ta(Si)N, and the copper

SBel18PEHSNR I BFoREs SFEh ARes fHIPRPLfeh T ta/F QINFBrEdeRs thgnbest
acaingiteatstefpr AHargeomriety Wfd3ucEMDIpreEurRaNs ateda A apsiications.
ny have been studied. However, the currently available precursors. ,
R R TBAHERC IR BBS S THE i & BI9M BIF RS RO U ERE R hioh
Thedatidil s sidstaine danithahesesiaonsripreedisss eriiam Bignifieanitial gate

amounts of carbo d ax impurities. The C impurities are

IESHEE (5AGHR] 16 e dHeS M Rt Bl #het 1RIHE coRmBRared. to
fﬁddiuhemuirﬁmthammaad%)_.im ipkeowediativity and Ru ease of dry etching.
Additionally, RuO; has a high conductivity so the formation of Ru oxide by

diffusion of oxygen, that could come from ferroelectric films (PZT, SBT, BLT,...},
will have less impact on electrical 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 repiaces the two steps Ta/Ta(Si)N process with a singie
siep.

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 (O5). 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 characieristically long incubation time.

It is known from e.g. US-B-6,897,160, to use Ru precursors such as
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T. Shibutami at at, Tosoh R&D Review, 47, 2003, that Ru films have poor

30 adherence, uniformity and also have a characteristically long

incubation time. It is known from e.g. US-B-6,897,160, to use Ru
Wstébrstr$such as WO 2008/034468 RCT/EP2006/066639F S RHE 39

(1,3-cyclohexadiene) Ru precursor to deposit rough ruthenium oxide

layers, wherein said particular precursor (see example 4 of said patent) is

helckrimoayd b BHleryaskevaidiahe) dtu meperatute (apouat! 26@)randHelium tside

led it. lained i -A\- he. .
R P o P T R i el R et

abredmbieiepesrstavei(inhrelis &rabetat85C)adod itds MBcasddigliton is bubbled
dfiﬁrsocﬂéﬁ ﬁt_Jch precursor in a solvent in order to obtain a liquid solution of
precursor and solvent through which the inert gas such as helium is

bubbled {988,545 SyBadistioseld I gfeatl détdidolbeusherdumsignee, such

S e o SR E 0l 3 o Bhperagyre ft metts
SHrpetaBoEC)Sandnsagtines @, 101dise09e, snclidirrCitssenlit aageigent in
B r AR RS RHAT SoniiR R Sp B IQrBSF‘éﬁ’cﬁ 3BfreAHRIEJIIPWRIch the inert

precursors of Ru containing a CO molecule have 15 essentially the same

das/aks aniBRliEThes RidPbIREItbSIRIBtS 4G SospeaaCts ieg@redetails
thehiss FhaRAVAD QFeh iR haadisadauid produst trylighygyhial can

be delivered into the reactor either through direct vaporization or by
bubblingPiriel(Jak eHrsiAcIaBRe e CIfROssE GHeCsHvER igrtisigamy Y- W.
vigywgdashaviagaad a20JpHuense amhedrpostiqndrecesssdus 1tlee at

intrusion of the solvent particles in the reactor and the incorporation of

(IR damperfieeinvife gpdiitepoint of 35°C.

All the known precursors of Ru containing a CO molecule have
essentialiy the same drawbacks which is their high melting point. such solid
products require the use of a solvent in order to handle a liquid product through
which can be delivered into the reactor either through direct vaporization or by
bubbling an inert gas through it.

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 reaclor and the incorporation of undesired impurities in the deposited
films. Moreover, the solvents used are usually toxic and/or flammabie and their
usage brings many constraints (safety aspects, environmental issues). Besides,
the use of precursors with meliing points higher than 20°C (and even for those
having a melting point above 0°Cj) 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 noi enable
today to reach an ALD deposition regime. Ruthenium films are only deposited
by CVD and some ariicles even outline that ALD mode is not possibie with the

Ru(COjs(1,3-cyclohexadiene) precursor.
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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
20C (and even for those 25 having a melting point above 0C) implies
many additional constraints during the process deposition (heating of the
% lines to avoid condensation of the precursor at undesired
ocations) and during the transportation. The reactivity of the known CO
containikgepreougsdes dodisshotiepable toekmy tis rmohidmdAlzD depasitiofor the

dEAUBRR SRR ITR A8 At ARPARICS, 20 % YR SURSIRE i steps

en outllne t e IS no le w?h t
adRu(C0O)3(1,3- cyclohexadlene) precursor. 2a Summary According to a first

aspect, th ”#];OQ 8\‘1'5% stra A proges ssf%ét‘tlr%%g% Si |?n of ruthenium

containing ona e, comprising eps of: a) providing at
least one Bubistratb.irtg antedtte s didintadociaf ipdsitbosaidhreattor apntaining

least one rut%%lg%gpﬂ%m%h% s&mi% having the formula:

(Rn-chd)Ru( wherel represents one cyclohexadiene

(chd) ligand, Gibstittiidd(Gith: n wiisstioents R, any R being in any

position on the chd ligand; - nis an integer comprised between 1 and 8 (1

<n < 8)and represents the number of substituents on the chd iigand; - R

is selected(ffarnittie polgseotsisintg ofaihexXaiieae oichrintbedd 1 Substituted

Tuoroalk 1o R BLns DGR i 2 oy o B e e m B e Bl Rt
the chd—hg&hcﬁvmlemew asopsissggbatvéen 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 availabie
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

- Unsubpstituted positions on the chd kigand are occupied by H

molecules;

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

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

According to a second aspect, there is provided the use of the
ruthenium containing precursor having the formula
(Ry-chd) Ru(CO)s, wherein
- {Ry-chd) represents a cyclohexadiene (chd) ligand substituted with

n substituents R, any R being in any position on the chd ligand;
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- substitution on the C positions in the chd cycle which are not involved in a

double bond 20 - Unsubstituted positions on the chd ligand are occupied
by H molecules; - ¢c) Decomposing said at least one ruthenium containing
precursor under temperature conditiong above 100C. 25 - d) Depositing
said metal containing film onto said substrate. According to a second
aspect, there is provided the use of the ruthenium containing precursor

having the foiga (Rifegld) BsrpRI3dWhEerRBe?0 1 (BREE) [gPresenis 8) and

cyclohexadiene (chd) ligand substituted with n substituents R, any R

being in arFPESROEIRGHY EHeRiRIRK A tHES g PM &G HaH S d

between 1@ng SedcfedrironPirNgr6aBresaBIstAg BRI AliSBs UL ched
on the chd ligand; R is selected from the group consisting of C1-C4 linear .

or branche@ ¥IRyls, ARYRMIARS, alRdGX Qe SIky RIS dasidinaraidinates,
5 carbonyl eghenylusrerbiviifer Gahginebloratesi i aB¥AbIh el of the eight

available positjons on the chd ligand, while R can also be oxygen O for

substitutio VA #RIEPESEIR0RsAN the end tgardumibiears R FvRRBPIYEen O

double borydr to fpsthaidrnesitins o additerrtaminkiitherrrUNHIB are not
WO 2008/034468 PCT/EP2006/066639 3 Detailed Description It is an

object to pfEVRIES iR RPHNIREQSrs which are in liquid state at room

temperature and more preferably in liquid state at temperatures above 0C,

for the depaosition of a Ru containing film on a substrate.
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5 which can be provided as pure liquids, without the addition of a solvent,
which enable the deposition of pure ruthenium films or of ruthenium
containing films depending on the co-reactant used with the precursor,
wohmsguassiting films are deposited without detectable incubatiam timeissssy
and for which an ALD regime can be obtained for pure ruthenium
deposition as well as for deposition of other to ruthenium containing films
(Ru02 as an example). Accordingly there is provided a process for the
deposition of a ruthenium containing film on a substrate, comprising the

shefeilpdDppeviatigrt least one substrate into a reactor; 15 b)
iWir@%m%ﬂékﬁ%@erﬁﬁﬁwi%|%@EQ&%FQWHQW’é‘f@%tﬁd@'ﬂgstate)at room

precursor having the formula: (R chd) Ru(CO)3, wherein, 20 - (R, chd

rePRRRIRIETEn 8Ny cTsHExREREBRENH) Higait SSldstiifrangipiwes above 0°C,

SWARKUSIH LB BV BRIsGIRANYROSTtgR0: the ehrkiigans: 2 B&HaR:, which
integer comprised between 1 and 8 (1 <_n<_8) and 25 represents the

B BISTBRRRIERTs YrPie EHEPRGANRE; TRSLsAEcHdenbiR thendfiipg fims
cassistina Pk ifeddinesipsnbranshenpliib dlodanisiesyrixidaRiting films

alkylsilyamides, amidinates, carbonyl and/or. fluoroalkyl for R being

I GEEEARASLRY WY st i I RiRaHETS ATdRE G aR Rl R egime

3eaeaceadstaneca g e fetisstistiudianenthess wesitiersriadhesthmh of other
cycle which are not in\ﬁalve%ing double bond; WO 2008/034468 4 1
SERBSBDKHAS f1ms (RUC. as an exampic).

Accordingly there is provided a process for the deposition of a

ruthenium containing film on a substrate, comprising the steps of:
a) providing at ieast one substrate into a reactor;

b) introducing into the said reactor at least one ruthenium containing
precursor having the formuia:
(Rn-chd) Ru(CO); ,

wherein,

- {R,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 befween 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, alkylisilyamides,
amidinates, carbonyl and/or fluoroalkyl for R being located in
any of the eight availabie positions on the chd ligand, while R
can also be oxygen O for subsiitution on the C positions in the

chd cycie which are not involved in a double bond;
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- Unsubstituted positions on the chd ligand are occupied by H molecules;
- ¢) decomposing said at least one ruthenium containing precursor 5
under temperature conditions above 100C; - d) depositing said ruthenium

Wedtitéihinttiim onto said at least one spbstrate. 10 PreferaBiyl&rRoa@teces?

one R substituents is located on a carbon atom of the ligand involved a
double bond, more preferably in a double bond with another carbon atom.
According to-a piresetrsithenbedisitents ror randt isgaed -64 alkyligibd by H
group, preferab{lx IJ? iS A methyl or ethyl group. According to another
embodiment, tHEFHRERTUmM precursor formula is Ru(CO)3(1-Me 1,4-chd)
i.e.(1-methylcyclohexa 1,4 diene)tricarbonyl ruthenium Preferably to a
further e‘mdeirg%n%t%%rg IS %E Iegﬁonéat Rnon %%argorr\ﬂ 20 of the chd

ligand not involve & dodbie Bond.%refgra%ly, he f%mpce?ghaﬁ%ng precursor
conditions amedselemterkmtora ramgéifrosa AOGCHIC500C, more preferably
from 150C to 350C. The pressure into the reactor shall be preferably
maintained between 1 Pa and 105Pa, more preferably between 25Pa and
103Pa. 25 Thelpposdszosait itfemion waytéunihgrfdonprisestie stelpadt one
providing atsﬁgﬁ e reducing fluid into the reactor, said reducing fluid

being preferably selected from the group consisting of H2, NH3, SiH4,
Si2H6, &3H3, hydrogen containing fluids and mixtures thereof. The

process pling pyentop mayalse ithen comprise g siemof (?Q’Pon atom of

providing at least one oxygen containing fluid into the reactor, preferably

sbrediganfotinviisasicurleshisishng Gf ORre3piemaepdn, axggeple bond with
CORIRIEING WS, 2008/034468 5 PCT/EP2006/066639

According to a preferred embodimeni, n = 1 and R is a C1-C4 alky!

group, preferably R is a methyl or ethy! gfoup.

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

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

Preferably, the temperature conditions are selected inio & range from
100°C to 500°C, more preferably from 150°C to 35C°C.

The pressure info 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 fiuid into the reactor, said reducing fluid being
preferably selected from the group consisting of Ha, NHa, SiHs, SizHg, SizHs,
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, Os;, HO, H0,, oxygen containing
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radicals such as 0 or OH and mixtures thereof. The present invention also

relates to the use of the ruthenium containing precursor having the

formula 5 (R,-chd) Ru(C0O)3, wherein (RR chd) represents a
waychosresaadiene (chd) ligand substituted with n substituents IR T&ER2R6/066639

being in any position on the chd ligand; n is an integer comprised between

land 8 (1 <_n<_8)and 10 represents the number of substituents on

thedwuuldigaat as Ris selectaddromithegrosyeepnsisting of C1-C4 linear or
branched alkyls, alkylamides, alkoxides, alkylsilylamides, amidinates,

carbonyl and/or fluoroalkyl for R being located in any of the eight

available iesitisnas @it thevehddigamdowhilaiBscan alse hesoxygemd Fotfarnium
substitution on the C positions in the chd cycle which are not involved in a
dSUBRTBARE forthe’t Eéﬁﬁ%aeo?oérﬁﬂacontaining film onto a substrate. 20
Preferably, n = 1 and R is C1-C4 gRykinteRalipmethyl or ethyl, while

the R sut%stituent is located on a carbon atom of the ligand having a

double ¥"BGHA. According to one embodiment, the ruthenium precursor
formula is RR(GO3(feMesbrdichdryedienmtipyieytibtiekadnd substituted with
diene)tricarbong!)g%hen'u , 29 f%r]t\)/vhich the distrib%Jtion of the Ph%:}p%?%

together with the cor%}ﬁé]lgsratlb%ngf eeég,%|gh%§g(§1gﬁ'g0§p%.t§3§

hindrance andithexredioietiom cfampriskattintiedeteracton abhd theh meduéésand

e i POk AR Q0N SRS A il n

g yl, pre y a met or ethyl, whi €re is at

least one R Brisaseagbtst Boroftileecchddigansisitngry Ad dotifilesbond branched
alkyls, alkylamides, alkoxides, alkylsilylamides, amidinates,
carbonyl and/or fluoroalkyl for R being located in any of the eight
avaiiable 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
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)(1-Me 1,4-chd) i.e.(1-methylcyciohexa 1,4 diene)tricarbonyl ruthenium,
for which the distribution of the ligand, together with the configuration of the
cyciohexadiene optimizes the steric hindrance and the reduction of the
electronic interaction and then reduces the meliing 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 siructure of the cyclohexadiene ligand is freely chosen
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The molecular structure of the cyclohexadiene ligand is freely chosen WO

2008/034468 6 PCT/EP2006/066639 among all existing possibilities,

such as 1,3-cyclohexadiene or 1,4-cyclohexadiene. According to the
Wwidvestisitiehe reducing agent shall be preferably selected fiSh/BRa0gs@aps39

consisting of H2, NH3, SiH4, Si2H5, Si3H8, 5 hydrogen-containing

radicals. The oxygen containing fluid shall be preferably selected from the

giaumgonsiBtinguk02g 03 pu26hiiiz82, oxygen-centainidgeyadicaiasiselz  or

as Q or Pﬁ' angd mixtures thereof. To carry out the process of the

in\’/er%:tlfgnq Rerpres€ure shall be comprised between 1 Pa and 100 000

Pa, preferatlyrtieiyveent2s Ravamibh00be tode@checargimy tehtiie bavemtiéarably

gt@s can be inég%%tljs%ed intP trﬁa!re re

the various,react igher . :
s?r%ﬁﬁtaer?eoﬁglv(;emlgarl?l\i/gpor deposition), sequentiafty (%a'k@micslléyé’r SiHs,
depsgimcon diiféng ntechealndten extheeeof catmthieg dkatplelk bt preferably
[ ogen-containi n oxygenrcontaiping fluid 15 -
B R A L B e T R e e
clasinidal subor sl Ep esititin) asdovidingly, tisseathenium containing

precursors defined in step. b ve sh ally liquids, in.o
words hap\f%g' %pﬁilét}?ﬁ?g %%inﬁ?g%%vsag%cﬁgn %ﬁrtéﬁyme%?a%%sﬁgﬂeh%%” be
scareifppdiatirtow (& 20iAGD ied e analtieblyrbbdierea the amstd000

gegtaining precursor is selected from the group consisting of:
Ru(CO)3(1-Methyl-1,3-cyclohexadiene), Ru(CO)3(2-Methyl- _
1,3-cyclohesaiEge JoROECDYR(EiMetHig, 1eBieys|dhasidienen be introduced

RUERIISEW L RGIRNRXAAIRNR): (chemical vapor deposition), sequentially

Ru(CO)3(2-Ethyl-1,3-cyclohexadieng), 25
Ree0Os3@ e tisishaifiarepe pombinations thereof;, another example is

RY(CENduEEopyd  31piohexadien®ling  and/or oxygen-containing  fluid
continuously and to introduce the at least metal source by pulse (pulsed
chemical vapor deposition)}.

Accordingly, the ruthenium containing precursors defined in step b)
here above shall be usually liquids, in other words having 2 melting point below

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

According to an other embodiment, the metal containing precursor is
selected from the group consisting of: Ru(CO)s(1-Methyi-1,3-cyclohexadiene),
Ru{CO)s(2-Methyi-1,3-cycichexadiene), Ru(CO)s(5-Methyl,1,3-cyclohexadiene),
Ru{CO)s(1-Ethyl-1,3-cyclohexadiene),  Ru(CO)3(2-Ethyl-1,3-cyclohexadiene),
Ru(CO)s(5-Ethyl. 1,3-cyclohexadiene), Ru{CO)s;(1-Propyl-1,3-cyciohexadiene),
Ru(CO)s(2-Propyl-1,3-cyclohexadiene), Ru{CO)s{(5-Propyl,1,3-cyclohexadiense),
Ru(CO)s(t-Butyl-1,3-cyclohexadiene), Ru(CO)3(2-Butyi-1,3-cyclohexadiene),
Ru{CO);(5-Butyl, 1,3-cyclohexadiene), Ru(CO);(1-Methyl-1,4-cyciohexadiene),
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}{1-Propyl-1,4-cycichexadiene),
Ru(CO)s(3-Propyl-1,4-cyclohexadiene), Ru{(CO)(1-Propyl-1,4-cyclohexadiene),
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Ru(CO)S(Z-PropyI-I,3-cyc|ohexadiene),
Ru(CO)3(5-Propyl,1,3-cyclohexadiene),
Ru(CO)3(1-Butyl-1,3-cyclohexadiene),

WRWRCD)B(2:Butyl-1,3-cyclohexadiene), PCT/EP2006/066639

Ru(CO)3(5-Butyl,1,3-cyclohexadiene),
Ru(CO)3(1-Methyl-1,4-cyclohexadiene),

Ry (CT0) B(3-Fiethyil-1, 4-cyclohexadiene), and mixtures thereof.
Ru(CO)3(1-Ethyl-1,4-cyclohexadiene), 30 Ru(CO)3(3-Ethyl
-1,4-cyclohexadiene), Ru(CO)3(1-Propyl-1,4-cyclohexadiene),
Ru(CO)34a<erdpy-hdeoptichexadmtie)ent, the metal containing film deposited

Ot PR CTh TGS 6y SERE lhene), and

mixtures thereof. According to another embodiment, the metal containing

film depasi to u 2 sh allic film. tal gxide film.

S ExarmRe PURS (e on SR E 0 cleci ROl S W e
filgmesswHish represent: Figure la the ligand 1,3-cyclohexadiene, and

Figure Ib ' 4 xadien ; profile)-| at, positiop,
10 Figurt 3 i Do ea ot s O by B ity DL B gane
M cysbnoiadiens) (R ang pindilge pobrrpeaiion ruthenium films in

CVD mode i .depositign tempergfure; Figugg &a tuthenium fijmused as
a gate electrode; 15 Figure 5, the In-depth profile of a ruthenium film

deptsttad biMetychistrcnesadiensyclohexadiene) on a SiO2/Si
Substrater%%rﬁeéjsw BYA4EsH Figuref  MHLHBXET ARROSHIANED fhode v.
pr

substrate (prior art v. invention); Figure 7, the deposition time v.
SABRPSIBANARIRABRIEESIO2 and TaN; 20 Examples:

Figure 4, a ruthenium film used as a gate electrode;

Figure 5, the In-depth profile of a ruthenium film deposited by
Ru(CO)s(1-Methyl-1,4-cyclohexadiene) on a Si0C./Si substrate as measured by
Auger;

Figure 6, mulii layer deposition or a substrate (prior art v. invention);
Figure 7, the deposition time v. estimated thickness of SiO; and TaN;

Examples:

The precursors disclosed herein are usually liquid at room temperaturs,
which means that their melting point is below 2C°C, (the temperature set at
manufacturing fabs). They are more preferably liquid at temperatures below
0°C.

Ru(CO)s(1-Methyl-1,4-cyciohexadiene) is a light yellow precursor which
is liguid 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)s(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



10

2
th

30

The precursors disclosed herein are usually liquid at room temperature,

which means that their melting point is below 20C, (the temperature set at

manufacturing fabs). They are more preferably liquid at temperatures
VHbRSU/2SETC. Ru(CO)3(1-Methyl-1,4-cyclohexadiene) is a liBATARINGH/066639

precursor which is liquid at 20C. This precursor was then placed in a

refrigerator set at 10C and stored during a few weeks under these

cenditioh$i036 Rt (@43) i Nigthy|- -y clobeyhditpe)ivvasistililicdigsed. As a

this low temperature environment. This precursor was then placed in a

SR R4t it 0C 1A 06 /D3 e FPCT RbbitbdRsgad S Same

seved#tidraurs: it was still liquid, even though, its viscosity increased. As a

comparaﬁlﬁgrrﬁ% water was fgg%gg in less than 3. minutes Ihmd r the same

e |

" CUrsors (I__i‘l hS Ivertion are L W{ very fow
conditions. precursors escribed in this invention aré liquid wi very

lonelBngglting, ppinchwtlichvaliowstothsedhase mewarsetisowittivatdbdition of a
'G' of a solvent. Deposition of pure ruthenium films: Pure ruthenium

films were deposited from temperatures above 250C to using

Ru(CO)3(1-Methyl-1,4-cyclohexadiene). The liquid precursor was stored

irbg?gg@gﬁ %@%gpéi\@@ﬁgﬁ@u%efﬁ%wan reactor by a bubbling method.
An llum i '

nert gas, helium in this case, was used as a carrier gas, as well as for
dilution plwsosshFekts ilkms duere Witheaigaviltoutibydregéuras above 250°C

CBéEﬁEWﬂE@},&%B ! i-‘%”&%%é%ﬁ\?&\%a}ﬁ%%%&f g ﬂ%B@)B?é’ciﬂs%\/%gs stored

regime own on Figu a pressure o orr into
réactdvulibeg ek debpersite doathe tepipapditipaciarting &rdw2dog raadhod. An

UASACROSTHRINGRISH this case, was used as a carrier gas, as well as for dilution
purpose. 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 validaie 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
bulld & 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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reached a plateau at 350C. 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
Wiateraks 28 (gate dielectrics, capacitorg...) in order to validReTHEXge663
the ruthenium precursors disclosed herein for the deposition of ruthenium
films to be used as a metal electrode (MIM, DRAM, gate electrode,...).
Himinmiim;ﬁtemwm&h&mhﬁ@mfﬁm trepositediicosudiodasdiipes{thosen for

|Id & ate electrode 0N a high k gate material deposited on 3 Sj wafer.
( iR %Bean% goﬁ%ﬁce ate rYoe?rep‘ﬁesen d?)rp] |gu'$e ;alt e reggr(ggen n the

otnﬂa*nmmdraréuldnsairaseda:bmﬁgwec&wume tivoiregfiméss cl“éhelywppea’rramm of

S s LAl M AR PR Y SRR o
dépeadifigh$R30) Taeobdhé@mraﬁdnaif trericusblementsimtoftHérngtheriained by

fi r Figure

o b A e s U P ese

d@q@@s&éﬂ@ﬁb%@ﬂh‘@)hﬁl@ﬁhé@ﬁﬂ@I@ﬁﬂ”éqayémdhbmhﬁrMﬁ@@@@ is used or
%on than above-mentioned). The concentration of oxygen in the

ruthenium film was below the detection limit of AES. The concentration of

carbon was determined by comparing the peak intensities of Ru-MNN

(R RyRLMM (Ru2) and C-KLL (C) of the analysis made of films

obtained by sputtering method and our technique: the carbon content was

found to Bepessiahadesosn Trepimairotthal fensidoapréidimmanabove have

wWhethes drage hisupsshas []8%606'(5‘?%%'6&@ amsﬁﬂgﬁéza%h%@%mesm as

the experimental conditions described above have been performed at
dei@ans Uty 60!Mnes siearriirchosubltatee dierpdlstrates for the same

reascon than explained above. Ruthenium is used as a simultaneous barrier and
glue layer in back-end of the line applications as exemplified on Figure 6, or as
an elecirode layer on nitride materials. .

As shown on Figure 6, TaN may be deposited on the low k material, on
which the Ru layer is deposited, then the copper layer.

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 io 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)s(1-Methyl-1,4-cyclohexadiene) and the likes are
suitable for the atomic layer deposition of ruthenium and ruthenium oxide fiims
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.



Si02 and TaN. Films were deposited on silicon oxide substrates for the

same reason than explained above. Ruthenium is used as a

simultaneous barrier and 15 glue layer in back-end of the line applications
WAKZ88&Mpliied on Figure 6, or as an electrode layer on nitrid€FRial®6639

As shown on Figure 6, TaN may be deposited on the low k material, on

which the Ru layer is deposited, then the copper layer. The Ru layer

avoids deposition of two different layers, one of Ta, the 20 other which is

seed layer, As ae icted on Fig re 7, a linear behavior with a

ﬁﬁ%‘?é&‘b‘?}/&r‘i’é rﬁ"('—% ?g%gﬂtoéﬂﬁﬁl s observed whatever the substrate.

From theRettexpermerise itftas besancladeditaat ng omaristgnifieantthenium

incubation time is observed. 25 Atomjc .gayer Deposition: This precurso .

R EC B T3 KA T AR 9 25 P SRe LR TGP ana s

graniculay exde pivsitioy gdmuitemimin @fididulzenakygexide films at low

temperatures (150-250C) using the appropriate co-reactant. It has been

30 found that ALD is possible when the co-reactant is molecular and

atomic hydrogen, as well as with ammonia and related radicals NH2. NH,

and oxidants. WO 2008/034468 10 PCT/EP2006/066639 Deposition of

ruthenium oxide films: Ruthenium oxide films were deposited by making

the ruthenium precursor and an oxygen containing fluid react in a

deposition furnace. In this 5 particular case, the oxygen containing fluid

was oxygen. WO 2008/034468 11 PCT/EP2006/066639 CLAIMS 51 -A

process for the deposition of a ruthenium containing film on a substrate,
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comprising the steps of: a) providing at least one substrate into a reactor;
b) introducing into the said reactor at least one ruthenium containing
precursor having the formula: 10 (R, chd)Ru(CO)3 , wherein - (Rn-chd)
wiepresertsone cyclohexadiene (chd) ligand, substituted WitlCIVEP2006/066639
substituents R, any R being in any position on the chd ligand; - nis an
integer comprised between 1 and 8 (1 <_n <_8) and 15 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, carbon&&&lﬂ%r fluoroalkyl for R being
located in any of the eight available positions on the chd ligand, while R
can also be oxygen 0 for 20 substitution on the C positions in the chd
cycle which are not involved in a double bond - Unsubstituted positions

on the whedganst ane ergipiadbyth Raeees oI tamiREaemMpasng saidate,
at least one ruthenium containing precursor under temperature conditions
0B R NeH 8RS BEiting said metal containing film onto said

substrate. 3)- Arpvaingareeding Wubkimtd iwkesaipaeter] and Ris a

C1-C4 alkyl, 30 preferably R js methyl or ethyl: WO 2008/034468 -

P CTIEP208b BREES o0 A frer B e At AT R B g
at least one Rysgbstuehnts/isgltieafechasiza carbon atom of the ligand

having a doutL)A C n{]}_-g - A pracess according to one of claims | to 3,
wherein the r %gﬁﬁg U(A&O)E’ Pivesin

- (R.,-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 s selected from the group consisting of C1-C4 linear or branched
alkyl, alkylamides, alkoxides, alkylsiiyamides, amidinates, carbonvl
and/or fluoroalkyl for R being located in any of the eight availabie
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

- Unsubstituied positions on the c¢hd ligand are occupied by H

molecules;

- ¢) Decomposing said at least one ruthenium coniaining 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 alkyt,

preferably R is methyl or ethyl;
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5 precursor formula is 1-methylcyclohexa 1,4-diene. 5 - A process
according to claim 1 wherein n is greater than 1 and R is a C1-C4 alkyl,
preferably a methyl and/or ethyl. 10 6 - A process according to claims 5,

wiRhersliathére is at least one R on a cagbon of the chd ligantiieaApYGits6639

double bond. 7 - A process according to one of the claims 1 to 6, wherein
the temperature conditions are selected into a range from 100C to 500C,

pfefw@m&ﬁﬁ&@@%&tm&@mi &r A %ﬂ@@@ﬁ accesdingrito Rr(tfxbbéﬂihﬁants is
clamslto7,w rein the pr e IntO t reactor | .ntaine etween
SRR 1 G RP Ho I GER S BP B AR B o prooens

according to one of the claims 1 to 8, further comprlsmg the step of

PLing brdiereh, SERAHIRST i aR ibui UaRaLuy o MBS, SRl e

Sk 6rsSi 3btehdigdsotenctontgicivig: faid st -bighrogen radlcals and mixtures
thereof. 25 10 - A process according to one of claims | to 9, further
comprising the step of providing at least one oxygen containing fluid into

the %amEq@retararlnlmsmeﬂmieﬂ frovhahsrgroispocemsistimanof 08¢ 08j+H20,1-C4

02,0 w cal sych as 0 or OH and mixtures thereof.
ﬁ?’\ﬁt?%%@%@ Ep %85 /066639 11 - Use of the ruthenium
containing precursor having the formula (R chd) Ru(CO)3, wherein -

(B-chd epuesenis g HEaLAaRiEns (GIFL IR SUPRUISANILA. R on -

substit nts any ng in any position on the chd ligan
carbon of the chd ligand having no double bond.

7 - A process according {0 one of the claims 1 to 8, wherein the temperature
conditions are selected into a range from 100°C to 500°C, preferably from
150°C to 350°C.

8 - A process according to one of the 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 fiuid into the reacior, said reducing fluid
being preferably selected from the group consisting of Hi, NH;, SiHi, SizHe,

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

10 - A process according to one of claims 1 to 8, further comprising the step of
providing at least one oxygen containing fiuid into the reactor, preferably
selected from the group consisting of Os, O, H0, HO,, oxygen containing

radicals such as O° or OH® and mixtures thereof.



10

15

20

25

30

5 - nis an integer comprised between 1 and 8 (1 <_ns 8) and represents
the number of substituents on the chd ligand; - R is selected from the
group consisting of C1-C4 linear or branched alkyls, alkylamides,
walkovddestealkylsilylamides, amidinates,. carbonyl and/or fluerGeiBAciorop639
being located in any of the eight 10 available positions on the chd ligand,
while R can also be oxygen O for substitution on the C positions in the

chd.aystedrhehratiecRairinielvadiin pdeublebendnfombesfepasition of a

Ru containing film on a su étr%e a% g@ Use according to claim 11,
wherein n =1 and R is C1:€4 I@I, f r)é’b‘fé’?ﬁ%'ﬂ“]yl or ethyl; 13 - Use
according tgrlaims) kdgednwhemsinsideasicns Bnairfibeniuss8ited with
located on a carban atom of the ligand having a doyble C bond. 14 - Use
according 15 SHESHURARL L P88 T APRIBIA A RHRR B Brecindigenc
formula is 1amigtheth ciretadrexadrdsdirne h2bakben Usesmec@dingdorclaing) and
11, wherein n is greater than 1 and R in a.C1-C4 alkyl, preferably a

et ancl SRR e R Py LR £, WG Bt s a

least one RRMssectrtian dothéhehghtigardmsimepbiedirCa doeshlesbdnanched
30 alkyis, alkylamides, alkoxides, alkylsilylamides, amidinates,
carbonyl and/or fluoroaikyl 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,
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

methyi 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 doubie C bond.

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

formula is 1-methyl cyciohexa 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 atf least one R on a carbon of

the chd ligand not involved in a double-bond.



