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(57) ABSTRACT

Interconnect structures and corresponding techniques for
forming the interconnect structures are disclosed herein. An
exemplary interconnect structure includes a conductive fea-
ture that includes cobalt and a via disposed over the con-
ductive feature. The via includes a first via barrier layer
disposed over the conductive feature, a second via barrier
layer disposed over the first via barrier layer, and a via bulk
layer disposed over the second via barrier layer. The first via
barrier layer includes titanium, and the second via barrier
layer includes titanium and nitrogen. The via bulk layer can
include tungsten and/or cobalt. A capping layer may be
disposed over the conductive feature, where the via extends
through the capping layer to contact the conductive feature.
In some implementations, the capping layer includes cobalt
and silicon.
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VIAS FOR COBALT-BASED
INTERCONNECTS AND METHODS OF
FABRICATION THEREOF

[0001] This is a continuation application of U.S. patent
application Ser. No. 15/692,212, filed Aug. 31, 2017, the
entire disclosure of which is incorporated herein by refer-
ence.

BACKGROUND

[0002] The integrated circuit (IC) industry has experi-
enced exponential growth. Technological advances in IC
materials and design have produced generations of ICs,
where each generation has smaller and more complex cir-
cuits than the previous generation. In the course of IC
evolution, functional density (i.e., the number of intercon-
nected devices per chip area) has generally increased while
geometry size (i.e., the smallest component (or line) that can
be created using a fabrication process) has decreased. This
scaling down process generally provides benefits by increas-
ing production efficiency and lowering associated costs.
[0003] Such scaling down has also increased the complex-
ity of processing and manufacturing ICs and, for these
advances to be realized, similar developments in IC pro-
cessing and manufacturing are needed. For example, copper-
based interconnect structures typically implemented in mul-
tilayer interconnect (MLI) features have presented
performance, yield, and cost challenges as MLI features
become more compact with ever-shrinking IC feature size.
For example, copper interconnects exhibit increased resis-
tance, poor electromigration performance, and voids during
fabrication as IC technologies expand into sub-20 nm tech-
nology nodes. Accordingly, although existing interconnect
structures have been generally adequate for their intended
purposes, they have not been entirely satisfactory in all
respects.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The present disclosure is best understood from the
following detailed description when read with the accom-
panying figures. It is emphasized that, in accordance with
the standard practice in the industry, various features are not
drawn to scale and are used for illustration purposes only. In
fact, the dimensions of the various features may be arbi-
trarily increased or reduced for clarity of discussion.
[0005] FIG. 1 is a fragmentary diagrammatic view of an
integrated circuit device, in portion or entirety, according to
various aspects of the present disclosure.

[0006] FIG. 2A is an enlarged fragmentary diagrammatic
view of the integrated circuit device of FIG. 1 when imple-
menting an interconnect structure, in portion or entirety,
according to various aspects of the present disclosure.
[0007] FIG. 2B is an enlarged fragmentary diagrammatic
view of the integrated circuit device of FIG. 1 when imple-
menting another interconnect structure, in portion or
entirety, according to various aspects of the present disclo-
sure.

[0008] FIG. 2C is an enlarged fragmentary diagrammatic
view of the integrated circuit device of FIG. 1 when imple-
menting yet another interconnect structure, in portion or
entirety, according to various aspects of the present disclo-
sure.

[0009] FIG. 3 is a flow chart of a method for fabricating
an interconnect structure, such as the interconnect structures
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depicted in FIG. 1 and/or FIGS. 2A-2C, according to various
aspects of the present disclosure.

[0010] FIG. 4 is a flow chart of a method for fabricating
a via of an interconnect structure, such as the interconnect
structures depicted in FIG. 1 and/or FIGS. 2A-2C, according
to various aspects of the present disclosure.

[0011] FIGS. 5A-5F are fragmentary diagrammatic views
of an interconnect structure, in portion or entirety, at various
fabrication stages (such as those associated with the method
of FIG. 3 and/or FIG. 4) according to various aspects of the
present disclosure.

DETAILED DESCRIPTION

[0012] The present disclosure relates generally to inte-
grated circuit devices, and more particularly, to interconnect
structures for integrated circuit devices.

[0013] The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures of the invention. Specific examples of components and
arrangements are described below to simplify the present
disclosure. These are, of course, merely examples and are
not intended to be limiting. For example, the formation of a
first feature over or on a second feature in the description
that follows may include embodiments in which the first and
second features are formed in direct contact, and may also
include embodiments in which additional features may be
formed between the first and second features, such that the
first and second features may not be in direct contact.
[0014] In addition, the present disclosure may repeat ref-
erence numerals and/or letters in the various examples. This
repetition is for the purpose of simplicity and clarity and
does not in itself dictate a relationship between the various
embodiments and/or configurations discussed. Moreover,
the formation of a feature on, connected to, and/or coupled
to another feature in the present disclosure that follows may
include embodiments in which the features are formed in
direct contact, and may also include embodiments in which
additional features may be formed interposing the features,
such that the features may not be in direct contact. In
addition, spatially relative terms, for example, “lower,”
“upper,” “horizontal,” “vertical,” “above,” “over,” “below,”
“beneath,” “up,” “down,” “top,” “bottom,” etc. as well as
derivatives thereof (e.g., “horizontally,” “downwardly,”
“upwardly,” etc.) are used for ease of the present disclosure
of one features relationship to another feature. The spatially
relative terms are intended to cover different orientations of
the device including the features.

[0015] IC manufacturing process flow is typically divided
into three categories: front-end-of-line (FEOL), middle-end-
of-line (MEOL), and back-end-of-line (BEOL). FEOL gen-
erally encompasses processes related to fabricating IC
devices, such as transistors. For example, FEOL processes
can include forming isolation features, gate structures, and
source and drain features (generally referred to as source/
drain features). MEOL generally encompasses processes
related to fabricating contacts to conductive features (or
conductive regions) of the IC devices, such as contacts to the
gate structures and/or the source/drain features. BEOL gen-
erally encompasses processes related to fabricating inter-
connect structures that interconnect IC features fabricated by
FEOL process (referred to herein as FEOL features or
structures) and MEOL processes (referred to herein as
MEOL features or structures), thereby enabling operation of
the IC devices. For example, BEOL processes can include
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forming multilayer interconnect features that facilitate
operation of the IC devices. As integrated circuit (IC)
technologies progress towards smaller technology nodes,
BEOL processes have been observed to damage MEOL
features and/or FEOL features. The present disclosure
explores improved interconnect structures for protecting
MEOL features and/or FEOL features from damage arising
from BEOL processes.

[0016] FIG. 1 is a fragmentary diagrammatic view of an
integrated circuit device 10, in portion or entirety, according
to various aspects of the present disclosure. Integrated
circuit device 10 may be included in a microprocessor, a
memory, and/or other integrated circuit device. In some
implementations, integrated circuit device 10 is a portion of
an integrated circuit (IC) chip, a system on chip (SoC), or
portion thereof, that includes various passive and active
microelectronic devices such as resistors, capacitors, induc-
tors, diodes, p-type field effect transistors (PFETs), n-type
field effect transistors (NFETs), metal-oxide semiconductor
field effect transistors (MOSFETs), complementary metal-
oxide semiconductor (CMOS) transistors, bipolar junction
transistors (BJTs), laterally diffused MOS (LDMOS) tran-
sistors, high voltage transistors, high frequency transistors,
other suitable components, or combinations thereof. The
transistors may be planar transistors or multi-gate transis-
tors, such as fin-like FETs (FinFETs). FIG. 1 has been
simplified for the sake of clarity to better understand the
inventive concepts of the present disclosure. Additional
features can be added in integrated circuit device 10, and
some of the features described below can be replaced,
modified, or eliminated in other embodiments of integrated
circuit device 10.

[0017] Integrated circuit device 10 includes a substrate
(wafer) 12. In the depicted embodiment, substrate 12
includes silicon. Alternatively or additionally, substrate 12
includes another elementary semiconductor, such as germa-
nium; a compound semiconductor, such as silicon carbide,
gallium arsenide, gallium phosphide, indium phosphide,
indium arsenide, and/or indium antimonide; an alloy semi-
conductor, such as silicon germanium (SiGe), GaAsP, All-
nAs, AlGaAs, GalnAs, GalnP, and/or GalnAsP; or combi-
nations thereof. Alternatively, substrate 12 is a
semiconductor-on-insulator substrate, such as a silicon-on-
insulator (SOI) substrate, a silicon germanium-on-insulator
(SGOI) substrate, or a germanium-on-insulator (GOI) sub-
strate. Semiconductor-on-insulator substrates can be fabri-
cated using separation by implantation of oxygen (SIMOX),
wafer bonding, and/or other suitable methods. Substrate 12
can include various doped regions (not shown) depending on
design requirements of integrated circuit device 10. In some
implementations, substrate 12 includes p-type doped regions
(for example, p-type wells) doped with p-type dopants, such
as boron (for example, BF,), indium, other p-type dopant, or
combinations thereof. In some implementations, substrate
12 includes n-type doped regions (for example, n-type
wells) doped with n-type dopants, such as phosphorus,
arsenic, other n-type dopant, or combinations thereof. In
some implementations, substrate 12 includes doped regions
formed with a combination of p-type dopants and n-type
dopants. The various doped regions can be formed directly
on and/or in substrate 12, for example, providing a p-well
structure, an n-well structure, a dual-well structure, a raised
structure, or combinations thereof. An ion implantation

Apr. 23,2020

process, a diffusion process, and/or other suitable doping
process can be performed to form the various doped regions.

[0018] An isolation feature(s) (not shown) is formed over
and/or in substrate 12 to isolate various regions, such as
various device regions, of integrated circuit device 10. For
example, isolation features define and electrically isolate
active device regions and/or passive device regions from
each other. Isolation features include silicon oxide, silicon
nitride, silicon oxynitride, other suitable isolation material,
or combinations thereof. Isolation features can include dif-
ferent structures, such as shallow trench isolation (STI)
structures, deep trench isolation (DTI) structures, and/or
local oxidation of silicon (LOCOS) structures. In some
implementations, isolation features include STI features. For
example, STI features can be formed by etching a trench in
substrate 12 (for example, by using a dry etch process and/or
wet etch process) and filling the trench with insulator
material (for example, by using a chemical vapor deposition
process or a spin-on glass process). A chemical mechanical
polishing (CMP) process may be performed to remove
excessive insulator material and/or planarize a top surface of
isolation features. In some embodiments, STI features
include a multi-layer structure that fills the trenches, such as
a silicon nitride layer disposed over an oxide liner layer.

[0019] Various gate structures are disposed over substrate
12, such as a gate structure 20A, a gate structure 20B, and
a gate structure 20C. In some implementations, one or more
of gate structures 20A-20C interpose a source region and a
drain region, where a channel region is defined between the
source region and the drain region. The one or more gate
structures 20A-20C engage the channel region, such that
current can flow between the source/drain regions during
operation. In some implementations, gate structures 20A-
20C are formed over a fin structure, such that gate structures
20A-20C each wrap a portion of the fin structure. For
example, one or more of gate structures 20A-20C wrap
channel regions of the fin structure, thereby interposing a
source region and a drain region of the fin structure. Gate
structures 20A-20C include metal gate (MQ) stacks, such as
metal gate stack 22A, metal gate stack 22B, and metal gate
stack 22C. Metal gate stacks 22A-22C are configured to
achieve desired functionality according to design require-
ments of integrated circuit device 10, such that metal gate
stacks 22A-22C include the same or different layers and/or
materials. In some implementations, metal gate stacks 22A-
22C include a gate dielectric (for example, a gate dielectric
layer) and a gate electrode (for example, a work function
layer and a bulk conductive layer). Metal gate stacks 22A-
22C may include numerous other layers, for example, cap-
ping layers, interface layers, diffusion layers, barrier layers,
hard mask layers, or combinations thereof. In some imple-
mentations, the gate dielectric layer is disposed over an
interfacial layer (including a dielectric material, such as
silicon oxide), and the gate electrode is disposed over the
gate dielectric layer. The gate dielectric layer includes a
dielectric material, such as silicon oxide, high-k dielectric
material, other suitable dielectric material, or combinations
thereof. Examples of high-k dielectric material include haf-
nium dioxide (HfO,), HfSiO, HfSiON, HfTaO, HfTiO,
HfZrO, zirconium oxide, aluminum oxide, hafnium dioxide-
alumina (HfO,—A1,0;) alloy, other suitable high-k dielec-
tric materials, or combinations thereof. In some implemen-
tations, the gate dielectric layer is a high-k dielectric layer.
The gate electrode includes a conductive material, such as
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polysilicon, aluminum (Al), copper (Cu), titanium (T1),
tantalum (Ta), tungsten (W), molybdenum (Mo), cobalt
(Co), TaN, NiSi, CoSi, TiN, WN, TiAl, TiAIN, TaCN, TaC,
TaSiN, other conductive material, or combinations thereof.
In some implementations, the work function layer is a
conductive layer tuned to have a desired work function (such
as an n-type work function or a p-type work function), and
the conductive bulk layer is a conductive layer formed over
the work function layer. In some implementations, the work
function layer includes n-type work function materials, such
as Ti, silver (Ag), TaAl, TaAIC, TiAIN, TaC, TaCN, TaSiN,
manganese (Mn), zirconium (Zr), other suitable n-type work
function materials, or combinations thereof. In some imple-
mentations, the work function layer includes a p-type work
function material, such as TiN, TaN, ruthenium (Ru), Mo,
Al, WN, ZrSi,, MoSi,, TaSi,, NiSi,, WN, other suitable
p-type work function materials, or combinations thereof.
The bulk (or fill) conductive layer includes a suitable
conductive material, such as Al, W, and/or Cu. The bulk
conductive layer may additionally or collectively include
polysilicon, Ti, Ta, metal alloys, other suitable materials, or
combinations thereof.

[0020] Gate structures 20A-20C are formed by deposition
processes, lithography processes, etching processes, other
suitable processes, or combinations thereof. The deposition
processes include CVD, physical vapor deposition (PVD),
atomic layer deposition (ALD), high density plasma CVD
(HDPCVD), metal organic CVD (MOCVD), remote plasma
CVD (RPCVD), plasma enhanced CVD (PECVD), low-
pressure CVD (LPCVD), atomic layer CVD (ALCVD),
atmospheric pressure CVD (APCVD), plating, other suit-
able methods, or combinations thereof. The lithography
patterning processes include resist coating (for example,
spin-on coating), soft baking, mask aligning, exposure,
post-exposure baking, developing the resist, rinsing, drying
(for example, hard baking), other suitable processes, or
combinations thereof. Alternatively, the lithography expo-
sure process is assisted, implemented, or replaced by other
methods, such as maskless lithography, electron-beam writ-
ing, or ion-beam writing. The etching processes include dry
etching processes, wet etching processes, other etching
processes, or combinations thereof. Metal gate stacks 22A-
22C are fabricated according to a gate last process, a gate
first process, or a hybrid gate last/gate first process. In gate
last process implementations, gate structures 20A-20D
include dummy gate stacks that are subsequently replaced
with metal gate stacks 22A-22C. The dummy gate stacks
include, for example, an interfacial layer (including, for
example, silicon oxide) and a dummy gate electrode layer
(including, for example, polysilicon). In such implementa-
tions, the dummy gate electrode layer is removed, thereby
forming openings (trenches) in which metal gate stacks
22A-22C are formed.

[0021] Gate structures 20A-20C further include spacers
26A-26C, which are disposed adjacent to (for example,
along sidewalls of) metal gate stacks 22A-22C, respectively.
Spacers 26A-26C are formed by any suitable process and
include a dielectric material. The dielectric material can
include silicon, oxygen, carbon, nitrogen, other suitable
material, or combinations thereof (for example, silicon
oxide, silicon nitride, silicon oxynitride, or silicon carbide).
For example, in the depicted embodiment, a dielectric layer
including silicon and nitrogen, such as a silicon nitride layer,
can be deposited over substrate 12 and subsequently aniso-
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tropically etched to form spacers 26A-26C. In some imple-
mentations, spacers 26A-26C include a multi-layer struc-
ture, such as a first dielectric layer that includes silicon
nitride and a second dielectric layer that includes silicon
oxide. In some implementations, more than one set of
spacers, such as seal spacers, offset spacers, sacrificial
spacers, dummy spacers, and/or main spacers, are formed
adjacent to metal gate stacks 22A-22C. In such implemen-
tations, the various sets of spacers can include materials
having different etch rates. For example, a first dielectric
layer including silicon and oxygen (for example, silicon
oxide) can be deposited over substrate 12 and subsequently
anisotropically etched to form a first spacer set adjacent to
metal gate stacks 22A-22C (or dummy metal gate stacks, in
some implementations), and a second dielectric layer includ-
ing silicon and nitrogen (for example, silicon nitride) can be
deposited over substrate 12 and subsequently anisotropically
etched to form a second spacer set adjacent to the first spacer
set. Implantation, diffusion, and/or annealing processes may
be performed to form lightly doped source and drain (LDD)
features and/or heavily doped source and drain (HDD)
features in substrate 12 before and/or after forming spacers
26A-26C, depending on design requirements of integrated
circuit device 10.

[0022] Epitaxial source features and epitaxial drain fea-
tures (referred to as epitaxial source/drain features) are
disposed in source/drain regions of substrate 12. For
example, a semiconductor material is epitaxially grown on
substrate 12, forming epitaxial source/drain features 30 over
a source region and a drain region of substrate 12. In the
depicted embodiment, gate structure 20B interposes epi-
taxial source/drain features 30, and a channel region is
defined between epitaxial source/drain features 30. Gate
structure 20B and epitaxial source/drain features 30 thus
form a portion of a transistor, such a pull-up transistor or a
pull-down transistor, of integrated circuit device 10. Gate
structure 20B and/or epitaxial source/drain features 30 are
thus alternatively referred to as device features. In some
implementations, epitaxial source/drain features 30 wrap
source/drain regions of a fin structure. An epitaxy process
can implement CVD deposition techniques (for example,
vapor-phase epitaxy (VPE), ultra-high vacuum CVD (UHV-
CVD), LPCVD, and/or PECVD), molecular beam epitaxy,
other suitable SEG processes, or combinations thereof. The
epitaxy process can use gaseous and/or liquid precursors,
which interact with the composition of substrate 12. Epi-
taxial source/drain features 30 are doped with n-type dop-
ants and/or p-type dopants. In some implementations, where
integrated circuit device 10 is configured as an n-type device
(for example, having an n-channel), epitaxial source/drain
features 30 are epitaxial layers including silicon and/or
carbon, where silicon-containing epitaxial layers or silicon-
carbon-containing epitaxial layers are doped with phospho-
rous, other n-type dopant, or combinations thereof (for
example, forming a Si:P epitaxial layer or a Si:C:P epitaxial
layer). In some implementations, where integrated circuit
device 10 is configured as a p-type device (for example,
having a p-channel), epitaxial source/drain features 30 are
epitaxial layers including silicon and germanium, where the
silicon germanium containing epitaxial layers are doped
with boron, other p-type dopant, or combinations thereof
(for example, forming a Si:Ge:B epitaxial layer). In some
implementations, epitaxial source/drain features 30 include
materials and/or dopants that achieve desired tensile stress
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and/or compressive stress in the channel region. In some
implementations, epitaxial source/drain features 30 are
doped during deposition by adding impurities to a source
material of the epitaxy process. In some implementations,
epitaxial source/drain features 30 are doped by an ion
implantation process subsequent to a deposition process. In
some implementations, annealing processes are performed
to activate dopants in epitaxial source/drain features 30
and/or other source/drain regions of integrated circuit device
10 (for example, HDD regions and/or LDD regions).

[0023] A multilayer interconnect (MLI) feature 40 is dis-
posed over substrate 12. MLI feature 40 electrically couples
various devices (for example, transistors, resistors, capaci-
tors, and/or inductors) and/or components (for example, gate
structures and/or source/drain features) of integrated circuit
device 10, such that the various devices and/or components
can operate as specified by design requirements of integrated
circuit device 10. MLI feature 40 includes a combination of
dielectric layers and conductive layers configured to form
various interconnect structures. The conductive layers are
configured to form vertical interconnect features, such as
device-level contacts and/or vias, and/or horizontal inter-
connect features, such as conductive lines. Vertical inter-
connect features typically connect horizontal interconnect
features in different layers (or different planes) of MLI
feature 40. In some implementations, vertical interconnect
features and horizontal interconnect features have respective
lengths and widths measured along the same direction,
where vertical interconnect features have lengths greater
than their widths, and horizontal interconnect features have
lengths less their widths. During operation of integrated
circuit device 10, the interconnect structures are configured
to route signals between the devices and/or the components
of integrated circuit device 10 and/or distribute signals (for
example, clock signals, voltage signals, and/or ground sig-
nals) to the devices and/or the components of integrated
circuit device 10. It is noted that though MLI feature 40 is
depicted with a given number of dielectric layers and
conductive layers, the present disclosure contemplates MLI
feature 40 having more or less diclectric layers and/or
conductive layers depending on design requirements of
integrated circuit device 10.

[0024] In FIG. 1, MLI feature 40 includes one or more
dielectric layers, such as an interlayer dielectric layer 42
(ILD-0) disposed over substrate 12, an interlayer dielectric
layer 44 (ILD-1) disposed over ILD layer 42, an interlayer
dielectric layer 46 (ILD-2) disposed over ILD layer 44, and
an interlayer dielectric layer 48 (ILD-3) disposed over 1LD
layer 46. ILD layers 42-48 include a dielectric material
including, for example, silicon oxide, silicon nitride, silicon
oxynitride, TEOS formed oxide, PSG, BPSG, low-k dielec-
tric material, other suitable dielectric material, or combina-
tions thereof. Exemplary low-k dielectric materials include
FSG, carbon doped silicon oxide, Black Diamond® (Ap-
plied Materials of Santa Clara, Calif.), Xerogel, Aerogel,
amorphous fluorinated carbon, Parylene, BCB, SILK (Dow
Chemical, Midland, Mich.), polyimide, other low-k dielec-
tric material, or combinations thereof. In the depicted
embodiment, ILD layers 42-48 are dielectric layers that
include a low-k dielectric material (generally referred to as
low-k dielectric layers). ILD layers 42-48 can include a
multilayer structure having multiple dielectric materials.
MLI feature 40 can further include one or more contact etch
stop layers (CESL) disposed over substrate 12, such as a
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CESL 52 disposed between ILD layer 42 and ILD layer 44,
a CESL 54 disposed between ILD layer 44 and ILD layer 46,
and a CESL 56 disposed between ILD layer 46 and 1ILD
layer 48. In some implementations, a CESL (not shown) is
also disposed between substrate 12 and ILD layer 42. CESLs
52-56 include a material different than ILD layers 42-48,
such as a dielectric material that is different than the dielec-
tric material of ILD layers 42-48. In the depicted embodi-
ment, where ILD layers 42-48 include a low-k dielectric
material, CESLs 52-56 include silicon and nitrogen (for
example, silicon nitride or silicon oxynitride). ILD layers
42-48 and/or CESLs 52-56 are formed over substrate 12, for
example, by a deposition process (such as CVD, PVD, ALD,
HDPCVD, MOCVD, RPCVD, PECVD, LPCVD, ALCVD,
APCVD, plating, other suitable methods, or combinations
thereof). In some implementations, ILD layers 42-48 and/or
CESLs 52-56 are formed by a flowable CVD (FCVD)
process that includes, for example, depositing a flowable
material (such as a liquid compound) over substrate 12 and
converting the flowable material to a solid material by a
suitable technique, such as thermal annealing and/or ultra-
violet radiation treating. Subsequent to the deposition of
ILD layers 42-48 and/or CESLs 52-56, a CMP process
and/or other planarization process is performed, such that
ILD layers 42-48 and/or CESLs 52-56 have substantially
planar surfaces.

[0025] A device-level contact 60, a device-level contact
62, a device-level contact 64, a via 70, a via 72, a via 74, a
conductive line 80, a conductive line 82, and a conductive
line 84 are disposed in ILD layers 42-48 to form intercon-
nect structures. Device-level contacts 60-64 (also referred to
as local interconnects or local contacts) electrically couple
and/or physically couple IC device features to other con-
ductive features of MLI feature 40. For example, device-
level contact 60 is a metal-to-poly (MP) contact, which
generally refers to a contact to a gate structure, such as a
poly gate structure or a metal gate structure. In the depicted
embodiment, device-level contact 60 is disposed on gate
structure 20B (in particular, metal gate stack 22B), such that
device-level contact 60 connects gate structure 20B to via
70. Device-level contact 60 extends through ILD layer 44
and CESL 52, though the present disclosure contemplates
embodiments where device-level contact 60 extends through
more than one ILD layer and/or CESL of MLI feature 40. In
furtherance of the example, device-level contact 62 and
device-level contact 64 are metal-to-device (MD) contacts,
which generally refer to contacts to a conductive region of
integrated circuit device 10, such as source/drain regions. In
the depicted embodiment, device-level contact 62 and
device-level contact 64 are disposed on respective epitaxial
source/drain features 30, such that device-level contact 62
and device-level contact 64 connect epitaxial source/drain
features 30 respectively to via 72 and via 74. Device-level
contact 62 and device-level contact 64 extend through IL.D
layer 42, ILD layer 44, and CESL 52, though the present
disclosure contemplates embodiments where device-level
contact 62 and/or device-level contact 64 extend through
more than one ILD layer and/or CESL of MLI feature 40. In
some implementations, device-level contacts 60-64 are
MEOL conductive features that interconnect FEOL conduc-
tive features (for example, gate structures 20A-20C and/or
epitaxial source/drain features 30) to BEOL conductive
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features (for example, vias 70-74), thereby electrically and/
or physically coupling FEOL conductive features to BEOL
conductive features.

[0026] Vias 70-74 electrically couple and/or physically
couple conductive features of MLI feature 40 to one another.
For example, via 70 is disposed on device-level contact 60,
such that via 70 connects device-level contact 60 to con-
ductive line 80; via 72 is disposed on device-level contact
62, such that via 72 connects device-level contact 62 to
conductive line 82; and via 74 is disposed on device-level
contact 64, such that via 74 connects device-level contact 64
to conductive line 84. In the depicted embodiment, vias
70-74 extend through ILD layer 46 and CESL 54, though the
present disclosure contemplates embodiments where vias
70-74 extend through more than one ILD layer and/or CESL
of MLI feature 40. In some implementations, vias 70-74 are
BEOL conductive features that interconnect MEOL conduc-
tive features (for example, device-level contacts 60-64) to
BEOL conductive features (for example, conductive lines
80-84), thereby electrically and/or physically coupling
MEOL conductive features to BEOL conductive features. In
some implementations, MLI feature 40 further includes vias
that are BEOL conductive features that interconnect BEOL
conductive features in different ILD layers to one another,
such as conductive lines 80-84 to conductive lines (not
shown) disposed in other ILD layers (not shown) overlying
ILD layers 42-48, thereby electrically and/or physically
coupling BEOL conductive features of integrated circuit
device 10.

[0027] Device-level contacts 60-64, vias 70-74, and con-
ductive lines 80-84 include any suitable conductive material,
such as Ta, Ti, Al, Cu, Co, tantalum nitride (TaN), titanium
(Ti), titanium nitride (TiN), cobalt (Co), and/or other suit-
able conductive materials. Device-level contacts 60-64, vias
70-74, and conductive lines 80-84 are formed by patterning
ILD layers 42-48 and/or CESLs 52-56. Patterning IL.D
layers 42-48 and CESLs 52-56 can include lithography
processes and/or etching processes to form openings
(trenches), such as contact openings and/or line openings in
respective ILD layers 42-48 and/or CESLs 52-56. In some
implementations, the lithography processes include forming
aresist layer over respective ILD layers 42-48 and/or CESLs
52-56, exposing the resist layer to pattern radiation, and
developing the exposed resist layer, thereby forming a
patterned resist layer that can be used as a masking element
for etching opening(s) in respective ILD layers 42-48 and/or
CESLs 52-56. The etching processes include dry etching
processes, wet etching processes, other etching processes, or
combinations thereof. Thereafter, the opening(s) are filled
with one or more conductive materials. The conductive
material(s) can be deposited by PVD, CVD, ALD, electro-
plating, electroless plating, other suitable deposition pro-
cess, or combinations thereof. Thereafter, any excess con-
ductive material(s) can be removed by a planarization
process, such as a CMP process, thereby planarizing a top
surface of ILD layers 42-48, CESLs 52-56, device-level
contacts 60-64, vias 70-74, and/or conductive lines 80-84.
[0028] Interconnect structures of MLI features, such as
MLI feature 40, typically include copper. As IC technologies
progress towards smaller technology nodes (such as 16 nm,
10 nm, 7 nm, 5 nm, and below) and MLI features become
more compact, copper-based interconnect structures have
been observed to degrade performance, develop voids (aris-
ing, for example, from higher aspect ratio interconnect
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openings), and increase resistance-capacitance (RC) delay in
ICs. To compensate for these issues, IC manufacturers are
exploring new materials for the interconnect structures, such
as aluminum, tungsten, cobalt, and/or ruthenium. For
example, cobalt and/or tungsten may be implemented in
device-level contacts, such as device-level contacts 60-64,
while aluminum and/or tungsten may be implemented in
vias, such as vias 70-74. Cobalt, in particular, exhibits better
sheet resistance and/or electromigration (EM) performance
than traditional interconnect materials, such as copper, and
is easily integrated into conventional IC fabrication pro-
cesses. A via disposed on a device-level contact thus often
includes a tungsten barrier layer disposed along sidewall
surfaces and/or bottom surfaces of a via opening (defined,
for example, by an ILD layer and/or the device-level con-
tact) and a tungsten bulk layer disposed over the tungsten
barrier layer, where the tungsten barrier layer and the
tungsten bulk layer fill the via opening.

[0029] Though the tungsten bulk layer exhibits desirable
sheet resistance and the tungsten barrier layer exhibits
desirably low contact resistance, poor adhesion of the tung-
sten barrier layer to the sidewall surfaces and/or bottom
surfaces of the via opening leads to significant damage of the
device-level contact, particularly when the device-level con-
tact includes cobalt. For example, BEOL processing asso-
ciated with tungsten-containing vias (from, for example,
depositing the tungsten bulk layer, planarizing the tungsten
barrier layer and/or the tungsten bulk layer, and/or cleaning
processes) and/or associated with conductive lines (for
example, cleaning processes) of the interconnect structure
have been observed to seep through gaps between the
tungsten barrier layer and the ILD layer and attack material
of the device-level contact (in particular, cobalt), degrading
its performance. Such performance degradation is calami-
tous for cobalt-containing device-level contacts. For
example, cobalt loss arising from exposure to chemicals
during BEOL processing, such as CMP slurry (which is
typically an acidic solvent), have been observed to cause
significant yield loss of cobalt-containing device-level con-
tacts, which is unacceptable for meeting shrinking technol-
ogy node demands.

[0030] The present disclosure thus proposes vias that
protect device-level contacts (and, in some implementations,
conductive lines), particularly cobalt-containing device-
level contacts, from post-process damage. In particular, vias
disclosed in FIGS. 2A-2C below, which can be implemented
in vias 70-74, include a multi-layer via barrier that adheres
well to sidewall surfaces and/or bottom surfaces of a via
opening (defined, for example, by an ILD layer and/or the
device-level contact), eliminating (or significantly reducing)
any loss of material of device-level contacts during BEOL
processing. In particular implementations, the multi-layer
via barrier includes a titanium layer and a titanium nitride
layer, generally referred to as a Ti/TiN via barrier, which has
been observed to enable low resistance while adhering
sufficiently to the surfaces defining the via opening, thereby
preventing damage to underlying conductive features. In
some implementations, no changes in device performance
were observed after BEOL processing. For example, com-
paring dark voltage contrast (DVC) images generated from
e-beam inspection of surface charge after a CMP process of
a conventional via having a tungsten barrier and a via having
a Ti/TiN via barrier as described herein, it has been observed
that the via having the Ti/TiN via barrier is voltage-contrast
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type defect free (indicating that no voids (resulting, for
example, from cobalt loss during the CMP process) are
present in the via and/or device-level contact), while the
conventional via having the tungsten barrier has voltage-
contrast type defects (indicating that voids, which can cause
electrical shorts or opens, are present in the via and/or
device-level contact). In another example, it has been
observed that a via having the Ti/TiN contact barrier
described herein can significantly reduce resistance (in some
implementations, as much as 77%) between the via and
other IC features. For example, in some implementations,
the via having the Ti/TiN contact barrier is physically
coupled to an FEOL feature, such as a via physically coupled
to a resistor of integrated circuit device 10, where an
interface between the via and the FEOL feature has been
observed to exhibit reduced resistance. Different embodi-
ments may have different advantages, and no particular
advantage is required of any embodiment.

[0031] FIG. 2A is an enlarged fragmentary diagrammatic
view of a portion A of integrated circuit device 10 when
implementing an interconnect structure 100A, in portion or
entirety, according to various aspects of the present disclo-
sure. Interconnect structure 100A includes device-level con-
tact 62, via 72, and conductive line 82, where via 72 extends
through ILD layer 46 and CESL 54 to interconnect device-
level contact 62 to conductive line 82. FIG. 2A has been
simplified for the sake of clarity to better understand the
inventive concepts of the present disclosure. Additional
features can be added in interconnect structure 100A, and
some of the features described below can be replaced,
modified, or eliminated in other embodiments of intercon-
nect structure 100A.

[0032] InFIG. 2A, device-level contact 62 includes cobalt
(and is thus referred to as a cobalt-containing device-level
contact). In some implementations, a volume of device-level
contact 62 includes at least 65% cobalt. For example,
device-level contact 62 includes a cobalt-containing bulk
layer 102, which includes cobalt or a cobalt alloy (for
example, including titanium, tungsten, nickel, phosphorous,
boron, aluminum, tantalum, other suitable cobalt alloying
material, or combinations thereof). In some implementa-
tions, cobalt-containing bulk layer 102 includes at least 50%
cobalt. Device-level contact 62 further includes a capping
layer 104 disposed on cobalt-containing bulk layer 102. In
the depicted embodiment, capping layer 104 includes cobalt
and silicon (for example, cobalt silicide). Though not
depicted, in some implementations, device-level contact 62
includes a barrier layer and/or adhesion layer, where cobalt-
containing bulk layer 102 is disposed over the barrier layer
and/or adhesion layer. In some implementation, device-level
contact 62 extends through an opening in one or more ILD
layers and/or ESL layers. For example, cobalt-containing
bulk layer 102 fills an opening defined by sidewalls of IL.D
layer 44 and/or CESL 52 and a bottom defined by metal gate
stack 22B. In implementations where device-level contact
62 includes a barrier layer and/or other suitable device-level
contact layer, the barrier layer and/or other suitable device-
level contact layer conform to the opening, such that the
barrier layer and/or other suitable device-level contact layer
are disposed on the dielectric layer and the metal gate stack
22B and cobalt-containing bulk layer 102 is disposed on the
barrier layer and/or other suitable device-level contact layer.

[0033] Via 72 fills a via opening having sidewalls defined
by ILD layer 46, CESL 54, and capping layer 104 and a
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bottom defined by cobalt-containing bulk layer 102. Via 72
includes a multi-layer via barrier 110, such as a first via
barrier layer 112 and a second via barrier layer 114. First via
barrier layer 112 and second via barrier layer 114 are
configured to facilitate adhesion of via 72 to surfaces
defining the via opening, such as the sidewall surfaces
defined by ILD layer 46, CESL 54, and capping layer 104
and bottom surface(s) defined by cobalt-containing bulk
layer 102. First via barrier layer 112 is disposed on the
sidewalls and the bottom of the via opening, such that first
via barrier layer 112 is disposed on ILD layer 46, CESL 54,
cobalt-containing bulk layer 102, capping layer 104. Second
via barrier layer 114 is disposed on first via barrier layer 112,
such that second via barrier layer 114 extends along the
sidewalls and the bottom of the via opening defined by ILD
layer 46, CESL 54, cobalt-containing bulk layer 102, cap-
ping layer 104. In the depicted embodiment, first via barrier
layer 112 and second via barrier layer 114 have substantially
uniform thicknesses. In some implementations, first via
barrier layer 112 has a thickness of about 20 A to about 90
A, and second via barrier layer 114 has a thickness of about
1 A to about 40 A. In some implementations, a thickness of
first via barrier layer 112 is greater than a thickness of
second via barrier layer 114.

[0034] First via barrier layer 112 includes titanium (and is
alternatively referred to as a titanium-containing barrier
layer or a titanium barrier layer), and second via barrier layer
114 includes titanium and nitrogen (and is alternatively
referred to as a titanium-and-nitrogen-containing barrier
layer or a titanium nitride barrier layer). Titanium exhibits
low resistance while adhering well to dielectric materials,
such as ILD layer 46 and/or CESL 54, eliminating (or
minimizing) any gaps formed between via 72 and ILD layer
46 and/or CESL 54. First via barrier layer 112 and second
via barrier layer 114 thus prevent chemicals from attacking
and/or consuming device-level contact 62 during subsequent
processing, such as described herein. In some implementa-
tions, first via barrier layer 112 includes at least 90%
titanium, and second via barrier layer 114 includes at least
90% combined of titanium and nitrogen. In some imple-
mentations, second via barrier layer 114 includes at least
35% titanium and at least 35% nitrogen. In some implemen-
tations, first via barrier layer 112 and second via barrier layer
114 are formed using deposition processes configured to
provide high bottom coverage (HBC), which further
enhances adhesion of multi-layer via barrier 110. For
example, first via barrier layer 112 is formed by a PVD
process or an ALD process, and second via barrier layer 114
is formed by a CVD process or a plasma-based or gas-based
treatment process.

[0035] Via 72 further includes a via bulk (fill) layer 120
disposed over multi-layer via barrier 110. Via bulk layer 120
includes tungsten or a tungsten alloy (and is alternatively
referred to as a tungsten-containing via bulk layer or a via
bulk tungsten layer). In the depicted embodiment, via bulk
layer 120 includes a tungsten-containing seed (or liner) layer
122 and a tungsten-containing bulk layer 124. Tungsten-
containing seed layer 122 is disposed on second via barrier
layer 114, such that tungsten-containing seed layer 122
extends along the sidewalls and the bottom of the via
opening defined by ILD layer 46, CESL 54, cobalt-contain-
ing bulk layer 102, and capping layer 104. Tungsten-con-
taining bulk layer 124 is disposed on tungsten-containing
seed layer 122. In some implementations, tungsten-contain-
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ing seed layer 122 has a thickness of about 1 A to about 40
A, and tungsten-containing bulk layer 124 has a thickness of
about 100 nm to about 200 nm. In some implementations,
tungsten-containing seed layer 122 is formed using an ALD
process, and tungsten-containing bulk layer 124 is formed
using a CVD process.

[0036] Conductive line 82 is disposed over via 72, for
example, on multi-layer via barrier 110 and via bulk layer
120. Conductive line 82 includes copper or a copper alloy
(and is alternatively referred to as a copper-containing line
or a copper line). In the depicted embodiment, conductive
line 82 includes a barrier layer 132 and a copper-containing
bulk layer 134. Barrier layer 132 is disposed on multi-layer
via barrier 110 and via bulk layer 120, and copper-contain-
ing bulk layer 134 is disposed on barrier layer 132. Barrier
layer 132 includes titanium, tantalum, other suitable mate-
rial, or combinations thereof. For example, barrier layer 132
includes TiN or TaN. In some implementations, barrier layer
132 is omitted from conductive line 82. Alternatively or
additionally, conductive line 82 can include other conduc-
tive materials, such as tantalum, tantalum nitride, titanium,
titanium nitride, aluminum, tungsten, polysilicon, cobalt,
other suitable conductive materials, or combinations thereof.

[0037] FIG. 2B is an enlarged fragmentary diagrammatic
view of portion A of integrated circuit device 10 when
implementing an interconnect structure 100B, in portion or
entirety, according to various aspects of the present disclo-
sure. Interconnect structure 100B is similar to interconnect
structure 100A, except capping layer 104 is omitted from
device-level contact 62 in interconnect structure 100B. Via
72 thus fills a via opening having sidewalls defined by ILD
layer 46 and CESL 54 and a bottom defined by cobalt-
containing bulk layer 102, where multi-layer via barrier 110
enhances adhesion of via 72 to ILD layer 46 and/or CESL
54 while exhibiting low resistance. FIG. 2B has been
simplified for the sake of clarity to better understand the
inventive concepts of the present disclosure. Additional
features can be added in interconnect structure 1008, and
some of the features described below can be replaced,
modified, or eliminated in other embodiments of intercon-
nect structure 100B.

[0038] FIG. 2C is an enlarged fragmentary diagrammatic
view of portion A of integrated circuit device 10 when
implementing an interconnect structure 100C, in portion or
entirety, according to various aspects of the present disclo-
sure. Interconnect structure 100C is similar to interconnect
structure 100A, except capping layer 104 is omitted from
device-level contact 62 in interconnect structure 100C. Via
72 thus fills a via opening having sidewalls defined by ILD
layer 46 and CESL 54 and a bottom defined by cobalt-
containing bulk layer 102, where multi-layer via barrier 110
enhances adhesion of via 72 to ILD layer 46 and/or CESL
54 while exhibiting low resistance. Further, in contrast to
interconnect structure 100A, via bulk layer 120 includes a
cobalt-containing bulk layer 126 in interconnect structure
100C. Cobalt-containing bulk layer 126 includes cobalt or a
cobalt alloy. In some implementations, cobalt-containing
bulk layer 126 includes at least 50% cobalt. In some
implementations, via bulk layer 120 further includes a
cobalt-containing seed layer configured similar to tungsten-
containing seed layer 122 of interconnect structure 100A. In
some implementations, conductive line 82 includes cobalt or
a cobalt alloy, instead of copper or a copper alloy. FIG. 2C
has been simplified for the sake of clarity to better under-
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stand the inventive concepts of the present disclosure. Addi-
tional features can be added in interconnect structure 100C,
and some of the features described below can be replaced,
modified, or eliminated in other embodiments of intercon-
nect structure 100C.

[0039] FIG. 3 is a flow chart of a method 200 for fabri-
cating an interconnect structure, such as interconnect struc-
tures 100A-100C in FIGS. 2A-2C, according to various
aspects of the present disclosure. At block 210, method 200
includes forming a device-level contact over a substrate. At
block 220, a via is formed on the device-level contact. At
block 230, a conductive line is formed on the via. At block
240, the method 200 may continue to complete fabrication
of the interconnect structure. Additional steps can be pro-
vided before, during, and after method 200, and some of the
steps described can be moved, replaced, or eliminated for
additional embodiments of method 200.

[0040] FIG. 4 is a flow chart of a method 250 for fabri-
cating a via of an interconnect structure, such as via 72 of
interconnect structures 100A-100C in FIGS. 2A-2C, accord-
ing to various aspects of the present disclosure. In some
implementations, method 250 can be implemented in
method 200 at block 220. At block 252, method 250 includes
forming an opening in a dielectric layer overlying a con-
ductive structure that includes cobalt. At block 254, a first
via barrier layer that includes includes titanium is formed on
sidewall surfaces and a bottom surface of the opening. At
block 256, a second via barrier layer that includes titanium
and nitrogen is formed on the first via barrier layer. At block,
a via bulk layer is formed on the second via barrier layer,
such that the first via layer, the second via layer, and the via
fill layer fill the opening. Additional steps can be provided
before, during, and after method 250, and some of the steps
described can be moved, replaced, or eliminated for addi-
tional embodiments of method 250.

[0041] FIGS. 5A-5F are fragmentary diagrammatic views
of an interconnect structure 300, in portion or entirety, at
various fabrication stages (such as those associated with
method 200 of FIG. 3 and/or method 250 of FIG. 4)
according to various aspects of the present disclosure. Inter-
connect structure 300 includes a via that protects underlying
conductive features, such as underlying MEOL features
and/or BEOL features, from damage during subsequent
processing, as described herein. FIGS. 5A-5F have been
simplified for the sake of clarity to better understand the
inventive concepts of the present disclosure. Additional
features can be added in interconnect structure 300, and
some of the features described below can be replaced,
modified, or eliminated in other embodiments of intercon-
nect structure 300.

[0042] In FIG. 5A, a substrate 310 is provided having a
conductive feature 320 disposed thereover. Substrate 310 is
similar to substrate 12 depicted and described in FIG. 1. In
the depicted embodiment, conductive feature 320 is a
MEOL feature, such as a cobalt-containing device-level
contact similar to device-level contact 62 depicted and
described in FIG. 1 and FIGS. 2A-2C. For example, con-
ductive feature 320 includes a cobalt-containing contact
layer 322, similar to cobalt-containing bulk layer 102, and a
capping layer 324, similar to capping layer 104. Alterna-
tively, in some implementations, conductive feature 320 is a
cobalt-containing BEOL feature, such as a cobalt-containing
conductive line of MLI feature 40. In some implementa-
tions, cobalt-containing contact layer 322 is formed by any
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suitable deposition process (for example, PVD, CVD, ALD,
or other suitable deposition process) and/or annealing pro-
cess. In some implementations, the deposition process uses
a cobalt precursor, such as cyclopentadienyl cobalt dicarbo-
nyl (CpCo(CO),), dicobalt hexcarbonyl tertbutylacctylene
(CCTBA), cobalt tricarbonyl nitrosyl (Co(CO);NO), bis
(cyclopentadienyl)cobalt (Co(CsHs),, CpCo(CO),), bis(eth-
yleyclopentadienyl)cobalt (Ci,HigCo), bis(pentamethylcy-
clopentadienyl)cobalt (C,,H;,Co), cobalt tris(2,2,6,6-
tetramethyl-3,5-heptanedionate) (Co(OCC(CH;);CHCOC
(CH,);)5), Dbis(ethylcyclopentadienyl)cobalt  (Ci,HiyCo),
other suitable cobalt precursor, or combinations thereof.

[0043] A dielectric layer 330, similar to ILD layers 42-48
depicted and described in FIG. 1 and FIGS. 2A-2C, is
formed over conductive feature 320. For example, a CVD
process is performed to deposit a low-k dielectric material
over conductive feature 320, thereby forming dielectric
layer 330. A CESL 332, similar to CESLs 52-56 depicted
and described in FIG. 1 and FIGS. 2A-2C, can be formed
over dielectric layer 330 before forming dielectric layer 330,
though the present disclosure contemplates embodiments
where CESL 332 is omitted from interconnect structure 300.
CESL 332 includes a material having a different etching
characteristic than a material of dielectric layer 330, such as
silicon nitride.

[0044] In FIG. 5B, a via opening 340 is formed in dielec-
tric layer 330 (and, in some implementations, CESL 332) by
a patterning process. In the depicted embodiment, via open-
ing 340 extends vertically through dielectric layer 330,
CESL 332, and capping layer 324. Via opening 340 includes
a sidewall 334 (defined by dielectric layer 330, CESL 332,
and capping layer 324), a sidewall 336 (defined by dielectric
layer 330, CESL 332, and capping layer 324), and a bottom
338 (defined by cobalt-containing contact layer 322) that
extends between sidewall 334 and sidewall 336. The pat-
terning process includes lithography processes and/or etch-
ing processes. For example, forming via opening 340
includes performing a lithography process to form a pat-
terned resist layer over dielectric layer 330 and performing
an etching process to transfer a pattern defined in the
patterned resist layer to dielectric layer 330. The lithography
process can include forming a resist layer on dielectric layer
330 (for example, by spin coating), performing a pre-
exposure baking process, performing an exposure process
using a mask, performing a post-exposure baking process,
and performing a developing process. During the exposure
process, the resist layer is exposed to radiation energy (such
as ultraviolet (UV) light, deep UV (DUV) light, or extreme
UV (EUV) light), where the mask blocks, transmits, and/or
reflects radiation to the resist layer depending on a mask
pattern of the mask and/or mask type (for example, binary
mask, phase shift mask, or EUV mask), such that an image
is projected onto the resist layer that corresponds with the
mask pattern. Since the resist layer is sensitive to radiation
energy, exposed portions of the resist layer chemically
change, and exposed (or non-exposed) portions of the resist
layer are dissolved during the developing process depending
on characteristics of the resist layer and characteristics of a
developing solution used in the developing process. After
development, the patterned resist layer includes a resist
pattern that corresponds with the mask. The etching process
uses the patterned resist layer as an etch mask to remove
portions of dielectric layer 330. The etching process can
include a dry etching process (for example, a reactive ion
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etching (RIE) process), a wet etching process, other suitable
etching process, or combinations thereof. After the etching
process, the patterned resist layer is removed from dielectric
layer 330, for example, by a resist stripping process. In some
implementations, the patterned resist layer is used as an etch
mask to remove portions of CESL 332 and/or capping layer
324 to extend via opening 340, thereby exposing conductive
feature 320. In some implementations, dielectric layer 330
and/or CESL 332 are used as etching masks to remove
portions respectively of CESI. 332 and/or capping layer 324.
Various selective etching processes can be performed. Alter-
natively, the exposure process can be implemented or
replaced by other methods, such as maskless lithography,
electron-beam (e-beam) writing, ion-beam writing, and/or
nanoimprint technology.

[0045] In FIG. 5C, a via barrier layer 350 is formed in via
opening 340. Via barrier layer 350 is similar to first via
barrier layer 112 depicted and described in FIGS. 2A-2C.
For example, via barrier layer 350 is a titanium-containing
layer. Via barrier layer 350 is disposed along sidewall 334,
sidewall 336, and bottom 338 defining via opening 340, such
that via barrier layer 350 partially fills via opening 340. In
the depicted embodiment, via barrier layer 350 is disposed
directly on portions of dielectric layer 330, CESL 332, and
cobalt-containing contact layer 322 that define via opening
340. In furtherance of the depicted embodiment, a PVD
process conformally deposits via barrier layer 350, such that
via barrier layer 350 has a thickness that is substantially
uniform over exposed surfaces of interconnect structure 300.
Alternatively, via barrier layer 350 is formed by CVD, ALD,
electroplating, electroless plating, other suitable deposition
process, or combinations thereof.

[0046] In FIG. 5D, a via barrier layer 352 is formed in via
opening 340. Via barrier layer 352 is similar to second via
barrier layer 114 depicted and described in FIGS. 2A-2C.
For example, via barrier layer 352 is a titanium-and-nitro-
gent-containing layer. Via barrier layer 352 is formed over
via barrier layer 350, such that via barrier layer 352 partially
fills via opening 340. In the depicted embodiment, via
barrier layer 352 is disposed directly on via barrier layer
350. In furtherance of the depicted embodiment, a CVD
process conformally deposits via barrier layer 352, such that
via barrier layer 352 has a thickness that is substantially
uniform over exposed surfaces of interconnect structure 300.
Alternatively, via barrier layer 352 is formed by PVD, ALD,
electroplating, electroless plating, other suitable deposition
process, or combinations thereof.

[0047] In FIG. 5E, a via bulk layer 354 is formed in via
opening 340. Via bulk layer 354 is similar to via bulk layer
120 depicted and described in FIGS. 2A-2C. In the depicted
embodiment, via bulk layer 354 is a tungsten-containing
layer. For example, via bulk layer 354 includes a seed layer
356, such as tungsten-containing seed layer 122 depicted
and described in FIG. 2A and FIG. 2B, and a fill layer 358,
such as tungsten-containing bulk layer 124 depicted and
described in FIG. 2A and FIG. 2B. Alternatively, via bulk
layer 120 is a cobalt-containing layer, such as cobalt-
containing bulk layer 126 depicted and described in FIG.
2C. Via bulk layer 354 is formed over via barrier layer 352,
such that via bulk layer 354 fills any remaining via opening
340. In the depicted embodiment, seed layer 356 is disposed
directly on via barrier layer 352, and fill layer 358 is
disposed directly on seed layer 356. In furtherance of the
depicted embodiment, an ALD process conformally deposits
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seed layer 356, such that seed layer 356 has a thickness that
is substantially uniform over exposed surfaces of intercon-
nect structure 300, and a CVD process deposits fill layer 358
over exposed surfaces of interconnect structure 300. Alter-
natively, via bulk layer 354, seed layer 356 and/or fill layer
358 are formed by PVD, CVD, ALD, electroplating, elec-
troless plating, other suitable deposition process, or combi-
nations thereof.

[0048] In FIG. SF, a CMP process and/or other planariza-
tion process is performed on interconnect structure 300. The
CMP process removes excessive via barrier layer 350, via
barrier layer 352, and via bulk layer 354, resulting in a via
360 that includes via barrier layer 350, via barrier layer 352,
and via bulk layer 354 (which fill via opening 340). The
CMP process planarizes a top surface of interconnect struc-
ture 300, such that in some implementations, a top surface
of dielectric layer 330 and a top surface of via 360 form a
substantially planar surface. Thereafter, fabrication of inter-
connect structure 300 can continue with forming a conduc-
tive feature over via 360, where via 360 physically and/or
electrically couples the conductive feature to conductive
feature 320. For example, the conductive feature is a BEOL
feature, such as conductive line 82 depicted and described in
FIGS. 2A-2C. The conductive feature can be formed in a
dielectric layer disposed over via 360 by implementing the
deposition, lithography, and/or etching processes described
herein.

[0049] The present disclosure provides for many different
embodiments. Interconnect structures and corresponding
techniques for forming the interconnect structures are dis-
closed herein. An exemplary interconnect structure includes
a conductive feature that includes cobalt and a via disposed
over the conductive feature. The via includes a first via
barrier layer disposed over the conductive feature, a second
via barrier layer disposed over the first via barrier layer, and
a via bulk layer disposed over the second via barrier layer.
The first via barrier layer includes titanium, and the second
via barrier layer includes titanium and nitrogen. The via bulk
layer can include tungsten and/or cobalt. A capping layer
may be disposed over the conductive feature, where the via
extends through the capping layer to contact the conductive
feature. In some implementations, the capping layer includes
cobalt and silicon. In some implementations, the conductive
feature and the via are disposed in a dielectric layer. In some
implementations, the conductive feature is a middle-end-of-
line conductive feature. In some implementations, the con-
ductive feature is a back-end-of-line conductive feature.

[0050] Another exemplary interconnect structure includes
a cobalt-containing device contact disposed over a substrate
and a dielectric layer disposed over the cobalt-containing
device contact. A via is disposed in the dielectric layer. The
via includes a titanium-containing barrier layer disposed
over sidewall surfaces defined by the dielectric layer and a
bottom surface defined by the cobalt-containing device
contact, a titanium-and-nitrogen-containing barrier layer
disposed over the titanium-containing barrier layer, and a
bulk layer disposed over the titanium-and-nitrogen-contain-
ing barrier layer. In some implementations, the cobalt-
containing device contact includes a cobalt-containing con-
tact layer and a cobalt-and-silicon-containing capping layer
disposed on the cobalt-containing contact layer. In such
implementations, the via extends through the cobalt-and-
silicon-containing capping layer to the cobalt-containing
contact layer. In some implementations, the interconnect
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structure further includes a copper-containing conductive
line, wherein the via interconnects the cobalt-containing
device contact to the copper-containing conductive line.

[0051] An exemplary method includes forming an open-
ing in a dielectric layer, wherein the opening overlies a
conductive feature that includes cobalt. The method further
includes forming a first via barrier layer over sidewalls and
a bottom defining the opening, forming a second via barrier
layer over the first via barrier layer, and forming a via bulk
layer over the second via barrier layer. The first via barrier
layer includes titanium, and the second via barrier layer
includes titanium and nitrogen. The first via barrier layer, the
second via barrier layer, and the via bulk layer fill the
opening. In some implementations, the first via barrier layer
is formed by performing a physical vapor deposition pro-
cess. In some implementations, the second via barrier layer
is formed by performing a chemical vapor deposition pro-
cess. In some implementations, the method further includes
forming a capping layer over the conductive feature. In some
implementations, the capping layer includes cobalt and
silicon.

[0052] Another exemplary method includes forming a
middle-end-of-line (MEOL) feature over a substrate,
wherein the MEOL feature includes cobalt and forming a
back-end-of-line (BEOL) feature on the MEOL feature.
Forming the BEOL feature includes forming a dielectric
layer over the MEOL feature, patterning the dielectric layer
to form an opening in the dielectric layer, wherein the
opening has sidewalls defined by the dielectric layer and a
bottom defined by an exposed portion of the MEOL feature,
depositing a titanium-containing barrier layer on the side-
walls and the bottom of the opening, depositing a titanium-
and-nitrogen-containing barrier layer on the titanium-con-
taining barrier layer, depositing a bulk layer on the titanium-
and-nitrogen-containing barrier layer, wherein the titanium-
containing barrier layer, the titanium-and-nitrogen-
containing barrier layer, and the bulk layer fill the opening,
and performing a planarizing process on the titanium-con-
taining barrier layer, the titanium-and-nitrogen-containing
barrier layer, and the bulk layer, thereby planarizing a
surface of the BEOL feature. In some implementations, the
depositing the titanium-containing barrier layer includes
performing a physical vapor deposition process. In some
implementations, the depositing the titanium-and-nitrogen-
containing barrier layer includes performing a chemical
vapor deposition process. In some implementations, the
forming the MEOL feature includes forming a cobalt-con-
taining contact layer and forming a cobalt-and-silicon-con-
taining contact layer over the cobalt-containing contact
layer. The cobalt-containing contact layer and the cobalt-
and-silicon-containing contact layer are disposed in another
dielectric layer.

[0053] An exemplary integrated circuit device includes a
back-end-of-line (BEOL) feature configured to electrically
couple a cobalt contact feature to a conductive feature. The
BEOL feature includes a titanium-containing barrier layer
disposed on the cobalt contact feature, a titanium-and-
nitrogen-containing barrier layer disposed on the titanium-
containing barrier layer, and a bulk layer disposed on the
titanium-and-nitrogen-containing barrier layer. In some
implementations, the BEOL feature is a first BEOL feature,
the cobalt contact feature is a middle-end-of-line (MEOL)
feature, and the conductive feature is a second BEOL
feature, such that the first BEOL feature electrically couples
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the MEOL feature to the second BEOL feature. In some
implementations, the BEOL feature is a first BEOL feature,
the cobalt contact feature is a second BEOL feature, and the
conductive feature is a third BEOL feature, such that the first
BEOL feature electrically couples the second BEOL feature
to the third BEOL feature.

[0054] Another exemplary integrated circuit device
includes a multilayer interconnect (MLI) feature that
includes a device contact, a via, and a conductive line. The
device contact is configured to electrically couple an inte-
grated circuit device feature to the via. The via is configured
to electrically couple the device contact to the conductive
line. The via includes a first via barrier layer disposed on the
device contact, wherein the device contact includes cobalt
and the first via barrier layer includes titanium, a second via
barrier layer disposed on the first via barrier layer, wherein
the second via barrier layer includes titanium and nitrogen,
and a via bulk layer disposed on the second via barrier layer.
In some implementations, the device contact includes a
contact layer that includes cobalt and a capping layer
disposed on the contact layer, wherein the capping layer
includes cobalt and silicon. In such implementations, the via
extends through the capping layer to the contact layer. In
some implementations, the integrated circuit device feature
is a gate structure or a source/drain feature.

[0055] The foregoing outlines features of several embodi-
ments so that those skilled in the art may better understand
the aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled in the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What is claimed is:

1. A device comprising:

a gate structure disposed over a substrate, wherein the
gate structure is disposed between a first source/drain
feature and a second source/drain feature;

a cobalt-containing first interconnect feature disposed
directly on the first source/drain feature, wherein the
cobalt-containing first interconnect feature is disposed
in a first interlayer dielectric layer and a first contact
etch stop layer;

a second interconnect feature disposed directly on the
cobalt-containing first interconnect feature, wherein the
second interconnect feature is disposed in a second
interlayer dielectric layer and a second contact etch
stop layer, wherein the second interconnect feature
includes:

a titanium-containing layer,

a titanium-and-nitrogen-containing layer disposed
directly on the titanium-containing layer, wherein
the titanium-containing layer is disposed between
the second interlayer dielectric layer and the tita-
nium-and-nitrogen-containing layer, and wherein a
first thickness of the titanium-containing layer is
different than a second thickness of the titanium-and-
nitrogen-containing layer, and
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a tungsten-containing layer disposed directly on the
titanium-and-nitrogen-containing layer; and

a third interconnect feature disposed directly on the
second interconnect feature, wherein the third intercon-
nect feature is disposed in a third interlayer dielectric
layer and a third contact etch stop layer.

2. The device of claim 1, wherein the first thickness of the
titanium-containing layer is about 20 A to about 90 A and
the second thickness of the titanium-and-nitrogen-contain-
ing layer is about 1 A to about 40 A.

3. The device of claim 1, further comprising a cobalt-
and-silicon-containing layer disposed between the first con-
tact etch stop layer and a portion of a top surface of the
cobalt-containing first interconnect feature, wherein the
cobalt-and-silicon-containing layer is further disposed along
sidewalls of a bottom portion of the second interconnect
feature.

4. The device of claim 1, wherein the tungsten-containing
layer includes a first tungsten-containing layer disposed
directly on the titanium-and-nitrogen-containing layer and a
second tungsten-containing layer disposed directly on the
first tungsten-containing layer, wherein a third thickness of
the first tungsten-containing layer is less than a fourth
thickness of the second tungsten-containing layer.

5. The device of claim 4, wherein the third thickness of the
first tungsten-containing layer is about 1 A to about 40 A and
the fourth thickness of the second tungsten-containing layer
is about 100 nm to about 200 nm.

6. The device of claim 1, wherein a first width of the
second interconnect feature is less than a second width of the
third interconnect feature.

7. The device of claim 6, wherein the first width of the
second interconnect feature is less than a third width of the
cobalt-containing first interconnect feature.

8. The device of claim 1, wherein the titanium-containing
layer is a first titanium-containing layer, the titanium-and-
nitrogen-containing layer is a first titanium-and-nitrogen-
containing layer, and the tungsten-containing layer is a first
tungsten-containing layer, and the device further comprises:

a cobalt-containing fourth interconnect feature disposed
directly on the gate structure, wherein the cobalt-
containing fourth interconnect feature is disposed in the
first interlayer dielectric layer and the first contact etch
stop layer;

a fifth interconnect feature disposed directly on the cobalt-
containing fourth interconnect feature, wherein the fifth
interconnect feature is disposed in the second interlayer
dielectric layer and the second contact etch stop layer,
wherein the fifth interconnect feature includes:

a second titanium-containing layer,

a second titanium-and-nitrogen-containing layer dis-
posed directly on the second titanium-containing
layer, wherein the second titanium-containing layer
is disposed between the second interlayer dielectric
layer and the second titanium-and-nitrogen-contain-
ing layer, and

a second tungsten-containing layer disposed directly on
the second titanium-and-nitrogen-containing layer;
and

a sixth interconnect feature disposed directly on the fifth
interconnect feature, wherein the sixth interconnect
feature is disposed in the third interlayer dielectric layer
and the third contact etch stop layer.
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9. The device of claim 1, further comprising a fourth
interlayer dielectric layer disposed between the first contact
etch stop layer and the first source/drain feature, wherein the
cobalt-containing first interconnect feature is disposed in the
fourth interlayer dielectric layer.

10. A method for fabricating a multilayer interconnect
(ML) feature over a substrate, the method comprising:

forming a contact of the MLI feature, wherein the contact

includes cobalt;

forming a capping layer directly on the contact, wherein

the capping layer includes cobalt and silicon;

forming a via of the MLI feature directly on the contact,

wherein the via extends through the capping layer and

the forming the via includes:

forming a first via barrier layer directly on the contact,
wherein the first via barrier layer includes titanium,

forming a second via barrier layer directly on the first
via barrier layer, wherein the second via barrier layer
includes titanium and nitrogen,

forming a via seed layer directly on the second via
barrier layer, and

forming a via bulk layer directly on the via seed layer;
and

forming a conductive line of the MLI feature directly on

the via.

11. The method of claim 10, wherein the forming the first
via barrier layer includes performing a physical vapor depo-
sition process and the forming the second via barrier layer
includes performing a chemical vapor deposition process.

12. The method of claim 11, wherein the forming the via
seed layer includes performing an atomic layer deposition
process.

13. The method of claim 10, wherein the forming the via
of the Mil feature further includes, before forming the first
via barrier layer, performing an etching process to form an
opening that extends through a dielectric layer and the
capping layer to expose the contact, wherein the first via
barrier layer, the second via barrier layer, the via seed layer,
and the via bulk layer fill the opening.

14. The method of claim 10, wherein the forming the via
of'the Mil feature further includes, after forming the via bulk
layer, performing a chemical mechanical polishing process.

15. A method for fabricating a multilayer interconnect
(Mil) feature over a substrate, the method comprising:

forming a cobalt-containing first interconnect feature in a

first dielectric layer, wherein the cobalt-containing first
interconnect feature physically contacts a portion of a
transistor;

depositing a second dielectric layer over the cobalt-

containing first interconnect feature;

etching the second dielectric layer to form an opening that

extends through the second dielectric layer, wherein the
opening exposes the cobalt-containing first intercon-
nect feature;

depositing a titanium-containing barrier layer over the

second dielectric layer and the cobalt-containing first
interconnect feature using a physical vapor deposition
process, wherein the titanium-containing barrier layer
partially fills the opening;

depositing a titanium-and-nitrogen-containing barrier

layer over the titanium-containing barrier layer using a
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chemical vapor deposition process, wherein the tita-
nium-and-nitrogen-containing barrier layer partially
fills the opening;

depositing a metal layer over the titanium-and-nitrogen-

containing barrier layer, wherein the metal layer fills a
remaining portion of the opening; and
performing a planarization process that removes the metal
layer, the titanium-and-nitrogen-containing barrier
layer, and the titanium-containing barrier layer that is
disposed over a top surface of the second dielectric
layer, thereby forming a second interconnect feature
that includes the metal layer, the titanium-and-nitro-
gen-containing barrier layer, and the titanium-contain-
ing barrier layer, wherein the second interconnect fea-
ture physically contacts the cobalt-containing first
interconnect feature;
depositing a third dielectric layer over the second dielec-
tric layer and the second interconnect feature; and

forming a third interconnect feature in the third dielectric
layer, wherein the third interconnect feature physically
contacts that second interconnect feature.

16. The method of claim 15, wherein:

the depositing the second dielectric layer over the cobalt-

containing first interconnect feature and the first dielec-

tric layer includes:

depositing a contact etch stop layer over the cobalt-
containing first interconnect feature and the first
dielectric layer, and

depositing an interlayer dielectric layer over the contact
etch stop layer; and

the etching the second dielectric layer to form the opening

that extends through the second dielectric layer
includes using an etching mask to remove a portion of
the interlayer dielectric layer and the contact etch stop
layer exposed by the etching mask, wherein a lithog-
raphy process is performed to form the etching mask
over the interlayer dielectric layer.

17. The method of claim 15, wherein a first thickness of
the titanium-containing barrier layer is about 20 A to about
90 A and a second thickness of the titanium-and-nitrogen-
containing barrier layer is about 1 A to about 40 A.

18. The method of claim 15, wherein the chemical vapor
deposition process is a first chemical vapor deposition
process and the depositing the metal layer over the titanium-
and-nitrogen-containing barrier layer includes:

depositing a tungsten-containing seed layer over the tita-

nium-and-nitrogen-containing barrier layer using an
atomic layer deposition process; and

depositing a tungsten-containing bulk layer over the tung-

sten-containing seed layer using a second chemical
vapor deposition process.

19. The method of claim 15, wherein the chemical vapor
deposition process is a first chemical vapor deposition
process and the depositing the metal layer over the titanium-
and-nitrogen-containing barrier layer includes depositing a
cobalt-containing bulk layer over the titanium-and-nitrogen-
containing barrier layer using a second chemical vapor
deposition process.

20. The method of claim 15, wherein the etching the
second dielectric layer to form the opening includes etching
through a cobalt-and-silicon-containing capping layer.
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