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Scale down of memory cells is proceeding with the trend toward higher degrees
of integration in semiconductor memory devices, and noble metals such as ruthenium,
iridium, and platinum are being investigated as electrode materials for memory devices.

For DRAM devices, among memory devices, ruthenium is regarded as a promising
electrode material because oxides thereof also have electrical conductivity and becanse
ruthenium has excellent suitability for processing for scale down. An optimal method
for producing a ruthenium-containing thin film for use in highly integrated memory
devices is a CVD (chemical vapor deposition) method from the standpoint of the
excellent step coverage thereof.

Organometallic compounds are thought to be suitable as precursors for forming
a thin film therefrom by a CVD method, because the compounds are easy to handle.
At present, (2,4-dimeth}'r1pcntadienyl)(ethylcyclopentadienyl)rutheniurn (hereinafter
referred to as DER) and the like are known as organometallic compounds for forming a
thin ruthenium film or a thin ruthenium oxide film therefrom (see, for example, patent
document 1 and non-patent documents 1 to 8).

It is generally known that, of a precursor fed to the step of thin-film formation jn
a CVD method, the amount of the precursor which is actually used for thin-film
formation is 10% or less, and that most of the precursor which was fed is discarded
without being utilized. It is desired to recover and reuse the precursor which is being
discarded.
[0003]



It is generally known that, of a precursor fed to the step of
thin-filmformation in a CVD nmethod, the anount of the precursor
which is actually used for thin-filmformation is 10% or |ess, and
that nost of the precursor which was fed is discarded w thout being
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December 29, 2003
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Summary of the Invention

Problem that the Invention is to Solve

[0006]
An object of the invention is to provide: DER from which a ruthenium-
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Means for Solving the Problem
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The present inventors diligently made investigations in view of the current
circumstances described above. As a result, the inventors have found that the object
can be accomplished with DER which contains DER related structure compounds, so
long as the content of the DER related structure compounds therein is 5% by weight or
less. The invention has been thus completed.

Meanwhile, DER and the DER related structure compounds are akin in
molecular weight, and both are bisdienylruthenium compounds. These compounds are
hence akin in chemical and physical properties, and it has usually been difficult to
separate the compounds. The present inventors directed attention to a slight difference
in chemical or physical property between the two kinds of compounds and have found
that the object can be accomplished by separating the DER related structure compounds
by distillation or a technique of liquid chromatography. The invention has been thus
completed.

Namely, the invention provides DER characterized by containing one or more
DER related structure compounds in an amount of 5% by weight or less. The
invention further provides a method of producing DER which contains one or more
DER related structure compounds in an amount of 5% by weight or less, the method
being characterized by separating part of the DER related structure compounds from
DER which contains DER related structure compounds. The invention furthermore
provides a method of producing a ruthenium-containing thin film, the method being
characterized by producing the thin film using, as a precursor, DER which contains one
or more DER related structure compounds in an amount of 5% by weight or less. The
invention still further provides a ruthenium-containing thin film characterized by being
produced by the method.

[0008]

Specifically, essential points of the invention reside in the following (1) to (6).

(1) (2,4-Dimethylpentadienyl)(ethylcyclopentadienyl)ruthenium characterized
by containing one or more (2,4-dimethylpentadienyl)(ethylcyclopentadienyl)ruthenium



containing thin filmcan be produced although the DER contains one or
nore DER rel ated structure conpounds; a nethod of producing the DER
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Probl em [ 0007] The present inventors diligently made
investigations in view of the current circunstances descri bed above.
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The DER of the invention, which contains one or more DER related structure
compounds in an amount of 5% by weight or less, can be used to form therefrom thin
films equal to thin films formed from DER. The DER of the invention can be
produced from DER which contains one or more DER related structure compounds by
separating part of the DER related structure compounds from the DER. Consequently,
DER which has been recovered from the step of thin-film formation by a CVD method
and which contains DER related structure compounds can be reused according to the
invention.

Brief Description of the Drawing
[0011]
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(5) aboveBisgzhl;rﬁ%loggnt:;[dri]e%yi)pu\tlferﬂ}uln?,n [ 00(]1' ,03]~dimethylcyclopentadienyl)(ethylcyclo-
pentadienyl)ruthenium, and bis(1,3-dimethylcyclopentadienyl)ruthenium.  Of these
DER related structure compounds, bis(ethylcyclopentadienyl)ruthenium and/or (1,3-
dimethylcyclopentadienyl)(ethyleyclopentadienyl)ruthenium, which has an
ethylcyclopentadienyl group, is important because of the miscibility thereof with DER.
These related structure compounds are formed, as a result of severe heating of DER, by
ligand exchange reactions or dehydrogenation reactions of DER or by consecutive
reactions of products of these reactions. Examples of the “severe heating” include to
heat DER at a temperature of 150°C or higher, to use DER in a process for forming a
thin film through coating fluid application, and to feed DER to a process for forming a
thin film by a CVD method. However, the severe heating is not particularly limited.
[0013]

In the invention, the expression “DER containing one or more DER related
structure compounds in an amount of 5% by weight or less” means DER which contains
one or more DER related structure compounds in such an amount in terms of weight
percentage that [(DER related structure compounds)/((DER related structure
compounds)*+DER)[*100 = 5% by weight or less. It is essential that the DER of the
invention should contain one or more DER related structure compounds, and DER
which contains no DER related structure compound is outside the scope of the invention.

With respect to the amount of DER related structure compounds, DER which
contains DER related structure compounds in an amount of 5% by weight can be used
to form therefrom thin films equal to thin films formed from DER. However, DER
which contains DER related structure compounds in an amount exceeding 5% by
weight, e.g., 10% by weight, cannot be used to form therefrom thin films equal to thin
films formed from DER. Tt is therefore essential that the amount of the DER related
structure compounds contained in the DER should be 5% by weight or less. The



The DER of the invention, which contains one or nore DER rel ated
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The DER of the invention, which contains one or more DER related structure
compounds in an amount of 5% by weight or less, may contain compounds other than
DER and DER related structure compounds.

The DER of the invention, which contains one or more DER related structure
compounds in an amount of 5% by weight or less, can be produced from DER which
contains DER related structure compounds by separating part of the DER related
structure compounds from the DER.  In particular, it is preferred to separate part of the

- DER related structure compounds from DER which contains DER related structure
compounds in an amount exceeding 5% by weight. It is more preferred to separate
part of the DER related structure compounds from DER which contains DER. related
structure compounds in an amount which is more than 5% by weight but not more than
50% by weight. The method is suitable also for the separation of part of the DER
related structure compounds from DER which contains DER related structure
compounds and which has been recovered from the step of forming a thin film by a
CVD method.

Examples of techniques for separating part of the DER related struchire
compounds from DER which contains DER related structure compounds include
distillation or liquid chromatography. Of these techniques, liquid chromatography is
preferred from the standpoint of ease of separating DER related structure compounds.
Meanwhile, distillation is preferred from the standpoint of the ability to separate a large
amount of a sample.

[0015]

In the invention, the method of production through distillation may be conducted
in the following manner. A mixture of DER and one or more DER related structure
compounds is heated to vaporize the DER or the DER related structure compounds.
Thereatter, the vaporized compound(s) are cooled and thereby liquefied, and the DER is
recovered or part of the DER related structure compounds are removed, during the
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structure conpounds I'n an anount of 5% by wei ght can be used to form
t heref rorf00¥6]n filns equal to thin filns fornmed from DER  However,

PER Meanwhile, the temperature within the distillation chamber is preferably 30°C to

150°C, excluding 150°C, because at such temperatures, the DER can be prevented from
decomposing and DER related structure compounds can be prevented from generating.
The temperature within the distillation chamber is more preferably 40°C to 130°C,
especially preferably 50°C to 110°C. The pressure within the evaporator is preferably
850 Pa or lower, more preferably 13 Pa or lower. In particular, it is preferred to
employ conditions including a pressure of 1 Pa or lower, because at such pressures, the
temperature within the evaporator can be lowered in order to inhibit DER
decomposition. Pressures exceeding 850 Pa are undesirable because DER under such
high-pressure conditions has a boiling point of 150°C or higher, resulting in enhanced
generation of decomposition by-products. By cooling the gas which has effused from
the distillation column, the DER can be recovered. The cooling temperature in this
operation is preferably -20°C to 100°C. In the case where the cooling temperature is
high, the amount of DER which is discharged without being liquefied is increased. On
the other hand, low cooling temperatures may result in the cases where the DER
solidifies and accumulates in the cooling part. Consequently, the cooling temperature
is more preferably 10°C to 40°C.
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In the method of production by liquid chromatography in the invention, a
mixture of DER aud one or more DER related structure compounds is passed through a
packing material together with an eluent, and part of the DER related structure
compounds can be thereby separated. Examples of modes of liquid chromatography
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separat i rel a rugture .c s from

whi ch con %ﬁP%\IgR F? ré(lt&rf: § R‘E‘f PP ue %h %’qgﬁmg‘l‘?aﬂh% e
r ecover edef nwrh t Recferah obfthéser elergs a&dntnthe fstalndpcbm af @@nanotm@z are
St bt ur dOCSEBEN SR pRRaRE AR ROBRT oo BRE PR | Bomite
corrpound§tailﬁﬁq1QFd>éC@ﬁt>s“teP‘Pl}ea§ m@ﬁthfer}w d chromat ography. O these

t echni quesp1gli qui d -chromat ography is preferred fromthe standpoint of
ease of separ %tslr‘ﬁg DER rel ated strycture_conpounds Meanwhil e,

distillation X uRcartanimgfhim ey s bei medused msmeathel PER ef the
separ at e irvehiddrg evhivitisntainzfona os aipt BER| @R1ed]structure compounds in an amount

of 5% by weight or less, as a precursor. When the DER containing one or more DER.
related structure compounds in an amount of 5% by weight or less is to be used as a
precursor to form a rutheniumn-containing thin film on a substrate by a CVD method, the
precursor is gasified and fed to over the substrate. Examples of methods for the
gasification include: a method in which an inert carrier gas is introduced into the heated
precursor and the precursor is introduced, in the state of accompanying the carrier gas,
into a reaction chamber in which a substrate has been placed; or a method in which
either the precursor as it is or a solution prepared by dissolving the precursor in an
organic solvent is sent to a vaporizer and gasified in the vaporizer, and the gasified
precursor is introduced into a reaction chamber in which a substrate has been placed.
Examples of the organic solvent for dissolving the precursor therein include
alcohols such as methanol, ethanol, and isopropanol; esters such as ethyl acetate, butyl
acetate, and isoamyl acetate; glycol ethers such as ethylene glycol monomethy] ether,
ethylene glycol monoethyl ether, and ethylene glycol monobutyl ether; ethers such as
glyme, diglyme, triglyme, and tetrahydrofuran; ketones such as methyl butyl ketone,



In the invention, the nmethod of production through distillation may
be conducted in the followi ng manner. A m xture of DER and one or
nore DER rel ated structure conpounds is heated to vaporize the DER or
the DER rel ated structure conpounds. Thereafter, the vaporized
conpound(s) are cool ed and thereby liquefied, and the DER is
recovered or part of the DER related structure conpounds are renoved,
during the | i qguefaction. Thus, the DER of the invention, which
contains one or nore DER rel ated structure conpounds in an anount of

5% by wei gfathyisob@§Bket6i] cfh§l BB RkAGHE, dlEhfpﬁ(Fkét&é‘ﬁuédbﬁ%ﬁ &Liofd] rﬁéﬂa)%Ee
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order to [M@pPbve separation perfor mance Wiet her the distillation
met hod is batc O not I ted
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solidifi i je1d accunul ates in the cooling part. Consequently, the

cool i ng rature is nore preferably 10C to 40C. [0017] In the
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method, thereby producing a ruthenium-containing thin film.




A rutheniumcontaining thin filmcan be produced using the DER of the
i nvention, which contains one or nore DER rel ated structure conpounds
in an anount of 5% by weight or less, as a precursor. Wen the DER
containing one or nore DER rel ated structure conpounds in an anount
of 5% by weight or less is to be used as a precursor to forma
rutheniumcontaining thin filmon a substrate by a CVvD nethod, the
precursor is gasified and fed to over the substrate. Exanpl es of

nmet hods for the gasification include: a nethod in which an inert
carrier g&samgles ntroduced into the heated precursor and the precursor
IS introdmﬁ in the state of acconpanying the carrier gas, into a
reaction n]oer in which a substrate has been placed; or a nethod in
whi ch either tThee blrvemims‘@iﬂl esexplairies belovaimsddtail by reffesieat Gkaliples, but
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(EXAMPLE 2)
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[ 0021] The invention will be explained belowin detail by
reference to Exanples, but the invention should not be construed as
being limted to the foll ow ng Exanpl es. I ncidental |y,

1, 3-di met hyl cycl opent adi ene, whi ch was used for the synthesis of

(1, 3-di net hyl cycl opent adi enyl ) (et hyl cycl opent adi enyl ) r ut heni um
(hereinafter referred to as cyclization conpound), can be synthesized
by methyl ating 3-nethyl-2- cycl opentenone and t hen dehydrating the
nmet hyl at ed conpound, with reference to a | cnown nethod (e.g.,

| norgani ¢ Chemisthixyure ¥8inpdded dNQ92by e tiel & efdation (BRHELRNGR F5amR! €
1) Synt hesi s. of % , 3-Di met hyl ¢ clopeq%ﬁé . . .

di enyl ) ( e?‘mﬂgﬁy SR W9 & FoRfiet film deppsition o goRiOfSietisheee,
3 0 nl of fdk, Bhair gt HhgVTY sletpe Rsiag itensppanrtsSofOigll @hder the conditions of a

et hyl cycl gpent adi ene were d to.a solytign prepared by dissol ving
0.5 o or PRERENCERERHR o BICS ielid 28 Ul fitw BREBREN e, Sriirer
4.1 g of pregsurecofp®adenr, nalsluad ged(Adndowtrate ofH20 sdcxd, direactds gt(0ny Belv at
70C for 3 I St of f, .under vaguu an
hexane was. aﬂ[!d@dé %-%ﬁlt’ %gh}}rfsgﬂs%%ec%\%.s er%ge (lgiJnslsO?idCUbaln% L RETEY v\'ﬂg'én méﬁﬁi‘?ﬁan by
filtrati othandariof BE bat.velle thins filrh arediced wadi exeiniried cbyoflforesvenstr X-ray
vacuum T, Al 2 S84 {8k b [ Lk h
2 ol Ui ey A ae S RS K S AR ARARAT A il
(yield, 43% ilmRprerasunedig ,thlageasswt%ﬁb SIM.4. M gesult,1thp filny thizkyess
3=1.5 Hz, waHbundkods 406m.3=1.0 Hz, 2H), 4.32 (t, J=1.5, 2H), 2.17 (q,
3=7.5 FE’O@ , 1.88 (s, 6H), 1.10 (t, J=7.5 Hz, 3H). (EXAMPLE 1)

A mi xture @posed of 5% by wei ght the cyclization conpound and 95%
by wei ght DER(Ge@dRAERATERSE BXBMRILE $or to conduct fil m deposition on

an Si 02/ Si substr for 1 haqur. a nmet hod ..usi ng the a t us
of Fig. 1 undé? %}l)ﬁé[%ccg%d)loﬁdoqlsﬁ%#) M%WS%EH]&%P@%&&%(Q?%PWE 385%35 Y a
carrier guight ABR pheovsedas e pofcuBor woonguch fipn deprsition opraasS$0y/8i mbstdH0
Torn a di f (
low ratabf 878 SCorD sioil Ko opleti 6P Fle, 3 JuBACHR bl %
pr essur e RIFRFCH temperatergcafi GC.cnanpier o (A flpyr raterhe 36 siem.f 4 pracursor
pr oduced ppgsure %ALY dilleHOER I BB Mow st AYE ﬁ@%&ﬁp@&ﬁ%@é&ﬂ go?fﬂo%
result, a ch?rjgterlstl X—r%%u%35|g&§d to rutheni umwas observed.
The fi| mELT 8XARPHRE FORIEA © RF P R0°%6m AR prepiny withig fhe reagtign
filmthi ckaels ofdd TooUNAs heeshle, bGhin fim(W$ARsEEe@dn the substrate.
[0023]
(COMPARATIVE EXAMPLE 2)
A mixture composed of 12% by weight bis(ethyleyclopentadienyl)ruthenium

and 88% by weight DER was used as a precursor to conduct film deposition on an
Si0,/Si substrate for 1 hour by a CVD method using the apparatus of Fig. 1 under the
conditions of a precursor temperature of 60°C, a carrier gas (Ar) flow rate of 30 scem, a
precursor pressure of 100 Torr, a diluent gas (Ar) flow rate of 170 scem, a reactant gas
(O3) flow rate of 0.16 sccm, a substrate temperature of 300°C, and a pressure within the
reaction chamber of 10 Torr.  As a result, no thin film was deposited on the substrate.
[0024]

(EXAMPLE 3)

A mixture composed of 5% by weight bis(ethylcyclopentadienyl)ruthenium and
95% by weight DER was used as a precursor to conduct film deposition on an SiO»/Si
substrate for 1 hour by a CVD method using the apparatus of Fig. 1 under the conditions

of a precursor temperature of 60°C, a carrier gas (Ar) flow rate of 30 sccm, a precursor
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A m xture conposed of 2% by wei ght the cyclization conpound and 98%
by wei ght DER was used as a precursor to conduct filmdeposition on
an Si02/Si substrate for 1 hour by a CVD nethod using the apparatus
of Fig. 1 under the conditions of a precursor tenperature of 60C a
carrier gas (Ar) flowrate of 30 sccm a precursor pressure of 100
Ton, a diluent gas (As) flowrate of 170 sccm a reactant gas (02)
flowrate of 0.16 sccm a substrate tenperature of 300C, and a
pressure within the reaction chanber of 10 Ton. The thin film
produced weessuex e Meborhy diluentrgas (o) tflox- reyof 76 stang sicemyam igaks (Bs ﬂaw

reSULL L (ATADBE 896 Slns 1 btk BSRR AN G o TR U B R PRCNS

The fi I m was exam ned f ess W

filmthicRreasber \gis!0f B@Fﬁd Tléﬁ B@nmnnwpdt[os@ms PEOIRARAT FvereseeaN MLy 1)
A m Xt ur esRPREPHarf aslfpré%lm/ aWRAE Rt &- Fa}?%h%éﬁﬁ't?ﬂitﬁ&gﬁﬂ Wadl Bdad,.30%
uct ep

by wei ght DER was use precursor to ¢con osition on
an Si 02/ Si T Bl was Sx?”&)‘Pedl?‘ﬁ dicknsgs withan SEMnhodls agesw thedilapibinkagsss

of Fig. |wafd@nd tote 40ai6li tions of a precursor tenperature of 60C a
carrier, gfﬂ@ éfr) flowrate of 30 seem a precursor pressure of 100

Ton, a di & gas (Ar) flowrate of 170 sccm a reactant gas (02)

flow rate of QEKB\MBLEW)a substrate terrperature of 300C, and a

pressure wt hi f Tor no thin
filmwas depos‘igt"}egt%Ier ols‘%%ﬁlﬁg?ge‘%a %fh? %%W@“%m é

A mi xt ur 9% hp awight HER] o6 tsed we iagivtcursor to conduct film deposition on an Si0/Si

bi s(et hyl t d as
a precur Sop (o eon YYD AN B N B BB (SR

hour by aPT@IEIHEIOR FANRFSIIHG °ﬁ° ﬁ@ Capsarrist ge (6) oy ratg ofip@legeny, heprecursor

condi t i ONsre@firedf NOG TUFSOUILERNBA @ISy QJte 60 G0 ok rréa@(an Qrﬁovi | ow
100 Ton, s (Ar)

rate of 30 s rec rsor pressure o

f1 ow rat &46° %i}% Sggg Supspratg terapfratirg of 386, PF‘@)@VPF%WE“" (ﬂ‘thﬂl tﬂe TRAEHOR  a
sEb?‘dt) r at &}hmaﬁaemﬁalmﬂbnof T:aeam,n 210 p@ocﬂﬁé@tss;ug %szhthd Myt mIgse@fﬁtXﬁﬁy
chanmber q osited on the
subst r at P e%‘%ﬁcf% @f@ Harac%nst}}l %Iﬁlf ?PP’@HE% g’ﬁ’ﬂf“ﬁlfw@ r%’ﬁei}'vea
wei ght bi §“Qletfihplwcﬂxepm¢defdr thinkDesgtwidnan 8EBA d A&@/mebtylt vke Ght thEReva S

used as A,RIEEHUSBE 46 fmconduct fil m deposition on an Si 02/ Si
substratea? ﬁour Em a CvD nethod using the apparatus of Fig. 1

under t hd0 Q?éﬂmdltl ons of a precursor tenperature of 60C, a carrier gas
(Ar) flow rat ecOMPARSEIGR ERARIGFH)SOr

A mixture composed of 5% by weight the cyclization compound, 4% by welght
bis(ethylcyclopentadienyljruthenium, and 91% by weight DER was used as a precursor
to conduct film deposition on an Si0»/Si substrate for 1 hour by a CVD method using
the apparatus of Fig. 1 under the conditions of a precursor temperature of 60°C, a carrier
gas (Ar) flow rate of 30 scem, a precursor pressure of 100 Torr, a diluent gas (Ar) flow
rate of 170 sccm, a reactant gas (O) flow rate of 0.16 scem, a substrate temperature of
300°C, and a pressure within the reaction chamber of 10 Torr.  As a result, no thin film
was deposited on the subsirate.

[0027]

(EXAMPLE 5)

A mixture composed of 1% by weight the cyclization compound, 4% by weight
bis(ethyleyclopentadienyl)ruthenium, and 95% by weight DER was used as a precursor
to conduct film deposition on an SiO,/Si substrate for 1 hour by a CVD method using
the apparatus of FFig. 1 under the conditions of a precursor temperature of 60°C, a carrier
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pressure of 100 Ton, a diluent gas (Ar) flowrate of 170 sccm a
reactant gas (02) flowrate of 0.16 sccm a substrate tenperature of
300C, and a pressure within the reaction chanber of 10 Ton. The thin
filmproduced was exanmi ned by fluorescent X-ray spectroscopy and, as
a result, a characteristic X-ray assigned to rutheniumwas observed.
The filmwas exam ned for thickness with an SEM As a result, the
filmthickness was found to be 40 nm [0025] (EXAMPLE 4) A

m xture conposed of 3% by wei ght bls(ethylcyclopentadlenyl)ruthenlum
and 97% bygasgiryRowbER of 34 scons echrasirsar pfembﬁf SOI00t Tors; @ dettiet gﬁs Af) flow

d t 2 f

t ﬁEOZLpQ?Sﬁ o8 B st RacBRBh B s land o AL s, & it Patgpberartie of
t enper at uP@0°6f argb(preaur,eawﬁhm itherasctioachanibepwf i @iTerrof TROthiicfilm pduced
Ppr ecur sor wRg easth&l Bf ﬂ&c@&c&ﬁ@i—r as?béh‘b?&%y%@:? ag%rr)esufllj % \é%ar%tng‘{s% X%?

sccm a reactant gas (02) flow
t enper at upSigged Fpprhengypy was bsarees: o The tﬂimnwwhefamer@dt foo thicknassowith @h 10

Ton. The SBin fAslaTesliothd GRE thVaRncSAY B8H BYbeisbuaf escent X-ray
spectrosc and, as a result, a characteristic X-ray assigned to

rut heniu & observed The fil m was exam ned for thickness with an
SEM As a resuEXANBEE®)| m t hi ckness vvas found to be 40 nm [0026]

COVPARATI VE IVPLE xt u osed of 5% wei ght _t he
f:y clization cd (%%06%}1 %‘ef@ ﬁ]{r weigh the cy 1zat10n compoun(? Y 1% by%velght

bi s( et hyl lmy(mhabedbpmhtaémﬂ)?thmnum rmd 9&%be9&8{glit)DESTe Ba%;élhsdaliﬁlg uk-b%??

as a precyr i u ate for
hour by Sicest B 9064alon dr! 4B SROSE uldople 9, PR’V GipCpelEad Bife
condi ti ontbf3 avpaé@hpsr@@w édmdﬁlethpeqrdﬂmﬁmf)a pl@@@soraemmmmmrof@a‘iﬁ @Andief | ow

rate of 305880 Mowiral S R0h, Qﬁﬁ&ﬁ&g r&% fég? JPPorr 2 ﬂl%thSéL& éﬁ@%lOQNAr )

flowrate o é sccm a reactant ow rate o ccm a
subst r at &2 8¢5 @ 1gactappges (Can go‘é[ 1 ?JTP ok Qdﬁécﬁﬂ‘l»tﬁfﬁqbstﬁﬁteteﬂ@amur@ of

chanmber @004 afd MpASsiRe HEHIH the rd&@tlctrfﬂhﬁmfbbﬂ P e pgg| 'tﬁ]ﬁ %hﬁ{}r%cﬁ@ed
substrate, m xture Corrpose %

wei ght t REas [egglp%ghlfzﬁﬁoggﬁb%ﬁay ng%rwo%whas a result, a charactenstlc -ray
bi s( et hylassigied pe ntithehiemywis ottshaed.unTheafikh YaYekamined @it thidksvagthuged

2 ol ER AL QS OR kol I IRASRAS AL AT, Blydl, 51 02/ B Subs rate for

1 hour by a Sin 1 under the
condi ti oh80281 a precursor tenperature of 60C, a carrl er

(EXAMPLE 7)

Into a 30-mL eggplant type flask was introduced 8.7 g of a liquid DER mixture
containing 20% by weight the cyclization compound and 20% by weight
bis(ethylcyclopentadienyl)ruthenium. A Vigreux column, a Leibig condenser, and a
thermometer were attached to the flask, and the atmosphere in the apparatus was
replaced with argon. This apparatus was evacuated to 3x1072 Pa. Thereafter, the
eggplant type flask was heated to 100°C in stages. A 7.8-g portion of the sample
which had been cooled with the Leibig condenser was removed as an initial distillate,
and a 0.3-g portion of the sample was thereafter recovered as a main distillate. This
main distillate of the sample was examined for the concentrations of the cyclization
compound, bis(ethylcyclopentadienyl)ruthenium, and DER by gas chroxﬁatography.
As a result, the concentrations thereof were found to be 1% by weight, 1% by weight,
and 98% by weight, respectively, showing that DER was able to be separated from the
DER related structure cornpounds.

[0030]
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gas (Ar) flowrate of 30 seem a precursor pressure of 100 Ton, a

di luent gas (Ar) flowrate of 170 SCCl11l, a reactant gas (02) flow
rate of 0.16 sccm a substrate tenperature of 300C, and a pressure

wi thin the reaction chanber of 10 Ton-. The thin film produced was
exam ned by fluorescent X-ray spectroscopy and, as a result, a
characteristic X-ray assigned to rutheniumwas observed. The film was
exam ned for thickness with an SEM As a result, the filmthickness
was found to be 40 nm [0028] (EXAMPLE 6) A m xture conposed
of 1% by wei gh{EXAMPLES)i zati on conpound, 1% by wei ght

bi s(et hyl cycl t h d 98% i ght. DER was used
oS8 pr acu sor R0 Aty PR AP Ok ET BHOSHT= 555 BB Bg BB Pt or
Condi i Ongy e T B GOHL A0 L SRR AL L ot 00 T8 ey T erqas (AT o
iti u W
rate of SEISQé é’?ﬁy&gﬁ %‘#gédééﬁn s)%)ér?‘ﬁ%? u‘lgewg?euié’gl ed&‘ﬁlcl?gﬁ?nséf 5’)‘% Ar)
f1 ow r at ethefmaFaers were, awachs;hm amt flgks ah2e hhmsphae dn cthe @pifiatacens a
hoeper ciebGERLA ! R0 aPLEATHEE Wikl o ThEBRL R,
2! s £ FrisPebgent

chamber 011; 10 Ton Was exam ned

X-ray spetggplsstbpy fasl wagshegted g u100°C dn glaggsacBed 6 portixn r@yheasan]gﬂed
to rut he%ﬂﬁh%&bé@?ﬁ&%ﬁ%ﬂ?ﬁﬁwé fastall;

an SEM As a £Ssul t fll I mt h|1 ég]r?}é\%% %2%0%9(?5%% 181919&5&11 029]
( EXAVPLE 3Pl 2 3.2-g Pmium thesemple ‘é@sgtbﬂa?ﬁertrw@erﬁql a% R mas distitlated ubids

8. 7| g of Iﬁalh'diﬂilldte[HRhmsXﬁlpfeewﬁﬁéﬁaﬁhﬁHdnﬂr 2% ¥ etRbiGR of HR cyclization
cyclization ¢

20%
bi s( et hyl &P g‘bn‘golﬁjgtg h@ﬁ%ﬂ? q’%‘?ﬁﬁ?ﬂ%eﬂmm AWURERPY 87 crqragtpgraphy.
condenserAs angult, thiieonrentedtions treref atetatbind d e 1%eayfxba§m, 2% w&lght

at nospher.g yighot th a i S .appara
was evac uaglt egg g %ﬁgggggg%b@ Sehrogvg &gth Waé&é%qgﬁf s?%aéecpﬁ% ?/\as
heat ed t dPBRodttphstschgeeompounds- g portl on of the sanpl e whi ch had
been cool g@l_;\ﬂ\nth the Lei bi g condenser was renoved as an initial
dlstlllate agg portlon of the sanple was thereafter
recovered as | |late. This main distillate of the sanple

was exani ned figp 4 m@o ﬁrﬂﬂé al’n@-tty;%"'ﬂasq{f wwﬁm%ﬁﬁéewﬁz QOPQ EH‘%E
bi s(et hyl 1¥c| open t adi e g{ r onat ogr ap
i

ut heni um
As a resdftw 818H1§e E‘tt ILt:[ber &% ‘Z t %‘%@"%Wb?’mgh
wei ght , b%(@wlmi@hntadmmﬁ)rﬁ&&mbm Wei gigreuxr ﬁﬂﬁlﬁ@td Veibyey céidender) i At

oo Bab8eF S RERA ALl Mk e B et e oS erey

was intr @@lﬁﬁ@@l waealgomf ’ﬁhlmaqmrdtuDERs rdvatuated inohtléllzn]’aag PRtchfteryetieght

the cycl i 01 ]
bi s(et hyl ¢ é cI op | en | %{Iﬁte&m Uﬁg‘%&gre‘&xuc% ort10n o the sa51ple
condens ey et“hé‘? tb@%ﬁlblgaqoﬁlé@lﬁ@fdwﬁsdemhéed a%@klmta:hdlsnﬂae

at mospheggd 1. g—@ 90@1’@3 RIF Qﬁ&%ﬂjﬂé wa® BlcRGAE 1\%6\}%1'6"&“ &%mafﬁh&&ll Bp

was evacuat egleftlﬁ) fi‘{f ie Thereafter, g

heat ed t FrbBelae of Hixesampic ¥ag exapyged if‘B'th%fC(’%‘WE gmﬁwét pxﬁhzﬁw@
3|e§tn| f:logt:agdpmmﬂh bistbﬁayl@lctugrgxtnlﬁﬁe@e)}&ﬁémms ahd@ TIEe Chy2 t%%s?glgﬁﬂa hy.
recover eftS44° %I?trrg'ierfoﬂfegf‘rgﬁlqnét ereel*jh‘f’?e nglbgtleyagﬁf”élgéf 3t/hgy ifht.e
was examunkRE% by vidight,cespeetitely tshomisg tfat IBR @¥CAbZ &f bR psa B Ttont the

bi s(et hyi)%#h ng%_gg%r%@%;méo& enMm and DER by gas chronatography. As

a result e concen hereof were found to be 1% by wei ght,
2% by vve[@ﬁi] and 97% by wei ght, respectively, show ng that DER was
able to be SW?ﬂEfIf)})m the DER rel ated structure conpounds.
Using hexane solvent, 13 mg of a liquid DER mixture containing 9% by weight
the cyclization compound and 8% by weight bis(ethylcyclopentadienyl)ruthenium was
passed through a column having an inner diameter of 7.5 mm and a length of 30 cm and
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[ 0031] ( EXAMPLE 9) Into a 100-nalL eggpl ant type flask was
introduced 23.2 g of a liquid DER m xture containing 9% by wei ght the
cyclization conpound and 8% by wei ght

bi s( et hyl cycl opent adi enyl ) rut henium A Vigreux colunm, a Leibig
condenser, and a thernoneter were attached to the flask, and the

at nosphere in the apparatus was replaced with argon. This apparatus
was evacuated to 3 x10-2 Pa. Thereafter, the eggplant type flask was
heated to 100C in stages. A 12.6-g portion of the sanple which had

been cool gghikd tihitht eh‘awlﬂ%ll]sﬁngerﬁ g@rﬁﬁf V)@%'ra"cﬁ&?%? oﬁﬁmﬁﬂ %d?ﬁ icAbinate

distillate, -g portion | e was therea

recover edseggraggﬁ%tp,ﬁa&pgqs, ppchthe SOITFH@”%?‘FE“@P&’E‘WW&@ @e@rﬁ%t@ T8EAYST 2
was exam mgwhfifthedtiitg coMPRREY. I atht eovatd hilkenfins LorBalek A vé BRRMACH for

bi s(et hyl cycl o t adi enyDr ut heni u and b chr raphy. As
a result, ﬁ’¥ﬁ8 e oo AL PR o HRERE TR o B PR e g
3% by wei gt DERbgt G35 Yhioynaveeiraphy., Aespeult] theloyncettiaibng therdod tweERuMAS
R T R A A R S
m xture cwaﬂ@iemorbgsa%djgdﬁsanghﬂDE]ﬁeelmiydhtrmcmmmnﬁmund and 8% by
wei ght bl@ dhyl cycl opent adi enyl ) rut heni um was passed through a

colum h an inner dianeter of 7.5 nmand a |l ength of 30 cm and
packed with a (BXaMEBLBEWzene copol ymer. A fraction was obtained from

the eluate senang Retahd¥obeht, qgtmgaazsa h@MD@kernﬁeirx%@ﬁt \qﬁ%dw% GRIghe

renoved therefromto rec fut heni um co

recovere ?ﬁk’%ﬁfcﬁ’rﬁ%&?ﬁ?‘g% %el?yewé‘ﬁmlﬁfé@ﬂ%ﬁ‘loﬁ d!f‘éiﬁjc))é‘ﬁ’feﬂla‘m BAs of
tDE E g ycl ipasdett ﬂﬂoﬁg‘!{ﬁ)@hﬁtdn hiiisd i ﬂﬂﬁérqy@ﬁawwmhﬂwh)arlbﬁgﬂem wplam m}g

y gas ¢ ogr ap concentratiaqns thereo
were foudd“t% !{E’ Hfﬂw V\éféarA?fion E’% B a‘\%c} %?Hl the ‘ﬁ'da%%w fo Jretions,
r espect i \aatlythe $bbwltngra$ HibdredBER revasvedbtherefronb e sepacral adg fdfonmﬁehmnDER
rel at ed e c OQ%@I Edl)
sol vent, %ﬁ’%&&w C]UI géeﬁég m Xt ure coné_lal Hi r'féer % b a;]}m\rfl\/%c?g

cycli zat pgmeg@mgm@ thneycBoation opmipgnd, bIS(ethylcyclopentadlenyl)ruthemum and
- bis(et hylmbpgm}@ahaagﬂaﬂtw heni AR cBﬁéeﬁ‘&Qth@ ?&g&iﬁ?&r&ﬁ AN

havi ng an_inner | engt

Ced
with al unBy Wﬁegg? ack %H’CKSB% a%?%\(o rll’é‘d”f%‘%fﬁeﬁﬂ‘i‘én‘&% ébwg? ﬁgi? Eﬁgdwsﬁt 0

fracti On%bleatﬁlﬂe $dperated iten the WER f@sddb@fe doppousds. t herefromto
recover io(g% rut heni um conpl exes. The recovered rut heni um
le e

conmpl exe xam ned for the concentrations of the cyclization
conpound, bi s(E{AWPL¥ECI2)pent adi enyDr ut heni um and DER by gas

be. 196 by wey qREnEBRBhE Skl ke 108 8086 bR R R S P E e e
show ng echdizatiqprrompound inca melabsatioef Ar@t ads passed Mgbﬁﬁlmldhmﬂ embving
struct ur ge£ QP aHREstus for liquid chromatography which included eight columns connected
to each other, the columns each having an inner diameter of 7.8 mm and a length of 8
cm and packed with alumina. As a result, a hexane solution of a mixture composed of
DER and the cyclization compound in a molax ratio of 21/1 was obtained as a strongly
adsorbable component, and a hexane solution of a mixture composed of DER and the
cyclization compound in a molar ratio of 0.09/1 was obtained as a weakly adsorbable
component. It was thus found that DER was able to be separated from the cyclization
compound.
[0035]
(EXAMPLE 13)
The liquid DER mixture obtained in Example 9, which contained 5% by weight
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[ 0034] ( EXAMPLE 12) Usi ng hexane solvent, 100 ng of a m xture
conposed of DER and the cyclization conpound in a nolar ratio of
7.6/ 1 was passed through a sinmul ated noving bed type apparatus for

| i qui d chromat ography whi ch i ncluded ei ght colums connected to each
ot her, the colums each having an inner dianeter of 7.8 nmand a

| ength of 8 cm and packed with alumna. As a result, a hexane
solution of a m xture conposed of HER and the cyclization conpound in
a nolar ratio of 21/1 was obtained as a strongly adsorbabl e

conponent DERNEAed@%RRee Shbiundd) vk u@ecmsxé | Pt 1B cPFurPg%&ﬂfémt he

cyclization ¢ nol ar ‘ratio of O. was o

weakl y ad8B %gﬁ%’é&ﬁg@wg‘w hoyr bt LYY a?thqéuﬁ@gtth%ppmswﬁ&gaﬂ) medero

be separ atieccohdiiond bea cpy&hjsalalaﬁ%ﬁ@m%mt al QOB gak %&A'\ﬂfd#réré)of“ﬁbe
g

| d DER mi xt bt t d 5
90§ OCE g He S S 2L KN pia o LA RIS DR L

conduct f rdautantegnss(ﬂz) cb]ammteanf 81 1624ctin, auhidkiead eerfieiatire WIUBO0OEY, andC¥D
g?égggsg? l{Aerrper a@ur e of éé% cgmggefr?#ﬁlgeg?} ?2?00%"653%@’2@&0‘{5‘? aasd"as
seem a pexsoumesloby ﬂuwwanahy kPeciberopy add ] aea&ultga&héﬁm)enﬁﬁoom‘zmﬁt e
of 170 segmond {CANAMNM $AS obQtded! | ¥ Eﬁﬂrh%a%fexgm%:%dsfexeﬁ}mkﬁl SUb‘?h rg{;it ©

t enperature o 300C, and a pressure w he reacton chanber

Ton. The #H¥n f\ﬁﬁﬁ?ﬁy}fo@a«ﬁéﬂﬂ%é@emfn@mﬁbﬂveﬁﬂmescent X-ray

spectroscppysjand, as a result, a characteristic X-ray assigned to

rut heni um was &E) #A%ﬁg The f| mwas exam ned for thickness with an
I

SEM As a res IYEECANRIARSS was found to be 40 m. [ 0036]
( COVPARATI VE M&hﬁi@e DER wiigtewhs f¥tRiné kec@veretpﬁ'anWHb Gap WA SorBig 9ne

thin fil D, neth d
e A BB A Mgl BA M o8 et e S ion o
subst r at e8iDpBi fubkioaie fdryl bouC¥P anEVPadethisd ugng the apppatnabiiBigoi uEﬂe_g.thé.
under t hecoﬁﬁﬁﬂgﬁstq,ﬁg%ec%so?te?}{da%g W2 OF 6(5"%”9% aitg u'ﬁrag (%;) ﬂ%gﬁ‘aﬁeg?tﬁ%r ” er gas

(Ar) flowrate recursor’pre
di | uent dueeusAr prepyuespt HlOéchf, aximerst@e:sr{AJa flowaratearftl 79 a@nq,@zyadtarm\gas ate

of 0. 16 SeeMlovratdbiss. (Gl Q@%ﬁ%ﬁelﬂrﬁ%éﬁtu&%@m@%fa BESRnfldd ! "

t he reaction cha Tort. The thin filmpf was exam ned

by fl uor &8aCEAR chant 905&“6?1? 0s E&pingian praducgd was exatmmefi bhinerescent %t i c
X-ray asghyssdbRopy ahEisUMaaE, QQﬁﬁ’éé‘t@ﬁsﬁcﬁﬂ@a}f hé.sign@@&o %ﬁeﬂl{ﬁdw&sor

LQI Zgnﬁ;%b\s/\ér;[re a?‘hes EM} wpéss e?ca.rrm%% for thmp_nes]; IVJlt an éE(Z:Mneig avl\:lgssult ?h%nﬁlmt ©
thickness was found to be 40 nm.
[0037]

(COMPARATIVE EXAMPLE 5)

The cyclization compound was used as a precursor to conduct film depoéition on
an Si0,/Si substrate for 1 hour by a CVD method using the apparatus of Fig. 1 under
the conditions of a precursor temperature of 60°C, a carrier gas (Ar) flow rate of 30
sccm, a precursor pressure of 100 Torr, a diluent gas (Ar) flow rate of 170 scem, a
reactant gas (O;) flow rate of 0.16 sccm, a substrate temperature of 300°C, and a
pressure within the reaction chamber of 10 Torr. As a result, no thin film was
deposited on the substrate.

[0038]

(COMPARATIVE EXAMPLE 6)

Bis(ethylcyclopentadienyl)ruthenium was used as a precursor to conduct film
deposition on an Si0O»/Si substrate for 1 hour by a CVD method using the apparatus of
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[ 0037] ( COMPARATI VE EXAMPLE 5) The cycli zation conpound was
used as a precursor to conduct filmdeposition on an Si 02/ Si
substrate for 1 hour by a CVD nethod using the apparatus of Fig. 1
under the conditions of a precursor tenperature of 60C, a carrier gas
(Ar) flowrate of 30 seem a precursor pressure of 100 Tort, a

di luent gas (Ar) flowrate of 170 seem a reactant gas (02) flowrate
of 0.16 seem a substrate tenperature of 300C, and a pressure within
t he reaction chanmber of 10 Ton. As a result, no thin filmwas

deposi t ed Fign Itunderstid stridiichs off @GaéhrstMpARATE VEGHEANVREE P Yas (Ar) flow

Bi s(et hyl cycl &ntadlen EXuthenlun1E2§ ¥sed ;f a Ere ug or to ‘cqnduct
Fi1m depolls PHRC 85T REOBIEPTESTE oF Lk 12 dibieath Prskirh Moyl 1dd
usi ng t hes@pparsactast g (Ofifpw thtenf@d6 stdie, asabsiiatd ©mperafureo B0 REOk
tenperatu : carpter AL).frow rate of 30 seem..a
precursor15 %?Sgéesg?%mo 1 Ggﬁlogln?}%gi%all( IOEeler Jf‘g‘és ‘?i\ra) “ﬁﬂﬂgmiﬁ% fHp g
seem a rd&positadiongbesubgizte.f | ow rate of 0.16 scorn, a substrate

t enper at ufR3@f 300C, and a pressure within the reaction chamber of 10
Ton. As aresult, no thin filmwas deposited on the substrate. [0039]

( COVPARATI VE EHKANMRARATIVE EXAMPEE fhs used as a precursor to conduct
t hi n'f i | m f or @ER%.S lﬂ&’ec@as@{@ed@ﬁ@ﬂwﬂ@ﬁt@ ﬂﬁnjﬁihg%ﬁlnﬂﬁﬁb?a)@wgne od,
cont ai ning 8%.b ght the cyclization conmpound and 5% by wei g t
bi s( et hyl &¢d %%é‘i‘\ T BRI coRREefTe W Sveiabi Hiresyelizatiop gpmpaimgpad 5%
resul ti ngby weight bﬁ(eﬂiye@cmﬁaeﬁmdiaryﬁ)ﬂﬂianﬁ%nﬁ f%ir_@tlfbvefgﬂiﬁ’oﬁ it issh FRlfting
m xture was_used a ecur sor to.condu m.deposition on an
S ool's iR e Binhb o, TORRAHE Rer B vR s apkeatob
Fig. 1 urdepndueeiibodeidsitonenoih $0pBeaibstsae fordnixer dyur EVDim&R&d using
carrier f ¢ [ a LsSor pres of 100
Ton, & di Tod asséfzggl%ﬁ%@é? e U g A
fl ow rat e2afAQ ﬂ%@f wieerh 30zscanispreaursor peaspae af 0cTat, Qe gandAg flow

Pressur e ietdpi fo s, h§akkdn? gasc@gitqgw 1t 28,14 dm, b ERHpbrarudPof hi N

filmwas %SPOSI éed on the substrate.
300°C, and a pressure within the reaction chamber of 10 Torr. As a resuit, no thin film

was deposited on the substrate.
[0040]

(EXAMPLE 14)

DER was used as a precursor to conduct thin-film formation by a CVD methad,
and a liquid DER mixture containing 8% by weight the cyclization compound and 5%
by weight bis(ethylcyclopentadienyl)ruthenium was recovered from the gas resulting
from the step of thin-film formation. Into a 30-mL eggplant type flask was introduced
13.6 g of the liquid DER mixture. A Vigreux column, a Leibig condenser, and a
thermometer were attached to the flask, and the atmosphere in the apparatus was
replaced with argon. This apparatus was evacuated to 3x102 Pa. Thereafter, the
eggplant type flask was heated to 100°C in stages. A 5.8-g portion of the sample
which had been cooled with the Leibig condenser was removed as an initial distillate,
and a 6.7-g portion of the sample was thereafter recovered as a main distillate. This
main distillate of the sample was examined for the concentrations of the cyclization
compound, bis(ethylcyclopentadienyl)ruthenium, and DER by gas chromatography.
As a result, the concentrations thereof were found to be 2.5% by weight, 2.5% by
weight, and 95% by weight, respectively, sﬁowing that DER was able to be separated
from the DER related structure compounds.
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[ 0040] ( EXAMPLE 14) DER was used as a precursor to conduct
thin-filmformation by a CV/D nethod, and a |iquid DER m xture

contai ni ng 8% by wei ght the cyclization conpound and 5% by wei ght

bi s( et hyl cycl opent adi enyl ) rut heni um was recovered fromthe gas
resulting fromthe step of thin-filmformation. Into a 30-nL eggpl ant
type flask was introduced 13.6 g of the liquid DER m xture. A Vigreux
columm, a Lei big condenser, and a thernoneter were attached to the
flask, and the atnosphere in the apparatus was replaced with argon.
Thi s appaf@#iy was evacuated to 3 x10-2 Pa. Thereafter, the eggpl ant
type fl ask msWﬂEtlg 100C in stages. A 5.8-g portion of the
sanple which h een coz)l ed with the Leibig condenser was renoved as
an initial di sPERIwaseisediatia pre@udordgo parduccthinefilnt foematingtyes @D method,

t hereafte f L0 di std,l ' i.n_distillat f

t he sanpl ?ﬁgggﬁg%g’?‘?’éﬁ% %1 ﬁéﬁc%%é’edﬁgg}f%ﬁés%rl 8 C(?%’P ?nl%o%’
conpound, Phine{est aeldrisinsniadicrnymheninarivamyecoreedDERN e gas resulting

chr omat og o] j to
be 2, 5% bﬁ?’%%;"%ﬁ? B B oo enr e phEE B
showi ng t%‘ﬁim s passed Hranghg elmanshaying andinper shameter abZr? ma andedength

Sstruct ur eof3ngetilisacked AH dhurdilXAVPEEctba)was obtaineDERMBE cHBRGefRatdd
precur sor. tlc{VD nmet hod, and a

o.conduct .thin-filmformatjon by
Pl bt DR SRS Hog e Pl s B RO YRR B A UFYEE brp 0
?nd 5%hbyrut113mgfn'° cdlhﬁl@ﬂs?yﬁb@f@dﬁomad &iﬁth?ﬁ@ﬁh_)do _laé Wété/\@;&_n{iﬁ&pﬁug_rtﬁéi
romthe t the ste .t -filmfaqr ign.. Usin
hexane so%@ger?tﬁ,gﬁ% dnfgg of J (fcf%)jeuqni G BBI%FPI%T%QW%OR%%I&SE@;‘@@&% a
col um haVER§Y gas thromatogiaphmet ks afesilt, Shenqoneanttatiodselxgtdf vadre Bind o Bad
acked W {e g0 i ad N fI: t I
aparat ecF ol o B30t by Sl AR MRS b B ESod i sy e R i s
t her ef r orbledo be sspaeatedifrory thef DER releted simnctionpdmnoands. The recover ed
rut heni upesnpl exes were exam ned for the concentrations of the

cyclization c W Pés(et hyl cycl opent adi enyl ) rut heni um and DER by
gas chromat og(ﬁ%‘% PLES result, the concentrations thereof were
found to be 1%héYiquidi DER, mi&arsobidieghin, EanthlO8% Wicheiotfiined 2.5% by

respectivel showi ng that DER was _abl e to be sep ted fromthe DER
related s e%%%t ur gl\lgcorrp%’tfﬁaasu.on[ OOfo]npf’B@ANPL@edw) 259 THY | i qHF8hDER

m xt ure dis(aivietlopantEtian)rathdripmphwah wehtai negredusty by weidgbt filke
cyclizati : : 9 i . '
/<oty o SRERAATONS S af e Ay o QU mothed ying i agparys of

bi s(et hyl gycﬁopent adi eny enrum wa
conduct = g ruadpdbe cowhiion odn pSraposiennpsntue af 603 r carrikoigas Gir) Ho@VD

met hod usgdtdgf B@@ccﬂﬂ&aﬁré&ﬂéi)r%i'esgﬁrg of Jo¢ndR' atdElﬁe %?g%&\,? A5 e & 170
precursor tenperature of 60C, a carrier gas (Ar rate of 3

sccm a PfEe 61’"536?3“@3@§§ ylovprateigf§. Hoicrm, asubstraie feppgeture of 300°C.andraat e
of 170 sp@sura wikde ttha tre@fion (Bahbér!l 68V 102160 THe kBinS MM prodRbPSidsat €

t enperat ure .of, 30QC, _and ressure wthin the reaction chanber of 10
Torr . TV BY RbiseEh St e dsRstiin Bt B 4 1ot s HEcRop gy

spect r os esjgped fputizsitan ves whbberval. ¢ IThe dilinewhs biathinedr Y tHslEicSN&ah 8
rut heni u S ed. f1 1 mwas, exam.ned for thickness with an
SEM As [g(if%s AR A e PSR EE a0 be a0 nm ( 0043)
_ The following can be understoed from the Examples and Comparative Examples

given above,

1} From a comparison between Comparative Example 4 and Comparative Example 5

and from a comparison between Comparative Example 4 and Comparative Example 6,

it can be seen that DER differs from the DER related structure compounds in property

concerning thin-film formation. From a comparison between Comparative Example 4
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The foll owi ng can be understood fromthe Exanples and Conparative
Exanpl es gi ven above. 1) From a conparison between Conparative
Exanpl e 4 and Conparative Exanple 5 and from a conparison between
Conpar ati ve Exanple 4 and Conparative Exanple 6, it can be seen that
DER differs fromthe DER related structure conpounds in property
concerning thin-filmformation. Froma conpari son between Conparative
Exanpl e 4 and Conparative Exanple 7, it can be seen that the DER
recovered after the step of formng a thin filmby a CVD net hod

cont ai ns %RC@@; pakeek Bk wr & &aﬁrﬁé%aﬂ&av\ﬁfe%mb@é’c%v&@&f%ﬂEP&E%&eBto%

and, henc the e nnot he use
r ut heni u ‘h}“ré)‘ éif ﬁﬁ%@‘%%ﬁ?ﬂéw%ﬁ%ﬁﬂatﬁ? S@&h&ﬁppmp@néam@hof

the inhi bh:meoaomé theéintol ahcm haneEBihe OftcHRVAODERE cHRRE el Beld o %Hna
conpari sop et ween C@ﬁ?ﬁ thve Exanpl e .4 and, Coppar ati ye Exanp

it can be SERHI RO erefiem afiirugh Ay cisniec soss BVWE’PB‘I‘?F‘ONP@
cycli zat i tin-Ghmfourtion aamatt Heespasifed.t d?rémra’m@mpdﬂsan fhetweh hﬂi’nﬁi:fa['@ﬁb
(1= OFR it s LORIEH IR EE | LOReTLy, RSBl ' ™

formati on rom a I soOn
Exanpl e 1caaiainst 1mbg V@mmahﬂ thﬂ@n\mmpomWamathewsedEmfminw ﬂmﬁﬁﬂn

Exanpl e 2 a ns the. cy tion

compound 5. ananant ol S0k oy ber G- b a8 aebor g i,

equal to ‘oHaation; nFrom ﬁqCP@PanhebYﬂetl Kempative BERnple 4 and Eramplfal and

conpar i sqmolﬁatcmE&ls@ﬁmeaﬁ Cofh @sﬁwﬁﬁlﬁb@m%@e @tzl M%&ﬁ@%@h fhat
wel

it can be R whi ch cont ai ns % by

Sl hce
bl sC ot hyn 6 R Ak SORAE the YR CORMPABRY i St SE0% By Setdht ar
filmt herlaifsrcamfonhm thinBER edubiftetis thihdTintfhenddrirmh tHoERsh DHERL operty

Sl o 4 and TSP EPS Ry fen oA FEa b L Che LR RS
Exanpl e 4. aftd GvaahpI ecefy, that came béhes Rt lvahiicht henfiks V\IIIP/EhbﬁOWe%hﬂS

bi s( et hylg i t_of, 5% ht or

oot can FE AR LGN Thid (AT B 2 R piEhR,
fresh DERER-differsafren ipufirdolEBdn meanertConparming thm -filoa fptetidn. arfttom a
Conpar at icys: @%@Hmbﬂve'én c ﬁé?dﬁv@%xﬁﬁglé 4 hat Exh E{fh@ ﬁ%ﬁ efdlrison

contains_ 5% g@ he "cyclization conp i
bi s( et hy PV NI Wﬁlﬁifeﬁ}duﬁ’fmpl"e"f iy bBEF@%@ﬁtﬁ?ﬁ v@ighby
vei ght DEEhtﬁ]ﬁJ; alk@myﬁdyblrbpémcﬁe 854 B AndiShtloPTddt unl NI N

fllmtherefro hIS R fe hefr R in property
concer ni ﬁgml[ah P}?ﬂu%ﬁpr@?wﬁﬁtp BIB ‘?Sgﬁ%et%’é‘rﬁ CHgERat i ve
Exanpl e Yetaaeh Emambmﬁmcplé # and Eompmpdve Examphes ie e lﬁogé&aﬂ]at iR
Exanpl e S e t t he DE i cont.ai ns
1% by We?hgal?gllt{%@:5L tﬁn Fé’ng}gé‘l oung %ﬁ%z ﬁgfl YR R 1 by weight

bi s( et hyb@%hywmﬁmwmmrh@m uen dhe DER DERaininige BY%c bytwedigis DBRbyY

wei ght t hga&y Ghickat & &Q]Hp%ﬂﬁio
bi s(et hyl %ch opeﬁ?%d?gnyDr ut hen |t36r%1%5%3/0é°byoﬁﬂei %ﬁl con rgiicr’]rflh%n

rel at ed” d¥epiciometheolipBuPER i PaopeEpeneerping Shing§inndonyetionr Fessa can
forma tsmﬁpafnsdﬂrbaqu@d cbﬁpha&vé Bicindlé hranti% id 5 %Hatéb?n hre 3&9::@513

[0044] 2 Fro a co en Exa and npar at
Exanpl e el Gippat s%’éW‘RI‘h twg ﬁbc%ﬁ by éqeéﬁb@ they DIER which| m

f or mat i omlmswem tHsye we%ﬁh BRR @,Fbﬂzétf&»ﬁ R ébﬂnd’mbﬁd‘ ube op ntv&'en%ht()f
DER rel ced to 5‘V by Wwei gh

ctur unds has. b
| ess by ‘%e%ﬁf:ﬁ’%i %ﬁ?&%@ﬁ%%a&% fRgipS 1 b%o‘ﬁ%@g the
3)I | t gacrycbmtlsnemnfmmm dﬁ)dal%lbgsvveight aﬁdaﬂi}&cy?lwknt&ﬁ&mmﬁ&nﬁﬁni@' #e DER
rel ate f n, amount .of 5% b SS IS
obt ai nedé%jri(b)k?ﬁ}l n?n%%gﬁ\/\% %écnalﬁ |ﬁ°§nlf9§§dsr@1%“[@8 %Eub@ Slinds
and has lesseernfompy Sriwfilth eqml tdthe giefilno forfed ﬁ'bmghafrtaéh DER) | m by a CVD
nmet hod, [@mﬁeparati ng part of the DER rel ated structure conpounds by

2) From a comparison between Example 13 and Comparative Example 4, it can
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Wil e the invention has been described in detail and with reference
to specific enbodiments thereof, it will be apparent to one skilled
in the art that various changes and nodifications can be nade therein
wi t hout departing fromthe spirit and scope thereof ~ This
application is based on a Japanese patent application filed on
Decenber 25, 2008 (Application No. 2008-331172) and a Japanese patent
application filed on Novenber 26, 2009 (Application No. 2009-269219),
the contents thereof being incorporated herein Py Leference: on
| ndustri a |4 W e e THe DER Of t i pv n, iC
cont ai ns gﬁg&g rﬂ]1 a(ri?roa?)(ke‘4 dﬁfgﬁqgﬁ%gl in-fiy ﬁopggg%ln%egﬁﬁ&gh? ﬁesiﬁﬁglfp‘rﬁ%ggof
5% by wei §FR Bvhidxsibe conipntiof IR telatedfsirhetreagumbunds hahbeenfredursd foog%red

from DER. b heighER 1% bgré%mmggsé%emem@&a%%m d%)ﬁ%%n%gR whi ch

contai ns one of, pore rel structure comnmpoun y sé‘par ating

part of the DER ItéPAdsseet fom Dranplemmbhandd St thenDERewWDER contains DER
Consequentelayed DaRurddotpoandt ifiah SmbfR Jrebab e thethf MOLILIE oGRS %%jthgnd

ISR DT S WL M M U
i nvent i orstépaef fanaingrd ﬂlzm ﬁl‘ﬁi by g?(g‘glu)?hgﬂrm% aigrsl%f)arﬁig’;}gclﬁ_éﬁgéf ﬁgtDa?i:I? (}:élﬁed
Eﬁg%gpcgﬂ, eac?tllngpnclugg% ﬁ') éigsﬁllatlon or ﬁquid chromatography. FurtrL%rmore, from a
comparison between Example 16 and Comparative Example 4, it can be seen that there
1s no difference in thin-film formation between the DER thus obtained, which contains
DER related structure compounds in an amount of 5% by weight or less, and the fresh
DER.

[0045]

While the invention has been described in detail and with reference to specific

embodiments thereof, it will be apparent to one skilled in the art that various changes
and modifications can be made therein without departing from the spirit and scope
thereof.

This application is based on a Japanese patent application filed on December 25,
2008 (Application No. 2008-331172) and a Japanese patent application filed on
November 26, 2005 (Application No. 2009-269219), the contents thereof being
incorporated herein by reference.

Industrial Applicability
[0046]

The DER of the invention, which contains one or more DER related structure
compounds in an amount of 5% by weight or less, can form thin films equal to thin
films formed from DER. The DER of the invention can be produced from DER which
cdntajns one or more DER related structure compounds by separating part of the DER
related structure compounds from the DER. Consequently, DER which contains DER
related structure compounds and which has been recovered from the step of thin-film
formation by a CVD method can be reused according to the invention. Therefore, the
invention has a significant industrial value.

Description of the Reference Numerals
[0047]
1. Precursor vessel
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4. Substrate 5. Reactant gas 6. Diluent gas 7. Carrier gas 8. Mass
flow controller 9. Mass flow-controller 10. Mass flow controller 11.

Vacuum punp 12. Exhaust gas CLAIMS

Thermostatic chamber
Reaction chamber
Substrate

Reactant gas

Diluent gas

Carrier gas

Mass flow controller

Aol I Y S PO N

Mass flow controller
10. Mass flow controller
11. Vacuum pump

12.  Exhaust gas
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[Claim1l] (2,4-D methylpentadi enyl) (ethyl cycl opentadi enyDrut heni um
characterized by contai ning one or nore

(2, 4-di met hyl pent adi enyl ) (et hylcycl opent adi enyDr ut heni um rel at ed
structure conpounds in an anount of 5% by weight or less. [Caim2]
The (2, 4-di net hyl pent adi enyl ) (et hylcyclopent adi enyl)rut heni um
according to claim1l1, characterized in that the

(2, 4-di met hyl pent adi enyl ) (et hyl cycl opent adi enyOrut heni um rel at ed
structure conpounds are at |east one of

bi s( et hyl cycl opent adi enyDr ut heni um@ndiMs

o Y O L e Y A bt erized

( I2 4- dil mebh porpainingdine oy !n)c(remyﬁﬁmnﬂp@mmym%@n?k{aﬁa&m@%ﬁﬁaﬁm to
clalm (0] . [.a al. 0 e

(2, 4-di rre{eﬁ%dpsg%t agl%ﬁ{ﬁoﬁ%tl%? %@g 58@%@3’&5&%*}50&1%m um rel at ed

st ruct ur e[(%l@jmﬂju nagg f},@ﬁ;memylpentadienyl)(ethylcyplopcntadienyl)rqthenium according
f; (2) nt4<:;1:j In gﬁﬁgg g&]grﬁf‘ E}%‘,‘rj'eméc)cefrﬁte&'y 1oy thapPr ey af’i,E-HH&Mlﬂ&?éd?c@yﬂ@th%?cyclo-
(2, 4- di meRTHAdSERRRIE R ) (AetRY | efptBIsencemitoIngsl) At heni ismstr ebat edf
St T uCt ur ebistemployielbisentakiidndlttthiuk Cardd® (N8 AL PP bt AR R AL BY. t O
claim3, ch rag}tﬁ‘grlze.d in that the :
(2, 4-di rré:ieﬁgfhﬁ THCRHI ) (et hyl cycl opent adi enyl ) r ut heni um rel at ed
struct ur fCtamBdundls metkodat of epstuane e (2 4-dimethylpentadienyl)(ethylcyclo-
bi s(et hyl %Xﬁh&g;ﬁf&@gﬁ-e”y%r ubhergl m and %1 - ) .
di net hyi &yc opent adr enyi ) c et hiyl %%ﬁéi%ggﬁ SRPERITIFG oheRiating jag ofiths 5]
A et hod (&#-dimedivipentedienyl icthgoydlopentaditay]rithenitdhi N f irdlifed charRgt@ed zed
by produchagoddde ik chuld,Usl : : .
(2, 4-di net hg? pent a f.ne%14)62‘%‘%"%3’?%?}%4]‘%“39&%%?Yé’%%Pal‘ﬁi’lﬁ@H?fa‘iﬁlF%%Pﬂi“‘r]ilg to
clai m 1 &PRINGsOBe pPleclpigor(2,4-dimethylpentadienyl)(ethylcyclopentadienyl)ruthenium
related structure compounds.
[Claim 4] The method of production according to claim 3, characterized in that the
(2,4-dimethylpentadienyl)(ethylcyclopentadienyl)ruthenium related structure
compounds are at least one of bis(ethyleyclopentadienyl)ruthenium and (1,3-
dimethyleyclopentadienyl)(ethylcyclopentadienyl)ruthenium.
[Claim 5] A method of producing a ruthenium-containing thin film, characterized by
producing the thin film using the (2,4-dimethylpentadienyl)(ethylcyclo-
pentadienyl)ruthenium according to claim 1 or 2 as a precursor.
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