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FIG. 3A

munication between the plasma region within the confinement ring and
an environment external to the confinement ring. A recess is defined
in a lower surface of the lower wall. A lower ring is arranged within
the recess of the lower surface. The lower ring includes a second plu-
rality of slots that provides fluid communication between the plasma
region within the confinement ring and an environment external to the
confinement ring via the first plurality of slots.
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CONFINEMENT RING WITH EXTENDED LIFE

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application No. 16/114,497, filed
on August 28, 2018. The entire disclosure of the application referenced above is

incorporated herein by reference.

FIELD
[0002] The present disclosure relates to a plasma confinement ring for a

semiconductor processing system.

BACKGROUND
[0003] The background description provided here is for the purpose of generally
presenting the context of the disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well as aspects of the description
that may not otherwise qualify as prior art at the time of filing, are neither expressly nor

impliedly admitted as prior art against the present disclosure.

[0004] Substrate processing systems may be used to treat substrates such as
semiconductor wafers. Example processes that may be performed on a substrate
include, but are not limited to, chemical vapor deposition (CVD), atomic layer deposition
(ALD), conductor etch, and/or other etch, deposition, or cleaning processes. A
substrate may be arranged on a substrate support, such as a pedestal, an electrostatic
chuck (ESC), etc. in a processing chamber of the substrate processing system. During
etching, gas mixtures including one or more precursors may be introduced into the

processing chamber and plasma may be used to initiate chemical reactions.

[0005] The substrate support may include a ceramic layer arranged to support a
wafer. For example, the wafer may be clamped to the ceramic layer during processing.
The substrate support may include an edge ring arranged around an outer portion (e.g.,
outside of and/or adjacent {0 a perimeter) of the substrate support. The edge ring may
be provided to confine plasma (o a volume above the substrate, protect the substrate
support from erosion caused by the plasma, etc. The substrate processing system may

nclude a plasma confinement shroud or ring arranged around each of the subsirate
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support and an upper electrode {e.g., a showerhead) to further confine the plasma

within the volume above the substrate.

SUMMARY
[0006] A confinement ring for a substrate processing system includes a lower wall, an
outer wall, and an upper wall defining a plasma region within the confinement ring. A
first plurality of slots is formed within the lower wall. The first plurality of slots provides
fluid communication between the plasma region within the confinement ring and an
environment external to the confinement ring. A recess is defined in a lower surface of
the lower wall. A lower ring is arranged within the recess of the lower surface. The
lower ring includes a second plurality of slots that provides fluid communication
between the plasma region within the confinement ring and an environment external to

the confinement ring via the first plurality of slots.

[0007] In other features, the lower wall comprises a first material and the lower ring
comprises a second material different from the first material. The second material has
a greater resistance to plasma etching than the first material. The first material includes
silicon and the second material includes anodized aluminum. The first material
includes silicon and the second material includes yttrium oxide (Y203). The second
material includes a diamond coating. The diamond coating is deposited onto the lower

ring using chemical vapor deposition.

[0008] In other features, a thickness of the lower ring is between 10% and 50% of a
thickness of the lower wall. The lower ring comprises a plurality of sections. A gap
between the sections is axially aligned with one of the second plurality of slots. A gap
between the sections is located between adjacent ones of the second plurality of slots.
Spacing between adjacent ones of the second plurality of slots around the lower ring is
uniform. The lower ring is configured to rotate within the recess. The lower ring is
configured to be arranged in a first position within the recess such that each of the
second plurality of slots is axially aligned with a respective one of the first plurality of
slots and rotated to a second position within the recess such that each of the second

plurality of slots is not axially aligned with the respective one of the first plurality of slots.

[0009] A method for adjusting a conductance of a confinement ring for a substrate
processing system includes providing a lower ring within a lower wall of the

confinement ring. The confinement ring includes a first plurality of slots, the lower ring
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includes a second plurality of slots, and the lower ring is in a first radial position relative
to the confinement ring. The method further includes adjusting the lower ring from the
first radial position to a second radial position relative to the confinement ring to adjust

the conductance of the confinement ring.

[0010] In other features, in the first radial position, individual ones of the second
plurality of slots are axially aligned with individual ones of the first plurality of slots. In
the second radial position, the individual ones of the second plurality of slots are not
axially aligned with the individual ones of the first plurality of slots. The lower ring is
adjusted from the first radial position to the second radial position subsequent to a
predetermined amount of plasma processing being performed within the substrate
processing system. The predetermined amount of plasma processing includes at least
one of a predetermined number of etching cycles and a predetermined period of

etching.

[0011] Further areas of applicability of the present disclosure will become apparent
from the detailed description, the claims and the drawings. The detailed description and
specific examples are intended for purposes of illustration only and are not intended to

limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The present disclosure will become more fully understood from the detailed

description and the accompanying drawings, wherein:

[0013] FIG. 1 is a functional block diagram of an example processing chamber

according to the present disclosure;

[0014] FIG. 2A is a side cross-sectional view of an example confinement ring

according to the present disclosure;
[0015] FIG. 2B is a top-down view of the example confinement ring of FIG. 2A; and

[0016] FIGS. 3A, 3B, 3C, 3D, and 3E show an example confinement ring including a

lower ring according to the principles of the present disclosure; and

[0017] FIGS. 4A and 4B show another example confinement ring according to the

present disclosure; and

[0018] FIG. 5 illustrates steps of an example method for adjusting a conductance of a

confinement ring according to the present disclosure.
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[0019] In the drawings, reference numbers may be reused to identify similar and/or

identical elements.

DETAILED DESCRIPTION
[0020] A processing chamber of a substrate processing system may include a plasma
confinement shroud or ring (referred to hereinafter as a confinement ring). The
confinement ring may be arranged to confine plasma and other reactants within a
desired region in the processing chamber. For example, the confinement ring may be
positioned to surround a substrate support and an upper electrode to confine the

plasma within a volume above a substrate and below the upper electrode.

[0021] In some examples, the confinement ring comprises a semiconductor material
such as silicon, silicon carbide (SiC), etc. The confinement ring, which is grounded, is
constructed to have a predetermined conductance to maintain consistent processing
performance parameters. However, due to erosion of surfaces of the semiconductor
material caused by exposure to plasma and other process materials, the conductance
of the confinement ring (and, therefore, the conductance of the processing chamber)
changes over time and may cause process drift. Accordingly, the confinement ring may

require periodic replacement.

[0022] Systems and methods according to the principles of the present disclosure
increase a lifetime of the confinement. For example, the confinement ring may
implement one or more modifications configured to maintain the predetermined
conductance of the confinement ring and reduce process variation as described below

in more detail.

[0023] Referring now to FIG. 1, an example substrate processing system 100 is
shown. For example only, the substrate processing system 100 may be used for
performing etching using RF plasma and/or other suitable substrate processing. The
substrate processing system 100 includes a processing chamber 102 that encloses
other components of the substrate processing system 100 and contains the RF plasma.
The substrate processing chamber 102 includes an upper electrode 104 and a
substrate support 106, such as an electrostatic chuck (ESC). During operation, a
substrate 108 is arranged on the substrate support 106. While a specific substrate
processing system 100 and chamber 102 are shown as an example, the principles of

the present disclosure may be applied to other types of substrate processing systems



10

15

20

25

30

WO 2020/046708 PCT/US2019/047685
5

and chambers, such as a substrate processing system that generates plasma in-situ,
that implements remote plasma generation and delivery (e.g., using a plasma tube, a

microwave tube), etc.

[0024] For example only, the upper electrode 104 may include a gas distribution
device such as a showerhead 109 that introduces and distributes process gases. The
showerhead 109 may include a stem portion including one end connected to a top
surface of the processing chamber. A base portion is generally cylindrical and extends
radially outwardly from an opposite end of the stem portion at a location that is spaced
from the top surface of the processing chamber. A substrate-facing surface or
faceplate of the base portion of the showerhead includes a plurality of holes through
which process gas or purge gas flows. Alternately, the upper electrode 104 may
include a conducting plate and the process gases may be introduced in another

manner.

[0025] The substrate support 106 includes a conductive baseplate 110 that acts as a
lower electrode. The baseplate 110 supports a ceramic layer 112. In some examples,
the ceramic layer 112 may comprise a heating layer, such as a ceramic multi-zone
heating plate. A thermal resistance layer 114 (e.g., a bond layer) may be arranged
between the ceramic layer 112 and the baseplate 110. The baseplate 110 may include
one or more coolant channels 116 for flowing coolant through the baseplate 110. The
substrate support 106 may include an edge ring 118 arranged to surround an outer

perimeter of the substrate 108.

[0026] An RF generating system 120 generates and outputs an RF voltage to one of
the upper electrode 104 and the lower electrode (e.g., the baseplate 110 of the
substrate support 106). The other one of the upper electrode 104 and the baseplate
110 may be DC grounded, AC grounded or floating. For example only, the RF
generating system 120 may include an RF voltage generator 122 that generates the RF
voltage that is fed by a matching and distribution network 124 to the upper electrode
104 or the baseplate 110. In other examples, the plasma may be generated inductively
or remotely. Although, as shown for example purposes, the RF generating system 120
corresponds to a capacitively coupled plasma (CCP) system, the principles of the
present disclosure may also be implemented in other suitable systems, such as, for
example only transformer coupled plasma (TCP) systems, CCP cathode systems,

remote microwave plasma generation and delivery systems, etc.
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[0027] A gas delivery system 130 includes one or more gas sources 132-1, 132-2,...,
and 132-N (collectively gas sources 132), where N is an integer greater than zero. The
gas sources supply one or more precursors and mixtures thereof. The gas sources
may also supply purge gas. Vaporized precursor may also be used. The gas sources
132 are connected by valves 134-1, 134-2, ..., and 134-N (collectively valves 134) and
mass flow controllers 136-1, 136-2, ..., and 136-N (collectively mass flow controllers
136) to a manifold 140. An output of the manifold 140 is fed to the processing chamber
102. For example only, the output of the manifold 140 is fed to the showerhead 109.

[0028] A temperature controller 142 may be connected to a plurality of heating
elements, such as thermal control elements (TCEs) 144 arranged in the ceramic layer
112. For example, the heating elements 144 may include, but are not limited to, macro
heating elements corresponding to respective zones in a multi-zone heating plate
and/or an array of micro heating elements disposed across multiple zones of a multi-
zone heating plate. The temperature controller 142 may be used to control the plurality
of heating elements 144 to control a temperature of the substrate support 106 and the
substrate 108.

[0029] The temperature controller 142 may communicate with a coolant assembly 146
to control coolant flow through the channels 116. For example, the coolant assembly
146 may include a coolant pump and reservoir. The temperature controller 142
operates the coolant assembly 146 to selectively flow the coolant through the channels

116 to cool the substrate support 106.

[0030] A valve 150 and pump 152 may be used to evacuate reactants from the
processing chamber 102. A system controller 160 may be used to control components
of the substrate processing system 100. A robot 170 may be used to deliver substrates
onto, and remove substrates from, the substrate support 106. For example, the robot
170 may transfer substrates between the substrate support 106 and a load lock 172.
Although shown as separate controllers, the temperature controller 142 may be
implemented within the system controller 160. In some examples, a protective seal 176
may be provided around a perimeter of the bond layer 114 between the ceramic layer
112 and the baseplate 110.

[0031] The processing chamber 102 may include a confinement ring 180, such as a C-
shroud as shown in FIG. 1. The confinement ring 180, which is typically grounded, is

arranged around the upper electrode 104 and the substrate support 106 to confine
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plasma within a plasma region 182. In some examples, the confinement ring 180
comprises a semiconductor material, such as silicon, silicon carbide (SiC), etc. The
confinement ring 180 may include one or more slots 184 arranged to allow gases to
flow out of the plasma region 182 to be vented from the plasma chamber 106 via the
valve 150 and the pump 152. In other words, the slots provide fluid communication
between the plasma region 182 within the confinement ring 180 and an environment
external to the confinement ring 180. The confinement ring 180 according to the
principles of the present disclosure is configured to maintain a predetermined

conductance as described below in more detalil.

[0032] Referring now to FIGS. 2A and 2B, an example confinement ring 200 is shown
in more detail. The confinement ring 200 is shown in cross section in FIG. 2A. The
confinement ring 200 includes an annular lower wall 204, outer wall 208, and upper wall

212. FIG. 2B shows a top-down view of an upper surface 216 of the lower wall 204.

[0033] The confinement ring 200 includes a plurality of slots 220 for allowing gases to
be vented out of a plasma region 224 within the confinement ring 200. Dimensions of
the slots (e.g., quantity, overall area, etc.) determine the conductance of the
confinement ring 200 (and, therefore, of the conductance within the processing
chamber). Over time, exposure to plasma causes the slots 220 to erode and widen,
which changes the conductance within the processing chamber. For example only,
inner portions of the slots 220 (i.e., portions of the slots 220 nearer to an inner diameter
of the confinement ring 200) may erode at a greater rate than outer portions of the slots
220 (i.e., portions of the slots 200 nearer to an outer diameter of the confinement ring
200). Erosion of the slots 220 leads to eventual replacement of the confinement ring
200.

[0034] Referring now to FIGS. 3A, 3B, 3C, 3D, and 3E, an example confinement ring
300 according to the principles of the present disclosure is shown. The confinement
ring 300 is shown in cross section in FIG. 3A. The confinement ring 300 includes an
annular lower wall 304, outer wall 308, and upper wall 312. FIG. 3B shows a top-down
view of a portion of an upper surface 316 of the lower wall 304. The lower wall 304

includes a plurality of slots 320.

[0035] The confinement ring 300 further includes a lower ring 324. The lower ring 324
includes a plurality of slots 328. The lower ring 324 is arranged within a recess 332 in a

bottom surface of the lower wall 304. For example, the lower ring 324 is arranged
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within the recess 332 such that the slots 328 in the lower ring 324 are aligned (e.g.,
axially) with the slots 320 in the lower wall 304. For example only, the lower ring 324 is
bolted to the lower wall 304 to retain the lower ring 324 within the recess 332 (e.g.,
through bolt holes 334). A thickness of the lower ring 324 may be 5-50% of an overall

thickness of the lower wall 304.

[0036] The lower ring 324 comprises and/or is coated with a material that has a
greater resistance to erosion (e.g., a greater resistance to plasma etching) than a
material of the confinement ring 300. In one example, the lower ring 324 comprises
anodized aluminum. In another example, the lower ring 324 comprises yttrium oxide
(Y203). In another example, the lower ring 324 comprises silicon with a CVD diamond
coating. The slots 328 of the lower ring 324 have a greater resistance to erosion (and,
therefore, widening caused by erosion) than the slots 320 of the lower wall 304. As the
slots 320 widen due to erosion, the width of the slots 328 is maintained, which in turn
maintains the conductance of the confinement ring 300. Accordingly, a lifetime of the
confinement ring 300 is increased significantly (e.g., by four times or more relative to a

lifetime of a confinement ring without the lower wall 324).

[0037] As shown in FIG. 3C, the lower ring 324 is comprised of separate sections 336
(e.g., four 90° sections). In other examples, the lower ring 324 may include fewer or
more of the sections 336, or may be a single piece. In some examples, gaps between
the sections 336 may be aligned with one of the slots 340 as shown in FIG. 3D. In
other examples, the gaps between the sections 336 may be located between adjacent

ones of the slots 340 such that a uniform spacing between the slots 340 is maintained.

[0038] Another example lower ring 400 is shown in FIG. 4A. In this example, the
lower ring 400 may be comprised of the same material as the confinement ring 300,
may be a different material (e.g., anodized aluminum, Y203, etc.), and/or may include a
coating (e.g., CVD diamond coating), and is also rotatable within the recess 332. For
example, the lower ring 400 may be initially installed within the recess 332 such that
slots 404 are aligned with the slots 320 of the lower wall 304. As the slots 320 erode
over time, the lower ring 400 may be rotated to change an overall a size of an opening
corresponding to the slots 320 and the slots 404. As shown in FIG. 4B, the slot 320
has widened due to erosion. Accordingly, the lower ring 400 may be rotated such that
the slot 404 is not aligned with (i.e., axially aligned or centered) with the slot 320,

reducing a size of an opening 408 formed through the slot 320 and the slot 404.
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Rotating the lower ring 400 to adjust respective sizes of the openings 408 controls the
overall conductance of the confinement ring 300 and therefore increases the lifetime of

the confinement ring 300.

[0039] As shown in FIG. 4A, the lower ring 400 may include multiple sets of screw or
bolt holes 412-1, 412-2, 412-3,..., and 412-n (referred to collectively as holes 412),
416-1, 416-2, 416-3,..., and 416-n (referred to collectively as holes 416), 420-1, 420-2,
420-3,..., and 420-n (referred to collectively as holes 420), etc. Accordingly, the lower
ring 400 may be manually rotated through a plurality of fixed positions by aligning a

selected one of the sets of holes with corresponding holes in the lower wall 304.

[0040] Referring now to FIG. 5, an example method 500 for adjusting a conductance
of a confinement ring according to the present disclosure begins at 504. At 508, a
confinement ring 300 including a lower ring 400 in an initial position (e.g., a first radial
position) is installed within a processing chamber. For example only, in the initial
position, the slots 404 of the lower ring 400 are aligned (e.g., axially) with the slots 320
of the lower wall 304. At 512, the plasma processing (e.g., etching) is performed within
the processing chamber. At 516, the method 500 determines whether to adjust a radial
position of the lower ring 400. For example, the method 500 may determine that the
lower ring 400 should be rotated in response to a predetermined number of etching
cycles being performed, a predetermined period of etching, etc. If true, the method 500

continues to 520. If false, the method 500 continues to 512.

[0041] At 520, the method 500 determines whether the lower ring 400 has been
rotated a maximum number of times. For example, the lower ring 400 may only be
rotated the maximum number of times (e.g., 3, 4, 5) before the confinement ring 300
needs to be replaced. If true, the method 500 continues to 524. If false, the method
500 continues to 528. At 524, the method 500 provides an indication (e.g., via the
system controller 160) that the confinement ring 300 needs to be replaced and ends at
532.

[0042] At 528, the lower ring 400 is rotated to adjust a radial position of the slots 404
relative to the slots 320 and the method 500 then continues to 512. In this manner, the
lower ring 400 may be rotated one or more times into different positions to maintain a

desired conductance of the confinement ring 300.

[0043] The foregoing description is merely illustrative in nature and is in no way

intended to limit the disclosure, its application, or uses. The broad teachings of the
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disclosure can be implemented in a variety of forms. Therefore, while this disclosure
includes particular examples, the true scope of the disclosure should not be so limited
since other modifications will become apparent upon a study of the drawings, the
specification, and the following claims. It should be understood that one or more steps
within a method may be executed in different order (or concurrently) without altering the
principles of the present disclosure. Further, although each of the embodiments is
described above as having certain features, any one or more of those features
described with respect to any embodiment of the disclosure can be implemented in
and/or combined with features of any of the other embodiments, even if that
combination is not explicitly described. In other words, the described embodiments are
not mutually exclusive, and permutations of one or more embodiments with one another

remain within the scope of this disclosure.

[0044] Spatial and functional relationships between elements (for example, between
modules, circuit elements, semiconductor layers, etc.) are described using various

”ou

terms, including “connected,” “engaged,” “coupled,” “adjacent,” “next to,” “on top of,”
“above,” “below,” and “disposed.” Unless explicitly described as being “direct,” when a
relationship between first and second elements is described in the above disclosure,
that relationship can be a direct relationship where no other intervening elements are
present between the first and second elements, but can also be an indirect relationship
where one or more intervening elements are present (either spatially or functionally)
between the first and second elements. As used herein, the phrase at least one of A, B,
and C should be construed to mean a logical (A OR B OR C), using a non-exclusive
logical OR, and should not be construed to mean “at least one of A, at least one of B,

and at least one of C.”

[0045] In some implementations, a controller is part of a system, which may be part of
the above-described examples. Such systems can comprise semiconductor processing
equipment, including a processing tool or tools, chamber or chambers, a platform or
platforms for processing, and/or specific processing components (a wafer pedestal, a
gas flow system, etc.). These systems may be integrated with electronics for controlling
their operation before, during, and after processing of a semiconductor wafer or
substrate. The electronics may be referred to as the “controller,” which may control
various components or subparts of the system or systems. The controller, depending
on the processing requirements and/or the type of system, may be programmed to

control any of the processes disclosed herein, including the delivery of processing
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gases, temperature settings (e.g., heating and/or cooling), pressure settings, vacuum
settings, power settings, radio frequency (RF) generator settings, RF matching circuit
settings, frequency settings, flow rate settings, fluid delivery settings, positional and
operation settings, wafer transfers into and out of a tool and other transfer tools and/or

load locks connected to or interfaced with a specific system.

[0046] Broadly speaking, the controller may be defined as electronics having various
integrated circuits, logic, memory, and/or software that receive instructions, issue
instructions, control operation, enable cleaning operations, enable endpoint
measurements, and the like. The integrated circuits may include chips in the form of
firmware that store program instructions, digital signal processors (DSPs), chips defined
as application specific integrated circuits (ASICs), and/or one or more microprocessors,
or microcontrollers that execute program instructions (e.g., software). Program
instructions may be instructions communicated to the controller in the form of various
individual settings (or program files), defining operational parameters for carrying out a
particular process on or for a semiconductor wafer or to a system. The operational
parameters may, in some embodiments, be part of a recipe defined by process
engineers to accomplish one or more processing steps during the fabrication of one or
more layers, materials, metals, oxides, silicon, silicon dioxide, surfaces, circuits, and/or

dies of a wafer.

[0047] The controller, in some implementations, may be a part of or coupled to a
computer that is integrated with the system, coupled to the system, otherwise
networked to the system, or a combination thereof. For example, the controller may be
in the “cloud” or all or a part of a fab host computer system, which can allow for remote
access of the wafer processing. The computer may enable remote access to the
system to monitor current progress of fabrication operations, examine a history of past
fabrication operations, examine trends or performance metrics from a plurality of
fabrication operations, to change parameters of current processing, to set processing
steps to follow a current processing, or to start a new process. In some examples, a
remote computer (e.g. a server) can provide process recipes to a system over a
network, which may include a local network or the Internet. The remote computer may
include a user interface that enables entry or programming of parameters and/or
settings, which are then communicated to the system from the remote computer. In
some examples, the controller receives instructions in the form of data, which specify

parameters for each of the processing steps to be performed during one or more
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operations. It should be understood that the parameters may be specific to the type of
process to be performed and the type of tool that the controller is configured to interface
with or control. Thus as described above, the controller may be distributed, such as by
comprising one or more discrete controllers that are networked together and working
towards a common purpose, such as the processes and controls described herein. An
example of a distributed controller for such purposes would be one or more integrated
circuits on a chamber in communication with one or more integrated circuits located
remotely (such as at the platform level or as part of a remote computer) that combine to

control a process on the chamber.

[0048] Without limitation, example systems may include a plasma etch chamber or
module, a deposition chamber or module, a spin-rinse chamber or module, a metal
plating chamber or module, a clean chamber or module, a bevel edge etch chamber or
module, a physical vapor deposition (PVD) chamber or module, a chemical vapor
deposition (CVD) chamber or module, an atomic layer deposition (ALD) chamber or
module, an atomic layer etch (ALE) chamber or module, an ion implantation chamber or
module, a track chamber or module, and any other semiconductor processing systems
that may be associated or used in the fabrication and/or manufacturing of

semiconductor wafers.

[0049] As noted above, depending on the process step or steps to be performed by
the tool, the controller might communicate with one or more of other tool circuits or
modules, other tool components, cluster tools, other tool interfaces, adjacent tools,
neighboring tools, tools located throughout a factory, a main computer, another
controller, or tools used in material transport that bring containers of wafers to and from

tool locations and/or load ports in a semiconductor manufacturing factory.
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CLAIMS
What is claimed is:
1. A confinement ring for a substrate processing system, the confinement ring

comprising:

a lower wall, an outer wall, and an upper wall defining a plasma region within the
confinement ring;

a first plurality of slots formed within the lower wall, wherein the first plurality of
slots provides fluid communication between the plasma region within the confinement
ring and an environment external to the confinement ring;

a recess defined in a lower surface of the lower wall; and

a lower ring arranged within the recess of the lower surface, wherein the lower
ring includes a second plurality of slots that provides fluid communication between the
plasma region within the confinement ring and an environment external to the

confinement ring via the first plurality of slots.

2. The confinement ring of claim 1, wherein the lower wall comprises a first material

and the lower ring comprises a second material different from the first material.

3. The confinement ring of claim 2, wherein the second material has a greater

resistance to plasma etching than the first material.

4. The confinement ring of claim 2, wherein the first material includes silicon and

the second material includes anodized aluminum.

. The confinement ring of claim 2, wherein the first material includes silicon and

the second material includes yttrium oxide (Y20s3).

6. The confinement ring of claim 2, wherein the second material includes a

diamond coating.

7. The confinement ring of claim 6, wherein the diamond coating is deposited onto

the lower ring using chemical vapor deposition.
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8. The confinement ring of claim 1, wherein a thickness of the lower ring is between

10% and 50% of a thickness of the lower wall.

9. The confinement ring of claim 1, wherein the lower ring comprises a plurality of

sections.

10.  The confinement ring of claim 9, wherein a gap between the sections is axially

aligned with one of the second plurality of slots.

11.  The confinement ring of claim 9, wherein a gap between the sections is located

between adjacent ones of the second plurality of slots.

12.  The confinement ring of claim 1, wherein spacing between adjacent ones of the

second plurality of slots around the lower ring is uniform.

13.  The confinement ring of claim 1, wherein the lower ring is configured to rotate

within the recess.

14.  The confinement ring of claim 11, wherein the lower ring is configured to be (i)
arranged in a first position within the recess such that each of the second plurality of
slots is axially aligned with a respective one of the first plurality of slots and (ii) rotated
to a second position within the recess such that each of the second plurality of slots is

not axially aligned with the respective one of the first plurality of slots.

15. A method for adjusting a conductance of a confinement ring for a substrate
processing system, the method comprising:

providing a lower ring within a lower wall of the confinement ring, wherein the
confinement ring includes a first plurality of slots and the lower ring includes a second
plurality of slots, and wherein the lower ring is in a first radial position relative to the
confinement ring;

adjusting the lower ring from the first radial position to a second radial position

relative to the confinement ring to adjust the conductance of the confinement ring.
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16. The method of claim 15, wherein in the first radial position, individual ones of the
second plurality of slots are axially aligned with individual ones of the first plurality of

slots.

17.  The method of claim 16, wherein in the second radial position, the individual
ones of the second plurality of slots are not axially aligned with the individual ones of

the first plurality of slots.

18. The method of claim 15, wherein the lower ring is adjusted from the first radial
position to the second radial position subsequent to a predetermined amount of plasma

processing being performed within the substrate processing system.

19. The method of claim 18, wherein the predetermined amount of plasma
processing includes at least one of a predetermined number of etching cycles and a

predetermined period of etching.



PCT/US2019/047685

WO 2020/046708

1/5

47

Klqwassy u\l@i
wejoon |

dwng |e

anlep e W

O OO 0jo

Sl

S GPYYR & —J )
|w |w \F: goL Syl 8Ll _ _lva__o:coo a0
Zs1 0G1 owTR \ \ Lﬂ dwa] g mfot
A A
44
) (-
201—"por—/ c8l ] !
Jg[jonuod
601 wolsAs
A
om:l\
A
yoo ju—¢lt
peo
MIOMIoN
uonnguisig
vwrl\ pue Buiyole
V -
cel Jojeiauan) 4y
[ ozt
1 'Old N9ELS  NVEL
< AN
< 24N < OAlBA e 92IN0g seD (Z-Nmr
oorl\ < 24N < OAlBA e 92IN0g seD <
/N-NQ
< 24N < OAlBA e 92IN0g seD
oil\ — — /\/oﬁ
L L L-2¢l
L-9¢1 L-¥El




WO 2020/046708

| 2121
L204

——\\ 208\}

216

<
(9]

FIG. 2A

2001

2/5

o
N
(9]

PCT/US2019/047685

FIG. 2B






000000000000000000000000000000




WO 2020/046708

5/5

504

Start

508 2
L Install Confinement Ring With

Lower Ring In Initial Position

512
L \ 4

Perform Plasma Processing Within

PCT/US2019/047685

f500

Processing Chamber

516

Adjust

Position Of Lower
Ring?

520

5241

Lower Ring
Rotated Maximum

Amount?

Provide Indication That
Confinement Ring Needs To Be
Replaced

Rotate Lower Ring

FIG. 5

End

532




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2019/047685

A. CLASSIFICATION OF SUBJECT MATTER

HO1L 21/687(2006.01)i, HO1L 21/67(2006.01)i, HO1L 21/683(2006.01)i, HO1L 21/3065(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HOIL 21/687; C23C 16/50; C23C 4/06; C23C 4/134; C23F 1/00; HO1J 37/32; HO1L 21/205; HO1L 21/3065; HO1L 21/67; HO1L 21/683

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: confinement ring, erosion, slot, rotate, conductance

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2011-0108524 A1 (RAJINDER DHINDSA et al.) 12 May 2011 1,2,8-19
See paragraphs [0020]-[0045] and figures 1-2C.

Y 37

Y US 2017-0110293 A1 (APPLIED MATERIALS, INC.) 20 April 2017 3-5
See paragraphs [0008], [0009].

Y US 2017-0253974 A1 (LAM RESEARCH CORPORATION) 07 September 2017 6,7
See claim 4.

A KR 10-1535155 B1 (EUGENE TECHNOLOGY CO., LTD.) 09 July 2015 1-19
See paragraphs [0030]-[0041] and figures 1, 2, 57.

A US 2016-0312351 A1 (LAM RESEARCH CORPORATION) 27 October 2016 1-19
See paragraphs [0003], [0018], [0019].

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

than the priority date claimed

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eatlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family

Date of the actual completion of the international search
05 December 2019 (05.12.2019)

Date of mailing of the international search report

06 December 2019 (06.12.2019)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No, 182-42-481-8578

Authorized officer

PARK, Hye Lyun

Telephone No.

s
ottty
o5,

+82-42-481-3463

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2019/047685
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2011-0108524 Al 12/05/2011 CN 102484940 A 30/05/2012
CN 102484940 B 25/11/2015
CN 102550130 A 04/07/2012
JP 2013-503494 A 31/01/2013
JP 2013-503495 A 31/01/2013
JP 5794988 B2 14/10/2015
KR 10-1723253 Bl 04/04/2017
KR 10-2012-0059515 A 08/06/2012
KR 10-2012-0068847 A 27/06/2012
SG 10201405040 A 30/10/2014
SG 10201405042 A 30/10/2014
SG 178287 Al 29/03/2012
SG 178288 Al 29/03/2012
TW 201130035 A 01/09/2011
TW 201130036 A 01/09/2011
TW 1524416 B 01/03/2016
US 2011-0100553 Al 05/05/2011
US 8900398 B2 02/12/2014
WO 2011-026126 A2 03/03/2011
WO 2011-026126 A3 03/06/2011
WO 2011-026127 A2 03/03/2011
WO 2011-026127 A3 03/06/2011
US 2017-0110293 Al 20/04/2017 CN 101293771 A 29/10/2008
CN 101293771 B 26/06/2013
CN 101772589 A 07/07/2010
CN 101772589 B 28/08/2013
CN 103102157 A 15/05/2013
CN 103436836 A 11/12/2013
EP 1988187 A2 05/11/2008
EP 1988187 A3 08/12/2010
JP 2008-273823 A 13/11/2008
JP 2010-535288 A 18/11/2010
JP 2012-116749 A 21/06/2012
JP 2014-159637 A 04/09/2014
JP 2015-212219 A 26/11/2015
JP 2016-155744 A 01/09/2016
JP 2017-095350 A 01/06/2017
JP 2019-069891 A 09/05/2019
JP 2019-069892 A 09/05/2019
JP 4975676 B2 11/07/2012
JP 5506678 B2 28/05/2014
JP 5805545 B2 04/11/2015
JP 5978236 B2 24/08/2016
JP 6259844 B2 10/01/2018
JP 6314110 B2 18/04/2018
KR 10-0917292 Bl 11/09/2009
KR 10-1365139 Bl 20/02/2014
KR 10-1428646 Bl 13/08/2014

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2019/047685
Patent document Publication Patent family Publication
cited in search report date member(s) date

KR 10-1441865 Bl 22/09/2014
KR 10-1456539 Bl 31/10/2014
KR 10-1491437 Bl 10/02/2015
KR 10-1491568 Bl 09/02/2015
KR 10-2008-0096340 A 30/10/2008
KR 10-2009-0032063 A 31/03/2009
KR 10-2010-0052502 A 19/05/2010
KR 10-2013-0008498 A 22/01/2013
KR 10-2013-0114027 A 16/10/2013
KR 10-2014-0037161 A 26/03/2014
KR 10-2014-0100919 A 18/08/2014
SG 10201508616 A 27/11/2015
SG 10201803162 A 28/06/2018
SG 142320 Al 28/11/2008
TW 200842944 A 01/11/2008
TW 200914394 A 01/04/2009
TW 201140657 A 16/11/2011
TW 201503238 A 16/01/2015
TW 201503239 A 16/01/2015
TW 201602051 A 16/01/2016
TW 201726580 A 01/08/2017
TW 201831429 A 01/09/2018
TW 201831430 A 01/09/2018
TW 201833058 A 16/09/2018
TW 1351057 B 21/10/2011
TW 1441794 B 21/06/2014
TW 1483291 B 01/05/2015
TW 1562205 B 11/12/2016
TW 1567793 B 21/01/2017
TW 1571452 B 21/02/2017
TW 1628154 B 01/07/2018
TW 1654158 B 21/03/2019
TW 1654159 B 21/03/2019
TW 1654160 B 21/03/2019
US 10242888 B2 26/03/2019
US 2005-0037193 Al 17/02/2005
US 2005-0056218 Al 17/03/2005
US 2007-0134416 Al 14/06/2007
US 2007-0151581 Al 05/07/2007
US 2008-0213496 Al 04/09/2008
US 2008-0264564 Al 30/10/2008
US 2008-0264565 Al 30/10/2008
US 2009-0025751 Al 29/01/2009
US 2009-0087615 Al 02/04/2009
US 2010-0160143 Al 24/06/2010
US 2011-0036874 Al 17/02/2011
US 2012-0034469 Al 09/02/2012
US 2013-0224498 Al 29/08/2013
US 2015-0143677 Al 28/05/2015
US 2017-0372874 A9 28/12/2017

Form PCT/ISA/210 (patent family annex) (July 2019)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/US2019/047685
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2018-0174866 A9 21/06/2018
US 2019-0157113 Al 23/05/2019
US 2019-0157114 Al 23/05/2019
US 2019-0157115 Al 23/05/2019
US 6776873 Bl 17/08/2004
US 7479304 B2 20/01/2009
US 7696117 B2 13/04/2010
US 7846264 B2 07/12/2010
US 8016948 B2 13/09/2011
US 8034734 B2 11/10/2011
US 8067067 B2 29/11/2011
US 8623527 B2 07/01/2014
US 9051219 B2 09/06/2015
WO 2009-017766 Al 05/02/2009
US 2017-0253974 Al 07/09/2017 CN 107393797 A 24/11/2017
JP 2017-166065 A 21/09/2017
KR 10-2017-0103689 A 13/09/2017
SG 10201701713 A 30/10/2017
TW 201800596 A 01/01/2018
KR 10-1535155 Bl 09/07/2015 CN 105849865 A 10/08/2016
CN 105849865 B 05/07/2019
JP 2017-501569 A 12/01/2017
JP 6165341 B2 19/07/2017
TW 201532175 A 16/08/2015
TW 1533390 B 11/05/2016
US 10287687 B2 14/05/2019
US 2016-0289834 Al 06/10/2016
WO 2015-105284 Al 16/07/2015
US 2016-0312351 Al 27/10/2016 CN 106086762 A 09/11/2016
EP 3089195 Al 02/11/2016
JP 2016-208034 A 08/12/2016
KR 10-2016-0127667 A 04/11/2016
TW 201706427 A 16/02/2017
US 9790582 B2 17/10/2017

Form PCT/ISA/210 (patent family annex) (July 2019)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

