007/082287 A2 |00 0 000 O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
19 July 2007 (19.07.2007)

‘ﬂ[l A0 0O

(10) International Publication Number

WO 2007/082287 A2

(51) International Patent Classification:
HO2H 1/00 (2006.01)

(21) International Application Number:
PCT/US2007/060422
(22) International Filing Date: 11 January 2007 (11.01.2007)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/758,435
11/648,275

11 January 2006 (11.01.2006)
29 December 2006 (29.12.2006)

Us
Us

(71) Applicant (for all designated States except US): MKS IN-
STRUMENTS, INC. [US/US]; 90 Industrial Way, Wilm-
ington, MA 01887-4610 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WARREN, Brian
[US/US]; 2320 Almond Creek Drive, Reno, NV 89523
(US). OLDYNSKI, Edward [US/US]; 1200 Delacy Av-
enue, Martinez, CA 94553 (US).

(74) Agent: URIARTE LAW; ATTN: STEPHEN R. URI-
ARTE/6000.012PCT, 257 Rodonovan Drive, Santa Clara,
CA 95051 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: REMOTE SENSOR FOR CONTROLLING IONIZATION SYSTEMS

5 K
123
o3 Ehs (et
|1 M~
— A=
%

o (57) Abstract: Ionizers are monitored and controlled by a small remote sensor that can read the same as a charge plate monitor
located at a different location. Balance amplification to compensate for the remote sensor’s small size maintains accuracy. Balance
and swing are measured directly. Balance pre-amplification, smoothing, and remote offset correlation is accomplished with signal-
processing modules based on historical data. The signal-processing modules are embedded into a microprocessor.



10

15

20

WO 2007/082287 PCT/US2007/060422

SPECIFICATION

TITLE

REMOTE SENSOR FOR CONTROLLING IONIZATION SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to United Statcs Non-Provisional Application, centitled
“Remote Sensor for Controlling Ionization Systems”, and having Docket Number ION-01009,
Serial No.: (Not Yet Assigned) and a filing date of 2 January 2007; and to United States
Provisional Application, entitled “Remote Sensor for Controlling Ionization Systems”, and

having Serial No.: 60/758,435 and a filing date of 11 January 2006.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This invention relates to ionizers, which are designed to remove or minimize static
charge accumulation. Tonizers remove static charge by generating air ions and delivering those

air ions to a charged target.

One type of ionizer uses corona electrodes to produce air ions. During operation, debris
can build up on the corona electrodes and change the ionizer performance. Performance

parameters include balance, swing, and discharge time.

Sensor feedback to the ionizer is desirable for two reasons. The first reason is
maintaining the ionizer’s balance and discharge time within predetermined limits. The second
rcason is notifying the uscr when balance, swing, and discharge time breach the predetermined

limits.
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The current invention uses a novel remote sensor 1o generate a feedback signal. That
remote sensor is used to monitor the ionizer. The feedback signal is used to adjust the ionizer

and to initiate alarms.

(2) Background Art

lonizers remove static charge by ionizing air molecules, and delivering those generated
air ions to a charged target. The air ions are most commonly created by high voltage applied to
corona electrodes. Positive air ions neutralize negative static charges, and negative air ions

neutralize positive static charges.

From a performance view, ionizers are defined by balance, discharge time, and swing.

‘Balance is a measure of closeness to zero volts. After the initial charge is removed from a

target, that target would ideally equilibrate at zero volts from ground. In practice, the target
equilibrates near zero volts from ground, but seldom exactly at zero volts. Balance is normally
specified as a range around zero. For example, ionizer balance may be specified as -5 volts to
+5 volts. If voltages between -5 and +5 volts do not affect products handled within the
workstation, the products can be handled safcly. But if voltages between -2 and +2 volts affect
products handled within the workstation, an ionizer with a tighter balance specification is

appropriate.

Discharge time is a measure of how fast a given level of charge can be removed from a
charged target. Low discharge times are better than high discharge times. For example, an
ionizer with a discharge time of 3 seconds could be used for a moving charged target that only

rcmains under the ionizer for 3 scconds.

Swing is the peak-to-peak voltage that an AC or pulsed DC ionizer produces at the
targcet. Static sensitive products can be damaged by high swing, cven though the average

balance is near zero.

Historically, chargc platc monitors have been used to measure the balance and
discharge time of an ionizer during setup. But, due to size and expense, charge plate monitors

are impractical for generating continuous on-line balance and discharge time measurements.
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Charge plate monitors are not optimally designed for measuring swing. The reason is
that charge plate monitors have high input capacitance, producing a low-pass filter cutoff that
attenuates the desired AC signal that produces the swing. This will decrease the signal-to-noise

ratio to uncorrelated noise.

Due to increased noise in the swing measurement, charge plate monitor swing values
can have a large variance, which increases as the distance between the ionizer and charge plate

monitor increases.

Static sensitive product lines require tight control of balance, discharge time, and
swing. Unfortunately, debris buildup on corona electrodes affects ionizer performance. Other

mechanisms also cause the ionizer to drift.

Sensor feedback to continuously adjust the ionizer is required to meet existing
requirements. Prior art ionizers utilize sensor measurement and feedback, and some have been
miniaturized to allow placement in the work zone. But these prior art sensors only approximate
ionizer performance at the target. That is, the prior art sensors do not produce the same

mcasurcments that a charged platc monitor would measurc at the critical workstation location.

In addition, sensor miniaturization leads to insensitive balance measurements. The
reason is that as the sensor gets smaller, the collection plate also gets smaller. For example, the
collection plate may be reduced twenty-fold. Since balance is presumably a value close to zero

2

resolving small balance differences becomes problematic.

A need exists for an ionization feedback sensor that measures two of the three
fundamental performance parameters: balance and swing. With control of balance and swing,
constancy of discharge time can be presumed with a high level of confidence. The sensor data
should continuously indicatc paramecter performance at the workstation, rather than ncar the
ionizer. A small sensor size is needed because the sensor has to occupy valuable workstation

space and fit within the existing geometry of the test environment.

The needed sensor also requires a way to magnify the balance reading without

degrading the quality of the swing measurement.
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Furthermore, the user does not always have the option of placing the sensor at the most
critical position within the workstation. So, a need exists to match the remote sensor’s response

at one location to a known (typically, a charged plate monitor) response at another location.
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SUMMARY

The present invention utilizes a low input impedance ionization sensor, which measures
balance and swing. Roughly speaking, discharge time is presumed stable when the swing and

balance remain stable.

The remote sensor has a small size, which allows full time positioning within the
workstation. Hence, the measurement directly reflects the conditions where work takes place.
However, the remote sensor does not have to be placed at the critical location. Sensor readings

mimic what a charge plate monitor at the critical location would report.

The remote sensor’s hardware is similar to a charge plate monitor. But the size, input
impedance, and capacitance differ. Due to low input capacitance, the sensor can more
accurately measure voltage swings. In addition, the low input impedance is less sensitive to

noise than a charge plate monitor.

A microprocessor is integrated into the invented remote sensor. In a preferred
embodiment, the microprocessor is contained within the sensor chassis. The microprocessor
contains three signal-processing modules. The first signal-processing module performs the
accumulation function. The accumulation function compensates for the balance insensitivity
that arises from small sensor plate size. In one preferred embodiment, the gain of the

accumulation function provides a 40 dB improvement in the balance measurement.

The second signal-processing module is the balance matching function. The balance
matching function allows the invented sensor in one location to match the readings of a charge
plate monitor in another location. During setup, a charge plate monitor (or equivalent
instrumentation) is placed at the target location, and the ionizer is adjusted to generate a zero
balance at the charge plate monitor. This maintains a short-tcrm charge platc monitor balance
(short-term meaning the duration of the setup time). The invented remote sensor is placed at
another location suited to the logistics of the environment, and sensor pre-offset is adjusted via
the microprocessor to produce a zero output balance. From this time onward, the zero balance

of the invented sensor will match the sct balance of the charge plate monitor.
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Additionally, the swing voltage at the remote sensor location will be proportional to the
swing voltage at the charge plate monitor location. Hence, a single calibration factor in

addition to the pre-offset allows swing matching as well.

The third signal-processing module is the smoothing function. The smoothing function
makes the balance and swing outputs materially insensitive to environmental changes.
Examples of environmental changes include electrostatic discharges due to moving tool

components and robot arms that move between the ionizer and sensor.

Sensor information is fed back to the high voltage power supply(s) of the ionizer. In
turn, the high voltage power supply(s) is adjusted to maintain tight control of two of the three
fundamental parameters: balance and swing. The feedback path may include an intermediate

module placed between the ionizer and the remote sensor.

Objects of the invention include (1) providing an ionization sensor that is small enough
to fit inside the work station, (2) providing an ionization sensor with sufficiently low
capacitance and input impedance to most effectively measure swing, (3) amplifying the
balancc signal gencrated by the small charge plate without degrading the swing signal, (4)
matching the sensor outputs (balance and swing) to the outputs of a charge plate monitor, even
though the sensor and charge plate monitor are at different locations, (5) feeding the sensor

output back to the ionizer to maintain stable ionizer performance.
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BRIEF DESCRTPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Figure 1 is a schematic that shows the invented remote sensor receiving air ions from
one or more ionizers. Information on balance and swing and are fed back to the ionizer power

supply(s) through an intermediate controller module.
5 Figure 2 is a schematic that shows the front end of the signal processing flow.

Figure 3 diagrams the three signal-processing modules, which are executed by the

MIiCTOPTOCESSOT.

Figure 4 shows correlation of the raw output data signal for a charge plate monitor and

the invented sensor. The values for swing and balance correlate accordingly.

10
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DETAILED DESCRIPTION OF THE INVENTION

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 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 benefit of the herein disclosure.

Figure 1 shows one or more ionizers 1 and a remote sensor 23 operating in a feedback
loop through an intermediate controller module 123. One or more high voltage power supplies

2 places a high voltage on the corona electrodes 3 to produce air ions 4.

The invented remote sensor 23 receives the air ions 4 which reach the remote sensor
plate 5. These air ions 4 embody the information on both balance and swing, but the remote

sensor plate 5 itself does not separate the swing signal from the balance signal.

As shown in Figure 2, a pre-amplifier 24 receives the total signal from the remote
sensor plate 5 through the antenna 11. The pre-amplifier 24 contains a low impedance
transconductance amplifier 12 and an adjustable gain controller 13. Both the low impedance
transconductance amplifier 12 and the adjustable gain controller 13 are built from
commercially available components and based on low-drift op amps. Functionally, the pre-
amplifier 24 amplifies the balance portion of the total signal (the balance signal) without
modifying the swing portion of the total signal (the swing signal). This is accomplished by
sefting the cutoff frequency of the amplifier above the highest ionizer frequency, but below 60
Hz to in order to avoid 60 Hz hum. In the preferred embodiment, the transconductance
amplificr 12 has a nominal transconductance of 50 dB. The adjustable gain controllcr 13
allows the pre-amplifier 24 an increased dynamic range and, in turn, an increased operating
distance from iomnizer 1 to target. In the preferred embodiment, the adjustable gain controller
13 has an adjustment range of 40 dB. The output of the pre-amplifier 24 is connected to the
analog-to-digital converter 7 input of the microproccssor 6. Additionally, it is connccted in
such a way as to take advantage of the microprocessor 6 internal pre-amplifier, which affords

another 24 dB adjustment gain.
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The microprocessor 6 is programmed with three signal-processing modules,

diagrammed in Figure 3. The three signal-processing modules are:
(a) the accumulator function 119,
(b) the balance matching function 118, and
() the smoothing function 20.

Of the three signal-processing modules, the accumulator function 119 and the balance
matching function 118 are necessary. The smoothing function 20 is not essential for the remote
sensor's operation, but it reduces noise and decreases sensitivity to undesired effects (robot
arm, ESD, etc).

The preferred embodiment utilizes the accumulator function 119 diagrammed in Figure
3. At this point, the swing has already been measured and the peak measurements have been
stored in the swing memory 15. The signal has also passed through the balance matching
function 118 (not a prerequisite for operation of the accumulator function 119). The
accumulator 18 sums the input from the swing memory 15. This effectively removes the time-
varying AC component (swing signal) and accumulates the non-time-varying DC component

(balance signal).

If there were no feedback, the DC component (balance) would eventually drive the
accumulator 18 output to infinity (or to the limits of the register). So, negative feedback is
introduced. The accumulator summing block 121 sums (a) the most recent digital sample, and
(b) the negative feedback 30 from the accumulator 18. The amount of the negative feedback
30 is determined by the gain block 19, which is set in the preferred embodiment to 0.01. A
gain block 19 setting of 0.01 gives a balance gain of roughly 40 dB.

In summary, the accumulator function 119 performs as (2) a low-pass filter with cutoff
frequency below the emitter frequency and (b) a DC gain to enhance the balance. It matches
the performance of the front-end of a charge plate monitor. But because the accumulator
function 119 is performed after the swing is measured and stored in the swing memory 15, the
swing information is not degraded (i.c. filtered). This gives the invented remotc scnsor 23 a

significant advantage over a charge plate monitor.
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The balance matching function 118 matches invented remote sensor 23 readings at one
location to charge plate monitor readings at a second location. Referring to Figure 3, the

matching function algorithm 118 operates as described below.

After the invented remote sensor 23 is placed in the desired location, and the ionizer is
set to the desired configuration, the remote sensor 23 will read a particular balance at the
output of the accumulator 18, which corresponds to this ionizer setup. To correlate with the
charge plate monitor, the remote sensor's balance output must initially be driven to zero.
Adding a fixed balancing number 21 to the balance summing block 120 does this. Initially, the
fixed balancing number 21 has a value of zero, and when added to the input of the accumulator
function 119 by the balance summing block 120, has no effect. At this point, the output of the
accumulator 18 detcrmincs the appropriate valuc for the fixed balancing number 21. The fixed
balancing number 21 depends on the gain block 19. In the preferred embodiment, where the
gain block is set at 0.01, the fixed balancing number 21 is calculated as the initial accumulator
18 output divided by 100. Thus, if the initial accumulator output for a particular environment
is —1200, then the fixed balancing number 21 is set to —12. This will drive the nominal value

of the accumulator 18 to zero.

At this point, a CPM at the target location will read zero, and the remote sensor 23 ata
different location will also read zero. Note that an outcome of this embodiment is that swing
measured at the CPM and the output of the accumulator becomes a fixed proportion. This is

not true if the fixed balancing number 21 has not been set.

In an example, if (a) the swing at the charge plate monitor location were +/- 100V and
(b) the measured swing of the accumulator were +/-2400, a calibration factor could be
calculated as 2400/100 = 24 units per volt. This calibration holds for changes in the
environment. [fthe swing were to change from 100 to 101 volis at the CPM, the remote sensor
would change from 2400 to 2424 units. Similarly, if the balance at the CPM changes —10

volts, the remote sensor changes —240 units.

The smoothing function 20 allows the invented remote sensor 23 to have reduced
sensitivity to undesired signals, such as random ESD discharges or movement of robot arms.
A charge plate monitor reacts to these undesired signals. The invented remote sensor 23

ignores or minimizes the undesired factors.

10
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The smoothing function 20 comprises a low-pass filter applied to the peak and balance
outputs determined from the previous signal-processing modules 118, 119. In a preferred

embodiment, the low-pass filter is a single-tap IIR filter with feedback 0.20.

Prototype data demonstrates an excellent agreement between the invented remote
sengor and a charge plate monitor. This is seen in Figure 4, which shows the tracking of a
charge plate monitor to the invented remote sensor for an extreme change in ionization
environment. In this very conservative situation, the outputs match not only in amplitude, but

also in time response to the change.

Operation of this remote sensor 23 may incorporate an a priori knowledge of ionizer 1
frequency. This allows the remote sensor to make frequency-aware calculations, maintain the
same number of sample points regardless of ionizer 1 period. This will maintain accuracy over
the operating ionizer 1 frequency range. It maintains the same microprocessor memory usage
over the operating cmitter frequency range. It will also produce comparable performance to

the 60 Hz digital low-pass filter, regardless of ionizer 1 frequency.

‘While the prescent 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.

11
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CLATMS
We claim:
1. A method of using a remote sensor to monitor and adjust ionizers comprising:

(a) receiving air ions from an ionizer to generate a combined analog balance and swing

signal;

(b) passing said combined analog balance and swing signal through an analog pre-amplifier

to produce an amplified balance signal and a non-amplified swing signal;
(c) digitizing said amplified balance signal and said non-amplified swing signal;

(d) separating said amplified balance signal from said non-amplified swing signal with an

accumulator function;

{e) matching said remote sensor readings to known readings at a different location from

said remote sensor.
2. Claim 1 where said receiving step (a) is performed with a remote sensor plate.

3. Claim 2 where said remote sensor plate is connected to a low-impedance, low capacitance

pre-amplifier.
4. Claim 1 where said passing step (b) uses an analog pre-amplifier with an adjustable gain.

5. Claim 1 where said digitizing step {(c) uses an analog-to-digital converter contained within a

microprocessor.

6. Claim 1 where said separating step (d) further digitally amplifies said amplified balance
signal.

7. Claim 1 where said accumulator function in separating step (d) comprises an accumulator

and a gain block.

8. Claim 1 where said accumulator function in separating step (d) comprises a feedback to an

accumulator summing block.

12
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9. Claim 1 where said matching step (e) utilizes a balance matching function.

10. Claim 9 where said matching step (e) further utilizes said accumulator function.
11. Claim 1 which further comprises a smoothing function.

12. Claim 11 where said smoothing function utilizes a low pass filter.

13. Claim 12 where said low pass filter comprises a single tap IIR filter.

14. Claim 1 where said accumulator function is cxccuted by a microproccessor.

15. Claim 9 where said balance matching function is executed by a microprocessor.

16. Claim 1 where said known readings in matching step (e) are measured with a charge plate

maonitor.

17. A remote sensor for monitoring and adjusting ionizers comprising:
(a) a remote sensor plate;
(b) an analog pre-amplifier; and
(c) a microprocessor

18. Claim 17 where said remote sensor plate is connected to said pre-amplifier with a wire or

antenna.

19. Claim 17 where said analog pre-amplifier comprises a low impedance transductance

amplifier and an adjustable gain controller.
20. Claim 17 where said microprocessor is programmed with a balance matching function.
21. Claim 17 where said microprocessor is programmed with an accumulator function.

22. Claim 17 where said microprocessor is programmed with both an accumulator function and

a balance matching function.

23. Claim 17 where said microprocessor is programmed with a smoothing function.

13
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24. Claim 17 where said microprocessor contains an analog-to-digital converter.

25. Claim 24 where said analog-to-digital converter is connected to the output of said analog

pre-amplifier.
26. Claim 17 which further includes a 60 Hz digital filter

27. Claim 26 where said 60 Hz digital filter is specified for 30 to 70 db of immunity to 60 Hz

hum.

28. Claim 17 where balance and swing measurements are deliverable in digital format.

14
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