
PLASMA-ENHANCED ETCHING IN AN AUGMENTED PLASMA PROCESSING SYSTEM. PRIORITY
CLAIM [0001]This application claims priority under 35 USC. 119(e) to a
commonly- owned provisional patent application entitled "Plasma-Enhanced
Etching in an Augmented Plasma Processing System", US Application Number
61/693,382, filed on August 27, 2012 by Eric A. Hudson, all of which are
incorporated herein by reference. BACKGROUND OF THE INVENTION
[0001]Plasma-enhanced processing has long been employed to process
substrates 



into integrated circuit dies, which may then be further processed into
integrated circuits for use in a variety of electronic devices.
Plasma-enhanced processing includes, for example, plasma-enhanced etching,
plasma-enhanced deposition, plasma-enhanced cleaning, and the like.
[0002]In the field of plasma-enhanced etching, a plasma is typically
generated from etching feed gas that may include different constituent
gases. The feed gas is energized by an energy source to form a plasma to
etch the surface of a substrate. By using a variety of masks, different
patterns may be created on various layers of the substrate. The plasma
itself may be created using one or more plasma generation technologies,
including for example, inductively coupled plasma, capacitively coupled
plasma, microwave plasma, etc. [0003]Commercial plasma chambers for etching
dielectric wafer films are primarily based upon parallel-plate
capacitively-coupled plasma (CCP). In this type of chamber, RF excitation
at one or more RF frequencies is applied from one or more RF sources to one
or more electrodes to generate an etching plasma from the provided etching
source (feed) gas. The etching characteristics of the chamber are
controlled through variations in   numerous input parameters including, for
example, pressure, choice of feed gas, flow rate for each feed gas, power
for the RF sources, etc. 



[0004]Even with these numerous control parameters, it is known that the
chemical and physical characteristics of the plasma are interdependent and
difficult to independently control. In other words, changing an input
parameter (such as RF power or pressure) tends to result in changes in
multiple plasma parameters and/or changes in multiple etch result
parameters. The interdependencies among various plasma characteristics
and/or various wafer etch results tend to be amplified in narrow-gap,
capacitively coupled plasma processing chambers of the type employed in
modern dielectric etch applications. [0005]To elaborate, consider a simple
example etch process based on CF4 feed gas only and a single RF excitation
frequency. As RF power is increased, the degree of polymerization of the
plasma-surface interaction will vary, typically increasing to a maximum and
then decreasing. This behavior reflects the decomposition of CF4 at lower
RF powers to form polymerizing radical species such as CF2. At higher RF
powers, secondary decomposition of those radicals forms less polymerizing
species such as C + F. This phenomenon provides some control of the degree
of polymerization in the plasma using RF power settings. [0006]However, a
change in the input RF power also affects physical properties of the
plasma, for example the plasma density, ion flux, and ion energy. This is
because the control of chemical properties of the plasma, such as
polymerization, is affected by the same parameters (such as RF power) that
control the physical properties of the plasma (such as plasma density) such
that the chemical and physical properties are strongly interdependent.
[0007]If the effects on the plasma characteristics can be decoupled when
one or 



more input parameters are manipulated, more precise control of wafer etch
result and a wider process window may be possible. For example, if the
density of a specific polymerizing species can be controlled independently
(i.e., in a decoupled manner) from the ion flux or electron temperature,
more precise control of wafer etch result and a wider process window may be
achieved.  [0008]Improving the decoupling of plasma characteristics and/or
process etch results in order to optimize the etch to meet current and
future etch specifications is one among many goals of the various
embodiments of the present invention.  BRIEF DESCRIPTION OF THE DRAWINGS
[0009]The present invention is illustrated by way of example, and not by
way of limitation, in the figures of the accompanying drawings and in which
like reference numerals refer to similar elements and in which: 



[00010] Fig. 1 shows, in accordance with an embodiment of the invention, a
diagram of an augmented plasma processing chamber that includes two plasma
generating region. [00011] Fig. 2 shows, in accordance with an embodiment
of the invention, a general method for performing dielectric etch using an
augmented plasma processing chamber. [00012] Fig. 3 shows, in accordance
with various embodiments of the invention, various combinations of
parameters for performing dielectric etch using an augmented plasma
processing chamber.  DETAILED DESCRIPTION OF EMBODIMENTS [00013] The
present invention will now be described in detail with reference to a few
embodiments thereof as illustrated in the accompanying drawings. In the
following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art, that the present invention
may be practiced without some or all of these specific details. In other
instances, well known process steps and/or structures have not been
described in detail in order to not unnecessarily obscure the present
invention. [00014] Various embodiments are described hereinbelow, including
methods and techniques. It should be kept in mind that the invention might
also cover articles of manufacture that includes a computer readable medium
on which computer-readable instructions for carrying out embodiments of the
inventive technique are stored. The computer readable medium may include,
for example, semiconductor, magnetic, optomagnetic, optical, or other forms
of computer readable medium for storing computer readable code. Further,
the invention may also cover apparatuses for practicing embodiments of the
invention. Such apparatus may include circuits, dedicated and/or
programmable, to carry out tasks pertaining to embodiments of the
invention. Examples of such apparatus include a general-purpose computer
and/or a dedicated computing device when appropriately programmed and may
include a combination of a computer/computing device and
dedicated/programmable circuits adapted for the various tasks pertaining to
embodiments of the invention. 



[00015] Generally speaking, etch process optimization in chambers where
input parameters are coupled in their effects on process result parameters
tends to involve tradeoffs. Tuning the etch process to achieve etch
specification with respect to one etch result parameter (e.g., etch rate)
often results in changes and often detrimental changes in another etch
result parameter (such as etch selectivity). In some cases, an acceptable
trade-off cannot be found and the desired etch is simply not attainable
with a given recipe. In other cases, time-consuming iterative optimization
steps are required to find  the appropriate combination of input parameters
that achieves an acceptable trade-off among the various etch result
parameters. [00016] Embodiments of the invention seek to reduce the
interdependencies among selective etch result parameters. By making certain
input parameters less coupled in their effects on the process result
parameters, individual process result parameters may be tuned in a manner
that is more independent from other process result parameters. In other
words, embodiments of the invention seek to influence, by changing certain
input parameters, certain individual process result parameters
substantially independently or more independently from other process result
parameters. The net effect of this decoupling is faster tuning of input
parameters (i.e., control parameters) to achieve a process result with a
desired set of target process result parameters. In one or more
embodiments, wider process windows are achieved by decoupling process
result parameters. In these cases, new and previously unavailable substrate
processing conditions may be realized, including regimes previously
unavailable in prior art chambers where process result parameters are more
coupled when one or more input parameters are changed. [00017] In one or
more embodiments, a secondary plasma is generated and employed to influence
the primary plasma that is primarily responsible for etching the substrate.
In the specific case of dielectric etches, the hardware improvement
involves augmenting a parallel-plate capacitively-coupled chamber with a
secondary plasma generated in separate plasma generating region. The
secondary plasma injects chemically and/or physically excited neutral
species into the primary wafer processing plasma region, resulting in an
augmented primary plasma for processing the substrate. [00018] In one or
more embodiments, the primary plasma (which is disposed in the wafer
processing plasma region immediately above the wafer surface) and the
secondary plasma (which is generated in a separate secondary plasma
generating region and injected into the wafer processing plasma region) are
separated electrically and physically by a semi-barrier structure which
allows neutral species to pass from the secondary plasma generating region
to the primary plasma generating region but prevents appreciable  transfer
of charged particles, plasma, and/or electric fields from the primary
plasma generating region to the secondary plasma generating region. 



[00019] In one or more embodiments, the secondary plasma has an independent
excitation source, such as an RF power supply or a microwave source, which
can be controlled to affect the secondary plasma without directly or
significantly affecting the charged particles or electric fields in the
primary plasma generating region. The technology employed to generate the
secondary plasma is not limited to any particular plasma generation
technology and may include, for example, inductively coupled plasma,
capacitively coupled plasma, microwave plasma, ECR (electron-cyclotron
plasma), etc. [00020] In an embodiment, the primary plasma in the primary
plasma generating region (i.e., the plasma disposed above the substrate
surface to etch the substrate surface) is generated using a parallel-plate
arrangement via the capacitively coupling mechanism. In this embodiment,
the substrate is disposed on a chuck that is energized by one or more RF
signals. The upper electrode of this primary plasma generating region is
grounded, and one or more confinement rings may be employed to further
confine the primary plasma and/or to control the exhaust rate. The primary
plasma is generated with its own set of input parameters and its primary
feed gas, which may include a set of constituent feed gas(es) for forming
the primary plasma. This CCP (capacitively coupled plasma) arrangement is
more or less typical of capacitively coupled plasma processing chambers.
[00021] In addition to the primary plasma, a secondary plasma is generated
in a separate secondary plasma generating region, with a different set of
control parameters and utilizing a secondary feed gas that may include a
set of constituent feed gas(es) for generating the secondary plasma.
Neutral species are transferred from the secondary plasma to the primary
plasma through the aforementioned semi-barrier, influencing the processing
conditions at the substrate and thus modifying the process result. In one
or more embodiments, the system is designed to minimize the influence of
the primary plasma properties upon the secondary plasma while maximizing
the influence of secondary plasma properties upon the primary plasma.
[00022] Because the plasma properties of the secondary plasma are
substantially decoupled from the control parameters that affect the primary
plasma, the new control  parameters introduced for generating the secondary
plasma represent additional process control parameters which are not
closely coupled to the primary plasma control parameters. [00023] In this
way, embodiments of the invention achieve significant improvement in
decoupling control parameters, and provide a greater ability to
independently adjust the individual process results. This results in less
restrictive trade-offs and a faster capability to optimize the etch to
achieve a set of process results, which are now more decoupled.
Additionally, the invention may also open up regimes of primary plasma
properties which cannot be achieved using conventional methods, providing
new process capabilities. [00024] Further, in one or more specific
embodiments, control parameters associated with the secondary plasma are
focused upon controlling the dissociation of the secondary feed gas while
control parameters associated with the primary plasma are focused upon
controlling the ionization of the primary feed gas. Since the mechanism for
controlling dissociation is decoupled from the mechanism for controlling
ionization, improved process optimization and new operating windows may be
achieved. 



[00025] The features and advantages of embodiments of the invention may be
better understood with reference to the figures and discussions that
follow. [00026] Fig. 1 shows, in accordance with an embodiment of the
invention, an augmented plasma chamber 100 having two separate plasma
generating regions. There is shown in Fig. 1 a primary plasma region 102,
which is bound at its lower and upper extremities by substrate 104 and
upper electrode assembly 106 respectively. A set of confinement rings
(conventional and not shown) may also be optionally employed to surround
primary plasma region 102 to prevent unwanted plasma ignition outside of
the primary plasma generating region and/or to control the evacuation rate
of byproduct exhaust gas(es) from primary plasma generating region 102.
[00027] In the embodiment of Fig. 1, substrate 104 rests on a chuck 108,
which acts as the powered electrode for the primary plasma generating
region 102. Chuck 108 is energized by an RF power source 110 with one or
more RF signals. The lower surface 106A of upper electrode assembly 106 is
grounded and acts as a second electrode for the  primary plasma in primary
plasma generating region 102. This primary plasma is generated using a
parallel-plate, capacitively coupled plasma mechanism from a primary feed
gas comprising one or more constituent gases for forming the primary
plasma. The primary feed gas is fed directly into primary plasma region 102
from primary feed gas delivery system 152 in Fig. 1. [00028] In the example
of Fig. 1, the secondary plasma region 120 is also another parallel-plate
capacitively coupled arrangement that is bound at its lower and upper
extremities by the upper surface 106B of upper electrode assembly 106 and
top electrode assembly 132 respectively. In the example of Fig. 1,
secondary plasma region 120 is bound by chamber wall 134 although a set of
confinement rings (conventional and not shown) may also be optionally
employed to surround secondary plasma region 120 to prevent unwanted plasma
ignition outside of the secondary plasma generating region and/or to
control the evacuation rate of byproduct exhaust gas(es) from the secondary
plasma generating region 120. Top electrode assembly 132 may be movable in
order to control the volume of the secondary plasma generating region
and/or to control the gas residence time. The gas residence time may also
be controlled by controlling the byproduct exhaust rate. [00029] The upper
surface 106B of upper electrode assembly 106 is grounded and acts as one
electrode for the secondary plasma in secondary plasma generating region
120. Top electrode assembly 132 is energized by a separate RF power supply
136, which may supply one or more RF signals to top electrode assembly 132.
This secondary plasma is generated from a secondary feed gas comprising one
or more constituent gases for forming the secondary plasma. The secondary
feed gas is fed directly into secondary plasma region 120 from secondary
feed gas delivery system 134 in Fig. 1. [00030] Although the secondary
plasma is generated using a parallel plate, capacitively coupled plasma
generation arrangement, it should be noted that embodiments of the
invention are not limited to this plasma generation technology for
generating the secondary plasma. It is contemplated that the secondary
plasma may be generated using, for example, an inductively coupled plasma
generation mechanism employing one or more RF coils or antennas to
inductively couple the RF energy to the 



secondary feed gas. Alternatively or additionally, it is contemplated that
the secondary plasma may be generated using, for example, a microwave
source and an appropriate microwave plasma generation chamber. In fact, any
suitable plasma generation technology may be employed to independently
generate the secondary plasma. [00031] As mentioned, upper electrode
assembly 106 acts as a ground electrode for both the primary plasma
generating region 102 and the secondary plasma generating region 120.
Further, in one or more embodiments, upper electrode assembly 106 performs
the gas delivery function for the primary feed gas into the primary plasma
generating region 102. For example, upper electrode assembly 106 may
include a showerhead-type arrangement or an injection jet orifice-type
arrangement for providing the primary feed gas into the primary plasma
generating region. If desired, upper electrode assembly may be temperature
controlled by providing heating/cooling coils circulating the appropriate
heating/cooling fluid through channels built into upper electrode assembly
106. [00032] As mentioned, the secondary plasma in secondary plasma
generating region 120 is generated using a different secondary feed gas
having a different composition (e.g., flow rate and/or constituent gases
and/or gas residence time) from the primary feed gas. More importantly, it
is desirable that neutral species from the secondary plasma be allowed to
migrate from the secondary plasma generating region 120 into primary plasma
generating region 102 but charged species are prevented from migrating from
the primary plasma generating region 102 into secondary plasma generating
region 120. To achieve this goal, one or more of the innovations below may
be employed. [00033] For example, the operating conditions in the secondary
plasma region may be set to emphasize dissociation of the secondary feed
gas over ionization. To elaborate, dissociation refers generally to the
interaction of electrons with neutral molecules to break the chemical bond
and to produce neutral reactive species. For example, H2 may be dissociated
into two hydrogen atoms, both of which may be neutral. Ionization, on the
other hand, refers generally to the interaction of electrons with neutral
molecules to produce positive ions and electrons. Ionizing H2 produces a
H2+ ion and an electron, for example. By setting input parameters for the
secondary plasma generation to emphasize  dissociation of the secondary
feed gas over ionization, more dissociated neutral species may be obtained
in the secondary plasma generating region. [00034] As another alternative
or additional innovation, the pressure in the secondary plasma generating
region 120 may be set higher than the pressure in the primary plasma
generating region 102 to encourage the migration of the dissociated neutral
species from secondary plasma generating region 120 to primary plasma
generating region 102. The pressure in the secondary plasma generating
region may be set in a regime to discourage neutral species recombination,
in one or more embodiments. 



[00035] As another alternative or additional innovation, the holes or slots
150 disposed in upper electrode assembly 106 to permit the migration of
dissociated neutral species from secondary plasma generating region 102 to
primary plasma generating region 120 may have a high aspect ratio to
discourage plasma formation in the holes. These holes or slots may be
designed to alternatively or additionally act as a neutral diffusion
barrier to prevent neutral species migration from the primary plasma
generating region 102 to secondary plasma generating region 120. Equally
important is the concern for uniformity of migrated neutral species
distribution in the primary plasma generating region. For this reason, it
is desirable to employ an array of holes or slots with the holes or slots
uniformly or widely distributed above the substrate surface in order to
ensure a relatively uniform distribution of migrated neutral species over
the substrate to optimize process uniformity across the substrate. [00036]
As another alternative or additional innovation, the pressure in the
secondary plasma generating region 120 and/or the pressure in the primary
plasma generating region 102 may be set to encourage laminar flow in the
holes or slots. A laminar flow condition would reduce the number of
collisions between the migrating neutral species and the walls of the holes
or slots, thereby reducing neutral species recombination prior to being
delivered to the primary plasma generating region 102. [00037] More
importantly, input parameters that control the dissociation of the
secondary plasma may be controlled independently from input parameters that
are employed to generate the primary plasma. As such, dissociation and
ionization may be tuned in a more decoupled manner, leading to more
efficient process tuning and wider  operating conditions, including process
conditions previously unavailable with prior art chambers whereby the
mechanisms for dissociation and ionization are highly interdependent and
coupled. [00038] In accordance with embodiments of the present invention,
dielectric etching in the augmented plasma processing chamber involves the
use of a secondary feed gas that is different in composition from the
primary feed gas. The inventors herein propose various combinations of
secondary feed gas/primary feed gas for plasma generation in the two
respective plasma generating regions. The dissociated neutral species from
the proposed secondary feed gas may be controlled in a de-coupled manner
from the control mechanisms that govern the generation of the primary
plasma in the primary plasma generating region. [00039] Various unique
combination of secondary feed gas into the secondary plasma generating
region (which may employ a CCP-type mechanism for plasma generation) and
primary feed gas into the primary plasma generating region (which may also
employ a CCP-type mechanism for plasma generation) are discussed below. It
should be understood that in other embodiments, different plasma generation
mechanisms (such as inductively coupled plasma or ECR or microwave) may be
employed for generating the secondary plasma and/or the primary plasma.
There is also no requirement that the same plasma generating
technology/mechanism must be employed for both plasma generating regions.
[00040] In one or more embodiments, the secondary feed gas comprises a
different set of constituent gases when compared to the set of constituent
gases comprising the primary feed gas. In one or more embodiments, the
constituent gases are mutually exclusive in the sense that if a constituent
gas is present in the primary feed gas, that constituent gas is not
employed in the secondary feed gas and vice versa. In other embodiments,
the constituent gases are not mutually exclusive in that a given
constituent gas (such as argon) may be present in both the primary feed gas
and the secondary feed gas. 



[00041] In one or more embodiments, polymer depositing gases such as one or
more of the fluorocarbon gases (e.g., CF4, C4F8, CHF3, etc.) may not be
employed in the  secondary feed gas to avoid a build up of polymer in the
holes or slots employed to transfer the neutral species from the secondary
plasma generating region to the primary plasma generating region. In other
embodiments, polymer depositing gases such as one or more of the
fluorocarbon gases (e.g., CF4, C4F8, CHF3, etc.) may be employed in the
secondary feed gas and any polymer buildup in the holes or slots employed
to transfer the neutral species from the secondary plasma generating region
to the primary plasma generating region may be addressed with cleaning
technologies such as waferless autoclean. [00042] Fig. 2 shows, in
accordance with an embodiment of the present invention, a general method
for performing dielectric etch using the augmented plasma processing
chamber that substantive decouples control over dissociation from control
over ionization of the feed gases. Generally speaking, embodiments of the
invention permit selective dissociation of certain constituent gases and
not others by separating the constituent gases into two different feed
gases: the secondary feed gas that is fed into the secondary plasma
generating region and the primary feed gas that is fed into the primary
plasma generating region. Further, the input parameters that control plasma
generation and/or dissociation in the secondary plasma generating region
are independent from the input parameters that control the plasma
generation in the primary plasma generating region. In this manner, each
plasma may be independently tuned with reduced, minimal, or no influence or
interdependency or coupling of plasma results between the two plasmas when
one plasma is tuned. [00043] With reference to Fig. 2, in step 202, a
secondary feed gas is provided to the secondary plasma generating region.
In step 204, a primary feed gas is provided to the primary plasma
generating region. In step 206, a secondary plasma is generated from the
secondary feed gas. Simultaneously, in step 208, a primary plasma is
generated from the primary feed gas. [00044] During steps 206 and 208,
process conditions (such as higher pressure in the secondary plasma
generating region and/or a processing regime that emphasizes dissociation
in the secondary plasma generating region and a processing regime that
emphasizes ionization in the primary plasma generating region, and the
like) induces the  



migration of reactive neutral species from the secondary plasma in the
secondary plasma generating region into the primary plasma in the primary
plasma generating region. [00045] The dissociation of the secondary feed
gas is independently controlled by a set of input parameters into the
secondary plasma generating region. It is contemplated that the generation
of radical species in the secondary plasma generating region may be tuned
by varying the RF power level (e.g., RF power to the top electrode 132),
the flow rate of secondary feed gas, the secondary feed gas residence time,
and/or the RF frequency employed to generate the secondary plasma. [00046]
The generation of the primary plasma in the primary plasma generating
region is independently controlled by a set of input parameters into the
primary plasma generating region. In this manner, these two plasmas may be
generated and tuned in a decoupled manner. [00047] The dissociated neutral
species from the secondary plasma are then employed to augment the primary
plasma. The augmented plasma in the primary plasma generating region is
then employed to etch the dielectric layer on the wafer surface (step 210).
[00048] In one or more embodiments, fluorocarbon (FC) or hydro fluorocarbon
(HFC) source gases are employed in the primary gas feed mixture, in
combination with H2 as part of the secondary gas feed mixture. These
combinations are shown in Rows 1 and 2 of Table 1 in Fig. 3 and may be
useful in fluorine-based etch applications (e.g., to etch SiOx, SiCOH,
SiN", SiCN, etc.) where the secondary plasma is used to increase the extent
of polymerization in the primary plasma and/or on the substrate surface.
[00049] It is well known that small amounts of H2 added to FC or HFC
mixtures can cause greater plasma polymerization. In accordance with one or
more embodiments, the secondary plasma produces H radicals, which are
transferred to the primary plasma, influencing the degree of polymerization
in a highly decoupled manner in the wafer processing region (i.e., in the
primary plasma generating region). [00050] It is believed that lower fluxes
of H will increase polymerization, and then as H radical flux increases
(e.g., by increasing power or pressure in secondary plasma), eventually the
H radicals will begin to decrease polymerization due to ability of H  



radicals to etch polymer. The expectation is that the effect of the
injected H radicals from the secondary plasma will be qualitatively
different from the simple addition of H2 source gas to the primary gas
mixture. [00051] In one or more embodiments, the combination of Row 1,
Table 1 may be useful for applications such as ARC (anti-reflective
coating) open. The ARC layer may, in some applications, represent for
example bottom ARC, also known as BARC, or silicon-containing ARC, also
known as SiARC. This combination of Row 1, Table 1 may also be useful for
CD (critical dimension) shrink of holes or vias on the substrate surface,
where very low powers (see Power Regime in Row 1 of Table 1) are typically
required to control feature faceting and it is therefore difficult to
generate sufficient polymer. By pre-dissociating the H2 in the secondary
plasma generating region in the case of Row 1 of Table 1, polymer formation
control may be improved independent of ion flux or ion energy level in the
primary plasma generating region. [00052] Alternatively, for general
etching of Si-based materials (Row 2, Table 1), H2 may be input into the
secondary plasma generating region while CF4, CxFy, and/or CH"Fy (with x
and y representing integer values) constituent gases may be input into the
primary plasma region. The power regime for the primary plasma generating
region can be any suitable power regime (see Row 2, Table 1). By
pre-dissociating the H2 in the secondary plasma generating region in the
case of Row 2 of Table 1, an additional independent control knob is
provided for decoupled control of polymer formation. [00053] One benefit of
these embodiments is that the flux of vacuum ultraviolet (VUV) radiation
due to the H2 molecule may be greatly reduced in the wafer processing
region (i.e., the primary plasma generating region immediately above the
substrate surface), compared to the case where H2 is part of the primary
gas mixture, because a large fraction of H2 will be dissociated in the
secondary plasma. This may have benefits at the substrate because
H2-induced VUV radiation is intense and is known to damage low-k dielectric
materials. [00054] For similar reasons, a photoresist strip process in the
presence of low-k dielectric materials can be designed to include the
beneficial H radicals while largely excluding the damaging H2-induced VUV
radiation. H radicals are known to cause less  damage to low-k dielectric
materials than 0 radicals, but ordinarily it is difficult to produce H
without using H2 source gas in the primary gas mixture. In the inventive
case, H2 is part of the secondary gas mixture to form the secondary plasma
to provide injected H radicals but very little H2 into the primary plasma.
The source gases for the primary plasma can include N2 or other fairly
harmless and/or inert gases to sustain the plasma and provide ions for
bombardment, for example. [00055] In the case where it is desirable to
introduce polymerizing chemistries in the secondary plasma, the secondary
gas mixture could include some or all of the constituent polymerizing
constituent gases if desired. In this case, some or all of the polymerizing
gases may be pre-dissociated in the secondary plasma generating region
before entering the primary plasma generating region. For example, a
typical oxide etch chemistry may include C4F8, 02, and Ar. In one or more
embodiments, some or all of the C4F8 and/or some or all of the Ar may be
input into the secondary plasma generating region for pre-dissociation. The
02 may be input into the primary plasma generating region only in this
embodiment. Conversely, in another embodiment, the 02 may be input into the
secondary plasma generating region for pre-dissociation while the C4F8 and
Ar may be input into the primary plasma generating region. 



[00056] Another category of applications is fluorine-based etch
applications (e.g., to etch SiOx, SiCOH, SiNx, SiCN, etc.) where the
secondary plasma is used to decrease the extent of polymerization in the
primary plasma. This is accomplished by selecting fluorocarbon (FC) or
hydro fluorocarbon (HFC) source gases as part of the primary process gas
mixture, in combination with a polymer-retarding gas such as 02, N2, NF3,
etc. as part of the secondary process gas mixture. Common applications
include such dielectric etches that rely on fluorocarbon such as trench
etches, mask open, barrier open, etc. These applications are shown in Row 3
of Table 1 where the power regime for the primary plasma generating region
is low bias. [00057] It is well known that small amounts of 02, N2, NF3
added to FC or HFC mixtures causes decreased plasma polymerization, because
these gases act to etch polymer. In one or more embodiments, the secondary
plasma produces 0, N, F, and/or NF x radicals which are transferred to the
primary plasma, influencing the degree of  polymerization (by influencing
the degree of polymer removal via etchant or oxidizer control) in the
primary plasma with a degree of control and decoupling which would not be
achieved by the prior art by simply adding the polymer-retarding gas to the
primary process gas mixture. [00058] In one or more embodiments, NF3 and Ar
are input into the secondary plasma generating region for pre-dissociation
while fluorocarbon gases and 02 are input into the primary plasma
generating region. In one embodiment, a silicon top electrode is employed
in the secondary plasma generating region and chemically produced SiFx
(e.g., SiF, SiF2, SiF3, SiFa, etc.) from the etch reaction in the secondary
plasma generating region may be injected from the secondary plasma
generating region into the primary plasma generating region. This approach
may permit better and/or more independent control of SiFx injection may be
useful for cell etch applications, for example. [00059] Another category of
applications relies on a different role of the secondary plasma. Instead of
injecting chemically activated radical species, as in the previous
categories, the role of the secondary plasma in these embodiments is to
inject hyper-thermal energetic species such as atoms and molecules in
metastable excited electronic states and molecules in highly excited
vibrational states. These applications are shown in Rows 4 and Row 5 of
Table 1. [00060] For example, He, Ne, Ar, Kr, and/or Xe could be included
in the secondary process gas mixture, in order to inject metastable states
of these atoms into the wafer processing plasma. Alternatively or
additionally, N2 could be included in the secondary process gas mixture
because N2 is known to form appreciable densities of metastables and
vibrationally excited states under typical plasma conditions, with a
relatively low degree of dissociation. These energetic species interact
differently with the primary plasma, as compared to atoms and molecules in
the primary process gas mixture which are introduced in ground electronic
states and thermalized vibrational states. In particular, energetically
excited atoms and molecules have lower ionization thresholds, and will tend
to reduce the electron temperature (Te) of the primary plasma and/or
increase the plasma density.  



[00061] The control parameters of the secondary plasma, including RF power
and pressure, could be used to independently vary the injection of
energetic species into the wafer processing primary plasma. These secondary
control parameters should influence the primary plasma conditions to
produce results that are fairly decoupled from the primary control
parameters. Additionally, the ability to produce a lower electron
temperature primary plasma without sacrificing plasma density should open
up high-ionflux / low-dissociation plasma regimes which are not ordinarily
available with prior art hardware and methods. Applications include high
aspect ratio contact (HARC) etching or cell etching, where the power regime
may be high bias with high density plasma in the primary plasma generating
region. [00062] Another application may involve low damage photoresist
strip (see Row 6 of Table 1) where it is desirable to prevent damage to the
low-K material (such as at sidewalls or bottom of vias) while performing
photoresist strip. In this application, H2 and/or N2 may be input into the
secondary plasma generating region for pre-dissociation to form hydrogen
radicals (which tends not to generate low-K damaging VUV radiation compared
to H2) and/or nitrogen radicals. Further, hydrogen and/or nitrogen radicals
maybe increased without a corresponding increase of ion flux in the primary
plasma generating region. This is advantageous for avoiding damage to the
low-K material as increased ion flux tends to degrade the low-K material.
CO2 may be input into the primary plasma generating region, for example, if
desired. The preferred power regime in the primary plasma generating region
is low bias, in an embodiment. [00063] Another category of applications is
somewhat different in that the only the secondary plasma is powered. An
example of this category of applications is shown in Row 7 of Table 1 and
is useful in situations where full plasma processing is only needed for
some steps of a multi-step processing sequence. In these embodiments, for
certain steps, it would be desirable to process the wafer with a downstream
plasma condition (e.g., downstream strip or downstream etch), such that
activated neutral species such as radicals reach the substrate but there is
no direct plasma contact. This achieves a highly chemical treatment regime
with no ion or electron bombardment from the primary plasma. This process
regime may be useful, for example, to cure polymers (mask hardening), to
defluorinate etched features to prevent metal corrosion in air, or to strip
photoresist, or the like in the same tool that is employed for other
etches. In this manner, the same etch chamber may be employed for both
etching and downstream strip/downstream etch without requiring the use of
another chamber for the downstream strip/downstream etch as would be the
case with prior art hardware. [00064] One or more embodiments of the
invention relate to a simplified migration path for tuning process
parameters in order to achieve target process parameter results. With the
RF power to the secondary plasma generating region turned off and the
secondary feed gas injected into the secondary plasma generating region and
simply allowed to diffuse or migrate into the primary plasma generating
region (or all feed gases inputted into the primary plasma generating
region), the situation is analogous to prior art chamber use scenarios
where all constituent gases are injected into a single plasma generating
region. This provides a convenient and familiar starting point for chamber
operators to start the optimizing process. By turning on the RF power to
the secondary plasma generating region, an independent control knob is
provided for controlling the dissociation of the secondary feed gas in a
manner that is not available in the prior art. The turning on of the RF
power to the secondary plasma generating region provides a gradual
introduction to decoupled process tuning for chamber operators, which
simplifies training due to the incremental versus disruptive nature of the
improved tuning process and the fact that the optimization starts from a
known prior art-like starting point. [00065] As can be appreciated from the
foregoing, embodiments of the invention open up process windows by making
input parameters less coupled in their effects on process results.
Accordingly, tradeoffs between interdependent process results are fewer,
and process tuning may be performed more rapidly to achieve a desired set
of process results since changes targeted for one process result has less
influence on another process result when the process results are more
decoupled. In the dielectric etch applications, the decoupling of
dissociation from ionization permits faster process tuning to achieve high
performance process result targets or permits access to wafer processing
conditions that are unavailable with prior art dielectric etch chambers.
Various combinations of primary and secondary feed gases have been proposed
for improving different etch applications or for different etch effects.  



[00066] Further, embodiments of the invention facilitate incremental
migration to existing process optimization methodology. Tool operators may
start with a current recipe as a starting point by turning off the power to
the secondary plasma generating region and gradually utilize the decoupling
benefits of embodiments of the invention by gradually turning on the power
and/or varying other input parameters to the secondary plasma generating
region. This is a distinct advantage in training and use over more
disruptive approaches, which tend to increase adoption risks for tool
operators. [00067] While this invention has been described in terms of
several preferred embodiments, there are alterations, permutations, and
equivalents, which fall within the scope of this invention. Although
various examples are provided herein, it is intended that these examples be
illustrative and not limiting with respect to the invention. Also, the
title and summary are provided herein for convenience and should not be
used to construe the scope of the claims herein. Further, the abstract is
written in a highly abbreviated form and is provided herein for convenience
and thus should not be employed to construe or limit the overall invention,
which is expressed in the claims. If the term "set" is employed herein,
such term is intended to have its commonly understood mathematical meaning
to cover zero, one, or more than one member. It should also be noted that
there are many alternative ways of implementing the methods and apparatuses
of the present invention. It is therefore intended that the following
appended claims be interpreted as including all such alterations,
permutations, and equivalents as fall within the true spirit and scope of
the present invention.  CLAIMS What is claimed is:  1. A method for etching
a substrate in a plasma processing chamber having at least a primary plasma
generating region and a secondary plasma generating region separated from
said primary plasma generating region by a semi-barrier structure,
comprising: providing a primary feed gas into said primary plasma
generating region;       providing a secondary feed gas into said secondary
plasma generating region, said secondary feed gas being different from said
primary feed gas; 



generating a primary plasma from said primary feed gas; generating a
secondary plasma from said secondary feed gas;       etching said substrate
using at least said primary plasma and neutral species from said secondary
plasma, said neutral species migrating from said secondary plasma
generating region to said primary plasma generating region across said
semi-barrier structure.  2. The method of claim 1 wherein said etching is a
dielectric etch.  3. The method of claim 1 wherein a pressure in said
secondary plasma generating region is greater than a pressure in said
primary plasma generating region.  4. The method of claim 1 wherein said
secondary feed gas is a non-polymer forming gas.  5. The method of claim 1
further comprising setting input parameters for said secondary plasma
generating region to emphasize dissociation of said secondary feed gas,
wherein said secondary feed gas includes H2.  6. The method of claim 5
wherein said primary feed gas includes at least one of CF4, C"Fy, and CH"Fy
where x and y are integer values. 



7. The method of claim 1 further comprising setting input parameters for
said secondary plasma generating region to emphasize dissociation of said
secondary feed gas, wherein said secondary feed gas includes at least one
of 02, N2 and NF3.  8. The method of claim 7 wherein said primary feed gas
includes at least one of argon and a fluorocarbon-containing gas.  9. The
method of claim 1 further comprising setting input parameters for said
secondary plasma generating region to emphasize dissociation of said
secondary feed gas, wherein said secondary feed gas includes at least one
of argon and N2.  10. The method of claim 9 wherein said primary feed gas
includes at least one of argon, 02 and a fluorocarbon-containing gas.  11.
The method of claim 1 further comprising setting input parameters for said
secondary plasma generating region to emphasize dissociation of said
secondary feed gas, wherein said secondary feed gas includes N2.  12. The
method of claim 9 wherein said primary feed gas includes CO2. 13The method
of claim 1 further comprising setting input parameters for said 



secondary plasma generating region to emphasize dissociation of said
secondary feed gas, wherein said secondary feed gas includes H2 and wherein
said primary feed gas includes N2. 14.A method for etching a substrate in a
plasma processing chamber having at least a primary plasma generating
region and a secondary plasma generating region separated from said primary
plasma generating region by a semi-barrier structure, comprising: providing
a primary feed gas into said primary plasma generating region;
providing a secondary feed gas into said secondary plasma generating
region, said secondary feed gas being different from said primary feed gas;
generating a primary plasma from said primary feed gas; 



generating a secondary plasma from said secondary feed gas;       etching
said substrate using at least said primary plasma and neutral species from
said secondary plasma, said neutral species migrating from said secondary
plasma generating region to said primary plasma generating region across
said barrier structure;       thereafter turning off a power source to said
primary plasma generating region, thereby inhibiting formation of said
primary plasma;       providing another secondary feed gas into said
secondary plasma generating region to generate another secondary plasma;
thereafter performing downstream plasma processing on said substrate using
species from said another secondary plasma after said species from said
another secondary plasma migrates across said barrier structure.  15. The
method of claim 14 wherein said etching represents a dielectric etch. 16.
The method of claim 15 wherein said another secondary feed gas includes H2.
17. The method of claim 14 further comprising setting input parameters for
said secondary plasma generating region to emphasize dissociation of at
least one of said secondary feed gas and said another secondary feed gas. 



18. The method of claim 14 wherein said downstream plasma processing
represents deflourination.  19. A method for etching a substrate in a
plasma processing chamber having at least a primary plasma generating
region and a secondary plasma generating region separated from said primary
plasma generating region by a semi-barrier structure, comprising: providing
a primary feed gas into said primary plasma generating region;
providing a secondary feed gas into said secondary plasma generating
region, said secondary feed gas being different from said primary feed gas;
generating a primary plasma from said primary feed gas, said generating
said primary plasma employing a capacitively coupling mechanism; generating
a secondary plasma from said secondary feed gas;       etching said
substrate using at least said primary plasma and neutral species from said
secondary plasma, said neutral species migrating from said secondary plasma
generating region to said primary plasma generating region across said
semi-barrier structure. 



20. The method of claim 19 wherein said generating said secondary plasma
employing a capacitively coupling mechanism.  21. The method of claim 19
wherein said semi-barrier structure includes a set of holes, each hole in
said set of holes having a high aspect ratio configured to inhibit the
formation of a plasma in said each hole. 






