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METHOD AND APPARATUS OF REMOTE PLASMAS FLOWABLE
CVvD CHAMBER

BACKGROUND

[0001] Field

[0002] Implementations described herein generally relate to a substrate processing
apparatus, and more specifically to an improved plasma enhanced chemical vapor

deposition chamber.
[0003] Description of the Related Art

[0004] Semiconductor processing involves a number of different chemical and
physical processes enabling minute integrated circuits to be created on a substrate.
Layers of materials, which make up the integrated circuit, are created by chemical
vapor deposition, physical vapor deposition, epitaxial growth, and the like. Some of
the layers of material are patterned using photoresist masks and wet or dry etching
techniques. The substrate utilized to form integrated circuits may be silicon, gallium

arsenide, indium phosphide, glass, or other appropriate material.

[0005] In the manufacture of integrated circuits, plasma processes are often used for
deposition or etching of various material layers. Plasma processing offers many
advantages over thermal processing. For example, plasma enhanced chemical
vapor deposition (PECVD) allows deposition processes to be performed at lower
temperatures and at higher deposition rates than achievable in analogous thermal
processes. Thus, PECVD is advantageous for integrated circuit fabrication with
stringent thermal budgets, such as for very large scale or ultra-large scale integrated
circuit (VLSI or ULSI) device fabrication.

[0006] Conventional PECVD configurations use remote plasma system (RPS)
generators to generate radicals from outside the chamber. The radicals formed in
the RPS generator are plasmas are then delivered and distributed above the
substrate. However, because of the long delivery path from the RPS generator to
the area above the substrate, there is a high recombination rate, which leads to

chamber to chamber variation.
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[0007] Accordingly, there is a need for an improved PECVD chamber.

SUMMARY

[0008] Implementations disclosed herein generally relate to a plasma processing
system. The plasma processing system includes a processing chamber, a chamber
seasoning system, and a remote plasma cleaning system. The processing chamber
has a chamber body defining a processing region and a plasma field. The chamber
seasoning system is coupled to the processing chamber. The chamber seasoning
system is configured to season the processing region and the plasma field. The
remote plasma cleaning system is in communication with the processing chamber.
The remote plasma cleaning system is configured to clean the processing region and
the plasma field.

[0009] In another implementation, a method of seasoning a processing chamber is
disclosed herein. A first region of the processing chamber is seasoned. A plasma is
generated in the processing chamber. A second region of the processing chamber

is seasoned..

[0010] In another implementation, a method of cleaning a processing system is
disclosed herein. A plasma is generated in a remote plasma system. The plasma is
directed to an upper split manifold of the remote plasma system. A first region of the
processing chamber is cleaned. A second region of the processing chamber is
cleaned subsequent to cleaning the first region of the processing chamber. The
plasma is directed rom the upper split manifold to a lower split manifold of the remote

plasma system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] 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 implementations,
some of which are illustrated in the appended drawings. It is to be noted, however,
that the appended drawings illustrate only typical implementations of this disclosure
and are therefore not to be considered limiting of its scope, for the disclosure may

admit to other equally effective embodiments.
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[0012] Figure 1 is a schematic cross sectional view of a plasma system, according to

one implementation.

[0013] Figure 2 is a partial top view of a selective modulation device of the plasma

system of Figure 1, according to one implementation.

[0014] Figure 3 is a partial bottom view of a showerhead of the plasma system of

Figure 1, according to one implementation.

[0015] Figure 4 is a simplified view of the processing system of Figure 1, having a

chamber seasoning system, according to one implementation.

[0016] Figure 5 is a flow diagram illustrating a method of seasoning a processing

chamber, such as plasma system in Figure 1.

[0017] Figure 6 is a simplified view of the processing system of Figure 1, having a

remote plasma system, according to one implementation.

[0018] Figure 7 is a flow diagram illustrating a method of cleaning a processing

chamber, such as processing system in Figure 1.

[0019] For clarity, identical reference numerals have been used, where applicable, to
designate identical elements that are common between figures. Additionally,
elements of one embodiment may be advantageously adapted for utilization in other

implementations described herein.

DETAILED DESCRIPTION

[0020] Figure 1 is a schematic cross sectional view of a processing system 100.
The plasma system 100 generally comprises a chamber body 102 having sidewalls
104, a bottom wall 106, and a shared interior sidewall 108. The shared interior side
wall 108, the sidewalls 104, and the bottom wall 106 define a pair of processing
chambers 110A and 110B. The details of chamber 110A are described herein in
detail. Process chamber 110B is depicted in Figures 4 and 6. Process chamber
110B is substantially similar to process chamber 110A, and the description thereof
has been omitted for clarity. A vacuum pump 112 is coupled to the processing
chambers 110A, 110B.
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[0021] The processing chamber 110A may include a pedestal 114 disposed
therein. The pedestal 114 may extend through a respective passage 116 formed in
the bottom wall 106 of the processing system 100. The pedestal 114 includes a
substrate receiving surface 115. The substrate receiving surface 115 is configured
to support a substrate 101 during processing. Each pedestal 114 may include
substrate lift pins (not shown) disposed through the body of the pedestal 114. The
substrate lift pins selectively space the substrate 101 from the pedestal 114 to
facilitate exchange of the substrate 101 with a robot (not shown) utilized for

transferring the substrate into and out of the processing chamber 110A.

[0022] The processing chamber 110A further includes an upper manifold 118.
The upper manifold 118 may be coupled to a top portion of the chamber body 102.
The upper manifold 118 includes a gas box 120 having one or more gas passages
122 formed therein. The gas box 120 is coupled to one or more gas sources 124.
The one or more gas sources 124 may provide one or more process gases to the

processing chamber 110A during processing.

[0023] The processing system 100 further includes a faceplate 126, a ion blocker
plate 128, and a spacer 130 separating the faceplate 126 from the ion blocker plate
128. In some implementations, the processing system 100 may further include a
blocker plate 125 positioned between the faceplate 126 and the gas box 120. The
blocker plate 125 positioned beneath the gas box 120 forms a first plenum 132
therebetween. The first plenum 132 is configured to receive the one or more
process gases from the one or more gas passages 122. The gas may flow from the
first plenum 132 through the blocker plate 125 via one or more openings 134 formed
therein. The one or more openings 134 are configured to allow for passage of gas

from a top side of the blocker plate 125 to a bottom side of the blocker plate 125.

[0024] The faceplate 126 is positioned beneath the blocker plate 125, defining
second plenum 136 therebetween. The one or more openings 134 of the blocker
plate 125 are in fluid communication with the second plenum 136. The process gas
is flowed through the blocker plate 125 via the one or more openings 134 and into
the second plenum 136. From the second plenum 136, the process gas may pass

through the faceplate 126 via one or more openings 138 formed therein.
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[0025] The ion blocker plate 128 is positioned beneath the faceplate 126. The
spacer 130 separates the ion blocker plate 128 from the faceplate 126, forming a
plasma field 111. The spacer 130 may be an insulating ring that allows an
alternating current (AC) potential to be applied to the faceplate 126 relative to the ion
blocker plate 128. The spacer 130 may be positioned between the faceplate 126
and the ion blocker plate 128 to enable a capacitively coupled plasma (CCP) to be
formed in the plasma field 111. A third plenum 140 is defined between the faceplate
126 and the ion blocker plate 128. The third plenum 140 is configured to receive the

gas from the second plenum 136 via the one or more openings 138.

[0026] The faceplate 126 and the ion blocker plate 128 work as two electrodes of
RFs and the spacer 130 acts as the isolator. A plasma field 111 is formed in the
cavity between the two electrodes (i.e., faceplate 126, ion blocker plate 128). The
gas is dissociated in the plasma field 111. The one or more openings 138 formed in

the faceplate 126 allows the gas to enter the plasma field 111.

[0027] The ion blocker plate 128 may include multiple apertures formed through
the ion blocker plate 128. The multiple apertures are configured to suppress the
migration of ionically charged species through the ion blocker plate 128, while
allowing uncharged neutral or radical species to pass through the ion blocker plate

128 into a processing region 131.

[0028] The processing system 100 may further include a showerhead 144
positioned beneath the ion blocker plate 128. The showerhead 144 defines the
upper boundary of the processing region 131 between the pedestal 114 and the
showerhead 144. In the embodiment depicted in Figure 1, the showerhead 144 may
be a dual channel shower head. The showerhead 144 includes a first plurality of
openings 146, a second plurality of openings 148, and one or more gas passages
150 formed therein. The first plurality of openings 146 is in fluid communication with
the one or more apertures formed in the ion blocker plate 128. The first plurality of
openings 146 allow for radicals in the plasma formed in the plasma field 111 to travel
through the showerhead 144 and into the substrate processing region 131. The one
or more gas passages 150 are configured to receive a gas from the gas source 124.
For example, the one or more gas passages 150 are configured to receive a

precursor gas from gas source 124.



WO 2018/152126 PCT/US2018/018052

[0029] The second plurality of openings 148 is formed in the showerhead 144
such that the second plurality of openings 148 provides fluid communication between
the one or more gas passages 150 and the processing region 131. As such, the
radicals that exit the plasma field 111 and enter the processing region 131 via the
first plurality of openings 146 may mix and react with the precursor gas provided by
the one or more gas passages 150 via the second plurality of openings 148. This
configuration differs from preexisting PECVD chambers in that the precursor and
reaction gas do not enter the plasma field 111 together and react therein; rather,
because the showerhead 144 is positioned below the ion blocker plate 128, the
precursor exits the plasma field 111 first, and then enters into the showerhead 144.
Thus, the mixing and reaction between the precursor and the radicals are outside of
the plasma field 111. As such, the combination of indirect capactively coupled
plasma and the later introduced precursor provides a better gap-fill and wider film

flowability window.

[0030] Figure 2 illustrates a partial top view of the ion blocker plate 128,
according to one embodiment. The ion blocker plate 128 includes a disc shaped
body 200 having a top surface 202, a bottom surface 204, and an outer edge 206.
The top surface 202 faces the faceplate 126 and the bottom surface 204 faces the
showerhead 144. The ion blocker plate 128 includes one or more apertures 207
formed therein. The one or more apertures 207 allow for gas to pass from the top
surface 202 of the ion blocker plate 128 to the bottom surface 204. In one
implementation, the one or more apertures 207 are arranged in a pattern 208. For

example, the apertures 207 may be arranged in a hex pattern.

[0031] Figure 3 illustrates a partial bottom view of the showerhead 144 according
to one implementation. In Figure 3, the showerhead 144 is positioned beneath the
ion blocker plate 128 of Figures 1 and 2. As discussed in conjunction with Figure 1,
the showerhead 144 includes the first plurality of openings 146 and the second
plurality of openings 148. The first and second pluralities of openings 146, 148 are
arranged in a pattern 302. For example, the first and second pluralities of openings
146, 148 are arranged in a hex pattern. The first and second pluralities of openings
146, 148 are arranged such that the first and second pluralities of openings 146, 148

are offset from the one or more apertures 207 formed in the ion blocker plate 128.

6
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The offset arrangement aids in minimizing the direct plasma formation and
minimizing the ion density, both of which could result in arcing or possible damage
on substrate pre-layers. Additionally, the offset arrangement aids in retaining

radicals and increasing film uniformity of the substrate 101.

[0032] During operation, process gas may be supplied to the plasma field 111.
For example, the process gas may be an oxygen based gas. RF may be applied to
the ion blocker plate 128 and the faceplate 126 such that a plasma is formed in the
plasma field 111. Generally, the generated plasma may include three types of
species: radicals (neutral), ions, and electrons. Radicals in the plasma field may
travel from the plasma field 111 through the ion blocker 128. The ion blocker 128 is
configured to filter or reduce the ions in the plasma, while allowing radicals to flow
through the one or more apertures 207 formed therein. The radicals may flow
through the openings 146 in the showerhead 144, and into the processing region
131. As such, the effect is to use a capacitively coupled plasma similar to that of
remote plasma applications. In some implementations, a precursor may be
introduced below the ion blocker 128 via the one or more gas passages 150 formed
in the showerhead 144. For example, the precursor gas may be a silicon based gas.
As such, the precursor may only mix with the radicals that separated from the
plasma formed in the plasma field 111 when both the precursor and the radicals
enter the processing region. Thus, the reaction between the precursor and the

plasma radicals is primarily chemical, rather than physical and chemical.

[0033] The processing system 100 includes a chamber seasoning system 160.
The chamber seasoning system 160 is configured to season areas of the chamber
110A to reduce potential contamination of the substrate 101 during processing.
Figure 4 illustrates the chamber seasoning system 160 with a simplified view of the
processing system 100 for clarity. The chamber seasoning system 160 includes a
gas source 162, one or more feed lines 164 coupling the gas source to the chamber
110A, a first valve 166, and a second valve 168. A first feed line 164a couples the
gas source 162 to the first valve 166. The first valve 166 is coupled to the upper
manifold 118 via a second feed line 164b. The first and second feed lines 1643,
164b provide a first gas flow path 169 from the gas source 162 to the upper manifold

118. The first valve 166 is configurable between an open state and a closed state,

7
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thus allowing or blocking the passage of gas therethrough from the gas source 162

to the upper manifold 118.

[0034] A third feed line 164c¢ couples the gas source 162 to the second valve 168.
The second valve 168 is coupled to the showerhead 144 via a fourth feed line 164d.
The third and fourth feed lines 164c, 164d provide a second gas flow path 172 from
the gas source 162 to the showerhead 144. The second valve 168 is configurable
between an open state and a closed state, thus allowing or preventing the passage

of gas therethrough, from the gas source 162 to the showerhead 144.

[0035] The first gas flow path 169 is used for a seasoning process in the plasma
field 111 of the chamber. For example, when it is desired to season the plasma field
111, the first valve 166 is switched to an open state and the second valve 168 is
switched to a closed state. The first valve 166 in the open state allows for entry of a
precursor with carrier gas to enter into the upper manifold 118. The gas may enter
the first manifold between the blocker plate 125 and the gas box 120 via the one or
more gas passages 122. The precursor may then mix and react with the reaction
gas and the carrier gas. The mixture may then flow from the first manifold, through
the blocker plate 125, into the second manifold, through the faceplate 126, and into
the plasma field 111. The top seasoning process is used to season the chamber
110A wall in the plasma field 111 to avoid direct ion bombardment on chamber 110A

component surfaces, which may result in high trace metal and particles.

[0036] The second gas flow path 172 is used for a seasoning process in the
processing region 131 of the chamber 110A. For example, when it is desired to
season the processing region 131, the second valve 168 is positioned in the open
state and the first valve 166 is positioned in the closed state. The second valve 168
in the open state allows for entry of a precursor with carrier gas to enter processing
region 131 via the showerhead 144. The precursor gas, along with the carrier gas,
enters the chamber 110A through the showerhead 144. The mixture of the
precursor and carrier gases fills the one of more gas passages 150 formed in the
showerhead 144. The reaction gas enters the chamber 110A through the one or
more gas passages 122 of the upper manifold 118. The reaction gas is dissociated
in the plasma field 111, defined above the showerhead 144. After the dissociation,

the mixture of gas and radicals from the plasma passes through the first plurality of

8
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openings of the showerhead 144 while the mixture of precursor and carrier gases
passes through the second plurality of openings of the showerhead 144. The
mixture of precursor and carrier gases mixes with the mixture of gas and radicals in
the processing region 131 below the showerhead 144. The bottom seasoning
process is used for deposition on chamber sidewalls 104 beneath the showerhead

144, while the main processing occurs.

[0037] Figure 5 is a flow diagram illustrating a method of seasoning a processing
chamber, such as processing system 100 in Figure 1. The seasoning process is
typically used to deposit a film onto internal surfaces of the chamber 110A following
a cleaning process. The deposited film reduces the contamination level during
processing by preventing residual particles adhered to the surfaces of the chamber
110A from being dislodged and falling onto a substrate being processed. The
method may begin at block 502. At block 502, an optional cleaning sequence may
be performed in the process chamber 110A. For example, following a deposition
process in the process chamber 110A, such as a SiO or a SiOC gap fill process, the
process chamber 110A may undergo a cleaning process to remove residual material
from internal chamber surfaces. An example cleaning process discussed for
processing system 100 is discussed in more detail below in conjunction with Figure
5.

[0038] At block 504, a first region of the processing chamber 110A undergoes a
seasoning process. For example, the first region of the processing chamber 110A
may be the plasma field 111 between the ion blocker plate 128 and the showerhead
144. Block 504 includes sub-block 506-510. At sub-block 506, a first valve 166 in
the chamber seasoning system 160 is opened. The first valve 166 in the chamber
seasoning system 160 provides fluid communication from the one or more gas
sources to the plasma field 111. In the open position, the seasoning gases may flow
from the gas sources to the plasma field 111. For example, the seasoning gases
may comprises a mixture of precursor cases with carrier gases that mix with reaction
gases and carrier gases provided by gas source 124. At sub-block 508, a second
valve 168 in the chamber seasoning system 160 is either maintained in the closed
position or configured to the closed position. The second valve 168 in the chamber

seasoning system 160 provides fluid communication from the one or more gas

9
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sources to the processing region 131 defined between the showerhead 144 and the
pedestal 114 via the showerhead 144. At sub-block 510, RF power is applied to the
showerhead 144 and the ion blocker plate 128 to strike a plasma within the plasma
field 111. For example, when the seasoning gases enter the plasma field 111
through the ion blocker plate 128, RF is applied to the showerhead 144 and the ion
blocker plate 128. As such, the reaction gas begins to dissociate, and the deposition
of a film begins almost immediately because of the addition of the precursor. Thus,

both dissociation and deposition begin almost simultaneously when RF is applied.

[0039] At block 512, the second region of the processing chamber 110A
undergoes a seasoning process. For example, the second region of the processing
chamber 110A may be the processing region 131 between the showerhead 144 and
the pedestal 114. Block 512 includes sub-block 514-520. At sub-block 514, the
second valve 168 in the chamber seasoning system 160 is opened. The second
valve 168 in the chamber seasoning system 160 provides fluid communication from
the one or more gas sources to the processing region 131. In the open position, the
seasoning gases may flow from the gas sources to the processing region 131. For
example, the seasoning gases may comprises a mixture of precursor cases with
carrier gases thatémix with reaction gases and carrier gases provided by gas source
124. At sub-block 516, the first valve 166 in the chamber seasoning system 160 is
configured to the closed position. Closing the first valve 166 shuts off gas flow from
the gas source to the plasma field 111 and forces the gas flow to travel down to the
second valve. At sub-block 518, a reaction gas is provided to the processing
chamber 110A. As such, the reaction gas enters the plasma field 111. At sub-block
520, RF power is applied to the showerhead 144 and the ion blocker plate 128 to
strike a plasma within the plasma field 111. For example, when the reaction gas
enters the plasma field 111, RF is applied to the showerhead 144 and the ion blocker
plate 128. As such, the reaction gas begins to dissociate therein. Unlike the top
seasoning, deposition does not occur within the plasma field 111 because the
precursor gas has been provided to the showerhead 144 below plasma field 111,
while no precursor gases flow through the plasma field 111. The precursor with
carrier gas then enters into the showerhead 144. As such, the precursor with carrier
gas exits the showerhead 144 through a first plurality of openings, and the plasma

formed in the plasma field 111 exits the showerhead 144 through a second plurality
10
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of openings. Therefore, the precursor and carrier gas does not mix with the reaction
gas until they enter the processing region 131. Thus, the mixture of gas and radicals
passing through the showerhead 144 mixes and reacts with the precursor and carrier
gases passing through the showerhead 144 in the processing region 131, such that

deposition may occur.

[0040] In some embodiments, automatic frequency tuning (AFT) and pulsing (i.e.,
changing the duty cycle) of the RF frequency can aid in significantly adjusting the
film properties, such as, deposition rate, Rl, and flowability. For example, adjusting
the RF frequency to 50 Hz at a 100% duty cycle for 60 seconds may yield a
deposition thickness of about 983 A and a refractive index of about 1.4 for flowability.
In another example, adjusting the RF frequency to 50 Hz at a 100% duty cycle for
about 60 seconds may yield a thickness of about 159 A and a refractive index of

about 1.5 for film roughness.

[0041] The processing system 100 further includes an RPS clean system 170.
The RPS clean system 170 is illustrated in Figure 7 with a simplified view of the
plasma processing system 100 for clarity. The RPS clean system 170 includes a
remote plasma generator 171, an upper split manifold 174, and a lower split manifold
176. The remote plasma generator 171 is coupled to the upper split manifold 174.
The remote plasma generator 171 is configured to generate a plasma therein for a
chamber clean process. For example, the remote plasma generator 171 is
configured to generate a plasma comprising fluorine radicals, which is created by
splitting fluorine using the energy from the plasma. The remote plasma generator
171 may be coupled to the upper split manifold 174 via a conduit 178. The upper
split manifold 174 is coupled to a first valve 177 and a second valve 179. Each valve
177, 179 is switchable between an open state and a closed state. The upper split
manifold 174 is coupled to the first valve 177 via a first conduit 180. The upper split
manifold 174 is coupled to the second valve via a second conduit 182. A third
conduit 184 couples the first valve 177 to the upper manifold 118. The first conduit
180 and the third conduit 184 collectively form a first cleaning flow path 186 from the
upper split manifold 174 to the upper manifold 118.  When the first valve 177 is
switched to the open state, the radicals from the plasma flows from the remote

plasma generator 171 into the upper split manifold 174 and into the upper manifold

11
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118. If a cleaning process to a top of the chamber is not desired, the first valve 177

is in the closed position.

[0042] The upper split manifold 174 is coupled to the lower split manifold 176 via
a conduit 188. When the valves 177, 179 are in the closed position, the radicals
from the remote plasma generator 171 are forced into the lower split manifold 176
via the conduit 188. The lower split manifold 176 is coupled to a first lower valve 190
and a second lower valve 192. Each lower valve 190, 192 is configurable between
an open state and a closed state. The lower split manifold 176 is coupled to the first
lower valve 190 via a first lower conduit 194. The lower split manifold 176 is coupled
to the second lower valve 192 via a second lower conduit 196. A third lower conduit
198 couples the first lower valve 190 to the processing region 131. The first lower
conduit 194 and the third lower conduit 198 collectively form a first lower cleaning
flow path 199 from the lower split manifold 176 to the processing region 131. When
the first lower valve 190 is in the open state and the upper valves 177, 179 are in the
closed state, the radicals flow from the remote plasma generator 171 down into the
lower split manifold 176 and into the processing region 131. If a cleaning process to
the processing region 131 of the chamber is not desired, the first lower valve 190 is

in the closed position.

[0043] The cleaning process is used because of the high non-uniform deposition
thickness on component surfaces across the chamber. Because the precursor is
introduced below the showerhead 144 during the deposition/bottom seasoning, only
a very small portion of the precursor diffuses back above the showerhead 144.
Therefore, the deposition thickness on the sidewall beneath the showerhead 144 is
much higher than the sidewall above the showerhead 144. Because the cleaning
process has to compensate the thickest film, using a top clean significantly
overcleans the components above the showerhead 144, further causing the surface
fluoridation and generate fluorine based particles. Thus, the bottom clean, in

addition to the top clean, is desired.

[0044] Figure 7 is a flow diagram illustrating a method of cleaning a processing
chamber 110A in a processing system 100, such as processing chamber 110A in
Figure 1. The cleaning process may be performed following a deposition process in

the process chamber 110A, such as a SiO or a SiOC gap fill process, the process

12
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chamber 110A may undergo a cleaning process to remove residual material from

internal chamber components.

[0045] The method 700 begins at block 702. At block 702, a plasma is generated
by a remote plasma source in the clean system 170. The plasma is generated in the
remote plasma source by supplying a gas to the remote plasma source and applying
an RF thereto. In one example, the plasma generated therein contains fluorine
radicals. At block 704, the fluorine radicals are directed to the upper split manifold
174.

[0046] At block 706, a first region of the process chamber 110A undergoes a
cleaning processing. For example, the first region of the process chamber 110A
may be the plasma field 111 defined between the faceplate 126 and the ion blocker
plate 128. Block 706 includes sub-blocks 708-710. At sub-block 708, a first valve
177 in the upper split manifold 174 is open. The first valve 177 in the upper split
manifold 174 provides fluid communication between the upper split manifold 174 and
the upper manifold 118 of the processing chamber 110A. As such, the radicals may
flow from the upper split manifold 174 to the upper manifold 118 of the processing
chamber 110A. At sub-block 710, RF is provided to the faceplate 126 and the ion
blocker plate 128. The RF provided to the faceplate 126 and the ion blocker plate

128 helps prevent recombination of the fluorine radicals during the cleaning process.

[0047] At block 712, a second region of the process chamber 110A undergoes a
cleaning processing. For example, the second region of the process chamber 110A
may be the processing region 131 defined between the showerhead 144 and the
pedestal 114. Block 712 includes sub-blocks 714-716. At sub-block 714, the first
valve 177 in the upper split manifold 174 is closed. Closing the first valve 177 forces
the radicals from the upper split manifold 174 to a bottom split manifold of the clean
system 170. At sub-block 716, a second valve 190 in the bottom split manifold is
configured to an open position. In the open position, the second valve 190 provides
fluid communication between the lower split manifold 176 and the processing region
131.  As such, the radicals may flow into the showerhead 144 and from the
showerhead 144 into the processing region 131 to clean chamber 110A components

within the processing region 131.
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[0048] Optionally, at block 714, a purge gas is provided to the first region of the
process chamber 110A as the second region of the process chamber 110A
undergoes a cleaning process. For example, a purge gas may be provided to the
plasma field 111 through the upper manifold 118 of the processing chamber 110A.
The purge gas in the plasma field 111 aids in eliminating any back flow of plasma
radicals from the processing region 131, through the showerhead 144 and the ion
blocker plate 128. As such, the purge gas aids in maintaining the clean process only

in the processing region 131.

[0049] Referring back to Figure 1, the processing system 100 further includes a
controller 141. The controller 141 includes programmable central processing unit
(CPU) 143 that is operable with a memory 145 and a mass storage device, an input
control unit, and a display unit (not shown), such as power supplies, clocks, cache,
input/output (1/0) circuits, and the liner, coupled to the various components of the

processing system to facilitate control of the substrate processing.

[0050] To facilitate control of the chamber 100 described above, the CPU 143
may be one of any form of general purpose computer processor that can be used in
an industrial setting, such as a programmable logic controller (PLC), for controlling
various chambers and sub-processors. The memory 145 is coupled to the CPU 143
and the memory 195 is non-transitory and may be one or more of readily available
memory such as random access memory (RAM), read only memory (ROM), floppy
disk drive, hard disk, or any other form of digital storage, local or remote. Support
circuits 147 are coupled to the CPU 143 for supporting the processor in a
conventional manner. Charged species generation, heating, and other processes
are generally stored in the memory 145, typically as software routine. The software
routine may also be stored and/or executed by a second CPU (not shown) that is

remotely located from the processing chamber 100 being controlled by the CPU 143.

[0051] The memory 145 is in the form of computer-readable storage media that
contains instructions, that when executed by the CPU 143, facilitates the operation of
the chamber 100. The instructions in the memory 145 are in the form of a program
product such as a program that implements the method of the present disclosure.
The program code may conform to any one of a number of different programming

languages. In one example, the disclosure may be implemented as a program
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product stored on a computer-readable storage media for use with a computer
system. The program(s) of the program product define functions of the
implementations (including the methods described herein). lllustrative computer-
readable storage media include, but are not limited to: (i) non-writable storage media
(e.g., read-only memory devices within a computer such as CD-ROM disks readable
by a CD-ROM drive, flash memory, ROM chips, or any type of solid-state non-
volatile semiconductor memory) on which information is permanently stored; and (ii)
writable storage media (e.g., floppy disks within a diskette drive or hard-disk drive or
any type of solid-state random-access semiconductor memory) on which alterable
information is stored. Such computer-readable storage media, when carrying
computer-readable instructions that direct the functions of the methods described

herein, are implementations of the present disclosure.

[0052] While the foregoing is directed to specific implementations, other and
further embodiments 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. A plasma processing system, comprising:

a processing chamber having chamber body defining a processing region and
a plasma field;

a chamber seasoning system, the chamber seasoning system coupled to the
processing chamber, the chamber seasoning system configured to season the
processing region and the plasma field; and

a remote plasma cleaning system, the remote plasma cleaning system in
communication with the processing chamber, the remote plasma cleaning system

configured to clean the processing region and the plasma field.

2. The plasma process system of claim 1, wherein the processing chamber
comprises:

a faceplate and an ion blocker plate, faceplate and the ion blocker plate
defining the plasma field therebetween, wherein the face plate and the ion blocker
plate are configured to connect to an RF power supply; and

a spacer electronically isolating the faceplate from the ion blocker plate.

3. The plasma processing system of claim 2, further comprising:

a disc shaped body having a plurality of apertures formed therein, the plurality
of apertures arranged in a hex pattern; and

a dual channel showerhead positioned beneath the ion blocker plate, the dual
channel showerhead comprising a plurality of openings formed therethrough, the
plurality of openings of the showerhead arranged in a pattern that is offset from the

hex pattern of the ion blocker plate.

4. The plasma processing system of claim 3, wherein the dual channel
showerhead further comprises:

one or more gas passages formed in the dual channel showerhead; and

a second plurality of openings formed in the dual channel showerhead, each

of the second plurality of openings fluidly coupled to the one or more gas passages.
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. The plasma processing system of claim 1, wherein the chamber seasoning
system comprises:

a first valve coupled to an upper manifold of the chamber body, the first valve
configurable between an open position and a closed position; and

a second valve in fluid communication with the processing region,

6. The plasma processing system of claim 1, wherein the remote plasma
cleaning system comprises:
a remote plasma generator; and
an upper split manifold coupled to the remote plasma generator, the upper
split manifold comprising:
a first valve coupling the upper split manifold to an upper manifold of
the processing chamber, the first valve configurable between an open state

and a closed state.

7. The plasma processing system of claim 1, further comprising:

a second processing chamber having a chamber body defining a second
processing region and a second plasma field, wherein the chamber seasoning
system is coupled to the second processing chamber, the chamber seasoning
system configured to season the second processing region and the second plasma
field, and wherein the remote plasma cleaning system is in communication with the
second processing chamber, the remote plasma cleaning system configured to clean

the second processing region and the second plasma field.

8. A method of seasoning a processing chamber, comprising:
seasoning a first region of the processing chamber, comprising:
generating a plasma within the processing chamber; and
seasoning a second region of the processing chamber, wherein seasoning a
second region of the processing chamber is performed subsequent to seasoning the

first region.

9. The method of claim 8, wherein seasoning the first region of the processing

chamber comprises:
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opening a first valve between a chamber seasoning system and the
processing chamber, wherein the first valve controls flow of a seasoning gas from
the chamber seasoning system to the first region of the processing chamber; and

preventing flow through closing a second valve between the chamber
seasoning system and the processing chamber, wherein the second valve controls
flow of the seasoning gas from the chamber seasoning system to the second region

of the processing chamber.

10.  The method of claim 8, wherein seasoning a second region of the processing
chamber, wherein seasoning a second region of the processing chamber is
performed subsequent to seasoning the first region, comprises:

opening a second valve between a chamber seasoning system and the
processing chamber, wherein the second valve controls flow of the seasoning gas
from the chamber seasoning system to the second region of the processing

chamber.

11.  The method of claim 8, wherein seasoning a second region of the processing
chamber, wherein seasoning a second region of the processing chamber is
performed subsequent to seasoning the first region, comprises:

preventing flow through closing a first valve between the chamber seasoning
system and the processing chamber, wherein the first valve controls flow of the
seasoning gas from the chamber seasoning system to the first region of the

processing chamber.

12.  The method of claim 8, wherein the first region of the processing chamber is a
plasma field defined between a faceplate and a selective modulation device of the
processing chamber, and the second region of the processing chamber is a
processing region defined between a showerhead and a pedestal of the processing

chamber.

13. A method of processing a substrate, comprising:
generating a conductively coupled plasma within a plasma field defined

between an ion blocker and a faceplate in a substrate processing chamber;
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filtering ions in the conductively coupled plasmas while allowing radicals to
pass through the ion blocker and into a processing region above the substrate; and

flowing a precursor gas through a showerhead into the processing region,
such that the precursor gas and the radicals of the plasma react in the processing

region.

14. The method of claim 13, wherein generating a conductively coupled plasma
within a plasma field defined between an ion blocker and a faceplate in a substrate
processing chamber, comprises:

applying RF power to the ion blocker and the faceplate to a reaction gas in the

plasma region.
15.  The method of claim 13, wherein the reaction gas is an oxygen based gas

and

the precursor gas is a silicon based gas.

19



WO 2018/152126 PCT/US2018/018052

1/7
;/'-,Z(}G
124
122 118
44 [
ot [ 20
134 _Dd—132
NENNIERENNIENIAN IS TSNS SN IS AN AN NSO A
136 138 126
WAL AVAYA A AL A AV AUA AL A1 A A A AV AL
i1 -~ 130
206 — 150 202 — 128
\\4/ - — 200
F10A — ARERERERENERANENINININANENANENANENIN .\\J NN ENNN
148 146
— 108
131
115 101
104 — \ /
{ i )
— 102
114
116
106
112
M

141 Fig. 1




WO 2018/152126

2/7

PCT/US2018/018052

208—+""

e 200




WO 2018/152126 PCT/US2018/018052

3/7

302 146 148




PCT/US2018/018052

WO 2018/152126

477

P
TeT
P [ et
Q7 [ i
97 | —rf
g1y —"
go11 —%

}

091

p O

T
1 m
M 1cl
2491
e [ .
—
8971 T
-y
epo] gl
757 [ ) VOl
qro1
997
£OT 691
571 e 00T




WO 2018/152126 PCT/US2018/018052

5/7

=

300”“\}%

OPTIONALY CLEAN THE PROCESS CHAMBER [ 3502

¥

SEASON A FIRST REGION OF THE PROCESS CHAMBER

OPEN A FIRST VALVE 3506

¥
CLOSE A SECOND VALVE [ 308

¥
APPLY RF 510

¥

SEASON A SECOND REGION OF THE PROCESS CHAMBER

OPEN THE SECOND VALVE 3514

¥
CLOSE THE FIRST VALVE 516

¥
PROVIDE REACTION GAS 318

¥
APPLY RF 520

Fig. 5



PCT/US2018/018052

WO 2018/152126

6/7

P
TeT
P [ et
Q7 [ i
97 | —rf
g1y —" w
i
go11 —%

6l

961

81

.
661 m
M 1cl
P61 861
91 e P
-
061 TIT
88T — = —re
081 gl
[ \ VOl
81
LLT
98]
oct 001




WO 2018/152126

77

PCT/US2018/018052

GENERATE PLASMA IN RPS

— 702

¥

DIRECT PLASMA TO UPPER SPLIT MANIFOLD

¥

— 704

CLEAN FIRST REGION OF PROCESS CHAMBER

OPEN FIRST VALVE IN UPPER SPLIT MANIFOLD

¥
APPLY RF 710

708

-~ 706

¥

CLEAN SECOND REGION OF PROCESS CHAMBER

CLOSE FIRST VALVE IN UPPER SPLIT MANIFOLD

¥

OPEN THE SECOND VALVE

Fig. 7



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2018/018052

A. CLASSIFICATION OF SUBJECT MATTER
HO01J 37/32(2006.01)i, C23C 16/44(2006.01)i, C23C 16/505(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1J 37/32; HOIL 21/3065;, HO1L 21/768; HOSH 1/24; HO1L 21/02; C23C 16/40; HO1L 21/31; C23C 16/455; C23C 16/00; C23C 16/44,
C23C 16/505

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: plasma, chamber, seasoning, cleaning, dual channel showerhead

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2007-0281083 A1 (ANNAMALAI LAKSHMANAN et al.) 06 December 2007 1,6-7
See paragraphs [0020]-[0038], claim 1 and figures 1-2.
Y 2-5,8-12
A 13-15
Y US 2015-0126045 A1 (APPLIED MATERIALS, INC.) 07 May 2015 2-4

See paragraphs [0017]-[0032], claim 1 and figure 1.

Y US 2015-0376788 A1 (APPLIED MATERIALS, INC.) 31 December 2015 34
See paragraphs [0017]-[0025], claim 8 and figure 1.

Y US 6121161 A (KENT ROSSMAN et al.) 19 September 2000 5,8-12
See column 3, line 16 — column 4, line 15 and figure 1A.

A JP 2016-111177 A (TOKYO ELECTRON LTD.) 20 June 2016 1-15
See paragraphs [0022]-[0043], claim 1 and figures 1-3.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
28 May 2018 (28.05.2018) 28 May 2018 (28.05.2018)
Name and mailing address of the [SA/KR Authorized officer

International Application Division
Korean Intellectual Property Office KIM, Sung Gon
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8746

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2018/018052
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007-0281083 Al 06/12/2007 CN 101092691 A 26/12/2007
CN 101092691 B 28/07/2010
KR 10-0914354 Bl 28/08/2009
KR 10-2007-0116557 A 10/12/2007
US 9157151 B2 13/10/2015
US 2015-0126045 Al 07/05/2015 CN 105659366 A 08/06/2016
JP 2016-536792 A 24/11/2016
KR 10-2016-0078428 A 04/07/2016
TW 201522696 A 16/06/2015
US 9583333 B2 28/02/2017
WO 2015-065790 Al 07/05/2015
US 2015-0376788 Al 31/12/2015 CN 106688078 A 17/05/2017
CN 107675143 A 09/02/2018
KR 10-2017-0027799 A 10/03/2017
US 2018-0080125 Al 22/03/2018
US 9840777 B2 12/12/2017
WO 2015-199843 Al 30/12/2015
US 6121161 A 19/09/2000 EP 0884401 Al 16/12/1998
EP 0884401 B1 02/07/2003
JP 11-016845 A 22/01/1999
KR 10-0562208 Bl 25/05/2006
JP 2016-111177 A 20/06/2016 CN 107078050 A 18/08/2017
KR 10-2017-0093111 A 14/08/2017
TW 201631656 A 01/09/2016
US 2017-0323825 Al 09/11/2017
WO 2016-088575 Al 09/06/2016

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - wo-search-report
	Page 30 - wo-search-report

