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TIN-CONTAINING PRECURSORS AND METHODS OF DEPOSITING TiN-
CONTAINING FILMS

TECHNICAL FIELD

{0001] Embodiments of the disclosure generally relate to deposition of tin-
containing thin films. More particularly, embodimenis of the disclosure relate to

methods of forming tin-containing films using tin diazadiene type complexes.

BACKGROUND

{00021 The semiconductor industry faces many challenges in the pursuit of device
miniaturization which involves rapid scaling of nanoscale features. Such issues
include the introduction of complex fabrication steps such as multiple lithography
exposures and integration of high performance malerials. To produce the nanoscale
features for next-generation semiconductor devices, a new lithographic source using
extreme ultraviolet (EUV) photons is needed. One current disadvantage of EUV
lithography is the very low throughput of wafers due o limited amount of photons
available to perform patierning.

[0003] Unfortunately, there are a limited number of viable chemical precursors
available that have the requisite properties of robust thermal stability, high reactivity,
and vapor pressure suitable for film growth to occur. In addition, precursors that often
meet these requirements still suffer from poor long-term stability and lead to thin films
that contain elevated concentrations of contaminants such as oxygen, nitrogen, and/or
halides that are often deleterious to the target film application. Therefore, there is a
need for improved thin film precursors containing tin and methods of forming tin-

containing films.

SUMMARY

[0004] One or more embodimenis of the disclosure is directed to methods
comprising exposing a substrate in a processing chamber to a deposition cycle
comprising exposure {0 a fin precursor comprising a compound having a tin-

diazadiene bond and a reactant to form a tin-cortaining film.
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{00051 Additional embodiments of the disclosure are directed o methods of forming
a tin-containing film. A substrate is exposed to a deposition cycle comprising at least
one exposure 10 a tin precursor and at ieast one exposure 10 a reactant. The tin
precursor comprises a tin-diazadiene bond. The reactant comprises one or more of
an oxidizing agent, a nilriding agent, a carbiding agent or a siliciding agent. The
deposition cycle is repeated, in whole or in part, untit tin-containing film of a
predetermined thickness has been formed on the substrate.

{00061 Further embodiments of the disclosure are directed to methods of forming a
tin-containing film on a substrate. A substrale in a processing chamber is exposed 1o
al least one deposition cycle to form a ternary material. The at least one deposition
cycle comprises exposure to a tin precursor comprising a compound having a tin-
diazadiens bond and one or more reactant o form a ternary material including one or
more of oxygen, nitrogen, carbon, boron, silicon, titanium, ruthenium or tungsien

atoms.

DETAILED DESCRIPTION

[0007] Before describing several exemplary embodiments of the disclosure, it is to
be understood that the disclosure is not limited fo the details of construction or
process steps set forth in the following description. The disclosure is capable of other
embodiments and of being practiced or being carried out in various ways.

[0008] As used in this specification and the appended claims, the term “substrate”
refers to a surface, or portion of a surface, upon which a process acts. 1t will also be
understood by those skilled in the art thai reference to a substrale can refer to only a
portion of the substrate, unless the context clearly indicates otherwise. Additionally,
reference fo depositing on a substrate can mean both a bare substrate and a
substrate with one or more films or features deposited or formed thereon.

[0008] A "substrate” as used herein, refers to any substraie or material surface
formed on a substrate upon which processing is performed. For example, a substrate
surface on which processing can be performed include, but are not limited to,
materials such as silicon, silicon oxide, strained silicon, silicon on insulator (SO,

carbon doped silicon oxides, silicon nitride, doped silicon, germanium, gallium
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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 limitalion, semiconductor wafers. Substrales may be
exposed o a pretreaiment process to polish, eich, reduce, oxidize, hydroxylaie {(or
otherwise generate or graft target chemical moieties to impart chemical functionality),
anneal and/or bake the substrate surface. In addition to processing directly on the
surface of the substrate itself, in the present disclosure, any of the film processing
steps disclosed may also be performed on a layer formed on the subsirate as
disclosed in more detail below, and the term "substrate surface” is intended to include
such layer 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 may be described as the substrate surface. What a given
substrate surface comprises will depend on what materials are to be deposited, as
well as the particular chemistry used.

{00101 "Atomic layer deposition™ or "cyclical deposition” as used herein refers {0 a
process comprising the sequential exposure of two or more reactive compounds to
deposit a layer of material on a substrate surface. As used in this specification and
the appended claims, the terms “reactive compound®, “reaclive gas”, “reactive

35 €

species”, “precursor”, “process gas” and the like are used interchangeably to mean 3
substance with a species capable of reacting with the substrate surface or material on
the substrate surface in a surface reaction {e.g., chemisorption, oxidation, reduction,
cycloaddition). The substraie, or portion of the substrate, is exposed sequentially io
the two or more reactive compounds which are introduced inio a reaction zone of a
processing chamber. These reactive compounds may be separated temporaily or

spatially.

[0011] In a time-domain ALD process, exposure 1o each reactive compound is
separated by a time delay to allow each compound o adhere and/or react on the
substrale surface and then be purged from the processing chamber. The reaclive
gases are prevented from mixing by the purging of the processing chamber between

subseguent exposures.
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{00121 In a spatial ALD process, the reaclive gases are flowed into different
processing regions within a processing chamber. The different processing regions are
separated from adjacent processing regions so that the reactive gases do not mix.
The substrate can be moved between the processing regions o separately expose
the substrate 1o the processing gases. During substrate movement, different portions
of the substrate surface, or material on the substrate surface, are exposed to the two
or more reactive compounds so that any given point on the subsirate is substantially
not exposed to more than one reaclive compound simultaneously.  As will be
understood by those skilled in the art, there is a possibility that a small portion of the
substrate may be exposed to multiple reactive gases simultanecusly due to diffusion
of the gases within the processing chamber, and thatl the simultaneous exposure is

unintended, uniess otherwise specified.

[0013] In one aspect of a time-domain ALD process, a first reactive gas {i.e., a first
precursor or compound A) is puised into the reaction zone followed by a first time
delay. A second precursor or compound B is pulsed inio the reaction zone followed
by a second delay. During esach lime delay, a purge gas, such as argon, may be
introduced into the processing chamber o purge the reaction zone or otherwise
remove any residual reactive compound or reaction products or by-products from the
reaction zone. in some embodiments, the purge gas may flow continuously throughout
the deposition process so that only the purge gas flows during the time delay between
pulses of reactive compounds. The reactive compounds are alternately pulsed until a
predetermined film or film thickness is formed on the subsirate surface. in either
scenario {(discrete purge gas pulses or continuous purge gas flow), the ALD process
of pulsing compound A, purge gas, compound B and purge gas may be referred to as
a cycle. A cycle can start with either compound A or compound B and may continue
the respective order of the cycle until achieving a film with the predetermined
thickness.

[0014] In one aspect of a spatial ALD process, a first reactive gas and second
reactive gas are delivered simultaneously to the reaction zone bul are separated by a
purge gas curtain and/or a vacuum curtain. The gas curtain can be a combination of
inert gas flows into the processing chamber and vacuum stream flows out of the

processing chamber. The substrale is moved relative 10 the gas delivery apparatus so
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that any given point on the subsirate is exposed to the first reactive gas and the
second reactive gas.

[0015] A "puise” or "dose” as used herein refers {0 a quantity of a source gas that is
intermittently or non-continuously introduced into the process chamber. The guantity
of a particular compound within each pulse may vary over time, depending on the
duration of the pulse. A particular process gas may include a single compound or a

mixture/combination of two or more compounds.

{0016] The durations for sach pulse/dose are variable and may be adjusted fo
accommodalte, for example, the volume capacity of the processing chamber as well as
the capabilities of a vacuum sysiem coupled thereto. Additionally, the dose time of a
process gas may vary according to the flow rate of the process gas, the temperature
of the process gas, the type of control valve, the type of process chamber employed,
as well as the ability of the componenis of the process gas to adsorb onio the
substrate surface. Dose times may alse vary based upon the type of layer being
formed and the geomelry of the device being formed. A dose time shouid be long
encugh to provide a volume of compound sufficient to adsorb/chemisorb onto
substantially the entire surface of the substrate and form a layer of a process gas

component theraon.

{00177 One or more embodiments of the disclosure advaniageously provide a new
precursor class for depositing  lin-containing  films. Some embodiments
advantageously provide methods of depositing tin-containing films using a new class
of precursors. In some embodiments, the deposition is by an atomic layer deposition
(ALD) process. In some embodiments, the deposition is by a chemical vapor
deposition {CVD) process in which both the tin-containing precursor and the reactants
are exposed io the substrate at the same time so that the tin-containing precursor and
reactant are allowed o react in the gas phase.

{0018] Some embodiments of the disciosure advantageously provide simpilified
infegration schemes for implementing EUV {extreme uliraviolet) lithography patterning
schemes. One current disadvantage of EUV lithography is the very low throughput of
wafers due to limited amount of photons available to perform patlerning. Some
embodiments advantageously provide methods to deposit Sn-comtaining maiterials
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that oplimize absorpiion of EUV photons allowing current generation EUV toois {o
become more efficient leading to higher wafer throughput in production.

[0018] In some embodimenis, a diazadienyl-comntaining tin precursor is used o
preduce one or more of tin metal (5n}, tin oxide (SnO), tin nitride (SnN), tin carbide
{8nC), tin silicide {Sn&i), or a film comprising tin and having one or more of oxygen
(O), nitrogen (N}, carbon (C), boron (B) or silicon (8i) atormns. The skilled artisan will
recognize thai the chemical formula of the tin film does not imply any particular
stecichiometric ratio of atoms unless specifically stated as such. For example, a tin
oxide film may be referred to as “SnQ” or “SnC\" and the composition of the film
comprises tin and oxygen atoms. Some embodiments of the disclosure
advantageously provide methods of forming ternary materials comprising tin and two
or more of oxygen, nitrogen, carbon, boron, silicon, ttanium, tungsten and/or
ruthenium atoms. Some examples of ternary materials include, but are not limited to,
SnON, SnOC, SnBN, RuSnB, SnSi0, SnBO, SnTiO, SnTiN, SnWN and SnTiw.

{00207 Some embodiments of the disclosure advantagecusly provide methods of
forming highly-pure tin-containing films with low impurities. The high reactivity, high
volatility, and/or high thermal stability of the disclosed tin-coniaining precursors are
believed o be due to the chemical nature of the tin-diazadiene (5n-DAD) bond. Such
a filrn is uselul, for example, with EUV lithography applications where low EUY photon
flux is present and maximum phoion utility is sought. It is believed that Sn-containing
films may constructively interact with a primary EUV photon (from main EUV source)
to produce secondary effects that may aid in the lithographic processes. This highly
reactive, redox-active diazadienyl system is believed to vield a highly pure film and
free diazadiene which is liberated into the purge gas stream preventing unwanted
incorporation into the newly produced tin-containing thin film.

[0021] In one or more embodiments, the tin-containing precursor has at ieast one
diazadiene ligand. Diazadiene ligands can adopt several resonance forms when
binding to a tin atom as depicted in scheme (1) or ().
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{00221 Each of these resonance forms imparts a different electronic charge on the
tin metal center when bonded fogether in a metal complex. The form on the left
cortaining two double bonds (the diene} is a neulral, nonionic ligand {(DADO). The
resonance form in the center of scheme (1) contains a radical resonance structure and
is a monoanionic ligand (DAD1). The resonance form on the right of scheme (§)
containing a single double bond is a dianionic ligand (DAD2). The skilled artisan will
recognize that the difference between scheme (I) and scheme () is the manner of
designating the individual R groups. In scheme (i), the R groups on the DAD ligand
are numbered R1-B4 indicating that each R group is independently selected. In
scheme {li) the R groups are designated as R and R’ groups. However, the skilled
artisan will recognize that each of the R and/or R groups of scheme (I} can be
independently selecied so that the compounds illustrated in scheme (i) are equivalent
to the compounds illustrated in scheme (). For example BR1 and R4 in scheme (i) are
equivalent to R in scheme (I} and may also be referred to as the nitrogen-R group.
Groups R2 and B3 in scheme (1) are equivalent fo R’ groups in scheme (I} and may
also be referred to as the carbon-R groups or carbon-backbone R groups.

{0023} For each of the resonance forms, the R groups By-R4 (of scheme () or R
and R (of scheme (Il}} are independently selected from H, C1-6 alkyl, aryl, acyl,
alkylamido, hydrazido, silyl, aldehyde, keto, C2-4 alkenyl and/or alkynyl groups and
one nitrogen is covalently bound to the tin atom. As used in this manner, the letter "C”
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followed by a numeral (e.g., "C4"} means that the substiiuent comprises the specified
number of carbon atoms (e.g., C4 comprises four carbon atoms). In some
embodiments, at least one of the nitrogen-R groups and/cr carbon-R groups is not H.
in some embodiments, at least one of the nitrogen-R groups and/or carbon-R groups
comprises one or more of a $2-C6 alkyl, a C3-C6 alkyl, a C4-C6 alkyl or a C5-C8 alkyi
group.

{00241 In some embodiments, af ieast one of the DADG, DAD1 and/or DADZ ligands
is symmetrical. As used in this manner, the ligand is symmetrical when the nitrogen-R
groups are the same and the carbon backbone-R groups are the same. The nitrogen-
R groups can be different than the carbon backbone-R groups. In some
embodiments, at least one of the DADO, DAD1 and/or DADZ2 ligands are
asymmetrical.  An asymmetrical ligand may impart rotational eniropy on the tin

complex which may change the vapor pressure and/or reactivity of the species.

{0025] Suitable homoleptic tin-diazadiene complexes includes compounds with the
general formuia Sn{DAD),, where DAD is one or more of DADC, DAD1 or DAD2. A

homoleptic species can have a mixture of DAD resonance forms. For example,
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{0026] In some embodiments, the Sn-diazadiene complex is heteroleptic. Suitable
heteroleptic tin precursors include, but are not limited to,

R RLX
PN
RS
| }\ (Vi
g. RS
:\': “““ N:.\\,&;gf\"'
S
N X V
’ (D

{00277 where each X is independently an anionic ligand. Suitable anionic ligands
include, but are not limited to, |, CI, Br, F, NR, (where R is a C1-C8 alkyl or alkenyl
group), cyclopentadiene (Op), substifuted cyclopentadiene, substituted amidinate and

10 alivl. Substituted cyclopentadiene ligands may be substituted by any suitable number
of alkyl substituents and/or amino substituenis. Alkyl substituents for the
cyclopentadiene ligand may include C1-C4 alkyl groups. Amino substituents for the
cyclopentadiene ligand may include groups with the general formula —-NR, where each
R is independently H or a C1-C4 alkyl group. The alkyl groups can be straight chain

15 groups {(e.g. n-butyl} or branched groups (e.g. t-outyl). In some embodiments, the
cyclopentadiene ligand is unsubstituted (i.e., CsHs).

[0028] In some embodiments, a metallic tin (8n% film is formed. In some
embodiments, the film formed consisis essentially of tin metal. As used in this
manner, the term “consisis essentially of tin” means that the film is greater than or
20 equal to about 895%, 98%, 29% or 99.5%. When measuring the composition of the
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film, the bulk film properties are measured, excluding the interface regions where
atoms from adjacent lays may diffuse into the film. To form a metaliic tin film, the
reactant can be any suitable reducing agent, for example, alcohols, ammonia,
molecuiar hydrogen, hydrazine, substiiuied hydrazines, substituted cyclohexadienes,
substituted dihydropyrazines, aluminum-containing molecules, and plasma versions,
thereof.

{00291 In some embodiments, the film formed comprises tin oxide (SnQ). In some
embodiments, the film consists essentially of tin oxide. As used in this manner, the
term “consists essentially of” means that the composition of the film is greater than or
equal to about 95%, 98%, 99% or 99.5% of the staled elementis {in this case tin and
oxygen) in sum on an atomic basis. To form an oxide film, the reactant can be any
suitable reactant including, but not limited to, water (H:O)}, molecular oxygen (O3),
peroxides, organic alcohols, ozone (O;), nitrous oxide, combinations thereof and

plasmas thereof,

{00307 In some embodiments, the film comprises tin nitride (SnN). In some
embodiments, the film consists essentially of tin nitride. To form a nitride film, the
reactant can be any suitable reactant including, but not limited to, ammonia {(NH3),
hydrazine {(NaoH4) substituted hydrazines, combinations thereof and plasmas thereof.

{00311 In some embodiments, the film comprises lin carbide (SnC). In some
embodiments, the film consists essentially of tin carbide. To form a carbide film,
suitable reactants include, bul are not limited to, alkanes, alkenes, alkynes,
substituted versions thersof, combinations thereof and plasmas thereof.

{00321 In some embodiments, the film comprises tin silicide (SnSi).  In some
embodiments, the film consists essentially of tin silicide. To form a silicide film,
suifable reactants include, but are not lfimited to, silanes, substituted silanes,
siloxanes, silyl halide, silyl amide, combinations thereof and plasmas thereof.
Examples of silyl halides include, but are not limited to, dichiorosilane (DCS),
hexachioridisilane (HCDS), trichlorosilane (TCS) and SiCly,. Examples of silyl amides

include, but are not limited {o, bis{diethylamino}silane (BDEAS), bis(tert-

butylamino)silane (BTBAS), ietrakis{dimethylaming)silane (TDMAS). in some

embodiments, the silicon precursor comprises a species with a general formula
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SiaXaFoniza, SH{NR'2)aR4.2, Or a siloxane, wherenis 110 4, ais 0 to 2n+2, each X is an
independently selected halide and each R and R are independently selected from H,
Ci1-4 alkyl or aryl Suitable siloxanes include, but are not limited lo,
hexachlorodisiloxane (HCDSO) and octachlorotrisiioxane (OCTS0). In some
embodiments, the silicon precursor consists essentially of silane (SiH,).

[0033] In some embodiments, the film comprises fin boride (SnB). in some
embodiments, the film consisis essentially of tin boride. To form a boride film, suitable
boron precursors include, but are not limiled o, boranes, alkylboranes and
haloboranes. in some embodiments, the boron precursor comprises one or more

species with a general formula of B H X R, where each X is a halogen independently

selected from F, Ci, Br and |, each R is an independently selected C1-C4 alkyl group,
c is any integer greater than or equal to 2, each of d, e and { are less than or equal o
c+2 and d+e+f is equal to c+2.

[0034] In some embodiments, the film comprises a compound with the general
formula SnyBeCNOSE, where a is in the range of about 1 to about 100 and sach of
b, ¢, d, e andf are in the range of about 0 fo 100.

{0035] In some embodiments, the film comprises an alloy of tin with another metal.
Suitable alloy films that can be formed include, but are not limited to tin titanate, tin
tungstate, tin-ruthenium films. In some embodiments, the film comprises tin and one
or more of titanium, tungsten or ruthenium.  In some embodiments, the alloy film
consists essentially of tin and a metal comprising one or more of titanium, tungsten or

ruthenium.

{0036] Some embodiments of the disclosure are directed to methods of forming
ternary materials using tin-diazadiene precursors. In some embodiments, the ternary
material comprises tin and two or more of oxygen, nitrogen, carbon, boron, silicon,
titanium, ruthenium andfor tungsten. In some embodiments, the film formed
comprises or consists essentially of ruthenium tin boride. In some embodiments, the
ternary material comprises or consists essentially of tin silicon oxide. In some
embodiments, the lernary material layer acts as a cafalyst for further surface

reactions.
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{00371 Formation of the ternary material can be accomplished using one or more
processes. For example, tin can be deposited by ALD and another metal (or element)
can be deposited by CVD or PVD. The third component, oxygen, nitrogen, carbon,
boron, silicon, titanium, ruthenium and/or tungsten can be included with deposition of
the tin or other metal or in a separate process. In some embodiments, the termary
material is formed by forming a laminate of tin-containing layers and other material
layers. For example, a ruthenium tin boride film may be formed as a laminate of tin
metal layers interspersed with ruthenium boride layers. The fitanium precursor,
tungsten precursor and/or ruthenium precursor can be any suitable precursors known
to the skilled artisan or, for PVD, a suitable target material comprising the selected

components.

[0038] The period of time that the subsirate is exposed o a process gas may be
any suitable amount of time to allow formation of the film or a partial film. As used in
this manner, “process gases” are any gases or gaseous species that react with the
substrale surface or with a chemisorbed molecule on the substrate surface. For
example, a process gas may be flowed into the process chamber for a period of abowt
0.1 seconds to about 90 seconds. In some time-domain ALD processes, a process
gas is exposed the subsirate surface for a time in the range of about 0.1 sec to about
90 sec, or in the range of about 0.5 sec {0 about 80 sec, or in the range of about 1 sec
to about 30 sec, or in the range of about 2 sec to about 25 sec, or in the range of
about 3 sec to about 20 sec, or in the range of about 4 sec to about 15 sec, or in the
range of about 5 sec {0 about 10 sec.

{00391 The temperature of the substrate during deposition can be controlled, for
example, by setting the temperaiure of a substraie support or suscepior. In some
embodiments the substrate is maintained at a temperature in the range of about 25 °C
to about 500 °C, or in the range of about 50 °C to about 450 °C, or in the range of
about 100 °C to about 400 °C, or in the range of about 150 °C 1o about 350 °C, or in
the range of about 300 °C to about 300 *C.

{00401 The tin precursor can be heated prior o flowing info the processing
chamber. For example, the tn precursor can be contained within a precursor

ampoule which is held al an ampoule temperature 1o increase the vapor pressure of
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the precursor. An inert or carrier gas can be flowed through the ampoule o draw the
precursor to the processing chamber. In some embodiments, the tin precursor is
maintained at a temperature in the range of about 0 °C to about 250 *C, or in the
range of about 50 °C o aboui 200 °C.

{00411 In addition to the foregoing, additional process parametlers may be regulated
while exposing the subsirate 10 a process gas. For example, in some embodiments,
the process chamber may be maintained at a pressure in the range of about 1 mTorr
to about 760 Torr, or in the range of about 1 Torr to about 500 Torr, or in the range of
about 10 Torr o about 100 Torr.

[0042] After exposing the substrate t0 one process gas, the process chamber
{especially in ime-domain ALD} may be purged using an inert gas. {This may not be
needed in spatial ALD processes as there is a gas curlain separating the reactive
gases.} The inert gas may be any inert gas, for example, such as argon, helium,
neon, or the like. In some embodiments, the inert gas may be the same, or
alternatively, may be different from the inert gas provided o the process chamber
during the exposure of the substrate to the first process gas. In embodiments where
the inert gas is the same, the purge may be performed by diverting the first process
gas from the process chamber, allowing the inert gas o flow through the process
chamber, purging the process chamber of any excess first process gas components
or reaction byproducts. In some embodimenis, the inert gas may be provided ai the
same flow rate used in conjunction with the first process gas, described above, or in
some embodiments, the flow rate may be increased or decreased. For example, in
some embodiments, the inert gas may be provided to the process chamber at a flow
rate of greater than O to about 10000 scom 1o purge the process chamber. In spatial
ALD, purge gas curtains are maintained between the flows of reactive gases and
purging the process chamber may not be necessary. In some embodimenis of a
spatial ALD process, the process chamber or region of the process chamber may be
purged with an inerl gas.

{00431 The flow of inert gas may faciliiate removing any excess process gases
and/or excess reaction byproducts from the process chamber o prevent unwanied

gas phase reactions. For example, the flow of inert gas may remove excess process
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gas from the process chamber, preventing a reaction between the tin precursor and a

subsequent process gas.

{00447 Then the substrate is exposed 1o a second process gas for a second period
of time. The second process gas may react with the species on the substrate surface.
The second process gas may be supplied 1o the substrate surface at a How rate
greater than the first process gas. In one or more embodiments, the flow rate is
greater than about 1 time that of the first process gas, or about 100 times that of the
first process gas, or in the range of about 3000 to 5000 times that of the first process
gas. The second process gas can be supplied, in time-domain ALD, for a time in the
range of about 0.1 sec to about 90 sec, or in the range of about 1 sec to about 60 sec,
or in the range of about 10 sec to about 30 sec. The second process gas can be
supplied at a pressure in the range of about 1 mTorr to about 760 Torr, or in the range
of about 1 Torr to about 500 Torr, or in the range of about 10 Torr to about 250 Torr.

[0045] The process chamber may again be purged using an inert gas. The inert gas
may be any inert gas, for example, such as argon, helium, neon, or the like. In some
embodiments, the inert gas may be the same, or allernalively, may be different from
the inert gas provided 1o the process chamber during previocus process sleps. In
embodiments where the inert gas is the same, the purge may be performed by
diverting the second process gas from the process chamber, aliowing the inert gas io
flow through the process chamber, purging the process chamber of any excess
second process gas components or reaction byproducts. In some embodiments, the
inert gas may be provided at the same flow rate used in conjunction with the second
process gas, described above, or in some embodiments, the flow rate may be
increased or decreased. For example, in some embodiments, the inert gas may be
provided to the process chamber at a flow rate of greater than 0 to about 10,000 scom
to purge the process chamber.

[0046] While the embodiment of the processing method described above includes
only two pulses of regctive gases, it will be undersiood that this is merely exempiary
and that additional pulses of process gases may be used. The pulses can be
repeated in their entirety or in part. The cycle can be repeated to form a film of a
predetermined thickness.
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{00471 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 disclosure. Thus, the
appearances of the phrases such as "in one or more embodiments,” "in certain

" kN

ermbodiments,” "in one embodiment” or "in an embodiment” in varicus places
throughout this specification are not necessarily referring o the same embodiment of
the disclosure. Furthermore, the particular features, structures, materials, or

characteristics may be combined in any suitable manner in one or more embodiments.

{0048] Although the disclosure herein has been described with reference to
particular embodiments, it is 10 be understood that these embodiments are merely
ilustrative of the principles and applications of the present disclosure. It will be
apparent 1o those skilled in the art that various modifications and variations can be
made to the method and apparatus of the present disclosure without departing from
the spirit and scope of the disclosure. Thus, it is intended that the present disclosure
include modifications and variations that are within the scope of the appended claims
and their equivalenis.
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What is claimed is:

A method comprising exposing a subsirate in a processing chamber {0 g
deposition cycle comprising exposure 0 a tin precursor comprising a
compound having a tin-diazadiene bond and a reactant to form a tin-containing

fitm.

The method of claim 1, wherein the tin precursor and the reactant are exposed

o the subsirate separately.

The method of claim 2, wherein the tin precursor, the oxygenating agent and
the silicon precursor are separated temporally.

The method of claim 2, wherein the tin precursor, the oxygenating agent and
the silicon precursor are separated spatially.

The method of claim 1, wherein the tin precursor comprises a homoleptic tin-
diazadiene complexes includes compounds with the general formula Sn{DAD),,
where DAD is a diazadiene.

The method of claim 5, wherein the tin precursor comprises a compound with

the general formula

RN
v B
RN
R
&
R LB N R
N o N
Eo eS0T ]
8 § \g ey -
V1), or R (i},

wherein each R and R are independently selected from H, C1-8 alkyl, aryi,
acyl, alkylamido, hydrazido, silyl, aldehyde, keto, C2-4 alkenyl and/or alkynyt
groups and one nitrogen is covalently bound to the tin ajom.
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The method of claim 1, wherein the tin precursor comprises a heteroleptic tin-
diazadiene compilex with the general formula

(Vi)

where each X is independently an anionic ligand.

The method of claim 7, wherein each X is independently selected from |, Ci, Br,
F, NR: {(where R is a C1-C8 alkyl or alkenyl group), cyclopentadiene {(Cp),
substituted cyclopentadiene, substituted amidinate and aliyl.

The methed of claim 1, wherein the tin precursor comprises a heteroleptic tin-
diazadiene complex with the general formula

Q( . & x
T N#’" Séf\f
" X

(1X)

where each Xis independently an anionic ligand.

The method of claim 9, wherein each X is independently selected from [, Cl, Br,
F, NR, (where R is a C1-C8 alkyl or akenyl group), cyclopeniadiene (Cp),
substituted cyclopentadiene, substituted amidinate and allyl.

The method of claim 1, wherein the film comprises one or more of tin metal, an

oxide, nitride, carbide, boride or silicide.

A method of forming a tin-containing film, the method comprising:
exposing a substrate to a deposition cycle comprising at least one
exposure 1o a tin precursor and at least one exposure 1o a reactant, the tin

precursor comprising a tin-diazadieng bond, the reactant comprising one or



WO 2020/006382 PCT/US2019/039768

18

more of an oxidizing agent, a nilriding agent, a carbiding agent or a siliciding
agent; and

repeating the deposition cycle, in whole or in part, uniil tin-containing film
of a predetermined thickness has been formed on the substrate.

5
13. The method of claim 12, wherein the tin precursor comprises a compound with

the general formula

10 , OF
where each R and R are independently selected from H, C1-6 alkyl, aryl, acyl,
alkylamido, hydrazido, silyl, aldehyde, keto, ©2-4 alkenyl and/or alkynyl groups
and one nitrogen is covalently bound to the tin atom.

15

t4. The method of claim 12, wherein the tin precursor comprises a compound with

the general formula

. X . R X
™ R )
N o N

R? - “ P & o \ R} ,_...v'\“.“\{g - .

or ,
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wherein each X is independenily an anionic ligand selected from i, CI, Br, F,
NR; (where R is a C1-C6 alkyl or alkenyl group), cyclopentadiene (Cp),
substituted cyclopentadiene, substituted amidinate and allyl.

A method of forming a tin-containing film on a substraie, the method
comprising:

exposing the substrate in a processing chamber to at least one
deposition cycle to form a ternary malerial, the at least one deposition cycle
comprising exposure o a tin precursor comprising a compound having a tin-
diazadiene bond and one or more reactant to form a ternary material including
one or more of oxygen, nitrogen, carbon, boron, silicon, titanium, ruthenium or
tungsten atoms.
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