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(57) Abstract: An air ionization monitoring device 200 and method is disclosed herein. In a described embodiment, the air ioniza-
tion monitoring device 200 comprises an ion source 202 adapted to emit ions 204 and a capacitor 208 including a first conductor
210 arranged to be exposed to the ions 204 emitted by the ion source 202, and a second conductor 212 arranged to be shielded from
the ions 204 emitted by the ion source 202. The monitoring device 200 further includes a commutation circuit 234 operable between
O afirst configuration for charging the capacitor 208 to afirst predefined voltage, and a second configuration for using the ions 204

emitted by the ion source 202 to discharge the capacitor 208 for a predefined time resulting in the capacitor 208 having a second
voltage. The device 200 is configured to use the first and second voltages to determine an ionic current of the emitted ions.
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AN IONIZATION MONITORING DEVICE AND METHOD

Technical Field

This invention relates to an ionization monitoring device and method.

Background
lonization devices or ionizers generate positive and negative ions for delivery to atarget

area and are commonly used in awide variety of industries to remove or minimize static charge
accumulation in awork area. lonizers are also commonly referred to as static charge
neutralizers.

An example of the ionizer is an ionizing blower. An ionizing blower typically includes
an ion source that generates positive ions and negative ions using the so-called "corona
method." The ionizing blower includes afan (or anumber of fans) or pressurized gas stream to
blow or direct the ions towards atarget area.

With the corona method, ahigh voltage (e.g., 5kV - 20kV) is applied to a set of sharp
points (often needle-like structures), and an intense electric field with ultra-high value of the
electric strength vector gradient is established near these sharp points. The electric field
accelerates free electrons to a sufficiently high energy in order to allow the free electrons to
collide with molecules so asto ionize the molecules. When the voltage on one of the pointsis
positive, positive ions are repelled into the environment and when the voltage on one of the
points is negative, negative ions are repelled into the environment.

Corona ionizers may be designed to work with AC voltage or DC voltage, and the use
of AC or DC voltage may provide different benefits. Other types of ion sources also exist and
may be used in ionization devices. For example, ion sources may also use ionizing radiation to
generate ions via the so-called aphaionizer method.

With ionizers, it isimportant to monitor efficiency of neutralizing static charge and this
is usually measured by discharge time (or decay time), which isthe time required for an
electrostatic potential of the state charge to be reduced to agiven percentage (usually 10%). The
decay time may be measured using the so-called CPM (Charge Plate Monitor) method in which
asensor plate isplaced a awork areawhere the ionization isto be measured. The sensor plate
is first charged to apreset voltage and then allowed to dissipate to a specified voltage while
measuring the duration of the discharge. The sensor plate istypically designed as conductive
plate with afixed plate-to-earth capacitance of 20pF and the decay time is defined asthe time
taken for the charge on the sensor plate to drop from 1000V to 100V.

-1-
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This approach is commonly used to characterize the ionizer but may not be convenient
for monitoring because it requires placing the bulky sensor plate at the work area, periodically
charging it to ahigh voltage of 1000V and waiting from seconds to minutes until the plate
discharges.

An alternate way to characterize of an ionizer isbased on ionic current measurement.
lonic current may comprise anumber of ions delivered per unit areato atarget area, and may be
affected by type and quality of the ion source aswell as the strength of the fan (or fans) or gas
pressure (for compressed gas ionizers) that deliver the ionized air or gas from the ionization
devices. Theion current may be measured using the so-called BPM (Bias Plate Monitor)
method in which the sensor plate is connected through an isolated current meter to ahigh
voltage power supply. This technique gives apossibility to determine decay time indirectly on
the basis of the ionic current value and may reduce the time of measurement. However, this
technique still requires high voltage power supply and additional wiring.

It is an object of the present invention to provide an ionization monitoring device and
method to address at least one of the disadvantages of the prior art and/or to provide the public

with auseful choice.

Summary
In accordance with afirst aspect, there isprovided an air ionization monitoring device

comprising an ion source adapted to emit ions; acapacitor including afirst conductor arranged
to be exposed to the ions emitted by the ion source, and a second conductor arranged to be
shielded from the ions emitted by the ion source; and a commutation circuit operable between a
first configuration for charging the capacitor to a first predefined voltage, and a second
configuration for using the ions emitted by the ion source to discharge the capacitor for a
predefined time resulting in the capacitor having a second voltage, the device using the first and
second voltages to determine an ionic current of the emitted ions.

An advantage of the described embodiment isthat since the ionic current may be
measured in relation to the second conductor which is shielded from the emitted ions, external
static voltage or electromagnetic field, the measurement of the ionic current may be more
accurate. Further, since the capacitor isnot initially shunted by aresistor, this removes
restriction on maximum effective ionization resistance measured value. Also, such amonitoring

device may provide valid measurements resulting in shorter periods of time.

The second voltage may benon-zero, between the first predefined voltage and zero, or
approximately zero (i.e. the capacitor isfully discharged).

.
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Preferably, the commutation circuit is arranged to switch between the first configuration
and the second configuration at periodic intervals. In such away, this allows the monitoring
deviceto periodically check the effectiveness of the ionization of the ion source.

The commutation circuit may be further operable in athird configuration to completely
discharge the capacitor. In this case, the commutation circuit may be arranged to switch between
the first configuration, the second configuration and the third configuration at periodic intervals.
The third configuration allows the capacitor to be fully discharged to beready for the next
measurement.

Preferably, the air ionization monitoring device may further comprise aprocessor
arranged to control the commutation circuit for switching between the first configuration, the
second configuration and the third configuration. In this case, the processor may be controlled
by software algorithm and allows independent operation of the monitoring device.

The air ionization monitoring device may further comprise asignal conditioning circuit
configured to generate a signal indicative of the ionic current based on the discharge of the
capacitor from the first predefined voltage to the second voltage. The processor may then be
configured to calculate ionization decay of the ion source based on difference between the first
predefined voltage and the second voltage. Preferably, the processor may be further configured
to compare the ionization decay with areference decay and to generate an output signal based
on the comparison.

Audible feedback may be used and the output signal may include sounding an alarm if
the ionization voltage decay is more than the reference decay.

The signal may include afirst signal proportional to the first predefined voltage and a
second signal proportional to the second voltage. The ionic current may then be derived from a
difference between the first signal and the second signal. Preferably, the signal conditioning
circuit comprises an amplifier for amplifying signals corresponding to the first predefined
voltage and the second voltage. Advantageously, the signal conditioning circuit may comprise a
peak and hold detector for tracking and holding maximum values of the amplified signals for
measurement of the second voltage. Further, the signal conditioning circuit may comprise an
analog to digital converter for converting the first predefined voltage and the second voltage to
digital signals for processing by the controller.

Preferably, the first and second conductors may be separated by a dielectric.

The commutation circuit may include afirst switching device for electrically coupling a
voltage source to the first conductor and a second switching device electrically coupled to the
first conductor for creating a discharge path. In the first configuration, the first switching device

may be configured in aclosed position and the second switching device may be configured in

-3-
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an open position for the voltage source to charge the charge sensor to the first predefined
voltage.

In the second configuration, the first and second switching devices may be configured
in open positions. In the third second configuration, the first switching device may be
configured in an open position and the second switching device may be configured in aclosed
position to enable the complete discharging of the capacitor.

Preferably, afirst terminal of the voltage source is coupled to the first conductor and a
second terminal of the voltage source is coupled a same ground potential as the second
conductor. Advantageously, a least during the charging and discharging of the capacitor, the
second conductor is configured to be connected to aground potential. The air ionization
monitoring device may comprise an impedance, and the second conductor is connected to the
ground potential via the impedance. Preferably, the impedance may include primarily resistive
impedance. More preferably, the impedance includes aresistor electrically coupled to the
second conductor, and wherein the capacitor may be arranged to be charged to the first
predefined voltage through the resistor.

The air ionization monitoring device may further comprise an output grille through
which the ions to be emitted exit the ionizer, and the first conductor of the capacitor is disposed
a the output grille.

In a second aspect of the invention, there is provided amethod of monitoring air
ionization, the method comprising emitting ions by an ion source; exposing acapacitor to the
ions emitted by the ion source, the capacitor including afirst conductor which is exposed to the
ions and a second conductor arranged to be shielded from the ions; in afirst configuration,
charging the charge sensor to afirst predefined voltage, in a second configuration, using the
ions to discharge the capacitor to a second voltage; and determining an ionic current of the
emitted ions based on the first and second voltages.

The method may comprise switching between the first configuration and the second
configuration at periodic intervals. The method may also comprise, in athird configuration,
completely discharging the capacitor.

Preferably, the method may further comprise switching between the first configuration,
the second configuration and the third configuration a periodic intervals. The method may
comprise generating asignal indicative of the ionic current based on the discharge of the
capacitor from the first predefined voltage to the second voltage. The method may further
comprise calculating ionization decay of the ion source based on difference between the first

predefined voltage and the second voltage.
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Preferably, the method may further comprise comparing the ionization decay with a
reference decay and generating an output signal based on the comparison. The method may
further comprise sounding an alarm if the ionization voltage decay is more than the reference
voltage decay. Specifically, the first configuration may comprise closing a switch, and the
second configuration may comprise opening the switch.

It is envisaged that the ion source may not form part of the monitoring device and thus,
ageneral expression of the invention relates to an ionization monitoring device comprising a
charge sensor including afirst conductor arranged to be exposed to ions and second conductor
spaced from the first conductor and arranged to be shielded from the ions; and a commutation
circuit operable between afirst configuration for charging the charge sensor to afirst voltage,
and a second configuration to enable the ions to discharge the charge sensor to a second voltage.
The charge sensor may be a capacitor and the first and second conductors may be separated by a
dielectric. The first voltage may be predefined and the second voltage may be aresidual voltage
after the first voltage has been discharged by the ions. The ionization monitoring device may be

an air ionization monitoring device or agas ionization monitoring device such as nitrogen.

Brief Description of Drawings

Examples of the invention will now be described with reference to the accompanying
drawings, in which:

Figure 1isaschematic block diagram of aknown ionization decay test apparatus;

Figure 2 is aschematic block diagram of an air ionization monitoring device including a
capacitor as a charge sensor and a commutation circuit according an embodiment of this
invention;

Figure 3isan equivalent circuit diagram for ionic current measurement using the
commutation circuit and the capacitor of Figure 2 with the commutation circuit including first
and second switches;

Figure 4ais avoltage diagram across aresistor coupled between ground and the
capacitor of Figures 2 and 3 and with the first switch closed to allow avoltage source to charge
the capacitor;

Figure 4b is avoltage diagram across the capacitor corresponding to Figure 4a;

Figure 4c is avoltage diagram across the resistor of Figure 4awith both the first and
second switches in open positions after the capacitor is charged to apreset voltage;

Figure 4d is avoltage diagram across the capacitor corresponding to Figure 4c;
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Figure 4eis avoltage diagram across the resistor of Figure 4c with the first switch in
the open position and the second switch in aclosed position for the voltage of the capacitor to
discharge to aground plane; and

Figure 4f is avoltage diagram across the capacitor corresponding to Figure 4e.

Detailed Description

Figure lisaschematic diagram of aknown ionization decay test apparatus 100 based
on the understanding that ionization effectiveness isrelated to equivaent resistance of ionized
air or gas and thus, decay time may be obtained based on measurement of such resistance. The
apparatus 100 comprises an ion blower 102 for blowing ions 104 emitted by an ion emitter (not
shown). The apparatus 100 further includes a sensor plate 106 for receiving the emitted ions
104. The sensor plate 106 is connected to aground plane 108 through aresistor 110 and is aso
coupled to an amplifier 112. An output of the amplifier 112 iscoupled to an A/D converter 114
which in turn is coupled to amicrocontroller 116. The microcontroller 116 is configured to
control adisplay driver 118 and abuffer 120, and the buffer 120 is arranged to charge a
capacitor 122 coupled tothe sensor plate 106. In other words, the above arrangement allows the
sensor plate's output voltage to be charged from the buffer 120 through the capacitor 122.

If the sensor plate 106 isnot exposed tothe ions 104, avoltage on the sensor plate (for
example, as charged through the capacitor 122) isreduced with atime constant determined by
values of the resistor 110 and the capacitor 122 and this rate of discharge can be stored in a
memory of the microcontroller 116. When the sensor plate 106 is exposed to the ions 104, this
accelerates the discharge process based on anew time constant due to the effects of the ions and
ionizer decay time may be determined.

The apparatus 100 presupposes that an effective ionization resistance is already shunted
by the resistor 110 which may restrict the highest measured effective resistance value. During
determination of the ionizer decay time, which may last several seconds, the sensor plate 110
and input of signal conditioning circuit 112 may be affected by external static voltage and
electromagnetic field which may cause an artifact in the decay time measurement. In order to
improve the accuracy, the decay time may be performed several times and results are averaged
but this would significantly increase the measurement time. Additionally, the sensor plate 106
may have quite large output impedance which may require configuring afront end of the
conditioning circuit 112 to have very low input current.

Figure 2 isablock diagram of an air ionization monitoring device 200 according to an
embodiment of the invention. The ionization monitoring device 200 includes an ionizer 202

having an ion emitter (not shown) for emitting ions 204 and ablower 206 for blowing the
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emitted ions 204 in aparticular direction. The ionization device 200 includes a charge sensor
and in this embodiment, the charge sensor is in the form of a capacitor 208 having afirst
conductor 210, a second conductor 212 and anon-conductive layer 214 (such as dielectric)
between the first and second conductors 210,2 12. The first conductor 210 includes an uncovered
external plate so that the first conductor 210 is arranged to be exposed to the emitted ions 204.
In other words, the first conductor 210 functions as an ion receiver.

The second conductor 212 also includes aplate and a sensor wire or sensor probe (not
shown) connected through a small value resistor 216 to aground plane 218. By "small value",
this means that the value of the resistor 216 should not influence the input current of the next
stage. The second conductor (and thus, the sensor probe) is configured to be shielded from the
emitted ions 204. The probe may also be placed in an enclosed metallic surfaceto shield it from
external fields.

The ionization monitoring device 200 further includes a signal conditioning circuit 220
comprising an amplifier 221, apeak and hold detector 222 and an A/D converter 224. Also, the
ionization monitoring device 200 includes amicroprocessor 226 and an output device 228.

An output voltage signal of the second conductor 212 is coupled to an input 22 1a of the
amplifier 221 and an output 22 1b of the amplifier 22 1is coupled to a detector input 222a of the
peak and hold detector 222. A detector output 222b of the peak and hold detector 222 is coupled
to an input 224a of the A/D converter 224. The A/D converter's output 224b is coupled to an
input 226a of the microprocessor 226 with the microprocessor's output 226b being coupled to
the output device 228. The microprocessor 226 is further configured to control the peak and
hold detector 222 and A/D converter 224 via a detector reset signal 230 and a converter reset
signal 232.

The ionization monitoring device 200 also includes a commutation circuit 234 coupled
to the first conductor 210 and which is controlled by the microprocessor 226. The commutation
circuit 234 is configured to connect the first conductor 210 to sources of preset positive or
negative voltages, ground plane or to isolate the first conductor 210 from other circuits.

Figure 3isan equivalent circuit diagram for ionic current measurement using the
commutation circuit 234 of Figure 2. Asillustrated in Figure 3, the commutation circuit 234
includes avoltage source 236, which has apredefined or preset voltage, U, s« The voltage
source 236 is coupled to the first conductor 210 of the capacitor 208 via afirst switch SI. The
commutation circuit 234 further includes a second switch S2 which couples the first conductor
210 of the capacitor 208 to the ground plane 218 common to the ground plane of the resistor

216. It is envisaged that the ground plane may not be common to all but it is preferred to be.
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The voltage source 236 may have positive or negative polarity relative to the ground
plane 218 and in this example, the voltage source has apositive preset voltage U o, of +5V.
Effect of the emitted ions on the capacitor 208 may berepresented by an ionization resistor 238
(shown in dash lines) which creates a discharge path for the capacitor 208 to the ground plane
218.

An operation of the ionization monitoring device 200 will now be described with
reference to Figures 2 and 3. At an initial state, both first and second switches S1,S2 are open.

Based on predetermined test algorithms, the microprocessor 226 controls the
commutation circuit 234 to be in afirst configuration which isto close the first switch Sl,
which may be controlled to close (and open) a periodic intervals or such time intervals as
controlled by the test algorithms. With the first switch Sl closed (and the second switch S2
remaining in the open position), charge current 240 from the voltage source 236 charges the
capacitor 208 to the preset voltage U , , and this creates an exponentially decaying voltage
across the resistor 216.

Figure 4ais avoltage diagram across the resistor 216 and Figure 4b is avoltage
diagram across the capacitor 208. When the first switch Sl isfirst closed, at time t=0, the
capacitor 208 is equivalent to a short-circuit and the positive preset voltage U o, is transferred
across the resistor 216. Thus, the peak voltage drop across the resistor 216 e timet=0 isthe
preset voltage U, ., as shown in Figure 4a. Conversely, since the capacitor 208 is equivalent to
ashort-circuit at time t=0, the voltage drop across the capacitor 216 is zero as shown in Figure
4b.

Immediately after t=0, the capacitor 208 begins to charge as shown by arising voltage
curve 242 of Figure 4b and corresponding the voltage across the resistor 216 begins to decline
over time as shown by a decaying voltage curve 244 of Figure 4a. The time for the capacitor to
charge and for the voltage across the resistor to dischargeisbased on T = RC where R isthe
value of the resistor 216 and C isthe capacitance of the capacitor 208.

With the capacitor 208 charged to the preset voltage U ., this is passed on tothe
signal conditioning circuit 220 for generating afirst signal corresponding to the preset voltage
U e~ SPecificaly, the amplifier 221is arranged to generate afirst amplified signal
proportionate to the preset voltage U . The peak and hold detector 222 is configured to track
and hold maximum values of the first amplified signal and passes the maximum values to the
A/D converter 224 for conversion to digital values (being the first signal) and then to the
microprocessor 226. After a prescribed time (as predetermined) in which the capacitor 208 is
chargedtou ., the microprocessor 226 switches the commutation circuit 234 to a second

configuration which isto open the first switch SI (with the second switch S2 remaining as
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open) to use or alow the emitted ions 204 to discharge the voltage, U, « Of the capacitor 208.
The effectisillustrated in Figure 3 as discharge current 246 (dash arrows) discharging through
the ionization resistor 238 and the resistor 216, and naturally, the voltage across the capacitor
208 decreases.

Figure 4c is avoltage diagram across the resistor 216 illustrating adrop in the voltage
with both the first and second switches S1,S2 in the open positions. The voltage across the
resistor 216 isrepresented by anegative voltage level 248. Figure 4d is avoltage diagram across
the capacitor 208 with both the switches S1,S2 in the open positions and showing the effects of
the emitted ions 204 on the capacitor 208 as a decaying curve 250 from U, « to a second

voltage U, na. From Figure 4d, it can be appreciated that the preset voltage U, « discharges

based on atime constant of T, = R, C ; where Ry, isresistance of the ionization resistor 238

and C isthe capacitance of the capacitor 208.

After lapse of a specific time At, the emitted ions 204 would have discharged the
voltage of the capacitor (with the first conductor 210 being exposed to the emitted ions 204) to a
certain extent and the residual voltage isrepresented asU_, na in Figure 4d. The voltage of the
capacitor 208 would thus have decreased by AU which is adifference between U, « and U, na
. Theionic current magnitude isthen determined based on AU, and indeed, the ionic current
magnitude has been found to be proportional to AU during the time period At.

U cona May be measured when the capacitor 208 is connected to the ground plane 218
when the second switch S2 is closed which is athird configuration of the commutation circuit
234.

Figure 4eis avoltage diagram across the resistor 216 and Figure 4f is a corresponding
voltage diagram across the capacitor 208 when the first switch S| remained open, and the
second switch S2 isclosed. At the initial moment (t=0) after the second switch S2 is closed, the
voltage spike created across the resistor 216 is equal to the residual voltage U_, ng Of the
capacitor 208 but has an opposite polarity as shown in Figure 4e. With the second switch S2
closed, this creates a second discharge path for the voltage of the capacitor 208 to discharge and
thisisillustrated by discharge current 252 (dash-dotted arrows) and correspondingly a discharge
curve 254 of Figure 4f. At t=0 when the second switch S2 is closed, the signal conditioning
circuit 220 generates asecond signal proportionate to the residual voltage U_, nq for handling by
the microprocessor 226. Specifically, the amplifier 221 is arranged to generate a second
amplifier signal based on the residual voltage and the peak and hold detector 222 is configured
to track and hold maximum values of the peak of the second amplified signal in order for the
peak to be processed by the microprocessor 226 to determine the ionic current measurement. It

should be appreciated that the peak amplitude of the voltage across the resistor 208 is inversely
-9.
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proportional totheionic current value and proportional to the effective resistance of the ionized
medium.

Based on the ionic current value, the microprocessor 226 then determines an associated
ionization decay or efficiency of the ionization, compares the ionization decay with areference
decay and generates an output via the output device 228. Depending on the result, the output
device generates corresponding outputs to feedback the result to auser. For example, an alarm
may be sounded to warn the user that the decay time is greater than the reference decay.

Once the microprocessor 226 is able to determine the residual voltage u _, ng, the
microprocessor 226 then activates the detector and converter reset signals 230,232 to reset the
peak and hold detector 222 and the A/D converter 224 to beready for the next measurement. In
the third configuration with the second switch S2 closed, the capacitor 208 isthus completely
discharged if u _,nd is @non-zero value as shown by the curve 254 of Figure 4f based on atime
contact similar to that of Figure 4a.

To generalize the above operation, the capacitor 208 is charged to the preset voltage
upreset Of +5V in the first configuration and then the monitoring device 200 is switched to the
second configuration to alow the emitted ions to discharge the preset voltage over apredefined
time period (which may vary depending on application) and to obtain the second voltage u _ nd.
Once the value of the second voltage u _, nd is Obtained, the commutation circuit 234 is operated
in the third configuration to discharge fully the capacitor 208. The value of the second voltage
usecond thus depends on the operation of the ionizer 202 and in particular the ionization current
due to the ionization effect. Based on the difference between u | s« and u ,nq, it ispossible to
determine decay time. Depending on At, the second voltage u _,na may be avalue between
upreset @nd zero, anon-zero value or perhaps azero value (completely discharged).

The operations of the first and second switches SI, S2 of the commutation circuit 234
are controlled by the microprocessor 226 and in other words, the microprocessor 226 controls
the commutation circuit 234 to operate between the first, second and third configurations.
However, it is envisaged that instead of the microprocessor 226 which isinternal tothe
monitoring device 200, the control of the commutation circuit 234 may be carried out
externally, for example by connecting the monitoring device 200 to an external computing
device.

It should be appreciated that the described embodiment has several advantages. Since
the capacitor 208 is not initially shunted by aresistor, this removes restriction on the maximum
effective ionization resistance measured values. Further, with the second conductor carrying the
sensor probe shielded from the emitted ions 204, external static voltage and electromagnetic

field, this makes measurement of the ionic current much more reliable. In this arrangement, the
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sensor probe may have very low output impedance which makes it much easier to match with
the signal conditioning circuit 220 and this increases noise immunity of the sensor probe too.
The capacitor discharge time At is easily controlled by the microprocessor 226 which makes it
possible to measure the ion current in wide dynamic ranges without making any or much
hardware changes.

The described embodiments should not be construed as limitative. For example, the
ionization monitoring device 200 may not include the ion emitter 202 and the device 200 may
be retrofitted to existing ionizers. In this case, the voltage source 236 may be external tothe
ionization monitoring device. The device 200 may aso be coupled to an existing ionizer by a
data cable which includes tapping the power supply from the existing ionizer.

The described embodiment uses the positive voltage source 236 as an example, and the
voltage source may be negative. Indeed, the commutation circuit 234 may include a positive
voltage source (coupled to the first conductor 210 capacitor 208 viathe first switch SI) and a
negative voltage source which is coupled to the first conductor 210 of the capacitor 208 via a
third switch. In thisway, anegative voltage of say -5V could be used to charge the capacitor
208 and measurement made to determine a corresponding ionic current based on how much of
the negative charge has been reduced over atime period. In this way, decay time may also be
determined. It should be appreciated that the operation of the third switch is similar to the first
switch S1 and no further elaboration isneeded.

Instead of air, the monitoring device may be adapted to work with gas ionizers too, such
as nitrogen.

In the described embodiment, the output voltage signal of the capacitor 208 is passed to
the amplifier 221 and the amplified signal is passed to the input of peak and hold detector 222.
The detected output is then passed to the A/D converter 224 to be digitized. However, this may
not be necessary so. For example, the peak and hold detector 222 may be eliminated and the
output 220b of the amplifier 221 may be connected directly to the input 224a of AD converter
224. Alternatively, both the peak and hold detector 222 and the A/D converter 224 may be
eliminated and the output of amplifier 22 1 may be connected directly to the microprocessor 226
which implements an internal A/D conversion.

In the described embodiment, instead of switches S1,S2 other types of switching
devices may beused such asrelay switches.

In the described embodiment, all the ground planes 2 18 are common and indeed, a least
during the charging and discharging of the capacitor 208, the second conductor 212 is connected
to aground potential and preferably, the ground potential is common to the ground plane

coupled to the voltage source 236. In this way, this ensures common reference ground during
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the discharge process when the commutation circuit isin the second configuration and when the
commutation circuit isin the third configuration.

In the described embodiment, the second conductor 212 of the capacitor 208 is coupled
to ground via aresistor 216. However, it is envisaged that other forms of impedance may be
used, although preferably, the impedance isprimarily resistive. The capacitor 208 isused as a
specific example in the described embodiment but amore general charge sensor for sending the
emitted ions may beused. Specifically, the charge sensor includes apair of conductors
separated by a diglectric and the pair of conductors is similar to the first conductor 210 and the
second conductor 212 of the capacitor 208 with one of the pair being exposed to the emitted
ions 204 and the second of the pair being shielded by the emitted ions 204. Preferably, the
second of the pair is shielded from the emitted ions 204 by the first one of the pair, similar to the
configuration of the capacitor 208.

Item lisan air ionization monitoring device comprising

an ion source adapted to emit ions;

acapacitor including afirst conductor arranged to be exposed to the ions emitted by the
ion source, and a second conductor arranged to be shielded from the ions emitted by the ion
source; and

acommutation circuit operable between afirst configuration for charging the capacitor
to afirst predefined voltage, and a second configuration for using the ions emitted by the ion
source to discharge the capacitor for apredefined time resulting in the capacitor having a second
voltage, the device using the first and second voltages to determine an ionic current of the
emitted ions.

Item 2 isan air ionization monitoring device according toitem 1, the second voltage is
non-zero.

Item 3isan air ionization monitoring device according toitem 1, wherein the second
voltage is between the first predefined voltage and zero.

Item 4 isan air ionization monitoring device according toitem 1, wherein after
discharging for the predefined time, the capacitor is fully discharged.

Item 5isan air ionization monitoring device according to item 1, wherein the
commutation circuit is arranged to switch between the first configuration and the second
configuration at periodic intervals.

Item 6isan air ionization monitoring device according to item 1, wherein the
commutation circuit is further operable in athird configuration to completely discharge the

capacitor.
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Item 7 isan air ionization monitoring device according to item 6, wherein the
commutation circuit is arranged to switch between the first configuration, the second
configuration and the third configuration e periodic intervals.

Item 8isan air ionization monitoring device according to item 6, further comprising a
processor arranged to control the commutation circuit for switching between the first
configuration, the second configuration and the third configuration.

Item 9isan air ionization monitoring device according to item 8, further comprising a
signal conditioning circuit configured to generate a signal indicative of the ionic current based
on the discharge of the capacitor from the first predefined voltage to the second voltage.

Item 10 is an air ionization monitoring device according to item 8, wherein the
processor is configured to calculate ionization decay of the ion source based on difference
between the first predefined voltage and the second voltage.

Item 11isan air ionization monitoring device according to item10, wherein the
processor is further configured to compare the ionization decay with areference decay andto
generate an output signal based on the comparison.

Item 12 is an air ionization monitoring device according to item 11, wherein the output
signal includes sounding an alarm if the ionization voltage decay is more than the reference
decay.

Item 13isan air ionization monitoring device according to item 9, wherein the signal
includes afirst signal proportional to the first predefined voltage and a second signal
proportional to the second voltage.

Item 14 is an air ionization monitoring device according to item 14, wherein the ionic
current is derived from a difference between the first signal and the second signal.

Item 15isan air ionization monitoring device according to item 9, wherein the signal
conditioning circuit comprises an amplifier for amplifying signals corresponding to the first
predefined voltage and the second voltage.

Item 16 is an air ionization monitoring device according to item 15, wherein the signal
conditioning circuit comprises apeak and hold detector for tracking and holding maximum
values of the amplified signals for measurement of the second voltage.

Item 17 is an air ionization monitoring device according to item 16, wherein the signal
conditioning circuit further comprises an analog to digital converter for converting the first
predefined voltage and the second voltage to digital signals for processing by the processor.

Item 18is an air ionization monitoring device according to item 1, wherein the first and

second conductors are separated by a dielectric.
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Item 19is an air ionization monitoring device according to item 7, wherein the
commutation circuit includes afirst switching device for electrically coupling avoltage source
to the first conductor and a second switching device electrically coupled to the first conductor
for creating a discharge path.

Item 20 is an air ionization monitoring device according to item 19, wherein in the first
configuration, the first switching device is configured in aclosed position and the second
switching deviceis configured in an open position for the voltage source to charge the charge
sensor to the first predefined voltage.

Item 2 1is an air ionization monitoring device according to item 20, wherein in the
second configuration, the first and second switching devices are configured in open positions.

Item 22 is an air ionization monitoring device according to item 7, wherein in the third
second configuration, the first switching device is configured in an open position and the second
switching deviceis configured in aclosed position to enable the complete discharging of the
capacitor.

Item 23 is an air ionization monitoring device according to item 19, wherein afirst
terminal of the voltage source is coupled to the first conductor and a second terminal of the
voltage source is coupled asame ground potential asthe second conductor.

Item 24 is an air ionization monitoring device according to item 1, wherein at least
during the charging and discharging of the capacitor, the second conductor is configured to be
connected to a ground potential.

Item 25 is an air ionization monitoring device according to item 24, further comprising
an impedance, and the second conductor is connected to the ground potential via the impedance.

Item 26 is an air ionization monitoring device, according to item 25, wherein the
impedance includes primarily resistive impedance.

Item 27 is an air ionization monitoring device according to item 25, wherein the
impedance includes aresistor € ectrically coupled to the second conductor, and wherein the
capacitor is arranged to be charged to the first predefined voltage through the resistor.

Item 28 is an air ionization monitoring device according to item 1, further comprising
an output grille through which the ions to be emitted exit the ionizer, wherein the first conductor
of the capacitor is disposed a the output grille.

Item 29 is amethod of monitoring air ionization, the method comprising

emitting ions by an ion source;

exposing a capacitor to the ions emitted by the ion source, the capacitor including a first
conductor which is exposed to the ions and a second conductor arranged to be shielded from the
ions;
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in afirst configuration, charging the charge sensor to afirst predefined voltage,

in a second configuration, using the ions to discharge the capacitor to a second voltage;
and

determining an ionic current of the emitted ions based on the first and second voltages.

Item 30 is amethod according to item 29, further comprising switching between the
first configuration and the second configuration at periodic intervals.

Item 31is amethod according to item 30, further comprising, in athird configuration,
completely discharging the capacitor.

Item 32 is amethod according to item 31, further comprising switching between the
first configuration, the second configuration and the third configuration at periodic intervals.

Item 33 is amethod according to item 32, further comprising generating a signal
indicative of the ionic current based on the discharge of the capacitor from the first predefined
voltage to the second voltage.

Item 34 is amethod according to item 33, further comprising calculating ionization
decay of the ion source based on difference between the first predefined voltage and the second
voltage.

Item 35 is amethod according to item 34, further comprising comparing the ionization
decay with areference decay and generating an output signal based on the comparison.

Item 36 is amethod according to item 35, further comprising sounding an alarm if the
ionization voltage decay is more than the reference voltage decay.

Item 37 is amethod according to item 29, wherein the first configuration comprises
closing a switch.

Item 38 is amethod according to item 37, wherein the second configuration comprises
opening the switch.

Having now fully described the invention, it should be apparent to one of ordinary skill
in the art that many modifications can be made hereto without departing from the scope as

claimed.
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CLAIMS

1 An air ionization monitoring device comprising

an ion source adapted to emit ions;

acapacitor including afirst conductor arranged to be exposed to the ions emitted by the
ion source, and a second conductor arranged to be shielded from the ions emitted by the ion
source; and

acommutation circuit operable between afirst configuration for charging the capacitor
to afirst predefined voltage, and a second configuration for using the ions emitted by the ion
source to discharge the capacitor for apredefined time resulting in the capacitor having a second

voltage, the device using the first and second voltages to determine an ionic current of the

emitted ions.

2. An air ionization monitoring device according to claim 1, the second voltage is
non-zero.

3. An air ionization monitoring device according to claim 1, wherein the

commutation circuit is further operable in athird configuration to completely discharge the

capacitor.

4, An air ionization monitoring device according to claim 3, wherein the
commutation circuit is arranged to switch between the first configuration, the second

configuration and the third configuration e periodic intervals.

5. An air ionization monitoring device according to claim 1, wherein the first and

second conductors are separated by adielectric.

6. An air ionization monitoring device according to claim 4, wherein the
commutation circuit includes afirst switching device for electrically coupling avoltage source
to the first conductor and a second switching device electrically coupled to the first conductor

for creating a discharge path.

7. An air ionization monitoring device according to claim 6, wherein in the first

configuration, the first switching device is configured in aclosed position and the second
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switching deviceis configured in an open position for the voltage source to charge the charge

sensor to the first predefined voltage.

8. An air ionization monitoring device according to claim 1, wherein at least
5  during the charging and discharging of the capacitor, the second conductor is configured to be

connected to a ground potential.

9. An air ionization monitoring device according to claim 8, further comprising an
impedance, and the second conductor is connected to the ground potential via the impedance.
10
10. An air ionization monitoring device, according to claim 9, wherein the

impedance includes primarily resistive impedance.

-17 -



PCT/US2012/067869

WO 2013/085952

1/4

Uy Joud

L ' DOId
vl
Z 44 ___ Q01
8LL~ 9L~ AdaN Zhm A o:/W
90IAB( | JOSS900.d ] JOLBAUOD P I_I
iIndino OJOIN av N
L
0l
N

oor.\




PCT/US2012/067869

WO 2013/085952

2/4

¢ OId

uNouID
|0JU0D uoljeunwiwio)
0922 avzz N pez gz
9222 Bcee
822~ 922~ YZT~ 222~ 77 elzz 912 )W
a2INa(] 10Ssa20.1d JBLIBAUOD 1010818(] z
Indino OJOIN av PIOH 8 Yead 14 &
T I P e Y
B9ZC ByZe dkee
Ve 0Le
AN I \
/ Jos9Y
0€2 .

- -

—— -




PCT/US2012/067869

3/4

€ OId

8Lc }
A TAS Tovm
_

~
-

meI‘J,,,\, uoly, » I\ — mﬂﬁmmaD

o
L 9¢€¢

- — — B —— Alq
)74 —

~1

ve

WO 2013/085952

~0bZ



PCT/US2012/067869

WO 2013/085952

4/4

Pt "OId

Qv "OId

puooas

4

S, N, 3

}

Oxd=1

PU028S

v OId

A

A




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/067869

A. CLASSIFICATION OF SUBJECT MATTER
I NV. HO01T23/ 00

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1T @O1R

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal , WPl Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2008/ 030918 Al (NAKAJIMA TOMDHIDE [JP]) 1-3,5,8
7 February 2008 (2008-02-07)

Y abstract 9,10
paragraph [0056] - paragraph [0059]
paragraph [0069]; figure 1

Y US 2004/ 145852 Al (KRAZ VLADOIM R [US] ET 9,10
AL) 29 July 2004 (2004-07-29)

A abstract 1,8
paragraph [0060] - paragraph [0062] ;
figure 7

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" documentwhich may throw doubts on priority claim(s) orwhich is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle ortheory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 March 2013

Date of mailing of the international search report

22/ 03/ 2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Marti Al neda, Rafael

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/067869
Patent document Publication Patent family Publication
cited in search report date member(s) date
us 2008030918 Al 07-02-2008 JP 2008041345 A 21-02-2008
us 2008030918 Al 07-02-2008
us 2004145852 Al 29-07-2004 us 2004145852 Al 29-07-2004
us 2006109603 Al 25-05-2006

Form PCT/ISA/210 (patent family annex) (April 2005)



	abstract
	description
	claims
	drawings
	wo-search-report

