
IMPACT-MODIFIEDPOLYAMIDE COMPOUNDS Claim of Priority
This application claims priority from U.S. Provisional
Patent Application Serial Number 60/612,376 bearing
Attorney Docket Number 12004009 and filed on September
23, 2004 and also from U. S. Provisional Patent
Application Serial Number 60/689,770 bearing Attorney
Docket Number 12005005 and filed on June 10, 2005.
Field of the Invention This invention relates to
toughened polyamide-based compounds with balanced
properties, such as high stiffness, ductility,
chemical resistance and low specific gravity.
Background of the Invention Impact modification of
polymers is well known. For example, European Patent
Publication EP12071 72A2 discloses an improved impact
modifier for blends of polyester with other polymers,
including polycarbonate, wherein the impact modifier
itself is a compound of a core/shell additive and a
linear copolymer of olefin, alkyl acrylate, and
glycidyl methacrylate monomers. Reinforcement of
polymers with organoclays (also known as intercalated
nanoclays) is also well-known, for example, using
organic polymers, such as polyamide, and exfoliated
layered silicate are well known. These composites are
generally prepared by (1) melt blending process of
treated a montmorillonite clay with polyamide under
shear mixing conditions sufficient to allow the
intercalated clay layers uniformly dispersed within
the polymer matrix or (2) in-situ polymerization (U.S.
Pat. No. 4,472,538) of caprolactam in the presence of
the treated nanoclay. Nylon nanocomposites containing
exfoliated clay generally exhibit enhanced strength
characteristics, such as flexural modulus,heat
distortion temperature and tensile strength. However,
while addition of the clay improves stiffness, it is
also reduces already poor impact strength of nylon.
Summary of the Invention What is needed is impact
modification for polyamide and compounds containing
polyamide. It is also desirable to incorporate an
impact modifier in such polyamide compounds, whenever
a combination of high impact and high stiffness is
necessary, e.g. industrial parts such as external
vehicle components, thin wall applications.
Preferably, the polyamide-based compound also contains
organoclay particles for reinforcement. There is a
need to produce polyamide-based compounds which have
good impact properties, smooth surface finishes,
weatherability, scratch resistance, solvent
resistance, and a balance of flexural modulus, heat
distortion temperature, and impact properties. The
present invention provides use of a new impact
modifier that enhances impact properties throughout
service temperatures for polyamides, compound without
compromising heat distortion temperature or flexural
modulus properties. The new impact modifier is a
triblock copolymer of a hardsoft- hard configuration,
which permits it to respond to both low and high 



temperature conditions with good impact properties.
The new impact modifier is used , in combination with
a compatibilizer selected from (a) thermoplastic
elastomers such as Kraton brand
styrene/ethylene-butylene/styrene triblock copolymers;
or (b) Lotader MAH brand terpolymers based on random
ethylene/acrylic ester/maleic anhydride terpolymers
produced by high pressure polymerization process, or
(c) combinations thereof. One aspect of the present
invention is a polyamide compound, comprising (a) a
polyamide; (b) a tri-block copolymer of an aromatic
monomer, an olefin monomer, and an alkyl
(meth)acrylate monomer; and (c) a compatibilizer
selected from the group consisting of thermoplastic
elastomers,such as Kraton brand
styrene/ethylene-butylene/styrene triblock copolymers;
Lotader MAH brand terpolymers based on random
ethylene/acrylic ester/maleic anhydride terpolymers,
and combinations thereof. Another aspect of the
present invention is a polyamide compound, comprising
(a) a polyamide; (b) a tri-block copolymer of an
aromatic monomer, an olefin monomer, and an alkyl
(meth)acrylate monomer; (c) a compatibilizer selected
from the group consisting of thermoplastic elastomers,
maleic anhydride terpolymers, and combinations
thereof; and (d) organoclay particles. One feature of
the compounds of the present invention is good impact
properties at service temperatures without
compromising other physical properties otherwise
present, e.g., flexural modulus, tensile strength, and
heat distortion temperature. An advantage of the
compounds of the present invention is that a single
compound can be used as parts for a machine that
requires service temperatures ranging from about -400C
to 70C, even though certain parts have different
temperature requirements within that range. For
example, in an exterior automotive application, the
same part can function predictably notwithstanding its
use in Alaska in the winter and Arizona in the summer.
Moreover, a part designed to be adjacent a heat source
can function even in a very cold environment, for
example, a snow blower engine housing. Another
advantage of the compounds of the present invention is
that the compound can be pigmented according to design
choice of the manufacturer with an excellent surface
finish. Other features and advantages will be revealed
in the discussion of the embodiments below.
Embodiments of the Invention Thermoplastic Polymers to
be Impact Modified The thermoplastic polymers can be
one or a number of polyamides, (nylons) comprise
crystalline or resinous, high molecular weight solid
polymersincluding copolymers and terpolymers having
recurring amide units within the polymer chain.
Polyamides may be prepared by polymerization of one or
more epsilon lactams such as caprolactam, pyrrolidone,
lauryllactam and aminoundecanoic lactam, or amino
acid, or by condensation of dibasic acids and
diamines. 



Non-limiting examples of polyamides homopolymers and
copolymers are polycaprolactam (nylon 6),
poly(hexamethylene adipamide) (nylon 6,6),
poly(hexamethylene sebacamide) (nylon 6, 10),
poly(ll-aminondecanoic acid) (nylon 11),
poly(12-aminododecanoic acid) (nylon 12) and the like.
Polyamide resin suitable for practice of the present
invention may be used singly; as a blends of two or
more aliphatic polyamides; in combination with resins
containing nitrogen, oxygen, halogen, sulfur or other
groups capable of interacting with an aromatic
functional groups such as halogen or acidic groups.
The polyamide resin may also be blended with one or
more suitable thermoplastic resins. Suitable
thermoplastic resins include resins selected from the
group consisting of polyolefms, polyimides,
polycarbonates, polyesters, polysulfones,
polylactones, polyacetals,
acrylonitrile-butadiene-styrene resins (ABS),
polyphenyleneoxide (PPO), polyphenylene sulfide (PPS),
polystyrene, styreneacrylonitrile resins (SAN),
styrene maleic anhydride resins (SMA), aromatic
polyketones (PEEK, PED, and PEKK) and mixtures
thereof. The amount of thermoplastic polymer in the
compound can range from about 50 to about 95, and
preferably from about 60 to about 80 weight percent of
the compound. Triblock Copolymer Impact Modifier
Departing from the prior art, the compounds of the
present invention contain a new impact modifier,
tri-block copolymers constructed of three linear
chains covalently bonded to one another. The three
blocks are an aromatic monomer, an olefin monomer, and
an alkyl (meth)acrylate monomer.As presently known,
the only commercially available tri-block copolymers
useful as impact modifiers use styrene. The relative
contribution of the aromatic monomer to the tri-block
copolymer ranges from about 20 to about 55, and
preferably from about 33 to about 46 weight percent of
the copolymer. Non-limiting examples of the olefin
monomer are alkyl monomers having four carbon atoms:
butylene, and butadiene. Butadiene is preferred
because of its low glass transition temperature
(-850C), its heat stability, and its better affinity
with fillers such as carbon black. The relative
contribution of the olefin monomer to the tri-block
copolymer ranges from about 7 to about 40, and
preferably from about 14 to about 33 weight percent.
Non-limiting examples of the alkyl (meth)acrylate
monomer include tert-butylmethacrylate and
methylmethacrylate, with mostly syndiotactic
methylmethacrylate being preferred due to a high glass
transition temperature (135C), better miscibility with
some polymers such as PC and PVC, and increased heat
stability. The relative contribution of the alkyl
(meth)acrylate monomer to the triblock copolymer
ranges from about 20 to about 55, and preferably from
about 20 to about 33 weight percent. 



Such tri-block copolymers are commercially available
such as the styrene-butadiene-methylmethacrylate
family of products commercially available as "SBM"
from Arkema Chemicals, Inc. of Philadelphia, PA'.
Additional information about these tri-block
copolymers can be found in PCT Patent Publication
WO99/29772, in which they are identified as ABC block
copolymers. Such tri-block copolymer impact modifier
can be included in the compound of the present
invention in an amount from about 3 to about 25, and
preferably from about 5 to about 20 weight percent of
the compound. Mostpreferably, the amount is about 5 to
about 15 weight percent of the compound. Not being
limited to a particular theory, one advantage of using
SBM tri-block copolymer as an impact modifier is that
the copolymer imposes a structuralization in the
polymer matrix with formation of core-shell type of
particles. Blended with compatible polymers, SBM
tri-block copolymer imposes a nanostructuralization to
compatible thermoplastic matrixes yielding a
combination such properties as high impact strength,
rigidity and elevated HDT. Because none of the blocks
of the SBM tri-block copolymer are compatible with
polyamide, addition of suitable reactive
compatibilizer is important to achieve high
performance. Compatibilizer The compatibilizer of the
present invention is selected from the group
consisting of thermoplastic elastomers, maleic
anhydride terpolymers, and combinations thereof. The
thermoplastic elastomer can be a rubber-modified graft
copolymer, such as a styrenic block copolymer.
Styrenic block copolymers are well known as having a
styrenic end blocks and olefinic midblocks. The
combination of styrenic and olefmic blocks provides a
non-crosslinked thermoplastic elastomer polymer.
Commercially available styrenic block copolymers are
Kraton brand copolymers from Kraton Company. Among the
commercial offerings are Kraton G, Kraton D5Kraton FG,
and Kraton A copolymers. Preferably, Kraton FG 190IX
brand styrene/ethylene-butene-1/styrene triblock
copolymer rubber modified with maleic anhydride
copolymer can be used. Alternatively or additionally,
a terpolymer of olefmic monomer, acrylate monomer, and
maleic anhydride can be used as the compatibilizer.
Preferably, Lotader MAH brand random ethylene/acrylic
ester/maleic anhydride terpolymers from Arkema can be
used. These terpolymers are produced by a high
pressure polymerization process.The compatibilizer can
be included in the compound of the present invention
in an amount from about 1 to about 20, and preferably
from about 5 to about 18 weight percent of the
compound. Optional Organoclay Organoclay is obtained
from nanoclay. Nanoclay is a clay from the smectite
family. Smectites have a unique morphology, featuring
one dimension in the nanometer range. Montmorillonite
clay is the most common 



member of the smectite clay family. The
montmorillonite clay particle is often called a
platelet, meaning a sheet-like structure where the
dimensions in two directions far exceed the particle's
thickness. Nanoclay becomes commercially significant
if intercalated with an organic intercalant to become
an organoclay. An intercalate is a clay-chemical
complex wherein the clay gallery spacing has
increased, due to the process of surface modification
by an intercalant. Under the proper conditions of
temperature and shear, an intercalate is capable of
exfoliating in a resin matrix, such as a polyamide. An
intercalant is an organic or semi-organic chemical
capable of entering the montmorillonite clay gallery
and bonding to the surface. Exfoliation describes a
dispersion of an organoclay (surface treated nanoclay)
in a plastic matrix. In exfoliated form, nanoclay
platelets have a flexible sheet-type structure which
is remarkable for its very small size, especially the
thickness of the sheet. The length and breadth of the
particles range from 1.5 mm down to a few tenths of a
micrometer. However, the thickness is astoundingly
small, measuring only about a nanometer (a billionth
of a meter). These dimensions result in extremely high
average aspect ratios (200 - 500). Moreover, the
miniscule size and thickness mean that a single gram
contains over a million individual particles.
Nanocomposites are the combination of the organoclay
and the plastic matrix. In polymer compounding, a
nanocomposite is a very convenient means of delivery
of the nanoclay into the ultimate compound, provided
that the plasticmatrix is compatible with the
principal polymer resin components of the compounds.
In such manner, nanocomposites are available in
concentrates, masterbatches, and compounds from
Nanocor, Inc. of Arlington Heights, Illinois
(www.nanocor.com) and PolyOne Corporation of Avon
Lake, Ohio (www.polyone.com) in a variety of
nanocomposites. Nanocomposites offer flame-retardancy
properties because such nanocomposite formulations
burn at a noticeably reduced burning rate and a hard
char forms on the surface. They also exhibit minimum
dripping and fire sparkling. In the present invention,
preferably, the impact modified polyamide compound has
organoclay (intercalated nanoclay) added to the
polyamide matrix, preferably during the polymerization
of polyamide from caprolactam, such that the polymer
compound of the present invention is termed an
intumescent polyamide nanocomposite with polyamide
serving as the exfoliant of the organoclay.
Particularly preferred organoclays are I24P, I30P, and
I44P from Nanocor, Inc. Table 1 shows ranges of
acceptable, desirable, and preferred weight percents
of the various ingredients of the impact-modified,
polyamide compound of the present invention, relative
to the total weight of the compound, all being
expressed in approximate values. Because the
organoclay is optional, the low end of each range is
zero.Optional Linear Terpolymer Impact Modifier This
optional impact modifier comprises a linear terpolymer
of (a) 



ethylene, (b) a lower alkyl acrylate and (c) a monomer
which contains a heterocycle containing one oxygen
atom as the hetero-atom. "Lower alkyl acrylate" means
a C1-C8 and preferably a C1-C4 alkyl ester of
(meth)acrylic acid. Of these possibilities, methyl
acrylate is preferred. Preferably the heterocyclic
monomer contains an epoxy atom. Relative amounts of
monomer in the terpolymer range from 55-75 weight
percent ethylene, 20-30 weight percent lower alkyl
acrylate, and 5-15 weight percent heterocyclic
monomer. Such linear terpolymer impact modifiers are
commercially available such as the ethylene-methyl
acrylate-glycidyl methacrylate product commercially
available as "Lotader AX 8900" from Arkema Chemicals,
Inc. of Philadelphia, PA. Such linear terpolymer
impact modifier can be included in the compound of the
present invention in an amount from 0 to about 10, and
preferably from 0 to about 7. Most preferably, the
amount is about 1 to about 5 percent by weight of the
compound. All of the impact modifiers can be in
powder, flake, or pellet form. They can be compounded
together into a concentrate or mixed with the
thermoplastic polymers during melt processing in
preparation for direct molding or pelletization for
later molding. Optional Additives As with many
thermoplastic compounds, it is optional and desirable
to include other additives to improve processing or
performance Such optional additives can include
conventional plastics additives in an amount that is
sufficient to obtain a desired processing or
performance property for thecompound. The amount
should not be wasteful of the additive nor detrimental
to the processing or performance of the compound.
Those skilled in the art of thermoplastics
compounding, without undue experimentation but with
reference to such treatises as Plastics Additives
Database (2004) from Plastics Design Library
(www.williamandrew.com), can select from many
different types of additives for inclusion into the
compounds of the present invention. Non-limiting
examples of optional additives include adhesion
promoters; biocides (antibacterials, fungicides, and
mildewcides), anti-fogging agents; anti-static agents;
bonding, blowing and foaming agents; dispersants;
fillers and extenders; fire and flame retardants and
smoke suppressants, preferably essentially
halogen-free; impact modifiers; initiators;
lubricants; micas; pigments, colorants and dyes;
plasticizers; processing aids; release agents;
silanes, titanates and zirconates; slip and
anti-blocking agents; stabilizers; stearates;
ultraviolet light absorbers; viscosity regulators;
waxes; and combinations of them. Such optional
additives can be included in the compound of the
present invention in an amount from 0 to about 40, and
preferably from 0.1 to about 30 weight percent. Most
preferably, the amount is about 1 to about 7 weight
percent of the compound. 



Method of Processing Compounds The compound of the
present invention can be prepared by melt reactive
extrusion process, which makes it possible to vary
such extrusion parameters as temperature profile,
screw design, output rate, rpm, etc to achieve
homogeneous dispersion of the impact modifier on the
scale less than 1 micrometer. Preferably, when
organoclay is also present, in-situ polymerization
procedure of caprolactam (cyclic compounds
represented, which undergo ringopening polymerization
to form polyamides), is used to intercalate the
nanoclaywith polyamide polymerized from caprolactam,
according to the teachings of U.S. Pat. No. 4,739,007.
The triblock copolymer impact modifier with
compatibilizer can be added by melt reactive extrusion
process. Mixing of caprolactam with the treated
nanoclay can be achieved by two different methods. In
the "wet" method, caprolactam can be dissolved in
water preheated up to 9O0C, and then Nanomer I.24TL
powder from Nanocor, Inc. can be incorporated in a
separate tank to the mixture of molten caprolactam and
3 - 4 wt % of water in a nitrogen atmosphere. The
mixture can then be introduced to the reaction tank.
Polymerization is typically carried out at 275C for 6
- 9 hours under the pressure of 5-6 bar. In the dry
method, I.24TL powder is pre-blended with dry
caprolactam powder. The mixture obtained in the mixing
step may be immediately heated to cause
polymerization. The mixer should be capable of mixing
speeds ranging from about 50 to about 1000 rpm. The
temperature profile from the mixer should range from
about 17O0C to about 28O0C, and preferably from about
22O0C to about 275C, depending on the ingredients. The
powder mixture can then be added to the reactor for
polymerization. The final step is to polymerize the
mixture obtained in the mixing step above by heating
it to a prescribed temperature, thereby giving an
intended compound of this invention. Ring opening
polymerization can be carried out in the temperature
range from 2000C 3000C , preferably between 2500C and
300C, and most preferably at 250C for rapid progress
of polymerization. Suitable polymerization time,
though different depending on the level of clay and
polymerization temperature, is preferably in the range
from 5 to 24 hours. To be more specific,
polymerization at 25O0C. can be put to completion in
about four hours when an 5% of organic nanoclay is
used as swelling agent, but it requires 8 to 12 hours
for completion when an 8% clay was incorporated. The
resultantmixture consisted of PA-6/Nanoclay with 8 - 9
%residual caprolactam. Residual caprolactam was washed
with water at 100C for 24 hours. Nanonylon was dried
in vacuum for 30 hours at 1150C. Compounds of the
present invention can be made by either method.
Products made were PA-6 nanocomposite with 5 weight
percent of organoclay (Nanocor I.24TL powder) using
both wet and dry methods, and with 8 weight percent
I.24TL using the dry method. 



After polymerization of polyamide in the presence of
organoclay final PA-6/nanoclay composite (Nano-Nylon)
can be compounded with SBM triblock-copolymer as
impact modifier and SEBS-MAH or Lotader 341 0 as
compatibilizer using ZSK 25 Twin Screw extruder. The
composite materials obtained according to the
procedure detailed above may be directly
injectionmolded or extruded into finish articles, or
may be mixed with polyamides or other types of
polymers before molding. As an example, extrusion can
be carried out in a suitable extruder, such as a
Werner-Pfleiderer 25 mm co-rotating twin screw
extruder. The extruder should be capable of screw
speeds ranging from about 50 to about 12000 rpm. The
temperature profile from the barrel number two to the
die should range from about 200C to about 2800C, and
preferably from about 21O0C to about 27O0C, depending
on the ingredients of the melt. The extrudate can be
pelletized or directed into a profile die. If
pelletized, the pellets can then be molded by
injection, compression, or blow molding techniques
known to those skilled in the art. Usefulness of the
Invention Impact-modified polyamide compounds of the
present invention are useful for
transportation-related molded items (e.g., crash
helmets and parts for vehicles such as bumpers and
fenders); electrical equipment when flame retardants
or reinforcing fillers are also added (e.g., plugs,
connectors, boxes,45 and switches); and consumer
appliance housings and containers (e.g., kitchen
appliance housings and shells, and consumer
electronics housings and cases). Further embodiments
of the invention are described in the following
Examples. Examples Test Methods Table 2 shows the test
methods used in conjunction with the evaluation of the
examples. Compound Ingredients and Order of Addition
Table 3 shows the ingredients of Examples 1 and 2 and
Comparative Examples A and B. Table 4 shows the amount
of ingredients added to a Werner-Pfleiderer ZSK-25
co-rotating twin-screw extruder operating at 270C
(T-melt) and 500 rpm speed. The extrudate was
pelletized and subsequently injection molded into the
various required test forms on a Nissei injection
molding machine operating at 250C (T-melt).Results
Table 5 shows the experimental results. Table 4 shows
that use of impact modifier comprising a tri-block
copolymer of an aromatic monomer, an olefin monomer,
and an alkyl (meth)acrylate monomer greatly improves
toughness, as measured by NotchedIzod Impact, without
adversely affecting stiffness, as measured by Flexural
Modulus. Indeed, a 25% reduction in stiffness for
polyamide is incidental compared with a 26,000%
increase in toughness for that polyamide also
containing impact modifier. Also, an extremely brittle
nanoclay filled 



polyamide (at 700,000 psi Flexural Modulus) has
toughness increase by 27,000% with a 49% reduction in
stiffness. By plotting toughness vs. stiffness (x axis
vs. y axis), one can see that Examples 1 and 2 result
in extremely stiff and tough engineered polymeric
materials. Table 6 shows the ingredients and
experimental results for Examples 3- 7, which concern
a study of impact modifier and compatibilizer for 3%
nanoclay-filled nylon. Table 7 shows the ingredients
and experimental results for Examples 8- 19, which
concern a study of impact modifier and compatibilizer
for 5% nanoclay-filled nylon. Optionally, one can add
0.4 parts per 100 parts of the ingredients of Table 7
(phr) of Naugard XLl antioxidant, 0.4 phr of AC 540
wax, 0.4 phr of Naugard 445 stabilizer, and 0.2 phr
Ultranox 626 stabilizer to provide additional
durability performance (stabilizer and antioxidant)
and processing ease (wax).METHODS AND APPARATUS FOR
TUNING A SET OF PLASMA PROCESSING STEPS BACKGROUND OF
THE INVENTION [0001] The present invention relates in
general to substrate manufacturing technologies and in
particular to methods and apparatus for tuning a set
of plasma processing steps. [0002] In the processing
of a substrate, e.g., a semiconductor substrate or a
glass panel such as one used in flat panel display
manufacturing, plasma is often employed. As part of
the processing of a substrate for example, the
substrate is divided into a plurality of dies, or
rectangular areas, each of which will become an
integrated circuit. The substrate is then processed in
a series of steps in which materials are selectively
removed (etching) and deposited (deposition) in order
to form electrical components thereon. [0003] In an
exemplary plasma process, a substrate is coated with a
thin film of hardened emulsion (i.e., such as a
photoresist mask) prior to etching. Areas of the
hardened emulsion are then selectively removed,
causing components of the underlying layer to become
exposed. The substrate is then placed in a plasma
processing chamber on a substrate support structure
comprising a mono-polar or bi-polar electrode, called
a chuck or pedestal. Appropriate plasmas are then
sequentially struck to in order to etch various
exposed layers on the substrate. [0004] Plasma is
generally comprised of partially ionized gas. Because
the plasma discharge is RF driven and weakly ionized,
electrons in the plasma are not in thermal equilibrium
with ions. That is, while the heavier ions efficiently
exchange energy by collisions with the background gas
(e.g., argon, etc.), electrons absorb the thermal
energy. Because electrons have substantially less mass
than that of ions, electron thermal velocity is much
greater than the ion thermal velocity. This tends to
cause the faster moving electrons to be lost to
surfaces within the plasma processing system,
subsequently creating positively charged ion sheath
between the plasma and the surface. Ions that enter
the sheath are then accelerated into the surface.
[0005] Lower RF frequencies tend to cause plasma ions
to cross the sheath in less than one RF cycle,
creating large variations in ion energy. Likewise,
higher RF frequencies tend tocause plasma ions take
several RP cycles to cross the sheath, creating a more
consistent set of ion energies. Higher frequency tends
to result in lower sheath voltages than when excited
by a 



lower frequency signal at a similar power level.
[0006] Referring now to FIG. 1, a simplified diagram
of plasma processing system components is shown.
Generally, an appropriate set of gases is flowed into
chamber 102 through an inlet 108 from gas distribution
system 122. These plasma processing gases may be
subsequently ionized to form a plasma 110, in order to
process (e.g., etch or deposition) exposed areas of
substrate 114, such as a semiconductor substrate or a
glass pane, positioned with edge ring 115 on an
electrostatic chuck 116. In addition, liner 117
provides a barrier between the plasma and the plasma
processing chamber, as well as helping to optimize
plasma 110 on substrate 114. [0007] Gas distribution
system 122 is commonly comprised of compressed gas
cylinders 124a-f containing plasma processing gases
(e.g., C4F8, C4F6, CHF3, CH F3, CF4, HBr, CH3F, C2F4,
N2, O2, Ar, Xe, He, H2, NH3, SF6, BCl3, Cl2, WF6,
etc.). Gas cylinders 124a-f may be further protected
by an enclosure 128 that provides local exhaust
ventilation. Mass flow controllers 126a-f are commonly
a self-contained devices (consisting of a transducer,
control valve, and control and signal-processing
electronics) commonly used in the semiconductor
industry to measure and regulate the mass flow of gas
to the plasma processing system. Injector 109
introduces plasma processing gases 124 into chamber
102. [0008] Induction coil 13 1 is separated from the
plasma by a dielectric window 104, and generally
induces a time- varying electric current in the plasma
processing gases to create plasma 110. The window both
protects induction coil from plasma 110, and allows
the generated RP field to penetrate into the plasma
processing chamber. Further coupled to induction coil
131 at leads 130a-b is matching network 132 that may
be further coupled to RF generator 138. Matching
network 132 attempts to match the impedance of RF
generator 138, which typically operates at 13.56 MHz
and 50 ohms, to that of the plasma 110. [0009]
Generally, some type of cooling system is coupled to
the chuck in order to achieve thermal equilibrium once
the plasma is ignited. The cooling system itself is
usually comprised of a chiller that pumps a coolant
through cavities in within the chuck, and helium gas
pumped between the chuck and the substrate. In
addition to removing the generated heat, the helium
gas also allows the cooling system to rapidly control
heat dissipation. That is, increasinghelium pressure
subsequently also increases the heat transfer rate.
Most plasma processing systems are also controlled by
sophisticated computers comprising operating software
programs. In a typical operating environment,
manufacturing process parameters (e.g., voltage, gas
flow mix, gas flow rate, pressure, etc.) are generally
configured for a particular plasma processing system
and a specific recipe. [0010] In general, there are
three types of etch processes used to etch the various
layers on the substrate: pure chemical etch, pure
physical etch, and reactive ion etch. [0011] Pure
chemical etching generally involves no physical
bombardment, but rather a chemical interaction of
neutral molecules (neutrals) with materials on the
substrate (e.g., Al, etc.). Subsequently, the chemical
reaction rate could be very high or very low,
depending on the process. For example, fluorine-based
molecules tend to chemically interact with dielectric
materials on the substrate, wherein oxygen-based
molecules tend to chemically interact with organic
materials on the substrate, such as photoresist.
[0012] Pure ion etching, often called sputtering, is
used to dislodge material from the substrate (e.g.,
oxide, etc.). Commonly an inert gas, such as Argon, is
ionized in a plasma and 



subsequently accelerate toward a negatively charged
substrate. Pure ion etching is both anisotropic (i.e.,
principally in one direction) and non-selective. That
is, selectivity to a particular material tends to be
very poor, since sputtering rate of most materials are
similar. In addition, the etch rate of the pure ion
etching is commonly low, depending generally on the
flux and energy of the ion bombardment. [0013]
Reactive ion etch (RIE), also called ion-enhanced
etching, combines both chemical and ion processes in
order to remove material from the substrate (e.g.,
photoresist, BARC, TiN, Oxide, etc.). Generally ions
in the plasma enhance a chemical process by striking
the surface of the substrate, and subsequently
breaking the chemical bonds of the atoms on the
surface in order to make them more susceptible to
reacting with the molecules of the chemical process.
Since ion etching is mainly perpendicular, while the
chemical etching is both perpendicular and vertical,
the perpendicular etch rate tends to be much faster
than in then horizontal direction, hi addition, RIE
tends to have an anisotropic profile. [0014] However,
one problem that has been encountered with both pure
chemical etching and RIE etching has been a
non-uniform etch rate. Etch rate is generally the
measure of how fast material is removed in the etch
process. It is generally calculated by measuring
thethickness before and after the etch process and
dividing the thickness difference by the etch time: _
THICKNESS BEFORE ETCH - THICKNESS AFTER ETCH b lCH
RAlE ETCH TIME l [0015] Uniformity is generally
measured with substrate thickness mapping by measuring
the thickness at certain points before and after the
etch process, and calculating the etch rates at these
points. The mean value (or average value) of the
measurement is: x = Xi +X2 X3 + .. +XN FIG. 2 N Where
x is the etch rate at a specific point, on the
substrate, and N is the total number of points. [0016]
The max-minus-min nonuniformity is defined as: J1
(Xmax-Xmin ) FIG- 3 [0017] For example, one area of
the substrate may be etched at a faster rate than
another area. In general, a non-uniform etch may cause
undercutting in the side walls of a trench. Typically,
undercutting reduces the thickness of the conducting
line or in some cases causes line breakage, which may
lead to device failure. Still further, non-uniformity
etching generally adds time to the etching process,
which reduces processing throughput. [0018] This
problem is further aggravated for different types of
sequential etch process chemistries. For example,
often in a chemical or RIE etch process, the etch rate
is typically higher at the edge of the substrate where
the local etch rate may be dominated by either
chemical reactions at the surface, or by limited
etchant transport to the substrate surface. [0019]
Referring now to FIGS. 2A-C, a set of simplified
figures are shown of a plasma comprising ions and
neutrals over a substrate. It is often advantageous in
the processing of substrates to etch as many substrate
layers as possible during a single processing session
(i.e., in-situ). For example, in-situ processing tends
to minimize the handling of each substrate, and hence
to improve yield, to improve the overall production
throughput, and to help minimize theamount of plasma
processing chambers required. It would therefore be
beneficial to configure plasma processing chamber such
that the density of the neutrals and that of the ion
are 



substantially uniform among the various types of
plasma chemistries, since a substantially uniform
plasma density generally produces a substantially
uniform etch. FIG. 2A shows a simplified diagram of a
plasma processing chamber, in which the neutral
density 11Oa and the ion density 110b are
substantially uniform across the surface of substrate
114. [0020] In addition, the portion of the plasma
that extends beyond the edge of the substrate may
create a larger volume of neutrals available to etch
the edge of the substrate as opposed to the center.
FIG. 2B shows a simplified diagram of a plasma
processing chamber, in which the neutral density 110a
is not substantially uniform, subsequently producing a
non uniform etch profile across the surface of
substrate 114. [0021] Another solution may be to
narrow the diameter of the plasma chamber in order to
substantially equalize the amount of neutrals over the
substrate. However, for processes that substantially
use ions, narrowing the chamber would also cause more
ions to be consumed by collisions with the chamber
walls. This would tend decrease the ion
concentrations, and hence the etch rate, at the edge
of the substrate. FIG. 2C shows a simplified diagram
of a plasma processing chamber, in which ion density
110b is not substantially uniform, subsequently
producing a non-uniform etch profile across the
surface of substrate 114. [0022] In view of the
foregoing, there are desired methods and apparatus for
tuning a set of plasma processing steps. SUMMARY OF
THE INVENTION [0023] The invention relates, in one
embodiment, in a plasma processing system, to a method
of tuning of a set of plasma processing steps. The
method includes striking a first plasma comprising
neutrals and ions in a plasma reactor of the plasma
processing system. The method also includes etching in
a first etching step a set of layers on a substrate;
positioning a movable uniformity ring around the
substrate, wherein a bottom surface of the uniformity
ring is about the same height as a top surface of the
substrate; and striking a second plasma consisting
essentially of neutrals in the plasma reactor of the
plasma processing system. The method further includes
etching in a second etching step the set of layers on
the substrate; andwherein the etching in the first
step and the etching in the second step are
substantially uniform. [0024] The invention relates,
in another embodiment, in a plasma processing system
including a plasma reactor, to a method of tuning of a
set of plasma processing steps. The method includes
positioning the movable uniformity ring around the
substrate, wherein a top surface of the uniformity
ring is at a first height above a bottom surface of
the plasma reactor. The method also includes striking
a first plasma comprising neutrals and ions in the
plasma reactor; etching in a first etching step a set
of layers on a substrate, wherein a first amount of
etch uniformity on the substrate is achieved; and
repositioning the movable uniformity ring around the
substrate, wherein the top surface of the uniformity
ring is at a second height above the bottom surface of
the plasma reactor. The method further includes
striking a second plasma consisting essentially of
neutrals; and etching in a second etching step the set
of layers on the substrate, wherein a second amount of
etch uniformity on the substrate is achieved. Wherein
the first amount of etch uniformity and the second
amount of etch uniformity are substantially uniform.
[0025] The invention relates, in another embodiment,
in a plasma processing, to an apparatus for tuning of
a set of plasma processing steps. The apparatus
includes means of 



striking a first plasma comprising neutrals and ions
in a plasma reactor of the plasma processing system.
The method also includes a means of etching in a first
etching step a set of layers on a substrate; a means
of positioning a movable uniformity ring around the
substrate, wherein a bottom surface of the uniformity
ring is about the same height as a top surface of the
substrate; and a means of striking a second plasma
consisting essentially of neutrals in the plasma
reactor. The method further includes a means of
etching in a second etching step the set of layers on
the substrate. Wherein the etching in the first step
and the etching in the second step are substantially
uniform. [0026] The invention relates, in another
embodiment, in a plasma processing system including a
plasma reactor, to an apparatus for tuning of a set of
plasma processing steps. The apparatus includes a
means of positioning a movable uniformity ring around
the substrate, wherein a top surface of the uniformity
ring is at a first height above a bottom surface of
the plasma reactor. The apparatus also includes a
means of striking a first plasma comprising neutrals
and ions in the plasma reactor; means of etching in a
first etching step a set of layerson a substrate,
wherein a first amount of etch uniformity on the
substrate is achieved; and a means of repositioning
the movable uniformity ring around the substrate,
wherein the top surface of the uniformity ring is at a
second height above the bottom surface of the plasma
reactor. The apparatus further includes a means of
striking a second plasma consisting essentially of
neutrals; a means of etching in a second etching step
the set of layers on the substrate, wherein a second
amount of etch uniformity on the substrate is
achieved. Wherein the first amount of etch uniformity
and the second amount of etch uniformity are
substantially uniform. [0027] 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 [0028] 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:
[0029] FIG. 1 illustrates a simplified diagram of
plasma processing system components; [0030] FIGS. 2A-C
illustrate a set of simplified figures are shown of a
plasma comprising ions and neutrals over a substrate;
[0031] FIGS. 3A-B illustrate a simplified set of
diagrams of a movable uniformity ring, according to
one embodiment of the invention; and [0032] FIG. 4
illustrates a simplified set of layer stacks of an
exemplary substrate that is being etched in-situ in a
TCP 2300 plasma reactor, according to one embodiment
of the invention. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS [0033] The present invention
will now be described in detail with reference to a
few preferred embodiments thereof as illustrated in
the accompanying drawings, hi 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. [0034] While not wishing to be bound by
theory, it is believed by the inventor herein that a
movable uniformity ring can be used in plasma
processing applications in order optimize substrate
etch uniformity. [0035] In a non-obvious way, a
movable uniformity ring can create a substantial
physical boundary between the edge of the substrate
and the portion of the plasma chamber that extends
beyond the substrate, in order to minimize the back
diffusion of the plasma over the edge of the
substrate. That is, the movable uniformity ring can be
positioned to surround the substrate with a wall that
blocks a portion of the neutrals (chemical) reactants,
in particular the neutral reactants located in the
high density neutral reactants area, from diffusing
into the substrate. [0036] In addition, by allowing
the uniformity ring to be adjusted in-situ, the
uniformity of each process step can be optimized
without first removing the substrate and adjusting the
uniformity ring. That is, if the complete etch
application includes a set of processing steps where a
uniformity ring is both needed (i.e., etch rate is
limited by chemical reaction rates at surface), and
process steps where a uniformity ring is not needed,
then the use of a fixed uniformity ring, or of no
uniformity ring, will lead to a suboptimal overall
uniformity. [0037] Generally, movable uniformity rings
have generally not been used in plasma processing
because of potential contamination cause by placing a
moving structure above the substrate during
processing. That is, such structure present surfaces
for depositing etch by products (e.g., polymers). When
the uniformity ring is moved, the deposits may flake
off onto the substrate, causing particle
contamination. However, in a non-obvious way, the
current invention is designed using material resistant
to plasma attack to reduce contamination. Such
materials may include yttrium oxide (Y O3), zirconium
oxide (ZrO2), silicon carbide (SiC), aluminum oxide
(Al2O3), cerium oxide (CeO2), and quartz. [0038]
Alternate materials that generate only volatile etch
products when exposed to plasma chemistries such as
Teflon, Vespel and other pure plastics may also be
used to fabricatethe movable uniformity rings. In
addition, cleaning of the chamber after each processed
wafer using a waferless auto clean process, the
buildup of deposits that can flake off is minimized.
[0039] It should be noted that the term "etched
features" herein encompasses features such as
trenches, contacts, vias, etc. The etching takes place
while the substrate is disposed on a chuck within the
plasma processing chamber. [0040] In one embodiment,
the uniformity ring may be moved in-situ either
substantially equal to the substrate (such that the
bottom of the uniformity right is about the same
height as the substrate) and below the substrate (such
that the top of the uniformity ring is equal to or
below the top of the substrate). [0041] In another
embodiment, the uniformity ring may be moved in-situ
to a range of positions from equal to the substrate to
below the substrate. [0042] In another embodiment, the
uniformity right may be moved in-situ to a range of
positions from above the substrate (such that there is
a gap between the bottom of the uniformity ring and
the top of the substrate) and the bottom of the
substrate. [0043] In another embodiment, the movable
uniformity ring is preferably formed from a material
that is substantially resistant to etching by the
plasma present within the chamber 



(e.g., inert to the reactive species). The movable
uniformity ring should be formed of a material that is
able to withstand the plasma environment without
unduly contaminating the substrate. [0044] In another
embodiment, ceramic materials are employed. In another
embodiment, materials such as yttrium oxide (Y2O ),
zirconium oxide (ZrO2), silicon carbide (SiC),
aluminum oxide (Al2Os), cerium oxide (CeO2), or quartz
may be used. In another embodiment, materials
comprising yttrium, zirconium, aluminum, or cerium may
be used. Furthermore, the uniformity ring may be
formed of an alternate material with a coating of the
above mentioned materials. [0045] In another
embodiment, the movable uniformity ring may be formed
from materials with volatile etch products such as
Teflon, Vespel etc. [0046] In another embodiment, the
movable uniformity ring is heated to provide a uniform
temperature throughout the etching process and to
reduce the amount of polymer build up on the surfaces
of the uniformity ring. Generally, plasma process
deposition is related to surface temperature. That is,
the cooler the temperature, the greater the deposition
that must becleaned. Therefore, the movable uniformity
ring is preferably configured to be hot enough to
prevent polymer deposition on the side walls of the
uniformity ring. [0047] For example, the movable
uniformity ring may be heated by conduction or
radiation. This may be implemented by heating coils
(e.g., electrically), heating lamps, fluid passages,
and the like, inside or outside the uniformity ring.
In another embodiment, the temperature of the movable
uniformity ring may be automatically controlled. For
example, when the plasma is charged, the heat inside
the chamber generally rises, and therefore the
controller is designed to reduce heater power in order
to maintain the proper temperature. Correspondingly,
heat is generated by the heater when there is no
plasma. [0048] FIGS. 3A-B show a simplified set of
diagrams of the movable uniformity ring, according to
one embodiment of the invention. Referring now to FIG.
3A, movable uniformity ring 302 is positioned below
substrate 303. That is, movable uniformity ring 302
has not been elevated from electrostatic chuck 314.
The uniformity ring also includes an opening 308 that
is configured for directing species of the plasma
towards chuck 314. Furthermore, the uniformity ring
may be configured with a substantial wall thickness
and/or taper that helps control the amount of species
distributed to a substrate during processing. [0049]
As previously stated, ions density 320b and the
neutral density 320a in plasma 31Oa determine the etch
uniformity for materials disposed on the surface of
substrate. In general, when the density of the neutral
reactants is high at the edge of the substrate, a non
uniform etch between the center and edge of the
substrate is produced. [0050] Referring now to FIG 3B,
movable uniformity ring 302 is positioned
substantially equal to substrate 303. That is, movable
uniformity ring 302 has been elevated 304 from chuck
314 by an amount 318. Unlike as shown in FIG. 3A, by
introducing a uniformity ring above the chuck and
surrounding the periphery of the substrate, neutral
reactants around the edge of the substrate are
substantially blocked from reacting with the edge of
the substrate. The decrease in neutral reactant flux
around the edge of the substrate tends to produce more
a more uniform overall neutral density 320a, and hence
etch rate. [0051] By selectively adjusting the height
of the movable uniformity ring in-situ, the density of
the neutrals and of the ions can be substantially
optimized among the various types of plasma
chemistries that may be used during a single
processing session. This adjustment 



may subsequently help improve yield, and the overall
production throughput.[0052] The improvement to
substrate uniformity can be substantial. For example,
referring now to FIG. 4, a simplified set of layer
stacks of an exemplary substrate, is being etched
in-situ in a TCP 2300 plasma reactor, which is
available from Lam Research Corporation of Fremont,
CA, according to one embodiment of the invention.
[0053] At the bottom of the layer stack, there is
shown silicon oxide 414. Above layer 414 is disposed a
layer 412, comprising TiN. Above layer 412 is disposed
a layer 410, comprising aluminum. Above layer 410 is
disposed a layer 408, again comprising TiN. Above
layer 406 there is disposed BARC. And finally, above
layer 406 there is disposed photoresist. [0054] In
general, each process step comprises a set of plasma
process conditions and a plasma recipe optimized for
the set of materials being etched. In step 1,
photoresist 404 and BARC 406 are etched using RIE with
a fluorine-based etch process (e.g. 1OmT pressure,
1000 Watts inductive power, 200 W bias power, 100
seems of CF4 flow, at substrate temperature of 40
degrees Celsius). Since the ions are generally
assisting the chemical process, the movable uniformity
ring needs to be positioned substantially equal to the
substrate. [0055] In step 2, TiN 408 is etched using a
chlorine-based etch process using RIE (e.g. 1OmT
pressure,1000 Watts inductive power, 200 W bias power,
100 SCCMs C12, 100 SCCMs BCl3, possible additives CH4,
N , and or CHF in flow rates of less than 30 SCCMs,
and with substrate temperature of 40 degrees
Celsius.). As in step 1, since the ions are generally
assisting the chemical process, the movable uniformity
ring needs to be positioned substantially equal to the
substrate. [0056] In step 3, Al 410 is etched using a
chlorine-based etch process using a chemical process
(e.g. 1OmT pressure, 600 W inductive power, 200 W bias
power, 100 SCCMs Cl2, 100 SCCMs BCl3, additives N2,
CH4, and or CHF3 in flow rates of less than 30 SCCMs,
and with substrate temperature of 40 degrees Celsius).
However, unlike the previous steps, the movable
uniformity ring has been positioned such that the
bottom of the uniformity right is about the same
height as the substrate. As previously described, the
movable uniformity ring substantially block neutrals
from reacting with the edge of the substrate producing
a more uniform etch. With the movable uniformity ring
in place, a max-minus-min nonuniformity of about 8% to
about 15% can be achieved. Whereas without the
presence of the movable uniformity ring, the
max-minus-min nonuniformity is about 2% to about
5%.[0057] In step 4 like step 2, TiN 408 is etched
using a chlorine-based etchant using RIE. [0058] And
finally in step 5, silicon oxide 414 is etched using a
RIE or a chemical process (e.g. 1OmT pressure, 800 W
inductive power, 200 W bias power, 100 SCCM Cl2 100
SCCMs BCl3, and with substrate temperature of 40
degrees Celsius.), without the need of a movable
uniformity ring. [0059] 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. For
example, although the present invention has been
described in connection with plasma processing systems
from Lam Research Corp. (e.g., Exelan(tm), Exelan(tm)
HP, Exelan(tm) HPT, 2300(tm), Versys(tm) Star, etc.),
other plasma processing systems may be used. This
invention may also be used with substrates of various
diameters (e.g., 200 mm, 300 mm, liquid crystal
display, etc.). It should also be noted that there are
many 



alternative ways of implementing the methods of the
present invention. [0060] Advantages include methods
and apparatus for optimizing tunability in a plasma
processing system. Additional advantages include
substantially improving etch uniformity across a set
of etch processes in a plasma chamber, minimizing
manufacturing yield problems, and optimizing plasma
processing throughput. [0061] Having disclosed
exemplary embodiments and the best mode, modifications
and variations may be made to the disclosed
embodiments while remaining within the subject and
spirit of the invention as defined by the following
claims.CLAIMS What is claimed is: 1. In a plasma
processing system, a method of tuning of a set of
plasma processing steps, comprising: striking a first
plasma comprising neutrals and ions in a plasma
reactor of said plasma processing system; etching in a
first etching step a set of layers on a substrate;
positioning a movable uniformity ring around said
substrate, wherein a bottom surface of said uniformity
ring is about the same height as a top surface of said
substrate; striking a second plasma consisting
essentially of neutrals in said plasma reactor of said
plasma processing system; etching in a second etching
step said set of layers on said substrate; wherein
said etching in said first step and said etching in
said second step are substantially uniform. 2. The
method of claim 1, wherein a step of cleaning said
plasma reactor is conducted prior to the step of
striking said first plasma. 3. The method of claim 2,
wherein said step of cleaning said plasma reactor
comprises a waferless auto clean process. 4. The
method of claim 1, wherein said movable uniformity
ring comprises a material resistant to plasma attack.
5. The method of claim 4, wherein said material
comprises quartz. 6. The method of claim 4, wherein
said material comprises Y2O . 7. The method of claim
4, wherein said material comprises yttrium.8. The
method of claim 4, wherein said material comprises
CeO2. 9. The method of claim 4, wherein said material
comprises cerium. 10. The method of claim 4, wherein
said material comprises AlO . 11. The method of claim
4, wherein said material comprises aluminum. 12. The
method of claim 4, wherein said material comprises ZrO
. 13. The method of claim 4, wherein said material
comprises zirconium. 14. The method of claim 1,
wherein said movable uniformity ring comprises a
material that generates a set volatile etch products
when exposed to said first plasma and said second
plasma. 15. The method of claim 4, wherein said
material comprises Teflon. 16. The method of claim 4,
wherein said material comprises Vespel. 17. The method
of claim 14, wherein said material comprises a
substantially pure plastic. 18. The method of claim 4,
wherein said material comprises a ceramic. 



19. The method of claim 1, where said movable
uniformity ring is heated. 20. In a plasma processing
system, including a plasma reactor, a method of tuning
of a set of plasma processing steps, comprising:
positioning said movable uniformity ring around said
substrate, wherein a top surface of said uniformity
ring is at a first height above a bottom surface of
said plasmareactor; striking a first plasma comprising
neutrals and ions in said plasma reactor; etching in a
first etching step a set of layers on a substrate,
wherein a first amount of etch uniformity on said
substrate is achieved; repositioning said movable
uniformity ring around said substrate, wherein said
top surface of said uniformity ring is at a second
height above said bottom surface of said plasma
reactor; striking a second plasma consisting
essentially of neutrals; etching in a second etching
step said set of layers on said substrate, wherein a
second amount of etch uniformity on said substrate is
achieved; wherein said first amount of etch uniformity
and said second amount of etch uniformity are
substantially uniform. 2 1. The method of claim 20,
wherein a step of cleaning said plasma reactor is
conducted prior to the step of striking said first
plasma. 22. The method of claim 21, wherein said step
of cleaning said plasma reactor comprises a waferless
auto clean process. 23. The method of claim 20,
wherein said movable uniformity ring comprises a
material resistant to plasma attack. 24. The method of
claim 23, wherein said material comprises quartz. 25.
The method of claim 23, wherein said material
comprises Y2O . 26. The method of claim 23, wherein
said material comprises yttrium. 27. The method of
claim 23, wherein said material comprises CeO2. 28.
The method of claim 23, wherein said material
comprises cerium.29. The method of claim 23, wherein
said material comprises AlO . 30. The method of claim
23, wherein said material comprises aluminum. 31. The
method of claim 23, wherein said material comprises
ZrO2. 32. The method of claim 23, wherein said
material comprises zirconium. 33. The method of claim
20, wherein said movable uniformity ring comprises a
material that generates a set volatile etch products
when exposed to said first plasma and said second
plasma. 34. The method of claim 33, wherein said
material comprises Teflon. 35. The method of claim 33,
wherein said material comprises Vespel. 36. The method
of claim 33, wherein said material comprises a
substantially pure plastic. 37. The method of claim
23, wherein said material comprises a ceramic. 38. The
method of claim 20, where said movable uniformity ring
is heated. 39. In a plasma processing system, an
apparatus for tuning of a set of plasma processing
steps, comprising: means of striking a first plasma
comprising neutrals and ions in a plasma reactor of
said plasma processing system; 



means of etching in a first etching step a set of
layers on a substrate; means of positioning a movable
uniformity ring around said substrate, wherein a
bottom surface of said uniformity ring is about the
same height as a top surface of saidsubstrate; means
of striking a second plasma consisting essentially of
neutrals in said plasma reactor; means of etching in a
second etching step said set of layers on said
substrate; wherein said etching in said first step and
said etching in said second step are substantially
uniform. 40. The apparatus of claim 39, wherein a step
of cleaning said plasma reactor is conducted prior to
the step of striking said first plasma. 41. The
apparatus of claim 40, wherein said step of cleaning
said plasma reactor comprises a waferless auto clean
process. 42. The apparatus of claim 39, wherein said
movable uniformity ring comprises a material resistant
to plasma attack. 43. The apparatus of claim 42,
wherein said material comprises quartz. 44. The
apparatus of claim 42, wherein said material comprises
Y O3. 45. The apparatus of claim 42, wherein said
material comprises yttrium. 46. The apparatus of claim
42, wherein said material comprises CeO . 47. The
apparatus of claim 42, wherein said material comprises
cerium. 48. The apparatus of claim 42, wherein said
material comprises AlO3. 49. The apparatus of claim
42, wherein said material comprises aluminum. 50. The
apparatus of claim 42, wherein said material comprises
ZrO2.51 The apparatus of claim 42, wherein said
material comprises zirconium. 52.. The apparatus of
claim 39, wherein said movable uniformity ring
comprises a material that generates a set volatile
etch products when exposed to said first plasma and
said second plasma. 53. The apparatus of claim 52,
wherein said material comprises Teflon. 54. The
apparatus of claim 52, wherein said material comprises
Vespel. 55. The apparatus of claim 52, wherein said
material comprises a substantially pure plastic. 56.
The apparatus of claim 42, wherein said material
comprises a ceramic. 57. The apparatus of claim 39,
where said movable uniformity ring is heated. 58. In a
plasma processing system, including a plasma reactor,
an apparatus for tuning of a set of plasma processing
steps, comprising: means of positioning a movable
uniformity ring around said substrate, wherein a top
surface of said uniformity ring is at a first height
above a bottom surface of said plasma reactor; means
of striking a first plasma comprising neutrals and
ions in said plasma reactor; means of etching in a
first etching step a set of layers on a substrate,
wherein a first amount of etch uniformity on said
substrate is achieved; means of repositioning said
movable uniformity ring around said substrate, wherein
said top surface of said uniformity ring is at a
second height above said bottom surface of said plasma
reactor; 



means of striking a second plasma consisting
essentially of neutrals;means of etching in a second
etching step said set of layers on said substrate,
wherein a second amount of etch uniformity on said
substrate is achieved; wherein said first amount of
etch uniformity and said second amount of etch
uniformity are substantially uniform. 59. The
apparatus of claim 58, wherein a step of cleaning said
plasma reactor is conducted prior to the step of
striking said first plasma. 60. The apparatus of claim
59, wherein said step of cleaning said plasma reactor
comprises a waferless auto clean process. 6 1. The
apparatus of claim 58, wherein said movable uniformity
ring comprises a material resistant to plasma attack.
62. The apparatus of claim 61, wherein said material
comprises quartz. 63. The apparatus of claim 61,
wherein said material comprises Y O3. 64. The
apparatus of claim 61, wherein said material comprises
yttrium. 65. The apparatus of claim 61, wherein said
material comprises CeO . 66. The apparatus of claim
61, wherein said material comprises cerium. 67. The
apparatus of claim 61, wherein said material comprises
AlO3. 68. The apparatus of claim 6 1, wherein said
material comprises aluminum. 69. The apparatus of
claim 61, wherein said material comprises ZrO2. 70.
The apparatus of claim 61, wherein said material
comprises zirconium.7 1. The apparatus of claim 58,
wherein said movable uniformity ring comprises a
material that generates a set volatile etch products
when exposed to said first plasma and said second
plasma. 72. The apparatus of claim 65, wherein said
material comprises Teflon. 73. The apparatus of claim
65, wherein said material comprises Vespel. 74. The
apparatus of claim 65, wherein said material comprises
a substantially pure plastic. 75. The apparatus of
claim 65, wherein said material comprises a ceramic.
76. The apparatus of claim 58, where said movable
uniformity ring is heated. 


