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WO 2008/074767 PCT/EP2007/064053 1 POWER SUPPLY
APPARATUS FOR A CAPACITIVE LOAD FIELD OF THE INVENTION
The present invention relates to power supply apparatuses for supplying
%8%%%& to 5 a capacitive load. The invention also re|§’fé§¥§%g7/064953
method for operating such power supply apparatuses having a capacitive

load such as an ozoncigeneratin device coupled to the power supply
AP ERREPELATAG Wiﬁ\fé‘f?fféﬂ B{5t£<44B a high voltage transformer
suitable for use in such power supply apparatuses. 10 BACKGROUND

OF T BETN/ENTHONNMN example of capacitive loads is an ozone

BRNGHAUAY ARAGEGUUISAIA R, BPWRLRUAR- ADRA'AIUS BS0RIALNG. A0/ Ger to
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SUpply apparatuses have an inductve oufpUt impedanBe A8 WHERIMHE suPplY
FHRVGENRREIAG GRRACE TS EH TEET#F tBMtAEPORGRIEHT TG (olre caupphyto the
RPpRratosly thecardusti vert Broutsut #mpeddncerebkthe pewarrsupplye transformer

apparatusweadribec-sapacitive mpedansaset the ozone generating device
form a resonance circuit having a resonance frequency. Such ozone

gﬁ#ﬁégﬁ%‘ﬁ%\ﬁ% %%ﬁWSH at frequencies and voltages that are

toproducea corona discharge in the ozone generating

RGBT LSRRG BRI S0P RIER SE TR SSHITE Feumed iharower supply

oRjeissupplied 20 flevoltarretg bnarativigddevice ctveGecoraina cemvertsuch
PuyEeILIp O eeHies(02) faherozeneigeRatalingndeyieed0:ag AR A3), 2PHe
gihwith-anienhancsd-conten me%eeatl&99@@%5@%58&%%&!Fa%t!if#ﬂusqn@ucm

ct)hte gzone . energELneg device isisu plied from the ozone generating

device. The amount of 07one. pBryoégﬁl%aeﬁ%fl 8 BoorB NG SRR ol the
TRBTE SSEE R ey 56 tele SRS PNERF Fodit Clih A RN andi Fivaa ARG Greses iy thisich
sipplycappiraius derd rgethever oh 6 ganeratngndenvitesthatpower 2 iseppiynigh
|npatatisshesid hecapgratethabaimeglaes @BRAECAIFRAHEN, IBkygen (0,)
m&p&ggmngw%v&raiﬁ%%vgE@k@%ﬂ%&@ﬁ&&%&%%@%%n% QHENEY A, POlne

Cboem%gr}s%rétrtaan( may vary Pverotlmet nd as a function operatlng
parameters mluding TORRerat e hd'oresEa et thia%stippet ozone (Os), and
ArrRy gRrBRRFRAGRGThe! 820ty epBRaisg e ibe 37 paristherdss, aape
foresgivicecoicemasveriaddeyrmidy chamgestireadspiarnice Tiegaencytdiedme
slifterenosstae Sebielgmaraminieapaciaras: AR oS aRANCAAIRI WS RCYNd for
MAY-RIFQ 1angs with iBs v oliage: At MRIRD the L2R0¢ JRNsial @g&%veﬁg Rwer

Operateg Since éﬂc?ufiﬁé%%aé?a?eé‘%{‘a“r”ﬁgﬂ henomenon. It would fherefore

De alvantageous 10 have"s power SUppR SPparail fHigguency. In practice,
however, for several reasons the resonance frequency may not be constant and may vary
over time and as & function of operating pararneters including temperature and pressure in
the suppiled air/oxygen; exchanging the ozore generating device or parts thereof, e.g. for
service or maintenance, may change the resonance freguency due to differences or

tolerances in capacitance; and the resonance frequency may also change with the voltage

-at which the ozone generating device is operated since the corona is a 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 fo the actual resonance frequency of the resonance circuit,

Qzone genearating devices may be operated at voltage ievels in the range of several kv, at
frequencies of several kHz and at power levels of several kW. The power suppiy apparatus
may have a high voltage transformer with a high voltage second coil as its output. When
designing high voltage and high frequency transformers special considerations shouid be
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operates at the actual resonance frequency of the resonance circuit and
which adapts its frequency of operation to the actual resonance
requenc¥ of the resonance circuit. 35 Ozone generating devices m%¥
&t voltage levels in the range of several kV, at freaﬁa%’ aYgpesess
several kHz and at power levels of séveral kW. The power supply
apparatus may have a high voltage transformer with a high voltage

AL SnEesiFEeR SUBBTREWhENT HaBiyARTY high %ﬂ&g%aaﬂaqﬁgween windings of
e digmoyteemsiorme iz=spacidhconsidaratonstshooidebs W the coils. Arcing
20846 RGHEHRZ0RIRARN 3N paig-teniisoesigbaf srcpartiautddate ozone
mq:ma VRlags-Gallia awaldsareing belween WndRg ofidhsBighiveltage
PO Beee e g S e DIeeln e N ol M. co
A amag e gh volfaa (ce’ coil ana other components utarc Ing

Ff‘"@r%'&tégo%ﬁée‘i}vﬂi%'?91%9%5%‘%6%%%C@ﬂ‘é%f§d6'ﬁeﬂ’18ré’d8ibﬁ’1’8ﬁffd

and the environment. It would 5 therefore be advantageous to have a high

ypltagerirrnsipERe Muitra high-veltagacaibdnhere @ncing beiween a gas
windings efJhe.high yliage S%iﬁaﬁs%gec%r%@gﬁﬂoéyﬁéﬂ@%w Q%Q;gen enrrched

comm {]cgll and industrial scale ozone |Sé3rodu from o %
Met| ce DX

exist for extra n nospheric alr o, e~ enrlched
as con aining oxy CH‘I& ox%en -containing gas can bp atmosp }}1%

SRF oY BXYoe-BRIA eﬂd*’@%’i@’f\ﬂ%ﬁﬁdﬂ%"w@i’ Wé?ﬁ*&&ﬂﬁgﬂaﬁﬁgﬁ’%?ﬁ
atpdagplochie aiyterprddudtoxppt fismritieethgaser@rsing eabeplisduand
fam-oxygaminaialydbysiwenmeshods ¢ ginedceimptising ficradiatieg e processes
RYIERWD LA yigletight e BHREE CRmRASINGhA GRENAHISERAEB G two

device. Providin _oxygen- -enriched gas and producing ozone from oxygen
FOCEESES are COMmt

re’processes t Arconsume energy and the consumptions of energy and
other resources of the two 15 processes are comparable. In some
bpgiivatipnioaiterevoron easa sedsadprattetemmmadd/iedtt of ozorreisgreeded or
predaskor oprrscrheddandaereguiceahyieldohezarenmaychangghdorward way
§t®&§@s&n@t§%t9@t onyaislwaof-adinsing dhw.yisidds do.adiystaabnthe

electric ovq\ﬁe of th e ozone- enerzf\tlng 20 a paratgus and Ieavmtgt e flo oW e
BPRATRIR BH0RoGeR-ConRInThG aY SORSART SPViRe Verss. chigly Sot''<s verse:

B*ﬁ}ﬁhﬁl§8€i%ﬁ”ﬁ'ﬁﬁﬁﬁ§l‘ﬁ§‘¥ﬁ@‘86ﬁ§%ﬁ?ﬁﬁéiﬁ‘%‘l‘?%%u‘?%%g‘iféﬁﬂﬂ%ﬁg"g oxygen-

oxygetrocors aming \gassarligbiven sup phed frurpthenpewbrssappline desired yield

apparaissyand thadesiied ¥ield vamypessibls rRetdaesult or may even be
impossible to obtain. 25 OBJECT OF THE INVENTION It is an object of

tct)wse} 1nve &p Et? r\R/[é)&"l‘?SNa power supply apparatus having an inductive

It is an object of the invention to provide a power supply apparatus having an inductive
output impedance for supplying eiectric power to a capacitive load where it is ensured that
the resonance drcult formed by the inductive output impedance angd the capacitive ioad
impedance is operated at the resonance frequency and .

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

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 arcing between windings of the high voltage coil and which is suitable for
handling voltages in the kV range, frequencies in the kMz range and power levels in the kW
range.



output impedance for supplying electric power to a capacitive load where
it is ensured that the resonance circuit formed by the inductive output
impedance and the capacitive load impedance is operated at the
resonance frequency and 30 It is also an object of the invention to provide
a method of operating an ozone generating apparatus in order to
minimise the consumption of resourées comprising oxygen- containing
gas and power supplied from the power supply apparatus. 35 It is a further

suMRiest ggtﬂ%qr%nh@wentlon to provide a high voltage transformer with
reduced risk of arcm% between windings of the high voltage coil and which
g

Ongs3ERGLRL 18P REFEIThG VERLYRETAVIRE 1A/ RANGE SHRRIUSRERIEHF Y Ia4gPIving
clefifgrC iy potoer fevatdire thadWevirany ca B SUMNBRYPOFR MdRhe apparatus
combNAER Bl OM Sntenaspeet Ofithecpresent inventioniprovddes: a oM nsuRetYand

secBRPIALS fOraHPRIYIBG, n?dﬁCéQ&éCt&z%%t% a,6anacitive load haying a4 4

aciti Ioad| edance th ratus comprisin gatransformer with
negaﬁgstgéagﬁ%eﬁ“ arsggggﬁ rra)-'g ter tm ll)f eﬁp n%DSéé Or{glﬂpertods of

VOltRgF-Colfeviiter Méﬁ%aﬂdc@%ﬂﬁéﬂt&ﬁa&rﬁfaoﬁasqfuve'wgﬁ et sgavest Bl coil,
resgediggativé thalffiperiod, dhyeramdnge ddoralternatinglyescyppljtpasidie so as to

foralipededis obsvaliage dodhe fissthal- @@ibaag%@a@@e}hé%aalfa%%d%tw the
eleééﬂ@ap&ept&\}g‘rea§et88r}gs'8ﬁ£ 88 I I‘eé%%gg CttIV%I'Yé 551 € f”EISt C(? g theﬁosrec? ?ngining

coil connectable to the capacitiv oa SO as O orm an e

Zer?éaﬁéﬂ?ée%ﬁ*&%‘t%t&%alap ESoRARBSEGRIEARS, f%rn%'g%ﬁﬁﬁmﬁ'éon between
posijee it ACTpidvRdiatit theorssurvaiessfrogabetiotththirfoac andha evigesongs
of tieteroiniagsugiecrassingsieftheiyottagesupplied tedhefiisgcedranddlings
conﬁﬁlé%\@ga altsrnation RetyesNROSIR ARG NGARLYS, %@'I@%@Qﬁ@gxa)'ﬁ%g&we
el B e e e e L s 5 e Proua
the Hrst Coil, the device T8r deterTining 2efo trasBlgee ey F 9
an %ﬁéﬁ‘éfe*}ﬂﬁm’HoFPd?ﬁrﬁé”iF%%?BrﬁﬁéPeaﬁ@fe%hWﬁe%éséfm\férawdm ling the
durgiggatiechdif paripddfmierts ibingeatrangedtodeetdhe bespestivero and one

quahaif-fperipdeoafuaitagetgugh pedadusiie: elemantiothe ceplia R Off the
resgngnggsg.&as and @.gggycsomr&amf&&m&&h% guration (1) of the voltage fed

to the centre tap to durations between zero ancfone quarter of a period
corresponding to a predetermined highest resonance frequency of the
An ¢EsBnRinGés divlidt adrtréirsbyeboerrobohid RG pdwegatieivereddodtredbanltage
supArettetiofithisds thab aitarantorrbeinesn-eesitive: and Negativene resonance

cnrcb\@lffoﬂﬁé'@g§ me QE@Q@ 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

elements,

Such a power supply apparatus is useful for supplying electric power to a capacitive icad
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 veltages

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

Other examples of capacitive loads include, without limiting the invention thereto:
- reactors for the destruction or disintegration of substances or gases. Examples of gases

that are considered to have a negative effect on the environment if released are Halon



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 electric switching noise from the
switching elements is avoided since switching is done at times with no or
very low voltage across the switching elements. Such a power supply
apparatus is useful for supplying elegtric power to a capacitive load
having a capacitive load impedance such as an ozone generating device,

[ er device in W
e B P R L SR g oo o
or B}%aﬁ@éfa%b%ﬁ%eatrgehwa@?ﬁeﬁqéss%aheoa@?%ﬁaﬁﬁ@%@fce Other
- Pigsxamipieys dfansgaestivedehdwirfolugrnenitinout irmitingtite drveditionfor cleaning
of dhjetetonmreastarsdandhredestruction or disintegration of substances or
- e@BPEulrRIRIRS Rl gasRIAhAL AIS.CONSIHRRAL have A negatly aigf%%reens
Jely ghe envwonment if released are Halon 3a 1301 and other gases having
fire exting wshmg properties, SF5 and other gases used e.g. for their
- d%\f&éﬁ.ﬁ% PRSIyEIR S IBhATGasSESoSEd HsCBpIRey apidrdRdess, are used egg for
progricza-etectrictransdugees-usedieigy fersgenerating ultrasound in a medium

for cleaning of objects immersed into the medium; - electro-luminescent
devices such as electro-luminescent films for use in LCD screens and in
signs; and - devices for producing light arcs or corona discharges. Such
devices are used egg for producing ozone from an oxygen-containing
gas. WO 2008/074767 PCT/EP2007/064053 4 The device for
determining zero crossings may sense the voltage itself, but in high
voltage applications this may not be feasible, and the device 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 positive and negative half-periods of 5
voltage supplied to the first coil is actually done at the zero crossings of
the voltage supplied to the first coil. In 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 than
one 10 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
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period corresponding to the predetermined highest resonance frequency.

This is useful for controlling and varying the power supplied to the

eepiite doodrie TR TR ARIM OTePEieatioy iserive fiRstveirast Es¢ihibupériogh voltage

avheraveltagerhsidst iz, fandribeasacpndibatkofthathall-periogkis tbefrate coil on

%Q%R@fom%rVﬂ'ﬁ@%?ﬁQrgﬁﬁ{ﬁ%%@gfﬂf% @el%@gqmﬁegéfﬁﬁtmmees in the
u igher tha ible frequenc eor um

A BRI RIS s R o o

YPA‘?T’%%WBB%&BF%R%S@SEﬁ?ibﬁe?ﬂt?'ﬂﬁé‘??§t366i?‘?szﬁﬁa&ﬁ6?@925"1 H‘Sr‘{ oltage

armiedimém thet poisitive and negative half-period drivers each comprises

an electronic switching element such as a solid state semiconductor

FVECR o ¥aRH LA P e '&béﬂ@@@@qg&%é’mﬁé‘ﬁ&éwﬁ%ﬁ@%& to feed

dgc\{!t%eel h‘%—gﬂg ggei%c}u%;we & e%?e% OJcLOfﬁtrQ*? c:g P}W %lupa% %pnae:}rarﬁgrset(tf\an one
orm an ozonei%r]]enera Ing ap ara US e apparatus can operate

HEBTAMG 5™ ‘é’tﬁSﬁ”EB?fﬁ?r@i ﬁ@&ﬂﬁ%ﬁﬁ&ﬁw@%&ﬁ&%ﬁﬁﬁ%& ot e e
ipowEr esUppi aIRILFa YT TisousroneogesTireltig deldoe sorplied to the first coll
preceteeradnechpoveet levetersnpply mgoadtmseal oxygen-containing gas to

the ozone generating device; and controlling the flow of

oxygen-cc contal mg S50 as.t obt in ap (ggjeterrwg}ed caongentratlon af

%n e quration of E‘ VO \ﬂ r’ £ 1N ive elameni s
ozone rom the ozone generati evice n an embo ment OWGI’
8

SipEIPASSAHIRS A sw&fwwmwsm et Ragethe
e garthiescorehasideshighoedienyercoil Dnstlseusohd forlverdrtfiedigtd varying the
poltage:ppaikhasia: phiratity ofdasulaling Saries subaicatessiaekeckindn half-

9&’:‘5"5&3}@9&@(@%&%@&% GG LALISL SRS RTYNE AR SlectHER K d for the
\ﬁ%? (;‘E? trace with end portions, the trace WO 2008/074767
2

964053 5 forming one or more turns around the core, and a
connector pad connecting an end portion of the trace on one substrate to
Hnaerfuinpedtiormbdiie trerse arrafiagverniayingioseb shatdhs adilibiaaliency range for
Hanshormesshavestwaaomarealayensywala-sevasabiuinsn peach Byehegative

Mﬂf%@r%@s of voltage supplied to the first coil is inaudible.

It 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 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 ozone generating device to a predetermined power level;
supplying a flow of oxygen-containing gas to the ozone generating device; and controlling
the flow of oxygen-containing gas so as to obtain a predefermined concentration of ozone
from the ozone generating device.

In an embodiment the power supply apparatus inciudes & transformer comprising a core, a
low voltage coil on the core, and a high voltage coil on the core, where the high voltage
coil has a plurality of insulating carrier substrates stacked in an overlaying arrangement,
each carrier substrate carrving an electrically conductive trace with end portions, the trace
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outer layer is wound around an inner layer, and physically adjacent turns

in adjacent layers can be separated electrically by several turns. This
Wreqj%igf%%v%ry good i_nsulation between layers in order to avoiq arciné;H .

Betwedn ayers. A high voltage transformer according to th&GVERIBAYAL?
the advantage that the maximum vokage between 10 physically adjacent

turns of the high voltage coil is limited to the voltage difference between
TRV Bt AR 4T e ETRIAS TS THifAi 2SS TRECHSIORE SPBNFG SRR ERC
ROYH) afHerSoyeiopieelfetirmatoferncoif cartibe expretedrFantheridhiog
duigdrrwadtage coil of such a transformer can have a short length measured
along the core, whereby it can be made compact, and it can be

1ma(ptufac;t red with a ﬂi h e(gree ofg(ecision ompared to coils JhS that
raditiona ﬁ'?nsform?rs [ Qr " ager-rs with several %ur S in eac EBHEBF where an
are wound from a Iength of wire. The coll can bé manufactured as one

QR SRt HERLE PHBGHIFEDIPKET B AP EANCPARATEY LR imarirfsal
lguprstrateRecEinig ORecTicaiv iy ity ddnrais 4 he resehemged oCoil $ea@ntion
theveamposediobagmaayosu bsiraiesasanesded acterdipg:te the-atitedr
ARRHGAHR 120 RRIES RESGRIRHEN OFTHE RIGHRES Jhgdmeentan
ilnoy b, deserbed 1n more. detail with regard to the acegmpanyin
figlires. The ﬁgures show one way of Imp e'ménﬁhﬁgtt%e %P’é)sgﬁ?invg%i%:ﬁ

W e HOtEBEUy ASIAGRY S< Beih b fimin g4 Stetsh G &ias between turns,
wighadim g fghimg eithincthlecatopeevfatied aftatimedictaimset/28eRigueésuch a
ttpltnsschematkcalyatfisssenbadionentioha pewer-Supphéappasatus @bde

DR HYERION R & drillsHALRS e SMINGQLthe Jinstanfl $e6ARdred to cotts
hatperiod drivers in.the, embodiment. 30 In figure & Figure 31s.2 gross |

. . cpil can anutactired as.ane ynit, and if
section througﬁ a.ﬁlgeh%/olfa € transtormer used inthe em Sqifven In
Tt I AR S5 RS 3 Hitf 57 EHBRMHORRS AnSIYAPARYRSSF/R Gy ing one o
Blesttivalrooaduotivextraoesforime panthe teemsfaEérnmfigure®strates as
hEdAl bED- YD SCR PN 95 ANEMBODIMENT WO 2008/074767
PCT/EP2007/064053 6 In figure 1 is shown a power supply apparatus

&Q&w&t@sﬁl\%ﬁé’%%m%}g g@gj impedance with a capacitive
component C and possibly also a resistive component. The
The invention will now be described in more detail with regard to the accompanying

tigures. The figures show one way of impiementing the present invention and are not to be
constried as being limiting to other possibie embodiments falling within the scope of the
attached ciaim 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,

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 electrically conductive trace for use in
the transformer in figurs 3.

DETAILED GESCRIPTION OF AN EMBODIMENT
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load 300 is therefore referred to as a capacitive load and is illustrated as a
capacitor. The load 300 can be any capacitive load such as an ozone
enerating device. The power supply 5 apparatus 100 comprises a
??é’ﬂg?@? %? 110 with a first coil 120 and a second coil 130. Fd §iratdi405s
120 has a centre tap 121, which is cénnected to an inductive coil 150 and
a switching element 151. The switching element 151 can be operated
et eHel TEMRYG! PAWEDRERITE PRBU IO PER Witd Tle3e Hifhthéresyoad
iegtatdish aftt disestaiplishenconaediand petaiesrathed neticiivecooibdimiit. The
Bad Bbe @ewev@@G& &vvégog g Llemants 140 @ndidBRE0:8t capacitor. The
%%%'Xaen% LIDE S ae ¢ E#S%Fr%eré‘és%t‘ﬂ”dg Lie %“%gw%r supply

[

e controller 1 00 est aé fjlgralgj disesta Connections to grot

Fra &l §oGiBHER & ti%"ff‘ir*?'(‘f%?tﬁ) 148 ﬁrférﬁr%‘f%%@l?%%ﬁ’cf%?%‘f@ coit 130. The
YEhfiebhdb SESrasWRERI P elémérisTsisctrare RS trans Bt oS CR' g1t 2
oiftenifastiswitching. dlemantshity seme apHications domighd bedeonsidered of a
torkef AU dsheaWitching-elenrips « &8 38 eRRdicoik A3R10L thenection
B&&%&%fms kv @S ap impedance w 1U E}%b&ndgw%"ﬁ 9&’@9{9”&@ tLand; 1a

ossibly also a reS|st|ve comp onent he comp lex |mge ance

f§% TS 21 2R «er\‘}\zi"‘Lrh@@é%&H?\?BeTSEF& §665Tst%%f88ﬁ SQbfj the controlter
Lo FRBTER e thied SERASIRP US| CPBOSSH ENE tPagTSfeIinéhd 1@Tiehfogaienents 151, 170
sesakance wiecuHbyitviiresonssoedreguencyicdietesameaddyuthess CMOS
fapasitie m%m@aﬁfs%ﬁ%@gmgn@aﬂﬂ%Gﬁw%mg&ﬂhéat might be
88‘[98%%8% IDs%fthc%ér%Ct%B% g\%QC%?ﬁ% % tﬁ%n%so t!rlfil (fa%ngjego% ]1%6 of thel grgnsformer

accordance with the formula etransformerl

FE& ESAPERTE A% iR B A Yﬁec%ﬁﬁﬂ?ﬁfgr"l%ﬁ' RRSfiGUr8'erig resistive
ARRRPAREY the SHeratioh OMRASHHIRSE 3tsph/aphamiesn oo iR figare The capacitive

- [bhe 3MEsenanehatincuit farredb yrih escanaciives e300 comneetedt tottherm a

s&%@@@k@@%&%ﬁ 2%&1@%5%@%@5&@@1%&%%%@@9@%€@%mpon@m c
Yeth aCO"‘%%% @%&” réof% aJH%pQﬁéfnPE”P%éhs%Eo “E:%Heﬁi'%  the
t

COI’]'[I’O S t e SWItC Ing e ement e SWItChlng eleme
mmowwél@yre*egmmﬁommnhﬁbm@fmmthfe@lﬁm{f_ ge Joarcerdicoughii0

the inductiye;call 120 anddhroughibe centie.tgg,121 into the upper half of
the first coil 120 and through the switching element 170 to ground. The

inductive coil 15D and the 30 inductive impedance of the first coil 120 of
RIS PIT ABT ORE EIfeet IRAPMTS™ EURRbnERIFEE DL PR figure 1. The
memartantydiuibexpomerihalhpbewrdscan siperrasyraptotthefsfterrat coil 130 of
perieshtifiersitehing elemnenrhibidg controlied:te.nRepsanth@eade then & first

INGSINE, {H%Pc%ﬂ?r'aﬁgr '%@@oﬁ%l@%cmggn g incctivg ol 10 thehing
currentlr]]&t qﬁ] er alf(t)1 e first windi WS%contlnu sbut iS now

emen % dvoare ectric ¢ rent %ﬂég’lb Vocf ta&g g%urc through

Srawn hrou g Stather
Wé%ﬁﬁb%cﬁ@éﬁﬂw@‘gm&ﬁ‘ﬁfgté%ﬁﬁﬁﬁ? 18?) decrsades ypsrapd of the fi rst col

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 exponentially towards an upper asymptote. After a
period t the switching element 151 is controiled to open, and due to the inductive
impedance in the circult including the inductive coil 150 the current in the upper half of the
first winding 120 continues but is now drawn through the diode 152 rather than from the
DC voltage source. The voltage over the switching element 180 decreases at a rate
determined by the resonance frequency. After one half-cycle 7/2 of the resonance
frequency this voltage has decreased to zero the switching elements 170 and 180 are both
controlied to change their state so that switching element 170 is opened and switching
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determined by the resonance frequency. After one half-cycle T/2 of the
resonance frequency this voltage has decreased to zero the switching

70 and 180 are both controlled to change their %
swtming element 170 is opened and switching WO 2008/053 Al tosos

PCT/EP2007/064053 7 element 180 is closed, and the next half-cycle
ins._Electric current flows from the DC voltﬁe source through the
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Attt trlowardhml efetheqfirst Windingq2@ ﬁ%}i@!ﬂﬂ%ﬁcb%i&m@% in the

tS\QQr”EQF%W{EéW%?WLH“% q'?éjgogigguéémr y}%n fgggnth{%\pﬂ tNx%u%g%he diode 152

source. T e voltage over the switch Ing e lement 1 ecreases at a rate
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the open one of the switching elements 170 and 180 is zero, which
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skbithing)ekeneonttotedtocdipe Bsedgsanben dbeveurrent has reached a
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troll d b
e lege e L Bl bl 0 e
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In case of disconnection of the capacitive toad during operation of the apparatus the
resonance frequency will 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 aveid such conditions a maximum repetition frequency has been
set for the operation of the switch 151, This maximum repetition frequency carresponds to
the predetermined highest resonance frequency at which the apparatus is designed o
opearate or slightly higher,

In case of shart 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 coits of the transformer. The opening of the switching element 151

when the current has risen to a predetermined level imits the current that can be drawn
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frequencies. In order to avoid such conditions a maximum repetition
frequency has been set for the operation of the switch 151. This

maximum repetition frequency corresponds to the predetermlned h'gh%§%53

slightly higher. 35 In case of short cifcuiting of the terminals of the second
coil 130 during operation of the apparatus undesired operating conditions
RIGHT SIS 2R inY Pt ELYAEHIGh RTENEMT Bsitiss Sh & edeBRAXDIS BE
shetringfdidier. The opening of the switching element 151 when the
current has risen to a predetermined level limits the current that can be

\0@3\%3@509%%%%@%?&%5# &r‘? QZ/SEQQQ%S%JF&!F‘5‘{5&%&88@%‘%91& in the

Iaéls usefL%I in cas; of short cwcwtmﬁg of the termjnals of the seco
ﬁ“i Rent
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@@ﬁﬁﬁéﬁ&?ﬁééﬂ% e FemboHiRent i figtre tﬂ?”%tﬁﬁﬁéf&ﬁﬁeﬁ‘@d@%&@
aanreisGincarmnmpisedofdiver preterablyr identcakiocerésab0Reandi G0 3cs

widrdbelimigsl e legstRudchiageachetbeiard I sH sRagnNBie €aNtasts wound
yith %%m%tbfgnm‘me%%u@&@fmﬂ%W@& than fhemi ”ﬂfgﬁ'%l?a%% coit 520

h d t I first
BT S0 RC HB I B GO LA : £ AFRCH A ! M ) O

second, high voltage coil 520 10 comprising two half-coils with one
falfrediisplaceshameittiereside’ O el firstiebil5E0ef Fighrend stmwsransformer in
sabodiment ehdbecindividual bunsfihehigholirgRdraNatRENMh 5 central
Houre Sedy flatsheqt gL spbsiate. 600,08 %%@%%'%UXAB%%' gmﬁm@' central

with a C tral ening 601 carries an electrlca%fcon uctive trace 610

?Bﬁn'% 086 EFOURH (F BRTFA 45 Jp&ing e Y AL TREBYRSFSAE PSS
BT ERER3EFEAR EohERTBHEVE ¢raCE' 6 F0H58E S CBMrcERFPEGY2 BActhe! 0, and
sathe isive efthesubsirat60R asdiiy condudttivetiacé B lisanchbraiethe pad 614

hnekendRedtion 6l 3the plectdcally GRRAUGHYE HRSM S LohRaSEn. The conductive
£9P0RCHLRALE14, 08 he . 0RRSite side ALPE.SUPsIAIRLOR with a

through-going connection. The conductive trace 61 can have one or

more turns around the central opening 601. 20 Figure 5 shows another

BB diIFTMsGTeTRSheviadaItnres Brte Migke Bitag el tan s mefeas transformer
figiigers.3AA Bt seet or sulsstratd MDOf eahareeteciticathy insul atiagmabtetiab central

withia Lenirainepeming: A0 Lcaries i elactically eandustivedsasuhdQne centrai
B%réﬂiiﬁ‘&v%l(?%eaé%&ﬁrg“ﬁ ﬁ&@rtéaJ s & mirror image of the structure in figure &, except
that at the outer end portion 711 the electricaily conductive trace 710 has a connector pad
712 on the oppaosite 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 gpening 701.

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 above the pad 714,
and the tweo pads 6§14 and 714 can be connecied eiectrically, e.g. by soldering. The thus
interconnected traces 610 and 710 on their respective substrates wili thereby form two
turns or lcops around the central openings. A 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 be connected electrically in the same manner to form a coil with three turns.
In this way several substrates 600 and 700 can be stacked alternatingly to form a coil with



opening 701. The structure in figure 7 is a mirror image of the structure in
figure 6, except 25 that at the outer end portion 711 the electrically
conductive trace 710 has a connector pad 712 on the opposite side of the

WOBRLEE 700 with a through-going connection, and at the RhEFEHY /064053
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portion 713 the electrically conductiv® trace 710 has a connector pad 714

on the same side of the substrate 700 as the conductive trace 710. The
TOMARGTS HARE P16 E%n TRAREBHRT M EME B &P6 GrrsiReTeempa comprises
WG Ie WBDh Iepfigare @askdkofithe Indibowil§ dfethahightamitegiebebivith its
had0 dcampasachty sfaskingodltenadingos uhstiates60 and 700. When a
substrate 600 is placed on top of a first substrate 700 in an overlaying

ﬁlrrcfp%ement th gape%icawllcl:cpn% USt a roa\égst and %)16Ir toat?tg E: eet_vry#the
can nnec ‘Sledrica y e.g. by solderi n

HeRrE ﬁﬂ%%%@e@éoew%st% ROYFRS 208 ﬁ%ﬁ@?ﬁ?@gﬁfé’ét%agmﬁﬂfaﬁéewates-

will thereby form two turns or loops around the central openings. A
seaeRdsubsinale J0eandiands plrcesh aatiRnpbifasuRstaeCA Wit pe

<§B§r§c@g a? %QQ‘A%&O@ tR@q We @%%JW&P&QS eﬁ&%nﬁ‘ﬂﬂ f?e’lq%é}% range
099 ct £ gctrg\ca%"é{1 in stgme manner %Oorm COI| with thre

rns %hIS way severa su SStrates 600 an RS B STake ™" ¥ be reduced

'alfém%?n‘f@ry%t&?rﬁﬁzs %HW‘WWWO@BW? PCT/EP2007/064053 9
any desired number of turns. The high voltage coil 520 of the transformer
&0Gigamptisesytuodmetscaiswbich eachatramadediksithisidniigwen I -

mgp&ag&%@@dﬁzpevgw& s, %%%%%Mé&rem@é%mgmmgh
ge %e of th i‘)strates 5 The df\stance frcl),Fn the elec rlczi\b cond

traces b Oan effdctgufﬁent 0 e of the” gﬁbs?rataé’ hou‘?ot eTaeF’SeWe’c deﬁreases

%ttbl‘%?)’éﬁi‘a?cfrﬁﬁ%éﬁx/eeﬁ‘?*ﬁ%§ &t SRIBHCED SisStrdfedd Al Fﬁ@ﬁﬁ’ﬁrﬂ?@th Is
ahran e@mbodimerirtte HZoraigoneratingeappar dosaddsetibedaboyahwitioray
hageperatedradfreguene es-abavaithe: audibledapgedol RUPaRSs eg. didy
thedreamency;rangg 30,15 - 25 kHz. This also has the effect that the size

of the transformer core can be reduced in comparison to the size required
at lower frequencies. For high frequency purposes Litz wire is used for the

FRsPEBiIfS 18 AR Eo et e HARTRsrSY iFrEiIated suilts srar@a be used to
Wwitich phayrbeawistad orreotein tbgetiter. At high 15 frequencies the

electric current will flow in a surface layer of a thickness which decreases
M&QHP@@QS'@&“F%%% mléhésom%ﬁggga%%éhsgwa%@%%é\ﬁ;Qamatgl% useful
fs?]rlp?r r%%rfonaegrs i :tsor |b|¥n nergljactto eg%rsastégcee, g&ﬁ:ﬁagiépogaedgléﬁgggg gevsces used
for ozone production in an apparatL.s of the invention. Al 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-colis of the second coli 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 jevels
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 metaliic components separate. This
arrangement ensures that.

In some applications where ozone is used a predetermined vieid of ozone is needed or

prescribed, or the required yield of ozone may change. In an embodiment each of the flow
of axygen-containing gas and the power supplied from the power supply apparatus to the
gzone generating device is controlied so as to obtain a predetermined vield of ozone from

the ozone generating device and so as to minimise the consumption of resources
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magnetic field may influence the first coil 510. The use of Litz wire
reduces the eddy currents in the first coil 510. 20 For high frequency
urposes a laminated transformer core or a ferrite core can be used to
W e%?g%?‘(‘)ﬂfﬁéliminate eddy currents in the core. The core 502?%%%3%7%4053

gaps in the outer legs. Such a transf8rmer is particularly useful 25 for to
supply loads that exhibit negative resistance, such as corona discharge
CRE\FICE B LIPS FIFBIE B IFE RETORP HER RURB el ATR SN EHER)M 2RRIFRIVS:
Taie gapthendowitbbed @rmagatbticstiay fettsi ahththaresistasdisthnicedromress
iR diFet Rt 2ltia the it gaps:nnsk iviad hady cadls infithie secan@i&ril@rgents of
SRREAPLS0-10A! fhe windings.are kept Quh oL eslray field. At

frequencies higher than the audible frequency range for humans and

power levels 30 of several kW as are handled in the apparatus of the
ADerrioR T sRErR IR R Arobran dizsifetd Eorrsibrale BbRer Shesiied
ametalipants Stibjecte chdb thewstrayietd band inignthesefbrétan pottantrtgented
Keapihe straxfisld,and all-natalliceomposanistsepaeiecoliSnying caim set. In
RUANASMEALENSUIES hat. 3R IR SOMAARP!ICAUQRS WIS Q PZANEF HSSthar

redetermined yield of 0zoNe,Is nee%i.ed, or prescri ed, or the required , ;
B 7B Ly ERange 1 T 5 EBBAEE SLERTGT THE Wfowe o o o
 BRYGEMREBRGIRTHIY YadsaaRE DB Alippliet 4 H IREFaffet StippIyre claims
wippersies to twmezonedgeheratifig deviee ssadortoliedbsoastogbtaingdting the
Repdeterminednitietd afreranrdiomitheiszepagenesatingdeviog-aad saias, may

;585% @ésﬁjygﬂt% Qw%%iggé,eﬁﬂﬁ'%%W&%%é@?@@%eatureg in different
PCTIEP2007/064053 wer

, 4 " (t) com rlsi{]g og%ep-containgn% S%%? an gg !
LB Bh T BEWRT LBV Gplaratus 118 Comralcan b based orrac
mathematical model of the apparatus and of the process including
theoretical and experimental data and may also include actual
measurements of relevant parameters for use e.g. in a feedback control
system. 5 Although the present 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 set. In the context
of the claims, the terms "comprising" or ‘comprises” do not exclude other
10 possible elements or steps. Also, the mentioning of references such as
"a" or "an" eftc.
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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 the scope of the invention. Furthermore,
individual features mentioned in diffetent claims, may possibly be
advantageously combined, and the mentioning of these features in
Cldifferent 15 claims does not exclude that a combination of features is not
possible and advantageous. 11 Claims: 1. A power supply apparatus for
supplying electric AC power to a capacitive load having a capacitive load
Lif\ R CEH RRY ARG ERES SOmPYRINY B9- RFAHS IO FMRAWGIS firstRafidYR oad
havBrrand sedicthe fist coibbaying: fitsieansh secasdbalpasitgwith a
mmaon centre tap, and - a.positive half-peri Iy n ive,
R A e s S K R s e
sagsitageatt- eed Fivst hafcsnang srtjativamafigeriods of voltage to the

- §erandlhalkroferRsPeciMe Y f EneliistivEO-e0ilretieiSeq0BE £9Hnged to
lconne_cta\?le to Te c??gamtlﬁe load so das éo form an eI%:tr C riion_an e
AlSIOR RAViRY B ERTRHEE MRS Rt Y8 SRppRP thateiLetr aKéoao?ﬁgr
nagidtiesréstipace deequeoitydo theheash@md hbIF-acdevies fortidetgrmining first
cAE€ro crossings of the voltage supplied to the first coil and for causing
alternation between positive and negative half-periods of voltage supplied
- {0RFE%RAE Sl fomrerSRb ErER Ry STIRAE R oge %%ﬁﬁm@dffarﬂhé@ir%%ctr%c
re€Ohating: ddcR fandeteaniiog=trIo CEOSRINGS, Carapisiig Al peparalke-thicd\C
coil o éﬂg ]t_ransformeh and eac(? ofdt}réq é)aodsitive and negative half-period

Pivers elngei%ﬂgﬁgﬁgeecﬂFoePé:g the respective half-periods of voltage

ankrough an inductive element to the centre tap of the first coil and - a

- deMgrdoieenireling thy shrationsthat Beneliaaeles 0 BsLrrire@n & coil

durations between zero and one quarter of a period correspaonding to a 25
ANt Qe feiTIREPHGHEH PR STAIRES PO o fﬁ%gPéé‘b%ngépcﬁFglfgﬁéﬁd’ oltage
subpetiebytocordriotdhe G ptveer etelivaresirtgstioé tbad:@tafur appatatdiso the first

cﬁ?%ﬂ@ﬁ@zf@qum&t%?ﬁ%tggr@@%%f@%ﬁﬂgﬂﬁfspisggbearrate third coil on
the transformer, and each of the positive and negative half-period drivers being
arranged to feed the respective half-periods of voltage through an inductive
element to the centre tap of the first coil

and

- a device for controlling the duration {t} of the voltage fed to the centre tap to
durations between zerc and one quarter of a peried corresponding to a
predetermined highest resonance frequency of the resonance circuit and thereby

control the AC power delivered to the load.

2. An apparatus according to claim 1 wherein the resonance frequency is higher

than the audible freguency range for humans.

3. An apparatus according to any one of the preceding claims wherein the positive

and negative half-period drivers each comprises an electronic switching element.

4. An apparatus according to any one of the preceding claims wherein the

transformer comprises
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than the audible frequency range for humans. 30 3. An apparatus

according to any one of the preceding claims wherein the positive and

negative half-period drivers each comprises an electronic switching

element. 4. An apparatus according 2o any one of the preceding claims

wherein the 35 transformer comprises 12 - a core, - a low voltage coil on
- theozere, and - a high voltage coil on the core having a plurality of

- QW@QQ%@%%@W@@&@ overlaying arrangement, each carrier

substrate carrying an electrically S conductive trace with end portions, the
- fdveorpfingcord imibreRimd arbimd RHE bR cArdsalabinaeedsipasubstrates
incConReeing Ay eRchRgeinerm| theclacerdt anBseubstEaieim amnendeartiany
. Cg)f & Er@\c{:g ggcaanygré%n stugggratﬁg. %,r An ﬁ%paratus according to claim q
Uheréin cach Chrticr sUbLtRRE caliedats 1o TBRA RS At Hh-Ef aroun
thstibeteatarslifgoe ped ehe 2o meectettpan 4s entheodppositnsubatets one

shefARe With Aefleshicalconnertion thrgHadl e:suhstalR (eqrnecting the

connector pad to the end portion of the conductive trace. 6. An apparatus
for generating ozone, the apparatus comprising 15 - a power supply
5 appappasocardingdio@ny olnofcleiasih B andca anco zans getetalings its

cSiRieagonneated (g.he second CF‘EE Pfé'ég ahd ", 920RrINg. device Q%“{g‘%
a capacitive Impedance so as to form the electric resonance’circuit and to

Opeesine feEleteie K poWEhAnRsesHhres HeGishEy freah tHie sedsiichte

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

6. An apparatus for generating ozone, the apparatus comprising

- a power supply apparatus according to any one of claims 1-5, and

- an ozone generating device connected to the second coll, the ozone generating
device having a capacitive impedance so as to form the electric resonance circuit
and to receive the electric AC power at the resonance freguency from the second

coil,



