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C-shroud Modification For Plasma Uniformity Without Impacting Mechanical Strength
Or Lifetime Of The C-shroud

TECHNICAL FIELD
[001] The invention relates to a confinement ring used in a semiconductor process module.

BACKGROUND
[002] In semiconductor processing, a substrate undergoes various operations to form features
that define integrated circuits. For example, for a deposition operation, the substrate is received
into a processing chamber and, depending on type of feature to be formed, specific types of
reactive gases are supplied to the chamber and a radio frequency power is applied to generate
plasma. The substrate is received on a substrate support defined on a lower electrode, such as
an electro static chuck. An upper electrode, such as a showerhead, is used to provide the specific
types of reactive gases into the process chamber. A radio frequency power is applied to the
reactive gases through a corresponding match network to generate the plasma used to selectively
deposit ions over a surface of the substrate to form microscopic features. The reactive gases
generate by-products, such as particulates and gases, etc., which need to be promptly removed
from the plasma chamber in order to maintain the integrity of the microscopic features formed
on the surface of the substrate.
[003] To confine the generated plasma within a process region, a set of confinement rings are
defined to surround the process region. Further, to improve the yield and to ensure the bulk of
the plasma is over the substrate received for processing, the confinement rings surrounding the
plasma region may be designed to extend the process region so as to cover not only the region
above the substrate but also the region over an edge ring disposed to surround the substrate,
when received for processing, and an outer confinement ring disposed adjacent to the edge ring.
The set of confinement rings not only act to confine the plasma within the process region but
also act to protect the inside structure of the processing chamber, including chamber walls.
[004] The integrity of the features formed on the surface of the substrate relies on uniform
plasma density in the process region. Plasma uniformity can be modulated by adjusting the
shape of a confinement ring (e.g., C-shroud) to increase the volume of the process region.
However, any changes to the shape or design of the confinement ring to increase the size of the
volume in the confinement ring, for example, may require significant changes to the hardware
used within the processing chamber, such as processing chamber spacer plate, mating hardware,
etc.). Alternately, changes to the design of the confinement ring may result in compromising the
mechanical strength, or reducing the lifetime of the confinement ring.

[005] It is in this context that embodiments of the invention arise.
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SUMMARY
[006] Various implementations of the invention define a design of a confinement ring used in a
plasma processing chamber for confining plasma within a plasma region. The confinement ring
is defined to include a upper horizontal section that extends between a outer radius and an upper
inner radius, a lower horizontal section that extends between the outer radius and a lower inner
radius, and a vertical section extending between a bottom surface of the upper horizontal section
and a top surface of the lower horizontal section defined at the outer radius. The top surface of
the lower horizontal section of the confinement ring is defined by a slope that is defined by an
angle provided along the top surface down toward the lower inner radius. The slope results in a
difference in the thickness of the lower horizontal section, wherein the thickness of the lower
horizontal section near an inside radius of the confinement ring is greater than the thickness of
the lower horizontal section at the lower inner radius. In some implementations, a bottom
surface of the lower horizontal section is defined to be flat. Alternately, in addition to defining
the slope at the top surface, a second slope is defined along a bottom surface of the lower
horizontal section. The second slope is formed by a second angle provided along the bottom
surface down toward the lower inner radius. The second slope at the bottom surface may be
defined by adding additional material used for the confinement ring. The formation of the
second slope along the bottom surface of the lower horizontal section, in some implementations,
results in a thickness of the lower horizontal section near the inside radius to be equal to the
thickness of the lower horizontal section at the lower inner radius. In alternate implementations,
the formation of the second slope along the bottom surface of the lower horizontal section may
result in the thickness of the lower horizontal section near the inside radius to be different from
the thickness of the lower horizontal section near the lower inner radius. Modifying the shape of
the confinement ring by including sloped geometry for the lower horizontal section assists in
modulating the plasma uniformity within the plasma region without requiring re-designing of
other hardware components of the plasma processing chamber. Further, the modifications done
to the lower horizontal section, (e.g., defining sloped surface along both the top and bottom
surface of the lower horizontal section) avoids adversely affecting the mechanical strength or the
lifetime of the consumable confinement ring.
[007] The lower horizontal section includes a plurality of slots defined along the length of the
lower horizontal section. Each slot is defined to extend radially from an inner diameter to an
outer diameter along the lower horizontal section and vertically between the top surface and the
bottom surface of the lower horizontal section. The plurality of slots is used to remove the by-

products and neutral gas species generated within the plasma region while ensuring optimal
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confinement of the plasma in the plasma region. In some implementations, each of the slots may
be defined to include parallel slot geometry, in that an inner slot radius defined at the inner
diameter is equal to an outer slot radius defined at the outer diameter. In alternate
implementations, in addition to including sloped geometry for the lower horizontal section, the
plurality of slots is defined using tapered slot geometry. The tapered slot geometry is beneficial
as the slots experience differential wear along the length of the slot due to constant exposure to
the plasma. The tapered slot geometry assists in optimally managing the limited space between
the slots while improving the lifetime of use of the confinement ring.

[008] For instance, the wear of the slot is greater at the inner diameter than at the outer
diameter. This uneven wear may be attributed to the variance in the volume of plasma near the
inner diameter of the slot as opposed to the outer diameter. When the wear reaches critical
dimension, the confinement ring needs to be replaced to ensure plasma unconfinement does not
occur. The tapered geometry of the slots assists in addressing the uneven wear while extending
the lifetime of the confinement ring. The tapered slot geometry makes efficient use of the area
around the slot by defining a narrow end at the inner diameter and a broader end at the outer
diameter. The tapered geometry allows the narrow end of the slot to approach the critical
dimension at about the same time as the broader end of the slot, resulting in the entire slot length
reaching the critical confinement dimension at end of life. The tapered slot geometry makes
efficient use of the area around the slot — especially at the outer diameter, thereby extending the
usage life of the confinement ring while maintaining optimal plasma confinement within the
plasma region. Consequently, the cost associated with the consumable confinement ring is
lowered as the number of process cycles the confinement ring can be used in the plasma
processing chamber is extended. Thus, with the modifications to the confinement ring structure
(i.e., including the tapered slot profile and the sloped lower horizontal section) an original
lifetime expectancy of the confinement ring is maintained (i.e., lifetime of the confinement ring
is not compromised) without requiring re-design of other hardware components of the plasma
processing chamber.

[009] In one implementation, a confinement ring for use in a plasma processing chamber is
disclosed. The confinement ring includes an upper horizontal section, a lower horizontal section
and a vertical section. The upper horizontal section extends between an upper inner radius and
an outer radius of the confinement ring. The lower horizontal section extends between a lower
inner radius and the outer radius of the confinement ring. A top surface of the lower horizontal
section provides for an angle down toward the lower inner radius, wherein the angle defines a

slope along the top surface. The lower horizontal section includes an extension section that

3



WO 2022/173557 PCT/US2022/012618

extends downward along the lower inner radius. The vertical section is disposed between the
outer radius and an inside radius of the confinement ring. The vertical section connects the
upper horizontal section to the lower horizontal section of the confinement ring.

[0010] In one implementation, a bottom surface of the lower horizontal section is flat, such that
a first thickness of the lower horizontal section near the inside radius is greater than a second
thickness of the lower horizontal section at the lower inner radius.

[0011] In one implementation, the first thickness is greater by about 10% to about 40% of the
second thickness.

[0012] In one implementation, the angle defines a slope along the top surface of the lower
horizontal section. The slope is defined to be between about 0.20° and about 1° measured from a
horizontal x-axis.

[0013] In one implementation, a bottom surface of the lower horizontal section provides for a
second angle down toward the lower inner radius. The second angle defines a second slope.

The second angle of the second slope defined on the bottom surface is equal to the angle of the
slope defined on the top surface of the lower horizontal section, such that a first thickness of the
lower horizontal section near the inside radius is equal to a second thickness of the lower
horizontal section defined at the lower inner radius.

[0014] In one implementation, a first height defined between a bottom surface of the upper
horizontal section and the top surface of the lower horizontal section near the inside radius is less
than a second height defined between the bottom surface of the upper horizontal section and the
top surface of the lower horizontal section at the lower inner radius of the confinement ring.
[0015] In one implementation, the lower horizontal section, the upper horizontal section and the
vertical section are integrally connected to define a C-shaped structure configured to confine
plasma generated in the plasma processing chamber.

[0016] In one implementation, the lower horizontal section includes a plurality of slots. Each
slot of the plurality of slots extends radially from an inner diameter to an outer diameter along
the lower horizontal section. An inner slot radius of each slot at the inner diameter is equal to an
outer slot radius at the outer diameter.

[0017] In one implementation, the inner diameter of the slot is greater than an inner ring
diameter defined by the lower inner radius, and the outer diameter of the slot is less than an outer
ring diameter defined by the outer radius of the confinement ring.

[0018] In one implementation, the lower horizontal section includes a plurality of slots. Each

slot of the plurality of slots extends radially from an inner diameter to an outer diameter along
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the lower horizontal section. An inner slot radius of each slot at the inner diameter is less than
an outer slot radius at the outer diameter.

[0019] In one implementation, a difference in the inner slot radius and the outer slot radius of
each slot defines a slot taper, such that each slot tapers down from the outer diameter to the inner
diameter. The inner slot radius and the outer slot radius influencing the slot taper are sized to be
an inverse of a wear rate at the corresponding inner diameter and the outer diameter of the slot.
A ratio of the inner slot radius to the outer slot radius is between about 1:1.1 and about 1:1.5.
[0020] In one implementation, the upper inner radius is greater than the lower inner radius of the
confinement ring.

[0021] In one implementation, the extension section defined in the lower horizontal section
extends vertically downward at the lower inner radius.

[0022] In one implementation, the extension section defined in the lower horizontal section is
defined by an angled top section and a vertical bottom section. The angled top section provides
a third angle down at a downward incline point defined on the top surface of the lower
horizontal section at the lower inner radius and the vertical bottom section is defined to extend
downward from a bottom portion of the angled top section.

[0023] In one implementation, a top surface of the upper horizontal section includes a plurality
of holes. Each hole of the plurality of holes is configured to receive a portion of a fastener
means defined on a bottom surface of the upper electrode for coupling the confinement ring to
the upper electrode of the plasma processing chamber.

[0024] In one implementation, the extension section of the lower horizontal section is
configured to rest on a radio frequency gasket defined on a top surface of a lower electrode of a
plasma processing chamber.

[0025] In another alternate implementation, a confinement ring for use in a plasma processing
chamber is disclosed. The confinement ring includes an upper horizontal section, a lower
horizontal section and a vertical section. The upper horizontal section extends between an upper
inner radius and an outer radius of the confinement ring. The lower horizontal section extends
between a lower inner radius and the outer radius of the confinement ring. A top surface of the
lower horizontal section provides for a first angle down toward the lower inner radius to define a
first slope along the top surface. A bottom surface of the lower horizontal section provides for a
second angle down toward the lower inner radius to define a second slope along the bottom
surface. The lower horizontal section includes an extension section that extends down along the

lower inner radius. The vertical section is disposed between the outer radius and an inside radius
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of the confinement ring. The vertical section connects the upper horizontal section to the lower
horizontal section of the confinement ring.

[0026] In one implementation, the first angle of the first slope is equal a second angle of the
second slope.

[0027] In one implementation, a first thickness of the lower horizontal section near the insdie
radius is equal to a second thickness of the lower horizontal section at the lower inner radius. A
first height defined between a bottom surface of the upper horizontal section and the top surface
of the lower horizontal section near the inside radius is less than a second height defined
between the bottom surface of the upper horizontal section and the top surface of the lower
horizontal section at the lower inner radius.

[0028] In one implementation, the lower horizontal section includes a plurality of slots. Each
slot of the plurality of slots extends radially from an inner diameter to an outer diameter along
the lower horizontal section. An inner slot radius of each slot at the inner diameter is equal to an
outer slot radius of each slot at the outer diameter. The inner diameter of each slot is greater
than an inner ring diameter of the confinement ring defined by the lower inner radius, and the
outer diameter of the slot is less than an outer ring diameter of the confinement ring defined by
the outer radius.

[0029] In one implementation, the lower horizontal section includes a plurality of slots. Each
slot of the plurality of slots extends radially from an inner diameter to an outer diameter along
the lower horizontal section. An inner slot radius of each slot at the inner diameter is less than
an outer slot radius at the outer diameter.

[0030] In yet another alternate implementation, a plasma processing chamber for confining
plasma within is disclosed. The plasma processing chamber includes a lower electrode for
supporting a substrate and an upper electrode disposed over the lower electrode. The plasma
processing chamber includes a confinement ring disposed between the lower electrode and the
upper electrode. The confinement ring includes an upper horizontal section, a lower horizontal
section, and a vertical section. The upper horizontal section extends between an upper inner
radius and an outer radius of the confinement ring. The lower horizontal section extends
between a lower inner radius and the outer radius of the confinement ring. A top surface of the
lower horizontal section provides an angle down toward the lower inner radius. The angle
defines a slope along the top surface. The lower horizontal section has an extension section that
extends down along the lower inner radius. The vertical section is disposed between the outer
radius and an inside radius of the confinement ring. The vertical section connects the upper

horizontal section and the lower horizontal section of the confinement ring.
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[0031] In one implementation, a bottom surface of the lower horizontal section provides a
second angle down toward the lower inner radius. The second angle defines a second slope
along the bottom surface. The second angle of the second slope defined along the bottom
surface is equal to an angle of the slope defined on the top surface of the lower horizontal
section.
[0032] In one implementation, the lower horizontal section includes a plurality of slots. Each
slot of the plurality of slots is designed to extend radially from an inner diameter to an outer
diameter along the lower horizontal section. An inner slot radius of each slot at the inner
diameter is less than an outer slot radius of each slot at the outer diameter.
[0033] In one implementation, the inner diameter of each slot is greater than an inner ring
diameter defined by the lower inner radius of the confinement ring, and the outer diameter of the
slot is less than an outer ring diameter defined by the outer radius of the confinement ring.
[0034] In one implementation, the upper inner radius is greater than the lower inner radius of the
confinement ring.
[0035] In one implementation, the lower horizontal section, the vertical section and the upper
horizontal section of the confinement ring defines a contiguous C-shaped structure for confining
plasma to a plasma region defined in the plasma processing chamber. The confinement ring is
made from one of silicon, or polysilicon, or silicon carbide, or boron carbide, or ceramic, or
aluminum.
[0036] In one implementation, the extension section is integral with the lower horizontal section,
the vertical section and the upper horizontal section of the confinement ring. The extension
section is configured to extend vertically below a bottom surface of the lower horizontal section.
[0037] In one implementation, the upper electrode is electrically grounded and the lower
electrode is connected to a radio frequency power source through a corresponding match
network.

DESCRIPTION OF DRAWINGS
[0038] FIG. 1 illustrates an expanded vertical cross-sectional view of a portion of a plasma
processing chamber in which a confinement ring is used, the confinement ring having a tapered
geometry defined along a top surface of a lower horizontal section, in accordance with one
implementation.
[0039] Figure 2A illustrates an example confinement ring with tapered geometry defined along a

top surface of a lower horizontal section, in accordance with one implementation.
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[0040] FIG. 2B illustrates an alternate implementation of the confinement ring illustrated in
FIG. 2A, with the tapered geometry defined on both a top surface and a bottom surface of the
lower horizontal section of the confinement ring.
[0041] FIG. 2C illustrates an alternate implementation of the confinement ring illustrated in
FIG. 2A, with a top section of the extension section having a straight profile.
[0042] FIG. 3 illustrates a representative graph of variation of plasma density as it corresponds
to an oxide blanket etch rate across the radius of a substrate surface (when present), in
accordance with one implementation.
[0043] FIG. 4A illustrates an expanded view of a section of the confinement ring having the
tapered geometry along a top surface of a lower horizontal section and a plurality of slots with
parallel slot profile defined along the lower horizontal section, in accordance with one
implementation.
[0044] FIG. 4B illustrates an alternate implementation of the confinement ring illustrated in
FIG. 4A, with the tapered geometry along the top and bottom surfaces of the lower horizontal
section and the plurality of slots with tapered geometry defined along the lower horizontal
section of the confinement ring.
[0045] FIG. 5A illustrates an expanded view of the tapered geometry of a slot defined along the
lower horizontal section of the confinement ring, in accordance with one implementation.
[0046] FIG. 5B illustrates an expanded view of a starting profile of a slot with tapered geometry
and a slot wear profile at end-of-life of the confinement ring, in accordance with one
implementation.
[0047] FIG. 6 is a top perspective view of the confinement ring, in accordance with one
implementation.

DETAILED DESCRIPTION
[0048] In the various implementations described herein, a confinement ring for use in a plasma
processing chamber is designed to improve the usage life of the confinement ring while ensuring
optimal plasma confinement within a plasma region defined in the plasma processing chamber.
The confinement ring used in the plasma processing chamber includes an upper horizontal
section, a vertical section and a lower horizontal section. The upper horizontal section is defined
to extend from an outer radius to an upper inner radius and a top surface and a bottom surface of
the upper horizontal section is defined to be flat. The lower horizontal section is defined to
extend from the outer radius to a lower inner radius. The vertical section is disposed between
the outer radius and an inside radius of the confinement ring and connects the upper horizontal

section to the lower horizontal section of the confinement ring. A top surface of the lower
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horizontal section includes a tapered geometry to define a slope that slopes down toward the
lower inner radius. The slope defined at the top surface results in a variation in thickness of the
lower horizontal section of the confinement ring near the inside radius and the lower inner
radius. Additionally, the slope results in a variation in a height of the gap defined between a
bottom surface of the upper horizontal section and the top surface of the lower horizontal section
near the inside radius and at the lower inner radius. The variation in the height results in an
increase in the volume of the plasma generated in the plasma region, particularly in the region
covered by the confinement ring (e.g., over the edge exclusion region of the substrate, when
present in the plasma processing chamber, and in the region over an edge ring surrounding the
substrate).

[0049] Increasing the gap in the confinement ring positively affects the plasma uniformity. The
plasma uniformity may be attributed to changes in the plasma diffusion due to the increased
volume within the plasma region. Thus, plasma uniformity can be modulated by changing a
shape of the confinement ring used to confine the plasma in the plasma region without requiring
re-designing other hardware components of the plasma processing chamber. Existing methods
for changing the conventional design of the confinement ring require significant changes to the
hardware, or result in compromising mechanical strength and consequently the lifetime of the
confinement ring.

[0050] Select changes are made to the confinement ring (e.g., including a slope along a lower
horizontal section of the confinement ring) to increase the volume of the plasma. The changes
made to the confinement ring do not require modification to any other hardware component
(e.g., chamber spacer plate, mating hardware, etc.,) within the plasma processing chamber as the
changes made to the confinement ring structure do not substantially deviate from the overall
structure of confinement ring. Additional improvements may be made to a bottom surface of the
lower horizontal section by including a slope, in some implementations, to improve the
mechanical strength of the confinement ring and the overall lifetime of the confinement ring.
The slope may be defined in the bottom surface by adding additional material of the confinement
ring along the length of the bottom section so as to provide an angle down toward the lower
inner radius. The additional material in the bottom surface is designed to increase the thickness
of the lower horizontal section so as to provide overall thickness uniformity along the length of
the lower horizontal section while continuing to maintain the slope at the lower horizontal
section.

[0051] The lower horizontal section includes a plurality of slots for efficient removal of by-

products from the plasma region while preserving plasma confinement within the plasma region.
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The slots are defined to extend lengthwise from an inner diameter to an outer diameter along the
lower horizontal section and depth-wise between the top surface and the bottom surface of the
lower horizontal section so as to provide the conduit for the by-products out of the plasma
region. The slots, in some implementation, may be defined to include parallel slot geometry
along the length, wherein the inner slot radius at the inner diameter is the same as the outer slot
radius at the outer diameter. In alternate implementations, the slots may be defined to include
tapered slot geometry, such that the slot is narrow at the inner diameter and is broad at the outer
diameter. The broader side at the outer diameter has a broader outer slot radius and the narrow
side at the inner diameter has a narrow inner slot radius. The inner slot radius at the inner
diameter and the outer slot radius at the outer diameter of each slot are sized to be an inverse of
the wear rate at the corresponding inner diameter and the outer diameter. By starting with a
narrower slot at the inner diameter allows for more wear to occur at the inner diameter before
critical dimension for plasma un-confinement is reached. At end of the usage life, the smaller
inner slot radius at the inner diameter compensates for the high wear rate at the inner diameter
while the broader outer slot radius compensates for the low wear rate at the outer diameter
thereby resulting in a straight slot profile along the length of the slot. The difference in the inner
slot radius and the outer slot radius results in each slot along the entire slot length to reach the
confinement limit at the same time. The tapered slot may result in some open area along the
narrow side. To compensate for the open area along the narrow side, the total number of slots
may be increased. The increase in the total number of slots takes into consideration the amount
of wear anticipated along the narrow side of the tapered slots.

[0052] The modified confinement ring structure with the sloped geometry along the length of
the lower horizontal section and the tapered slot geometry of the plurality of slots defined along
the length of the lower horizontal section results in, (a) overall improvement in the plasma
uniformity, (b) efficient removal of the by-products, and (c) overall improvement in the lifetime
of the confinement ring. The aforementioned benefits are realized without requiring re-design of
other hardware components (e.g., chamber spacer plate, mating hardware, etc.,) within the
plasma processing chamber. With the aforementioned overview of the invention, specific
implementations will now be described with reference to the various figures.

[0053] FIG. 1 illustrates a simplified block diagram of a portion of a plasma processing chamber
100 that uses a confinement ring for confining plasma, in one implementation. The plasma
processing chamber 100, in one implementation, may be a capacitively-coupled plasma (CCP)
processing chamber (or simply referred to henceforth as a “plasma processing chamber”), which

includes a lower electrode 104 to provide radio frequency (RF) power to the plasma processing
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chamber 100, and an upper electrode 102 to provide process gases to generate plasma within the
plasma processing chamber 100. The lower electrode 104 is connected to a RF power source
106 through a corresponding match network 107, wherein a first end of the RF power source 106
is connected to the match network 107 and a second end of the RF power source 106 is
electrically grounded. The RF power source 106 may include one or more RF power generators
(not shown).

[0054] In one implementation, a top surface of the lower electrode 104 defines a substrate
support surface on which a substrate 110 is received for processing. An edge ring 112 is defined
adjacent to the substrate support surface of the lower electrode 104 so as to surround the
substrate 110, when the substrate 110 is received for processing. The top surface of the edge
ring 112 is defined to be co-planar with a top surface of the substrate 110, when the substrate is
supported on the substrate support surface of the lower electrode 104. The edge ring 112 is
configured to extend the processing region for the plasma (represented by the plasma region
108) generated within the plasma processing chamber 100 to extend over an area that is beyond
an edge of the substrate to an extended processing region covering an outer edge of the edge ring
112 and beyond. One or more dielectric rings 120 are disposed adjacent to the outer edge of the
edge ring 112. RF power source 106 is connected to a bottom portion of the lower electrode via
the match network 107 and provides RF power to the plasma processing chamber 100. A
ground ring 122 is disposed adjacent to and below a portion of the one or more dielectric rings
120 and is configured to surround the lower electrode 104. A support structure 118 is disposed
to surround a portion of the ground ring 122 of the lower electrode 104. A RF gasket 116 is
disposed on a top surface of the support structure 118. In some implementation, the RF gasket
116 may be disposed within a channel defined on the top surface of the support structure 118.
The support structure 118 may be made of a quartz element or any other insulation material that
is suitable for use in the plasma processing chamber 100.

[0055] In one implementation, the upper electrode 102 may be a showerhead that includes one
or more inlets (not shown) connected to one or more process gas sources (not shown) and a
plurality of outlets distributed at a bottom surface of the upper electrode 102 facing the lower
electrode 104. The plurality of outlets are configured to supply the process gases from the one
Or more process gas sources to a plasma processing region (or simply referred to as “plasma
region”) 108 defined between the upper electrode 102 and the lower electrode 104. The upper
electrode 102 may be made up of a plurality of electrodes. Figure 1 illustrates one such
implementation in which the upper electrode 102 includes an inner upper electrode 102a

disposed in the center, and an outer electrode 102b that is disposed adjacent to and surround the
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inner upper electrode 102a. The upper electrode 102, in this implementation, is electrically
grounded to provide the RF power supplied to the plasma processing chamber 100 a return path
to ground. The outer electrode 102b includes a plurality of fastener means (not shown) that are
disposed along a bottom surface. The fastener means are used to couple the upper electrode 102
to a confinement ring 140.

[0056] The confinement ring structure (or simply referred to henceforth as “confinement ring”)
140 is disposed between the upper electrode 102 and the lower electrode 104. The confinement
ring 140 defines a confined chamber volume in which the plasma generated in the chamber is
sufficiently contained. The confinement chamber volume defines the plasma region 108. The
confinement ring 140 is a C-shaped structure with an opening of the C-shape facing an inside of
the plasma region 108 defined between the upper and the lower electrodes 102, 104, of the
processing chamber 100. Based on the shape of the confinement ring 140 and the function to
confine the plasma to an area, the confinement ring may also be referred to as a “C-shroud”.

The confinement ring 140 is used to confine the plasma within an extended plasma region 108 in
the plasma processing chamber 100. The confinement ring 140 is configured to be coupled at the
top to the outer electrode 102b that is part of the upper electrode 102. The confinement ring 140
is part of the upper electrode 102 and a bottom section of the confinement ring 140 is configured
to rest on a top surface of a support structure 118 of the lower electrode 104. An RF gasket 116
is provided on the top surface of the support structure 118 to provide a tight coupling between
the upper electrode 102 and the lower electrode 104, when the plasma processing chamber 100 is
to be engaged for processing. The RF gasket 116 ensures that the coupling between the upper
and the lower electrodes 102, 104 is air-tight. In one implementation, the support structure 118
is configured to surround a region of the lower electrode 104 that includes at least the substrate
support surface, the edge ring 112, the one or more dielectric rings 120, and the ground ring 122.
[0057] It is to be noted that the plasma processing chamber of FIG. 1 is shown to include only
specific parts, whereas in reality the plasma processing chamber includes a plurality of
additional components that are needed for processing substrate. Further, the various components
shown in FIG. 1 may not be to scale and/or may be exaggerated in order to identify the different
features of the various components.

[0058] Broadly speaking, the confinement ring 140 includes an upper horizontal section 141, a
vertical section 142, and a lower horizontal section 143. The upper horizontal section 141
extends a first length and is defined by a bottom surface 141a that faces the plasma region 108
and a top surface 141b that faces away from the plasma region 108. A plurality of holes are

distributed across the top surface 141b to receive fastener means defined on the bottom surface
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of the outer electrode 102b when coupling the confinement ring 140 to the upper electrode 102.
In one implementation, the bottom surface 141a and the top surface 141b of the upper horizontal
section 141 are substantially flat (i.e., horizontal). In another implementation, a first step 148a is
defined on the top surface 141b of the upper horizontal section 141 at the inside edge of the
upper horizontal section 141. The first step may be used to receive the outer electrode 102b and
may be used to offer reliable mating of the confinement ring 140 when coupling the confinement
ring 140 to the outer electrode 102b. In this implementation, the bottom surface 141a of the
upper horizontal section 141 is substantially flat. In yet another implementation, the first step
148a is defined on the top surface 141b of the upper horizontal section 141 and a second step
148b is defined on the bottom surface 14 1a of the upper horizontal section 141 at the inside edge
of the upper horizontal section 141. In this implementation, the first step 148a and the second
step 148b may both extend for a height. In another implementation, the first step 148a may
extend for a first height and the second step 148b may extend for a second height. In another
implementation, the bottom surface 141a of the upper horizontal section 141 provides for an
angle up toward an upper inner radius 151 to define a slope along the upper horizontal section.
The angle of the slope on the bottom surface of the upper horizontal section, in one example,
may be defined to be greater than 0° and less than 1°, although other ranges for the slope may
also be envisioned.

[0059] The vertical section 142 includes an inner surface 142a that is facing the plasma region
108 and an outer surface 142b that is facing away from the plasma region 108 and toward an
inner side of a wall of the processing chamber 100. In one implementation, the inner surface
142a and the outer surface 142b of the vertical section 142 is vertical. FIG. 1 shows one such
example of the inner surface 142a and the outer surface 142b of the vertical section 142 being
vertical. In another implementation, the inner surface 142a of the vertical section 142 is bowed
while the outer surface 142b of the vertical section 142 is vertical. In yet another
implementation, both the inner surface 142a and the outer surface 142b of the vertical section
142 are both bowed.

[0060] The lower horizontal section 143 extends a second length and is defined by a top surface
143a that is facing the plasma region 108 and a bottom surface 143b that is facing away from the
plasma region 108. The top surface 143a of the lower horizontal section 143 is sloped down
from the vertical section toward an inside edge of the lower horizontal section 143. The slope in
the lower horizontal section 143 causes a variation in height of a gap defined between the upper
horizontal section 141 and the lower horizontal section 143. In some implementation, a first

height ‘h1’ defined between the upper and lower horizontal sections 141, 143 near the vertical
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section 142 is less than a second height ‘h2’ defined between the upper and lower horizontal
sections 141, 143 near the inside edge of the lower horizontal section 143. Additionally, the
lower horizontal section 143 includes an extension section 144 that is disposed at the inside edge
of the lower horizontal section 143 and extends down from the bottom surface 143b of the lower
horizontal section 143. In one implementation illustrated in FIG. 1, the extension section 144
includes an inside surface that is straight.

[0061] In one implementation, the upper horizontal section 141, the vertical section 142 and the
lower horizontal section 143 may be integrally connected to define a C-shaped structure. In
another implementation, the upper horizontal section 141, the vertical section 142 and the lower
horizontal section 143 may be three separate pieces with a bottom surface of the upper
horizontal section 141 designed to rest on top of the vertical section 142 and be coupled to a top
surface of the vertical section 142. A bottom surface of the vertical section 142 is designed to
rest on top of the lower horizontal section 143 and be coupled to the top surface 143a of the
lower horizontal section 143. The upper horizontal section 141, the vertical section 142 and the
lower horizontal section together form a C-shaped structure for confining the plasma generated
within the plasma processing chamber 100 to the plasma region 108.

[0062] FIG. 2A illustrates an expanded cross-sectional view of the confinement ring 140 used in
the plasma processing chamber 100, in one implementation. The illustration of FIG. 2A
identifies the various reference points of the confinement ring 140. As noted, the confinement
ring 140 is a C-shaped structure and includes an upper horizontal section 141, a vertical section
142, a lower horizontal section 143 and an extension section 144. The upper horizontal section
141 extends between an outer radius 150 and an upper inner radius 151 of the confinement ring
140 and includes a bottom surface 141a and a top surface 141b. The bottom surface 141a and
the top surface 141b of the upper horizontal section 141 may or may not include a step at the
upper inner radius 151. The bottom surface 141a faces the plasma region 108 and the top
surface 141b faces away from the plasma region 108. The top surface 141b of the upper
horizontal section 141 includes a plurality of fastener holes (or simply referred to as “holes” —
not shown) distributed uniformly in a circular orientation and defined to align with
corresponding fastener means disposed along a bottom surface of the outer electrode 102b. The
fastener means of the outer electrode 102b and the fastener holes on the top surface 141b of the
outer electrode 102b are defined to couple the confinement ring 140 to the upper electrode 102.
[0063] The vertical section 142 of the confinement ring is disposed between the outer radius 150
and an inside radius 153 of the confinement ring 140. The vertical section 142 includes an inner

surface 142a facing the inside of the plasma region 108 and the outer surface 142b facing away
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from the plasma region 108. One or both of the inner surface 142a and outer surface 142b of the
vertical section 142 may be vertical or bowed. The vertical section extends between the upper
horizontal section 141 and the lower horizontal section 143 for a height to define a gap in which
the plasma is confined. In some implementations, the vertical section 142 couples the upper
horizontal section 141 to the lower horizontal section 143 to define the C-shaped structure.
[0064] The lower horizontal section 143 extends between the outer radius 150 and a lower inner
radius 152 of the confinement ring 140. In one implementation, the lower inner radius 152 of
the confinement ring 140 is smaller than the upper inner radius 151 of the confinement ring 140.
The lower horizontal section includes a top surface 143a and a bottom surface 143b. The top
surface 143a of the lower horizontal section 143 is defined to provide an angle down toward the
lower inner radius 152, while the bottom surface 143b of the lower horizontal section 143 is
defined to be flat. The angle defines a slope along the top surface 143a of the lower horizontal
section 143. In one implementation, the slope begins near the inside radius 153 of the
confinement ring and extends toward the lower inner radius 152. The top surface 143a with the
slope and the bottom surface 143b with a flat profile results in a variation in the thickness along
the length of the lower horizontal section 143. For instance, the slope along the top surface 143a
results in the lower horizontal section 143 to have a first thickness “T1’ near the inside radius
153 of the confinement ring 140 and a second thickness ‘T2’ near the lower inner radius 152 of
the confinement ring 140, wherein T1 > T2. In one implementation, the first thickness T1 is
defined to be about 10% to about 40% greater than the second thickness T2. Further, the
variation in the thickness causes a variation in the height of a gap defined between the bottom
surface 141a of the upper horizontal section 141 and the top surface 143a of the lower horizontal
section 143, wherein the gap defines the plasma region 108. For instance, the slope results in a
first height ‘h1’ defined near the inside radius of the confinement ring 140 and a second height
‘h2’ near the lower inner radius 152, wherein the first height h1 is less than the second height h2.
[0065] In one implementation, an angle of inclination 147 defined by the slope in the lower
horizontal section 143 to a horizontal x-axis may be defined to be between about 0.20° and about
1°. The aforementioned range for the angle of the slope is provided as a mere example and
should not be considered restrictive. Consequently, in some implementations, the angle of the
slope can be envisioned to be greater or lesser than the range, and such increase or decrease in
the angle may be based on the inner dimensions of the plasma processing chamber 100, type of
process that is being performed, type of process gases used to generate the plasma, type of by-
products and neutral gas species that are generated and are to be removed, access openings of the

plasma processing chamber, etc. In one implementation, the confinement ring is made of
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silicon. In other implementations, the confinement ring may be made of polysilicon, or silicon
carbide, or boron carbide, or ceramic, or aluminum, or any other material that can withstand the
processing conditions of the plasma region 108.

[0066] The lower horizontal section 143 includes an extension section 144’ defined at the lower
inner radius 152. In the implementation illustrated in FIG. 2A, the extension section 144’
includes an angled top section 144a and a vertical bottom section 144b. This design of the
extension section 144 is different from the design used in FIG. 1, in that the extension section
144 of FIG. 1 includes a straight inside surface of the extension section, whereas the extension
section of FIG. 2A includes an inclined portion in the top portion of the extension section 144’.
The angled top section 144a defined at a downward incline point 149 is inclined at an angle,
wherein the downward incline point 149 is defined at an intersection of the top surface 143a and
the inside surface of the lower inner radius 152. The inclination angle of the angled top section
144a may be between about 0° and about 10°. The aforementioned range is provided as an
example and should not be considered restrictive or exhaustive. The vertical bottom section
144b is disposed below the angled top section 144a and extends vertically down for a height
beyond the bottom surface 143b of the lower horizontal section 143. The extension section 144’
provides continuity to the lower horizontal section 143. The vertical bottom section 144b is
configured to rest on the RF gasket 116 disposed on the top surface of the support structure118
defined in the lower electrode 104.

[0067] FIG. 2B illustrates a variation in the design of the confinement ring 140 illustrated in
FIG. 2A, in one implementation. The confinement ring 140’ in FIG. 2B includes a second slope
defined along a bottom surface 143b of the lower horizontal section 143 that is in addition to the
slope defined on the top surface 143a of the lower horizontal section 143 of the confinement ring
140. The various components of the confinement ring 140 that are common to both FIGs. 2A
and 2B are represented using same reference numerals and function in a similar manner. The
bottom surface 143b of the lower horizontal section 143 is defined to provide a second angle
down toward the lower inner radius 152 to define a second slope along the bottom surface 143b
of the lower horizontal section 143. Similar to the implementation of the slope of FIG. 2A, the
second slope is defined to begin near the inside radius 153 of the confinement ring and extend
toward the lower inner radius 152. In one implementation, the second angle of the second slope
defined along the bottom surface 143b of the lower horizontal section 143 is equal to the angle
of the slope defined along the top surface 143a of the lower horizontal section 143. For instance,

the second slope is defined to be between about 0.20° and about 1°. In this implementation, the
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thickness of the lower horizontal section 143 is uniform along the length of the lower horizontal
section 143.

[0068] In another implementation, the second angle of the second slope defined along the
bottom surface 143b may be different from the slope defined along the top surface 143a. For
instance, the second angle of the second slope may be greater than the angle of the slope along
the top surface 143a leading to a variation in the thickness along the length of the lower
horizontal section 143. In this implementation, the thickness T1 near the inside radius 153 may
be less than the thickness T2 near the lower inner radius 152. This implementation is a variation
of the implementation illustrated in FIG. 2A, in that the thickness varies along the length of the
lower horizontal section 143. For instance, the thickness T1 near the inside radius 153 is less
than the thickness T2 near the lower inner radius 152, whereas in the implementation of FIG.
2A, thickness T1 near the inside radius 153 is greater than thickness T2 near the lower inner
radius 152. This may be to accommodate additional wear anticipated at the lower inner radius
152 due to exposure to the plasma in the plasma region 108.

[0069] FIG. 2C illustrates an alternate implementation of the confinement ring 140 illustrated in
FIG. 2A. In this implementation, the extension section 144 is defined by a top section 144a’ and
a vertical bottom section 144b. The top section 144a’ is shown to include a straight profile
along the inside surface disposed at the lower inner radius 152 instead of the angled top section
illustrated in FIG. 2A. In the implementation illustrated in FIG. 2C, the top section 144a’
extends down at the lower inner radius 152 up to the bottom surface 143b of the lower horizontal
section 143 and the vertical bottom section 144b is an extension of the top section 144a’,
wherein the vertical bottom section 144b extends below the bottom surface 143b of the lower
horizontal section 143 of the confinement ring 140.

[0070] The implementations illustrated in FIGs. 2A — 2C show vertical cross-sectional views of
the confinement ring 140 with slope defined along the top surface 143a and along both the top
surface 143a and bottom surface 143b. The cross-sectional view of FIGs. 2A and 2B also show
a slot 145 defined along the length of the lower horizontal section 143 of the confinement ring
140. The confinement ring 140 includes a plurality of slots distributed uniformly along the
lower horizontal section 143 of the confinement ring 140, wherein each slot extends length-wise
between an inner diameter and an outer diameter and depth-wise between the top surface 143a
and the bottom surface 143b of the lower horizontal section. Details related to the geometry of
the slots will be described with reference to FIGs. 4A and 4B. The plurality of slots 145 defined
along the lower horizontal section 143 provide a conduit for the by-products to escape the

plasma region while optimally confining the plasma within the plasma region.
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[0071] FIG. 3 illustrates a graph identifying variation in etch rate due to variation in plasma
density across the radius of a substrate when a confinement ring with the sloped geometry
defined in the lower horizontal section 143 is used, in one implementation. The graph shows an
oxide blanket etch rate across the surface of the substrate processed using the confinement ring
with sloped geometry as described in the various implementations. The blanket etch rate is
indicative of a reasonable measure of the plasma density over the surface of the substrate. Graph
line 301 shows the variation in the etch rate on the substrate surface when a confinement ring
without the slope is used and graph line 302 shows the variation in the etch rate on the substrate
surface when a confinement ring with the slope defined along the lower horizontal section 143 is
used. The etch rate represented along graph line 301 shows a lot more variation along the length
of the substrate up to an edge-exclusion region defined by line 304. The variation in the etch
rate is more pronounced in graph line 301 for the radius between about 70 mm and about 135
mm for a 150 mm substrate, as can be seen in the box 303. For instance, the etch rate shows a
gradual decrease along the substrate surface up to a midpoint of the radius (i.e., up to about 70
mm) after which the etch rate begins to increase significantly up till the edge exclusion region of
the substrate. On the other hand, graph line 302 shows a more gradual decrease in the etch rate
along the length of the substrate surface up till the edge exclusion region. The gradual decrease
in the etch rate shown in graph line 302 is postulated to be due to changes in plasma diffusion in
the increased plasma volume resulting from an increase in the gap defined between the upper
horizontal section and the lower horizontal section of the confinement ring 140.

[0072] In one implementation, the amount of slope along the lower horizontal section may be
defined to increase the first height ‘h1’ and the second height ‘h2’ (i.e., the gap defined between
the upper horizontal section 141 and the lower horizontal section 143) by about + 2 mm to about
+8mm. The impact of such increase on blanket etch rate, is shown by the graph line 302,
especially in the region covered by box 303. As an example, a slope of between about 0.55° and
about 0.60° defined along the top surface 143a of the lower horizontal section 143 would result
in a difference in the second height “h2’ from about 0.60 mm to about 0.65 mm from the first
height ‘h1’. In one implementation, the upper inner radius 151 is defined to be between about
203 mm (about 8 inches) and about 218.5 mm (about 8.6 inches). In one implementation, the
lower inner radius 152 is defined to be between about 177 mm (about 7 inches) and about 198.5
mm (about 7.8 inches). In one implementation, the inside radius 153 is defined to be between
about 248 mm (about 9.8 inches) and about 262 mm (about 10.3 inches). In one
implementation, the outer radius is defined to be between about 254 mm (about 10 inches) and

about 267 mm (about 10.5 inches). In one implementation, the length of the slot 145 is defined

18



WO 2022/173557 PCT/US2022/012618

to be between about 48 mm (about 1.9 inches) and about 61 mm (about 2.4 inches). In one
implementation, the depth of the lower horizontal section 143a (i.e., thickness T1) is defined to
be between about 6 mm (about (.25 inch) and about 8.4 mm (about 0.33 inch). In one
implementation, the slope defined on the lower horizontal section 143a may result in the first
height h1 to be between about 29 mm (about 1.18 inches) and about 31 mm (about 1.22 inches)
and the second height to be between about 31 mm (about 1.22 inches) and about 32 mm (about
1.24 inches). In one implementation, thickness T2 due to the slope on the lower horizontal
section 143a may be defined to be between about 5.8 mm (about 0.23 inch) and about 7.2 mm
(about 0.28 inch). The aforementioned range for the various components of the confinement ring
has been provided as mere examples and should not be considered restrictive. Other ranges or
adjustment to aforementioned ranges for the various components may be envisioned based on
the inner dimensions of the plasma processing chamber 100, type of process that is being
performed, type of process gases used to generate the plasma, type of by-products and neutral
gas species that are generated and are to be removed, access openings of the plasma processing
chamber, geometry of hardware components of the plasma processing chamber, etc.

[0073] FIGs. 4A and 4B illustrate variations of a confinement ring with a plurality of slots
defined along a length of a lower horizontal section 143 of the confinement ring 140, in some
example implementations. The plurality of slots 145 along the length of the lower horizontal
section 143 is used to efficiently remove the by-products formed within the plasma region 108
during the processing of the substrate 110. In the example implementation illustrated in FIG.
4A, each slot 145 of the plurality of slots is shown to extend radially between an inner diameter
(ID) 145a and an outer diameter (OD) 145b of the lower horizontal section 143. The ID 145a of
the slot 145 is greater than an inner ring diameter (IRD) of the lower horizontal section 143,
wherein the IRD is defined by the lower inner radius 152 of the lower horizontal section 143.
The OD 145b of the slot 145 is defined to be greater than the ID 145a of the slot 145 but less
than the outer ring diameter (ORD) of the confinement ring 140, wherein the ORD is defined by
the outer radius 150 of the confinement ring 140. In other words, the slots 145 extend for a
length ‘I’ (i.e., 1 = OD —ID) that is less than the width ‘w’ (i.e., w = ORD-IRD) of the lower
horizontal section 143. Each slot 145 is defined using parallel slot geometry, wherein the inner
slot radius (ISR) 145c at the inner diameter (ID) 145a of the slot 145 is equal to the outer slot
radius (OSR) 1454 at the outer diameter (OD) 145b of the slot 145. Each slot 145 with the
parallel] slot geometry is defined to extend between the top surface 143a and the bottom surface

143b of the lower horizontal section 143.
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[0074] FIG. 4B illustrates an alternate implementation of the slot 145” defined along the surface
of the lower horizontal section 143 of a confinement ring 140”. In this implementation, the slots
145’ are defined using tapered slot geometry instead of the parallel slot geometry used to define
the slots 145 in FIG. 4A. As with FIG. 4A, each slot 145’ extends from an inner diameter (ID)
145a to an outer diameter (OD) 145b. The ID 145a is less than the IRD of the lower horizontal
section 143, wherein the IRD is defined by the lower inner radius 152. The OD 145b is greater
than the IRD but is less than the ORD of the confinement ring 140", wherein the ORD is defined
by the outer radius 150. In this implementation, each of the plurality of slots 145’ is defined,
using tapered slot geometry, to include a slot taper. The slot taper is formed by defining a
narrow inner slot radius (ISR) 145¢’ at the ID 145a of the slot 145’ and a broader outer slot
radius (OSR) 1454’ at the OD 145b of the slot 145°. The variation in the ISR 145¢’ and OSR
1454’ results in each slot 145° being narrower at the inner diameter ID 145a and wider at the
outer diameter OD 145b. To compensate for narrow ISR at the inner diameter ID 145a, in one
implementation, the length ‘1’ of the slot 145’ may be increased so as to provide sufficient area
for the by-products and neutral gas species to escape the plasma region 108. In alternate
implementation, a number of the slots 145’ may be increased to compensate for the narrow ISR
145c¢’ at the ID 145a, wherein the number by which the slots 145’ is increased corresponds to the
wear of the slots 145°.

[0075] The ISR 145¢’ and the OSR 145d’ of each slot 145’ are sized to be an inverse of a wear
rate at the corresponding inner and outer diameters (ID 145a, OD 145b) of the slot 145°. The
wear along the length of the slot 145’ is uneven due to amount of exposure the different portions
along the length of the slot 145° have to the plasma with the area of the slot 145’ at the inner
diameter getting more wear than the area of the slot 145’ at the outer diameter. Making the slots
narrower at the ID 145a will increase the lifetime of the confinement ring by offsetting the onset
of reaching the critical width when plasma escapes through the slot. At the same time, making
the OD 145D of the slot larger ensures that there is no loss in gas conductance due to the ID 145a
being narrower. The tapered slot geometry allows the wear of the slot 145’ at the ID 145a to
reach the critical dimension at about the same time as the wear of the slot 145’ at the OD 145b.
Even with the taper slot geometry, the size of the ISR and the OSR are defined to enable
removal of the by-products and the neutral gas species from the plasma region 108. The taper
geometry used to define the slot extends the usage life of the confinement ring 140’.

[0076] The slots 145 and 145’ illustrated in FIGs. 4A and 4B are not to scale, and have been
exaggerated to illustrate the slot profile used to define the slots along the length of the lower

horizontal section 143 of the confinement ring 140, 140”. In some of the implementations
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where the confinement ring 140 includes an angled top surface 143a and an angled bottom
surface 143b along the length of the lower horizontal section 143, the angle of the bottom
surface is defined to be equal to the angle on the top surface in order to keep the bottom surface
parallel to the top surface. This design assists in improving the mechanical strength of the
confinement ring 140, thereby improving the usage life. Further improvement in the usage life
may be envisioned by using tapered slot profile for defining the slots along the lower horizontal
section 143 of the confinement ring 140. The tapered slot profiles used to define the slots 145
together with the sloped lower horizontal section 143 result in maintaining optimal plasma
density in the plasma region 108 in order to provide optimal etch rate across the surface of the
substrate while ensuring the wear of the slots along the length of the slots reach critical
dimensions at about the same time.

[0077] FIG. 5A illustrates an example of a tapered slot profile used to define the slots 145’ along
the lower horizontal section 143 of the confinement ring 140 used in the plasma processing
chamber, in one implementation. FIG. 5A also shows a variation in the slot profile of the slot
145’ defined using the tapered slot profile in relation to the slot 145 defined using the parallel
slot profile. The slot 145’ with the tapered slot profile is shown in red line while the slot 145
with parallel slot profile is shown in grey line. As previously stated, the slots 145’ are defined to
extend between an inner diameter (ID) 145a and an outer diameter (OD) 145b along the
horizontal surface of the lower horizontal section 143, wherein the ID 145a of the slots 145’ is
greater than inner ring diameter (IRD) defined by the lower inner radius 152 of the lower
horizontal section 143 and the OD 145D of the slots 145’ is greater than the ID 145a but less than
outer ring diameter (ORD) of the confinement ring defined by the outer radius 150. The slot
145’ (shown in red line in FIG. 5A) includes a wider or broader slot width at the outer diameter
(OD) defined by the outer slot radius (OSR) 145d’ and a narrower slot width at the inner
diameter (ID) defined by the inner slot radius (ISR) 145¢’(i.e., ISR 145¢’ < OSR 145d’). As the
slot wears differently along the slot length, the tapered geometry of the slot 145” provides more
area at the inner diameter for the slot wear than at the outer diameter so that the tapered slot 145’
as a whole can reach the critical dimension at about the same time, when the confinement ring
140’ needs to be replaced. This is different from the slot 145 (shown in grey line in FIG. 5A)
that is defined using parallel slot profile. The slot 145 with the parallel slot profile is defined
with a uniform slot width along a length of the slot 145 —i.e., an inner slot width at the ID 145a
of the slot 145 defined by the ISR 145c is equal to an outer slot width at the OD 145b defined by
the OSR 145d. The parallel slot profile may cause an uneven wear along the length of the slot

145 requiring the confinement ring 140 as a whole to be replaced.
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[0078] Thus, in order to prevent the premature replacement of the confinement ring 140 and to
prolong the usage life of the confinement ring while ensuring the mechanical strength of the
confinement ring is not compromised throughout its useful life, the confinement ring 140 may be
designed to include the lower horizontal section 143 with the slope defined along both the top
surface 143a and the bottom surface 143b of the lower horizontal section 143 and slots 145’ with
tapered slot profile. Adding the slope to the bottom surface 143b of the lower horizontal section
143, keeps the bottom surface parallel to the angled top surface, especially when the slope
defined on the bottom surface 143b is equal to the slope defined on the top surface 143a,
improving the mechanical strength of the confinement ring. Variations in the design of the
confinement ring 140, such as defining slope along the top surface 143a of the lower horizontal
section 143 and slots 145 with the parallel slot profile, or defining slope along the top surface
143a of the lower horizontal section 143 and slots 145’ with tapered slot profile may also be
envisioned to improve the plasma density across the length of the substrate surface.

[0079] FIG. 5B illustrates an example wear profile of slots 145’ defined with tapered slot
profile, in one implementation. The starting profile of the slot 145’ is shown in the center in
thick red line, wherein the ISR 145c¢ at the ID 145a is less than the OSR 145d at the OD 145b.
As the confinement ring 145’ gets exposed to the plasma from the plasma region 108, during
process operations, the areas along the length of the slot 145’ shows uneven wear, with the area
near the inner diameter (ID) 145a showing more wear than the area around the outer diameter
(OD) 145b. As the rate of wear at the narrow end near the inner diameter of the slot 145’ is high
and the rate of wear at the broader end near the outer diameter of the slot 145’ is low, the area
near the broader end reaches the critical dimension limit slower than the area near the narrow
end and the broader end of the slot 145’ can therefore withstand the same amount of process
operations as the narrow end before the broader end of the slot 145° reaches the critical
dimension limit thereby extending the usage life of the confinement ring 140°. FIG. 5B shows
the end-of-life profile of the tapered slot 145 as thin rounded rectangle surrounding the tapered
slot 145’ wherein the wear in the areas along the length of the tapered slot reaches the critical
dimension at about the same time when the confinement ring needs to be replaced to avoid
occurrence of plasma un-confinement event. For more information related to use of tapered slot
profile for defining the slots 145° along the lower horizontal section 143 of a confinement ring,
reference can be made to co-owned and co-pending International Patent Application No.
PCT/US20/053894, filed on October 30, 2020, and entitled “Wear Compensating Confinement

Ring “, which is incorporated herein by reference in its entirety.
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[0080] In some implementation, the slot taper defined by the wider slot dimension at the outer
diameter OD 145b and the narrow slot dimension at the inner diameter ID 145a, is sized to be an
inverse of the wear rate. By sizing the slot taper as a function of the wear rate, the high wear
rate at the inner diameter ID 145a is compensated for by the low wear rate at the outer diameter
OD 145b, thereby resulting in an approximate straight slot profile at end of life. The slot width
along the entire slot length reaches the confinement limit (i.e., critical dimension) at about the
same time. The tapered geometry makes use of the area at the outer diameter more effectively.
To compensate for the open areas in the lower horizontal section due to decrease in the
dimension of the slot at the inner diameter, additional slots may be defined. The number of
additional slots may be defined by taking into consideration the amount of wear space required
at the narrow end and the broad end for each slot to reach the critical dimension. The tapered
slot geometry extends the amount of wear the slot can tolerate before reaching the
unconfinement limit, resulting in longer usage life and improved cost of consumables.

[0081] FIG. 6 illustrates a top perspective view of the confinement ring 140 used in the plasma
processing chamber 100 to confine the plasma in the plasma region 108. The confinement ring
140 is a C-shaped structure that is configured to be disposed along a periphery of the plasma
region 108 to confine the plasma in the plasma region 108 that extends over a substrate 110
received on substrate support surface defined in the lower electrode, edge ring 112 and one or
more dielectric rings 120. The confinement ring 140 is a replaceable consumable part. A top
surface of the confinement ring includes a plurality of fastener holes 146 disposed uniformly in a
circular orientation, wherein the fastener holes 146 are configured to align with and receive
fastener means defined along a bottom surface of the outer electrode 102b of the upper electrode
102. The confinement ring 140 illustrated in FIG. 4 shows an angled slope defined along a top
surface 143a in the lower horizontal section 143 of the confinement ring 140. Additional slope
may be defined along a bottom surface 143b of the lower horizontal section 143 to improve the
plasma density along the length of the substrate and the mechanical strength of the confinement
ring so that the confinement ring 140 can withstand additional process operations. The lower
horizontal section 143 may also include slots with either parallel slot profile or tapered slot
profile. The tapered slot profile provides additional benefit over the parallel slot profile in that
the tapered slot profile provides additional area for wear near the inner diameter than the outer
diameter, leading to improved usage life of the confinement ring.

[0082] The advantages of the confinement ring described in the various implementations include
improving plasma uniformity without adversely affecting other hardware components (e.g.,

chamber spacer plate, mating hardware, etc.) or adversely impacting the mechanical strength or
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lifetime usage of the confinement ring. The plasma uniformity is modulated by doing
modifications to the shape of the confinement ring without affecting the strength or the original
lifetime expectancy of the confinement ring. This results in improved cost of the consumable
confinement ring as the confinement ring can withstand more process operations before reaching
the critical dimension limits along the lower horizontal section and along the length of the slot.
Other advantages will be envisioned by one skilled in the art upon reviewing the various

implementations described herein.
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CLAIMS
1. A confinement ring for use in a plasma processing chamber, including,

an upper horizontal section extending between an upper inner radius and an outer radius
of the confinement ring;

a lower horizontal section extending between a lower inner radius and the outer radius of
the confinement ring, a top surface of the lower horizontal section provides for an angle down
toward the lower inner radius, the lower horizontal section having an extension section that
extends to the lower inner radius; and

a vertical section disposed between the outer radius and an inside radius of the
confinement ring, the vertical section connects the upper horizontal section to the lower
horizontal section of the confinement ring.

2. The confinement ring of claim 1, wherein a bottom surface of the lower horizontal
section is flat, such that a first thickness of the lower horizontal section near the inside radius is
greater than a second thickness of the lower horizontal section at the lower inner radius.

3. The confinement ring of claim 2, wherein the first thickness is greater than the second
thickness from about 10% to about 40%.

4. The confinement ring of claim 1, wherein the angle defines a slope along the top surface
of the lower horizontal section, the slope is between about 0.20° and about 1° measured from a
horizontal x-axis.

5. The confinement ring of claim 1, wherein a bottom surface of the lower horizontal
section provides for a second angle down toward the lower inner radius, the second angle defines
a second slope along the bottom surface of the lower horizontal section, the second angle of the
second slope along the bottom surface being equal to the angle of the slope along the top surface
of the lower horizontal section, and

Wherein a first thickness of the lower horizontal section defined near the inside radius is

equal to a second thickness of the lower horizontal section defined at the lower inner radius.

6. The confinement ring of claim 1, wherein a first height defined between a bottom surface
of the upper horizontal section and the top surface of the lower horizontal section near the inside
radius is less than a second height defined between the bottom surface of the upper horizontal
section and the top surface of the lower horizontal section at the lower inner radius of the
confinement ring.

7. The confinement ring of claim 1, wherein the lower horizontal section, the vertical

section and the upper horizontal section are integrally connected to define a C-shaped structure.
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8. The confinement ring of claim 1, the lower horizontal section further includes a plurality
of slots, wherein each slot extends radially from an inner diameter to an outer diameter along the
lower horizontal section, an inner slot radius of each slot at the inner diameter is equal to an
outer slot radius of each slot at the outer diameter.
9. The confinement ring of claim 8, wherein the inner diameter of the slot is greater than an
inner ring diameter of the confinement ring defined by the lower inner radius and the outer
diameter of the slot is less than an outer ring diameter of the confinement ring defined by the
outer radius.
10. The confinement ring of claim 1, the lower horizontal section further includes a plurality
of slots, wherein each slot extends radially from an inner diameter to an outer diameter along
the lower horizontal section, an inner slot radius of each slot at the inner diameter is less than an
outer slot radius of each slot at the outer diameter.
11. The confinement ring of claim 10, wherein a difference in the inner slot radius and the
outer slot radius of each slot defines a slot taper, each slot tapers down from the outer diameter
to the inner diameter, wherein the inner slot radius and the outer slot radius influencing the slot
taper are defined to be an inverse of a wear rate at the corresponding inner diameter and the
outer diameter of the slot, and

wherein a ratio of the inner slot radius to the outer slot radius is between about 1 : 1.1

and 1:1.5.

12. The confinement ring of claim 1, wherein the upper inner radius is greater than the lower
inner radius.

13. The confinement ring of claim 1, wherein the extension section extends vertically
downward at the lower inner radius.

14. The confinement ring of claim 1, wherein the extension section includes an angled top
section and a vertical bottom section, the angled top section provides a third angle down at a
downward incline point defined on the top surface at the lower inner radius of the lower
horizontal section and the vertical bottom section is defined to extend downward from a bottom
portion of the angled top section.

15. The confinement ring of claim 1, wherein a top surface of the upper horizontal section
includes a plurality of holes, each hole of the plurality of holes is configured to receive a portion
of a fastener means defined on a bottom surface of the upper electrode for coupling the

confinement ring to the upper electrode of the plasma processing chamber.
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16. The confinement ring of claim 1, wherein the extension section of the lower horizontal
section is configured to rest on a radio frequency gasket defined on a top surface of a lower
electrode of the plasma processing chamber.

17. A confinement ring for use in a plasma processing chamber, including,

an upper horizontal section extending between an upper inner radius and an outer radius
of the confinement ring;

a lower horizontal section extending between a lower inner radius and the outer radius of
the confinement ring, a top surface of the lower horizontal section provides for a first angle
down toward the lower inner radius to define a first slope along the top surface and a bottom
surface of the lower horizontal section provides for a second angle down toward the lower inner
radius to define a second slope along the bottom surface, the lower horizontal section having an
extension section that extends down along the lower inner radius, wherein the extension section
extends below the bottom surface of the lower horizontal section; and

a vertical section disposed between the outer radius and an inside radius of the
confinement ring, the vertical section connects the upper horizontal section to the lower
horizontal section of the confinement ring.

18. The confinement ring of claim 17, wherein the first angle of the first slope is equal to the
second angle of the second slope.

19. The confinement ring of claim 17, wherein a first thickness of the lower horizontal
section near the inside radius is equal to a second thickness of the lower horizontal section at the
lower inner radius, and

wherein a first height defined between the bottom surface of the upper horizontal section
and the top surface of the lower horizontal section near the inside radius is less than a second
height defined between the bottom surface of the upper horizontal section and the top surface of
the lower horizontal section at the lower inner radius.

20. The confinement ring of claim 17, wherein the lower horizontal section further includes a
plurality of slots, wherein each slot extends radially from an inner diameter to an outer diameter
along the lower horizontal section, an inner slot radius of each slot at the inner diameter is equal
to an outer slot radius of each slot at the outer diameter, and

wherein the inner diameter of each slot is greater than an inner ring diameter of the
confinement ring defined by the lower inner radius and the outer diameter of each slot is less
than an outer ring diameter of the confinement ring defined by the outer radius.

21. The confinement ring of claim 17, wherein the lower horizontal section further includes a

plurality of slots, wherein each slot extends radially from an inner diameter to an outer diameter
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along the lower horizontal section, an inner slot radius of each slot at the inner diameter is less
than an outer slot radius of each slot at the outer diameter.
22. A plasma processing chamber for confining plasma within, the plasma processing
chamber includes a lower electrode for supporting a substrate and an upper electrode disposed
over the lower electrode, the plasma processing chamber comprising,
a confinement ring disposed between the lower electrode and the upper electrode, the
confinement ring including,
an upper horizontal section extending between an upper inner radius and an outer
radius of the confinement ring;
a lower horizontal section extending between a lower inner radius and the outer
radius of the confinement ring, a top surface of the lower horizontal section provides for
an angle down toward the lower inner radius, the angle defining a slope along the top
surface, the lower horizontal section having an extension section that extends down along
the lower inner radius; and
a vertical section disposed between the outer radius and an inside radius of the
confinement ring, the vertical section connects the upper horizontal section to the lower
horizontal section of the confinement ring.
23. The plasma processing chamber of claim 22, wherein a bottom surface of the lower
horizontal section provides a second angle down toward the lower inner radius, the second angle
defining a second slope along the bottom surface, the second angle of the second slope along the
bottom surface being equal to the angle of the slope along the top surface of the lower horizontal
section.
24. The plasma processing chamber of claim 22, wherein the lower horizontal section further
includes a plurality of slots disposed along the lower horizontal section, each slot extends
radially from an inner diameter to an outer diameter along the lower horizontal section, an inner
slot radius of each slot at the inner diameter is less than an outer slot radius of each slot at the
outer diameter, and

wherein the inner diameter is greater than an inner ring diameter of the confinement ring
defined by the lower inner radius and the outer diameter is less than an outer ring diameter of the
confinement ring defined by the outer radius.
25. The plasma processing chamber of claim 22, wherein the upper inner radius is greater
than the lower inner radius of the confinement ring.
26.  The plasma processing chamber of claim 22, wherein the confinement ring defined by the

lower horizontal section, the upper horizontal section and the vertical section defines a
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contiguous C-shaped structure for confining plasma generated in the plasma processing chamber
to a plasma region, the confinement ring is made from one of silicon, or polysilicon, or silicon
carbide, or boron carbide, or ceramic, or aluminum.

27. The plasma processing chamber of claim 22, wherein the extension section is integral with
the lower horizontal section, the vertical section and the upper horizontal section of the
confinement ring, the extension section configured to extend vertically below a bottom surface
of the lower horizontal section.

28. The plasma processing chamber of claim 22, wherein the upper electrode is electrically
grounded and the lower electrode is connected to a radio frequency power source through a

corresponding match network.
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