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(57) ABSTRACT

In one embodiment, a method for depositing a material on
a substrate during an atomic layer deposition (ALD) process
is provided which includes positioning the substrate on a
substrate support within a process chamber, flowing a carrier
gas into an expanding channel to form a circular flow of the
carrier gas, exposing the substrate to the circular flow,
pulsing a first reactant gas into the circular flow, and
depositing a material onto the substrate. The method further
provides that the process chamber has a chamber lid con-
taining a centrally positioned expanding channel, a tapered
bottom surface extending from the expanding channel to a
peripheral portion of the chamber lid, at least two gas inlets
in fluid communication with the expanding channel, and at
least two conduits positioned to provide a gas flow having a
circular pattern within the expanded channel.
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ATOMIC LAYER DEPOSITION PROCESS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. Ser. No.
11/077,753 (APPM/005192.C1), filed Mar. 11, 2005, which
is a continuation of U.S. Ser. No. 10/032,284 (APPM/
005192.02), filed Dec. 21, 2001, and issued as U.S. Pat. No.
6,916,398, which claims benefit of U.S. Ser. No. 60/346,086
(APPM/005192L), filed Oct. 26, 2001, which are herein
incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments of the invention generally relate to
an apparatus and method for vapor deposition, and more
particularly, embodiments relate to atomic layer deposition
(ALD) processes.

[0004] 2. Description of the Related Art

[0005] Reliably producing submicron and smaller features
is one of the key technologies for the next generation of very
large scale integration (VLSI) and ultra large scale integra-
tion (ULSI) of semiconductor devices. However, as the
fringes of circuit technology are pressed, the shrinking
dimensions of interconnects in VLSI and ULSI technology
have placed additional demands on the processing capabili-
ties. The multilevel interconnects that lie at the heart of this
technology require precise processing of high aspect ratio
features, such as vias and other interconnects. Reliable
formation of these interconnects is very important to VLSI
and ULSI success and to the continued effort to increase
circuit density and quality of individual substrates.

[0006] As circuit densities increase, the widths of vias,
contacts, and other features, as well as the dielectric mate-
rials between them, decrease to submicron dimensions (e.g.,
about 0.20 micrometers or less), whereas the thickness of the
dielectric layers remains substantially constant, with the
result that the aspect ratios for the features, i.e., their height
divided by width, increase. Many traditional deposition
processes have difficulty filling submicron structures where
the aspect ratio exceeds 4:1, and particularly where the
aspect ratio exceeds 10:1. Therefore, there is a great amount
of ongoing effort being directed at the formation of substan-
tially void-free and seam-free submicron features having
high aspect ratios.

[0007] Atomic layer deposition is one deposition tech-
nique being explored for the deposition of material layers
over features having high aspect ratios. One example of
atomic layer deposition comprises the sequential introduc-
tion of pulses of gases. For instance, one cycle for the
sequential introduction of pulses of gases may comprise a
pulse of a first reactant gas, followed by a pulse of a purge
gas and/or a pump evacuation, followed by a pulse of a
second reactant gas, and followed by a pulse of a purge gas
and/or a pump evacuation. The term “gas” as used herein is
defined to include a single gas or a plurality of gases.
Sequential introduction of separate pulses of the first reac-
tant and the second reactant may result in the alternating
self-limiting absorption of monolayers of the reactants on
the surface of the substrate and, thus, forms a monolayer of
material for each cycle. The cycle may be repeated to a
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desired thickness of the deposited material. A pulse of a
purge gas and/or a pump evacuation between the pulses of
the first reactant gas and the pulses of the second reactant gas
serves to reduce the likelihood of gas phase reactions of the
reactants due to excess amounts of the reactants remaining
in the chamber.

[0008] However, there is a need for processes to perform
gas delivery and to perform deposition of films by atomic
layer deposition.

SUMMARY OF THE INVENTION

[0009] Embodiments of the present invention relate to an
improved gas delivery apparatus adapted for atomic layer
deposition or rapid chemical vapor deposition. One embodi-
ment of the gas delivery assembly comprises a covering
member having an expanding channel at a central portion of
the covering member and having a bottom surface extending
from the expanding channel to a peripheral portion of the
covering member. One or more gas conduits are coupled to
the expanding channel in which the one or more gas conduits
are positioned at an angle from a center of the expanding
channel.

[0010] Another embodiment of the gas delivery assembly
comprises a first valve and a second valve. The first valve
includes a first delivery line and a first purge line. The first
delivery line comprises a first reactant gas inlet, a first
reactant gas outlet, and a first valve seat assembly. The first
purge line comprises a first purge gas inlet and a first purge
gas outlet. The first purge gas outlet of the first purge line is
in communication with the first delivery line downstream of
the first valve seat assembly. The second valve includes a
second delivery line and a second purge line. The second
delivery line comprises a second reactant gas inlet, a second
reactant gas outlet, and a second valve seat assembly. The
second purge line comprises a second purge gas inlet and a
second purge gas outlet. The second purge gas outlet of the
second purge line is in communication with the second
delivery line downstream of the second valve seat assembly.

[0011] One embodiment of a chamber comprises a sub-
strate support having a substrate receiving surface. The
chamber further includes a chamber lid having a passageway
at a central portion of the chamber lid and a tapered bottom
surface extending from the passageway to a peripheral
portion of the chamber lid. The bottom surface of the
chamber lid is shaped and sized to substantially cover the
substrate receiving surface. One or more valves are coupled
to the passageway, and one or more gas sources are coupled
to each valve. In one aspect, the bottom surface of the
chamber lid may be tapered. In another aspect, a reaction
zone defined between the chamber lid and the substrate
receiving surface may comprise a small volume. In still
another aspect, the passageway may comprise a tapered
expanding channel extending from the central portion of the
chamber lid.

[0012] Another embodiment of the chamber comprises a
substrate support having a substrate receiving surface. The
chamber further comprises a chamber lid having an expand-
ing channel extending from a central portion of the chamber
lid and having a tapered bottom surface extending from the
expanding channel to a peripheral portion of the chamber
lid. One or more gas conduits are disposed around an upper
portion of the expanding channel in which the one or more
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gas conduits are disposed at an angle from a center of the
expanding channel. A choke is disposed on the chamber lid
adjacent a perimeter of the tapered bottom surface.

[0013] One embodiment of a method of depositing a
material layer over a substrate structure comprises deliver-
ing a first reactant gas and a first purge gas through a first gas
conduit in which the first reactant gas is provided in pulses
and the first purge gas is provided in a continuous flow. The
method further comprises delivering a second reactant gas
and a second purge through a second gas conduit in which
the second reactant gas is provided in pulses and the second
purge gas is provided in a continuous flow.

[0014] One embodiment of a method of delivering gases
to a substrate in a substrate processing chamber comprises
providing one or more gases into the substrate processing
chamber, reducing a velocity of the gases through non-
adiabatic expansion, providing the gases to a central portion
of the substrate, and directing the gases radially across the
substrate from the central portion of the substrate to a
peripheral portion of the substrate.

[0015] Another embodiment of a method of delivering
gases to a substrate in a substrate processing chamber
comprises providing one or more gases to a central portion
of the substrate and directing the gases radially at a sub-
stantially uniform velocity across the substrate from the
central portion of the substrate to a peripheral portion of the
substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] So that the manner in which the above recited
features of the present invention are attained and can be
understood in detail, a more particular description of the
invention, briefly summarized above, may be had by refer-
ence to the embodiments thereof which are illustrated in the
appended drawings.

[0017] It is to be noted, however, that the appended
drawings illustrate only typical embodiments of this inven-
tion and are therefore not to be considered limiting of its
scope, for the invention may admit to other equally effective
embodiments.

[0018] FIG. 1 is a schematic cross-sectional view of one
embodiment of a chamber including a gas delivery apparatus
adapted for atomic layer deposition.

[0019] FIG. 2 is a top cross-sectional view of one embodi-
ment of the expanding channel of the chamber lid of FIG. 1.

[0020] FIG. 3 is a cross-sectional view of the expanding
channel of the chamber lid of FIG. 1.

[0021] FIG. 4 is a schematic cross-sectional view illus-
trating the flow of a gas at two different positions between
the surface of a substrate and the bottom surface of the
chamber 1id of FIG. 1.

[0022] FIG. 5 is a top cross-sectional view of another
embodiment of the expanding channel of the chamber lid
which is adapted to receive a single gas tlow.

[0023] FIG. 6 is a top cross-sectional view of another
embodiment of the expanding channel of the chamber lid
which is adapted to receive three gas flows.
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[0024] FIG. 7 is a schematic cross-sectional view of
another embodiment of a chamber including a gas delivery
apparatus adapted for atomic layer deposition.

[0025] FIG. 8 shows another embodiment of a chamber
including a gas delivery apparatus adapted for atomic layer
deposition.

[0026] FIG. 9A is a schematic cross-sectional view of one
embodiment of the choke of the chamber lid.

[0027] FIG. 9B is a cross-sectional view of another
embodiment of the choke of the chamber lid.

DETAILED DESCRIPTION

[0028] FIG. 1 is a schematic cross-sectional view of one
embodiment of a chamber 200 including a gas delivery
apparatus 230 adapted for atomic layer deposition or rapid
chemical vapor deposition. The term “atomic layer deposi-
tion” and “rapid chemical vapor deposition” as used herein
refer to the sequential introduction of reactants to deposit a
thin layer over a substrate structure. The sequential intro-
duction of reactants may be repeated to deposit a plurality of
thin layers to form a conformal layer to a desired thickness.
The chamber 200 may also be adapted for other deposition
techniques.

[0029] The chamber 200 comprises a chamber body 202
having sidewalls 204 and a bottom 206. A slit valve 208 in
the chamber 200 provides access for a robot (not shown) to
deliver and retrieve a substrate 210, such as a 200 mm or 300
mm semiconductor wafer or a glass substrate, to and from
the chamber 200.

[0030] A substrate support 212 supports the substrate 210
on a substrate receiving surface 211 in the chamber 200. The
substrate support 212 is mounted to a lift motor 214 to raise
and lower the substrate support 212 and a substrate 210
disposed thereon. A lift plate 216 connected to a lift motor
218 is mounted in the chamber 200 and raises and lowers lift
pins 220 movably disposed through the substrate support
212. The lift pins 220 raise and lower the substrate 210 over
the surface of the substrate support 212. The substrate
support 212 may include a vacuum chuck (not shown), an
electrostatic chuck (not shown), or a clamp ring (not shown)
for securing the substrate 210 to the substrate support 212
during processing.

[0031] The substrate support 212 may be heated to heat a
substrate 210 disposed thereon. For example, the substrate
support 212 may be heated using an embedded heating
element, such as a resistive heater (not shown), or may be
heated using radiant heat, such as heating lamps (not shown)
disposed above the substrate support 212. A purge ring 222
may be disposed on the substrate support 212 to define a
purge channel 224 which provides a purge gas to a periph-
eral portion of the substrate 210 to prevent deposition
thereon.

[0032] A gas delivery apparatus 230 is disposed at an
upper portion of the chamber body 202 to provide a gas,
such as a process gas and/or a purge gas, to the chamber 200.
A vacuum system 278 is in communication with a pumping
channel 279 to evacuate any desired gases from the chamber
200 and to help maintain a desired pressure or a desired
pressure range inside a pumping zone 266 of the chamber
200.
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[0033] Inoneembodiment, the gas delivery apparatus 230
comprises a chamber lid 232. The chamber lid 232 includes
an expanding channel 234 extending from a central portion
of the chamber lid 232 and a bottom surface 260 extending
from the expanding channel 234 to a peripheral portion of
the chamber lid 232. The bottom surface 260 is sized and
shaped to substantially cover a substrate 210 disposed on the
substrate support 212. The expanding channel 234 has gas
inlets 236A, 236B to provide gas flows from two similar
pairs of valves 242A/252A, 242B/252B, which may be
provided together and/or separately.

[0034] In one configuration, valve 242A and valve 242B
are coupled to separate reactant gas sources but are prefer-
ably coupled to the same purge gas source. For example,
valve 242A is coupled to reactant gas source 238 and valve
242B is coupled to reactant gas source 239, and both valves
242A, 242B are coupled to purge gas source 240. Each valve
242A, 242B includes a delivery line 243 A, 243B having a
valve seat assembly 244A, 244B and each valves 252A,
252B includes a purge line 245A, 245B having a valve seat
assembly 246A, 246B. The delivery line 243A, 243B is in
communication with the reactant gas source 238, 239 and is
in communication with the gas inlet 236A, 236B of the
expanding channel 234. The valve seat assembly 244A,
244B of the delivery line 243 A, 243B controls the flow of
the reactant gas from the reactant gas source 238, 239 to the
expanding channel 234. The purge line 245A, 245B is in
communication with the purge gas source 240 and intersects
the delivery line 243A, 243B downstream of the valve seat
assembly 244A, 244B of the delivery line 243A, 243B. The
valve seat assembly 246A, 246B of the purge line 245A,
245B controls the flow of the purge gas from the purge gas
source 240 to the expanding channel 234. If a carrier gas is
used to deliver reactant gases from the reactant gas source
238, 239, preferably the same gas is used as a carrier gas and
a purge gas (i.e., an argon gas used as a carrier gas and a

purge gas).

[0035] Each valve seat assembly 244A, 244B, 246A,
246B may comprise a diaphragm (not shown) and a valve
seat (not shown). The diaphragm may be biased open or
closed and may be actuated closed or open respectively. The
diaphragms may be pneumatically actuated or may be
electrically actuated. Examples of pneumatically actuated
valves include pneumatically actuated valves available from
Fujiken, Inc. and Veriflow, Corp. Examples of electrically
actuated valves include electrically actuated valves available
from Fujiken, Inc. Programmable logic controllers 248A,
248B may be coupled to the valves 242A, 242B to control
actuation of the diaphragms of the valve seat assemblies
244A, 244B, 246 A, 2468 of the valves 242A, 242B. Pneu-
matically actuated valves may provide pulses of gases in
time periods as low as about 0.020 seconds. Electrically
actuated valves may provide pulses of gases in time periods
as low as about 0.005 seconds. An electrically actuated valve
typically requires the use of a driver coupled between the
valve and the programmable logic controller.

[0036] Each valve 242A, 242B may be a zero dead volume
valve to enable flushing of a reactant gas from the delivery
line 243 A, 243B when the valve seat assembly 244 A, 244B
is closed. For example, the purge line 245A, 245B may be
positioned adjacent the valve seat assembly 244 A, 2448 of
the delivery line 243 A, 243B. When the valve seat assembly
244A, 244B is closed, the purge line 245A, 245B may
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provide a purge gas to flush the delivery line 243 A, 243B.
In the embodiment shown, the purge line 245A, 245B is
positioned slightly spaced from the valve seat assembly
244 A, 244B of the delivery line 243 A, 243B so that a purge
gas is not directly delivered into the valve seat assembly
244A, 244B when open. A zero dead volume valve as used
herein is defined as a valve which has negligible dead
volume (i.e., not necessary zero dead volume).

[0037] Each valve pair 242A/252A, 242B/252B may be
adapted to provide a combined gas flow and/or separate gas
flows of the reactant gas and the purge gas. In reference to
valve pair 242A/252A, one example of a combined gas flow
of the reactant gas and the purge gas comprises a continuous
flow of a purge gas from the purge gas source 240 through
purge line 245A and pulses of a reactant gas from the
reactant gas source 238 through delivery line 243A. The
continuous flow of the purge gas may be provided by leaving
the diaphragm of the valve seat assembly 246A of the purge
line 245A open. The pulses of the reactant gas from the
reactant gas source 238 may be provided by opening and
closing the diaphragm of the valve seat assembly 244A of
the delivery line 243A. In reference to valve pair 242A/
252A, one example of separate gas flows of the reactant gas
and the purge gas comprises pulses of a purge gas from the
purge gas source 240 through purge line 245A and pulses of
a reactant gas from the reactant gas source 238 through
delivery line 243A. The pulses of the purge gas may be
provided by opening and closing the diaphragm of the valve
seat assembly 246A of the purge line 245A. The pulses of
the reactant gas from the reactant gas source 238 may be
provided by opening and closing the diaphragm of the valve
seat assembly 244A of the delivery line 243A.

[0038] The delivery lines 243A, 243B of the valves 242A,
242B may be coupled to the gas inlets 236 A, 2368 through
gas conduits 250A, 250B. The gas conduits 250A, 250B
may be integrated or may be separate from the valves 242A,
242B. In one aspect, the valves 242A, 242B are coupled in
close proximity to the expanding channel 234 to reduce any
unnecessary volume of the delivery line 243 A, 243B and the
gas conduits 250A, 250B between the valves 242A, 242B
and the gas inlets 236A, 236B.

[0039] In reference to FIG. 3, each gas conduit 250A,
250B and gas inlet 236A, 236B may be positioned in any
relationship to a longitudinal axis 290 of the expanding
channel 234. Each gas conduit 250A, 250B and gas inlet
236A, 2368 are preferably positioned normal (in which +f,
—-p=90°) to the longitudinal axis 290 or positioned at an
angle +f or an angle —f (in which 0°<+p<90° or 0°<-
p<90°) from the centerline 302A, 302B of the gas conduit
250A, 2508 to the longitudinal axis 290. Therefore, the gas
conduit 250A, 250B may be positioned horizontally normal
to the longitudinal axis 290 as shown in FIG. 3, may be
angled downwardly at an angle +f, or may be angled
upwardly at an angle —f to provide a gas flow toward the
walls of the expanding channel 234 rather than directly
downward towards the substrate 210 which helps reduce the
likelihood of blowing off reactants adsorbed on the surface
of the substrate 210. In addition, the diameter of the gas
conduits 250A, 250B may be increasing from the delivery
lines 243A, 243B of the valves 242A, 242B to the gas inlet
236A, 2368 to help reduce the velocity of the gas flow prior
to its entry into the expanding channel 234. For example, the
gas conduits 250A, 250B may comprise an inner diameter
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which is gradually increasing or may comprise a plurality of
connected conduits having increasing inner diameters.

[0040] Referring to FIG. 1, the expanding channel 234
comprises a channel which has an inner diameter which
increases from an upper portion 237 to a lower portion 235
of the expanding channel 234 adjacent the bottom surface
260 of the chamber lid 232. In one specific embodiment, the
inner diameter of the expanding channel 234 for a chamber
adapted to process 200 mm diameter substrates is between
about 0.2 inches and about 1.0 inch, preferably between
about 0.3 inches and about 0.9 inches, and more preferably
between 0.3 inches and about 0.5 inches at the upper portion
237 of the expanding channel 234 and between about 0.5
inches and about 3.0 inches, preferably between about 0.75
inches and about 2.5 inches, and more preferably between
about 1.1 inches and about 2.0 inches at the lower portion
235 of the expanding channel 234. In another specific
embodiment, the inner diameter of the expanding channel
234 for a chamber adapted to process 300 mm diameter
substrates is between about 0.2 inches and about 1.0 inch,
preferably between about 0.3 inches and about 0.9 inches,
and more preferably between 0.3 inches and about 0.5
inches at the upper portion 237 of the expanding channel 234
and between about 0.5 inches and about 3.0 inches, prefer-
ably between about 0.75 inches and about 2.5 inches, and
more preferably between about 1.2 inches and about 2.2
inches at the lower portion 235 of the expanding channel
234. In general, the above dimension apply to an expanding
channel adapted to provide a total gas flow of between about
500 scem and about 3,000 scem. In other specific embodi-
ments, the dimension may be altered to accommodate a
certain gas flow therethrough. In general, a larger gas flow
will require a larger diameter expanding channel. In one
embodiment, the expanding channel 234 may be shaped as
a truncated cone (including shapes resembling a truncated
cone). Whether a gas is provided toward the walls of the
expanding channel 234 or directly downward towards the
substrate 210, the velocity of the gas flow decreases as the
gas flow travels through the expanding channel 234 due to
the expansion of the gas. The reduction of the velocity of the
gas flow helps reduce the likelihood the gas flow will blow
off reactants adsorbed on the surface of the substrate 210.

[0041] Not wishing to be bound by theory, it is believed
that the diameter of the expanding channel 234, which is
gradually increasing from the upper portion 237 to the lower
portion 235 of the expanding channel 234, allows less of an
adiabatic expansion of a gas through the expanding channel
234 which helps to control the temperature of the gas. For
instance, a sudden adiabatic expansion of a gas delivered
through the gas inlet 236 A, 236B into the expanding channel
234 may result in a drop in the temperature of the gas which
may cause condensation of the gas and formation of drop-
lets. On the other hand, a gradually expanding channel 234
according to embodiments of the present invention is
believed to provide less of an adiabatic expansion of a gas.
Therefore, more heat may be transferred to or from the gas,
and, thus, the temperature of the gas may be more easily
controlled by controlling the surrounding temperature of the
gas (i.e., controlling the temperature of the chamber lid 232).
The gradually expanding channel 234 may comprise one or
more tapered inner surfaces, such as a tapered straight
surface, a concave surface, a convex surface, or combina-
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tions thereof or may comprise sections of one or more
tapered inner surfaces (i.e., a portion tapered and a portion
non-tapered).

[0042] In one embodiment, the gas inlets 236A, 236B are
located adjacent the upper portion 237 of the expanding
channel 234. In other embodiments, one or more gas inlets
236A, 236B may be located along the length of the expand-
ing channel 234 between the upper portion 237 and the
lower portion 235.

[0043] FIG. 2 is a top cross-sectional view of one embodi-
ment of the expanding section 234 of the chamber lid 232 of
FIG. 1. Each gas conduit 250A, 250B may be positioned at
an angle a from the centerline 302A, 302B of the gas conduit
250A, 250B and from a radius line 304 from the center of
the expanding channel 234. Entry of a gas through the gas
conduit 250A, 2508 preferably positioned at an angle a (i.e.,
when a>0°) causes the gas to flow in a circular direction as
shown by arrows 310A and 310B. Providing gas at an angle
a as opposed to directly straight-on to the walls of the
expanding channel (i.e., when a=0°) helps to provide a more
laminar flow through the expanding channel 234 rather than
aturbulent flow. It is believed that a laminar flow through the
expanding channel 234 results in an improved purging of the
inner surface of the expanding channel 234 and other
surfaces of the chamber lid 232. In comparison, a turbulent
flow may not uniformly flow across the inner surface of the
expanding channel 234 and other surfaces and may contain
dead spots or stagnant spots in which there is no gas flow.
In one aspect, the gas conduits 250A, 250B and the corre-
sponding gas inlets 236A, 236B are spaced out from each
other and direct a flow in the same circular direction (i.e.,
clockwise or counter-clockwise).

[0044] Not wishing to be bound by theory, FIG. 3 is a
cross-sectional view of the expanding channel 234 of a
chamber lid 232 showing simplified representations of two
gas flows therethrough. Although the exact flow pattern
through the expanding channel 234 is not known, it is
believed that the circular flow 310 (FIG. 2, arrows 310A and
310B) may travel as a “vortex,”helix,” or “spiral” flow
through the expanding channel 234 as shown by arrows
402A, 402B (hereinafter “vortex” flow 402). As shown in
FIG. 3, the circular flow may be provided in a “processing
region” as opposed to in a compartment separated from the
substrate 210. In one aspect, the vortex flow may help to
establish a more efficient purge of the expanding channel
234 due to the sweeping action of the vortex flow pattern
across the inner surface of the expanding channel 234.

[0045] In one embodiment, the distance 410 between the
gas inlets 236A, 236B and the substrate 210 is made long
enough that the “vortex” flow 402 dissipates to a down-
wardly flow as shown by arrows 404 as a spiral flow across
the surface of the substrate 210 may not be desirable. It is
believed that the “vortex” flow 402 and the downwardly
flow 404 proceed in a laminar manner efficiently purging the
surface of the chamber lid 232 and the substrate 210. In one
specific embodiment the distance 410 between the upper
portion 237 of the expanding channel 234 and the substrate
210 is about 1.0 inch or more, more preferably about 2.0
inches or more. In one specific embodiment, the upper limit
of the distance 410 is dictated by practical limitations. For
example, if the distance 410 is very long, then the residence
time of a gas traveling though the expanding channel 234
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would be long, then the time for a gas to deposit onto the
substrate would be long, and then throughput would be low.
In addition, if distance 410 is very long, manufacturing of
the expanding channel 234 would be difficult. In general, the
upper limit of distance 410 may be 3 inches or more for a
chamber adapted to process 200 mm diameter substrates or
5 inches or more for a chamber adapted to process 300 mm
diameter substrates.

[0046] Referring to FIG. 1, at least a portion of the bottom
surface 260 of the chamber lid 232 may be tapered from the
expanding channel 234 to a peripheral portion of the cham-
ber 1lid 232 to help provide an improved velocity profile of
a gas flow from the expanding channel 234 across the
surface of the substrate 210 (i.e., from the center of the
substrate to the edge of the substrate). The bottom surface
260 may comprise one or more tapered surfaces, such as a
straight surface, a concave surface, a convex surface, or
combinations thereof. In one embodiment, the bottom sur-
face 260 is tapered in the shape of a funnel.

[0047] Not wishing to be bound by theory, FIG. 4 is
schematic view illustrating the flow of a gas at two different
positions 502, 504 between the bottom surface 260 of the
chamber 1lid 232 and the surface of a substrate 210. The
velocity of the gas at a certain position is theoretically
determined by the equation below:

O/d=V o)

In which, “Q” is the flow of the gas, “A” is the area of the
flow section, and “V” is the velocity of the gas. The velocity
of the gas is inversely proportional to the area “A” of the
flow section (H,2nR), in which “H” is the height of the flow
section and 2nt“R” is the circumference of the flow section
having a radius “H”. In other words, the velocity of a gas is
inversely proportional to the height “H” of the flow section
and the radius “R” of the flow section.

[0048] Comparing the velocity of the flow section at
position 502 and position 504, assuming that the flow “Q”
of'the gas at all positions between the bottom surface 260 of
the chamber lid 232 and the surface of the substrate 210 is
equal, the velocity of the gas may be theoretically made
equal by having the area “A” of the flow sections equal. For
the area of flow sections at position 502 and position 504 to
be equal, the height H, at position 502 must be greater than
the height H, at position 504.

[0049] In one aspect, the bottom surface 260 is down-
wardly sloping to help reduce the variation in the velocity of
the gases as it travels between the bottom surface 260 of the
chamber 1id 232 and the substrate 210 to help provide
uniform exposure of the surface of the substrate 210 to a
reactant gas. In one embodiment, the ratio of the maximum
area of the flow section over the minimum area of the flow
section between a downwardly sloping bottom surface 260
of the chamber lid 232 and the surface of the substrate 210
is less than about 2, preferably less than about 1.5, more
preferably less than about 1.3, and most preferably about 1.

[0050] Not wishing to be bound by theory, it is believed
that a gas flow traveling at a more uniform velocity across
the surface of the substrate 210 helps provide a more
uniform deposition of the gas on the substrate 210. It is
believed that the velocity of the gas is directly proportional
to the concentration of the gas which is in turn directly
proportional to the deposition rate of the gas on the substrate
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210 surface. Thus, a higher velocity of a gas at a first area
of the surface of the substrate 210 versus a second area of the
surface of the substrate 210 is believed to provide a higher
deposition of the gas on the first area. It is believed that a
chamber lid 232 having a downwardly sloping bottom
surface 260 provides for more uniform deposition of the gas
across the surface of the substrate 210 because the down-
wardly sloping bottom surface 260 provides a more uniform
velocity and, thus, a more uniform concentration of the gas
across the surface of the substrate 210.

[0051] Referring to FIG. 1, the chamber lid 232 may have
a choke 262 at a peripheral portion of the chamber lid 232
adjacent the periphery of the substrate 210. The choke 262,
when the chamber lid 232 is assembled to form a processing
zone around the substrate 210, comprises any member
restricting the flow of gas therethrough at an area adjacent
the periphery of the substrate 210. FIG. 9A is a schematic
cross-sectional view of one embodiment of the choke 262.
In this embodiment, the choke 262 comprises a circumfer-
ential lateral portion 267. In one aspect, the purge ring 222
may be adapted to direct a purge gas toward the lateral
portion 267 of the choke 262. FIG. 9B is a schematic
cross-sectional view of another embodiment of the choke
262. In this embodiment, the choke 262 comprises a cir-
cumferential downwardly extending protrusion 268. In one
aspect, the purge ring 222 may be adapted to direct a purge
gas toward the circumferential downwardly extending pro-
trusion 268. In one specific embodiment, the thickness of the
downwardly extending protrusion 268 is between about 0.01
inches and about 1.0 inch, more preferably between 0.01
inches and 0.5 inches.

[0052] In one specific embodiment, the spacing between
the choke 262 and the substrate support 212 is between
about 0.04 inches and about 2.0 inches, and preferably
between 0.04 inches and about 0.2 inches. The spacing may
vary depending on the gases being delivered and the process
conditions during deposition. The choke 262 helps provide
a more uniform pressure distribution within the volume or a
reaction zone 264 defined between the chamber lid 232 and
the substrate 210 by isolating the reaction zone 264 from the
non-uniform pressure distribution of the pumping zone 266
(FIG. 1).

[0053] Referring to FIG. 1, in one aspect, since the reac-
tion zone 264 is isolated from the pumping zone 266, a
reactant gas or purge gas needs only adequately fill the
reaction zone 264 to ensure sufficient exposure of the
substrate 210 to the reactant gas or purge gas. In conven-
tional chemical vapor deposition, prior art chambers are
required to provide a combined flow of reactants simulta-
neously and uniformly to the entire surface of the substrate
in order to ensure that the co-reaction of the reactants occurs
uniformly across the surface of the substrate 210. In atomic
layer deposition, the present chamber 200 sequentially intro-
duces reactants to the surface of substrate 210 to provide
absorption of alternating thin layers of the reactants onto the
surface of the substrate 210. As a consequence, atomic layer
deposition does not require a flow of a reactant which
reaches the surface of the substrate 210 simultaneously.
Instead, a flow of a reactant needs to be provided in an
amount which is sufficient to adsorb a thin layer of the
reactant on the surface of the substrate 210.

[0054] Since the reaction zone 264 may comprise a
smaller volume when compared to the inner volume of a
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conventional CVD chamber, a smaller amount of gas is
required to fill the reaction zone 264 for a particular process
in an atomic layer deposition sequence. For example, in one
embodiment, the volume of the reaction zone 264 is about
1,000 cm® or less, preferably 500 cm® or less, and more
preferably 200 cm?® or less for a chamber adapted to process
200 mm diameter substrates. In one embodiment, the vol-
ume of the reaction zone 264 is about 3,000 cm® or less,
preferably 1,500 cm? or less, and more preferably 600 cm?
or less for a chamber adapted to process 300 mm diameter
substrates. In one embodiment, the substrate support 212
may be raised or lowered to adjust the volume of the reaction
zone 264 for deposition. Because of the smaller volume of
the reaction zone 264, less gas, whether a deposition gas or
a purge gas, is necessary to be flowed into the chamber 200.
Therefore, the throughput of the chamber 200 is greater and
the waste may be minimized due to the smaller amount of
gas used reducing the cost of operation.

[0055] The chamber lid 232 has been shown in FIGS. 1-4
as comprising a cap portion 272 and a chamber plate portion
270 in which the cap portion 272 and the chamber plate
portion 270 form the expanding channel 234. An additional
plate may be optionally disposed between the chamber plate
portion 270 and the cap portion 272. In other embodiments,
the expanding channel 234 may be made integrally from a
single piece of material.

[0056] The chamber lid 232 may include cooling elements
and/or heating elements depending on the particular gas
being delivered therethrough. Controlling the temperature of
the chamber lid 232 may be used to prevent gas decompo-
sition, deposition, or condensation on the chamber lid 232.
For example, water channels (not shown) may be formed in
the chamber 1id 232 to cool the chamber lid 232. In another
example, heating elements (not shown) may be embedded or
may surround components of the chamber lid 232 to heat the
chamber lid 232. In one embodiment, components of the
chamber lid 232 may be individually heated or cooled. For
example, referring to FIG. 1, the chamber lid 232 may
comprise a chamber plate portion 270 and a cap portion 272
in which the chamber plate portion 270 and the cap portion
272 form the expanding channel 234. The cap portion 272
may be maintained at one temperature range and the cham-
ber plate portion 270 may be maintained at another tem-
perature range. For example, the cap portion 272 may be
heated by being wrapped in heater tape or by using another
heating device to prevent condensation of reactant gases and
the chamber plate portion 270 may be maintained at ambient
temperature. In another example, the cap portion 272 may be
heated and the chamber plate portion 270 may be cooled
with water channels formed therethrough to prevent thermal
decomposition of reactant gases on the chamber plate por-
tion 270.

[0057] The chamber lid 232 may be made of stainless
steel, aluminum, nickel-plated aluminum, nickel, or other
suitable materials compatible with the processing to be
performed. In one embodiment, the cap portion 272 com-
prises stainless steel and the chamber plate portion 270
comprises aluminum. In one embodiment, the optional addi-
tional plate disposed therebetween comprises stainless steel.
In one embodiment, the expanding channel 234 and the
bottom surface 260 of the chamber lid 232 may comprise a
mirror polished surface to help produce a laminar flow of a
gas along the expanding channel 234 and the bottom surface
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260 of the chamber lid 232. In another embodiment, the
inner surface of the gas conduits 250A, 250B may be
electropolished to help produce a laminar flow of a gas
therethrough.

[0058] Returning to FIG. 1, a control unit 280, such as a
programmed personal computer, work station computer, or
the like, may be coupled to the chamber 200 to control
processing conditions. For example, the control unit 280
may be configured to control flow of various process gases
and purge gases from gas sources 238, 239, 240 through the
valves 242A, 242B during different stages of a substrate
process sequence. Illustratively, the control unit 280 com-
prises a central processing unit (CPU) 282, support circuitry
284, and memory 286 containing associated control soft-
ware 283.

[0059] The control unit 280 may be one of any form of
general purpose computer processor that can be used in an
industrial setting for controlling various chambers and sub-
processors. The CPU 282 may use any suitable memory 286,
such as random access memory, read only memory, floppy
disk drive, hard disk, or any other form of digital storage,
local or remote. Various support circuits may be coupled to
the CPU 282 for supporting the chamber 200. The control
unit 280 may be coupled to another controller that is located
adjacent individual chamber components, such as the pro-
grammable logic controllers 248A, 248B of the valves
242A, 242B. Bi-directional communications between the
control unit 280 and various other components of the
chamber 200 are handled through numerous signal cables
collectively referred to as signal buses 288, some of which
are illustrated in FIG. 1. In addition to control of process
gases and purge gases from gas sources 238, 239, 240 and
from the programmable logic controllers 248A, 248B of the
valves 242A, 242B, the control unit 280 may be configured
to be responsible for automated control of other activities
used in wafer processing-such as wafer transport, tempera-
ture control, chamber evacuation, among other activities,
some of which are described elsewhere herein.

[0060] Referring to FIGS. 1-4, in operation, a substrate
210 is delivered to the chamber 200 through the slit valve
208 by a robot (not shown). The substrate 210 is positioned
on the substrate support 212 through cooperation of the lift
pins 220 and the robot. The substrate support 212 raises the
substrate 210 into close opposition to the bottom surface 260
of the chamber lid 232. A first gas flow may be injected into
the expanding channel 234 of the chamber 200 by valve
242 A together or separately (i.e., pulses) with a second gas
flow injected into the chamber 200 by valve 242B. The first
gas flow may comprise a continuous flow of a purge gas
from purge gas source 240 and pulses of a reactant gas from
reactant gas source 238 or may comprise pulses of a reactant
gas from reactant gas source 238 and pulses of a purge gas
from purge gas source 240. The second gas flow may
comprises a continuous flow of a purge gas from purge gas
source 240 and pulses of a reactant gas from reactant gas
source 239 or may comprise pulses of a reactant gas from
reactant gas source 239 and pulses of a purge gas from purge
gas source 240. The gas flow travels through the expanding
channel 234 as a pattern of vortex flow 402 which provides
a sweeping action across the inner surface of the expanding
channel 234. The pattern of vortex flow 402 dissipates to a
downwardly flow 404 toward the surface of the substrate
210. The velocity of the gas flow reduces as it travels
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through the expanding channel 234. The gas flow then
travels across the surface of the substrate 210 and across the
bottom surface 260 of the chamber lid 232. The bottom
surface 260 of the chamber 1id 232, which is downwardly
sloping, helps reduce the variation of the velocity of the gas
flow across the surface of the substrate 210. The gas flow
then travels by the choke 262 and into the pumping zone 266
of the chamber 200. Excess gas, by-products, etc. flow into
the pumping channel 279 and are then exhausted from the
chamber 200 by a vacuum system 278. In one aspect, the gas
flow proceeds through the expanding channel 234 and
between the surface of the substrate 210 and the bottom
surface 260 of the chamber lid 232 in a laminar manner
which aids in uniform exposure of a reactant gas to the
surface of the substrate 210 and efficient purging of inner
surfaces of the chamber lid 232.

[0061] Chamber 200 as illustrated in FIGS. 1-4 has been
described herein as having a combination of features. In one
aspect, chamber 200 provides a reaction zone 264 compris-
ing a small volume in compared to a conventional CVD
chamber. The chamber 200 requires a smaller amount of a
gas, such as a reactant gas or a purge gas, to fill the reaction
zone 264 for a particular process. In another aspect, chamber
200 provides a chamber lid 232 having a downwardly
sloping or funnel shaped bottom surface 260 to reduce the
variation in the velocity profile of a gas flow traveling
between the bottom surface of the chamber lid 232 and a
substrate 210. In still another aspect, the chamber 200
provides an expanding channel 234 to reduce the velocity of
a gas flow introduced therethrough. In still another aspect,
the chamber 200 provides gas conduits at an angle a from the
center of the expanding channel 234. The chamber 200
provides other features as described elsewhere herein. Other
embodiments of a chamber adapted for atomic layer depo-
sition incorporate one or more of these features.

[0062] For example, FIG. 7 shows another embodiment of
a chamber 800 including a gas delivery apparatus 830
comprising a chamber lid 832 which provides a reaction
zone 864 comprising a small volume and which provides an
expanding channel 834. Some components of the chamber
800 are the same or similar to those described with reference
to chamber 200 of FIG. 1, described above. Accordingly,
like numbers have been used where appropriate. The cham-
ber lid 832 comprises a bottom surface 860 that is substan-
tially flat. In one embodiment, the spacing between the
choke 262 and the substrate support 212 is between about
0.04 inches and about 2.0 inches, more preferably between
about 0.04 inches and about 0.2 inches.

[0063] In another example, FIG. 8 shows another embodi-
ment of a chamber 900 including a gas delivery apparatus
930 comprising a chamber lid 932 which provides a reaction
zone 964 comprising a small volume and which provides a
downwardly sloping or funnel shaped bottom surface 960.
Some components of the chamber 900 are the same or
similar to those described with reference to chamber 200 of
FIG. 1, described above. Accordingly, like numbers have
been used where appropriate. Gas sources 937 are coupled
to the passageway 933 through one or more valves 941. In
one aspect, the passageway 933 comprises a long length to
reduce the likelihood that a gas introduced through valves
941 will blow off reactants adsorbed on the surface of the
substrate 210.
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[0064] The gas delivery apparatuses 230, 830, 930 of
FIGS. 1-8 have been described above as comprising cham-
ber lids 232, 832, 932 which act as the lid of the chamber
body 202. Other embodiments of the chamber lids 232, 832,
932 comprises any covering member disposed over the
substrate support 212 delineating a reaction zone 264, 864,
964 which lowers the volume in which a gas must flow
during substrate processing. In other embodiments, instead
of or in conjunction with the substrate support 212, the
chamber lid 232, 832, 932 may be adapted to move up and
down to adjust the volume of the reaction zone 264, 864,
964.

[0065] The gas delivery apparatus 230 of FIG. 1 has been
described as including two pairs of valves 242A/252A,
242B/252B coupled to a reactant gas source 238, 239 and a
purge gas source 240. In other embodiments, the gas deliv-
ery apparatus 230 may comprise one or more valves coupled
to a single or a plurality of gas sources in a variety of
configurations. FIGS. 1-3 show a chamber 200 adapted to
provide two gas flows together or separately from two gas
inlets 236 A, 236B utilizing two pairs of valves 242A/252A,
242B/252B. FIG. 5 is a top cross-sectional view of another
embodiment of an expanding channel 634 of the chamber lid
232 which is adapted to receive a single gas flow through
one gas inlet 636 from one gas conduit 650 coupled to a
single or a plurality of valves. The gas conduit 650 may be
positioned at an angle o from the center line 602 of the gas
conduit 650 and from a radius line 604 from the center of the
expanding channel 634. The gas conduit 650 positioned at
an angle « (i.e., when a>0°) causes a gas to flow in a circular
direction as shown by arrow 610. FIG. 6 is a top cross-
sectional view of another embodiment of an expanding
channel 734 of the chamber lid 232 which is adapted to
receive three gas flows together, partially together (i.e., two
of three gas flows together), or separately through three gas
inlets 736A, 736B, 736C from three gas conduits 750A,
750B, 750C in which each conduit is coupled to a single or
a plurality of valves. The gas conduits 750A, 7508, 750C
may be positioned at an angle c from the center line 702 of
the gas conduits 750A, 750B, 750C and from a radius line
704 from the center of the expanding channel 734. The gas
conduits 750A, 750B, 750C positioned at an angle o (i.e.,
when a>0°) causes a gas to flow in a circular direction as
shown by arrows 710.

[0066] Embodiments of chambers 200, 800, 900 with gas
delivery apparatuses 230, 830, 930 as described in FIGS. 1-8
may be used advantageously to implement atomic layer
deposition processes of elements, which include but are not
limited to, tantalum, titanium, tungsten, and copper, or to
implement atomic layer deposition of compounds or alloys/
combinations films, which include but are not limited to
tantalum nitride, tantalum silicon nitride, titanium nitride,
titanium silicon nitride, tungsten nitride, tungsten silicon
nitride, and copper aluminum. Embodiments of chambers
200, 800, 900 with gas delivery apparatuses 230, 830, 930
as described in FIGS. 1-8 may also be used advantageously
to implement chemical vapor deposition of various materi-
als.

[0067] For clarity reasons, deposition of a layer by atomic
layer deposition will be described in more detail in reference
to the atomic layer deposition of a tantalum nitride layer
utilizing chamber 200 as described in FIGS. 1-4. In one
aspect, atomic layer deposition of a tantalum nitride barrier
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layer comprises sequentially providing pulses of a tantalum
containing compound and pulses of a nitrogen containing
compound to the process chamber 200 in which each pulse
is separated by a flow of a purge gas and/or chamber
evacuation to remove any excess reactants to prevent gas
phase reactions of the tantalum containing compound with
the nitrogen containing compound and to remove any reac-
tion by-products. Sequentially providing a tantalum contain-
ing compound and a nitrogen containing compound may
result in the alternating absorption of monolayers of a
tantalum containing compound and of monolayers of a
nitrogen containing compound to form a monolayer of
tantalum nitride on a substrate structure for each cycle of
pulses. The term substrate structure is used to refer to the
substrate as well as other material layers formed thereover,
such as a dielectric layer.

[0068] 1t is believed that the adsorption processes used to
adsorb the monolayer of the reactants, such as the tantalum
containing compound and the nitrogen containing com-
pound, are self-limiting in that only one monolayer may be
adsorbed onto the surface of the substrate structure during a
given pulse because the surface of the substrate structure has
a finite number of sites for adsorbing the reactants. Once the
finite number of sites is occupied by the reactants, such as
the tantalum containing compound or the nitrogen contain-
ing compound, further absorption of the reactants will be
blocked. The cycle may be repeated to a desired thickness of
the tantalum nitride layer.

[0069] Pulses of a tantalum containing compound, such as
pentakis(dimethylamido) tantalum (PDMAT; Ta(NMe,)s),
may be introduced by gas source 238 through valve 242A.
The tantalum containing compound may be provided with
the aid of a carrier gas, which includes, but is not limited to,
helium (He), argon (Ar), nitrogen (N,), hydrogen (H,), and
combinations thereof. Pulses of a nitrogen containing com-
pound, such as ammonia, may be introduced by gas source
239 through valve 242A. A carrier gas may also be used to
help deliver the nitrogen containing compound. A purge gas,
such as argon, may be introduced by gas source 240 through
valve 242A and/or through valve 242B. In one aspect, the
flow of purge gas may be continuously provided by gas
source 240 through valves 242A, 242B to act as a purge gas
between the pulses of the tantalum containing compound
and of the nitrogen containing compound and to act as a
carrier gas during the pulses of the tantalum containing
compound and the nitrogen containing compound. In one
aspect, delivering a purge gas through two gas conduits
250A, 250B provides a more complete purge of the reaction
zone 264 rather than a purge gas provided through one gas
conduit 250A, 250B. In one aspect, a reactant gas may be
delivered through one gas conduit 250A, 250B since uni-
formity of flow of a reactant gas, such as a tantalum
containing compound or a nitrogen containing compound, is
not as critical as uniformity of the purge gas due to the
self-limiting absorption process of the reactants on the
surface of substrate structures. In other embodiments, a
purge gas may be provided in pulses. In other embodiments,
a purge gas may be provided in more or less than two gas
flows. In other embodiments, a tantalum containing gas may
be provided in more than a single gas flow (i.e., two or more
gas flows). In other embodiments, a nitrogen containing may
be provided in more than a single gas flow (i.e., two or more
gas tlows).
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[0070] Other examples of tantalum containing com-
pounds, include, but are not limited to, other organometallic
precursors or derivatives thereof, such as pentakis(ethylm-
ethylamido) tantalum (PEMAT; Ta(N(Et)Me)s), pentakis(di-
ethylamido) tantalum (PDEAT; Ta(NEt,)s,), and any and all
derivatives of PEMAT, PDEAT, or PDMAT. Other tantalum
containing compounds include without limitation tertbutyl-
imido tris(diethylamido) tantalum (TBTDET;
Ta(NEt,),NC,H,; or C,;H;oN,Ta), and tantalum halides,
for example TaX; where X is fluorine (F), bromine (Br) or
chlorine (Cl), and/or derivatives thereof. Other nitrogen
containing compounds may be used which include, but are
not limited to, N,H_ with x and y being integers (e.g.,
hydrazine (N,H,)), dimethyl hydrazine ((CH;),N,H,), ter-
tbutylhydrazine (C,HgN,H,), phenylhydrazine
(C4HSNLH,), other hydrazine derivatives, a nitrogen plasma
source (e.g., N,, N,/H,, NH;, or a N,H, plasma), 2,2'-
azotertbutane ((CH;),C,N,), ethylazide (C,H,N;), and
other suitable gases. Other examples of purge gases include,
but are not limited to, helium (He), nitrogen (N,), hydrogen
(H,), other gases, and combinations thereof.

[0071] The tantalum nitride layer formation is described as
starting with the absorption of a monolayer of a tantalum
containing compound on the substrate followed by a mono-
layer of a nitrogen containing compound. Alternatively, the
tantalum nitride layer formation may start with the absorp-
tion of a monolayer of a nitrogen containing compound on
the substrate followed by a monolayer of the tantalum
containing compound. Furthermore, in other embodiments,
a pump evacuation alone between pulses of reactant gases
may be used to prevent mixing of the reactant gases.

[0072] The time duration for each pulse of the tantalum
containing compound, the time duration for each pulse of the
nitrogen containing compound, and the duration of the purge
gas flow between pulses of the reactants are variable and
depend on the volume capacity of a deposition chamber
employed as well as a vacuum system coupled thereto. For
example, (1) a lower chamber pressure of a gas will require
a longer pulse time; (2) a lower gas flow rate will require a
longer time for chamber pressure to rise and stabilize
requiring a longer pulse time; and (3) a large-volume cham-
ber will take longer to fill, longer for chamber pressure to
stabilize thus requiring a longer pulse time. Similarly, time
between each pulse is also variable and depends on volume
capacity of the process chamber as well as the vacuum
system coupled thereto. In general, the time duration of a
pulse of the tantalum containing compound or the nitrogen
containing compound should be long enough for absorption
of' a monolayer of the compound. In one aspect, a pulse of
a tantalum containing compound may still be in the chamber
when a pulse of a nitrogen containing compound enters. In
general, the duration of the purge gas and/or pump evacu-
ation should be long enough to prevent the pulses of the
tantalum containing compound and the nitrogen containing
compound from mixing together in the reaction zone.

[0073] Generally, a pulse time of about 1.0 second or less
for a tantalum containing compound and a pulse time of
about 1.0 second or less for a nitrogen containing compound
are typically sufficient to adsorb alternating monolayers on
a substrate structure. A time of about 1.0 second or less
between pulses of the tantalum containing compound and
the nitrogen containing compound is typically sufficient for
the purge gas, whether a continuous purge gas or a pulse of
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a purge gas, to prevent the pulses of the tantalum containing
compound and the nitrogen containing compound from
mixing together in the reaction zone. Of course, a longer
pulse time of the reactants may be used to ensure absorption
of the tantalum containing compound and the nitrogen
containing compound and a longer time between pulses of
the reactants may be used to ensure removal of the reaction
by-products.

[0074] During atomic layer deposition, the substrate 210
may be maintained approximately below a thermal decom-
position temperature of a selected tantalum containing com-
pound. An exemplary heater temperature range to be used
with tantalum containing compounds identified herein is
approximately between about 20° C. and about 500° C. at a
chamber pressure less than about 100 Torr, preferably less
than 50 Torr. When the tantalum containing gas is PDMAT,
the heater temperature is preferably between about 100° C.
and about 300° C., more preferably between about 175° C.
and 250° C., and the chamber pressure is between about 1.0
Torr and about 5.0 Torr. In other embodiments, it should be
understood that other temperatures and pressures may be
used. For example, a temperature above a thermal decom-
position temperature may be used. However, the tempera-
ture should be selected so that more than 50 percent of the
deposition activity is by absorption processes. In another
example, a temperature above a thermal decomposition
temperature may be used in which the amount of decom-
position during each precursor deposition is limited so that
the growth mode will be similar to an atomic layer deposi-
tion growth mode.

[0075] One exemplary process of depositing a tantalum
nitride layer by atomic layer deposition, in the process
chamber 200 of FIGS. 1-4, comprises providing pulses of
pentakis(dimethylamido) tantalum (PDMAT) from gas
source 238 at a flow rate between about 100 sccm and about
1,000 sccm, preferably between about 100 sccm and about
400 sccm, through valve 242A for a pulse time of about 0.5
seconds or less, about 0.1 seconds or less, or about 0.05
seconds or less due the smaller volume of the reaction zone
264. Pulses of ammonia may be provided from gas source
239 at a flow rate between about 100 sccm and about 1,000
sccm, preferably between 200 scem and about 600 scem,
through valve 242B for a pulse time of about 0.5 seconds or
less, about 0.1 seconds or less, or about 0.05 seconds or less
due to a smaller volume of the reaction zone 264. An argon
purge gas at a flow rate between about 100 sccm and about
1,000 sccm, preferably, between about 100 sccm and about
400 sccm, may be continuously provided from gas source
240 through valves 242 A, 242B. The time between pulses of
the tantalum containing compound and the nitrogen con-
taining compound may be about 0.5 seconds or less, about
0.1 seconds or less, or about 0.07 seconds or less due to the
smaller volume of the reaction zone 264. It is believed that
a pulse time of about 0.016 seconds or more is required to
fill the reaction zone 264 with a reactant gas and/or a purge
gas. The heater temperature preferably is maintained
between about 100° C. and about 300° C. at a chamber
pressure between about 1.0 Torr and about 5.0 Torr. This
process provides a tantalum nitride layer in a thickness
between about 0.5 A and about 1.0 A per cycle. The
alternating sequence may be repeated until a desired thick-
ness is achieved.

Feb. 14, 2008

[0076] In one embodiment, the layer, such as a tantalum
nitride layer, is deposited to a sidewall coverage of about 50
A or less. In another embodiment, the layer is deposited to
a sidewall coverage of about 20 A or less. In still another
embodiment, the layer is deposited to a sidewall coverage of
about 10 A or less. A tantalum nitride layer with a thickness
of about 10 A or less is believed to be a sufficient thickness
in the application as a barrier layer to prevent copper
diffusion. In one aspect, a thin barrier layer may be used to
advantage in filling submicron (e.g., less than 0.15 um) and
smaller features having high aspect ratios (e.g., greater than
5 to 1). Of course, a layer having a sidewall coverage of
greater than 50 A may be used.

[0077] Embodiments of atomic layer deposition have been
described above as absorption of a monolayer of reactants
on a substrate. The present invention also includes embodi-
ments in which the reactants are deposited to more or less
than a monolayer. The present invention also includes
embodiments in which the reactants are not deposited in a
self-limiting manner. The present invention also includes
embodiments in which deposition occurs in mainly a chemi-
cal vapor deposition process in which the reactants are
delivered sequentially or simultaneously.

[0078] Embodiments of atomic layer deposition have been
described above as the deposition of the binary compound of
tantalum nitride utilizing pulses of two reactants. In the
deposition of other elements or compounds, pulses of two or
more reactants may also be used.

[0079] While foregoing is directed to the preferred
embodiment 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 depositing a material layer on a substrate
surface, comprising:

positioning a substrate on a substrate support within a
process chamber comprising a chamber body and a
chamber lid, wherein the chamber lid comprises:

an expanding channel at a central portion of the cham-
ber lid;

a tapered bottom surface extending from the expanding
channel to a peripheral portion of the chamber lid,
wherein the tapered bottom surface is shaped and
sized to substantially cover the substrate;

a first conduit coupled to a first gas inlet; and

a second conduit coupled to a second gas inlet, wherein
the first and second gas inlets are in fluid commu-
nication with the expanding channel, and the first
and second conduits are positioned to provide a gas
flow comprising a circular pattern within the
expanded channel;

flowing a carrier gas into the expanding channel to form
a circular flow of the carrier gas;

exposing the substrate to the circular flow of the carrier
£as;

pulsing a first reactant gas into the circular flow of the
carrier gas from the first gas inlet; and

depositing a material onto the substrate.
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2. The method of claim 1, further comprising pulsing a
second reactant gas into the circular flow of the carrier gas
from the second gas inlet.

3. The method of claim 1, wherein the circular flow of the
carrier gas comprises a gas flow pattern selected from the
group consisting of vortex, helix, spiral, and derivatives
thereof.

4. The method of claim 3, wherein the carrier gas com-
prises a gas selected from the group consisting of argon,
nitrogen, hydrogen, helium, and combinations thereof.

5. The method of claim 1, wherein the deposited material
comprises tantalum, titanium, tungsten, copper, alloys
thereof, or combinations thereof.

6. The method of claim 5, wherein the deposited material
comprises tantalum nitride, tantalum silicon nitride, titanium
nitride, titanium silicon nitride, tungsten nitride, tungsten
silicon nitride, copper aluminum, alloys thereof, or combi-
nations thereof.

7. The method of claim 3, wherein the deposited material
comprises tungsten or tungsten nitride.

8. The method of claim 2, wherein the deposited material
comprises tantalum nitride.

9. The method of claim 8, wherein the first reactant gas
comprises a tantalum precursor selected from the group
consisting of pentakis(dimethylamido) tantalum, pentakis-
(diethylamido) tantalum, pentakis(ethylmethylamido) tanta-
lum, tertbutylimido tris(diethylamido) tantalum, and deriva-
tives thereof.

10. The method of claim 8, wherein the second reactant
gas comprises a nitrogen precursor selected from the group
consisting of ammonia, hydrazine, dimethylhydrazine, tert-
butylhydrazine, a nitrogen plasma source, and derivatives
thereof.

11. The method of claim 10, wherein the nitrogen plasma
source comprises nitrogen, a nitrogen and hydrogen mixture,
ammonia, or hydrazine.

12. The method of claim 8, wherein the first reactant gas
comprises pentakis(dimethylamido) tantalum and the sec-
ond reactant gas comprises ammonia.

13. A method for depositing a material layer on a substrate
surface, comprising:

positioning a substrate on a substrate support within a
process chamber comprising a chamber body and a
chamber lid, wherein the chamber lid comprises:

an expanding channel at a central portion of the cham-
ber lid;

a tapered bottom surface extending from the expanding
channel to a peripheral portion of the chamber lid,
wherein the tapered bottom surface is shaped and
sized to substantially cover the substrate;
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a first conduit coupled to a first gas inlet; and

a second conduit coupled to a second gas inlet, wherein
the first and second gas inlets are in fluid commu-
nication with the expanding channel, and the first
and second conduits are positioned to provide a gas
flow comprising a circular pattern within the
expanded channel;

flowing a first reactant gas from the first gas inlet;

flowing a second reactant gas from the second gas inlet;
and

exposing the substrate sequentially to the first and second
reactant gases to deposit a material onto the substrate,
wherein the first and second reactant gases comprise a
circular gas flow.

14. The method of claim 13, wherein the circular gas flow
comprises a gas flow pattern selected from the group con-
sisting of vortex, helix, spiral, and derivatives thereof.

15. A method for depositing a material layer on a substrate
surface, comprising:

positioning a substrate on a substrate support within a
process chamber comprising a gas delivery system
enabled to form a gas flow comprising a circular
pattern;

flowing a carrier gas into the process chamber while
forming a circular flow of the carrier gas;

exposing the substrate to the circular flow of the carrier
£as;

pulsing a first reactant gas into the circular flow of the
carrier gas; and

depositing a material onto the substrate.

16. The method of claim 15, further comprising pulsing a
second reactant gas into the circular flow of the carrier gas.

17. The method of claim 15, wherein the circular flow of
the carrier gas comprises a gas flow pattern selected from the
group consisting of vortex, helix, spiral, and derivatives
thereof.

18. The method of claim 17, wherein the deposited
material comprises tantalum, titanium, tungsten, copper,
alloys thereof, or combinations thereof.

19. The method of claim 18, wherein the deposited
material comprises tungsten or tungsten nitride.

20. The method of claim 18, wherein the deposited
material comprises tantalum nitride.



