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(57) ABSTRACT 

A method for providing activated Species for a cyclical 
deposition process is provided herein. In one aspect, the 
method includes delivering a gas to be activated into a 
plasma generator, activating the gas to create a Volume of 
reactive Species, delivering a fraction of the reactive Species 
into a processing region to react within a Substrate therein, 
and maintaining at least a portion of the gas remaining in the 
plasma generator in an activated State after delivering the 
fraction of the gas into the process region. The plasma 
generator may include a high density plasma (HDP) gen 
erator, a microwave generator, a radio-frequency (RF) gen 
erator, an inductive-coupled plasma (ICP) generator, a 
capacitively coupled generator, or combinations thereof. 
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ACTIVATED SPECIES GENERATOR FOR RAPID 
CYCLE DEPOSITION PROCESSES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of co-pending 
U.S. patent application Ser. No. 10/269,335, filed Oct. 11, 
2002, which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0.003 Embodiments of the present invention relate to a 
method for manufacturing integrated circuit devices. More 
particularly, embodiments of the present invention relate to 
a method of providing activated precursors gases to a rapid 
cycle deposition process. 
0004 2. Description of the Related Art 
0005 Atomic layer deposition (ALD) is based on the 
eXchange of chemical molecules or atoms between alternat 
ing reactants to deposit monolayers of material on a Sub 
Strate Surface. The monolayerS maybe sequentially depos 
ited one over the other to form a film composed of a plurality 
of individual layers to provide a desired film thickness. 
Typically, the alternating reactant is introduced into a pro 
cessing chamber having a SubStrate in which a film is to be 
deposited is disposed therein, separately from a different 
reactant. A purge gas and pump System are used between 
pulses of alternately introduced reactants to prevent any 
overlap or co-reaction between the reactants other than on 
the Substrate. Each Separate deposition Step theoretically 
goes to Saturation and Self terminates, depositing at least a 
Single molecular or atomic monolayer of material. Accord 
ingly, the deposition is the outcome of a chemical or 
physical reaction between each of the alternating reactants 
and the Substrate Surface. 

0006 Compared to bulk deposition processes, such as 
chemical vapor deposition (CVD) and physical vapor depo 
sition (PVD) for example, ALD is a slow process. Slower 
rates of deposition are not helpful toward achieving com 
petitive performance and productivity. Since ALD reactions 
follow the kinetics of molecular-Surface interaction, one 
Solution to increase the deposition rate is to increase the 
kinetics of the molecular-Surface interactions. The kinetics 
of molecular-Surface interactions depends on the individual 
reaction rate between reactants and the Substrate Surface on 
which the materials are deposited. Therefore, the kinetics of 
molecular-Surface interactions can be increased by increas 
ing the reactivity of the individual reactants. 
0007. A common approach to increasing gas reactivity is 
to decompose the gas, generating ions/radicals that are 
highly reactive, especially at lower temperatures. This form 
of gas decomposition can be accomplished using various 
techniques, of which plasma technology is well known. 
Plasma technology generates high energy electrons that 
partially decompose and/or ionize the reactant gases and can 
be powered using various Sources, Such as microwave and 
radio frequency (RF), for example. 
0008 However, cyclical deposition processes utilizing 
plasma generation to activate reactant gases Suffer many 
drawbacks. A major drawback is the ability to Sustain a 
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plasma of reactive gases within a processing chamber during 
the deposition process. Cyclical deposition processes, Such 
as ALD, require rapid, repetitive pulses of reactants. Some 
times as fast as 300 milliseconds (msec) or less. Often, when 
the reactive gases are pulsed into a processing chamber, the 
plasma in the chamber is depleted or extinguished and must 
be re-established prior to a Subsequent cycle. In a quest to 
increase product throughput, time does not allow for the 
repeated regeneration or re-ignition of a plasma between 
each Step of the deposition process. 

0009. There is a need, therefore, for a cyclical deposition 
process capable of repeatably and reliably delivering acti 
Vated gases to a processing chamber. 

SUMMARY OF THE INVENTION 

0010. The present invention generally provides a method 
for delivering activated Species to a cyclical deposition 
process. In one aspect, the method includes delivering a gas 
to be activated into a plasma generator, activating the gas to 
create a Volume of reactive Species, delivering a fraction of 
the reactive Species into a processing region to react within 
a Substrate therein, and maintaining at least a portion of the 
gas remaining in the plasma generator in an activated State 
after delivering the fraction of the gas into the process 
region. 

0011. A method for depositing films on a substrate Sur 
face is also provided. In one aspect, the method includes 
delivering a gas to be activated into a plasma generator and 
activating the gas to create a Volume of one or more reactive 
Species. The method also includes Sequentially pulsing a 
fraction of the one or more reactive Species and a Second 
reactive compound into a processing region to deposit a film 
on the Substrate Surface, while maintaining at least a portion 
of at least one of Said first and Second gases in an activated 
State between pulses. In another aspect, the method includes 
delivering a first gas to be activated into a first plasma 
generator, activating at least a portion of the first gas to 
create a Volume of one or more first reactive species, 
providing a Second gas to be activated into a Second plasma 
generator, and activating at least a portion of the Second gas 
to create a volume of one or more Second reactive species. 
The method further includes Sequentially pulsing the first 
activated gas and the Second activated gas to a processing 
region to deposit a film on the Substrate Surface, while 
maintaining at least a portion of at least one of Said first and 
Second gases in an activated State between pulses. 

0012. In any of the embodiments above, the plasma 
generator may include a high density plasma (HDP) gen 
erator, a microwave generator, radio-frequency (RF) gen 
erator, an inductive-coupled plasma (ICP) generator, a 
capacitively coupled generator, or any combination thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 So that the manner in which the above recited 
features of the present invention, and other features contem 
plated and claimed herein, are attained and can be under 
stood in detail, a more particular description of the inven 
tion, briefly Summarized above, may be had by reference to 
the embodiments thereof which are illustrated in the 
appended drawings. It is to be noted, however, that the 
appended drawings illustrate only typical embodiments of 
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this invention and are therefore not to be considered limiting 
of its Scope, for the invention may admit to other equally 
effective embodiments. 

0.014 FIG. 1 shows a partial cross section view of an 
exemplary processing System having a plasma generator 200 
according to one embodiment of the present invention in 
fluid communication with an exemplary processing chamber 
100. 

0.015 FIG. 2 shows a partial schematic view of an 
exemplary plasma generator 200 utilizing an inductive coil 
plasma (ICP) technology. 
0016 FIG. 3 illustrates a process flow sequence for 
cyclically depositing a tantalum nitride (TaN) film using 
according to embodiments of a processing System described 
herein. 

DETAILED DESCRIPTION 

0.017. The present invention provides a plasma generator 
having a close proximity to a processing chamber to provide 
one or more activated compounds for use in a radical 
assisted, rapid cycle deposition process. The term “com 
pound” is intended to include one or more precursors, 
reductants, reactants, and catalysts, or a combination 
thereof. The term “compound” is also intended to include a 
grouping of compounds, Such as when two or more com 
pounds are introduced in a processing System at the same 
time. For example, a grouping of compounds may include 
one or more catalysts and one or more precursors. The term 
“activated” as used herein refers to any one or more ions, 
electrons and/or radicals generated by catalysis, ionization, 
decomposition, dissociation, thermal degradation, or any 
combination thereof. 

0.018 “Rapid cycle deposition” as used herein refers to 
the repetitive pulsing/dosing of two or more compounds to 
deposit a conformal layer on a Substrate Surface whereby 
each pulse/dose of compound has a duration less than about 
300 milliseconds. The two or more compounds may be 
alternately or Simultaneously pulsed into a reaction Zone of 
a processing chamber having a Substrate Surface in which a 
film is to be deposited is disposed therein. When the two or 
more compounds are alternately pulsed, the compounds may 
be separated by a time delay/pause to allow each compound 
to adhere and/or react on the Substrate Surface. For example, 
a first compound or compound A is dosed/pulsed into the 
reaction Zone followed by a first time delay/pause. Next, a 
Second compound or compound B is dosed/pulsed into the 
reaction Zone followed by a second time delay. When a 
ternary material is desired, Such as titanium Silicon nitride or 
tantalum Silicon nitride for example, a third compound 
(compound C), is dosed/pulsed into the reaction Zone fol 
lowed by a third time delay. These Sequential tandems of a 
pulse of reactive compound followed by a time delay may be 
repeated indefinitely until a desired film or film thickness is 
formed on the Substrate Surface. 

0019. The term “pulse" or “dose” as used herein is 
intended to refer to a quantity of a particular compound that 
is intermittently or non-continuously introduced into the 
processing chamber. The quantity of a particular compound 
within each pulse may vary over time, depending on the 
duration of the pulse. However, a continuous flow of a 
particular compound is also contemplated by the present 
invention as described herein and thus, is not outside the 
Scope thereof. 
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0020. The term “substrate surface” as used herein is 
intended to refer to any workpiece or Surface upon which 
film processing is performed. For example, the term "Sub 
Strate Surface' may be used to describe any Semiconductor 
Substrate, Such as a Silicon wafer or other Substrate on which 
integrated circuits and other electronic devices are formed, 
including flat panel displayS. The term “Substrate Surface' is 
also used to describe any material formed on a Substrate, 
including conductive, Semiconductive and insulative layers. 

0021 FIG. 1 shows a partial cross section view of an 
exemplary processing System having a plasma generator 200 
according to one embodiment. AS shown, the plasma gen 
erator 200 is in fluid communication with a processing 
chamber 100. The plasma generator 200 at least partially 
dissociates compounds into atomic or ionic Species and 
provides at least a portion, if not all, of these activated 
Species/compounds to the processing chamber 100 to form 
a film on a Substrate Surface therein. 

0022. The plasma generator 200 is a continuous, steady 
State System, having a fixed internal Volume. The plasma 
generator 200 is configured Such that an amount of activated 
compound that exits the plasma generator 200 via a pulse to 
the processing chamber 100 is replenished with a corre 
sponding amount of non-activated compound. Accordingly, 
the plasma generator 200 is able to operate at a steady-state 
with respect to gas Volume and contains both activated and 
non-activated compounds at any given time. 

0023 The plasma generator 200 acts as a reservoir 
because a gas Volume contained therein is Substantially 
greater than a pulse Volume of compound that is introduced 
into the processing chamber 100 during deposition. For 
example, the plasma generator 200 may contain up to 20 
times the pulse volume required for deposition although any 
size or volume is envisioned. The plasma generator 200 
should be sized So that when a pulse of activated compound 
exits the plasma generator 200, the energy of the compounds 
within the plasma generator 200 is not affected. As a result, 
at least a portion of the activated compound remaining in the 
plasma generator 200 is maintained in a plasma State. 
Additionally, the plasma generator 200 should be sized so 
that a desired number of activated Species are available for 
delivery to a given deposition process. As a result, the 
plasma generator 200 does not require a separate ignition 
Step to generate or Sustain the plasma therein between each 
pulse, and product throughput is Substantially increased. 
Instead, activated compounds remaining in the plasma gen 
erator 200 are repeatedly available for pulsing into the 
processing chamber 100 according to process recipe require 
ments without extinguishing or diluting the plasma within 
the plasma generator 200. 

0024. One exemplary plasma generator 200 is a remote 
plasma Source disposed in close proximity to the processing 
chamber 100. The plasma generator 200 may be located 
adjacent, underneath, either directly on or adjacent the 
processing chamber 100. Preferably, the plasma generator 
200 is disposed directly on an upper/top surface of the 
chamber 100, as shown in FIG. 1. However, the plasma 
generator 200 may be formed integrally with the processing 
chamber 100, as opposed to extending externally outward 
from the processing chamber 100 as Separate components. 
An integrally formed plasma generator is shown and 
described in U.S. patent application Ser. No. 10/066,131, 
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filed on Jan. 30, 2002, entitled “Method and Apparatus for 
Substrate Processing,” and published as US 200301.41820, 
which is incorporated by reference herein. 
0.025 The plasma generator 200 should be disposed a 
minimum distance from the processing chamber 100. Prod 
uct throughput and the efficiency of the System are greatly 
improved by reducing the distance between the plasma 
generator 200 and the processing chamber 100. As such, a 
Separate time-consuming ignition Step is eliminated from the 
deposition proceSS. LeSS energy is also required to generate 
and Sustain the formation of reactive compounds. Most 
importantly, however, the reactive compounds experience a 
minimum level of energy loSS during delivery to the Sub 
Strate Surface, thereby increasing the reaction kinetics of the 
deposition and providing a reliable and repeatable process. 
0026. The plasma generator 200 may be, for example, a 
high density plasma (HDP) generator, a microwave genera 
tor, radio-frequency (RF) generator, an inductive-coupled 
plasma (ICP) generator, a capacitively coupled generator, or 
any combination thereof. For ease and clarity of description, 
however, the plasma generator 200 will be described below 
in terms of an inductive coil plasma (ICP) generator with 
reference to FIG. 2. 

0.027 FIG. 2 shows a partial schematic view of an 
exemplary plasma generator 200 utilizing an ICP generator. 
AS shown, the plasma generator 200 includes at minimum, 
an inlet 205, an outlet 210, a circulation pump 215, inductive 
coils 220, and a hollow conduit 225. The inlet 205 is in fluid 
communication with one or more chemical Sources 222 
(three are shown for illustrative purposes). The outlet 210 is 
in fluid communication with a gas delivery System disposed 
within the processing chamber 100. 

0028. The hollow conduit 225 is a tubular member defin 
ing an activation or internal volume 250 therein. The circu 
lation pump 215 is disposed in fluid communication within 
the hollow conduit 225, and may be any pump compatible 
with the process gases. It is believed that the activation 
volume 250 is directly proportional to the number of acti 
Vated Species generated within the plasma generator 200. In 
other words, the larger the Volume of the activation volume 
250, the greater the number of activated Species contained 
therein. The inductive coils 220 are disposed about the 
hollow conduit 225 and utilize RF energy to excite the gas 
within the hollow conduit 225 forming a plasma of reactive 
compounds therein. 

0029. The chemical sources 222 store/contain the com 
pounds used for deposition. The compounds may be stored 
in either Solid, liquid, or gas phases. In the event that a 
gas/vapor phase is required, the plasma generator 200 may 
utilize a vaporizer/bubbler 230 in fluid communication 
therewith to guarantee delivery of a gas to the inlet 205. As 
mentioned above, the chemical Sources 222 and the activa 
tion Volume 250 may be pressure regulated So that a corre 
sponding amount of compound that leaves the hollow con 
duit 225 is replenished from the chemical services 222. This 
maintains a Steady-State operation throughout the plasma 
generator 200. 

0030 Considering the processing chamber 100 in further 
detail, the processing chamber 100 includes a chamber body 
114, a lid assembly 120 for gas delivery, and a thermally 
controlled substrate support member 146, as shown in FIG. 
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1. The thermally controlled substrate support member 146 
includes a wafer Support pedestal 148 connected to a Support 
shaft 148A. The thermally controlled substrate support 
member 146 may be moved vertically within the chamber 
body 114 so that a distance between the Support pedestal 148 
and the lid assembly 120 may be controlled. 
0031. The Support pedestal 148 includes an embedded 
thermocouple 150A that may be used to monitor the tem 
perature thereof. For example, a signal from the thermo 
couple 150A may be used in a feedback loop to control 
power applied to a heater element 152A by a power Source 
152. The heater element 152A may be a resistive heater 
element or other thermal transfer device disposed within or 
in contact with the pedestal 148 utilized to control the 
temperature thereof. Optionally, the Support pedestal 148 
may be heated using a heat transfer fluid (not shown). 
0032. The support pedestal 148 may be formed from any 
process-compatible material, including aluminum nitride 
and aluminum oxide (Al-O or alumina) and may also be 
configured to hold a Substrate thereon employing a vacuum, 
i.e., Support pedestal 148 may be a vacuum chuck. Using a 
Vacuum chuck, the Support pedestal 148 may include a 
plurality of vacuum holes (not shown) that are placed in fluid 
communication with a vacuum Source routed through the 
support shaft 148A. 
0033. The chamber body 114 includes a liner assembly 
154 formed from any suitable material such as aluminum, 
ceramic and the like. The chamber body 114 and the liner 
assembly 154 define a chamber channel 158 there between. 
A purge gas is introduced into the channel 158 to minimize 
unwanted deposition on the chamber walls and to control the 
rate of heat transfer between the chamber walls and the liner 
assembly 154. 
0034. The chamber body 114 also includes a pumping 
channel 162 disposed along the sidewalls thereof. The 
pumping channel 162 includes a plurality of apertures 162A 
and is coupled to a pump system 118 via a conduit 117. A 
throttle valve 118A is coupled between the pumping channel 
162 and the pump system 118. The pumping channel 162, 
the throttle valve 118A, and the pump system 118 control the 
amount of gas flow from the processing chamber 100. The 
size, number, and position of the apertures 162A in com 
munication with the chamber 100 are configured to achieve 
uniform flow of gases exiting the lid assembly 120 over the 
Support pedestal 148 having a Substrate disposed thereon. 
0035) The lid assembly 120 includes a lid plate 120A 
having a gas manifold 134 mounted thereon. The lid plate 
120A provides a fluid tight seal with an upper fraction of the 
chamber body 114 when in a closed position. The gas 
manifold 134 includes one or more valves 132 (two are 
shown, 132A, 132B). The valves 132 may be type of valve 
capable of precisely and repeatedly delivering short pulses 
of compounds into the chamber 100. In some cases, the 
on/off cycles or pulses of the valves 132 may be as fast as 
about 100 msec or less. Typically, the on/off cycles of the 
valves are between 100 msec and 1 second. Exemplary 
Valves 132 capable of these rapid cycle times are electroni 
cally controlled (EC) valves commercially available from 
Fujikin of Japan as part number FR-21-6.35 UGF-APD. 
Other valves that operate at Substantially the same Speed and 
precision may also be used. 
0036) The processing chamber 100 further includes a 
reaction Zone 159 that is formed within the chamber body 
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114 when the lid assembly 120 is in a closed position. 
Generally, the reaction Zone 159 includes the volume within 
the processing chamber 100 that is in fluid communication 
with a wafer 133 disposed therein. The reaction Zone 159, 
therefore, includes the volume downstream of each valve 
132 within the lid assembly 120, and the volume between 
the support pedestal 148 and the lower surface of the lid 
plate 120. More particularly, the reaction Zone 159 includes 
the volume between the outlet of the valves 132 and an 
upper surface of the wafer 133. 
0037. A controller 170, such as a programmable logic 
computer (PLC), regulates the operations of the various 
components of the processing chamber 100. The controller 
170 typically includes a processor 172 in data communica 
tion with memory, Such as random access memory 174 and 
a hard disk drive 176. The controller 170 is in communica 
tion with at least the pump System 118, the power Source 
152, and the valves 132. An exemplary controller 170 is 
described in more detail in the U.S. patent application Ser. 
No. 09/800,881, entitled “Valve Control System for ALD 
Chamber, filed on Mar. 7, 2001, issued May 11, 2004, as 
U.S. Pat. No. 6,734,020, which is incorporated by reference 
herein. 

0.038. The processing system described above may utilize 
executable Software routines to initiate process recipes or 
Sequences. The Software routines, when executed, may be 
used to precisely control the activation of the electronic 
control valves 132 for the execution of process Sequences 
according to the present invention. Alternatively, the Soft 
ware routines may be performed in hardware, as an appli 
cation Specific integrated circuit or other type of hardware 
implementation, or a combination of Software and hardware. 
0039. The processing chamber 100 described above is 
available from Applied Materials, Inc. located in Santa 
Clara, Calif. A more detailed description of the processing 
chamber 100 may be found in commonly assigned U.S. 
patent application Ser. No. 10/016,300, entitled “Lid Assem 
bly for a Processing System to Facilitate Sequential Depo 
sition Techniques,” filed on Dec. 12, 2001, issued Apr. 12, 
2005, as U.S. Pat. No. 6,878,206, which is incorporated 
herein by reference. The processing chamber 100 may be 
integrated into a processing platform, Such as an 
ENDURA(E) platform also available from Applied Materials, 
Inc. 

0040. The plasma generator 200 and processing chamber 
100 may be used to conformally deposit any type of dielec 
tric or conductive film on a Substrate Surface. Dielectric 
layers include, for example, Silicon oxide films, Silicon 
carbon films, and carbon doped Silicon oxide films. Con 
ductive layerS may include, for example, refractory metal 
films and refractory metal nitride films, in which the refrac 
tory metal is titanium, tantalum, or tungsten. The conductive 
layerS may also include ternary layers, Such as titanium 
silicon nitride or tantalum silicon nitride films. To further 
describe embodiments of the present invention, a processing 
Sequence for forming a tantalum nitride (TaN) film using a 
rapid cycle deposition process will be described below. 
0041 FIG. 3 illustrates one process flow sequence 300 
for depositing tantalum nitride (TaN) according to embodi 
ments of the processing system described herein. The TaN 
barrier layer may be formed by alternately introducing one 
or more tantalum-containing compounds, such as Ta(NMe)s 
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(PDMAT) for example, and one or more nitrogen-containing 
compounds, Such as ammonia for example, to the Substrate 
Surface. However, any tantalum-containing compound may 
be used, such as Ta(NEt) (PDEAT), Ta(NEtMe), 
(PEMAT), (EtN),Ta(NBu) (TBTDET), (MeEtN),Ta(NBu) 
(TBTMET), (MeN),Ta(NBu) (TBTDMT), tantalum chlo 
ride (TaCI), tantalum bromide (TaBr), tantalum iodide 
(Tals), tantalum hydrides, Such as (Cp)TaH or 
(CpMe) TaH, and combinations thereof. Likewise, any 
nitrogen-containing compound may be used, Such as hydra 
zine (NH), monomethyl hydrazine (CH-NH), dimethyl 
hydrazine (CHNH2), t-butyl hydrazine (CHNH), phe 
nyl hydrazine (CH-NH), 2,2'-aZotertbutane 
((CH3)6CN), ethylazide (CHN), among others. 
0042. To initiate the cyclical deposition of the TaN layer, 
a carrier/purge gas Such as argon is introduced into the 
processing chamber 100 to stabilize the pressure and tem 
perature therein, as shown in step 302. Preferably, the 
chamber temperature is stabilized to between about 200 C. 
and about 300 C., and the pressure is stabilized to between 
about 1 Torr and about 5 Torr. The purge gas, Such as helium 
(He), argon (Ar), nitrogen (N) and hydrogen (H), or 
combinations thereof, is then allowed to flow continuously 
during the deposition process Such that only the purge gas 
flows between pulses of each compound. Typically, the 
purge gas continuously flows between about 100 ScCm and 
about 1,000 Sccm, Such as between about 100 Sccm and 
about 400 sccm, through each valve 132. Alternatively, once 
the pressure and temperature have been stabilized, the purge 
gas may be shut off and pulsed between pulses of com 
pounds to assist the removal of the compounds from the 
chamber. 

0043. In step 303, at least a portion of the tantalum 
containing Source gas, PDMAT, is ignited into a plasma to 
form a Volume of activated or excited Species within the 
plasma generator 200. The PDMAT is activated using an RF 
power between about 200 watts and about 1,500 watts at a 
preSSure at least Slightly greater than the pressure within the 
process chamber. The plasma generator 200 remains in an 
“on” mode, and maintains the gas therein in the plasma State 
over repeated cycles. 
0044) In step 304, a fraction of the activated PDMAT is 
then pulsed to the reaction Zone 159 at a rate between about 
100 sccm and about 500 sccm, with a pulse time of about 0.3 
Seconds or less. Each fraction of PDMAT is less than the 
volume of activated PDMAT contained within the plasma 
generator 200, but is sufficient in volume to create at least a 
continuous monolayer on the Substrate in the process cham 
ber. As a result, activated PDMAT is readily available 
without a separate ignition Step to either initiate or Sustain 
the plasma within the plasma generator 200. By eliminating 
the extra ignition Step, product throughput and product 
repeatability is Substantially increased. 
0045. In step 306, a pulse of ammonia is provided to the 
reaction Zone 159 at a rate between about 200 sccm and 
about 600 sccm, with a pulse time of about 0.6 seconds or 
leSS. In one aspect, at least a portion of the ammonia is also 
activated using a separate, but Similar, activated Species 
generator 200 to create a Volume of excited Species. In this 
aspect, the ammonia is activated using an RF power between 
about 200 watts and about 1,500 watts at a pressure at least 
Slightly greater than the preSSure within the proceSS cham 
ber. 
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0046) Steps 304 and 306 are then repeated until a desired 
thickness of the TaN film is formed on the Substrate Surface, 
as shown in step 308. Thereafter, the process is stopped at 
step 310 when the desired thickness for the film is achieved. 
0047 Referring again to steps 304 and 306, a pause 
between pulses of PDMAT and ammonia is typically 
between about 1.0 second or less, preferably about 0.5 
Seconds or less, more preferably about 0.1 Seconds or less. 
However, it may be desirable to operate without a pause 
between PDMAT and ammonia Such that at least a portion 
of a pulse of PDMAT and at least a portion of a pulse of 
ammonia at least partially overlap within the processing 
chamber 100. In other words, at least a portion of a pulse of 
PDMAT may still be in the reaction Zone 159 when at least 
a portion of a pulse of ammonia enters, allowing the reactive 
compounds to co-react much like in a CVD technique. 
Reducing time between pulses at least provides higher 
throughput. 

0.048. Furthermore, the time interval for each pulse of 
PDMAT and ammonia is variable and depends on the 
Volume capacity of the process chamber as well as the 
Vacuum System coupled thereto. In general, the proceSS 
conditions are advantageously Selected So that each pulse 
provides a Sufficient amount of compound So that at least a 
monolayer of the activated compound is conformally 
adsorbed on the Substrate Surface. Thereafter, exceSS com 
pounds remaining in the chamber may be removed by the 
purge gas Stream in combination with the vacuum System. 
0049. In the illustrated embodiment described above, the 
metal-containing compound and the nitrogen-containing 
compound were both ignited into a plasma of excited 
species. It should be understood that either the metal 
containing compound or the nitrogen-containing compound 
or both could be ignited into a plasma to form a conformal, 
thin layer having desired physical and electrical properties. 
AS is known in the art, plasma excited Species are highly 
reactive at lower temperatures which increaseS product 
throughput, reduces cost of ownership and operation, and 
minimizes damage to the workpiece. 
0050 While the foregoing is directed to embodiments of 
the present invention, other and further embodiments of the 
invention may be devised without departing from the basic 
Scope thereof, and the Scope thereof is determined by the 
claims that follow. 

1. A method for forming a material with activated Species 
during a cyclical deposition process, comprising: 

activating a precursor gas to create reactive species within 
a plasma generator, 

exposing a Substrate to a metal precursor within a proceSS 
region during a first time period; 

exposing the Substrate to a fraction of the reactive Species 
to form a metal-containing compound during a Second 
time period; and 

maintaining at least a portion of the reactive Species 
within the plasma generator in an activated State during 
the first and Second time periods. 

2. The method of claim 1, wherein the metal precursor 
comprises a metal Selected from the group consisting of 
tungsten, tantalum and titanium. 
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3. The method of claim 2, wherein the metal precursor 
comprises a tantalum precursor Selected from the group 
consisting of Ta(NMe) (PDMAT), Ta(NEt) (PDEAT), 
Ta(NEtMe), (PEMAT), (ELN),Ta(NBu) (TBTDET). 
(MeEtN),Ta(NBu) (TBTMET), (MeN),Ta(NBu) (TBT 
DMT), derivatives thereof and combinations thereof. 

4. The method of claim 2, wherein the metal-containing 
compound comprises a material Selected from the group 
consisting of tungsten, tantalum, titanium, tungsten nitride, 
tantalum nitride, titanium nitride, titanium Silicon nitride, 
tantalum Silicon nitride, alloys thereof, derivatives thereof 
and combinations thereof. 

5. The method of claim 1, wherein first time period lasts 
for about 1 Second or leSS and the Second time period lasts 
for about 1 Second or leSS. 

6. The method of claim 5, wherein first time period lasts 
for about 0.5 Seconds or leSS and the Second time period lasts 
for about 0.5 seconds or less. 

7. The method of claim 6, wherein first time period lasts 
for about 0.1 Seconds or leSS and the Second time period lasts 
for about 0.1 seconds or less. 

8. The method of claim 5, wherein the plasma generator 
comprises a high density plasma generator, a microwave 
generator, radio-frequency generator, an inductive-coupled 
plasma generator, a capacitively coupled generator, deriva 
tives thereof and combinations thereof. 

9. A method for forming a material with activated species 
during a cyclical deposition process, comprising: 

activating a first precursor gas to create a volume of 
reactive Species within a plasma generator; 

exposing a Substrate to a Second precursor gas within a 
process region during a first time period; and 

exposing the Substrate to a fraction of the reactive Species 
to form a product compound during a Second time 
period. 

10. The method of claim 9, wherein at least a portion of 
the reactive Species is maintained within the plasma gen 
erator in an activated State during the first and Second time 
periods. 

11. The method of claim 9, wherein the second precursor 
gas comprises a metal. 

12. The method of claim 11, wherein the metal is selected 
from the group consisting of tungsten, tantalum and tita 
U. 

13. The method of claim 12, wherein the product com 
pound comprises a material Selected from the group con 
Sisting of tungsten, tantalum, titanium, tungsten nitride, 
tantalum nitride, titanium nitride, titanium Silicon nitride, 
tantalum Silicon nitride, alloys thereof, derivatives thereof 
and combinations thereof. 

14. The method of claim 9, wherein first time period lasts 
for about 1 Second or leSS and the Second time period lasts 
for about 1 Second or leSS. 

15. The method of claim 14, wherein first time period lasts 
for about 0.5 Seconds or leSS and the Second time period lasts 
for about 0.5 seconds or less. 

16. The method of claim 15, wherein first time period lasts 
for about 0.1 Seconds or leSS and the Second time period lasts 
for about 0.1 seconds or less. 

17. The method of claim 14, wherein the plasma generator 
comprises a high density plasma generator, a microwave 
generator, radio-frequency generator, an inductive-coupled 
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plasma generator, a capacitively coupled generator, deriva 
tives thereof and combinations thereof. 

18. A method for forming a material with activated 
Species during a cyclical deposition process, comprising: 

activating a precursor gas to create reactive species within 
a plasma generator, 

exposing a Substrate to a tantalum precursor within a 
process region during a first time period; and 

exposing the Substrate to a fraction of the reactive Species 
to form a tantalum-containing layer during a Second 
time period. 

19. The method of claim 18, wherein the tantalum pre 
cursor comprises a compound Selected from the group 
consisting of Ta(NMe) (PDMAT), Ta(NEt) (PDEAT), 
Ta(NEtMe), (PEMAT), (ELN),Ta(NBu) (TBTDET). 
(MeEtN),Ta(NBu) (TBTMET), (MeN),Ta(NBu) (TBT 
DMT), derivatives thereof and combinations thereof. 

20. The method of claim 18, wherein the precursor gas 
comprises a nitrogen-containing compound. 

21. A method for forming a material with activated 
Species during a cyclical deposition process, comprising: 

positioning a Substrate within a proceSS region; 
activating a precursor gas to create a Volume of ionic 

Species within a plasma generator; 
exposing the Substrate to a precursor compound to form a 

precursor layer thereon; 
purging the process region with a purge gas, 
flowing a fraction of the ionic Species from the plasma 

generator to the proceSS region; 
exposing the precursor layer to the fraction of the ionic 

Species to form a product compound thereon, and 
purging the process region with the purge gas. 
22. The method of claim 21, wherein at least a portion of 

the ionic Species is maintained within the plasma generator 
in an activated State during the exposing and purging StepS. 

23. A method for forming a material with activated 
Species during a cyclical deposition process, comprising: 

positioning a Substrate within a proceSS region; 
activating a precursor gas to create a Volume of ionic 

Species within a plasma generator; 
flowing a fraction of the ionic Species from the plasma 

generator to the process region; and 
forming a product compound by repeating a deposition 

cycle comprising exposing the Substrate Sequentially to 
a precursor compound, a purge gas, the fraction of the 
ionic Species and the purge gas. 
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24. The method of claim 23, wherein at least a portion of 
the ionic Species is maintained within the plasma generator 
in an activated State during the deposition cycle. 

25. An apparatus for generating and delivering activated 
Species during a cyclical deposition process, comprising: 

a process chamber containing a proceSS region between a 
Substrate Support pedestal and a lid assembly; 

a plasma generator positioned to fluidly communicate 
with the proceSS region, wherein the plasma generator 
comprises a high density plasma generator, a micro 
wave generator, radio-frequency generator, an induc 
tive-coupled plasma generator, a capacitively coupled 
generator, derivatives thereof and combinations 
thereof; 

a Volume of ionic Species within the plasma generator; 
and 

a fraction of the ionic Species within the process region. 
26. The apparatus of claim 25, further comprising a gas 

manifold attached to the lid assembly, wherein the gas 
manifold contains at least one valve capable of providing 
gas pulses of about 1 Second or less. 

27. The apparatus of claim 26, wherein the at least one 
Valve is capable of providing gas pulses of about 0.5 Seconds 
or less. 

28. The apparatus of claim 27, wherein the at least one 
Valve is capable of providing gas pulses of about 0.1 Seconds 
or less. 

29. The apparatus of claim 26, wherein the plasma gen 
erator is extending externally from the process chamber. 

30. The apparatus of claim 26, wherein the plasma gen 
erator is formed integrally within the process chamber. 

31. The apparatus of claim 26, further comprising at least 
one precursor Source in fluid communication to the gas 
manifold. 

32. The apparatus of claim 31, wherein a vaporizer is 
positioned between the at least one precursor Source and the 
gas manifold. 

33. The apparatus of claim 32, wherein the at least one 
precursor Source contains a tantalum precursor Selected from 
the group consisting of Ta(NMe) (PDMAT), Ta(NEt) 
(PDEAT), Ta(NEtMe) (PEMAT), (Et-N),Ta(NBu) (TBT 
DET), (MeEtN),Ta(NBu) (TBTMET), (MeN),Ta(NBu) 
(TBTDMT), derivatives thereof and combinations thereof. 

34. The apparatus of claim 31, wherein the process 
chamber comprises a ceramic liner assembly. 

35. The apparatus of claim 26, wherein a vaporizer is 
positioned intermediate a first precursor Source containing a 
tantalum precursor and a first valve and the plasma generator 
is intermediate a Second precursor Source containing ammo 
nia and a Second valve. 
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