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DOPED TANTALUM NITRIDE FOR COPPER BARRIER APPLICATIONS
FIELD

[0001] The present invention relates generally to barrier layers in semiconductor devices, and
methods of forming such barrier layers. More particularly, the disclosed method relates to

films comprising TaN and selected dopants.
BACKGROUND

[0002] Microelectronic devices, such as semiconductors or integrated circuits, can include
millions of electronic circuit devices such as transistors, capacitors, etc. To further increase the
density of devices found on integrated circuits, even smaller feature sizes are desired. To
achieve these smaller feature sizes, the size of conductive lines, vias, and interconnects, gates,
etc. must be reduced. Reliable formation of multilevel interconnect structures is also necessary
to increase circuit density and quality. Advances in fabrication techniques have enabled use of
copper for conductive lines, interconnects, vias, and other structures. However,
electromigration in interconnect structures becomes a greater hurdle to overcome, with

decreased feature size and the increased use of copper for interconnections.

[0003] Tantalum nitride (TaN) is a copper barrier at film thicknesses greater than 10A,
where the film is continuous. However, because a Ta atom is about 4A in diameter, TaN films
around 5A thick are not continuous. For smaller nodes where thinner TaN isrequired, TaN by
itself may be a discontinuous film, thus limiting its copper barrier properties. Current methods
include a Talayer on top of aTaN layer, which acts as awetting layer for copper and provides
the continuity of a barrier film. For smaller nodes (less than 32nm), however, this method

leads to larger line resistance and hence is not an adequate solution.
[0004] Therefore, there isaneed for thin layers that are effective copper barriers.
SUMMARY OF THE INVENTION

[0005] One aspect of the current invention pertains to a method for forming
interconnections in a microelectronic device comprising: providing a substrate comprising a
dielectric layer disposed thereon, the dielectric layer having one or more trenches and/or vias

with an opening, a sidewall and a bottom; depositing a barrier layer comprising TaN and one



10

15

20

25

WO 2013/082370 PCT/US2012/067212

or more dopants on at least aportion of the sidewall and/or bottom of the trench and/or viato
provide alined trench and/or via; and depositing a conductive material comprising Cu into the
lined trench and/or via. According to one or more embodiments of this aspect, the one or more
dopants are selected from Ru, Cu, Cu, Mn, Al, Mg, Cr, Nb, Ti and V. In some embodiments,
the dopant comprises Mn. In other embodiments, the dopant comprises one or more of Ru, Cu
and Co. According to one or more embodiments, the conductive material further comprises
Mn.

[0006] One or more embodiments provide that depositing the barrier layer comprises
depositing alternating layers comprising TaN and dopant. In other embodiments, depositing
the barrier layer comprises depositing a TaN layer and diffusing the dopant into the TaN layer.

[0007] In one or more embodiments, the method further comprises exposing the barrier layer
to plasma treatment prior to depositing the conductive material comprising Cu.  In certain
embodiments, the plasma comprises one or more of He, Ar, N%, H,and N,

[0008] Another aspect of the invention pertains to a method for forming interconnections in a
microelectronic device comprising: providing a substrate comprising adielectric layer disposed
thereon, the dielectric layer having one or more trenches and/or vias with an opening, a
sidewall and a bottom; depositing afirst layer comprising TaN and one or more first dopants
on at least aportion of the sidewall and/or bottom of the trench and/or via to provide alined
trench and/or via; depositing a second layer comprising one or more of Ru and Co upon the
first layer; and depositing a conductive material comprising Cu into the lined trench and/or via.

[0009] According to one or more embodiments of this aspect, the one or more first dopants are
selected from Ru, Cu, Co, Mn, Al, Mg, Cr, Nb, Ti and V. In some embodiments, the first
dopant comprises Mn. In other embodiments, the first dopant comprises one or more of Ru,
Cu and Co. According to one or more embodiments, the conductive material further comprises
Mn. One or more embodiments provide that the second layer further comprises one or more
second dopants selected from Mn, Al, Mg, Cr, Nb, Ti and V..

[0010] In one or more embodiments, the first layer is deposited by depositing alternating layers
comprising TaN and the first dopant. In certain embodiments, the second layer is deposited by

depositing alternating layers comprising Ru or Co and the second dopant.
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[0011] According to one or more embodiments, the method of this aspect further comprises
exposing the first layer and/or the second layer to plasma treatment prior to depositing the
conductive material. In certain embodiments, the plasma comprises one or more of He, Ar,
NH,, H, and N.,.

[0012] Yet another aspect of the invention provides a microelectronic device comprising: a
substrate comprising adielectric layer disposed thereon, the dielectric layer having one or more
trenches and/or vias with an opening, a sidewall and a bottom; a first layer lining at least a
portion of the sidewall and/or bottom of the trench and/or via, the first layer comprising TaN
and one or more dopants selected from Ru, Cu, Co, Mn, Al, Mg, Cr, Nb, Ti and V; a second
layer comprising one or more of Ru and Co overlying the first layer; and a conductive material
comprising Cu filling the lined trench and/or via. According to one or more embodiments, the
first layer has athickness less than 10 Angstroms.

[0013] In one or more embodiments of this aspect, the conductive materia further comprises
Mn. In certain embodiments, the conductive material comprises less than wt. 2% Mn.

[0014] One or more embodiments of this aspect provide that the second layer further
comprises one or more dopants selected from Mn, Al, Mg, Cr, Nb, Ti and V.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] So that the manner in which the above recited features of the present invention can
be understood in detail, a more particular description of the invention, briefly summarized
above, may be had by reference to embodiments, some of which are illustrated in the appended
drawings. It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its scope, for

the invention may admit to other equally effective embodiments.

[0016] FIGS. 1A and IB illustrate adielectric layer before and after deposition of abarrier
layer and conductive fill material in accordance with one or more embodiments of the

invention; and

[0017] FIG. 2 illustrates a dielectric layer having a first layer, a second layer, and

conductive fill material in accordance with one or more embodiments of the invention.
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[0018] FIG. 3 shows the results from abiased thermal stress test of various barrier films.
DETAILED DESCRIPTION

[0019] Before describing several exemplary embodiments of the invention, it is to be
understood that the invention is not limited to the details of construction or process steps set
forth in the following description. The invention is capable of other embodiments and of being
practiced or being carried out in various ways. Although specific reference is made to trenches
in the following description, it is to be understood that the processes, films and devices
described herein may involve similar structures such as vias, through- silicon-vias (TSVs), dua

damascene structures and the like.

[0020] One aspect of the invention relates to a microelectronic device comprising a
substrate, a dielectric layer, a barrier layer, and a conductive material. FIG. 1A depicts an
embodiment of a microelectronic device 100 comprising a substrate 105 and a dielectric layer
110. The dielectric layer 110 is disposed upon the substrate 105, and the dielectric layer 110
has atrench 150 defined by atrench bottom 120, sidewalls 115, and opening 160.

[0021] In one or more embodiments, the dielectric layer 110 isalow-k dielectric layer. In
certain embodiments, the dielectric layer comprises SiO,. Further embodiments provide that
the dielectric layer comprises porous carbon-doped SiOy. In some embodiments, the dielectric

layer isaporous carbon-doped SiO, layer with ak value less than 3.

[0022] FIG. 1B shows the same microelectronic device 100 after deposition of a barrier
layer 130, which covers at least a portion of the sidewall 115 and/or trench bottom 120. As
shown in FIG. IB, the barrier layer 130 may cover the entirety of the sidewall 115 and trench
bottom 120. The barrier layer 130 may comprise TaN and one or more dopants such as Ru,
Cu, Co, Mn, Al, Mg, Cr, Nb, Ti or V. According to one or more embodiments, the barrier
layer comprises TaN and Mn. In other embodiments, the barrier layer comprises TaN and one

or more of Ru, Cu and Co.

[0023] In one or more embodiments, the barrier layer comprises 0.1 to 10 % dopant, based
on the weight of the TaN layer. In certain embodiments, the barrier layer comprises 0.2 to 8

wt. % dopant. In some embodiments, the barrier layer comprises 0.5 to 5 wt. % dopant, such
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as about 0.5, about 1, about 1.5, about 2, about 2.5, about 3, about 3.5, about 4, about 4.5, or
about 5 wt. % dopant.

[0024] According to one or more embodiments, as used herein, "barrier layer” refers to a
discrete layer formed by depositing TaN and one or more dopants, and excludes aregion in
which a second element or dopant diffuses into only a portion of the barrier layer. In other
words, some embodiments provide that the dopant is present throughout the entire thickness of

the TaN layer, and not only at a surface portion thereof.

[0025] A conductive fill material 140 fills at least a portion of the trench 150 lined with
barrier layer 130. According to one or more embodiments, the conductive fill material
comprises copper or a copper aloy. In further embodiments, the conductive fill material aso

comprises Mn. In other embodiments, the conductive fill material further comprises Al.

[0026] Although the conductive fill material 140 in FIG. B is shown in direct contact with
the barrier layer 130, intermediate layers may be in between the conductive fill material 140
and the barrier layer 130, such as adhesion layers or seeding layers. According to one or more
embodiments, the microelectronic device further comprises an adhesion layer comprising one
or more of Ru and Co. In addition to Ru and/or Co, the adhesion layer may comprise one or
more dopants such as Mn, Al, Mg, Cr, Nb, Ti or V. In some embodiments, the adhesion layer

comprises Ru and Mn. In other embodiments, the adhesion layer comprises Co and Mn.

[0027] In certain embodiments, a seeding layer is deposited on top of the barrier layer.
According to one or more embodiments, the seeding layer comprises an alloy of copper, such
as aCu-Mn aloy. In certain embodiments, the seeding layer comprises less than 2 wt. % Mn.
In some embodiments, the seeding layer comprises about 1 wt. % Mn. The line resistance of
copper alloys containing 1 wt. % Mn is expected to be the same as or similar to the line

resistance of pure copper.

[0028] While not wishing to be bound to any particular theory, it isthought that the dopant
can selectively diffuse through the barrier layer 130 to the dielectric layer 110 and form a
complex with the dielectric material that will be resistant to electromigration. Thus, in
embodiments where the dopant is Mn and the dielectric layer comprises SOy, the Mn can

diffuse through the barrier layer and form MnSIO,. This self-forming barrier layer of MnSiO,
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can then prevent copper electromigration from the conductive materia 140 to the dielectric

layer 110.

[0029] When the barrier layer is greater than 10A, such as 25A, undoped TaN is effective
as a copper barrier layer. However, TaN layers of this thickness are often too thick for use in

smaller nodes, such asthose less than 32 nm.

[0030] Depending on the dopant used, the penetration depth of the dopant may be less than
10A. Thus, for TaN layers of about 10A, the dopant may not penetrate to the dielectric layer to
form the dopant-dielectric complex. However, the copper penetration depth may be more than
10A, thus rendering the barrier layer ineffective. Accordingly, one or more embodiments of
the present invention provide that the TaN layer isless than 10A. In certain embodiments, the
TaN layer isin the range of 4A to 10A.

[0031] In addition to being a copper barrier, doped TaN may also be a barrier to oxygen
diffusing from the dielectric layer 110 to the conductive material 140. Oxygen diffusion from
the dielectric layer 110 to the conductive material 140 can result in oxygen reacting with
components in the conductive material and/or seed layer. For example, if the conductive
material 140 comprises Mn, then oxygen can react with the Mn at the interface of the barrier
layer 130 and the conductive material 140, thus "pinning" the Mn to the barrier
layer/conductive material interface. As a result, the Mn cannot segregate throughout the
conductive material. Similarly, if a seed layer comprising Mn ispresent, then oxygen can react
with the Mn in the seed layer a the seed layer/barrier layer interface and pin the Mn to the

interface.

[0032] It isbelieved that oxygen diffusing into the TaN layer will react with the dopant and
will prevent oxygen from diffusing into the conductive material 140. Asaresult, oxygen will

not be available to react with the seed layer or the conductive material.

[0033] FIG. 2 illustrates a microelectronic device 200 with a substrate 205 and a dielectric
layer 210. The dielectric layer 210 has sidewalls 215 and trench bottom 220, which are at least
partially covered by a first layer 230. The first layer 230 may be a barrier layer comprising

TaN and one or more dopants such as Ru, Cu, Co, Mn, Al, Mg, Nb, Ti or V. In some
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embodiments, the first layer comprises TaN and Mn. In other embodiments, the first layer

comprises TaN and one or more of Ru, Cu and Co.

[0034] A second layer 235 is disposed upon the first layer 230, and may comprise one or
more of Ru and Co. The second layer may further comprise one or more dopants such as Mn,
Al, Mg, Cr, Nb, Ti or V. In some embodiments, the second layer comprises Ru and Mn. In

other embodiments, the second layer comprises Co and Mn.

[0035] A conductive fill material 240 isdeposited in the remainder of the trench defined by
sidewall 215 and trench bottom 220. According to one or more embodiments, the conductive
fill material comprises copper or a copper aloy. In further embodiments, the conductive fill
material also comprises Mn. The conductive material 240 may be deposited directly on the
second layer 235, or may be deposited on a seeding layer (not shown) on top of the second
layer 235. According to one or more embodiments, the seeding layer comprises an alloy of
copper, such as a Cu-Mn aloy. In certain embodiments, the seeding layer comprises less than
2% Mn. In some embodiments, the seeding layer comprises about 1% Mn.

[0036] In addition to the films described above, another aspect of the invention relates to a
method for forming interconnections in a microelectronic device comprising providing a
substrate with a dielectric layer disposed thereon, depositing a barrier layer upon the dielectric
layer, and depositing a conductive material upon the barrier layer. According to one or more
embodiments of this aspect, the barrier layer comprises TaN and a dopant selected from Ru,
Cu, Co, Mn, Al, Mg, Cr, Nb, Ti and V. In some embodiments, the dopant is Mn. In other
embodiments, the dopant comprises one or more of Ru, Cu and Co.

[0037] The doped TaN layer may be formed by any appropriate deposition process. For
example, the TaN can be deposited by an alternating layer deposition (ALD) process or a
plasma enhanced atomic layer deposition (PEALD). The dopant can then be deposited by
chemical vapor deposition (CVD), physical vapor deposition (PVD) or ALD. The dopant is
then diffused into TaN layer to form an integrated TaN dopant layer. The dopant may be
diffused into the TaN layer through various processes, including by plasma treatment and by
heating.
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[0038] Alternatively, the TaN and the dopant can be deposited in alternating layers. In
accordance with this embodiment, afirst TaN layer, such as a TaN monolayer, is deposited on
the dielectric film. A first dopant layer, such as a layer of dopant, dopant alloy or other
dopant-containing compound, is then deposited on top of the first TaN. This first dopant layer
can also be amonolayer. A second TaN layer isthen deposited on top of the first dopant layer.
This process isrepeated until adoped TaN film of the desired thickness i s produced.

[0039] Notably, certain embodiments of these processes will result in a film with dopant
interspersed throughout the entire TaN layer, instead of a separate barrier layer such as Mn on
top of the TaN barrier layer. Asthe dopant is already present in the TaN layer, it may be easier
for the dopant to diffuse to the dielectric layer to form the dopant-barrier layer complex, such
asMnSiO,. In contrast, if the dopant is only present as a separate barrier layer on top the TaN
layer, the dopant must diffuse through the entire thickness of the TaN layer before reaching the
dielectric layer.

[0040] Suitable precursors for depositing a TaN film include Ta-containing precursors and
N-containing  precursors. For example, the Tacontaining precursor may be
pentakis(dimethylamino)tantalum (PDMAT) and the N-containing precursor may be ammonia.
Other suitable precursors are known to those skilled in the art. Organic species in organic-
containing precursors for TaN may get partially incorporated into the dielectric layer, which

may increase the adhesion at the TaN-dielectric layer interface.

[0041] For depositing the dopant metal, an appropriate metal-containing precursor may be
used. Examples of suitable precursors include metal complexes containing the desired dopant,
such as dopant metals coordinated with organic or carbonyl ligands. A suitable dopant
precursor should have sufficient vapor pressure to be deposited in the appropriate process, such
asALD, CVD and PvD. Depending on the dopant precursor used, a co-reactant may be used
to deposit the dopant. For example, reducing gases such as hydrogen and ammonia can be

used as co-reactants for depositing some dopants.

[0042] Certain embodiments of the invention provide that the doped TaN film is treated
with a plasma prior to depositing the conductive material. According to one or more
embodiments, the plasma comprises one or more of He, Ar, NH; H, and N,. In some

embodiments, the plasma may comprise a mixture of Ar and H,, such as a mixture having a
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Ar:H, molar ratio in the range from 1:1 to 1:10. The plasma power may be in the range from
about 400 to about 1000 Watts. The plasma treatment time may vary from 5 second to 60
seconds, such as in the range from 10 seconds to 30 seconds. In some embodiments, the
pressure during plasma treatment may be in the range from 0.5 to 50 Torr, such asfrom 1to 10
Torr. Alternatively, in some embodiments the barrier layer is not doped TaN. In these
embodiments, the barrier layer may comprise MnN, or TaN that is subsequently exposed to a

plasma treatment as described herein.

[0043] The conductive material may be deposited in a variety of ways, including by an
electroless deposition process, an electroplating (ECP) process, a CVD process or a PVD
process. In certain embodiments, a first seed layer is deposited upon the barrier layer, and a

bulk conductive layer isthen formed upon the seed layer.

[0044] Another aspect of the invention pertains to a method for forming interconnections
in a microelectronic device comprising providing a substrate with a dielectric layer disposed
thereon, depositing afirst layer upon the dielectric layer, depositing a second layer upon the
first layer, and depositing a conductive material upon the second layer. In embodiments of this
aspect, the first layer may comprise TaN and one or more dopants selected from Ru, Cu, Co,
Mn, Al, Mg, Cr, Nb, Ti and V. In some embodiments, the first layer comprises TaN and Mn.
In other embodiments, the first layer comprises TaN and one or more of Ru, Cu and Co. The
doped TaN layer may be formed by any appropriate deposition process, such as those
described above.

[0045] According to one or more embodiments, the second layer comprises one or more of
Ru and Co. In certain embodiments, the second layer further comprises one or more dopants
selected from Mn, Al, Mg, Cr, Nb, Ti and V. In some embodiments, the second layer

comprises Ru and Mn. In other embodiments, the second layer comprises Co and Mn.

[0046] The second layer may be deposited by any appropriate deposition process,
including CVD, PVD, ALD, and PEALD. In embodiments where the second layer comprises
cobalt, suitable precursors for the second layer include, but are not limited to, cobalt carbonyl
complexes, cobalt amidinates compounds, cobatocene compounds, cobalt dienyl complexes,
cobalt nitrosyl complexes, and derivatives and combinations thereof. In embodiments where

the second layer comprises ruthenium, suitable precursors include, but are not limited to,
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pyrrolyl ruthenium precursors such as a pentadienyl pyrrolyl ruthenium precursor, a
cyclopentadienyl pyrrolyl ruthenium precursor, an akylpentadienyl pyrrolyl ruthenium
precursor or an akylcyclopentadienyl pyrrolyl ruthenium precursor.

[0047] As with the doping of TaN films, the second layer may be doped by depositing a
layer comprising one or more of Ru and Co, and then diffusing a dopant into the Ru and/or Co
layer. Alternatively, the Ru and/or Co and the dopant may be deposited in alternating layers
until afilm of the desired thickness is formed.

[0048] Additionally, the conductive material may be deposited in any appropriate process,
including those described above. The doped TaN may be treated with a plasma prior to
depositing the conductive material, such as aplasma comprising one or more of He, Ar, NH,,
H, and N,

[0049] The films in accordance with various embodiments of this invention can be
deposited over virtualy any substrate material. A "substrate surface," as used herein, refers to
any substrate or material surface formed on a substrate upon which film processing is
performed during a fabrication process. For example, a substrate surface on which processing
can be performed include materials such as silicon, silicon oxide, strained silicon, silicon on
insulator (SOI), carbon doped silicon oxides, silicon nitride, doped silicon, germanium, gallium
arsenide, glass, sapphire, and any other materials such as metals, metal nitrides, metal alloys,
and other conductive materials, depending on the application. Barrier layers, metals or metal
nitrides on a substrate surface include titanium, titanium nitride, tungsten nitride, tantalum and
tantalum nitride, aluminum, copper, or any other conductor or conductive or non-conductive
barrier layer useful for device fabrication. Substrates may have various dimensions, such as
200 mm or 300 mm diameter wafers, as well as, rectangular or square panes. Substrates on
which embodiments of the invention may be useful include, but are not limited to
semiconductor wafers, such as crystalline silicon (e.g., Si<100> or Si<ll|>), silicon oxide,
strained silicon, silicon germanium, doped or undoped polysilicon, doped or undoped silicon
wafers, I11-V materials such as GaAs, GaN, InP, etc. and patterned or non-patterned wafers.
Substrates may be exposed to a pretreatment process to polish, etch, reduce, oxidize,
hydroxylate, anneal and/or bake the substrate surface.
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[0050] As embodiments of the invention provide a method for depositing or forming
doped TaN films, aprocessing chamber is configured to expose the substrate to a sequence of
gases and/or plasmas during the vapor deposition process. The processing chamber would
include separate supplies of reactants, along with any supply of carrier, purge and inert gases
such as argon and nitrogen in fluid communication with gas inlets for each of the reactants and
gases. Each inlet may be controlled by an appropriate flow controller such as a mass flow
controller or volume flow controller in communication with a central processing unit (CPU)
that allows flow of each of the reactants to the substrate to perform a deposition process as
described herein. The central processing unit may be one of any forms of a computer
processor that can be used in an industrial setting for controlling various chambers and sub-
processors. The CPU can be coupled to amemory and may be one or more of readily available
memory such as random access memory (RAM), read only memory (ROM), flash memory,
compact disc, floppy disk, hard disk, or any other form of local or remote digital storage.
Support circuits can be coupled to the CPU to support the CPU in a conventional manner.
These circuits include cache, power supplies, clock circuits, input/output circuitry, subsystems,
and the like.

[0051] The co-reactants are typicaly in vapor or gas form. The reactants may be delivered
with a carrier gas. A carrier gas, a purge gas, a deposition gas, or other process gas may
contain nitrogen, hydrogen, argon, neon, helium, or combinations thereof. The various
plasmas described herein, such as the nitrogen plasma or the inert gas plasma, may be ignited

from and/or contain aplasma co-reactant gas.

[0052] In one or more embodiments, the various gases for the process may be pulsed into
an inlet, through a gas channel, from various holes or outlets, and into a central channel. In
one or more embodiments, the deposition gases may be sequentially pulsed to and through a
showerhead. Alternatively, as described above, the gases can flow simultaneously through gas
supply nozzle or head and the substrate and/or the gas supply head can be moved so that the
substrate i s sequentially exposed to the gases.

[0053] In another embodiment, a doped TaN film may be formed during plasma enhanced
atomic layer deposition (PEALD) process that provides sequential pulses of precursors and

plasma. In specific embodiments, the co-reactant may involve a plasma. In other
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embodiments involving the use of plasma, during the plasma step the reagents are generally
ionized during the process, though this might occur only upstream of the deposition chamber
such that ions or other energetic or light emitting species are not in direct contact with the
depositing film, this configuration often termed a remote plasma. Thus in this type of PEALD
process, the plasma is generated external from the processing chamber, such as by a remote
plasma generator system. During PEALD processes, a plasma may be generated from a
microwave (MW) frequency generator or aradio frequency (RF) generator. Although plasmas
may be used during the deposition processes disclosed herein, it should be noted that plasmas
are not required. Indeed, other embodiments relate to deposition processes under very mild

conditions without a plasma.

[0054] Another aspect of the invention pertains to an apparatus for deposition of afilm on
a substrate to perform a process according to any of the embodiments described above. In one
embodiment, the apparatus comprises a deposition chamber for deposition of a film on a
substrate. The chamber comprises a process area for supporting a substrate. The apparatus
includes a precursor inlet in fluid communication with a supply of a Ta precursor, such as
pentakis(dimethylamino)tantalum (PDMAT). The apparatus aso includes areactant gas inlet
in fluid communication with a supply of nitrogen-containing precursor, such as ammonia. The
apparatus also includes a reactant gas inlet in fluid communication with a supply of dopant
precursor, such as a dopant-containing metal complex. The apparatus further includes a purge
gas inlet in fluid communication with apurge gas. The apparatus can further include avacuum
port for removing gas from the deposition chamber. The apparatus can further include an
auxiliary gas inlet for supplying one or more auxiliary gases such as inert gases to the
deposition chamber. The deposition can further include a means for heating the substrate by

radiant and/or resistive heat.

[0055] In some embodiments, aplasma system and processing chambers or systems which
may be used during methods described here for depositing or forming the films can be
performed on either PRODUCER®, CENTURA®, or ENDURA® systems, all available from
Applied Materials, Inc., located in Santa Clara, Calif. A detailed description of an ALD
processing chamber may be found in commonly assigned U.S. Pat. Nos. 6,878,206, 6,916,398,
and 7,780,785.
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EXAMPLES

[0056] A biased thermal stress (BTS) test was performed on various barrier films. The

compositions of each film are shown in Table 1 below:

Table 1: Barrier Film Compositions

Film
No. | Composition | Deposition Process Thickness
1 MnNy Thermal ALD 10 Angstroms
2 MnNy Thermal ALD 15 Angstroms
3 Thermal ALD with plasma post-
MnN; treatment 10 Angstroms
4 Mn-doped
TaN Thermal ALD 10 Angstroms
5 Mn-doped Thermal ALD with plasma post-
TaN treatment 10 Angstroms
6 Thermal ALD with plasma post-
TaN treatment 10 Angstroms
7 Thermal ALD with plasma post-
TaN treatment 15 Angstroms
8 Ta Thermal ALD 30 Angstroms
9 TaN PEALD 20 Angstroms

[0057] The films subjected to a plasma post-treatment were exposed to aplasma containing
an Ar:H, mixture of 1:1 to 1:10 for 10 to 30 seconds. The plasma power was 400 to 1000 W

and the pressure was 1to 10 Torr.

[0058] The Mn-doped TaN films contained about 10A of TaN and about 1A of Mn. The
TaN films were exposed to Mn precursor doping for 1to 5s and optionally had a NH, soak for
5to 30s.
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[0059] The results of the BTS test are shown in FIG. 3. Films 8 and 9 were the baseline
with an eWF shift of OV. A lower eWF shift in FIG. 3 demonstrates that a barrier film had
better barrier properties. As can be seen from FIG. 3, film 4 (corresponding to 10A Mn-doped
TaN) exhibited superior barrier properties compared to film 1 (10A MnN,) and had
comparable barrier properties to a MnN, film with a larger thickness (film 2). The plasma

post-treatment enhanced the barrier properties of al films.

[0060] Reference throughout this specification to "one embodiment,” “certain
embodiments,” "one or more embodiments’ or "an embodiment” means that a particular
feature, structure, material, or characteristic described in connection with the embodiment is
included in at least one embodiment of the invention. Thus, the appearances of the phrases
such as "in one or more embodiments,” "in certain embodiments,” "in one embodiment” or "in
an embodiment” in various places throughout this specification are not necessarily referring to
the same embodiment of the invention. Furthermore, the particular features, structures,
materials, or characteristics may be combined in any suitable manner in one or more

embodiments.

[0061] Although the invention herein has been described with reference to particular
embodiments, it is to be understood that these embodiments are merely illustrative of the
principles and applications of the present invention. It will be apparent to those skilled in the
art that various modifications and variations can be made to the method and apparatus of the
present invention without departing from the spirit and scope of the invention. Thus, it is
intended that the present invention include modifications and variations that are within the
scope of the appended claims and their equivalents.
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What isclaimed is;

1. A method for forming interconnections in amicroelectronic device comprising:
providing a substrate comprising adielectric layer disposed thereon, the dielectric layer
having one or more trenches and/or vias with an opening, asidewall and abottom;
depositing abarrier layer comprising TaN and one or more dopants selected from Ru,
Cu, Co, Mn, Al, Mg, Cr, Nb, Ti and V on at least aportion of the sidewall and/or bottom of the
trench and/or viato provide alined trench and/or via; and

depositing a conductive material comprising Cu into the lined trench and/or via.

2. The method of claim 1, wherein the dopant comprises Mn.

3. The method of claim 1or 2, wherein the dopant comprises one or more of Ru, Cu and
Co.

4, The method of any of claims 1-3, wherein depositing the barrier layer comprises

depositing alternating layers comprising TaN and dopant.

5. The method of any of claims 1-3, wherein depositing the barrier layer comprises
depositing a TaN layer and diffusing the dopant into the TaN layer.

6. The method of any of claims 1-5, further comprising exposing the barrier layer to
plasma treatment prior to depositing the conductive material comprising Cu.

7. The method of claim 6, wherein the plasma comprises one or more of He, Ar, N%, H,
and N,,.
8. A method for forming interconnections in amicroelectronic device comprising:

providing a substrate comprising adielectric layer disposed thereon, the dielectric layer
having one or more trenches and/or vias with an opening, asidewall and abottom;

depositing afirst layer comprising TaN and one or more first dopants selected from Ru,
Cu, Co, Mn, Al, Mg, Cr, Nb, Ti and V on at least aportion of the sidewall and/or bottom of the
trench and/or viato provide alined trench and/or vig;
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depositing a second layer comprising one or more of Ru and Co upon the first layer;
and

depositing a conductive material comprising Cu into the lined trench and/or via.

9. The method of claim 8, wherein the first dopant comprises Mn.

10. The method of claim 8 or 9, wherein the second layer further comprises one or more
second dopants selected from Mn, Al, Mg, Cr, Nb, Ti and V.

11. The method of any of claims 8-10, further comprising exposing the first layer to plasma

treatment prior to depositing the conductive material.

12. The method of claim 11, wherein the plasma comprises one or more of He, Ar, N%, H,
and N,,.

13. A microelectronic device comprising:

a substrate comprising adielectric layer disposed thereon, the dielectric layer having
one or more trenches and/or vias with an opening, a sidewall and a bottom,

afirst layer lining at least aportion of the sidewall and/or bottom of the trench and/or
via, the first layer comprising TaN and one or more dopants selected from Ru, Cu, Co, Mn, Al,
Mg, Cr, Nb, Ti and V;

a second layer comprising one or more of Ru and Co overlying the first layer; and

aconductive material comprising Cu filling the lined trench and/or via.

14. The microelectronic device of claim 13, wherein the second layer further comprises one
or more dopants selected from Mn, Al, Mg, Cr, Nb, Ti and V.

15. The microelectronic device of claim 13 or 14, wherein thefirst layer has athickness

less than 10 Angstroms.
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