
DESCRIPTION Title of the Invention: RUTHENIUM COMPOUND, METHOD OF
PRODUCING THE SAME, METHOD OF PRODUCING RUTHENIUM-CONTAINING THIN
FILM USING THE SAME, AND RUTHENIUM-CONTAINING THIN FILM Technical
Field [0001)       The present invention relates to an organometallic
compound useful for producing semiconductor devices, a method of
producing the compound, a method of producing a metal-containing thin
film using the organometallic compound, and a metal-containing thin
film. Background Art [0002]       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 because
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-dimethylpentadienyl)(ethylcyc1opentadienyl)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. [0003]         The present inventors have found that
the precursor recovered after the step of thin-film formation using
DER as a precursor contains, besides DER, DER related structure
compounds which were generated from the DER by the heating conducted
during the step of thin-film formation and that the precursor, as
recovered, cannot be reused.       The DER related structure
compounds differ from DER in property concerning 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. Prior-Art Documents
Patent Document [0004] Patent Document 1: JP-A-2003-342286 Non-Patent
Documents [0005] 



Non-Patent Document 1: Tosoh KenkyaiGijutsu Hokoku, Vol.47, pp.61-64,
2003 Non-Patent Document 2: Applied Physics Letters, Vol.83, No.26,
pp.5506-5508, December 29, 2003 Non-Patent Document 3:
Electrochemical and Solid-State Letters, 6(9) C117-C119 (2003)
Non-Patent Document 4: Electrochemical and Solid-State Letters, 9(7)
C 107-C109 (2006) Non-Patent Document 5: Electrochemical and
Solid-State Letters, 9(11) C175-C177 (2006) Non-Patent Document 6:
Electrochemical and Solid-State Letters, 10(6) D60-D62 (2007)
Non-Patent Document 7: Journal of The Electrochemical Society, 154(2)
D95-D101 (2007) Non-Patent Document S: Mat. Res. Soc. Symp. Proc.,
Vol.748, pp.111-116, 2003 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-  



containing thin film can be produced although the DER contains one or
more DER related structure compounds; a method of producing the DER;
a method of producing a ruthenium-containing thin film using the DER;
a ruthenium-containing thin film; and the like. Means for Solving the
Problem [0007]       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)(ethylcyclopentadienypruthenium
characterized by containing one or more
(2,4-dimethylpentadienyl)(ethylcyclopentadienyDruthenium  related
structure compounds in an amount of 5% by weight or less.      (2)
The (2,4-dirnethy1pentadieny0(ethylcyclopentadienyDruthenium
according to (1) above, preferably characterized in that the
(2,4-dimethylpentadieny0(ethylcyclopentadienyl)rutheniurnrelatedstruc
turecompoundsare 



bis(ethylcyclopentadienyDruthenium and/or
(1,3-dimethylcyclopentadieny0(ethylcyclopentadienyDruthenium.
(3) Amethodofproducingthe(2,4-dimethylpenta-
dienyl)(ethylcyclopentadienyDruthenium according to (1) or (2) above,
characterized by separating part of the
(2,4-dimethylpentadienyl)(ethylcyclopentadienyDruthenium
relatedstructurecompoundsfrom(2,4-dimethylpentadienyl)(ethylcyclo-
pentadienyDrutheniumwhichcontainsoneor more(2,4-dimethyl-
pentadieny0(ethylcyclopentadienyDruthenium related structure
compounds. [0009]       (4) The method of production according to (3)
above, preferably characterized in that the
(2,4-dimethylpentadienyl)(ethylcyclopentadienyDruthenium related
structure compounds are bis(ethylcyclopentadienyDruthenium and/or
(1,3-dimethylcyclopentadienyl)(ethylcyclopentadienyDruthenium.
(5) A method of producing a ruthenium-containing thin film,
characterized by producing the thin film using the
(2,4-dimethylpentadienyl)(ethylcyclopentadienyDruthenium according to
(1) or (2) above as a precursor.       (6) A ruthenium-containing
thin film characterized by being produced by the method according to
(5) above. Effect of the Invention [0010] 



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]
[Fig. 1] Fig. 1 is a view illustrating the CVD apparatus used in
Examples and Comparative Examples. Modes for Carrying Out the
Invention [0012] The invention is described below in detail.       In
the invention, the term DER related structure compounds means
bisdienylruthenium compounds other than DER, and the DER related
structure compounds are not particularly limited.Examples thereof
include bis(ethylcyclopentadienyDruthenium,(1,3
-dimethylcyclopentadienyl)(ethylcyclo- 



pentadienyDruthenium, and bis(1,3-dimethylcyclopentadienyDruthenium.
Of these PER related structure compounds,
bis(ethylcyclopentadienyDruthenium and/or (1,3-
dimethylcyclopentadienyl)(ethylcyclopentadienyDruthenium, 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 PER or by consecutive
reactions of products of these reactions. Examples of the "severe
heating" include to heat DER at a temperature of 150C 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 PER related structure
compounds in such an amount in terms of weight percentage that [(DER
related structure compounds)/((DER related structure
compounds)+DER)1x100 = 5% by weight or less. It is essential that the
DER of the invention should contain one or more PER related structure
compounds, and PER which contains no PER related structure compound
is outside the scope of the invention. With respect to the amount of
PER related structure compounds, PER 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,
PER 



which contains PER 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 PER related structure compounds
contained in the DER should be 5% by weight or less. The  amount
thereof is preferably 3% by weight or less. There is no particular
lower limit on the amount of the DER related structure compounds
contained in the DER. However, in view of the fact that a detection
limit in gas chromatography is 10 ppm, the lower limit of the amount
of the DER related structure compounds may be about 10 ppm. From the
standpoint of a balance between cost and operation time, etc., the
lower limit thereof may be 0.5% or 1.0%. [0014]       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
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   liquefaction. Thus, 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 obtained. There is no limitation on the
type of distillation apparatus which can be used, so long as the DER
can be prevented from being excessively heated and thereby suffering
changes with the lapse of time, e.g., decomposition. For example, use
can be made of a distillation 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 30C to 150C, excluding 150C,
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 40C to 130C, especially preferably 50C to 110C. 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 150C 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 -20C to 100C. 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 10C to 40C. [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   include the fixed bed
mode, moving bed mode, and simulated moving bed mode, but the liquid
chromatography is not particularly limited in mode. Examples of the
packing material include porous polymers such as divinylbenzene
copolymers and styrene/divinylbenzene copolymers and alumina.
However, the packing material is not particularly limited. When use
is made of any of these packing materials, one packing material may
be used alone or a mixture of two or more packing materials may be
used.  Examples of the eluent to be used when the mixture of DER is
passed through the packing material include alcohols such as
methanol, ethanol, and isopropanol; esters such as ethyl acetate and



A ruthenium-containing thin film can be produced using the DER of the
invention, which contains one or more DER related 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
ruthenium-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 monomethyl ether,
ethylene glycol monoethyl ether, and ethylene glycol monobutyl ether;
ethers such as glyme, diglyme, triglyme, and tetrahydrofuran; ketones
such as methyl butyl ketone,   methyl isobutyl ketone, ethyl butyl
ketone, dipropyl ketone, diisobutyl ketone, methyl amyl ketone, and
cyclohexanone; and hydrocarbons such as hexane, cyclohexane,
methylcyclohexane, ethylcyclohexane, heptane, octane, toluene, and
xylene. However, the organic solvent is not particularly limited.
[0019]       Examples of the ruthenium-containing thin film are as
follows. In the case where the DER of the invention, which contains
one or more DER related structure compounds in an amount of 5% by
weight or less, is used alone, a thin film of ruthenium metal, a thin
film of a ruthenium oxide, or the like is obtained as the'
ruthenium-containing thin film. In the case where the DER of the
invention is used in combination with another metallic precursor, a
ruthenium-containing composite thin film is obtained. For example,
when the DER of the invention is used in combination with a strontium
precursor, an SrRu03 film is obtained. However, the composite thin
film is not limited to this example. Examples of the strontium
precursor include bis(dipivaloylmethanato)strontium and
diethoxystrontium. However, the strontium precursor is not limited to
these examples. In the case where the DER of the invention is used in
combination with another metallic precursor, the precursors may be
separately fed or may be mixed together and then fed. The CVD method
to be used for forming the ruthenium-containing thin film of the
invention is not particularly limited so long as the method is a CVD
method in general use, such as thermal CVD, plasma-assisted CVD,
photo-CVD, or an ALD method. [0020]      According to the invention,
even DER which contains DER related structure compounds can be used
to form therefrom thin films which are equal to thin films formed
from DER, so long as the content of the DER related structure
compounds therein is 5% by weight or less.       Furthermore,
according to the invention, DER 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 one or more DER related structure
compounds and which has been recovered from the step of forming a
thin film by a CVD method, by separating part of the DER related



[0021]       The invention will be explained below in detail by
reference to Examples, but the invention should not be construed as
being limited to the following Examples.       Incidentally,
1,3-dimethylcyclopentadiene, which was used for the synthesis of
(1,3-dimethylcyclopentadienyl)(ethylcyclopentadienyl)ruthenium
(hereinafter referred to as cyclization compound), can be synthesized
by methylating 3-methy1-2- cyclopentenone and then dehydrating the
methylated compound, with reference to a lcnown method (e.g.,
Inorganic Chemistry, Vol.15, No.2, p.466 (1976)). (Reference Example
1)Synthesis of (1,3-Dimethylcyclopenta-
dienyl)(ethylcyclopentadienyOruthenium       In an argon atmosphere,
3 0 mL of 1,3-dimethylcyclopentadiene and 3.0 mL of
ethylcyclopentadiene were added to a solution prepared by dissolving
0.51 g of ruthenium chloride hydrate in 40 mL of ethanol. Thereafter,
4.1 g of a zinc powder was added thereto. The mixture was stirred at
70C for 3 hours. The solvent was distilled off under vacuum, and
hexane was added to the residue. The insoluble matter was removed by
filtration, and the solvent was thereafter distilled off under
vacuum. The resultant residue was distilled and then separated with
an alumina column. Thus, 0.24 g of a yellow liquid was obtained
(yield, 43%). IHNMR (500 MHz, CDC13, 5/ppm) 4.46 (s, 1H), 4.37 (t,
3=1.5 Hz, 2H), 4.35 (d, 3=1.0 Hz, 2H), 4.32 (t, J=1.5, 2H), 2.17 (q,
3=7.5 Hz, 2H), 1.88 (s, 6H), 1.10 (t, 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 Si02/Si substrate for 1 hour by a CVD method using the apparatus
of Fig. 1 under the conditions of a precursor temperature of 60C, a
carrier gas (Ar) flow rate of 30 sccm, a precursor pressure of 100
Torn a diluent gas (Ar) flow rate of 170 sccm, a reactant gas (02)
flow rate of 0.16 sccm, a substrate temperature of 300C, and a
pressure within the reaction chamber of 10 Torn 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) 



A mixture composed of 2% by weight the cyclization compound and 98%
by weight DER was used as a precursor to conduct film deposition on
an Si02/Si substrate for 1 hour by a CVD method using the apparatus
of Fig. 1 under the conditions of a precursor temperature of 60C, a
carrier gas (Ar) flow rate of 30 sccm, a precursor pressure of 100
Ton, a diluent gas (As) flow rate of 170 sccm, a reactant gas (02)
flow rate of 0.16 sccm, a substrate temperature of 300C, and a
pressure within the reaction chamber of 10 Ton. 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. [0022] (COMPARATIVE EXAMPLE 1)
A mixture composed of 10% by weight the cyclization compound and 90%
by weight DER was used as a precursor to conduct film deposition on
an Si02/Si substrate for 1 hour by a CVD method using the apparatus
of Fig. I under the conditions of a precursor temperature of 60C, a
carrier gas (Ar) flow rate of 30 seem, a precursor pressure of 100
Ton, a diluent gas (Ar) flow rate of 170 sccm, a reactant gas (02)
flow rate of 0.16 sccm, a substrate temperature of 300C, and a
pressure within the reaction chamber of 10 Torr. As a result, no thin
film was deposited on the substrate. [0023] (COMPARATIVE EXAMPLE 2)
A mixture composed of 12% by weight
bis(ethylcyclopentadienyDruthenium and 88% by weight DER was used as
a precursor to conduct film deposition on an Si02/Si substrate for 1
hour by a CVD method using the apparatus of Fig. 1 under the
conditions of a precursor temperature of 60C, a carrier gas (Ar) flow
rate of 30 seem, a precursor pressure of 100 Ton, a diluent gas (Ar)
flow rate of 170 seem, a reactant gas (02) flow rate of 0.16 sccm, a
substrate temperature of 300C, and a pressure within the reaction
chamber of 10 Ton. As a result, no thin film was deposited on the
substrate. [0024] (EXAMPLE 3)       A mixture composed of 5% by
weight bis(ethylcyclopentadienyDruthenium and 95% by weight DER was
used as a precursor to conduct film deposition on an Si02/Si
substrate for 1 hour by a CVD method using the apparatus of Fig. 1
under the conditions of a precursor temperature of 60C, a carrier gas
(Ar) flow rate of 30 sccm, a precursor  



pressure of 100 Ton, a diluent gas (Ar) flow rate of 170 sccm, a
reactant gas (02) flow rate of 0.16 sccm, a substrate temperature of
300C, and a pressure within the reaction chamber of 10 Ton. 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. [0025] (EXAMPLE 4)       A
mixture composed of 3% by weight bis(ethylcyclopentadienyl)ruthenium
and 97% by weight DER. was used as a precursor to conduct film
deposition on an S102/Si substrate for 1 hour by a CVD method using
the apparatus of Fig. 1 under the conditions of a precursor
temperature of 60C, a carrier gas (Ar) flow rate of 30 sccm, a
precursor pressure of 100 Ton, a diluent gas (Ar) flow rate of 170
sccm, a reactant gas (02) flow rate of 0.16 sccm, a substrate
temperature of 300C, and a pressure within the reaction chamber of 10
Ton. 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. [0026]
(COMPARATIVE EXAMPLE 3)       A mixture composed of 5% by weight the
cyclization compound, 4% by weight
bis(ethylcyclopentadienyDruthenium., and 91% by weight DER was used
as a precursor to conduct film deposition on an Si02/Si substrate for
1 hour by a CVD method using the apparatus of Fig. 1 under the
conditions of a precursor temperature of 60C, a carrier gas (Ar) flow
rate of 30 sccm, a precursor pressure of 100 Ton, a diluent gas (Ar)
flow rate of 170 sccm, a reactant gas (02) flow rate of 0.16 sccm, a
substrate temperature of 300C, and a pressure within the reaction
chamber of 10 Tom 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 Si02/Si substrate for
1 hour by a CVD method using the apparatus of Fig. 1 under the
conditions of a precursor temperature of 60C, a carrier  



gas (Ar) flow rate of 30 seem, a precursor pressure of 100 Ton, a
diluent gas (Ar) flow rate of 170 SCC111, a reactant gas (02) flow
rate of 0.16 sccm, a substrate temperature of 300C, and a pressure
within the reaction chamber of 10 Ton-. 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. [0028] (EXAMPLE 6)        A mixture composed
of 1% by weight the cyclization compound, 1% by weight
bis(ethylcyclopentadienyl)ruthenium, and 98% by weight DER was used
as a precursor to conduct film deposition on an Si02/Si substrate for
1 hour by a CVD method using the apparatus of Fig. 1 under the
conditions of a precursor temperature of 60C, a carrier gas (Ar) flow
rate of 30 seem, a precursor pressure of 100 Ton, a diluent gas (Ar)
flow rate of 170 seem, a reactant gas (02) flow rate of 0.16 sccm, a
substrate temperature of 300C, and a pressure within the reaction
chamber of 10 Ton. 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. [0029]
(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 3 x10-2 Pa. Thereafter, the eggplant type flask was
heated to 100C 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]  (EXAMPLE 8)       Into a 30-mL eggplant type flask
was introduced 7.8 g of a liquid DER mixture containing 9% by weight
the cyclization compound and 8% 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 3 x10-2 Pa. Thereafter, the eggplant type flask was
heated to 100C in stages. A 3.6-g portion of the sample which had
been cooled with the Leibig condenser was removed as an initial
distillate, and a 3.2-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)ruthenMm, and DER by gas chromatography. As
a result, the concentrations thereof were found to be 1% by weight,
2% by weight, and 97% by weight, respectively, showing that DER was
able to be separated from the DER related structure compounds. 



[0031] (EXAMPLE 9)       Into a 100-naL eggplant type flask was
introduced 23.2 g of a liquid DER mixture containing 9% by weight the
cyclization compound and 8% 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 3 x10-2 Pa. Thereafter, the eggplant type flask was
heated to 100C in stages. A 12.6-g portion of the sample which had
been cooled with the Leibig condenser was removed as an initial
distillate, and a 9.8-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(ethylcyclopentadienyDruthenium, and DER by gas chromatography. As
a result, the concentrations thereof were found to be 2% by weight,
3% by weight, and 95% by weight, respectively, showing that DER was
able to be separated from the DER related structure compounds. [0032]
(EXAMPLE 10)       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
packed with a divinylbenzene copolymer. A fraction was obtained from
the eluate separated into fractions, and the solvent was thereafter
removed therefrom to recover 3 mg of ruthenium complexes. The
recovered ruthenium complexes were 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. [0033] (EXAMPLE 11)      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 packed
with alumina. A fraction was obtained from the eluate separated into
fractions, and the solvent was thereafter removed therefrom to
recover 2 mg of ruthenium complexes. The recovered ruthenium
complexes were examined for the concentrations of the cyclization
compound, bis(ethylcyclopentadienyDruthenium, 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 HER was able to be separated from the DER related
structure compounds. 



[0034] (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 HER and the cyclization compound in
a molar 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  DER related structure compounds, was used as a precursor to
conduct film deposition on an Si02/Si substrate for 1 hour by a CVD
method using the apparatus of Fig. 1 under the conditions of a
precursor temperature of 60C, a carrier gas (Ar) flow rate of 30
seem, a precursor pressure of 100 Torr, a diluent gas (Ar) flow rate
of 170 seem, a reactant gas (02) flow rate of 0.16 seem, a substrate
temperature of 300C, and a pressure within the reaction chamber of 10
Ton. 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 mn. [0036]
(COMPARATIVE EXAMPLE 4)       Fresh DER (i.e., DER which was not one
recovered from the step of forming a thin film by a CVD method) was
used as a precursor to conduct film deposition on an Si02/Si
substrate for 1 hour by a CVD method using the apparatus of Fig. 1
under the conditions of a precursor temperature of 60C, a carrier gas
(Ar) flow rate of 30 seem, a precursor pressure of 100 Tort, a
diluent gas (Ar) flow rate of 170 seem, a reactant gas (02) flow rate
of 0.16 seem, a substrate temperature of 300C, and a pressure within
the reaction chamber of 10 Tort. 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 Si02/Si
substrate for 1 hour by a CVD method using the apparatus of Fig. 1
under the conditions of a precursor temperature of 60C, a carrier gas
(Ar) flow rate of 30 seem, a precursor pressure of 100 Tort, a
diluent gas (Ar) flow rate of 170 seem, a reactant gas (02) flow rate
of 0.16 seem, a substrate temperature of 300C, and a pressure within
the reaction chamber of 10 Ton. As a result, no thin film was
deposited on the substrate. [0038] (COMPARATIVE EXAMPLE 6)
Bis(ethylcyclopentadienyDruthenium was used as a precursor to conduct
film deposition on an Si02/Si substrate for 1 hour by a CVD method
using the apparatus of  Fig. 1 under the conditions of a precursor
temperature of 60C, a carrier gas (Ar) flow rate of 30 seem, a
precursor pressure of 100 Ton, a diluent gas (Ar) flow rate of 170
seem, a reactant gas (02) flow rate of 0.16 scorn, a substrate
temperature of 300C, and a pressure within the reaction chamber of 10
Ton. As a result, no thin film was deposited on the substrate. [0039]
(COMPARATIVE EXAMPLE 7)       DER was used as a precursor to conduct
thin-film formation by a CVD method, 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. This liquid DER
mixture was used as a precursor to conduct film deposition on an
Si02/Si substrate for 1 hour by a CVD method using the apparatus of
Fig. 1 under the conditions of a precursor temperature of 60C, a
carrier gas (Ar) flow rate of 30 seem, a precursor pressure of 100
Ton, a diluent gas (Ar) flow rate of 170 seem, a reactant gas (02)
flow rate of 0.16 seem, a substrate temperature of 300C, and a
pressure within the reaction chamber of 10 Torr. As a result, 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 method, 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 3 x10-2 Pa. Thereafter, the eggplant
type flask was heated to 100C 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(ethylcyclopentadienyDruthenium, 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,
showing that DER was able to be separated from the DER related
structure compounds.  [0041] (EXAMPLE 15)       DER was used as a
precursor to conduct thin-film formation by a CVD method, 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. Using
hexane solvent, 13 mg of the liquid DER mixture was passed through a
column having an inner diameter of 7.5 mm and a length of 30 cm and
packed with alumina. A fraction was obtained from the eluate
separated into fractions, and the solvent was thereafter removed
therefrom to recover 1 mg of ruthenium complexes. The recovered
ruthenium complexes were 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. [0042] (EXAMPLE 16)      The liquid DER
mixture obtained in Example 14, which contained 2.5% by weight the
cyclization compound and 2.5% by weight
bis(ethylcyclopentadienyl)ruthenium, was used as a precursor to
conduct film deposition on an Si02/Si substrate for 1 hour by a CVD
method using the apparatus of Fig. 1 under the conditions of a
precursor temperature of 60C, 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 (02) flow rate of 0.16 sccm, a substrate
temperature of 300C, 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 (0043] 



The following can be understood 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   and Comparative Example 7, it can be seen that the DER
recovered after the step of forming a thin film by a CVD method
contains DER related structure compounds which have come thereinto
and, hence, the recovered DER cannot be used to form a
ruthenium-containing film therefrom although any scientific cause of
the inhibition of thin-film formation cannot be specified. From a
comparison between Comparative Example 4 and Comparative Example 1,
it can be seen that since the DER which contains 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(ethylcyclopentadienyDruthenium 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
concerning 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(ethylcyclopentadienyDruthenium, 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  be seen that there is no difference in thin-film
formation between the fresh DER and the DER in which the content of
DER related structure compounds has been reduced to 5% by weight or
less by separating part of the DER related structure compounds.
3) It can be seen from Examples 14 and 15 that DER which contains DER
related structure compounds in an amount of 5% by weight or less is
obtained from the DER which contains DER related structure compounds
and has been recovered from the step of forming a thin film by a CVD
method, by separating part of the DER related structure compounds by



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  2. Thermostatic
chamber 3. Reaction chamber 



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 pump 12. Exhaust gas  CLAIMS 



[Claim 1] (2,4-Dimethy1pentadienyl)(ethylcyclopentadienyDruthenium
characterized by containing one or more
(2,4-dimethylpentadienyl)(ethy1cyclopentadienyDruthenium related
structure compounds in an amount of 5% by weight or less.  [Claim 2]
The (2,4-dimethylpentadienyl)(ethy1cyc1opentadieny1)ruthenium
according to claim 1, characterized in that the
(2,4-dimethylpentadienyl)(ethylcyclopentadienyOruthenium related
structure compounds are at least one of
bis(ethylcyclopentadienyDruthenium and
(1,3-dimethylcyclopentadienyl)(ethylcyclopentadienyDruthenium.
[Claim 3] A method of producing the
(2,4-dimethylpentadienyl)(ethylcyc10pentadienyDruthenium according to
claim 1 or 2, characterized by separating part of the
(2,4-dimethylpentadienyl)(ethylcyclopentadienyDruthenium related
structure compounds from
(2,4-dimethylpentadieny1)(ethy1cyclopentadienypruthenium which
contains one or more
(2,4-dimethylpentadienyl)(ethylcyclopentadieny1)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(ethyleyclopentadienyeruthenium 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)(ethylcyclopentadienyOruthenium according to
claim 1 or 2 as a precursor. 


