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(57) ABSTRACT 

Disclosed are cyclopentadienylalkylamino titanium precur 
sors selected from the group consisting of Ti(iPrCp) (NMe) 

Ti(iPrCp)(NEt), Ti(iPrCp)(NMeEt), Ti(tBuCp) 
(NMe), Ti(tEuCp) (NEt), Ti(tBuCp)(NMeEt), 
Ti(MeaEtCp)(NMe2), Ti(MeEtCp)(NEt), 
Ti(Me EtCp)(NMeEt), Ti(MeCp)(NMe), Ti(MeCp) 
(NEt), and Ti(MeCp)(NMeEt) for use in vapor deposition 
methods, preferably PEALD or P-CVD, for the deposition of 
TiN films used in the manufacture of semiconductor, photo 
voltaic, LCD-TFT, or flat panel type devices. 
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TITANUMINTRIDE FILMI DEPOSITION BY 
VAPORDEPOSITION USING 

CYCLOPENTADENYLALKYLAMNO 
TITANIUM PRECURSORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/301,143, filed Feb. 3, 2010, the 
entire contents of which are incorporated herein by reference. 

BACKGROUND 

0002 Commercial depositions of TiN layers frequently 
use TiCl, as the titanium precursor. See, e.g., para 0022 US 
Pat App No 2010/193955. However, when chlorine-based 
precursors are used, chlorine-containing by-products (HCl, 
NHC1...) are released and their poor volatility or corrosive 
properties raise process-related issues. For example, high 
temperature processes are thus required. 
0003 JP2005171291 disclosed MOCVD deposition of 
TiN films using molecules of the general formula Ti(RCp) 
(NR'R), wherein each R' and R is a methyl (CH) or ethyl 
(CHS) group, k is an integer from 1 to 5 when R is a C1-C4 
alkyl group, k is an integer from 1 to 3 when R is a trimeth 
ylsilyl group, m is an integer 1 or 2, and n is an integer of 1 to 
3. The only parameter reported for the resulting TiN film is 
final film thickness. No information regarding deposition 
rate, resistivity, or component analysis is provided for the 
resulting TiN film. 

() R2 
O T K. 

0004 Ti(RCp) (NR'R'), molecules as described in 
JP2005 171291 
0005 WO2009036045 references.JP2005171291 and dis 
closes usage of the molecules for ALD of titanium oxide and 
nitride films. The preferred molecule is Ti(MeCp)(NMe), 
and the use of this molecule is mentioned in ALD using 
hydrogen, hydrogen plasma, oxygen, air, water, ammonia, 
hydrazines, allylhydrazines, boranes, silanes, oZone, and a 
combination thereof However, the examples only disclose the 
growth rate and the SIMS analysis of TiO films. 
0006. As the reaction mechanism to deposit nitride films 
differs from that used to deposit oxide films, the need remains 
to discover precursors suitable for nitride film deposition and 
produce nitride films having low resistivity and low impurity 
COntent. 

Notation and Nomenclature 

0007 Certain abbreviations, symbols, and terms are used 
throughout the following description and claims and include: 
0008. The term “alkyl group' refers to saturated func 
tional groups containing exclusively carbon and hydrogen 
atoms. Further, the term “alkyl group' refers to linear, 
branched, or cyclic alkyl groups. Examples of linear alkyl 
groups include without limitation, methyl groups, ethyl 
groups, propyl groups, butyl groups, etc. Examples of 
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branched alkyls groups include without limitation, t-butyl. 
Examples of cyclic alkyl groups include without limitation, 
cyclopropyl groups, cyclopentyl groups, cyclohexyl groups, 
etc. 

0009. As used herein, the abbreviation “Me' refers to a 
methyl group; the abbreviation “Et” refers to an ethyl group: 
the abbreviation “Pr” refers to a propyl group; the abbrevia 
tion “iPr” refers to an isopropyl group; the abbreviation “Bu’ 
refers to abutyl group (n-butyl); the abbreviation “tBu’refers 
to tert-butyl; the abbreviation “shu” refers to sec-butyl; the 
abbreviation “Cp’ refers to cyclopentadienyl; and the abbre 
viation “Cp* refers to pentamethylcyclopentadienyl. 

SUMMARY 

0010 Disclosed are vapor deposition methods for depos 
iting a TiN film onto at least one Substrate. A reactor having at 
least one substrate disposed therein is provided. The vapor of 
at least one titanium-containing precursor is introduced into 
the reactor. The titanium-containing precursor is selected 
from the group consisting of Ti(iPrCp)(NMe), Ti(iPr-Cp) 
(NEt). Ti(iPrCp)(NMeEt), Ti(tBuCp)(NMe), 
Ti(tBuCp)(NEt), Ti(tBuCp)(NMeEt), Ti(Me EtCp) 
(NMe), Ti(MeEtCp)(NEt), Ti(MeEtCp)(NMeEt), 
Ti(MeCp)(NMe), Ti(MeCp)(NEt), and Ti(MeCp) 
(NMeEt). At least part of the titanium-containing precursor 
is deposited onto the Substrate to form a titanium-containing 
layer on the Substrate. The titanium-containing layer is 
reacted with the vapor of a plasma-treated reactant to form a 
TiN layer on the substrate. Optionally, the method may e 
repeated until the TiN film has the desired thickness. The 
method may further include one or more of the following 
aspects: 

0.011 the plasma-treated reactants being reducing 
agents selected from the group consisting of N, NH, 
Si(NEt)H, NH, N(SiH), NMeH, NEth, 
NMeH, NEth, NMe, NEts, (SiMe)NH, 
MeHNNH, MeNNH, phenyl hydrazine, and mixtures 
thereof; 

0012 the substrates having a temperature between 
approximately 50° C. and approximately 600° C.; 

0013 the reactor having a pressure between approxi 
mately 0.0001 Torr (0.0133 Pa) and approximately 1000 
Torr (133.3 kPa): 

0014 
0.015 the vapor of the plasma-treated reactants being 
produced by introducing a vapor of a reactant into the 
direct plasma reactor and exposing the vapor of the 
reactant to plasma to form the vapor of the plasma 
treated reactant; 

0016 the titanium-containing precursors being selected 
from the group consisting of Ti(iPr-Cp)(NMe), 
Ti(iPr-Cp)(NEt), Ti(iPrCp)(NMeEt), and mixtures 
thereof; 

0017 the titanium-containing precursors being selected 
from the group consisting of Ti(MeCp)(NMe), 
Ti(MeCp) (NEt), Ti(MeCp) (NMeEt), and mixtures 
thereof; 

0.018 the titanium-containing precursors being selected 
from the group consisting of Ti(tBus Cp)(NMe), 
Ti(tEuCp) (NEt), Ti(tBu-Cp)(NMeEt), and mixtures 
thereof, and 

the reactor being a direct plasma reactor, 
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0019 the titanium-containing precursors being selected 
from the group consisting of Ti(MeEtCp)(NMe), 
Ti(MeaEtCp)(NEt), Ti(MeaEtCp)(NMeEt), and mix 
tures thereof. 

0020. Also disclosed are vapor deposition methods for 
depositing a TiN film onto at least one substrate. A reactor 
having at least one substrate disposed therein is provided. The 
vapor of Ti(MeCp)(NMe) is introduced into the reactor. At 
least part of the Ti(MeCp)(NMe) is deposited onto the 
Substrate to formatitanium-containing layer on the Substrate. 
The titanium-containing layer is reacted with the vapor of 
plasma-treated NH to form a TiN layer on the substrate. 
Optionally, the method may e repeated until the TiN film has 
the desired thickness. The method may further include one or 
more of the following aspects: 

0021 the reactor being a direct plasma reactor; 
0022 the vapor of plasma-treated NH being produced 
by introducing a vapor of NH into the direct plasma 
reactor and exposing the vapor of NH to plasma to form 
the vapor of the plasma-treated NH; 

0023 the TiN layer formed by steps b) through d) hav 
ing a thickness ranging from approximately 0.5 Ang 
stroms (0.05 nm) to approximately 1.5Angstroms (0.15 
nm); 

0024 the TiN film having a resistivity between approxi 
mately 100 LG2 cm to approximately 1,000 uS2 cm; and 

0025 the TiN film comprising between approximately 
0 atomic percent to approximately 10 atomic percent of 
C; and between approximately 0 atomic percent to 
approximately 10 atomic percent of O. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. For a further understanding of the nature and objects 
of the present invention, reference should be made to the 
following detailed description, taken in conjunction with the 
accompanying drawings, wherein: 
0027 FIG. 1 is a graph comparing the TiN film growth rate 
in angstroms per cycle versus TiMesCp(NMe2) pulse length 
in seconds between plasma enhanced depositions at Substrate 
temperatures of 300° C. and 350° C. and non-plasma 
enhanced depositions at a substrate temperature of 350° C.; 
0028 FIG. 2 is a graph comparing the TiN film resistivity 
in LG2 cm versus TiMesCp(NMe) pulse length in seconds 
between plasma enhanced depositions at Substrate tempera 
tures of 300° C. and 350° C. and non-plasma enhanced depo 
sitions at a substrate temperature of 350° C.; 
0029 FIG.3a is a graph showing the percent atomic con 
centration of components in the TiN film versus Auger Elec 
tron Spectroscopy (AES) depth profiling sputter time in min 
utes for a 5 second TiMesCp(NMe2) pulse length in plasma 
mode; 
0030 FIG. 3b is a graph showing the percent atomic con 
centration of components in the TiN film versus sputter time 
in minutes for a 10 second TiMeCp(NMe), pulse length in 
plasma mode; 
0031 FIG. 3c is a graph showing the percent atomic con 
centration of components in the TiN film versus sputter time 
in minutes for a 20 second TiMesCp(NMe) pulse length in 
plasma mode; 
0032 FIG. 3d is a graph showing the percent atomic con 
centration of components in the TiN film versus sputter time 
in minutes for a 10 second TiMesCp(NMe) pulse length in 
non-plasma mode; and 
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0033 FIG. 3e is a graph comparing the percent atomic 
concentration of components in the TiN film versus element 
for the plasma and non-plasma processes. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0034 Disclosed are vapor deposition methods, preferably 
plasma enhanced atomic layer deposition (PEALD) or 
plasma pulse chemical vapor deposition (P-CVD), to deposit 
TiN films using at least one titanium-containing precursor 
selected from the group consisting of Ti(iPrCp) (NMe), 
Ti(iPrCp)(NEt), Ti(iPrCp)(NMeEt), Ti(tBuCp)(NMe) 

Ti(tEuCp)(NEt), Ti(tEuCp)(NMeEt), Ti(MeFtCp) 
(NMe), Ti(MeEtCp)(NEt), Ti(Me EtCp)(NMeEt), 
Ti(MeCp)(NMe), Ti(MeCp)(NEt), and Ti(MeCp) 
(NMeEt). 
0035 Applicants believe that the multi-substituted cyclo 
pentadienyl ligands provide molecules exhibiting good ther 
mal stability and a higher decomposition temperature than 
cyclopentadienyl ligands having less Substitutions. Both of 
these properties allow for a larger vapor deposition process 
temperature window. Additionally, multiple substitutions on 
the cyclopentadienyl ligands may help prevent and/or reduce 
the polymerization/dimerization that occurs with the use of 
less Substituted cyclopentadienyl ligands. This effect may 
help produce films having less carbon content. 
0036). In one alternative, the Ti(iPrCp)(NMe), 
Ti(iPr-Cp)(NEt), and Ti(iPrCp) (NMeEt) precursors are 
preferred because of expected lower melting points. In a 
separate alternative, the Ti(MeCp) (NMe), Ti(MeCp) 
(NEt), and Ti(MeCp)(NMeEt) precursors are preferred 
because of higher thermal stability and lower impurity incor 
poration into the resulting film. In another alternative, the 
Ti(tBuCp)(NMe), Ti(tEuCp)(NEt), and Ti(tBuCp) 
(NMeEt) precursors are preferred because of an expected 
higher stability than Ti(iPrCp)(NMe), Ti(iPrCp)(NEt), 
and Ti(iPr-Cp)(NMeEt). In another alternative, the 
Ti(MeaEtCp)(NMe), Ti(MeaEtCp)(NEt), and 
Ti(MeEtCp)(NMeE03 precursors are preferred because of 
expected lower melting point than Ti(MeCp)(NMe), 
Ti(MeCp)(NEt), and Ti(MeCp)(NMeEt). Preferably, the 
titanium-containing precursor is Ti(MeCp)(NMe2) and/or 
Ti(iPrCp)(NMe). 
0037. The disclosed titanium-containing precursors 
exhibit sufficient volatility, low melting point, and/or suffi 
cient thermal stability at temperatures relevant for the dis 
closed methods, Additionally, the disclosed titanium-con 
taining precursors do not contain chlorine and therefore will 
not produce chlorine or chlorinated by-products when used in 
the disclosed methods. 
0038. The disclosed methods enable deposition of TiN 
based films with controlled thickness and composition. The 
disclosed methods allow for vapor deposition of conduction 
TiN films at moderate temperatures (below 500° C.). The 
disclosed methods are useful in the manufacture of semicon 
ductor, photovoltaic, LCD-TFT, or flat panel type devices. 
0039. The disclosed methods include: a) providing a reac 
tor having at least one Substrate disposed therein; b) introduc 
ing into the reactor a vapor of at least one of the disclosed 
titanium-containing precursors; c) depositing at least part of 
the at least one titanium-containing precursor onto the at least 
one substrate to form a titanium-containing layer on the Sub 
strate; d) reacting the titanium-containing layer with a vapor 
of at least one plasma-treated reactant to form a TiN layer on 
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the at least one substrate; and e) optionally repeating steps b) 
through d) until the TiN film having a desired thickness is 
obtained. 
0040. The titanium-containing precursor is introduced 
into a reactor in vapor form. The titanium-containing precur 
sor may be fed in liquid state to a vaporizer where it is 
vaporized before it is introduced into the reactor. Prior to its 
vaporization, the titanium-containing precursor may option 
ally be mixed with one or more solvents. The solvents may be 
selected from the group consisting of toluene, ethylbenzene, 
Xylene, mesitylene, decane, dodecane, octane, hexane, pen 
tane, or others. The resulting concentration may range from 
approximately 0.05 M to approximately 2 M. 
0041 Alternatively, the titanium-containing precursor 
may be vaporized by passing a carrier gas into a container 
containing the titanium-containing precursor or by bubbling 
the carrier gas into the titanium-containing precursor. The 
titanium-containing precursor may optionally be mixed in the 
container with one or more solvents. The carrier gas and 
titanium-containing precursor are then introduced into the 
reactor as a vapor. The carrier gas may include, but is not 
limited to, Ar. He, Nand mixtures thereof. Bubbling with a 
carrier gas may also remove any dissolved oxygen present in 
the precursor Solution. 
0042. If necessary, the container may be heated to a tem 
perature that permits the titanium-containing precursor to be 
in its liquid phase and to have a sufficient vapor pressure. The 
container may be maintained attemperatures in the range of 
for example, 0°C. to 150° C. Those skilled in the art recog 
nize that the temperature of the container may be adjusted in 
a known manner to control the amount of titanuim-containing 
precursor vaporized. 
0043. The vapor of the titanium-containing precursor may 
be introduced into the reactor for a time period ranging from 
approximately 0.01 seconds to approximately 60 seconds, 
alternatively from approximately 5 seconds to approximately 
25 seconds, alternatively from approximately 10 seconds to 
approximately 20 seconds. 
0044. At least part of the disclosed titanium-containing 
precursors is deposited to form a titanium-containing layer 
using vapor deposition. The temperature and the pressure 
within the reactor and the temperature of the substrate are 
held at conditions suitable for vapor deposition of at least part 
of the titanium-containing precursor onto the Substrate. The 
reactor or deposition chamber may be a heated vessel which 
has at least one or more substrates disposed within it. The 
reactor has an outlet which may be connected to a vacuum 
pump to allow by-products to be removed from the reactor, or 
to allow the pressure within the reactor to be modified or 
regulated. Examples of reactors include, without limitation, a 
parallel-plate type reactor, a cold-wall type reactor, a hot-wall 
type reactor, a single-wafer reactor, a multi-wafer reactor, a 
direct plasma reactor, or other types of deposition systems 
under conditions suitable to cause the precursors to react and 
form the layers. 
0045. The temperature in the reactor is normally main 
tained at a Suitable temperature for the deposition process 
which is to be performed. The temperature may be main 
tained between approximately 50° C. and approximately 
600° C., preferably between approximately 100° C. to 
approximately 500° C., and preferably approximately 200° 
C. to approximately 400°C. The reactor may be maintained at 
a lower temperature when the substrates themselves are 
heated directly. 
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0046. The pressure in the deposition chamber is main 
tained at a pressure between approximately 0.0001 Torr 
(0.0133 Pa) to approximately 1000 Torr (133.3 kPa), and 
preferably between approximately 0.01 Torr (1.33 Pa) to 
approximately 100 Torr (13.3 kPa). 
0047 Generally, the reactor contains one or more sub 
strates onto which the thin films will be deposited. For 
example, the reactor may contain from 1 to 200 silicon wafers 
having from 25.4 mm to 450 mm diameters. The substrates 
may be any suitable Substrate used in semiconductor, photo 
voltaic, flat panel, or LCD-TFT device manufacturing. The 
Substrates may contain one or more additional layers of mate 
rials, which may be present from a previous manufacturing 
step. Dielectric and conductive layers are examples of these. 
Within the scope of this application, all of the substrate and 
any layers deposited on the substrate are collectively included 
within the term substrate. Examples of suitable substrates 
include without limitation, metal substrates, metal nitride 
Substrates, silicon Substrates, silica Substrates, silicon nitride 
Substrates, silicon oxynitride Substrates, tungsten substrates, 
and combinations thereof. Additionally, Substrates compris 
ing tungsten or noble metals (e.g. platinum, palladium, 
rhodium, or gold) may be used. Preferably, the substrate is a 
metal film or metal nitride film. 
0048. The substrate may be heated to a sufficient tempera 
ture to obtain the desired titanium-containing film at a suffi 
cient growth rate and with desired physical state and compo 
sition. Devices used to heat the substrate are known in the art. 
A non-limiting exemplary temperature range to which the 
substrate may be heated includes from approximately 50° C. 
to approximately 600°C., preferably between approximately 
100° C. and approximately 500° C., and more preferably 
between approximately 200° C. and approximately 400° C. 
However, as explained in the Example, a lower temperature 
range may be desired to produce films having high confor 
mality and step coverage. Such as approximately 100° C. to 
approximately 300° C. Alternatively, for rapid deposition of 
TiN films, the temperature range may range from approxi 
mately 350° C. to approximately 500° C. 
0049. The titanium-containing layer is reacted with the 
vapor of at least one plasma-treated reactant. The reactant 
may be a reducing agent selected from the group consisting of 
N, NH, Si(NEt)H, NH, N(SiH), NMeH, NEth. 
NMeH, NEth, NMe, NEt, (SiMe)NH, MeHNNH, 
MeNNH, phenyl hydrazine, and mixtures thereof. Prefer 
ably, the reactant is NH. The reactant may be provided in a 
pure state or diluted with another gas. Suitable diluent gases 
include an inert gas Such as nitrogen, argon, helium, and 
mixtures thereof. 
0050. The vapor of the at least one plasma-treated reactant 
may be introduced into the reactor for a time period ranging 
from approximately 0.01 seconds to approximately 10 sec 
onds, alternatively from approximately 0.3 seconds to 
approximately 5 seconds, and alternatively from approxi 
mately 0.5 seconds to approximately 2 seconds. 
0051. The reactant is treated by plasma in order to decom 
pose the reactant into its radical form. The plasma may be 
generated or present within the reactor itself. Alternatively, 
the plasma may generally be at a location removed from the 
reactor, for instance, in a remotely located plasma system. 
One of skill in the art will recognize methods and apparatus 
Suitable for Such plasma treatment. 
0.052 For example, the reactant may be introduced into a 
direct plasma reactor, which generates a plasma in the reactor, 
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to produce the plasma-treated reactant in the reactor. Exem 
plary direct plasma reactors include the TitanTM PECVD Sys 
tem produced by Trion Technologies. The reactant may be 
introduced and held in the reactor prior to plasma processing. 
Alternatively, the plasma processing may occur simulta 
neously with the introduction of reactant. In-situ plasma is 
typically a 13.56MHz. RF capacitively coupled plasma that is 
generated between the showerhead and the substrate holder. 
The substrate or the showerhead may be the powered elec 
trode depending on whether positive ion impact occurs. Typi 
cal applied powers in in-situ plasma generators are from 
approximately 100 W to approximately 1000 W. The disas 
Sociation of the reactant using in-situ plasma is typically less 
than achieved using a remote plasma Source for the same 
power input and is therefore not as efficient in reactant disas 
Sociation as a remote plasma system, which may be beneficial 
for the deposition of TiN on substrates easily damaged by 
plasma. 
0053 Alternatively, the plasma-treated reactant may be 
produced outside of the reactor. The MKS Instruments 
ASTRONRi reactive gas generator may be used to treat the 
reactant prior to passage into the reactor. Operated at 2.45 
GHZ, 7kW plasma power, and a pressure ranging from 
approximately 3 Torr to approximately 10 Torr, the reactant 
NF may be decomposed into three F radicals with more than 
96% decomposing efficiency. Preferably, the remote plasma 
may be generated with a power ranging from about 1 kW to 
about 10kW, more preferably from about 2.5 kW to about 7.5 
kW. 
0054 An inert gas purge may be introduced between intro 
duction of the precursor and introduction of the reducing 
agent. Suitable inert gases include nitrogen, argon, helium, 
etc. 

0055. The vapor deposition conditions within the chamber 
allow the plasma-treated reactant and the titanium-containing 
layer to react and form a TiN layer on the substrate. TiN layer 
thicknesses from approximately 0.5 angstroms (0.005 nm) to 
approximately 1.5 angstrom (0.15 nm) have been obtained 
using the disclosed methods. Depending upon the desired 
thickness of the final TiN film, the process may optionally be 
repeated. The resulting TiN film exhibits excellent resistivity 
and low atomic concentrations of C and O. 

EXAMPLES 

0056. The following non-limiting examples are provided 
to further illustrate embodiments of the invention. However, 
the examples are not intended to be all inclusive and are not 
intended to limit the scope of the inventions described herein. 

Example TiN Depositions using Ti(MesCp) 
(NMe) and NH 

0057 TiN films were obtained using plasma enhanced and 
non-plasma enhanced vapor deposition methods with 
Ti(MeCp)(NMe) and ammonia. The experiments were 
performed using a 6' direct plasma tool (Quros). The 
Ti(MeCp)(NMe) precursor was stored in a canister, heated 
at 100° C. The lines were heated at 120° C. to prevent con 
densation. The delivery set-up enables alternate introductions 
of the vapors of the Ti(MeCp)(NMe), precursor and of 
ammonia (radical species generated by the plasma source for 
plasma enhanced depositions, no radical species generated in 
non-plasma enhanced depositions). The pressure in the cham 
ber was set at approximately 1 Torr (133.3 Pa). The shower 
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head was heated at 130° C., as well as the walls of the depo 
sition chamber. The Substrate was heated to 300° C. or 350° C. 
One liter (1 L) of N was used as a dilution gas. Fifty (50) 
sccm of ammonia (NH) were introduced into the reactor 
during the reactant pulse. 
0.058 As described in the accompanying figures, the 
Ti(MeCp)(NMe), precursor pulse time was varied. The 
Ti(MeCp)(NMe) precursor pulse was followed by a 20 
second argon purge. A 5 second NH pulse was followed by a 
2 second argon purge. In the plasma enhanced processes, the 
NH was treated by 200W plasma to generate radical species, 
whereas no plasma treatment occurred in the non-plasma 
process. The four step process was repeated until the desired 
TiN film thickness was obtained. 
0059 FIG. 1 is a graph comparing the TiN film growth rate 
in Angstroms per cycle Versus TiMesCp(NMe2) pulse length 
in seconds between plasma enhanced depositions at Substrate 
temperatures of 300° C. and 350° C. and non-plasma 
enhanced depositions at a substrate temperature of 350° C. 1 
Angstrom 0.1 nanometers. The growth rate for the same 
Ti(MeCp)(NMe) precursor pulse length (i.e., 20 seconds) 
using plasma at 300°C. is over twice as fast as the growth rate 
without plasma at 350° C. The growth rate Ti(MeCp) 
(NMe) precursor pulse length (i.e., 20 seconds) using 
plasma at 350° is almost seven times faster than the growth 
rate without plasma at 350° C. 
0060 FIG. 2 is a graph comparing the TiN film resistivity 
in LG2 cm versus TiMesCp(NMe) pulse length in seconds 
between plasma enhanced depositions at substrate tempera 
tures of 300° C. and 350° C. and non-plasma enhanced depo 
sitions at a substrate temperature of 350° C. The TiN film 
resistivity results drop drastically when the TiN film is pro 
duced with plasma. Additionally, improvements are expected 
to these initial test results with process optimization of the 
plasma time, plasma power, and/or pulse duration. Applicants 
believe that process optimization will result in TiN films 
having a resistivity ranging from approximately 100 LC2 cm 
to approximately 1,000 LC2 cm. 
0061 The Auger Electron Spectroscopy (AES) sputter 
technique was used to determine the composition of the 
resulting TiN films. FIG. 3a is a graph showing the percent 
atomic concentration of components in the TiN film versus 
Auger Electron Spectroscopy (AES) depth profiling sputter 
time in minutes for a 5 second TiMeCp(NMe), pulse length 
in plasma mode. FIG. 3b is a graph showing the percent 
atomic concentration of components in the TiN film versus 
sputter time in minutes for a 10 second TiMesCp(NMe) 
pulse length in plasma mode. FIG. 3c is a graph showing the 
percent atomic concentration of components in the TiN film 
versus sputter time in minutes for a 20 second TiMesCp 
(NMe) pulse length in plasma mode. FIG. 3d is a graph 
showing the percent atomic concentration of components in 
the TiN film versus sputter time in minutes for a 10 second 
TiMesCp(NMe) pulse length in non-plasma mode. FIG. 3e 
is a graph comparing the percent atomic concentration of 
components in the TiN film versus element for the non 
plasma and plasma processes. The TiN films resulting from 
the plasma processes contain more Ti and N and less C and O 
than the TiN films resulting from the non-plasma process. 
Reductions in the C and O levels are also expected with 
process optimization of the plasma time, plasma power, and/ 
or pulse duration. Applicants believe that process optimiza 
tion will result in TiN films having a oxygen and carbon 
content ranging from approximately 0 atomic 96 to approxi 
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mately 10 atomic 96, preferably from approximately 0 atomic 
% to approximately 5 atomic '%. 
0062 Although set up as Atomic Layer Deposition (ALD) 
processes, the high deposition rates at 350° C. for the plasma 
enhanced process Suggest that the ALD characteristic of self 
limiting thickness per cycle may not be occurring. The 350° 
C. plasma enhanced process also produced TiN film having a 
slight increase in C content compared to those produced by 
the 300° C. plasma process. Both of these outcomes may 
indicate partial decomposition of the TiMeCp(NMe) pre 
cursor. However, as the plasma process at 350° C. produces a 
TiN film at a high deposition rate with a decrease in resistivity 
and C and O oxygen content as compared to thermal ALD, the 
plasma process at 350° C. may be useful for the rapid depo 
sition of TiN films. Alternatively, when high conformality and 
step coverage is required, the 300° C. process may be benefi 
cial. 
0063. While embodiments of this invention have been 
shown and described, modifications thereof can be made by 
one skilled in the art without departing from the spirit or 
teaching of this invention. The embodiments described herein 
are exemplary only and not limiting. Many variations and 
modifications of the composition and method are possible 
and within the scope of the invention. Accordingly the scope 
of protection is not limited to the embodiments described 
herein, but is only limited by the claims which follow, the 
scope of which shall include all equivalents of the subject 
matter of the claims. 

What is claimed is: 
1. A vapor deposition method for depositing a TiN film 

onto at least one substrate, the method comprising the steps 
of: 

a) providing a reactor having at least one Substrate disposed 
therein; 

b) introducing into the reactor a vapor of at least one 
titanium-containing precursor selected from the group 
consisting of Ti(iPrCp)(NMe), Ti(iPrCp) (NEt), 
Ti(iPrCp)(NMeEt), Ti(tBuCp)(NMe), Ti(tEuCp) 
(NEt), Ti(tBuCp)(NMeEt), Ti(MeEtCp)(NMe), 
Ti(MeEtCp)(NEt), Ti(MeEtCp)(NMeEt), 
Ti(MeCp)(NMe), Ti(MeCp) (NEt), and 
Ti(MeCp)(NMeEt): 

c) depositing at least part of the at least one titanium 
containing precursor onto the at least one Substrate to 
form a titanium-containing layer on the at least one 
Substrate; 

d) reacting the titanium-containing layer with a vapor of at 
least one plasma-treated reactant to form a TiN layer on 
the at least one Substrate; and 

e) optionally repeating steps b) through d) until the TiN 
film having a desired thickness is obtained. 

2. The method of claim 1, wherein the at least one plasma 
treated reactant is a reducing agent selected from the group 
consisting of N, NH, Si(NEt)H, NH, N(SiH), 
NMeH, NEth, NMe, H.NEtFI, NMe, NEt, (SiMe)NH, 
MeHNNH, MeNNH, phenyl hydrazine, and mixtures 
thereof. 

3. The method of claim 1, wherein at least one substrate has 
a temperature between approximately 50° C. and approxi 
mately 600° C. 
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4. The method of claim 1, wherein the reactor has a pres 
sure between approximately 0.0001 Torr (0.0133 Pa) and 
approximately 1000 Torr (133.3 kPa). 

5. The method of claim 1, wherein: 
the reactor is a direct plasma reactor; and 
the vapor of the at least one plasma-treated reactant is 

produced by introducing a vapor of a reactant into the 
direct plasma reactor and exposing the vapor of the 
reactant to plasma to form the vapor of the plasma 
treated reactant. 

6. The method of claim 1, wherein the at least one titanium 
containing precursor is selected from the group consisting of 
Ti(iPrCp)(NMe), Ti(iPrCp)(NEt), Ti(iPrCp)(NMeEt) 
and mixtures thereof. 
7. The method of claim 1, wherein the at least one titanium 

containing precursor is selected from the group consisting of 
Ti(MeCp)(NMe), Ti(MeCp) (NEt), Ti(MeCp) 
(NMeEt), and mixtures thereof. 

8. The method of claim 1, wherein the at least one titanium 
containing precursor is selected from the group consisting of 
Ti(tBuCp)(NMe), Ti(tBuCp)(NEt), Ti(tBuCp) 
(NMeEt), and mixtures thereof. 

9. The method of claim 1, wherein the at least one titanium 
containing precursor is selected from the group consisting of 
Ti(Me EtCp)(N Me), Ti(MeEtCp)(NEt), Ti(Me EtCp) 
(NMeEt), and mixtures thereof. 

10. A vapor deposition method for depositing a TiN film 
onto at least one substrate, the method comprising the steps 
of: 

a) providing a reactor having at least one substrate disposed 
therein; 

b) introducing into the reactor a vapor of Ti(MeCp) 
(NMe): 

c) depositing at least part of Ti(MeCp)(NMe) onto the at 
least one substrate to form a titanium-containing layer 
on the at least one substrate; 

d) reacting the titanium-containing layer with a vapor of 
plasma-treated NH to form a TiN layer on the at least 
one substrate; and 

e) optionally repeating steps b) through d) until the TiN 
film having a desired thickness is obtained. 

11. The method of claim 1, wherein: 
the reactor is a direct plasma reactor; and 
the vapor of plasma-treated NH is produced by introduc 

ing a vapor of NH into the direct plasma reactor and 
exposing the vapor of NH to plasma to form the vapor of 
the plasma-treated NH. 

12. The method of claim 11, wherein the TiN layer formed 
by steps b) through d) has a thickness ranging from approxi 
mately 0.5 Angstroms (0.05 nm) to approximately 1.5 Ang 
stroms (0.15 nm). 

13. The method of claim 10, wherein the TiN film has a 
resistivity between approximately 100 LC2 cm to approxi 
mately 1,000 LC2 cm. 

14. The method of claim 10, wherein the TiN film com 
prises between approximately 0 atomic percent to approxi 
mately 10 atomic percent of C: 

and between approximately 0 atomic percent to approxi 
mately 10 atomic percent of O. 
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