
STABILIZED OPHTHALMIC SOLUTIONS Background of the
Invention There are many commercially available
ophthalmic solutions. The solutions must remain free
from contamination during the life of the solution. To
meet this requirement, solutions either contain a
preservative component or are sterile packaged in
single use dosages. For contact lenses cleaning and
care solutions, and over the counter eye drops,
multi-dose containers are popular. These solutions
require the inclusion of preservatives (for eye drops)
and disinfecting compositions (for contact lens
cleaning and care solutions). Hydrogen peroxide has
been used as a disinfectant or preservative in
ophthalmic solutions. However, hydrogen peroxide is
not stable, and must either be included in
concentrations which sting the eye or the solutions
must contain additional components to stabilize the
hydrogen peroxide. Compounds disclosed to be useful as
peroxide stabilizers include phosphonates, phosphates,
and stannates, and specific examples include
physiologoically compatible salts of phosphonic acids
such as diethylenetriamine pentamethylenephosphonic
acid. Amino polycarboxylic acid chelating agents, such
as ethylene diamine tetraacetic acid have also been
disclosed. Diethylenetriamine pentamethylenephosphonic
acid (PTPPA) and ethylenediamine tetraacetic acid
(EDTA) are cyctotoxic at relatively low levels and
have low pH. Thus, these stabilizers can be included
only in small amounts, and require the addition of
neutralizing agents to provide a solution which is
compatible with the human eye. Accordingly, for
solutions which are instilled directly in the eye, or
for contact lens cleaning and care solutions which do
not need to be rinsed off before the lens is placed on
the eye, additional hydrogen peroxide stabilizers are
desired.Summary of the Invention An ophthalmic
composition comprising about 50 to about 1000 parts
per million (ppm) hydrogen peroxide and about 0.005
wt% (50 ppm) to about 0.05 wt % (500 ppm) of at least
one diethylenetriamine pentaacetic acid salt, selected
from the group consisting of calcium salts of
diethylenetriamine pentaacetic acid, zinc salts of
diethylenetriamine pentaacetic acid, and mixed salts
of diethylenetriamine pentaacetic acid comprising at
least two salts selected from calcium, zinc and
sodium. An ophthalmic composition comprising a pH
between about 6 and about 8 and about 50 to about 1000
parts per million (ppm) hydrogen peroxide and about
0.005 wt% (50 ppm) to about 0.05 wt % (500 ppm) of at
least one diethylenetriamine pentaacetic acid salt,
selected from the group consisting of calcium salts of
diethylenetriamine pentaacetic acid, zinc salts of
diethylenetriamine pentaacetic acid, and mixed salts
of diethylenetriamine pentaacetic acid comprising at
least two salts selected from calcium, zinc and
sodium. The present invention further relates to a
method for preserving an ophthalmic composition
comprising providing in said solution about 50 to
about 1000 ppm hydrogen peroxide and about 0.005 wt%
(50 ppm) to about 0.05 wt % (500 ppm) of at least one
diethylenetriamine pentaacetic acid salt, selected
from the group consisting of calcium salts of
diethylenetriamine pentaacetic acid, zinc salts of
diethylenetriamine 



pentaacetic acid and mixed calcium/zinc salts of
diethylenetriamine pentaacetic acid. Description of
the Invention The present invention relates to a
method for stabilizing ophthalmic solutions comprising
low concentrations of hydrogen peroxide. The present
invention further relates to ophthalmic solutions
comprising small concentrations of hydrogen peroxide
which are storage stable. As used herein storage
stable, means that under storage conditions, such as
temperatures of less than about 400C, the solution
loses less than thirty percent over thirty days, and
in some embodiments less than about 25% in thirty
days.Ophthalmic compositions are any compositions
which can be directly instilled into an eye, or which
can be used to soak, clean, rinse, store or treat any
ophthalmic device which can be used or placed in or on
the eye. Examples of ophthalmic compositions include
ophthalmic device packing solutions, cleaning
solutions, conditioning solutions, storage solutions,
eye drops, eye washes, as well as ophthalmic
suspensions, gels and ointments and the like. In one
embodiment of the present invention, the ophthalmic
composition is an ophthalmic solution. Ophthalmic
devices include any devices which can be placed on the
eye, or any part of the eye, such as, but not limited
to under the eyelid or in the puncta. Examples of
ophthalmic devices include contact lenses, ophthalmic
bandages, ophthalmic inserts, punctal plugs and the
like. The ophthalmic compositions of the present
invention comprise between about 50 to about 1000 ppm
hydrogen peroxide. In some embodiments the hydrogen
peroxide is present in concentrations between about
100 and about 500 ppm, and in other embodiments,
between about 100 and about 300 ppm. Alternatively,
the composition may include a source of hydrogen
peroxide. Suitable hydrogen peroxide sources are
known, and include peroxy compounds which are
hydrolyzed in water. It has been found that ophthalmic
compositions comprising hydrogen peroxide in the
amounts described above may be stabilized by including
between about 0.005 wt% (50 ppm) to about 0.05 wt %
(500 ppm) of at least one salt of diethylenetriamine
pentaacetic acid comprising at least one calcium salt,
zinc salt or mixed calcium/zinc salt of
diethylenetriamine pentaacetic acid. As used herein,
the term calcium salt, zinc salt or mixed calcium/zinc
salt means that the DTPA comprises at least one of the
specified cations. So for example, calcium salts of
DTPA include DTPA salts which comprise at least one
calcium ion. Examples include dicalcium salts of DTPA,
dicalcium-trisodium salts of DTPA, and mixtures
thereof. Examples of zinc salts of DTPA include, but
are not limited to monozinc salts of DTPA. The salts
of the present invention may further comprise any
additional ophthalmically compatible cations suchas
sodium, magnesium, combinations thereof and the like.
In one embodiment the DTPA salt comprises dicalcium
DTPA. The concentration of the diethylenetriamine
pentaacetic acid salt is between about 50 and about
300 ppm. Surprisingly, dicalcium diethylenetriamine
pentaacetic acid has been found to be at least as
effective, and at some concentrations more effective
at stabilizing hydrogen peroxide-containing ophthalmic
solutions than diethylenetriamine
pentamethylenephosphonic acid (DTPPA). Dicalcium
diethylenetriamine pentaacetic 



acid is also less cytotoxic and has a more neutral pH
than does DTPPA. The ophthalmic compositions of the
present invention also have a pH of between about 6
and 8, and in some embodiments between about 6.5 and
about 7.5. This allows the compositions of the present
invention to be instilled directly in the eye, and to
be used on ophthalmic devices that are to be placed in
the ocular environment. The ophthalmic compositions
may further comprise at least one additional peroxide
stabilizer. Any known peroxide stabilizer may be used,
so long as it is not cytotoxic at the concentrations
being used, and is compatible with the other
ophthalmic composition components. For example, the
additional peroxide stabilizer should not interfere
with the functioning of any other components included
in the composition, and should not react with any
other components. Examples of suitable additional
peroxide stabilizers include phosphonates, phosphates,
ethylene diamine tetraacetic acid, nitrilo triacetic
acid, ophthalmically compatible water soluble salts of
any of the foregoing, mixtures thereof, and the like,
hi one embodiment the additional peroxide stabilizer
comprises DTPPA or least one pharmaceutically
acceptable salt of DTPPA. The at least one additional
peroxide stabilizer may be present in concentrations
up to about 1000 ppm, and in some embodiments between
about 100 and about 500 ppm. When the additional
peroxide stabilizer comprises DTPPA or at least one
pharmaceutically acceptable salt of DTPPA, it is
present in a concentration up to about 1000 ppm, and
in some embodiments between about 100 ppm to about 500
ppm. The ophthalmic compositions of the present
invention may further comprise additional components
such as, but not limited to pH adjusting agents,
tonicity adjustingagents, buffering agents, active
agents, lubricating agents, disinfecting agents,
viscosity adjusting agents, surfactants and mixtures
thereof. When the ophthalmic composition is an
ophthalmic solution, all components in the ophthalmic
solution of the present invention should be water
soluble. As used herein, water soluble means that the
components, either alone or in combination with other
components, do not form precipitates or gel particles
visible to the human eye at the concentrations
selected and across the temperatures and pH regimes
common for manufacturing, sterilizing and storing the
ophthalmic solution. The pH of the ophthalmic
composition may be adjusted using acids and bases,
such as mineral acids such as hydrochloric acid and
bases such as sodium hydroxide. The tonicity of the
ophthalmic composition may be adjusted by including
tonicity adjusting agents. In some embodiments it is
desirable for the ophthalmic composition to be
isotonic, or near isotonic with respect to normal,
human tears. Suitable tonicity adjusting agents are
known in the art and include alkali metal halides,
phosphates, hydrogen phosphate and borates. Specific
examples of tonicity adjusting agents include sodium
chloride, potassium chloride, calcium chloride,
magnesium chloride, zinc chloride, combinations
thereof and the like. The ophthalmic composition may
further comprise at least one buffering agent which is
compatible with diethylenetriamine pentaacetic acid
salt. Examples of suitable buffering agents include
borate buffers, sulfate buffers, combinations thereof
and the like. In one embodiment the buffering agent
comprises borate buffer. The ophthalmic composition
may also comprise at least one disinfecting agent 



in addition to hydrogen peroxide. The disinfecting
agent should not cause stinging or damage to the eye
at use concentrations and should be inert with respect
to the other composition components. Suitable
disinfecting components include polymeric biguanides,
polymeric quarternary ammonium compounds, chlorites,
bisbiguanides, quarternary ammonium compounds and
mixtures thereof. hi one embodiment, the disinfecting
component comprises at least one chlorite compound.
Suitable chlorite compounds include water soluble
alkali metal chlorites,water soluble alkaline metal
chlorites and mixtures thereof. Specific examples of
chlorite compounds include potassium chlorite, sodium
chlorite, calcium chlorite, magnesium chlorite and
mixtures thereof. In one embodiment the chlorite
compound comprises sodium chlorite. Suitable
concentrations for the chlorite compound include
concentrations between about 100 and about 2000 ppm,
in some embodiments between about 100 and about 2000
ppm, between about 100 and about 1000 ppm, and in
other embodiments between about 100 and about 500 ppm.
One or more lubricating agents may also be included in
the ophthalmic composition. Lubricating agents include
water soluble cellulosic compounds, hyaluronic acid,
and hyaluronic acid derivatives, chitosan, water
soluble organic polymers, including water soluble
polyurethanes, polyethylene glycols, combinations
thereof and the like. Specific examples of suitable
lubricating agents include polyvinyl pyrrolidone,
hydroxypropyl methyl cellulose, glycerol, polyethylene
glycols, mixtures there of and the like. When a
lubricating agent is used, it may be included in
amounts up to about 5 weight %, and in some
embodiments between about 100 ppm and about 2 weight%.
One or more active agents may also be incorporated
into the ophthalmic solution. A wide variety of
therapeutic agents may be used, so long as the
selected active agent is inert in the presence of
peroxides. Suitable therapeutic agents include those
that treat or target any part of the ocular
environment, including the anterior and posterior
sections of the eye and include pharmaceutical agents,
vitamins, nutraceuticals combinations thereof and the
like. Suitable classes of active agents include
antihistamines, antibiotics, glaucoma medication,
carbonic anhydrase inhibitors, antiviral agents,
anti-inflammatory agents, non-steroid
anti-imflammatory drugs, antifungal drugs, anesthetic
agents, miotics, mydriatics, immunosuppressive agents,
antiparasitic drugs, anti-protozoal drugs,
combinations thereof and the like. When active agents
are included, they are included in an amount
sufficient to product the desired therapeutic result
(a "therapeutically effective amount").The ophthalmic
composition of the present invention may also include
one or more surfactants. Suitable examples include
poloxomer (poly(ethylene oxide)-bpoly( propylene
oxide)-b-poly(ethylene oxide)) type surfactants which
are commercially available from BASF and poloxamine
type surfactants (non-ionic, tetrafunctional block
copolymers based on ethylene oxide/propylene oxide,
terminating in primary hydroxyl groups, commercially
available from BASF, under the tradename Tetronic). A
specific example is Pluronic F-147 and Tetronic 1304.
Surfactants may be used in amounts up to about 5
weight%, and in some embodiments up to about 2
weight%. Additionally, the ophthalmic composition may
comprise one or more viscosity 



adjusting agent or thickener. Suitable viscosity
adjusting agents are known in the art and include
polyvinyl alcohol, polyethylene glycols, guar gum,
combinations thereof and the like. The viscosity
adjusting agent may be used in amounts necessary to
achieve the desired viscosity. Ophthalmic solutions of
the present invention may be formed by mixing the
selected components with water. Other ophthalmic
compositions may be formed by mixing the selected
components with a suitable carrier. hi order to
illustrate the invention the following examples are
included. These examples do not limit the invention.
They are meant only to suggest a method of practicing
the invention. Those knowledgeable in contact lenses
as well as other specialties may find other methods of
practicing the invention. However, those methods are
deemed to be within the scope of this invention.
Examples Examples 1-3 & Comparative Examples 1 and 2
The base solution shown in Table 1, below was made as
follows. HPMC was weighed into about 100 ml deionized
water and gently heated to allow all of the material
to dissolve. The HPMC solution was allowed to cool and
an additional -500 ml deionized water was added.NaCl,
boric acid, and poloxamer, were added to the solution
in the amount listed in Table 1. Dequest 2060 (CAS
15827-60-8, from Fluka Sigma Aldrich) the dicalcium
salt of DTPA (ISP Columbus) or a mixture of the two,
were added in the amount listed in Table 2. The
solution was mixed thoroughly until all components
were fully dissolved. The solution was titrated with
NaOH solution (0.1N) until the pH was 7.2 - 7.4.
Deionized water was added to make up a total of
approximately 950 ml. The pH was checked and corrected
to 7.2-7.4, if necessary. Sodium chlorite and hydrogen
peroxide were added in the amounts listed in Table 1
and mixed thoroughly. The pH was rechecked and
neutralized with NaOH solution as necessary. Deionized
water was added to make up to 1000 g total. The
solutions were stored in opaque polypropylene or high
density polyethylene containers. Table 1 100 g
aliquots of the solution containing the amounts of
DTPPA, DTPA or both, as shown in Table 2, below, were
placed in opaque plastic containers and labeled. A 5
ml sample from each container was removed and analyzed
for hydrogen peroxide using the metavanadate
colorimetric method, according to the method disclosed
in Talanta, vol. 66, issue 1, pg 86-91, March 31,
2005. This is the baseline (t=0) hydrogen peroxide
concentration, reported in thefourth column of Table
2, below. Each container was weighed, and the baseline
weights were recorded. The containers were stored at
400C. At each of the intervals shown in Table 2, each
container was weighed and 5 ml sample was removed for
hydrogen peroxide determination as described above.
The results are shown in Table 2. The value for Dppm
was calculated by subtracting the concentration
hydrogen peroxide in each solution measured at the
time shown in Table 2, and subtracting from the
original hydrogen peroxide concentration for 



that sample. The % D was calculated by dividing the
concentration of hydrogen peroxide in each solution
measured at the time shown in Table 2, by the original
hydrogen peroxide concentration for that sample.
Examples 4-9 and Comparative Examples 3-4 Examples 1-3
and Comparative Example 1 were repeated, except that
5ppm of either iron sulfate or copper sulfate were
added after the addition of stabilizer, but before the
chlorite. Peroxide stability was evaluated as in
Examples 1-3 and the results are shown in Tables 3
(copper) and 4 (iron), below.Table 2 Table 3: Copper
addition (5pprn) Table 4: Iron addition 5 m i
-INDUCTIVELY COUPLED DUAL ZONE PROCESSING CHAMBER WITH
SINGLE PLANAR ANTENNA BACKGROUND [0001] Plasma
processing apparatuses are used to process substrates
by techniques including etching, physical vapor
deposition (PVD), chemical vapor deposition (CVD), ion
implantation, and resist removal. One type of plasma
processing apparatus used in plasma processing
includes an external induction antenna. An
electromagnetic field is generated in the chamber
underlying the antenna to excite a process gas into
the plasma state to process substrates in the reaction
chamber. SUMMARY [0002] A dual zone plasma processing
chamber is provided. The plasma processing chamber
includes a first substrate support having a first
support surface adapted to support a first substrate
within the processing chamber and a second substrate
support having a second support surface adapted to
support a second substrate within the processing
chamber. One or more gas sources in fluid
communication with one or more gas distribution
members supply process gas to a first zone adjacent to
the first substrate support and a second zone adjacent
to the second substrate support. A radio-frequency
(RF) antenna adapted to inductively couple RF energy
into the interior of the processing chamber and
energize the process gas into a plasma state in the
first and second zones. The antenna is located between
the first substrate support and the second substrate
support. [0003] A method of simultaneously processing
first and second semiconductor substrates in a plasma
processing chamber is provided. A first substrate is
placed on a first substrate support and a second
substrate on the second substrate support in the dual
zone plasma processing chamber. Process gases from the
one or more gas sources are discharged into the first
zone between the antenna and the first substrate and
into the second zone between the antenna and the
second substrate. A first plasma is generatedfrom the
first process gas in the first zone. A second plasma
is generated from the second process gas in the second
zone. The first substrate is processed with the first
plasma and the second substrate is processed with 



the second plasma. BRIEF DESCRIPTION OF THE FIGURES
[0004] FIG. 1 is a cross-sectional view of an
inductively coupled plasma processing apparatus for
processing a single substrate. [0005] FIG. 2 is a
cross-sectional view of an inductively coupled dual
zone plasma processing apparatus for processing two
vertically spaced apart substrates in a horizontal
configuration under the same processing conditions.
[0006] FIG. 3 is a cross-sectional view of an
inductively coupled plasma processing apparatus for
processing two horizontally spaced apart substrates in
a vertical configuration under the same processing
conditions. [0007] FIG. 4 is a cross-sectional view of
an inductively coupled plasma processing apparatus for
processing two vertically spaced apart substrates in a
horizontal configuration under different processing
conditions. DETAILED DESCRIPTION [0008] Inductively
coupled plasma processing chambers are generally used
for depositing (e.g., plasma enhanced chemical vapor
deposition or PECVD) and plasma etching of materials
on substrates by supplying process gas into a vacuum
chamber at a low pressure (i.e., below 50 mTorr) and
the application of radio-frequency (RF) energy to the
gas. The substrates can be held in place within the
vacuum chamber during processing by substrate holders
including mechanical clamps and electrostatic clamps
(ESC). For inductively coupled plasma (ICP) systems,
an RF antenna is located outside the process chamber
and the RF energy is inductively coupled into the
chamber through a dielectric window. Such processing
systems can be used for a variety of semiconductor
processing applications such as etching, deposition,
or resist stripping.[0009] FIG. 1 is a cross-sectional
view of an embodiment of an ICP plasma processing
chamber 10. An example of an ICP plasma processing
chamber is the TCP(r) etch or deposition system,
manufactured by Lam Research Corporation, Fremont,
California. The ICP plasma processing chamber is also
described, for example, in commonly-owned U.S. Patent
No. 4,948,458, which is incorporated by reference in
its entirety. Processing chamber 10 includes a
substrate support 12 with support surface 14. The
support surface 14 is adapted to support substrate 16.
A vacuum pump 18 is attached to pump port 20 to
maintain the interior processing chamber 10 at a low
pressure (e.g., between about 1 mTorr to about 50
mTorr). A gas source 22 supplies process gases to the
interior of processing chamber 10 through a gas
distribution plate, showerhead arrangement, injector
or other suitable arrangement. Process gases can be
introduced by the gas distribution member 24 to a zone
adjacent to substrate 16. [0010] Once process gases
are introduced into the interior of processing chamber
10, they are energized into a plasma state by an
energy source supplying energy into the interior of
the processing chamber 10. Preferably, the energy
source is an external planar antenna 26 powered by an
RF source 



28 and RF impedance matching circuitry 30 to
inductively couple RF energy into processing chamber
10. An electromagnetic field generated by the
application of RF power to planar antenna 26 energizes
the process gas to form a high-density plasma 30
(e.g., 101 1 -1012 ions/cm3) above substrate 16.
[0011] A dielectric window 32 underlies planar antenna
26 and forms the top wall of plasma processing chamber
10. The gas distribution member 24 is placed below
dielectric window 32. High-density plasma 30 is
generated in the zone between gas distribution member
24 and substrate 16, for either deposition or etching
of substrate 16. [0012] In order to increase
production efficiency while minimizing power
requirements, described herein is a novel dual zone
plasma processing chamber which can simultaneously
process two substrates on opposite sides of a single
planar antenna. One approach for maximizing the
symmetrical electromagnetic fields generated by planar
antenna 18 is the dual-zoneconfiguration of the FIG. 2
embodiment. FIG. 2 is a cross-sectional view of an
embodiment of a dual-zone ICP plasma processing
chamber 100, including zones 110, 2 10 . Zones 110, 2
10 of processing chamber 100 include the spaces
between dielectric windows 132, 232 and substrate
supports 112, 212 with horizontal support surfaces
114, 214, respectively. Support surfaces 114, 214 are
adapted to support substrates 116, 216 in a horizontal
position. Substrate supports 112, 212 can be supported
in a cantilever manner by support arms extending from
the chamber walls and are diametrically opposite one
another in processing chamber 100. [0013] Vacuum pumps
118, 218 are attached to pump ports 120, 220 to
maintain the interior of processing chamber 100 at a
low pressure (e.g., between about 1 mTorr to about 50
mTorr). Pump ports 120, 220 are adjacent to substrate
supports 120, 220 and can be diametrically opposite
one another in processing chamber 100. [0014] Common
gas source 122 supplies process gases to the interior
of processing chamber 100 to zones 110, 210. Process
gases can be introduced into any suitable gas
distribution arrangement, e.g. a dual-ended gas
injector or distribution member 124 adjacent to
substrates 116, 216, respectively. Use of the common
gas source 122 and gas distribution members 124 ensure
delivery of the same gas compositions to zones 110 and
210. The gas distribution arrangement can include two
gas distribution members (e.g., gas distribution
rings, gas distribution plates or gas injection
nozzles) in fluid communication with one another and
connected by a common passage 125, extending through
an opening in dielectric windows 132, 232. Such gas
distribution members are also described, for example,
in commonly-owned U.S. Patent Nos. 6,184,158 and
6,230,651 , which are incorporated by reference in
their entirety. The location of pump ports 120, 220
and vacuum pumps 118, 2 18 at opposite ends of the
chamber 100 facilitates distribution of the process
gas uniformly across the surfaces of substrates 116,
216. 



[001 5] Substrates 116, 2 16 are held in place on
substrate supports 112, 212. The substrate supports
can include electrostatic chucks (ESC),mechanical
clamps, or other clamping mechanisms. Such substrate
supports are also described, for example, in
commonly-owned U.S. Patent Nos. 5,262,029 and
5,838,529, which are incorporated by reference in
their entirety. Substrate supports 112, 212 can also
include an RF biasing electrode (not shown). For
temperature control of the substrates 116, 216, the
substrates 116, 216 can be cooled by flowing helium
gas beneath the substrate and the substrate supports
112, 212 can be liquid cooled (not shown). Such
temperature control is described in commonly owned
U.S. Patent No. 6,140,612, which is incorporated by
reference in its entirety. [001 6] Once process gases
are introduced into the interior of processing zones
110, 120, they are energized into a plasma state by a
single external planar antenna 126 which supplies RF
energy in opposite directions into zones 110, 120 in
the interior of the processing chamber 100. The
external planar antenna 126 is powered by a single RF
source 128 and RF impedance matching circuitry 130 to
inductively couple RF energy into processing chamber
100. The symmetric electromagnetic field generated
above and below planar antenna 126 by the application
of RF power energizes the process gases to form
high-density plasmas 130, 230 (e.g., 101 1 -1012
ions/cm3) in zones vertically adjacent to substrates
116, 216. The configuration of processing chamber 100
has the potential of doubling the substrate processing
throughput within the footprint of a chamber used for
single substrate processing and without the
expenditure of additional RF energy which would be
required for running two processing chambers. [0017]
The single external planar antenna 126 can comprise
one or more planar spiral coils or other
configurations such as a series of concentric rings. A
planar coil can be scaled-up by employing a longer
conductive element to increase the antenna diameter
and therefore accommodate larger substrates such as
300 mm wafers or multiple coils arranged in a planar
array could be used to generate a uniform plasma over
a wide area, such as for flat panel display
processing. [0018] The external planar antenna 126 is
located in a space 134 which is at ambient pressure
(i.e., atmospheric pressure). The space 134 is
betweendielectric window 132 and dielectric window
232. Dielectric windows 132, 232 can be composed of
any dielectric material that is transparent to RF
energy, such as quartz. Dielectric window 132
underlies planar antenna 126 and forms an upper wall
relative to zone 110. Likewise, dielectric window 232
overlies planar antenna 126 and forms a lower wall
relative to zone 210. In one embodiment, space 134 is
enclosed in a metallic compartment supporting
dielectric windows 132, 232 as walls of the
compartment. [0019] When substrates 116, 2 16 are
processed in processing chamber 100, the RF source 128
supplies the antenna 126 with RF current preferably at
a range of about 100 kHz-27 MHz, and more preferably
at 13.56 MHz. [0020] FIG. 3 is a cross-sectional view
of another embodiment of a dualzone 



ICP plasma processing chamber 300, including zones
310, 410. Other than the orientation of the processing
chamber 100, the configuration of plasma processing
chamber 300 is similar to the plasma processing
chamber 100 in FIG. 2. Zones 310, 410 of processing
chamber 300 include the spaces between dielectric
windows 332, 432 and substrate supports 312, 412 with
vertical support surfaces 314, 414, respectively.
Support surfaces 314, 414 are adapted to support
substrates 316, 416 in a vertical position. Substrate
supports 312, 412 are preferably diametrically
opposite one another in processing chamber 300. Vacuum
pumps 318, 418 are attached to pump ports 320, 420 to
maintain the interior of processing chamber 300 at a
low pressure (e.g., between about 1 mTorr to about 50
mTorr). Pump ports 320, 420 are adjacent to substrate
supports 312, 412 and are preferably diametrically
opposite one another in processing chamber 300. [0021]
Common gas source 322 supplies process gases to the
interior of processing chamber 300. Process gases can
be introduced into any suitable gas distribution
arrangement, e.g. a dual-ended gas injector or
distribution member 324 adjacent to substrates 316,
416, respectively. The gas distribution arrangement
can include two gas distribution members (e.g., gas
distribution rings, gas distribution plates or gas
injection nozzles) in fluid communication with one
another and connected by a common passage 325,
extending through an opening in dielectric windows
332, 432.[0022] Substrates 316, 416 are held in place
on substrate supports 312, 412. The substrate supports
can include electrostatic chucks (ESC), mechanical
clamps, or other clamping mechanisms. Substrate
supports 312, 412 can also include an RF biasing
electrode (not shown). For temperature control of the
substrates 316, 416, the substrates 316, 4 16 can be
cooled by flowing helium gas beneath the substrates
and the substrate supports 316, 416 can be liquid
cooled (not shown). [0023] Once process gases are
discharged into the interior of processing zones 310,
410, they are energized into a plasma state by a
single antenna arrangement supplying energy into the
interior of the processing chamber 300. Preferably,
the energy source is an external planar antenna 326
powered by an RF source 328 and RF impedance matching
circuitry 330 to inductively couple RF energy into
processing chamber 300. The symmetric electromagnetic
field generated by planar antenna 326 through the
application of RF power energizes the process gas to
form high-density plasmas 330, 430 (e.g., 101 1 -1012
ions/cm3) , laterally adjacent to substrates 316, 416.
Similar to processing chamber 100 of FIG. 2, the
configuration of processing chamber 300 has the
potential of doubling the substrate processing
throughput without the expenditure of additional RF
energy. [0024] The external planar antenna 326 is
supported in space 334 which is at ambient pressure
between dielectric window 332 and dielectric window
432. Dielectric windows 332, 432 can be composed of
any dielectric material that is transparent to RF
energy, such as quartz. Dielectric window 332 is 



laterally adjacent to planar antenna 326 and forms a
side wall relative to zone 310. Likewise, dielectric
window 432, also laterally adjacent to planar antenna
326, forms a side wall relative to zone 4 10. In one
embodiment, space 334 is enclosed in a metallic
compartment supporting dielectric windows 332, 432 as
walls of the compartment. [0025] FIG. 4 is a
cross-sectional view of another embodiment of a
dualzone ICP plasma processing chamber having
sub-chambers 500, 600, including zones 510, 610, to
simultaneously process two substrates under different
processing conditions. Similar to the FIG. 2
embodiment, theconfiguration of processing
sub-chambers 500, 600 includes horizontal support
surfaces 514, 614. [0026] Zones 510, 610 of
sub-chambers 500, 600 include the spaces between
dielectric windows 532, 632 and substrate supports
512, 612 with horizontal support surfaces 514, 614,
respectively. Support surfaces 514, 614 are adapted to
support substrates 516, 616 in a horizontal position.
Substrate supports 512, 612 can be diametrically
opposite one another. Vacuum pumps 518, 618 are
attached to pump ports 520, 620 to maintain the
interior of processing chamber 300 at a low pressure
(e.g., between about 1 mTorr to about 50 mTorr). Pump
ports 520, 620 are adjacent to substrate supports 512,
612 and can be diametrically opposite one another.
[0027] Gas sources 522, 622 supply process gases to
the interior of processing chamber 300. Process gases
can be introduced into the gas distributions members
524, 624 adjacent to substrates 516, 6 16. If
substrates 516, 616 are subjected to different plasma
processing conditions, gas sources 522, 622 can supply
different gas recipes. For example, substrate 516 can
undergo an etching process, while substrate 616
undergoes a chemical vapor deposition process and vice
versa. Examples of etching processes include conductor
etching, dielectric etching or photoresist stripping.
Examples of deposition processes include the chemical
vapor deposition of dielectric or conductive films.
Gas distribution member 524, 624 can include gas
distribution rings, gas distribution plates or gas
injection nozzles. The process gases in zones 510, 610
are energized upon supplying RF energy to planar
antenna 526, forming plasmas 530, 630 for the plasma
processing of substrates 516, 616. [0028] If different
process gases from gas sources 522, 622 are used to
generate plasmas 530, 630, it becomes necessary to
isolate processing subchambers 500, 600 with partition
536. Because different gas chemistries are used to
generate plasmas 530, 630 and produce different
by-products, in the absence of partition 536, the
different process gases released from gas distribution
members 524, 624 and by-products of the processing may
diffusetowards unintended regions of the processing
chambers 500, 600, rather than uniformly over the
surface of substrates 516, 616. [0029] Substrates 516,
616 are held in place on substrate supports 512, 612.
The substrate supports can include electrostatic
chucks (ESC), mechanical clamps, or other clamping
mechanisms. Substrate supports 512, 



612 can also include an RF biasing electrode (not
shown). For temperature control of the substrates 516,
616, the substrates 516, 616 can be cooled by flowing
helium gas beneath the substrates and the substrate
supports 5 16, 616 can be liquid cooled (not shown).
[0030] Once process gases are discharged into the
interior of processing zones 510, 610, they are
energized into a plasma state by a single antenna
arrangement supplying energy into the interior of the
processing chambers 500, 600. Preferably, the energy
source is an external planar antenna 526 powered by an
RF source 528 and RF impedance matching circuitry 530
to inductively couple RF energy into processing
chambers 500, 600. The symmetric electromagnetic field
generated by planar antenna 526 through the
application of RF power energizes the process gas to
form high-density plasmas 530, 630 (e.g., 101 1 -1012
ions/cm3) , laterally adjacent to substrates 516, 616.
Similar to processing chambers 200, 300 of FIGs. 2 and
3, the configuration of processing chambers 500, 600
has the potential of doubling the substrate processing
throughput without the expenditure of additional RF
energy. [0031] The external planar antenna 526 is
supported in space 534 which is at ambient pressure
between dielectric window 532 and dielectric window
532. Dielectric windows 532, 632 can be composed of
any dielectric material that is transparent to RF
energy, such as quartz. Dielectric window 532 is
laterally adjacent to planar antenna 526 and forms a
top wall relative to zone 5 10. Likewise, dielectric
window 632, also laterally adjacent to planar antenna
526, forms a bottom wall relative to zone 610. In one
embodiment, space 534 is enclosed in a metallic
compartment supporting dielectric windows 532, 632 as
walls of the compartment.[0032] In another embodiment
for simultaneously process two substrates under
different processing conditions, the configuration of
the processing subchambers to can include vertical
support surfaces, similar to the FIG. 3 embodiment.
[0033] While the invention has been described in
detail with reference to specific embodiments thereof,
it will be apparent to those skilled in the art that
various changes and modifications can be made, and
equivalents employed, without departing from the scope
of the appended claims.WHAT IS CLAIMED IS: 1. A dual
zone plasma processing chamber, comprising: a first
substrate support having a first support surface
adapted to support a first substrate within the
processing chamber; a second substrate support having
a second support surface adapted to support a second
substrate within the processing chamber; one or more
gas sources in fluid communication with one or more
gas distribution members supplying process gas to a
first zone adjacent to the first substrate support and
a second zone adjacent to the second substrate
support; and a radio-frequency (RF) antenna adapted to
inductively couple RF 



energy into the interior of the processing chamber and
energize the process gas into a plasma state in the
first and second zones, wherein the antenna is located
between the first substrate support and the second
substrate support. 2 . The plasma processing chamber
of Claim 1, wherein the antenna is a planar coil in a
compartment at ambient pressure. 3 . The plasma
processing chamber of Claim 2 , wherein the
compartment is between first and second dielectric
windows, the first dielectric window positioned
between the planar coil and the first support surface
and the second dielectric window positioned between
the planar coil and the second support surface. 4 .
The plasma processing chamber of Claim 3, wherein the
planar coil inductively couples RF power through the
first dielectric window to form a first plasma in the
first zone between the first dielectric window and the
first support surface; and inductively couples RF
power through the second dielectric window to form a
second plasma in the second zone between first
dielectric window and the first support surface.5 .
The plasma processing chamber of Claim 3, wherein the
first and second dielectric windows are transparent to
RF energy. 6. The plasma processing chamber of Claim
3, wherein the one or more gas distribution members
comprise a dual-ended injector extending through the
first dielectric window and the second dielectric
window, wherein the one or more gas sources supplies
the same process gas to the dualended injector. 7. The
plasma processing chamber of Claim 3, wherein the one
or more gas distribution members includes a first gas
distribution member adjacent to the first dielectric
window and a second gas distribution member adjacent
to the second dielectric window, wherein the one or
more gas sources includes a first gas source and a
second gas source, the first gas source supplying a
first process gas to the first gas distribution member
and the second gas source supplying a second process
gas to the second gas distribution member. 8. The
plasma processing chamber of Claim 7, wherein the
first and second gas distribution members are gas
distribution rings, gas distribution plates or gas
injection nozzles. 9. The plasma processing chamber of
Claim 7, wherein the plasma processing chamber
includes separate sub-chambers, the first substrate
support and second substrate support being located in
the separate sub-chambers. 10. The plasma processing
chamber of Claim 1, wherein the first support surface
is parallel to the second support surface. 11. The
plasma processing chamber of Claim 1, wherein the
antenna is located midpoint between the first and
second substrate supports.12. The plasma processing
chamber of Claim 1, wherein the first support surface,
and second support surface are vertically spaced
apart. 13. The plasma processing chamber of Claim 1,
wherein the first 



support surface and second support surface are
horizontally spaced apart. 14. The plasma processing
chamber of Claim 1, wherein the first and second
substrate supports include electrostatic chucks or
mechanical clamps. 15. The plasma processing chamber
of Claim 1, further comprising a first pump port
adjacent to the first substrate support and a second
pump port adjacent to the second substrate support,
the first pump port being diametrically opposite to
the second pump port. 16. A method of simultaneously
processing first and second semiconductor substrates
in a plasma processing chamber comprising: placing a
first substrate on the first substrate support and a
second substrate on the second substrate support in
the plasma processing chamber of Claim 1; discharging
process gases from the one or more gas sources into
the first zone between the antenna and the first
substrate and into the second zone between the antenna
and the second substrate; generating a first plasma
from the process gas in the first zone and a second
plasma from the process gas in the second zone; and
simultaneously processing the first substrate with the
first plasma and the second substrate with the second
plasma. 17. The method of Claim 16, wherein the same
process gas is discharged into the first zone and the
second zone.18. The method of Claim 16, wherein
processing the first substrate and the second
substrate includes deposition of conductive or
dielectric material. 19. The method of Claim 16,
wherein processing the first substrate and the second
substrate includes high-density plasma etching of
metals, dielectrics or photoresist stripping. 20. The
method of Claim 16, wherein a first process gas is
discharged into the first zone, a second process gas
is discharged into the second zone, the first
substrate is plasma etched and the second substrate is
subjected to plasma enhanced chemical vapor
deposition. 


