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(57) ABSTRACT

Methods of fabricating a chamber component capable of
being exposed to a plasma in a process chamber includes:
providing a component structure composed of metal;
immersing the surface of the component structure in an elec-
troplating bath comprising first metal electrolyte species and
second metal electrolyte species; forming a cathode by con-
necting the component structure to a negative terminal of a
voltage source; immersing in the electroplating bath, an
anode comprising an inert material or material to be electro-
plated, and connecting the anode to a positive terminal of the
voltage source; and electroplating a layer having a concen-
tration gradient of the first metal, second metal, or both.
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METHOD OF FORMING A PROCESS
CHAMBER COMPONENT HAVING
ELECTROPLATED YTTRIUM CONTAINING
COATING

CROSS-REFERENCE

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 12/151,842, entitled ‘“Process Chamber Com-
ponent Having Electroplated Yttrium Containing Coating”,
filed May 8, 2008, which is a continuation of U.S. Pat. No.
7,371,476, entitled “Process Chamber Component Having
Electroplated Yttrium Containing Coating,” filed on Jan. 8,
2002, which is a Continuation-in-part of U.S. Pat. No. 6,942,
929, entitled “Process Chamber Having Yttrium-Aluminum
Coating,” filed on Jan. 8, 2002, all to Han et al. and assigned
to Applied Materials, Inc., and all of which are incorporated
herein by reference and in their entirety.

BACKGROUND

[0002] The present invention relates to a substrate process-
ing chamber component and methods of manufacturing the
same.

[0003] Inprocessing of a substrate in a process chamber, as
in the manufacture of integrated circuits and displays, the
substrate is typically exposed to energized gases that are
capable of, for example, etching or depositing material on the
substrate. The energized gases can also be provided to clean
surfaces of the chamber. However, the energized gases can
often comprise corrosive halogen-containing gases and other
energized species that can erode components of the chamber,
such as the chamber enclosure wall. For example, chamber
components made of aluminum can chemically react with
energized halogen-containing gases to form AlICl; or AlF;,
thereby corroding the components. The corroded portions of
the components can flake off and contaminate the substrate,
which reduces the substrate yield. Thus, the corroded com-
ponents must often be replaced or removed from the chamber
and cleaned, resulting in undesirable chamber downtime.
[0004] The corrosion resistance of a chamber component
can be improved by forming a coating of a corrosion resistant
material over surfaces of component that are susceptible to
erosion, such as surfaces that would otherwise be exposed to
the energized gas. The corrosion resistant coating can be
formed by methods such as plasma spraying or thermal spray-
ing coating material onto the surface of an underlying struc-
ture of the component. For example, a coating of aluminum
oxide can be plasma sprayed onto the surface of an aluminum
chamber wall to form a coating that exhibits improved corro-
sion resistance.

[0005] However, while such coatings improve the corro-
sion resistance of the chamber components, the components
having the coatings can exhibit other problems during cham-
ber processes. For example, thermal expansion mismatch
between the coating and underlying component structure can
lead to stresses at the interface between the coating and under-
lying structure that causes the coating to flake off the under-
lying structure, thereby exposing the underlying structure to
the corrosive energized gas. The particles of loose coating
material can also deposit on and contaminate the substrates
being processed in the chamber. The thermal expansion mis-
match problem is further exacerbated if there is frequent
thermal cycling between or during substrate processing steps.
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[0006] Thus, there is a need for a chamber and chamber
components that exhibit improved corrosion or erosion resis-
tance to energized gases. There is a further need for durable
chamber components that are not easily susceptible to flaking
off during operation of the chamber, especially when the
chamber is subjected to thermal cycling.

SUMMARY

[0007] Methods of fabricating a chamber component
capable of being exposed to a plasma in a process chamber are
provided. In one embodiment, the method includes: provid-
ing a component structure composed of metal; immersing the
surface of the component structure in an electroplating bath
comprising first metal electrolyte species and second metal
electrolyte species; forming a cathode by connecting the
component structure to a negative terminal of a voltage
source; immersing in the electroplating bath, an anode com-
prising an inert material or material to be electroplated, and
connecting the anode to a positive terminal of the voltage
source; and varying the concentration of one or more of the
first and second metal electrolyte species in the electroplating
bath to electroplate a layer comprising a concentration gra-
dient of the first metal, second metal, or both.

[0008] In another embodiment, a plasma chamber compo-
nent is fabricated by: providing a component structure com-
posed of metal; immersing the surface of the component
structure in an electroplating bath to serve as a cathode, the
electroplating bath comprising (i) first metal electrolyte spe-
cies consisting of yttrium-containing species, and (ii) second
metal electrolyte species comprising aluminum-containing
species; immersing an anode in the electroplating bath, the
anode comprising an inert material or material to be electro-
plated; applying a voltage across the component structure and
the anode; and varying the voltage applied across the compo-
nent structure and the anode, to electroplate a layer compris-
ing a concentration gradient of the first metal, second metal,
or both.

[0009] Ina further embodiment, a plasma chamber compo-
nent is fabricated by: providing a component structure com-
posed of metal; immersing the surface of the component
structure in an electroplating bath to serve as a cathode, the
electroplating bath comprising (i) first metal electrolyte spe-
cies consisting of yttrium-containing species, and (ii) second
metal electrolyte species comprising aluminum-containing
species; immersing an anode in the electroplating bath, the
anode comprising an inert material or material to be electro-
plated; applying a voltage across the component structure and
the anode; and varying the pH of the electroplating bath to
electroplate a layer comprising a concentration gradient of
the first metal, second metal, or both.

DRAWINGS

[0010] These and other features, aspects, and advantages of
the present invention will become better understood with
regard to the following description, appended claims, and
accompanying drawings which illustrate examples of the
invention, where:

[0011] FIG. 1isaschematic sectional side view ofa version
of an embodiment of a process chamber according to the
present invention;

[0012] FIG. 2 is a partial sectional schematic side view of a
chamber component comprising an integral surface coating
comprising yttrium-containing species;
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[0013] FIG. 3 is a schematic sectional side view of an
electroplating apparatus;

[0014] FIG. 4 is a schematic sectional side view of an
annealer;
[0015] FIG. 5a is a flow chart of an embodiment of a pro-

cess for electroplating layers comprising yttrium and alumi-
num on a surface of a component and annealing the layers to
form an integral surface coating;

[0016] FIG. 56 is a flow chart of an embodiment of a pro-
cess for electroplating a layer comprising a mixture of yttrium
and aluminum on the surface of a component and annealing
the layer to form an integral surface coating;

[0017] FIG. 6a is a partial sectional schematic side view of
a chamber component comprising a coating having first and
second electroplated layers;

[0018] FIG. 64 is a partial sectional schematic side view of
a chamber component comprising a coating having an elec-
troplated layer comprising a mixture of yttrium-containing
and other species.

DESCRIPTION

[0019] The corrosion resistance of a chamber component
114 is improved by providing an integral surface coating 117
comprising yttrium-containing species. The integral surface
coating 117 is provided to protect the surfaces 115 of com-
ponents 114 that are exposed to energized gas plasmas, high
temperatures, corrosive gases, and/or erosive sputtering spe-
cies in the process zone 108 of a process chamber, or that are
otherwise susceptible to erosion. For example, the compo-
nent 114 having the integral surface coating 117 can comprise
atleast a portion or structure of one or more of a chamber wall
107, chamber liner 105, substrate support 110, gas supply
130, gas energizer 154, gas exhaust 144, and substrate trans-
port 101. For example, in one version, the component 114
having the integral surface coating 117 comprises a portion of
the chamber liner 105, as shown in FIG. 1.

[0020] The integral surface coating 117 covers at least a
portion of an underlying structure 111 of the component 114
and forms a unitary and continuous structure that is absent a
discrete and sharp crystalline boundary therebetween, as
schematically illustrated in FIG. 2 with a dotted line. In one
version, the integral surface coating is formed in-situ from the
surface of the component 114 using the underlying compo-
nent material. By “growing” the surface coating 117 out of the
underlying structure of which the component 114 is fabri-
cated, the surface coating 117 is more strongly bonded to the
underlying component material or structure than conven-
tional coatings, such as plasma sprayed coatings, which have
a discrete interface with the underlying component structure.
The strongly bonded integral surface coating 117 can better
withstand thermal stresses and reduces flaking off of the
coating and resultant contamination of the substrates 104.
[0021] The integral surface coating 117 comprises yttrium-
containing species that provide corrosion resistance in a pro-
cessing environment, such as at least one of elemental yttrium
and yttrium oxide (Y,0;). In particular, oxidized yttrium
species improves corrosion resistance, and thus, the presence
of these species in the coating 117 is desirable. The surface
coating 117 can also comprise other corrosion resistant spe-
cies in combination with the yttrium-containing species. For
example, the coating 117 can comprise corrosion resistant
species comprising aluminum-containing species, such as
elemental aluminum and aluminum oxide. The coating 117
can also comprise yttrium-aluminum alloys and compounds,
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such as a yttrium-aluminum compound having a predefined
stoichiometric ratio of yttrium oxide and aluminum oxide, as
in yttrium aluminum garnet (YAG).

[0022] Inanother version, the coating 117 comprises zZirco-
nium-containing species in addition to the yttrium-containing
species, such as for example, elemental zirconium or zirco-
nium oxide. The combination of the yttrium-containing and
zirconium-containing material can be tailored to provide par-
tially stabilized zirconia (PSZ) or tetragonal zirconia poly-
crystals (TZP). PSZ comprises zirconia polymorphs, such as
cubic and metastable tetragonal ZrO,, and is obtained by
adding a controlled amount of cubic phase-forming stabilizer
oxide material, such as yttrium oxide. The addition of stabi-
lizer to zirconia forces the structure into a tetragonal phase at
temperatures higher than 1,000° C., and a mixture of cubic
phase and monoclinic (or tetragonal) phases at lower tem-
peratures. The partially stabilized zirconia is also called tet-
ragonal zirconia polycrystal (TZP). Typically, PSZ comprises
at least about 3 wt % of MgO, 2to 6 wt % of CaO, or3 to 9 wt
% of Y20;. PSZ is a transformation-toughened material
because of microcracks and induced stress phenomena.
Microcracks, which occur due to the difference in thermal
expansion between the cubic, and monoclinic or tetragonal
phase, dissipate the energy of propagating cracks. Induced
stress arises from the tetragonal-to-monoclinic transforma-
tion. The presence of the cubic matrix provides a compressive
force that maintains the tetragonal phase. Energy from a
propagating crack causes a transition from the metastable
tetragonal to the stable monoclinic phase to slow or stop
propagation of the cracks. The zirconium oxide can also form
a zirconia dispersion toughened ceramic (ZTC) in which
tetragonal zirconia is dispersed in another ceramic, such as
aluminum oxide or yttrium oxide, to toughen the ceramic.

[0023] The coating 117 can also comprise a concentration
gradient of yttrium-containing species through a thickness of
the coating 117. In one version, the composition of the coat-
ing 117 gradually varies from the coating surface to the under-
lying interface. For example, the coating 117 can comprise a
concentration gradient in which the concentration of a species
varies so that is matches the composition of the underlying
structure, and gradually changes with thickness to reach a
desirable erosion resistant stoichiometric composition at the
coating surface. The matching composition of the coating to
the underlying structure 111 allows the coating to bond well
to the underlying structure 111, while the surface composi-
tion is tailored to provide better corrosion or other resistance.
In one version, the concentration gradient provides a first
concentration of yttrium-containing species in a first region
of the coating 117, such as at the surface 113 of the coating
117, and a second concentration in a second region, such as
towards the surface 112 of the underlying structure 111 that is
lower than the first. For example, the coating 117 can com-
prise a concentration gradient of one or more of elemental
yttrium, yttrium oxide, and yttrium aluminum oxide that
decreases the concentration of the yttrium-containing species
from a first concentration at the surface 113 of the coating
117, to a second concentration at the surface 112 of the
underlying structure 111, without forming discrete bound-
aries regions in the coating 117, and at a gradual rate through-
out a thickness of the coating 117.

[0024] The surface coating 117 can also comprise a second
concentration gradient of a second species, such as aluminum
or zirconium-containing species, comprising at least one of
elemental aluminum, elemental zirconium, aluminum oxide
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and zirconium oxide. The second concentration gradient can
increase or decrease with the first concentration gradient of
yttrium-containing species, or can be substantially opposite
the yttrium-containing species concentration gradient. In one
version, the second concentration gradient provides an
increase in a first concentration of an aluminum-containing
species at the surface 113 of the coating 117, to a second
concentration that is higher than the first at the surface 112 of
the underlying structure 111. The resulting structure provides
enhanced bonding to the underlying structure 111 while also
providing improved corrosion resistance.

[0025] The composition and thickness of the integral sur-
face coating 117 is selected to enhance its resistance to cor-
rosion and erosion, or other detrimental effects. For example,
a thicker integral surface coating 117 may provide a more
substantial barrier to corrosion of the chamber component
114, while a thinner coating is more suitable for thermal
shock resistance. The integral surface coating 117 may even
be formed such that the oxidized species extend throughout
the depth of the component or just on its surface. A suitable
thickness of the oxidized species in the integral surface coat-
ing 117 may be, for example, from about 12 micrometers (0.5
mils) to about 203 micrometers (8 mils), or even from about
25 micrometers (1 mil) to about 102 micrometers (4 mils.)
[0026] The component 114 having the integral surface
coating 117 can be formed by electroplating yttrium metal
onto the surface 112 of an underlying structure 111 and sub-
sequently annealing the coating and underlying structure 111.
One or more of the other corrosion resistant species, such as
aluminum and zirconium metals, can also be electroplated
onto the structure 111. Electroplating of the metals provides
a layer that is well bonded to the underlying surface 112 and
protects the underlying surface 112 from corrosion. Anneal-
ing the structure 111 and electroplated metals diffuses the
electroplated metals and underlying structure 111 into one
another to provide a unitary component structure.

[0027] The metals can be electroplated onto the structure
111 by reducing one or more of yttrium, aluminum and zir-
conium-containing species to their elemental metal state at
the surface 112 of the structure 111. In the electroplating
process, the surface 112 of the component 114 to be electro-
plated serves as a cathode and is connected to a negative
terminal 401 of a voltage source 400, as shown for example in
FIG. 3. The surface 112 is immersed in an electroplating bath
403 comprising, for example, an aqueous solution having one
or more yttrium, aluminum and zirconium-containing elec-
trolytes dissolved therein. An anode 404 connected to the
positive terminal 402 of the voltage source is also immersed
in the bath 403, the anode comprising an inert material or even
the material to be electroplated. Application of a bias voltage
to the cathode 114 and anode 404 from the voltage source 400
builds up a negative charge on the surface 112 of'the structure
111, attracting the charged electrolyte species in the solution,
which are then reduced to their elemental form at the surface
112. In other words, the metals are “plated out” onto the
surface 112 of the structure 111.

[0028] The electroplating conditions, such as the concen-
tration and composition of the electrolytes, the voltage
applied, the pH of the bath solution and the temperature may
be selected to provide electroplated layers having the desired
composition and structure. Suitable yttrium containing elec-
trolytes can comprise, for example, one or more of yttrium
bromide, yttrium chloride, yttrium fluoride, yttrium nitrate,
yttrium perchlorate, yttrium carbonate, yttrium sulfate,
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yttrium hydroxide, yttrium iodate and yttrium acetate. Alu-
minum containing electrolytes can comprise, for example,
one or more of aluminum chloride, aluminum bromide, alu-
minum fluoride, and aluminum hydroxide. Zirconium con-
taining electrolytes can comprise, for example, one or more of
zirconium nitrate, zirconium silicate, zirconium sulfate and
zirconium citrate. In addition or as an alternative to an aque-
ous (water-based) bath, the bath solution can comprise an
organic solvent, such as for example dimethylformamide
(DMF), dimethylsulfoxide (DMSO), dimethoxyethane
(DME), and tetrahydrofuran (THF). Other suitable electro-
plating conditions, such as different plating bath composi-
tions and other electrolytes can also be used.

[0029] Inone version, the metals are electroplated onto the
surface 112 of an underlying structure 111 that comprises a
material that is similar to the electroplated metals, such as for
example one or more of yttrium, aluminum and zirconium
containing materials. By electroplating materials onto a
structure 111 having a similar composition, the electroplated
metals can be “grown” on the surface 112 of the underlying
structure 111 to form a strongly bonded coating 117 without
a discrete boundary between the coating 117 and underlying
structure 111. For example, the underlying structure 111 can
comprise an aluminum alloy that forms a strongly bonded
continuous structure with an electroplated aluminum metal.
The aluminum alloy is a mixture of aluminum with smaller
amounts of one or more of copper, magnesium, manganese,
gold, titanium, zinc, silicon and iron. In one version, the
underlying structure comprises an aluminum alloy compris-
ing at least about 90% by weight aluminum, and at most about
10% other metals. In another version, the underlying struc-
ture 111 comprises a yttrium containing material, such as a
yttrium-aluminum alloy. The underlying structure 111 can
also comprise a zirconium-containing alloy.

[0030] After electroplating one or more layers of metals
onto the surface 112, the surface 112 of the component 114
and the electroplated material are annealed to form the inte-
gral surface coating 117. In the annealing process, the com-
ponent 114 having the electroplated metals is heated to a
temperature where the structure of the electroplated metals
and underlying structure 111 begins to break up, and materi-
als from the electroplated metal and structure 111 at least
partially diffuse into each other. The intermixing of the mate-
rials between the electroplated layer and underlying structure
111 forms a more integral and unitary coating 117 without a
discrete boundary, thereby strengthening the corrosion resis-
tance of the coating 117. The mixture of the materials pro-
vides a gradual change in composition from the surface 112 of
the underlying structure 111 to the surface 113 of the coating
117 that resists flaking of the coating 117 and reduces thermal
mismatch problems between the underlying structure 111 and
coating 117. The annealing process can also be repeated a
desired number of times to achieve intermixing between the
electroplated materials and underlying structure 111.

[0031] Furthermore, by annealing the coating 117 in a oxy-
gen containing atmosphere, corrosion resistant oxides of one
ormore of yttrium, aluminum and zirconium can be formed in
the electroplated coating 117. For example, the coating 117
can be annealed in the presence of one or more of O,, O, and
H,O to form oxides that show resistance to erosion by ener-
gized gases. The heat provided during the annealing process
also facilitates the oxidation of the coating materials by
speeding up the oxidation reaction. The oxidized species
formed by annealing the component 114 can comprise one or
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more of as Y,0; and Al,O;, as well as oxidized yttrium
aluminum compounds, such as yttrium aluminum garnet
(YAG.) Other oxidized species such as zirconium oxide
(ZrO,) in various phases can also form, according to the
composition of materials electroplated onto the structure.
Also, because the oxygen containing atmosphere contacts the
surface 113 of the coating 117, the annealing process results
in a coating composition having a concentration gradient of
oxidized species, with a greater concentration of oxidized
species near the surface 113 of the coating 117, thus enhanc-
ing the corrosion resistance of the coating 117.

[0032] A version of an annealer 500 suitable for annealing
the coating 117 is illustrated in F1G. 4. Typically, the annealer
500 comprises a heat source 510, such as an incoherent or
coherent electromagnetic radiation source, that is capable of
heating the component 114 to a suitable temperature for
annealing. For example, the annealer 500 may heat the com-
ponent 114 to a temperature of at least about 600° C., such as
for example, at least about 900° C. In the embodiment shown
in FIG. 4, the annealer 500 is a rapid thermal annealer 505
comprising a heat source 510 that includes tungsten halogen
lamps 515 to generate radiation and a reflector 520 to reflect
the radiation onto the component 114. A fluid 525, such as air
or water is flowed along the heat source 510 to regulate the
temperature of the heat source 510. In one version, a quartz
plate 530 is provided between the heat source 510 and the
component 114 to separate the fluid from the component 114.
The rapid thermal annealer 505 may further comprise a tem-
perature monitor 540 to monitor the temperature of the com-
ponent 114. In one embodiment, the temperature monitor 540
comprises an optical pyrometer 545 that analyzes radiation
emitted by the component 114 to determine a temperature of
the component 114.

[0033] FIG. Saillustrates an embodiment of an electroplat-
ing and annealing method of chamber component manufac-
ture. In this embodiment, a chamber component 114 compris-
ing an underlying structure 111 is formed from a metal or an
alloy, such as an aluminum alloy. A first layer 119 comprising
a first material, such as aluminum, is electroplated onto the
surface 112 of the structure 111. After the first layer 119 has
been electroplated, a second layer 120 comprising a second
material, such as yttrium, is electroplated onto the surface 112
of the structure 111. The first and second layers are then
annealed to form the integral surface coating 117.

[0034] The coating 117 having the first and second layers
119, 120, is formed by exposing the surface 112 of the under-
lying structure 111 to electroplating conditions that result in
selective plating of a desired material. For example, the sur-
face 112 can be exposed to a bath comprising the desired first
material present as an electrolyte in the solution and substan-
tially absent the second material, to form a first layer 119
comprising the desired first material. Once the first layer 119
has been formed, the surface 112 is exposed to a bath com-
prising the desired second material, and substantially absent
the first material, to form the second layer 120. FIG. 6a shows
the integral surface coating 117 formed by electroplating the
first and second layers 119,120. In one version, the surface
112 is exposed to conditions to electroplate a first layer 119
comprising aluminum, and thereafter exposed to conditions
to electroplate a second layer 120 comprising yttrium. The
electroplating conditions can alternatively be selected to elec-
troplate a first layer 119 comprising yttrium, and a second
layer 120 comprising aluminum. Electroplating conditions
can be further selected to electroplate one or more of a first
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layer 119 and second layer 120 comprising zirconium. The
layers may also be alternated a desired number of times to
achieve a coating 117 having the desired composition.
[0035] In one version of an electroplating process suitable
for the formation of the first and second layers 119,120, a first
layer 119 comprising aluminum is electroplated onto the
surface 112 by immersing the surface 112 in an aqueous
solution comprising, for example, one or more of aluminum
chloride, aluminum bromide, aluminum fluoride and alumi-
num hydroxide. A suitable bias voltage is applied to the
surface 112 to form the layer 119 of aluminum metal. A
second layer 120 comprising yttrium is then plated over the
first layer 119 by immersing the surface of the first layer 119
in an aqueous solution comprising, for example, one or more
of yttrium bromide, yttrium chloride, yttrium fluoride,
yttrium nitrate, yttrium perchlorate, yttrium carbonate,
yttrium sulfate, yttrium hydroxide, yttrium iodate and yttrium
acetate, and applying a suitable bias voltage to bias the sur-
face 112 and form the layer 120 of yttrium metal. Suitable
concentrations of the aluminum and yttrium-containing elec-
trolytes in the solutions may be, for example, from about 0.1
mM to about 50 M, and a suitable bias voltage for depositing
the layers 119, 120 may be, for example, a bias voltage that is
sufficient to provide a current density of from about 0.1
A/dm? to about 100 A/dm? (amps per decimeter squared). In
addition or as an alternative to an aqueous (water-based) bath,
the bath solution can comprise an organic solvent, such as for
example one or more of dimethylformamide, dimethylsul-
foxide, dimethoxyethane, and tetrahydrofuran.

[0036] The coating 117 having the first and second layers
119,120 is then annealed, for example in the annealer shown
in FIG. 4, to provide the unitary coating structure, as shown in
FIG. 2, and to form corrosion resistant oxides. Annealing of
the layers 119,120 also inter-diffuses material between the
layers 119,120 to form a concentration gradient of species
that provides a gradual change in the coating composition
throughout the thickness of the coating 117. The annealing of
the layers 119, 120 can also provide a concentration gradient
of'one or more yttrium-containing species through the thick-
ness of the coating 117 that improves bonding to the under-
lying structure 111 and enhances corrosion resistance.
[0037] Yet another embodiment of an electroplating and
annealing method of chamber component manufacture is
illustrated in the flow chart of FIG. 556. In this embodiment, a
chamber component 114 comprises an underlying structure
111 formed from a metal or an alloy. A layer 121 comprising
a mixture of species, such as a mixture of aluminum and
yttrium, is then electroplated onto the surface 112 of the
component 114. The electroplated layer 121 is annealed to
form the integral surface coating 117 and to provide corrosion
resistant oxidized species.

[0038] The layer 121 comprising the mixture of species is
formed by co-depositing metals such as yttrium and at least
one of aluminum and zirconium metals on the surface 112 of
the structure 111 in an electroplating process. For example, to
form a co-deposited layer 121 of yttrium and aluminum, the
surface 112 of the structure 111 is immersed in a bath 404
comprising electrolytes of both yttrium and aluminum, and
the electroplating conditions, such as the voltage, electrolyte
composition and concentration, and temperature, are set such
that a mixture of both yttrium and aluminum are plated out
simultaneously on the surface 112 of the structure 111, as
shown in FIG. 65. Following deposition of the co-deposited
layer 121 comprising the mixture of materials, the structure
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111 and layer 121 are annealed to form the integral surface
coating 117 having improved corrosion resistance, as shown
in FIG. 2. In one version, the co-deposited layer 121 com-
prises substantially the entire coating 117. One or more other
layers of materials, such as layers of yttrium and aluminum,
can also be electroplated on the structure 111 in addition to
the co-deposited layer.

[0039] Inone version, a co-deposited layer 121 comprising
first and second concentration gradients of first and second
materials can be formed by varying the electroplating condi-
tions to provide a gradient co-deposition of one or more of
metals, such as yttrium and at least one of aluminum and
zirconium, on the surface 112 of the component 114. The
gradient co-deposition of the metals provides a gradually
varying concentration of the metals through a thickness of the
coating 117. In one version, the electroplating conditions can
be selected to electroplate aluminum at the surface 112 of the
structure 111, and to gradually increase the amount of yttrium
plated onto the structure 111 while decreasing the amount of
electroplated aluminum as the thickness of the coating 117
increases. This provides opposing concentration gradients of
yttrium and aluminum, with a first concentration of yttrium at
the surface 112 of the structure that is lower than a second
concentration of yttrium at the surface 113 of the coating 117,
and a first concentration of aluminum at the surface 112 of the
structure 111 that is higher than a second concentration of
aluminum at the surface 113 of the coating 117. By providing
opposing first and second composition gradients, the compo-
sition of the coating 117 may vary smoothly from the under-
lying structure 111 through the thickness of the coating,
thereby providing a coating 117 that is integral with the
underlying structure 111 and that provides improved corro-
sion resistance.

[0040] Inone version of forming a coating 117 comprising
opposing gradient concentrations of yttrium and aluminum-
containing species, the concentration of yttrium-containing
electrolytes in the electroplating bath solution is gradually
increased with respect to the concentration of the aluminum-
containing electrolytes as the coating thickness increases. For
example, more yttrium-containing electrolytes can be added
to the bath solution as the thickness of the coating increases.
The amount of aluminum plated on the structure 111 can be
decreased with increasing thickness of the coating 117 by, for
example, allowing the aluminum-containing electrolytes in
the electroplating bath to be gradually used up (plated out)
until there are few or no aluminum-containing electrolytes
remaining in the bath 403. Also, fresh electrolyte solution can
be continuously provided to the electroplating bath, the fresh
solution comprising increasingly higher concentrations of
yttrium-containing electrolyte and lower concentrations of
aluminum-containing electrolyte, until a coating having the
desired thickness and composition is formed. Other electro-
plating conditions that can be varied to provide a composi-
tional gradient can include the bias voltage and the pH of the
bath solution.

[0041] Furthermore, although electroplating methods may
be suitable for the deposition of zirconium onto the structure
111, other methods such as physical vapor deposition, plasma
spraying, chemical vapor deposition, hot isostatic pressing,
sintering, and ion vapor deposition can also be used. For
example, the coating 117 may comprise yttrium-containing
species deposited by electroplating, and zirconium-contain-
ing species that are deposited by another method, such as
plasma spraying. In one version, the coating 117 comprises
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partially stabilized zirconium oxide deposited by plasma
spraying. The coating 117 can also comprise alternating lay-
ers 119, 120 deposited by electroplating and non-electroplat-
ing means.

[0042] The corrosion resistant component 114 having the
integral surface coating 117 may be provided in an apparatus
102 suitable for processing a substrate 104, an embodiment of
which is shown in FIG. 1. Generally, the apparatus 102 com-
prises a process chamber 106 having a wall 107, such as an
enclosure wall 103, which may comprise a ceiling 118, side-
walls 114, and a bottom wall 116 that enclose a process zone
108. The wall 107 may also comprise a chamber wall liner
105 that lines at least a portion of the enclosure wall 103 about
the process zone 108. In operation, process gas is introduced
into the chamber 106 through a gas supply 130 that includes
a process gas source 138 and a gas distributor 137. The gas
distributor 137 may comprise one or more conduits 136 hav-
ing one or more gas flow valves 134, and one or more gas
outlets 142 around a periphery of a substrate support 110
having a substrate receiving surface 180. Alternatively, the
gas distributor 130 may comprise a showerhead gas distribu-
tor (not shown). Spent process gas and etchant byproducts are
exhausted from the chamber 106 through an exhaust 144
which may include a pumping channel 170 that receives spent
process gas from the process zone, a throttle valve 135 to
control the pressure of process gas in the chamber 106, and
one or more exhaust pumps 152.

[0043] Theprocess gas may be energized by a gas energizer
154 that couples energy to the process gas in the process zone
108 of the chamber 106. In one version, the gas energizer 154
comprises process electrodes that are powered by a power
supply to energize the process gas. The process electrodes
may include an electrode that is in a wall, such as a sidewall
114 or ceiling 118 of the chamber 106, which may be capaci-
tively coupled to another electrode, such as an electrode in the
support 110 below the substrate 104. Alternatively or addi-
tionally, the gas energizer 154 may comprise an antenna
comprising one or more inductor coils about the chamber
106. In yet another version, the gas energizer 154 may com-
prise a microwave source and waveguide to activate the pro-
cess gas by microwave energy in a remote zone upstream
from the chamber 106. To process a substrate 104, the process
chamber 106 is evacuated and maintained at a predetermined
sub-atmospheric pressure though an exhaust port 171 in the
chamber. The substrate 104 is then provided on the support
110 by a substrate transport 101, such as for example, a robot
arm and a lift pin system. The substrate support 110 may also
comprise one or more rings 109 that at least partially surround
aperiphery of the substrate 104 to secure the substrate 104 on
the support 110, or to otherwise aid in processing the sub-
strate 104, for example by focusing energetic plasma species
onto the substrate 104. The gas energizer 154 then energizes
the gas to provide an energized gas in the process zone 108 to
process the substrate 104 by coupling RF or microwave
energy to the gas.

[0044] Although exemplary embodiments of the present
invention are shown and described, those of ordinary skill in
the art may devise other embodiments which incorporate the
present invention, and which are also within the scope of the
present invention. For example, the coating may comprise
other suitable components, such as other metals without devi-
ating from the scope of the present invention. Also, the under-
lying structure 111 may form portions of chamber compo-
nents 114 other than those specifically mentioned, as would
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be apparent to those of ordinary skill in the art. Furthermore,
the terms below, above, bottom, top, up, down, first and
second and other relative or positional terms are shown with
respect to the exemplary embodiments in the figures and are
interchangeable. Therefore, the appended claims should not
be limited to the descriptions of the preferred versions, mate-
rials, or spatial arrangements described herein to illustrate the
invention.

What is claimed is:

1. A method of fabricating a chamber component capable
of being exposed to a plasma in a process chamber, the
method comprising:

(a) providing a component structure composed of metal;

(b) immersing the surface of the component structure in an
electroplating bath comprising first metal electrolyte
species and second metal electrolyte species;

(c) forming a cathode by connecting the component struc-
ture to a negative terminal of a voltage source;

(d) immersing in the electroplating bath, an anode com-
prising an inert material or material to be electroplated,
and connecting the anode to a positive terminal of the
voltage source; and

(e) varying the concentration of one or more of the first and
second metal electrolyte species in the electroplating
bath to electroplate a layer comprising a concentration
gradient of the first metal, second metal, or both.

2. A method according to claim 1 wherein the first metal

electrolyte species comprises yttrium-containing species.

3. A method according to claim 2 comprising providing an
electroplating bath comprising a solution of one or more of
yttrium bromide, yttrium chloride, yttrium fluoride, yttrium
nitrate, yttrium perchlorate, yttrium carbonate, yttrium sul-
fate, yttrium hydroxide, yttrium iodide and yttrium acetate.

4. A method according to claim 3 comprising maintaining
a concentration of yttrium-containing species in the electro-
plating bath of from about 0.1 mM to about 50 M.

5. A method according to claim 2 comprising electroplat-
ing the yttrium-containing species to form first metal com-
prising elemental yttrium, and annealing the elemental
yttrium to form yttrium oxide.

6. A method according to claim 5 comprising annealing the
elemental yttrium to a temperature of at least about 600° C.

7. A method according to claim 1 wherein the second metal
electrolyte species comprises at least one of an aluminum-
containing species and a zirconium-containing species.

8. A method according to claim 7 comprising providing an
electroplating bath comprising a solution of one or more of
aluminum chloride, aluminum bromide, aluminum fluoride,
and aluminum hydroxide.

9. A method according to claim 7 comprising providing an
electroplating bath comprising a solution of one or more of
zirconium nitrate, zirconium silicate, zirconium sulfate and
Zirconium citrate.

10. A method according to claim 1 wherein (e) comprises
varying the voltage applied by the voltage source.

11. A method according to claim 1 comprising maintaining
avoltage that is sufficiently high to provide in the electroplat-
ing bath, a current density of from about 0.1 A/dm? to about
100 A/dm?>.

12. A method according to claim 1 wherein (e) comprises
varying the pH of the electroplating bath.
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13. A method according to claim 2 comprising electroplat-
ing the yttrium-containing species to form an electroplated
coating having a thickness of from about 12 micrometers to
about 203 micrometers.

14. A method of fabricating a plasma chamber component,
the method comprising:

(a) providing a component structure composed of metal;

(b) immersing the surface of the component structure in an
electroplating bath to serve as a cathode, the electroplat-
ing bath comprising (i) first metal electrolyte species
consisting of yttrium-containing species, and (ii) second
metal electrolyte species comprising aluminum-con-
taining species;

(c) immersing an anode in the electroplating bath, the
anode comprising an inert material or material to be
electroplated;

(d) applying a voltage across the component structure and
the anode; and

(e) varying the voltage applied across the component struc-
ture and the anode, to electroplate a layer comprising a
concentration gradient of the first metal, second metal,
or both.

15. A method according to claim 14 comprising electro-
plating the yttrium-containing species to form elemental
yttrium, and annealing the elemental yttrium to form yttrium
oxide.

16. A method according to claim 14 wherein (e) further
comprises varying the pH of the electroplating bath.

17. A method of fabricating a plasma chamber component,
the method comprising:

(a) providing a component structure composed of metal;

(b) immersing the surface of the component structure in an
electroplating bath to serve as a cathode, the electroplat-
ing bath comprising (i) first metal electrolyte species
consisting of yttrium-containing species, and (ii) second
metal electrolyte species comprising aluminum-con-
taining species;

(c) immersing an anode in the electroplating bath, the
anode comprising an inert material or material to be
electroplated;

(d) applying a voltage across the component structure and
the anode; and

(e) varying the pH of the electroplating bath to electroplate
a layer comprising a concentration gradient of the first
metal, second metal, or both.

18. A method according to claim 17 wherein (e) further
comprises varying the voltage applied across the component
structure and the anode.

19. A method according to claim 17 comprising maintain-
ing a concentration of yttrium-containing species in the elec-
troplating bath of from about 0.1 mM to about 50 M.

20. A method according to claim 17 comprising electro-
plating the yttrium-containing species to form first metal
comprising elemental yttrium, and annealing the elemental
yttrium to form yttrium oxide.
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