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SELECTIVE BOTTOM-UP METAL FEATURE FILLING FOR INTERCONNECTS

{CROSS-REFERENCE TO RELATED APPLICATIONS

{8001} This application is related to and claims priority to United States Provisional Patent

i

Application serial no. 62/242,167 filed on October 15, 2015, the entire contents of which are herein

meorporated by reference.

FIELD OF INVENTION
[06062] The present invention relates to methods for semiconductor manufacturing, and in particular
to methods for bottom-up filling of recessed features with a low resistivity metal for semiconductor

devices.

BACKGROUND OF THE INVENTION
{0603} Ao mtcgrated circuit contains various semiconductor devices and a plurality of conducting
metal paths that provide clectrical power to the semuconductor devices and allow these semiconductor
devices to share and exchange mformation. Within the integrated circuit, metal lavers are stacked on
top of one another using ntermetal or interlayer diclectric layers that insulate the metal lavers from
cach other.
{0604] Nommally, cach metal layer must form an clectrical contact to at least one additional metal
layer. Such electrical contact 1s achieved by eiching a feature (1.¢., a via) in the interlaver dielectric
that separates the metal lavers, and filling the resulting vie with a metal to create an interconnect.
Metal lavers typically occupy etched pathways in the mterlayer diclectric. A “via” normally refers to
any feature such as a hole, Iine or other similar feature formed within a dielectric layer that provides
an electncal connection through the dielectric layer to a conductive laver underlying the dielectric
layver. Similarly, metal lavers connecting two or more vias are normally referred to as trenches.
{0005] The use of copper (Cu) metal in multilaver metallization schemes for manutacturing
mtegrated circuits creates problems due to high mobility of Cu atoms in dielectrics, such as 510, and
Cu atoms may create electrical defects in Si. Thus, Cu metal layers, Cu filled trenches, and Cu filled
vias are normally encapsulated with a barrier material to prevent Lo atoms from diffusing into the
diclectrics and Si. Barrier layers are normally deposited on trench and via sidewalls and bottoms prior
to Cu seed deposition, and may include maternials that are preferably non-reactive and immiscible m
Cu, provide good adhesion to the dielectrics and can offer low electrical resistivity.
{8006] An increase in device performance is normally accompanied by a decrease in device area or

an increase in device density. An increase in device density requires a decrease in via dimensions



10

15

20

WO 2017/066671 PCT/US2016/057181

used to form interconnects, including a larger aspect ratio (i.¢., depth to width ratio). As via
dimensions decrease, and aspeet ratios increase, it becomes increasingly more challenging to form
diffusion barrier lavers with adequate thickness on the sidewalls of the vias, while also providing
enough volume for the metal layer n the via. In addition, as via and trench dimensions decrease and
the thicknesses of the layers n the vias and trenches decrease, the material properties of the lavers and
the layer interfaces become increasingly more important. In particular, the processes forming those
tayers need to be carchully integrated into a manufacturable process sequence where good control is
maintained for all the steps of the process sequence.

{6G87] The problems associated with the use of Cu metal in increasingly smaller features on a

substrate will require replacing the Cu metal with other low-resistivity metals.

SUMMARY OF THE INVENTION
[6088] A method for selective bottom-up filling of recessed features with a low resistivity metal for
semiconductor devices 1s described in several embodiments.
{080%] According to one embodiment, the method includes providing a substrate containing a
patiemed dielectric layer baving a recessed teature with diclectric laver surfaces and a metal-
containing surface on a bottom of the recessed feature, reacting the dielectric layer surfaces with a
reactant gas contaming a hvdrophobic functional group to form hydrophobic diclectric layer surfaces,
and at least substantially filling the recessed feature with a metal in a bottom-up gas phase deposition
process that hinders deposition of the metal on the hydrophobic diclectric layer surfaces. According
to one embodiment, the metal is selected from the group consisting of ruthenium (Ru), cobalt (Co),
aluminum (A1, iridiom (Ir), rhodium (Rh), cemium (Os), palladiom (Bd), platinum (P}, mickel (Ni),
and a combination thercof.
{0610} According to ancther embodiment, the method includes providing a substrate containing a
patterned diclecinic laver having a recessed feature with diclectric layver surfaces and a metal-
contaiming surface on a bottom of the recessed feature, reacting the diclectric laver surfaces with a
silicon-containing reactant gas containing a hydrophobic fimetional group to form hydrophobic
diclectric laver surfaces, and at least substantially filling the recessed feature with ruthenium (Ru}
metal in a bottom-up gas phase deposition process that hinders deposition of the Ru metal on the
hydrophobic dieloctric laver surfaces, where the Ru metal is deposited in a chemical vapor deposition
process using a deposition gas contaming Rus{CO}, precursor vapor and CO carrier gas.
{0011} According to another cmbodiment, the method includes providing a substrate containing a
pattemed dielectric layer having a recessed feature with dielectric laver surfaces and a metal-

containing surface on a bottom of the recessed feature, reacting the dielectric layer surfaces with a



N

10

20

30

WO 2017/066671 PCT/US2016/057181

silicon-containing reactant gas containing a hydrophobic functional group to form hydrophobic

diclectric laver surfaces, and at least substantially filling the recessed feature with cobalt (Co) metal in
a bottom-up gas phase deposition process that hinders deposition of the Co metal on the hydrophaobic
diclectric laver surfaces, where the Co metal is deposited in a chemical vapor deposition process using

a deposition gas containing a Co-containing precursor vapor.

BRIEF DESCRIPTION OF THE DRAWINGS
{0012} A more complete appreciation of the invention and many of the attendant advantages thereof
will be readily obtained as the same becomes better understood by reference to the following detailed
description when considered i connection with the accompanying drawings, wheremn:
{0813} FIG. | schematically shows a cross-sectional view of an exemplary semiconductor device
according to an cmbodiment of the mvention;
{8614} FIG. 2 schematically shows a cross-sectional view of a partially manufactured semiconductor
device test structure according to an embodiment of the mvention;
{8015] FIG. 3 shows a cross-sectional scanning cleciron microscope (SEM) image of non-selective
Ru metal deposition on the semiconductor device test structure of FIG. 2; and
{6816} FIG. 4 shows a cross-sectional SEM image of selective bottom-up Ru metal deposition on the
semiconductor device test structure of FIG. 2 following formation of hvdrophobic dielectric layer

surfaces according to an embodiment of the invention.

DETAILED DESCRIPTION OF SEVERAL EMBODBIMENTS
{6617} A method for selective bottom-up filling of recessed features with a low resistivity metal for
semiconductor devices 1s desciibed in several embodiments.
{6018] According to one embodiment, the method includes providing a substrate containing a
patterned dielectric laver having a recessed feature with dielectric laver swrfaces and a metal-
containing surface on a bottom of the recessed feature, reacting the dielectric layer surfaces with a
reactant gas containing a hvdrophobic functional group to form hydrophobic dielectric fayer surfaces,
and at least substantially filling the recessed feature with a metal in a bottom-up gas phase deposition
process that hinders deposition of the metal on the hydrophobic dielectnie layver surfaces.
{8019} According to onc embodiment, the recessed feature may be completely filled with the metal.
According to one embodiment, the recessed feature may be overfilied with the metal and thercafter a
planarization process {¢.g., chemical mechanical polishing (CMP)) may be performed that removes

excess metal from above the recessed feature.
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{6G28] It has been shown that Ru metal, with 1ts short effective electron mean free path, 1s an
exeellent candidate to meet the International Technology Roadmap for Semiconductors (ITRS)
resistance requirements as a Cu metal replacement at about 10nm (Snm node) minimum recessed
feature sizes. Due to many material and electric properties of Rumetal, it is less affected by
downward scaling of feature sizes than Cu metal.

{6021 The recossed feature i the diclectric laver can, for example, nclude a troneh and/or a via,
The recessed featurs diameter can, for example, be legs than 30nm, less than 20nm, less than 10nm, or
less than Snm. The recessed feature diameter can, for example, be between 20um and 30nm, between
10nm and 25nm, between Smm and 10nm, or between 3nm and 3nm. A depth ot the recessed feature
can, for example, be greater 10nm, greater 20mm, greater than 50nm, greater than 100nm, or greater
than 200mm. The recessed features can, for example, have an aspect ratio (AR, depth:width} between
2.1 and 20:1, between 2:1 and 10:1, or between 2:1 and 5:1.

{8022] The diclectric layer can, for example, contain 5103, a low-k diclectric material, or a high-k
diclectric matenial. Low-k diclectric materials have a nominal dielectric constant less than the
diclectric constant of 5i10,, which is approximately 4 {c.g., the dicleciric constant for theomally grown
stlicon dioxide can range from 3 8 to 3.9). High-k diclectric materials have a nominal dielectric
constant greater than the diclectnie constant of 510,.

{0023] Some low-k diclectric materials have a dielectric constant of less than 3.7, or a dielectric
constant ranging from 1.6 to 3.7. Low-k diclectric materials can include fluonnated silicon glass
(FS8G), carbon doped oxide, a polvoer, SiCOH-containing low-k material, non-porous low-k material,
porous low-k material, spin-on diclectric (S0OD) low-k matenal, or any other suitable dielectric
material. Low-k dielectric materials include porous norganic-organic hybnd films comprised of a
single-phase, such as a silicon oxide-based matrix having CH; bonds that hinder full densification of
the film during a curing or deposition process to create small voids (or pores). Further, these diclectric
lavers may include porous morganic-organic hvbrid films comprised of at least two phases, such as a
carbon-doped silicon oxide-based matrix having pores of organic material (e.g., porogen) that is
decomposed and evaporated during a curing process.

[0024] In addition, low-k materials include silicate-based matenals, such as hydrogen silsesquioxane
{(HSQ) or methyi silsesquioxane (MSQ), deposited using SOD technigues. Examples of such films
include FOx" HSQ commercially available from Dow Corning, XLK porous HSQ commercially
avatlable from Dow Corning, and JSR LKD-5109 commercially available from JSR Microelectronics.
{0625} FIG. | schematically shows a cross~sectional view of an exemplary semiconductor device
according to an embodiment of the invention. The partially manufactured device 1 contains multiple

diclectric layers containing recessed features that are filled or to be filled with a metal. The partially
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manufactured device 1 contains a 510, layer 100, a first blanket NMLoK (SiC.NH,) dielectric layer
102, a first mterlayer dielectric layer 104, a second blanket NMLoK (51CNH.) dielectric layer 106, a
second interlaver diclectric layer 108, and metal plugs 114 in the first interlaver diclectric layver 104
that are a part of the M0 metallization fevel. The partially manufactured device 1 contains a M1
metallization level with recessed teatures {vias 110 and trench 112} 1o be filled with a metal, and
connecting the metal to the metal layers 114, In the exemplary partially manufactured semiconductor
device 1, the vias 110 contain exposcd metal-containing surfaces 116 of the metal layers 114 in the
MO metallization level below the M1 mctallization level. In some examples, the metal-containing
surfaces 116 can contain copper (Cu), tungsten (W), ruthenium (Ru), cobalt (Co), titanium nitride
(TN}, tantalom nitride (TaN), or combinations thereof, According to some embodiments of the
invention, a metal that is used to fill the recessed features 110, 112 may be sclecied from the group
consisting of ruthenium (Ru}, cobalt (Co), aluminum (A1), indiuvm (Ir), rhodium (Rh), osmium (Us),
palladium (Pd), platmum (Pt), nickel (N1}, and a combination thereof. However, other low-resistance
metals may be used to fill the recessed features 116, 112

{0826] According to some embodiments of the invention, the exposed surfaces of the partially
manufactured semiconductor device 1, and other similar partially manufactured semiconductor
devices, may be exposed to a reactant gas containing a hydrophobic functional group, where the
reactant gas substitutes a hydrophilic functional group (e.g., hvdroxyl group) on surfaces of the
exposed the diclectric layers with the hydrophobic functional group in the reactant gas. The presence
of the hvdrophobic functional group on the surfaces of the diclectric layers prevents or hinders
deposition of the metal on the hvdrophobic diclectric laver surfaces. The reactant gas does not react
with the metal-containing surfaces 116, and thus does not prevent or hinder subsequent deposition of
the metal on the metal-containing surfaces 116, This results in selective bottom-up deposition of the
metal i the recessed features 110, 112,

{8627} FIG. 2 schematically shows a cross-sectional view of a partially manufactured semiconductor
device test structure according to an embodiment of the invention. The test structore 2 was used to
demonstrate bottom-up filling of Ru metal in recessed features. The test structure 2 contained a
diclectric layer 200, a SiN layer 202, a TiN laver 204, a 100nm thick W metal layer 206 with exposed
W metal surfaces 214, a patterned SiN eich stop laver 208, and a patterned diclectnic laver 210, The
recessed features 212 in the patterned dielectric laver 210 were about 40um wide and about 130nm
deep (AR about 3). FIG. 3 shows a cross-sectional SEM image of non-selective Ru metal deposition
on the semiconductor device test structure of FIG. 2. The Ru metal deposition utilized a deposition
gas containing Rus{CO)y, precursor vapor and CO carrier gas under the following processing
conditions: substrate holder temperature 220°C - 250°C, process chamber pressure < SmTorr, and CO

carrier gas flow of 100scem. The Ru metal deposition rate was about Sam/min. FIG. 3 ilustrates that
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Ru metal was non-selectively deposited both on the W metal surface on the bottom of the recessed
features as well as on the dielectric layer surfaces on the sidewalls and on the top surfaces of the
diclectric material.

{0628] FIG. 4 shows a cross-sectional SEM image of sclective bottom-up Ru metal deposition on the
semiconductor device test structure of FIG. 2 following formation of hvdrophobic diclectric layer
surfaces according to an embodiment of the mvention. The hydrophobic dielectric laver surfaces
were formed by reacting the dielectric layer surfaces with a reactant gas containing a hydrophobic
functional group {i.c., trimethylisilane dimethylamine (TMSDMA)). The processing conditions
imcluded a substrate holder temperature of 180°C, process chamber pressure of 5Torr, TMSDMA/N,
gas flows of 500scem/350scem, and gas esposure time of 25seconds. FIG. 4 illustrates that Ru metal
was subsequently selectively deposited on the W metal surfaces on the bottom of the recessed features
but deposition of the Ru metal was hindered or prevented on the hydrophobic diclectric layer surfaces.
The hydrophobic diclectric laver surfaces included the sidewalls of the recessed features in the
diclectric material and the horizontal surfaces of the patterned dielectric layer around the recessed
features. The thickness of the Ra metal laver on the W metal surfaces was about 34nm. thus filling
approximately 25% of the recessed features with Ru metal. According to some embodiments, the Ru
metal deposttion may be continued to further fill the recessed features with Ru metal. For example,
the recessed features may be filled to greater than 25%, greater than 50%, greater than 75%, 100%,
and greater than 100%.

{0029] A comparison of the results in FIGS. 3 and 4 shows that reacting the dielectric layer surfaces
with the reactant gas provides a method for selective bottom-up metal deposition 1n recessed features.
This provides a method for partially or fally filling the recessed features with a seam-less metal layer
and reduces or climinates the need for removing excess metal from above the metal filled recessed
features.

{6038] According to some embodiments of the mvention, the reactant gas can contain a silicon-
containing gas, inchiding an alkyl silane, an alkoxysilane, an alkyl alkoxysilane, an alkyl siloxane, an
alkoxysiloxane, an alkyi alkoxysiloxane, an aryl silane, an acyl silane, an arvl siloxane, an acyl
siloxane, a silazane, or any combination thereof.

{0031] According to some embodiments of the mvention, the reactant gas may be selected from
dimethylsilane dimethvlamine (DMSDMA), trimethyisilane dimethylamine (TMSDMA},
bis{dimethvlamine) dimethvisilane (BDMADMS), and other alky! amine silanes. According to other
crbodiments, the reactant gas may be sclected tfrom N,O histrimethyisilvitnfluorcacctamide

(BSTFA) and tnmethyisilyl-pyrrole (TMS-pyrrole).
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{0032] According to some embodiments of the mvention, the reactant gas may be selected from
silazane compounds. Silazanes are saturated silicon-nitrogen hydrides. They are analogous in
structure to siloxanes with —~NH-— replacing —~0--. An organic stlazane precursor can further contain
at least one alkyl group bonded to the 81 atom(s). The alkyl group can, for example, be a methy!
group, an ¢thyl group, a propvl group, or a butyl group, or combinations thereof. Furthermore, the
alkvl group can be a cyclic hvdrocarbon group such as a phenyl group. In addition, the alkyl group
can be a vinyl group. Distlazanes are compounds having from ! tc 6 methyl groups attached to the
stlicon atoms or having 1 to 6 ethvl groups attached the silicon atoras, or a disilazane molecule having
a combmation of methyl and ethyi groups attached to the silicon atoms.

{8833} According to some embodiments of the mvention, the recessed features are at least
substantially filled with the metal using a gas phase deposition process that includes chemical vapor
deposition (CVD) or atomic layer deposition {ALD). According to one embodiment, the metal
mehudes ruthenium (Ru) metal and the Ru metal is depostted using a deposition gas containing
Ru(COYy, precursor vapor and CO carrier gas. In other examples the deposttion gas can contain

R (O, (2. 4-dimethyipentadienyl} {ethylcyclopentadienyl) ratheniom (Ru(DMPDYWEMCp)),

bis(2, 4-dimethvipentadienyl) ruthenium (Ru{DMPD);), (2 4-dimethyipentadienyl)
(methylcyclopentadieny!) ruthenium, or combination of two or more thercof. According to other
embodiments, the metal includes cobalt (Co) metal and the Co metal may be deposited using a
deposition gas containing Co{COYs, Coil(COYp, CoClp(CO),, Co(COING), Co{CONHCT Bu),
Cofacac), ColCp)z. ColMesCp)n), Co(EtCp),, cobalt(H) hexafluoroacetvlacetonate hydrate, cobalt
tns(2,2.6,6-tctramethvi-3 5-heptanedionate), cobalt(ill} acetvlacetonate, bis{V N
ditsopropylacetamidinato) cobalt, tricarbony! allyl cobalt, or a combination of two or more thereof.
According to other embodiments, the metal includes aluminum {Al) metal and the Al metal may be
deposited using a deposition gas containing AlMe,, AlEL;, AlMe:H, [AOsBu)ksla,
AKCHL,COCHCOCH;):, AlCT, AlBr;, All, AKOPr);, [AKNMe, )15, AlEBuLCL AlGBu)s,
AliBu),H, AIELCE EGAL(GsBu),, ATHD),, H:AINMe,, HAINEL, HzAINMe,Et, HAMeED, and
a combination of two or more thereof.

{00634} According to onc ermbodiment of the mvention, the metal filled recessed featurcs may be
heat-treated following the metal filling process. The heat-treating increases the grain size of the metal
i the recessed feature and the large grain size of the heat-treated metal has low clectrical resistance
that is needed for replacing Co metal il 10 narrow recessed features. According to embodiments of
the invention, the heat-treating may, for example, be performed at a substrate temperature between
200°C and 600°C, between 300°C and 400°C, between S00°C and 600°C, between 400°C and 430°C,
or between 450°C and 500°C. Further, the heat-treating may be performed at below atmospheric

pressure in the presence of Ar gas, H, gas, or both Ar gas and H, gas. In ong example, the heat-
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treating may be performed at below atmospheric pressure m the presence of forming gas. In another
example, the heat-treating mayv be formed under high-vacuam conditions without flowing a gas into a
process chamber used for the heat-treating.

{0635} Embodiments sclective bottom-up metal feature filling for interconnects have been described.
The foregoing description of the embodiments of the mvention has been presented for the purposes of
tlustration and description. It is not intended to be exhaustive or to limit the invention to the precise
forms disclosed. This desceniption and the claims following include terms that are used for descnptive
purposes only and are not to be construed as limiting. Persons skilled in the relevant art can
appreciate that many modifications and variations are possible in light of the above teaching. Ttis
therefore intended that the scope of the invention be limited not by this detailed description, but rather

by the claims appended hereto.
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What is claimed is;

1. A method of forming a semiconductor device, the method comprising:

providing a substrate containing a patterned diclectric layer having a recessed feature with
diclectric layer surfaces and a metal-containing surface on a bottom of the recessed feature;

reacting the dielectric layer surfaces with a reactant gas containing a hvdrophobic
functional group to form hydrophobic diclectric layer surfaces; and

at least substantially filling the recessed feature with a metal in a botton-up gas phase

deposition process that hinders deposition of the metal on the hydrophobic diciectric laver surfaces.

2. The method of claim 1, wherein the reactant gas includes a silicon-containing gas.

3. The method of claim 2, wherein the sthcon-containing gas is selected from the group consisting of
an alkyl silanc, an alkoxysilane, an alkyl alkoxysilane, an alkyl siloxane, an alkoxysiloxane, an alkyl
atkoxysiloxane, an aryi silane, an acyl silane, an aryl siloxane, an acyl siloxane, a silazane, and 3

combination thereof.

4. The method of claim 2, wherein the reactant gas is selected from the group consisting of
dimethyisilane dimethylamine (DMSDMA), trimethylsilane dimethyviamine (TMSDMA),
bis{dimethvlamino} dimethvisilane (BDMADMS}, N,O bistrimethyisiiviirifluoroacetamide (BSTFA),

trimethyisitvl-pyrrole (TMS-pyrrole), and a combination thereof.

5. The method of claim I, wherein the metal-containing surface contains copper (Cu), tungsten (W),

ruthenium (Rat), cobalt {Co), titaniwm nitnide {TiN), tantalum nitride (TaN), or combinations thercof.

6. The method of clam 1, wherein the metal 1s selected from the group consisting of ruthenium (Ru),
cobalt {Co}, alumirum (Al), iridium (Ir), rhodium (Rh), osmium (Os), palladium (Pd), platinum (Pt),

nickel (N1), and a combination thereof.

7. The method of claim 1, wherein the metal is deposited by chemical vapor deposttion (CVD) or

atomic layer deposition (ALD).

&  The method of claim 1, wherein the metal includes ruthenium (Ru) metal and the Ru metal 1s

deposited using a deposition gas containing Ruz{(CO)y, precursor vapor and CO carrier gas.
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9. The method of claim 1, wherein the metal includes ruthenium (Ru) metal and the Ru metal i
deposited using a deposition gas contaming Ru;{CO),, (2,4-dimethyipentadienyl)
{ethyloyclopentadienyl) ruthentom (R DMPDYEWCp)), bis{2 4-dimethyipentadienyl) ruthenium
(Ru(DMPD),), (Z.4-dimethvipentadienyl) (methyleyvclopentadienyl} ruthentum, or a combination of

two or more thereof.

10. The method of claim 1, wherein the metal includes cobalt (Co) metal.

11, The method of claim 1, wherein the metal includes cobalt (Co) metal and the Co metal 15
deposited using a deposition gas contaming Co{(CO)s, Coy{(COYin, CoCCO), Co(CO){NO),
Coxy(CO)(HCCBu), Colacac), Co(Cply, CofMesCp)), Co(EtCp),. cobalt(ll)
hexafluoroacetvlacetonate hydrate, cobalt tris{2,2,6.6-tctramethy|-3,5-heptancdionate), cobalt(iil)
acetylacetonate, bis(V, NV -diisopropviacetanudinato) cobalt, tricarbonyl allvl cobalt, or a combimation

of two or more thereof.

12, The method of claim 1, wherein the at least substantially filling the recessed feature with the

metal overfills the recessed feature with the metal.

13. The method of claim 1, wherein a diameter of the recessed feature is between about 10nm and

about 250m.

14. The method of claim 1, wherein the diclectric laver includes a low-k dielectric material.

15. A method of forming a semiconductor device, the method comprising;

providing a substrate containing a patterned dielectric layer having a recessed feature with
dielectric layer surfaces and a metal-containing surface on a bottom of the recessed feature;

reacting the dielectric layer surfaces with a silicon-containing reactant gas containing a
bydrophobic functional group to torm hydrophobic diclectric layer surfaces; and

at least substantially filling the recessed feature with rathemium (Ru) metal in a bottom-up
gas phase deposition process that hinders deposition of the Ry metal on the hydrophobic diclectric
layer surfaces, wherein the Ru metal is deposited in a chemical vapor deposition process using a3

deposition gas containing Ru;{COY, precursor vapor and CO carrier gas.

10
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16. The method of claim 15, wherein the metal-contaming surface contains copper (Cu), tungsten
{W), rathenium {Ru), cobalt (Co), titanium mitrnde {TiN), tantahum nitride (TaN}, or combinations

thereof.

17. The method of claim 15, wherein the at least substantially filling the recessed feature recessed

feature with the Ru metal overfills the recessed feature with the Ru metal.

18. A method of forming a semiconductor device, the method comprising:

providing a substrate containing a patiermned dielectric layer having a recessed feature with
dielectric layer surfaces and a metal-containing surface on a bottom of the recessed feature;

reacting the diclectric layer surfaces with a slicon-containing reactant gas containing a
bydrophobic functional group to torm hydrophobic diclectric layer surfaces; and

at least substantially filling the recessed feature with cobalt (Co) metal in a bottom-up gas
phase deposition process that hinders deposition of the Co metal on the hydrophobic dielectric laver
surfaces, wherein the Co metal is deposited in a chenuical vapor deposition process using a deposition

gas contamning a Co-containing procursor vapor,

19. The method of claim 18, wherein the deposition gas contains Coy)(C0)s, ColC0)1a, Colp{CO),.
CotCO)NO}, Cof CO)(HCCBu), Colacac),. Co{Cpla, Co(MesCpl). Co(EtCph,, cobalt(il)
hexafluoroacetylacetonate hydrate, cobalt tris{2,2,6,6-tetramethvl-3, 5~-heptanedionate), cobali(H)
acetvlacetonate, bis{V, V-diisopropyvlacetamidinato) cobalt, tricarbonyl allvl cobali, or a combmation

of two or more thereof.

20. The method of claim 18, wherein the at feast substantially filling the recessed feature recessed

feature with the Co metal overfills the recessed feature with the Co metal.

11
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