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THE CLAIMS

What is claimed is:

1. A method of forming a ruthenium-containing film in a vapor depositiogf process,
comprising depositing ruthenium with an assistive metal species thal increasesghe rate and
extent of ruthenium nucleation in relation to deposition of muthenium in the gbsence of such

assistive metal species.

2. The method of claim 1 wherein the ruthentum nucleation step is upflorm and rapid relative

to ruthenium nucleation in the absence of the assistive metal specigf.

3. The method of claim 1, wherein the assistive metal speg s comprises at least one metal
selected from the group consisting of strontium, cétlc fm, barium, magnesivm, titanium,

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

4. The method of claim 1, wherein the assistiveetal species comprises at least one species
selected from the group consisting of stronl oxide, srontium carbonate, calcium oxide,
calcium carbonate, magnesium oxide, magy Bsium carbonate, barium oxide, barium carbonate,
titanium dioxide, aluminum, zirconiun xide, hafnium oxide, tantalum oxide, and niobium

oxide.

5. The method of claim 1, whgfein the ruthenium-containing film is formed in a process for

manufacturing a micro-electgbnic device or precursor structure therefor.

6. The method of : 1, wherein the ruthenium is deposited on strontium-containing

malertal.

7. The methgfl of claim 6, wherein the strontium-containing material comprises strontium

oxide and/#r strontium carbonate.

8. Tt method of claim 1, wherein the assistive metal species is deposited on a non-metallic
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9. The method of claim 8, wherein the non-metallic substrate comprises silicon and/or silicon
oxide.

10. The method of claim 8, wherein the assistive metal species is deposited by a vapo

¥ assistive metal species comprises a

15. The method of claim 13, wherein

dicyclopentadienyl strontium compound.

16. The method of claim 15, wherein dicyclopentadienyl strontium compound comprises

Sr("PrMe,Cp), wherein "Pr is n-propy}f Me is methyl and Cp is cyclopentadienyl.

17. 'The method of claim 1, whgfein ruthenium and the assistive metal species are deposited

from a precursor vapor of a gftcursor composition comprising strontium and ruthenium metal

precursors dissolved in a gfflvent medinm.

18. The method offclaim 17, wherein the ruthenium and strontium precursors are both
dicyclopentadiengf compounds.

19. 'The meghod of claim 17, wherein the ruthenium precursor comprises a dicyclopentadieny]

stigitivm precursor.
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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

polyethers.

21. The method of claim 17, whercin the solvent medium includes a hydrocarbon solvent ./

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

23. The precursor composilion of claim 22, wherein the assistivefmetal species precursor

comprises a dicyclopentadienyl strontium compound.

24. The precursor composition of claim 23, wherein theguthenium precursor comprises a

dicyclopentadieny! ruthenium compound.

25. The precursor composition of claim 24, whergin the strontium and ruthenium compounds
are present in the composition in a weight rat;ot,t at is in a range of from 0.8 to 1.25.

V4
26. The precursor composition of clajfi 24, wherein the solvent medium comprises a
hydrocarben solvent. '

.
4

27. A composition comprising#bis (n-propyl tetramethyl cyclopentadienyl) strontium and

ethylmethyl amino ethyl cyc] entadieny] rutheniuvm dicyclopentadiene.

28. A composition comprising a dicyclopentadienyl strontium compound, a
dicyclopentadienyl & uLhenium compound, and a solvent medium, wherein the
dicyclopentadieg#] ruthenium compound includes a Lewis base functional group on at least
one of its cyflopentadienyl rings that coordinates with the strontium metal center of the

dicyclopepfadienyl strontium compound.
29. Jhe method of claim 4, wherein ozome, water or an alcohol is present and forms an oxide

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

assistive metal.
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30. The method of claim 4, 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 ruthenivm-containing material is deposited on the assistive metal-

containing material.

precursor, wherein one of the ruthenium and assistive metal species precursors j
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.

32. A composition comprising a ruthenium precursor and an assistive metal species precursor,
wherein the composition comprises at least one precursor of the fogfmula selected from the-

group consisting of’
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ch of R; to Ry; can be the same as or different from one another, and each is independently

selected from hydrogen, methyl, ethyl and propyl.

S13 -



T T R

SRR o

i S el Y g L AR

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 0f 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 hathium metal.

2. The method of claim 1 wherein the ruthenium nucleation
step 1s 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 1s 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 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 rutheninm metal is deposited on stron-
tium-containing material.

9. The method of claim 8, wherein the strontinm-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 ruthentum 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 rutheninm
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
hatnium, 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 1s a strontinum amidinate or a barium amidinate, the
ruthentum precursor is not a ruthenium amidinate, and
wherein when the assistive metal species is dicyclopentadi-
enyl calcium, strontium, or barium, the ruthenium precursor
1 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("PrMe,Cp), wherein
"Pr 1s 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 stronttum 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 inchid-
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
ruthentum 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 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 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, 1ron and hafnium, wherein, when the assistive metal
species 1s a barium amidinate, the ruthenium precursor is not
a ruthenium amidinate, and wherein when the assistive metal
species 1s 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 0f0.8 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. The 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. The method of claim 29, wherein the assistive metal
species 1s 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 1s deposited on the oxide of the
assistive metal.

34. The 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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