
WO 2006/073585 PCT/US2005/041862  Process Chamber Component with Layered
Coating and Method BACKGROUND  5 The present invention relates to components
for a substrate processing  chamber. In the processing of substrates, such
as semiconductor wafers and  displays, a substrate is placed n a process
chamber and exposed to an energized gas  10 to deposit, or etch material on
t e substrate. During such processing, process residues are generated and
can deposit on internal surfaces in the chamber. For example, in  sputter
deposition processes, material sputtered from a target for deposition on a
substrate also deposits on other component surfaces in the chamber, such as
on  deposition rings, shadow rings, wall liners, and focus rings. In
subsequent process 15 cycles, the deposited process residues can "flake off"
of the chamber surfaces to fall  upon and contaminate the substrate. To
reduce the contamination of the substrates by process residues, the
surfaces of components in the chamber can be textured. Process residues
adhere  20 better to the exposed textured surface and are inhibited from
falling off and contaminating the substrates in the chamber. The textured
component surface can be  formed by coating a roughened surface of a
component, as described for example in  U.S. Patent No. 6,777,045 to
Shyh-Nung Lin et al, issued on August 17, 2004, and  commonly assigned to
Applied' Materials, and U.S. Application No. 10/833,975 to Lin et 25 al,
filed on April 27, 2004, and commonly assigned to Applied Materials, both of
which  are herein incorporated by reference in their entireties. Coatings
having a higher  surface roughness can be better capable of accumulating and
retaining process  residues during substrate processing, to reduce the
contamination of the substrates  processed in the chamber. 30 However, the
extent of the surface roughness provided on the coatings  can be limited by
the bonding properties of the coating to the underlying component  1 



WO 2006/073585 PCT/US2005/041862  structure. For example, a dilemma posed by
current processes is that coatings having  an increased surface roughness,
and thus improved adhesion of process residues, also  are typically less
strongly bonded to the underlying structure. This may be especially  true
for coatings on components having a dissimilar composition, such as for
example 5 aluminum coatings on ceramic or stainless steel components.
Processing of substrates  with the less strongly adhered coating can result
in delamination, cracking, and flaking- off of the coating from the
underlying structure. The plasma in the chamber can  penetrate through
damaged areas of the coating to erode the exposed surfaces of the
underlying structure, eventually leading to failure of the component. Thus,
the coated 10 components typically do not provide both adequate bonding and
good residue adhesion  characteristics. Thus, it is desirable to have a
coated component and method that provide  improved adhesion of process
residues to the surface of the component, substantially  15 without
de-lamination of the coating from the component. It is further desirable to
have  a coated component and method that provide a well-bonded coating
having an increased surface roughness to improve the adhesion of process
residues.  2 WO 2006/073585 PCT/US2005/041862  SUMMARY In one version, a
substrate processing chamber component capable of  being exposed to an
energized gas in a process chamber has an underlying structure  5 and first
and second coating layers. The first coating layer is formed over the
underlying structure, and has a first surface with an average surface
roughness of less  than about 25 micrometers. The second coating layer is
formed over the first coating  layer, and has a second surface with an
average surface roughness of at least about 50  micrometers. Process
residues can adhere to the surface of the second coating layer  10 to reduce
the contamination of processed substrates. In another version, the substrate
processing chamber component has an  underlying structure of at least one of
stainless steel, aluminum and titanium. The  



component has a first sprayed coating layer of aluminum over the underlying
structure, 15 the first sprayed coating layer having (i) a porosity of less
than about 10%, and (ii) a  first surface with an average surface roughness
of less than about 25 micrometers.  The component also has a second sprayed
coating layer of aluminum over the first  sprayed coating layer, the second
sprayed coating layer having (i) a porosity of at least  about 12%, and (ii)
a second surface with an average surface roughness of at least 20 about 50
micrometers. Process residues adhere to the second surface to reduce the
contamination of processed substrates. In one version, a method of
manufacturing the substrate processing  chamber component includes providing
an underlying structure and spraying a first 25 coating layer onto the
underlying structure. First spraying parameters are maintained to  form a
first surface on the first coating layer that has average surface roughness
of less  than about 25 micrometers. A second coating layer is sprayed over
the first coating  layer while maintaining second spraying parameters to
form a second surface on the  second coating layer that has an average
surface roughness of at least about 50 30 micrometers. In another version, a
twin wire arc sprayer capable of forming a coating on  a structure is
provided. The sprayer has first and second electrodes capable of being
biased to generate an electrical arc therebetween, at least one of the
electrodes having  3 WO 2006/073585 PCT/US2005/041862  a consumable
electrode. The sprayer also has a supply of pressurized gas to direct
pressurized gas past the electrodes, and a nozzle through which the
pressurized gas is  flowed. The nozzle has a conduit to receive the
pressurized gas, and a conical section  having an inlet that is attached to
the conduit and an outlet that releases the 5 pressurized gas. The conical
section has sloping conical sidewalls that expand  outwards from the inlet
to the outlet. The inlet has a first diameter and the outlet has a  second
diameter, the second diameter being at least about 1.5 times the size of the
first  diameter, whereby a pressure of the pressurized gas flowing through
the nozzle can be  selected to provide a predetermined surface roughness
average of the coating. The 



10 consumable electrode is at least partially melted by the electrical arc
to form molten  material, and the molten material is propelled by the
pressurized gas through the nozzle  and onto the structure to form the
coating. The nozzle allows a pressure of the  pressurized gas to be selected
to provide a predetermined surface roughness average  of the coating. 15  20
25  4 WO 2006/073585 PCT/US2005/041862  DRAWINGS These features, aspects and
advantages of the present invention will 5 become better understood with
regard to the following description, appended claims, li and accompanying
drawings, which illustrate examples of the invention. However, it is  to be
understood that each of the features can be used in the invention in
general, not  merely in the context of the particular drawings, and the
invention includes any  combination of these features, where: 10 Fig. I is a
partial sectional side view of an embodiment of a process  chamber component
having first and second coating layers; Fig. 2 is a partial schematic view
of an embodiment of a thermal sprayer  15 capable of forming a coating on a
component; Figures 3a and 3b are a partial sectional side view and an offset
top view,  respectively, of an embodiment of a thermal sprayer nozzle that
is capable of forming  coating layers having a range of different average
surface roughness; and 20 Figure 4 is a partial sectional side view of an
embodiment of a substrate  processing chamber. 25  30  



5 WO 2006/073585 PCTIUS2005/041862  DESCRIPTION A component 20 suitable for
use in a substrate processing chamber is  shown in Figure 1. The component
20 comprises a coating 22 having a textured 5 surface 25 to which process
residues can adhere, and which also inhibits erosion of the  underlying
component. The component 20 having the coating 22 can be a component  in the
chamber 106 that is susceptible to erosion and/or a build up of process
deposits,  such as for example, a portion of one or more of a gas delivery
system 112 that  provides process gas in the chamber 106, a substrate
support 114 that supports the hI 10 substrate 104 in the chamber 106, a gas
energizer 116 that energizes the process gas,  chamber enclosure walls 118
and shields 120, and a gas exhaust 122 that exhausts  gas from the chamber
106, exemplary embodiments of all of which are shown in Figure  4. For
example, in a physical vapor deposition chamber 106, the coated components
can comprise any of a chamber enclosure wall 118, a chamber shield 120, a
target 124, 15 a cover ring 126, a deposition ring 128, a support ring 130,
insulator ring 132, a coil  135, coil support 137, shutter disk 133, clamp
shield 141, and a surface 134 of the  substrate support 114. The chamber
component 20 comprises an underlying structure 24 having  20 an overlying
coating 22 that covers at least a portion of the structure 24, as shown in
Figure 1. The underlying structure 24 comprises a material that is resistant
to erosion  from an energized gas, such as an energized gas formed in a
substrate processing  environment. For example, the structure 24 can
comprise a metal, such as at least one  of aluminum, titanium, tantalum,
stainless steel, copper and chromium. In one version, 25 a structure 24
comprising improved corrosion resistance comprises at least one of
aluminum, titanium and stainless steel. The structure 24 can also comprise a
ceramic  material, such as for example at least one of alumina, silica,
zirconia, silicon nitride and  aluminum nitride. A surface 26 of the
structure 24 contacts the coating 22, and  desirably has a surface roughness
that improves adhesion of the overlying coating 22 30 to the structure 24.
For example, the surface 26 can have a surface roughness of at  



least about 2.0 micrometers (80 microinches.) It has been discovered
substrate processing can be improved by  providing a coating 22 comprising
at least two coating layers 30a,b of coating material.  6 WO 2006/073585
PCT/US2005/041862  The multi-layer coating 22 comprises coating layers 30a,b
having characteristics that  are selected to provide good bonding of the
coating 22 to the underlying structure 24,  while also improving the
adhesion of process residues. Desirably the coating 22  comprises a first
layer 30a that is formed over at least a portion of the surface 26 of the 5
underlying structure 24, and a second layer 30b that is formed over at least
a portion of  the first layer. Suitable materials for at least one of the
first and second layers 30a,b  may comprise, for example, a metal material,
such as at least one of aluminum, copper,  stainless steel, tungsten,
titanium and nickel. At least one of the first and second layers  30a,b may
also comprise a ceramic material, such as for example at least one of 10
aluminum oxide, silicon oxide, silicon carbide, boron carbide and aluminum
nitride. In  one version, the coating 22 comprises one or more layers 30a,b
of aluminum formed  over an underlying structure 24 comprising at least one
of stainless steel and alumina.  While the coating 22 can consist of only
two layers 30a,b, the coating 22 can also  comprise multiple layers of
material that provide improved processing characteristics.  15 The coating
22 desirably comprises a first layer 30a having characteristics  that
provide enhanced bonding to the surface 26 of the underlying structure 24.
In one  version, improved results are provided with a first layer 30a having
a textured surface  32 with a first average surface roughness that is
sufficiently low to provide good 20 bonding of the first layer 30a to the
surface 26 of the underlying structure 24. The  roughness average of a
surface is the mean of the absolute values of the  displacements from the
mean line of the peaks and valleys of the roughened features  along the
surface. The first layer 30s having the lower surface roughness exhibits
good  bonding characteristics, such as better contact area between the layer
30 and the 25 underlying surface 26. The lower surface roughness first layer
30a also typically has a  



reduced porosity, which can improve bonding to the underlying surface 26 by
reducing  the number of voids and pores at the bonding interface. A suitable
first layer 30a may  comprise a surface 32 having a surface roughness
average of, for example, less than  about 25 micrometers (1000 microinches),
such as from about 15 micrometers (600  30 microinches) to about 23
micrometers ( 900 microinches), and even about 20 micrometers (800
microinches.) A suitable porosity of the first layer 30a may be less  than
about 10% by volume, such as from about 5% to about 9% by volume. A
thickness of the first layer 30a can be selected to provide good adhesion to
the  underlying surface 26 while providing good resistance to erosion, and
may be for 7 WO 2006/073585 PCT/US2005/041862  example from about 0.10 mm to
about 0.25 mm, such as from to about 0.15 mm to  about 0.20 mm. The coating
22 further comprises a second coating layer 30b formed over  5 at least a
portion of the first layer 30a that has an exposed textured surface 25 that
provides improved adhesion of process residues. For example, the second
coating  layer 30b may comprise a exposed textured surface 25 having a
surface roughness  average that is greater than that of the first layer 30b.
The higher surface roughness  average of the exposed second layer surface
30b enhances the adhesion of process 10 residues to the exposed surface, to
reduce the incidence of flaking or spelling of  material from the exposed
textured surface 25, and inhibit the contamination of  substrates 104 being
processed with the component 20. A surface roughness average  of the exposed
textured surface 25 that may be suitable to provide improved adhesion  of
process residues may be a surface roughness average of at least about 50 15
micrometers (2000 microinches), and even at least about 56 micrometers (2200
microinches), such as from about 56 micrometers (2200 microinches) to about
66  micrometers (2600 microinches). The second layer 30b having the
increased surface  roughness may also have an increased porosity level that
is greater than that of the first  coating layer 30a, such as a porosity of
at least about 12% by volume, such as from 20 about 12% to about 25% by
volume, and even at least about 15% by volume. A  



thickness of the second layer 30b that is sufficient to provide good
adhesion of the  second layer 30b to the surface 32 of the first layer 30a,
while maintaining good  resistance to erosion by energized gases, may be
from about 0.15 mm to about 0.30  mm, such as from about 0.20 mm to about
0.25 mm. 25 The coating 22 comprising the first and second layers 30a,b
provides  substantial improvements in the bonding of the coating 22 to the
underlying structure  24, as well as in the adhesion of residues to the
coating 22. The first layer 30a  comprising the first lower surface
roughness average is capable of forming a strong 30 bond with the surface 26
of the underlying structure 24, and thus anchors the coating  22 to the
underlying structure 24. The second layer 30b comprising the second higher
average surface roughness is capable of accumulating and holding a larger
volume of  process residues than surfaces having lower average surface
roughness, and thus  improves the process capability of components 20 having
the coating 22. Accordingly, 8 WO 2006/073585 PCT/US2005/041862  the coating
22 having the first and second coating layers 22 provides improved
performance in the processing of substrates, with reduced spalling of the
coating 22  from the structure 24, and reduced contamination of processed
substrates 104. 5 In one version, the first and second coating layers 30a,b
desirably  comprise compositions of materials that enhance bonding between
the two layers  30a,b. For example, the first and second coating layers
30a,b may be composed of  materials having substantially similar thermal
expansion coefficients, such as thermal  expansion coefficients that differ
by less than about 5%, to reduce spalling of the layers 10 30a,b resulting
from thermal expansion mismatch. In a preferred version, the first and
second layers 30a,b comprise the same composition, to provide optimum
adhesion and  thermal matching of the first and second layers 30a,b. For
example, the first and  second layers 30a,b can composed of aluminum.
Because first and second layers  30a,b comprising the same material have
properties that are well-matched to one 15 another, and respond similarly to
different stresses in the processing environment, a  



second layer with a higher average surface roughness can be provided while
still  maintaining good adhesion of the second layer to the first layer. The
surface roughness average of the first and second layers 30a,b may  20 be
determined by a profilometer that passes a needle over the surfaces 32,25
respectively, and generates a trace of the fluctuations of the height of the
asperities on  the surfaces, or by a scanning electron microscope that uses
an electron beam  reflected from the surfaces to generate an image of the
surfaces. In measuring  properties of the surface such as roughness average
or other characteristics, the 25 international standard ANSI/ASME B.46.1 -
1995 specifying appropriate cut-off lengths  and evaluation lengths, can be
used. The following Table I shows the correspondence  between values of
roughness average, appropriate cut-off length, and minimum and  typical
evaluation length as defined by this standard: 30 9 WO 2006/073585
PCT/US2005/041862  Table I Roughness Average Cut-off Length Min. Evaluation
Typ. Evaluation  Len th Length  0 to 0.8 microinches (0 to 0.003 inches
(0.08 0.016 inches 0.016 inches  0.02 mm) (0.41 mm) (0.41 mm)  0.8 to 4
microinches (0.02 p 0.010 inches (0.25 0.050 inches (1.3 0.050 inches  to
0.1p mm) mm) 1.3 mm 4 to 80 microinches (0.1 p 0.030 inches (0.76 0.160
inches (4.1 0.160 inches  to 2 p mm) mm) (4.1 mm) 80 to 400. microinches (2p
0.100 inches (2.5 0.300 inches (7.6 0.500 inches (13  to 10p mm) mm) mm) 400
microinches and above 0.300 inches (7.6 0.900 inches (23 1.600 inches (41
10 p and above mm) mm) mm) 5 The coating 22 comprising the first and second
layers 30a,b provides  



improved results over coatings having just a single layer, as the coating
exhibits  enhanced adhesion of process residues and can more strongly bond
to the underlying  structure. For example, the coating 22 comprising a first
layer 30a having a surface  roughness average of less than about 25
micrometers (1000 microinches), and a 10 second layer 30b having a surface
roughness average of greater than about 51  micrometers (2000 microinches)
may be capable of being used to process substrates  104 for at least about
200 RF-hours, substantially without contamination of the  substrates. In
contrast, a conventional single layer coating may be capable of  processing
substrates 104 for fewer than about 100 RF-hours, before cleaning of the 15
component is required to prevent contaminating the substrates. The coating
layers 30a,b are applied by a method that provides a strong  bond between
the coating 22 and the underlying structure 24 to protect the underlying
structure 24. For example, one or more of the coating layers 30a,b may be
applied by 20 a thermal spraying process, such one or more of a twin-wire
arc spraying process,  flame spraying process, plasma arc spraying process,
and oxy-fuel gas flame spraying  process. Alternatively or additionally to a
thermal spraying process, one or more of the  coating layers can be formed
by a chemical or physical deposition process. In one  version, the surface
26 of the underlying structure 24 is bead blasted before deposition 25 of
the layers 30a,b to improve the adhesion of the subsequently applied coating
22 by  removing any loose particles from the surface 26, and to provide an
optimum surface  texture to bond to the first layer 30a. The bead blasted
surface 26 can be cleaned to  10 WO 2006/073585 PCT/US2005/041862  remove
bead particles, and can be dried to evaporate any moisture remaining on the
surface 26 to provide good adhesion of the coating layers 30a,b. In one
version, the first and second coating layers 30a,b are applied to  5 the
component 20 by a twin wire arc spray process, as for example described in
U.S.  patent no. 6,227,435 B1, issued on May 8th, 2001 to Lazarz et al, and
U.S. patent no.  5,695,825 issued on Dec. 9th, 1997 to Scruggs, both of
which are incorporated herein  by reference in their entireties. In the twin
wire arc thermal spraying process, a thermal  



sprayer 400 comprises two consumable electrodes 490,499 that are shaped and
10 angled to allow an electric arc to form in an arcing zone 450
therebetween, as shown  for example in Figure 2. For example, the consumable
electrodes 490,499 may  comprise twin wires formed from the metal to be
coated on the surface 22 of the  component 20, which are angled towards each
other to allow an electric discharge to  form near the closest point. An
electric arc discharge is generated between the 15 consumable electrodes
490,499 when a voltage, for example from an electrical power  supply 452, is
applied to the consumable electrodes 490,499 while a carrier gas, such  as
one or more of air, nitrogen or argon, is flowed between the electrodes
490,499.  The carrier gas can be provided by a gas supply 454 comprising a
source 456 of  pressurized gas and a conduit 458 or other directing means to
direct the pressurized 20 gas past the electrodes 490,499. Arcing between
the electrodes 490,499 atomizes and  at least partially liquefies the metal
on the electrodes 490,499, and carrier gas  energized by the arcing
electrodes 490,499 propels the molten particles out of the  thermal sprayer
400 and towards the surface 26 of the component 20. The molten  particles
impinge on the surface of the component, where they cool and condense to 25
form a conformal coating layer 30a,b. The consumable electrodes 490,499,
such as a  consumable wire, may be continuously fed into the thermal sprayer
to provide a  continuous supply of the metal material. Operating parameters
during thermal spraying are selected to be suitable  30 to adjust the
characteristics of the coating material application, such as the temperature
and velocity of the coating material as it traverses the path from the
thermal sprayer to  the component. For example, carrier gas flow rates,
carrier gas pressures, power  levels, wire feed rate, standoff distance from
the thermal sprayer to the surface 26, and  the angle of deposition of the
coating material relative to the surface 26 can be selected 11 WO
2006/073585 PCT/US2005/041862  to improve the application of the coating
material and the subsequent adherence of the  coating 22 to the underlying
structure surface 26. For example, the voltage between  the consumable
electrodes 490,499 may be selected to be from about 10 Volts to about  



50 Volts, such as about 30 Volts. Additionally, the current that flows
between the 5 consumable electrodes 490,499 may be selected to be from about
100 Amps to about  1000 Amps, such as about 200 Amps. The power level of the
thermal sprayer is  usually in the range of from about 6 to about 80
kiloWatts, such as about 10 kilowatts.  II The standoff distance and angle
of deposition can also be selected to  10 adjust the deposition
characteristics of the coating material on the surface 26. For  example, the
standoff distance and angle of deposition can be adjusted to modify the
pattern in which the molten coating material splatters upon impacting the
surface, to  form for example, "pancake" and "lamella" patterns. The
standoff distance and angle of  deposition can also be adjusted to modify
the phase, velocity, or droplet size of the 15 coating material when it
impacts the surface 26. In one embodiment, the standoff  distance between
the thermal sprayer 400 and the surface is about 15 cm, and the  angle of
deposition of the coating material onto the surface 26 is about 90 degrees.
-,The velocity of the coating material can be adjusted to suitably deposit
the  20 coating material on the surface 26. In one embodiment, the velocity
of the powdered  coating material is from about 100 to about 300
meters/second. Also, the thermal  sprayer 400 may be adapted so that the
temperature of the coating material is at least  about melting temperature
when the coating material impacts the surface.  Temperatures above the
melting point can yield a coating of high density and bonding 25 strength.
For example, the temperature of the energized carrier gas about the electric
discharge may exceed 5000C. However, the temperature of the energized
carrier gas  about the electric discharge can also be set to be sufficiently
low that the coating  material remains molten for a period of time upon
Impact with the surface 26. For  example, an appropriate period of time may
be at least about a few seconds. 30 The thermal spraying process parameters
are desirably selected to  provide a coating 22 with layers 30a,b having the
desired structure and surface  characteristics, such as for example a
desired coating thickness, coating surface  roughness, and the porosity of
the coating, which contribute to the improved 



12 WO 2006/073585 PCT/US2005/041862  performance of the coated components
20. In one version, a coating 22 is formed by  maintaining first thermal
spraying process parameters during a first step to form the first  layer 30a
and changing the thermal spraying process parameters to a second parameter
set during a second step to form the second layer 30b having the higher  5
surface roughness average. For example, the first thermal spraying process
parameters may be those suitable for forming a first layer 30a having a
surface 32 with  a lower average surface roughness, while the second thermal
spraying process  parameters may be those suitable for forming a second
layer 30b having a surface 32  with a higher average surface roughness. 10
In one version, the first thermal spraying process parameters for
depositing the first layer 30a comprise a relatively high first pressure of
the carrier gas,  and the second thermal spraying process parameters for
depositing the second layer  30b comprise a relatively low second pressure
of the carrier gas that is less than the 15 first pressure. For example, a
first pressure of the carrier gas that is maintained during  the deposition
of the first layer 30a of may be at least about 200 kiloPascals (30
pounds-per-square-inch), such as from about 275 kPa (40 PSI) to about 415
kPa (60  PSI). It is believed that a higher pressure of the carrier gas may
result in closer packing  of the sprayed coating material on the structure
surface 26, thus providing a lower 20 average surface roughness of the
resulting layer. A second pressure of the carrier gas  that is maintained
during the deposition of the second layer 30b may be at less than  about 200
kPa (30 PSI), and even less than about 175 kPa (25 PSI) such as from about
100 kPa (15 PSI) to about 175 kPa (25 PSI.) Other parameters can also be
varied  between the deposition of the first and second layers 30a,b to
provide the desired layer  25 properties. In one version, a first thermal
spraying process to deposit a first aluminum  layer 30a comprises
maintaining a first pressure of the carrier gas of about 415 kPa (60  PSI),
while applying a power level to the electrodes 490,499 of about 10 Watts. A 



30 standoff distance from the surface 26 of the underlying structure 24 is
maintained at  about 15 cm (6 inches), and a deposition angle to the surface
26 is maintained at about  90. A second thermal spraying process to deposit
a second aluminum layer 30b  comprises maintaining a second pressure of the
carrier gas at the lower pressure of  about 175 kPa (25 PSI), while applying
a power level to the electrodes 490,499 of 13 WO 2006/073585
PCT/uS2005/041862  about 10 Watts. A standoff distance from the surface 32
of the first aluminum layer 30a  is maintained at about 15 cm (6inches), and
a deposition angle to the surface 32 is  maintained at about 90. 5 In
accordance with the principles of the invention, an improved thermal
sprayer 400 has been developed that provides for the formation of both the
first and  second layers 30a,b having the higher and lower surface roughness
averages with the  same thermal sprayer 400. In one version, the improved
thermal sprayer 400  comprises an improved nozzle 402, an embodiment of
which is shown in Figures 3a 10 and 3b. The improved nozzle comprises a
conduit 404 that receives pressurized gas  and molten coating particles, and
a conical section 406 that releases the pressurized  gas and molten
particles from the thermal sprayer 400 to spray the molten coating  material
onto the component structure. The conduit 404 comprises an inlet 403 to
receive the pressurized gas and coating particles that is flowed into the
conduit from the 15 electrical arcing zone. The conical section 406
comprises an inlet 405 that receives the  pressurized gas and coating
particles from the conduit 404, and has an outlet 407 that  releases the gas
and molten coating particles from the nozzle 402. The walls of the conical
section 406 comprise sloping conical sidewalls  20 408 that expand outwardly
about a central axis 409 of the conical section 406 from a  first diameter
d, at the conical section inlet 405, to a second diameter d2 at the conical
section outlet 407. The sloping conical sidewalls 408 provide a conical flow
path  through the section, with a narrower flow path at the inlet 405 that
gradually increases  to a wider flow path at the outlet 407. For example,
the conical sidewalls 408 may 25 comprise a first diameter of from about 5
mm to about 23 mm, such as from about 10  



mm to about 23 mm, and even from about 10 mm to about 15 mm. A second
diameter  may be from about 20 mm to about 35 mm, such as from about 23 mm
to about 25 mm.  A preferred second diameter of the outlet 407 may be for
example, at least about 1.5  times the size of first diameter the inlet 405,
such as from about 1.5 times to about 2 30 times the size of the inlet
diameter. The sloping conical sidewalls 408 form an angle a  with respect to
one another of from about 60 to about 120, such as about 90. The improved
nozzle 402 is capable of passing pressurized gas and  molten coating
particles pass therethrough to provide for the deposition of coating  14 WO
2006/073585 PCT/US20051041862  layers 30a,b having a range of surface
roughness averages. The first diameter dr of  the conical section inlet 405
can be selected according to the minimum and maximum  surface roughness
desired of the first and second layers 30a,b, with a smaller first  diameter
favoring a range of relatively lower average surface roughness, and a higher
5 first diameter promoting a range of relatively higher average surface
roughness. The  second diameter d2 can be sized to provide the desired
spread and distribution of the  sprayed coating material to provide the
desired coating properties. The spraying  process parameters are then
selected to provide the desired average surface  roughness. For example, a
relatively high pressure of the carrier gas may be provided 10 to form a
layer 30a having a relatively low average surface roughness, whereas a
relatively low pressure of the carrier gas may be provided to form a layer
30b having a  relatively high average surface roughness. A higher pressure
of the gas is believed to  cause the molten coating material to pack
together more tightly and homogeneously on  the surface of the component
structure to yield a lower surface roughness structure, 15 due at least in
part to the high feed rate of the coating material. A lower pressure yields
lower feed rates, and thus results in a coating structure having a higher
porosity and  higher average surface roughness. The improved nozzle 402
allows for the efficient  fabrication of layers 30a,b having different
average surface roughness on the  component 20 while also allowing for
desired spraying properties, such as the spread 20 and distribution of the
coating particles, substantially without requiring separate  



apparatus components for each layer 30a,b, or the re-setting of numerous
spraying  parameters. Once the coating 22 has been applied, the surface 25
of the coating 22  25 may be cleaned of any loose coating particles or other
contaminants. The surface 25  can be cleaned with a cleaning fluid, such as
at least one of water, an acidic cleaning  solution, and a basic cleaning
solution, and optionally by ultrasonically agitating the  component 20. In
one version, the surface 25 is cleaned by rinsing with de-ionized  water. 30
The coated component 20 can also be cleaned and refurbished after
processing one or more substrates 104, to remove accumulated process
residues and  eroded portions of the coating 22 from the component 20. In
one version, the  component 20 can be refurbished by removing the coating 22
and process residues, 15 WO 2006/073585 PCT/US2005/041862  and by performing
various cleaning processes to clean the underlying surface 26 before
re-applying the coating layers 30a,b. Cleaning the underlying surface 26
provides  enhanced bonding between the underlying structure 24 and a
subsequently re-formed  coating 22. Once the underlying structure has been
cleaned, for example by a cleaning 5 method described in U.S. Application
No. 10/833,975 to Lin et al, filed on April 27,  2004, and commonly assigned
to Applied Materials, which is herein incorporated by  reference in its
entirety, the coating 22 can be re-formed over the surface 26 of the
underlying structure 24. 10 An example of a suitable process chamber 106
having a component with  coating layers 30a,b is shown in Figure 4. The
chamber 106 can be a part of a multi- chamber platform (not shown) having a
cluster of interconnected chambers connected  by a robot arm mechanism that
transfers substrates 104 between the chambers 106. In  the version shown,
the process chamber 106 comprises a sputter deposition chamber, 15 also
called a physical vapor deposition or PVD chamber, that is capable of
sputter  depositing material on a substrate 104, such as one or more of
tantalum, tantalum  



nitride, titanium, titanium nitride, copper, tungsten, tungsten nitride and
aluminum. The  chamber 106 comprises enclosure walls 118 that enclose a
process zone 109, and that  include sidewalls 164, a bottom wall 166, and a
ceiling 168. A support ring 130 can be 20 arranged between the sidewalls 164
and ceiling 168 to support the ceiling 168. Other  chamber walls can include
one or more shields 120 that shield the enclosure walls 118  from the
sputtering environment. The chamber 106 comprises a substrate support 130 to
support the 25 substrate in the sputter deposition chamber 106. The
substrate support 130 may be  electrically floating or may comprise an
electrode 170 that is biased by a power supply  172, such as an RF power
supply. The substrate support 130 can also comprise a  shutter disk 133 that
can protect the upper surface 134 of the support 130 when the  substrate 104
is not present. In operation, the substrate 104 is introduced into the 30
chamber 106 through a substrate loading inlet (not shown) in a sidewall 164
of the  chamber 106 and placed on the support 130. The support 130 can be
lifted or lowered  by support lift bellows and a lift finger assembly (not
shown) can be used to lift and  lower the substrate onto the support 130
during transport of the substrate 104 into and  out of the chamber 106. 16
WO 20061073585 PCT/US2005/041862  The support 130 may also comprise one or
more rings, such as a cover ring 126 and a deposition ring 128, that cover
at least a portion of the upper surface  134 of the support 130 to inhibit
erosion of the support 130. In one version, the 5 deposition ring 128 at
least partially surrounds the substrate 104 to protect portions of  the
support 130 not covered by the substrate 104. The cover ring 126 encircles
and  covers at least a portion of the deposition ring 128, and reduces the
deposition of  particles onto both the deposition ring 128 and the
underlying support 130. 10 A process gas, such as a sputtering gas, is
introduced into the chamber  106 through a gas delivery system 112 that
includes a process gas supply comprising  one or more gas sources 174 that
each feed a conduit 176 having a gas flow control  valve 178, such as a mass
flow controller, to pass a set flow rate of the gas 



therethrough. The conduits 176 can feed the gases to a mixing manifold (not
shown) in  15 which the gases are mixed to from a desired process gas
composition. The mixing  manifold feeds a gas distributor 180 having one or
more gas outlets 182 in the chamber  106. The process gas may comprise a
non-reactive gas, such as argon or xenon,  which is capable of energetically
impinging upon and sputtering material from a target.  The process gas may
also comprise a reactive gas, such as one or more of an oxygen 20 containing
gas and a nitrogen-containing gas, that are capable of reacting with the
sputtered material to form a layer on the substrate 104. Spent process gas
and  byproducts are exhausted from the chamber 106 through an exhaust 122
which  includes one or more exhaust ports 184 that receive spent process gas
and pass the  spent gas to an exhaust conduit 186 in which there is a
throttle valve 188 to control the 25 pressure of the gas in the chamber 106.
The exhaust conduit 186 feeds one or more  exhaust pumps 190. Typically, the
pressure of the sputtering gas in the chamber 106 is  set to sub-atmospheric
levels. The sputtering chamber 106 further comprises a sputtering target 124
30 facing a surface 105 of the substrate 104, and comprising material to be
sputtered onto  the substrate 104. The target 124 is electrically isolated
from the chamber 106 by an  annular insulator ring 132, and is connected to
a power supply 192. The sputtering  chamber 106 also has a shield 120 to
protect a wall 118 of the chamber 106 from  sputtered material, The shield
120 can comprise a wall-like cylindrical shape having 17 WO 2006/073585
PCTIUS2005/041862  upper and lower shield sections 120a, 120b that shield
the upper and lower regions of  the chamber 106. In the version shown in
Figure 4, the shield 120 has an upper  section 120a mounted to the support
ring 130 and a lower section 120b that is fitted to  the cover ring 126. A
clamp shield 141 comprising a clamping ring can also be 5 provided to clamp
the upper and lower shield sections 120a,b together. Alternative  shield
configurations, such as inner and outer shields, can also be provided. In
one  version, one or more of the power supply 192, target 124, and shield
120, operate as a  gas energizer 116 that is capable of energizing the
sputtering gas to sputter material  



from the target 124. The power supply 192 applies a bias voltage to the
target 124 with 10 respect to the shield 120. The electric field generated
in the chamber 106 from the  applied voltage energizes the sputtering gas to
form a plasma that energetically  impinges upon and bombards the target 124
to sputter material off the target 124 and  onto the substrate 104. The
support 130 having the electrode 170 and support  electrode power supply 172
may also operate as part of the gas energizer 116 by 15 energizing and
accelerating ionized material sputtered from the target 124 towards the
substrate 104. Furthermore, a gas energizing coil 135 can be provided that
is powered  by a power supply 192 and that is positioned within the chamber
106 to provide  enhanced energized gas characteristics, such as improved
energized gas density. The  gas energizing coil 135 can be supported by a
coil support 137 that is attached to a 20 shield 120 or other wall in the
chamber 106. The chamber 106 is controlled by a controller 194 that
comprises program  code having instruction sets to operate components of the
chamber 106 to process  substrates 104 in the chamber 106. For example, the
controller 194 can comprise a 25 substrate positioning instruction set to
operate one or more of the substrate support  130and substrate transport to
position a substrate 104 in the chamber 106; a gas flow  control instruction
set to operate the flow control valves 178 to set a flow of sputtering  gas
to the chamber 106; a gas pressure control instruction set to operate the
exhaust  throttle valve 188 to maintain a pressure in the chamber 106; a gas
energizer control 30 instruction set to operate the gas energizer 116 to set
a gas energizing power level; a  temperature control instruction set to
control temperatures in the chamber 106; and a  process monitoring
instruction set to monitor the process In the chamber 106. 18 WO 2006/073585
PCTIUS20051041862  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, other chamber
components than the exemplary components 5 described herein can also be
cleaned. Other thermal sprayer 400 configurations and  



embodiments can also be used, and coating and structure compositions other
than  those described can be used. Additional cleaning steps other than
those described  could also be performed, and the cleaning steps could be
performed in an order other  than that described. Furthermore, relative or
positional terms shown with respect to the 10 exemplary embodiments are
interchangeable. Therefore, the appended claims should  not be limited to
the descriptions of the preferred versions, materials, or spatial
arrangements described herein to illustrate the invention. 19 What is
claimed is: 1. A substrate processing chamber component capable of being
exposed to an  energized gas in a process chamber, the component comprising:
(a) an underlying structure; (b) a first coating layer over the underlying
structure, the first coating layer  comprising (i) a porosity of less than
about 10%, and (ii) a first surface with an  average surface roughness of
less than about 25 micrometers; and (c) a second coating layer over the
first coating layer, the second coating layer  comprising (i) a porosity of
at least about 12%. and (ii) a second surface with an  average surface
roughness of at least about 50 micrometers, whereby process  residues adhere
to the second surface to reduce the contamination of processed  substrates.
2. A component according to claim 1 wherein the first and second coating
layers  comprise sprayed aluminum coating layers. 3. A component according
to claim 2 wherein the underlying structure comprises at  least one of
aluminum, titanium, tantalum, stainless steel, copper and chromium. 4. A
component according to claim 1 wherein the second coating layer comprises a
porosity of at least about 15%. 5. A component according to claim 1 wherein
the first coating layer comprises a  thickness of from about 0.1 mm to about
0.25 mm, and the second coating layer  comprises a thickness of from about
0.15 mm to about 0.3 mm. 6. A component according to claim 1 wherein the
component comprises at least a  



portion of at least one of a chamber enclosure wall, shield, process kit,
substrate  support, gas delivery system, gas energizer, and gas exhaust. 7.
A substrate process chamber comprising the component of claim 1, the chamber
comprising a substrate support, gas delivery system, gas energizer and gas
exhaust.  8. A component according to claim 1 wherein the underlying
structure comprises a  ceramic material. 20 9. A component according to
claim 8 wherein the underlying structure comprises at  least one of alumina,
silica, zirconia, silicon nitride and aluminum nitride. 10. A component
according to claim 1 wherein the surface of the underlying structure
comprises a surface roughness of at least about 80 microinches. 11. A
component according to claim 1 wherein at least one of the first and second
layers comprises a metal. 12. A component according to claim 1 wherein the
metal comprises at least one of  copper, stainless steel, tungsten, titanium
and nickel. 13. A component according to claim 1 wherein at least one of the
first and second  layers comprises a ceramic material. 14. A component
according to claim 1 wherein the ceramic material comprises at  least one of
aluminum oxide, silicon oxide, silicon carbide, boron carbide and  aluminum
nitride. 15. A component according to claim 1 wherein the first and second
layers comprise  aluminum, and wherein the underlying structure comprises at
least one of stainless  steel and alumina. 16. A component according to
claim 1 wherein the first and second coating layers are  composed of
materials having thermal expansion coefficients that differ by less than
about 5%. 17. A component according to claim 1 wherein the first and second
sprayed layers  are applied by a thermal spraying process. 18. A component
according to claim 1 wherein the thermal spraying process  comprises
twin-wire arc spraying process, flame spraying process, plasma arc  



spraying process, and oxy-fuel gas flame spraying process. 21 19. A
component according to claim 1 wherein component comprises a substrate
support. 20. A component according to claim 1 wherein substrate support
comprises a shutter  disk. 21. A component according to claim 1 wherein
component comprises at least one of  a cover ring, deposition ring, support
ring or insulator ring. 22. A component according to claim 1 wherein the
deposition ring at least partially  surrounds a substrate held on a support,
and the cover ring encircles and covers at  least a portion of the
deposition ring. 23. A component according to claim 1 wherein component
comprises a coil or coil  support. 24. A component according to claim 1
wherein component comprises a shield. 25. A component according to claim 1
wherein component comprises a clamp shield.  26. A component according to
claim 1 wherein component comprises at least one of  a sidewall, bottom
wall, or ceiling of a process chamber. 27. A component according to claim 1
wherein component comprises a target.  28. A substrate processing chamber
component capable of being exposed to an  energized gas in a process
chamber, the component comprising: (a) an underlying structure comprising at
least one of aluminum, stainless  steel, and titanium; (b) a first sprayed
coating layer of aluminum over the underlying structure, the  first sprayed
coating layer having (i) a porosity of less than about 10%, and (ii) a first
surface with an average surface roughness of less than about 25 micrometers;
and  22 (c) a second sprayed coating layer of aluminum over the first
sprayed coating  layer, the second sprayed coating layer having (i) a
porosity of at least about 12%,  and (ii) a second surface with an average
surface roughness of at least about 50  micrometers, whereby process
residues adhere to the second surface to reduce the  



contamination of processed substrates. 29. A component according to claim 28
wherein the first sprayed coating layer  comprises an average surface
roughness of from about 15 micrometers to about 23  micrometers, and wherein
the second sprayed coating layer comprises an average  surface roughness of
from about 56 micrometers to about 66 micrometers and has a  porosity of at
least about 15%. 30. A substrate processing chamber component comprising:
(a) an underlying structure comprising at least one of aluminum, stainless
steel, and titanium; (b) a first sprayed coating layer over the underlying
structure, the first layer  comprising (i) aluminum, (ii) a porosity of less
than about 10%, and (iii) an average  surface roughness of from about 15
micrometers to about 23 micrometers; and (c) a second sprayed coating layer
the first sprayed coating layer, the second  layer comprising (i) aluminum,
(ii) a porosity of at least about 15%, and (iii) an  average surface
roughness of from about 56 micrometers to about 66 micrometers.  31. A
component according to claim 30 wherein the first sprayed coating layer
comprises a thickness of from about 0.1 mm to about 0.25 mm, and the second
sprayed coating layer comprises a thickness of from about 0.15 mm to about
0.3 mm.  32. A component according to claim 30 wherein the component
comprises at least a  portion of at least one of a chamber enclosure wall,
shield, process kit, substrate  support, gas delivery system, gas energizer,
and gas exhaust. 33. A substrate process chamber comprising the component of
claim 30, the chamber  comprising a substrate support, gas delivery system,
gas energizer and gas exhaust.  23 




