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METHOD AND COMPOSITION FOR DEPOSITING RUTHENIUM WITH 
ASSISTIVE METAL SPECIES 

FIELD 

[0001] The present invention relates to compositions and processes for fabricating 

ruthenium-containing films on substrates, e.g. in the manufacture of microelectronic devices 

and device precursor structures therefor. 

DESCRIPTION OF RELATED ART 

[0002] In the manufacture of advanced microelectronic devices, ruthenium is an 

increasingly important material of construction, e.g., for forming electrodes in dynamic 

random access memory (DRAM) devices. Ruthenium electrodes can for example be utilized 

in the fabrication of capacitors, such as those based on strontium titanate (STO) and barium 

strontium titanate (BST). 

[0003] It nonetheless is difficult to deposit ruthenium metal at the aspect ratios that are 

necessary in many vapor deposition processes, such as atomic layer deposition (ALD), when 

using conventional ruthenium precursor materials. In particular, ALD deposition of ruthenium 

metal suffers the disadvantages of excessively long incubation time (the duration required for 

ruthenium to nucleate or aggregate to a sufficient extent for film growth to begin), roughness 

of the resulting film, low precursor utilization efficiency, and high overall process cost. 

[0004] The art therefore continues to seek improved compositions and deposition 

processes for vapor-phase formation of ruthenium-containing films, in applications such as 

fabrication of ruthenium electrodes for the manufacture of microelectronic devices. 

SUMMARY 

[0005] The present invention relates to compositions and processes for deposition of 

ruthenium-containing material, as useful in applications such as fabrication of ruthenium-

based electrodes in microelectronic devices such as DRAM capacitors. 

[0006] In one aspect, the invention relates to a method of forming a ruthenium-

containing film in a vapor deposition method, comprising depositing ruthenium with an 

assistive metal specics that increases the rate and extent of ruthenium deposition in relation to 

deposition of ruthenium in the absence of such assistive metal species. 
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[0007] A further aspect of the invention relates to a method of forming a ruthenium-

containing film in a vapor deposition process, comprising depositing ruthenium with an 

assistive metal species that increases the rate and extent of ruthenium nucleation in relation to 

deposition of ruthenium in the absence of such assistive metal species. 

[0008] In another aspcct, the invention relates to a method of forming a ruthenium-

containing film in a vapor deposition method, comprising co-depositing ruthenium and an 

assistive metal species that increases the rate and extent of ruthenium deposition in relation to 

deposition of ruthenium in the absence of such assistive metal species, wherein one of the 

ruthenium and assistive metal species precursors includes a pendant functionality that 

coordinates with the central metal atom of the other precursor. 

[0009] In a further aspect, the invention relates to a precursor composition comprising a 

ruthenium precursor and an assistive metal species precursor, wherein one of the ruthenium 

and assistive metal species precursors includes a pendant functionality that coordinates with 

the central metal atom of the other precursor, so that ruthenium and the assistive metal species 

co-deposit with one another. 

[0010] In a further aspect, the invention relates to a precursor composition comprising a 

ruthenium precursor and an assistive metal spccics precursor, in a solvent medium, wherein 

one of the ruthenium and assistive metal species precursors includes a pendant functionality 

that coordinates with the central metal atom of die other precursor, so that ruthenium and the 

assistive metal species co-deposit with one another. 

[0011] In another aspect, the invention relates to precursor composition comprising a 

dicyclopentadienyl strontium compound, a dicyclopentadienyl ruthenium compound, and a 

solvent medium, wherein the dicyclopentadienyl ruthenium compound includes a Lewis base 

functional group on at least one of its cyclopentadienyl rings that coordinates with the 

strontium metal center of the dicyclopentadienyl strontium compound. 

[0012] The invention in a further aspcct relates to a composition comprising a ruthenium 

precursor and an assistive metal species precursor, wherein the composition comprises at least 

one precursor of the formula selected from the group consisting of: 

R5 R, 
A, 

; and 
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Rn Rl2 

whereiii: 

EisOorS; 

X is N; 

M is ruthenium, strontium, barium or calcium; and 

each of Ri to R13 can be the same as or different from one another, and each is independently 

selected from hydrogen, methyl, ethyl and propyl. 

[0013] In a further aspect, the invention relates to a composition comprising bis (n-

propyl tetramethyl cyclopentadienyl) strontium and ethylmethyl amino ethyl cyclopentadienyl 

ruthenium dicyclopentadiene. 

[0014] Additional aspects, features and embodiments of the invention will be more fully 

apparent from the ensuing disclosure and appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a schematic representation of coordinative interaction between a 

dicyclopentadienyl strontium precuror and a dicyclopentadienyl ruthenium precursor wherein 

the ruthenium precursor includes a cyclopenladienyl-pendani aminoalkyl Lewis base group 

that is capable of coordinating with the strontium metal center of the strontium precursor. 

[0016] FIG. 2 is an STA plot of thcrmogravimetric data for a mixture of the composition 

of FIG. 1, and the ruthenium and strontium components thereof. 

[0017] FIG. 3 is an atomic force microscope (AFM) picture of a ruthenium film 

deposited on a strontium oxide seed layer. 

DETAILED DESCRIPTION 

[0018] The present invention relates to compositions and processes for depositing 

ruthenium in a highly efficient manner, which is well-suited to deposition of ruthenium on 
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non-metal substrates such as silicon, silicon dioxide, silicon carbide, and other non-

conductive semiconductor manufacturing substrates. In application to such non-metal 

substrates, the compositions and methods of the invention provide short or even negligible 

incubation periods, in contrast to the long incubation times required by prior art ruthenium 

compositions and deposition methods. 

[0019] In a broad aspect, the invention contemplates deposition of ruthenium with an 

assistive metal species that increases the rate and extent of ruthenium deposition over a 

corresponding deposition in the absence of such assistive metal species. Ruthenium can be 

deposited on a film containing the assistive metal species, or ruthenium can be concurrently 

deposited with the assistive metal species, i.e., both concurrent and subsequent deposition of 

ruthenium (relative to the assistive metal deposition) is contemplated within the meaning of 

the term "deposition of ruthenium with an assistive metal species." 

[0020] The invention therefore contemplates a method of forming a ruthenium-

containing film in a vapor deposition process, comprising depositing ruthenium with an 

assistive metal species that increases the rate and extent of ruthenium nucleation in relation to 

deposition of ruthenium in the absence of such assistive metal species. 

[0021] In such method, the ruthenium nuclcation step is uniform and rapid relative to 

ruthenium nucleation in the absence of the assistive metal species. 

[0022] As used herein, the term "assistive metal species" refers to a metal or metal-

containing material, wherein the metal in such material includes at least one metal species 

selected from the group consisting of strontium, calcium, barium, magnesium, titanium, 

aluminum, zirconium, tantalum, niobium, vanadium, iron and hafnium. 

[0023] The assistive metal species employed when the ruthenium is deposited thereon, 

may comprise one or more of the foregoing metals as an elemental metal film, or as an 

oxygen-containing compound, e.g., an oxide or carbonate of such metal species. Illustrative 

examples of such oxygen-containing assistive metal species include strontium oxide, 

strontium carbonate, calcium oxide, calcium carbonate, magnesium oxide, magnesium 

carbonate, barium oxide, barium carbonate, titanium dioxide, aluminum, zirconium oxide, 

hafnium oxide, tantalum oxide, niobium oxide, vanadium oxide, iron oxide, and the like. 

[0024] Preferred assistive metal species include strontium oxide and/or strontium 

carbonate, which may for example form a thin film on a substrate, to act as a nucleation, seed 

or interlayer on which ruthenium can be readily deposited, even on non-metal substrates such 

as silicon, silicon dioxide, silicon carbide, etc., on which ruthenium otherwise requires an 

extremely long incubation time for nucleation. 

[0025] By way of example, deposition of ruthenium on a silicon or silicon oxide 

substrate using conventional ruthenium precursors and deposition techniques may require 

from 200 to 500 pulses in an atomic layer deposition process, in order for ruthenium 
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nucleation to occur and film growth to begin. The use of assistive metal species in accordance 

with the invention overcomes such deficiency, and enables ruthenium to be deposited in 

substantially less time, e.g., 20 to 40 pulses, thereby substantially increasing the deposition 

efficiency of the ALD system. 

[0026] The assistive metal specics when employed as a co-deposited material with the 

ruthenium may take the form of an organometal precursor that is alternated with a ruthenium 

precursor in an ALD process, so that each of the precursors is alternatively contacted with a 

substrate at elevated temperature. Alternatively, such assistive material may be used in 

mixture with the ruthenium precursor as a solid source material or in a cocktail composition 

in one or more solvents for co-deposition of ruthenium and the assistive metal species. 

[0027] In one embodiment, the invention contemplates a ruthenium precursor and an 

assistive metal species precursor, wherein one of the ruthenium and assistive metal species 

precursors includes a pendant functionality that coordinates with the central metal atom of the 

other precursor, so that ruthenium and the assistive metal species co-deposit with one another. 

[0028] For example, the composition can comprise a ruthenium precursor and an 

assistive metal species precursor, wherein the composition comprises at least one precursor of 

the formula selected from the group consisting of: 

Rs Rt 

>7 
Rg M R* 
\ / 

; and 

Rs Ri 

wherein: 

EisOorS; 

Xis N; 
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M is ruthenium, strontium, barium or calcium; and 

each of Rj to R13 can be the same as or different from one another, and each is independently 

selected from hydrogen, methyl, ethyl and propyl. 

[0029] In another embodiment, the assistive metal precursor and ruthenium precursor are 

both present in a solvent medium that is volatilized and transported to the vapor deposition 

chamber for contacting with a substrate at suitable elevated temperature to deposit ruthenium 

and the assistive metal species on the substrate. 

[0030] In such a solvent solution, it is useful to utilize an assistive metal precursor with a 

ruthenium precursor, wherein one of such precursors has a pendant functionality that 

coordinates with the central metal atom of the other precursor, so that ruthenium and the 

assistive metal species more readily co-deposit with one another. 

[0031] As an example, the precursor composition may contain a dicyclopentadienyl 

strontium compound, a dicyclopentadienyl ruthenium compound, and a solvent medium, 

wherein the dicyclopentadienyl ruthenium compound includes a Lewis base functional group 

on at least one of its cyclopentadienyl rings, that coordinates with the strontium metal center 

of the dicyclopentadienyl strontium compound. A particularly preferred composition of such 

type comprises bis (n-propyl tctramethyl cyclopentadienyl) strontium and cthylmcthyl amino 

ethyl cyclopentadienyl ruthenium dicyclopentadiene in a hydrocarbon solvent. 

[0032] Such precursor composition may be volatilized at suitable temperature to form a 

precursor vapor that is transported to the vapor deposition chamber for contacting with the 

substrate at elevated temperature, to form a ruthenium-containing film on the substrate, 

wherein the film also contains the assistive metal. 

[0033] When the assistive metal is deposited on the substrate, it forms nucleation sites 

for ruthenium deposition and film growth. Ruthenium and the assistive metal may be 

deposited sequentially, with the assistive metal being deposited on the surface in a pulsed 

contacting mode, to provide the assistive metal interlayer, on which ruthenium then is 

deposited from the ruthenium-containing precursor vapor. 

[0034] On non-metallic substrates such as silica or silicon, in ALD process applications, 

it has been found that a thin layer of strontium-containing material, e.g., strontium oxide 

and/or strontium carbonate, is effective to substantially instantly eliminate the extended 

incubation period of ruthenium on the substrate that would obtain in the absence of such 

strontium-containing layer. 

[0035] Thus, the assistive metal-containing interfacial layer is advantageously deposited 

on the substrate before the deposition of ruthenium in an ALD process, so that the interfacial 

layer acts as a nucleation layer or seed layer or bridging layer on the substrate so that 

ruthenium then is able to efficiently deposit on the interfacial layer. The interfacial layer may 

-6-



WO 2010/107878 PCT/US2010/027614 

be of any suitable thickness, typically being only several Angstroms thick in order to provide 

superior film growth of ruthenium. 

[0036] The interfacial layer may be formed in any suitable manner. In one embodiment, 

the deposition is carried out, with ozone, water or an alcohol being present and forming an 

oxide of the assistive metal, and ruthenium-containing material being deposited on the oxide 

of the assistive metal. In another embodiment, the deposition is conducted with an agent 

selected from the group consisting of ammonia, hydrogen, boranes, and carbon monoxide 

being present to facilitate deposition of assistive metal-containing material, and ruthenium-

containing material being deposited on the assistive metal-containing material. 

[0037] As a specific example, an assistive metal oxide can be formed on a substrate such 

as a silicon, silicon dioxide, or other insulative or non-conductive surface, e.g., in 1 to 5 

pulses of a strontium precursor, to form a very thin layer of strontium oxide, followed by 

deposit of ruthenium on the strontium oxide layer. This arrangement significantly reduces 

incubation time for ruthenium-containing film formation. Without such strontium oxide 

deposition, the formation of a ruthenium-containing film does not occur. 

[0038] As a further example, such interfacial layer deposition processing has been 

carricd out in a cycle involving pulsed introduction of bis(n-propyl tetramcthyl 

cyclopentadienyl) strontium followed by a pulse of ozone after intergas purge, wherein the 

pulse of the strontium material is sufficient to initiate deposition of ruthenium with little or no 

incubation time. Measurements by x-ray diffraction on thicker films show that a cycle of bis 

(n-propyl telramethyl cyclopentadienyl) strontium corresponds to thickness that may be on 

the order of 0.8 Angstrom. In such ALD process, oxygen may be pulsed instead of ozone, so 

long as an appropriate strontium-containing oxide layer and/or strontium carbonate layer is 

formed, hi commercial ALD processes, 3-10 pulse cycles may be sufficient to cover die entire 

surface of the substrate with the interfacial material, to maximize the deposition rate of 

ruthenium. 

[0039] When ruthenium is co-deposited with assistive metal-containing material to 

provide a high rate and extent of ruthenium deposition in relation to ruthenium deposition in 

the absence of the assistive metal-containing material, and the assistive metal and ruthenium 

source materials comprise organometallic compounds dissolved in a solvent medium, the 

respective organometallic compounds and solvent medium may be of any suitable type. The 

organo moiety of the organometallic compounds may comprise alkyl, aryl, cycloalkyl, amino, 

alkenyl, cycloalkenyl, amidinates, guanidinates, or other suitable organic substituents. 

[0040] The solvent medium may comprise a single component solvent composition or a 

multicomponent solvent mixture in which the ruthenium and assistive metal precursors are 

dissolved. The solvent medium may be of any suitable type, and may for example include 
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hydrocarbon solvents, such as alkanes (octane, decane, hexane, etc.), cyclopentadienes and 

their derivatives, ethers, alcohols, amines, polyamines, perfluorinated solvents, etc. 

roo4i] The assistive metal and ruthenium precursors in such a cocktail solution may be 

present at any suitable amounts that will facilitate the delivery of appropriate amounts of 

assistive metal and ruthenium to the growing film being formed on the substrate. 

[0042] For example, when strontium and ruthenium precursors are employed, the weight 

ratio of strontium to ruthenium in the precursor solvent solution, Wtsr/WtRU, may be in a range 

of from 0.8 to 1.25, more preferably in a range of from 0.9 to 1.1, and most preferably in a 

range of from 0.95 to 1.05. Such cocktail solution may be delivered to an ALD reactor using a 

vaporizer to form a precursor vapor from the solution, whereby strontium and ruthenium may 

be co-deposited on the substrate with pulsing of an oxygen or ozone gas so that the deposited 

metals form a strontium ruthenate film on the substrate. 

[0043] As mentioned hereinabove, when ruthenium is deposited from a precursor 

composition comprising a ruthenium precursor and an assistive metal species precursor in a 

solvent medium, it is advantageous thai one of the ruthenium and assistive metal species 

precursors includes a pendant functionality that coordinates with the central metal atom of the 

other precursor, so that ruthenium and the assistive metal spccics co-deposit with one another. 

[0044] Such pendant coordinating functionality may be widely varied depending on the 

identity of the assistive metal species, and the particular ruthenium and assistive metal species 

precursors that are employed. In general, the coordinating functionality may contain oxygen, 

nitrogen or sulfur atoms as coordinating atoms, and the pendant functionality may comprise 

amines, polyamines, ethers, polyethers, sulfyl groups, etc., it being required only that the 

coordinating functionality is effective to produce enhanced deposition of ruthenium in 

relation to a corresponding deposition composition lacking such coordinating functionality, 

and otherwise compatible with the composition and deposition technique employed. 

10045] FIG. 1 illustrates a composition comprising bis (n-propyl tctramcthyl 

cyclopentadienyl) strontium and ethylmethyl amino ethyl cyclopentadienyl ruthenium 

dicyclopenladiene, wherein the amino nitrogen atom coordinates to the strontium metal center 

so that the coordinated metals deposit efficiently with one another. For example, a 1:1 by 

weight mixture of bis (n-propyl tetramethyl cyclopentadienyl) strontium and ethyl methyl 

amino ethylcyclopentadienyl ruthenium cyclopentadiene may be employed for such purpose. 

[0046] The ruthenium deposition processes and compositions of the present invention 

achieve extremely short or even no incubation periods for ruthenium deposition, in contrast to 

the extremely long time required utilizing prior art compositions and processes. Accordingly, 

ruthenium can be effectively deposited in a very rapid manner consistent with ALD process 

cycle times, even on non-metallic substrates such as silicon and/or silicon dioxide. 
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[0047] The ruthenium vapor deposition processes of the invention may be carried out at 

any suitable temperature, pressure, flow rate and compositional parameters providing 

effective deposition of ruthenium. 

[0048] As an illustrative example, an atomic layer deposition process may be carried out 

at a delivery temperature of 180°C, a substrate temperature of 325°C, and a pressure of 1 torr, 

utilizing the ruthenium and strontium precursors shown in FIG. 1, wherein the ruthenium 

precursor is provided in xylene solution as a concentration of 0.2 Molar, and is delivered at a 

rate of 0.1 milliliter/minute, for ALD contacting periods of 10 seconds, in alternation with 

delivery of the strontium precursor. The strontium precursor is contacted with the substrate 

for 10 second intervals, except that each 4th contact is for 20 seconds duration. Ozone is used 

as a co-reactant with the strontium precursor, and oxygen is used as a ruthenium co-reactant. 

Such ALD vapor deposition conditions have been found to provide substantial thicknesses in 

the range of 33 to 71 Angstroms on silicon dioxide substrates, and thicknesses of 17 to 56 

Angstroms on silicon substrates. Since the strontium precursor forms an interfacial layer of 

strontium oxide and/or strontium carbonate, the growth of ruthenium is very rapid. 

[0049] FIG. 2 is an STA plot of thermogravimetric data for a precursor composition of 

the type shown in FIG. 1, comprising a 1:1 by weight mixture of bis (n-propyl tctramcthyl 

cyclopentadienyl) strontium and ethyl methyl amino ethylcyclopentadienyl ruthenium 

cyclopentadiene, and each of the ruthenium and strontium precursors alone. The strontium 

precursor bis (n-propyl tetramethyl cyclopentadienyl) strontium is denoted in such STA plot 

as Sr20- The STA data for the Sr20/Ru precursor mixture reflects good volatilization and 

transport properties. 

[0050] FIG. 3 is an atomic force microscope (AFM) picture of a ruthenium film 

deposited on a strontium oxide seed layer by ALD conducted in accordance with the present 

invention, utilizing ethyl methyl amino ethylcyclopentadienyl ruthenium cyclopentadiene as 

the ruthenium precursor, showing the film as having an Rms (Rq) characteristic of 0.800 nm 

and a mean roughness (Ra) of 0.611 nm. The ruthenium film therefore is very smooth and 

uniform in character. 

INDUSTRIAL APPLICABILITY 

[0051] The ruthenium precursor compositions and ruthenium film deposition methods of 

the invention are highly effective in producing ruthenium-containing films in a rapid manner 

with good resulting film characteristics. Extremely short or even no incubation periods for 

ruthenium deposition can be achieved, and ruthenium can be efficiently deposited in a manner 

that is consistent with ALD process cycle times, even on non-metallic substrates such as 

silicon and/or silicon dioxide. 
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CLAIMS 

1. A method of forming a ruthenium metal film in a vapor 
deposition process, comprising depositing ruthenium from a 
ruthenium precursor with an assistive metal species that 
increases the rate and extent of ruthenium nucleation in rela­
tion to deposition of ruthenium in the absence of such assis­
tive metal species, wherein the assistive metal species is 
deposited on a substrate in a layer having a thickness of 0.8 to 
8 A before the deposition of the ruthenium, and the assistive 
metal species is selected from the group consisting of one or 
more assistive metal species containing strontium metal, cal­
cium, barium metal, magnesium, titanium metal, zirconium 
metal, niobium, vanadium, iron and hafnium metal. 

2. The method of claim 1 wherein the ruthenium nucleation 
step is uniform and rapid relative to ruthenium nucleation in 
the absence of the assistive metal species. 

3. The method of claim 1, wherein the assistive metal 
species is selected from the group consisting of assistive 
metal species containing strontium metal, calcium, barium 
metal, magnesium, titanium metal, zirconium metal, nio­
bium, vanadium, iron and hafnium metal. 

4. The method of claim 1, wherein the ruthenium metal film 
is formed in a process for manufacturing a micro-electronic 
device or precursor structure therefor. 

5. The method of claim 1, wherein the assistive metal 
species is deposited on a non-metallic substrate. 

6. The method of claim 5, wherein the non-metallic sub­
strate comprises silicon and/or silicon oxide. 

7. The method of claim 5, wherein the assistive metal 
species is deposited by a vapor deposition process selected 
from the group consisting of chemical vapor deposition and 
atomic layer deposition. 
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8. A method of forming a ruthenium metal film in a vapor 
deposition process, comprising depositing ruthenium with an 
assistive metal species that increases the rate and extent of 
ruthenium nucleation in relation to depo sition of ruthenium in 
the absence of such assistive metal species, wherein the assis­
tive metal species is deposited on a substrate in a layer having 
a thickness of 0.8 to 8 A before the deposition of the ruthe­
nium, and wherein the ruthenium metal is deposited on stron-
tium-containing material. 

9. The method of claim 8, wherein the strontium-contain­
ing material comprises strontium oxide and/or strontium car­
bonate. 

10. A method of forming a ruthenium metal film in a vapor 
deposition process, comprising depositing ruthenium with an 
assistive metal species that increases the rate and extent of 
ruthenium nucleation in relation to deposition of ruthenium in 
the absence of such assistive metal species, wherein the assis­
tive metal species is deposited on a substrate in a layer having 
a thickness of 0.8 to 8 A before the deposition of the ruthe­
nium, and wherein the assistive metal species is deposited 
from a precursor comprising a dicyclopentadienyl strontium 
precursor. 

11. The method of claim 10 wherein the assistive metal 
species further comprises an assistive metal species selected 
from the group consisting of strontium, calcium, barium, 
magnesium, titanium, aluminum, zirconium, tantalum, nio­
bium, vanadium, iron and hafnium. 
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12. A method of forming a ruthenium metal film in a vapor 
deposition process, comprising depositing ruthenium with an 
assistive metal species that increases the rate and extent of 
ruthenium nucleation in relation to deposition of ruthenium in 
the absence of such assistive metal species, wherein the assis­
tive metal species is deposited on a substrate in a layer having 
a thickness of 0.8 to 8 A before the deposition of the ruthe­
nium, and wherein ruthenium metal is deposited on a stron-
tium-containing film formed by atomic layer deposition from 
a vapor of a dicyclopentadienyl strontium precursor. 

13. A method of forming a ruthenium-containing film in a 
vapor deposition process, comprising depositing ruthenium 
from a ruthenium precursor with an assistive metal species 
that increases the rate and extent of ruthenium nucleation in 
relation to deposition of ruthenium in the absence of such 
assistive metal species, wherein the assistive metal species is 
selected from the group consisting of one or more assistive 
metal species containing strontium, calcium, barium, magne­
sium, aluminum, zirconium, niobium, vanadium, iron and 
hafnium, wherein ruthenium is deposited with the assistive 
metal, from a precursor vapor comprising ruthenium and the 
assistive metal species, wherein, when the assistive metal 
species is a strontium amidinate or a barium amidinate, the 
ruthenium precursor is not a ruthenium amidinate, and 
wherein when the assistive metal species is dicyclopentadi­
enyl calcium, strontium, or barium, the ruthenium precursor 
is a dicyclopentadienyl ruthenium precursor. 

14. The method of claim 13, wherein the assistive metal 
comprises strontium. 

15. The method of claim 13, wherein the assistive metal 
species comprises a dicyclopentadienyl strontium com­
pound. 

16. The method of claim 15, wherein the dicyclopentadi­
enyl strontium compound comprises Sr("PrMe4Cp)2 wherein 
"Pr is n-propyl, Me is methyl and Cp is cyclopentadienyl. 
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17. The method of claim 13, wherein ruthenium and the 
assistive metal species are deposited from a precursor vapor 
of a precursor composition comprising strontium and ruthe­
nium metal precursors dissolved in a solvent medium. 

18. The method of claim 17, wherein the solvent medium 
includes a hydrocarbon solvent. 

19. A method of forming a ruthenium-containing film in a 
vapor deposition process, comprising depositing ruthenium 
with an assistive metal species that increases the rate and 
extent of ruthenium nucleation in relation to deposition of 
ruthenium in the absence of such assistive metal species, 
wherein ruthenium and the assistive metal species are depos­
ited from a precursor vapor of a precursor composition com­
prising strontium and ruthenium metal precursors dissolved 
in a solvent medium and wherein the ruthenium precursor 
comprises a dicyclopentadienyl ruthenium compound includ­
ing on at least one of constituent cyclopentadienyl rings 
thereof a pendant Lewis base functional group that coordi­
nates to the strontium metal center of the strontium precursor. 

20. The method of claim 19, wherein the pendant Lewis 
base functional group comprises a functionality selected from 
the group consisting of amines, polyamines, ethers, and poly-
ethers. 

21. A method of forming a ruthenium-containing film in a 
vapor deposition process, comprising depositing ruthenium 
with an assistive metal species that increases the rate and 
extent of ruthenium nucleation in relation to deposition of 
ruthenium in the absence of such assistive metal species 
wherein ruthenium and the assistive metal species are depos­
ited from a precursor vapor of a precursor composition com­
prising strontium and ruthenium metal precursors dissolved 
in a solvent medium, and wherein the ruthenium and stron­
tium precursors are both dicyclopentadienyl compounds. 
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22. A method of fomiiiig a ruthenium-containing film in a 
vapor deposition process, comprising depositing ruthenium 
from a ruthenium precursor with an assistive metal species 
that increases the rate and extent of ruthenium nucleation in 
relation to deposition of ruthenium in the absence of such 
assistive metal species, wherein ruthenium is deposited with 
the assistive metal species, from a precursor vapor compris­
ing ruthenium and the assistive metal species and wherein the 
assistive metal species is selected from the group consisting 
of one or more assistive metal species containing calcium, 
barium, magnesium, aluminum, zirconium, niobium, vana­
dium, iron and hafnium, wherein, when the assistive metal 
species is a barium amidinate, the ruthenium precursor is not 
a ruthenium amidinate, and wherein when the assistive metal 
species is dicyclopentadienyl calcium or barium, the ruthe­
nium precursor is a dicyclopentadienyl ruthenium precursor. 

23. The method of claim 22, wherein the ruthenium nucle­
ation step is uniform and rapid relative to ruthenium nucle­
ation in the absence of the assistive metal species. 

24. The method of claim 22, wherein the ruthenium-con-
taining film is formed in a process for manufacturing a micro­
electronic device or precursor structure therefor. 

25. The method of claim 22, wherein the assistive metal 
species is deposited on a non-metallic substrate. 

26. The method of claim 25, wherein the non-metallic 
substrate comprises silicon and/or silicon oxide. 
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27. A method of forming a ruthenium metal film in a vapor 
deposition process, comprising depositing ruthenium from a 
ruthenium precursor with an assistive metal species that 
increases the rate and extent of ruthenium nucleation in rela­
tion to deposition of ruthenium in the absence of such assis­
tive metal species, wherein the assistive metal species is 
deposited on a substrate in a layer having a thickness of 0.8 to 
8 A before the deposition of the ruthenium, and the assistive 
metal species is selected from the group consisting of one or 
more assistive metal species comprising oxides, sulfides, and 
carbonates of strontium, calcium, barium, magnesium, tita­
nium, aluminum, zirconium, tantalum, niobium, vanadium, 
iron and hafnium, wherein when the assistive metal species 
comprises an oxide of aluminum, hafnium, zirconium, or 
titanium, the ruthenium precursor does not comprise alkenyl 
or cycloalkenyl functionality. 

28. The method of claim 27, wherein the ruthenium metal 
film is formed in a process for manufacturing a micro-elec­
tronic device or precursor structure therefor. 

29. Hie method of claim 27, wherein the assistive metal 
species is deposited on a non-metallic substrate. 

30. The method of claim 29, wherein the non-metallic 
substrate comprises silicon and/or silicon oxide. 

31. Hie method of claim 29, wherein the assistive metal 
species is deposited by a vapor deposition process selected 
from the group consisting of chemical vapor deposition and 
atomic layer deposition. 
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32. The method of claim 27, wherein the assistive metal 
species comprises at least one species selected from the group 
consisting of strontium oxide, strontium carbonate, calcium 
oxide, calcium carbonate, magnesium oxide, magnesium car­
bonate, barium oxide, barium carbonate, titanium dioxide, 
aluminum oxide, zirconium oxide, hafnium oxide, tantalum 
oxide, and niobium oxide. 

33. The method of claim 32, wherein ozone, water or an 
alcohol is present and forms an oxide of the assistive metal, 
and ruthenium metal film is deposited on the oxide of the 
assistive metal. 

34. Hie method of claim 27, wherein an agent selected 
from the group consisting of ammonia, hydrogen, boranes, 
and carbon monoxide is present to facilitate deposition of 
assistive metal-containing material, and ruthenium metal film 
is deposited on the assistive metal-containing material. 
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