1 AIR | ONl ZER ELECTRODE DRI VE CI RCUI T AND METHOD FI ELD OF THE | NVENTI ON
The invention relates generally to the generation of negative ions in the
ai r. Morewepecidibnal |y, the invention concerns an el ect podgcdoioneo2osr cui t
and nethod for use in controlling the | evel of negative ion generation in
an air ionizer. BACKGROUND OF THE | NVENTI ON Over the | ast few decades
negative air ions have been found to be an essential conponent of good air
quality. These negative ions have been shown to have benefi ci al
physi ol ogi cal effects on plants, aninals and humans. Extensive research has
concl uded that abundant negative ions in an environment can enhance nood,

I nprove netabolic activity, accelerate healing and i ncrease performance in
athl etes. | n adiIR IONIZEBELEGTRODE DRIVEIGIRCYEDAND MEBHOD nport ant air
cl eaning functions, such as renoving harnful dust particles, renove odors
and kill various m cro-organisns. An air ionizer may include an

el ectrodeg g)egphyEofN\;Erm—I eRneral kind seen, for exanple, in United States
pat ent US 956 B2, 1N which two el ectrodes are respectively di sposed

in close pI‘OXI mty on either side of a barrier of dielectric material.
Negative ions e.generated by the appligation h ,AC vol t.age of the
order of a few %/f%@"ﬁeP rg%ée%gggergﬁyg ﬁﬁ?(ﬂ‘engf%lﬂnrg Bg%%tg@n'ﬁp?égqgﬂavi ng
novel el egir aats: Sgﬁé&ﬁdénfstﬁ in@EHIRC CBRcrR® SHEBE#JdRN drigé ecifbuRcbAged i n
the Applicant's international patent application PCI/ S&008/000497 filed 23
Decenber &@H8od tfoe usenineaantodllinghitbéd leeelhefr abgativec iorp @eneeadiopy inr @heaiénce.

The present _.invention, however, is not confined in its applicability to any
par ti cul afonizer

BACKGROUND OF THE INVENTION

Over the last few decades negative air ions have been found to be an
essential component of good air quality. These negative ions have been shown
to have beneficial physiological effects on plants, animals and humans. Extensive
research has concluded that abundant negative ions in an environment can
enhance mood, improve metabolic activity, accelerate healing and increase
performance in athletes. In addition, negative ions have been shown to have
important air cleaning functions, such as removing harmful dust particles,

remove odors and kill various micro-organisms.

An air ionizer may include an electrode assembly of the general kind seen,
for example, in United States patent US 7,365,956 B2, in which two electrodes
are respectively disposed in close proximity on either side of a barrier of
dielectric material. Negative ions are generated by the application of a high AC
voltage of the order of a few kV. Other examples of ionizer electrode assemblies,
having novel electrode structures for enhancing ion generation, are disclosed in
the Applicant’s international patent application PCT/SG2008/000497 filed 23
December 2008, the content of which is hereby incorporated by reference. The

present invention, however, is not confined in its applicability to any particular



2 formof electrode assenbly, provided there are at | east two el ectrodes,
of any configuration, that are separated by a dielectric material. I n
convent i onel2omi/19319ni zers, the | evel of negative ions prodiscedowar7sisual |y
controlled by varying the anplitude of the AC voltage applied to the

el ectrodes. The voltage across the two electrodes correlates to the rate of
I on production. Cenerally, the higher the voltage, the higher the rate of

i on production. However, this method has two major problens. First, if the
applied voltage is |lower than a specif?c excitation threshold for the
particul ar el ectrode/dielectric configuration, there will be very few or no
I ons produced. Second, if the applied voltage exceeds a specific excitation
t hr eshol dfdror of klecrade iasaémblyg [psovided dhetiectrecatr leastc byg ialgateadesnof apy ona

di schar ge occur sulting in escalation of ozpne generation. Excessive
ozone gen%‘?%éi“ﬁ'%}ﬁ & &8 %ﬁt?@gyianﬁglﬁggicirﬁﬂge”? r health. These two
maj or problens restrict the available variation of ion production rate to a
very narrow range and call for accurate control of the applied voltage.
However, if thi wohvergonabrain énizessptlaileal ofy negatives ienso peeducednwahe

el ectrode drive circuit, the.tolerance.on the.resjstanc f

pot ent i ontHallY eRtialled| by yarving tsﬁ‘%%ﬁ'tl”ra? e& S é‘tl %@gasg%t %pgqu?fB%sth%r obl ens
I n achi eviRgrededi tHeabbitagdcrosd i hRo RAEEHPEIERNERTAAted thRthe- RIte Bfden

i oni zer. United States patent application publication US 2009/0047183
Al di scl opexluationi Geneeslliertheppigher uthet vattagel the | higher dhesratewof Henappl i ed

I ' bal b ' ' . .aLion.
Thi s docuntsuclipt HodBudty s dEOE has Dy fiair bioblrBR o B iSO O o
that are ¢aitagen i8Y IGwérOtRER !a“\é‘b(egiﬁt ekéitdtion thieshbfd Viort dige pamiculavde

output by the inverter is switched between a first value that is sufficient
to drive electrodeydiptedtriatconfipunation) therehwillekeiveny ifew ©hnesiens doredugase ozone

d | h ' ffd Ci '
Gener at or SeCHRde e APENFL ioRtagE etlees, 3. Sl fttarieR Bibhde FoL ¥,
whose dut yagiGlaf efRErdHE]diEIECtiR @ofifigitatibR ocoran® discHalgedhay bect resiitinge drive

output froma transforner. _ _ )
in escalation of ozone generation. Excessive ozone generation may have

®

negative implications for health.

These two major problems restrict the available variation of ion production
rate to a very narrow range and call for accurate control of the applied voltage.
However, if the voltage control is provided by a potentiometer in the electrode
drive circuit, the tolerance on the resistance of the potentiometer may easily be
+/- 20% or more. This leads to serious problems in achieving predictable and

reliable performance of a mass-produced ionizer.

United States patent application publication US- 2009/0047183 Al
discloses an air cleaner apparatus that well illustrates how the applied voltage
can tip the balance between ion generation and ozone generation. This
document discloses a negative ion generator and an ozone gas generator that
are driven by a common inverter circuit. The AC voltage amplitude output by the
inverter is switched between a first value that is sufficient to drive the ion

generator but below the excitation threshold of the ozone generator, and a



There is an unfulfilled need for an air ionizer electrode drive circuit and
net hod that can be used to produce an anple and control |l able quantity of
negat i ve wonsimiibdrol ower chance of unintentional |y generpatrisegooanomnss The
present invention was devel oped in consideration of this need. SUWARY OF
THE | NVENTI ON In a first aspect, the invention provides an air ionizer
el ectrode drive circuit adapted to generate a drive voltage for application
to the el ectrodes of an air ionizer, tge drive circuit conpri sing: a
hi gh vol tage generator that generates an AC high voltage of a predeterm ned
constant anplitude; and a controller that generates a control signa
which is supplied to the high voltage generator; wherein the contro

si gnal hase@ndepdam lﬂi‘@tv!av%ffﬁtrlﬁmlt ket ackiviatec beth tgweratglrs V| qoagel gdielitat or on

or edot ef noRRet § eyt il (ol RelsBond et By S Bl ikt

%th i Oatédeearﬂﬁmuaé ith@ertrode driv8 SuBsRFHAA G Wamdfogngach period of the
erorm

There is an unfulfilled need for an air ionizer electrode drive circuit and
method that can be used to produce an ample and controllable quantity of
negative ions with lower chance of unintentionally generating ozone. The

present invention was developed in consideration of this need.
SUMMARY OF THE INVENTION

In a first aspect, the invention provides an air ionizer electrode drive
circuit adapted to generate a drive voltage for application to the electrodes of an

air ionizer, the drive circuit comprising:

a high voltage generator that generates an AC high voltage of a

predetermined constant amplitude; and

a controller that generates a control signal which is supplied to the high

voltage generator;

wherein the control signal has a repeating waveform that switches the
high voltage generator on and off, to produce the drive voltage, according to one
of a plurality of predetermined duty cycles so as to control the ion production by
controlling the amount of negative ions produced during each period of the

waveform.

In a second aspect, the invention provides an air ionizer comprising an

electrode assembly having at least a pair of electrodes separated by dielectric



material, and a drive circuit according to the first aspect of the
invention for driving the electrodes so as to produce negative ions at any
one of a wbunaldidbyeof predeterm ned | evel s sel ectabl e byca/sea@m000278 In a
third aspect, the invention provides a nethod of driving the el ectrodes of
an air ionizer having at least a pair of el ectrodes separated by dielectric
So as to produce negative ions, the nethod conprising applying to the

el ectrodes an AC high voltage of a pregeternined constant anplitude that is
pul se wi dt h nodul ated according to one*of a plurality of predeterm ned duty
cycles so as to control the ion production by controlling the anount of
negative ions produced during each pul se wi dth nodul ati on wavef orm peri od.
The i nventriaterigly end deslrise ciictitcadcoedisg|tat thenfitsb ashectapbike rinvantione@rt wo

maj or prohl.ens pof th rior art approach to contrplling. iqn ticon. In
The " nven N thn cleetnblh 39 obita BBRES Peguerfit f apy Adedtte BT " <
out put bygﬂedét&ﬁ'liﬁéﬂ [evER BRREILM By of Werappl i cation to the ionizer

el ectrodes. The level of ions produced is then controlled by the ion

production tinme using a controller that switches the voltage generator on

and off in a regpeating manner., The duty cycle, i, e. -of fo rafl whi ch

the vol tage ge radttngoBEP%f?'esth?hmeﬂé%/'é.r%ﬁomg?stﬁe"ﬁ@?@g@f |03Mfgf (;cgécti on

rate. Thi glepgbaey! oﬁ'dRoa? iBAREF %vi]gﬁbd_adfﬁfmals@ra paiecbfcaeeuagd@s/g%pétrama a?,to 100%
u

of the range. plurality of “different Rredeterm ned duty cycles is
avai | abl ediefasinic b as 4o tproducer ndgative iens,she neethed comprisingeapplyingdpdher ion

e Cui ¢ 't BeCTTefes anAC Jian JBERSE SiTa R ae TP Gt sy, ORIl R I8 5 Y
the plurapjfcy WidtPrReWilser MB@IHQ YtoCYsé @F-a PheraiityPut pradfterningd cdutpr i se a

push-button in association with one or nore status indicators such as LEDs.
5 Thycles so ab ito ycootropthedienepreduetioni by ycootrellisg thaaneeundi oft negativar ee

duty cycles corresponding to | qw, iy d high . af ion production.
These thr @é‘sé)é?gli'%gis Ying ea}?ﬁrm@ﬁ ‘9’@8 r@éﬁ”ﬁ&?’bﬂ’gv‘?f]ﬂﬁéﬁeﬁﬁo& i oni zer for
donmestic use. However, a different nunmber of settings is equally possible

and within the scope of the invention. The capability of accurately
control | ing th&heimdntiohprovities anseffective gobition; o the abevecamentionediwvage

| evel, allows the inventjon to be scale f r,om. i i dent i
appl i cati Wj?rop@g)rlﬁ@?’ (9? ad"e et ol tqpé’ﬁ%ac%hgf&m?tﬁéﬂ'@%E@ﬁa?%ilﬁéﬁg' Eﬁltﬁé
di fferent invenﬂon, an A@%i@ﬁ%ﬁb?@%\‘prédléteﬁﬁin.@d%ngﬁht% libade & dutpatepcy
hi gher than the frequenCy of The control signal. The AC high voltage may
have a fr achighopltage igeseratiomforoapplioation te thedwiger ataetredas: r dhe deypdaf may
have a fr ﬁ) %epr)]r% u'cgd tlshﬁwe{na{:]&wetrafedoby} If%e ticc>)n 5porgclj_i&c'tion time using a controller
that switches the voltage generator on and off in a repeating manner. The duty
cycle, i.e. on-off ratio, at which the voltage generator operates then determines
the average ion production rate. This method allows control of the ion production

level from 0 to 100% of the range.

A plurality of different predetermined duty cycles is available from the
controller for the user to set different levels of ion output within such range.
Therefore, one embodiment of the electrode drive circuit further comprises user-
operable input means for selecting one of the plurality of predetermined duty
cycles. The input means may comprise a push-button in association with one or

more status indicators such as LEDs.



I n anot her enbodi nent of the electrode drive circuit, the high voltage
generator conprises an oscillator and a transfornmer that nultiplies the
vol t age owbputi/dipzam t he oscillator. The control sipgmalcG2ompoest ch the
oscillat.or on and off. In an enbodi nent, the oscillator operates at a
supply vol tage of about 12V, and suitably in the range of about 11.5V to
about 12.6V. The controller may conprise a processor, such as a

m croprocessor or mcrocontroller. This can be used to control other
features of the air ionizer. An optinmum predet erm ned const ant
anplitude of the AC high voltage nmay be established enpirically for the
particul ar el ectrode assenbly to which the voltage will be applied. It wll
be such that tThbeapgralig of opredgterainase duty i¥clep sopY i eonsistiafathrea dWyeshol d

and is below th ecific, break [ d, : e m ned
const ant ﬂ%ﬁ Fﬁr&é@@dﬂg‘at&.@% %\%% {Eggj:n@b IIeHeI? hoet 'Pﬁr%%ggﬁkﬁe%émkv.
I'n one enfgdengsttingd Mill Aoradlly b@|dupfirfenitsin ant Bie foazee fof dupmstic2uskV to
about 3.5kV. BRI EF DESCRI PTI CF THE DRAW NGS

However, a different number of settings is equally possible and within the scope

of the invention. The capability of accurately controlling the production of ions,

based on timing instead of voltage level, allows the invention to be scaled up

from a basic residential application to commercial applications where the demand

can be quite different.

In an embodiment, the AC high voltage has a frequency higher than the
frequency of the control signal. The AC high voltage may have a frequency in the
range of 10kHz to 100kHz. The control signal may have a frequency in the range
of 0.1Hz to 500Hz. |

In another embodiment of the electrode drive circuit, the high voltage
generator comprises an oscillator and a transformer that multiplies the voltage

output from the oscillator.

The control signal may switch the oscillator on and off. In an embodiment,
the oscillator operates at a supply voltage of about 12V, and suitably in the
range of about 11.5V to about 12.6V.

The controller may comprise a processor, such as a microprocessor or

microcontroller. This can be used to control other features of the air ionizer.

An optimum predetermined constant amplitude of the AC high voltage
may be established empirically for the particular electrode assembly to which the
voltage will be applied. It will be such that the applied voltage exceeds the

specific excitation threshold and is below the specific breakdown threshold.



The invention is illustrated, though not Iimted, by the foll ow ng
description of preferred enbodi nents thereof, when taken in conjunction
wi t h t he wiocompamong dr awi ngs. In the acconpanyi RGT&GaMUrNGE78 | | ke
reference nunerals are used to denote |ike parts throughout the several
Vi ews. Fig. 1 is a block diagramof an air ionizer electrode drive
circuit according to an enbodinent; Fig. 2 is a block diagramof a high
vol tage generator used in the circuit of Fig. 1; Figs. 3 (a) - (c)
shows a first set of exenplary wavefor for the control signal and

el ectrode drive voltage for three different Ievels of I on generation
according to one enbodi nent; Fi gs. é show a second set of
exenpl ary waveTbe rmedeterminedcmnstant am.lntaﬂeeqfcthel G thighlevaltape ds vl thgge f or

three di ffraenr entf {k?)/ fon&f I'nOor}le(*:]eemngo&1 Fn'e(r)\ , t%ccActr ngﬂ%otlt%ggrfg ‘nhﬁ{e '%rﬁt&gq;frrent ;
about 2.5kV to about 3.5kV.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated, though not limited, by the following
description of preferred embodiments thereof, when taken in conjunction with

the accompanying drawings.

In the accompanying drawings, like reference numerals are used to

denote like parts throughout the several views.

Fig. 1 is a block diagram of an air ionizer electrode drive circuit according

to an embodiment;

Fig. 2 is a block diagram of a high voltage generator used in the circuit of
Fig. 1,

Figs. 3 (a) — (c) shows a first set of exemplary waveforms for the control
signal and electrode drive voltage for three different levels of ion generation

according to one embodiment;

Figs. 4 (a) — (c) show a second set of exemplary waveforms for the
control signal and electrode drive voltage for three different levels of ion

generation according to another embodiment;



7 Fig. 5 shows an exanple of an el ectrode assenbly with which the
el ectrode drive circuit of Fig. 1 may be used, so as to realize in

conbi nat iwo 2any/@p319i oni zer devi ce; and Fi g. 6 i sprarsetomfoographs
conparing the controllability of ion generation according to the invention
and the prior art. DETAILED DESCRI PTI ON OF THE EMBODI MENTS Fig. 1is

a bl ock diagramof an air ionizer electrode drive circuit according to an
enbodi ment. The drive circuit has two pain conponents: controller 12 and
hi gh vol tage generator 16. Controller {2 is at the core of the drive
circuit and suitably is a mcrocontroller or mcroprocessor having a
Central Processing Unit (CPU 14 and associ ated support circuits such as
progr am nenor yFigdel showsoan, exaroplel of can alédtrmdeaadsembly hwith whidhdhe
integrated cjircuit package. .. er input_is nade via one qr e

but ton- swleekede SivEGTERREF Sio- haavdhe Hsracsd ah ke Frlze hitoRiinaiar 805 ches
are connegi ¢shizé? deviter @hder 12 through digital input interface 13. In this
enbodi ment, the functions to be controlled include the ion output |evel,
booster fan operating time, and different conbi nations thereof. The status

and operating pode of the ionizer are_suitabl h o) Ct. l.ndi cators
such as LEDs tﬁgt %aPea &PF\%IQFBQIW%SR?’PST'P%rtﬁﬁqunﬁPﬁ%@HWé?éié?‘abe'gﬂ?Bgﬁ

i nt er f acead@yrding to the frv2htieh lafd tA& pigf bRer provides signals for driving a
booster fan and decorative lighting through the interface 15. The booster

fan is used to propel and increase the throughput of the ions generated by

hat i o ubBARIGEEH SR oR R TR A RAEMER o b “The omizer .

Fig. 1 is a block diagram of an air ionizer electrode drive circuit according

to an embodiment. The drive circuit has two main components: controller 12
and high voltage generator 16. Controller 12 is at the core of the drive circuit
and suitably is a microcontroller or microprocessor having a Central Processing
Unit (CPU) 14 and associated support circuits such as program memory, data

memory, oscillator, timer and watchdog in one integrated circuit package.

User input is made via one or more button switches 11 to control the
ionizer’s functions. The button switches are connected to controller 12 through
digital input interface 13. In this embodiment, the functions to be controlled
include the ion output level, booster fan operating time, and different
combinations thereof. The status and operating mode of the ionizer are suitably
shown by function indicators such as LEDs that are driven by controller 12

through digital output interface 15.

Controller 12 further provides signals for driving a booster fan and
decorative lighting through the interface 15. The booster fan is used to propel
and increase the throughput of the ions generated by the electrode module. The
decorative lighting may comprise a set of LEDs that is used to enhance the

physical appearance of the ionizer.



8 Hi gh vol tage generator 16 serves to generate the required AC high
voltage 19 for driving the electrodes of the ionizer for negative ion
product i omo 2bt1/d1s31@ontrol | ed by controller 12 through dipgirtsaommwheeas
interface 15 that provides control signal 17. The high voltage generator 16
receives a regulated DC | ow voltage input fromvoltage regulator 18, from
whi ch the AC high voltage is generated. Fig. 2 is a block diagram of
t he high voltage generator 16. It has g | ow vol tage oscillator 21 that
generates a | ow voltage AC signal, and®a transformer 22 that provides
voltage nultiplication up to the required voltage 19 to drive the ionizer
el ectrodes. The oscillator is powered by regul ated voltage fromvoltage
regul ator 18 vHighswoltage | geniecates tthaserves torgensirated thy reguired| AGi kjghl 17.

The switch | ogi co i se si,npl e, transi stor_swi.tch that, i i@sed b
{he cont r upltati Fo.FERaREng ks SiefirSucar il jBis e el tor PosucqrtRa oy ¢
accor di ngjdt goritRflledeme lcoRfrofidie1Z ARfdugh gigitaabutput interfibe ACtiHtgRrovilesage 19
out put by generator 16 has a predetérm ned constant anplitude that is

opt i i zedcoéntroli Sgnajetibr Ehe dighayolkags generatom 16 receives adieguiaied DG lewe

present enbodi nent he voltage has a jpopitude.a ran f. 0 .okV to
about 3. 5@839909'?‘5&%8%?'? ,ge[gﬁeeg gtlofaﬁ ﬁﬁ&? P{@\'/Cj‘ ﬁﬁﬂg&]ﬁ]‘ﬁgqﬂhg%ﬂ range
of 1kV togdfftedThe actual value chosen will depend on the nature of the

el ectrodeS and intervening dielectric |ayer, such as their size, thickness,
and the materials of which they are nade. In the high voltage generator 16,
the final output volta nitude.i eterm ned it.ud the AC
si gnal out put E'? téh'é 3 g\?ﬁcgg‘ﬂ?%@@ 855'[8'% éﬂrb?’d : %ﬂ%X?r%Eo?’t L@%@ Iiagtf(@&f t he
transf or mppitate oddifatéC21 tAatgERates & Yo MRltige AC BignaRneRl &ftrabsfdinice 10kHz.
9 The control™ signal 17 that is used to switch the hi gh vol t age gener at or

on and of 22Hhat providesrveltage snytiplicatian dphontheeguised vpitage Waefdsivehtbe fi xed

period. In the exanp] es_that follaw the riod. i ) )

f r equency 'BY2Ef t?i‘?%’ff bﬂ-}‘gic&ﬁ!&l? qrds tq%gergﬁé_y R?&Pla%‘a‘g r@&gagﬁ (ﬂﬁ hVeOTtgggquency

of the COPég{dPétoﬁ'lSNﬁé sWiRdh Rijic DD thaa eohteolldd by BEntiéInighap 1 71 iRe s@ittAHz but

in any event is |ower than the AC signal frequency. The controller 12 turns

t he hi gh logic gy cpmmrisetasimple dransistar sudtchithat isrkigseshby the centrelrsgnalhe

| evel of {on production. The on/off ti ratio ing the P riyod i s set
at one of k%é‘O@F'&EH%PQ&’g SURP Y %'Iﬁi%rna/ q%h%n%gﬁ{?‘#@Pg tcﬁ?ﬁ%ﬁg\gl Rd | evel
is sel ect%&htp&g@l@gr operating the control switch(es) 11 (Fig. 1).

Figs. 3 (a)-(c) show a first control schenme in which the PWM period is

divided into 10 sub-periods each of 0.025 second duration. The upper graph
in each figure_sho the cantrol, signal, wavef or. [eas | r..graph
shows t he appl Tﬁ‘a &(siWI“Z)H’(\&SQ?aigge,ougg'ﬂnl?)’ﬂlﬂeé‘ﬁ.Lgh)}@ﬁ@?&tﬁ&%@%ﬁgl . This
exanpl e hasndthnte anphudies tRit &0 BptiRlizedOfdre PO aehaatibA &8 Hxpldifdi wnthad Low.

introduction. In the present embodiment, the voltage has a magnitude a range

of about 2.5kV to about 3.5kV. More generally, the voltage may have a
magnitude in the range of 1kV to 10kV. The actual value chosen will depend on
the nature of the electrodes and intervening dielectric layer, such as their size,
thickness, and the materials of which they are made. In the high voltage
generator 16, the final output voltage magnitude is determined by the magnitude
of the AC signal output by the low voltage oscillator 21 and the turns ratio of the
transformer 22. The AC frequency is suitably in the range of 1kHz to 10kHz.

The novel control technique for ion generation in accordance with the

present invention will now be explained with reference to two example schemes.



Fig. 3(a) shows the H gh setting in which the control signal is high for

all 10 sub-periods, i.e. it is a constant DC |evel. The AC high voltage is
accor di ngvp 2aiimaenienst ant and this naturally correspondectrscaessioneTsi on
producti on. Fig. 3(b) shows the Medium setting in which the control

signal is high for 8 out of 10 sub-periods and |low for the remaining 2
sub- periods. The AC high voltage is thus applied to the ionizer electrodes
at this duty cycle. Negative ions are then generated at 80% of the full
rate availabl e under the High setting.® 10 voltage is thus applied to the

i oni zer electrodes at this duty cycle. Negative ions are then generated at
60% of the full rate avail abl e under the Hi gh setting. Figs. 4 (a)-(c)
show a seThadontrol sighalsihthak is usedttiocdwitdhethe\Wigip soltage geneatatardwdandcholl 5

Fioure shbas dieorduetcs arise gt madvites Wil viscor ot RESLPRE IR Srove '« ne
appl i ed Agﬁér}’ggféf‘iﬂhf FSlfow %enﬁéhﬂcﬁiseﬁ.ﬁysédgﬁdp%brﬁé%lﬁé%ﬁ thEhesnteanpl e

al so has t evel s of ‘control corresponding to Hi di um and Low.

F: ?. 54( a{)sighal_/\isdtthhe_‘}Hizg Maret genegallyp thaifraqueney obthe ebntrohsighal malibkg f or
a sub-periods, j.e. it i t DC | | . The AC hi,gh I [
accor di ngf %@%ohs&ﬁbngéifaﬁzgtg;@% QW i S%Yepgg%lgdgwplbt%ﬁ% iggnI >
producti OEiﬁlnSIhfrF%l#é:dAfc’a}: The on&onus 19 fl@rﬂgeﬂieulﬁigﬁﬁié}lwtiagg deneldtbe bntdifi efnt r ol

signal is out of 5 sub-periods a or the remaining 1
sub- peri odt thikefréqliamicy tovoorntend eheslevélusf wmp prashiction.t ke ianioff eime| r@tior odes

t this dut I i i 0
e e G oM et S5, BB e bP SR Braltrrhe VRS bk
controller. The desired level is selected by the user operating the control

switch(es) 11 (Fig. 1).

Figs. 3 (a)-(c) show a first control scheme in which the PWM period is
divided into 10 sub-periods each of 0.025 second duration. The upper graph in
each figure shows the control signal waveform, whereas the lower graph shows
the applied AC high voltage, as modulated by the control signal. This example

has three levels of control corresponding to High, Medium and Low.

Fig. 3(a) shows the High setting in which the control signal is high for all
10 sub-periods, i.e. it is a constant DC level. The AC high voltage is accordingly

also constant and this naturally corresponds to maximum ion production.

Fig. 3(b) shows the Medium setting in which the control signal is high for
8 out of 10 sub-periods and low for the remaining 2 sub-periods. The AC high
voltage is thus applied to the ionizer electrodes at this duty cycle. Negative ions

are then generated at 80% of the full rate available under the High setting.

Fig. 3(c) shows the Low setting in which the control signal is high for 6
out of 10 sub-periods and low for the remaining 4 sub-periods. The AC high



Fig. 4(c) shows the Low setting in which the control signal is high for 3
out of 5 sub-periods and | ow for the remaining 2 sub-periods. The AC hi gh
vol t age iwotzhuisqapl i ed to the ionizer el ectrodes at thipeTdcRy0yYERdE.
Negative ions are then generated at 60% of the full rate avail abl e under
the H gh setting. Needl ess to say, the above two exanple schenmes are
not limting. The duration of the PWM period, nunber of sub-periods, and

t he nunber of different ion production |evels available can all be varied
according to the degree of control desh® ed for any particul ar application.
11 Fig. S5illustrates, by way of exanple only, an exploded view of an
i oni zer el ectrode nodul e 50 suitable for being driven by the drive circuit
of Fig. 1volfdue isthus @pplied tw kthal imizeh elestiodes @httbisdduty myde. Negativeowass2,

outer electrqde 54 and dielectgi.cC rrper 5 arranqged | allel and
encased i A&t Ogﬂrgré}@ggt%f/ggf tl&ﬁﬁl—mte %@'%P@nur\'fgqrgﬁﬁgh%gﬁmgppl i ed
across the el ectrodes 52, 54. Fig. 6 is a set of graphs that

illustrate the advantage of the invention in terms of a highly |inear
rel ati onshi p bEigaeéfax(Qositonoh second ngwtamiosdwamealnouhmhdheinVM pesiegrist ed.

e showiided s sSRREDEGE bt o A8 Beche Bt ASdG, R0 BRp3hn °
reflects {Peaks J;g démlwg EhﬁaCQBH@BF L-i@nlall wiCefoPhi, agRereaB| the URer agtaph!

techni que 1s enpl t shows a non-linear relationship where at the

hi gher seshowg the .applied gi@higholvoliags, ahenodilatedobyidhe aentriohisignat Bis as t he
b kd | t i hed th ti f ,
Short - dasFgnagipse frs e fovelt drantiol chEkeandinebinu el MeaiF gBa LOWE o

techni que of the invention is enployed with the PAW period divided into 5

sub-periods. Finally, the solid-line graph reflects the results when the
const ant vol t aBig. 4tajtshowst thetttigiy getting intvéhich thencontrolisignalisi gk donalt b t he

PWM peri od divided .into 10 sub- L ods Si.m l.ar results. wer bt ai ned
byt he. ap P OEHPIwIh Mo RRrOTBRTELG ek s AF Nt Yefloel SN Gl Thoe
be seen t pghsthMCand M hatralRCrfspands EPmakim@ftiompedductibhnear control  of
the ion generation.
Fig. 4(b) shows the Medium setting in which the control signal is high for

4 out of 5 sub-periods and low for the remaining 1 sub-period. The AC high

voltage is thus applied to the ionizer electrodes at this duty cycle. Negative ions

are then generated at 80% of the full rate available under the High setting.

Fig. 4(c) shows the Low setting in which the control signal is high for 3
out of 5 sub-periods and low for the remaining 2 sub-periods. The AC high
voltage is thus applied to the ionizer electrodes at this duty cycle. Negative ions
are then generated at 60% of the full rate available under the High setting.

Needless to say, the above two example schemes are not limiting. The
duration of the PWM period, number of sub-periods, and the number of different
ion production levels available can all be varied according to the degree of

control desired for any particular application.



The enbodi nents in accordance with the invention can be scaled to a size to
suit the application of the user. The electrode drive circuit may be
i ncor por avedoimigs1vel ect roni ¢ nodul e and connected i n UPETISG2@PMOETS NDI €
el ectrode nodul es of the kind showmn in Fig. 5 or as described nore fully

the 12 Applicant's international

to

generati on based on repetitive switching on and off of a constant voltage

applied to the ionizer electrodes according to a timng schene that

S

readily accugI aFigl ¥ ihesteatas;doypway| of cpxaople only, anoiptedegoyiew, of ey ianizes i ons
are generated interm.t tl t fi rate. .Th fore, . . b
assogi at eafeﬁrpﬂe& I%Itsgn%%B%- @gr{g}rﬁag{@bf}yitgﬁgérﬁlieoﬁfﬁwﬁé\‘ﬁﬁgmpbﬁgﬁct i on

of ozone g 501 iRALAEs the comp?ﬂéh&%ﬂﬁfrfér dbdtfsien b2 batdr neledtode 54as

developed Initially for use with an ion generator, the el ectrode drive

circuit aand rdieladuic dfartiére 53 neerangesh i parglie and £nsased iny abmodwlar icasingo an

ozone ge
pr edet er
| evel .

okt cRAG IS RHER, AR el ntop EEBletBledBer 587, i gner

The invention may al so be enbodi ed in many ways ot her than

those specifically described herein, w thout departing fromthe scope

t her eof .

Fig. 6 is a set of graphs that illustrate the advantage of the invention in
terms of a highly linear relationship between a control setting and the amount of
ions generated. These results were generated by testing on an electrode

assembly of the kind shown in Fig. 5.

Referring to Fig. 6, the long-dash graph reflects the results when a
conventional AC voltage amplitude control technique is employed. It shows a
non-linear relationship where at the higher setting (i.e. higher voltage) the ion
production flattens out as the breakdown voltage is reached and the generation
of ozone occurs. The short-dash graph reflects the results when the constant
voltage control technique of the invention is employed with the PWM period
divided into 5 sub-periods. Finally, the solid-line graph reflects the results when
the constant voltage control technique of the invention is employed with the
PWM period divided into 10 sub-periods.

Similar results were obtained by the applicant when other electrode
assemblies were tested. It will thus be seen that the invention achieves a

consistent highly linear control of the ion generation.

The embodiments in accordance with the invention can be scaled to a size
to suit the application of the user. The electrode drive circuit may be
incorporated in an electronic module and connected in use to one or more

electrode modules of the kind shown in Fig. 5 or as described more fully in the

in

pat ent applicati on PCT/ S&008/ 000497. The
el ectrode drive circuit of the invention can alternatively be integral

an ion generating product. It will be appreciated that the present
i nvention all ows consistent and effectilve control over the level of ion



13 CLAI M5 1. An air ionizer electrode drive circuit adapted to
generate a drive voltage for application to the electrodes of an air

i oni zer, wbeodrdtyaoci rcuit conpri sing: a hi gh vol t age/sgeowroaiog ( 16)
that generates an AC high voltage of a predeterm ned constant anplitude;
and a controller (12) that generates a control signal which is
supplied to the high voltage generator; wherein the control signal
(17) has a repeating waveformthat sw tches the high voltage generator (16)
on and off, to produce said drive vol tlz;ge, according to one of a plurality
of predeterm ned duty cycles so as to control the ion production by

control ling the ambunt of negative ions produced during each period of said
wavef or m Applicant’s 2ntepmatitinal ipatenteapplication G6d/SG2008/ Q®Q4gﬂ7i- tThec eleclPdAg t o

one of - satie CErulf BFJhaTnpchuipRs o BRAaN el ) IndGrN o e lor SengBfig" ' "9

i oni zer epgpfucede drive circuit according to claim1l or claim 2,

It will be appreciated that the present invention allows consistent and
effective control over the level of ion generation based on repetitive switching on
and off of a constant voltage applied to the ionizer electrodes according to a
timing scheme that is readily accurately governed by electronics. In other words,
negative ions are generated intermittently at a fixed rate. Therefore, the
problems associated with possible under-generation of ions or unintended

production of ozone are eliminated.

Furthermore, although the invention was developed initially for use with
an ion generator, the electrode drive circuit and method of the invention can just
as equally be applied to an ozone generator with the same good results, simply
by setting the predetermined constant amplitude AC high voltage to a suitably

higher level.

The invention may also be embodied in many ways other than those

specifically described herein, without departing from the scope thereof.



wherein said plurality of predeterm ned duty cycles consists of three duty
cycles corresponding to | ow, nedium and high levels of ion production.

4. An ai rwoanirzapsiel ectrode drive circuit according to aoy/secneowmboosai ns 1
to 3, wherein said AC high voltage has a frequency higher than the
frequency of said control signal. 14 5. An air ionizer electrode
drive circuit according to claim4, wherein said AC high voltage has a
frequency in the range of 10kHz to 100kHz. 6. An air ionizer

el ectrode drive circuit according to ciaim 4 or claim5, wherein said
control signal has a frequency in the range of 0.1Hz to 500Hz. 7. An
air ionizer electrode drive circuit according to any one of the preceding
clai ns, WokABMS sai d hi gh voltage generator conprises an oscillator (21)
and a transforner (22) that nmultiplies the voltage output fromthe

oscillator. 1,  An afinicdideri ciditrstie @fiee icirogie adlapwl €o rgenetatacrdrigeng to
claim?7, wherein said control signal (17) switches the oscillator on and
of . voltage for application to the “electrodes of an air ionizer, the drive circuit

comprising:

a high voltage generator (16) that generates an AC high voltage of a

predetermined constant amplitude; and

a controller (12) that generates a control signal which is supplied to the

high voltage generator;

wherein the control signal (17) has a repeating waveform that switches
the high voltage generator (16) on and off, to produce said drive voltage,
according to one of a plurality of predetermined duty cycles so as to control the
ion production by controlling the amount of negative ions produced during each

period of said waveform.

2. An air ionizer electrode drive circuit according to claim 1, further
comprising user-operable input means (11) for selecting one of said plurality of

predetermined duty cycles.

3. An air ionizer electrode drive circuit according to claim 1 or claim 2,
wherein said plurality of predetermined duty cycles consists of three duty cycles

corresponding to low, medium and high levels of ion production.

4, An air ionizer electrode drive circuit according to any one of claims
1 to 3, wherein said AC high voltage has a frequency higher than the frequency

of said control signal.



9. An air ionizer electrode drive circuit according to any one of the
preceding clainms, wherein said controller conprises a processor (14).

10. An aiwoizonimes1oel ectrode drive circuit accordi ng topemscane/00§278 he
precedi ng clai ns, wherein the predeterm ned constant anplitude of said AC
hi gh vol tage exceeds an excitation threshold of the electrodes in said air
i oni zer and i s bel ow a breakdown threshold of the electrodes in said air

i oni zer. 11. An air ionizer electrode drive circuit according to any
one of the preceding clains, wherein tHe predet erm ned constant anplitude
of said AC high voltage is in the range of 1kV to 10kV. 12. A met hod

of driving the electrodes of an air ionizer having at |east a pair of
el ectrodes (525. 54)As @iraioaized elegtrode| drivier circuitsagcosding sotaaipy ddwhereiagat i ve

of 2 predeart Neh EBaes bt dreentae el FaokBefS dBiiou ot 15
according to one of a plurality of predeterm ned duty cycles so as to

control the ion production by controlling the anbunt of negative ions
produced duri n§. eacAn pirl iorized elettredridtive ciseuitacerdinghtpslaiwd? or claim 5,

wherein said control signal has a frequency in the range of 0.1Hz to 500Hz.

7. An air ionizer electrode drive circuit according to any one of the
preceding claims, wherein said high voltage generator comprises an oscillator

(21) and a transformer (22) that multiplies the voltage output from the oscillator.

8. An air ionizer electrode drive circuit according to claim 7, wherein

said control signal (17) switches the oscillator on and off.

9. An air ionizer electrode drive circuit according to any one of the

preceding claims, wherein said controller comprises a processor (14).

10.  An air ionizer electrode drive circuit according to any one of the
preceding claims, wherein the predetermined constant amplitude of said AC high
voltage exceeds an excitation threshold of the electrodes in said air ionizer and is

below a breakdown threshold of the electrodes in said air ionizer.

11.  An air ionizer electrode drive circuit according to any one of the
preceding claims, wherein the predetermined constant amplitude of said AC high

voltage is in the range of 1kV to 10kV.

12. A method of driving the electrodes of an air ionizer having at least
a pair of electrodes (52, 54) separated by dielectric (53) so as to produce
negative ions, the method comprising applying to the electrodes an AC high

voltage of a predetermined constant amplitude that is pulse width modulated
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according to one of a plurality of predetermined duty cycles so as to control the
ion production by controlling the amount of negative ions produced during each

pulse width modulation waveform period.



