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REMOTE PLASMA SOURCE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application for patent claims the ben-
efit of prionity to U.S. Provisional Patent Appl. No. 63/342,
752, filed Oct. 5, 2023, which 1s hereby incorporated by

reference herein 1n its entirety.

BACKGROUND

Field

[0002] Embodiments of the present invention generally
relate to a system and methods used 1n semiconductor device
manufacturing. More specifically, embodiments of the pres-
ent disclosure relate to a plasma processing system used to
process a substrate.

Description of the Related Art

[0003] Reliably producing high aspect ratio features 1s one
of the key technology challenges for the next generation of
semiconductor devices. One method of forming high aspect
ratio features uses a plasma assisted etching process, such as
a reactive 1on etch (RIE) plasma process, to form high aspect
rat1o openings 1n a material layer, such as a dielectric layer,
of a substrate. In a typical RIE plasma process, a plasma 1s
formed 1n a processing chamber and 1ons from the plasma
are accelerated towards a surface of a substrate to form
openings 1n a material layer disposed beneath a mask layer
formed on the surface of the substrate.

[0004] Plasma-enhanced chemical vapor deposition and
cetching processes are processes where electromagnetic
energy 1s applied to at least a gas or vapor to transform the
gas 1nto a reactive plasma. Forming a plasma can lower the
temperature required to form or etch a film or increase the
rate of layer formation or etching. A plasma may be gener-
ated 1nside the processing chamber, 1.e., 1n situ, or 1 a
remote plasma generator that 1s remotely positioned from
the processing chamber. Remote plasma generators ofler
several advantages. For example, the remote plasma gen-
erator provides a plasma capability to a deposition or etching
system that minimizes the plasma interaction with the sub-
strate and chamber components, thereby preventing damage
to the substrate and the interior of the processing chamber.

[0005] However, conventional plasma processing systems
will include multiple radio frequency (RF) sources to gen-
erate and control the generation of a plasma in different parts
of a processing chamber during different portions of a
plasma processing sequence performed 1n a plasma process-
ing chamber. For example, a plasma processing chamber
may include at least one RF source that 1s used to form an
in-situ plasma within the processing region of a plasma
processing chamber to deposit a film or etch a layer formed
on a substrate, and one or more remote plasma generators
that 1s 1n communication with the processing region of the
process chamber and 1s used perform a cleaning process that
provides a radical containing cleaning gas to the processing,
region of the plasma processing chamber after the substrate
has been processed 1n the plasma processing chamber. The
use ol separate RF sources to generate a plasma within
different portions of the processing chamber and at different
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times can be expensive due to the high cost of the RF
delivery components required to separately generate the
plasmas.

[0006] Remote plasma generators generally have a pro-
tective anodized aluminum coating to protect the aluminum
interior walls from degradation. However, anodized alumi-
num coatings are usually porous and prone to surface
reactions. Therefore, the lifetime of anodized aluminum
coatings 1s limited due to the degradation of the anodized
coating in the plasma cleaning environment. Failure of the
protective anodized coating over an aluminum surface leads
to excessive particulate generation within the downstream
reactor chamber. In addition, the downstream reactor cham-
ber also sufllers unstable plasma performance due to change
in surface condition of the protective anodized coating as the
process continues. Therefore, the waler deposition/etch
rates, film uniformity and plasma coupling efliciency from
waler to waler are degraded. Moreover, the remote plasma
generators are typically formed as a complete system that do
not contain replaceable components, and thus need to be
swapped out after their lifetime has been reached, which 1s
often wasteful and expensive.

[0007] Therefore, there 1s a need for an apparatus and
method for processing a substrate 1n a plasma processing
system that solves the problems described above.

SUMMARY

[0008] FEmbodiments provided herein generally include
apparatus, remote plasma systems and methods for gener-
ating a plasma.

[0009] Some embodiments are directed to a remote plasma
system. The remote plasma system may include: a first tube;
a second tube; a first 1solation component coupled between
a first end of the first tube and a first end of the second tube;
a second 1solation component coupled between a second end
of the first tube and a second end of the second tube; and a
first capacitive element coupled to the first 1solation com-
ponent.

[0010] Some embodiments are directed to a method for
remote plasma generation. The method generally includes:
clectrically 1solating a first tube from a second tube, wherein
a lirst capacitive element 1s coupled between the first tube
and the second tube; providing an excitation signal to an
excitation coil; and generating a plasma within the first tube
and the second tube based on the excitation signal.

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 sum-
marized above, may be had by reference to embodiments,
some of which are illustrated 1n the appended drawings. It 1s
to be noted, however, that the appended drawings illustrate
only exemplary embodiments and are therefore not to be
considered limiting of 1ts scope, and may admit to other
equally eflective embodiments.

[0012] FIG. 1 1s a schematic representation ol a plasma
processing system.

[0013] FIG. 2 illustrates a remote plasma source (RPS), 1n
accordance with certain aspects of the present disclosure.

[0014] FIG. 3 illustrates currents formed 1n the reactor, 1n
accordance with certain aspects of the present disclosure.
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[0015] FIG. 4 1s a process flow diagram illustrating a
method for remote plasma generation, 1mn accordance with
certain embodiments of the present disclosure.

[0016] To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures. It 1s
contemplated that elements and features of one embodiment
may be beneficially incorporated in other embodiments
without further recitation.

DETAILED DESCRIPTION

[0017] Embodiments of the present disclosure generally
relate to a system used 1n a semiconductor device manufac-
turing process. More specifically, embodiments provided
herein generally include a remote plasma source (RPS), or
sometimes referred to herein as a remote plasma generator.
In some applications, the RPS may be used to clean portions
of a semiconductor manufacturing chamber.

Plasma Processing System Examples

[0018] FIG. 1 1s a schematic representation of a plasma
processing system. The plasma processing system 10 1s
configured for plasma-assisted etching processes, such as a
reactive 1on etch (RIE) plasma processing. The plasma
processing system 10 can also be used in other plasma-
assisted processes, such as plasma-enhanced deposition pro-
cesses (for example, plasma-enhanced chemical vapor depo-
sition (PECVD) processes, plasma-enhanced physical vapor
deposition (PEPVD) processes, plasma chamber clean pro-
cessing, plasma-enhanced atomic layer deposition (PEALD)
processes, plasma treatment processing, plasma-based ion
implant processing, or plasma doping (PLAD) processing.
In one configuration, as shown in FIG. 1A, the plasma
processing system 10 1s configured to form a capacitive
coupled plasma (CPP). However, in some embodiments, a
plasma may alternately be generated by an inductively
coupled source disposed over a processing region of the
plasma processing system 10.

[0019] The plasma processing system 10 includes a pro-
cessing chamber 100, a substrate support assembly 136, a
gas delivery system 182, a high DC voltage supply 173, a
radio frequency (RF) generator 171, and an RF match 172
(e.g., RF impedance matching network). A chamber lid 123
includes one or more sidewalls and a chamber base that are
configured to withstand the pressures and energy applied to
them while a plasma 101 1s generated within a vacuum
environment maintained in a processing volume 129 of the
processing chamber 100 during processing.

[0020] The gas delivery system 182, which 1s coupled to
the processing volume 129 of the processing chamber 100 1s
configured to deliver at least one processing gas from at least
one gas processing source 119 to the processing volume 129
of the processing chamber 100. The gas delivery system 182
includes the processing gas source 119 and one or more gas
inlets 128 positioned through the chamber 1id 123. The gas
inlets 128 are configured to deliver one or more processing
gasses to the processing volume 129 of the processing
chamber 100. The processing gas source 119 1s also coupled
to an inlet port of the remote plasma source (RPS) 192 so
that a process gas can be provided through the RPS 192 to
transform the gas into a reactive plasma and then to the
processing region of the process chamber 100.
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[0021] The processing chamber 100 includes an upper
clectrode (e.g., the chamber 1id 123) and a lower electrode
(e.g., the substrate support assembly 136) positioned 1n the
processing volume 129 of the processing chamber 100. The
upper and lower electrodes face one another. In one embodi-
ment, the RF generator 171 1s electrically coupled to the
lower electrode. The RF generator 171 1s configured to
deliver an RF signal to 1gnite and maintain the plasma 101
between the upper and lower electrodes. In some alternative
configurations, the RF generator 171 can also be electrically
coupled to the upper electrode. For example, the RF gen-
cerator 171 may deliver an RF source power to an RF
baseplate within a cathode assembly (e.g., 1n the substrate
support assembly 136) for plasma production, whereas the
upper clectrode 1s grounded. A center frequency of the RF
source power can be from 13.56 MHz to very high fre-
quency band such as 40 MHz, 60 MHz, 120 MHz or 162
MHz. In some examples, the RF source power can also be
delivered through the upper electrode. The RF source power
can be operated 1n a continuous mode or a pulsed mode. A
pulsing frequency of the RF power can be from 100 to
10kHz, and duty cycles are ranging from 5% to 95%. The
RF generator 171 has a frequency tuning capability and can
adjust 1its RF power frequency within e.g., £5% or £10%. In
some embodiments, the RF generator 171 switches the RF
power Irequency at a predefined speed (e.g., two nanosec-
onds, fifty nanoseconds, etc.).

[0022] The substrate support assembly 136 may be
coupled to a high voltage DC supply 173 that supplies a
chucking voltage thereto. The high voltage DC supply 173
may be coupled to a filter assembly 178 that 1s disposed
between the high DC voltage supply 173 and the substrate
support assembly 136.

[0023] The filter assembly 178 1s configured to electroni-
cally 1solate the high voltage DC supply 173 during plasma
processing. In one configuration, a static DC voltage 1s
between about -5000V and about 5000V, and 1s delivered
using an electrical conductor (such as a coaxial power
delivery line). The filter assembly 178 may include multiple
filtering components or a single common {ilter.

[0024] The substrate support assembly 136 1s coupled to a
pulsed voltage (PV) wavelorm generator 175 configured to
supply a PV to bias the substrate support assembly 136
through a filter assembly 111. The PV waveform generator
175 1s coupled to the filter assembly 178. The filter assembly
178 1s disposed between the PV wavelform generator 175
and the substrate support assembly 136. The filter assembly
178 1s configured to electronically 1solate the PV waveform
generator 175 during plasma processing.

[0025] The substrate support assembly 136 1s coupled to
the RF generator 171 configured to deliver an RF signal to
the processing volume 129 of the processing chamber 100.
The RF generator 171 1s electronically coupled to the RF
match 172 disposed between the RF generator 171 and the
processing volume 129 of the processing chamber 100. For
example, the RF match 172 1s an electrical circuit used
between the RF generator 171 and a plasma reactor (e.g., the
processing volume 129 of the processing chamber 100) to
optimize power delivery efliciency. One or more RF filters
(e.g., within the RF match 172) are designed to only allow
powers 1n a selected frequency range, and to isolate RF
power supplies from each other. In some cases, a bandwidth
of an RF filter has to be larger than a frequency tuning range
of the RF generator 171.
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[0026] During the plasma processing, the RF generator
171 delivers an RF signal to the substrate support assembly
136 via the RF match 172. For example, the RF signal 1s
applied to a load (e.g., gas) 1n the processing volume 129 of
the processing chamber 100. If an impedance of the load 1s
not properly matched to an impedance of a source (e.g., the
RF generator 171), a portion of a wavelorm can reflect back
in an opposite direction. Accordingly, to prevent a substan-
tial portion of the waveform from reflecting back, some
implementations find a match impedance (e.g., a matching
point) by adjusting one or more components of the RF match
172 as the source and load impedances change.

[0027] The RF match 172 1s electrically coupled to the RF
generator 171, the substrate support assembly 136, and the
PV wavetorm generator 175. The RF match 172 1s config-
ured to receive a synchronization signal from either or both

of the RF generator 171 and the PV wavelform generator
175.

[0028] The RF generator 171 and the PV wavelorm gen-
erator 175 are each directly coupled to a system controller
126. The system controller 126 synchronizes the respective
generated RE signal and PV waveform.

[0029] Voltage and current sensors can be placed at an
input and/or output of the RF match 172 to measure imped-
ance and other parameters. These sensors can be synchro-
nized using an external transistor-transistor logic (TTL)
synchronization signal from an advanced wavelform genera-
tor and/or RF generators or using measured voltage and
current data to determine timing internally. For example, an
output sensor 117 1s configured to measure the impedance of
the plasma processing chamber 100, and other characteris-
tics such as the voltage, current, harmonics, phase, and/or
the like. An mput sensor 116 i1s configured to measure the
impedance of the RF generator 171 and other characteristics
such as the voltage, current, harmonics, phase, and/or the
like. Based on either of the synchronization signals or the
characteristics of the plasma processing chamber 100, the
RF match 172 1s able to capture fast impedance changes and
optimize impedance matching.

[0030] The PV wavelorm generator 175 1s used to supply
a PV wavetorm and/or a tailored voltage waveform, which
1s a sum of harmonic frequencies associated with the wave-
form. The PV waveform generator 175 may output a syn-
chronization TTL signal to the RF match 172. The voltage
wavelorm 1s coupled to a bias electrode through the filter
assembly 178. The high DC voltage supply 173 1s applied to
chuck a substrate during a process for a thermal control. In
some cases, there can be a third electrode at an edge of the
cathode assembly for edge uniformity control.

[0031] As shown, the plasma processing system may
include a remote plasma source (RPS) 192, which may be
used to clean the chamber after one or more deposition
processes. In some aspects, the RPS 192 may be driven by
the same RF generator 171 used for substrate processing,
although a separate generator may be used. A match 190
may be coupled between the generator 171 and the RPS 192
to reduce reflections and increase power efliciency. The
match 190 may be a fixed match, 1n some cases, although a
variable match may be used 1n some applications. In some
aspects, frequency tuning may be used to perform matching.
In some aspects, an arrangement may be used where power
from generator 171 1s split so both RPS plasma 103 and
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in-chamber plasma 101 are enabled with part of the power
going to the RPS 192 and part going to the processing
chamber.

Example Remote Plasma Source

[0032] Certain aspects of the present disclosure are
directed towards a remote plasma source (RPS), such as the
RPS 192 described with respect to FIG. 1. The plasma
source described herein may be modulator with field
replaceable parts. The plasma source may be customizable
to a generator frequency, as described 1n more detail herein.
The plasma source may not use any ferrites, as opposed to
conventional RPS i1mplementations that include {ferrite
cores, reducing complexity, costs, size, and power losses.
The RPS described herein may be easier to clean and
maintain than conventional implementations and allows for
the opportumity to use coatings to prevent components
within a process gas from attacking the internal passages
within the RPS, such as a coating that provides resistance to
corrosion by fluorine.

[0033] The RPS disclosed herein may allow for usage of
a power supply (e.g., generator 171) to generate a plasma
103 within the RPS 192 during a first period of time and
form a plasma 101 within the processing volume 129 during
a deposition or etching process performed on a substrate
disposed on the substrate support assembly 136 during a
second period of time. For example, RPS may be operable
with a generator operating at a higher frequency (e.g., 13.56

MHz) and with lower power (e.g., 3.5kW) than conventional

RPSs.

[0034] FIG. 2 illustrates a remote plasma source (RPS)
200 (e.g., associated with RPS 192), in accordance with
certain aspects ol the present disclosure. As shown, the
source 200 may include a primary excitation coil 202 and a
reactor including a first plasma tube 204 and a second
plasma tube 205. In some embodiments, the first plasma
tube 204 and second plasma tube 203 include a material such
as stainless steel (SST) or aluminum with any suitable
coating such as magnesium. The primary excitation coil 202
may be driven with a 13.56 MHz radio frequency (RF)
signal (e.g., RF generator 171) causing an oscillating B field
240. Plasma 248 may be generated 1n the plasma tubes 204
and 205 from the action of the B field. As illustrated 1n FIG.
2, the primary excitation coil 202 i1s wound in a parallel
relationship to the orientation of the first plasma tube 204
and second plasma tube 205, such that at least a portion of
the generated oscillating B field 240 will pass through the
center of the plasma containing loop formed by the first
plasma tube 204 and second plasma tube 205. The primary
excitation coil 202 may be disposed along the plasma tubes
204, 205 (also referred to as “vacuum tubes™). In other
words, 1n some embodiments, a first direction (Z-direction)
around which the winding(s) of the primary excitation coil
202 are wound 1s perpendicular to a first plane (X-Y plane)
along which the first plasma tube 204 and second plasma
tube 205 extend. In some aspects, the primary excitation coil
may be outside the loop formed by tubes 204 and 205 (as
shown 1n FIG. 2), but in other aspects, the coil may be on the
inside, or lay next to loop. The coil 202 acts as a primary coil
and the plasma generated 1n the tube 204 may act as a
secondary coil magnetically coupled to the primary coil.
[0035] As shown, direct-current (DC) breaks 216, 218
(e.g., msulators) may be placed between the plasma tubes
204, 205, serving to electrically 1solate the plasma tubes 204,
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205 from each other. As an example, each DC break may
include two tlanges (e.g., flanges 292, 294 for DC break 216

and flanges 296, 298 for DC break 218) with a ceramic
material containing section that separates the flanges (e.g.,
flanges 292, 294, or flanges 296, 298), allowing a high
voltage to be generated across the DC blocks during the
generation of the plasma 248. For example, flange 292 of
DC break 216 may be coupled to a first end of the tube 204
and flange 294 of DC break 216 may be coupled to a first end
of the tube 205. Flange 296 of DC break 218 may be coupled
to a second end of the tube 204 and flange 298 of DC break
218 may be coupled to a second end of the tube 205. The DC
breaks 216, 218 are each configured to allow a vacuum to be
generated and maintained within a central plasma generating
region (e.g., regions 291, 293 shown i FIG. 2), which
extends between first and second ends of the DC beaks 216,
218. The central plasma generating region within each of the
DC beaks 216, 218 include a tubular shaped opening that 1s
in fluid communication within the internal region of plasma
tubes 204, 205 to form a continuous open loop 1n which the
plasma 248 1s formed during plasma processing. The tubular
plasma tube may have circular, rectangular, or other suitable
cross section. As noted above, 1n some embodiments, the
excitation coil 202 includes a coil wire that 1s wound 1n a
loop shape that 1s substantially parallel to a first plane, and
the first plasma tube 204, second plasma tube 2035, first DC
break 216, and second DC break 218 are formed 1n a tubular
loop that extends 1n a direction that 1s parallel to the first
plane.

[0036] The RPS 200 includes an 1solated resonating struc-
ture within the formed plasma vessel, which includes the
plasma tubes 204, 205 and the DC beaks 216, 218. The
isolated resonating structure formed within the RPS 200
utilizes the plasma formed within the plasma vessel as an
inductor. In some embodiments, the RPS 200 includes one
or more impedance producing elements that are coupled 1n
parallel with the DC breaks 216, 218. For example, reso-
nating capacitive elements 206, 208 may be coupled in
parallel with the DC breaks 216, 218, respectively. The
hollow inductor (e.g., plasma in a tube) and externally
attached capacitor form a resonating structure. That 1s, the
capacitive elements 206, 208 form a resonance circuit to
ignite the plasma inside the tube 204 during plasma pro-
cessing. While two capacitive elements 206, 208 are shown
in FIG. 2, a configuration with only one capacitive element,
which 1s 1n parallel with one of DC breaks 216, 218, may be
used 1in some cases.

[0037] In some embodiments, as shown 1n FIG. 2, one or
more electrically-i1solated coolant loops, such as coolant
loops 270, 272, may be disposed around the tube 204 to
control the temperature of the plasma tubes 204, 205 and the
DC beaks 216, 218 during processing. The one or more
coolant loops may include a liquid coolant type of heat
exchanging device to remove the excess heat and control the
temperature of the RPS 200 components.

[0038] FIG. 3 illustrates currents formed 1n a portion of the
RPS, in accordance with certain aspects of the present
disclosure. As shown 1n FIG. 3, the RPS includes a resonant
circuit, which includes a capacitive element 206, which 1s
coupled across the DC break 216. Based on the current
formed 1n the primary excitation coil 202, primary reso-
nance currents 312, 314 are generated on the tube 204. As
shown, due the DC breaks 216, 218, the currents 312, 314
flow between the DC breaks 216, 218 to 1gnite the plasma.
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The DC breaks in the hollow inductor plasma vessel allow
the B fields 240 to suffuse the central plasma generating
regions formed therein. The high voltage generated across
the DC breaks due to the RF power provided to the primary
excitation coil 202 and the presence of the resonant circuit(s)
coupled to the DC breaks 216, 218 can be used to 1gnite the
plasma without igmition circuits. Use of two or more DC
breaks reduces the voltage drop across the break, reducing
any 1ssues with sputtering of portions of the plasma tubes
204, 205 and the DC beaks 216, 218. Once plasma 1s 1gnited,
plasma current 320 (e.g., a toroidal plasma current) flows 1n
the plasma tubes 204, 205 and the DC beaks 216, 218, as
shown. The plasma current may be in the direction of an
azimuthal electric field (e.g., parallel to the X-Y plane). That
1s, the oscillating B field generates an oscillating azimuthal
clectric field. The electric field can close 1n on 1tself allowing
the plasma current to flow continuously once the plasma has
been 1gnited.

[0039] As shown, the capacitive elements 206, 208 of the
resonant circuit may be tunable (e.g., such as using variable
capacitive elements). Depending on the frequency of the
generator (e.g., generator 171) used to dnive the primary
excitation coil 202, the resonating structure may be tuned
(e.g., to set the resonance frequency by adjusting capaci-
tance ol capacitive elements 206, 208) or changing the
frequency of the generator or both.

[0040] Referring back to FIG. 2, the tube 204 may include
an 1tlow portion (e.g., for inflow of gas) and the tube 205
may include an outflow portion (e.g., for outflow of gas). A
DC break 210 may be coupled to the inflow portion of tube
204 and a DC break 212 may be coupled to the outtlow
portion of tube 205. The flange 260 of the DC break 210 may
be coupled to a gas delivery connection port (not shown) of
a gas delivery source 119 (FIG. 2) coupled to the RPS and
the flange 262 of the DC break 210 may be coupled to the
inflow portion of the tube 204. The flange 260 of the DC
break 210 may be grounded and 1solated from the inflow
portion of the tube 204 by the ceramic material containing
section that separates the flanges. Similarly, the flange 266
of the DC break 212 may be coupled to an inlet port (not
shown) formed within a wall of the plasma processing
chamber (e.g., chamber 100 1n FIG. 1) to which the RPS 1s
coupled, and the flange 462 of the DC break 212 may be
coupled to the outflow portion of the tube 205. Thus, the
flange 266 of the DC break 212 may be grounded and
isolated from the outtlow portion of the tube 205 by the
ceramic material containing section that separates the
flanges 1n the DC break.

[0041] Certain aspects of the present disclosure leverage
the use of existing RF generators (e.g., RF generator 171 of
FIG. 1) to power a remote plasma source. In other words, the
RF generator 171 may be used to generate the plasma 101
of the chamber 100 for substrate processing at one point 1n
time, and also used to power the RPS at another point in
time. In some aspects, at another point 1n time, the generator
may simultaneously be used to power the RPS and substrate
processing sections using an RF-power-split circuit.

[0042] Although the RPS described herein may be imple-
mented without a ferrite core, 1n some aspects, a ferrite core
suitable for high frequency (e.g., 13.56 MHz) may be used
to facilitate coupling of power to the plasma, or reducing the
voltage for 1gnition. For example, as shown i FIG. 1, the
RPS 192 may include a ferrite core 193. The ferrite core may
enclose both the excitation coil and the plasma tube.
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[0043] Insome aspects, the conductive walls of the plasma
tube may be used as an excitation coil (e.g., instead having,
a separate excitation coil 202). For mstance, instead of using
the coil 202, power (e.g., 13.56 MHz power) may be directly
provided to the tubes 204 and 203 or to the two flanges of
the DC break.

[0044] FIG. 4 1s a process flow diagram illustrating a
method 400 for remote plasma generation, 1n accordance
with certain embodiments of the present disclosure. The

method 400 can be performed by a remote plasma system,
such as the RPS 200.

[0045] At operations 402, the remote plasma system
includes DC breaks that electrically 1solates a first tube (e.g.,
plasma tube 204) from a second tube (e.g., plasma tube 205),
and together form a plasma vessel that forms a loop 1nto
which a plasma can be formed during processing. An
impedance producing element, such as a first capacitive
clement (e.g., capacitive element 206) may be coupled
across a DC break disposed between a portion of the first
tube and the second tube to form a resonant circuit.

[0046] At operations 404, the remote plasma system pro-
vides an excitation signal to an excitation coil (e.g., excita-
tion coil 202) or to the first tube and the second tube. In some
embodiments, the excitation signal includes an RF signal,

such as an RF signal provided at a frequency greater than 1
MHz, such as 13.56 MHz.

[0047] At operations 406, the remote plasma system gen-
crates a plasma (e.g., plasma current 320) within the DC
breaks, first tube and the second tube based on the excitation
signal and the impedance value (e.g., impedance setting) of
the impedance producing element of the resonant circuit.
The mmpedance value of the resonant circuit being config-
ured to cause the resonant circuit to be substantially at or
near resonance at the excitation signal frequency. In some
aspects, a resonating signal 1s generated via the first capaci-
tive element based on the excitation signal to generate the
plasma in the first tube and the second tube.

[0048] In some aspects of the RPS design disclosed
herein, the first tube and the second tube are 1solated via a
first DC break (e.g., DC break 216) and a second DC break
(e.g., DC break 218). The first DC break may include a first
flange (e.g., flange 292) coupled to the first end of the first
tube and a second flange (e.g., flange 294) coupled to the
first end of the second tube. The second DC break (e.g., DC
break 218) may include a first flange (e.g., flange 296)
coupled to a second end of the first tube and a second flange
(e.g., flange 298) coupled to a second end of the second tube.
The first capacitive element may include a first terminal
coupled to the first flange of the first DC break and a second
terminal coupled to a second flange of the first DC break. In
some aspects, a first terminal of a second capacitive element
(e.g., capacitive element 208) may be coupled to the first
flange of the second DC break and a second terminal of the

second capacitive element may be coupled to a second
flange of the second DC break.

[0049] In some aspects of the RPS design disclosed
herein, the remote plasma system may electrically 1solate an
inflow portion of the first tube and an outflow portion of the
second tube from a housing. The intlow portion of the first
tube may be 1solated from the housing via a third DC break
(e.g., DC break 210) and the outtlow portion of the second
tube 1s 1solated from the housing via a fourth DC break (e.g.,
DC break 212). The third DC break may include a first

flange (e.g., flange 262) coupled to an inflow portion of the
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first tube and a second flange (e.g., tlange 260) coupled to
the housing. The fourth DC break may include a first tlange
(e.g. flange 264 ) coupled to an outtlow portion of the second
tube and a second flange (e.g., flange 266) coupled to the
housing for the remote plasma source. The second flange of
the third DC break and the second flange of the fourth DC
break may be coupled to a ground potential node. In some
aspects, the remote plasma system may cool the first tube via
a first coolant loop (e.g., coolant loop 270) cool the second
tube via a second coolant loop (e.g., coolant loop 272).
[0050] While the foregoing 1s 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 1s determined by the
claims that follow.

What 1s claimed 1s:

1. A remote plasma system, comprising:

a first tube;

a second tube;

a {irst 1solation component coupled between a first end of
the first tube and a first end of the second tube;

a second 1solation component coupled between a second
end of the first tube and a second end of the second
tube; and

a first terminal of a first capacitive element coupled to the
first end of the first tube and a second terminal of the
capacitive element 1s coupled to the first end of second
tube.

2. The remote plasma system of claim 1, wherein:

the first 1solation component comprises a {first direct-
current (DC) break having a first flange coupled to the
first end of the first tube and a second flange coupled to
the first end of the second tube; and

the second 1solation component comprises a second DC
break having a first flange coupled to a second end of
the first tube and a second flange coupled to a second
end of the second tube.

3. The remote plasma system of claim 2, further com-

prising an excitation coil, wherein

the first tube, second tube, first 1solation component, and
second 1solation component form a loop that extends
across a first plane, and

the excitation coil comprises a coil wire that 1s wound 1n
a loop that 1s parallel to the first plane.

4. The remote plasma system of claim 3, further com-
prising a second capacitive element having a first terminal
coupled to the first flange of the second DC break and a
second terminal coupled to a second flange of the second DC
break.

5. The remote plasma system of claim 1, further com-
prising a third DC break having a first tlange coupled to an
inflow portion of the first tube and a second flange coupled
to a housing.

6. The remote plasma system of claim 3, further com-
prising a fourth DC break having a first flange coupled to an
outflow portion of the second tube and a second flange
coupled to the housing.

7. The remote plasma system of claim 6, where the second
flange of the third DC break and the second flange of the
fourth DC break are coupled to a ground potential node.

8. The remote plasma system of claim 1, further com-
prising:

a first coolant loop disposed around the first tube; and

a second coolant loop disposed around the second tube.
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9. The remote plasma system of claim 1, further com-
prising:

an excitation coil; and

a generator configured to generate a radio frequency (RF)

signal provided to the excitation coil to generate a
plasma within the first tube and the second tube,
wherein the first capacitive element 1s configured to
generate a resonating signal based on the excitation
signal to generate a plasma in the first tube and the
second tube.

10. The remote plasma system of claim 9, further com-
prising a match coupled between the generator and a remote
plasma source including the first tube and the second tube.

11. The remote plasma system of claim 1, further com-
prising a ferrite core at least partially surrounding the first
tube and the second tube.

12. A method for remote plasma generation, comprising:

clectrically isolating a first tube from a second tube,

wherein a first capacitive element 1s coupled between
the first tube and the second tube; and

providing an excitation signal to an excitation coil or to

the first tube and the second tube; and

generating a plasma within the first tube and the second

tube based on the excitation signal, wherein a resonat-
ing signal 1s generated via the {irst capacitive element
based on the delivery of the excitation signal, and 1s
configured to generate the plasma within the first tube
and the second tube.

13. The method of claim 12, wherein:

the first tube and the second tube are 1solated via a first

direct-current (DC) break and a second DC break;

the first DC break comprises a {first flange coupled to a

first end of the first tube and a second flange coupled to
a first end of the second tube; and
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the second DC break comprises a first flange coupled to
a second end of the first tube and a second flange
coupled to a second end of the second tube.

14. The method of claim 13, wherein the first capacitive
clement comprises a first terminal coupled to the first flange
of the first DC break and a second terminal coupled to a
second flange of the first DC break.

15. The method of claim 14, wherein a first terminal of a
second capacitive element 1s coupled to the first flange of the
second DC break and a second terminal of the second
capacitive element 1s coupled to a second flange of the
second DC break.

16. The method of claim 12, further comprising electri-
cally isolating an inflow portion of the first tube and an
outtlow portion of the second tube from a housing.

17. The method of claim 16, wherein:

the inflow portion of the first tube is 1solated from the

housing via a third DC break; and

the outflow portion of the second tube 1s 1solated from the

housing via a fourth DC break.

18. The method of claim 17, wherein:

the third DC break comprises a first flange coupled to the

inflow portion of the first tube and a second flange
coupled to the housing; and

the fourth DC break comprises a first flange coupled to the

outilow portion of the second tube and a second flange
coupled to the housing.

19. The method of claim 18, where the second flange of
the third DC break and the second tlange of the fourth DC
break are coupled to a ground potential node.

20. The method of claim 12, further comprising:

cooling the first tube via a first coolant loop; and

cooling the second tube via a second coolant loop.
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