ATOMIC LAYER ETCHING USING METASTABLES FORMED FROM AN INERT
GAS

BACKGROUND OF THE INVENTION
[0001] Atomic layer etching is a technique known in the art to perform critical etching with
very fine precision for semiconductor device manufacture. In atomic layer etching, etching is
performed on a thin layer while attempting to avoid undue sub-surface damage or undesirable
modifications. Atomic layer etching may be performed to etch a very thin layer that overlays
another critical layer, for example. Atomic layer etching may also be employed, for example, at
. the end of a bulk etch step while attempting to clear a layer while ensuring that the etching of the
thin remaining layer does not result in damage to the underlying layer and/or underlying
structures.
[0002] To elaborate, it is known that etching using plasma has the potential of inducing the
aforementioned sub-surface damage or modification to the underlying structures and/or
underlying layer. Loss of silicon below the gate dielectric during plasma etching is an example
of sub-surface loss, i.e. Si recess occuring during gate etch even though thin gate dielectric
(commonly Si02) is present. In some situations, plasma etching with ion energies greater than
100 eV has been known to induce damage to about 20-40 Angstroms depth below the surface.
Thus with typical gate oxide thickness around 10 angstroms, it is common to observe Si recess of
about 10-20 angstroms post gate etch.
[0003] The present invention relates to improves apparatuses and methods for performing
atomic layer etching in semiconductor device manufacture.

SUMMARY OF THE INVENTION

[0004] The invention relates, in an embodiment, to a method for etching a layer on a
substrate in a semiconductor processing chamber. The method includes introducing a first gas
into the chamber, which is an etchant gas suitable for etching the layer. The method also
includes allowing the first gas to be present in the chamber for a period of time sufficient to
cause adsorption of at least some of the first gas into the layer. The method further includes
substantially replacing the first gas in the chamber with an inert gas. The method moreover
includes generating metastables from the inert gas and etching the layer with the metastables.
[0005] The above summary relates to only one of the many embodiments of the invention

disclosed herein and is not intended to limit the scope of the invention, which is set forth in the



claims herein. These and other features of the present invention will be described in more detail
below in the detailed description of the invention and in conjunction with the following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006]  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:
[0007] Fig. | shows an example substrate processing chamber suitable for performing atomic
layer etching in accordance with one or more embodiments of the invention.
[0008] Fig. 2 shows an example the separating plate structure and the optional collimator
plate in accordance with one or more embodiments of the invention.
{0009] Fig. 3 shows an example of directional etching with metastables in accordance with
one or more embodiments of the invention.
[00010] Fig. 4 shows, in accordance with an embodiment of the present invention, the steps
for performing atomic layer etching. '

DETAILED DESCRIPTION OF EMBODIMENTS
[00011] 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. [t 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.
[00012] 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, opto-magnetic, 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.

[00013] Embodiments of the invention relate to apparatuses and methods for performing
atomic layer etching on a layer of a substrate (such as a semiconductor wafer or a flat panel). In
one or more embodiments, an etchant source gas that is suitable for etching the substrate layer is
introduced into the semiconductor processing chamber. To etch a Si layer, for example, the
etchant gas may be one of or a mixture of Cly, HCI, CHF;, CH,F», CH;F, Ha, BCl3, SiCls, Bra,
HBr, NF;, CF4, SFs, O3, SO,, COS, etc.. The etchant gas is allowed to be present in the chamber
for a sufficient amount of time to permit at least some of the etchant gas material to be adsorbed
into the layer to be etched. Subsequently, the etchant gas is réplaced by an inert gas (such as one
of or a mixture of Ar, He, Kr, Ne, Xe, etc.). Metastables are then formed from the inert gas to
perform atomic layer etch on the substrate layer. The cycle may be repeated more than once
until atomic layer etching is completed.

[00014]  In one or more embodiments, the metastables are formed by igniting a plasma out of
the inert gas in a plasma generating region of the chamber. Metastables then migrate from the
plasma generated in the plasma generating region through holes in a separating plate to contact
the substrate layer. The energetic plasma ions are, however, prevented from contacting the
surface of the wafer to minimize unintentional etching and/or sub-surface damage and/or
modifications of the underlying layer. During atomic layer etching, the substrate is disposed in
the wafer processing region of the chamber and on a chuck. Upon contacting the substrate layer
surface, the metastables are de-excited, and in the process, give up their electronic energy to
cause surface reactions at the adsorbed substrate surface, thereby etching the substrate surface.
Since the directed energy of metastables tends to be much lower (e.g., about 0.025 eV for argon
metastables) than the 100-1000 eV of energy of energetic ions of the plasma, damage is
substantially minimized when etching using a combination of inert gas metastables and adsorbed
layer.

[00015] In one or more embodiments, the aforementioned separating plate is a multi-plate
structure with the plates electrically insulated from one another. In one or more embodiments of
the invention, at least one of the plates of the multi-plate assembly is biased to repel the ions

emanating from the plasma. Each of the plates of the multi-plate assembly has through-holes to
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permit metastables to traverse through from the plasma generating region to the wafer processing
region. The through-holes of the plates may be aligned in one embodiment or may be slightly
offset if desired. The through holes of the separating plate are sized to substantially prevent
energetic plasma species from traversing the separating plate and from reaching the substrate
surface.

[00016] In one or more embodiments, a collimator plate is disposed between the separating
plate and the substrate to collimate the metastables, thereby allowing only substantially
directional metastables to reach the substrate surface to render the etch more anisotropic, i.e., in
the vertical direction that is perpendicular to the substrate plane. The collimator plate may
include through-holes and may be grounded or biased as desired.

[00017]  To prevent non-uniform etching of the surface due to the hole pattern(s) of the
separation plate and/or the collimator plate, the separation plate and/or the collimator plate may
be moved relative to the substrate (or vice versa). The relative lateral movement of the
separation plate and/or the collimator plate and/or the wafer & wafer chuck assembly has the
effect of preventing the through-hole patterns of the separation plate or the collimator plate from
being imprinted only on certain areas of the substrate surface.

[00018]  One or more embodiments of the invention cover the methods for performing the
atomic layer etch as described herein. One or more embodiments of the invention cover the
substrate processing system and/or substrate processing chamber having the hardware described
herein and may also include logic (which may be implemented via dedicated logic circuits,
programmable logic circuits, and/or by a microprocessor/microcontroller/computer controlled by
computer readable code embodied in a computer readable medium and/or transmitted to the
microprocessor/microcontroller/computer for execution as digital signals over a bus or a digital
network (including a local area network and/or the internet).

[00019]  The features and advantages of embodiments of the invention may be understood
with reference to the figures and discussions that follow.

(00020] Embodiments of the invention employ metastables of one or more inert gases to
activate surface reactions with reactant (e.g., halogen) that has been adsorbed in the substrate
layer (e.g., a Si layer). Although the Si layer is employed as an example herein, it should be
understood that any layer may be etched using the atomic etch technique of embodiments of the
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(e.g., one of or a mixture of Cl,, HCI, CHF;, CH,F,, CH;F, H,, BCl;, SiCly, Br,, HBr, NF;, CFy,
SF¢, Oz, SO,, COS, etc.). In one or more embodiments, the substrate processing chamber may
be filled with an etchant gas or a mixture of etchant gases for a short time (about 0.05 seconds to
about 180 seconds) to allow the etchant gas molecules to adsorb on the substrate surface. In one
or more embodiments, the substrate processing chamber may be filled with an etchant gas or a
mixture of etchant gases for about 0.25 seconds to about 5 seconds to allow the etchant gas
molecules to adsorb on the substrate surface.

[00021] Fig. I shows, in accordance with an embodiment of the invention, an example
substrate processing chamber including a chuck 102 on which a substrate 104 (such as a wafer)
is disposed. Either gas inlet 106 or 108a/108b or both inlets 106 and 108a/108b may be used to
inject the gases into the chamber. In one or more embodiments, inert gas(es) such as one of or a
mixture of Ar, He, Kr, Ne, Xe, etc. is injected into plasma generating region 1 10 via gas inlet
106 while etchant gases are introduced into substrate processing region 112 via gas inlet
108a/108b to ensure etchant gases do not enter plasma generating region 110. In this situation,
it is preferable that the pressure in plasma generating region 110 is at least equal to or exceeds
the pressure in substrate processing region 112. Plasma generating region 110 is separated from
substrate processing region |12 at least by a separating plate structure 130 (and optionally by a
collimator plate as will be discussed later herein).

[00022 In the next step, after the etchant gas has had sufficient time to adsorb on the substrate
surface, the etchant gas is evacuated by chamber exhaust pump 120a/120b. This may be done in
conjunction with introduction of inert gas(es) into plasma generating region 110 via gas inlet
106. If etchant gas evacuation is done without concurrent inert gas flow, the next step may
involve flowing inert gas(es) into plasma generating region 110 through gas inlet 106.

[00023] Upon substantially replacing the etchant gas from the chamber with inert gas, inert
gas plasma is generated in the plasma chamber and more specifically in plasma generating region
110. In one embodiment, the etchant gas is said to be substantially replaced by the inert gas if at
least 80% of the etchant gas is replaced with the inert gas. In one embodiment, the etchant gas is
said to be substantially replaced by the inert gas if at least 90% of the etchant gas is replaced
with the inert gas. In one embodiment, the etchant gas is said to be substantially replaced by the
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etchant gas is said to be substantially replaced by the inert gas if at least 99% of the etchant gas is
replaced with the inert gas.

[00024] Metastable species generated in the plasma transit through the separation plate
structure 130 into substrate processing region 112. Pressure in substrate processing region 112
may be controlled using, for example, the turbo molecular pump, a pressure control valve, the
design of the separation plate and the inert gas flow.

[00025]  In one or more embodiments, it is desirable to keep the pressure in the substrate
processing region to <10 mTorr such that a significant fraction of metastables entering the wafer
processing region are able to impact the substrate without getting quenched through gas phase
collisions in the wafer processing chamber. In one embodiment, the distance between the
separation plate and the substrate may be maintained between about Icm and 25 cm, for
example.

[00026]  The plasma source for generating the metastables can be selected from various
technologies, including inductively coupled plasma (ICP), capacitively coupled plasma, an array
of Hollow cathode discharges, microwave plasma or electron cyclotron resonance (ECR) plasma
or any other suitable plasma source technology.

[00027] Fig. | also shows an inductively coupled plasma source 150, representing the antenna
for inductively coupling RF energy with the plasma generated in the plasma generating region
110. In a preferred embodiment, ICP (Inductively Coupled Plasma) or ECR (Electron Cyclotron
Resonance) plasma sources may be employed due to their ability to generate high density
plasmas at low pressures. In one or more embodiments, the pressure in plasma generating region
110 is between about 0.5 mTorr and about 100 mTorr.

[00028] Separating plate structure 130 is designed to act as a grounded surface to linut the
amount of plasma leaking through the holes in the separating plate(s) by substantially preventing
plasma charged species from reaching the substrate. In one embodiment, the separating plate
structure is said to substantially prevent plasma charged species from reaching the substrate 1f at
least 60% of the plasma charged species that would have otherwise reached the substrate surface
is prevented from reaching the substrate by the separating plate structure. In one embodiment,
the separating plate structure is said to substantially prevent plasma charged species from
reaching the substrate if at least 80% of the plasma charged species that would have otherwise

reached the substrate surface is prevented from reaching the substrate by the separating plate



structure. In one embodiment, the separating plate structure is said to substantially prevent
plasma charged species from reaching the substrate if at least 95% of the plasma charged species
that would have otherwise reached the substrate surface is prevented from reaching the substrate
by the separating plate structure. In one embodiment, the separating plate structure is said to
substantially prevent plasma charged species from reaching the substrate if at least 99% of the
plasma charged species that would have otherwise reached the substrate surface is prevented
from reaching the substrate by the separating plate structure.

[00029] The plate(s) of separating plate structure 130 may be fabricated out of metals (e.g.,
aluminum or stainless steel or a similarly suitable material) or metals coated with films (e.g.,
anodized aluminum, aluminum coated with Y203, YF3, CeO2, Si, TiN). The thickness of the
separation plate may be between | mm and 25 mm, in one or more embodiments. The diameter
of the holes in the separation plate may be chosen to minimize or substantially prevent plasma
leakage through the holes, and may be between 20 um and 5 mm in one or more embodiments.
[00030] In one or more embodiments, separation plate structure 202 is a multi-layer structure
(as shown in Fig. 2 in accordance with an embodiment of the invention) whereby two conductive
plates 204 and 206 are separated by an insulating layer 208 so as to be electrically insulated from
one another. Top plate 204 is in contact with the plasma in plasma generating region 200 and is
electrically grounded. Bottom plate 206 may be biased with a small DC voltage to repel the ions
emanating from the plasma. The applied bias voltage on bottom plate 206 may be greater than
the plasma potential to prevent majority of the ions from reaching substrate processing region
210 above substrate 228. The applied voltage on bottom plate 206 may be between about 10V
and about SOV, in one or more embodiments.

[00031] In one or more embodiments, a collimator plate 226 in the form of, for example, a
mesh, maybe disposed between separation plate structure 202 and substrate 228 to repel any
plasma charged species transiting through separating plate structure 202 from reaching substrate
228. Collimator plate 226 may be biased to repel the plasma charged species or may be
grounded, if desired. In another embodiment, substrate 228 may be biased positive relative to
the plasma potential to prevent plasma charged species from reaching substrate 228.

[00032]  Separation plate structure 202 also acts to collimate the neutral beam emanating
towards substrate 228. By maintaining the pressure below 10 mTorr, preferably < 1 mTorr over

substrate 228, in one or more embodiments, collisions between gas emanating from separation



plate structure 202 and the gas in substrate processing region 210 above wafer 228 is minimized
since the neutral mean free path at | mTorr is around 25 cm. This ensures that the metastables
arrive at the surface of wafer 228 without any significant collisions during the transit from
separating plate structure 202 to substrate 228.

[00033] Embodiments of the invention employ a flux of inert metastable atoms arriving on the
wafer surface that is already adsorbed and/or saturated with reaction species (e.g., halogens).
Metastable atoms carry significant electronic energy to the wafer to induce chemical reactions.
Ar metastable atoms (Ar*, wherein the *“*” denotes a metastable form) carry, for example,
around 11.7 eV energy. This energy is delivered to the wafer surface when Ar* atoms interact
with the surface.

[00034]  Since Ar* atoms travel at close to the thermal gas velocity (0.025 eV), metastable
atoms impart a much smaller momentum and bombardment to the surface compared to energetic
ions (100-1000 eV). which are typically used in etching plasmas. It is respectfully submitted that
Ar* atoms are substantially incapable of causing surface damage upon impact on the wafer, in
many cases.

[00035] To achieve highly directed etching, the beam of Ar and Ar* atoms can be further
collimated using another perforated plate as shown in Fig. 2. In this embodiment, a collimator
plate 226 with substantially the same hole pattern as that of separation plate(s) 204 and 206 is
placed a small distance away from separation plate structure 202. Collimator plate 226 is aligned
such that Ar* traveling along the axis of the separation plate (i.e., perpendicular to the separation
plate plane) toward substrate 228 have line of sight to the wafer.from the plasma in the plasma
generating region.

[00036] More generally, Ar* travelling only in a cone with a small angle (preferably less than
+/- 3 degrees and more preferably less than +/- 0.5 degree) relative to this vertical axis (defined
as the axis perpendicular to the separating plate plane) can pass through collimator plate 226
without any collisions with collimator plate 226. These Ar* atoms are shown by arrows 230 and
232. All other Ar* atoms (240 and 242)' travelling at a higher angle relative to the vertical axis
suffer collisions with the collimator plate and are de-excited , thereby turning into Ar ground
state upon collision. This scheme allows for a vertically directed flux ofAf* to impinge on the

wafer surface (along with Ar atoms) to create a more vertical, more anisotropic etch.



[00037] The directed flux of Ar* atoms impinges on the features dosed or adsorbed with
etchants as mentioned earlier. The Ar* atoms impart the electronic energy to the surface,
inducing chemical reactions that result in, for example, etching of the surface at the bottom of the
feature, but not on the sidewalls. Upon complete exhaustion of etchants on the surface through
Ar* induced etching (or Ar* induced desorption), the etch reaction stops. Since the momentum
transfer from the beam of Ar and Ar® impacting the surface is extremely small, substantially no
damage occurs to the surface. Fig. 3 shows this vertical etching aspect due to the fact that only
vertically directed Ar* atoms impinge on the bottom 302 of feature 304 but not on sidewalls 306
and 308 of feature 304.

[00038] To prevent non-uniform etching of the surface layer due to the hole pattern(s) of
separation plate structure 202 and/or collimator plate 226, separation plate structure 202 and/or
collimator plate 226 may be moved relative to substrate 228 (or vice versa). The relative lateral
movement of separation plate structure 202 and/or collimator plate 226 and/or the wafer & wafer
chuck assembly has the effect of preventing the through-hole patterns of separation plate
structure 202 or collimator plate 226 from being imprinted only on given areas of the substrate
surface.

[00039] Generally speaking, the relative lateral movement of separation plate structure 202
and/or collimator plate 226 and/or the wafer & wafer chuck assembly should be sufficient large
to ensure a time-average uniform flux of Ar* at all relevant locations on the wafer. In general,
the lateral movement amplitude may be at least as large as the distance between the holes in the
separation plate, preferably 2x the distance between the holes in the separation plate in one or
more embodiments.

[00040] Fig. 4 shows. in accordance with an embodiment of the present invention, the steps
for performing atomic layer etching. In step 402, the chamber and more particularly the chamber
region above the wafer is filled with an etchant source gaé to promote adsorption of etchant gas
molecules at the substrate surface. In step 404, the etchant gas is evacuated from the chamber
and replaced with an inert gas (step 406). The inert gas is then excited and ignited to form a
plasma in the plasma generating region to generate metastables (step 408).

[00041] As mentioned, the inert gas metastables are employed to etch the substrate layer by
inducing a surface reaction at the adsorbed surface of the substrate. A separating plate structure

may be employed to prevent the energetic species of the plasma from contacting the substrate



surface, thereby minimizing damage or undue etching of the substrate surface. If desired, a
collimator plate may also be employed to further promote etch directionality, resulting in a
highly anisotropic etch.

[00042] To prevent non-uniform etching of the surface layer due to the hole pattern of the
separation plate structure and/or the collimator plate, the separation plate and/or the collimator
plate may be moved, in step 410, laterally relative to the substrate (or vice versa). The moving
may be performed by a suitable actuator arrangement (which may include a motor and optionally
associated gearing), for example.

[00043]  As can be appreciated from the foregoing, embodiments of the invention employ
metastables of an inert gas to activate surface reactions with a substrate layer that has been
adsorbed with etchant molecules. By employing the electronic energy of metastables to perform
the etch on the substrate’s adsorbed surface layer and by preventing the plasma species from
bombarding the substrate surface during the atomic layer etch, embodiments of the invention
advantageously avoids the bombardment damage caused by energetic species of plasmas when
etching highly delicate layers and/or when performing critical atomic layer etches.

[00044]  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.
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. The invention should be
understood to also encompass these alterations, permutations, and equivalents. It should also be
noted that there are many alternative ways of implementing the' methods and apparatuses of the
present invention. Although various examples are provided herein, it is intended that these

examples be illustrative and not limiting with respect to the invention.
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CLAIMS

1. A method for etching a layer on a substrate in a semiconductor processing
chamber, comprising:
introducing a first gas into said chamber, said first gas being an etchant
gas suitable for etching said layer;
allowing said first gas to be present in said chamber for a period of time
sufficient to cause adsorption of at least some of said first gas into said layer;
substantially replacing said first gas in said chamber with an inert gas;
generating metastables by forming a plasma from said inert gas;
allowing the metastables to traverse a separating plate structure while
migrating from said plasma to said layer, the separating plate structure having
a plurality of holes configured to substantially prevent migration of plasma
charged species to said layer; and
etching said layer with said metastables;
wherein said separating plate structure comprises of at least two plates
that are arranged parallel to the substrate and that are electrically insulated
from one another, said two plates having different voltage potentials during
said etching.

2. The method of claim 1 wherein said metastables also traverse a collimator
plate while migrating from said plasma to said layer, wherein said collimator plate is
disposed between said substrate and said separating plate structure.

3. The method of claim 1 further comprising moving at least one of said
separating plate structure and said substrate relative to one another during said
etching with said metastables.

4. The method of claim 1 wherein said etchant gas contains at least a halogen
and said layer contains Si.

5. The method of claim 1 wherein said period of time is between about 0.05
second to about 180 seconds.
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6. The method of claim 1 wherein said generating said metastables is performed
after at least about 80% of said first gas in said chamber is replaced with said inert

gas.

7. A substrate processing system having a substrate processing chamber for
etching a layer on a substrate, comprising:
a chuck upon which said substrate is disposed during said etching;
a separating plate structure separating said chamber into a plasma
generating region and a substrate processing region;
a plasma source for generating a plasma in said plasma generating
region; and

logic for:

introducing a first gas into said chamber, said first gas being an
etchant gas suitable for etching said layer,

allowing said first gas to be present in said chamber for a period
of time sufficient to cause adsorption of at least some of said first gas
into said layer,

substantially replacing said first gas in said chamber with an
inert gas,

generating metastables by forming the plasma in said plasma
generating region from said inert gas,

allowing the metastables to traverse the separating plate
structure while migrating from said plasma to said layer, the separating
plate structure having a plurality of holes configured to substantially
prevent migration of plasma charged species to said layer; and

etching said layer with said metastables:

wherein said separating plate structure comprises of at least two
plates that are arranged parallel to said substrate and that are
electrically insulated from one another, said two plates having different
voltage potentials during said etching.

8. The substrate processing system of claim 7 further comprising a collimator
plate, wherein said metastables also traverse said collimator plate while migrating
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from said plasma to said layer, wherein said collimator plate is disposed between

said substrate and said separating plate structure.

9. The substrate processing system of claim 7 further comprising actuating
arrangement for moving at least one of said separating plate structure and said
substrate relative to one another during said etching with said metastables.

10.  The substrate processing system of claim 7 wherein said etchant gas contains
at least a halogen and said layer contains Si.

11. The substrate processing system of claim 7 wherein said period of time is
between about 0.05 second to about 180 seconds.

12.  The substrate processing system of claim 7 wherein said generating said
metastables is performed after at least about 90% of said first gas in said chamber is

replaced with said inert gas.

13. A substrate processing system having a substrate processing chamber for
etching a layer on a substrate, said substrate processing chamber having a plasma
generating region and a substrate processing region, said plasma generating region
being separated from said substrate processing region by a separating plate
structure, comprising:
a plasma source for generating a plasma in said plasma generating
region; and
logic for:
introducing a first gas into said substrate processing region of
said chamber, said first gas being an etchant gas suitable for etching
said layer,
allowing said first gas to be present in said substrate processing
region of said chamber for a period of time sufficient to cause
adsorption of at least some of said first gas into said layer while
maintaining a pressure of said inert gas in said plasma generating
region is greater than a pressure of said etchant gas in said substrate
processing region,
13
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replacing at least 80% of said first gas in said substrate
processing region of said chamber with said inert gas after said period
of time expires,

generating the plasma in said plasma generating region of said
chamber to generate metastables from said inert gas,

allowing the metastables to traverse the separating plate
structure while migrating from said plasma to said layer, the separating
plate structure having a plurality of holes configured to substantially
prevent migration of plasma charged species to said layer; and

etching said layer with said metastables while maintaining a
pressure in said substrate processing region below 10 mTorr;

wherein said separating plate structure comprises of at least two
plates that are arranged parallel to said substrate and that are
electrically insulated from one another, said two plates having different

voltage potentials during said etching.

14.  The substrate processing system of claim 13 wherein said metastables also
traverse a collimator plate while migrating from said plasma to said layer, wherein
said collimator plate is disposed between said substrate and said separating plate

structure.

15. The substrate processing system of claim 13 wherein said separating plate
structure is configured for preventing migration of at least 60% of plasma charged
species generated in said plasma generating region from reaching said layer.
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