
CLEANING OF BONDED SILICON ELECTRODES Summary [0001]
Provided is a method of cleaning a bonded electrode
assembly of a plasma processing chamber, the assembly
comprising a silicon member having a plasmaexposed
silicon surface, a backing member, and a bonding
material between the silicon surface and the backing
member. Gas holes extend through the backing member
and silicon member. The method comprises contacting
the silicon surface with a cleaning solution. The
cleaning solution is prevented from damaging the
backing member and/or bonding material by a method
selected from the group consisting of: applying the
cleaning solution to the silicon surface using one or
more rollers that only contact the silicon surface;
pressurizing the backing member while applying the
cleaning solution to the silicon surface; applying a
volume of the cleaning solution to the silicon surface
such that the cleaning solution evaporates before
capillary action draws the cleaning solution into gas
holes in the silicon surface and in contact with the
bonding material and/or backing member; applying
corrosion inhibitor to the backing member and/or
bonding material; and combinations thereof. Brief
Description of the Drawing Figure [0002] FIG. 1 shows
an embodiment of applying a cleaning solution to a
silicon surface of an electrode assembly using rollers
that do not contact a backing member or bonding
material of the electrode assembly. [0003] FIG. 2
shows an embodiment of pressurizing a backing member
of an electrode assembly during application of a
cleaning solution to a silicon surface of the
electrode assembly. Detailed Description [0004] Used
silicon electrode assemblies exhibit etch rate drop
and etch uniformity drift after a large number of RF
hours (time in hours during which radio 



frequency power is used to generate the plasma) are
run using the electrodeassemblies, in part possibly
due to the formation of black silicon. "Black silicon"
can form on a plasma-exposed silicon surface as a
result of the surface being micromasked by
contaminants deposited on the surface during plasma
processing operations. Specific plasma processing
conditions affected by the formation of black silicon
include high nitrogen and low oxygen and CxFy
concentrations at moderate RF power, as used during
etching of low-k dielectric vias. The micromasked
surface regions can be on the scale of from about 10
run to about 10 microns. While not wishing to be bound
to any particular theory, black silicon formation on
the plasma-exposed surface of a silicon electrode is
believed to occur as a result of non-contiguous
polymer deposition on the silicon electrode during
plasma processing operations. The decline of etch
performance results from changes in the morphology of
the silicon surface of the electrode assemblies as
well as contamination of the silicon surface of the
electrode assemblies, both of which are a product of
the dielectric etch process. [0005] A non-contiguous
polymer deposit can form on the plasma-exposed
surface, e.g., the bottom surface of a silicon upper
electrode, during a main etching step for etching a
dielectric material on a semiconductor substrate, such
as silicon oxide or a low-k dielectric material layer.
The polymer deposits typically form three-dimensional,
island-like formations that selectively protect the
underlying surface from etching. Once needle-like
formations are formed, polymer deposits then form
preferentially on the needle tips, thereby
accelerating the micro-masking mechanism and black
silicon propagation during the main etching step for
successive substrates. The non-uniform, anisotropic
etching of the micro-masked surface region(s) results
in the formation of closely-spaced, needle-like or
rod-like features on the surface. These features can
prevent light from reflecting from the modified
regions of the silicon surface, which causes those
regions to have a black appearance. The needle-like
micro features are closely spaced and can typically 



have a length of from about 10 run (0.01 mm) to about
50,000 run (50 mm) (and in some instances can have a
length as high as about 1mm or even greater), and can
typically have a width of from about 10 run to about
50 mm. [0006] Process window etch rate and etch
uniformity can be restored to acceptable levels by
cleaning the silicon surfaces of electrode assemblies
hi order to avoiddamaging the backing member and/or
bonding material of the electrode assembly, described
below, the backing member and/or bonding material is
preferably not contacted with the cleaning solution.
[0007] Dielectric etch systems (e.g., Lam 2300
Exelan(r), Lam Exelan(r) HPT, and Lam 2300 Exelan(r)
Flex(tm)) may contain silicon showerhead electrode
assemblies containing gas outlets. As disclosed in
commonly owned U.S. Patent No. 6,376,385, which is
incorporated herein by reference in its entirety, an
electrode assembly for a plasma reaction chamber,
wherein processing of a semiconductor substrate, such
as a single wafer, can be carried out, may include a
backing member or ring, which may be made of, for
example, graphite or aluminum, an electrode, such as a
silicon showerhead electrode in the form of a circular
disk, and an elastomeric joint between the backing
member and the electrode. The elastomeric joint allows
movement between the backing member and the electrode
to compensate for thermal expansion as a result of
temperature cycling of the electrode assembly. The
elastomeric joint can include an electrically and/or
thermally conductive filler and a catalyst-cured
polymer which is stable at high temperatures. For
example, the bonding material of the elastomeric joint
(e.g., silicon-containing bonding material) may
comprise silicone and aluminum alloy powder filler.
[0008] Additionally, an electrode assembly may
comprise an outer electrode ring or member surrounding
an inner electrode and optionally separated therefrom
by a ring of dielectric material. The outer electrode
member is useful for extending a single crystal
silicon electrode to process larger wafers, such as
300 mm wafers. Similar to the inner electrode, the
outer electrode member is preferably provided 



with a backing member, e.g., the outer ring may
comprise an electrically grounded ring to which the
outer electrode member may be elastomer bonded. The
backing member of the inner electrode and/or outer
electrode member may have mounting holes for mounting
in a capacitively coupled plasma processing tool. Both
the inner electrode and outer electrode member are
preferably comprised of single crystal silicon, in
order to minimize electrode assembly contaminants. The
outer electrode member may be comprised of a number of
segments (e.g. , six segments) of single crystal
silicon, arranged in an annular configuration, each of
the segments beingbonded (e.g., elastomer bonded) to a
backing member. Further, adjacent segments in the
annular configuration may be overlapping, with gaps or
joints between the adjacent segments. [0009] The
cleaning solution to be applied to the silicon surface
of the electrode assembly comprise various reactive
chemicals, for example, acids, such as hydrofluoric
acid, to dissolve impurities. In particular, commonly
owned U.S. Patent Application Publication Nos.
2006/0138081 Al, 2006/0141787 Al, and 2006/0141802 Al,
which are incorporated herein by reference in their
entirety, disclose acidic cleaning solutions for
cleaning the silicon surfaces of electrode assemblies.
[0010] The cleaning solution is prevented from
damaging the backing member and/or bonding material
by: applying the cleaning solution to the silicon
surface using one or more rollers that only contact
the silicon surface; pressurizing gas holes in the
backing member while applying the cleaning solution to
the silicon surface; applying a volume of the cleaning
solution to the silicon surface such that the cleaning
solution evaporates before capillary action draws the
cleaning solution into gas holes in the silicon
surface and in contact with the bonding material
and/or backing member; applying corrosion inhibitor to
the backing member and/or bonding material; and (e)
combinations thereof. [0011] In one embodiment, as
shown in FIG. 1, when applying the cleaning 



solution 10 to the silicon surface 20 of the electrode
assembly using rollers 30, 40, 50, 60, 70 that do not
contact the backing member 80, or bonding material 90,
the electrode assembly is preferably oriented with the
silicon surface 20 facing downward during application
of the cleaning solution 10 to the silicon surface 20
using the rollers 30, 40, 50, 60, 70, which contact
the silicon surface 20, with the silicon surface 20
supported above an upper surface of the cleaning
solution 10 on the rollers 30, 40, 50, 60, 70 and an
opposing side of the rollers 30, 40, 50, 60, 70
contacting, or partially submersed in, the cleaning
solution 10. The rollers are preferably coated with
and/or made from a chemically resistant material, such
as Teflon(r) (polytetrafluoroethylene) and/or
polyvinyl alcohol, which are chemically resistant to
acids.[0012] In another embodiment, as shown in FIG.
2, the backing member 80 may be pressurized 100 during
application of the cleaning solution 10 to the silicon
surface 20. In particular, gas holes, through the
backing member 80 and silicon surface 20 of the
electrode assembly, are pressurized during application
of the cleaning solution 10 to the silicon surface 20.
More specifically, the method may include supporting
the assembly in a fixture comprising a cover that has
a gas inlet; sealing the cover on the assembly to
provide an airtight region above a backside of the
backing member and below a bottom of the cover; and
providing gas to the airtight region through the gas
inlet to pressurize gas holes in the backing member
during application of the cleaning solution to the
silicon surface. [0013] The gas holes in the backing
member 80 are preferably pressurized by a gas source
100 with air and/or nitrogen, for example, at a
pressure of about 1-10 Cubic Feet per Minute (CFM). As
shown in FIG. 2, sufficient pressure 100 may be
applied to counteract capillary action that may draw
the cleaning solution 10 into gas holes in the silicon
surface 20. Alternatively, a steady stream of gas may
be blown completely through the gas holes in the
electrode assembly, such that gas enters the gas holes
at the backing member and exits the gas holes at the
silicon surface of the 



electrode assembly, to prevent any cleaning solution
from being drawn into the gas holes in the silicon
surface. Preferably, the cleaning solution 10 is
applied to the silicon surface 20 by wiping, for
example, using a wipe wetted with the cleaning
solution, as opposed to allowing the silicon surface
20 of the electrode assembly to soak or rest in the
cleaning solution 10. [0014] In a further embodiment,
the amount of cleaning solution applied to the silicon
surface, preferably by wiping, may be limited, such
that the volume of cleaning solution (e.g., isopropyl
alcohol, ethyl alcohol, or other suitable solvent)
applied to the silicon surface evaporates before
capillary action may draw the cleaning solution into
gas holes in the silicon surface. For example, a wipe
wetted with a limited amount of cleaning solution may
be wiped on the silicon surface. [0015] In yet another
embodiment, corrosion inhibitor may be applied to the
backing member and/or bonding material. For example,
the corrosion inhibitor preferably bonds to the
backing plate (e.g., aluminum backing plate) and
prevents cleaning solution from reacting with the
surface of the backing plate and the interiorof gas
holes in the backing plate. The corrosion inhibitor is
preferably selected from the group consisting of
vanillin, amoxicillin, pentyloxicillin, dicyandiamide,
and mixtures thereof. [0016] Aluminum weight loss
tests were conducted with vanillin. First, a 0.2996 g
aluminum coupon sample was immersed in a solution of
85 mL H2O and 15 mL 37% HCl for one hour, blown dry,
and then weighed. After soaking, the aluminum coupon
sample weighed 0.0621 g, meaning the acid bath
resulted in a weight loss of 79.3%. Next, 4 g of
vanillin was dissolved in 85 mL H2O and then 15 mL 37%
HCl was mixed into the solution. A 0.2755 g aluminum
coupon sample was immersed in the solution for one
hour, blown dry, and then weighed. After soaking, the
aluminum coupon sample weighed 0.2514 g, meaning the
acid bath containing vanillin resulted in a weight
loss of only 8.7%. hi contrast to the aluminum weight
loss tests, in which corrosion inhibitor was included
in an acidic solution, cleaning 



solution is prevented from damaging the backing member
and/or bonding material of a bonded electrode assembly
by preferably applying corrosion inhibitor, in a
separate step, to the backing member and/or bonding
material prior to the cleaning solution being applied
to the silicon surface. [001 7] Accidental contact of
the cleaning solution with the backing member or
bonding material is preferably avoided when wiping the
cleaning solution on the silicon surface of the
electrode assembly by contacting only the silicon
surface of the electrode assembly with the cleaning
solution and by means of a fixture that allows the
silicon surface of the electrode assembly to be
supported facing downward while the silicon surface is
cleaned. The fixture, sized to the electrode assembly
to be cleaned, has a sturdy base and three or more
supporting members that raise the electrode assembly
above the working bench surface, allowing the surface
of the electrode assembly facing downward to be
cleaned. The supporting members, and base, are
preferably coated with and/or made from a chemically
resistant material, such as Teflon(r)
(polytetrafluoroethylene), which is chemically
resistant to acids. [0018] With the silicon surface of
the electrode assembly supported facing downward,
excess cleaning solution applied to the silicon
surface can be collected after dripping off of the
silicon surface, as opposed to flowing to the backing
member or bonding material. The backing member and
bonding material arepreferably immediately cleaned
with deionized water if contacted with the cleaning
solution. Additionally, exposed electrode assembly
bonding material may be protected by covering with
masking material and/or chemical resistant tape prior
to cleaning with the cleaning solution. [0019]
Additional measures to compensate for accidental
contact of the cleaning solution with the backing
member or bonding material include rinsing the
electrode assembly with deionized water,
ultrasonically cleaning with deionized water, and
drying the electrode assembly. With the electrode
assembly supported in a fixture with the silicon
surface facing downward, the electrode assembly is
preferably 



rinsed with deionized water from the backing member
down to the silicon surface. If present, gas holes are
also preferably rinsed with deionized water, which
enters the gas holes at the backing member and exits
the gas holes at the silicon surface of the electrode
assembly, with the electrode assembly supported in a
fixture with the silicon surface facing downward.
Similarly, with the electrode assembly supported in a
fixture with the silicon surface facing downward, the
electrode assembly is preferably dried using
compressed, filtered nitrogen gas, blown from the
backing member down to the silicon surface. If
present, gas holes are also preferably dried using
compressed, filtered nitrogen gas, with the gas blown
to enter the gas holes at the backing member and exit
the gas holes at the silicon surface of the electrode
assembly, with the electrode assembly supported in a
fixture with the silicon surface facing downward.
Finally, the electrode assembly is preferably oven
baked prior to final inspection and packaging. [0020]
The electrode assembly is preferably inspected after
cleaning to ensure that the cleaned electrode assembly
conforms to product specifications. Inspection may
include measuring, for example, dimensions (e.g.,
thickness), surface roughness (Ra, e.g., 16 m-inches
or less, preferably 8 m-inches or less), surface
cleanliness (Inductively Coupled Plasma Mass
Spectrometry analysis), surface particle count as
measured by, for example, a QIII(r)+ Surface Particle
Detector (Pentagon Technologies, Livermore, CA),
surface morphology (e.g., by scanning electron
microscopy (SEM)), and measurement of black silicon
pits and etch depths. Further, plasma etch chamber
performance of the recovered electrode assemblies
arepreferably tested to ensure that the recovered
electrode assembly exhibits acceptable etch rate and
etch uniformity. [0021] While the present
specification has made specific reference to elastomer
bonded plasma processing chamber components, and more
specifically, to an elastomer bonded electrode
assembly, the presently disclosed methods are
generally applicable to any component (e.g., an
electrostatic chuck) containing surfaces to be 



cleaned with a solution (e.g., an acidic solution) to
which other areas or surfaces of the component are
sensitive. [0022] While various embodiments have been
described, it is to be understood that variations and
modifications may be resorted to as will be apparent
to those skilled in the art. Such variations and
modifications are to be considered within the purview
and scope of the claims appended hereto.CLAIMS: 1. A
method of cleaning a bonded electrode assembly of a
plasma processing chamber, the assembly comprising a
silicon member having a plasmaexposed silicon surface,
a backing member, and a bonding material between the
silicon surface and the backing member and wherein gas
holes extend through the backing member and silicon
member, the method comprising: (a) contacting the
silicon surface with a cleaning solution; and (b)
preventing the cleaning solution from damaging the
backing member and/or bonding material by a method
selected from the group consisting of: (i) applying
the cleaning solution to the silicon surface using one
or more rollers that only contact the silicon surface;
(ii) pressurizing the backing member while applying
the cleaning solution to the silicon surface; (iii)
applying a volume of the cleaning solution to the
silicon surface such that the cleaning solution
evaporates before capillary action draws the cleaning
solution into gas holes in the silicon surface and in
contact with the bonding material and/or backing
member; (iv) applying corrosion inhibitor to the
backing member and/or bonding material; and (v)
combinations thereof. 2. The method of Claim 1,
wherein the backing member comprises aluminum. 



3. The method of Claim 1, wherein the backing member
comprises graphite. 4. The method of Claim 1, wherein
the bonding material comprises an elastomer bonding
material. 5. The method of Claim 1, wherein the
bonding material comprises silicon polymer and
aluminum alloy powder filler.6. The method of Claim 1,
wherein the cleaning solution comprises an acidic
solution. 7. The method of Claim 1, wherein the
cleaning solution comprises hydrofluoric acid. 8. The
method of Claim 1, wherein the assembly is oriented
with the silicon surface facing downward during
application of the cleaning solution to the silicon
surface. 9. The method of Claim 8, wherein the
cleaning solution is applied to the silicon surface
using two or more rollers that contact the silicon
surface. 10. The method of Claim 9, wherein the
silicon surface is supported above an upper surface of
the cleaning solution on the rollers and part of the
rollers is immersed in the cleaning solution. 11. The
method of Claim 10, wherein the rollers are coated
with and/or made from polytetrafluoroethylene and/or
polyvinyl alcohol. 12. The method of Claim 8, further
comprising: supporting the assembly in a fixture
comprising a cover, wherein the cover comprises a gas
inlet; sealing the cover on the assembly to provide an
airtight region above a backside of the backing member
and below a bottom of the cover; and providing gas to
the airtight region through the gas inlet to
pressurize the backing member during application of
the cleaning solution to the silicon surface. 13. The
method of Claim 12, wherein the gas is selected from
the group 



consisting of air, nitrogen, and mixtures thereof.14.
The method of Claim 12, wherein sufficient pressure is
applied to counteract capillary action that may draw
the cleaning solution into gas holes in the silicon
surface. 15. The method of Claim 12, wherein a steady
stream of gas is blown through gas holes in the
electrode assembly. 16. The method of Claim 15,
wherein about 1-10 CFM of gas is applied to the
backing member. 17. The method of Claim 8, wherein
applying a volume of the cleaning solution to the
silicon surface such that the cleaning solution
evaporates before capillary action draws the cleaning
solution into gas holes in the silicon surface and in
contact with the bonding material and/or backing
member comprises wiping the silicon surface with a
wipe wetted with the cleaning solution. 18. The method
of Claim 1, wherein the corrosion inhibitor is applied
to the backing member and/or bonding material before
the cleaning solution is applied to the silicon
surface. 19. The method of Claim 18, wherein the
backing member comprises aluminum and the corrosion
inhibitor inhibits corrosion of aluminum 20. The
method of Claim 18, wherein the corrosion inhibitor is
selected from the group consisting of vanillin,
amoxicillin, pentyloxicillin, dicyandiamide, and
mixtures thereof. 


