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FILM THICKNESS UNIFORMITY IMPROVEMENT USING EDGE RING AND BIAS
ELECTRODE GEOMETRY

BACKGROUND
Field

[0001] Embodiments of the present disclosure generally relate to the fabrication of
integrated circuits and to apparatus for use within a substrate processing chamber to

improve film thickness uniformity.

Description of the Related Art

[0002] A primary goal of substrate processing is to obtain the largest useful surface
area, and as a result the greatest number of chips, possible from each substrate.
Some factors to consider include processing variables that effect the uniformity and
thickness of the layer deposited on the substrate, and contaminants that can attach
to the substrate and render all or a portion of the substrate useless. Controlling these

factors maximizes the useful surface area for each substrate processed.

[0003] Recent developments in semiconductor processing have caused interest in
new treatment applications that require low ion current and high ion energy. This
enables deep treatment without growing a film. To satisfy the low ion current and high
ion energy requirement, bias power exceeding source power by 10-20 times or more
has been used. With such a high bias-to source power ratio, the plasma density and
the plasma current to the substrate is affected. The affected plasma current and

density result in film thickening toward the substrate edge.

[0004] Edge rings have traditionally been used to improve film thickness uniformity
by altering the deposition rate near an edge of a substrate. However, typical edge
rings still result in poor uniformity and deposition rates near the extreme edges of the
substrate. Accordingly, there is a need in the art for edge rings that produce higher

uniformity.

SUMMARY

[0005] Embodiments of the present disclosure generally relate to an apparatus for
improving the film thickness near an edge of a substrate when during low ion current

and high ion energy applications.
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[0006] In one embodiment, an apparatus for substrate processing includes an
edge ring and an overhang ring. The edge ring includes a bottom surface, an upper
surface, and a groove disposed in the upper surface. The overhang ring is disposed
in the groove and includes a first portion extending from the groove and a second

portion connected to the first portion and extending radially inward.

[0007] In another embodiment, an apparatus for substrate processing includes an
edge ring and an overhang ring. The edge ring includes a bottom surface, an upper
surface, a central opening, and a groove disposed in the upper surface. The overhang
ring is disposed in the groove and includes a first portion extending upwards from the
groove and a second portion extending radially inward toward a central axis of the

overhang ring.

[0008] In yet another embodiment, an apparatus for substrate processing includes
an edge ring and an overhang ring. The edge ring further includes a support surface,
an upper surface, groove disposed in the upper surface, and a plurality of tabs
disposed on the upper surface. The overhang ring is disposed in the groove and
further includes a first portion extending from the groove and a second portion

connected to the first portion and extending radially inward.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the disclosure,
briefly summarized above, may be had by reference to embodiments, some of which
are illustrated in the appended drawings. It is to be noted, however, that the appended
drawings illustrate only exemplary embodiments and are therefore not to be
considered limiting of its scope, and may admit to other equally effective

embodiments.
[0010] Figure 1 is a schematic cross sectional view of a process chamber.

[0011] Figures 2A-2B are cross sectional views of edge rings for use within the

process chamber of Figure 1.
[0012] Figures 3A is a schematic plan view of the edge ring of Figure 2B.

[0013] Figure 3B is a schematic cross sectional view of the edge ring of Figure 2B.
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[0014] Figure 4 is a cross sectional view of an overhang ring utilized with the edge

ring of Figures 3A-3B.

[0015] Figure 5A-5B are partial cross sectional views of the edge ring of Figures
3A-3B.

[0016] Figure 6 is a graph illustrating the film thickness over a substrate using two

different edge rings.

[0017] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements and features of one embodiment may be beneficially

incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0018] Figure 1 is a schematic cross sectional view of a process chamber 100.
The process chamber 100 is an Inductively Coupled Plasma (ICP) chamber. The
process chamber 100 includes an inductive coil 114, a lid 104, a first Radio Frequency
(RF) power source 116, a chamber body 102, a pedestal assembly 106, a substrate
126, an edge ring assembly 138, and a second RF power source 128. The first
process chamber is capable of generating a plasma therein. The plasma includes a
first plasma region 120 surrounded by a second plasma region 122 of lower plasma
density. The first plasma region 120 and/or the second plasma region 122 electrically

couple to the ground via a plurality of RF current lines 124.

[0019] The inductive coil 114 is disposed on the lid 104 of the process chamber
100. The inductive coil 114 is centered around the central axis 1 of the process
chamber 100. The inductive coil 114 transmits the source power for the process
chamber 100. The source power is an RF power, received from the RF power source
116. The inductive coil receives an RF power of about 50 W to about 500W for
transmission to the interior of the process chamber 100. In some embodiments, the
inductive coil can receive an RF power of about 50 W to about 250 W, such as about
50 W to about 200 W, such as about 50 W to about 150 W, such as about 75 W to
about 150 W, such as about 100 W.  The first RF power source and the inductive
coil 114 are connected by a first connection 132 at one end of the inductive coil 114,

The first connection 132 may be one or more wires or cables.



WO 2022/025959 PCT/US2020/063774

4
[0020] The inductive coil 114 may additionally be attached to a second connection
134. The second connection 134 is similar to the first connection 132. The second
connection is connected to ground 118. Connecting the second connection to ground

118 connects the inductive coil 114 to ground.

[0021] The electrostatic chuck 110 is powered by the second RF power source
128. The second RF power source 128 produces the bias power for the process
chamber 100. The second RF power source 128 can produce an RF power of about
500 W to about 3000 W to be applied to the electrostatic chuck 110. In some
embodiments, the second RF power source 128 can produce an RF power of about
600 W to about 2500 W, such as about 700 W to about 2250 W, such as about 750
W to about 2200 W, such as about 800 W to about 2000 W to be applied to the
electrostatic chuck 110. The second RF power source 128 and the electrostatic chuck
are connected by a third connection 130. The third connection 130 may be one or

more wires or cables.

[0022] The lid 104 is a dielectric lid. The lid 104 is disposed on and covers the top
of the process chamber 100. The lid 104 separates the inductive coil 114 from the
processing region 150. The lid may be removable or may be hinged (not shown). The
processing region 150 is within the chamber body 102 and is defined as the region
within the chamber body 102 and the lid 104. The processing region 150 includes the
pedestal assembly 106 for supporting a substrate 126 and an edge ring assembly
138. The first plasma region 120 and the second plasma region 122 are contained

within the processing region 150 when generated.

[0023] The pedestal assembly 106 includes a support body 108, an electrostatic
chuck 110, a second RF power source 128, and the edge ring assembly 138. The
electrostatic chuck 110 is disposed on top of the support body 108. The electrostatic
chuck 110 is sized to be disposed on top of the support body 108 and receives the
substrate 126 on the top surface of the electrostatic chuck 110. The edge ring
assembly 138 is disposed over the support body 108 and part of the electrostatic

chuck 110. The edge ring assembly 138 is disposed around the substrate 126.
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[0024] The edge ring assembly 138 surrounds the substrate 126. The edge ring
assembly 138 includes an overhang ring 112 and an edge ring 140. The overhang

ring 112 and the edge ring 140 are described in greater detail herein.

[0025] The first plasma region 120 is a region of high density plasma within the
processing region 150. The second plasma region 122 is a region of low density
plasma within the processing region 150. The second plasma region 122 surround
the first plasma region 120 and has a lower plasma density than the first plasma region
120. The first and second plasma regions 120, 122 may be oxygen based plasmas.
The oxygen based plasmas may be used when performing treatments that include

silicon oxides, such as silicon dioxide.

[0026] The plurality of RF current lines 124 represent the communication between
the substrate 126 surface and the sidewalls of the chamber body 102. The RF current
lines 124 in embodiments using previous edge rings, do not pass through either of the
first or the second plasma regions 120, 122 during low pressure ICP substrate
processing. However, edge rings, such as the edge ring assembly 138 and other
edge ring assemblies described herein alter that RF current lines 124 near the edge
of the substrate, such that the RF current lines pass through the first and the second
plasma region 120, 122. The RF current lines 124 are redirected by the edge ring
assembly 138 as current will pass through the path of least resistance. Not to be
bound by theory, it is believed the edge ring assembly 138 obstructs a path of lesser
resistance from the substrate to the sidewalls of the chamber body 102. The RF
current lines 124 are then forced up through the first and the second plasma regions
120, 122. This effect may be more pronounced when utilizing relatively high bias
powers. The RF current lines 124 passing through the first or the second plasma

region 120, 122 reduce film thickening near a substrate 126 edge.

[0027] Figures 2A-2B are cross sectional views of edge ring assemblies 138a, and
138b used within the process chamber 100 of Figure 1. The edge ring assemblies
138a, 138b are disposed on over and around the outer edge of the electrostatic chuck
110, as shown in Figure 1. The edge ring assemblies 138a, 138b include two different
embodiments of edge rings 140a, 140b. The first embodiment of the edge ring
assembly 1383, illustrated in Figure 2A, includes a first edge ring 140a having a main

body 250a. The first edge ring 140a includes a main body 250a, a cantilever 208
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disposed radially inward of the main body 250a, an outer body 202 disposed radially
outwards of the main body 250a, and a plurality of vertical protrusions 206 disposed

on top of the main body 250a.

[0028] The first edge ring 140a of Figure 2A is one continuous (e.g., monolithic)
body. The first edge ring 140a includes a main body 250a that is vertically extended.
The extended main body 250a extends from an outer body 202. The outer body 202
is cylindrical and is the part of the first edge ring 140a which is disposed adjacent to
the electrostatic chuck 110. The outer body 202 has a bottom surface 240. The
bottom surface 240 is adjacent to the top surface of the electrostatic chuck 110. The
bottom surface 240 includes a step 242 radially inward of the outer body 202. The
step 242 corresponds to and engages with a similar stepped portion of the

electrostatic chuck 110.

[0029] The outer body 202 further includes a radially inward cantilever 208. The
cantilever 208 is the innermost portion of the edge ring 140a. The cantilever 208 is
disposed adjacent to a substrate support surface 230 of the electrostatic chuck 110.
The cantilever 208 has a top cantilever surface 232 that is parallel to the substrate
support surface 230. The top cantilever surface 232 may be substantially coplanar
with the substrate support surface 230. In some embodiments, the top cantilever
surface 232 is utilized to protect the underside of an edge of the substrate, such as
the substrate 126. The edge of the substrate 126 may extend over at least a portion

of the cantilever 208 during processing.

[0030] The main body 250a has a height H1. The height H1 of the extended main
body 250a may be about 10 mm to about 40 mm, such as about 15 mm to about 35
mm, such as about 20 mm to about 30 mm. In some embodiments, the height H1 of
the extended main body 250a is about 25 mm. The extended main body 250a has
an inner surface 222 and an outer surface 218. In some embodiments, the height H1
is the height of the inner surface 222 of the extended main body 250a. The inner
surface 222 extends from the top cantilever surface 232 to the bottom of the vertical

protrusion 206.

[0031] The inner surface 222 is the surface of the extended main body 250a

closest to the central axis of the edge ring assembly 138a. The outer surface 218 is
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the surface of the extended main body 250a furthest from the central axis of the edge
ring assembly 138a. The extended main body 250a additionally includes an upper
surface 220. The upper surface 220 connects the inner surface 222 and the outer
surface 218. There is a vertical protrusion 206 disposed on top of the upper surface
220. The vertical protrusion 206 has a protrusion inner surface 216. The protrusion
inner surface 216 is coplanar with the inner surface 222 of the extended main body
250a. There may be a plurality of vertical protrusions 206 disposed on the extended
main body 250a. The plurality of vertical protrusions 206 are disposed evenly about
the upper surface 220 of the edge ring 140a.

[0032] Figure 2B illustrates an edge ring assembly 138b according to a second
embodiment. The second edge ring assembly 138b includes a second edge ring 140b
and an overhang ring 112, such as the overhang ring 112 shown in Figure 1 disposed
within a groove 306. The edge ring assembly 138b may also be used in the
processing chamber 100 of Figure 1. The second edge ring 140b of Figure 2B is one

continuous edge ring.

[0033] The second edge ring 140b includes a groove 306 formed in an upper
surface of the main body 250b. The groove 306 is sized to receive an overhang ring
112. The outer body 202 has a bottom surface 240. The bottom surface 240 is
adjacent to the top surface of the electrostatic chuck 110. The bottom surface 240
includes a stepped region 242. The stepped region 242 corresponds to and engages
with a similar stepped portion of the electrostatic chuck 110. The outer body 202
further includes a cantilever 208. The cantilever 208 is the most radially inward portion
of the edge ring 140b. The cantilever 208 is disposed adjacent to a substrate support
surface 230 of the electrostatic chuck 110. The cantilever 208 has a top cantilever
surface 232 that is parallel to the substrate support surface 230. The top cantilever
surface 232 may be substantially coplanar with the substrate support surface 230. In
some embodiments, the top cantilever surface 232 is utilized to protect the underside
of an edge of the substrate, such as the substrate 126. The edge of the substrate 126

may extend over at least a portion of the cantilever 208.

[0034] There is a vertical protrusion 206 disposed on a top the outer body of the
second edge ring 140b. The vertical protrusion 206 has a protrusion inner surface

216. The protrusion inner surface 216 intersects the top cantilever surface 232 of the
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cantilever 208. There may be a plurality of vertical protrusions 206 disposed on the
top cantilever surface 232. The plurality of vertical protrusions 206 are disposed

evenly about the second edge ring 140b.

[0035] The groove 306 of the edge ring 140b is disposed radially outward of the
cantilever 208 with respect to the central axis of the edge ring 140b. The groove 306
is disposed radially outward of the vertical protrusion 206. The groove 306 is sized to
receive an overhang ring 112. The groove 306 has an inner sidewall 254, an outer
sidewall 252, and a bottom surface 256. The outer and inner sidewalls 252, 254 are
vertical sidewalls, and are a parallel to one another, while being perpendicular to the
bottom surface 256. The outer and inner sidewalls 252, 254 are spaced less than
about 25 mm from each other, such as less than about 20 mm from each other, such
as less than about 15 mm from each other. In some embodiments, the outer and
inner sidewalls 252, 254 are spaced the same distance apart from each other as the
width of a first portion 210 of the overhang ring 112. The outer and inner sidewalls
252, 254 are parallel with one another and form concentric rings about the central axis
of the edge ring 138b. The outer and inner sidewalls 252, 254 are connected by the
bottom surface 256.

[0036] The overhang ring 112 includes a first portion 210 and a second portion
270. The first portion 210 extends from the groove 306 in an upwards direction. In
some examples, the first portion 210 is a vertical portion and extends vertically from
the groove 306 of the second edge ring 140b. The height H2 of the first portion 210
is about 20 mm to about 40 mm, such as about 20 mm to about 35 mm, such as about
25 mm to about 30 mm. The second portion 270 extends radially inward toward the
central axis of the edge ring 138b. The second portion 270 is disposed at an angle to
the first portion 210. In the embodiment described in Figure 2B, the second portion
270 is a horizontal portion and is normal to the first portion 210 of the overhang ring

112. The second portion 270 is disposed at the distal end of the first portion 210.

[0037] The second portion is disposed on top of the first portion 210 and has a
thickness of about 2 mm to about 8 mm, such as about 3 mm to about 7 mm, such as

about 4 mm to about 6 mm, such as about 4.5 mm to about 5.5 mm.
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[0038] The second portion may be disposed at a height H2 from the bottom of the
groove 306. The second portion may additionally be defined as being a height H3
from the top of the vertical protrusions 206. The height H3 is about 10 mm to about
30 mm, such as about 15 mm to about 25 mm, such as about 17.5 mm to about 22.5

mm. In some embodiments, the height H3 is about 18 mm to about 20 mm.

[0039] Itis imagined that embodiments wherein either the first portion 210 is not a
vertical portion or the second portion 270 is not a horizontal portion are possible. In
embodiments wherein the first portion 210 is not a vertical portion or the second
portion 270 is not a horizontal portion, the angle between the first and second portions

210, 270 may vary.

[0040] The first portion 210 and the second portion 270 of the overhang ring 112
are continuous with one another. In some embodiments, the entirety of the first

portion 210 and the second portion 270 are formed from a continuous piece of quartz.

[0041] The inner overhang surface 214 is the radially inward edge of the second
(e.g., horizontal) portion 270. The inner overhang surface 214 is disposed above the
protrusion inner surface 216, such that the second portion 270 of the overhang ring
112 extends at least partially over the vertical protrusions 206. In some embodiments,
the inner overhang surface 214 may have a similar radial position, such as within +/-
10 millimeters as the protrusion inner surface 216. In some embodiments, the inner
overhang surface 214 extends over only part of the vertical protrusions 206 and the
inner overhang surface 214 is disposed radially outward of the protrusion inner
surface 216. The inner overhang surface 214 has an inner radius less than the inner
radius of the edge ring 140b, such that the inner overhang surface 214 does not
extend over a substrate, such as the substrate 126, to allow placement of the

substrate within the central opening of the edge ring 138b. .

[0042] In embodiments described herein, the entirety of both the edge rings 140a,
140b and the overhang ring 112 are a quartz material, such as silicon oxide (e.g.,
SiO2). Each of the edge rings 140a, 140b and the overhang ring 112 may be made
completely of quartz. In some embodiments, only parts of the edge rings 140a, 140b
and the overhang ring 112 are a quartz material and other materials may also be

utilized.



WO 2022/025959 PCT/US2020/063774

10
[0043] The first and second embodiments of the edge ring assemblies 138a, 138b
may share some components not explicitly stated herein. For example, the first and
second embodiments of the edge ring assemblies 138a, 138b include similar outer
bodies 202, vertical protrusions 206, cantilevers 208, bottom surfaces 240, and

stepped regions 242.

[0044] Figures 3A is a schematic plan view of the edge ring 140b of Figure 2B.
Figure 3B is a schematic sectional view of the edge ring 140b of Figure 2B. The edge
ring 140b includes a central opening 302, the outer body 202, the plurality of vertical
protrusions 206, the groove 306, the top cantilever surface 232, an intermediate

surface 316, and an outer ledge surface 308.

[0045] The opening 302 is circular and formed through the center of the edge ring
140b. In some embodiments, the diameter of the opening 302 is about 295 mm to
about 300 mm, such as about 296 mm to about 298 mm, such as about 297 mm to
about 298 mm. The diameter of the opening 302 is slightly less than the diameter of
a substrate being processed, such that the cantilever 208 is disposed slightly beneath

the substrate and protects the backside of the substrate.

[0046] The top cantilever surface 232 is disposed radially outward from the
opening 302, such that the top cantilever surface 232 is the surface between the inner
cantilever surface 310 of the edge ring 140b and the intermediate surface 316. The
outer edge of the top cantilever surface 232 has a diameter of about 315 mm to about
335 mm, such as about 320 mm to about 330 mm such as about 322 mm to about

328 mm. The top cantilever surface 232 is a horizontal surface and is planar.

[0047] The plurality of vertical protrusions 206 are formed on top of the top
cantilever surface 232. In some embodiments, the plurality of vertical protrusions 206
are disposed on the outer portion of the top cantilever surface 232. The inner
protrusion inner surface has an inner diameter of about 300 mm to about 315 mm,
such as about 300 mm to about 310 mm, such as about 302 mm to about 310 mm,
such as about 302 mm to about 308 mm. The plurality of vertical protrusions 206
have a protrusion outer surface 502. The protrusion outer surface has a diameter of
about 315 mm to about 335 mm, such as about 320 mm to about 330 mm. The

plurality of vertical protrusions 206 includes six protrusions. In some embodiments,
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the number of vertical protrusions 206 may be 3 protrusions to 12 protrusions, such
as 3 protrusions to 10 protrusions, such as 4 protrusions to 9 protrusions, such as 4
protrusions to 8 protrusions. The vertical protrusions are spaced evenly about the
central axis 1 and are equidistant from one another about the top cantilever surface
232. The plurality of vertical protrusions 206 may have a width W of about 5 mm to
about 25 mm, such as about 5 mm to about 20 mm, such as about 10 mm to about
15 mm. The width W is the distance across the face of the vertical protrusion 206
facing the central axis 1. The vertical protrusions 206 facilitate securing and alignment

of a substrate during processing.

[0048] The intermediate surface 316 is the surface between the top cantilever
surface 232 and the groove 306. The intermediate surface 316 is an angled surface,
such that the intermediate surface 316 slopes downward as the radial distance from

the central axis 1 increases.

[0049] The groove 306 is disposed between the intermediate surface 316 and the
outer body 202. The groove 306 has two sidewalls 252, 254. The inner sidewall 254
is adjacent and connected to the intermediate surface 316. The outer sidewall 252 is
adjacent and connected to the outer body 202. The inner sidewall 254 of the groove
306 has a diameter of about 325 mm to about 350 mm, such as about 330 mm to
about 350 mm, such as about 335 mm to about 345 mm. The outer sidewall 252 of
the groove 306 has a diameter of about 340 mm to about 360 mm, such as about 345
mm to about 355 mm. The groove 306 is formed around the entirety of the edge ring
140b.

[0050] In some embodiments, the groove 306 may be a discontinuous groove. In
this embodiment, the overhang ring 112 would have a first portion 210 to fit into the
discontinuous groove. Alternatively, the overhang ring 112 and the edge ring 140b
could be adapted to attach the overhang ring 112 and the edge ring 140b using a
fastener, sonic welding, or an adhesive. The edge ring 140b and the overhang ring
112 could also be to be one continuous component or part. This embodiment could
utilize three dimensional printing or molding to form the overhang ring 112 and the

edge ring 140b.
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[0051] The outer body 202 has an outer ledge surface 308. The outer ledge
surface 308 is the outermost surface of the edge ring 140b. The outer ledge surface
308 may be a vertical surface and may be part of the outer body 202. The outer ledge
surface 308 of the edge ring 140b has a diameter of about 375 mm to about 425 mm,
such as about 380 mm to about 415 mm, such as about 385 mm to about 405 mm,

such as about 390 mm to about 400 mm.

[0052] Figure 3B is a cross sectional side view of the edge ring 140b. The edge
ring 140b includes the opening 302, the outer body 202, the plurality of vertical
protrusions 206, the groove 306, the inner cantilever surface 310, and the outer ledge
surface 308. The cross sectional view of Figure 3B is taken along the dotted line

shown in Figure 3A.

[0053] The edge ring 140b includes a central axis, which, when the edge ring 140b
is positioned in the process chamber 100 of Figure 1, is coaxial with the central axis

1. The central axis 1 passes through the opening 302.

[0054] Figure 4 is a cross sectional side view of an overhang ring 112 utilized with
the edge ring 140b of Figures 3A-3B. The overhang ring 112 includes a first portion
210 and a second portion 270. The overhang ring is inserted into the groove 306 of
the edge ring 140b. The overhang ring 112 is also centered along the central axis 1.
In some embodiments, the central axis is the central axis 1 of the edge ring 140b or
the central axis 1 of the overhang ring 112. There is an opening 302 formed in the

overhang ring 112, such that the central axis 1 passes through the opening 302.

[0055] The first portion 210 includes an inner surface 408 and an outer surface
412. The inner surface 408 and the outer surface 412 are connected on one end by
a bottom surface 410. Both of the inner surface 408 and the outer surface 412 are
vertical surfaces, such that the inner surface 408 and the outer surface 412 of the first
portion 210 extend upwards. The inner surface 408 and the outer surface 412 are
parallel to each other. The inner surface 408 and the outer surface 412 extend in a

similar and upward direction from the bottom surface 410.

[0056] The inner surface 408 has a diameter of about 325 mm to about 350 mm,

such as about 330 mm to about 350 mm, such as about 335 mm to about 345 mm.
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The outer surface 412 has a diameter of about 335 mm to about 365 mm, such as

about 340 mm to about 360 mm, such as about 345 mm to about 355 mm.

[0057] The second portion 270 includes a lower surface 406, a top surface 404, an
inner overhang surface 214, and the outer surface 412. The lower surface 406 of the
second portion 270 intersects and is connected to the inner surface 408 of the first
portion 210. The outer surface 412 extends from the first portion 210 to the second
portion 270 and forms the outer surface 412 of the second portion 270. The top
surface 404 intersects and connects to the outer surface 412. The top surface is the
upper surface of the overhang ring 112. The inner overhang surface 214 is the
innermost surface of the overhang ring 112. The inner overhang surface 214
intersects and connects the lower surface 406 and the top surface 404 of the second

portion 270 of the overhang ring 112.

[0058] The inner overhang surface 214 is parallel to the inner surface 408 and the
outer surface 412 of the first portion 210. The inner overhang surface 214 has a
diameter of about 300 mm to about 315 mm, such as about 300 mm to about 310 mm,
such as about 302 mm to about 310 mm, such as about 302 mm to about 308 mm,
such as about 303 mm to about 306 mm. The inner overhang surface 214 may be
sized to allow a substrate having a diameter of 300 mm to pass through the opening

302 between the inner overhang surface 214.

[0059] The top surface 404 of the second portion 270 of the overhang ring 112 and
the lower surface 406 of the second portion 270 of the overhang ring 112 are parallel.
The perpendicular between the top surface 404 and the second portion 270 is about
2.5 mm to about 7.5 mm, such as about 3 mm to about 7 mm, such as about 3.5 mm
to about 6.5 mm, such as about 4 mm to about 6 mm. The perpendicular represents
the thickness of the second portion 270. The inner overhang surface 214 has a length
of about 2.5 mm to about 7.5 mm, such as about 3 mm to about 7 mm, such as about

3.5 mm to about 6.5 mm, such as about 4 mm to about 6 mm.

[0060] The top surface 404 and the lower surface 406 of the second portion 270
of the overhang ring 112 may be perpendicular to the inner overhang surface 214 and
the outer surface 412. The top surface 404 and the lower surface 406 of the second

portion 270 of the overhang ring 112 extend radially inwards from the first portion 210
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of the overhang ring 112. The lower surface 406 of the second portion 270 of the
overhang ring 112 is smaller than the top surface 404 of the second portion 270 of the
overhang ring 112, such that the surface area of the lower surface 406 is less than

the surface area of the top surface 404.

[0061] The lower surface 406 of the second portion 270 of the overhang ring 112
and the inner surface 408 of the first portion 210 of the overhang ring 112 intersect at
afirst corner 412. The first corner 412 is an inner corner of the overhang ring 112 and
is at an angle of about 80 degrees to about 100 degrees, such as about 85 degrees
to about 95 degrees, such as about 90 degrees. The first corner 412 is a rounded or
beveled corner. The curve of the first corner 412 may have a radius of curvature of
about 1.5 mm to about 4 mm, such as about 2 mm to about 3.5 mm, such as about 2

mm to about 3 mm.

[0062] The top surface 404 of the second portion 270 of the overhang ring 112 and
the outer surface 412 of the overhang ring intersect at a second corner 414. The
second corner 414 is an outer corner of the overhang ring 112 and has an outer angle
of about 260 degree to about 280 degrees, such as about 265 degrees to about 275
degrees, such as about 270 degrees. The second corner 414 is a rounded or beveled
corner. The curve of the second corner 414 have a radius of curvature of about .5

mm to about 2 mm, such as about 1 mm to about 1.5 mm.

[0063] The intersection of the bottom surface 410 with the outer surface 412 and
the inner surface 408 creates bottom corners 416. The bottom corners 416 have a
radius of curvature of about .5 mm to about 2 mm, such as about 1 mm to about 1.5
mm. The bottom corners have outer angles of about 260 degree to about 280
degrees, such as about 265 degrees to about 275 degrees, such as about 270

degrees.

[0064] Figure 5A-5B are partial cross sectional views the edge ring 140b of Figures
3A-3B. Figure 5A illustrates a close up view of one side of the cross sectional side
view of Figure 3B. Figure 5B illustrates a close up view of the protrusion inner surface

216 as shown in Figure 5A.

[0065] The portion of the edge ring 140b shown in Figure 5A includes the inner

cantilever surface 310, the cantilever 208, the vertical protrusions 206, the
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intermediate surface 316, the groove 306, the outer body 202, the outer ledge surface
308, the bottom surface 240, and the stepped region 242. The edge ring 140b is a

single part and is disposed around an electrostatic chuck 110 and a substrate 126.

[0066] The cantilever 208 is disposed adjacent to the inner cantilever surface 310
of the edge ring 140b. The inner cantilever surface 310 is the innermost portion of
the edge ring 140b. The top cantilever surface 232 is the upper surface of the
cantilever 208. The inner cantilever surface 310 is the inner surface of the cantilever
208.

[0067] The top protrusion surface 530 of the cantilever 208 intersects the
protrusion inner surface 216 of the vertical protrusions 206. The protrusion inner
surface 216 extends from the top cantilever surface 232 to the top protrusion surface
530. The protrusion inner surface 216 is an angled surface and is at an angle greater
than 90 degrees with respect to the top cantilever surface 232. The top protrusion
surface 530 is a horizontal surface. The top protrusion surface 530 extends from the
protrusion inner surface 216 to the protrusion outer surface 502. The protrusion outer
surface 502 is a vertical surface. The protrusion outer surface extends from the top
protrusion surface 530 to the intermediate surface 316. The protrusion outer surface
502 meets the top protrusion surface 530 on one end and the intermediate surface
316 on the other end.

[0068] The intermediate surface 316 extends from the protrusion outer surface 502
to the groove 306. More specifically, the intermediate surface 316 extends from the
bottom end of the protrusion outer surface 502 to the top end of the inner sidewall 254
of the groove 306. The intermediate surface 316 is an angled surface, such that the
intermediate surface 316 slopes downward as the radial distance from the central axis
1 increases. The intermediate surface 316 may be at an angle of about 5 degrees to
about 15 degrees with respect to the top cantilever surface 232, such as about an
angle of about 7.5 degrees to about 12.5 degrees, such as about 9 degrees to about

11 degrees.

[0069] The groove 306 is disposed between the intermediate surface 316 and the
outer body 202. The groove 306 has two sidewalls 252, 254. The inner sidewall 254

is adjacent and connected to the intermediate surface 316. The outer sidewall 252 is
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sidewall 252 are vertical sidewalls. The inner sidewall 254 and the outer sidewall 252
are connected by the bottom surface 256 of the groove 306. The bottom surface 256
of the groove 306 is a horizontal surface. The bottom surface 256 of the groove 306
is about 1 mm to about 5 mm below an inner bottom surface 522, such as 1.5 mm to
about 4 mm below an inner bottom surface 522, such as about 2 mm to about 3 mm
below the inner bottom surface 522 or about 2.25 mm to 2.75 mm below the inner
bottom surface 522.

[0070] The inner sidewall 254 is larger than the outer sidewall 252 within the
groove 306. The outer sidewall 252 is smaller than the inner sidewall 254 because of
the slope of the intermediate surface 316 and the outer body 202. The bottom surface

256 of the groove is sized to receive the bottom surface 410 of the overhang ring 112.

[0071] The outer body 202 includes the inner main surface 508, the outer curved
portion 510, and the outer ledge surface 308. The inner main surface 508 is coplanar
with the intermediate surface 316, such that the outer body 202 has a surface at an
angle of about 5 degrees to about 15 degrees with respect to the top cantilever surface
232, such as about an angle of about 7.5 degrees to about 12.5 degrees, such as

about 9 degrees to about 11 degrees.

[0072] The outer ledge surface 308 of the outer body 202 is the outermost surface
of the edge ring 140b. The outer ledge surface 308 of the outer body 202 is connected
to the inner main surface 508 by the outer curved portion 510. The outer curved
portion 510 connects the outer edge of the inner main surface 508 and the top edge
of the outer ledge surface 308. The outer curved portion has a radius of curvature of
about 3 mm to about 10 mm, such as about 4 mm to about 9 mm, such as about 5
mm to about 8 mm, such as about 6 mm to about 7mm. The outer ledge surface 308
of the outer body 202 extends downward to protect an outer edge of the electrostatic
chuck 110 (shown in Figures 2A-2B).

[0073] The outer ledge surface 308 of the outer body 202 is connected to a ledge
bottom surface 514. The ledge bottom surface 514 is a horizontal surface. The ledge
bottom surface 514 connects the outer ledge surface 308 to the inner ledge surface

516. The ledge bottom surface 514 is connected to the outer ledge surface 308 and
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the inner ledge surface 516 at curved corners. The curved corners between the outer
ledge surface 308 and the ledge bottom surface 514 as well as the inner ledge surface
516 and the ledge bottom surface 514 have a radius of curvature of about 0.5 mm to
about 2.5 mm, such as about 0.75 mm to about 2 mm, such as about 1 mm to about

1.5 mm.

[0074] The inner ledge surface 516 is a vertical surface and is parallel to the outer
ledge surface 308. The inner ledge surface 516 is sized to surround an outer surface
of an electrostatic chuck. The inner ledge surface 516 is part of the bottom surface
240 of the edge ring 140b. The inner ledge surface 516 is connected on a first end to

the ledge bottom surface 514 and on a second end to the primary bottom surface 518.

[0075] The primary bottom surface 518 is a horizontal surface. The primary bottom
surface 518 is a planar surface and extends from the inner ledge surface 516 to the
lower stepped surface 520. The lower stepped surface 520 is a vertical surface that
is part of the stepped region 242. The lower stepped surface 520 is radially inward of
the inner ledge surface 516 and the primary bottom surface 518. The lower stepped
surface 520 is also radially inward of the groove 306. The lower stepped surface 520

connects the primary bottom surface 518 and the inner bottom surface 522.

[0076] The inner bottom surface 522 is a horizontal surface that connects the lower
stepped surface 520 to the inner cantilever surface 310. The inner bottom surface
522 is below the vertical protrusions 206 and the cantilever 208. The inner bottom
surface 522 is a planar surface. The inner bottom surface 522 is part of the stepped

region 242.

[0077] Figure 5B illustrates a close-up view of the protrusion inner surface 216.
The protrusion inner surface 216 includes a first inner protrusion surface 528 and a
second inner protrusion surface 532. The protrusion inner surface 216 is a curved
inner surface. The radius of curvature of the protrusion inner surface 216 is about
150 mm to about 165 mm, such as about 150 mm to about 160 mm, such as about
152 mm to about 158 mm, such as about 154 mm to about 156 mm The first inner
protrusion surface 528 is a vertical surface extending from the top cantilever surface
232 of the cantilever 208. The first inner protrusion surface 528 is connected to the

top cantilever surface 232 at a first protrusion corner 526. The first protrusion 526
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corner may be a curved corner, such that the first protrusion corner 526 has a radius
of curvature of about 1Tmm to about 5 mm, such as about 2 mm to about 4 mm. The
first inner protrusion surface 528 has a height H3 of about 1 mm to about 5 mm, such

as about 2 mm to about 4 mm, such as about 2.5 mm to about 3.5 mm.

[0078] The second inner protrusion surface 532 is disposed adjacent to the first
inner protrusion surface 528 and connects to the first inner protrusion surface 528 at
a second protrusion corner 524. The second inner protrusion surface 532 is a
positively sloped surface as the distance from the central axis increases. The second
inner protrusion surface 532 is offset by an angle 6 from a vertical line, such that the
second inner protrusion surface 532 has an angle 6 of about 5 degrees to about 20
degrees, such as about 7 degrees to about 15 degrees, such as about 9 degrees to

about 12 degrees.

[0079] The second inner protrusion surface 532 has a height H4. The height H4
of the second inner protrusion surface 532 is about 1 mm to about 4 mm, such as
about 1.5 mm to about 3 mm, such as about 2 mm to about 2.5 mm. The second
inner protrusion surface 532 is connected to the top protrusion surface 530 at a third
protrusion corner 520. The third protrusion corner 520 is a curved corner, such that
the third protrusion corner 520 has a radius of curvature of about 0.1 mm to about 0.5

mm, such as about 0.2 mm to about 0.4 mm, such as 0.25 mm to about 0.35 mm.

[0080] Figure 6 is a graph illustrating the film thickness over a substrate after using
two different edge rings during an SiOz treatment, such as an SiOz oxidation process.
A first edge ring is a standard edge ring and has poor thickness uniformity near the
edge of a substrate (represented by the solid line). The second edge ring is an edge
ring utilizing an overhang feature, such as the edge ring 140b described herein and

has improved thickness uniformity near the edge of the substrate.

[0081] Figure 6 shows greatly improved layer thickness near the edge of the
substrate. The improved layer thickness is caused at least in part by the altering of
the direct RF current communication paths, such as the RF currently lines 124 in
Figure 1, between the substrate and the sidewalls of the process chamber. In
conventional substrate treatment processes with high bias-to source power ratios,

plasma density and the plasma current to the substrate is affected. The affected
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plasma current and density result in film thickening toward the substrate edge. The
film thickening toward the substrate edge is caused by direct RF communication
between the substrate and the grounded sidewall, rather than through the plasma

controlled by the source power coil.

[0082] As shown in Figure 6, utilizing edge rings with overhang rings has been
found to produce higher uniformity and alter the direct RF communication path to pass
through the higher density plasma formed by the source power coil. The RF current
lines 124 are altered to flow through a plasma, such as the first plasma region and the

second plasma region.

[0083] The overhang ring changes the paths of the RF current lines 124 to pass
through a region with higher plasma density than would be achieved if using a
conventional edge ring. The second portion 210 of the overhang ring 112 pushes the
RF current lines 124 inward so that the RF current lines 124 pass through a region of
higher plasma density and does not significantly alter the ion current to the substrate
near the edge since the first portion 210 of the overhang ring 112 is not disposed

immediately adjacent to the edge of the substrate.

[0084] Although both the edge rings 140a, 140b and the overhang ring 112 are
described herein as being a quartz material, it is contemplated that other materials
could also be used within the edge ring 140 and/or the overhang ring 112. Other
materials which could be a part of the edge ring 140a, 140b and the overhang rings
112 include silicon carbide, alumina, or yttria. In some embodiments, other ceramic
materials are utilized. In some embodiments, the quartz material can include

additional materials embedded therein.

[0085] While some corners of the edge rings 140a, 140b and the overhang ring
112 are described above as being curved corners, it is contemplated that all of the
corners of the edge rings 140a, 140b and the overhang ring 112 may be curved
corners. Unless otherwise described above, all of the corners of the edge rings 140a,
140b and the overhang ring 112 may be broken to be curved edges with a radius of
curvature of less than about 1 mm, such as less than about 0.75 mm, such as less
than about 0.5 mm. In an alternative embodiment, all of the corners of the edge rings

140a, 140b and the overhang ring 112 may be sharp corners.
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[0086] In some embodiments, the edge ring 140a of Figure 2A is utilized. In this
embodiment, an apparatus for substrate processing includes an edge ring. The edge
ring includes a bottom surface and an upper surface. The upper surface further
includes a cantilever, a extended main body, and an outer body. The cantilever is
disposed radially inward of the extended main body and the extended main body is
disposed radially inward of the outer body. The extended main body includes an inner
surface, an outer surface, and an upper surface. The upper surface includes a vertical
protrusion disposed thereon and the extended main body has a height of about 10

mm to about 40 mm.

[0087] While embodiments herein generally describe dimensions with respect to
processing 300 mm substrates, it is contemplated that substrates of other dimensions
may also be processed. In such examples, the dimensions of the edge rings

described herein may be scaled accordingly.

[0088] While the foregoing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.
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What is claimed is:

1. An apparatus for substrate processing comprising:
an edge ring, comprising:
a bottom surface;
an upper surface; and
a groove disposed in the upper surface;
an overhang ring disposed in the groove, the overhang ring further
comprising:
a first portion extending from the groove; and

a second portion connected to the first portion and extending radially

inward.
2. The apparatus of claim 1, wherein the edge ring comprises a quartz material.
3. The apparatus of claim 1, wherein the overhang ring comprises a quartz
material.
4. The apparatus of claim 1, wherein the edge ring further comprises a plurality

of tabs disposed on the upper surface.

5. The apparatus of claim 4, wherein the plurality of tabs comprises 3 to 10 tabs.

6. The apparatus of claim 4, wherein the plurality of tabs are disposed radially

inward of the groove.

7. The apparatus of claim 4, wherein the second portion of the overhang ring

extends radially inward of an outer surface of the plurality of tabs.

8. The apparatus of claim 1, wherein the edge ring further comprises an outer

ledge, the outer ledge extending from the bottom surface of the edge ring.

9. The apparatus of claim 1, wherein the second portion of the overhang ring is

perpendicular to the first portion of the overhang ring.
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10.  The apparatus of claim 1, wherein the overhang ring has an inner radius less

than the inner radius of the edge ring.

11.  The apparatus of claim 1, wherein the groove of the edge ring has sidewalls

sized to accept the first portion of the overhang ring.

12.  An apparatus for substrate processing comprising:
an edge ring comprising:
a bottom surface;
an upper surface;
a central opening; and
a groove disposed in the upper surface;
an overhang ring disposed in the groove, the overhang ring further
comprising:
a first portion extending upwards from the groove; and
a second portion extending radially inward toward a central axis of the

overhang ring.

13.  The apparatus of claim 12, wherein the overhang ring has an inner radius

less than the inner radius of the edge ring.

14.  The apparatus of claim 12, wherein the bottom surface further comprises:

an inner bottom surface;

a lower stepped surface connected to an outer edge of the inner bottom
surface;

a primary bottom surface connected to an opposite end of the lower stepped
surface as the inner bottom surface; and

an inner ledge surface connected to an outer edge of the primary bottom

surface.

15.  The apparatus of claim 14, wherein a bottom surface of the groove is about 1

mm to about 5 mm vertically disposed from the inner bottom surface.
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16.  The apparatus of claim 14, wherein the second portion is about 10 mm to

about 30 mm from the bottom surface of the groove.

17.  The apparatus of claim 12, wherein the groove is less than about 15 mm in
width.

18.  An apparatus for substrate processing comprising:
an edge ring, the edge ring further comprising:
a support surface;
an upper surface;
a groove disposed in the upper surface; and
a plurality of tabs disposed on the upper surface;
an overhang ring disposed in the groove, the overhang ring further
comprising:
a first portion extending from the groove; and
a second portion connected to the first portion and extending radially

inward.

19.  The apparatus of claim 18, wherein the edge ring and the overhang ring

comprise a quartz material.

20.  The apparatus of claim 18, wherein the groove is about the same width as the
first portion of the overhang ring.



