1 POWER SUPPLY APPARATUS FOR A CAPACITIVE LOAD FIELD OF THE INVENTION The
present invention relates to power supply apparatuses for supplying electric power to 5 a capacitive
load. The invention also relates to a method for operating such power supply apparatuses having a
capacitive load such as an ozone generating device coupled to the power supply apparatus.

Furthermore the invention reledeg=to subigl vebagetransiormenspitahie=foomse in such power supply
apparatuses. 10 BACKGROUND OF THE INVENTION An example of capacitive loads is an ozone

generating device co led to a power supply apparatus generating an AC voltage to be supplied to the
ozone generﬁ{ GEVIEE BIYE er supply apparatuses have an inductive output impedance, and
when the ozdhe gesenatimgaiévioe!pieoieured tonbie orpplrRtofeh EopewWeNLUP BlYcATpasMErSCthe 15

inductive @utwtam}@d@raé@ of fhenpeven SuRPh aRRataiUus anddhe eppatityeimpesiancea.ofithe ozone
generating d V'%‘?a&”?s%e%%”éﬁ‘ggﬁg %‘Fo%%"é!}&aaéea%ogé‘%%e ‘Zﬁ&%’éﬂ%&%‘é%}a@@t%%ﬂ?fa“”g

devices are driven at frequencies an tages that are suff|C|ent roduce a corona discharge

in the ozone @‘@ﬁ%?réﬁ?ﬂyd%?ﬁééatﬂ?r EB%WW@%&%@HW%%%%%%%HQ FR9SF SRR Bxygen is
supplied to tiseimthéoyesreratng deviee seorth@weroriasednverts oxygen molecules (02) in the ozone
generating device to ozone (Os), and air with an enhanced content of ozone in comparison to the air

supplied o} t@\g% ﬁ&%%gt@% gﬁy%wpphed from the ozone generating device. The amount of

ozone produce e ozone generating device increases with the volta%{ﬂsupplled to it, and for

minimizing Id%%é’é‘?ﬁ“ﬂ%%@Lﬁ?ﬁﬁfﬁ'ﬁfﬁéﬁﬂﬁésﬁﬂ/ﬁﬁrﬂﬁ@%ﬁgr@e??é’r’&?ﬁ@ &8 thos8"| %W%‘V supply
apparatus shenpdrbepperatedrat ar ﬁ@apiﬂﬁeﬂé@@ﬁmif@éméhﬁ)@znﬂﬁmﬁ@?MM $oEseveral

reasons the r&ﬁﬁ’é]f’él%lf,r%%kdS%Ms@ﬁyaﬂ@%bemﬂﬁm&ﬁdtﬂﬂﬁ)@&@ﬁ&f@\é@ﬁtmﬁ@rﬁﬁf& agandunction of
operating pa e1grg nelyding E%H?%%{S‘é% zﬁ‘@%&%‘?ﬁ%%r&é”p@weﬁ%’ﬁ’é'%B‘;!HP&%Q% exchanging the

ozone gener evice or parts thereof, e.g. for service or maintenance, may change the resonance
freq uenC)}%IuE"{‘Hci%ed%’?éhE@EegP?GFePéﬁ%%QQW%'aﬁﬁlﬂ{éﬁEBB‘ﬁ'ﬁ‘éstﬁrédrE?o?ﬁfr‘i‘E& Y fURHE Fay also
change with tifevoliage aiendtidinthecgiteriergemesating devica isroparatethsines th&¢oroma-is a

non-linear phenamepen ginwekishtherrierarbe advantageus ded@ve a pQNe LisiRpl supasadtiys which
operates at ”he acual 9&83”9”8% re&‘é%%eof gresonange. crenitand which. adapts jts frequency of

operatlon tOt actua resonance rrequency of the 35 resonance circuit. Ozone generating devices

may be operaféd #HVoagERRRYIER ?Hé’?é’r‘lﬁ% VHYGEVF BRI HretFeroRs BNELoErd 4% %and at
power levglls tfsseveral $0WEFtseopoyesrsoippljeaParditub sy ravenarhigle vekizgdtreresfotfer with a
high voltage seeand.cell @ difhanced content of ozone in comparison to the air suppiied to the ozone

generating device is supplied from the ozone generating device. The amount of ozone
produced by the ozone generating device increases with the voltage suppliad to it, and
for minimizing losses in the supply apparatus driving the ozone generating device the

25 power supply apparatus should be operated at or near the resonance frequency. In
practice, however, for several reasons the resonance frequency may not be constant and
may vary over time and as a function of operating parameters including temperature and
pressure in the supplied air/oxygen; exchanaging the ozone generating device or parts
thereof, e.q. for service or maintenance, may change the resonance freguency due to

30 differences or toierances in capacitance; and the resonance freguency may also change
with the voltage at which the ozone generating device is cperated since the corona is a
non-iinear phenomenon. It wouid therefore be advantageous to have a power supply
apparatus which operates at the actual resonance freguency of the resonance circuit and
which adapts its frequency of operation to the actual resonance freguency of the

35 resonance circuit,

Czone generating devices may be cperated at voltage levels in the range of several kV,
at frequencies of several kHz and at power levels of several KW. The power supply

apparatus may have a high voltage transforrmer with a high voltage second coll as its



2 output. When designing high voltage and high frequency transformers special considerations should
be paid to the design of in particular the high voltage coil to avoid arcing between windings of the high
voltage coil and between the windings and other gbjects near the coils. Arcing itself may damage the
high voltage coil and other 5 components, but arcing will create ozone which may have undesired
effects on theo@éi%i@fﬁ%@hQﬁ_@i&h%&ﬂ}dﬁoﬂm%@-dﬁ&V%Wﬁ)‘é‘am@%%%@@%@%i_tO have a high_ _
voltage ransformer with 2 biah, yoltage Ggil where arcing between windings of the high voliage coil s
reduced or even avoided. £0°On a commercial and industial scale 0Zong is produced from oxygen,
02, in a gas EHHBSMPY B3y Y NIt R BT REAPRT( Y A8 L BpFBReaMB YpREnesafne o ther
oxygen-enricheggasieitatirods existifqr iesdifacting exygertfeony atmbsphesicand toipnoduce
pxyg_en_-engic@g,q ;&ﬁe@n@%@ﬂ@&éﬂﬂdoﬁi@E@Qé&@%&@%vﬁ?&%%@_ﬁé@)ﬁ@&’e%@d@ﬁﬁt@%n QRe co_mprising
iradiating the gxygen.wil, uze. violet Iaht, e other comerisind & garons, 15 discharge device.
Providing oxyg%n-enrlchea gas and producing ozone from Oxygen are Brocesses {hat ¢Snsume energy
and the consYRIRIETEEFERERIYERF SHHBMRISEGERS BiEHe TWH DRSEUESR IV AIEREMIPATSINE" In some
applications whiesgeozuhnis redised ar predetesimigted yield of ozone is needed or 20 prescribed, or the
required yield of ozone may change. A simple and straightforward way of adjusting the yield is to

adjust on%thgnege%%: - bower of th% lﬁ)s%%eggagger%gggsﬁfprggratus and leaving &he. flow or supply of

erCial ahd in uced.fro Xyaer -in as .
oxygen-contalnlng gas cons ant, or vice versa. IS IS not op%lmlseﬁf%ryr%lnimlglngatﬁe consumptlon of

resources coNPidGDRGEI-COIR A AR GRS B FodRsr Slipisi et Perfitre HoRe?S¥Bply apparatus,
and the 25 desiretigdeddsmay:possisiytriot eesulttoronaysevendbe dmpessible 400 obtaimiu@BIECT OF

THE INVENTIQN dhis atrehiesk-obthadnyaniiop 1o prayids-a RQWer si4pplyRPRaS atdshaviggean
inductive outpc%tn@rpedance fotr su&%l%in\% elecittrij]c power fo %G%atpg%tg\{ﬁ load where it is ensured 30 that
u { t

Si irradigtin n w tra vioie er COMprising a corona .
the resonance cwcwt%rmedaby the inductive output iImpedarice€ and the capa%l{lvegloaa impedance is

operated &b tHBSFESETARARE T e GIRNITHE)PMYI3D 16HISBAPBD R BIAE it &Rt To'ProXiEe 2Rethod of
operating an ozoreasgenesatingsapparatus iardreer torminintisesthecensumptionof reseureesf

comprising 0X%g9&io processes are comparable.

In some applications where czone is used & predetermined vield of ozone is needed or .
20 prescribed, or the requirad yield of ozone may change. A simple and straightforward way
of adjusting the vieid is to adjust onty the electric power of the ozone-generating
apparatus and leaving the flow or supply of oxygen-containing gas constant, or vice
versa. This is not optimised foer minimising the consumption of resources comprising
oxygen-containing gas and power suppiied from the power supply apparatus, and the
25 desired vieid may possibly not resull or may even be impossibie to obtain,

OBJECT OF THE INVENTION

It is an object of the invention {0 provide a power suppiy apparatus having an inductive

output impedance for supplying electric power to & capacitive ioad where it is ensured
30 that the resonance crcult formed by the inductive output impedance and the capacitive

icad impedance is operated at the rasonance frequency and .

It is also an object of the invention to provide a method of operaiing an ozone generating
apparatus in order to minimise the consumption of resources comprising oxygen-

3% containing gas and power supplied from the power suppiy apparatus.

It is a further object of the present invention to provide a high voltage transformer with

reduced risk of arcing between windings of the high voltage coil and which is suitable for



35 containing gas and power supplied from the power supply apparatus. 3 handling voltages in the kV
range, frequencies in the kHz range and power levels in the kW range. SUMMARY OF THE
INVENTION According to one aspect, there is pro¥ided a high voltage transformer comprising: a core,

a low voltage el endhreranand adHgh Y@é@gﬁc@'if-?"tﬁg%%%nﬁ’é‘%lﬁ@i%&'&%P@&@QWB@GS a pair of
E cores fg(wlrg %centre leg and two outer legs, each outer leg with a gap between opposing legs of

the E cores for foriming a stray magnetic field, with the low voltage coil and the a high voltage coil on
the centre leg and the high voltage coil comprising two subsets of coils, wherein the low voltage coil is
placed betwsemRiveomvo-subdsas@beDils, and wherein there is a distance from the first coil to the air

gaps, anchthe by halbrollsREthesrernsl caldrs ket wiaiise-dhabiheniprings rekeptout of the
o S B e, e e e v

to a capacitive _Ianfﬂa\(lng a capaci 7\% f0ad” imﬁedanceg.e'l'
a first coiFaR@&8eEcRY COIF RFEIRNE A GSEFSd A VRS bl eFrsdediveeplifquesiodaniiBréarranged to

alternatingty suppbepositivengaligeeriats picuaitaige ancinggaiiveyhaligperiods of waltage, i@spectively,
to the first, geilydhe,segondicoil is gRnpeEighIede e ¢rragiive 10ad59 asla i anglectic
resonance circulit hatvlng aresonance fre uency, aqd to SHgg[iy el Ctl’li voél?[abge to the load, and a
device for Jetermining zaro crossings of t %"‘%}8|t§gee%\’ﬁﬁ’&i TIPS ESI BRI SRSy alternation
between péiftciraifedative AEINPEAkSIS BIiSRAGRSUPShedite: il fissthediirgape 2efditgossings of
the voltagersupptiedisoothi dirsicoai, swhereindbe devicefonadeterminthgozere AessSngocenaprises a
third coil gpiheugnsiernags. An effect of this is that alternation between positive and negative
half-periods of voltage supplied to the first coil is controlled by the actual resonance frequency of the
resonance circuit formed by the second coil of the transformer and the capacitive load. Another effect
is that eleeffc SUARHTAY h SISy HEPna e SafitewmRly cleRieridsidaveigalisihetesiitamngriseene at times
with no orweryitliew lveltageiagrossstheriswitehing mlemmeatThe apparatus comprises

- a transformer with a first coil and a second coil,

- & positive half-period driver and a negative half-period driver arranged to alternatingly
supply paositive half-periods of voltage and negative half-periods of voltage, respectively,
to the first coil,

the second coil is connectable to the capacitive load so as to form an electric resonance
circuit having a resonance frequency, and to supply electric voltage to the load,

and

- a device for determining zero crossings of the voltage supplied to the first coil and for
causing alternation between positive and negative half-periods of voltage supplied to the
first coil at the zero crossings of the voltage supplied to the first coil, wherein the device

for determining zero crossings comprises a third coil on the transformer.

An effect of this is that alternation between positive and negative half-periods of voltage
supplied o the first coil is controlled by the actual resonance frequency of the resonance
circuit formed by the second coil of the transformer and the capacitive load.

“Another effect is that electric switching noise from the switching elements is avoided
since switching is done at times with no or very low voltage across the switching
elemeants.



3a Such a power supply apparatus is useful for supplying electric power to a capacitive load having a
capacitive load impedance such as an ozone generating device, and in particular an ozone generating
device in which a suitable combination of frequengies and voltages that are sufficiently high to produce
a corona gigehangs i g9z SenerAling AR viss PNer Sxamples f&apacitiye laads aglude,
without l”ﬂét\'fri‘rgpgg% mgg@&g@ té]hei%e]t()e: g gg&cgg% foSr tpleoggnstrucglorntor désmtegratcljo,n of I§tub§tances or
gases. Exampfes o?pgases tﬁa&j are considared 16 havé an Sa Ve efrect 6y the" envirohmeént if released
are HalorPT RFénerofiettasdey ehiingire @xmghis ey Hreperiesrsmeanes therghzessused e.g.
for their etbatracalspfigenties)igntdogasesdase toincooliageapp aratusesinp pzerleairiztiansducers used
e.g. for generating ultrasound in a medium for cleaning of objects immersed into the medium; 4 -
electro-luminescent devices such as elgctroillgnineﬁfertltrfilms for use in LCD screens and in signs;
and - devices for pr(?d%c?né: Eif?ﬁ:t' Ares or corona tisc %Lfgég’.[@@cﬁ GEVIEes Are ﬁgeea‘egg for producing
ozone fron &85 GRETFEOAREHITE o YISTHELIBUR e foT tRetBRRARIPIYIRERS: CROBIIGS PhaF$ense the
voltage itsied, bt torhighreoltagesapplications:tkisemayhnbiben{easible;tain ddlesdeviee ramynthen
comprise £58eRAMRIRHRILAR e IARHAMDRINJ NP RR RS M, B, SpRSGHaliage j3da phase with the
voltages in rtrtlee%_oﬂ‘%te/yigae[rep |tr|§een§nlﬂedstgsa& s?éléeirngth% between g)oslltlve and 10 negative
half-periooos ol'f voltage suﬁp B 1o tha firdFEaie acf'ua?ﬁ/ BRBRY Hie° &0 crossings of the voltage
supplied toRI§ETPREDH. IANGASHBOWRACHE SREF TS PSR Ay M ganediWalfyererniidvers is
arranged 40 dejedta ivotiagedhnowu gie aneiiductive element to the first coil for a duration of no more 15
than one quarter of a period corresponding to a predetermined highest resonance frequency. The
inductive element reduces high frequency content of the voltage supplied to the first coil whereby
electromagnetic interference is also reduced. In an embodiment the duration of the voltage fed through

the inductive element is



20 controllable to durations between zero and one quarter of a period corresponding to the
predetermined highest resonance frequency. This is useful for controlling and varying the power
supplied to the capacitive load. This maximum duration is the first half of a half period, where voltage
builds up, and the second half of the half-period is then used for the voltage to decrease. 25 In an
embodiment the fesaonance deagdencyssing hertbandheraneiblefféquencysangectoedreamans. This
ensures thataﬁ%uigcgigg&squby alternating between positive and negative half-periods of voltage
supplied to the first cail is inaudible. 30 In an embodiment the positive and negative half-period drivers
each compris'é:?‘élﬁi%f@Et‘?B?ﬁE%V\ﬂtBﬁmgaréﬁeﬁﬁéﬁfoﬁfcﬂ'se@ao{%?ﬁlosgfgtgees:’é‘f“ﬁfc%g i E)?%%\fi?éh ora
vacuum tubepneragiremputiient WhexEaan 6201E §erfeyating device is connected to the second coil of
35 the power supply apparatus to form an ozone-generating apparatus, the apparatus can be operated

according to #,gLlid ROMRLF RETIALIOGNe, DO SHIDIRD AT R-BRMEE VAR apparalus o
the ozone generating device to a predetermined power level; su Plgln% at;‘]low of oxygen-containing
i Vo3 e B EFTS

gas to the ozdHEYeARRLIRTY Mo @M d CoRtBifirg 'S the Heus N A§64s so as to
obtain a predetearainedicongentratisivoiazone fiwrtidisEche spnserarrigpaelice PiFrshvEmbodiment
the power supply@ppatatusinebidewinteanstatraes cemprising-anaare, beaniow poliage aail on the core,

and a hiof,vollage. ol soE uhale disnianyoliage.col s a alwallyoligsialig carrier

‘substrates stacked in an overlaying arrangement, each carrier substrate carrying an electrically
conductive tr&EEKAH %fnfa‘%ﬁ?ﬂfaﬁ§,%ﬁ%°ﬂ%%cé°f8ﬁrﬁﬁ% &7& or more turns around the core, and a
connector pad connecting an end portion of the trace on one substrate to an end portion of a trace on
an overlayingin an embodiment each of the positive and negative half-period drivers is arranged to

feed a voltage through an inductive element to the first coil for a duration of no more

15 than one quarter of a period corresponding to a predetermined highest resonance
frequency. The inductive element reduces high frequency content of the voltage supplied
to the first coil whereby electromagnetic interference is alsc reduced. '

In an embodiment the duration of the voltage fed through the inductive element is

20 controilable to durations between zerc and one quarter of a period corresponding o the
bredetermined highest resonance freguency. This is useful for controliing and varying the
power supplied to the capacitive ioad. This maximum duration is the first half of a half-

. period, where voltage builds up, and the second half of the half-period is then used for

the voltage to decrease.

25
in an embodiment the resonance frequency is higher than the audible frequency range
for hurnans. This ensures that sound caused by alternating between positive and negative

half-periods of voltage supplied to the first coll is inaudible,

30 1In an embodiment the positive and negative half-period drivers each comprises an
electronic switching element such as a solid state semiconductor switch or a vacuum
tube,

In an embodiment where an ozone generating device is connected to the second coil of
35 the power supply apparatus to form an ozone-generating apparatus, the apparatus can

be operated according to a method comprising controlling the power suppiied from the

power supply apparatus to the ozone generating device to a predetermined power level,

suppiying a flow of oxygen-containing gas to the ozone generating device; and controiling



10 substrate. Traditional transformers have two or more layers with several turns in each layer where
an outer layer is wound around an inner layer, and physically adjacent turns in adjacent layers can be
separated electrically by several turns. This requibes very good insulation 15 between layers in order to
avoid arcing between layers. A high voltage transformer according to the invention has the advantage
that the maximufiowalfage deetwesniphysiealy atfacenttoraysiddterngiew oltagpetcalids fihtiteteto the
voltage differgpeerhebusanduvralecdrigatbeadjacent turns. This minimizes the risk of arcing between
turns, whereby a long lifetime of the coil can be expected. Further, the high voltage coil of such 20 a
transformer can have a short length measured along the core, whereby it can be made compact, and it

can be manufaSfuRSPRAIM &rhIg ARYRES HIPbr SERTOATLDINPAAST BoltIRIR HREENE fréfhta length
of wire. The eoiheaniizamaniufacturedrasaode gt aniktbiaesed tementiretal tanmeaisiplbae

exchanged, agd iRdiyidiah SYRsres G NAREF BERIMeLE INRSIGANAISR:RE AXChANEEEMER)!S can be

composed of as many substrates as 25 needed according to the actual application. BRIEF
DESCRIPTIGR OF THE HIEURES TR Hlenton sl 1ow b2 destribed i w10 GSiaT wih regard t

the accompaH§fy HGURSSOThe g SUEROAT BHE Wi/ Brnile A SATREF tRieP3reseiaHHhEBAMNd are
not to 30 be canstruethias tetg timiting:tetatteropossitleertibodinantsdaitirg withiavihe scope of the
attached ¢lpim,sat.-Figure 1 shows schematically a first embodiment of a power supply apparatus of
the invention, 35 Figure 2 illustrates the timing of the first and second half-period drivers in the

embodiment in figure 1, 6 Figure 3 is a cross section through a high voltage transformer used in the
embodiment mqf@tgﬁgait@ﬁgformers nave two or more iayers with saeveral turns in each layer where

an outer layer is wound around an inner layer, and physicaily adjacent turns in adjacent
javers can be separated electricaliy by several turns. This requires very goad insuijation

15 between layers in order to avoid arcing between jayers. A high voltage transformer
according to the invention has the advantage that the maximum voltage between
physically adjacent turns of the high voltage coll is limited to the voltage difference
between two electrically adjacent turns. This minimizes the risk of arcing between tumns,
whereby a long lifetime of the coil can be expected. Further, the high voltage coil of such

20 a transformer can have a short length measured along the core, whereby it can be made
compact, and it can be manufactured with a high degree of precision compared to coils
that are wound from a length of wire. The coil can be manufactured as one unit, and if
needed the entire coil can easily be exchanged, and individual substrates carrying one or
more turns can also be exchanged. Coils can be composed of as many substrates as

25 needed according to the actual application.

BRIEF DESCRIPTION OF THE FIGURES

The invention wiil now be described in more detail with regard to the accompanying

figures. The figures show one way of implementing the present invention and are not to
30 be construed as being limiting to other possible embodiments falling within the scope of

the attached claim set

Figure 1 shows schematically a first embediment of 2 power supply apparatus of the
invention,

35
Figure 2 iliustrates the timing of the first and second half-period drivers in the

embodiment in figure 1,



Figures 4 and 5 each shows a substrate carrying an electrically conductive trace for use in 5 the
transformer in figure 3. DETAILED DESCRIPTION OF AN EMBODIMENT In figure 1 is shown a
power supply apparatus 100 with a load 300 having a load impedance with a capacitive component C
and possibly also a resistive component. The 10 load 300 is therefore referred to as a capacitive load
and is illustrajgg As 2;,£aNAGH0L AG Rd3AG ¢adhhR RIN: GRRREHINR 10R SHCH83.ABR7RR% generating
device. The power su rll)clly apparatus 100 comprises a transformer 110 with a first coil 120 and a
second coil 139" The Erst coil 120 has a centre tap 121, which is connected to an inductive coil 150
and a switching element 151, The switching element 151 can be operated under the 15 control of a
controller 16CFrtouapen andsclase srcvihe sebyrestablistrand disestaklish-ancopmnectiendretweemthe
inductive coil dR0.apda-HE: suRply-voltage. Switching elements 170 and 180 at respective ends of the
first coil 120 are also operated under the control of the controller 160 to establish and disestablish
connections to ground. The switching elements 151, 170 and 180 are preferably solid state
semiconductd? S\ieHNg ESTerBHRN OO AS @RIV fransistors, SCR's or other fast switching
elements. In sameuapplieations i might bepponsiteracltol asevitacultattabe iswvitehing&lements. The

second coil }ﬁgp%fdmér@ﬁlﬁfmﬁacﬂcﬂo@ h&s h IMPedanGs with ansindyctive compeRRDL L ARd possibly
also a resj tlveag%%agon nt R. Thereb éhe complex impedance Z is 0 ormZ=R

) m is,of the f . Jail__The
oa 15 DSISERISBTy HoHRe fed®ts tRBAEEGN Tl 36 BY ﬁﬁr@'ﬁgﬁé}f&?ﬁ@?ﬂ{fﬁ?geto form a

capacitive foa
resonance cirGdR with @ tésoraneradiiifeltey FgbterminetPnB\tie elpaciavieecompomeanit C of the
capacitive loasl:apigl thedrductive companrent trofthersecartdwoil 18&:ofdhe dtamsiormendd tbin

accordance withy the, fasmulg;,f 05112 4L The feansfarmer L10.als0,hasa i ail 149 gonnected
to the controllerd160. 30.In flgure 2is Ius‘t ated the operation of the power su gl apparatus 100 in
o ietnad by b hREGRB

2 swienin y e tASARVESTEE 300 EBnRERE SEESM coil 130 of

figure 1. The resonance ci GIETSime
the transféMMEPTIY A3 WhESHARRER FPCFERY\TIaF 2 e FESIFN ARG Pificend dipeatdpbshalf-period the

controller 160ceantaisrthergwitchiagrelementdbl mndnihe switthing wlementh iR closeswhereby

electric currentfioys fiem:the REyaltagespureedhrquah 36 thednduglive coil 129 andhroygh the
centre tap 121 into theé%?per half of the first coil 120 and through the swnchlndqbelement 170 to
I

ground. The iNGUEEVE LS 150 R AR S FOCHE ST G R R8 S HRETF B 20 '8t B P former 110
have the effe@ i3 TurtéAtaad S A Gr fisEaREFRENAaKTSERTE SRPOTRESHATE BviEhRcaen)speT
asymptotecAfietaay pedodrtthrwwilcling elesrentriblsigicanisallecdatopens@and dipadaithe inductive

impedance in the.cipeuibincuding hednductie. 60l L0 hecyrentdn the upperhalf obihg first winding
120 continues but is now dr[?g}/n throu%g he diode 152 rather than from the DC voltage source. The

ough the diode 152 ‘ !
voltage over tH& SWitEHhg Sldifreit TBBeRLFEALEE t XKE&ve component L and possibly also 2

resistive component R, Thereby the complex impedance Z is of the form Z = R + jelL. The
capacitive load 300 is detachably connected tc the secend coil 130 of the transformer 110
25 to form & resonance circuit with a resanance frequency f. determined. by the capacitive

‘component C of the capacitive load and the inductive component L of the second coil 130

of the transformer 110 in accerdance with the formula /. =1/2a+/LC . The transformer

110 also has a third coil 140 connected to the controller 160,

30 In figure 2 is iliustrated tne operation of the power supply apparatus 180 in figure 1. The
resonance circuit formed by the capacitive load 300 connected to the second coil 130 of
the transformer 110 has a resonance freguency with a corresponding period T. In a first
half-period the controlier 160 controls the switching element 151 and the switching
element 170 to ciose, whereby electric current flows from the DC voltage source through

35 the inductive coil 150 and through the centre tap 121 inte the upper half of the first coil
120 and through the switching element 170 to ground. The inductive coll 150 and the
inductive impedance of the first coil 120 of the transformer 110 have the effect that this

current does not rise momentarily but exponentially towards an upper asymptote, After a



5 determined by the resonance frequency. After one half-cycle T/2 of the resonance frequency this
voltage has decreased to zero the switching elements 170 and 180 are both controlled to change their
state so that switching element 170 is opened ang switching element 180 is closed, and the next
half-cycle begins. Electric current flows from the DC voltage source through the inductive coil 150 and

through the qentse tapd Sndldimgteithetowst hatbatiheditst wrdingdldQ andddesghiiie switching
element 180 { araund. Affer &%H‘%B‘éﬂn‘&%éhﬁﬁ‘é’ﬂ?&@% FIMEDL IR S, RCEHQ%SQJRa%‘?” and the

current in the lower half of the first wind mg L 0 continues but is now again drawn through the diode
g

152 rather thHIf {6t tHE BE VOIERIE ST BEE PHVARYE BV&“%tgﬁvﬂmﬁése?lém@?ﬁ 170 iB&eases at
a rate deterntire8bydiesrespmem ceréregirrcyvaitor 3isritherdratcydle deerasnesfall cyate, of the

resonanC%fr@qwmyem@Q@Q@ﬁsdw@p@a@dnahexﬂgtuaierawr@e@erﬂzeau@@caéﬁﬁt@ﬁe&ines the time
when the voliage gy %f Eﬂ% fﬁ%@ve\?ﬁegﬁ itgéaéé’dt%‘%‘& lem E%MPZ@%‘Q%@%@ 15782 g'%h L. happens

after each half-perio e switchin SWIt Ing efements 151, 170 an 180 is made.
This time 20 EOEEF@%WSG [RsFhgNPR TFaES £46 g@ﬁ ?W&?Péﬁ%?é‘?m%?? R 8 5PI0RS 2Fises a voltage

which is in prrageiiit alsereoitage isvinstte apenene s thie switchén el EmenitsLT@=ITebw80, which in
particular megas that z@r@;@5@@5&6@&@@%&%@&@%@%&@9@&@@&%@@ Ryrthe third coil 140 is

input to the C?QY%‘B%&Q%@‘&%L@o??@&@ L‘?rm?n@? dgei%%'ﬂﬁh%grsﬂﬁ Q?e%%'ﬂ%?qg gnsed by

Rt
the third coil 140, at which times the 25 switching élements are contr% scrlbe above. The

period t in WHIER e SliRtCAME ETARRM 18 HioREE E5 58t CSHH‘EH%déiﬂll?Eﬁmga@‘Fe%e’ent 151
may be controliedrtoin peniexgr whienftte custerittias rddctrdiaupsaddtsrniineddévelaWereby e.g. the

average valueesihie Rdtpvalueabihe-valage en8o the ligiand seeonekcailsaganhe gantrolled, and
hereby the p%w&erqﬁgvm%&o “?8 é%@xdegék’% Be %I%deew?nméﬁ‘w&ﬁl duration of %é’r%}oﬂf{ép which

the switching element 151 is closed is determined as no more than oné quarter of a period
corresportding Y X p Ry eterininEd Vg REsEYeSoRaH REtFeRtY rﬁ?\'ﬁﬂfi?htﬂﬁ%péiﬁ)eéﬁaﬁj?f??féglgned to

operate. 35 In case of disconnection of the capacitive load during operation of the apparatus the
resonance fraqu%uawugw@@es&ewmﬁtpml@m@m@&%@iMQ@@&%&@@%@%OE&@@H@M if
the switch 153 ere lowedio onstals el saBdneransed [RRaNANER.sAHRNEISR in ) to avoid

such conditions a maximu repetltlon frequency
which is when the switching of sw;tchmg elements 151, 170 and 180 is made. This time

20 is determined using the third coil 140 on the transformer. The coil 140 senses a voltage
which is in phase with the voltage over the open one of the switching eiements 170 and
186G, which in particuiar means that zero crossings occur simultaneousiy, The voltages
sensed by the third coll 140 is input to the controlier 160, and the controfier 160
determines zero crossings of the voltage sensed by the third coil 140, at which times the

25 switching elements are controlied as described above.

The period ¢ in which the switching element 151 is ciosed can be varied, and the
switching element 151 may be centrolled to open e.g. when the current has reached a
predetermined ievel. Hereby e.g. the average value or the RMS vaiue of the voltage on
30 the first and second coits can be controlied, and hereby the power deliverad to the load
can pe varied. The maximum duration of the period t in which the switching element 151
“is closed is determined as no more than ane quarter of a period T corresponding to a
predetermined highest resonance frequency at which the apparatus is designed o
operate.
35
In case of disconnection of the capacitive load during operation of the apparatus the
resonance frequency will increase, which might cause undesired operating conditions, in
particular if the switch 151 were allowed 1o operate at such increased resonance

frequencies. In order to avoid such conditions & maximum repetition frequency has been



8 set for the operation of the switch 151. This maximum repetition frequency corresponds to the
predetermined highest resonance frequency at which the apparatus is designed to operate or slightly
higher. 5 In case of short circuiting of the terminals of the second coil 130 during operation of the
apparatus undesired operating conditions might also arise, in particular high currents in the first and
second coils gftthe transfermon dheopaaing ©of thaiswitshingelepaentd Skyveen,the-agiaiishas risen

to a predeterpiged 'r%\é%‘cé'rfmﬁ?eﬂ‘ﬁiMé@%s@%‘n‘&@%&u@@}’%g MG SeE gé‘n%t%‘&'ls Whigh, 5 yseful in

case of short C|rcumng of the terminals of the 10 second coil 130. Figure 3 shows an embodiment of a
high voltage B&HEI6hEFSHY LUftiBte for use in the embodiment in figure 1. The transformer 500 has a
core 501 composed of two preferably identical E cores 502 and 503 with their middle legs touching
each othesand ¢hsisdnshormagoelic econtackwmihaach wihescdhetonutsy egs ap shadethaa the

middle legs WhSiehY, 21 ake.ae 0umed B aath obibgOULE egs of heeae st palai is wound

on a bobbin 5 laced around the middle leg. A'second, high voltage coil 520 comprising two

half-coils wutﬁ*lﬁqfé’ﬁa‘"lf‘%éﬁcﬁl%éa”ér? ﬁ?ﬁéf%lﬁf&"é??ﬁeTﬁFs%%”l’@lﬁf %5 %M”& SRk
embodiment ofeneivdivider tasrser thee g sieirageetravsioimies thefigurerd tefiagsheatravsubstrate
600 of an elegiicaly nsylafing maieral witha icenkaloprbingi@liticauiesar eleeiricaiheonductive
trace 610,forming a..900 gyound the central opening 601. At the outer end portion 611 the electrically
conductive trace 610 has a connector pad 612 on the same side of the substrate 600 as the
conductive trace 610, 25 and at the inner end portion 613 the electrically conductive trace 610 has a
connector pad®1a diihesoppesitediensitiesubstrtiitesoewithraahr80ghigdindromsaction. The

conductive traﬁ@@&&@mdﬂagar@ne THdneredimns-asounddhe-eent@l epapiregLelswbiguse:Rshows
another embodiment of E*P&'%Q%’%%%%ﬁﬂﬁ@? H!%*a é’%t&g?o?r&ﬁﬁ%%%f&[ ’&% Infigyre 3,A flat sheet

or substrate 700 of an e ectrlcaq% insulating material with a central opening 701 carries an electrically

conductive’tr AR 5G4 SBCQr%W& tHEESE] SB%ﬁTﬁgsmerﬁﬁérbfﬂﬁc‘fﬂpéﬂﬁ'ﬁ%ﬁre 7isa
mirror image whenebgtaircaares i#rfifemess, inxceptothdaean v sgreriahd poricghfTdlcthiiecélestrically

conductive traggid 0rhas s eeMectorpastdd 2-ondherepprsite iside et taas Hagtraka 720with a 35

through-going. genpectian, And aLhe G endnormon, 735%59% &!%9%%&?&'%&899\%‘3%!}’% fce, 410 has a

connector pad 714 on the same side of the substrate 700 as the conductive trace 710. The conductive

trace 710 can have one or more turns around the central opening 701.
20 Figure 4 shows an embodiment of the individual turns of the high voltage transformer in

figure 3. A fiat sheet or substrate 600 of an electrically insulating material with a central
opening 601 carries an electrically conductive trace 610 forming a loop around the central
apening 601, At the outer end portion 611 the eiectricaily conductive trace 610 has a
connector pad 612 on the same side of the substrate 600 as the conductive trace 610,

25 and at the inner end portion 613 the electrically conductive trace 610 has a connector
pad 614 on the opposite side of the substrate 600 with a through-going connection. The

conductive trace 610 can have one or more turns around the central opening 601.

Figure 5 shows another embodiment of the individual turns of the high voltage

30 trransformer in figure 3. A flat sheet or substrate 700 of an electrically insulating material
with a central opening 701 carries an slectrically conductive trace 710 forming a loop
around the central opening 701. The structure in figure 7 is a mirror image of the
structure in figure 6, except that at the outer end portion 711 the electricaily conductive
trace 710 has a connector pad 712 on the opposite side of the substrate 700 with a

35 through-going connecticn, and at the inner end portion 713 the electrically conductive
trace 710 has a connector pad 714 on the same side of the substrate 700 as the
conductive trace 710, The conductive trace 710 can have one or more turns around the

central opening 701.



9 In figure 3 each of the half-coils of the high voltage coil 520 is composed by stacking alternating
substrates 600 and 700. When a substrate 600 is placed on top of a first substrate 700 in an
overlaying arrangement, the pad 614 will be just apove the pad 714, and the two pads 614 and 714
can be connected electrically, e.g. by soldering. The thus 5 interconnected traces 610 and 710 on their

respective subsitriesInHdhereRy famdwastuis-EHORMNS G Q4N thescantmlsepesyiRgrkhgecond
substrate 709 candish ReBlareden AR 9bEhssuRslrale LN B5Rad pladstapaxs the pad 612

and the two pads can be connected electrically in the same manner to form a coil with

three turns. IR4PTEHEY W VAN QUBEYAESEBOPARE Tod EarP B Ltakileef AMEr ARV P AT 4 10 coil
with any desised thembemefisubng.aTHE Mgl vokage w2 ot tige!itransformsiGoh eohvarises two

half-coils whigh®asthasemadelika shisd Inticsiendithedigbuveltage eisod) witheiis tbs stacked
substrates is seen f1q/ th%§99§ }%f then%‘éPi&@%%s. Iﬁga%ﬁéa e e slectically gonductive

L Q5
traces 610 and 710 to the e ge o the 15 substraté shou arge enou‘%h to prevent arcing between

traces on adjaR&AP SGALHALESTAE ARhIEALDS iRt SmbiSURRaYS the RFbRL% eI &5 atus
described ab6ve will Beloper atecbanémeierciasove the ik ran ge forhumsdrisite Grés the

frequency range,20id snisdRHay dhissalsa-dias the effectoibhat the: sizeiektbrdransiormerrearecan be
reduced in.comparijson.to the. size r ir 0 ies. F i s Litz wire
o e o R e L e s

twisted or woRRREERAER, TRIGHSMFERFEN Qs TSR IE& AR S U EIHGGIF ABR 1T RIFEES Yyer of a
thickness whigkodeitressts with dneteasiigpfregaeasy frohistis thkg s olcaketl siineffect. At 20 kHz the
skin depth is about 0.5 mm in copper. At the air gaps in the outer legs of the transformer the stray

magnetic field may jafluence (e.firal.colb 10, Thesse. ki wira ieduees e gddy.pyfrents in the
first coil 510. B or ﬁlgh requency purposes a Iaminate(_f transformer core or a ferrite core can be
used to réduc Bt E MR E i RIMSTh ThEBYFET TIPS BBSRAS AHYERS in the outer legs.

Such a transfeubserieparticularly useful 35 for to supply loads that exhibit negative resistance, such as
corona discharge devices used for ozone production in an apparatus of the invention. At the air gaps

there will be a magnetic stray field, and there, | istance from the fi i t ir and
SRR &S & S1RIA0GE the Just cal 513 10 106 AlL0ARS.
two half-coilsa%? trﬂgénggrc}g%’d”ggﬁ gFﬂe l%epr)? % art soz'%lat he &ﬁ‘h& nd?s% aaraé [ﬁept éuit S?t{%e stray fl%ld. At

frequencies hRASEFBSLR TRRPHERAISR FPRYRI S 1ERGe ROPRIMANG ARG Fwd the frequency range

20 15 - 25 kMHz. This also has the effect that the size of the transformer core can be reduced

in comparison to the size reguired at lower frequencies,

For high frequency purposes Litz wire is used for the first coil 510. Litz wire consists of a
number of insuiated wire strands which may be twisted or woven together. At high

25 frequencies the electric current will flow in a surface layer of a thickness which decreases
with increasing frequency - this is the so-calied skin effect, At 20 kMz the skin depth is
about 0.5 mm in copper. At the air gaps in the outer legs of the transformer the stray
magnetic field may influence the first coit 510, The use of Litz wire reduces the eddy
currents in the first coil 510,

30
For high freguency purposes a laminated transformer core or a ferrite core can be used to

reduce or eiiminate eddy currents in the core.

The core 502, 503 has air gaps in the puter tegs, Such a transformer is particularly useful
35 for to supply loads that exhibit negative resistance, such as corona discharge devices
used for ozone production in an apparatus of the invention. At the air gaps there will be a
rmaanetic stray fieid, and there is a distance from the first coil 510 to the air gaps, and
two half-coils of the second coil are kept apart so that the windings are kept out of the

stray fieid. At freguencies higher than the audible freguency range for hurmans and power



10 levels of several kW as are handled in the apparatus of the invention the magnetic field would
dissipate considerable power in all metal parts subjected to the stray field, and it is therefore important
to keep the stray field and all metallic componentsiseparate. This arrangement ensures that. S In
some applications where ozone is used a predetermined yield of ozone is needed or prescribed, or the
required yieldofiozorevarayehange: anembacinepdeashoftzaflenohaxyggeasaentdinitig gas and

the power supplied;from. e PAWEF-SHPPIAPRAIAHRLN IF-0Z0BRgeR5 ARG Yk dS Sanfralled so

as to obtain a predetermined yield of 10 ozone from the 0zone generating device and S_[(_) as to
minimise the C6FEAMR ITBR B TeSolFeREEFHBHAIRG 8RS GEHTER éﬁﬁﬁ{apﬁfgn&ﬁaeﬁsw&?‘sdﬁsplied from
the power supphragparagisuTise@@ntrol can be based on a mathematical model of the apparatus and
of the process including theoretical and experimental data and may also include actual measurements

of relevant parargelets faruRe &,6hdia Jerdbaci.sanfralisysicmed 3, AN uIB-he Rzseptnvention

has been described in connection with _theépecified embodiments, it should not be %onstgued as being
in any way lifRTESG Tethe prasErdlics ARp RLPRE BRI d19Re prab s RUBIRG T35S 8t Bt by the
accompanyinpelainyeeenrrene tongesasoith ehelaiptis tHd g SreED ST KNG oY PREMPPRIES™do not
exclude otherthpassitle#lememisierisiapsoAisnicthecrmentiabiag f seiesencas<sughiasa” or "an”

etc. should,nqgt be gonstiued as.excluding a plurality. The Luse AffefRience signs n theglaims with

respect to elements indicated in the figures shall also not be construed as limiting the scope of the

invention. FufrEHITEre AN REaEr SR LRI N8 TR URPY et GRIIFS THEy RS, BEPY
advantageoushpedinsie, nd theam oA tigaRTrofaiesd faHttals B efifferamreiaiitsaleey not
exclude that a-eairhiaation of feaiwesisdiehpessiblenanthagivaniagemisaisklidzlaimscdiaA high voltage

transformer Cmq}%%nts of relevant parameters for use e.g. in a feedback control system,

15
Although the prasent invention has been described in connection with the specified
embodiments, it should not be construed as being in any way limited to the presented
examples, The scope of the present invention is set out by the accompanying claim sat.
in the context of the claims, the terms “comprising” or “comprises” do not exciude other

20 possibie eiements or steps. Also, the mentioning of references such as “a” or “an” etc,
should not be construed as exciuding a plurality. The use of reference signs in the claims
with respect 1o elements indicated in the figures shall also not be construed as limiting
the scope of the invention. Furthermore, individual features mentioned in different
claims, may possibly be advantageously combined, and the mentioning of these features

25 in different claims does not exclude that a combination of features is not possibie and
advantageous.



- acore, 5 - alow voltage coil on the core, and - a high voltage coil on the core, wherein the core
comprises a pair of E cores forming a centre leg and two outer legs, each outer leg with a gap
between opposing legs of the E cores for forming & stray magnetic field, with the low voltage coil and
the a high voltage coil on the centre leg and 10 the high voltage coil comprising two subsets of coils,
wherein the [Baimeeitage coil is placed between the two subsets of coils, and wherein there is a
distance from the first coil to the air gaps, and the two half-coils of the second coil are kept apart so

that the Windipgsh?é t \I{(&&tgg% Qs@?n%@é%%ﬂ%ic field. 15 2. A transformer according to claim 1

wherein the high voltage coil has a plurality of inSulating carrier substrates in an overlaying
arrangement, 848 carrier substrate carrying an electrically conductive trace with end portions, the
trace forming enevovaotiage tarnsdreurrdah&ndore, and a connector pad connecting an end portion of

the tra(_:e on oe%gﬁmr@t@%%@&@ Q@F&ipn ofa tracc_a on an overlayin_g sqbstrate. ZQ 3. A transformer
according to gny gn of AN 12Tl BRENGAITIRI ShsUARGANIES fis Gandugiivedzace on one

substrate sur\?’ace an e connector pad Is on the opposmg substrate surface with an electrical

connection tRRSGH e &HNERaAE RO RARGE RO TOHERST RS T ORes Hd HEMeoTIRE conductive
trace. 25 4. Arteansforingr, adtotdingwovaliyoerreiodotaihesal iuivelteire tird W Vo Reiecsd eomprises

Litz wire. s P QULERy SLURBY cSPRABASIMIROBIALLAIR AGHT W R/ R-ABsagk gEheinyention
provides a poyer SRRl APRAIANS. (R SHPR KRG gJggtric power o a
Wherein there is a distance from the first coll to the air gaps, and the two half-coils of the

sacond coil are kept apart so that the windings are kept out of the stray magnetic field.

15 2. A transformer according to claim 1 wherein the high voltage coil has a plurality of
insuiating carrier substrates in an overlaying arrangement, each carrier substrate
carrying an electrically conductive trace with end portiang, the trace forming one or more
turns around the core, and a connector pad connecting an end pertion of the trace on one
substrate to an end portion of a trace on an overiaying substrate.

20
3. A transformer according to any one of claims 1-2 wherein each carrier substrate
carries its conductive trace on one substrate surface and the connector pad is on the
opposing substrate surface with an electrical connection through the substrate conneciing

the connector pad to the end portion of the conductive trace.

4. A transformer according to any one of claims 1-2 wherein the iow voltage coil

comprises Litz wire.



capacitive load. The apparatus has a transformer, a positive half-period driver and a negative
half-period driver supplying positive and negative half-periods of voltage to the first coil. The second
coil forms an electric resonance circuit and suppliés electric voltage to the load. Zero crossings of the
voltage supplied to the first coil are determined from a third coil on the transformer, and alternation
between positive and negativebsiERpeYierlY eiPPoRAFGE S HDPlIE ¢ ARETIVEL ICONTS done at the zero
crossings of the voltage supplied to the first coil. Figuse, &

The invention provides a power supply apparatus for supplying electric power to a
5 capacitive load. The apparatus has a transformer, a positive half-period driver and a
negative half-period driver supplying pesitive and negative half-periods of voltage to the
first coil. The second coil forms an electric resonance circuit and supplies electric voltage
to the load. Zero crossings of the voltage supplied to the first coil are determined from &
third coil on the transformer, and alternation between positive and negative half-periods
10 of voltage supplied to the first coil is done at the zerc crossings of the voltage supplied to

the first coil,

Figure 1



