
WO 2011/100226PCT/US2011/024010 SEPARATING CONTAMINANTS FROM GAS IONS IN
CORONA DISCHARGE IONIZING BARS CROSS REFERENCE TO RELATED CASES [0001]This
application claims the benefit under 35 U.S.C. 119(e) of co-pending U.S.
Application Ser. No. 61/337,701, filed February 11, 2010 and entitled
"Separating Contaminants From Gas Ions In Corona Discharge Ionizers"; and
is a continuation-in-part of U.S. Application Ser. No. 12/799,369 which, in
turn, claimed priority from U.S. Provisional Application Ser. No.
61/214,519 filed April 24, 2009 and entitled "Separating Particles and Gas
Ions in Corona Discharge Ionizers"; U.S. Provisional Application Ser. No.
61/276,792 filed September 16, 2009 and entitled "Separating Particles and
Gas Ions in Corona Discharge Ionizers"; U.S. Provisional Application Ser.
No. 61/279,784, filed October 26, 2009 and entitled "Covering Wide Areas
With Ionized Gas Streams"; and U.S. Provisional Application Ser. No.
61/337,701, filed February 11, 2010 and entitled "Separating Contaminants
From Gas Ions In Corona Discharge Ionizers", which applications are all
hereby incorporated by reference in their entirety. BACKGROUND OF THE
INVENTION 1.Field of the Invention [0002]The invention relates to the field
of static charge neutralization apparatus 



using corona discharge for gas ion generation. More specifically, the
invention is directed to producing clean ionized gas flows for charge
neutralization in clean and ultra clean environments such as those commonly
encountered in the manufacture of semiconductors, electronics,
pharmaceuticals and similar processes and applications. WO
2011/100226PCT/US2011/024010 2.Description of the Related Art
[0003]Processes and operations in clean environments are specifically
inclined to create and accumulate electrostatic charges on all electrically
isolated surfaces. These charges generate undesirable electrical fields,
which attract atmospheric aerosols to the surfaces, produce electrical
stress in dielectrics, induce currents in semi-conductive and conductive
materials, and initiate electrical discharges and EMI in the production
environment. [0004]The most efficient way to mediate these electrostatic
hazards is to supply ionized gas flows to the charged surfaces. Gas
ionization of this type permits effective compensation or neutralization of
undesirable charges and, consequently, diminishes contamination, electrical
fields, and EMI effects associated with them. One conventional method of
producing gas ionization is known as corona discharge. Corona-based
ionizers, (see, for example, published patent applications US 20070006478,
JP 2007048682) are desirable in that they may be energy and ionization
efficient in a small space. However, one known drawback of such corona
discharge apparatus is that the high voltage ionizing electrodes/emitters
(in the form of sharp points or thin wires) generate undesirable
contaminants along with the desired gas ions. Corona discharge may also
stimulate the formation of tiny droplets of water vapor, for example, in
the ambient air. [0005]The formation of solid contaminant byproducts may
also result from emitter surface erosion and/or chemical reactions
associated with corona discharge in an ambient air/gas atmosphere. Surface
erosion is the result of etching or spattering of emitter material during
corona discharge. In particular, corona discharge creates oxidation
reactions when electronegative gasses such as air are present in the
corona. The result is corona byproducts in form of undesirable gases (such
as ozone, and nitrogen oxides) and solid deposits at the tip of the 



WO 2011/100226PCT/US2011/024010 emitters. For that reason conventional
practice to diminish contaminant particle emission is to use emitters made
from strongly corrosive-resistant materials. This approach, however, has
its own drawback: it often requires the use of emitter material, such as
tungsten, which is foreign to the technological process, such as
semiconductor manufacturing. The preferred silicon emitters for ionizers
used to neutralize charge during the manufacture of semiconductor silicon
wafers do not possess the desired etching and corrosive resistance.
[0006]An alternative conventional method of reducing erosion and oxidation
effects of emitters in corona ionizers is to continuously surround the
emitter(s) with a gas flow stream/sheath of clean dry air (CDA), nitrogen,
etc. flowing in the same direction as the main gas stream. This gas flow
sheath is conventionally provided by gas source of gas as shown and
described in published Japanese application JP 2006236763 and in US Patent
5,847,917.      [0007]US Patent 5,447,763 Silicon Ion Emitter Electrodes
and US Patent 5,650,203 Silicon Ion Emitter Electrodes disclose relevant
emitters and the entire contents of these patents are hereby incorporated
by reference. To avoid oxidation of semiconductor wafers manufacturers
utilize atmosphere of electropositive gasses like argon and nitrogen.
Corona ionization is accompanied by contaminant particle generation in both
cases and, in the latter case, emitter erosion is exacerbated by electron
emission and electron bombardment. These particles move with the same
stream of sheath gas and are able to contaminate objects of charge
neutralization. Thus, in this context the cure for one problem actually
creates another.      [0008]There are some important differences between an
AC in-line ionizer and an AC or DC/pulsed DC ionizers operating in the
ambient air or gas: single emitter of the in-line ionizer is isolated from
ambient atmosphere (or gas) and there is no electrical field from a charged
object to affect an ionization cell. 



WO 2011/100226PCT/US2011/024010 [0009]In contrast, ambient ionizer
emitter(s) "see" electrical field from charged object and this field
participates in ion clouds movement. Moreover, the emitter(s) in the
ambient ionizer is not isolated from ambient atmosphere or gas.
Consequently, in the ambient ionizer vacuum flow alone does not solve the
problem of emitter contamination. In fact, vacuum flow inside an ionizer
could create a dragging effect (sucking) for a portion of the ambient air
which could, in turn, lead to the accumulation of a type of debris around
the emitter point known as a "fuzz ball". SUMMARY OF THE INVENTION
[0010]The present invention may satisfy the above-stated needs and overcome
the above-stated and other deficiencies of the related art by providing
ultra clean ionizing bars that provide one or more of the following
benefits (1) provide static neutralization of charged neutralization
targets/objects without exposing the targets/objects to substantial numbers
particulate contaminants inevitably produced by corona discharge electrodes
in the ionizing bar; (2) provide static neutralization of charged
targets/objects without exposing the charged neutralization targets/objects
to substantial amounts of byproduct gases (such as ozone, nitrogen oxides,
etc.) due to chemical reactions inevitably produced by corona discharge of
the ionizing bar; (3) prevent or decrease fuzz ball and/or other debris
formation/contamination on corona discharge electrodes in the ionizing bar
to thereby prolong the maintenance-free time of such corona discharge
electrodes; and (4) improve ion delivery to the charge neutralization
targets/objects by combination of air (gas) assist techniques and/or multi-
frequency corona ionization techniques.  WO 2011/100226PCT/US2011/024010 



[0011]Ionizing bars in accordance with the invention may include a single
shell assembly or, alternatively, plural shell assemblies with AC ionizing
electrodes compatible with AC high voltage power supplies (HVPS).
Alternatively, ionizing bars in accordance with the invention may include
both dedicated positive electrodes compatible with positive DC HVPS and
dedicated negative electrodes compatible with negative DC HVPS. [0012]The
present invention may take the form of an ionizing bar for directing a
clean ionized gas stream to an attractive non-ionizing electric field of a
charge neutralization target. Inventive ionizing bars may receive a
non-ionized gas stream, exhaust a contaminant gas stream away from a charge
neutralization target, and receive an ionizing electrical potential
sufficient to induce corona discharge at plural electrodes. An inventive
ionizing bar may include at least one gas channel that receives the
non-ionized gas stream and that directs the clean ionized gas stream toward
the target and at least one evacuation-channel that exhausts the
contaminant gas stream away from the ionizing bar and target. An inventive
ionizing bar may also include plural shell assemblies, each of which
includes a shell, at least one ionizing electrode and at least one
evacuation port. The shell may have an orifice in gas communication with
the shell and the gas channel such that a portion of the non-ionized gas
stream may enter the shell. The ionizing electrode may have a tip that
produces a plasma region, comprising ions and contaminant byproducts, in
response to application of the ionizing electrical potential. The ionizing
electrode may be disposed within the shell such that the tip is recessed
from the shell orifice by a distance that is at least generally equal to
the size of the plasma region whereby at least a substantial portion of the
produced ions migrate into the non-ionized gas stream to thereby form the
clean ionized gas stream that is drawn toward the charge neutralization
target by the non-ionizing electric field. The ionizing electrode also may
be configured as a stretched  WO 2011/100226PCT/US2011/024010 thin wire or
saw-tooth band. The evacuation port may be in gas communication with the
evacuation-channel and may present a gas pressure within the shell and in
the vicinity of the orifice that is lower than the pressure of the
non-ionized gas stream outside the shell and in the vicinity of the
orifice, whereby a portion of the non-ionized gas stream flows into the
shell and sweeps at least a substantial portion of the contaminant
byproducts into the contaminant gas stream exhausted by the
evacuation-channel. [0013]In a related form, the invention may be directed
to an ionizing bar that directs a clean ionized gas stream toward an
attractive non-ionizing electric field of a charge neutralization target.
This inventive ionizing bar receives a non-ionized gas stream, exhausts a
contaminant gas stream away from the charge neutralization target, receives
a positive ionizing electrical potential sufficient to induce corona
discharge at a positive ionizing electrode, and receives a negative
ionizing electrical potential sufficient to induce corona discharge at a
negative ionizing electrode. The invention may take the form of an ionizing
bar with at least one gas channel that receives the non-ionized gas stream
and that directs the clean ionized gas stream toward the charge
neutralization target and with at least one evacuation-channel that
exhausts the contaminant gas stream from the ionizing bar and away from the
charge neutralization target. 



[0014]In this form, an inventive ionizing bar may also include at least one
positive shell assembly with a positive shell having an orifice in gas
communication with the gas channel such that a portion of the non-ionized
gas stream may enter the positive shell, and with at least one positive
ionizing electrode with a tip that produces a plasma region, comprising
ions and contaminant byproducts, in response to application of the positive
ionizing electrical potential, the positive electrode being disposed within
the positive shell such that the tip is recessed from the shell orifice by
a distance that is at least generally equal to the size of the  WO
2011/100226PCT/US2011/024010 plasma region whereby at least a substantial
portion of the produced ions migrate into the non-ionized gas stream to
thereby form the clean ionized gas stream that is drawn toward the charge
neutralization target by the non-ionizing electric field. The positive
shell assembly may also include at least one evacuation port, in gas
communication with the evacuation-channel and the shell, that presents a
gas pressure within the positive shell and in the vicinity of the orifice
that is lower than the pressure of the non-ionized gas stream outside the
positive shell and in the vicinity of the orifice, whereby a portion of the
non-ionized gas stream flows into the positive shell and sweeps at least a
substantial portion of the contaminant byproducts into the contaminant gas
stream exhausted by the evacuation-channel. [0015]In this form, an
inventive ionizing bar may further include at least one negative shell
assembly with a negative shell having an orifice in gas communication with
the gas channel such that a portion of the non-ionized gas stream may enter
the negative shell, and with at least one negative ionizing electrode with
a tip that produces a plasma region, comprising ions and contaminant
byproducts, in response to application of the negative ionizing electrical
potential. The negative electrode may be disposed within the negative shell
such that the tip is recessed from the shell orifice by a distance that is
at least generally equal to the size of the plasma region whereby at least
a substantial portion of the produced ions migrate into the non-ionized gas
stream to thereby form the clean ionized gas stream that is drawn toward
the charge neutralization target by the non-ionizing electric field. The
negative shell assembly may further include at least one evacuation port,
in gas communication with the evacuation-channel and the shell, that
presents a gas pressure within the negative shell and in the vicinity of
the orifice that is lower than the pressure of the non-ionized gas stream
outside the negative shell and in the vicinity of the orifice, whereby a
portion of the non-ionized gas stream flows into the negative  WO
2011/100226PCT/US2011/024010 



shell and sweeps at least a substantial portion of the contaminant
byproducts into the contaminant gas stream exhausted by the
evacuation-channel. [0016]Naturally, the above-described methods of the
invention are particularly well adapted for use with the above-described
apparatus of the invention. Similarly, the apparatus of the invention are
well suited to perform the inventive methods described above.
[0017]Numerous other advantages and features of the present invention will
become apparent to those of ordinary skill in the art from the following
detailed description of the preferred embodiments, from the claims and from
the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS [0018]The
preferred embodiments of the present invention will be described below with
reference to the accompanying drawings where like numerals represent like
steps and/or structures and wherein: [0019]Figure la is a portion of an
ionizing bar in accordance with one preferred 



embodiment of the present invention shown in conjunction with a portion of
a charge neutralization target/object; [0020]Figure lb is a cross-sectional
view of another preferred ionizing bar, with the bar extending out of the
plane of the page and with the cross-section being taken through a shell
assembly with a variant design; [0021]Figure lc shows a representative
radio frequency AC ionizing electrical potential that may be applied to the
ionizing electrode(s) depicted in the embodiments of Figures la, lb and ld;
WO 2011/100226PCT/US2011/024010 [0022]Figure id is a cross-sectional view
of still another preferred ionizing bar, with the bar extending out of the
plane of the page and with the cross-section being taken through a shell
assembly with still another variant design; 



[0023]Figure 2a depicts a portion of an ionizing bar in accordance with
another preferred embodiment of the present invention shown in conjunction
with a portion of a charge neutralization target/object; and [0024]Figure
2b shows representative pulsed DC ionizing electrical potentials that may
be applied to the ionizing electrode(s) depicted in the embodiment of
Figures 2a. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS [0025]The
inventive concept of a preferred ultra-clean AC corona ionizing bar 100 is
illustrated in the fragmented cross-sectional view of Figure la. As shown
therein, a preferred linear ionizing bar 100 may comprise a plurality of
linearly disposed shell assemblies 20 (each having an emitter 5 and a shell
4) which may be separated by a plurality of nozzles/ports 29 that are in
gas communication with a non-ionized air/gas channel 2' and that are
directed toward a charged neutralization target/object T. Air/gas
port(s)/nozzle(s) 29 may assist with the delivery of charge carriers 10/11
toward charged target/object T. Additionally, ionizing bar 100 may contain
a low-pressure evacuation channel 14. Evacuation channel 14 may be
connected to an intool/production vacuum line (not shown), to a built-in
vacuum source (not shown), or to any of the many similar arrangements known
in the art that may maintain a pressure that is lower than the gas pressure
in the vicinity of the emitter shell orifice 7 as well as the gas pressure
external to emitter shell 4. Channel 2' may be connected to a source of
high-pressure gas (not shown) that may supply a stream of clean-gas 3 to
channel 2' at a volume in the range of about 0.1 to 20.00  WO
2011/100226PCT/US2011/024010 



liters/min per ionizer and/or non-ionization nozzle/orifice/jet 29/29'.
However, rates in the range of about 0.1 to 10.00 liters/min are most
preferred. The gas may be CDA (clean dry air) or nitrogen (or another
electropositive gas), or to any of the many similar arrangements (such as a
high-cleanliness gas (e.g., nitrogen) source) known in the art. [0026]At
least one high-voltage bus 17 may be positioned, for example, on the lower
wall of vacuum/evacuation channel 14 which is preferably non-conductive at
least in the portions adjacent to bus 17. Bus 17 is preferably in
electrical communication with a tube 26 which may take the form of a hollow
conductive tube and may serve at least two functions: to provide electrical
communication with emitter 5 and to exhaust low-pressure byproduct flow
(containing corona-generated contaminants) from the emitter shell 4. Tube
26 may have one open end that terminates in vacuum channel 14 and another
end that forms a holding socket within which a corona discharge
electrode/emitter 5 may be received. Tube 26 may be formed partially or
entirely of electrically conductive or semi-conductive material and also in
electrical communication with ionizing electrode 5 such that an ionizing
voltage applied to bus 17 will also be received by emitter 5. Gas
ionization starts when an AC voltage output from a high voltage power
supply (HVPS - not shown) exceeds the corona threshold for the emitter 5.
As known in the art, this results in the production of positive and
negative ions 10, 11 by AC (or, in alternate embodiments discussed below,
DC or pulsed DC) corona discharge in a generally spherical plasma region 12
in the vicinity of and generally emanating from the emitter tip. This
corona discharge also results in the production of undesirable contaminant
byproducts 15. It will be appreciated that, were it not for protective
emitter shell 4, byproducts 15 would continuously move toward target/object
T due to ionic wind, diffusion, and electrical repulsion forces emanating
from the tip of emitter 5. Thus, contaminant byproducts 15 would be swept
into the  WO 2011/100226PCT/US2011/024010 non-ionized gas stream 3 (along
with newly created ions) and directed toward the charge neutralization
target object T and the target object would be contaminated (compromising
the goal of clean charge neutralization). [0027]Due to the presence of
emitter shell 4 and lower gas pressure presented by evacuation channel 14,
however, the gas flow pattern within and/or in the vicinity of plasma
region 12 produced by emitter 5 prevents contaminants 15 from entering the
gas stream 3. In particular, the configuration shown in Figure la creates a
pressure differential between the non-ionized gas stream in the vicinity of
orifice 7 and plasma region 12 (within shell 4). Because of this pressure
differential, a portion of high velocity gas flow 3 seeps from channel 2',
through orifice 7 and into shell 4. This gas stream creates a drag force
that induces substantially all of corona-generated byproducts 15, from
plasma region 12, into evacuation port 14. Those of ordinary skill will
appreciate that byproducts 15 are subject to the same ionic wind,
diffusion, and electrical forces that urge ions 10, 11 into the main gas
stream as discussed above. However, the present invention is intended to
create conditions under which the gas stream portion is strong enough to
overcome such opposing forces. As a consequence, ions 10 and 11, and
byproducts 15 are aerodynamically and electrically separated and move in
different directions: positive and negative ions 10, 11 into the
non-ionized gas stream to thereby form an ionized gas stream flowing
downstream toward the charged object T. By contrast, byproducts 15 are
evacuated and/or swept toward evacuation port 14 and, preferably, to
byproduct collector, filter or trap (not shown). 



[0028]With further reference to Figure la, tube 26 may have at least one
opening(s)/aperture(s) near the emitter-socket end thereof and in close
proximity to emitter 5. As shown, emitter 5 and the emitter-socket end of
tube 26 are preferably positioned inside of a  WO
2011/100226PCT/US2011/024010 hollow shell 4 and discharge end of emitter 5
is spaced inwardly of (or, synonymously, recessed from) orifice 7 by
distance R (see, e.g., Figure lb). The greater the recess distance R, the
more easily contaminant byproducts from plasma region 12 might be swept
toward evacuation channel 14 by a low-pressure evacuation flow. It has been
determined that a low pressure gas flow through channel in the range of
about 0.1 to about 20 liters/min may be adequate for this purpose. Most
preferably, the flow may be about 1-10 liters/min per ionizer or ionizing
assembly to reliably evacuate a wide range of particle sizes (for example,
10 nanometers to 1000 nanometers). However, the smaller the recess distance
R, the more easily ions from plasma region 12 might migrate through orifice
7 and into the ion drift region of main gas stream 2 as desired. For
optimum balance of these competing considerations, it has been determined
that optimum ion/byproduct separation may be achieved if the distance R is
selected to be at least generally and preferably substantially equal to the
size of plasma region 12 produced by corona discharge at the tip of emitter
5 (plasma region is usually about 1 millimeter across). In addition, the
preferred distance R may be generally comparable to the diameter D of the
circular orifice 7 (in the range of about 2 millimeters to 3 millimeters).
Most preferably, the D/R ratio may range from about 0.5 to about 2.0.
[0029]With continuing reference to Figure la, those of ordinary skill in
the art will readily appreciate that the ionizing bar 100 shown therein
contains directional arrows representing the two primary gas flows moving
therethrough: a gas flow 3 which moves around shell 4 to thereby urge
charge carriers 10/11 toward target/object T; and a low-pressure
suction/vacuum flow 15 which draws contaminant gases and particles through
evacuation channel 14 due to the pressure differential between vacuum
channel 14 and ambient environment. In this way, low-pressure
suction/vacuum flow 15 at least substantially isolates the  WO
2011/100226PCT/US2011/024010 



tip of emitter 5 from the ambient environment. Moreover, and as noted
above, suction/vacuum flow 15 entrains solid contaminant particles and
other corona byproducts/gases and delivers them through tube 26 and into
vacuum channel 14 (and, importantly, away from target/object T).
[0030]In practice, the relationship between the magnitude of gas flow 3 and
the magnitude of gas/particle flow 15 (for example, the gas flow ratio
3/15) is important in defining cleanliness of the ionizer and the ion
delivery efficiency. And this gas flow ratio may be varied to achieve
optimized performance under various circumstance/applications. For example,
if charged target/object T is positioned in close proximity to ionizing bar
100 (as is often the case in semiconductor fabrication applications), the
velocity of gas flow 3 should be limited, for example, from about 75 ft/min
to about 100 ft/min. [0031]At a certain gas flow ratio 3/15, plasma region
12 of ion emitter(s) 5 may be isolated from the ambient atmosphere so
debris build-up on tip of emitter 5 is largely inhibited and substantially
all of the corona-generated contaminant byproducts are removed. So, in some
most-preferred embodiments, both of gas flows 3 and 15 (and, in particular,
the gas flow ratio 3/15) may be adjusted depending various factors (such as
the distance between ionization assemblies 20 and the charged target/object
T) to thereby manage contaminant byproduct movement. [0032]By contrast, if
the charged neutralization target/object T is positioned further away from
ionizing bar 100, gas flow 3 should be increased because, under these
conditions, the electrical field presented by the charged object/target T
will be weaker (i.e., lower electric field intensity will be present at the
ionizing bar) and ion delivery will be provided mainly by air/gas flow 3.
However, flow 3 must not be so large as to permit contaminant particles 15
to escape from plasma space 12 and flow toward target/object T.  WO
2011/100226PCT/US2011/024010 



[0033]Referring again to Figure la, and as noted above, when used with an
AC power supply, ionizing bar 100 may include optional reference
electrode(s) 6 to (1) facilitate ion generation at the tip of emitter 5,
and (2) provide an electrical field for moving charge carriers 10/11 away
from the tip of emitter 5. Electrically insulated reference electrode 6 is
preferably disposed as a generally planar face that forms one outer surface
of ionizing bar 100 to thereby present a relatively low intensity
(non-ionizing) electric field at, and in addition to the ionizing electric
field that formed the plasma regions 12. [0034]The electrical potential
received by emitter 5 may be in the range of about 3 kilovolts to about 15
kilovolts and is typically about 9 kilovolts. The electrical potential
received by the reference electrode 6 may be in the range of about 0 volts
to about 1000 volts, with about 30 volts being most preferred. Where the
non-ionized gas is air, this non-ionizing voltage may swing below zero
volts. It is noted that a radio-frequency ionizing potential is preferably
applied to ionizing electrode 5 through a capacitor. Similarly, the
reference electrode may be '`grounded" through a capacitor and inductor (a
passive LC circuit) from which a feedback signal can be derived. This
arrangement, thus, presents an electric field between ionizing electrode 5
and non-ionizing electrode 6. When the potential difference between
electrodes is sufficient to establish corona discharge, a current will flow
from emitter 5 toward reference electrode 6. Since emitter 5 and reference
electrode 6 are both isolated by capacitors, a relatively small DC offset
voltage is automatically established and any transient ionization balance
offset that may be present will diminish to a quiescent state of about zero
volts. [0035]As an alternative, ion cloud movement to the charged object
could be provided by another gas flow from dedicated nozzles 29 (see also
nozzles 29' with velocity caps in Figure 2a) which are positioned near
and/or between the ionizing shell assemblies 20.  WO
2011/100226PCT/US2011/024010 Nozzles 29 may be in gas communication with
high-pressure/clean-gas channel 2'and the cross-sectional area of each
nozzle 29 is preferably significantly smaller than the cross-sectional area
of each shell orifice 7. As a result, each nozzle 29 is able to create
higher-speed gas streams 



(as compared with the shell assemblies), efficiently entrain the ambient
air, harvest (collect) ions, and move them to distant (for example, 1000 mm
or more) charged targets/objects T. In this way, gas flow from nozzles 29
help to deliver ions to the charged neutralization targets/objects T to,
thereby, significantly increase the efficiency of the ionizer. This concept
was disclosed in U.S. Patent 7,697,258, filed October 6, 2006, issued April
13, 2010 and entitled, "Air Assist For AC Ionizers", the entire contents of
which are hereby incorporated by reference. The present invention is
compatible with the invention(s) disclosed in U.S. Patent 7,697,258 as
described immediately above. [0036]Multi-frequency high voltage waveforms
may be applied to the inventive ionizing bars disclosed herein as the
ionizing electrical potential and a representative example of such a
waveform is shown in Figure lc. Waveforms of this nature are disclosed in
detail in U.S. Patent 7,813,102, filed March 14, 2008, issued October 12,
2010 and entitled "Prevention Of Emitter Contamination With Electronic
Waveforms", the entire contents of which are hereby incorporated by
reference. In accordance with these teachings, a high-frequency AC voltage
component (12 - 15 kHz) provides efficient ionization when the amplitude of
the signal is approximately equal to the corona threshold voltage of the
ionizing electrode(s) (the lowest possible voltage). This also decreases
emitter erosion as well as the rate of corona byproduct generation.
Moreover, high-frequency ionization neutralizes possible charges of solid
particles and walls of the emitter shell. Also in accordance with the
teachings of the aforementioned U.S. Patent 7,813,102, the ionizing
electrical potential may have a low frequency component that  WO
2011/100226PCT/US2011/024010 "polarizes" or "pushes" ions toward a target.
The voltage amplitude of this component is generally a function of the
distance between an ionizing electrode and the target. In this way,
electrical (and inherent diffusion) forces induce at least a substantial
portion of ions 10, 11 to migrate from plasma region 12 out of shell 4
(through outlet orifice 7 and toward target/object T while also moving
laterally in the direction of reference electrode 6). Since the intensity
of the electrical field is low in proximity to electrode 5, ions 10, 11 are
swept into main (non-ionized) gas stream 3 (to, thereby form a clean
ionized gas stream) and directed toward a neutralization target surface or
object T. Accordingly, some embodiments of the present invention may use
both gas flow and a low frequency component of an AC ionizing potential to
urge ions to move from the ionizer to a charged neutralization target.
Further options for providing ionizing electrical potentials compatible
with the invention described herein may be found in U.S. Patent Application
12/925,360, filed October 20, 2010 and entitled "Self-Balancing Ionized Gas
Streams", the entire contents of which are hereby incorporated by
reference. [0037]Although ionizing electrode 5 is preferably configured as
a tapered pin with a sharp point, it will be appreciated that many
different emitter configurations known in the art are suitable for use in
the ionization shell assemblies in accordance with the invention. Without
limitation, these may include: points, small diameter wires, wire loops,
etc. Further, emitter 5 may be made from a wide variety of materials known
in the art, including metals and conductive and semi-conductive non-metals
like silicon, single-crystal silicon, polysilicon, silicon carbide,
ceramics, and glass (depending largely on the particular
application/environment in which it will be used). [0038]Channels 2' and 14
may be made from a wide number of known metallic 



and non-metallic materials (depending on the particular
application/environment in which it will  WO 2011/100226PCT/US2011/024010
be used) which may include plasma resistive insulating materials such as
polycarbonate, Teflon(r)' non-conductive ceramic, quartz, or glass.
Alternatively, limited portions of the channels may be made from the
aforementioned materials as desired. As another optional alternative, some
or all of the channels 2' and/or 14 may be coated with a skin of plasma
resistive insulating material as desired. [0039]Emitter shells 4 may be
made from a wide number of known metallic and non-metallic materials
(depending on the particular application/environment in which it will be
used) which may include plasma resistive insulating materials such as
polycarbonate, Teflon(r)' non-conductive ceramic, quartz, or glass.
Alternatively, only the portion of the shell in the vicinity of the shell
orifice may be made from the aforementioned materials. As another optional
alternative, some or all of the emitter shells 4 may be coated with a skin
of plasma resistive insulating material. [0040]Turning now to Figure lb,
there is shown therein a portion of an ultra-clean ionizing bar in
accordance with a related preferred embodiment of the present invention
that helps to illustrate a number of equivalent design variations. As shown
in Figure lb, ionizing bar 100' may have some physical characteristics
similar to that of ionizing bar 100 of Figure la (as indicated by the use
of like reference numerals) and the principle of operation of this
embodiment is the same as that discussed above. Accordingly, the discussion
of bar 100 above also applies to bar 100' except for the differences
discussed immediately below. A first difference shown in Figure lb is that
the walls of channel 2' and of shell 4' are slightly different than those
shown in Figure la. Further, as a matter of design choice gaps have been
added between the wall of channel 2' and reference electrode 6'.
Additionally, an ionizing wire 5' (which is not in electrical communication
with tube 26' but is in electrical communication with  



WO 2011/100226PCT/US2011/024010 an ionizing high-voltage power supply) has
replaced tapered pin 5. Further, tube 26' may be formed of an insulating
material since ionizing wire 5' does not receive an ionizing potential from
tube 26'. Wire 5' may be axially aligned (and, thus, concentric) with tube
26' and tube 26' may be generally "straw-shaped" to provide a generally
circular aperture in the vicinity of the plasma region 12. Naturally,
byproducts 15 may flow into this aperture and, thereby, be delivered to an
evacuation channel via an opposite end of tube 26'. [0041]In another
alternative embodiment shown in Figure id, a slot ionization bar 100a may
have only one elongated shell assembly 20" with one ionizing electrode
comprising an elongated (substantially linear) corona wire 5" that is
positioned within an elongated shell 4" with an evacuation port 26" and
that produces a generally cylindrical plasma region 12a, comprising charge
carriers 10/11 and contaminant byproducts, when presented with an ionizing
electrical potential. The elongated shell 4" may have a shell orifice 7'
(such as a slot) that is elongated in a direction that is at least
generally parallel to the corona wire 5" (out of the plane of the page). As
with the other embodiments discussed herein, this embodiment may also
include a gas channel 2" (such as a larger, elongated high-pressure
channel) that surrounds the elongated shell 4" such that a small portion of
the clean gas 3 passing therethrough may enter the elongated shell to sweep
contaminants 15 through the evacuation port 26" and into evacuation channel
14'. Naturally, a substantial portion of the corona-generated ions 10/11
will still enter the non-ionized gas stream 3 to form a clean ionized gas
stream directed to a target as discussed with respect to other embodiments.
The use of one or more reference electrode(s) 6' is optional and within the
skill of the ordinary artisan based on the description provided throughout.
In a variant of this embodiment, a substantially linear and elongated
corona saw-blade (not shown) may be  WO 2011/100226PCT/US2011/024010
substituted for the corona wire 5" as an equivalent design choice within
the skill of an ordinary artisan. [0042]Turning now to Figure lc, there is
shown a representative radio-frequency AC ionizing electrical potential 40
that may be applied to the ionizing electrode(s) depicted in the
embodiments of Figures la and lb. AC ionizing signal 40 may preferably have
a radio-frequency component with an amplitude of about 3kV to aboutl5kV and
a preferred frequency of about 12 kHz. AC ionizing signal 40 may preferably
also have a low-frequency AC (pushing) component with an amplitude of about
100V to about 2kV and a preferred frequency of between 0.1Hz to about
100Hz. As is known in the art, ionizing signals of this general nature not
only cause ionization to occur, but may also help to "push" generated ions
out of the plasma region and in a desired direction. 



[0043]Another preferred embodiment of the inventive ultra-clean ionizing
bars may be configured to work in either DC or in pulsed DC modes of
operation. As shown in Figure 2a, ultra-clean ionizing bar 100" may have a
physical configuration similar to that of ionizing bars 100 and 100' of
Figures la and lb (as indicated by the use of like reference numerals).
Accordingly, the discussion of bars 100 and 100' above also applies to bar
100" except for the differences discussed immediately below. As shown in
Figure 2a, bar 100" may have at least two shell assemblies (with dedicated
positive and negative emitters, respectively) 20' and 20" in electrical
communication with positive and negative high-voltage buses 17b and 17a,
respectively. Buses 17a and 17b may be positioned on nonconductive portions
of highpressure/clean-gas channel 2' and/or evacuation channel 14. Those of
ordinary skill in the art will readily appreciate (in light of the
disclosure contained herein) that ionizing bar 100" does not require any
non-ionizing reference electrodes. That is because the positive and
negative  WO 2011/100226PCT/US2011/024010 shell assemblies 20" and 20' are
arranged in pairs of opposing polarity that induce corona-generated ion
clouds to move laterally between these positive and negative shell
assemblies. Thus, it is to be understood that the presence of reference
electrodes 6 as shown in Figure 2a is purely optional and the reason for
this is explained further in the paragraph below.         [0044]In a most
preferred embodiment plural pairs of positive and negative shell assemblies
20" and 20' are positioned along the ionizing bar 100" such that every
other shell assembly is a negative shell assembly and such that all of the
shell orifices at least generally face the charge neutralization target. In
this configuration the ionizing electrical potential applied to the
positive ionizing electrodes impose a non-ionizing electric field to the
plasma region 12' of the negative shell assemblies 20' sufficient to induce
at least a substantial portion of the negative ions 10 to migrate into the
non-ionized gas stream. In this regard, it is noted that, as is known in
the art, ion recombination rates of about 99% are common and, therefore,
even less than 1% of ions may be considered a substantial portion of the
ions produced given the context. Likewise, the ionizing electrical
potential applied to the negative ionizing electrodes impose a non-ionizing
electric field to the plasma region 12" of the positive shell assemblies
20" sufficient to induce at least a substantial portion of the positive
ions to migrate into the non-ionized gas stream.         [0045]As known in
the art, positive emitters are prone to create more contaminant particles
and debris due to emitter erosion than are negative emitters. In accordance
with certain DC or pulsed DC embodiments of the invention, vacuum flow 15
for positive shell assemblies 20" (or the gas flow ratio 3/15) should
preferably be higher than for negative shell assemblies 



20' so that contaminant removal may occur at unequal rates and in
proportion to the rate of contaminant creation in the different types of
shell assemblies 20'and 20".  WO 2011/100226PCT/US2011/024010
[0046]Representative examples of pulsed DC (positive and negative) ionizing
waveforms (50p and 50n, respectively) that may be applied to ionizing bar
100" are depicted in Figure 2b. As indicated by representative waveforms
50p and 50n, voltage amplitude, pulse frequency and/or duration may be
varied as appropriate to deliver balanced positive and negative ion clouds
to the target/object in any given application. Moreover, high-voltage
pulses may be synchronized with vacuum and/or variable upstream gas flow to
increase ionizer efficiency and minimize particle generation/debris
build-up. As applied to the preferred embodiment of Figure 2a, positive
pulsed DC signal 50p would be presented to shell assembly 20' via bus 17a
and negative pulsed DC signal 50n would be presented to shell assembly 20"
via bus 17b. For each of signals 50p and 50n, conventional pulsed DC
amplitude ranges and frequency ranges may be used. By way of example only,
the amplitude of signals 50p and 50n may be about 3kV to about 15kV and the
frequency of signals 50p and 50n may be about 0.1 Hz to about 200 Hz. As is
known in the art, ionizing signals of this general nature not only cause
ionization to occur, but may also help to "push" generated ions out of the
plasma region and in a desired direction.       [0047]While the present
invention has been described in connection with what is presently
considered to be the most practical and preferred embodiments, it is to be
understood that the invention is not limited to the disclosed embodiments,
but is intended to encompass the various modifications and equivalent
arrangements included within the spirit and scope of the appended claims.
With respect to the above description, for example, it is to be realized
that the optimum dimensional relationships for the parts of the invention,
including variations in size, materials, shape, form, function and manner
of operation, assembly and use, are deemed readily apparent to one skilled
in the art, and all equivalent relationships to those illustrated in the
drawings and described in the specification are intended to be encompassed
by the appended  



WO 2011/100226PCT/US2011/024010 claims. Therefore, the foregoing is
considered to be an illustrative, not exhaustive, description of the
principles of the present invention. [0048]Other than in the operating
examples or where otherwise indicated, all numbers or expressions referring
to quantities of ingredients, reaction conditions, etc. used in the
specification and claims are to be understood as modified in all instances
by the term "about." Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the following specification and attached
claims are approximations that can vary depending upon the desired
properties, which the present invention desires to obtain. At the very
least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at
least be construed in light of the number of reported significant digits
and by applying ordinary rounding techniques. [0049]Notwithstanding that
the numerical ranges and parameters setting forth the broad scope of the
invention are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any numerical
values, however, inherently contain certain errors necessarily resulting
from the standard deviation found in their respective testing measurements.
[0050]Also, it should be understood that any numerical range recited herein
is intended to include all sub-ranges subsumed therein. For example, a
range of "1 to 10" is intended to include all sub-ranges between and
including the recited minimum value of 1 and the recited maximum value of
10; that is, having a minimum value equal to or greater than 1 and a
maximum value of equal to or less than 10. Because the disclosed numerical
ranges are continuous, they include every value between the minimum and
maximum values. Unless  



WO 2011/100226PCT/US2011/024010 expressly indicated otherwise, the various
numerical ranges specified in this application are approximations.
[0051]For purposes of the description hereinafter, the terms "upper",
"lower", "right", "left", "vertical", "horizontal", "top", "bottom", and
derivatives thereof shall relate to the invention as it is oriented in the
drawing figures. However, it is to be understood that the invention may
assume various alternative variations and step sequences, except where
expressly specified to the contrary. It is also to be understood that the
specific devices and processes illustrated in the attached drawings, and
described in the following specification, are simply exemplary embodiments
of the invention. Hence, specific dimensions and other physical
characteristics related to the embodiments disclosed herein are not to be
considered as limiting.  WO 2011/100226PCT/US2011/024010 What is claimed
is: 1.An ionizing bar that directs a clean ionized gas stream toward an
attractive non-ionizing electric field of a charge neutralization target,
the ionizing bar receiving a non-ionized gas stream, exhausting a
contaminant gas stream away from the charge neutralization target, and
receiving an ionizing electrical potential sufficient to induce corona
discharge at plural electrodes, the ionizing bar comprising: 



at least one gas channel that receives the non-ionized gas stream and that
directs the clean ionized gas stream toward the charge neutralization
target; at least one evacuation-channel that exhausts the contaminant gas
stream from the ionizing bar and away from the charge neutralization
target; and plural shell assemblies, each shell assembly comprising: a
shell having an orifice in gas communication with the gas channel such that
a portion of the non-ionized gas stream enters the shell; at least one
ionizing electrode that produces a plasma region, comprising ions and
contaminant byproducts, in response to application of the ionizing
electrical potential, the ionizing electrode being disposed within the
shell such that the electrode is recessed from the shell orifice by a
distance that is at least substantially equal to the size of the plasma
region whereby at least a substantial portion of the produced ions migrate
into the non-ionized gas stream to thereby form the clean ionized gas
stream that is drawn toward the charge neutralization target by the
non-ionizing electrical field; and at least one evacuation port, in gas
communication with the evacuation-channel and the shell, that presents a
gas pressure within the shell and in the vicinity of the shell orifice that
is  WO 2011/100226PCT/US2011/024010 lower than the pressure of the
non-ionized gas stream outside the shell and in the vicinity of the
orifice, whereby a portion of the non-ionized gas stream flows into the
shell and sweeps at least a substantial portion of the contaminant
byproducts into the contaminant gas stream exhausted by the
evacuation-channel. 



2. The ionizing bar of claim 1 wherein the ionizing electrode comprises a
tapered pin with a sharp point facing the shell orifice; and the evacuation
port comprises a conductive hollow socket within which the tapered pin is
seated such that the ionizing electrical potential may be applied to the
pin through the evacuation port.  3. The ionizing bar of claim 1 wherein
the ionizing electrical potential is a radio-frequency electrical potential
that periodically exceed both the positive and negative corona threshold of
the ionizing electrode whereby the plasma region is substantially
electrically balanced and the byproducts are substantially neutralized.  4.
The ionizing bar of claim 1 wherein at least a substantial portion of the
byproducts are gases evacuated through the evacuation port and selected
from the group consisting of ozone and nitrogen oxides.  5. The ionizing
bar of claim 1 wherein the ionizing electrical potential is a
radio-frequency electrical potential that periodically exceed both the
positive and negative corona threshold of the ionizing electrode whereby
the ionizing electrode produces both positive and negative ions.  



WO 2011/100226PCT/US2011/024010 6. The ionizing bar of claim 1 wherein the
shell orifice is generally circular and has a diameter; and the ratio of
the shell orifice diameter and the recess distance is between about 0.5 and
about 2.0.  7. The ionizing bar of claim 1 wherein the ionizing electrode
is made of a material selected from the group consisting of metallic
conductors, non-metallic conductors, semiconductors, single-crystal silicon
and polysilicon; and the evacuation port is connected to a source of low
pressure and provides gas flow in the shell in the range of about 1- 20
liters per minute to thereby evacuate at least a substantial portion of the
byproducts. 8. The ionizing bar of claim 1 wherein the non-ionized gas is
an electropositive gas; 



the ionizing potential is a radio-frequency ionizing electrical potential;
and the ionizing electrode produces a plasma region comprising electrons,
positive and negative ions and byproducts.  9. The ionizing bar of claim 1
wherein the gas channel further comprises plural nozzles disposed between
adjacent ones of the shell assemblies and through which non-ionized gas may
be directed toward the charge neutralization target to thereby urge the
ionized gas stream toward the charge neutralization target.  WO
2011/100226PCT/US2011/024010  10. The ionizing bar of claim 1 further
comprising at least one non-ionizing electrode for superimposing, into the
plasma region, a non-ionizing electric field that induces at least a
substantial portion of the ions to migrate through the shell orifice and
into the non-ionized gas stream that is directed toward the charge
neutralization target.  11. An ionizing bar that directs a clean ionized
gas stream toward an attractive non-ionizing electric field of a charge
neutralization target, the ionizing bar receiving a non-ionized gas stream,
exhausting a contaminant gas stream away from the charge neutralization
target, and receiving an ionizing electrical potential sufficient to induce
corona discharge, the ionizing bar comprising: means for receiving the
non-ionized gas stream and for directing the clean ionized gas stream
toward the charge neutralization target; means for exhausting the
contaminant gas stream from the ionizing bar and away from the charge
neutralization target; and 



plural shell assemblies, each assembly comprising: a shell having an
orifice in gas communication with the means for receiving such that a
portion of the non-ionized gas stream may enter the shell; means for
producing ions and contaminant byproducts in response to application of the
ionizing electrical potential such that at least a substantial portion of
the produced ions migrate into the non-ionized gas stream to thereby form
the clean ionized gas stream that is drawn toward the charge neutralization
target by the non-ionizing electrical field; and means for presenting a gas
pressure within the shell and in the vicinity of the orifice that is lower
than the pressure of the non-ionized gas stream outside the shell and in
the vicinity of the  WO 2011/100226PCT/US2011/024010 orifice, the means for
presenting being in gas communication with the means for exhausting and the
shell whereby a portion of the non-ionized gas stream flows into the shell
and sweeps at least a substantial portion of the contaminant byproducts
into the contaminant gas stream exhausted by the means for exhausting.  12.
The ionizing bar of claim 11 wherein the means for producing comprises at
least one ionizing electrode having a tip that produces a plasma region,
comprising ions and contaminant byproducts, in response to application of
the ionizing electrical potential, the ionizing electrode being disposed
within the shell such that the tip is recessed from the shell orifice by a
distance that is substantially equal to the size of the plasma region; and 



the means for presenting comprises a conductive hollow socket within which
the ionizing electrode is seated such that the ionizing electrical
potential may be applied to the electrode through the means for presenting.
13. The ionizing bar of claim 12 wherein the ionizing electrical potential
is a radio-frequency electrical potential that periodically exceed both the
positive and negative corona threshold of the ionizing electrode whereby
the plasma region is substantially electrically balanced and the byproducts
are substantially neutralized.  14. The ionizing bar of claim 11 wherein at
least a substantial portion of the byproducts are gases evacuated through
the means for presenting and selected from the group consisting of ozone
and nitrogen oxides.  WO 2011/100226PCT/US2011/024010  15. The ionizing bar
of claim 11 wherein the ionizing electrical potential is an radio-frequency
electrical potential that periodically exceed both the positive and
negative corona threshold of the means for producing whereby the means for
producing produces both positive and negative ions.  16. The ionizing bar
of claim 11 wherein the means for producing comprises a tapered emitter pin
with a sharp point that produces a plasma region during corona discharge of
ions, the point facing the shell orifice and being recessed from the shell
orifice by a distance that is substantially equal to the size of the plasma
region; the shell orifice is generally circular and has a diameter; and 



the ratio of the shell orifice diameter and the recess distance is between
about 0.5 and about 2.0. 17. The ionizing bar of claim 11 wherein the means
for producing is made of a material selected from the group consisting of
metallic conductors, non-metallic conductors, semiconductors,
single-crystal silicon and polysilicon; and the means for presenting is
connected to a source of low pressure and provides gas flow in the shell in
the range of about 0.1- 20 liters/min. to thereby evacuate at least a
substantial portion of the byproducts. 18. The ionizing bar of claim 11
wherein  WO 2011/100226PCT/US2011/024010 the non-ionized gas is an
electropositive gas; the ionizing potential is a radio-frequency ionizing
electrical potential; and 



the means for producing produces a plasma region comprising electrons,
positive and negative ions and byproducts.  19. The ionizing bar of claim
11 further comprising at least one non-ionizing electrode for
superimposing, into the plasma region, a non-ionizing electric field that
induces at least a substantial portion of the ions to migrate through the
shell orifice and into the non-ionized gas stream that is directed toward
the charge neutralization target.  20. An ionizing bar that directs a clean
ionized gas stream toward an attractive non-ionizing electric field of a
charge neutralization target, the ionizing bar receiving a non-ionized gas
stream, exhausting a contaminant gas stream away from the charge
neutralization target, and receiving an ionizing electrical potential
sufficient to induce corona discharge at at least one electrode, the
ionizing bar comprising: at least one gas channel that receives the
non-ionized gas stream and that directs the clean ionized gas stream toward
the charge neutralization target; at least one evacuation-channel that
exhausts the contaminant gas stream from the ionizing bar and away from the
charge neutralization target; and at least one shell assembly, each shell
assembly comprising: a shell having an orifice in gas communication with
the gas channel such that a portion of the non-ionized gas stream enters
the shell; at least one ionizing electrode that produces a plasma region,
comprising charge carriers and contaminant byproducts, in response to
application of the ionizing electrical potential, the  



WO 2011/100226PCT/US2011/024010 ionizing electrode being disposed within
the shell such that the plasma region is recessed from the shell orifice
whereby at least a substantial portion of the produced charge carriers
migrate into the non-ionized gas stream to thereby form the clean ionized
gas stream that is drawn toward the charge neutralization target by the
non-ionizing electric field; and at least one evacuation port, in gas
communication with the evacuation-channel and the shell, that presents a
gas pressure within the shell and in the vicinity of the shell-orifice that
is lower than the pressure of the non-ionized gas stream outside the shell
and in the vicinity of the shell-orifice, whereby a portion of the
non-ionized gas stream flows into the shell and sweeps at least a
substantial portion of the contaminant byproducts into the contaminant gas
stream exhausted by the evacuation-channel. 21.The ionizing bar of claim 20
wherein there are plural shell assemblies; each shell assembly has one
ionizing electrode with a tapered pin having a sharp point facing the shell
orifice; and each shell assembly has an evacuation port comprising a
conductive hollow socket within which the tapered pin is seated such that
the ionizing electrical potential may be applied to the pin through the
evacuation port.  



WO 2011/100226PCT/US2011/024010 22. The ionizing bar of claim 20 wherein
there is one shell assembly having on ionizing electrode comprising a
substantially linear corona wire that produces a generally cylindrical
plasma region, comprising charge carriers and contaminant byproducts, when
presented with an ionizing electrical potential; the shell orifice is a
slot that is elongated in a direction that is at least generally parallel
to the corona wire. 23. The ionizing bar of claim 20 wherein there is one
shell assembly having on ionizing electrode comprising a substantially
linear corona saw-blade that produces a generally planar plasma region,
comprising charge carriers and contaminant byproducts, when presented with
an ionizing electrical potential; the shell orifice is a slot that is
elongated in a direction that is at least generally parallel to the 



corona saw-blade.  24. The ionizing bar of claim 20 further comprising at
least one non-ionizing electrode for superimposing, into the plasma region,
a non-ionizing electric field that induces at least a substantial portion
of the ions to migrate through the shell orifice and into the non-ionized
gas stream that is directed toward the charge neutralization target.  25.
An ionizing bar that directs a clean ionized gas stream toward an
attractive non-ionizing electric field of a charge neutralization target,
the ionizing bar receiving a non-ionized gas stream, exhausting a
contaminant gas stream away from the charge neutralization target,
receiving a positive ionizing electrical potential sufficient to induce
corona discharge at a  WO 2011/100226PCT/US2011/024010 positive ionizing
electrode, and receiving a negative ionizing electrical potential
sufficient to induce corona discharge at a negative ionizing electrode, the
ionizing bar comprising: at least one gas channel that receives the
non-ionized gas stream and that directs the clean ionized gas stream toward
the charge neutralization target; at least one evacuation-channel that
exhausts the contaminant gas stream from the ionizing bar and away from the
charge neutralization target; 



at least one positive shell assembly comprising: a positive shell having an
orifice in gas communication with the gas channel such that a portion of
the non-ionized gas stream enters the positive shell; at least one positive
ionizing electrode having a tip that produces a plasma region, comprising
ions and contaminant byproducts, in response to application of the positive
ionizing electrical potential, the positive electrode being disposed within
the positive shell such that the tip is recessed from the shell orifice by
a distance that is substantially equal to the size of the plasma region
whereby at least a substantial portion of the produced ions migrate into
the non-ionized gas stream to thereby form the clean ionized gas stream
that is drawn toward the charge neutralization target by the non-ionizing
electric field; and at least one evacuation port, in gas communication with
the evacuation-channel and the shell, that presents a gas pressure within
the positive shell and in the vicinity of the orifice that is lower than
the pressure of the non-ionized gas stream outside the positive shell and
in the vicinity of the orifice, whereby a portion of the non-ionized gas
stream flows into the positive shell and sweeps at least a substantial  WO
2011/100226PCT/US2011/024010 portion of the contaminant byproducts into the
contaminant gas stream exhausted by the evacuation-channel; and at least
one negative shell assembly comprising: a negative shell having an orifice
in gas communication with the gas channel such that a portion of the
non-ionized gas stream enters the negative shell; 



at least one negative ionizing electrode having a tip that produces a
plasma region, comprising ions and contaminant byproducts, in response to
application of the negative ionizing electrical potential, the negative
electrode being disposed within the negative shell such that the tip is
recessed from the shell orifice by a distance that is substantially equal
to the size of the plasma region whereby at least a substantial portion of
the produced ions migrate into the non-ionized gas stream to thereby form
the clean ionized gas stream that is drawn toward the charge neutralization
target by the non-ionizing electric field; and at least one evacuation
port, in gas communication with the evacuation-channel and the shell, that
presents a gas pressure within the negative shell and in the vicinity of
the orifice that is lower than the pressure of the non-ionized gas stream
outside the negative shell and in the vicinity of the orifice, whereby a
portion of the non-ionized gas stream flows into the negative shell and
sweeps at least a substantial portion of the contaminant byproducts into
the contaminant gas stream exhausted by the evacuation-channel. WO
2011/100226PCT/US2011/024010  26. The ionizing bar of claim 25 further
comprising plural pairs of positive and negative shell assemblies wherein
the positive and negative shell assemblies are arranged such that every
other shell assembly is a negative shell assembly and such that all of the
shell orifices at least generally face the charge neutralization target.
27. The ionizing bar of claim 26 wherein the gas channel further comprises
plural nozzles, disposed between adjacent ones of the shell assemblies,
through which non-ionized gas may be directed toward the charge
neutralization target to thereby urge the clean ionized gas stream toward
the charge neutralization target.  28. The ionizing bar of claim 26 further
comprising a positive conductive bus electrically coupled to the plural
positive ionizing electrodes for receiving the positive ionizing electrical
potential and for providing the positive ionizing electrical potential to
the plural positive ionizing electrodes; and a negative conductive bus
electrically coupled to the plural negative ionizing electrodes for
receiving the negative ionizing electrical potential and for providing the
negative ionizing electrical potential to the plural negative ionizing
electrodes.  29. The ionizing bar of claim 28 wherein 



the evacuation-channel further comprises an electrically insulating
surface; and at least one of the positive and negative busses are disposed
on the electrically insulating surface of the evacuation-channel. WO
2011/100226PCT/US2011/024010  30. The ionizing bar of claim 25 wherein the
ionizing bar further comprises a positive conductive bus that receives the
positive ionizing electrical potential; the positive ionizing electrode
comprises a tapered pin and the tip comprises a sharp point at a free end
of the tapered pin; and the evacuation port comprises a conductive hollow
socket within which the tapered pin is seated and which is electrically
coupled with the positive conductive bus such that the positive ionizing
electrical potential may be applied to the tapered pin through the
evacuation port and the positive bus.  31. The ionizing bar of claim 25
wherein at least a substantial portion of the byproducts are gases
evacuated through the evacuation port and selected from the group
consisting of ozone and nitrogen oxides.  32. The ionizing bar of claim 25
wherein 



the negative ionizing electrode comprises a tapered pin and the tip
comprises a sharp point at a free end of the tapered pin; the negative
shell orifice is generally circular and has a diameter; and the ratio of
the negative shell orifice diameter and the recess distance is between
about 0.5 and about 2.0.  33. The ionizing bar of claim 25 wherein  WO
2011/100226PCT/US2011/024010 the negative ionizing electrode is made of a
material selected from the group consisting of metallic conductors,
non-metallic conductors, semiconductors, single-crystal silicon and
polysilicon; and the negative evacuation port is connected to a source of
low pressure and provides gas flow in the negative shell in the range of
about 1- 20 liters per minute to thereby evacuate at least a substantial
portion of the byproducts. 34. The ionizing bar of claim 25 wherein the
positive and negative shell assemblies are positioned along the ionizing
bar such that: 



the ionizing electrical potential applied to the positive ionizing
electrode imposes a non-ionizing electric field to the plasma region of the
negative shell assembly sufficient to induce at least a substantial portion
of the negative ions to migrate into the non-ionized gas stream; and the
ionizing electrical potential applied to the negative ionizing electrode
imposes a non-ionizing electric field to the plasma region of the positive
shell assembly sufficient to induce at least a substantial portion of the
positive ions to migrate into the non-ionized gas stream. 35. The ionizing
bar of claim 25 further comprising at least one non-ionizing electrode for
superimposing, into the plasma region, a non-ionizing electric field that
induces at least a substantial portion of the ions to migrate through the
shell orifice and into the non-ionized gas stream that is directed toward
the charge neutralization target. 




