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(54) MODULAR FLEXIBLE SMART MULTI ELECTRODE AIR IONIZER

(57) An electrode module for use in an air ionizer
system is disclosed herein. The electrode module in-
cludes a first printed circuit board (402) extending in a
first direction from a first edge to a second edge, a first
positive high voltage track (404) formed on the first
printed circuit board, the first positive high voltage track
extending in the first direction, a first negative high vol-
tage track (406) formed on the first printed circuit board,
the first negative high voltage track being spaced apart

from the first positive high voltage track by a first distance
in a second direction perpendicular to the first direction, a
first ion sense trace (408) formed on the first printed
circuit board, a first ion probe (409) attached to the first
printed circuit board and the first ion sense trace, and a
first connector (410) coupled to the first positive high
voltage track and configured to receive a first ion emitter
(412).
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to, and the ben-
efit of, India Provisional Patent Application No.
202341065133, filed September 28, 2023 and titled
"MODULAR FLEXIBLE SMART MULTI ELECTRODE
AIR IONIZER," and fromUS 18/523,618 filed 29 Novem-
ber 2023.

FIELD

[0002] The present disclosure generally relates to sys-
tems for managing air quality in an aircraft, and more
specifically, to using air ionizers in an aircraft.

BACKGROUND

[0003] Travel within aircraft includes the recirculation
of air within the aircraft. Circulation of air within an en-
closed space, such as aircraft, may include circulation of
harmful pathogens (e.g., viruses, bacteria, etc.) and un-
desirable odors. Currently, commercial aircraft use air
filters, including high efficiency particulate air (HEPA)
filters, to filter the air during recirculation. Generally, air
filters are placed at central locations and therefore may
not have continuous effectiveness within the enclosed
space. Furthermore, more effective air filters, such as
HEPAfilters, comewith an increasedcost both in termsof
the replaceable filter itself as well as the energy used to
force air through the air filter. Furthermore, air filters,
includingHEPAfilters, typically donot removeodors from
the air within the enclosed space.

SUMMARY

[0004] An electrode module for use in an air ionizer
system is disclosed herein. The electrode module in-
cludes a first printed circuit board extending in a first
direction fromafirst edge toasecondedge,afirst positive
high voltage track formedon the first printed circuit board,
the first positive high voltage track extending in the first
direction, a first negative high voltage track formedon the
first printed circuit board, the first negative high voltage
track being spaced apart from the first positive high
voltage track by a first distance in a second direction
perpendicular to the first direction, a first ion sense trace
formed on the first printed circuit board, a first ion probe
attached to the first printed circuit board andconnected to
the first ion sense trace, and a first connector coupled to
the first positive high voltage track, the first connector
configured to receive a first ion emitter.
[0005] In various embodiments, the first printed circuit
board is a flexible printed circuit board including a poly-
imide material. In various embodiments, the first positive
highvoltage trackextendsafirst length from thefirst edge
in the first direction and the first ion sense trace extends a

second length from the first edge in the first direction. In
various embodiments, the first negative high voltage
track extends the first length from the first edge in the
first direction.
[0006] In various embodiments, the first ion sense
trace being parallel to the first positive high voltage track.
In various embodiments, the electrode module further
includes an expansion stub coupled at the second edge
of the first printed circuit board, the expansion stub con-
figured to connect the first printed circuit board to a
second printed circuit board. In various embodiments,
the first ionprobe is disposedadjacent the first connector.
[0007] Also disclosed herein is an air ionizer system
including a high voltage module configured to output a
high voltage, a digital module operatively coupled to the
high voltage module and configured send instructions to
the high voltage module to vary a high voltage output, an
electrodemodule operatively coupled to the high voltage
module. The electrode module includes a first printed
circuit board extending in a first direction froma first edge
to a second edge, a first positive high voltage track
formed on the first printed circuit board, the first positive
high voltage track extending in the first direction, a first
negative high voltage track formed on the first printed
circuit board, the first negative high voltage track being
spacedapart from the first positive high voltage track by a
first distance in a second direction perpendicular to the
first direction, a first ion sense trace formed on the first
printed circuit board, a first ion probe attached to the first
printed circuit board and connected to the first ion sense
trace, and a first connector coupled to the first positive
high voltage track, the first connector configured to re-
ceive a first ion emitter.
[0008] In various embodiments, the air ionizer system
further includes a second positive high voltage track
formed on the first printed circuit board and inline with
the first positive high voltage track, the second positive
high voltage track extending in the first direction, and a
second connector coupled to the second positive high
voltage track, thesecondconnector configured to receive
a second ion emitter. In various embodiments, the air
ionizer system further includes a third positive high vol-
tage track formed on the first printed circuit board inline
with and between the first positive high voltage track and
the second positive high voltage track, the second posi-
tive high voltage track extending in the first direction,
wherein an ion emitter of a plurality of ion emitters is
coupled to alternating positive high voltage tracks.
[0009] In various embodiments, the first printed circuit
board is a flexible printed circuit board including a poly-
imide material. In various embodiments, the first positive
highvoltage trackextendsafirst length from thefirst edge
in the first direction and the first ion sense trace extends a
second length from the first edge in the first direction. In
various embodiments, the first positive high voltage track
extends a first length from the first edge in the first
direction and the first ion sense trace extends a second
length from the first edge in the first direction. In various
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embodiments, the digital module is configured to send
the instructions to the high voltagemodule in response to
a signal received from the first ion probe.
[0010] Also disclosed herein is an aircraft including a
plurality of passenger seats, and an air ionizer system
disposed over the plurality of passenger seats, the air
ionizer system includesahighvoltagemodule configured
to output a high voltage, a digital module operatively
coupled to the high voltage module and configured send
instructions to the high voltage module to vary a high
voltage output, an electrode module operatively coupled
to the high voltage module, the electrode module in-
cludes a first printed circuit board extending in a first
direction fromafirst edge toasecondedge,afirst positive
high voltage track formedon the first printed circuit board,
the first positive high voltage track extending in the first
direction, a first negative high voltage track formedon the
first printed circuit board, the first negative high voltage
track being spaced apart from the first positive high
voltage track by a first distance in a second direction
perpendicular to the first direction, a first ion sense trace
formed on the first printed circuit board, a first ion probe
attached to the first printed circuit board andconnected to
the first ion sense trace, and a first connector coupled to
the first positive high voltage track, the first connector
configured to receive a first ion emitter.
[0011] In various embodiments, the air ionizer system
further includes a second positive high voltage track
formed on the first printed circuit board and inline with
the first positive high voltage track, the second positive
high voltage track extending in the first direction, and a
second connector coupled to the second positive high
voltage track, thesecondconnector configured to receive
a second ion emitter. In various embodiments, the first
positive high voltage track extends a first length from the
first edge in the first direction and the first ion sense trace
extends a second length from the first edge in the first
direction.
[0012] In various embodiments, the digital module is
configured to send the instructions to the high voltage
module in response to a signal received from the first ion
probe. In various embodiments, the first printed circuit
board is a flexible printed circuit board including a poly-
imide material. In various embodiments, the air ionizer
system further includes
an expansion stub coupled at the second edge of the first
printed circuit board, the expansion stub configured to
connect the first printed circuit board to a second printed
circuit board.
[0013] The foregoing features and elements may be
combined in any combination, without exclusivity, unless
expressly indicated herein otherwise. These features
and elements as well as the operation of the disclosed
embodiments will become more apparent in light of the
following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete
understanding of the present disclosure, however, may
best be obtained by referring to the following detailed
description and claims in connection with the following
drawings. While the drawings illustrate various embodi-
ments employing the principles described herein, the
drawings do not limit the scope of the claims.

FIG. 1 illustrates an aircraft and various sections
within the aircraft, in accordance with various embo-
diments.
FIG. 2 illustrates a cabin of an aircraft including
passenger seats and air ionizers, in accordancewith
various embodiments.
FIG. 3A illustrates a system block diagram of a
centrally controlled air ionizer system, in accordance
with various embodiments.
FIG.3B illustratesasystemarchitecturediagramofa
centrally controlled air ionizer system, in accordance
with various embodiments.
FIG. 4 illustrates a flexible electrode module and an
ion emitter used in a centrally controlled air ionizer
system, in accordance with various embodiments.
FIGS. 5A, 5B, and 5C illustrate ion density of various
configurations of a centrally controlled air ionizer
system, in accordance with various embodiments.

DETAILED DESCRIPTION

[0015] The following detailed description of various
embodiments herein makes reference to the accompa-
nying drawings, which show various embodiments by
way of illustration. While these various embodiments
are described in sufficient detail to enable those skilled
in the art to practice the disclosure, it should be under-
stood that other embodiments may be realized and that
changes may be made without departing from the scope
of the disclosure. Thus, the detailed description herein is
presented for purposes of illustration only and not of
limitation. While these exemplary embodiments are de-
scribed in sufficient detail to enable those skilled in the art
to practice the invention, it should be understood that
other embodiments may be realized and that logical,
chemical andmechanical changesmay bemadewithout
departing from the scope of the invention as defined by
the claims. For example, the steps recited in any of the
method or process descriptions may be executed in any
order and are not necessarily limited to the order pre-
sented. Furthermore, any reference to singular includes
plural embodiments, and any reference tomore than one
component or stepmay includeasingular embodiment or
step. Also, any reference to attached, fixed, connected,
or the like may include permanent, removable, tempor-
ary, partial, full or any other possible attachment option.
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Additionally, any reference to without contact (or similar
phrases) may also include reduced contact or minimal
contact. It should also be understood that unless speci-
fically stated otherwise, references to "a," "an" or "the"
may include one or more than one and that reference to
an item in the singular may also include the item in the
plural. Further, all ranges may include upper and lower
values and all ranges and ratio limits disclosed herein
may be combined.
[0016] Disclose herein is a modular, flexible, smart
multi-electrode air ionizer system that is centrally con-
trolled. In various embodiments, the air ionizer system
includes amodule for connecting ion emitters to a central
controller. In various embodiments, the module includes
a plurality of stubs where each stub is configured to
mechanically and electrically connect an air ionizer to
the central controller. In various embodiments, multiple
modulesmay be daisy chained (i.e., connected in series)
tooneanother toexpand theair ionizer system. Invarious
embodiments, the ion emitter is configured to emit a
plurality of ions having a specified ion density measured
in ions per cubic meter of air. In various embodiments,
connecting a plurality of ion emitters to a single central
controller tends to improve the control of the ion density
across multiple locations.
[0017] Referring now to FIG. 1, an aircraft 100 includ-
ing various sections within the aircraft is illustrated, in
accordancewith various embodiments. Aircraft 100 is an
example of a passenger or transport vehicle in which
smart air ionizers may be implemented in accordance
with various embodiments. In various embodiments, air-
craft 100 has a starboard wing 102 and a port wing 104
attached to a fuselage 106. In various embodiments,
aircraft 100 also includes a starboard engine 108 con-
nected to starboard wing 102 and a port engine 110
connected to port wing 104. In various embodiments,
aircraft 100also includes a starboard horizontal stabilizer
112, a port horizontal stabilizer 114, and a vertical stabi-
lizer 116. In various embodiments, aircraft 100 also in-
cludes various cabin sections, including, for example, a
first cabin section 118, a second cabin section 120, a third
cabin section 122, and a pilot cabin 124. In various
embodiments, cabin sections 118, 120, 122 may include
aplurality of passenger seatsandaplurality of passenger
service units disposed over the plurality of passenger
seats. In various embodiments, aircraft 100 may include
a front lavatory 126 and/or a rear lavatory 128.
[0018] Referringnow toFIG.2, asideviewof anaircraft
cabin section 200 of an aircraft (e.g., aircraft 100) is
illustrated, in accordance with various embodiments. In
various embodiments, aircraft cabin section 200 may be
an example of first cabin section 118, second cabin
section 120, and/or third cabin section 122. Aircraft cabin
section 200 includes a plurality of passenger seats 202, a
plurality of electrode modules 204, and a plurality of ion
emitters 206 coupled to theplurality of electrodemodules
204,andanair conditioningduct 208disposedaboveand
coupled to the plurality of passenger service units 204.

[0019] The plurality of passenger seats 202 may be
arranged in rows throughout aircraft cabin section 200. In
various embodiments, one or more aisles may pass
through each row of the plurality of passenger seats
202. The plurality of electrodemodules 204 are disposed
over the plurality of passenger seats 202. In various
embodiments, the ion emitters are placed adjacent to a
flow of air either from an air conditioning duct or from one
or more air gaspers located in passenger service units
above each of the plurality of passenger seats 202. Each
ion emitter 206 ionizes the air in the flow of air creating an
ionic region 210 over the plurality of passenger seats 202
that includes positive ions andaplurality of negative ions.
[0020] In various embodiments, ion emitter 206, and
more specifically, the positive ions may neutralize patho-
gens (e.g., bacteria, viruses, molds, dust, etc.) and/or
malodor (i.e., unpleasant smells) that areairborneandon
surfaces. Pathogens and malodor may be generated
and/or spread by passengers and activities throughout
aircraft 100 and cabin section 200, among other loca-
tions. Pathogens and malodor may be airborne and/or
settle on surfaces within cabin section 200 and aircraft
100, among others. Ion emitter 206 may be placed ad-
jacent an air gasper so that ion emitter 206 ionizes the air
exiting the air gasper. Generally, ions created by ion
emitter 206, such as the positive ions and the negative
ions, have an active life span of about 30 seconds to
about 75 seconds, and more specifically, about 45 sec-
onds to about 60 seconds. Accordingly, locating ion
emitter 206 adjacent the air gaspers and/or above the
plurality of passenger seats 202 improves the efficacy of
the positive ions and the negative ions as compared to
placing ion emitter 206 within an air conditioning system
of cabin or aircraft.
[0021] Referring now to FIG. 3A, a block diagram 300
of a centrally controlled modular air ionizer system is
illustrated, in accordance with various embodiments.
The centrally controlled modular air ionizer system in-
cludes a central controller 302, a high voltage module
304, adigitalmodule306, andaflexible electrodemodule
308. High voltagemodule 304 and digitalmodule 306 are
included in central controller 302. In various embodi-
ments, there may be a plurality of flexible electrode
modules 308. Central controller 302, including high vol-
tagemodule 304 and digital module 306, is configured to
power and control each of the plurality of flexible elec-
trode modules 308.
[0022] Digital module 306 provides controls for the air
ionizer system. Digital module is operatively coupled to
highvoltagemodule304, toauser interface,and tooneor
more sensor inputs. Digital module 306 provides com-
mand and control of the air ionizer system by sending
commands to high voltage module 304 and receive sta-
tus information from high voltage module 304. Digital
module 306 may further be updated through the user
interface to change an ion density distribution of the air
ionizer system.
[0023] Digital module 306 may comprise one or more
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processors configured to implement various logical op-
erations in response to execution of instructions, for
example, instructions stored on a non-transitory, tangi-
ble, computer-readable medium. The one or more pro-
cessors can be a general purpose processor, a micro-
processor, a microcontroller, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other program-
mable logic device, discrete or transistor logic, discrete
hardware components, or any combination thereof.
[0024] Digital module 306 may further comprise mem-
ory to store data, executable instructions, system pro-
gram instructions, and/or controller instructions to imple-
ment the control logic of digital module 306.
[0025] High voltage module 304 is electrically coupled
to a power supply and to flexible electrode modules 308.
High voltage module 304 converts the receive power
from the power supply to a high voltage power supply
that is provided to flexible electrode module 308. High
voltage module 304 receives commands from digital
module 306 andmaymodify the output voltage to flexible
electrode module 308 in response to the received com-
mands. High voltage module 304 receives ion count
information fromflexible electrodemodule308and trans-
mits the ion count information to digital module 306.
[0026] Flexible electrode module 308 includes a plur-
ality of stubs that are each configured to receive and
power an ion emitter. In various embodiments, flexible
electrode module 308 may include a plurality of flexible
electrode modules 308 that are daisy changed (i.e.,
connected in series). In various embodiments, central
controller 302may control every ion emitter connected to
the plurality of flexible electrode modules 308.
[0027] Referring now to FIG. 3B, an architecture dia-
gram 350 of the centrally controlled modular air ionizer
system is illustrated, in accordance with various embodi-
ments. Architecture diagram 350 includes high voltage
module 304, digital module 306, and flexible electrode
module 308. Flexible electrode module 308 further in-
cludes a positive multi-electrode module 366 and a ne-
gativemulti-electrodemodule 368, each of whichmay be
configured to power an ion emitter.
[0028] High voltage module 304 further includes a
power filter 352, a power protection circuit 354, a pro-
grammable voltage generator 356, an isolated high vol-
tage generator 358, a positive current limiter 360, and a
negative current limiter 362. In various embodiments,
power filter 352 may be an electromagnetic interference
(EMI) filter. In various embodiments, power filter 352may
be an electromagnetic compatibility (EMC) filter. In var-
ious embodiments, power protection circuit 354 may
provide over voltage and/or over current protection to
the air ionizer system.
[0029] Digital module 306 further includes a control
element 364 that performs the tasks and calculations
of digital module 306. In various embodiments, control
element 364 receives sensor inputs from a pressure
sensor, a temperature sensor, and/or a humidity sensor,

among others. In various embodiments, control element
364 receives ion sensor feedback directly from flexible
electrodemodule 308. Control element 364 is configured
to control high voltage module 304 including power pro-
tection circuit 354, programmable voltage generator 356,
isolated high voltage generator 358, positive current
limiter 360, and negative current limiter 362.
[0030] Control element 364may comprise oneormore
processors configured to implement various logical op-
erations in response to execution of instructions, for
example, instructions stored on a non-transitory, tangi-
ble, computer-readable medium. The one or more pro-
cessors can be a general purpose processor, a micro-
processor, a microcontroller, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other program-
mable logic device, discrete or transistor logic, discrete
hardware components, or any combination thereof.
[0031] Control element 364 may further comprise
memory to store data, executable instructions, system
program instructions, and/or controller instructions to
implement the control logic of control element 364.
[0032] Referring now to FIG. 4, flexible electrodemod-
ule 400 is illustrated, in accordance with various embodi-
ments. In various embodiments, flexible electrode mod-
ule 400 may be an example of flexible electrode module
308 described in FIGS. 3A and 3B. Flexible electrode
module 400 interfaces with high voltage module 304.
Flexible electrode module 400 includes printed circuit
board (PCB) 402, a plurality of positive high voltage
tracks 404, a plurality of negative high voltage tracks
406, a plurality of ion sense traces 408 each of which
is coupled to a probe point 409, a plurality of connectors
410 each of which is configured to receive an ion emitter
412, and an expansion stub 414. In various embodi-
ments, PCB 402 may include a single positive high
voltage track 404, a single negative high voltage tracks
406, a single ion sense trace 408 that is coupled to a
probe point 409, a single connector 410 coupled to each
of the positive high voltage track 404 and the negative
high voltage track 406, and expansion stub 414.
[0033] In various embodiments, PCB 402 is a flexible
PCB that is able to bend and twist to fit into different
locations for installation. In various embodiments, PCB
402 may include a polyimide material that is selected
have a high dielectric break down in order to meet com-
parative tracking index (CTI) standards. That is, the
polyimide material is selected to have a high voltage at
which a dielectric failure on PCB 402 occurs. In other
words, the polyimide material has a high dielectric
strength to prevent breakdown of PCB 402 due to high
voltage. In various embodiments, PCB 402 may be dou-
ble insulated to improve safety of passengers from the
high voltages being transferred on PCB 402.
[0034] The plurality of positive high voltage tracks 404
and the plurality of negative high voltage tracks 406
extend along a length of PCB 402 (e.g., along the x-axis)
and are separate by awidth of PCB402 (e.g., along the y-
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axis). Each of the plurality of positive high voltage tracks
404 extends a first length and is separated from adjacent
positive high voltage tracks 404by asecond length. Each
of the plurality of negative high voltage tracks 406 ex-
tends a first length and is separated from adjacent ne-
gative high voltage tracks 406 by a second length. In
various embodiments, the second length is less than the
first length.
[0035] Connectors 410 are configured to be coupled to
one of positive high voltage track 404 or negative high
voltage track 406. Connector 410 may be coupled any-
where along the length of positive high voltage track 404
or negative high voltage track 406. In various embodi-
ments, connector 410 may be permanently coupled to
positive high voltage track 404 or negative high voltage
track 406. In various embodiments, connector 410 may
be removable coupled to positive high voltage track 404
or negative high voltage track 406. Connector 410 is
further configured to receive ion emitter 412. In various
embodiments, ion emitter 412 may be replaceable. That
is, ion emitter 412 may be removed from connector 410
without removing connector 410 from PCB 402. In var-
ious embodiments, an outer surface of connector 410
may be insulated in order to reduce voltage leaks. This
allows flexible electrode module 308 to be highly config-
urable with respect to the number and placement of ion
emitter 412.
[0036] The plurality of ion sense traces 408 extend
from an edge of PCB 402 to probe point 409. Probe point
409 is a sensor that identifies an ion density produced by
ion emitters 412 and flexible electrode module 308. The
ion density data is used by central controller 302 to
determine whether to increase the voltage output, de-
crease the voltage output, or take no action. More spe-
cifically, digital module 306 determine whether to com-
mand high voltage module 304 to increase the voltage
output, decrease the voltage output, or take no action.
[0037] Expansion stub 414 provides an interface at an
edge of PCB 402 to connect PCB 402 to another PCB
402. As described above, each PCB 402 includes one or
more positive high voltage tracks 404 and one or more
negative high voltage tracks 406. This provides theability
to expand the air ionizer system to include additional ion
emitters 412 and/or probe points 409. Each expansion
stub 414 provides a connection for positive high voltage
track 404, negative high voltage track 406, and ion sense
traces408.Expansionstub414 is illustrated inFIG.4asa
dotted line to indicate that two PCBs 402 are coupled
together and act as a single system. Multiple PCBs 402
may be daisy chained (i.e., connected in series) in this
manner to expand the air ionizer system. In various
embodiments, each PCB 402, and therefore flexible
electrode module 308, may include one or more positive
high voltage tracks 404, one or more negative high
voltage tracks 406, and one or more ion sense traces
408. In other words, each PCB 402may be configured to
support oneormore ionemitters 412.Therefore, it should
be appreciated that expansion stub 414, as illustrated in

FIG. 4, is for illustrative and discussion purposes and is
not intended to be limiting.
[0038] Referringnow toFIGS. 5A, 5B, and5C,different
configurationsof ionemitter placementsand the resulting
ion densities are illustrated, in accordance with various
embodiments. FIG. 5A illustrates an effective area of
coverage 500 for a first configuration including a single
ion emitter 412 that is coupled to flexible electrode mod-
ule 308. FIG. 5B illustrates an effective area of coverage
530 for a second configuration of ion emitters 412 includ-
ingmultiple ion emitters 412spacedapart a first distance.
FIG. 5C illustrates an effective area of coverage 560 for a
third configuration of ion emitters 412 including multiple
ion emitters 412 spaced apart a third distance.
[0039] FIG. 5A illustrates first area of coverage 500
using a single ion emitter 412. First area of coverage 500
may be varied by central controller 302 by increasing or
decreasing the voltage output to ion emitter 412. Ion
emitter 412 is operating at a height h above a floor
502. The density of ions generated by ion emitter 412
is highest closest to ion emitter 412 and decreases the
further from ion emitter 412. The resulting field of ion
coverage may be defined by height h and an angle of
coverageΦ that is defined froma vertical axis (e.g., the z-
axis). The field of ion coverage is affected by the voltage
input to ion emitter 412. The higher the voltage the great-
er the field of ion coverage.
[0040] Given a first voltage (e.g., 2.5 kV), a first field
504of ioncoverage isgenerally coneshapedwithheighh
and a base radius X resulting in a first angle of coverage
Φ1. First field 504 has a first ion density distribution that is
greater at the center of first field 504 than at the edges of
first field 504. By increasing the input voltage to a second
voltage (e.g., 6 kV), a second field 506 of ion coverage is
generated. Second field 506 is generally cone shaped
having the same heigh h as first field 504 and a wider
base radiusR, resulting in a secondangle of coverageΦ2
that is greater than first angle of coverageΦ1. Therefore,
it can be seen that by adjusting the input voltage to ion
emitter 412 the area of coverage, and therefore the ion
density, can be increased or decreased as desired.
[0041] FIG. 5B illustrates secondarea of coverage 530
using the second configuration of ion emitters 412. The
second configuration includes four ion emitters 412 in-
stalled in a row. With momentary reference to FIG. 4,
second configuration includes all illustrated connectors
410 and ion emitters 412 illustrated as connected to the
plurality of positive high voltage tracks 404. A first voltage
(e.g., 2.5 kV) is applied to each ionemitter 412 resulting in
a field 532 of ion coverage from each ion emitter 412.
Field 532, for each ion emitter 412, has a height h, a
radius X, and an angle of coverage Φ.
[0042] A first ion distribution graph 534 illustrates the
ion distribution for each ion emitter 412 in the second
configuration. The ion distribution of each ion emitter 412
is highest directly below ion emitter 412 and lowest at
radius X from the high point. By using multiple ion emit-
ters 412, as in the second configuration, the field 532 of
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each ion emitter 412 overlaps. A second ion distribution
graph536 illustrates an effective iondistribution for all ion
emitters 412 in the second configuration. While first ion
distribution graph 534 shows a significant change in ion
distribution for each ion emitter 412 across radius X,
second ion distribution graph 536 illustrate a generally
uniform ion distribution due to the overlapping of fields
532.
[0043] FIG. 5C illustrates third area of coverage 560
using the third configuration of ion emitters 412. The third
configuration includes two ion emitters 412 installed in a
row, with two unused connectors 410. With momentary
reference toFIG. 4, third configuration includeshalf of the
illustrated connectors410and ionemitters 412 illustrated
as connected to the plurality of positive high voltage
tracks 404. That is, an ion emitter 412 is placed in every
other connector 410. A second voltage (e.g., 6 kV) is
applied to each ion emitter 412 resulting in a field 562 of
ion coverage from each ion emitter 412. Field 562, for
each ion emitter 412, has a height h, a radius Xi, and an
angle of coverage Φ1.
[0044] A first ion distribution graph 564 illustrates the
ion distribution for each ion emitter 412 in the third con-
figuration. The ion distribution of each ion emitter 412 is
highest directlybelow ionemitter 412and lowest at radius
X1 from the high point. By usingmultiple ion emitters 412,
as in the third configuration, field 562 of each ion emitter
412 overlaps. A second ion distribution graph 566 illus-
trates an effective ion distribution for both ion emitters
412 in the third configuration. While first ion distribution
graph 564 shows a significant difference in ion distribu-
tion for each ion emitter 412 across radius Xi, second ion
distribution graph 566 illustrates a generally uniform ion
distribution due to the overlapping of fields 562.
[0045] System program instructions and/or controller
instructionsmaybe loadedontoanon-transitory, tangible
computer-readable medium having instructions stored
thereon that, in response to execution by a controller,
cause the controller to perform various operations. The
term "non-transitory" is to be understood to remove only
propagating transitory signals per se from the claim
scope and does not relinquish rights to all standard
computer-readable media that are not only propagating
transitory signals per se.
[0046] Benefits, other advantages, and solutions to
problems have been described herein with regard to
specificembodiments.Furthermore, theconnecting lines
shown in the various figures contained herein are in-
tended to represent exemplary functional relationships
and/or physical couplings between the various elements.
It should be noted that many alternative or additional
functional relationships or physical connections may
be present in a practical system. However, the benefits,
advantages, solutions to problems, and any elements
that may cause any benefit, advantage, or solution to
occur or become more pronounced are not to be con-
strued as critical, required, or essential features or ele-
ments of the disclosure. The scope of the disclosure is

accordingly to be limited by nothing other than the ap-
pended claims, in which reference to an element in the
singular is not intended to mean "one and only one"
unless explicitly so stated, but rather "one or more."
Moreover, where a phrase similar to "at least one of A,
B, orC" is used in the claims, it is intended that the phrase
be interpreted to mean that A alonemay be present in an
embodiment, B alonemay be present in an embodiment,
C alone may be present in an embodiment, or that any
combination of the elementsA, BandCmaybepresent in
a single embodiment; for example, A and B, A and C, B
andC, or A and B andC. Different cross-hatching is used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0047] Systems,methods, andapparatus are provided
herein. In the detailed description herein, references to
"one embodiment," "an embodiment," "various embodi-
ments," etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic isdescribed in connectionwith
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature,
structure, or characteristic in connection with other em-
bodimentswhether or not explicitly described. After read-
ing the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.
[0048] Numbers, percentages, or other values stated
herein are intended to include that value, and also other
values that areabout or approximately equal to the stated
value, as would be appreciated by one of ordinary skill in
the art encompassed by various embodiments of the
present disclosure. A stated value should therefore be
interpretedbroadly enough toencompassvalues that are
at least close enough to the stated value to perform a
desired function or achieve a desired result. The stated
values include at least the variation to be expected in a
suitable industrial process, and may include values that
are within 5% of a stated value. Additionally, the terms
"substantially," "about" or "approximately" asusedherein
represent an amount close to the stated amount that still
performs a desired function or achieves a desired result.
For example, the term "substantially," "about" or "ap-
proximately" may refer to an amount that is within 5%
of a stated amount or value.
[0049] Finally, it should be understood that any of the
above-described concepts can be used alone or in com-
bination with any or all of the other above-described
concepts. Although various embodiments have been
disclosed and described, one of ordinary skill in this art
would recognize that certain modifications would come
within the scope of the invention defined by the claims.
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Claims

1. An electrodemodule for use in an air ionizer system,
comprising:

a first printed circuit board (402) extending in a
first direction from a first edge to a second edge;
a first positive highvoltage track (404) formedon
the first printed circuit board, the first positive
high voltage track extending in the first direction;
a first negative high voltage track (406) formed
on the first printed circuit board, the first negative
high voltage track being spaced apart from the
first positive high voltage track by a first distance
in a second direction perpendicular to the first
direction;
a first ion sense trace (408) formed on the first
printed circuit board,
a first ion probe (409) attached to the first printed
circuit board and connected to the first ion sense
trace; and
a first connector (410) coupled to the first posi-
tive high voltage track, the first connector con-
figured to receive a first ion emitter (412).

2. The electrode module of claim 1, wherein the first
printed circuit board is a flexible printed circuit board
including a polyimide material.

3. Theelectrodemoduleof claim1or2,wherein thefirst
positive high voltage track (404) extends a first
length from the first edge in the first direction and
thefirst ionsense traceextendsasecond length from
the first edge in the first direction.

4. The electrode module of claim 3, wherein the first
negative high voltage track (406) extends the first
length from the first edge in the first direction.

5. The electrodemodule of claim 3, wherein the first ion
sense trace (408) being parallel to the first positive
high voltage track.

6. Theelectrodemoduleof anypreceding claim, further
comprising:

an expansion stub (414) coupled at the second
edge of the first printed circuit board, the expan-
sion stub configured to connect the first printed
circuit board to a second printed circuit board.

7. The electrode module of any preceding claim,
wherein the first ion probe is disposed adjacent
the first connector.

8. An air ionizer system, comprising:

ahigh voltagemodule (304) configured tooutput

a high voltage;
a digital module (306) operatively coupled to the
high voltage module and configured send in-
structions to the high voltage module to vary a
high voltage output;
an electrode module (308) as claimed in any
preceding claim operatively coupled to the high
voltage module.

9. The air ionizer system of claim 8, further comprising:

a second positive high voltage track formed on
the first printed circuit board and inline with the
first positive high voltage track, the second po-
sitive high voltage track extending in the first
direction; and
a second connector coupled to the second po-
sitive high voltage track, the second connector
configured to receive a second ion emitter.

10. The air ionizer system of claim 9, further comprising:
a third positive high voltage track formed on the first
printed circuit board inline with and between the first
positive high voltage track and the second positive
high voltage track, the second positive high voltage
track extending in the first direction, wherein an ion
emitter of a plurality of ion emitters is coupled to
alternating positive high voltage tracks.

11. Theair ionizer systemof claim8, 9 or 10,wherein the
digital module is configured to send the instructions
to the high voltage module in response to a signal
received from the first ion probe.

12. An aircraft, comprising:

a plurality of passenger seats (202); and
an air ionizer system disposed over the plurality
of passenger seats, the air ionizer system in-
cluding:

a high voltage module (304) configured to
output a high voltage;
a digital module (306) operatively coupled
to the high voltage module and configured
send instructions to thehighvoltagemodule
to vary a high voltage output;
anelectrodemodule (308)asclaimed inany
of claims 1 to 7operatively coupled to the
high voltage module.

13. The aircraft of claim 12, wherein the air ionizer sys-
tem further comprises:

a second positive high voltage track formed on
the first printed circuit board and inline with the
first positive high voltage track, the second po-
sitive high voltage track extending in the first
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direction; and
a second connector coupled to the second po-
sitive high voltage track, the second connector
configured to receive a second ion emitter.

14. The aircraft of claim 12 or 13, wherein the digital
module is configured to send the instructions to the
high voltagemodule in response to a signal received
from the first ion probe.
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