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PRECURSORS FOR DEPOSITION OF METAL, METAL NITRIDE AND METAL
OXIDE BASED FILMS OF TRANSITION METALS

TECHNICAL FIELD

[0001] The present disclosure relates generally to methods of depositing thin films. In

particular, the disclosure relates aza-allyl precursors and methods of depositing films.

BACKGROUND

[0002] In recent years, a greater portion of the elements in the periodic table are
used at some point in a semiconductor or microelectronics device. For example,
cobalt and cobalt based films have seen wider adoption for semiconductor and
microelectronic applications. However, chemical vapor deposition (CVD) and atomic
layer deposition (ALD) precursors have generally poor thermal stability or require

additional processing steps to remove carbon contamination.

[0003] Therefore, there is a need in the art for metal precursors that have good
thermal stability and form low carbon contaminated films.

SUMMARY

[0004] One or more embodiments of the disclosure are directed to metal
coordination complexes comprising a metal atom coordinated to at least one aza-allyl

ligand having a structure represented by:

where each R1-R4 is independently selected from the group consisting of H, branched
or unbranched C1-C6 alkyl, branched or unbranched C1-C6 alkenyl, branched or
unbranched C1-C6 alkynyl, cycloalkyl groups having in the range of 1 to 6 carbon
atoms, silyl groups and halogens.
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[0005] Additional embodiments of the disclosure are directed to metal coordination

complexes having the general structure:
ML (aza-allyl),

where M is cobalt, L is a neutral donor ligand and aza-allyl has a structure

represented by

where each R is independently selected from the group consisting of H, branched or
unbranched C1-C6 alkyl, branched or unbranched C1-C6 alkenyl, branched or
unbranched C1-C6 alkynyl, cycloalkyl groups having in the range of 1 to 6 carbon

atoms, silyl groups and halogens.

[0006] Further embodiments of the disclosure are directed to processing methods
comprising exposing a substrate surface to a metal precursor and a reactant to
deposit a film on the substrate surface. The metal precursor comprises a metal
coordination complex with a metal atom coordinated to at least one aza-allyl ligand

having the structure represented by:

where each R1-R4 are independently selected from the group consisting of H,
branched or unbranched C1-C6 alkyl, branched or unbranched C1- C6 alkenyl,
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branched or unbranched C1-C6 alkynyl, cycloalkyl groups having in the range of 1 to
6 carbon atoms, silyl groups and halogens.

DETAILED DESCRIPTION

[0007] 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.

[0008] A "substrate" 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, amorphous silicon, 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.
Substrates include, without limitation, semiconductor wafers. Substrates may be
exposed to a pretreatment process to polish, etch, reduce, oxidize, hydroxylate,
anneal, UV cure, e-beam cure and/or bake the substrate surface. In addition to film
processing directly on the surface of the substrate itself, in the present invention, any
of the film processing steps disclosed may also be performed on an underlayer
formed on the substrate as disclosed in more detail below, and the term "substrate
surface" is intended to include such underlayer as the context indicates. Thus for
example, where a film/layer or partial film/layer has been deposited onto a substrate
surface, the exposed surface of the newly deposited film/layer becomes the substrate

surface.

[0009] Embodiments of the disclosure are directed to a new class of metal (e.g., La
or Co) precursors that incorporate aza-allyl ligands. Formula (1) shows the general
structure of an aza-allyl ligand which can be used with various embodiments of the
disclosure. Some embodiments of the disclosure are directed to metal coordination
complexes comprising a metal atom coordinated to at least one ligand having the
structure represented by Formula (1):
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(1)

where each R1-R4 are independently selected from the group consisting of H,
branched or unbranched C1-C6 alkyl, branched or unbranched C1-C6 alkenyl,
branched or unbranched C1-C6 alkynyl, cycloalkyl groups having in the range of 1 to
6 carbon atoms, silyl groups and halogens. In some embodiments, none of the R1-R4

groups comprises a silyl group.

[0010] In some embodiments, the R1 group is a hydrogen atom. In some

embodiments, the R1 group is a branched or unbranched C1-C6 alkyl group.

[0011] In some embodiments, the R2 group is not a hydrogen atom. It has been
found that increasing the size of the R2 group may increase the thermal stability of the
metal complex. In one or more embodiments, the R2 group is a branched or

unbranched C1-C6 alkyl group.

[0012] In some embodiments, neither the R3 or R4 groups are hydrogen atoms. In
some embodiments, the R3 and R4 groups are the same group. In some
embodiments, the R3 group is different from the R4 group. In some embodiments,
one of the R3 or R4 groups is hydrogen and the other of the R3 and R4 group is a
branched or unbranched C1-C6 alkyl group.

[0013] In some embodiments, any or all of R1 to R4 comprises a NRz group, where
each R of the NR:; is independently selected from H, branched or unbranched C1-C6
alkyl. In some embodiments, one of the R groups of the NRy is hydrogen and the
other is a branched or unbranched C1-C6 alkyl. In some embodiments, both of the R
groups of the NR; are branched or unbranched C1-C6 alkyl groups. In one or more

embodiments, both of the R groups of the NR; are the same group.
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[0014] The aza-allyl ligands of some embodiments have a base structure of N-C=C
with substituents on each of the base atoms that can be H, branched or unbranched
alkyl groups, alkenyl groups, alkynyl groups, cycloalkyl groups having in the range of 1
to 6 carbon atoms, silyl groups and halogens. In some embodiments, one or two of
the R groups is an alkyl group with 4 or 5 carbon atoms and the other R groups are
hydrogen. In one or more embodiments, one or two of the R groups are trimethylsilyl
groups and the other R groups are hydrogen. In some embodiments, one or two R
groups are trifluormethyl groups and the other R groups are hydrogen.

[0015] Without being bound by any particular theory of operation, it is believed that
the ligand is mono-anionic and is able to bond to the metal atom through an n'-N and

n?-CC bonding mode.

[0016] In some embodiments, two, three or four ligands bond to each metal atom.
The compounds can be homoleptic (all of the ligands are the same) or heteroleptic
(different ligands). In one or more embodiments, the lanthanum atom exists in an

equilibrium with the n'-C and n?CN bonding modes.

[0017] In some embodiments, the compound is heteroleptic and at least one ligand
is a neutral donor ligand. Suitable neutral donor ligands include, but are not limited to,
CO, alkenes, alkynes that bond in an n? manner, phosphines and amines. In one or
more embodiments, the compound has a cobalt atom with two aza-allyl ligands and
one CO neutral donor ligand.

[0018] The metal can be any suitable metal including any of the cobalt,
lanthanides, yttrium or scandium. In some embodiments, the metal is selected from
the group consisting of Co, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
Lu, Y, Sc and combinations thereof. Examples and embodiments may be discussed
with regard to the lanthanum atom; however, those skilled in the art will understand
that this is merely exemplary and should not be taken as limiting the scope of the

disclosure.

[0019] Without being bound by any particular theory of operation, it is believed that
the bonding of aza-allyl with lanthanides is consistent with Scheme 2.
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[0020] In use as an atomic layer deposition or chemical vapor deposition
precursor, a suitable compound may be reacted with the aza-allyl precursor. In a
chemical vapor deposition (CVD) process, the aza-allyl precursor and the coreactant
are allowed to mix and react in the gas phase to deposit on the surface of the
substrate.

[0021] In an atomic layer deposition (ALD) process, the aza-allyl precursor and the
co-reactant are flowed separately into the process chamber, or flowed into separate
isolated sections of the process chamber to prevent or minimize any gas phase
reactions. In the ALD process, the aza-allyl precursor is allowed to chemisorb or react
with the substrate surface, or a material on the substrate surface. The co-reactant can
then react with the chemisorbed aza-allyl to form the target film. In and ALD reaction,
the precursor and co-reactant are sequentially exposed to the substrate surface;
meaning that one of the precursor and co-reactant is exposed to the substrate surface
(or portion of the substrate surface) at any time.

[0022] Suitable co-reactants include, but are not limited to, hydrogen, ammonia,
hydrazine, hydrazine derivatives, oxygen, ozone, water, peroxide, combinations and
plasmas thereof. In some embodiments, the co-reactant comprises one or more of
NHs, hydrazine, hydrazine derivatives, NO2, combinations thereof, plasmas thereof
and/or nitrogen plasma to deposit a metal nitride film (e.g., LayNy or CoxN,). In some
embodiments, the co-reactant comprises one or more of O,, O3, H2O,, water, plasmas
thereof and/or combinations thereof to deposit a metal oxide film (e.g., LaxOy). In
some embodiments, the coreactant comprises one or more of Hp, hydrazine,

combinations thereof, plasmas thereof, argon plasma, nitrogen plasma, helium
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plasma, Ar/N, plasma, Ar/He plasma, No/He plasma and/or Ar/No/He plasma to

deposit a metal film (e.g., La or Co).

[0023] Some embodiments of the disclosure are directed to lanthanum precursors
and methods of depositing lanthanum containing films. The lanthanum containing
films of some embodiments comprises one or more of lanthanum metal, lanthanum
oxide, lanthanum nitride, lanthanum carbide, lanthanum boride, lanthanum oxynitride,
lanthanum oxycarbide, lanthanum oxyboride, lanthanum carbonitride, lanthanum
borocarbide, lanthanum oxycarbonitride, lanthanum oxyboronitride and/or lanthanum
oxyborocarbonitride. Those skilled in the art will understand that the film deposited
may have a nonstoichiometric amount of metal, oxygen, nitrogen, carbon and/or boron
atoms on an atomic basis. Boron and/or carbon atoms can be incorporated from the

metal precursor or the reactant.

[0024] Some embodiments of the disclosure are directed to cobalt precursors and
methods of depositing cobalt containing films. The cobalt containing films of some
embodiments comprises one or more of cobalt metal, cobalt oxide, cobalt nitride,
cobalt carbide, cobalt boride, cobalt oxynitride, cobalt oxycarbide, cobalt oxyboride,
cobalt carbonitride, cobalt borocarbide, cobalt oxycarbonitride, cobalt oxyboronitride
and/or cobalt oxyborocarbonitride. Those skilled in the art will understand that the film
deposited may have a nonstoichiometric amount of metal, oxygen, nitrogen, carbon
and/or boron atoms on an atomic basis. Boron and/or carbon atoms can be

incorporated from the metal precursor or the reactant.

[0025] Some embodiments of the disclosure are directed to metal coordination
complexes having the general structure ML(aza-allyl),, where M is a cobalt, L is a

neutral donor ligand and aza-allyl has a structure represented by




10

15

20

25

30

WO 2018/098455 PCT/US2017/063355

where each R is independently selected from the group consisting of H, branched or
unbranched C1-C6 alkyl, branched or unbranched C1-C6 alkenyl, branched or
unbranched C1-C6 alkynyl, cycloalkyl groups having in the range of 1 to 6 carbon
atoms, silyl groups and halogens. In some embodiments, the netural donor ligand
comprise CO.

[0026] 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.

[0027] 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.

[0028] According to one or more embodiments, the substrate is subjected to
processing prior to and/or after forming the layer. This processing can be performed
in the same chamber or in one or more separate processing chambers. In some
embodiments, the substrate is moved from the first chamber to a separate, second
chamber for further processing. The substrate can be moved directly from the first
chamber to the separate processing chamber, or it can be moved from the first
chamber to one or more transfer chambers, and then moved to the separate

processing chamber. Accordingly, the processing apparatus may comprise multiple
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chambers in communication with a transfer station. An apparatus of this sort may be
referred to as a "cluster tool" or "clustered system," and the like.

[0029] Generally, a cluster tool is a modular system comprising multiple chambers
which perform various functions including substrate center-finding and orientation,
degassing, annealing, deposition and/or etching. According to one or more
embodiments, a cluster tool includes at least a first chamber and a central transfer
chamber. The central transfer chamber may house a robot that can shuttle substrates
between and among processing chambers and load lock chambers. The transfer
chamber is typically maintained at a vacuum condition and provides an intermediate
stage for shuttling substrates from one chamber to another and/or to a load lock
chamber positioned at a front end of the cluster tool. Two well-known cluster tools
which may be adapted for the present invention are the Centura® and the Endura®,
both available from Applied Materials, Inc., of Santa Clara, Calif. However, the exact
arrangement and combination of chambers may be altered for purposes of performing
specific steps of a process as described herein. Other processing chambers which
may be used include, but are not limited to, cyclical layer deposition (CLD), atomic
layer deposition (ALD), chemical vapor deposition (CVD), physical vapor deposition
(PVD), etch, pre-clean, chemical clean, thermal treatment such as RTP, plasma
nitridation, degas, orientation, hydroxylation and other substrate processes. By
carrying out processes in a chamber on a cluster tool, surface contamination of the
substrate with atmospheric impurities can be avoided without oxidation prior to
depositing a subsequent film.

[0030] According to one or more embodiments, the substrate is continuously under
vacuum or "load lock" conditions, and is not exposed to ambient air when being
moved from one chamber to the next. The transfer chambers are thus under vacuum
and are "pumped down" under vacuum pressure. Inert gases may be present in the
processing chambers or the transfer chambers. In some embodiments, an inert gas is
used as a purge gas to remove some or all of the reactants. According to one or more
embodiments, a purge gas is injected at the exit of the deposition chamber to prevent
reactants from moving from the deposition chamber to the transfer chamber and/or
additional processing chamber. Thus, the flow of inert gas forms a curtain at the exit
of the chamber.
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[0031] The substrate can be processed in single substrate deposition chambers,
where a single substrate is loaded, processed and unloaded before another substrate
is processed. The substrate can also be processed in a continuous manner, similar to
a conveyer system, in which multiple substrate are individually loaded into a first part
of the chamber, move through the chamber and are unloaded from a second part of
the chamber. The shape of the chamber and associated conveyer system can form a
straight path or curved path. Additionally, the processing chamber may be a carousel
in which multiple substrates are moved about a central axis and are exposed to
deposition, etch, annealing, cleaning, etc. processes throughout the carousel path.

[0032] During processing, the substrate can be heated or cooled. Such heating or
cooling can be accomplished by any suitable means including, but not limited to,
changing the temperature of the substrate support and flowing heated or cooled gases
to the substrate surface. In some embodiments, the substrate support includes a
heater/cooler which can be controlled to change the substrate temperature
conductively. In one or more embodiments, the gases (either reactive gases or inert
gases) being employed are heated or cooled to locally change the substrate
temperature. In some embodiments, a heater/cooler is positioned within the chamber
adjacent the substrate surface to convectively change the substrate temperature.

[0033] The substrate can also be stationary or rotated during processing. A
rotating substrate can be rotated continuously or in discreet steps. For example, a
substrate may be rotated throughout the entire process, or the substrate can be
rotated by a small amount between exposures to different reactive or purge gases.
Rotating the substrate during processing (either continuously or in steps) may help
produce a more uniform deposition or etch by minimizing the effect of, for example,
local variability in gas flow geometries.

[0034] 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
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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.

[0035] 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 is claimed is:

A metal coordination complex comprising a metal atom coordinated to at least

one aza-allyl ligand having a structure represented by:

where each R1-R4 is independently selected from the group consisting of H,
branched or unbranched C1-C6 alkyl, branched or unbranched C1-C6 alkenyl,
branched or unbranched C1-C6 alkynyl, cycloalkyl groups having in the range
of 1 to 6 carbon atoms, silyl groups and halogens.

The metal coordination complex of claim 1, wherein each or the R groups are
independently selected from H and branched or unbranched C1-C6 alkyl

groups.

The metal coordination complex of claim 1, wherein one or two of the R groups

comprises an alkyl group having 4 or 5 carbon atoms.

The metal coordination complex of claim 1, wherein none of the R groups is a

silyl group.

The metal coordination complex of claim 1, wherein one or two of the R groups

comprises a trifluoromethyl group.

The metal coordination complex of claim 1, wherein the metal atom is selected
from the group consisting of Co, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb, Lu, Y, Sc and combinations thereof.
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11.

12.

13.

13

The metal coordination complex of claim 6, wherein the metal atom comprises

Co and there are two or three aza-allyl ligands.

The metal coordination complex of claim 7, wherein there are two aza-allyl
ligands and a neutral electron donor ligand.

A processing method comprising exposing a substrate surface to a metal
precursor and a reactant to deposit a film on the substrate surface, the metal
precursor comprising a metal coordination complex with a metal atom

coordinated to at least one aza-allyl ligand having the structure represented by:

where each R1-R4 are independently selected from the group consisting of H,
branched or unbranched C1-C6 alkyl, branched or unbranched C1- C6 alkenyl,
branched or unbranched C1-C6 alkynyl, cycloalkyl groups having in the range
of 1 to 6 carbon atoms, silyl groups and halogens.

The processing method of claim 9, wherein the metal atom is selected from the
group consisting of Co, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm,
Yb, Lu, Y, Sc and combinations thereof.

The processing method of claim 10, wherein the metal atom comprises Co and
there are two or three aza-allyl ligands.

The processing method of claim 11, wherein the metal coordination complex is
homoleptic.

The processing method of claim 11, wherein the metal coordination complex
has two aza-allyl ligands and a neutral donor ligand.
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14.

15.

14

The processing method of claim 9, wherein the reactant comprises one or more
of NHs, hydrazine, hydrazine derivatives, NO,, combinations thereof, plasmas
thereof or nitrogen plasma to deposit an metal nitride film.

The processing method of claim 9, wherein the reactant comprises one or more
of Oy, O3, H20,, water, plasmas thereof or combinations thereof to deposit a
metal oxide film.
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