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RF CHOKE FOR GAS DELIVERY TO AN RF
DRIVEN ELECTRODE IN A PLASMA
PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent
application Ser. No. 16/282,085, filed Feb. 21, 2019, which
is a divisional of U.S. patent application Ser. No. 15/668,
064, filed Aug. 3, 2017, which is a divisional of U.S. patent
application Ser. No. 14/249.459, filed Apr. 10, 2014, which
is a continuation of U.S. patent application Ser. No. 12/172,
029, filed Jul. 11, 2008, which claims benefit of U.S.
Provisional Patent Application Ser. No. 60/951,028, filed
Jul. 20, 2007, each of which are herein incorporated by
reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Embodiments of the present invention generally
relate to an RF choke and gas feed tube for matching
impedance in a plasma processing apparatus.

Description of the Related Art

[0003] As demand for larger flat panel displays continues
to increase, so must the size of the substrate and hence, the
processing chamber. As solar panel demand increases,
higher RF field is sometimes necessary. One method for
depositing material onto a substrate for flat panel displays or
solar panels is plasma enhanced chemical vapor deposition
(PECVD). In PECVD, process gases may be introduced into
the process chamber through a showerhead and ignited into
a plasma by an RF field applied to the showerhead. As
substrate sizes increase, the RF field applied to the show-
erhead may also correspondingly increase. With the increase
in RF field, the possibility of premature gas breakdown prior
to the gas passing through the showerhead increases as does
the possibility of parasitic plasma formation above the
showerhead.

[0004] Therefore, there is a need in the art for an RF choke
and gas feed through to reduce premature gas breakdown
and parasitic plasma formation.

SUMMARY OF THE INVENTION

[0005] In large area plasma processing systems, process
gases may be introduced to the chamber via the showerhead
assembly which may be driven as an RF electrode. The gas
feed tube, which is grounded, is electrically isolated from
the showerhead. The gas feed tube may provide not only
process gases, but also cleaning gases from a remote plasma
source to the process chamber. The inside of the gas feed
tube may remain at either a low RF field or a zero RF field
to avoid premature gas breakdown within the gas feed tube
that may lead to parasitic plasma formation between the gas
source and the showerhead. By feeding the gas through an
RF choke, the RF field and the processing gas may be
introduced to the processing chamber through a common
location and thus simplify the chamber design.

[0006] In one embodiment, an RF choke assembly
includes a gas feed tube comprising a metal and one or more
ferrite elements surrounding the gas feed tube.
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[0007] In another embodiment, an apparatus is disclosed.
The apparatus includes an RF power source, a gas source,
and an RF choke assembly coupled between the power
source and the gas source. The assembly includes a gas feed
tube comprising a metal. The gas feed tube may comprise a
first end coupled with the gas source, and a second end
coupled with the RF power source. The feed tube may also
comprise one or more ferrite elements surrounding the gas
feed tube.

[0008] In another embodiment, gas delivery method
includes flowing a gas through the inside of a metal tube.
The metal tube may comprise a first end coupled to a gas
source and to ground, and a second end coupled with an RF
power source. The method may also include flowing RF
current along the outside of the metal tube such that the gas
flowing inside the metal tube is not exposed to the RF
current.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] So that the manner in which the above recited
features of the present invention can be understood in detail,
a more particular description of the invention, briefly sum-
marized above, may be had by reference to embodiments,
some of which are illustrated in the appended drawings. It is
to be noted, however, that the appended drawings illustrate
only typical embodiments of this invention and are therefore
not to be considered limiting of its scope, for the invention
may admit to other equally effective embodiments.

[0010] FIG. 1A is a schematic cross sectional view of a
PECVD apparatus according to one embodiment of the
invention.

[0011] FIG. 1B is a schematic enlarged view of a portion
of FIG. 1A.
[0012] FIG. 2A is a schematic view of an RF choke and

gas feed through assembly according to one embodiment of
the invention.

[0013] FIG. 2B is an end view of FIG. 2A.

[0014] FIG. 3 is a schematic cross sectional view of an RF
choke and gas feed through assembly according to another
embodiment of the invention.

[0015] FIG. 4 is a schematic cross sectional view of an RF
choke according to another embodiment of the invention.
[0016] FIG. 5 is a schematic cross sectional view of an RF
choke according to another embodiment of the invention.
[0017] FIG. 6 is a schematic cross sectional view of a gas
feed tube according to one embodiment of the invention.
[0018] FIG. 7A is a schematic cross sectional view of an
RF choke coupled to a plasma processing chamber accord-
ing to one embodiment of the invention.

[0019] FIG. 7B is a circuit diagram of FIG. 7A.

[0020] FIG. 8A is a schematic cross sectional view of an
RF choke coupled to a plasma processing chamber accord-
ing to another embodiment of the invention.

[0021] FIG. 8B is a circuit diagram of FIG. 8A.

[0022] FIG. 9A is a schematic cross sectional view of an
RF choke coupled to a plasma processing chamber accord-
ing to another embodiment of the invention.

[0023] FIG. 9B is a circuit diagram of FIG. 9A.

[0024] FIG. 10A is a schematic cross sectional view of an
RF choke coupled to a plasma processing chamber accord-
ing to another embodiment of the invention.

[0025] FIG. 10B is a circuit diagram of FIG. 10A.
[0026] FIG. 11A is a schematic view of an RF choke 1100
according to another embodiment of the invention.
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[0027] FIG. 11B is a schematic cross sectional view of the
RF choke 1100 of FIG. 11A.

[0028] To facilitate understanding, identical reference
numerals have been used, where possible, to designate
identical elements that are common to the figures. It is
contemplated that elements disclosed in one embodiment
may be beneficially utilized on other embodiments without
specific recitation.

DETAILED DESCRIPTION

[0029] In large area plasma processing systems, process
gases may be introduced to the chamber via the showerhead
assembly which may be driven as an RF electrode. The gas
feed tube, which is grounded, is electrically isolated from
the showerhead. The gas feed tube may provide not only
process gases, but also cleaning gases from a remote plasma
source to the process chamber. The inside of the gas feed
tube may remain at either a low RF field or a zero RF field
to avoid premature gas breakdown within the gas feed tube
that may lead to parasitic plasma formation between the gas
source and the showerhead. By feeding the gas through an
RF choke, the RF field and the processing gas may be
introduced to the processing chamber through a common
location and thus simplify the chamber design.

[0030] The invention will be illustratively described
below in relation to a PECVD chamber available from AKT,
a subsidiary of Applied Materials, Inc., Santa Clara, Calif. It
is to be understood that the invention is equally applicable
to any chamber that may require energizing a gas into a
plasma using an RF current including physical vapor depo-
sition (PVD) chambers. It is also to be understood that the
invention described below is equally applicable to PECVD
chambers, etching chambers, physical vapor deposition
(PVD) chambers, plasma processing chambers, and other
chambers made by other vendors.

[0031] FIG. 1A is a schematic cross sectional view of a
PECVD apparatus 100 according to one embodiment of the
invention. The apparatus 100 comprises a lid assembly 102
coupled with a chamber wall 108. Within the apparatus 100
a showerhead 110 may be disposed opposite a susceptor 104
upon which a substrate 106 may be disposed for processing.
The showerhead 110 may be supported by a bracket 140.
The substrate 106 may enter and exit the apparatus 100
through a slit valve 122 disposed in a chamber wall 108. The
substrate 106 may comprise a flat panel display substrate, a
solar substrate, a semiconductor substrate, and organic light
emitting display (OLED) substrate, or any other substrate.
The showerhead 110 may comprise one or more gas pas-
sageways 112 extending between a top surface 118 of the
showerhead 110 and bottom surface of the showerhead. A
plenum 114 may exist between the lid assembly 102 and the
showerhead 110. Gas introduced into the plenum 114 may be
evenly dispersed behind the showerhead 110 for introduc-
tion into the processing space 116 through the gas passages
112.

[0032] Gas may be introduced into the plenum 114
through a gas input 138. The gas may be provided by a gas
source 126. In one embodiment, the gas source 126 may
comprise a processing gas source. In another embodiment,
the gas source 126 may comprise a cleaning gas source. The
gas may travel from the gas source 126 through a remote
plasma source 128 and cooled coupling 130 to an RF choke
132. The RF choke 132 may be coupled to a knuckle
connector 136 that feeds the gas into the gas input 138. An
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RF power source 124 may also be coupled with the knuckle
connector 136 by an RF feed 134.

[0033] Coupling the gas and the RF power through a
common location may, on its face, appear to be unsafe.
However, RF current has a “skin effect” in traveling on
conductive surfaces. RF current travels as close as possible
to the source driving it. Thus, RF current travels on the
surface of a conductive element and penetrates only to a
certain, predeterminable depth (i.e., the skin) of the conduc-
tive element. The predeterminable depth may be calculated
as a function of the frequency of the RF current, the
permeability of the material of the conductive element, and
the conductivity of the conductive element. Thus, when a
conductive element is thicker than the predetermined depth
of the RF current penetration, the RF current may not
directly interact with the gas flowing therein. FIG. 1B is a
schematic cross sectional view of a portion of FIG. 1A. FIG.
1B shows the path the RF current follows to the showerhead
(represented by arrows “A”) and the path through the RF
choke (represented by arrows “B”).

[0034] As may be seen from FIG. 1B, the RF current flows
on the outside of the RF feed, the outside of the gas input
138, the top of the lid 102, the outside edge of the lid 102,
the surface of the bracket 140 opposite the plenum 114, and
finally across the bottom surface 120 of the showerhead.
Once the RF current reaches the bottom surface 120 of the
showerhead 110, the gas may ignite into a plasma either
within hollow cathode cavities that may be present within
the gas passages 112 or within the processing space 116. The
RF current may also travel along the top of the knuckle
connector 136 and outside the RF choke 132. The longer the
distance that the RF current has to flow, the greater the
impedance. Thus, for a center fed RF current, as chamber
size increases, the impedance to the showerhead also
increases.

[0035] An RF choke may be used between the RF power
source and the gas source to ensure an approximately
uniform attenuation of voltage difference between the RF
power source and the gas delivery system. The voltage drop
across the RF choke may be approximately equal to the
voltage level of the gas distribution showerhead. Addition-
ally, the voltage drop along the RF choke may be substan-
tially uniform. Therefore, the RF power output from the RF
power source that maintains and ignites the plasma within
the processing chamber may be known and repeatable. The
RF choke may maximize the voltage transfer to the show-
erhead and thus make the impedance of the RF source
substantially equal to the impedance of the load.

[0036] FIG. 2A is a schematic view of an RF choke 200
according to one embodiment of the invention. FIG. 2B is a
cross sectional view of FIG. 2A. The RF choke 200 com-
prises a coil 202 wrapped around a ferrite material 204.
Within the ferrite material 204, a cooling tube 206 may be
disposed. In one embodiment, the cooling tube 206 may
comprise copper. One or more fins 208 may radiate out from
the cooling tube 206 to extend the cooling surfaces further
out into the ferrite material 204 and dissipate heat from the
coil 202. The coil 202 may wrap a plurality of times around
the ferrite material 204. The coil 202 may be sufficiently
thick to prevent penetration of the RF current into the inside
of'the coil 202. One end 210 of the coil 202 may be coupled
with the gas input to the processing chamber and the other
end 212 may be coupled to ground and the gas source. Thus,
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the RF current flows along the outside or skin of the coil 202
from the gas input to ground.

[0037] The inductance increases the further that the RF
current travels. Given a sufficient distance, the inductance
along the RF choke may be substantially equal to the
inductance of the showerhead. By increasing the radius, the
length, or the number of turns in the coil 202, the inductance
may be increased. Additionally, the RF current, as it travels
along the outside of the coil 202, contacts the ferrite material
204 and may result in a high impedance. The length of the
coil 202 should be sufficiently short to ensure the impedance
of'the RF choke is not greater than the impedance of the load
to the showerhead. If the impedance of the RF choke is
greater than the impedance of the load, then the RF choke
200 may fail.

[0038] The ferrite material 204 may comprise a high
frequency low-loss ferrite material. In one embodiment, the
ferrite material 204 may comprise half-cylinder blocks
forming a compact cylindrical ferrite core. In another
embodiment, the ferrite material 204 may comprise quarter
cylinder blocks forming a compact cylindrical ferrite core.
The ferrite material 204 raises the permeability and thus
raises the inductance. The ferrite material 204, coupled with
the increased RF path provided by the coil 202 brings down
the resonance of the RF current because of the capacitance
created by the RF choke 200. The RF choke 200 has a high
RF impedance to create an RF to ground isolation.

[0039] The ferrite material 204 increases the permeability
and also the inductance. The ferrite material 204 additionally
provides an additional voltage drop between the RF source
and ground. The ferrite material 204 may act as a thermal
insulator and thus reduce the heat loss of the coil 202.

[0040] The coil 202 may comprise aluminum and be
sufficiently thick as to prevent penetration of the RF current
into the inside of the coil where the gas may flow. In one
embodiment, the coil 202 may comprise hard anodized
aluminum. In another embodiment, the coil 202 may com-
prise stainless steel. The inner surface of the coil 202 may be
resistive against cleaning gases from a remote plasma source
(RPS) such as fluorine and fluorine radicals. The coil 202
may have a large cross section to permit a high gas con-
ductance and thus a safe pressure window for stable RPS
operation. Because the RF field does not penetrate into the
inside of the coil 202, the gas passing through the coil 202
does not see the RF field and thus may not ignite into a
plasma. In other words, the inside of the coil 202 may
comprise a field free region. Any current that penetrates into
the coil 202 or that does not dissipate by the end of the coil
and thus encounters the gas may be so low compared to the
RF current that enters the showerhead that the no plasma
may form. If a plasma forms in the RF choke 200, the
amount of RF current flowing to the RF choke 200 may
increase and cause a decrease in the RF current to the
showerhead. In one embodiment, the ferrite elements may
not be present.

[0041] FIG. 3 is a schematic cross sectional view of an RF
choke 300 according to another embodiment of the inven-
tion. The RF choke 300 comprises a gas tube 302 having one
or more fins 304 extending radially outward from the gas
tube 302. In one embodiment, the fins 304 may comprise
aluminum. One or more ferrite disks 306 may also encircle
the gas tube 302 and be disposed between fins 304. In one
embodiment, the ferrite disks 306 may comprise low-loss
ferrites having half donut pairs coupled together to form
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electromagnetically continuous toroids. In another embodi-
ment, the ferrite disks 306 may comprise low-loss ferrites
having a ring shape that each completely encircle the gas
tube 302. It is to be understood that other shapes of the
ferrite disks 306 may be utilized. A first end 308 of the RF
choke 300 may be coupled to the gas input to the process
chamber while a second end 310 of the RF choke 300 may
be coupled to ground. The RF current may travel along an
RF path “C” outside of the gas tube 302 and along the fins
304. In one embodiment, the fins 304 may extend radially
from the gas tube 302 for a distance greater than the distance
than the ferrite disks 306 extend radially from the gas tube
302. To accommodate high RF currents, the gas tube 302
may be lengthened, more ferrite disks 306 and fins 304 may
added. In one embodiment, the distance that the fins 304
extend from the gas tube 302 may be increased. In one
embodiment, the RF choke 300 may be cooled by drilling
cooling channels into the gas tube 302. In one embodiment,
the ferrite disks 306 may not be present.

[0042] FIG. 4 is a schematic cross sectional view of an RF
choke 400 according to another embodiment of the inven-
tion. The RF choke 400 comprises a gas tube 402 separated
from each other by one or more O-rings 404 extending
radially outward from the gas tube 402. In one embodiment,
the O-rings 404 may comprise silicon rubber. The one or
more O-rings 404 may permit air to circulate around the
ferrite disks 406 and cushion the ferrite disks 406 from
rubbing against one another. The O-rings 404 may space the
adjacent ferrite disks 406 apart by a predetermined distance.
One or more ferrite disks 406 may also encircle the gas tube
402 and be disposed between O-rings 404. In one embodi-
ment, the O-rings 404 may be replaced by spacer elements
that may create a small distance between adjacent ferrite
disks 406. In one embodiment, an air gap may be present
between adjacent ferrite disks 406. In one embodiment, the
ferrite disks 406 may comprise a unitary material encircling
the gas tube 402 and spanning a predetermined length of the
gas tube 402.

[0043] In one embodiment, the ferrite disks 406 may
comprise low-loss ferrites having half donut pairs coupled
together to form electromagnetically continuous toroids. In
another embodiment, the ferrite disks 406 may comprise
low-loss ferrites having a ring shape that each completely
encircle the gas tube 402. A first end 408 of the RF choke
400 may be coupled to the gas input to the process chamber
while a second end 410 of the RF choke 400 may be coupled
to ground. The RF current may travel along an RF path “D”
outside of the gas tube 402. To accommodate high RF
currents, the gas tube 402 may be lengthened and more
ferrite disks 406 may added. In one embodiment, the RF
choke 400 may be cooled by drilling cooling channels into
the gas tube 402. In one embodiment, the ferrite disks 406
may not be present.

[0044] FIG. 5 is a schematic cross sectional view of an RF
choke 500 according to another embodiment of the inven-
tion. The RF choke 500 comprises a gas feed tube 502
through which the processing gas may flow. A cylinder
portion 504 may surround the gas tube 502. In one embodi-
ment, the cylinder portion 504 may comprise a conductive
material. In another embodiment, the cylinder portion 504
may comprise metal. The cylinder portion 504 may have a
first end 510 and a second end 512. The first end 510 may
have a substantially closed end while the second end 512
may comprise a substantially open end with one or more
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extensions 514 extending from the first end 510. In between
the extensions 514, ferrite material 506 may be disposed.
Additionally and/or alternatively, air pockets 508 may be
present between the extensions 514. The RF current travels
along the outside of the gas tube 502 a shown by arrows “E”
and along the surface of the cylinder 510 including the
extensions 514. In so doing, the impedance is increased due
to the increased RF path length and the exposure to the
ferrite material 506.

[0045] FIG. 6 is a schematic cross sectional view of a gas
feed tube 600 according to one embodiment of the invention.
The gas feed tube 600 may comprise an inner tube 602 that
is substantially surrounded by an outer tube 604. The inner
tube 602 may be spaced from the outer tube 604 by an outer
path 608. A cooling fluid may move through the outer path
608 as shown by arrow “G”. To permit the cooling fluid to
more in a non-linear path and thus, increase the residence
time in the outer path, the cooling fluid may encounter
several disturbances 606 to change the flow path of the
cooling fluid. In one embodiment, the disturbance 606 may
be a wire spun around the inner tube 602. In another
embodiment, the disturbance 606 may comprise one or more
flanges extending between the inner tube 602 and the outer
tube 604. The processing gas may flow along an inner path
610 within the inner tube 602 as shown by arrow “F”.
[0046] FIG. 7A is a schematic cross sectional view of an
RF choke coupled to a plasma processing chamber accord-
ing to one embodiment of the invention. FIG. 7B is a circuit
diagram of FIG. 7A. The processing gas enters the system
700 through the RF choke 706 and the backing plate 702.
The RF power is supplied by the RF power source 704. The
RF voltage at the gas inlet (i.e., the ground side of the RF
choke 706) is zero. The RF choke 706 is in parallel with the
load. The RF choke 706 is deigned to have a high RF
impedance and may be inductive or capacitive. The RF
choke 706 may operate at or near the resonance with or
without the help of external and/or stray capacitances. In
terms of an equivalent electrical circuit, the Pi network 708
may comprise the load capacitor C;, tuning capacitor C,
and the impedance of the RF choke Z,. The load imped-
ance 7Z; may comprise the impedance of the RF choke 7,
and the impedance of the chamber Z .

[0047] FIG. 8A is a schematic cross sectional view of an
RF choke coupled to a plasma processing chamber accord-
ing to one embodiment of the invention. FIG. 8B is a circuit
diagram of FIG. 8A. The processing gas enters the system
800 through the RF choke 806 and the backing plate 802.
The RF power is supplied by the RF power source 804. The
RF voltage at the gas inlet (i.e., the ground side of the RF
choke 806) is zero. The RF choke 806 is in parallel with the
load. The RF choke 806 is deigned to be capacitive with or
without external capacitive loads C; ., C; . forming the load
capacitor C; in the reverse L-type matching network 808. In
terms of an equivalent electrical circuit, the reverse L-type
matching network may comprise the load capacitor C,,
tuning capacitor C, and the impedance of the RF choke Z .
The load capacitor C, may comprise the impedance of the
RF choke 7., and an external capacitive load C;.. The RF
choke 806 may be considered part of the load capacitor in
the reverse L-type matching network 808.

[0048] FIG. 9A is a schematic cross sectional view of an
RF choke coupled to a plasma processing chamber accord-
ing to one embodiment of the invention. FIG. 9B is a circuit
diagram of FIG. 9A. The processing gas enters the system
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900 through the RF choke 906 and the backing plate 902.
The RF power is supplied by the RF power source 904. The
RF choke 906 may be considered part of a tuning capacitor
C,in an L-type or Pi-matching network 908. The RF choke
906 is in series with the load. The RF choke 906 is designed
to be capacitive with or without external tuning capacitors
C, forming the tuning capacitor in the L-type matching
circuit. In terms of an equivalent electrical circuit, the L-type
matching network may comprise the load capacitor C; and
the tuning capacitor C,. The tuning capacitor C, may
comprise the impedance of the RF choke Z., and an
external tuning capacitor Cy.
[0049] FIG. 10A is a schematic cross sectional view of an
RF choke coupled to a plasma processing chamber accord-
ing to one embodiment of the invention. FIG. 10B is a circuit
diagram of FIG. 10A. The processing gas enters the system
1000 through the RF choke 1006 and the backing plate 1002.
The RF power is supplied by the RF power source 1004. The
RF voltage at the gas inlet (i.e., the ground side of the RF
choke 1006) is zero. Two RF chokes 1006 or two sections of
one RF choke 1006 may be put together to be the load and
tune elements in an L-type or Pi-type matching network
1008. The RF chokes 1006 are designed to be capacitive
with or without external load and tuning capacitors C;,, and
C,. In terms of an equivalent electrical circuit, the network
1008 may comprise the load capacitor C, and the tuning
capacitor C,. The load capacitor C, may comprise an
external load capacitor C;.and the impedance of the first RF
choke Z .. The tuning capacitor may comprise the imped-
ance of the second RF choke Z .., and an external tuning
capacitor Cy.
[0050] FIG. 11A is a schematic view of an RF choke 1100
according to another embodiment of the invention. FIG. 11B
is a schematic cross sectional view of the RF choke 1100 of
FIG. 11 A taken along line H-H. As shown in FIGS. 11A and
11B, the ferrite elements 1104 may extend lengthwise along
the gas tube 1102. One or more ferrite elements 1104 may
be present and may substantially cover the outer surface of
the gas tube 1102.
[0051] By placing an RF choke between a gas source and
a processing chamber, parasitic plasma may be reduced. The
RF choke may comprise a gas tube having a wall thickness
greater than the maximum expected penetration of the RF
current. Additionally, the RF choke may have a sufficiently
long RF path to render the impedance of the RF choke
substantially equal to the impedance of the load to the
showerhead.
[0052] While the foregoing is directed to embodiments of
the present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

1. An RF choke assembly, comprising:

a gas feed tube; and

a ferrite element coupled to and at least partially sur-

rounding the gas feed tube.

2. The assembly of claim 1, wherein the ferrite element
comprises a plurality of cylinders.

3. The assembly of claim 2, wherein the plurality of
cylinders are spaced apart.

4. An apparatus, comprising:

an RF power source;

a gas source;

a remote plasma source; and
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an RF choke assembly coupled between the RF power
source and the remote plasma source, the RF choke
assembly comprising:

a gas feed tube; and
a ferrite element coupled to the gas feed tube.

5. The apparatus of claim 4, wherein the remote plasma

source is upstream from the RF choke assembly.

6. The apparatus of claim 4, further comprising:

a Pi network coupled to the RF choke assembly, the Pi
network comprising:

a load capacitor;
a tuning capacitor; and
an impedance of the RF choke assembly.

7. The apparatus of claim 4, further comprising:

a reverse L-type matching network coupled to the RF
choke assembly, the reverse L-type matching network
comprising:

a load capacitor;
a tuning capacitor; and
the impedance of the RF choke assembly.

8. The apparatus of claim 7, wherein the load capacitor
comprises the impedance of the RF choke assembly and an
external capacitive load.

9. The apparatus of claim 7, wherein the RF choke
assembly is part of the load capacitor.

10. The apparatus of claim 4, further comprising:

an L-type matching network, the L-type matching net-
work comprising:

a load capacitor; and
a tuning capacitor.
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11. The apparatus of claim 10, wherein the tuning capaci-
tor comprises the impedance of the RF choke assembly and
an external tuning capacitor.

12. The apparatus of claim 4, wherein the ferrite element
is an annular ferrite element directly coupled to the gas feed
tube.

13. The apparatus of claim 12, wherein the ferrite element
comprises a plurality of ferrite disks.

14. The apparatus of claim 13, wherein the plurality of
ferrite disks are spaced apart.

15. The apparatus of claim 14, wherein the plurality of
ferrite disks are spaced apart by one or more seals.

16. An RF choke assembly, comprising:

a gas feed tube comprising a metal; and

a ferrite element coupled to the gas feed tube, wherein the

gas feed tube at least partially encircles the ferrite
element.

17. An apparatus, comprising:

an RF power source;

a gas source; and

an RF choke assembly coupled between the RF power

source and the gas source, the assembly comprising:

a gas feed tube comprising a metal, a first end coupled
with the gas source, and a second end coupled with
the RF power source.

18. The apparatus of claim 17, wherein the gas feed tube
comprises a coil.

19. The apparatus of claim 17, wherein the gas feed tube
comprises aluminum.

20. The apparatus of claim 19, wherein the second end of
the gas feed tube is coupled to ground.

#* #* #* #* #*



