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MULTILAYER COATINGS OF COMPONENT PARTS

FOR A WORK PIECE PROCESSING CHAMBER
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of priority of U.S. Application No.
62/779,113, filed December 13, 2018, which is incorporated herein by reference for
all purposes.

BACKGROUND

[0002] The present invention relates to work piece processing tools, and more
particularly, to protective multilayer coatings applied to component parts of such tools
to protect against damage caused by thermal cycling, corrosion, and potential failure
caused by exposure to various chemistries used in processing chambers.

[0003] Work pieces, such as semiconductor wafers and flat panel displays, are
typically processed by various processing tools during fabrication. For instance,
various types of deposition tools are commonly used for depositing various thin films
onto work piece surfaces. Similarly, various etching tools, such as wet and/or plasma
etching tools, are also commonly used for the selective removal of layers of material
from surfaces of work pieces. A wide variety of different chemistries are used
within processing chambers.

[0004] With plasma etching tools, for example, a work piece is typically exposed
to a chlorine and/or flourine rich plasma. The plasma is created within the processing
chamber during depositions when a radio Frequency (RF) is applied to one or more
reactant gasses, such as silane (SiHy), nitrous oxide (N,O), ammonia (NHy), nitrogen
(N»), etc. Also, with deposition tools, the material deposited on work pieces typically
also accumulates on surfaces exposed within the processing chamber as well. During
a routine "dry cleaning" procedure, a chlorine and/or flourine rich plasma may be
periodically generated within the processing chamber to remove these deposits.
Similarly, with etching tools, chlorine and/or flourine are commonly used for the
removal of select material from work pieces.

[0005] Processing chambers of both etching and deposition tools are constructed
from a wide assortment of sub-assemblies (e.g., shower head, a work piece heater,
portions of the work piece holder, etc.) and a variety of mechanical parts, such as

clamps, screws, bolts, springs, pins, clips and other mechanical fasteners that are used
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for mechanically holding the various sub-assemblies together. Collectively, these sub-
assemblies and/or mechanical parts, hereafter referred to generically as "component
parts”, are characterized as (1) any metal part that is exposed to chemistries within the
processing chamber and/or (2) is subject to some type of mechanical stress, such as
flexing caused by thermal cycling, rubbing and/or contact with or rubbing against
another component part, such as the case with clamps, springs, pins and clips for
instance.

[0006] When these component parts are exposed to the various chemistries used
in processing chambers, they tend to experience corrosion, which is problematic. With
certain types of components, such as clamps or springs, the corrosion negatively
affects their performance, meaning over time, these parts will no longer provide a
clamping force or a spring force within a required specification. In addition, corrosion
can ultimately cause component parts to fail. Corrosion can further result in the
shedding of particles. These particles can contaminate the work pieces undergoing
processing, which adversely affect the processing yields.

[0007] To mitigate the aforementioned corrosion issues, work piece processing
tool vendors, and/or their suppliers, will often coat component parts with either
ceramic or aluminum. Due to challenges present within processing chambers, both
materials have their disadvantages.

[0008] A thermal mismatch between the ceramic coating and the underlying
component part may cause the two to expand and contract at different rates,
particularly during the high temperature thermal cycles, typically experienced during
work piece processing. The resulting mechanical stress may cause the ceramic to
crack and/or fail. Second, the ceramic coatings are susceptible to scratching, flaking
and/or accidental coating over particle contaminants, all of which may cause the
ceramic coating to fail. Exposure of the underlying component part to the chemistry
can cause corrosion that can eventually lead to a component part falling out of
specification and/or failure.

[0009] Aluminum coatings are typically created using an electroplating process.
During electroplating, a component part is typically clamped while held in an
electroplating bath. Where clamped, a “rack™ mark typically results because minimal

to no plating occurs at these locations. As a result, bubbles trapped during the plating
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process can potentially later release inside a processing chamber during work piece
processing. In addition, aluminum coatings grow an aluminum flouride layer when
exposed to fluorine chemistries. Aluminum flouride is susceptible to particulation.
Both the release of bubbles and particulation are problematic because they tend to
contaminate the processing environment within the processing chamber during work
piece processing.

SUMMARY
[0010] A work piece processing tool is disclosed including a processing chamber
having at least one component part that is protected by a multi-layer coating that
provides protection from damage caused by thermal cycling and exposure to the
chemistries commonly used in processing chambers. In a non-exclusive embodiment,
the multi-layer coating includes (a) an aluminum base layer formed on the at least one
component part and (b) a ceramic coating formed on the underlying aluminum layer.
[0011] The multi-layer coating provides a number of advantages. A relatively
thick base aluminum layer provides mechanical protection to the underlying
component part. As a result, damage or failure due to mechanical stresses causes by a
thermal mismatch between the component part and the aluminum layer during
thermal cycling is largely mitigated or altogether eliminated. In addition, the
relatively thick aluminum layer is less susceptible to failure due to scratching, flaking,
and/or accidental coating over particle contaminants. The ceramic layer, on the other
hand, is relatively inert with respect to many chemistries used in processing chambers,
such as flourine. As a result, the underlying component part is largely protected from
corrosion, preventing or mitigating parts from falling out of specification and/or
failing. In addition, the ceramic layer is used to cover rack marks that may occur
during the electroplating process of the underlying aluminum layer, which prevents
the release of bubbles during work piece processing.
[0012] In non-exclusive embodiments, the base layer is aluminum having
thickness of 25 microns, 250 microns, anywhere in the range of 25 to 250 microns,
less than 25 microns, or more than 250 microns. In yet other embodiments, the
ceramic coating is an amorphous aluminum oxide layer, an yttrium oxide layer or a
combination of both. In yet other embodiments, the ceramic layer has a thickness of 1

micron or less or 10 microns or less.
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[0013] In additional embodiments, the processing chamber includes one or more
component parts, each protected with the multi-layer coating. The one or more
component parts may include (a) any metal part or parts that are exposed to the
aforementioned chemistries within the processing chamber and/or (b) are subject to
some type of mechanical stress, such as flexing caused by thermal cycling, contact
with or rubbing against other mechanical parts. Such component parts may include,
but are not limited to, a wide assortment of sub-assemblies (e.g., shower head, a work
piece heater, portions of the work piece holder, etc.) and/or a variety of mechanical
parts, such as clamps, screws, bolts, springs, pins, clips and other mechanical
fasteners.
[0014] In yet other embodiments, the processing chamber of the work piece
processing tool may be assembled in a number of different ways. In a first
embodiment, the component parts are first coated with the multi-layer coating by (a)
electroplating the aluminum layer and (b) forming the ceramic layer using an Atomic
Layer Deposition (ALD) process. Once coated, the component parts are used in the
assembly of the processing chamber.
[0015] In an alternative embodiment that may be implemented with deposition
tools, the component parts are (a) first coated with the aluminum layer using an
electroplating process. Once coated with the aluminum layer, the component parts are
used in the assembly of the processing chamber. Thereafter, the component parts are
(b) coated with the ceramic layer in situ the processing chamber using a deposition
process.
[0016] The work piece processing tool can be any type having a processing
chamber used to process work pieces. In non-exclusive embodiments, the tool can be
any type of deposition tool or a wet or dry etching tool. The work pieces may include
semiconductor wafers, flat panel displays, or any other type work piece that requires
processing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] The present application, and the advantages thereof, may best be

understood by reference to the following description taken in conjunction with the

accompanying drawings in which:
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[0018] FIGS. 1A and 1B are diagrams of processing chambers of exemplary
deposition and etching work tools used for processing work pieces in accordance with
non-exclusive embodiments of the invention.
[0019] FIGS. 2A-2D are illustrations of various component parts that may be
provided in a processing chamber in accordance with a non-exclusive embodiment of
the invention.
[0020] FIGS. 3A-3B are cross-section diagrams of various multi-layer coatings
applied to component part(s) in accordance with a non-exclusive embodiment of the
invention.
[0021] FIG. 4A and 4B are flow diagrams illustrating steps for assembling a work
piece processing tool in accordance with non-exclusive embodiments of the invention.
[0022] In the drawings, like reference numerals are sometimes used to designate
like structural elements. It should also be appreciated that the depictions in the figures
are diagrammatic and not necessarily to scale.

DETAILED DESCRIPTION
[0023] The present application will now be described in detail with reference to a
few non-exclusive embodiments thereof as illustrated in the accompanying drawings.
In the following description, numerous specific details are set forth in order to provide
a thorough understanding of the present disclosure. It will be apparent, however, to
one skilled in the art, that the present discloser may be practiced without some or all
of these specific details. In other instances, well known process steps and/or
structures have not been described in detail in order to not unnecessarily obscure the
present disclosure.
[0024] Fig. 1A and Fig. 1B are diagrams of processing chambers of exemplary
deposition and etching work piece processing tools respectively.
[0025] Referring to Fig. 1A, a diagram of an exemplary Chemical Vapor
Deposition (CVD) tool 10 is illustrated. The CVD tool 10 includes a processing
chamber 12, a shower head 14, a work piece holder 16 for holding and positioning a
work piece 18 to be processed, a Radio Frequency (RF) generator 20. In various
embodiments, the CVD tool may be a Plasma Enhanced (PECVD), a Low Pressure
(LPCVD), an Ultra High Vacuum (UHVCVD), an Atomic Layer Deposition (ALD), a
Plasma-Enhanced Atomic Layer Deposition (PEALD) or any other type of CVD tool.
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[0026] Reactant gas(es), such as such as silane (SiHy), nitrous oxide (N,O),
ammonia (NH4) and/or nitrogen (N;), are supplied into the process chamber 12
through the shower head 14. Within the shower head 14, the gas(es) is/are distributed
via one or more plenums (not illustrated), into the chamber 12 in the general area
above the surface of the work piece 18 to be processed. An RF potential, generated by
the RF generator 20, is then applied to an electrode (not illustrated) on the shower
head 14. (An RF potential may also possibly be applied to the work piece holder 18 as
well). The RF potential generates a plasma 22 within the processing chamber 12.
Within the plasma 22, energized electrons ionize or dissociate (i.e., "crack”) from the
reactant gas(es), creating chemically reactive radicals. As these radicals react, they
deposit and form a thin film on the work piece 18.

[0027] During work piece processing, the processing chamber 12 typically
undergoes a thermal cycle. The range of the thermal cycle is determined by a number
of factors, including the type of work piece, the particular chemistry used and the
material to be deposited, the desired deposition rate, etc. Other factors that may also
be considered are thermal budgets to prevent damage to films, the physical and
chemical properties of films, and a general preference to use a lower temperature
process whenever feasible.

[0028] For instance, the use of aluminum, rather than ceramic component parts
within the processing chamber 12, is generally less costly. With the use of aluminum,
however, temperatures beyond 450 °C tend to weaken or otherwise adversely affect
the aluminum. Thus, to some degree, the use of aluminum components limits the
thermal cycle upper range to approximately 450 °C. Ceramic, on the other hand, can
withstand elevated temperatures better than aluminum. As such, the upper limit of
thermal cycles with ceramic can be higher. It should therefore be understood that the
temperature range of a given thermal cycle may widely vary, for instance, anywhere
from 20° to 450° C or even 20° to 800° C, depending on various factors and other
considerations mentioned above. These lower and upper temperature values are
merely exemplary and should not be construed as limiting. Temperature values that
are lower or higher may be used.

[0029] As previously noted, the material deposited onto work pieces 18 will also

inadvertently deposit on various other surfaces within the processing chamber 12. To
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remove the build-up of these deposits, the tool 10 typically undergoes a periodic "dry
cleaning" procedure, where a chlorine and/or flourine chemistry is introduced into the
chamber 12 and RF power is applied generating a plasma. In response, the deposits
are etched or otherwise removed from the surfaces within the chamber 12. Once the
deposits are substantially removed, the tool 10 is then again used for processing work
pieces 18 as discussed above.

[0030] Referring to Fig. 1B, a diagram of an exemplary plasma etching tool 30 is
illustrated. The plasma etching tool 30 includes a processing chamber 32, a power
electrode 38 and a RF power source 40 that is coupled to the power electrode 38.
During operation, an etching chemistry, such as chlorine and/or flourine, is introduced
into the processing chamber 32 and RF power is applied to the power electrode 38 by
the RF source 40, creating a plasma 42. The plasma 42 etches away exposed material
on the surface of the work piece 36 as is well known in the art.

[0031] The processing chamber 32 of the tool 30 also undergoes a thermal cycle.
During work piece etching, the temperature inside the chamber 32 is typically
elevated. The thermal cycle may widely vary and is also dependent on a variety of
factors, such as the type of work piece, the type of material that is being etch, the
materials of the component parts of the etch chamber etc. For instance, in a non-
exclusive embodiment, the upper limit of the thermal cycle may be 450 °C or as high
as 800 °C. It should be understood, again, that these values are illustrative and should
not be construed as limiting. Higher or lower temperatures may be used.

[0032] The processing chambers 10/30 of the deposition tool 10 and the etching
tool 30 each include a wide variety of component parts. As used herein, the term
"component parts” is intended to be broadly construed to mean (a) any metal part that
is exposed to chemistries within a processing chamber 10/30 and/or (b) is subject to
some type of mechanical stress, such as flexing caused by thermal cycling, contact
and/or rubbing with another mechanical part. Such component parts may include, but
are not limited to, a wide assortment of sub-assemblies (e.g., shower head, a work
piece heater (not illustrated), portions of the work piece holder, etc.) and/or a variety
of mechanical parts, such as clamps, screws, bolts, springs, pins, clips or other

mechanical fasteners. In various embodiments, the component parts can be made from
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various metals and/or alloys, including for instance, aluminum, stainless steels, iron
containing alloys, Inconel 718, Nonel, Nimonic 90, Waspaloy, A286 and others.
[0033] FIGS. 2A-2D are illustrations of various component parts that may be
provided in the processing chamber of the work piece processing tool in accordance
with a non-exclusive embodiment of the invention. In these examples, Fig. 2A
illustrates a load distribution washer. Fig. 2B illustrates a retaining or "snap" ring. Fig.
2C illustrates a bearing-centered load distribution washer. Finally, Figs 2D illustrate
different views of a wave spring. These illustrations are merely exemplary and should
not be construed as limiting in any regard. In actual embodiments, the number and
type of component parts that may be covered with a multi-layer protective coating is
far too numerous to practically illustrate herein.

[0034] To address the above-described corrosion, degradation and potential
failure of component parts, the Applicant proposes the use of a multi-layer coating. In
a non-exclusive embodiment, the multi-layer coating includes (a) an aluminum base
layer formed on the least one component part and (b) a ceramic coating formed on the
underlying aluminum layer.

[0035] In a non-exclusive embodiment, the base aluminum layer has a thickness
of 25 microns and is formed by an electroplating process. The ceramic layer has a
thickness of 1 micron or less and is formed using an Atomic Layer Deposition (ALD)
process. Examples of ceramic coating may include, but are not limited to, an
amorphous aluminum oxide ceramic layer (Al,O3), a yttrium oxide layer (Y,03), ora
laminate of both. It should be understood that the materials and dimensions of the
multi-layered coating as described with regard to this embodiment are exemplary and
are not to be construed as limiting. Multi-layer coatings of a wide variety of different
materials and thicknesses, selected for their mechanical properties and/or inertness
with respect to different chemistries, may be used. For example, the aluminum base
layer may have thicknesses of less than 25 microns, ranging from 25 to 250 microns,
or more than 250 microns. Due to the slow deposition rates of ALD and the stresses
that exist in the deposited film, the thickness of the ceramic layer typically used is less
than 1 micron. However, again, this should not be construed as limiting. Thicker

layers, such as 10 microns or more, can be used.
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[0036] The multi-layer protective coating provides a number of advantages. The
relatively thick base aluminum layer provides mechanical protection to the underlying
component part. As a result, failure due to mechanical stresses causes by a thermal
mismatch between the component part and the aluminum layer during thermal cycling
is largely mitigated or altogether eliminated. In addition, the relatively thick
aluminum layer is less susceptible to failure due to scratching, flaking and/or
accidental coating over particle contaminants. The ceramic layer, on the other hand, is
inert to and provides protection against various chemistries, such as flourine. The
ceramic layer protects the underlying component part from corrosion and prevents
particulation of the underlying aluminum. In addition, the ceramic layer covers rack
marks that may occur during the electroplating process of the aluminum layer,
preventing the release of trapped bubbles.

[0037] FIGS. 3A-3C are cross-section diagrams of various multi-layer coatings
applied to an exemplary component part 50 in accordance with non-exclusive
embodiment of the invention.

[0038] In Fig. 3A, an aluminum layer 52 is formed on the surface of the
component part 50. In various embodiments, the aluminum layer 52 is formed by an
electroplating process and has a thickness of at least 25 microns. In alternative
embodiments, the aluminum layer may have a thickness ranging from 25 to 250
microns, less than 25 microns, or more than 250 microns. In addition, the purity level
of the aluminum may also vary. In some embodiments, high purity aluminum may be
used, while in other embodiments, lower purity aluminum may be used.

[0039] In Fig. 3B, ceramic coating layer 54 is formed on the underlying aluminum
layer 52. In various embodiments, ceramic coating layer 54 has a thickness of 1
micron or less and is formed using an Atomic Layer Deposition (ALD) process.
Examples of the ceramic coating layer 54 include, but are not limited to, an
amorphous aluminum oxide ceramic layer, a yttrium oxide layer, or a laminate of
both. In alternative embodiments, the ceramic coating layer 54 may be formed using
any deposition process and may include other ceramic materials besides those listed
herein. In addition, the thickness may vary, for example, from 1 micron or less, 10

microns or less, or more than 10 microns.
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[0040] FIG. 4A and 4B are flow diagrams illustrating steps for assembling a work
piece processing tool in accordance with non-exclusive embodiments of the invention.
[0041] Referring to Fig. 4A, a flow diagram 60 is illustrated where the multi-layer
coating of component parts occurs prior to assembly of a processing chamber of a
tool.

[0042] The initial step 62 involves applying a multi-layer coating of one or more
component parts using any of the embodiments described above. In other words, the
one or more component parts are coated with at least (a) an aluminum base layer 52
formed on at least one component part 50 and (b) a ceramic coating layer 54 formed
on the underlying aluminum layer. Again, the term component part as used herein is
intended to be broadly construed and include, but is not limited to, any of the above-
listed component parts that may subject to mechanical stresses and/or exposed to
chemistries within a processing chamber.

[0043] In step 64, the processing chamber of the tool is assembled using, at least
in part, the component parts with the multi-layer coating as well as other non-coated
parts and/or sub-assemblies. Thereafter, the processing chamber and tool are tested
and is made operable as is well known in the art.

[0044] In step 66, the tool is used to process work pieces, such as semiconductor
wafers, flat panel displays, etc. In various embodiments, the tool may be a deposition
tool used for depositing thin films onto the work pieces or an etching tool used to
selectively remove material from the work pieces.

[0045] Referring to Fig. 4B, a flow diagram 70 is illustrated where the multi-layer
coating of component parts occurs partially prior to assembly of a processing chamber
of a tool and partially in situ once the processing tool has been assembled and is
operational. With this embodiment, only deposition tools may be used.

[0046] The initial step 72 involves partial coating, one or more component parts,
with (a) an aluminum base layer 52 using any of the above-described embodiments.
[0047] In step 74, the processing chamber of the tool is assembled using the one
or more component parts coated with just the aluminum base layer 52. Thereafter, the
tool is tested and made operational as is well known in the art.

[0048] In step 76, the (b) ceramic coating layer 54 is formed in situ the processing

chamber of the tool. For example, with an Atomic Layer Deposition (ALD) tool, the
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above-described embodiments. With this embodiment, it should be understood that
the other exposed surfaces within the processing chamber are likely to be coated with
the ceramic material as well, unless steps are taken to mask or otherwise prevent the
deposit from occurring on such surfaces.

[0049] Finally, in step 78, the tool is used for processing work pieces.

[0050] One noted advantage of the process as illustrated in Fig. 4B is the ability to
recoat the ceramic layer 54 in situ the processing chamber from time to time. As the
processing tool is used to process work pieces, it is possible that the ceramic layer 54
may degrade with repeated exposure to various chemistries. With the ability to form
the ceramic coating 54 in situ, the one or more component parts can be periodically
re-coated as part of a routine maintenance procedure without having to disassemble
the processing chamber and/or tool.

[0051] It should be understood that while the embodiments described herein were
largely related to deposition and etching tools, this should be by no means construed
as limiting. On the contrary, the subject matter as described herein may be used with
any type of work piece processing tool, regardless of the type of work piece or how
the work piece is processed.

[0052] It should be understood that the embodiments provided herein are merely
exemplary and should not be construed as limiting in any regard. Although only a few
embodiments have been described in detail, it should be appreciated that the present
application may be implemented in many other forms without departing from the
spirit or scope of the disclosure provided herein. Therefore, the present embodiments
should be considered illustrative and not restrictive and is not to be limited to the
details given herein, but may be modified within the scope and equivalents of the

appended claims.

11



WO 2020/123082 PCT/US2019/061233

10

15

20

25

30

CLAIMS
What is claimed is:
1. A processing tool comprising a processing chamber for processing a work
piece, the processing chamber including at least one component part having a multi-
layer coating including (a) an aluminum layer formed on the at least one component
part and (b) a ceramic coating formed on the aluminum layer.
2. The processing tool of claim 1, wherein the ceramic coating is an amorphous

aluminum oxide ceramic layer.

3. The processing tool of claim 1, wherein the ceramic coating is a yttrium oxide
layer.
4. The processing tool of claim 1, wherein the ceramic coating is a laminate of

amorphous aluminum oxide ceramic and yttrium oxide.
5. The processing tool of claim 1, wherein the ceramic coating has a thickness of

one of the following:

(a) 1 micron or less;
(b) 10 microns or less; or
(c) more than one micron.
6. The processing tool of claim 1, wherein the aluminum layer has a thickness of

one of the following:

(a) less than 25 microns;

(b) 25 microns or more;

(c) 25 to 250 microns; or

(d) more than 250 microns.
7. The processing tool of claim 1, wherein the aluminum layer has a thickness of
25 microns or more and the ceramic layer has a thickness of 1 micron or less.
8. The processing tool of claim 1, wherein the ceramic coating covers a rack
mark formed in the aluminum layer creating during electroplating.
9. The processing tool of claim 1 wherein the component part is any metal part
that is exposed to a chemistry within the processing chamber and is subject to
mechanical stress.
10. The processing tool of claim 1, wherein the component part is selected from

the group including a sub-assembly within the processing chamber, a shower head
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within the processing chamber, a work piece heater provided in the processing
chamber, a portion of a work piece holder provided in the processing chamber) or a
clamp, a screw, a bolt, a spring, a washer, a pin, a clip, or a mechanical fastener
provided in the processing chamber.
11. The processing tool of claim 1, wherein the processing tool is either a
deposition tool or an etching tool.
12. A method of assembling a work piece processing tool comprising assembling
a processing chamber using at least one component part having a multi-layer coating
including (a) an aluminum layer formed on the at least one component part and (b) a
ceramic coating formed on the aluminum layer.
13. The method of claim 12, further comprising:

electroplating the at least one component part to form the aluminum layer
formed on the at least one component part; and

depositing the ceramic coating formed on the aluminum layer after the
electroplating, wherein the electroplating and depositing is performed prior to
assembly of the processing chamber using the component part.
14. The method of claim 12, further comprising:

electroplating the at least one component part to form the aluminum layer
formed on the at least one component part;

assembling the processing chamber using the component part with the
aluminum layer; and

depositing the ceramic coating formed on the aluminum layer in situ the
processing chamber after the assembly of the processing chamber.
15. The method of claim 12, wherein the aluminum layer has a thickness of one of
the following:

(a) 25 to 250 microns;

(b) 25 microns or more;

(©) less than 25 microns; or

(d) more than 250 microns.

16. The method of claim 12, wherein the ceramic coating comprises one of the
following:
© an amorphous aluminum oxide ceramic layer;

13
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(d) a yttrium oxide layer; or
(e) a laminate of amorphous aluminum oxide ceramic and yttrium oxide.
17. The method of claim 12, wherein the ceramic coating comprises has a

thickness of one of the following:

(a) 1 micron or less;
(b) 10 microns or less; or
(c) more than one micron.
18. The method of claim 12, wherein the component part is any metal part that is

one of the following:
(a) exposed to a chemistry within the processing chamber;
(b) is subject to mechanical stress; or
(c) both (a) and (b).
19. The method of claim 12, wherein the processing tool is either a deposition tool

or an etching tool.

14
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