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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

apparaluses hayg 4 capactiys aad Sch a2 An.03008 GRS(RINg device

coupled to the power supply apparatus. Furthermore the invention relates
to a high voltage transformer suitable for use in such power supply
rApparaiuees ILGERMOKGROUND OF THE INVENTION An example of

HaPaGILve Inadsiisavi0ens peneratipgisyise£ounies 1, sRAVELISURR Yower to
aggarat,us etaer[%tln an AC voltage to ?e s%pé%gegl fto the 9zone

3 noacﬂi;ve ad.. eéﬁv ntion aiso relates 1o a %) qrr| opera mﬁdc,uch\;)ower supply
generating device.” Such "power supply apparatuses have an inductive
VUPEtIRTEEEAITGe? SPRPHINENRE BXENE BoREPafirty HRETIE S ToTierteigd to the

novbe optpy b pb ke o ket iseipplyeappanatusicih e Ebanduetivehoutpage transformer

dnpsfapceQf iheRAWS! sURRYIARRRERUSand the capacitive impedance
of the ozone generating device form a resonance circuit having a

resonance frequency. Such ozone generating devices are driven at
Frdeltiaifei8 et Voitayéethat are sufficiently high to produce a corona
shiseharge: iof theazoneiganaradingzdevigenditcantainiagaxygenc @Rywer supply

Wﬁﬁ@ﬁ%%igrﬁﬂ@%% eXyen ks s Rliesk to the 92aB@ting device. Such
eneratlélg device, 20 the corona converts oxt}/
n

\ en molecules (0 %i the
TR A BE I on (R Al R S (et

ST SIBNRIIHVHHR PaFRBIFHE the AeUPPHEA (8 TPy E5 AEP YU FERRIAY Helite
iscsappdiedtfronmthedezonefgeneratings device pnetamouhtief agenigive impedance
presuseshby the-0zqnedenerating devies lacrpasen itk theuolage frequency.
%:JBP lied o It anq:‘ fo[jml’gelarsl;“zrlg lioggea% !ﬁpethueer? Lfgé) Ia}/ng %%at%stgr.vmg sufficientt

i& 026ME genarating evice the 25 power s%pp y appara usgsehouﬁ} be Y
bigeriedcatet pearfedesitiande MeqIane ot practiey Foidver fyping oxvaen
sevesatireasansihecresanancerreqyeacys mayrhed betcenstant eaveralay device,
VAT QYRE MR adRs A funelien of epsrating BasANEIRESHIGHUEING. to ozone (0s),
ta%@gﬁrgl%r% i’? qu hap nrges gcggtlenngh? g udpnpelIi%dcgrwoxr}/s%%na;o%é%haatp g,ll?) I;[er]oe to the ozone
0zore generating dévicé or parts ficresr, e.g. Tor service or maintenance,

ERApERARGE e FeserrisedRBYISHEP Ut 60CSt B ffdpKIvee S5 ABIRYAREESZONe

preapacitance; and<he resongnte fre quesssemaynalse whamgeunitiethe it, and
Yaltage-at whichhe pgane genarsting:device is encrmted siee4he.carana e

is a non-Ilneaéfphenongan n Itwogégetdhg{efore b% advanta%eo s to have

ower supply apparatus should be ppe or néar the resonance ireqoency. In
g powerp UE)p apparatus wﬁlcﬁpoperates at the actueﬁ resonancg Y

REGHENCY YRS (G SRYFIEE ERERMPERA MHRICH SRIABA REH StfieRLy Wf constant and
epsrationde:theraecivalzesdnance fréqoency obther3S vesonadoe croyierature and

pressure in the supplied air/oxygen; exchanging the czone generating device or parts
theraof, e.g. for service or maintenance, may change the resonance frequency due fo
differences or tolerances in capacitance; and the resonance freguency may also change
with the voltage at which the ozone generating device is operated since the corona is 2
non-linear phenomenon. It would therefore be advantageous to have a power supply
apparatus which operates at the actual resonance frequency of the resonance circuit and
which adapts its frequency of operation to the actual resonance frequency of the

resonance circuit,

Ozone generating devices may be operated at voltage levels in the range of several kV,
at freguencies of several kHz and at power leveis of several kW. The power supply

apparatus may have a high voltage transformer with a high voltage second coil as its
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Ozone generating devices may be operated at voltage levels in the range

of several kV, at frequencies of several kHz and at power levels of

several KW. The power supply appajatus may have a high voltage
transformer with a high voltage second coil as its 2 output. When

designing high voltage and high frequency transformers special ,

e o0 U B B t5 e oo oF  Partadiar therigr®
W%’a‘&éa&ﬁﬂ‘%é%@b%iﬁ'ﬁ%%ﬁt@v@%ﬂ%H%l‘i’h@’éré‘r:th%’ g s esifdhtp aveid
dretveeeriwieenvindings ahthothien \oifjectspieanthecteds) Areingitvelf analyother
SamageehatighiolirgrCaibAnHNHeRnaROMPARANIS B asgingdvther

Greate ozane which ”W haye undesired ﬁf‘iﬁgtsn%ﬂe“&%d%ﬂ%‘e'B@ﬁé‘ 29 the

tﬁe‘ enviroriment. It \%(ou d therefore be advantageous to have a hlg _
YOHRGE H ENSF BT WRARERIg AL VY & 6T Wi UPERE Betiireknave a high
witeingsao$ithen hightiveltage \coibis: reduceer o reven roikedw I QiQIs &f the high
conmersiak apg iRdustdat sealgzone is produced from oxygen, Oz, in a

gas containing oxygen. The oxygen-containing gas can be atmospheric

air or oxygen- enriched gas. Methods exist for extracting oxygen from
QthATSPRBAREE S B PFSYEEE ! S5/ G BITIEREaYasd BB KA bEproduesd
froveioiygery peaintdy-twemetiots)Dnes comprisingsntachatimgathexygen-
oxyarn Wil Mieaodolslidight dheLiher carRFISHNE: a1eesenaAd disehatgRice
syice: Sroyiding oxygen-enr 'BQedro%%%%'}%opnﬁ%%cE@%ﬁ’é‘%@%““%%%!&% s, one
are” processes that consume energy and the consumptions of energy an

PRAABY RSB (FRESHIHE RO RESS R 8 rao P arabiie S dEPrising & corona
dipplioators whdhe oZogely asedai pred eteranidadogetthpfoezon & dsn oxygen are
perded ot 20-preserbad. gy the raureLyislthaf oZena-Manshangecbources of

gr]i@Pvl:% %pcgc ggggg@tg%%aggrgg@ of adjusting the yield is to adjust only the

ectric power of the ozone-generating apparatus and leaving the flow or
supply of oxygen-containing gas constant, or vice versa. This is not
Optimniseth foratiimisnidiag: thre torrsusRp o afaesoureesiechapagimg is needed or
Qe@égﬂee@g)@Fadgér;]gcgéa%@o@ewgélcﬁwa@ctﬂé}{qéhe @Q‘M@Ira‘ﬁidm@héightforward way

ratus, an ir ield,m ssibly not.resu m ,

B e e e R R e
IREIRAEATOR 1BIVITE HPoNeTSaPPR) P atns FRAUIIY%ER fRAEENeCr Vice
eatputintpedan ce foristpplying electdc powerstoreicapacitveusad whenesing
hisRAstediBthal the rsenanes rircuformRash Ry theinguetyeauipara the
impedance,and thgs&%PaCéW%s&?ﬁaodr 'rWzR/egv negis.oneraled atie .
resonance freq{lgncy ahd” Itis also an o ject of the invention to provide a
method of operating an ozone generating apparatus in order to minimise

higlconstmipiroit gEKEEorces comprising oxygen

It is an obiect of the invention to provide a power supply apparatus having an Inductive
output impedance for supplying electric power tc a capacitive load where it is ensured
that the resonance circuit formed by the inductive cutput impedance and the capacitive

load impedance is operated at the resonance frequency and .

It is also an object of the invention to provide a method of operating an oczone generating
apparatus in order to minimise the consumption of rescurces comprising oxygen-

containing gas and power supplied from the power supply apparatus.

It iz 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. It
is a further object of the present invention to provide a high voltage
transformer with reduced risk of arc%ng between windings of the high
voltage coil and which is suitable for 3 handling voltages in the kV range,

frequencies in the kHz range and power levels in the kW range. _
SRR PESE THE KVERFFIGNS THET Vel provided § pongs eis 1 1
YlippREapparatus for supplying electric power to a capacitive load having

a capacitive load impedance. The apparatus comprises - a transformer

withna fitsbeailiand\areeend coil, - a positive half-period driver and a

5 D g PO e 1o =
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f-peri itage n ‘nalf-periods 0 ge, respective
FPR6/tHE st BaYiNthe SEESHY THIPIS EBIRIEBaSDIE foAPRS CHPRERIVE I8 so
as tferonaer electaiciresonance: skauitihauing a resonance frequency,

apddensHpply elesticiMolagetg thedaad nand.s-RABMILS IRFASIRIRINIAG natingly
ZEero crossin q; the v Itage ﬁucgglle to the |r§1t ﬁ:on an% for 15 causin
alr- volta 1 E

AEERARSH betiedy Positve And nagatve halr-perods of vo t‘é%’éa%ﬁp“-’lf'gﬁ“"’e'y’

t theffirstceBil at the zero crossings of the voltage supplied to the first coil,

tvbeteththeidevicentardetermiringrzeoveressing s conprises) ahirdcoaionance

an-theransformen MApstiaciotihiss thataligroatian bepgennositivg:,

and negative half-periods of voltage 20 supplied to the first coil is

tontrolled by the actual resonance frequency of the resonance circuit

for R B yth@eERIEHA T ¢ 6R 6 fARESIPGS SToFAfeY Aid & 15e Ridisa ctiviee Giad, coll and for

Anethebedieat i thatwelectsiciswitahihgamatse=fram thegwitc Mg etemenitsd to the

fsaveided:sinee,switching ds ang REAIMes With RORE ¥R IQW WRURAG the device
cross the swnchlngr 25 elements, Such{rg power Sl%ﬁgl‘y apparatus is

SRS BUSpIVIRG SIECtAe PoWerto & Capacithvéload Raving a

capacitive load impedance such as an ozone generating device, and in

pardieetant anozanetgaretating itevieen nostich ansuitabte eorbinatiarns of voltage

feqguencies.andovolinaes,30hat ayasutficientynigh o PLaducs, 3 COMOR&onance
dlschafr e in the ozone ﬂgne.rat%r%g device. Other >§ﬁ£n<ples (%f caigagltlve
d

S IRERite” Witliotit imiting the' invetion thereto: - reators for

destruction or disintegration of substances or gases. Examples of gases
thatriaee considered etave anegativeeffestandhe eriirgrmentit is avoided

eleasgd e HalghSa 1301 and ather gaseshaving dirg extinguishinging

g[grggrr&ises, SF6 and other gases used e.g.

Such a power supply apparatus is useful for supplying electric power to a capacitive ioad
having a capacitive load impedance such as an ozone generating device, and in particular
an ozone generating device in which a suitable combination of frequencies and voltages

that are sufficiently high to produce a corona discharge in the ozone generating device.

Other examples of capacitive loads inciude, without limiting the invention theareto:

~ reactors for the destruction or disintegration of substances or gases. Exampies of gases
that are considerad to have a negative effect on the environment if released are Halon
1301 and other gases having fire extinguishing properties, SF; and other gases used e.g.
for their electrical properties, and gases used in cooling apparatuses;

- piezo-electric transducers used e.g. for generating ultrasound in a medium for cleaning

of objects immersed into the medium;
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for their electrical properties, and gases used in cooling apparatuses; -
piezo-electric transducers used e.g. for generating ultrasound in a medium
for cleaning of objects immersed intp the medium; 4 -

electro-luminescent devices such as electro-luminescent films for use in

LCD screens and in sggs and dewtcesi for roduglpgn gfht arcs or .
COFSHE HEERE Y. SRR EE B IRed R §FS oI Bt g6 26 & frsRieens
Y gx§igen-édttaining gas. 5 The device for determining zero crossings
naayicense thedvoltage itselfs hutbrdrightiacoliage applicatcinssthie may Bog for
hedeasible,and the deyice may then comprise a separate coil on the
transformer. This ensures that the sensed voltage is in phase with the
voltages in the coils, whereby it is ensured that alternating between
Testpvecafl fotpeyatieEiPpeittts SlaoHie Sipphbact iRt coinigh
atthadly floinscahthe izeray crassitgssfithervo iag e«supplied todhedinstieoib
8:amemBpdimepteachahhe-RAsIG Qadnegative alinariod drivessds. wit

t?&)ranged to f(taed a volta hrotu h an in tltvetelerr%enttt)otthe first cton d
it SCREPETSh OFTS! rsﬁo Hah 8rﬁseuaeuart5'r BFE e e eLpBRAiNG 2"
6% predetepsiingd Wgﬁ@gﬁ%égeﬁ@ﬁfbév%euéﬁcgp ThéThdletireerrhgnhtero
tredsieas high<freraency nanrient ofdhiesvaliage supplied to the first coil
whereby electromagnetic interference is also reduced. In an embodiment

the durr]%%?g of the voIt %g fed through the mduc;ryve element is 20

I&)?Hrgl | eratuegcﬁo oggﬁ/eigréj b8 agﬁfg 4tla %?% aﬂvers 5 arranged to

f@@ﬂés\;f&h@ﬁ@f@ttﬁeapr@éé@éﬁ%ﬁe@wgFeeﬁ?égéh%b@*ﬂeaa@ﬁey. I8 [gore
tus@fuhéon condralfing anstwaryirgdhen powe psegpbeditediegtapacitveance

11 I@Sm@'mg @@H‘%ﬂtﬁe@%&ﬂ ?@ﬁ@&&hﬁijMé%fWh@(%itage supplied
voltage bu”ds‘“ggéF nd he second half of the half: erlod then used for

REGIISG &% é(see%)o IReRR% S 6“*% REAEThS Felolaieerequency is
higher than the audible frequency range for humans. This ensures that
BoHndaavsetkbyaliennating fretvweern positive anddregativeutiale petods: is

of Molinge sHRRisH- R the fikstcrilds, mmgaﬁe&l@f%emoﬂ%%mg to the

osmve and ép grgtlve half erle:d drivers erﬁch com r| es an e|ectro h
(ERHG eTEmenealcH 2% 25%0[ SN sefiicondi oroé\?v??ctho "g GRCUGRM the
B9 7 B efiSoaRTERe i &anh 6“2&@@%@@%6@@{7@%6@%%@& & half-
tertbe, secand codgafbuilds up, and the second half of the half-period Is then used for

the voltage fo decrease.

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

half-periods of voitage supptied te the first coil is inaudibie.

In an embodiment the positive and negative half-period drivers each comprises an

alectronic switching element such as a solid state semicenductor switch or a vacuum
tube.

in an embodiment where an ozone generating device is connected 1o the second coil of
the power supply apparatus to form an ozone-generating apparatus, the apparatus can
be operated according to a method comprising contrelliing the power supplied from the

power supply apparatus to the ozene generating device to a predetermined power level;

supplying a flow of oxygen-containing gas to the ozone generating device; and controlling
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35 the power supply apparatus to form an ozone-generating apparatus,

the apparatus can be operated according to a method comprising

controlling the power supplied from the power supply apparatus to the

o0zone generating device to a predefermined power level; supplying a flow

of gxygen-containing gas to the ozone generating device; and controllin

e DS G P e ing G o8 T8 o G B G o o ozone
feoncBAPRatith BREFSHE $RfRtthe ozone generating device. In an

embodiment the power supply apparatus includes a transformer
TFOIRRAISIRGIR SR e DEOL YRGS £RUAR teuaeEe: AR Righ VOlaEsing a core,
caion fhe por ol e ihe hidh valtage, coll has 3 plurality of Isulaing. . citage
TaMierstibstrated stacked'in an ov%rlaylngcJ arrangemenct, dach carrier E
@i aeldartying AT erstwicalNcESHBRICHRS Fackstith Ehavsorivisa e gement,
dsace fofening-enetocaoredumsiaroldailthencoreyandie cormnecstorqadns, the

conneching.anend -Reetion-efthedrage ep-ons substiate-te-anerehRerian an end

ofrta trac%%hon an overlagingblto ?ulgstrate. radILtion tr gggoggwggsogar € in
OB Mot IEErS Wit Several turnd i Salh [ayer where: an outer layer s
swBEfi@round an inner layer, and physically adjacent turns in adjacent

layers can be separated electrically by several turns. This requires very

g99g insulaticrla heteenlaysrsinorsiri-fo.avoid areing hetweeRlayriSwhere
A hl\%l:l \ﬁoltarg,e trans&ormer accordip%!tforthe %pv ntli((:)aqI ha _grégn%c{v%nt?,gg acent
thatthe A §xilr5ﬁ‘u“’r?1u\5}ol?§cg“én8eatr\}v@éwﬁ p ?si@arﬂ ypac\fj%ceﬁft Taths of the ?ﬂgh !
DBREGETER ReRAREY @ IFEFON RS BIRETREES ENRSBAUFS wiekFRlysulation
idjacentatusn thieminimbze s thegrisioofar tiygrbetwegn toitage warerebyer
alopgdifetime afubaicnilcarke.exnestednErhen g high Meltage-colof

such 20 a transformer can have a short length measured along the, core
GINEhERy LR B MAHE Lot IREE BT R AL Ve AR e
PRIYIREE SHPIRIERTER bOPRREREY toresilsh thalHraiRe ikl TREAT @ TeRgPEreen turns,
whreedne ool cenibe piahufacturecbasoreadit Fanddf, riecded the=xntire of such

coibran casilyhe sxchanged.and indhddual suhstiales GArRYIBGONR & be made
more wrs atn arlzsboebea%)é?ahc?g d\fvi%o” iC%ndgergg%}porsgig%c?f as marneY:i to coils
%%rﬁg?r%t@s?aé 26"needésd aceor Ing to fhe'actua applicpaﬁon. RIEE
DESCRIPTION OFTHIZRISURES Therihw@hRsmrilHRsiv ise deseapattignd if
maetedletaibwith regatd o the @ceampamdngnfigutesivEhedfiguressstrowing one or

AReWaw St imRlemanting the ressntdpyertion-aagkare: Betian 3QPRrrates as
construed as being |ImItI%%FO otf eriBossibIe embodiments falling within
C

toth ca . . .
e seéjo%(éc% e aftached TIaih gseji. Elgure 1 shows schematically a first
embodiment of a power supply apparatus of the
BRIEF DESCRIPTION OF THE FIGURES

The invention will now be described in more detail with regard to the accompanying
figures, The figures show one way of implementing the presant invention and are not to
be construed as being limiting to other possible embodiments falling within the scope of

the attached claim set.

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

Figure 2 illustrates the timing of the first and second half-period drivers in the
embodiment in figure 1,
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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 in
figure 1, and Figures 4 and 5 each shows a substrate carrying an

lectrically conductive trace for use in 5 the rans{grmer in figure 3. . _
ATl ED DES Rt O BE ARV OTIMENT R fothe 1 L S gmppg ment
fsbiiret stipfply apparatus 100 with a load 300 having a load impedance
with a capacitive component C and possibly also a resistive component.

AfGe40Q lgads30Qisthereforaraiared iR /S araraciiug/leadanrdStrace for use in
|Hu§trat$d as a ca amtgr. The load 300 can be any capacitive load such

the transformer In figure 3. .

as an 0zone gene aflng device. The power supply apparatus 100

comprises a transformer 110 with a first coil 120 and a second coil 130.
ohmefirsb b TROPMaEsNaGentrE gD L24EMhich is connected to an inductive
£0flgke0 1%Qh%ﬁwg%%reiﬁﬁ?ﬁﬂéﬁp%latw%@WW%'BQ&'@WBQ@%C@%Q@
.{Qﬁper(?ted under the 15 control of a cantroller 1% t% open an close and

ThereaRy eatabIshRAT diseSIaBRSR A connBRtion hatwee the inductva -~ e
68l 280 ‘antreDC SaFHIPYBltaY 8. cavitthifdrareAents! !t ForapfI aEgDgPacitor. The
iregpewtivenandsnyf thestitstcoibd 20care: als @ npergtedrarde rithveeonteopofer

élﬁE;%ﬂpgyﬁ%’l%lfu%%fpcl%iéﬁg%‘aaﬁgngﬁﬁ%@bﬂ@5}&@5&&%@?@&l:QtQQT%HHQ:- sE6nd coil
Itcnin eme . a are preiera Sollg state. . -
B En i NG SIERENES 30 SUEh e EME A S 15

BIOtHRY FERIPSRIREARTY ElémEItsMiFF8BmMeEppieafidrisit mrps #r&d under the
consiteted towsevasaumdedresswitching relamesits. sEhebsacond deds1:30sh a

eérm@cttaarbl%mi@@ﬁrtﬂé%at&i@@ &mpﬁﬁﬁgﬁi@ éN;E%B @urbygtﬁ%t{\éseccylmamﬁatehemems
(08} also a resisliye co nent, ere e complex
R SR B2 & He T2 EAR AU IR S0, (e contol of

Herae PPy cHthECRAEPR) thé S S8 a R 8iF1 SOTBRME tralistorhikr 110 9Yihing
formeateestinarrceaeitCLBD vilth [ aesariarokdf ke guestcyifo detemmineicc by drgements

WﬁtWﬁOg%HQQ%}E,%@ﬁmsr%ﬂéc%gytesmﬁgwﬁ@demﬁéﬁ%gﬂv&me applications it
corﬂ gnent L Cpf %get second coil J,CB of t*p%_trangormﬁr ]TJﬁO in ac%ord@ngg £ th
TR 98 FSHRELT 17 e o e kSIS, SR T Ao R B e 2t o the
FASEGHIfECLEY T6RE EHREHBINGE 16D @'@‘ﬂwi‘@m@ PRAANRMFAtEdIHROssiDly also a

opertatiomofithre poversugplyttapparates 08 i figuresloMhe foesonanier jol. The
cesitfarmed fpthecapacitive-ioad-2800.connectedfe dhe seeond ¢0ihddfmer 110

o e Uansfomer 310,12 (oS0Rnee NESHENSY. WA SRPSP A e

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

of the transformer 110 in accordance with the formula 7, =1/272+LC . The transformer

110 aiso has a third ceil 140 connected to the controiler 160,

In figure 2 is illustrated the operation of the power supply apparatus 100 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 frequency with a corresponding period T. In a first
half-period the controller 160 controls the switching element 151 and the switching
element 170 {o close, whereby electric current flows from the DC voitage source through
the inductive coil 150 and through the centre tap 121 into the upper half of the first coil
120 and through the switching element 170 to ground. The inductive coil 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 exponentiatly towards an upper asymptote. After a
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half-period the controller 160 controls the switching element 151 and the

switching element 170 to close, whereby electric current flows from the

DC voltage source through 35 the inductive coil 150 and through the

centre tap 121 into the upper half of the first coil 120 and through the

SWI'[ element 170 to d. The inductive coil 150.and the in

e PR R BT 20 oF 1 I On e 10 AACE The Bk Hde

TARS el e &Y FHit ISh HshiaRiaHRF B @ebbﬁ%ﬁf%ﬂyfﬁwﬁtfﬂ%ﬁ*wﬁé}a” of

tasyfirqtetediAftera cornpened tithe switchirvghelemarit deldisccobibatidothan from

_ﬁ@% ahehghiedortberndystivge iINRedaNGe it the aksidtinglodingdhe s at a rate
guctlve cont%S%glce curre tlnethg ugger haIf of the f| 2Vf¥P ngrﬁjg;%oamce

con INUES B\ﬁt IS NOW drawn ﬁ%ou i the diode 2 P’atﬁert fom_ the

roursragesveliees The WE%@?@%\%F%H%@WEMH@“@@HW&%WO and 180 are
iseoreasesiat evreaters<eterminedsbytitheseisaonanetemequentys Aftareormad

halkcyele izl the resprancedreguensy: thisyaltags; n@%fteﬁneeee@ﬁe flows
zero the SaN't‘%ﬁ‘j' glements 179 4nd 180 are bl g&O”H‘E”ed 10 ehange . cap
thelrstaesot SWItC ing mentl IS opene and SWItC Ing eIeme

Igoidciogerr anpthe’ ﬁ%‘?(tf 'ﬁ%lf"’é‘ﬂﬂf@ H@&lﬁ@ﬁﬁ&ﬂ‘?@ éﬁ?re‘ﬁttﬁ?jﬁ%eﬁﬁi‘ﬁ”t 180 to
the.BC Modagesaurcer tinaugh shédhidyctive eoil 1E80 sarmh thrugte thyeen, and the

Sandre Lam%l\%l e éh@wl@W@f hal ngth@f%ﬁmﬂ@%agmemaam@ggwn

P\%E "E E'eﬂ% IEh 2 10,9 Po”nﬁ‘ anether period Lthe Switching, .
elem n |s con rofled to open, an e curr Rt In'the lower half of the

?Wmﬂjﬁ*@@e %ﬁﬂﬁereésean%%wéﬁ%ﬁﬁf@f&%ﬂﬁ?&@#ﬂ%@f&.&r&@%ﬁv After

satheerthalt-fsam, the DG Voltagees ot tbe. rie voltagiequeerthibisswitcking repeated.

element 170 decreases at a rate determined by the resonance frequency.

%\ter ]Ega?peoghn%rngglfr %ﬁﬂe I Qne fU||S(%¥C|%rTQJ thweerrwet%onv%r%%egrgv l“rl'etﬂc%pen oneg

this process is rep eate e actua'l resonance frequency de ermines the

ﬂHé%MefﬁWﬁé 9&%@@550%9 e PRI GRE oF e Wﬁ@fé?éﬁ@méaﬁeer'od
ahdt 80nsereite; swhichihappenscafter dachrialt-period, awhitslis whwen thegis time

switehinghef switching alements5d, &E0-andrd8Rds mMade,iThis tine-2Q isoitage

%‘%ﬁ%‘?ne%’hus'”% the,third,coll 149 op.the transformer. 1Ae eoll 38 enes 170 and
Senses & Voft age WhIC igin phase with the vo?tage over the 8pen one ]f

ﬂ?é’eméﬁlﬁgoé'@ﬁ‘f@ﬁt?i?’ﬁﬁé B 2380, TMRPEM A Gl PREHS Whdhserdtages
seossings thectinrsinolltatteio ushyt Theealtaged eseéAsedrigytleecthird icoill £40

&E@HHH&Q@OC%HQH@& é@@.@ms%e condzaligr 4R01HatesMINgS ZeFMich times the

cros in f the voltag qs the th d COI| 140, at which times the 25
ants are eontrol esc ribe

swﬁchl eﬁements are contro Ied as descrﬁ) {d Gbove. The period tin

which the switching element 151 is closed can be varied, and the

Shwitching element 1Sk mvaycbiecortraled 20 opensedgcanienvii@currenithe
B@%&@ﬁg@%@ predetesnined ievplHereiyne:a: theaverage-MaluRQr-thened a

pre et\{/eényu%e%r Itehveelvqgatlgbeyoeng the average value or the RMS vaiue of the voltage on

the first and second coils can be controlied, and hereby the power delivered to the load
can be varied, The maximum duration of the period t in which the switching element 151
is closed is determined as no more than one guarter of a pericd 7 corresponding to a
predeterminad highest resonance frequency at which the apparatus is designed to
operate.

In case of disconnection of the capacitive load during operation of the apparatus the
resonance frequency wiil increase, which might cause undesired operating conditions, in
particular if the switch 151 were allowed to operate at such increased resonance

frequencies, In order to avoid such cenditions 2 maximum repetition frequency has been



10

15

20

25

30

35

30 the first and second coils can be controlled, and hereby the power
delivered to the load can be varied. The maximum duration of the period
tin which the switching element 151 _is closed is determined as no more
than one quarter of a period T corresponding to a predetermined highest
srgts or tnCe fé?&%%ngfy th twﬁ %C t&el aratus I%:gwerseg&%d tofrg eract\? c§r5responds
Case of digeonnection of the capacmve load'durin Wgera lon of the
Rpparaterethen RasoManes f@@ﬂéﬁ‘éﬁ/f\’iﬂﬂ%‘&%% EReMRT Rigge designed to
wndlesiredsogeratingheonditions, in particular if the switch 151 were

allowed to operate at such increased resonance frequencies. In order to
el condiars R eslon Lesuenay e beeh 8,281 ot e
waé@ﬁo@mﬂ@emﬁ@m@d%ﬁwﬁéwwgﬂ@& RIEDAHRARE rfr%%ﬁﬁ@HaV atgvvﬁiﬁﬁe“ts in
the fappandtssc it designéd:to tapefataor Shghthehighet thelavcasénofadfiornt 151

@%@Hiémcgﬁrmﬁ teEminalsof t&%&&%%%@@h@@@:%&%@@@f@%@@@t e be drawn
%rae“éé o %ﬁi[fd operat Qf‘%ond'a“s%” sh@ tarcs&a”see Inparticllar o e

hlg PSR Gt firSt Andr SeCONT CoilS Of the Transfotmer. The opening

e $@iitéRthg element 151 when the current has risen to a

predetermined level limits the current that can be drawn from the second

ﬁgurml%ws%%%ecﬁmm@%rs:ws%@gt@fnm@rs%mglmam@ 0 use in the

se%or?]d coil 130. Flgur | %ra%\év an gb%qglment of eohlgh voltage

HARETOPREr BOB Citable TS Use I the ‘Smbodimentin flgurgof

ifansferinerse0 fadn core gL EeIMpYAde Gralesieterati) qalé%‘it?é‘&‘l fpusin
car@s6020antt 50 Bwithitheremiddie legsrteyching acdkother grdnthisseinegs

IAdnagnelicLeniackwitbeackkethermEhei-oulet logsarg r%hwterrsttlaan 3he is
mﬂ' legs, qu gg ?ﬁrd zilg)c raergor din %% h of the outerl g% pa e col
core. A?rst is w d oh'abobbin 51f & dg fé dparb ¢

B drEMBES eSO RRYR W&ﬁ?e&j‘@ &air @W&ﬁ%ﬁ%lﬁ'&“ﬁ&é'ﬁ%ﬁfé@ﬁsf \mﬂ’fo" 51C.

one half-coil placed on either side of the first coil 510. 20 Figure 4 shows
@@, s@bodimentof the dndividuatiuing phthe high M@H@@%W@E@a@%@mrmer in
V\gt%‘[eeg r’f\ ﬂ t Qee’iegi’os@a rapa%%(?opan ee}ec%r ICa” InSUlatI mgteéé!]aa central

a cen ra O enin carries an electrlca COﬂdUCP%G trace

RIYPRIRG %P|b6m%aﬁ@lﬁfértfémra@ﬂéﬁé%\fﬁgféeq AR e KA BBHtish the central
6idnthe electicallycconderctivertiaced 616 haseatrcohnectoiupad: 62 oh théas a

sameside gl he %H%H%%@Q@%ﬂt%&%%ﬂ%%%ﬁ@%@ @ﬂsocc;@ andatthe 10,
mnc?atetnd Pomo Ehe %lfgtt”ca”%c% ,CQPC“C\,/%H Cea? gﬁleh‘?s a connector

connector 4 on eo p05|te side ofltﬁe su \{I’

M@éﬁ %Fﬁs %@Fﬂ?@@tﬁjﬁe P gwe substrate 600 with a through going connection, The

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

of two preferably

Figure 5 shows another embodiment of the individual turns of the high voltage
transformer in figure 3. A flat sheet or substrate 700 of an electrically insulating material
with a central opening 701 carries an electrically 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 electrically conductive
trace 710 has a connector pad 712 on the opposite side of the substrate 700 with a
through-going connection, 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.
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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 transformer in figure 3. A flat sheet or substrate 700
of an electrically insulating material ‘with a central opening 701 carries an

e R LR Hagt, O O SRR A0 DA s oAl eracen

e structure In figure fror image o tructure in
ﬁ‘i@ﬁf@tﬂ‘ge%e%t%t%otﬁé%mér BHGHBRIATTAE fRP tetafeaiRy top of a first
woncactiveotiace 716 ik@s@aconmectenipadke/dR! 6 thelbppdsiteside didlped 714,

a%trmtt 565%295%3%'{14%@ tiptpétgt&bgca&%%@@ae%%mﬁcmd @tgthﬂ/lls?&@ér@r@ The thus

ortion e electrica uctive trace S aconne

R ot e o Ll T e Lo e A bt e

%ﬁﬁa&tﬂr@t@@éﬂ@eéﬁrHW@mreﬁntdecm%é%mtl R canftrar b% placed

apening Fak@sinfigeve igadte ofthe fralfcolooet the highbualtage dailtwe pads

@?égéfﬁet%%%%% ?xrﬁte@@@gr&tg%gfrﬁxim&e@@?rrtet%m &rrrst)m% WiheRidthree
ubstra is place 0 st rate 7 an gverlayin

S B A ot ST e ook oo QT oA PRI o rom o

BaldEIE1IA UGG ES BET PR QBHHéétéfd“:‘el'@&trr‘é%'I‘i?g%C@ W%aﬁ%@aﬁ%ﬁ%’ mer 500

thop Ssintercomniectéd waice 61 0zanch 740 e tiheir resigective substrateage coll

il therelyforna:bue: JUnsesHooRsS: akpuRe-thg.canftalaRenings:Aes.

second substrate 700 can then be placed on top of the substrate 600 with

the pad 712 just above the pad 612, and the two pads 612 and 712 can

Hee CHriABetePBIGEe BRI 17 INE QAR HE AR 6 YBPRA CaIIiihetRTE O the

tutsalia thiswdayesenerahsubistrates 600 anch 7 Obteanrbestckeddjacent

alternatingly to form a 10 coil with any desired number of turns. The high

voltage coil 520 of the transformer 500 comprises two half-coils which

each are made like this. In figure 3 the high voltage coil 520 with its thus

SEaltIEH S s tFaRESSTS B IRS TR eRR 8 OrRE SUBtFARSYS TR dsaRRaYe Will be

forrathe slécinicallycanduetive tnates 6dtarid- 7Flontothe. edgeint thaugbey range

syhstratgshemlidie, I%g@her@#&ht‘iﬁ)apfﬁél enl-aeig Pebweendraces Q@ be reduced

ad!:acent substr%tes As ment ned in an embodrment the ozone
to the size reqgulre

genergfj Ing apparatus des rrbef ag}c‘f{/eer willbe operated at frequencies
above the audible range for humans, e.g. in the frequency range 20 15 -
25r kitih, Faisaisp hapdbhe effectithat tiredsize tkthistransiofmetxere cansists of a

Qgrﬁ%gpﬁggwsma@é’m@é@%ﬁ@stmr§i¥ﬁté§%@@ﬂs@éd%ﬂoﬁf@ﬂ%@'&iﬂ& KORigh

frecqéje h%ye eC Osesrle_ll'ﬁ i/yvr IS Lllnsgdsl.f%réth ?.:Irsﬁ&:o&lilt 1C nle_IStSZW IS'I decreases
SIStS'ot 2 “num ero insulated wire strands whic e twiste

w&verrf@@emefremﬂ@h 28 frdy tiéheiesitive é\%%ﬁf&eewéﬁpvtﬁtttrtfw ﬁ‘f a deptn is
siirface. tayen of ecothiekessavdiickadecreaseasiter iegs of the transformer the stray

magnetic field may influence the first coil 510. The use of Litz wire reduces the eddy
currents in the first coil 510.

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

reduce or eliminate eddy currents in the core,

The core 502, 503 has air gaps in the outer legs. Such a transformer is particuiarly usefui
for to suppiy 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 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 field. At frequencies higher than the audible frequency range for humans and power
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with increasing frequency - this is the so-called skin effect. 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 igld may influence the first coil 510.

The use of Litz wire reduces the eddy currents in the first coil 510. 30 For

Digh freauency pyposes a lgminated tansformer core or 3 fertle o1 i g
Canbe G&ed 10" redulEor efiminate ecﬁfy CaHEntS IRuie Tore THeCa%8
‘BYPd SRS IRALS SRTGHISSAN RS BRltd? RS ER EStPARKTERN &P IO parfoLigin, and itis
tireeftdr3brisrtorsup pycloadsstinay exhibitheyativeresistapnoerstichrasate. This
£o5Ana-ischarge.devices used for ozone production in an apparatus of

the invention. At the air gaps there will be a magnetic stray field, and

there is a distance from the first coil 510 to the air gaps, and two half-coils

1bf IRES SR BN arBHB PEADRIT S ALFRE VMTINGS didkeptasiieds fhreded or
isteayrifvelt]. At fre queneie sibighenthas tie abidiige. frequenayoramgetfesch of the
Mimansend Rewel, &%%ﬁ@i@ﬂ@@r%%%@r@%@@%%%&%pply apparatus

apparatus of the. invention Ine magngtic field tWO%PiQ‘?S'Pe%Iet rined yield of
considéran|é power m-all metal parts suBJec ed to the _stPay ﬁeefdr,nan |¥ IS
PREPEICREIMSOTEARE FREEHMASISHEY Tl asd BITtalfe Cempoteneson of
separate chhisainangement ersungsothadnd vseme @pplicationsavberer suppiy
zonets used @ redetermaingckyisid-of ganne 8 Aredad oF tREESEEIREHAnd of

the required é/ie(Jd of ozone max((j:hangre. In an fmbod'ment ach qf H1e
& oraeess ingill mﬁ theoretical a C?xﬁ imental data, an Ima%%so tnciude actual
1fOW Ol oxygen-co talnlng gas an the power supplle ro e power

RSB PR 52 RY INE PoFBME (ENEratifecViRg [EXBITOIReETE Bste™:

obtain a predetermined yield of 10 ozone from the ozone generating
ARNicR @%?R&%ﬁ@i%ﬂ%%%@%&&ﬂ%@%@%ﬁ?@ iﬁfitrc:j%m@éﬂ&?%%'?{éﬂéﬂ@gﬂed
oxygen-contajnin s and power supplied from the power su
S BATA IS e COol et bE 54554 o o RataMAtiEd! Mode) o ee =o'
SPPRPRESTERFOIP RS DroBESS M YA the SRSt BhEN e RpEttemarglat™ set-
antheayhadsodheladeactutle neeasurementsrof relévenb pseaihaeters foriude other
%%ig-ej@rﬁé@é@%%gpﬂg@ %@@%%ﬁi&%@k@@r&%&@ﬁ%@&%eBP'@Q;@ " etc.
as Peerl gescrlbed in connection W|tp tq% spﬁ]mfled em odiments, it ‘
should no constryed as exguding a pluralty. 1he .us r%erence srxﬁhs in the claims
shouFd ot be consL{rue_ as eln& in‘any w\éy limited fo the presented
EHAMTARIC TRE SEUESIP He (Sre SeMSiNgeRfoR R SeT IR RN Strued as limiting
geccempanying claintiset. Flinttkencontextiofdhe éaimsstheteoms in different
CFOMPIIRINGL QGO MPHEESHO-P0S PXeMEm QiR 2 RGREIIS RIS M e atures
?ﬂtetﬁééélnsfodlatlhrﬁsrgggélggé% c?!ﬁégfﬁ\r&nac%gm q%gt%sn cﬁ fgerttuarlgs i%t(r%'ot possible and

advantageous.
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should not be construed as excluding a plurality. The use of reference
signs in the claims with respect to elements indicated in the figures shall
also not be construed as limiting th§ scope of the invention. Furthermore,
individual features mentioned in dlfferent claims, may possibly be
dvantageously combined, and the mentioning of these features 25 in
Iferent claims does not exclude that a combination of features is not
possible and advantageous. 11 Claims: 1. A high voltage transformer
compLsingtagacaneiobnea towivddtagre coil on the core, and - a high
vgltage coil on the core, wherein the core comprises a pair of E cores
formngoqtcentrgl Ig %nd two o%dter legs, each outer leg with a gap
between o posing legs § BT tHE'E cores for forming a stray magnetic field,
Vﬂtﬁ‘@ﬁé’%ﬁﬁ%ﬁé‘g@éﬁﬂ &#d-the a high voltage coil on the centre leg and

i B:=the highcuoltage waibcomigrising dwessubsets efeoils, whereinvthelosy legs,
ypltegasaildsyplaced Peiween %&wagsl%@%ﬁst% ‘éoéb?eé%"r Mﬂﬁ{ggwat@@rae/

IS anqal‘?tafnﬁg frcl)m lf}eig{vsggi il 1o th aarlxlcrj ds_pa h| I%atw0 hPIf C%”S gngreeie and
'‘Sédon are ti<e apart 80 that the win 0 r%he s% E
Pagietictiere cab @”N‘Ei%?%f&?n%’rbé%’@o‘i’aﬁ?@ﬁo”ﬁ]‘éfﬁﬁ“ltb\%'@r“éwmé%@ﬁ Is
veltagectoitdrasha pluratityeod nisuwlddingcarrier substrates in an overlaying

AHaRgemeateaghcardersHbsy ate ear%@mgéaredgggri%awytﬁ@myweco Is of the
trace Wlﬂ‘l end otrtlons thc% trg%g forny one or mor tyé roun
second co h s ar t ou & gttt
core, and a conr%)ect%r pad connec?’ng a Epo tion of the trace on o
substrate to an end portion of a trace on an overlaying substrate. 20 3. A
rah sfanpfemsccardingtp anjeone efraaimshk-Rigrherskiyeach reareerurality of
subskatecsaies) H&&@@M%W@JE@&%@ PR Ang-gHRRlRate RUIfareARG R e
connector fd is on the EPOS% g subEC.trate suréace vw]th an elgctrl_cal

q race

carr ctrically condy rming one or mere
hy rate connec ng ecohnec%or pa Patﬁ

netlc field.

connection th rough'the su
BRBSPORION Qfetﬁéréoﬁﬂﬁé‘tﬁi@ﬂ%@r Q@E%ﬁ?ﬁ%ﬁh@?%%%i‘mﬁ tBeaigee on one
sneofcaims B wherginthetew voltagevediycampbises itz wire.

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 connecting

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

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

comprises Litz wire.



