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METHOD AND APPARATUS FOR TREATING CONTAINERS

Inventors: Ronald Stevens, Gabriel Ormonde and James Mitchener
RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application 61/451,578 filed
March 10, 2011 which is hereby incorporated by reference in its entirety for all purposes.

FIELD

[0002] The disclosure relates to methods and apparatus for the treating of containers for

sterilization or application of thin film linings.

BACKGROUND

[0003] The packaging industry utilizes plastic and metal containers for packaging of food
and beverage products, pharmaceuticals, nutritional supplements, medical devices, supplies,
containment vessels, household products, auto lubricants, and other products. These plastic

and metal containers can have weak properties that limit their use and usable lifecycle.

[0004] For example, the shelf life of a product may depend on several properties
including: oxygen, carbon dioxide, and water vapor transmission rates through the packaging
container as well as chemical reactivity between the packaging and its contents. Glass
(“Si0y”) is considered the benchmark material for providing content integrity. However,
producing glass containers is costly, uses large energy resources, requires sterilization, and is
cumbersome in handling and shipping due to the fragile nature and weight of glass. Recently,
solutions have been introduced that use plasma energy to deposit a very thin SiO film on the
interior of plastic containers to obtain the barrier properties that address weaknesses in

conventional plastic containers.

[0005] Other barrier films have also been developed such as diamond-like carbon and
silicon oxynitride which can also improve performance. These solutions have gained some
market acceptance; however, the cost of the capital equipment, size and complexity of the
machines, lack of versatility, and overall cost of ownership to run the machines provide

significant barriers to entry to most packaging companies and end-users of the containers.

[0006] Existing plasma deposition systems utilize one electrode in the container and one

outside. This however limits the range of container geometries that can be treated by the
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apparatus and adapting the apparatus is expensive and difficult because the electrode

configuration depends on the geometry of the container being treated.

[0007] Additionally, systems and processes exist to treat container surfaces for other
reasons, such as, sterilization, surface texturizing, creating hydrophobic or hydrophilic
properties, screen printing adhesion of inks, and others. Such treatments are required in many

of the industries and applications noted above.

[0008] Further, metal containers such as tin, steel, and aluminum require coatings that
may contain volatile solvents that are bad for the environment and/or BPA (bisphenol A)
which has been shown by the FDA (food and drug administration) to interfere with natural
hormone production and balance resulting in a FDA report in 2010 highlighting concerns of
BPA exposure in fetuses, infants, and young children. The method and apparatus disclosed
in this specification can also treat metal containers to provide solutions that replace the

coatings currently in use.

[0009] For at least these reasons, there is a need to develop equipment and processes to
overcome the challenges of the existing solutions while providing for the application of

barrier films or other treatments on the interior of containers.

SUMMARY

[0010] A method of treating containers using radio frequency energy to disassociate
chemical precursors which recombine depositing a film on surfaces near the reaction or
treating the surfaces of the container (e.g., sterilization, texturizing, etc.). A chamber has
been developed that integrates a method to deliver chemical precursors into the chamber
volume, a mechanism to exhaust the chamber volume, an electrode assembly to disassociate
the chemical precursors and produce a chemical reaction by which a film is deposited on the
interior surface of the container, or the interior surfaces of the container are treated in
aforementioned manner. In one embodiment, a production system utilizes a plurality of these

chambers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The disclosed embodiments have other advantages and features which will be
more readily apparent from the detailed description, the appended claims, and the
accompanying figures (or drawings). A brief introduction of the figures is below.

[0012] Figure (FIG.) 1 illustrates one embodiment of a chamber design used to treat or

2
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deposit a film on surfaces of a container.

[0013] FIG. 2 illustrates the environment around the apparatus according to one

embodiment.

[0014] FIG. 3 illustrates the configuration of the electrodes in greater detail.

[0015] FIGS. 4A-D illustrates alternative embodiments of electrode configurations.
[0016] FIGS. 5A-5D illustrates variations in the configuration of the inner electrode.

[0017] FIG. 6 is a general conceptual drawing that describes a hollow inner electrode

configured as the conduit for gasses exiting the chamber.

[0018] FIG. 7 illustrates one embodiment for optimization of an electrode assembly.
[0019] FIGS. 8A-C illustrates one embodiment for optimization of an electrode assembly.
[0020] FIG. 9 illustrates an environment utilizing the flatter electrodes.

[0021] FIG. 10 illustrates example magnetic flux lines created in solenoids or permanent

magnets.
[0022] FIG. 11 illustrates one embodiment for use of magnets in the system.

[0023] FIGS. 12A-B illustrate two example embodiments of incorporating a photodiode

quality control feature.

[0024] FIGS. 13A-C illustrate additional shapes and volumes of containers that can be

used with the system and method.
[0025] FIG. 14 illustrates heaters incorporated into the apparatus.

[0026] FIG. 15 illustrates a flow chart of one embodiment of a method for coating

treating a container.

DETAILED DESCRIPTION

[0027] The figures and the following description relate to preferred embodiments by way
of illustration only. It should be noted that from the following discussion, alternative
embodiments of the structures and methods disclosed herein will be readily recognized as
viable alternatives that may be employed without departing from the principles of what is

claimed.

[0028] Reference will now be made in detail to several embodiments, examples of which
are illustrated in the accompanying figures. The figures depict embodiments of the disclosed

system (or method) for purposes of illustration only. One skilled in the art will readily

3
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recognize from the following description that alternative embodiments of the structures and
methods illustrated herein may be employed without departing from the principles described

herein.

[0029] FIG. 1 illustrates apparatus for treating a container 101 according to one
embodiment. The illustrated components include a chamber 105 having a lower housing 107,
a gasket 137 and an upper housing 109 having an opening 113; an electrode assembly
housing 114; an outer electrode 117; an inner electrode 121 surrounded by a dielectric sheath
123; an annulus 135; an exhaust escapement 138; an exhaust outlet 133; a precursor inlet

129; a cathode 127 and an anode 125.

[0030] The chamber 105 is configured to hold a container 101. The chamber 105 is
formed by the lower housing 107 and the upper housing 109. The lower housing 107 and
upper housing 109 are sealed using the gasket 137. The gasket 137 is sufficient to allow the
maintenance of a vacuum or low pressure (sub-atmospheric pressure or alternatively about 5
Torr or less or between 5 mTorr to about 5 Torr) in the chamber 105. The upper housing 109
includes at least one opening 113 coupled to the electrode assembly housing 114 traversing
the upper housing 109. The outer electrode 117 and the inner electrode 121 are disposed in
the electrode assembly housing 114 in addition to the annulus 135 and the exhaust
escapement 138. The outer electrode 117 is coupled to the anode 125 and the inner electrode
121 is coupled to the cathode 127. The electrodes 117 and 121 are arranged coaxially and the
space between the outer electrode 117 and the inner electrode 121 forms the annulus 135
which is coupled to the precursor inlet 129. The area between the outer electrode 117 and the
electrode assembly housing 114 forms the exhaust escapement 138 which is coupled to the
exhaust outlet 133. The electrode assembly housing 114 also includes the exhaust outlet 133

and the precursor inlet 129.

[0031] In one embodiment, the lower housing 107 is metallic. Alternatively, the lower
housing 107 is plastic with a conductive encasement to provide RF shielding to the
surrounding environment. Any structurally stable machinable plastic can be used. Examples
include, but are not limited to, delrin, acetel and nylon. The chamber 105 is enclosed by the
upper housing 109. The upper housing 109 is made of an electrically conductive material
such as, for example, but without limitation, aluminum or copper. The annulus 135 is the

means through which precursor materials are provided for the creation of plasma.

[0032] In one embodiment the clectrodes 117 and 121 are RF electrodes. The electrodes

4
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117 and 121 are the means through which power is applied to precursor materials forming
plasma. The electrodes 117 and 121 can be any electrically conductive material such as for
example, copper. Plated metals are also possible and reduce erosion over time. The inner
electrode 121 is surrounded by a dielectric sheath 123. Example materials for the dielectric
sheath 123 include PVC, alumina (Al,O3) and zirconium oxide (ZrO,). Voltage is applied to
the electrodes 117 and 121 via the anode 125 and cathode 127. It is understood that for use
with alternating current (AC), the designation of anode 125 as an anode and cathode 127 as a

cathode are not fixed.

[0033] The precursor inlet 129 allows for introduction of precursor materials into the
chamber 105 via the annulus 135. The exhaust escapement 138 is the means by which gasses

leave the chamber 105 and the chamber 105 is evacuated via the exhaust outlet 133.

[0034] FIG. 2 illustrates the environment around the apparatus according to one
embodiment. The environment includes the chamber 105 having the upper housing 109 and
lower housing 107; the precursor inlet 129; the exhaust outlet 133; the cathode 127; the anode
125; an alternating current (AC) power generator 201; a matching network 205; precursor
sources 207 and a vacuum pump 211. The cathode 127 and anode 125 are configured to be
coupled via a vacuum compatible coupling to connect to the AC power generator 201 and the
matching network 205. The precursor inlet 129 is configured to be coupled via a vacuum
compatible coupling to the precursor sources 207. The exhaust outlet 133 is configured to be

coupled via a vacuum compatible coupling to the vacuum pump 211.

[0035] Typically, the AC power generator 201 is designed to operate with a 50 Q
resistance (industry standard). A range of resistance is possible however. In an alternative
embodiment, a direct current (DC) power generator is used. The matching network 205 is
incorporated to transform the resistive and capacitive properties of the plasma to 50 Q to

match that of the AC power generator’s 201 impedance.

[0036] The example in FIG. 2 illustrates three precursor sources 207. In other
embodiments, fewer or more precursor sources are possible. For the application of barrier
films for containers, precursors include a silicon source (such as, but not limited to: silane gas
(SiHy), hexamethyldisiloxane HMDSO, tris[dimethylamino]silane TDMAS,
tetramethoxysilane TMOS, tricthoxysilane, or tetracthyloxysilane (TEOS) and oxygen gas
(O,) to form silicon oxide (SiOy)). To form silicon oxynitride (SiOxNy) films, a third

precursor, nitrogen gas (N,) is added. For the application of aluminum containing films to

5
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containers, precursors include an aluminum source such as an aluminum alkoxide,
trimethylaluminum (TMA) or AICl;. Additional precursors could be implemented to form
other films, provide dopants to tailor the film properties (such as, but not limited to: I/R or
U/V filtering), provide a diluent gas, provide pretreatments to prepare the container surface,
or sterilize the container. He, N, and Ar are useful as carriers for other precursor materials.

Ar is also useful for initial plasma creation.

[0037] For the application of sterilization, example precursors include O,, N;, and nitrous
oxide (N2O). When oxygen is used as a precursor, the resulting atomic oxygen and ozone
sterilizes the container 101. Sterilization is advantageous in many industry uses where
organic contamination is of concern, including but not limited to: food & beverage, medical,
petroleum, and general containment. For this reason, it is reasonable to expect sterilization

can be an advantageous initial step in multistep treatments and deposition.

[0038] The vacuum pump 211 is the means by which the chamber 105 is evacuated and
may be a single pump or a combination of pumps. In one embodiment, the chamber 105 is
evacuated from atmospheric pressure to less than 5 Torr. In one embodiment the vacuum
pump 211 is capable of evacuating 10 liters from ATM to 0.5 Torr in < 5 seconds. Examples
of vacuum pump 211 usable with the disclosed system include those from B.O.C. Edwards in
Sanborn, NY; Oerlikon Leybold Vacuum of Cologne, Germany; Kashiyama-USA in
Fremont, CA; Toyoda Machinery USA in Arlington Heights, IL; and Ebara Technologies,

Inc. of Sacramento, CA.

[0039] FIG. 3 illustrates the configuration of the electrodes 117 and 121 in greater detail.
FIG. 3 includes the inner electrode 121 with dielectric sheath 123, the outer electrode 117,
annulus 135, the exhaust escapement 138 and the container 101. The outer electrode has a
larger diameter than the inner electrode and the coaxial arrangement of the electrodes 117 and
121 is particularly efficient for forming plasma from the precursor materials. In one
embodiment, the inner electrode 121 has a diameter of at least % in. and the dielectric sheath
123 ends 4— 1 from the end of the inner electrode 121 leaving the last portion of the inner
electrode 121 unshielded. The portion of the inner electrode 121 that is unshielded is where
plasma is formed and thus the amount of unshielded inner electrode 121 determines where
plasma formation starts in operation. In one embodiment, the outer electrode 117 is sized to
provide inertial flow of the precursor into the chamber cavity so that the mass flow of

precursor materials can be efficiently disassociated by RF power delivered to the electrodes.



WO 2012/122559 PCT/US2012/028660

For example, if the inner electrode has a diameter of about s inch, the outer electrode may
have an inner diameter of % to 2 in. Alternatively, because creation of plasma for
disassociating the precursor materials depends on the relationship between the power input,
the chemical species, the process pressure, and the chemical flow rate, and the sizes of the
inner electrode and outer electrodes; the sizes of the electrodes can vary significantly. The
electrodes 117 and 121 are configured to end right before the opening of the container 101 to
be treated when the container 101 is inserted into the chamber 105 to be treated. In this
embodiment, the area 301 between the top of an inserted container 101 and the end of the
electrodes 117 and 121 is 5-10 mm for containers 101 with wider openings. The electrodes
117 and 121 can also be configured to extend down into an inserted container 101. This is

uscful for containers 101 with openings less than 38 mm in width.

[0040] FIGS. 4A-D illustrate alternative electrode configurations. Alternative
configurations improve and optimize deposition uniformity on various container geometries.
Each configuration illustrates the container 101, the inner electrode 121 with dielectric sheath
123, the outer electrode 117, the annulus 135 and the exhaust escapement 138. Both
electrodes 117 and 121can be configured to extend into the chamber 101 as shown in FIG.
4A. The electrodes 117 and 121 can be configured to extend as much as halfway or more
into the height of the container 101. The distance that the electrodes 117 and 121 are
configured to extend into the container 101 depends on the height of the container 101,
diameter of the opening of the container 101 and internal diameter of the container 101. For
example; the geometry shown in FIG. 3 may provide better deposition coverage for low
aspect ratio containers where the diameter of the container mouth may be greater than 38mm,
while an extended probe as shown in FIGS. 4A-D may provide better uniformity on high
aspect ratio containers and those with openings smaller than 38mm. FIG. 4A illustrates the
extension of the inner electrode 121 with dielectric sheath 123 and the extension of outer
electrode 117 into the container 101 to increase uniformity of treatment chemistry on the
interior walls of container 101 before the chemistry is exhausted through exhaust escapement
138. In another embodiment, simply extending the outer electrode 117 into the container

may provide for efficient treatment of the container as shown in FIG. 4B.

[0041] Alternatively, the electrodes 117 and 121 differ in length from one another. The
outer clectrode 117 extends at least as far as the end of the dielectric sheath 123. In some
cases it may be beneficial to extend the outer electrode 117 longer than the inner electrode

121. In this embodiment, the outer electrode 117 acts as a conduit of the plasma into the
7
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target container. In some embodiments, the outer electrode 117 incorporates openings 401,
shown in FIG. 4C. This allows for more uniform deposition of a coating. Openings 401
typically range in effective cross-sectional area equivalent to hole sizes from 0.001” to 0.050”
where the size is determined by the process pressure, the process flow rate, and chemical
species delivered between the electrodes. In this configuration the end of the outer electrode

is closed to force the chemical species through the openings 401.

[0042] In yet another alternative, illustrated in FIG. 4D, the added uniformity of
deposition is accomplished through the addition of a baffle 403 with openings 401 to the end
of the outer electrode 117. The baffle 403 comprises a dielectric material similar to that used

for the diclectric sheath 123 on the inner electrode 121.

[0043] Turning now to FIGS. 5A-5D, illustrated are variations in the configuration of the
inner electrode 121. Varying the inner electrode 121 configuration can decrease power
required to generate the plasma and/or delivering the active species. FIG. 5A illustrates a
solid inner electrode 121. FIG. 5B illustrates a hollow cylindrical inner electrode which
allows for precursor materials or other gasses to be introduced through the hollow center 501.
FIG. 5C illustrates the inner electrode 121 as multiple inner electrodes 121 which operate as a
single unit. FIG. 5D illustrates a shaped inner electrode 121. The points on the star-shape
inner electrode 121 act as an antenna and discharge electrical charges collected at the points

to the outer electrode 117.

[0044] An alternate co-axial assembly where the inner electrode 121 is hollow and its
center is used as the exhaust escapement 138 is also possible and illustrated in FIG. 6. FIG 6
is a general conceptual drawing that describes the principals in this configuration and
includes the inner electrode 121 with diclectric sheath 123; the outer electrode 117 with a
dielectric sheath 601; the annulus 135 and the exhaust escapement 138. The exhaust
escapement 138 is configured to connect to the exhaust outlet 133. Precursor material enters
the chamber in the annulus 135 between the outer electrode 117 and inner electrode 121. In
this embodiment, the outer clectrode 117 has a diclectric sheath 601. This eliminates
grounding to other chamber components and further improves conductance to the vacuum

pump and leads to more efficient deposition on wide mouth containers.

[0045] Referring now to FIG. 7, optimization of the electrode assembly according to one
embodiment is illustrated. FIG. 7 includes the inner electrode 121; the outer electrode 117

with dielectric sheath 601; the annulus 135; exhaust escapement 138; and dielectric layers

8
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701. The electrodes 117 and 121 are flat as opposed to cylinders and packaged with
interchanging conductive and dielectric layers 701. This is beneficial as because it provides
electrical insulation while reducing the materials required and providing for cost effective
design and servicing. Precursor materials enter the chamber in the annulus 135 where it is
disassociated and enters the chamber and is then exhausted through the exhaust escapement

138.
[0046] FIGS. 8A-C illustrate an alternate electrode assembly housing 114. All three

figures illustrate the internal electrode 121; outer electrode 117; dielectric layers 701; exhaust
escapement 138 and precursor inlet 129. Referring to FIG. 8A, the inner electrode 121 and
the outer electrode 117 are layered with dielectric layers 701. The exhaust escapement is
configured to connect to the exhaust outlet 133. The precursor inlet 129 for introduction of
one or more precursor materials. FIG. 8B illustrates an exploded view of the electrode

assembly housing 114 in FIG. 8A.

[0047] FIG. 8C illustrates a cross-sectional view of the electrode assembly housing 114
in FIG. 8A. FIG. 8C includes additional components: the annulus 135 and an exhaust baffle
803. The precursor inlet 129 is configured to be coupled to the annulus 135. The exhaust
baffle 803 is configured to be coupled to the exhaust escapement 138.

[0048] The exhaust baffle 803 increases flow uniformity into the chamber before it is
exhausted through the exhaust escapement and to the exhaust outlet 133. This provides the

benefit of the precursor materials to flow around and above the electrodes 121 and 117.

[0049] FIG. 9 illustrates an environment utilizing the alternate electrode assembly
housing 114 illustrated in FIGS. 7-8. FIG. 9 includes the chamber 105 having the upper
housing 109 and lower housing 107 and a container 101 disposed therein; the electrode
assembly housing 114; the anode 125; the cathode 127; the precursor inlet 129; the precursor
sources 207; the exhaust escapement 138; the exhaust outlet 133; the vacuum pump 211; the
AC power generator 201 and the matching network 205. The cathode 127 and anode 125 are
configured to be coupled via a vacuum compatible coupling to connect to the AC power
generator 201 and the matching network 205. The precursor inlet 129 is configured to be
coupled via a vacuum compatible coupling to the precursor sources 207. The exhaust outlet

133 is configured to be coupled via a vacuum compatible coupling to the vacuum pump 211.

[0050] FIG. 10 illustrates magnets or solenoids (electromagnets) to increase efficiency of

transport of the active plasma species. lons and radicals flow in helical paths along the flux

9



WO 2012/122559 PCT/US2012/028660

lines created by the magnetic field, thus, confining the plasma, increasing plasma density. By
providing such an environment, it is possible to direct deposition. This is done in a variety of
ways depending on placement of permanent and electromagnets to address container aspect
ratio and shape. FIG. 10 illustrates examples of magnetic flux lines created in solenoids or

permanent magnets.

[0051] FIG. 11 illustrates an electromagnet 1101 incorporated in the upper housing 109
to confine plasma into the narrow neck of the container and a magnet 1103 incorporated into
the lower housing 107 to direct the flux lines to the base of the container. Magnets can also
be incorporated in a variety of other ways to confine and direct the plasma to address the

features of the container shape and volume.

[0052] FIGS. 12A-B illustrate incorporation of an optional photodiode 1201 in the
disclosed apparatus. In FIG. 12A, the photodiode 1201 is incorporated in the upper housing
109. In FIG. 12B, the photodiode 1201 is incorporated into the lower housing 107.
Photodiodes 1201 are useful in production environments where quality control and process
monitoring are important. The photodiode 1201 validates the presence and duration of
plasma activation. Photodiodes 1201 are widely available in a variety of compact form
factors and specific wavelength detection ranges. Photodiodes 1201 have response times that
are very fast (e.g., <5Sms) for accurate time measurement. Different wavelengths are used
depending on the treatment of the containers. Oxygen plasma fluoresces at 777nm, nitrogen
at 357nm, NO; at 590nm. Different photodiodes would be used to validate various process
steps, O,, O, + Ny, O, + silicon for example. The exact wavelengths targeted are determined
by experimental observation at the optimized process (different mixtures of gases will move

the peak luminescence).

[0053] FIGS. 13A-C illustrates the system used with a variety of container 101 shapes.
Each of FIGS. 13A-C illustrate the container 101; chamber 105; upper housing 107 and lower
housing 109. FIG. 13A illustrates a smaller bottle of about 0.5 L as the container 101
disposed within the chamber 105. FIG. 13B illustrates a larger bottle of about 1 L as the
container 101 disposed within the chamber 105. FIG. 13C illustrates a jar as the container
101 disposed within the chamber 105. In the illustrated examples the lower housing 107 is
different in each example to accommodate the different shaped containers 101. However, the
upper housing 109 and electrode assembly housing 114 did not need to be modified. This is

especially useful when using RF power for creating the plasma because RF power does not

10
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require a waveguide. If microwave plasma is used, a waveguide is constructed geometrically
of the hardware leading from the energy source to the target container and takes the geometry
of the container in account. Thus adapting a chamber to different containers when using
microwave plasma requires significant changes to the hardware from the energy source.
While FIG. 13 illustrates the different containers 101 that substantially fill the chamber 105,
this is not essential. The disclosed method and apparatus operate as well when there is space

between the container 101 and the walls of the chamber 105.

[0054] FIG. 14 illustrates heaters 1401 incorporated into the apparatus. FIG. 14 includes
the upper housing 109; lower housing 107 and heaters 1401. Heaters 1401 are incorporated
into the lower housing 107 and the upper housing 109. In alternative embodiments, one or
more heaters 1401 are only incorporated into the lower housing 107 or the upper housing
109. Useful heaters 1401 include resistive type heaters activated by input of electrical
energy. These are commonly known as fire-rods. Other methods and types of resistive
heaters could be used to obtain the desired result. Use of heaters 1401 to heat the container
101 while treating is useful in avoiding film failure when the treatment of the container 101
comprises application of a film. The film failure occurs when the container 101 is placed in
an environment of higher temperature. Film failure occurs due to the difference in growth
between the container 101 and the film applied due to coefficient of thermal expansion
having different values for different materials. Film failure occurs as delamination, fractures,
or pinholes. Film failure is addressed by pre-heating the container 101 with the one or more
heaters 1401, to a predetermined temperature, before and during the process of depositing the

film.

[0055] The heating of the container 101 also results in the container 101 and the film
entering a compressive state as the coated container cools. Thus when the coated container
101 is exposed at a later time to elevated temperatures, the container 101 does not experience
the level of tensile stress that causes failure. Most materials are stronger in compressive

stress than in tensile stress.

[0056] FIG. 15 is a flow chart illustrating the operation of the method. The process steps
may be controlled manually or by automated means by implementing such instrumentation,
times, relays, etc. that would be required for automated operation. The container 101 to be
treated is loaded 1501 into the chamber 105. The upper housing 109 is closed. The chamber
105 is then evacuated 1505. The desired treatment process is then started 1509. The

11
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precursor materials for the process flow into the chamber 105 for a predetermined amount of
time and the RF power started for a predetermined amount of time. Examples of applied RF
power include 13.56MHz and 400kHz. The electrodes 117 and 121 are energized and the
precursor gas or gasses enter the annulus 135. The gas is electrically excited by the energy
and disassociates forming ions and radicals. The ions and radicals recombine as they collide
with each other. For the formation of a film, for example, the collisions result in the
formation compounds such as various SiOxNy and physically deposit on the surfaces of the
container 101, forming a thin layer of material on the interior surface of the container 101.
Material is deposited for a predetermined time to create a conformal coating of predictive
thickness. In one embodiment, the RF power remains in place for some time after the
precursor materials have stopped flowing into the chamber 105. In operation, deposition
rates can vary from fractions of nm/sec to multiple pm/sec depending on process pressure,
power input, precursor flow, and precursor chemical concentration. In one embodiment, the
system parameters are optimized to produce a film of 50-200 nm in less than 30 seconds for
productivity reasons. In the case of SiOy films, publically published data has demonstrated
effective barrier for oxygen and carbon dioxide at 50 nm. Alternately, a treatment that targets

sterilization may target a process of less than 30 seconds to eliminate all biologicals present.

[0057] If the process is a multi-step process 1513, an additional process 1517 may be
commenced by repeating step 1509 if the additional step requires additional gasses and
plasma. An example of a multi-step process may begin with a precursor step to texturize the
surface of a container to provide for better film adhesion, followed by a second precursor step
to provide a film with good adhesion and compliance properties, followed by a third
precursor step for an effective barrier film where the precursors of each step may be different
from one another. Alternately, in some cases one step may involve treating a container with a
precursor to sterilize the container. Further, a multi-step process may involve repeating
deposition of the same film in a layered fashion. Another multiple step process could consist
of a surface treatment followed by an in-situ deposition process such as an oxidation and

clean of the depositing surface followed in-situ by a thin film deposition layer.

[0058] After processing is completed, the chamber 105 is vented 1521 bringing it back to

atmospheric pressure. The container 101 is then unloaded 1525 from the chamber 105.

[0059] The described system and apparatus can be used with multiple chambers 105 in

parallel allowing the treatment of multiple containers 101 at once. The apparatus can be

12
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reconfigured with different numbers of chambers 105 operating in parallel depending on the
number of containers 101 to be treated at one time. Additionally, multiple chambers 105 can
be configured for different shapes of containers 101. This may be accomplished by changing
out the upper housing 109 or the lower housing 107 or both. In a machine with several
chambers, the chambers are encased by a metallic enclosure to provide necessary RF
shielding and safety or will have a metallized film or screen attached to the exterior for such

requirements.
EXAMPLES

[0060] For all examples, the temperature of the chamber 105 is controlled by heater 1401.
When treating plastic containers (comprising for example polyethylene terephthalate (PET)),
the temperature of the chamber 105 is maintained at 70°C or less. When treating metal
containers (comprising for example aluminum, steel or tin), the temperature of the chamber
105 is maintained at less than 250°C. In all examples, the materials used include SiHa,

TEOS, HMDSO, O; and Ar.

[0061] Generally, for the various treating procedures, the chamber 105 is evacuated to
between 50 mTorr and 5 Torr. The total flow rate of precursor materials to the chamber 105
is from 5 scem to 500 sccm. The power applied to the electrodes 117 and 121 is from 10W to

150W. The time that power is applied forming plasma is from 5 ms to 60 seconds.

[0062] The method and apparatus is optimized for various families of container 101
geometries by numerical modeling, validated by experiments, based on various parameters
and features which include, but are not limited to: container 101 distance to exhaust
escapement 138, diameter of exhaust escapement 138, diameter of electrodes 117 and 121,

deposition uniformity, deposition growth rate, particle formation and effluent.

Example 1 — Oxidation and cleaning of a surface

[0063] The chamber 105 with the container 101 inserted is evacuated via the exhaust
escapement 138 to a base pressure of 50 mTorr. Oxygen is flowed into the chamber 105 via
the annulus 135 at 100 sccm. Plasma is created by applying 30W power to the electrodes 117
and 121 for 5 seconds. When treating a plastic surface of a container 101, the result of this
procedure is that the surface is cleaned. When treating metal surface of a container 101, such
as Al, the result of this procedure is that the surface is treated and an inorganic oxide is grown

such as Al,Os in the case of an aluminum surface.

Example 2 — Coating of a surface with a SiO, film
13
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[0064] The chamber 105 with the container 101 inserted is evacuated via the exhaust
escapement 138 to a base pressure of 50 mTorr. HMDSO precursor vapor is carried to the
chamber 105 via the annulus 135 using a flow of 10 sccm of argon which mixes with 50sccm
of oxygen prior to entering the chamber 105. The plasma is created by applying 30W power
to the electrodes 117 and 121 for 10 seconds resulting in a SiOx film of approximately 100nm

average thickness.

Example 3 — Multi-step procedure

[0065] The procedure of Example 1 can be followed by the procedure in Example 2 to
first clean and prepare a surface and then depositing a SiOx coating on the surface of the

container 105.

[0066] The described apparatus is useful to treat containers by coating, texturizing and/or
sterilizing them. The configuration of the electrodes together in an assembly is beneficial as
the same assembly can be used to treat containers of various geometries. The plasma is
formed at the electrodes and then disperses in the chamber and thus the configuration of the
electrodes is not dependent upon the geometry of the container. This means that different
geometry containers can be treated without significant changes to the partial pressure of
precursor materials, concentration of precursor materials, the power applied or the time that

the power is applied.

[0067] As used herein any reference to “one embodiment” or “an embodiment” means
that a particular element, feature, structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. The appearances of the phrase “in one
embodiment” in various places in the specification are not necessarily all referring to the

same embodiment.

[0068] The foregoing description of the embodiments of the invention has been presented
for the purpose of illustration; it is not intended to be exhaustive or to limit the invention to
the precise forms disclosed. Persons skilled in the relevant art can appreciate that many
modifications and variations are possible in light of the above disclosure. The language used
in the specification has been principally selected for readability and instructional purposes,
and it may not have been selected to delineate or circumscribe the inventive subject matter. It
is therefore intended that the scope of the invention be limited not by this detailed
description, but rather by any claims that issue on an application based hereon. Accordingly,

the disclosure of the embodiments of the invention is intended to be illustrative, but not

14
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limiting, of the scope of the invention, which is set forth in the following claims.

15
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CLAIMS

1.

10.

A method for treating a container, the method comprising;:
inserting the container in a housing;
evacuating the housing;

providing at least one precursor material to the housing via an annulus formed
between a first electrode and a second electrode, wherein the first electrode has a
first diameter and the second electrode has a second diameter and the first
diameter is larger than the second diameter and the first electrode and the second

electrode are arranged coaxially relative to eachother;

forming a plasma from the at least one precursor material by applying power to the

first and the second electrode; and
applying the plasma to the container.

The method of claim 1 wherein applying the plasma to the container comprises

depositing a film on an inner surface of container formed by the plasma.

The method of claim 2 wherein the film is an aluminum oxide film, a silicon

oxynitride film or a silicon oxide film.

The method of claim 1 wherein applying the plasma to the container comprises

texturizing an inner surface of the container.

The method of claim 1 wherein applying the plasma to the container comprises

sterilizing an inner surface of the container.

The method of any one of the previous claims wherein the precursor material

comprises Ar, O,, N, H, or N,O.

The method of any one of claims 1-3 wherein the precursor material comprises SiHy,
hexamethyldisiloxane, tris[dimethylamino]silane, tetramethoxysilane, triecthoxysilane,

or tetracthyloxysilane.
The method of claim 7 wherein the precursor material further comprises Os.
The method of claim 8 wherein the precursor material further comprises N,.

The method of any one of claims 1-3 wherein the precursor material comprises an

aluminum alkoxide, trimethylaluminum (TMA) or AlCl;.
16
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11.  The method of any previous claim wherein the power comprises radio frequency (RF)
power.

12.  The method of any previous claim further comprising heating the chamber.

13.  An apparatus for treating a container comprising:

a chamber having an interior, a top portion and a bottom portion wherein:

the top portion and the bottom portion are configured to fit together to close the

chamber,

the top portion and bottom portion are configured to provide a substantially vacuum-

proof seal when the chamber is closed, and
the interior configured to hold the container to be treated;

an electrode assembly coupled to an opening in one of the top portion or the bottom

portion, the electrode assembly comprising:
an electrode assembly housing,

a first electrode and a second electrode wherein the first electrode is hollow has a first
diameter and the second electrode has a second diameter and the first diameter is
larger than the second diameter and the first electrode and the second electrode are

arranged coaxially relative to eachother,

an annulus between the first and second electrodes through which treatment precursor

materials are provided, and

an escapement configured to be coupled to a vacuum pump through which the

chamber is evacuated.

14.  The apparatus of claim 13 wherein the first and second electrodes extend into the
chamber.
15 The apparatus of claim 13 or claim 14 wherein the escapement is between the

electrode assembly housing and the first electrode.

16.  The apparatus of claim 13 or claim 14 wherein the second electrode is hollow and the

escapement is inside the second electrode.

17
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18.

19.

20.

21.

22.

23.

24.

WO 2012/122559 PCT/US2012/028660

The apparatus of any one of claims 13-15 wherein the second electrode has an end
closest to the interior of the chamber and the second electrode is coated with a
dielectric material up to a predetermined distance from the end closest to the interior

of the chamber.

The apparatus of any one of claims 13-17 wherein the top portion comprises a

metallic material.

The apparatus of any one of claims 13-18 wherein the bottom portion comprises

plastic coated in conductive material on an exterior of the bottom portion.
An apparatus for treating a container comprising:

a means for holding the container; and

an assembly coupled to the holding means, the assembly comprising:

a first electrode and a second electrode wherein the first electrode is hollow has a first
diameter and the second electrode has a second diameter and the first diameter is
larger than the second diameter and the first electrode and the second electrode are

arranged coaxially relative to eachother,

a means for precursor materials to be provided formed by the first electrode and the

second electrode, and

a means for evacuating the holding means configured to be coupled to a vacuum

creation means.

The apparatus of claim 20 wherein the first and second electrodes extend into the

chamber.

The apparatus of any one of claims 20-21 wherein the evacuating means is formed by

the first electrode and an assembly housing in which the assembly is disposed.

The apparatus of any one of claims 20-21 wherein the second electrode is hollow and

the evacuating means is inside the second electrode.

The apparatus of any one of claims 20-22 wherein the second electrode has an end
closest to an interior of the holding means and the second electrode is coated with a
dielectric material up to a predetermined distance from the end closest to the interior

of the holding means.

18
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25.  The apparatus of any one of claims 20-24 wherein the holding means comprises a first

portion comprising a metallic material.

26.  The apparatus of any one of claims 20-25 wherein the holding means comprises a

second portion having an exterior comprising plastic coated in conductive material.

19
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