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PLASMA REACTOR WITH ADJUSTABLE DUAL FREQUENCY VOLTAGE DIVISION

Technical Field

The present invention generally relates to a substrate
processing chamber. More particularly, the invention relates
to a method and apparatus for delivering power to a processing
chamber.

Background Art

Plasma etching and reactive ion etching (RIE) have
become important processes in precision etching of certain
workpieces such as substrates in the fabrication of
semiconductor devices. The differences between plasma etching
and reactive ion etching, which generally can be carried out
in the same equipment, typically result from different
pressure ranges employed and from the consequential
differences in mean free path of excited reactant species in a
processing chamber. The two processes are collectively
referred to herein as plasma etching. Plasma etching is a
"dry etching" technique and has a’ number of advantages over
conventional wet etching in which the workpiece is generally
immersed in a container of liguid etchant material. Some of
the advantages include lower cost, reduced pollution problems,
reduced contact with dangerous chemicals, increased
dimensional control, increased uniformity, improved etch
selectivity, and increased process flexibility.

As integrated circuit densities increase, device feature
sizes decrease below 0.25 micron while the aspect ratio (i.e.,
ratio of feature height to feature width) of the device
features increase above 10:1. Improved precision of the etch
process is required to form these small device features having
high aspect ratios. Additionally, an increased etch rate is
desired to improve throughput and reduce costs for producing

integrated circuits.

JP 2005-500684 A 2005.1.6
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One type of plasma etch chamber utilizes two parallel
plate electrodes to generate and maintain a plasma of the
Process gases between the plate electrodes. Typically, a
parallel plate plasma etch chamber includes a top electrode
and a bottom electrode. The bottom electrode typically serves
as a substrate holder, and a substrate (or wafer) is disposed
on the bottom electrode. The etch process is performed on a
surface of the substrate that is exposed to the plasma.

Typically, one or more of the electrodes are connected to
& power source. In a particular parallel plate reactor, those
electrodes are connected to high frequency power sources. The
power source connected to the upper electrode is typically
operated at a higher freguency than the power source connected
to the lower electrode. This configuration is believed to
avoid damage to materials disposed on a substrate.

Another parallel plate reactor has two power sources
connected to a lower electrode. The power sources are each
operated at different frequencies in order to control the
etching characteristics resulting on a substrate being
processed.

Yet another parallel ‘plate reactor includes three
electrodes. A first electrode is adapted to support a
substrate and is connected to a low frequency AC power source.
A second electrode is disposed in parallel relationship with
the first electrode and is connected to ground. A third
electrode (i.e., the chamber body) disposed between the first
and second electrode is powered by a high frequency AC power
source.

Another conventional apparatus provides a single powered
electrode reactor. High and low frequency power supplies are
coupled to the single electrode in an effort to increase
process flexibility, control and residue removal. The single
electrode reactor includes a multistage passive Ffilter
network. The network is intended to perform the functions of

‘coupling both power supplies to the electrode, isolating the

low frequency power supply from the high freguency power

JP 2005-500684 A 2005.1.6
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supply and attenuating the undesired frequencies produced by
mixing of the two freguencies in the nonlinear load
represented by the reactor.

A more detailed description of dual frequency parallel
plate reactors can be found in U.S. Patent No. 4,464,223,
entitled “Plasma Reactor Apparatus and Method,” assigned to
Tegal Corp., and issued August 7, 1984; U.S. Patent No.
5,512,130, entitled *"Method and Apparatus of Etching a Clean
Trench in a Semiconductor Material,” assigned to Texas
Instruments, Inc., igsued April 30, 1996; Patent No.
4,579,618, entitled “Plasma Reactor Apparatus, assigned to
Tegal Corp., issued April 1, 1986; and U.S. Patent No.
5,272,417, entitled “Device for Plasma Process, issued
December 21, 1993.

One problem typically experienced in a parallel plate
plasma etch chamber is that material from the surfaces of the
top electrode exposed to the plasma in the chamber is also
etched during the etch process. As the top electrode is
eroded by the etch process, the material property of the top
electrode changes and causes variations of the processing
parameters in the chamber, which results in inconsistent or
non-uniform processing of substrates. Furthermore, the top
electrode may have a short useful life and may need to be
replaced frequently, which increases the costs associated with
production of the semiconductor devices.

Therefore, there is a need for a parallel plate plasma
etch system that can substantially reduce erosion of the top
electrode and maintain process uniformity. It would be
desirable for the plasma etch system to improve precisicn of
the etch process for forming high aspect ratio sub-guarter-
micron interconnect features. It would be further desirable
for the plasma etch system to provide an increased etch rate
which reduces time and costs Of production of integrated

circuits.

JP 2005-500684 A 2005.1.6
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Disclosure of the Invention

The present invention generally provides a parallel plate
plasma etch system that can substantially reduce erosion of a
top electrode and maintain process uniformity. The plasma
etch system improves precision of the etch process for forming
high aspect ratio sub-quarter-micron interconnect features.
The plasma etch system also provides an increased etch rate
which reduces time and costs of production of integrated
circuits.

In one aspect, the invention provides an apparatus for
processing a substrate comprising a chamber having an
electrode, a substrate support disposed in the chamber, a high
frequency power source electrically connected to the
electrode, a low frequency power source electrically connected
to the electrode, and a variable impedance element connected
between the substrate support and an electrical ground.

In one embodiment, the electrode comprises a gas
distributor, and the electrode and the substrate support form
parallel plate electrodes. The high frequency power source is
adapted to deliver power at a frequency between about 13.56
MHz and about 500 MHz while the low frequency power source is
adapted to deliver power at a frequency between about 100 kHz
and about 20MHz. The variable impedance element is adapted to
tune a self bias voltage division between the electrode and
the substrate support and is adapted to tune at least one
resonant impedance at a frequency selected from at least one
of the low frequency and the high frequency.

In another aspect, the invention provides a method for
delivering power to a process chamber having a first electrode
and a substrate support forming a second electrode comprising
delivering a high freguency power from a high frequency power
source electrically connected to the first electrode,
delivering a low frequency power source from a low frequency
power source electrically connected to the first electrode,
and connecting a variable impedance element between the
substrate support and an electrical ground. In one

embodiment, the method further comprises tuning the variable

JP 2005-500684 A 2005.1.6
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impedance element to control a self bias voltage division
between the first electrode and the substrate support. The
variable impedance element may be tuned to provide a first
resonant impedance at the low frequency and a second resonant
impedance at the high frequency.

Brief Description of Drawings

So that the manner in which the above recited features,
advantages and objects of the present invention are attained
and can be understood in detail, a more particular description
of the invention, briefly summarized above, may be had by
reference to the embodiments thereof 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.

Figure 1 4is a schematic cross sectional view of a
processing chamber according to aspects of the invention.

Figure 2 is a schematic diagram of one example of a
variable impedance element of the invention.

Figure 3 is a schematic cross sectional view of another
processing chamber according to aspects of the invention.

Figure 4 is a schematic cross sectional view of another
processing chamber according to aspects of the invention and
including alternate ground returns for the high frequency and
low freguency RF power.

Figure 5 is a schematic cross sectional view of another
embodiment of a processing chamber according to aspects of
the invention including a combined low and high frequency
power source with chamber matching.

Figure 6 is a schematic cross sectional view of another
embodiment of a processing chamber according to aspects of
the invention.

Figure 7 is a schematic cross sectional view of another
embodiment of & processing chamber according to aspects of
the invention.

JP 2005-500684 A 2005.1.6
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Best Mode for Carrying Out the Invention

Figure 1 is a schematic diagram of one embodiment of a
parallel plate processing system 100 of the invention. The
processing system 100 may be attached to a processing system
platform and may comprise a multi-purpose chamber configured
to perform a specific process, such as an etch process.
Although the invention is described with respect to a
particular configuration, it is understood that the invention
is applicable in a variety of configurations and designs.
Further, it 1s understood that the system is a simplified
schematic representation and some aspects that may be part of
the processing system 100 are not shown. For example,
actuators, valves, sealing assemblies and the 1like are not
shown. Persons skilled in the art will readily recognize that
these and other aspects may be incorporated into the
processing system 100.

The process chamber 100 generally includes a chamber body
202 defining a cavity 231 at least part of which is a
processing region. The chamber body 202 includes a chamber
wall 204 and a chamber bottom 206. . The chamber wall 204
extends substantially perpendicularly from the edge of the
chamber bottom 206. An opening 230 is formed in the chamber
wall 204 and serves to facilitate substrate transfers into and
out of the processing system 100. Although not shown, a slit
valve may be provided to selectively seal the opening 230.
The chamber bottom 206 includes an outlet 208 for exhausting
gases from the chamber. An exhaust system 210 is attached to
the outlet 208 of the chamber bottom 206. The exhaust system
210 may include components such as a throttle valve and a
vacuum pump. Once the opening 230 is sealed, exhaust system
210 may be operated to draw and maintain a vacuum within the
cavity 231.

A plate electrode 236 is disposed at an upper end of the
chamber body 202. In one embodiment, the plate electrode 236
includes a protective coating 249 which prevents or reduces
erosion of the material of the plate electrode 236 caused by
the plasma in the chamber. The protective coating may

JP 2005-500684 A 2005.1.6
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comprise a material such as quartz, sapphire, alumina, SicC,
SiN, and Si. Although the chamber is described having a plate
electrode, other chamber designs having inductive, capacitive,
or a combination of inductive and capacitive plasma sources
may also be utilized.

In one embodiment, the plate electrode 236 is a
showerhead of a gas distribution system. In such a
configuration, the plate electrode 236 may be part of a 1id
assembly that is adapted to distribute gases into the cavity
231. Accordingly, Figure 1 shows a gas source 246 coupled to
the plate electrode 236. The gas source 246 contains the
precursor or process gases to be utilized for processing the
substrate in the chamber. The gas source 246 may include one
or more liquid ampoules containing one or more liguid
precursors and one or more vaporizers for vaporizing the
liquid precursors to a gaseous state.

The plate electrode 236 is connected to a power source
240 which supplies RF power to the plate electrode for
generating and maintaining a plasma in the chamber. The power
source 240 includes a low frequency RF power source 250 and a
high frequency RF power source 252. The low freguency RF
bower source 250 is connected to the plate electrode 236
through a low frequency match network 254 and enhances ion
assisted etching at the substrate. The high frequency RF
power source 252 i1s connected to the plate electrode 236
through a high freguency match network 256 and enhances
dissociation of the process gases and plasma density. Each of
the match networks 254, 256 may include one or more
capacitors, inductors and other circuit components. The low
frequency RF power source 250 may deliver RF power to the
plate electrode 236 at a frequency at or below about 20MHzZ
while the high frequency RF power source 252 may deliver RF
power to the plate electrode 236 at a frequency at or above
13.56MHz. In one embodiment, the low frequency RF power
source 250 delivers RF power to the plate electrode 236 at a
frequency between about 100kHz and about 20MHz while the high
frequency RF power source 252 delivers RF power to the plate

JP 2005-500684 A 2005.1.6
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electrode 236 at a frequency between about 13.56 MHz and about
500 MHz. Preferably, the high and low frequencies do not
overlap during operation. That is, the low frequency RF power
source 250 is always operated a frequency below the frequency
of the high frequency RF power source 252.

While the plate electrode 236 acts as a top electrode of
a parallel plate electrode plasma reactor, a substrate support
216 actg as a lower electrode. The substrate support 216 is
disposed in the cavity 231 and may be any structure suitable
for supporting a wafer, such as an electrostatic chuck or a
vacuum chuck. The substrate support 216 includes a support
plate 219 defining a substrate supperting surface that is
generally shaped to match the shape of a substrate supported

thereon. Illustratively, the substrate supporting surface is
generally circular to support a substantially circular
substrate. In one embodiment, the substrate supporting

surface is thermally connected to a substrate temperature
control system, such as a resistive heating coil and/or fluid
passages connected to a heating or cooling fluid system.

The system 100 may include liners or rings that are
configured for various functions. Illustratively, the process
system 100 may include three confinement rings 250A-C. TIn one
embodiment, each ring is made of nickel, aluminum, or other
metals or metal alloys appropriate for plasma processing, and
may also include an anodized aluminum surface. The rings 250
may be a single piece construction or a multi-piece
construction.

A first ring 250A is disposed about the support plate
219. A second ring 250B is disposed around the upper
electrode. A third ring 250C is disposed between the first and

second rings 250A-~B. In operation, the rings act to confine
the plasma in the region above the substrate between the plate
electrode 236 and the substrate support 216. The rings

confine the plasma laterally in the chamber and minimize
losses to the walls of the chamber.

To provide an adjustable voltage division between the top
electrode and the bottom electrode, a variable impedance
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element 260 is connected between the substrate support 216 and
an electrical ground or a ground connection. The variable
impedance element 260 may include one or more capacitors,
inductors and other circuit components. One embodiment of the
variable impedance element 260 is described below with
reference to Figure 2.

Figure 2 is a schematic diagram of one example of a
variable impedance element 260. As shown in Figure 2, the
variable ilflpedance element 260 includes a capacitor CI1
connected in parallel to a series combination of an inductor L
and a capacitor C2. In one embodiment, the capacitors Cl and
C2 may comprise variable capacitors which can be tuned to
change the rescnant frequency and the resonant impedance of
the variable impedance element 260. A stray capacitance C,,,,,
which is parallel to capacitor Cl, may be included in
determining the resonant freguency and the resonant impedance
of the variable impedance element 260.

The variable impedance element 260 can be tuned to change
the self bias voltage division between the plate electrode 236
and the substrate support 216, at either or both of the low
and high freguencies. A low resonant impedance at the high
frequency (i.e., the freguency at which the high frequency
power source 1s operating) provides high frequency plasma
generation that is either equal between the plasma sheaths of
both electrodes or slightly enhanced at the upper electrode.
A high resonant impedance at the low frequency (i.e., the
freguency at which the low frequency power source is
operating) provides more self bias at the bottom electrode
(i.e., substrate support), even though the substrate support
is not directly connected to or powered by the power source.
The increased self blas at the bottom electrode enhances the
ion acceleration toward the bottom electrode, which provides
improved etching results on a substrate disposed on the
substrate support. Additionally, the increased self bias on
the bottom electrode significantly reduces erosion of the top
electrode or the protective covering on the top electrode.

JP 2005-500684 A 2005.1.6
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To perform a plasma etch process, a substrate is
transferred into the process chamber and positioned on the
substrate support 216. The substrate support 216 may be moved
into a processing position with a desired processing distance
between the top electrode and the substrate support surface.
The process/precursor gases are introduced into the chamber
through the gas distributor, and a plasma is generated and
maintained for a desired duration to complete the etch process
on the substrate. Plasma etch processes may be performed
utilizing reactive gases, such as 0, N,, Cl, HBr, SF, CF,
CF,, CHF,, NF,, and other etch precursors, with one or more
inert gases, such as Ar, He, etc. The substrate is then
transferred out of the process chamber.

The following table presents examples of chamber
operating conditions for an etch process performed in one
embodiment of a chamber of the invention.

Processing Parameter Parameter Value

Distance between top electrode and About 0.5 cm to about

bottom electrode 10 om

Chamber Pressure About 20 mT to about 1
Torr

Power Dengity About 1 W/cm to about
20 W/ cm

Frequency of Low Frequency Power Source < 20 MHz

Frequency of High Freguency Power |> 13.56 MHz
Source

|

Figure 3 is a schematic cross sectional view illustrating
another embodiment of a chamber configuration and power
delivery system. In this embodiment, the high and low
frequency power are delivered to the substrate support member
216 through the HF match 256 and LF match 254, respectively.
The variable impedance element 260 is connected to the plate
electrode 236, such as a showerhead assembly, to adjust the RF
power delivered to the processing region 231 by controlling
the RF ground path impedance for the plate electrode 236. As
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the variable impedance is adjusted, the voltage drop across
the processing region 231 changes accordingly. For example,
as the variable impedance is adjusted to lower the impedance
value, the current through the variable impedance element(s)
260 increases, increasing the voltage drop across the
processing region 231, thereby increasing the RF energy
transmitted. As the variable impedance element is adjusted to
a higher impedance value, the voltage drop across the
processing region 231 decreases, thereby departing less RF
energy. In one aspect, the variable impedance can be adjusted
in combination with the LF match 254 and HF match 256 to
establish a desired plasma density without adversely affecting
the HF 256 and LF 254 match between the RF power generators
250, 252 and the chamber 202. In one aspect, the tuning
impedance of variable impedance element (s) 260 may be adjusted
so that the sheath impedance and the variable impedance
element (s) 260 are substantially in series resonance providing
a substantially low impedance path for either the high or low
frequency RF signals. Alternatively, the variable impedance
element(s) 260 can be tuned above or below resonance for
either RF signal to change the amount of RF current flowing
through this electrode to ground. .

Figure 4 is a schematic cross sectional view illustrating
another embodiment of a chamber configuration and power
delivery system. In this embodiment, the high freguency power
is delivered from the HF generator 252 to the plate electrode
236, such as a showerhead, and the low frequency power is
delivered from the LF generator 250 to the substrate support
member 216. An upper variable impedance element 260B is
connected to the upper electrode 236 and a lower variable
impedance element 260C is connected to the substrate support
member 216. In this embodiment, the lower variable impedance
element 260C provides a ground return path for the high
frequency RF components from the HF generator 252 delivered to
the processing region 231 and provides a high impedance path
for the LF generator 250. In addition, the upper variable
impedance element 260B provides a ground return path for the
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low frequency RF components from the LF generator 250
delivered to the processing region 231 and provides a high
impedance path for the HF generator 252. Thus, the ratio of
the delivered high frequency RF power to the delivered low
frequency RF power may be independently adjusted and matched
to the desired process parameters. In one aspect, the tuning
impedance of the low frequency variable impedance element 260C
may be adjusted so that the sheath impedance and the lower
variable impedance element 260C are substantially in series
resonance providing a substantially low impedance path for the
low frequency RF signals. In another aspect, the tuning
impedance of the high frequency variable impedance element
260B may be adjusted so that the sheath impedance and the high
frequency variable impedance element 260C are substantially in
series resonance providing a substantially low impedance path
for the high freguency RF signals. Alternatively, the
variable impedance element (s) 260B, 260C can be tuned above or
below resonance to decrease the RF current at these
frequencies from flowing through this electrode and/or change
the self bias to this frequency.

In another embodiment illustrated in Figure 5, an
isolated wall electrode 265 is provided and is connected to a
wall tuning element 260A. The plate electrode 236 is adjacent
to and horizontally spaced from the chamber wall 204 using an
insulating material 262 selected from insulators such as
cerami;:s, polymers, glass, and the like adapted to withstand
the RF power applied to the plate electrode 236. The
insulating material 262 electrically insulates the plate
electrode 236 from the chamber wall 204 to allow the plasma to
ke directed under, and in substantial conformity with, the
plate electrode 236. A wall electrode 265 composed of
conductors such as aluminum, nickel, tungsten, and the like
adapted to receive RF energy, is electrically isolated from
the wall 204 and plate electrode 236 by the insulating
material 262. The wall electrode 265 is adjacent to and
vertically spaced from the chamber wall 204 forming an
internal wall about processing region 231. A wall variable
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impedance element 2602 is coupled to the wall electrode 265,
providing an adjustable ground return path for RF energy
proximate the chamber wall 204 from the plate electrode 236.
The wall variable impedance element 2602 is adapted to
increase or decrease the RF energy to the support member 216
by providing an alternate ground path for the RF with respect
to the support member 216. In one aspect, the wall wvariable
impedance element 260A, in cooperation with the wall electrode
265, provides plasma confinement and control. To confine the
plasma, the effective impedance between the plate electrode
236 and the wall electrode 265 is increased to a value great
enough using the wall variable impedance 260A, to effectively
minimize the RF path to ground, thereby constraining the
plasma between the plate electrode 236 and the support member
216. Thus, the plasma adjacent to the wall is minimized,
reducing the risk of plasma damage to the wall 204.

In another aspect, the plate electrode 236 and the wall
impedance is adjusted to a value low enough to effectively
decrease the RF path to ground impedance, shunting some of the
RF power away between the plate electrode 236 and the support
member 216, thereby decreasing the plasma density.
Additionally, the spacing between the wall electrode 265 and
the plate electrode 236 and/or support member 216 may be
adjusted to allow for more or less confinement and control of
the RF energy. Accordingly, the more confinement and control
of the plasma which is realized, the closer the wall electrode
265 is placed to the plate electrode and/or the support 216.

In another embodiment as illustrated in Figure &6, the LF
matching network 254 is coupled to the plate electrode 236 and
the high freguency match 256 is coupled to the support member
216. An upper variable impedance element 260B is coupled to
the plate electrode 236. A lower variable impedance element
260C is coupled to the support member to provide variable RF
paths for the high frequency RF power source 252 and the low
frequency RF power source 250, respectively. Each variable
impedance element 260B-C may be adjusted to provide the proper
RF return path as needed to adjust the voltage and current for
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each high or low freguency impedance path. The upper variable
impedance element 2608 is adapted to provide a ground return
path for the high frequency RF components of the HF generator
252 and provide a high impedance path for the LF generator
250. The lower variable impedance element 260C is adapted to
provide a ground return path for the low frequency RF
components of the LF generator 250 and provide a high
impedance path for the HF generator 252. The upper and lower
impedance elements 260B, 260C may be separately adjusted to
balance the amount of energy delivered from each RF generator
250, 252 to the processing region 231. Increasing the
impedance of the lower variable impedance element 260C
decreases the voltage drop across the processing region,
increases the overall chamber impedance» with respect to the LF
match 254, and thereby lowers the low frequency RF current and
power delivered to the processing region 231. In addition,
increasing the impedance of the upper variable impedance
element 260B decreases the voltage drop across the processing
region 231, increases the overall chamber impedance with
respect to the HF match 256, and thereby lowers the high
frequency RF current and power delivered to the processing
region 231, For example, the impedance of the upper variable
impedance element 260B may be adjusted to allow more high
frequency RF power to be applied to the substrate support
member 216 while the impedance of the lower variable impedance
element 260C may be increased to decrease the low frequency
power delivered to the plate electrode 236. Thus, the ratio
of the delivered high frequency RF power to the delivered low
frequency RF power may be independently adjusted and matched
to the desired process parameters. In one aspect, the tuning
impedance of the upper variable impedance element 260B may be
adjusted so that the sheath impedance and the upper variable
impedance element 260B are substantially in series resonance
providing a substantially low impedance path for the high
frequency RF signals. In another aspect, the tuning impedance
of the lower variable impedance element 260C may be adjusted
so that the sheath impedance and the lower variable impedance
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element 260C are substantially in series resonance providing a
substantially low impedance path for the low frequency RF
signals. Alternatively, the variable impedance elements 260B,
260C can be tuned above or below resonance to reflect RF power
back to the chamber as needed.

In another embodiment, as illustrated by Figure 7, the
low fregquency RF power source 250, low freguency matching
network 254, high frequency RF power source 252, and high
frequency matching network 256, are combined into a single
apparatus to minimize coupling and connection losses. The
HF/LF Generator/Match combination is connected to the plate
electrode. A wall electrode 265 and a wall tuning element
260A are provided to confine the plasma and minimize losses of
the plasma to ground through the walls 204 of the chamber.
Substrate tuning belement 260C is connected to substrate
support 216.

wWhile the foregoing is directed to certain embodiments of
the 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.
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WHAT IS CLAIMED IS:

1. An apparatus for processing a substrate, comprising:

a chamber having a first electrode disposed therein;

a substrate support disposed in the chamber and providing
a second electrode in the chamber;

a high frequency power source electrically connected to
either the first or second electrode;

a low frequency power source electrically connected to
either the first or second electrode; and

one or more variable impedance elements connected to the
first and/or second electrode between the substrate support
and an electrical ground.

2. The apparatus of claim 1, wherein the first electrode
comprises a gas distributor.

3. The apparatus of claim 1, wherein the first electrode and

the second electrode form parallel plate electrodes.

4. The apparatus of claim 1, wherein the chamber is
configured as an etch chamber.

5. The apparatus of claim 1, wherein the high frequency
power source ig adapted to deliver power between about 13.56
MHz and about 500 MHz.

6. The apparatus of claim 1, wherein the low fregquency powexr

source is adapted to deliver power between about 100 kHz and
about 20 MHz.

7. The apparatus of claim 1, wherein the variable impedance
elements comprise at least one inductor and at least one
capacitor.
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8. The apparatus of claim 1, wherein the variable impedance
elements comprise at least one inductor and at- least one
variable capacitor.

9. The apparatus of claim 1, wherein the variable impedance
elements are adapted to tune a self bias voltage division
between the first and second electrodes.

10. The apparatus of claim 1, wherein the variable impedance
elements are adapted to tune at least one resonant impedance
at a frequency selected from at least one of the low frequency
and the high freguency.

11. The apparatus of claim 1, wherein the variable impedance
elements are adapted to tune a first resonant impedance at the
low fregquency and a second resonant impedance at the high
frequency.

12. The apparatus of claim 11 wherein the high freguency
power and the low frequency power are delivered to one
electrode and at least one variable impedance element is
connected to the other electrode.

13. The apparatus of claim 11 wherein the high and low
frequency power are delivered to opposite electrodes and a

variable impedance element is connected to each electrode.

14. An apparatus for delivering power to a process chamber
having a first electrode and a substrate support forming a
second electrode, comprising:

a high frequency power source electrically comnected to
the first electrode;

a low frequency power source electrically connected to
the first electrode; and

a variable impedance element connected between the
substrate support and an electrical ground.
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15. The apparatus of claim 14, wherein the high frequency
power source is adapted to deliver power between about 13.56
MHz and about 500 MHz.

16. The apparatus of claim 14, wherein the low Ffrequency
power source is adapted to deliver power between about 100 kHz
and about 4 MHz.

17. The apparatus of claim 14, wherein the variable impedance
element comprises at least one inductor and at least one
capacitor.

18. The apparatus of claim 14, wherein the variable impedance
element comprises at least one inductor and at least one
variable capacitor.

15. The apparatus of claim 14, wherein the variable impedance
element is adapted to tune a self bias voltage division

between the first electrode and the substrate support.

20. The apparatus of claim 14, wherein the variable impedance
element is adapted to tune at least one resonant impedance at
a frequency selected from at least one of the low frequency

and the high frequency.

21. The apparatus of claim 14, wherein the variable impedance
element is adapted to tune a first resonant impedance at the
low fregquency and a second resonant impedance at the high
frequency.

22. The apparatus of claim 14, wherein the first electrode
comprises a gas distributor.

23. The apparatus of claim 14, wherein the first electrode
and the substrate support are disposed to form parallel plate
electrodes.
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24. The apparatus of claim 14, wherein the chamber is
configured as an etch chamber.

25. A method for delivering power to a process chamber having
a first electrode and a substrate support forming a second
electrode, comprising:

delivering a high frequency power from a high freguency
power source electrically connected to one of the electrodes;

delivering a low freguency power source from a low
frequency power source electrically connected to one of the
electrodes; and

connecting one or more variable impedance elements to one
or more of the electrodes and an electrical ground.

26. The method of claim 25, wherein the high frequency power
is between about 13.56 MHz and about 500 MHz.

27. The method of claim 25, wherein the low frequency power
is between about 100 kHz and about 20 MHz.

28. The method of claim 25, further comprising:

tuning the one or more variable impedance elements to
control a self bias voltage division between the first
electrode and the second electrode.

29. The method of claim 25, further comprising:

tuning the one or more variable impedance elements to
provide at least one resonant impedance at a frequency
selected from at least one of the low frequency and the high
frequency.

30. The method of claim 25, further comprising:

tuning the one or more variable impedance elements to
provide a first resonant impedance at the low freguency and a
second resonant impedance at the high frequency.
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31. The method of claim 25, further comprising:

distributing a processing gas from the first electrode.

32. The method of claim 25, wherein the first electrode and
the substrate support are disposed to form parallel plate
electrodes.

33. The method of claim 25, wherein the process chamber is
configured to perform an etch process.
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