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(57) Abstract: Methods and apparatus for in-
situ cleaning of substrate processing chambers
are provided herein. A substrate processing
chamber may include a chamber body enclos-
ing an inner volume; a chamber lid removably
coupled to the chamber body and including a
first flow channel fluidly coupled to the inner
volume to selectively open or seal the inner
volume to or from a first outlet; a chamber
floor including a second flow channel fluidly
coupled to the inner volume to selectively
open or seal the inner volume to or from a first
inlet; and a pump ring disposed in and in fluid
communication with the inner volume, the
pump ring comprising an upper chamber flu-
idly coupled to a lower chamber, and a second
outlet fluidly coupled to the lower chamber to
selectively open or seal the inner volume to or
from the second outlet.

FIG. 1
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METHODS AND APPARATUS FOR IN-SITU CLEANING OF A PROCESS
CHAMBER

FIELD

[0001] Embodiments of the present disclosure generally relate to substrate

processing equipment.

BACKGROUND

[0002] Substrate processing systems, such as plasma reactors, may be used to
deposit, etch, or form layers on a substrate supported within a processing chamber.
The processes may result in undesirable deposits on portions of the processing
chamber. Cleaning processes of the processing chamber are performed periodically
cleaned to remove the undesirable deposits and waste products that may
accumulate in the chamber. In some cleaning processes, sometimes referred to as
in-situ cleaning, a cleaning gas is introduced to the chamber to clean the chamber

and internal components and then exhausted to proper handling equipment.

[0003] The inventors have observed that some in-situ cleaning processes, the
cleaning gases do not adequately clean the chamber surfaces, and may not contact
some surfaces at all.

[0004] Thus, the inventors have provided herein apparatus and methods that may

improve the performance of in-situ cleaning processes.

SUMMARY

[0005] Methods and apparatus for in-situ cleaning of substrate processing
chambers are provided herein. In some embodiments, a substrate processing
chamber includes a chamber body enclosing an inner volume; a chamber lid
removably coupled to an upper portion of the chamber body, the chamber lid
including a first flow channel fluidly coupled to the inner volume and adapted to
selectively open the inner volume to a first outlet or to seal the inner volume from the
first outlet; a chamber floor coupled to a lower portion of the chamber body, the
chamber floor including a second flow channel fluidly coupled to the inner volume
and adapted to selectively open the inner volume to a first inlet or seal the inner
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volume from the first inlet; and a pump ring disposed in the inner volume and in fluid
communication with the inner volume, the pump ring comprising an upper chamber
fluidly coupled to a lower chamber, and a second outlet fluidly coupled to the lower
chamber and adapted to selectively open the inner volume to the second outlet or
seal the inner volume from the second outlet, wherein the second flow channel, the
inner volume, the pump ring, and the second outlet comprise a first flow path, and
the second flow channel, the inner volume, the first flow channel, and the first outlet
comprise a second flow path.

[0006] In some embodiments, a method of cleaning of a process chamber includes
introducing a cleaning gas to an inner volume of a chamber body through a first flow
channel through a chamber floor; providing a selectable first flow path for the
cleaning gas comprising the first flow channel, an inner volume of the chamber, a
pump ring within the chamber, and a first outlet; providing a selectable second flow
path for the cleaning gas comprising the first flow channel, the inner volume of the
chamber, and a second outlet through a chamber lid; and selecting a flow path to
provide a cleaning gas flow path. In some embodiments, the method may further
includes either or both of selecting the first flow path to provide a first cleaning gas
flow path; and selecting the second flow path to provide a second cleaning gas flow
path.

[0007] Other and further embodiments of the present disclosure are described

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Embodiments of the present disclosure, briefly summarized above and
discussed in greater detail below, can be understood by reference to the illustrative
embodiments of the disclosure depicted 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.

[0009] Figure 1 depicts a schematic side sectional view of a processing chamber in
accordance with embodiments of the present disclosure.
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[0010] Figure 2 is a flow diagram of a method for in-situ cleaning of a process

chamber in accordance with some embodiments of the present disclosure.

[0011] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. The
figures are not drawn to scale and may be simplified for clarity. It is contemplated
that elements and features of one embodiment may be beneficially incorporated in
other embodiments without further recitation.

DETAILED DESCRIPTION

[0012] Apparatus and methods for in-situ cleaning of substrate processing
chambers and internal components are disclosed herein. The inventive apparatus
may advantageously enhance the performance of in-situ cleaning processes by

providing improved flow of the cleaning gases within the chamber.

[0013] For purposes of this disclosure, in-situ cleaning of substrate processing
chambers is used to mean cleaning of the inner volume of the chamber, including
components located within the inner volume of the chamber, without opening the
chamber, for example by opening a lid. In-situ cleaning may be distinguished from
other cleaning processes, such as wet cleaning, which requires opening of the
chamber to gain physical access to the chamber volume and components.

[0014] Figure 1 depicts a schematic side sectional view of a substrate processing
chamber, chamber 100, in accordance with some embodiments of the present
disclosure. The chamber 100 may be any chamber suitable for performing one or
more substrate processes, for example but not limited to, deposition process such
as chemical vapor deposition (CVD), atomic layer deposition (ALD), or the like. The
reactor may be a standalone reactor or a part of a cluster tool, such as one of the
CENTURA®, PRODUCER®, or ENDURA® cluster tools available from Applied
Materials, Inc. of Santa Clara, California.

[0015] In some embodiments, the chamber 100 may generally include a chamber
wall 102, a chamber floor 104, and a chamber lid 106 enclosing an inner volume
108. Components of the chamber 100, including the chamber wall 102, the
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chamber floor 104, and the chamber lid 106, may be formed from any process

compatible material, for example aluminum or stainless steel.

[0016] The chamber lid 106 is removably coupled to an upper portion of the
chamber wall 102 using any coupling element or elements (not shown). In some
embodiments, the chamber lid 106 may include one or more heaters 110 to facilitate
temperature control of the chamber lid 106. The inventors have noted that a heated
chamber lid 106 may facilitate cleaning in some in-situ cleaning operations. The
heater 110 may facilitate heating an inner surface of the chamber lid 106 to a
cleaning temperature between about 100° C and about 300° C, for example about
200° C.

[0017] The chamber lid 106 includes a flow channel, first flow channel 112, which
extends through the chamber lid 106 and is fluidly coupled to the inner volume 108.
The first flow channel 112 is fluidly coupled to a valve 114, for example by a conduit

116, to selectively open the inner volume 108 to a first outlet 125.

[0018] The valve 114 selectively opens the inner volume 108 of the chamber 100
to a first exhaust 120 via first outlet 125. In some embodiments, the valve 114
optionally may also be fluidly coupled to a first gas inlet 117 to supply one or more
sources of gas, such as first gas supply 118 (one shown) to the inner volume 108.
The gas supply may provide a flow of a process gas to the inner volume 108. In
some embodiments, the valve 114 is configured to open the inner volume 108 to a
first gas supply 118, for example a cleaning gas or a process gas, via first gas inlet

117 or to a first exhaust 120 via first outlet 125.

[0019] The valve 114 functions to selectively open the inner volume 108 to the first
gas inlet 117 (if provided) and seal the inner volume 108 from the first outlet 125, or
to open the inner volume 108 to the first outlet 125 and seal the inner volume 108
from the first gas inlet 117, or may seal the inner volume 108 from the first gas inlet
117 and from the first outlet 125.

[0020] The first exhaust 120 may include a first exhaust pump, first pump 122,
coupled at a suction side 124 to the valve 114 via the first outlet 125 and coupled at
a pressure side 127 to suitable exhaust handling equipment (not shown) via a valve
129.
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[0021] The chamber wall 102 laterally bounds the inner volume 108 of the
chamber 100 and may include an opening 126 to allow access to the inner volume,
for example to provide a substrate to, and removed a substrate from, the inner
volume 108. A substrate transport mechanism (not shown), such as a robot, may be
provided to transfer a substrate to and from the inner volume 108 through the
opening 126. The opening 126 may be selectively sealed via a slit valve 128, or
other mechanism for selectively providing access to the inner volume 108 of the
chamber 100 through the opening 126.

[0022] A lower portion of the chamber wall 102 is supported by, and coupled to,
the chamber floor 104. A heater plate 130 may optionally be included in the
chamber 100 and be supported by the chamber floor 104 to facilitate temperature
control of the chamber floor 104. One or more second flow channels 132 (one
shown) may be provided through the chamber floor 104 and the heater plate 130 to
fluidly couple with the inner volume 108. In some embodiments, the second flow
channel 132 fluidly couples the inner volume 108 to the second gas supply 134
through a valve 136. In embodiments including more than one second flow channel
132, each flow channel may be controlled by a separate valve 136 or one valve 136
may be provided for all of the second flow channels 132. The second flow channel
132 may be adapted to provide a second inlet of one or more cleaning gases into
the inner volume 108. In embodiments with more than one flow channel, the more
than one second flow channels 132 may be positioned in any location through the
chamber floor 104 to provide a desired flow of cleaning gases into the inner volume
108.

[0023] A pump ring 138 is provided adjacent to the chamber walls 102 facing the
inner volume 108. The pump ring 138 comprises an upper chamber 140 fluidly
coupled to a lower chamber 142, for example though holes or passages (not
shown). The upper chamber 140 is fluidly coupled to the inner volume 108 through
passages 144 through the inner volume facing surface of the upper chamber wall
146. The lower chamber 142 is fluidly coupled via a second outlet 154 to a second
exhaust 148 which may provide an exhaust path from the pump ring 138. The
second outlet 154 may be coupled to the suction side 152 of a second exhaust
pump, second pump 150, and the second pump 150 coupled at a pressure side 156

5
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to suitable exhaust handling equipment (not shown). In some embodiments, the
second outlet 154 may be a common outlet used for exhausting process gases from

the inner volume 108.

[0024] In some embodiments, the heater plate 130 may facilitate heating of the
inner facing wall 143 of the pump ring 138. The inventors have noted that a heated
inner facing wall 143 and chamber floor 104 may facilitate cleaning in some in-situ
cleaning operations. The heater plate 130 may facilitate heating the inner facing
wall 143 and the chamber floor 104 to a cleaning temperature between about 100° C
to about 300° C, for example about 200° C.

[0025] In some embodiments, the first pump 122 and the second pump 150 are the
same pump. For example, in some embodiments, the first outlet 125 may be fluidly
coupled to the suction side 152 of the second pump 150 via a valve (not shown) to
selectively fluidly couple the first outlet 125 to the second pump 150, or the second
outlet 154 to the second pump 150, or both the first outlet 125 and the second outlet
154 to the second pump 150.

[0026] In some embodiments a substrate support 158 is disposed within the inner
volume 108 comprising a plate 160 supported by a shaft 162 coupled to a bottom
surface 170 for displacement between at least a raised, processing position (as
shown) and a lower position, for example for loading or unloading a substrate on a
top surface 168 of the plate 160. The plate 160 may comprises a heater element
166 to facilitate temperature control of the plate 160. A passage 164 may be formed
through the chamber floor 104 and the heater plate 130 to accommodate the shaft
162.

[0027] The plate 160 separates the inner volume 108 into a processing region 172
between the top surface 168 of the plate 160 and the chamber lid 106 and a non-
processing region 174 between the top surface 168 and the chamber floor 104. The
plate 160 may be disposed at any vertical position within the inner volume 108.

[0028] In some embodiments, a first flow path may be formed comprising the
second flow channel 132, the inner volume 108, the pump ring 138, and the second
outlet 154. The first flow path flows from the non-processing region 174 to the pump
ring 138 through the passages 144 located in a region of the upper chamber wall

6
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146 and exits the chamber 100 through the heater plate 130 and the chamber floor

104 via second outlet 154 and valve 151.

[0029] In some embodiments, a second flow path may be formed comprising the
second flow channel 132, the inner volume 108, the first flow channel 112, the valve
114, and the first outlet 125.

[0030] The inventors have observed that some conventional chambers configured
for in-situ cleaning of the interior chamber components (i.e., components within the
inner volume 108 which may include for example, the substrate support, the pump
ring, and the chamber walls) provide a cleaning gas or gases through the chamber
lid. The cleaning gases have been observed to follow the same, or a similar, flow
path as the process gases. In some cases, that includes the processing region, the
top surface of the substrate support plate and the pump ring. However, some
process gases or process byproducts migrate to the non-processing region and
accumulate over a number of process cycles. The process gases and process
byproducts can enter the processing region under some conditions causing
contamination of the processing region and the substrate undergoing processing.
Accordingly, the inventors present herein an apparatus and method that may
provide a more thorough in-situ cleaning of chamber components in which the non-

processing region can be cleaned as well as cleaning of the processing region.

[0031] Figure 2 is a flow diagram outlining a method 200 of in-situ cleaning of a
process chamber in accordance with embodiments of the present disclosure. The
method generally begins at 202 where a cleaning gas is introduced to an inner
volume 108 of a chamber 100 through a flow channel (second flow channel 132)
through the chamber floor 104. One or more flow channels may be provided through
the chamber floor 104 and the heater plate 130 (if present) and positioned to provide
a desired flow path of one or more cleaning gases through the inner volume 108. In
some embodiments, three second flow channels 132 may be provided radially offset
from a center of the chamber and angularly displace about 120 degrees apart.
Other configurations of second flow channels 132 are anticipated.

[0032] At 204, a selectable first flow path 176 for the cleaning gas is provided. The
first flow path 176 comprises the second flow channel 132, the inner volume 108 of

7
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the chamber 100, the pump ring 138, and the second outlet 154. The first flow path
176 includes a portion of the inner volume 108 below the top surface 168 of the
plate 160, and bounded by the pump ring 138 and the chamber floor 104 (or the
heater plate 130 if present). This region may appropriately be referred to as a non-
processing region because substrate processing is not carried out in this portion of
the inner volume 108. However, contaminants may be formed in the non-processing
region believed to be caused by migration of process gases or process byproducts
into the non-processing region. In-situ cleaning of chambers has been ineffective in
removing contamination in the non-processing region. The purposeful flow of
cleaning gas into the non-processing region of the chamber 100 may
advantageously provide sufficient cleaning gas to provide an effective in-situ
cleaning process.

[0033] At 206, a selectable second flow path 178 for the cleaning gas is provided.
The second flow path 178 comprises the second flow channel 132, the inner volume
108, the first flow channel 112, and the first outlet 125. The second flow path 178
includes the non-processing region of the chamber as well as the processing region
bounded by the top surface 168 of the plate 160, the chamber lid 106 and the pump
ring 138. The processing region is appropriately named because the processing
region includes the area in which a substrate supported by the top surface 168 of
the plate 160 is processed.

[0034] At 208, an optional selectable third flow path 180 for a gas, for example a

cleaning gas from the first gas supply 118, is provided.

[0035] At 210, a selection is made between one or more of the first flow path 176,
the second flow path 178, and the third flow path 180 to provide a cleaning gas flow
path, that is a flow path available to flow a cleaning gas from a cleaning gas supply
through the inner volume 108 of the chamber 100. The flow paths selected may be
selected sequentially in any order to flow a gas or a cleaning gas through the inner
volume 108. Under certain conditions, some of the flow paths may be concurrently
selected as discussed in greater detail below.

[0036] As illustrated in Figure 1 and described above, a gas from the first gas
supply 118 may be supplied to the inner volume 108 of the chamber 100 through the

8
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chamber lid 106 or a second gas supply 134 may be supplied through the chamber
floor 104 into inner volume 108.

[0037] The third flow path 180 is provided for a gas provided to the inner volume
108 through the chamber lid 106. The third flow path includes the processing region
172, the pump ring 138, the valve 151, and the second outlet 154.

[0038] Two flow paths are provided for a gas supplied to the inner volume 108
through the chamber floor 104. The first flow path 176 includes the non-processing
region 174 of the inner volume 108, the pump ring 138, valve 151, and the second
outlet 154. Opening the valve 151 may make the first flow path available to flow a
gas, for example a cleaning gas supplied from the second gas supply 134, through
the chamber components and exit the chamber, for example through the second
outlet 154. To facilitate the flow, a pump, second pump 150, may be provided to
encourage the flow thorough the chamber.

[0039] The second flow path 178 includes the non-processing region 174, the
processing region 172, the first flow channel 112, the valve 114 and the first outlet
125. Positioning the valve 114 in a position to open the inner volume 108 to the first
outlet 125 makes the second flow path 178 available to flow a gas, for example a
cleaning gas supplied from the second gas supply 134, through the chamber
components and exit the chamber, for example through the first outlet 125. To
facilitate the flow, a pump, first pump 122, may be provided to encourage the flow
thorough the chamber 100.

[0040] The selection of the first flow path 176 or the second flow path 178 is
independent of the condition (available or unavailable) of the other flow path, that is,
one flow path can be selected and made available regardless of the availability of
the other flow path. For example, the first flow path 176 may be made available
while the second flow path 178 is available or unavailable. The same is true for the
first flow path if the second flow path 178 is made available.

[0041] The selection of the third flow path 180, if provided, can be selected and
available separately or concurrently with the first flow path 176. If the first flow path

176 and the third flow path 180 are available concurrently, the two flow paths would
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utilize the pump ring 138 and the second outlet 154 to remove the gas flowed into

the inner volume 108.

[0042] At 212, a gas, for example a cleaning gas is introduced to the one or more
selected flow paths to provide in-situ cleaning of the inner volume 108 of the
chamber 100. The first flow path 176 exposes at least some of the boundary
surfaces of the non-processing region 174 to the gas flowed in the first flow path
176. The second flow path 178 exposes at least some of the boundary surfaces of
the non-processing region 174 and at least some of the processing region 172 to the

gas flowed in the second flow path 178.

[0043] The inventors have noted a number of benefits of the disclosed in-situ
cleaning method. By providing a cleaning gas to the non-processing region 174 of
the chamber 100, surfaces that can be contaminated with process gases or process
byproducts are contacted by the cleaning gas and may be at least partially cleaned.
This reduces the potential for contaminants breaking free from the non-processing
region 174 and entering the processing region 172 and potentially contamination a
substrate being processed. The disclose method may reduce the period of time the
chamber 100 is placed out of service (sometimes called down-time) for cleaning.
The disclosed in-situ cleaning process may take place at or near the processing
temperature of the chamber, reducing or eliminating the cooling time clean the
chamber 100 and reheating time to return the chamber 100 to service. These and

other benefits may be realized in practicing the disclosed inventive method.

[0044] 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.

10
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Claims:

1. A substrate processing chamber, comprising:

a chamber body enclosing an inner volume;

a chamber lid removably coupled to an upper portion of the chamber body,
the chamber lid including a first flow channel fluidly coupled to the inner volume and
adapted to selectively open the inner volume to a first outlet or to seal the inner
volume from the first outlet;

a chamber floor coupled to a lower portion of the chamber body, the chamber
floor including a second flow channel fluidly coupled to the inner volume and
adapted to selectively open the inner volume to a first inlet or seal the inner volume
from the first inlet; and

a pump ring disposed in the inner volume and in fluid communication with the
inner volume, the pump ring comprising an upper chamber fluidly coupled to a lower
chamber, and a second outlet fluidly coupled to the lower chamber and adapted to
selectively open the inner volume to the second outlet or seal the inner volume from
the second outlet, wherein the second flow channel, the inner volume, the pump
ring, and the second outlet comprise a first flow path, and the second flow channel,
the inner volume, the first flow channel, and the first outlet comprise a second flow

path.

2. The chamber of claim 1, wherein the first flow channel is further adapted to
selectively open the inner volume to a second inlet or to seal the inner volume from

the second inlet.

3. The chamber of claim 2, further comprising:
a second gas supply coupled to the second inlet to provide at least one of a

process gas or a cleaning gas.

4. The chamber of claim 1, further comprising:
a substrate support disposed in the inner volume, the substrate support

comprising a plate having a top surface, the plate supported by a shaft, wherein the

11
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plate separates the inner volume into a processing region between the top surface
and the chamber lid and a non-processing region between the top surface and the
chamber floor.

5. The chamber of claim 4, wherein a portion of the first flow path comprises a
portion of the non-processing region.

6. The chamber of claim 4, wherein either:
a portion of the second flow path comprises a portion of the non-processing
region; or

a portion of the second flow path includes the processing region.

7. The chamber of any of claims 1 to 6, further comprising a first gas supply
fluidly coupled to the first flow channel through a valve such that the inner volume
may be selectively opened to the first gas supply and closed to the first outlet,
opened to the first outlet and closed to the first gas supply, or closed to both the first
gas supply and the first outlet.

8. The chamber of any of claims 1 to 6, wherein the first flow path and the
second flow path are selectable to be concurrently open, sequentially open, or
closed.

9. The chamber of any of claims 1 to 6, further comprising:
a valve fluidly coupled to the first flow channel adapted to selectively open the
inner volume to the first outlet or to a first gas inlet.

10. The chamber of claim 9, wherein a third flow path includes a processing
region, the pump ring, the valve, and the second outlet.

11.  The chamber of any of claims 1 to 6, further comprising at least one of:
a heater disposed in the chamber lid to heat an inner surface of the chamber
lid to a cleaning temperature of between about 100° C and about 300° C; or

12
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a heater plate disposed on the chamber floor to heat the chamber floor and
an inner facing surface of the pump ring to a cleaning temperature of between about
100° C and about 300° C.

12.  The chamber of any of claims 1 to 6, further comprising one or more pumps
fluidly coupled to one or more of the first outlet and the second outlet to facilitate a
flow through the chamber.

13. A method of cleaning of a process chamber, comprising:

introducing a cleaning gas to an inner volume of a chamber body through a
first flow channel through a chamber floor;

providing a selectable first flow path for the cleaning gas comprising the first
flow channel, an inner volume of the chamber, a pump ring within the chamber, and
a first outlet;

providing a selectable second flow path for the cleaning gas comprising the
first flow channel, the inner volume of the chamber, and a second outlet through a
chamber lid; and

selecting a flow path to provide a cleaning gas flow path.

14.  The method of claim 13, wherein selecting a flow path comprises one or both
of the following:
selecting the first flow path to provide a first cleaning gas flow path; or
selecting the second flow path to provide a second cleaning gas flow path;
and if both the first flow path and the second flow path are selected, then
wherein the first cleaning gas flow path is provided sequentially or concurrently with

the second cleaning gas flow path.

15.  The method of any of claims 13 to 14, further comprising at least one of:
heating the chamber floor and an inner facing surface of the pump ring to a
cleaning temperature of about 100° C to about 300° C; or
heating an inner surface of the chamber lid to a cleaning temperature of
about 100° C to about 300° C.

13
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200

INTRODUCING A CLEANING GAS TO AN
INNER VOLUME OF A CHAMBER BODY
THROUGH A CHAMBER FLOOR

—— 202

|

PROVIDE A SELECTABLE FIRST FLOW
PATH FOR THE CLEANING GAS FLOW
PATH

—— 204

|

PROVIDE A SELECTABLE SECOND FLOW
PATH FOR THE CLEANING GAS FLOW
PATH

—— 206

|

PROVIDE AN OPTIONAL SELECTABLE
THIRD FLOW PATH FOR THE CLEANING
GAS FLOW PATH

—— 208

|

SELECT ONE OR MORE FLOW PATHS

— 210

|

INTRODUCE A CLEANING GAS TO THE
ONE OR MORE SELECTED FLOW PATHS

— 212

FIG. 2
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