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ing a thermal barrier between the inner portion and outer portion, thus
reducing heat transfer from the inner portion and outer portion. The
thermal barrier creates higher temperatures at the chamber liner inner
surface and therefore leads to shorter heat up times within the chamber.
Additionally, the thermal barrier also creates lower temperatures near
the base ring and outer surface of the outer ring, thereby protecting the
chamber walls and requiring less thermal regulation/dissipation at the
chamber walls.
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LINER FOR PROCESSING CHAMBER

BACKGROUND
Field
[0001] Embodiments described herein generally relate to liners for use in processing

chambers and, more particularly, to thermal barrier liners with a multi-piece design for

use in epitaxial processing chambers.
Description of the Related Art

[0002] Processing chambers used in the fabrication of semiconductor devices and
other electronic or display devices, including epitaxial thermal processing chambers, are
particularly useful to deposit dielectric films on substrates. In a conventional thermal
chemical vapor deposition (CVD) process, reactive gases are supplied to the substrate
surface where heat-induced chemical reactions take place to produce the desired film.

Reaction rates may be controlled by controlling the temperature of the chamber.

[0003] Processing chambers useful to deposit certain films, such as dielectric films,
operate at very high temperatures during processing and at even higher temperatures
during chamber cleaning processes. However, these high temperatures can be

detrimental to the metallic walls of the processing chambers.

[0004] To shield the metallic walls from high temperatures, liners, such as thermal
barrier liners, have been used inside the processing chambers. The liners are typically
sized to be nested within or deposited on a base ring that extends from the metallic
walls. Heat is often lost across the liners, however, due to the heat transfer between the
chamber liner inner surface and the much cooler base ring. This creates lower
temperatures at the chamber liner inner surface and leads to longer heat ramp times
within the chamber during processing and cleaning of the chambers. It also causes
higher temperatures near the base ring, requiring more cooling water to help cool the
area. Longer heat ramp times and more cooling water require more energy use,

decreasing throughput and increasing the cost of ownership.



WO 2020/033097 PCT/US2019/041192

[0005] Accordingly, there is a need for a liner for use in processing chambers that

minimizes heat losses and decreases thermal ramp times within the chamber.
SUMMARY

[0006] One or more embodiments described herein provide chamber liners with a
multi-piece design for use in thermal processing chambers, such as an eptitaxial

processing chamber.

[0007] In one embodiment, a liner for a processing chamber includes an outer
portion having an inner surface and an outer surface; and an inner portion having an
inner surface and an outer surface; wherein a portion of the inner surface of the outer
portion is in thermal contact with the outer surface of the inner portion at at least one
junction point having a contact area between the portion of the inner surface of the outer
portion and the outer surface of the inner portion; and the inner portion has a first
thermal mass and the outer portion has a second thermal mass, and the first thermal

mass is less than the second thermal mass.

[0008] In another embodiment, a liner for a processing chamber includes an outer
portion with an inner surface and an outer surface; an inner portion with an inner
surface and an outer surface; a first coating material disposed on at least a portion of
the inner surface of the inner portion; and a second coating material disposed on at
least a portion of the outer surface of the inner portion and on at least a portion of the
inner surface of the outer portion; wherein a portion of the inner surface of the outer
portion is in contact with the outer surface of the inner portion at at least one junction
point having a contact area between the portion of the inner surface of the outer portion
and the outer surface of the inner portion; and the first coating material has a higher

absorption coefficient than the second coating material.

[0009] In yet another embodiment, a processing chamber includes a substrate
support assembly within a chamber body designed to support a substrate; at least one
lamp designed to heat the substrate disposed on the substrate support, a cooling
channel configured to receive a cooling fluid into the chamber body; a liner, the liner

comprising: an outer portion with an inner surface and an outer surface; an inner

2
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portion with an inner surface and an outer surface; a first coating material disposed on
at least a portion of the inner surface of the inner portion; and a second coating material
disposed on at least a portion of the outer surface of the inner portion and on at least a
portion of the inner surface of the outer portion; wherein a portion of the inner surface of
the outer portion is in thermal contact with the outer surface of the inner portion at at
least one junction point having a contact area between the portion of the inner surface
of the outer portion and the outer surface of the inner portion; and the inner portion has
a first thermal mass and the outer portion has a second thermal mass, and the first
thermal mass is less than the second thermal mass; and the first material having a

higher absorption coefficient than the second material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] 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 typical embodiments of this disclosure and are therefore not to
be considered limiting of its scope, for the disclosure may admit to other equally

effective embodiments.

[0011] FIG. 1 is a sectional view of a processing chamber according to embodiments

described in the present disclosure;

[0012] FIG. 2 is a sectional view of the liner of FIG. 1;

[0013] FIG. 3A is a perspective view of a liner as provided in the prior art;

[0014] FIG. 3B is a perspective view of the liner of FIG. 1;

[0015] FIG. 3C is a schematic illustration related to the liners of FIGs. 3A and 3B;
[0016] FIG. 4A is a sectional view of the liner of FIG. 1; and

[0017] FIG. 4B is a schematic illustration related to the liner in FIG. 4A.
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[0018] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. 1t is
contemplated that elements and features of one embodiment may be beneficially

incorporated in other embodiments without further recitation.

DETAILED DESCRIPTION

[0019] In the following description, numerous specific details are set forth to provide
a more thorough understanding of the embodiments of the present disclosure.
However, it will be apparent to one of skill in the art that one or more of the
embodiments of the present disclosure may be practiced without one or more of these
specific details. In other instances, well-known features have not been described in

order to avoid obscuring one or more of the embodiments of the present disclosure.

[0020] Embodiments described herein generally relate to chamber liners for use in
processing chambers and, more particularly, to thermal barrier liners with a multi-piece
design for use in epitaxial processing chambers. The multi-piece design includes an
inner portion and an outer portion with minimal contact provided there between. The
inner surface of the inner portion faces the processing region while the outer surface of
the outer portion is disposed on a base ring. A portion of the inner surface of the outer
liner is designed to have minimal contact with the outer surface of the inner portion,
such as at a junction point, creating an air gap between the inner portion and the outer
portion. The air gap acts as a thermal barrier between the inner portion and outer
portion, reducing the heat transfer between the inner and outer portions and thus
reducing the heat transfer between the inner surface of the inner portion and the base

ring.

[0021] The thermal barrier creates higher temperatures at the chamber liner inner
surface and causes shorter heat ramp times within the chamber during substrate
processing and chamber cleaning. Additionally, the thermal barrier also creates lower
temperatures near the base ring and outer surface of the outer ring, thereby protecting
the chamber walls and requiring less thermal regulation/dissipation at the chamber

walls.
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[0022] Further, special coating materials and/or surface finishes may be applied to
increase emissivity for the inner surface of the inner portion, increasing the heat
absorption of the inner portion and also helping to increase the inner portion surface
temperature. In addition, special coating materials and/or surface finishes may be
applied to decrease emissivity for the outer surface of the inner portion and the inner
surface of the outer portion, decreasing the heat absorption of the outer portion, helping
to decrease the surface temperature near the base ring. This provides the same
advantages of reducing the energy needed during processing and cleaning, thus

increasing throughput and reducing the cost of ownership.

[0023] FIG. 1 is a sectional view of a processing chamber 100 according to
embodiments described in the present disclosure. By way of example, the processing
chamber 100 in FIG. 1 is described in terms of an epitaxial chamber, but any other
processing chambers may benefit from the liners described and claimed herein. The
processing chamber 100 generally includes a chamber body 102, an upper dome 122, a
lower dome 120, and a controller 104. The processing chamber 100 defines a
processing region 109 in which a substrate support assembly 110 is disposed. The
substrate support assembly 110 includes a susceptor 114, susceptor support 112, and
a shaft 113 to move the susceptor 114 within the chamber. A substrate 116 is shown
disposed on the upper surface of the susceptor 114. The susceptor support 112 is

connected to the shaft 113 at a bottom end and the susceptor 114 at a top end.

[0024] The processing chamber 100 may further include a gas channel 106 for
delivering gas into the processing region 109 and a gas exhaust system 108 for
pumping down the chamber and removing gases from the chamber. The flow of gases
into the processing region 109 can be controlled by valves (not shown) such that the
gases flow across the surface of the substrate 116. A cooling water channel 107 is
formed in the chamber walls to maintain the chamber walls at a desired temperature.
The cooling water channel 107 is connected to a cooling fluid supply to facilitate
chamber cooling. The processing chamber 100 further includes a plurality of heat
sources, such as heating lamps 118 which provide thermal energy to components
positioned within the processing chamber 100, including a substrate positioned therein.

In this embodiment, the heating lamps 118 may be positioned to provide thermal energy
5
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through the upper dome 122 and lower dome 120. The heat sources provide thermal
activation of the process gas(es) which results in deposition of a desired film on a

substrate 116, e.g., deposition of an epitaxial layer on the substrate 116.

[0025] While the heating lamps 118 provide the necessary heat to facilitate thermal
activation of the gas(es), the heat can damage the walls of the chamber body 102. A
chamber liner 124 is positioned in the processing chamber to protect the chamber body
102 from the high temperatures generated by the heat sources. There can be multiple
chamber liners 124 in the processing chamber 100 (two shown in FIG. 1). The chamber
liner 124 is disposed in the processing chamber and may be disposed at least partially
on a base ring 132. The base ring 132 can be coupled directly to a wall of the chamber
body 102. The cooling water channel 107 may travel through the base ring 132 to
provide thermal regulation, such as cooling, to the area. As will be described in more
detail in FIGs. 2A-2B, the chamber liner 124 may be a multi-piece design including an
inner portion 126 and an outer portion 130. The inner portion 126 and outer portion 130
are designed to provide a thermal barrier region 128, such as an air gap, between the
inner portion 126 and the outer portion 130. Both the inner portion 126 and the outer

portion 130 can be made of quartz, although other similar materials can be used.

[0026] FIG. 2 is a sectional view of the chamber liner 124 of FIG. 1. The chamber
liner 124 generally includes an inner portion 126 and an outer portion 130 connected at
junction point 208. The inner portion 126 includes an inner surface 200 facing the
processing region and an outer surface 202 facing the outer portion 130. The inner
surface 200 facing the processing region 109 of the processing chamber 100 is
exposed to the thermal radiation provided by the heating lamps 118. The outer portion
130 has an inner surface 204 and an outer surface 206. The outer surface 206 is
shaped to follow the contour of the processing chamber and in some embodiments is
disposed at least partially on the base ring 132. In at least one embodiment, the outer
portion 130 has minimal contact with the base ring 132 to support the chamber liner 124
in the processing chamber 100. The outer surface 206 may form an annular wall along
the sidewall of the processing chamber 100 and terminate in an angled portion following
the contour of the lower dome 120 and/or base ring 132. Within the outer portion 130,

there can be a gap 210 which can act as a gas plenum and gas delivery conduit, as
6
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shown in FIG. 2. The pressure, flowrate and the volume of the gases inside the gap 210
create additional thermal resistivity that can be controlled, reducing the heat entering

the processing chamber 100.

[0027] The inner portion 126 is generally annular shaped with a flange at its upper
end forming the junction point 208 on its outer surface 202 defining a contact area Ja.
The outer portion 130 has a channel formed in its inner surface 204, thereby defining a
thermal barrier region 128. Thermal barrier region 128 provides an “air gap” which
increases the thermal isolation between the inner portion 126 and the outer portion 130.
The air gap acts to reduce the heat transfer, H, from the inner portion 126 to the outer
portion 130. Additionally, the thermal barrier region 128 acts to reduce the overall
thermal mass of the chamber liner 124, as well as the thermal mass of both the inner
portion 126 and the outer portion 130, which decreases the heat losses from the inner
portion 126 and the outer portion 130, therefore decreasing the amount of energy
needed to heat the inner portion 126 from the heating lamps 118. The thermal mass of
the inner portion 126 is less than the thermal mass of outer portion 130. The equation

below relates thermal energy to thermal mass:
Q =ChAT

[0028] Q is the thermal energy transferred and AT is the change in temperature. As
shown by the equation, if there is less thermal mass, then less thermal energy is
required to achieve the same change in temperature. Similarly, transferring the same
amount of thermal energy with less thermal mass creates a greater change in
temperature. Therefore, reducing the thermal mass of the chamber liner 124 can led to
faster heat ramps during processing and especially during chamber cleaning while
using less energy. Additionally, the inner surface 204 of the outer portion 130 may be
shaped to form a gap, G, at the bottom of the chamber liner 124, helping to purge the
processing gas(es) within the chamber. The gap is positioned at the bottom of the
chamber liner 124 because radiation from the heating lamp 118 will typically not reach

that point.

[0029] The contact area, Ja, of the inner surface 204 at the junction point 208 is

sized such that it creates minimum thermal contact between the inner portion 126 and
7
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the outer portion 130. While a single contact is discussed, two or more contacts are
contemplated as long as the contact area is minimized to provide the thermal isolation
necessary to achieve the benefits disclosed herein. The contact area of the inner
surface 204 may be less than 20%, 10%, or 5% of the non-contact area of the inner
surface 204. The size of the contact area can vary depending on the location of the
junction point 208 along the inner portion 126 and the outer portion 130. For example, if
the inner portion 126 and outer portion 130 are annular, the radius along the outer
surface 202 of the inner portion 126 and the inner surface 204 of the outer portion 130
can change, ultimately changing the contact area depending on the location of the

junction point 208.

[0030] FIG. 3C shows the difference between the heat ramp times in a conventional
liner 300, as shown in FIG. 3A, and between the chamber liner 124 according to
embodiments described herein, and as shown in FIG. 3B. Time is illustrated on the x-
axis and temperature is illustrated on the y-axis. The conventional liner 300 is a one
piece design, unlike the multi-piece design provided herein. The conventional liner 300
has a greater thermal mass than the inner portion 126 of the chamber liner 124, as well
as a greater thermal mass than the overall thermal mass of the chamber liner 124. For
example, at similar points 302 at the inner surface 301 of the conventional liner 300 and
at the inner surface 200 of the chamber liner 124, the graph 304 shows the difference in
the amount the temperature rises in relation to time between the two chamber liners.
Curve 306 represents the temperature rise in relation to time in the conventional liner
300 while curve 308 represents the temperature rise in relation to time in chamber liner
124. As shown by the curves 306 and 308, the temperature rises more rapidly in
relation to time in the chamber liner 124 than in the conventional liner 300. As described
above, this is due to the lower thermal mass of the inner portion 126 compared to the
higher thermal mass of the conventional liner 300. Therefore, the two piece chamber
liner 124 is more energy efficient, needing less energy to heat the processing chamber
100 during processing and cleaning, thus increasing throughput and reducing the cost

of ownership.

[0031] FIG. 4A is a sectional view of another embodiment of a chamber liner 124

described herein. This embodiment comprises the chamber liner 124 of FIG. 1 with
8
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coating materials added. For example, a first coating material 400 may be provided on
the inner surface 200 of the inner portion 126. Additionally, a second coating material
402 may be provided on the outer surface 202 of the inner portion 126 and on the inner
surface 204 of the outer portion 130. The first coating material 400 may be a material
that increases emissivity for the inner surface 200. This material can have a high
absorption coefficient, which will help the inner portion 126 absorb more heat, creating
higher surface temperatures on the inner portion 126, leading to higher temperatures
within the processing chamber 100, reducing clean time and energy efficiency.
Examples of first coating materials that can be used are graphite with a Silicon Carbide
(SiC) coating, or other similar materials. Conversely, the second coating material 402
may be a highly reflective material that absorbs less heat (thus having a low absorption
coefficient). This helps the outer portion 130 absorb less heat, reducing the temperature
to the base ring 132. Therefore, the amount of cooling water applied through the cooling
water channel 107 (as shown in FIG. 1) to cool the base ring 132 can be reduced. This
also provides the advance of saving energy, thus reducing the cost of ownership.
Examples of second coating materials that can be used are flame polished quartz,
hereaus reflective coating, or other similar materials. FIG. 4B provides a graph 404
showing how the temperature can change across the distance of the chamber liner 124
in the embodiment shown in FIG. 4A. As shown, a point 406 corresponds to a
temperature near the inner surface 200 of the inner portion 126 and a point 408
corresponds to a temperature near the outer surface 206 of the outer portion 130. The
temperature drops significantly between the point 406 and the point 408, showing the
high amount of heat that is absorbed by the inner portion 126 and the high amount of

heat that is reflected by the outer portion 130.

[0032] 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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We Claim:

1. A liner for a processing chamber, comprising:
an outer portion having an inner surface and an outer surface; and
an inner portion having an inner surface and an outer surface; wherein
a portion of the inner surface of the outer portion is in thermal
contact with the outer surface of the inner portion at at least one junction
point having a contact area between the portion of the inner surface of the
outer portion and the outer surface of the inner portion; and
the inner portion has a first thermal mass and the outer portion has
a second thermal mass, and the first thermal mass is less than the second

thermal mass.

2. The liner of claim 1, wherein the contact area is less than a non-contact area

between the inner surface of the outer portion and the outer surface of the inner portion.

3. The liner of claim 2, wherein the contact area is less than 10% the non-contact
area.
4. The liner of claim 1, wherein the inner portion and the outer portion are at least

partially separated by a gap.

. A liner for a processing chamber, comprising:

an outer portion with an inner surface and an outer surface;

an inner portion with an inner surface and an outer surface;

a first coating material disposed on at least a portion of the inner surface of the
inner portion; and

a second coating material disposed on at least a portion of the outer surface of
the inner portion and on at least a portion of the inner surface of the outer portion;
wherein

a portion of the inner surface of the outer portion is in contact with the

outer surface of the inner portion at at least one junction point having a contact

10
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area between the portion of the inner surface of the outer portion and the outer
surface of the inner portion; and
the first coating material has a higher absorption coefficient than the

second coating material.

6. The liner of claim 5, wherein the first material is graphite coated with SiC and the

second material is coated with flame polished quartz.

7. The liner of claim 5, wherein the contact area is less than a non-contact area

between the inner surface of the outer portion and the outer surface of the inner portion.

8. The liner of claim 7, wherein the contact area is less than 10% the non-contact
area.
9. The liner of claim 5, wherein the inner portion and the outer portion are at least

partially separated by a gap.

10.  The liner of claim 5, wherein the inner portion and the outer portion are made of

quartz.

11. A processing chamber, comprising:
a substrate support assembly within a chamber body designed to support a
substrate;
at least one lamp designed to heat the substrate disposed on the substrate
support;
a cooling channel configured to receive a cooling fluid intothe chamber body;
a liner, the liner comprising:
an outer portion with an inner surface and an outer surface;
an inner portion with an inner surface and an outer surface;
a first coating material disposed on at least a portion of the inner surface

of the inner portion; and

11
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a second coating material disposed on at least a portion of the outer
surface of the inner portion and on at least a portion of the inner surface of the outer
portion; wherein

a portion of the inner surface of the outer portion is in thermal
contact with the outer surface of the inner portion at at least one junction point
having a contact area between the portion of the inner surface of the outer
portion and the outer surface of the inner portion; and

the inner portion has a first thermal mass and the outer portion has
a second thermal mass, and the first thermal mass is less than the second
thermal mass; and

the first material having a higher absorption coefficient than the

second material.

12.  The liner of claim 11, wherein the contact area is less than a non-contact area

between the inner surface of the outer portion and the outer surface of the inner portion.

13.  The processing chamber of claim 12, wherein the contact area is less than 10%

the non-contact area.

14.  The processing chamber of claim 11, wherein the first material is graphite coated

with SiC and the second material is coated with flame polished quartz.

15.  The processing chamber of claim 11, wherein the outer surface of the outer

portion is deposited on a portion of a base ring.

12
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