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(57) Abstract: A solution for static charge neutralization that includes providing at least one pulse train pair (18) to an emitter (12)
of an ionizer (10) is disclosed. The pulse train pair (18) is disposed to include a positive pulse train (30) and a negative pulse (32)
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TITLE OF THE INVENTION

MICROPULSE BIPOLAR CORONA IONIZER AND METHOD

Field of Invention

[001] The present invention relates to a micro-pulse bipolar corona ionizer for
reducing or neutralizing positive and negative static charges on charged object. More
particularly, the present invention relates to a micro-pulse bipolar corona ionizer that
has an ion balance control circuit; a spark surge suppressor and corona activity
circuit; a relatively low rate of emitter contamination; a relatively low corona-
byproducts emission, such as ozone, nitrogen oxides and the like; or any combination

of these features.

Background

[002] AC corona ionizers are commonly used for static charge neutralization of
charged objects. These ionizers, however, are prone to relatively high corona-
byproducts emission, such as ozone and nitrogen oxides emissions in air, and a high
rate of emitter contamination from the ambient environment. Emitter contamination
decreases ionization efficiency and may affect ion balance, while ozone is a known
health hazard. Consequently, a need exists for a solution for static charge
neutralization that has a relatively low rate of emitter contamination, a relatively low

ozone emission, ion balance control, or any combination of the foregoing.



WO 2012/109206 PCT/US2012/024095

SUMMARY

[003] In accordance with one embodiment of the present invention, a solution for
static charge neutralization that includes providing at least one pulse train pair to an
emitter of an ionizer is disclosed. The pulse train pair is disposed to include a positive
pulse train and a negative pulse train that alternate in sequence. The positive pulse
train includes an ionizing positive voltage waveform, while the negative pulse train
includes an ionizing negative voltage waveform. These ionizing positive and negative
voltage waveforms alternately create voltage gradients across the emitter and a
reference electrode of the ionizer, generating by corona discharge an ion cloud that

includes positive and negative ions.

[004] Various alternative embodiments of the present invention are also
disclosed, including an ion balance control circuit, a spark surge suppressor and

corona activity circuit, or any combination of these circuits.

BRIEF DESCRIPTION OF DRAWINGS

[005] FIG. 1 is a simplified exploded perspective view of a micro-pulse bipolar

corona ionizer in accordance with one embodiment of the present invention;

[006] FIG. 2 is an oscillator screen shot of a series of pulse train pairs with each
pulse train pair including a positive pulse train and a negative pulse train in

accordance with yet another embodiment of the present invention;

[007] FIG. 3A depicts in block diagram form the sequence of positive and
negative pulse trains that comprise an pulse train pair over time (T) in accordance
with the embodiment of the present invention;

2
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[008] FIG. 3B depicts in block diagram form the sequence of negative and
positive pulse trains that comprise an pulse train a pair over time (T) in accordance

with an alternative embodiment of the present invention;

[009] FIG. 4A is an oscillator screen shot of a positive pulse train that forms one
portion of an pulse train pair in accordance with another embodiment of the present

invention;

[0010] FIG. 4B is an oscillator screen shot of a negative pulse train that forms
one portion of an pulse train pair in accordance with yet another embodiment of the

present invention;

[0011] FIG. 5A is a circuit diagram of an micro-pulse bipolar corona ionizer in

accordance with yet another embodiment of the present invention;

[0012] FIG. 5B is an example expanded view of the pulses shown in FIG. 5A;

[0013] FIG. 6A illustrates a method for creating bipolar ions by corona discharge
by providing at least one pulse train pair to an emitter in accordance with yet another

embodiment of the present invention; and

[0014] FIG. 6B illustrates optional additional steps to the method disclosed in FIG.

6A above in accordance with an alternative embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] In the following detailed description, for purposes of explanation,
numerous specific details are set forth to provide a thorough understanding of the

various embodiments of the present invention. Those of ordinary skill in the art will
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realize that these various embodiments of the present invention are illustrative only
and are not intended to be limiting in any way. Other embodiments of the present
invention will readily suggest themselves to such skilled persons having the benefit of

this disclosure.

[0016] In addition, for clarity purposes, not all of the routine features of the
embodiments described herein are shown or described. One of ordinary skill in the art
would readily appreciate that in the development of any such actual implementation,
numerous implementation-specific decisions may be required to achieve specific
design objectives. These design objectives will vary from one implementation to
another and from one developer to another. Moreover, it will be appreciated that such
a development effort might be complex and time-consuming but would nevertheless
be a routine engineering undertaking for those of ordinary skill in the art having the

benefit of this disclosure.

[0017] FIG. 1 discloses a micro-pulse bipolar corona ionizer 10 that uses an
ionizing electrode, named emitter 12; a conductive element or structure used as a
reference electrode 14; a power supply 16 that is disposed to provide at least one
voltage-alternating pulse train pair 18 to emitter 12; a gas source 20 disposed to
provide a flow of gas 22; an ion balance circuit 24 that is electrically coupled to
another electrode 26, named ion balance electrode, and to a common reference bus
29, such as ground; and a spark surge suppressor and corona activity circuit 28
coupled to reference electrode 14 and to common reference bus 29. Power supply 16
is electrically coupled to common reference bus 29, to reference electrode 14 through
common reference bus 29, and to emitter 12. Pulse train pair 18 is received by

emitter 12 and by reference electrode 14 through common reference bus 29.
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[0018] As seen in FIG. 2, pulse train pair 18 includes positive and negative pulse
trains 30 and 32 that alternate in serial sequence. An upper dashed line 44
represents a positive corona threshold voltage, such as 4.5 kV, and a lower dashed
line 46 represents a negative corona threshold voltage, such as (-)4.25 kV. Each
positive pulse train 30 is disposed to include an ionizing positive voltage waveform
that has a maximum positive voltage amplitude which exceeds the voltage threshold
for creating positive ions by corona discharge. Similarly, negative pulse train 32 is
disposed to include an ionizing negative voltage waveform that has a maximum
negative voltage amplitude which exceeds the voltage threshold for creating negative
ions by corona discharge. Thus, these respective positive and ionizing negative
voltage waveforms alternatively create voltage gradients across a space 38 between
emitter 12 and reference electrode 14, generating by corona discharge an ion cloud

that includes positive 34 and negative ions 36.

[0019] Using a serial sequence of pulse train pairs that each use positive and
negative pulse trains provides efficient bipolar ionization for at least one emitter
electrode. The number of pulse train pairs may be adjusted to maximize static charge
neutralization or discharge of a target object, depending on the flow rate of gas blown
or provided across an emitter, such as gas flow 22 and emitter 12 in FIG. 1. The
repetition rate for each pulse train 18 is not intended to be limiting in any way. The
repetition rate can be adjusted accordingly to the power level desired for the
embodiment disclosed in FIG. 2 can be set from one to several thousand times per
second with a duty factor from 0.1% to 1%. The term duty factor may also be
referred to herein as the effective ratio of pulse train power on versus pulse train

power off per pulse train time period, such as pulse train time period 48. Using a
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duty factor from 0.1% to 1% creates a very brief corona discharge, reducing ozone
emissions as well as the rate of emitter contamination. The various embodiments of
the present invention disclosed herein produces ozone emissions of concentrations of
around 10 to 15 parts per billion (ppb), which is three to five times less than other
types of known ionizers that use high frequency high-voltage alternating current to
generate ions by corona discharge. The various embodiments disclosed herein also
greatly reduce the rate of particle attraction to ionizer emitter(s), which in turn,

reduces the rate of contamination of the emitter(s).

[0020] The alternating serial order of positive and negative pulse trains 30 and 32
in pulse train pair 18 is not intended to be limiting in any way. For example, in FIG.
3A, pulse train 18 is disposed to include a positive pulse 30 train followed by a
negative pulse train 32 in an alternating serial sequence. Alternately, as shown in
FIG. 3B, pulse train 18 may be disposed to include negative pulse train 32 followed
by positive pulse train 30 in an alternating serial sequence. Positive and negative ions
34 and 36 may be also referred to collectively herein as a bipolar ion cloud 40. A
corona ionizer that uses pulse train pairs to generate a bipolar ion cloud may be

referred to herein as a micro-pulse bipolar corona ionizer 10.

[0021] Emitter 12 may be formed from a loop of conducting wire but the use of a
loop of emitter wire is not intended to be limiting in any way. Any emitter shape,
such as a pointed electrode or other equivalents (not shown), may be used as
alternatives. Emitter 12 may be made from any type of electrode material that can
conduct electricity in @ manner required to support the features described herein,

including the creation of ions by corona discharge. Thus, emitter 12 may be made
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from a combination variety of materials, some of which may not be purely conductive,

such as semiconductor, insulating or any combination of these materials.

[0022] Reference electrode 14 is implemented in the form of a conducting fan
guard but the use of this structure is not intended to be limiting. For instance, a
separate non-conducting or conducting fan guard may be used in combination with a
separately formed reference electrode. Similarly, ion balance electrode 26 is
implemented by using a conducting fan guard but the use of such a structure is not
intended to be limiting. As an alternative embodiment (not illustrated), a separate fan
guard may be used in combination with ion balance electrode 26. Ion balance
electrode 26 may be implemented by using any electrode that has a electrically
conductive or semi-conductive surface, and may be placed at a location where bipolar
ion cloud 40 will pass through, such as a location between target location 42 and the
location where bipolar ion cloud 40 is created by the corona discharge. Bipolar ion
cloud 40 is created by corona discharge generally within space 38 for the particular
embodiment shown in FIG. 1. Positive and negative pulse trains 30 and 32 may be

referred to in the alternative as positive and negative micro-pulses, respectively.

[0023] Gas source 20 may be used to enhance the mixing of positive and negative
ions 34 and 36, to enhance the range of delivery of positive and negative ions 34 and
36 to a selected target object (not shown) located at target location 42 to increase
bipolar ion cloud density at target location 42, or both. Gas source 20 in the
embodiment shown is of a blower type, and employs a rotating fan to move air or gas
through emitter 12, reference electrode 14 and ion balance electrode 26, such as gas
flow 22. The use, type, and placement location of gas source 20, moreover, are not

intended to limit the scope and spirit of this disclosure in any way. For instance, as
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alternative embodiments and not illustrated in FIG. 1, gas source 20 may be omitted,
or if used, placed before emitter 12 so that gas or air may be blown or forced first
through emitter 12 and then through reference electrode 14 and aimed towards a

target location 42.

[0024] Further, a fan-type gas source may be used as shown, or in alternative
embodiments, compressed gas or air may be provided through a pipe, duct, plenum,
or nozzle, a group of nozzles arranged on an ionizing bar, a nozzle surrounding at
least a portion of an emitter, or the like (not shown). In addition, the configuration of
gas flow 22 may be air, nitrogen, other gases, or any combination of these gases that
is suitable for bipolar ion cloud delivery to target area 42. Ion balance circuit 24 and
ion balance electrode 26 may be used to balance ion current produced during the
creation of bipolar ion cloud 40 by corona discharge. Ion balance circuit 24 is coupled
to ion balance electrode 26, common reference bus 29, and power supply 16. Ion
balance circuit 24 generates a signal 31 that is received and used by power supply 16
to adjust the balance of positive and negative electrodes generated by pulse train pair
18. Ion balance circuit 24 generates signal 31 by measuring the voltage 33 derived
from positive and negative ions flowing past ion balance electrode 26 during
operation. If voltage 33 is positive, ion balance circuit 24 adjusts signal 31 so that
signal 31 causes power supply 16 to generate at least one pulse train pair, such as
pulse train pair 18, that creates more negative ions than positive ions. Similarly, if
voltage 33 is negative, power supply 16 generates at least one pulse train pair that
creates more positive ions than negative ions. Spark surge suppressor and corona
activity circuit 28 is coupled to reference electrode 14 and common reference bus 29

and shunts a current (not shown) that can arise when a spark of voltage occurs
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between reference electrode 26 and common reference bus 29. Spark surge
suppressor and corona activity circuit 28 also provides a visual indicator that blinks in

proportion to the amount of ions generated by micro-pulse bipolar corona ionizer 10.

[0025] In yet another alternative embodiment, which is not illustrated in FIG. 1 to
avoid over-complicating this disclosure, spark surge suppressor and corona activity
circuit 28, ion balance circuit 24 and ion balance electrode 26, or both may be
eliminated from the embodiment shown in FIG. 1. In another alternative
embodiment (not shown), reference electrode 14 may be directly coupled to common

reference bus 29.

[0026] FIG. 4A is an oscillator screen shot of a positive pulse train 60 that forms
one portion of an pulse train pair in accordance with another embodiment of the
present invention. Pulse train pair 18 previously disclosed above with reference to
FIGS. 2 and 3A 3B, may be disposed to include a pulse train 60, which includes two
asymmetrical voltage waveforms, such as non-ionizing voltage waveform 62, and
ionizing voltage waveform 64, which occur serially over a time period 68. Non-
ionizing and ionizing voltage waveforms 62 and 64 are followed by smaller negative
and positive oscillations 69. Negative and positive oscillations 69 are due to circuit
resonance of the power supply used to generate pulse train 60 and are not intended
to limit the present invention in anyway. Oscillations 69 may be completely reduced

or eliminated by the use of a damping circuit as further disclosed below in FIG. 5A.

[0027] At least one of the asymmetrical voltage waveforms, such as ionizing
voltage waveform 64, has a maximum voltage amplitude 70 that exceeds the corona

discharge voltage threshold necessary to create ions within a space between an
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emitter and reference electrode of a micro-pulse bipolar corona ionizer, such as space
38, emitter 12 and reference electrode 14, and ionizer 10 respectively disclosed above
with FIG. 1. These ions created by ionizing voltage waveform 64 have the same
polarity as the voltage used by ionizing voltage waveform 64, which in the example
shown is a positive polarity. An ionizing voltage waveform that creates positive ions
may be also referred to herein as an “ionizing positive voltage waveform”, such as
ionizing voltage waveform 64. The term “asymmetrical voltage waveforms” describes
the voltage modulation profile of sequential waveforms that alternate in polarity and
that have different maximum voltage amplitudes with one of the maximum voltage
amplitudes exceeding the corona threshold necessary to create ions by corona
discharge. For example, a maximum amplitude 72 of non-ionizing voltage waveform
62 has a polarity (negative) that is opposite of the polarity (positive) of maximum
amplitude 70 of ionizing waveform 64. Non-ionizing voltage waveform 62 in the
embodiment shown occurs before ionizing voltage waveform 64 and has a maximum
amplitude 72 that is not sufficient to create ions by corona discharge. A non-ionizing
voltage waveform that has a negative maximum voltage amplitude that is insufficient
to create negative ions by corona discharge may be also referred to herein as a “non-

ionizing negative voltage waveform”, such as non-ionizing voltage waveform 62.

[0028] A pulse train, such as pulse train 60 in FIG. 4A, that includes an ionizing
positive voltage waveform, which is a waveform that has a positive maximum voltage
amplitude which exceeds the corona discharge voltage threshold necessary for
creating positive ions, such as ionizing waveform 64, is named herein as a “positive
pulse train”. Similarly a pulse train, such as pulse train 80 in FIG. 3B, that includes a

ionizing negative voltage waveform, which is a waveform that has a negative
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maximum voltage amplitude that exceeds the corona discharge voltage threshold
necessary for creating negative ions, such as ionizing waveform 84 in FIG. 3B, is
named herein as a “negative pulse train”. The sequence order of positive and
negative pulse trains 60 and 80 in a voltage-alternating pulse train pair, such as pulse
train pair 18 in FIG. 3A or FIG. 3B, is not intended to be limiting in any way. For
example, in FIG. 3B, pulse train pair 18 has a pulse train sequence that starts with

negative pulse train 32 followed by positive pulse train 30.

[0029] Using asymmetric voltage waveforms provides an efficient method for
generating ions. The bipolar ion cloud oscillates in an area near emitter 12 that can
be easily moved by an applied force, such as a gas flow or a superimposed electrical
field. Because the period of ion generation is extremely short, corona byproduct
emissions, such as ozone and nitrogen oxides is minimized and the rate of

contamination on emitter 12 reduced.

[0030] Like pulse train 60 in FIG. 4A, pulse train 80 in FIG. 4B is disposed to
include two asymmetrical voltage waveforms, such as non-ionizing voltage waveform
82 and, ionizing voltage waveform 84, which occur in sequence over a time period
88. At least one of the asymmetrical voltage waveforms, such as ionizing voltage
waveform 84, has a maximum voltage amplitude 90 that exceeds the corona
discharge voltage threshold necessary to create ions within a space between an
emitter and reference electrode of a micro-pulse bipolar corona ionizer, such as space
38, emitter 14 and reference and micro-pulse bipolar corona ionizer 10 respectively

disclosed above in FIG. 1.

11
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[0031] Non-ionizing and ionizing voltage waveforms 82 and 84 are followed by
smaller negative and positive oscillations 89. Negative and positive oscillations 89 are
created by the circuit resonance of the power supply used to generate pulse train 80
and are not intended to limit the present invention in anyway, and may be reduced or
eliminated. Ions created by ionizing voltage waveform 84 have the same polarity as
the voltage used by ionizing voltage waveform 84, which in the example shown is a
negative polarity. The maximum amplitude 92 of non-ionizing voltage waveform 82
has a polarity (positive) that is opposite of the polarity (negative) of maximum
amplitude 90 of ionizing voltage waveform 84. Maximum amplitude 92 of non-ionizing
voltage waveform 82 is not sufficient to create ions by corona discharge. Ionizing
voltage waveform 84 may be also referred to herein as an “ionizing negative voltage
waveform” because it can create negative ions by corona discharge. Non-ionizing
waveform 82, however, may be referred to herein as a “non-ionizing positive voltage
waveform” because it has a positive maximum voltage amplitude that is insufficient to

create positive ions by corona discharge.

[0032] Depending on the configuration of the power supply used, a non-ionizing
voltage waveform, such as non-ionizing voltage waveform 62 or 82, has rise and fall
slew rates that are less than the rise and fall slew rates of the following ionizing
waveform, such as ionizing waveform 64 or 84 corresponding to the same pulse train
pair. In accordance with one embodiment of the present invention, a non-ionizing
voltage waveform may be disposed to have a period of between 1 microsecond and 24
microseconds, and rise and fall slew rates that each range from 100 to 1000 Volts per
microsecond. An ionizing voltage waveform, such as ionizing voltage waveform 64 or

84, has rise and fall slew rates that are each approximately 1000 to 5000 kilovolts per

12
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microsecond and a voltage waveform width of between 1 to 12 microseconds. In

addition, like positive pulse train 30 previously discussed with respect to FIGS. 2 and
3A-3B, each positive pulse train 60 in FIG. 4A generates positive ions. Similarly, like
negative pulse train 32 previously discussed with respect to FIGS. 2 and 3A-3B, each

negative pulse train 80 in FIG. 4B generates negative ions.

[0033] FIG. 5A discloses a micro-pulse ionizer 120 that uses a wire emitter 122,
a reference electrode 124, a power supply 126 disposed to provide at least one
voltage-alternating pulse train pair 128, a gas source 130 disposed to provide a flow
of gas (not shown), an ion balance circuit 132, an ion balance electrode 134, a spark
surge suppressor circuit and corona activity circuit 136. Power supply 126 is
electrically coupled to wire emitter 122 and a common reference bus, such as ground
139, and is disposed to output pulse train pair 128 to wire emitter 122 during
operation. Pulse train pair 128 includes a serial sequence of pulse trains. Each pulse
train has a polarity that is opposite from the polarity of the other pulse train in
voltage-alternating pulse train pair 128. In one example, pulse train pair 128 and its
pair of pulse trains may be respectively disposed to have the same function and
characteristics previously described above for pulse train pair 18, pulse train 60 and

pulse train 80.

[0034] Emitter 122, reference electrode 124 and gas source 130 may be
implemented to have the same structure and function as described above with respect
to emitter 12, reference electrode 14, and gas source 20. Power supply 126, ion
balance circuit 132, ion balance electrode 134, and spark surge suppressor 136 may
be implemented to have the same respective functions as power supply 16, ion

balance circuit 24, ion balance electrode 26 and spark surge suppressor and corona
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activity circuit 28 previously disclosed above but are shown in FIG. 5A to have a

particular circuit structure.

[0035] Referring to FIGS. 5A and 5B, power supply 126 includes a timer circuit
138 that generates a set of low voltage pulses 140 that each have a relatively short
pulse duration 144, a drive circuit 142 that is disposed to receive set of pulses 140
and a primary damping circuit 146. Drive circuit 142 includes a D-Type flip-flop
circuit 148, named “dual delay circuit”, that has dual inverted outputs; a switching
circuit 150; and transistors 152 and 154. A set of pulses 140 are further illustrated
in FIG. 5B. Timer circuit 138 and drive circuit 142 are collectively referred to as a
pulse drive circuit 141 in this disclosure. Timer circuit 138 includes a timer IC 155, a
diode 156, a resistor 158, a capacitor 160, and a resistor 162. Timer IC 155 may be
implemented by using any configurable general purpose timer, such as model number

LMC555, which is available from National Semiconductor of Santa Clara, California.

[0036] Timer IC 155 is an integrated circuit disposed to provide a configurable
clock signal through a clock output 163. In this embodiment, these clock signals are
used as pulses 140. Diode 156, resistor 158 and capacitor 160 establish the pulse
duration 144 for pulse 140 (see FIG. 4 and 5B). Resistor 162 and capacitor 160 set
the repetition rate for each pulse 140. The repetition rate is equal to the inverse of
pulse period 143. In the embodiment shown, diode 156 may be implemented using a
diode having a marking code of 1N4248, while resistors 158 and 162, and capacitor
160 have the following respective values: 1500 ohms, 240K ohms, and 0.01 pF
(microfarads). The use of LMC555, the configuration of timer circuit 138, and the
values of the passive elements disclosed herein are not intended to be limiting in any

way. Any timer circuit 138 may be used as long as it can provide the type of pulses,

14
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such as pulse 140 described herein. Transistors 152 and 154 are implemented using
n-channel MOSFETSs transistors although the use of MOSFET-type transistors is not
intended to limit the invention in any way. The term low voltage is any voltage
suitable for use with semiconductor components of the type described herein. Such
semiconductor component voltages currently range in magnitude from 5 or 12,
whether positive or negative, although in the embodiment disclosed herein positive

low voltages of 5 and 12 volts are used.

[0037] Dual delay circuit 148 is in the form of a D-type flip-flop that has two
outputs which are inverted relative to each other. Dual delay circuit 148 may be
implemented by using model number MM74C74 from Fairchild Semiconductor of San
Jose, California. Dual delay circuit 148 is configured to provide two clock signals to
switching circuit 150. Switching circuit 150 may be implemented by using a
commonly known integrated circuit that provides four dual input AND gates arranged
in the manner shown, such as model number MC14081B, available from On

Semiconductor Corporation of Phoenix, Arizona.

[0038] Dual delay circuit 148 and switching circuit 150 alternately switch each
pulse 140 between transistors 152 and 154. Drive circuit 142 receives each pulse
140, and routes each pulse 140 to clock input 161 from dual delay circuit 148 and to
an input from each AND gate receive. The first output Q from dual delay circuit 148 is
coupled to inputs 165 from two of the AND gates, and the second output (inverted Q)
from dual delay circuit 148 is coupled to inputs 167 from the other two of the AND
gates, and routed to the data pin of the switching circuit 148. The preset and clear

pins are coupled to a 12 volt source.
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[0039] During the operation of power supply 126, and for each pulse train
generated, pulse drive circuit 141 enters a charging stage by causing a current to flow
through one half of a primary coil 164 of high voltage transformer 166 for a selected
duration. This time duration during which current passes through one half of primary
coil 164 is set by and is approximately equivalent to pulse duration 144 of pulse 140.
Dual delay circuit 148 and switching circuit 150 alternately switch each pulse 140
between transistors 152 and 154. Power supply 126 generates the asymmetrical
waveforms of a positive pulse train, such as positive pulse train 30 or 60 in FIGS. 2 or
4A, respectively, when the gate of transistor 152, receives pulse 140 during the
charging stage, causing current to flow from a center tap 165 of primary coil 164 and
through primary coil end 169, which produces a relatively small negative voltage
waveform across one half of primary coil 164 and stores energy in primary coil 164
and in the air spaces and ferrite (if included) of high voltage transformer 166.
Through its turns ratio, transformer 166 magnifies this small negative voltage
waveform and produces a magnified negative voltage waveform across secondary coil
170. This magnified negative voltage waveform is ultimately received by wire emitter
122 as a non-ionizing negative voltage waveform that forms a portion of a positive
pulse train, such as non-ionizing negative voltage waveform 62 and positive pulse

train 60 in FIG. 4A, respectively.

[0040] The stored energy produces a large positive pulse of voltage when the
duration 144 of short pulse 140 expires, such as when trailing edge 145 of pulse 140
is reached, turning off transistor 152 abruptly and producing the large positive pulse
of voltage (not shown) across primary coil 164. Transformer 166 magnifies this large

positive pulse of voltage and generates across secondary coil 170 a larger magnified
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ionizing waveform having a positive polarity. This large magnified voltage waveform
is ultimately received by wire emitter 122 as an ionizing positive voltage waveform
that forms a portion of a positive pulse train, such as ionizing positive voltage
waveform 64 and positive pulse train 60 in FIG. 4A, respectively. Ionizing positive
voltage waveform 64 is followed by smaller waveforms that oscillate between different
polarities and with decreasing voltage amplitudes over time. The voltage amplitudes
from these subsequent waveforms do not reach an ionizing voltage and are thus, non-
ionizing voltage waveforms. These subsequent waveforms are caused by circuit
resonance and can be controlled, eliminated or reduced by using primary damping

circuit 146.

[0041] Power supply 126 generates the asymmetrical voltage waveforms for a
negative pulse train, such as pulse train 32 or 80 in FIG. 2 or 4B, in a manner similar
to the generation of a positive pulse train as described immediately above. Power
supply 126, however, generates these asymmetrical waveforms for a negative pulse
train when dual delay circuit and switching circuit 150 route a pulse 140 to the gate of
transistor 154, which causes pulse drive circuit 141 to enter into a charging stage.
During this charging stage, transistor 154 causes a current to flow through center tap
165 and primary coil end 171 for a given duration. In the embodiment shown in FIG.
5A, this given duration during which current passes through primary coil 164 is set by

and is approximately equivalent to pulse duration 144.

[0042] The current flowing through center tap 165 and primary coil end 171
produces a relatively small negative voltage pulse across one half of primary coil 164
and stores energy in primary coil 165 and in the air spaces and ferrite (if included) of

high voltage transformer 166. The direction of the current flow through the half
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portion primary coil 164 bounded by center tap 165 and primary coil end 171 during
this charging stage is opposite from the direction of the current flow through the other
half portion primary coil 164, which is bounded by center tap 165 and primary coil end
169used to generate a positive pulse train. Moreover, both of these half portions of
primary coil 164 are wound in the same direction. Through its turns ration,
transformer 166 magnifies this small negative voltage waveform and produces a
magnified positive voltage waveform across secondary coil 170. This magnified
positive voltage waveform is ultimately received by wire emitter 122 as the non-
ionizing waveform of an asymmetrical voltage waveform that forms a portion of
negative pulse train, such as non-ionizing positive voltage waveform 82 and negative

pulse train 80 in FIG. 4B, respectively.

[0043] The stored energy produces a large negative pulse of voltage when pulse
duration 144 of short pulse 140 expires, such as when trailing edge 145 of pulse 140
is reached, turning off transistor 152 abruptly and producing the large negative pulse
of voltage (not shown) across primary coil 164. Transformer 166 magnifies this large
negative pulse of voltage and generates across secondary coil 170 a larger magnified
ionizing waveform having a negative polarity. This large magnified voltage waveform
is ultimately received by wire emitter 122 as the ionizing negative voltage waveform
of an asymmetrical voltage waveform that forms a portion of a negative pulse train,
such as ionizing negative voltage waveform 84 and negative pulse train 80 in FIG.
4B, respectively. Ionizing negative voltage waveform 84 is followed by smaller
waveforms that oscillate between different polarities and with decreasing voltage
amplitudes over time. The voltage amplitudes from these subsequent waveforms do

not reach an ionizing voltage and are thus, non-ionizing voltage waveforms. These
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subsequent waveforms are causing by circuit resonance and can be controlled,

eliminated or reduced by using primary damping circuit 146.

[0044] High voltage transformer 166 is disposed to have a turns ratio of between
50 to 1 and 5000 to 1 on secondary coil 170 and primary coil 164. When measured
from a power supply output 168, and when power supply 126 is configured as taught
within the scope and spirit of this disclosure, transistor 154 causes the production of a
negative pulse train, while transistor 152 causes the production of a positive pulse
train, which collectively form a voltage-alternating pulse train pair that are ultimately
received by emitter 122 and by reference electrode 124 through ground 137,
producing by corona discharge a bipolar ion cloud, such as bipolar ion cloud 40 in FIG.
1. These positive and negative pulse trains have the same structure and function as
positive and negative pulse trains 60 and 80 previously disclosed above in FIGS. 4A-
4B, which respectively include a set of asymmetric waveforms, such as non-ionizing

and ionizing voltage waveforms 62-64, and 82-84.

[0045] The maximum voltage amplitude of the ionizing waveform, such as ionizing
waveform 64 or 84, for each pulse train produced at power supply output 168, is set

according to the following variables:

the turns ratio of high voltage transformer 166;

the primary coil inductance of high voltage transformer 164;

the pulse duration 144;

the input DC voltage 172 at the node 174 between resistor 176 and capacitor

178;
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the primary damping circuit 146, which includes resistor 180 and capacitor

182; and

if ion balance circuit 132 is included, the impedance between transistor 154 and
ground 137, which in the example shown in FIG. 5A is the resistance across the drain

and source of transistor 177.

[0046] In accordance with the embodiment of the present invention shown in FIG.

5A:

the turns ratio of high voltage transformer 166 can range between 50 to 1 to

5000 to 1 for the secondary coil and primary coil;

the primary coil inductance of high voltage transformer 164 is approximately 48

MH (microhenries) with each half portion approximately 14 pH;

the pulse duration 144 of pulse 140 can range between one microsecond to 24

microseconds;

resistor 176 and capacitor 178 are 1 to 100 ohms and 0.1pF (picofarads),

respectively; and

the resistance across the drain and source of transistor 177 can range from

about 005 to 10 Ohms.

[0047] The inductance of primary coil 164, the capacitive load of primary damping
circuit 146, which is determined by resistor 180 and capacitor 182, and the capacitive
load seen by power supply output 168, which in the example shown includes the

capacitive load of wire emitter 122 and reference electrode 124, determine the wave
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shape of the serial asymmetrical waveforms, such as non-ionizing and ionizing
waveforms 62-64 or non-ionizing and ionizing waveforms 82-84, previously discussed
above with respect to FIGS. 4A-4B. These sequential asymmetrical waveforms
comprise a pulse train, such as pulse train 60 or 80, and are provided by power supply
126 at power supply output 168. In FIG. 5A, the inductance of primary coil 164 may
be selected to be in the range of 10 to 100 pH and the load capacitance may be
selected in the range of 3 to 60 pF. All values and model numbers of the circuit
elements disclosed herein are not intended to limit the various embodiments disclosed
herein. The actual values used will vary depending upon the dimensions and type of

ionizer designed.

[0048] Pulse trains generated by power supply 126 are disposed to have a
relatively high slew rate, and , positive and negative pulse trains may be produced in
a repeating sequential fashion by power supply 126 by using a relatively small-
footprint high voltage transformer that does not include use multipliers, rectifiers,
summing blocks or any combination of these components. Pulse repetition rate of
each pulse train pair may be adjusted according to the gas flow used the distance of
the target location containing the device selected for neutralization, the concentration

of ions desired at the target location, or any combinations of these factors.

[0049] 1Ion balance control circuit 132 in FIG. 5A includes transistor 177, ion
balance electrode 134, resistor 184, resistor 186, and variable resistor 188,
sometimes referred to as a potentiometer, and capacitor 190. Through transistor
177, capacitor 190, and potentiometer 192, ion balance control circuit 132 is also
coupled to ground 137 as shown. Resistors 184 and 186 produce a voltage at node

192 when ions flow past electrode 134. This voltage is seen by the gate of transistor
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177, causing transistor 177 to change the resistance of transistor 177 across its
source and drain. A small amount of bias current is added to the gate of transistor
177 by resistor 192 to compensate for the turn-on bias of transistor 177. Capacitor
190 filters noise from pulses which may affect ion balance signal produced at node
192, while resistor 188 can be set to provide ion flow balance, such as zero, at the ion
balance electrode or possibly at target object or target location, such as target

location 42 in FIG. 1.

[0050] As an example, if for any reason (changes in ambient conditions, emitters
contamination or erosion and the like) ion flow from micro-pulse bipolar corona ionizer
120 begins to generate more positive then negative ions, ion balance electrode 134
will acquire a positive charge. This positive charge creates a current flow across
resistors 184, 186, and 188, which increases the voltage at node 192 and at the gate
of transistor 177, and reduces the resistance across the source and drain of transistor
177. Reducing the resistance across the source and drain of transistor 177, increases
the maximum voltage amplitude of the ionizing waveform of the negative pulse train,
such as ionizing waveform 84 and negative pulse train 80 in FIG. 4B , for the pulse
train pair created by power supply 126. Increasing the maximum voltage amplitude
of the ionizing waveform of the negative pulse train, increases the ion balance towards
negative ions. As this ion balance tilts towards negative ions, the positive voltage
acquired by electrode 134 will begin to decrease, which in turn will decrease the
voltage at node 192 that is seen by the gate of transistor 177 until the positive charge
generated at ion balance electrode 134 is sufficiently reduced so that the ion balance
at the target location previously selected is restored to approximately zero or to

another preselected value.
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[0051] Similarly, if ion flow across electrode 134 creates a negative voltage, node
192 acquires a reduced voltage or even a negative voltage, decreasing the voltage
seen by the gate of transistor 177, which raises the resistance of transistor 177 across
its drain and source. This reduces the maximum voltage amplitude of the ionizing
waveform from the negative pulse train, which in turn, reduces the production of
negative ions until the voltage or charge at electrode 134 is sufficiently increased so
that the ion balance at the target location previously selected is restored to

approximately zero or to another preselected value.

[0052] Spark surge suppressor and corona activity circuit 136 provides spark surge
suppression and corona activity indicator functions. Diodes 194 and 196, and
capacitor 198 provide the spark surge suppression function. If a voltage spark occurs
through reference electrode 124, diode 194 shunts any resulting negative current
through ground 137, thus protecting the base of transistor 200. Any positive spark

surge current is shunted to ground 137 through diode 196 and capacitor 198.

[0053] Spark surge suppressor and corona activity circuit 136 provides the corona
activity indicator function by using an electrode, such as reference electrode 124, to
receive ion current from wire emitter 122 and any currents from induced electrical
corona noise signals which flow from to reference electrode 124 across the space
separating reference electrode from wire emitter 122. These currents are converted
to voltage by inductor 202, rectified by diode 196 and filtered by capacitor 198, which
collectively results in a voltage at node 204 and at the base of transistor 200. A
fluctuation in voltage at node 204 causes the voltage at the collector of transistor 200
to fluctuate in approximate proportion to the voltage at node 204. Resistor 206 is

coupled to the collector and to a 12 volt DC positive voltage and functions as a pull-
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down resistor. The anode end of LED 208 is coupled to the collector of transistor,
while the cathode end of light emitting diode (LED) 208 is coupled to ground. A
fluctuation of the voltage at the collector of transistor 200 causes LED 208 to flash or
fluctuate as a function of the ion current generated by micro-pulse bipolar ionizer 120.
In conjunction with or as an alternative, the voltage at the collector of transistor 200
may be sampled or used as an interrupt signal 210 by a microprocessor or equivalent

(not shown) to enable the microprocessor to determine the state of ion generation.

[0054] FIG. 6A illustrates a method for creating bipolar ions by corona discharge
by providing at least one pulse train pair to an emitter in accordance with yet another
embodiment of the present invention. At 220, at least one pulse train pair is provided
to an emitter of an ionizer, such as pulse train pair 18, emitter 12 and ionizer 10 in
FIG. 1. The pulse train pair is disposed to include a positive pulse train and a
negative pulse train that alternate in sequence, such as positive and negative pulse
trains 30 and 32 in FIG. 2. The positive pulse train includes an ionizing positive
voltage waveform and the negative pulse train including an ionizing negative voltage
waveform. These ionizing positive and negative voltage waveforms alternately create
voltage gradients across the emitter and the reference electrode, generating by

corona discharge an ion cloud that includes positive and negative ions.

[0055] FIG. 6B illustrates optional additional steps to the method disclosed in FIG.

6A above in accordance with an alternative embodiment of the present invention.

[0056] At 222, a non-ionizing voltage waveform is generated before the ionizing
waveform is generated for a pulse train. For example (not shown), a non-ionizing

negative voltage waveform may be generated before generating the ionizing positive
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waveform for a positive pulse train, such as positive pulse train 60 in FIG. 4A.
Similarly, a non-ionizing positive voltage waveform may be generated before
generating the ionizing negative waveform for a negative pulse train, such as negative

pulse train 80 in FIG. 4B.

[0057] In accordance with yet a further alternative embodiment of the present
invention disclosed in FIG. 6B, at 224, the non-ionizing voltage waveform is
generated on a secondary coil of a high voltage transformer by storing energy on a
primary coil of the transformer, such as secondary coil 170, high voltage transformer
166, and primary coil 164 in FIG. 5A, respectively. At 226, a voltage across this
primary coil is generated when the energy charge is released, generating an ionizing

voltage waveform across the secondary coil.

[0058] While the present invention has been described in particular embodiments,
it should be appreciated that the present invention should not be construed as limited
by such embodiments. Rather, the present invention should be construed according

to the claims below.

25



WO 2012/109206 PCT/US2012/024095

IN THE CLAIMS

We claim:

1. An apparatus for generating ions within a space separating an emitter and a
reference electrode, the apparatus comprising:

an emitter;

a reference electrode;

a power supply disposed to provide at least one pulse train pair to said emitter,
said pulse train pair including a positive pulse train and a negative pulse train that
alternate in sequence, and said positive pulse train including an ionizing positive
voltage waveform and said negative pulse train including an ionizing negative voltage

waveform; and

wherein said ionizing positive and negative voltage waveforms alternately
create voltage gradients between said emitter and said reference electrode,

generating by corona discharge an ion cloud that includes positive and negative ions.

2. The apparatus of claim 1, wherein said positive pulse train further includes a
first non-ionizing negative voltage waveform that occurs before said ionizing

positive waveform.

3. The apparatus of claim 2: said power supply includes a transformer having
primary coil and a secondary coil, said power supply disposed to generate said
first non-ionizing negative voltage waveform on said secondary coil by storing
energy on said primary coil, and to generate a voltage across said primary coil
when said energy is released, causing the generation of said ionizing positive

waveform across said secondary coil.
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4. The apparatus of claim 3, wherein said positive pulse train further includes a
second non-ionizing negative voltage waveform, said second non-ionizing
negative voltage waveform generated by a circuit resonance caused by said
voltage.

5. The apparatus of claim 4, further including:

a damping circuit coupled to said transformer and disposed to reduce non-
ionizing voltage waveforms that are created by said circuit resonance after said

second non-ionizing negative voltage waveform is generated by said circuit resonance.

6. The apparatus of claim 3, further including:

a damping circuit coupled to said transformer and disposed to reduce non-
ionizing voltage waveforms that are created by said circuit resonance after said

ionizing positive voltage waveform is generated.

7. The apparatus of claim 1, wherein said power supply includes a primary coil and
a secondary coil, said power supply disposed to generate said positive and
negative pulse trains alternately on said secondary coil by causing a current to
flow through a portion of said primary coil for a first duration and by causing
another current to flow through another portion of said primary coil for a

second duration after said first duration expires.

8. The apparatus of claim 7, wherein said first and second durations are equal.

9. The apparatus of claim 1:

said power supply includes a primary coil having a first primary coil end, a
second primary coil end and a center tap, and a secondary coil that is electrically
coupled to said emitter and said reference electrode; and

said power supply disposed to generate alternately said positive and negative

pulse trains on said secondary coil by alternately causing a first current to flow
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through said first end and said center tap and a second current to flow through said
second end and said center tap.

10. The apparatus of claim 9:

said primary and secondary coils are part of a high voltage step-up transformer,
and said secondary coil includes a first secondary coil end that is electrically coupled
to said emitter and a second secondary coil end that is electrically coupled to said

reference electrode;

said positive pulse train further includes a first non-ionizing negative voltage

waveform;

further including a pulse drive circuit disposed to generate said first and second

currents for a duration; and

wherein said first non-ionizing negative voltage waveform is generated on said
secondary coil during said duration, and said ionizing positive waveform is generated

on said secondary coil when said duration expires.

11. The apparatus of claim 2, said first non-ionizing negative waveform is disposed
with a rise slew rate and a fall slew rate that is less than a rise slew rate and a

fall slew rate of said ionizing positive waveform, respectively.

12. The apparatus of claim 1, wherein said power supply generates said pulse train
pair at a repetition rate in the range of one to 4000 times per second, and uses

a duty factor from 0.1 to 1 percent for said pulse train pair.

13. The apparatus of claim 12, further including any combination of the following:

a gas source, and said power supply is disposed with said repetition rate
that is a function of a velocity of gas moved by said gas source;
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an ion balance circuit, and said power supply is responsive to said ion
balance circuit, including by varying an amplitude of said ionizing negative

voltage waveform; and

a spark surge suppressor and ion activity circuit electrically coupled

between said reference electrode and a common reference bus.

14. A method for generating ions within a space separating an emitter and a

reference electrode, the method comprising:

providing at least one pulse train pair to said emitter, said pulse train pair
including a positive pulse train and a negative pulse train that alternate in sequence,
and said positive pulse train including an ionizing positive voltage waveform and said

negative pulse train including an ionizing negative voltage waveform; and

wherein said ionizing positive and negative voltage waveforms alternately
create voltage gradients across said emitter and said reference electrode, generating
by corona discharge an ion cloud that includes positive and negative ions.

15. The method of claim 14, further including:

generating a first non-ionizing negative voltage waveform before said ionizing

positive waveform is created.

16. The method of claim 15, further including:

generating said first non-ionizing negative voltage waveform on a secondary
coil of a high voltage transformer by storing energy on a primary coil of said
transformer, and generating a voltage across said primary coil when said energy is
released, said generating a voltage causing the generation of said ionizing positive

waveform across said secondary coil.

17. The method of claim 16, wherein said generating said voltage across said
primary coil further causes a circuit resonance within a power supply that

includes said primary and secondary coils, said circuit resonance causing the
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generation of said second non-ionizing waveform; and said positive pulse train

further includes said second non-ionizing negative voltage waveform.

18. The method of claim 17, further including:

reducing non-ionizing voltage waveforms that are created by said circuit

resonance after said second non-ionizing negative voltage waveform is generated.

19. The method of claim 17, further including:

reducing non-ionizing voltage waveforms that are created by said circuit

resonance after said ionizing positive voltage waveform is generated.

20. The method of claim 19, further including:

generating said positive and negative pulse trains alternately on a secondary
coil of a transformer by causing a current to flow through a portion of a primary coil of
said transformer for a first duration and by causing another current to flow through
another portion of said primary coil for a second duration after said first duration

expires.
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