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Field [0001] The present invention relates to an organonetallic
conpound useful for producing sem conductor devices, a method of
produci ng the conpound, a nmethod of producing a nmetal-containing thin
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For DRAM devices, among memory devices, ruthenium is regarded as a promising
electrode material because oxides thereof also have electrical conductivity and because
ruthenium has excellent suitability for processing for scale down. An optimal method
for producing a ruthenium-containing thin film for usc 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-dimethylpentadienyI)(ethylcyclopentadienyl)ruthenium (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 in
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.
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[ 0003] The present inventors have found that the precursor
recovered after the step of thin-filmformation using DER as a
precursor contains, besides DER, DER related structure conpounds

whi ch were generated fromthe DER by the heating conducted during the
step of thin-filmformation and that the precursor, as recovered,
cannot be reused. The DER rel ated structure conpounds differ
fromDER in property concerning thin-filmformation and, hence, the
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thin-film formation and, hence, the same thin-film formation as from DER cannot be
attained. Because of this, there are the cases where the DER which contains DER
related structure compounds also cannot be used to conduct the same thin-film
formation as from DER.
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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]

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

(1) (2,4-Dimethylpentadienyl)(ethylcyclopentadienyi)ruthenium characterized
by containing one or more (2,4-dimethylpentadieny!)(ethylcyclopentadienyl)ruthenium
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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]



pent adi enyl ) (et hyl cycl opent adi enyl ) rut heniumrel ated structure
conpounds. [0009] (4) The nethod of production according to (3)
above, preferably characterized in that the .

(2, 4-di net hyl pent adi enyl ) (et hyl cycl opent adi enyer ut heni um rel at ed
structure conpounds are bis(ethylcyclopentadienyerutheni um and/ or

(1, 3-di net hyl cycl opent adi enyl ) (et hyl cycl opent adi enyDr ut heni um

(5) A nmethod of producing a rutheniumcontaining thin film

char act e[fi'lg.ed:l] by“lg)rbdsl@i Ripvt Hustratifg fthd ORI dfpatdd® used in Examples and

(2,4-dingth di e | ) (et hyl cycl opent adi enyer ut heni um accor d| ng to
(1) or rrg éﬁ‘%ﬁ E P5¥-ecur sor. (6) A rutheni um contai ni ng

thin fi IModhrﬁfoaO‘aﬁﬁir@&ﬂuthheh@bﬂ@omroduced by the nethod according to
(5) abov Ol@nf ect of the Invention [0010] The DER of the
|nvent|oﬁ2 i ch contains one or nore DER rel ated structure conpounds

in an anount Bﬁei&%ﬁbm%ﬁ%hb@d?él@&ind@t@ﬂ be tFJ{seﬁhtoDE%rn}tthﬁrefrom
thin filnms e to.thi fil or r ! e o) e

i nventi on caﬂlubéh%rBH’l?B m\j\;ﬂﬁéh E[Lp?atf‘?l aPHectdie COMDRBRYS DRFaNs
rel at ed lﬁhdxugﬂmﬂ&anﬁﬁﬁpﬂﬂﬂptﬁmby aRpatian MERakhd Ohet DERDERafe8! at@Sure

structure co unds fromthe Conseguent |y, DER which has been
recover e‘i:i’“fprogﬁ&st heé''&t epClof p@m"HEF]iyl miidat i onExgrplesypheeohodinghde

whi ch Cdﬁﬁ(ﬁﬂx&&yaﬁﬁeﬂt@dﬁﬁ)ﬂﬁuﬂkﬁm ure C(Q@@M[Hﬂ@l@)%[bﬂéﬁtsgﬁsl\?ﬁ@th Icarclo-

aceordl oot B AUSIA! O BELEL Besripu on ol Lic, D cteg S0dLE]

Exanpl esDER drelanstp stradtinee cdnipumlis;s bis(ethylcyclopentadienylruthenium and/or (1,3-
dimethylcyclopentadienyl)(ethylcyclopentadienyl)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)]x100 = 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. It is therefore essential that the amount of the DER related
structure compounds contained in the DER should be 5% by weight or less. The



Modes for Carrying Qut the Invention [0012] The invention is
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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 structure
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.
Thereafter, 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



percentage that [(DER related structure conpounds)/((DER related
structure conpounds) +DER)] x100 = 5% by weight or less. It is
essential that the DER of the invention should contain one or nore
DER rel ated structure conpounds, and DER which contains no DER
related structure conpound is outside the scope of the invention.
Wth respect to the anobunt of DER related structure conpounds, DER
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apparatus constituted of an evaporator and a distillation column. It is preferred to use
a rectifier in order to improve separation performance. Whether the distillation
method is batchwise or continuous is not limited, and the distillation may be conducted
by either method. Use may also be made of a distillation apparatus in which a
distillation part having the function of an evaporator has been integrated with a
distillation column.

[0016]

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.

[0017]

In the method of production by liquid chromatography in the invention, a
mixture of DER and 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



anount thereof is preferably 3% by weight or |ess. There is no
particular lower limt on the anobunt of the DER related structure
conpounds contained in the DER However, in view of the fact that a
detection limt in gas chromatography is 10 ppm the lower limt of
t he amount of the DER related structure conpounds may be about 10
ppm Fromthe standpoint of a bal ance between cost and operation
time, etc., the lower Iimt thereof may be 0.5%or 1.0% [0014]
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t hese techni que ro s preferre omthe .
st andp0| 558 j}srgéeggg ‘gf gl?eﬁ?l 66&%)9’% %‘F edendpping ¢ of é[”(%ﬁﬁ@lﬂﬁ’@é are
I\/Ealnyvhl Ih@drodalfbbné bwdhi zis:’lp&rﬁaﬂé[ aémeeﬂeﬁtmmobﬂalﬁe %1?0 1?]11@&@ lmﬁnl r‘]che
abilit arge anmount of a sanple. n the
i nventlygﬁmd E&F@Pﬁ N e%%ﬂ%&’f%ﬁe 'hroughrrpdi stillation may be

conduct ¢@018h t he fol | owi ng rranner A m xture of DER and one or nore

DER related str ure co ound heatedq to vapori ze the DER or the
DER rel at ed g @F{FP@"& B’Eﬁd 'F-H’é‘r &% CL& profiﬁ&dv&}?}Bglt?édDER of the

conpound{whtion,eviddot@daiandné bﬁﬁ@b@/ DIEROtegfédeshucaire chmpold3 ih%n amount
ur g Ehe?® oF lebf b e 4 = Prtror e Wihek 1 BERGSPIRHE 09 o RO RER
g Oo/ nL ai nselm*ﬁ@ sbnctmr@rﬁlﬂﬁndst; iratue dmstinuett speﬁa)ycwaﬂgﬁuaﬂﬁess s RNba¥RdHs aﬁf
o by LoOlo HES S Gan be obt.ain ere | i on_op the
type of ¥ Hgglisﬂ { atJP 1A r&%ﬁ’éﬁ"%}t it WP@E‘QEJA_ D & atfate a@gbégetb?fg

can be preewsot éd gﬁmﬁeﬂ lnad rfyd ex cessithe Isybdﬂﬁ&t eExangldsher ﬁﬁmoﬂblffbﬁl‘tlwg
chan se of

ges W eco osition. For, .exanp|e, use
can be lgrasaléca(t) néncc!illlcget PO }t“?dow "XIEJIBI%\%%E dt&eE Eﬁ‘é‘HOG‘FceQdm@\}gp{%‘faé‘idor
and a dp=tuilsbrasridothe podcuraor id mtnoauwdgafwﬂleetité 6f AROmPanffi itHd ﬁi&né:rrgas
or der tO(I)ITp ove s aratlonhﬁcglofor et her t edISthHatl

met hod 1E° B AR sE2BIPeL ShvHidot SUbraffohas) bosh lgpeda Aty amgthod in which
distill eﬂthemnhe:r@yecbﬁsor:amdmt @da byluabh f}@épai’ﬁﬂt bpdissblstgnihy b&@sdieinmrde

ofadls}lllatvona%) tu5|n. ran gflSt]l ation art V|n t he
functi ofi e6%Caly ee%bgo ah‘é?of)‘é‘:ern gastied: gt ‘faﬁo’é di &g eaSE?SH'FPd
col umm. pfe®@d@ is introducedviaarateatiton ¢Hagbeehpeliioh HkEbstiatd hald bE&? laced
distillation cha ergitt%'t ﬁrefer

Cto 150C,  excludin
because at sHCHTR teggie angé/‘ﬁl':f%r dissolymethe\ RIREBEOrT &‘Sﬁﬁm include
deconposlnagalamcthasﬁamtmm eddhaifol, Uil USpre0BR Uads stigh ab ethyl gyt ashfir om
generatln . rattu% g,l P t he dlstll atl(i) (I:hanber IS nore
pr ef er affi® g“% 15)0 éce &8¥peédicq ?@erﬁ rSufl A% Gihylenp @Yol manomethyd 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 nmethod of production by liquid chromatography in the
invention, a mxture of DER and one or nore DER related structure
conpounds is passed through a packing material together with an

el uent, and part of the DER related structure conpounds can be

t her eby separated. Exanples of nodes of |iquid chromatography

i nclude the fixed bed node, noving bed node, and sinul ated novi ng bed
node, but the liquid chromatography is not particularly limted in

modg_- _Exaﬂﬂiyl es0biityl hﬁOFa(chﬁgauﬂ%itI&Edrﬁl dip/ _ymtetolna@,rdmmaml Maeﬂla@, 8B
as divinyl benzene copo rs_and styrene/ djvinyl benzene copol ypers
and al un%ﬁgl. Ema%v%‘}‘f Cifﬁgﬁ%‘&eﬁ%ﬁ%ﬁ%@ﬂ%ﬁrﬁ% %%\?‘F’F%’Gi &v¢lphexane,
l'i m t ed. mdheleyvlsetame pebycadlolxing heptans &cRas koendBhe Kyfns, HbB®ever,
packi ng t{fﬁgterlal 8 be %Jsed all qg; Qr .a mxture of two or nore

packi ng toégaiansé"f?éf/lsﬁ’é’ pabgulargfigiisdes of the el uent to be used
when t he[0ix ure of DER is passed through the packing materi al

i ncl ude al cohgl s such_.as hanol , et hanaql,, and isoprqpanol; esters
such as et hyl ’éaélé‘fﬁﬁst 8f§1?1edggfﬁ?"wm%?88’ia8?’ég, ﬂHﬁI@@bﬁ‘&t %‘ijf‘ﬁg’él‘fsocéﬁ Bl gase
f, ugh as Vghﬂbltm mh anles irtBhtsfvolioh camdin{gafﬁem} rh@JeVBEEJ f&[dtéifémh%%’re
ydrocar bons suych as pentan exane,. cyc exane, methyl cycl ohexane,
et hyl cycTOHEKER: 1 B8 %)*5?]1&1} c§2‘n§¥ Voe ﬂ’é?eséantf Rspdeplanc, p dhin il jof
made of rathenivin tohesle aeﬂiil}ﬁrﬂlm, oﬂaﬁnﬁlhdﬂlﬁﬁﬁ dxRde ,Pﬁltﬁéelﬂ@ﬁisoﬂ&ﬁﬁ'éd ﬁas the
m xture of two or nore eluents ch are miscihle with each qther may
be used.m&\ﬁ‘%"f’%m@fngttﬁ]é’sﬁnél J&ﬁt‘%cﬁsF et esreb%%aﬁ‘menpvwwmw in
pol ari t yeoatbénduipdr witikranomsr sietdlliaprériiosn ruthexiamesonf@fihaNRdmpPdsia A8n

and cyclghexane.. From t he standpoi nt cqst,. hexane is nost . .
pref er r etf™ ’[Sd’@g ed. °For e@?ﬂ?h@ﬁ?%%‘sc@éﬁ S?%edﬁv‘m’ﬁoﬁ 1§ Ppegh 18 gambnation

produc ledm'usdh sgorithen PiRusbr, tahadrRm@ filinGe obt&ﬁieﬁhf mwegéro &%h (YsitERi R
DER re ed.structure coppounds .in an anoun 5% by wei ght or | ess,
as a pr ?gﬁlr Lopot ﬁsﬁ’éﬁqgttﬂe B ai ﬁ%{ﬂ@p@%é’%éﬁe ﬁHP%tIWFPrF@%I%re’&CJUde
st r uct urkés(dipivatuyhesthiumata)atramiunt ardl detooRystvditighl. OHowWesds, itfe kRoMfim

used as a precursaqr. t.o forma rutheniumcontaining thin filmon a
subst r ate* By h! llr%‘feﬁ&a these, gxampples, 38 dhg casg é{"%]ie’fqgtgﬁ ?);ﬁﬁojf g mngoR,

the hs 3 bsis ut\o}]ﬁ_én Emabnh‘e&l witharsthed@etatiic ﬁré@xm&glé 'pf‘egtxt:s@fs rhﬁﬁb@%@éra@el
met hod | Ilch.an .lnert carri 1SN uc Info the at e

pr ecur st Bhmey e et tnestiRt rad el ety CYR PrBOd telbg ugn for Tomning
acconparlye nghenhen-cantaingrg Hasfiln of thednveddich iDMtGaaBARETy 1inkéd &loAg as
substratﬂ%3 h% Jeen eﬁe%‘ 31: a nmethod in iCtF ei r thgm}glrecurs r
as it i SOFCHOSHE  FIY BIELEE: BysHTAl et h Ry hHD 1 BGFIARSsiHe
or gani ¢ GdDvsoto-C¥ Iy entn tAd ITamedpdr i zer and gasified in the vapori zer,
and the[&ﬁ@ifi ed precursor is introduced into a reaction chanber in
whi ch a‘substrate has been pl aced. Exanpl es of the organic

sol vent for dicssming tgtHehiavartmayesar DER which tatdidd ORER cobrl Ssusutke as
met hanol hanol . .and i.sopkopanal ;. esters.,such as ethyl acetat

but yl a((::%?lg{’%n, SAij4 l?esgsaﬁqy‘iopé?ggt @’F%e;ﬁo&} Blsﬁlgltgh‘@]f“gﬁsf‘ﬁ%ﬁz'é@ o in gh’%s
gl ycol femedefrém| DERhso lowg hy lten eogbyiced theODBR! feidtede bh@itureadiBnpounds

et hyl en l.yeo nobutyl .ether; ethers such as glyne, diglyne,
trigl yn&egeéﬁgs%%lt%g’a%%} t97 {%%n; ket ones such as nethyl butyl ket one,

met hyl i sobuFyithdeatoss) eccortingto It nberlihpDER wWhioh epithink ®he € more DER

di i sobutyl. ketone, nethyl ,amyl ket one, cycl.ghexanone; and

hydr ocaF%%tﬁg st %era%o%(ﬁ’ﬂﬂ%Q&?Wﬁ%g%%m&gﬁ%ﬁe% ¢ produced
et hyl _cy&bnTﬂéERnd_;icHneqmtaineon@@rtmG&i DElmru_enee gtrﬁﬁdro @%h@i@ﬁndé‘iﬁﬂ&ﬂlﬁr:h hidh ?
organi c,sol vent is.not . parti ar m ) anpl es o
the rut REM 'i?ﬁ?vce{)eﬁfgf’% trli‘g SE% %W’ﬁ’ézﬂ ﬂ’l%iiﬁ?dv{ 30&13/.% W@%Eﬁéwm e
t Pe DtERpm‘E of ltie: Dﬁglefeﬂaitﬁh strwdmiueh*io@xq:lmﬁdf ;)/mﬁ'omn@x_ze&ﬁ%di@feﬂl DER, bfd @teeDgR
structure. ¢o unds i n an n 0 wei or less, is e

al one, g%'lcﬁl(%’g 'qsrﬁl%?forrlﬂ?ﬁ?gﬂggrf?ﬁge@aﬁ : C'?;#‘? FOTAPYnd,in, a0 amoa%@ﬂés%rhy

weight or less can be reused as a precursor in the step of thin-film formation by a CVD

method, thereby producing a ruthenium-containing thin film.



According to the invention, even DER which contains DER rel at ed
structure conpounds can be used to formtherefromthin filns which
are equal to thin filnms fornmed from DER, so |ong as the content of
the DER rel ated structure conpounds therein is 5% by weight or |ess.
Furthernore, according to the invention, DER which contains one or
nore DER rel ated structure conpounds in an anount of 5% by wei ght or
| ess can be produced from DER which contains one or nore DER rel ated
st ruct ur Exgople®punds and whi ch has been recovered fromthe step of
form ng @Obmcn filmby a CVvD nmethod, by separating part of the DER
rel ated structure conpounds fromthe recovered DER, and the DER which
contai ns one Ghe mesti@ERIl bk akpldimst rhekivu ire daail by toftsericsd taExanR] baf

5% by wej gh . be reused as. a,pr. rsor. j.n the, step of
thin-fil E%gfk‘%‘?e%?ﬁh %?10%%‘?/3‘5;“ BRSPS gy B ﬁé&%@%%’cﬁﬁh?\“@g xamples.
r ut heni um conknaidentatlyt hdalimethpicyclbpanplias, @2iwvas used fof g symveRisi gin
wll be i i.n_d il by reference to. Exanpl es,. but .th
vent oSSR ltea R BivherBlons s teBs JNE et | TG
Exanpl esto as cyclizhtiei demtpmiuhy), dam3-ih reghihgdicad | wpanttadiagng, 3whitky-2as
used for esi f . .
(175 o e RpERERHICHEP uth dchysrating, tie metited someqydh d¥ibReBRsRce t© o
(her ei nafnomm methed (eegl, HorgmicGhémizay bol. ISoNpAYpAps (LErE)e synt hesi zed
by net hyl ati - hy 1 2- cl ppent ego and the ydrating the
met hyl at ed c%ﬁeﬁ n te w]qxﬁm g er@nce t gyrﬁﬁff?ﬁom‘)tﬂeRﬁggg%%‘?@lf’ycqomma'
| nor ganidier@hgethglcysippartddidfy])ridberlump. 466 (1976)). (Reference Exanple
1) Synt hesi s - D hvl cychlopenta-, .. .
di enyl ) (et hyﬁ%y%ﬁ%%%%%%%@#ﬁ’)#ﬁﬁﬂ% Eﬁfd‘meﬂlylclyﬁk’aﬁma‘?la%a%q A0aphefe,
3 0 nL cthylc@lapicnetient cyekoplietath enslativh Prdpared bf dissolving 0.51 g of
et hyl cy agi o] ol uti.on prepafed by dissolvjng
0.51 o arRerRREaEs, NAE A Rl o Cfiay TR Eieort = Hidr et
4.1 g ofwas addnd thyeider Thasniatite dvas hstirret at 70N for X thouss. Wahe Solvehe tragt
70C for r e .StLJ ff under Macuu and
hexane Wﬁ%ﬁ%ﬁgﬁfﬂﬁ%ﬁ%@@ﬁég%@nghﬁgg ?%%egﬁﬂgl?eereﬁaf“?‘er %@S&b%mteby
filtrativns,remoded he fdohNenanddise sdleesabdsethedafér diktiitedodff undelevacuum.
vacuum [ istilled. and then separated with
an al umT-rqu%{) urm&%%%%v,% 8%55*"8@‘34 915%;?8? ﬁr%\?vd W%Lﬁ%%ﬁgmo%{l%'edﬂ“’
(yi el d, 04308 of NwgRopEldquidMas olIBDIes (yiBldppdde).4. 46 (s, 1H), 4.37 (t, J=I
.5 Hz, 2 : S H, 4.32 (t, J=1.5, 2H), 2.17 (q,
J=7.5 Hz, ,(%l?(.)g@{%’sb,ﬂ%%%ﬁo (t, J=7.5 Hz, 3H).
4.46 (s, 1H), 4.37 (t, J=1.5 Hz, 2H), 4.35 (d, J=1.0 Hz, 2H), 4.32 (t, J=1.5, 2H), 2.17 (g,
J=1.5 Hz, 2H), 1.88 (s, 6H), 1.10 (1, J=7.5 Hz, 3H).
(EXAMPLE 1)
A mixture composed of 5% by weight the cyclization compound and 95% by
weight DER was used as a precursor to conduct film deposition on an SiQ,/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 (O,) flow
rate of 0.16 sccm, a substrate temperature of 300°C, and a pressure within the reaction
chamber of 10 Torr. The thin film produced was examined by fluorescent X-ray
spectroscopy and, as a result, a characteristic X-ray assigned to ruthenium was observed.
The film was examined for thickness with an SEM. As a result, the film thickness
was found to be 40 nm.
(EXAMPLE 2)
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( EXAMPLE 1) A m xture conposed of 5% by wei ght the cyclization
conpound and 95% by wei ght DER was used as a precursor to conduct
filmdeposition on an Si 02/ Si substrate for 1 hour by a CVD net hod
usi ng 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 (Ar) flowrate of 170
sccm a reactant gas (02) flowrate of 0.16 sccm a substrate

tT ermerT ﬁt ur ﬁ oA @leﬁﬁc mqaoaeddomes%umemi@giﬂﬁb Eﬂf&fl—‘izé@cﬁ@&é Lgi(lﬁadme%%fbylo

on. et m produced was examn ne uor escent X-ray

spectr 053’8@{19&3‘,“’ US54 A8 & prgeursgr %‘éﬂ“ﬁt‘?‘e&%{%@? SHIOp AN aé‘s%‘pﬁéautisgate

r ut heni uforviakouelises ) nidibod difg BRSappsamieOFi0N dldkeiResndiMond 083

SEM As a result, the fil gEickness was foglnd to bg 40 nm ( EXAMPLE
ﬁrPJrsT@d P

2) Preqursor, efpeTa of B9i%\2adPghfloPhEatc OF PP S4eMeA RIBTHERING
gnd 98% prygssued @thIOS(DERr_ 02/,vsmi1ue§egasa(sup]g1weﬁt¢[}cﬁqr70ts@crﬁpa&%§ﬁan{ i%ds 2) flow

eposition o i i, substrate for ur py a t usi ng
t he appaliﬂ% ?jtrslogg sgqmy 2 SIbgRE ferppRYAtuEsof iqooﬁsuﬁlfb 4 Bresyuee Wi the reaction
t enper at¢haebef o600, TarrcaThé @hingfiln g)%ducﬁdi Ovas! ataniféd B9 BEdiBicet X-ra
precur sor gr essure of 100 Torr, a di I.ug‘,gt gas. (Q) fl ow rate of 176
sccm  a TPESTVEMY s ag o 5Suky ptiaractcuishe Xoraygssguen toguibighupy wagobserved.
t enper at UFle filin 820 Exarahidd Fopthiskabssewith tahi SENThe Ak eagkilonhe awbaickRdss 10
Torr. The%s:j{;)iun(h{?ige roduced was exam ned by fluorescent X-ray

,a

spect rose £ MMy esult, a characteristic X-ray assigned to
rut heni Uo0R&s observed. The filmwas exam ned for thickness with an

SEM As a res \ i hi s was found to be 40 nm [0022]
( COVPARATI VE (ME%IW%AWQ ure conposed of 10% by wei ght the
cyclization chmpetindcanpos3a%f1Yby ghighPHR yasizasedc@spami =868 WisPbyt O
conduct fi.l [?ﬁ[gositi o(g on an Si 02/ Si sugﬁt r%te.f.or 1 h%u{) g,y %
mot hod JATR TS Vi wsp ey & PP usergfo conid dim; draositippipy ag SLOBH! sebstrate
pr ecur sdor 1 éwpe batauC¥ Dofne, usthgChE rappliraBR of () 1 uh@dy thalenditiosPof a
sccm a precursor %ressu ggtf 100 Trr géglﬁuent gafs (éArg flowrate
of 170 ROk {PBRCRR O B0 b FATFD RS JAB B4V Gaeeoloald Afm & BERTURAY o
EI' enper 2tspne$mefof 300 CI?,onaadi_ilaleI]EI_rﬁﬁs mneﬂoéw b4k Of ﬁz@sdoﬁﬂﬁltﬂeaﬂ%xﬁ@gb@g) fw 10
orr. ar t, no thin m was ed .on the substrate. .
[ 0023] (ri‘f&\?rfvﬁ - Eﬂpﬂaﬁ %}“Pe%eﬁ%gﬁﬁnﬂé‘déo@fﬁ%?dw injthgFggtion
wei ght  lshafbdriof116yioko pekd adselnyo)thint filevandpositdcss dy sietght DER was
used as [Qoﬁgecursor to conduct film deposition on an Si 02/ Si

t

substra r 1 hour by a CVD nethod using the apparatus of Fig. 1
under the cof@DMRARAIIVE HXARPIER) t enperature of 60C, a carrier gas

(Ar) flowrate of, 30 scc a uysor .pressure of 100 Ton, a di] uent
gas (Ar) flow PEF%H%TCOT?ggegc%IﬁEE% f’%é’&%‘@ﬁfblaé yigysiopeiadiepyiruthspivm 16
seem aasdil38Ys by evdightpBER! waeusdd 808 Grecardr ao Rbadsy fRmWidpdkitioh g an
(r)ﬁa;: Lgosgh(ggﬁf%%étrﬁ% S%rghﬁgﬁrﬁﬁ@é %}Se"élgotd us?l?g ‘Ehrtl,l a?apfarlaltursr;]o 1 g.dle Brcl)gelrttﬁg

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
(O2) flow rate of 0.16 sccm, a substrate temperature of 300°C, and a pressure within the
reaction chamber of 10 Torr.  As a resuit, 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 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
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A m xture conposed of 5% by wei ght bis(ethyl cycl opentadi enyDrut heni um
and 95% by wei ght DER was used as a precursor to conduct film
deposition on an Si02/Si substrate for 1 hour by a CVD net hod 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 (Ar) flow rate of 170
seem a reactant gas (02) flowrate of 0.16 sccm a substrate

t enper at Dieasuss OEU%tIomdéuqm aas(Are flpiat dateroft 176 scemca rantaohgash(€)) 8Hw10
Torr. Th ' [ gﬁgm oBY 0f: 4.X- .
spect ros%g)fitogf glrllg,S£%H§’pag%gu tt%gerc ar af::] er?Eﬁdcélﬁfer%%%gg&s}gﬁub%h%e?%mn
rut heni uehambsr sibsky Yer: The thinl filmeroducadi wasdefamined ibykflesssosht B-my
SEM As [ t hj 4 o] . NM 025
(EXAMPL Eébf)ﬁﬁ'&slébﬁy aﬂ'&b%s g![r%slr{rlg, %%%%%@e tﬁé’?@ 5{% a%%i@a%ftg%th%&um W&é gbsen]ed.
bi s( et hyl Biecfilgpavis sdpmingt)fou thidmiessmvithdn SN by Asei mistlt,DER fibmsthickeessas

a precur‘%gsrfhﬁd&pl%i fmf il mdeposition on an Si02/Si substrate for 1
hour by a C,\c/)D nmet oﬁ?um ng the apparatus of Fig. 1 under the

condi ti di¥92%f a precursor tenperature of 60C, a carrier gas (Ar) flow
rate of 30 se(%?%d ursor pressure of 100 Ton, a diluent gas (Ar)
flowrate of .Igiggir%%a reactant gas (02) flowrate of 0.16 sccm a
substrat e t enpépiztuge eorspoBIOE3Yahy weight distaihdcydlopentadidng])rebatinmand
chanmber @y, 10 JObt [ i d ned. fluo nt
X ray spack Poguamt 6 vl Red bt TR Lo AR HRTNARN B o 40ERERE
t o rut hewbsirateess 1disseby e VD Tathdd usmerthe appeaatinefiFigot ubddrdbamesslitivins h

an SEM I i o-hi t Q nm_[0026]
(Conpar T PVE R et bf BT EORES Bed B O Sl A
cycl i zatoressuwesHd @0, 4%ilvgnigasdAr) flow rate of 170 scem, a reactant gas (O2) flow

bi s(eth \VAed i | 0 J : as
2 pr ocurSCh GREREAR aSIfE W e MO0 P 1B Al HRE'ER 330 ]
hour by chaghey eetlAckomsi e thie flpparatuosd ofas Fixgmiteduhyl duaréseent X-ray
condi ti %géctﬁafsmﬂaypihﬁ%g Sf5ult, GORaFRleS e Rf-raig%‘i%rﬂed%@?&th iuPaFas Wsdrvbd OW
rate of 30 sccm a precursor pressure of on, ~a driuent gas (A
f1 ow r at dheflilmywasexamined farabicknessguith OSEM.| obs raesliofthaofils thickmgss a
subst r atygtisREL M Uogef 300C, and a pressure within the reaction

chanber of 10 Ton. As a result, no thin filmwas deposited on the
subst r al802410027] (EXAMPLE 5)

(COMPARATIVE EXAMPLE 3)

A mixture composed of 5% by weight the cyclization compound, 4% by weight
bis(ethylcyclopentadienyl)ruthenium, 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 sccm, 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 substrate.

[0027]

(EXAMPLE 5)

A mixture composed of 1% by weight the cyclization compound, 4% by weight
bis(ethylcyclopentadienyl)ruthenium, and 95% 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
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A m xture conposed of 1% by wei ght the cyclization conpound, 4% by
wei ght bi s(et hyl cycl opent adi enyl ) rut heni um and 95% 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 (Ar) flowrate of 170 sccm a reactant gas (02) flow rate
of 0.16 gascldyr) Howubstafalesctranp preatusoepessuBO6C] 00aNekr,a dileBs pas b Fbivn

by F1 uor Shear RERl dackibe L8 (oo TSR B 14 SRl o MESin d RinRiiren
X-ray as$ilifeehd opressuieniithin the seaotise chaber Bifié 0 fliokhm Wit thixafithmgddied

t hi cknes ' : lt, . the filmthickness was found, to
pe. 40 mny] BUFUEEY e kpRoed; X5 shecgolail SohEORE SRR et
t he cyclassignédiv cghpoundyasl bssyvedei Ghe film was examined for thickness with an

bi s( et hy. I i ﬁhggi d % by. wei ght DER was used as
a precurés%l\r\a?t %&%%EW% epgéséi@?sgfﬁmbﬁ%a{ﬁﬁélﬁ’}/ Si substrate for 1
hour by 028D net hod using the apparatus of Fig. 1 under the

condi ti ons of@(Migr@or tenperature of 60C, a carrier gas (Ar) flow

rate of 30 seem a precursor pressure of 100 Ton, a diluent gas (Ar)
flow rate of An@xBuweppmposedadtlénby gaiph( i2)cytlizationabmpofind). 136 bs eight a

bstrat : . 1 inth ti
chanber i ERFERbHEL Al Sy By HEBERER Fet By o Rabroticent
X-ray specondutbiip depdsitiors on aneti0p/Si substrhtarfact dousby a Q¥ Dayethsd ugngd
t t hepi fi i f t hi ith
an S e ApelRE: PSR B BBt BE BB U0 errelnise o5 60 hnicB)
( EXAVPL B3 (Ar) flow rate1pH 36 s@0e,ra pregypiramesstrgmd 10D dkr, watiluemtt gae dO)eftbvd. 7

¢ LLau] ) Cai o Caht i .

Qompound S 20oe By Seein BT b 18 S S B TR nR R eS of
Vi gr eux 3981 umand agressiusi witliotberssetion chachber 6MHEY Tomet Ehe vidn &lmtpkeduced!
to the f ' t I d wth
R i L R e R S P e
eggpl antstigysd tol migienivas Wasatbeetved 1DGCHlm vetsagesined for higkpss tiitnawf
the sangi@swhich Had @lggﬂmqﬁllgg{?%swaa%gp@lago bgléglngl condenser was

renoved as an initial disti portion of the sanple
was t hel@@XH er recovered as a main distillate. This main distillate

of the sanpl )@%@@5} ned for the concentrations of the cyclization

conpound, bi g%et C)ﬁ: opent adi enyl ) rut heni um and DER by gas

chr omat ogr aphste ask)-mly eggplant typh dlaslo mae mtraiucahs. 7tghef @ biuiddER tovme: t 0

be 1% byoNEinght  20b%0 B Ight 1 an 9 ' respggsively, .

showi ng ?hat DER was _gbl e to Slé@sg’bcglrgea@(g% @ﬁ%ﬁe a%%Raﬁé’l atfyedWelght

st r uct ubs(@kipleneatadjangBojtheni@xAMVRL Bigdyux 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 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 chromatography.
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 compounds.

[0030]
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Into a 30-nL eggplant type flask was introduced 7.8 g of a |iquid DER
m xture containing 9% by weight the cyclization conpound and 8% by
wei ght bi s(ethyl cycl opent adi enyl ) rut henium A Vigreux colum, a

Lei bi g condenser, and a thernoneter were attached to the flask, and
the atnosphere in the apparatus was replaced with argon. This
apparatus was evacuated to 3 x1(12 Pa. Thereafter, the eggplant type
flask was heated to 100C in stages. A 3.6-g portion of the sanple
whi ch had bee(E)CeQMM&pith the Lei big condenser was renoved as an
initial disti Iat ortion of t nple was, thereafter
recovered as %R I’aﬁ%g]i’lf"%tttgge Qﬂ’?l%wﬁsa’rnﬁoél‘l‘%eﬁﬂsfgtoe adiauidh DERapppitare
was exanmminmgr ke byoneeight athieonschfativhe c@)&ﬂﬁohﬁ@t Bd ®OFPBYNdyeight

bi s(et hyyl. enta t heni u nd DER hr omat ogr ap h
as o ooty RRE Rk RER: hob S b Le i Somangg and a
wei ght , m%nmnmm glete aaﬁrdm&?t% by mkg hhd thena6iphvRl ih tishappaisud Rl
DER was ab % t?le se d fromthe DER rel ate stzructure
corrpoundrgp FGo¥ %ppmatus way gyapugted dg.- 3ril%e g hpl akbereafise the

fl asﬁt \Nf%gpl’ahf qqaec%akkzaag heated té 1b3mxg/xd stRER. mA<t3L5-g FRBsRIoR HRY sSpIRY
b s (ot nyP K P BERL e ARIER LTtk omeieg ey s o inilpligilate

conden ﬁ el’nd aha-@pdrien rofrké eampie rv@as&h&r@@ff@de&dﬁeféﬁ!easf 4 ﬁi_?_]kn daffatk heThis
at nosphere i appar at u r ace ar i s _appar.atus
was evacdtifed® tllgl?es E%ﬁ’ ?"I’-"i ‘?X@E‘F’i‘e@r or it gﬁr%‘*ﬁm"t fpibe fyghization s
heat ed tconib00f,i msetm@&mpenfhaleﬁynrummun@nmf DEFE wagad e;hmhaﬁ ragie).
been coo ed WI% t he Leltrbha C@nde?ser s re e as a i it
di stil | ate? "shty hegoBeRtairns hrregt Werrsionad iy Be &by %Dy weight,
recover aﬂd@g%abyrmergmu eipekctiadle, shbhig tai DERI whd &Hl@tceb@fseﬁaMecsﬁrml tBe
was exa lt(i g concent r(gsnl ons of the cyclization conpound,

bi s( et h;ﬂ@gﬁ%ﬁ AT A& SIBPGENi um and DER by gas chromat ogr aphy. As
a resul tf003ihe concentrations thereof were found to be 2% by wei ght,

3% by wei ght, mﬁﬁﬁ/ S)y wei ght, respectively, show ng that DER was
able to be sé ?9 omthe DER rel ated structure conpounds. [0032]

( EXAMPLE 10) Into a IOOJsmhgeglgﬁbaaﬂeylg&oﬂdﬁnWas 1@radmced 232 | qw d 1@5&'&1 DER

m Xt ur e otalnl ht, t lization co 8% Db
PR e S A AR P e e weight
col Errg ﬂvwéethﬂcmioxvantmerﬂl)amxﬁumof A7V5gr8im adltnd, laehgbiy @fnd@l@seﬁ nanangl
packe

' |V|n e Afractlon was_ obt ai ned from
the el u\glfe grenpa?C at e% Qﬁ]‘tc% 4“?%@%)81% %Pr‘ildﬂ‘[ehﬁnéoépl%eeﬁtmmﬁg PREERIS Vet
renoved regpimeéawnimargmr edlbmel BpRArigs Grfasrdjﬁablﬁdﬂec}cjm eaép‘F Pees Théh@fter, the
recover l%ﬁt ﬁﬂéﬁ %%g hgxeg tv\eng(g ned for t he concenfrati onT
t he cycfg' %1% I ont conmpou © Eht £dil& e Perineiite sshw EDER
by gas whdajlrﬂmdolgaeamoyledAmﬂatheeIsmbig cmhmsepmemm@tedmmd iﬂﬁf&@istﬂl@ﬂé?
foundt ht . and 98% s .
respect i ve? 918/%:){)6\1/'\51 Or?ggﬁf?gtsa%%/vﬁ% ﬂ%fﬁagte’f Becﬁeergiﬁgradf‘%‘g ‘#thlrﬁ“i' hel BER
reII at ednsin dxstll]ﬂte afahp(smpk: Whﬂ@ﬁéi’]lmé(ﬂfmeﬁzohﬂ:éntratlon% oﬂsmdlg%d]ﬁl{tﬁdiﬁ

t t gi ni 9% t t
z;crlegaism%ﬁo e ”%6369183( ﬂ@og@ﬂ?ﬁg %fr&tﬁ%r%u%onan IBEﬂg by ,%asychrom tographg
bi s( et hjsayrebuf el emiwemydt)anuthmenﬂmm&mmb&%%myowaﬂghﬁ 3ep by RFRight,
wth B 8y PEE She sl se e ndra i o bl s%g‘g%”ﬁtf&ajﬁm
fracti oPER Iahdbdtdmac‘smé venpounds. t hereafter renoved therefromto
recovergﬁngg rut heni um conpl exes. The recovered rutheni um

re e

conpl ex xam ned for the concentrations of the cyclization
conmpound, bi 8PeAMHALE/D0)opent adi enyl ) r ut henl um and DER by gas

chr omat ogr a re the nce ons t her eof found to
be. 296 by “wer Gre BRsfhs SRgnh e m ERaRghus crutiug Hodpy o
the cyclization compound and 8% by welght 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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[ 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 sol ution
of a m xture conposed of DER and the cyclization conpound in a nol ar

ratio of padkéd wisa elpiayIBeskeas c@p@lsrﬁl@flgly A6k BAR! Sot&ABP T the SRGca

hexane soI utiqn of _.a m xture co(ggé)se of DER and the_ cyclization

conpoundsPAEEHE ﬁoaﬁ'a‘itlﬁf‘? Fnditheysqiegnt Was dhggatier semoved theigigm §p recover 3

adsor babig of eifRemiemt compleas The sechostdd rithéliuRER edRefe E)Ehnﬁﬁed for
he

separate fromthe 1%% éal zat i n conpound. [0035] XAI\/PLE 13%
i qui d DBR CRPSETARORP Tyl AR Ao, W&eml%lfwamﬁ@enﬁ Jithpnium,

wei ght  4ERDERIHL of oﬁwlﬁ@tbg&rashy:orm@u RékwIt, WRSoHESRrafiSnAtHRIRE wea?@fouha
n an Si 02 ubstrate for 1 hour

conduct fil posi by a

met hod ngbﬁg] b% E%W§ r]aé’ﬁ)ﬁ Vight; g 9§°m Hé“fﬂ&hhée%ﬁ@ﬁl}’:cﬁhgwmg that DER
pr ecur sokad HRRIsdpAael RRCthe DER AR s@@tueAbmpbhW, r ate of 30
sccm aéﬁéﬁﬁursor pressure of 100 Ton, a diluent gas (Ar) flowrate
of 170 a reactant gas (02) flom/rate of 0.16 sccm a substrate
t enperature qu&QQ@LEqny a pressure within the reaction chanber of 10

Ton. The thin_fi r oduced s e ed _hy fluorescent X-ra

spect r oscopyr}aI\WEB H]%?gmﬁ splyent; \t{\? %fﬁﬁg]r‘ 9@%%9%“‘5@- ?%‘Jtﬁl@@&%{hgﬂ Veight
r ut heni uhe wpgizetse totpountigd 8% ByWasicBXBi Ripehtdiiel PGHeheMnk) was
SEM As a Wésiult theﬁ?l I mthl ckrﬁfsgms ouna&t (I))ebe 40?%?1 e;0036

( COVPARRRFSOE UERglpR £0lgynn having g5 igaer dipeter ofe/.> nprpnda lengtinel3them apde

recover qﬁclfddo\ﬂkﬁ hmnﬁlgﬁp Afrab@sivBgoRainbd frof ﬂlebmﬁtease%eﬁeﬁthq@ctms
ec u SOor 0

used as {9 &gn%%ct filmdeposition on an Si 02/ S

subst r aBdrBE SPIVERE ™ B RERRGY rfff{jme He TRPYYT ad dRS d%‘f pilgnivm

t(J Rd)er f It Renpsres.t :c 0 gheOfre@)V’éfeﬁC UuBRhiin® Meempledss W%reciggia_lrlﬁn&ﬁr fdéelrthaas
r owrate.o sccm. a ecursor pre sure o] on, a dil uent

gas (Ar)©° F‘F%‘%ﬁaﬁl ofhe f?@ll@éleﬁ]walpp tPAs pthylexc E’B%taql?fﬁwf}‘@?@m@ﬁ apd 16

SCCmt a ISElbbjrq) FCY ehx?ﬁmb%’f W _el_ﬁ&@fa r@ﬁﬂ@}fhe?&lﬂcéht%ﬁ@ﬁ%ﬂkféo‘ﬂv&em tbuhg‘?o be

reactio anber, o in fi oduced was .exam ne

f1 uor esrc]e)?zlpy Xeighf ]sﬁi’é’t‘?’% ob‘iﬁe %én?ﬂ bya‘geléﬁ?r E’@H‘l’qlveld Snyying that LR I'Yas

X-ray aablegodd sépardted hom e DERSreldsRsMReire IiBpdurds) Was exani ned for

t hi cknerslﬁo%th an SEM As a result, the fil mthl ckness was found to

be 40 n 037]
(EXAMPLE 12)

Using hexane solvent, 100 mg of a mixture composed of DER and the
cyclization compound in a molar ratio of 7.6/1 was passed through a simulated moving
bed type apparatus 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 molar ratio of 21/1 was obtained as a strongly
adsorbable component, and a hexane sblution 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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( COMPARATI VE EXAMPLE 5) The cyclization conmpound 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) flow
rate of 30 sccm a precursor 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 DERIRIIQNsnAra cbﬁ?P%lgstﬁwﬁég%é; 4 bracwasr SeaaRiutelIn? Aefdiftion

substrat e. 038]. ( COVPA . .

Bi s( et hyP‘&@‘&g@gﬂS&B‘?t@I&%ﬁ rOHERY 81 Wl sndliastising the pprasefiie of Figo 1 under
conduct fhel JBnieipAS bf hQiteQisc? ﬁeﬁE&%fu?é of 60t r Ak &rifo éaslgm ‘ﬂov@%‘at@ oF\8
nmet hod usi ng the apparatus o i 1 under the conditions of a

pr ecur s of“le FpEFSHTETePIassugpet 180 A iacfilugat sesafAD Hiayratated 190 som, a
SCcm  a RhGER SR () SESM8eOdf 830 stem, aas@s{r%gErfg&%tLﬁ@r&f oo bAd §

of 170 sccm a reactant gas (02) flow rate of sccm a substrate

t enper at RIFSUET YSBWE, 106 1GaG108 ehasphes of tfi hothe Thedbin dhme peadbesd ofas10
Ton. As ganhfisdd by fR@rdsbém Xlrﬁjms%‘éro 9sirde ds Anrdsiie S ¢hshER)ific [XQ% 9]
( COVPARATI VE CEQANP#E,?) R waS used as a precursor to conduct
thi n-fi 3588 TEREYR v BVePssBcAod Thefdmawes gramingstfernthigkgess with an
cont ai ni SEMB%ukYa 1éRilg e filhethikakisaRds B CRMRAUINEL and 5% by wei ght

bi s(et hﬁ&%ﬁ' opent adi enyl ) rut heni um was recovered fromthe gas

resul ti omthe step of thin-filmformation. This |iquid DER

m xture was USEIMBRARATIVECEXAMPIE®4ronduct film deposition on an
Si 02/ Si substl{ ?%le éﬁg@l ur by a D net hod using the apparatus of
Fig. 1 under WA RERLEH SR WreRehansresqvatsd izam te §Ep 66 forming a

carrier tgsfiltby afd VW heth6d)ohas3hed @S B proc?§d? b Rtuch Fifis H4p6si@bn &8 8n
sccm a reactant gas (02

fojgw ?a?gébu ! 5% %E@%{rﬂ hféflug bé?é\ngil%t 4 BH1RE theeanprradtioes Fignd vader the
]E)_r essur eowlitibhiloft Deret@86H teRPeRRREBEH0°0] a%%f@?%;ﬁ&\%@i 3w @&Hd30 emt B N
Him Wasi)rgc%?s%% Ip%eessurg r(])f 588’ T%:lér?zsitdril%grﬁ' ga[s (?2;1)0 ovs rate of 17E0 éLcﬂ;,)m, a reactant gas
(O2) flow rate of 0.16 sccm, a substrate temperature of 300°C, and a pressure within the
reaction chamber of 10 Torr. The thin film produced was examined by fluorescent X-
ray spectroscopy and, as a result, a characteristic X-ray assigned to ruthenium was
observed. The film was examined for thickness with an SEM. As a result, the film
thickness was found to be 40 nm.
[0037}
(COMPARATIVE EXAMPLE 5)
The cyclization compound was used as a precursor to conduct film deposition on
an Si0y/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 dilvent 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 SiO»/Si substrate for 1 hour by a CVD method using the apparatus of
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DER was used as a precursor to conduct thin-filmformation by a CvD
met hod, and a |liquid DER m xture containing 8% by weight 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

fl' Ihas K, aFn(g 1tl hmdext uﬁe&phﬁtiexgsi déllf z: b&gﬁt}@@lﬁfeﬁipgﬁtw_ﬁi_%f rGQM#,t&cMﬁwhgéa (M}J{I@wt
is appara was_ evacuat e 0 x10- a. er ea [, e egg n
e TR hED K A PEE R Soet e So g TOR « BN 3at fhn Ao it 170
sanpl e v a bedtdnegas (Oopflewt rik bl 0118cdn| Hiuhstens dansesuas 300 wad aas
an initial disti.)late ang acﬁl'713§§5?r1§ n of the sanple vlﬁﬁ

t her eaf t EFSPEL SORPE (P LoagURR j Shamy 110t LorrrhAs agPshltying: fhip film yras

t he sanpdepoyites] exthasutedateor t he concentrations of the cyclization

corrpoungg 2 s(et hyl cycl opent adi enyl ) rut heni um and DER by gas
chr omat P%hy. As a result, the concentrations thereof were found to

bﬁ 2.5% bK \AEQCQ]MPARABPZ?J@/EMA%@PEE 7and 93‘%}2 by vveihght, resloect ijvel Y,

showi ng t hat was able to be separated, fromthe DER re

structure conléﬁﬁn .use(?ﬁ%)ﬁffecmf\‘?&?égﬂ@)tmn'fﬁm %Wl%h Yﬁs@%ﬁ &eethod,

Ior ecugI s amdtzoliguod MER odikure édﬂtaihi&xglr)m&)y Gﬁbﬁﬁl}t tlﬁe Sibzardhesmpaind aad 50/&
i qui R m [ nt ai ni ng,. 8% wei ght the cycli.zation conmpaun

and 5% %EV W&%ﬁﬁ“ﬁ?‘@ﬁ@(ﬂ e&?ﬁ%ﬂ%@ﬁﬁ%@dﬁﬂ@ﬁyweﬁ%# thee@as P eltne

1;] romt hefrclgnshermdaﬁthhgﬁlﬁm ﬁ:rmiah Fien.st”ems tfuit MER tiiktnrd Wﬁsfméeﬂgﬁapk&ﬂuf' @hr
exane sol vent 3 of. the liguid. m xt u t hrough a

Col arm o R A e Stor e K S Sl Tl BorERyBR 06 Taehedidne

packed wh¢ hp;mkal?n ofEigAl tudee ﬂ::lmﬁmnlgbf @preasbr t@ﬁilpéﬂ%fﬁlr@ bfal°€, a carrier

separat e t racti and the sol vent reafter re

Cherer it [ADHEh 0 B3 5o B A tieeRt mir o aebdBrT A Fencsanran Hlow

r ut heni uate ©d1ifl axes, aenetantxgri(Ogrléwratt bE 0CGrRen] & stbsbate @iptftre of

Cy e SPTR e L BREh S DA UL g S

f ound t ovdselepdsitoy onthegtubstrak€o by wei ght, and 98% by wei ght,

respect iw@og, showi ng that DER was able to be separated fromthe DER

ract

rel ated"s ure conpounds. [0042] (EXAMPLE 16) The liquid
DER m xture dBKaMRBRKEil#4) Exanpl e 14, which contained 2. 5% by wei ght

the cyclizati d .and 2. 5%Dh i ght .

bi s(et hyl cyc |ﬁ(¥p}%ﬁ”t%g§?ee%n%ﬂ 3 PIEEHESH B ndlict gﬂ’%‘é’émafgméatt?ﬂle%’u? CYP pgthod,
conduct ahd hriquebDERt inoruercoataitng 8%y selyht et o/cligatioh dvapouhy and YD
met hod i of. Fig. .1 under the condjitions of a ..
precur s%? V’?%ﬁ%tj;ﬁg ggrzgyggo%é%t&? ienylruthepiym RS rf:%mereﬁl %Wnrﬁfegaﬁfre%“(])tmg
sccm  afipretestsprofphies@or formbtid00 o 3Gndi tggphint gae a8k Ivak awduasd
of 170 02) f rate of 0.1 eem substrate
t enper at§ gr%gé 00? t@%@@h@?ﬁ%ﬁ%@g%ué%eﬁr ncqg)%n’r%ifﬁl ﬁogﬁe&ﬁgelangfa 10
Ton. Théermpmefer | werprastioloeld tovdise Exgkyi anddthbyatfdossiiess ¢ rthe Xppajitus was
spectro a ul t characteristjc.,X tay assigned t

r ut heni g%?%g%ﬁméld. Sea?qaf%usv\évgs SR dJ[Qf é%(ltﬁ h*@knib%eeﬁ?h%%
SEM Aseggplagulype fliable was [heateli tok 0986 inasagesund 5.8-ghporion rdMihe [sQRHR]
The fol j der,st,ood .f.rom the Exanpl es and Canparati.ve
Beanpl e B o Rl b et G YA Foni e e A AP Qistifte
Exanpl eadd ard’-Cpoptamasf the sknptepives thessafled reoovared asmpanais Aistiligtene @his
Conpar ative I and arati.ve ample 6, .it. can.he seen t hat
R a1 RS stBR of e HRE B £ e Onpsuian f eopeneyion
concer nEempdunidn His(ethylcpelopdnitaiienybrahe uwap rpar DERN b efaseditoGaopaibay. Ve
Exanpl eA‘s1 a result, the concentrations thereof were found to be 2.5% by weight, 2.5% by
weight, and 95% by weight, respectively, showing that DER was able to be separated
from the DER related structure compounds.
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and Conparative Exanple 7, it can be seen that the DER recovered
after the step of forming a thin filmby a CvD nethod contains DER
rel ated structure conpounds whi ch have cone thereinto and, hence, the
recovered DER cannot be used to forma rutheniumcontaining film

t herefrom al t hough any scientific cause of the inhibition of
thin-filmformation cannot be specified. Froma conparison between
Conparative Exanple 4 and Conparative Exanple 1, it can be seen that
si nce t hBOBER whi ch contai ns 10% by wei ght the cyclization conpound
cannot be use ﬁ thin filmtherefrom this DER differs from
the fresh DER'in property concerning thin-filmformation. Froma

conpar i son bebWBemasCawpas atpracardox anpéretudt thirefilnx forplatiod bardC VDafkthod,

Coon-t ot RSP AR Elok EpBTR o wrBBCee SR Eepn anmbrn Land 5%

amount oy S&6ghy bretethilcydopéneaienydnuthariomawbd kdtobérednfeguahe gas tdialtigi n

Corar at 1o 15 3 PE ihirRE elliona, WinechSe o5 12 gpeie LGEH RRR,

si nce t hwixDER wesipabsed dhmoagns cdmwﬂ;awng gihinner diameter of 7.5 mm and a length

{1t hed o sead hARARANRIRL AThEARR Do el R b By eparaed

concer niinty frigtiont,i dmi fher solteno was Fhearsafeer qonpacd serefiei we&o@eﬂmaﬁgtdfve

Exanpl e dfromac arison hetween a Lve

Exanpl e rﬁth%ﬂ%n@%{&e? © sV §L§ PRato R ?‘Wfﬁmxgﬁ’ %%:1{% the

Ibi s( et hydopgenitrapemst ecﬂﬂern?ybmzam)hemmmunm lﬁf}(eﬂm‘?yiﬂbp?{ta(ﬁ%}b%tuwughi afd
ess ca i i equ to t thin film ro

frosh ot ey s olarde gt B SOt iabep e et aves ad To be

Conpar atli% by Bedght] Eodyy Wtightamdoes%dgznwmgm resbeaierelyh shdviRg Wit ER was

cont ai n o i ound and 4% by wei ght

bi s(et hy %y%%p%ﬁgé gIr?;hﬂ r)hg?;ﬂh ?F?é][fuc WQC?IHB cont ai ni ng 9% by

wei ght [[)EMZEIeI ated structure corrpounds cannot be used to forma thin

filmtherefr E){ﬂ?tl‘{)- differs fromthe fresh DER in property

concer ni ng tﬁl n-Ti _]%E?Efnnti on. From a conpari son between Conparative

Exanpl e 4 andhExampd OBER amicttifre @Ibtmadonmﬁxm;ﬂn betwideln contapad 2. 5%eby

Exanpl e d |l e an en t hat_t he whi ch cont aj 5

1% by we%ﬁf tﬁéﬂgpcl i gdfila%ﬂgco %8 g 4@“‘&) \Ag%% by “Mweight

bi s( et hypi Ylemme@thdmwl))mhmmmm uma)rusecﬂleasDER m/emrhbrcmt amnMCfLO/ﬁlhy

ht I
bt et hg S Orf 8 SO SUDRRE R o LR RERed wsing i prgraseret
rel at edFeg. rlumd@r énecmgwnslgf arpnamrs@nmmpermhrdi&ﬁ GYCywe cgttier @ais (/a3 Flowcan

forma I q f for rom

[ 0044] %’lé E?g%sg&ﬁoy gercli%g%B %e%dm}/éegg 1Exarrp eﬁ%%l“(@ﬁﬁ&?&"{’i eol%gﬁm
Exanpl esepm,jatreqcsant gb%(@:é EowtatetoftOhlr cing a B'lﬂjmilafeft&lnﬁm’&lr& of 301]"’@ drid an
formati t d he co t of
DER r eI gﬁéﬁﬁg?u{rﬁg %e%@&%u% fL.)glz’nﬁ)‘r'zeduc % /lnbypr tw?)gr

| ess byels?eﬂpjaﬁfhﬂ?bfn@uqxeﬂwn‘foK-rahespEERsc@)aamﬂ a5t & ueshity @ cﬂﬂrm&mﬂsds X-ray

3) It ¢ 14 15 t hat  DE cont ai. s DER
rel at edgésﬁ,s% ug?ﬁ?@m&%ﬂmoﬁgg@%egéegn a@oﬂfhl Jf Sgy%?ewrgﬁ?cw 5§ &4

obt ai ne8EM- orﬁ&&]@SﬂEggmﬁlmﬂndonsswamfoDEthbdmm structure corrpounds
and has[C@gg];l recovered fromthe step of formng a thin filmby a CvD
nmet hod, eparating part of the DER related structure conmpounds by
distillati onTgfv follogimgicaprrameemstodfinm tHeuttdneylesime, CdonmmatiedOmpepléss on
bet ween 5%‘,? 16 and Conparative Exanple 4, it can be seen that

t here |§ no ference in thin-filmformation between the DER thus
obt ai net), Frem ehoummimmbetm Ceh@amdvstﬁmnmltre aﬁd)rﬁmmﬁk&merl%m

T e AT

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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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 by reference. _

I ndustrial Applicability [0046] The DER of the invention, which

contains one or nore DER related structure conpounds in an anmount of
5% by weight or less, can formthin filnms equal to thin filns forned

f r om DERandTOempkaR:iod E&Bt%ple”)’/eiﬂ'bhlpBe Gadh MGt ﬂfeolgERex‘écgJe PER bt of
cont ai ns_one or R related structure co y separat

part of oD SHbILI 5t B V) naied ©HHRUAER rele Strnetummpounds whith
Consequeiivkey corkERhWBINED 2aNthahds th@eE(ﬁJe?éde(ﬂ)ﬁ{ dé]ﬁﬁ(?cr Be %g@%ngﬁmagd

whi ch has been recovere fromt he step_of thin- formati on

CVD et Hothepip-pentpig lnéémfmmgltbwahhw Wﬁﬁpdﬂusﬂ%ﬁheflmhlbﬂ%nhé

i nventi Othnilﬁﬁn Fomhoh ¢a§1ﬁ6‘tt bé RELSHE. alrryal é‘%om?@ﬁﬁﬁhgéﬂw%h HonddABitive
Ref eren ral s %@047] recursor vessel ernost at i

chamber %lél’t prash Comgatraive Exagyle tly 4t ears be Reert thattsinpgsthe DER which

contams 10% by weight the cyclization compound cannot be used to form a thin film
therefrom, this DER differs from the fresh DER in property concerning thin-film
formation. From a comparison between Comparative Example 4 and Example 1 and
from a comparison between Comparative Example 4 and Example 2, it can be seen that
the DER which contains the cyclization compound in an amount of 5% by weight or
less can form a thin film equal to the thin film formed from the fresh DER.

From a comparison between Comparative Example 4 and Comparative Example
2, it can be seen that since the DER which contains 12% by weight
bis(ethylcyclopentadienyl)ruthenium cannot be used to form a thin film therefrom, this
DER differs from the fresh DER in property concerning thin-film formation. From a
comparison between Comparative Example 4 and Example 3 and from a comparison
between Comparative Example 4 and Example 4, it can be seen that the DER which
contains bis(ethylcyclopentadienyl)ruthenium in an amount of 5% by weight or less can
form a thin film equal to the thin film formed from the fresh DER. From a comparison
between Comparative Example 4 and Comparative Example 3, it can be seen that since
the DER which contains 5% by weight the cyclization compound and 4% by weight
bis(ethylcyclopentadienyl)ruthenium, i.e., the DER containing 9% by weight DER
related structure compounds, cannot be used to form a thin film therefrom, this DER
differs from the fresh DER in property conceming thin-film formation. From a
comparison between Comparative Example 4 and Example 5 and from a comparison
between Comparative Example 4 and Example 6, it can be seen that the DER which
contains 1% by weight the cyclization compound and 4% by weight
bis(ethylcyclopentadienyl)ruthenium or the DER which contains 1% by weight the
cyclization compound and 1% by weight bis(ethylcyclopentadienyl)ruthenium, i.e., the
DER containing DER related structure compounds in an amount of 5% by weight or
less, can form a thin film equal to the thin film formed from the fresh DER.
[0044]

2) From a comparison between Example 13 and Comparative Example 4, it can
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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 [ aim 1] . .
(2, 4- D net hyl pent adi enyl ) (et hyl cyclopent adi enyDr ut heni um
characteri zed by contai ning one or nore _ _

(2, 4-di net hyl pent adi enyl ) (et hyl cycl opent adi enyl ) rut heni um rel at ed
structure conpounds in an anount of 5% by weight or less. [Cdaim?2]

The (2, 4pdlidariliy kiRgO1a AR EELNCHGL AREREATHLEML FULNENIER and the
h I'n ﬁ%@@ e

according to claim1, characterize

(2, 4- di nEERyin pdelndie eaptent eft BER avleted stnetart @myoundsleasi hean retuaterd 5%
et SRR 1 Sl oFIE LA e st compounts
I S(e ' . .

- di rreth hzl c§c| ?t)plérﬁa_aoh%&spn)f@gmh@:kwypﬂ:so@@mdmkﬂmmﬁm@@lmoﬂtﬁmumm]
(o ar df reied peﬁt‘ﬁ%{é‘%ﬁgﬁﬁﬁsz amoynt of 576 by aveigh o fesk i ARABELFAIVE o
claim1 IgER whighegntaine Eziiefélﬁﬁgd styparatdnmyupds andifastbeen recovered from the
(2, 4- di n@dhot ﬁg@?@;’é BN @&%M@Vﬁ 10065, a0 SIYEGHE NED R HEH €Yated
?tzr Z?;Hﬁgtﬂl&;r%wmﬁm distillgtionyer! ipad tchoineriydaptiyh e Munthetshdre hfrom a
(o i P& KBk on Example 16 and Comparative Fxample 4.,ftcan be Segp sy fhore
st r uct uhere gHfEeRrggn 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, 2009 (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
contains 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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[Claim4] The nethod of production according to claim 3,
characterized in that the

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

bi s(et hyl cycl opent adi enyer ut heni um and (1, 3-

di et hyl cycl opent adi enyl ) (et hyl cycl opent adi enyl ) rut henium [C ai m 5]
A net hod of producing a rutheniumcontaining thin film characterized

by produgi nﬂleﬁ'ﬁgstﬁﬂghah}k% {ﬂeusi ng the

(2, 4-di net hyl pent adi en t hyl cycl opent adi enyer ut heni um according to
claim 1 dr BeagHomchamhetir sor. [C aim 6] A rutheni um containing thin
film chasacgki%ed by being produced by the nethod according to claim
5.

5. Reactant gas

6. Diluent gas

7. Carrier gas

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

12.  Exhaust gas
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CLAIMS
[Claim 1] (2,4-Dimethylpentadienyl)(ethylcyclopentadienyl)ruthenium  characterized
by containing one or more (2,4~dimethylpentadienyl)(ethylcyclopentadienyl)ruthenium
related structure compounds in an amount of 5% by weight or less.
[Claim 2] ~ The (2,4-dimethylpentadienyl)(ethylcyclopentadienyl)ruthenium according
to claim 1, characterized in that the (2,4-dimethylpentadieny?)(ethylcyclo-
pentadienylruthenium related structure compounds are at least one of
bis(ethylcyclopentadienyl)ruthenium and (1,3-dimethylcyclopentadienyl)(ethylcyclo-
pentadienyl)ruthenium. -
[Claim 3] A method of producing the (2,4-dimethylpentadienyl)(ethylcyclo-
pentadienyl)ruthenium according to claim 1 or 2, characterized by separating part of the
(2,4-dimethylpentadienyl)(ethylcyclopentadienyl)ruthenium related structure
compounds from (2,4-dimethylpentadienyl)(ethylcyclopentadienyl)ruthenium which
contains one or more (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(ethylcyclopentadienyl)ruthenium and (1,3-
dimethylcyclopentadienyl)(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.
[Claim 6] A ruthenium-containing thin film characterized by being produced by the

method according to claim 5.

2.



