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(57) Abstract: A support ring for semiconductor processing is provided. The support ring includes a ring shaped body defined by an
inner edge and an outer edge. The inner edge and outer edge are concentric about a central axis. The ring shaped body further in-
cludes a first side, a second side, and a raised annular shoulder extending from the first side of the ring shaped body at the inner
edge. The support ring also includes a coating on the first side. The coating has an inner region of reduced thickness region abutting
the raised annular shoulder.
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SUPPORT RING WITH MASKED EDGE

FIELD

[0001] Aspects of the present invention relate generally to devices used to
support substrates and methods for forming such devices. More particularly,
embodiments of the present invention relate to a support ring to support an edge
ring in a thermal processing chamber.

BACKGROUND

[0002] In the processing of substrates, such as semiconducting wafers, a
substrate is placed on a support in a processing chamber while suitable processing
conditions are maintained in the processing chamber. A rapid thermal processing
(RTP) chamber may be used to heat the substrate with lamps disposed below the
substrate. For example, a substrate could be rapidly heated to an elevated
temperature within a temperature range of 250°C to 1,350°C. During a thermal
process, a substrate may be supported by a supporting structure, such as an edge
ring, around the edge region of the substrate. The edge ring may be supported by
another supporting structure, such as a support ring.

[0003] The edge ring and support ring are constructed of materials that can
withstand numerous cycles of being rapidly heated and cooled. Quartz (e.g.,
amorphous silica) is a material often used for the support ring structure. When
heating a substrate from below with lamps in a RTP chamber, it is typically desirable
to block lamp radiation from entering the area above the substrate in the RTP
chamber. Radiation sensors that are sensitive to radiation emitted by the substrate,
such as pyrometers, are often used in the area above the substrate. Preventing
lamp radiation from entering the area above the substrate prevents radiation from
hampering performance of the temperature sensors. Because quartz is transparent
to light and infrared energy, the upper surface of a quartz support ring is often
coated with a material, such as silicon, to render it opaque to the lamp radiation.

[0004] Quartz support rings coated with silicon begin to develop cracks in the
radial direction after being repeatedly heated and cooled. The cracks may begin to

develop after only a few heating cycles. The cracks eventually make the quartz
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support rings coated with silicon unusable, and frequent replacement of support
rings is not cost effective.

[0005] Therefore, a need exists for improved quartz support rings having opaque
coatings.

SUMMARY

[0006] In one embodiment, a support ring for semiconductor processing is
provided. The support ring includes a ring shaped body with an inner edge and an
outer edge, wherein the inner edge and outer edge are concentric about a central
axis. The ring shaped body further includes a first side, a second side, and a raised
annular shoulder extending from the first side of the ring shaped body at the inner
edge. The support ring also includes a coating on the first side, the coating having
an inner region of reduced thickness region abutting the raised annular shoulder.

[0007] In another embodiment, a support ring for semiconductor processing is
provided. The support ring includes a ring shaped body with an inner edge and an
outer edge, wherein the inner edge and outer edge are concentric about a central
axis. The ring shaped body further includes a first side and a second side. The
support ring also includes a coating on the first side, the coating having an outer
radiation blocking region of uniform thickness and an inner region of reduced

thickness configured to support an edge ring.

[0008] In another embodiment a method for coating a ring shaped body in a
deposition chamber is provided. The method includes providing the ring shaped
body to the deposition chamber, the ring shaped body having an inner edge and an
outer edge, wherein the inner edge and the outer edge are concentric about a
central axis, and a first side and a second side, placing a mask over the first side at
the inner edge, wherein a distance between the mask and the first side is less than
about 500 microns, and forming a coating on the first side, wherein the mask

reduces the thickness of the coating on the first side under the mask.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the invention,
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 typical embodiments of this invention and are
therefore not to be considered limiting of its scope, for the invention may admit to
other equally effective embodiments.

[0010] Figure 1 is a sectional view of a support ring according to one

embodiment of the present invention.

[0011] Figure 2A is a sectional view of a ring shaped body and a mask used to

create one embodiment of the present invention.

[0012] Figure 2B is a sectional view of a support ring having a coating according

to one embodiment of the present invention.

[0013] Figure 3A is a sectional view of a ring shaped body and a tapered mask

used to create one embodiment of the present invention.

[0014] Figure 3B is a sectional view of a support ring with a tapered coating

according to one embodiment of the present invention.

[0015] 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 disclosed in one embodiment may be beneficially
utilized on other embodiments without specific recitation.
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DETAILED DESCRIPTION

[0016] A support ring with improved durability for repeated heated and cooling,
and a method for making such a support ring, are described. The support rings
described herein are resistant to cracking under thermal stresses created by
repeatedly heating to a temperature between about 250°C and about 1,350°C and

cooling to an ambient temperature.

[0017] Figure 1 is a sectional view of a support ring 100 according to one
embodiment. The support ring 100 is configured to support an edge ring 160 in a
thermal processing chamber (not shown). The edge ring 160 is used to support a
substrate 150 that can be processed inside the chamber. Generally, the support

ring 100 is disposed on a chamber component, such as cylinder 170.

[0018] The support ring 100 includes a ring shaped body 110. The ring shaped
body 110 may be defined by an inner edge 112 and an outer edge 114, wherein the
inner edge 112 and outer edge 114 may be concentric about a central axis of the
ring shaped body 110. The ring shaped body 110 further includes a first side 116, a
second side 118, and a raised annular shoulder 120 extending from the first side
116 of the ring shaped body 110 at the inner edge 112. The support ring 100 also
includes a coating 140 on the first side 116, the coating 140 having an outer region
of uniform thickness 144 and an inner region of reduced thickness 142 abutting the
raised annular shoulder 120. The outer region of uniform thickness 144 extends
radially outward beyond the inner region of reduced thickness 142. The outer region
of uniform thickness 144 is thicker than the inner region of reduced thickness 142.
The outer region of uniform thickness 144 and the inner region of reduced thickness
142 could be ring shaped. The inner region of reduced thickness 142 could be
configured to support the edge ring 160. The support ring 100 may also include a
positioning rim 130 to position the support ring 100 on the cylinder 170.

[0019] The ring shaped body 110 could be composed of quartz (e.g., amorphous
silica), silicon carbide, silicon oxide (such as amorphous glass), ceramic, or any
other heat resistant material. Combinations of such materials may also be used.
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[0020] The coating 140 could be composed of silicon, which may have any
convenient morphology, such as polysilicon, monocrystalline silicon, microcrystalline
silicon, nanocrystalline silicon, amorphous silicon, and the like. The outer region of
uniform thickness 144 could be an outer radiation blocking region. A silicon coating
of 25 microns or more may render a coated surface of the support ring 100 opaque
to wavelengths of radiation in the operating range of one or more pyrometers (not
shown) used to measure the temperatures inside a processing chamber. The one
or more pyrometers could measure the temperature from above the support ring 100
while a heating source (not shown) could be located below the support ring 100.
Opaque means that the mean intensity of the radiation in the operating range of the
pyrometer passing through the coating 140 from a heating source, such as lamps
(not shown) disposed below support ring 100, is at least six orders of magnitude
lower than the incident radiation received by the support ring 100 on surfaces, such
as second side 118, facing the heating source. Coating 140 could be designed with
a thickness and other properties to ensure that the radiation passing through coating
140 is at least twelve orders of magnitude lower than the incident radiation received
by the support ring 100 from the heating source. Using a coating that is opaque to
wavelengths at which the pyrometer is sensitive ensures that substantially no
radiation in that range of wavelengths coming directly from the heating source

reaches the one or more pyrometers.

[0021] The thickness of the coating 140 in the outer region of uniform thickness
144 could be between 25 and 75 microns, such as between about 30 microns and
about 60 microns, for example 50 microns. In some embodiments, the thickness of
the coating 140 in the outer region of uniform thickness could be between about 50
microns and 500 microns, for example 150 microns. Although, the thickness of the
coating 140 in the outer region of uniform thickness 144 is substantially uniform, it is
not required to be a constant thickness. For example the thickness of the outer
region of uniform thickness 144 could vary along a radial dimension of support ring
100. The thickness of the coating 140 in the outer region of uniform thickness 144
may be thick enough to make the outer region of uniform thickness substantially
opaque to at least some wavelengths of radiation energy directed at the second side
118 of the support ring 100 from a heating source. The thickness of the coating 140

5
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in the inner region of reduced thickness 142 could be between about 1 micron and
about 30 microns, such as between about 5 microns and about 20 microns, for
example 10 microns. The inner region of reduced thickness 142 could also be

described as an inner region of minimum thickness.

[0022] Figure 2A shows a sectional view of a mask 210 that can be used to form
coating 140 on the ring shaped body 110. Figure 2B shows a sectional view of
support ring 100 having the coating 140, which can be formed through the use of
mask 210. Mask 210 could be ring shaped and includes a supporting surface 212
that can be used to support the mask 210 on the raised annular shoulder 120 during
the formation of the coating 140. The mask 210 also includes a masking surface
214 that is used to reduce the thickness of the coating 140 in the inner region of
reduced thickness 142 during the formation of coating 140. The mask 210 also
includes an outer surface 216 that creates a uniform thickness boundary 218
between the inner region of reduced thickness 142 and the outer region of uniform
thickness 144 when the coating 140 is formed.

[0023] Referring to Figures 1 and 2B, the uniform thickness boundary 218 could
be formed at a location where an outer edge of a supporting surface of the edge ring
160 could be supported. If the edge ring 160 is also composed of a radiation
blocking material, such as silicon carbide, which may be opaque to some
wavelengths or spectra of radiation, substantially all of the light and infrared energy
radiating from beneath the support ring 100 in the thermal processing chamber is
blocked or absorbed by the substrate 150, the edge ring 160, or the outer region of
uniform thickness 144.

[0024] Referring to Figures 1, 2A and 2B, a method to form coating 140 on ring
shaped body 110 could include providing the ring shaped body 110 to a deposition
chamber (not shown), placing the mask 210 over the first side 116 at the inner edge
112, and forming the coating 140 on the first side 116. The mask 210 reduces the
thickness of coating 140 on the first side 116 that is under the masking surface 214.
The distance between the masking surface 214 and the first side 116 could be
between about 10 microns and about 500 microns, for example about 200 microns.
In some embodiments, the distance between the masking surface 214 and the first
6
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side 116 could be between about 1 micron and about 30 microns, such as between

about 5 microns and about 20 microns, for example 10 microns.

[0025] Figure 3A shows a sectional view of a tapered mask 310 that can be used
to form a tapered coating 340 on the ring shaped body 110. Figure 3B shows a
sectional view of a support ring 300 having the tapered coating 340, which can be
formed through use of tapered mask 310. Tapered mask 310 could be ring shaped
and includes a tapered mask supporting surface 312 that can be used to support the
tapered mask 310 on the raised annular shoulder 120 during the formation of the
tapered coating 340. Tapered mask 310 is tapered to reduce the thickness of
tapered coating 340 as tapered coating 340 approaches inner edge 112. The
tapered mask 310 also includes a tapered masking surface 314 that is used to
reduce the thickness of the tapered coating 340 in a tapering region 342 during the
formation of tapered coating 340. The tapered masking surface 314 could have a
substantially linear slope relative to the first side 116. The tapered mask 310 also
includes an outer surface 316 that creates an outer tapering boundary 318 between
the tapering region 342 and an outer region of uniform thickness 344 when the
tapered coating 340 is formed. Thus, the tapering region 342 (i.e., an inner region
along the radial dimension of the ring shaped body 110), borders the outer region of
uniform thickness 344 at the outer tapering boundary 318.

[0026] The thickness of the tapered coating 340 in the outer region of uniform
thickness 344 could have a thickness of between 25 microns and 200 microns, for
example 60 microns. In some embodiments, the thickness of the tapered coating
340 in the outer region of uniform thickness 344 could have a thickness of between
200 microns and 500 microns, for example 400 microns

[0027] The tapered mask 310 could also include a minimum thickness masking
surface 313 that could be used to create a region of minimum thickness 346 abutting
the raised annular shoulder 120 when the tapered coating 340 is formed. The
minimum thickness masking surface 313 could be substantially parallel to the first
side 116 of the ring shaped body 110 making the thickness of tapered coating 340
substantially uniform in the region of minimum thickness 346. Although, the
thickness of the tapered coating 340 in the region of minimum thickness 346 is
7
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substantially uniform, it is not required to be a constant thickness. For example, the
thickness of the tapered coating 340 in the region of minimum thickness 346 could
vary along a radial dimension of support ring 300. The point where the tapered
masking surface 314 meets the minimum thickness masking surface 313 creates an
inner tapering boundary 320 after the tapered coating 340 is formed. The inner
tapering boundary 320 is between the tapering region 342 and the region of
minimum thickness 346 (i.e., the inner region). Thus, the tapered coating 340 tapers
from the region of uniform thickness 344 at the outer tapering boundary 318 to the
reduced or minimum thickness at the inner tapering boundary 320 located in the
inner region of the ring shaped body 110. The tapered coating 340 could have an
inner thickness substantially equal to the minimum thickness between the inner

tapering boundary 320 and the inner edge 112.

[0028] The inner tapering boundary 320 could be a first distance from the inner
edge 112 of the ring shaped body 110, wherein the first distance could be between
about 0.1 mm and about 20 mm, such as between about 0.5 mm and about 15 mm,
for example about 5 mm. The thickness of the tapered coating 340 in the region of
minimum thickness 346 could be between about 1 micron and about 30 microns,
such as between about 5 microns and about 20 microns, for example 10 microns.
The outer tapering boundary 318 could be a second distance from the inner edge
112 of the ring shaped body 110, wherein the second distance is between about
between about 0.2 mm and about 25 mm, such as between about 0.5 mm and about
20 mm, for example about 10 mm. In some embodiments, tapered mask 310 could
reduce the thickness of the tapered coating 340 for a span between 0.1 mm and 24
mm along a radial dimension from the central axis, for example, a span between 0.5

mm and 5 mm.

[0029] The thickness of the tapered coating 340 at the inner tapering boundary
320 could be between about 1 micron and about 30 microns, such as between about
5 microns and about 20 microns, for example 10 microns. The thickness of the
tapered coating 340 at the outer tapering boundary 318 could be between about 25
microns and about 75 microns, such as between about 30 microns and about 60

microns, for example 50 microns. In some embodiments, the thickness of the
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tapered coating 340 at the outer tapering boundary 318 could have a thickness of
between 60 microns and 500 microns, for example 250 microns

[0030] Referring to Figures 1, 3A and 3B, a method to form tapered coating 340
could include providing the ring shaped body 110 to a deposition chamber (not
shown), placing tapered mask 310 over the first side 116, and forming a tapered
coating 340 on the first side 116. The tapered mask 310 reduces the thickness of
tapered coating 340 on the first side 116 that is under the tapered masking surface
314 and the minimum thickness masking surface 313. The distance between the
tapered masking surface 314 and the first side 116 could taper from a first value to a
second value, wherein the first value could be between about 300 microns and
about 500 microns, for example 400 microns, and the second value could be
between about 10 microns and about 200 microns, for example 50 microns. In
some embodiments, the distance between the tapered masking surface 314 and the
first side 116 could taper from a first value to a second value, wherein the first value
could be between about 25 microns and about 75 microns, for example 50 microns,
and the second value could be between about 1 micron and about 30 microns, for
example 10 microns. In some embodiments, the distance between the tapered
masking surface 314 and the first side 116 could be between 10 microns and 300
microns, for example 50 microns. In some embodiments, the distance between the
minimum thickness masking surface 313 and the first side 116 could be between 10
microns and 200 microns, for example 60 microns. In some embodiments, the
distance between the minimum thickness masking surface 313 and the first side 116
could be between be between about 1 micron and about 30 microns, such as
between about 5 microns and about 20 microns, for example 10 microns.

[0031] The first side 116 could be exposed to a silicon precursor material to form
the coating 140 or the tapered coating 340. The process for exposing the first side
116 to the silicon precursor material may be a CVD process or a PVD process. In
one aspect, a plasma process, such as a plasma spray process or plasma CVD
process, may be used. In a plasma CVD process, a silicon deposition precursor,
such as a silane, for example trimethyl silane or disilane, may be provided to a
processing chamber containing the ring shaped body 110 with the mask 210 or the

9
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tapered mask 310 positioned thereon. The silicon deposition precursor may be
provided with a plasma forming gas, such as argon or helium. A capacitive or
inductive plasma is formed in the processing chamber, and the coating 140 ore the

tapered coating 340 forms.

[0032] Referring to Figure 1, it has been observed that when a quartz support
ring, such as ring shaped body 110, is coated on its upper surface with a silicon
layer of substantially uniform thickness and repeatedly heated to an elevated
temperature, such as a temperature of at least 900°C, cracks begin to form in the
radial direction after only a few cycles. The cracks eventually make the support ring
unusable. It has also been observed that when the same support ring has a silicon
coating with a region of reduced thickness near the inner edge 112, such as the
inner region of reduced thickness 142, and the support ring is repeatedly heated to

elevated temperatures, crack formation is substantially delayed or reduced.

[0033] While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

follow.

10
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What is claimed is:

1. A support ring for semiconductor processing, comprising:
a ring shaped body comprising:
an inner edge and an outer edge, wherein the inner edge and
outer edge are concentric about a central axis; and
a first side and a second side,
a raised annular shoulder extending from the first side of the ring
shaped body at the inner edge; and
a coating on the first side, the coating having an inner region of

reduced thickness abutting the shoulder.

2. The support ring of claim 1, wherein the inner region of reduced thickness is
ring shaped.

3. The support ring of claim 2, wherein the ring shaped body comprises quartz.
4. The support ring of claim 3, wherein the coating is polysilicon.

5. The support ring of claim 4, wherein the coating has as an outer region of

uniform thickness extending radially outward beyond the inner region of reduced
thickness.

6. The support ring of claim 5, wherein the thickness of the coating in the outer
region is between about 30 microns and about 60 microns, and the thickness of the

coating in the inner region between about 1 micron and about 30 microns.

7. The support ring of claim 5, further comprising a tapering region between the

outer region and inner region forming an outer tapering boundary between the outer
region and the tapering region and an inner tapering boundary between the tapering
region and the inner region, wherein the coating tapers from the uniform thickness at
outer tapering boundary to the reduced thickness at the inner tapering boundary.

8. The support ring of claim 7, wherein the inner tapering boundary is a first
distance from the inner edge and the outer tapering boundary is a second distance

11
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from the inner edge, the first distance is between about 0.1 mm and about 20 mm,
and the second distance is between about 0.2 mm and about 25 mm.

9. The support ring of claim 7, wherein the thickness of the coating in the outer
region is between about 30 microns and about 60 microns and the thickness of the

coating in the inner region is between about 1 micron and about 30 microns.

10.  The support ring of claim 9, wherein the inner tapering boundary is a first
distance from the inner edge and the outer tapering boundary is a second distance
from the inner edge, the first distance is between about 0.1 mm and about 20 mm,

and the second distance is between about 0.2 mm and about 25 mm.

11. A support ring for semiconductor processing, comprising:
a ring shaped body comprising:
an inner edge and an outer edge, wherein the inner edge and
outer edge are concentric about a central axis; and
a first side and a second side; and
a coating on the first side, the coating having an outer radiation
blocking region of uniform thickness and an inner region of reduced thickness

configured to support an edge ring.

12.  The support ring of claim 11, wherein the inner region borders the outer
radiation blocking region at an outer tapering boundary, the coating thickness tapers
radially inward from the uniform thickness at the outer tapering boundary to a
minimum thickness at an inner tapering boundary located in the inner region, and
the coating has an inner thickness substantially equal to the minimum thickness

between the inner tapering boundary and the inner edge.

13. A method for coating a ring shaped body in a deposition chamber,
comprising:
providing the ring shaped body to the deposition chamber, the ring
shaped body having an inner edge and an outer edge, wherein the inner
edge and the outer edge are concentric about a central axis, and a first side

and a second side;

12
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placing a mask over the first side at the inner edge, wherein a distance
between the mask and the first side is less than about 500 microns; and
forming a coating on the first side, wherein the mask reduces a

thickness of the coating on the first side under the mask.

14. The method of claim 13, wherein the mask is tapered to reduce the thickness

of the coating as the coating approaches the inner edge.

15. The method of claim 14, wherein the distance between the mask and the first
side tapers from a first value to a second value, the first value is between about 300
microns and about 500 microns, and the second value is between about 10 microns

and about 200 microns.

13
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