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PLANAR HI GH VOLTAGE TRANSFORMER DEVI CE This invention
relates to a planar high voltage transfornmer. More
woaodsiteriar |y, it concerns a planar high vol t ageT/N02005/000185
transformer, in which the secéndary coil of the
transformer i s designed essentially to overcone or to
reduce, to a considerabl e degree, the known undesired
el ectrical properties, such as parasitic capacitance,
parasitic inductance and so-called skin effect and
proximty effect. For practical reasons and safety
reasons, electrical energy is nornmally supplied to the
consuner at a relatively |ow voltage. Wenever there
is a need for high voltage electrical energy in the
order of up to a few kilowatts (kW , it is conmon,
locally, to transformup the supplied voltage to the
desired voltage. For exanple, in the operation of
el ectrostatic filters, power of froma few hundred
watts up to several tens of kWmay be involved with
vol tages of nore than 10 kilovolts (kV) . According to
the prior art, conventional high voltage transforners
having a core of layered iron plates rich in silicon
are used for transform ng up the voltage. These high
vol tage transfornmers are suitable for use with a
normal grid frequenc which is typically 50 or 60
PRANAR AGS VRREHES oTRAGEr ORRS RFENS of this kind are
relatively |large and heavy. The main reason is that
the iron core can only take a limted nmagnetic flux
Thoed otrevereaiodn mge kat ¢ at o on. p Tdwusy hhgh crobsagectrans dbrmer.

Méigaﬁéfgﬁéﬁigkif,df€i§$ﬁgé£ﬁg Q%gianar high voltage

transformer, in which the secondary coil of the transformer

is designed essentially to overcome or to reduce, to a
considerable degree, the known undesired electrical
properties, such as parasitic capacitance, parasitic

inductance and so-called skin effect and proximity effect.

For practical reasons and safety reasons, electrical energy
is normally supplied to the consumer at a relatively low
voltage. Whenever there is a need for high voltage electrical
energy in the order of up to a few kilowatts (kW), it is
common, locally, to transform up the supplied voltage to the
desired voltage. For example, in the operation of
electrostatic filters, power of from a few hundred watts up
to several tens of kW may be involved with voltages of more
than 10 kilovolts (kV).

According to the prior art, conventional high voltage
transformers having a core of layered iron plates rich in
silicon are used for transforming up the voltage. These high
voltage transformers are suitable for use with a normal grid

frequency, which is typically 50 or 60 Hertz (Hz).
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| arge a power the high voltage transformer is capable

of delivering. As a consequence of the relatively
woOangazziose, the wi ndings of the high voltage PCT/N0O2005/000185

transfornmer will be longer and thereby large. This

causes the devel opnent of a considerable resistive

The dj t nd wre st
PRl S etk SR B Ehearhindett R yney 2arwe
arghthehnensiton din heehsgh vel thge thansfonnmeorarean only

tg]&gweflrmg&aﬁgneg 8 eﬁéf?éé u%eé%fn# ggéﬁggmn

core 1s glven ornu
Thizgnethe ¢1th<ST$1e¢féﬂsq>lasof Tohe peerk @pieihy dotiageei hor how

1é%&éf%.ﬁowefr@ﬂ&@ﬂﬁﬁh'ﬁbigaégdtfﬁhsfé%ﬁé¥tigecapable of

cross-section of the transforner core in
PP 1 dHF thee POTHH AT Ra?T o Th%gnﬁ%%%lwhx itﬁrgﬁecore,

tHe ansidimes g@[’ﬁlé Skliﬂve#?%%g@rﬁm&éf@ﬂﬂér%@llhebe longer
e asli s O | I anst or rs

anigh (OIS Jed R0 et i eV e ORCRE PR §. by

cows ldeurplkte aresl sviatedodwequbnsy, Thprdvadeter of the

wir}fdifrg rmcee/nﬁfée %f&c&?}; %@tiefcgrégs agmﬂlﬁthﬁag&aus that

orners

tHQWWQJGhﬁrﬁﬂ@nﬂﬂﬁ?ﬁﬁi@ﬁn@ﬁc@h%ﬁﬁl Vﬂ%ta@etha@n$ﬁ@rmer are

sidmRnsigns-fsdde iron core may be reduced when the
frequency is increased. A nethod for supplying a

rel atively high frequency to the transfornmer includes

-cal |.ed SVPS (Swi tched Mode Power Su
T SRS ADCR APheP (0 T TR T, L 1 e ptoh the

fpomera:d s transformed into a preferably square-pul sed
hi ghf r equency

_0,25-U
f-N-4,

in which B = magnetic flux. in teslas, U = peak driving
voltage in volts, £ = frequency in Hz and A, = effective

cross-section of the transformer core in m’.

It appears from the formula that a magnetic flux in the

transformer core is inversely proportional to the frequency.

On the basis of this fact, transformers with iron cores have
been developed, which exhibit, by working at an elevated
frequency, improved performance/efficiency relative to high
voltage transformers working at mains frequency. The reason
for the improved performance/efficiency is that the
dimensions of the iron core may be reduced when the frequency

is increased.

A method for supplying a relatively high frequency to the
transformer includes a so-called SMPS (Switched Mode Power
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I nput voltage to the high voltage transfornmer. A high

vol tage transfornmer of a known design has, due to its
woamsar21e8 operating, a relatively high nunber POT/NOZOITE00185

inits secondary w nding. Thi$ | eads to an el evated

secondary capacitance in that w ndings with many

| ayers of a relatively thin w ndj

ng wwre will be .
S%RE%%H CPAPRIBYS a AT ?%%n%vE?abé giEFEHEéqPﬁantPﬁo§3pplled
p@;&e:a is 3ﬂﬁ£@£ﬂ@fmecﬁl ﬂ\rilﬂtcﬁhatﬂaﬁeﬂ\ejﬁﬂbmg w':_rnaréSpofLsad high-
i anet er relativ e._seconda
E IR TY anaror mir EoTe Bhd RecRetd Yot Raar att RS pasReT
in particul ar about the secondary coil, also result in

hi gh voltage transforners of this kind having a
A relgh | vel yage ghraospdymer | pHuzt sRewn JdpsigBaBed. | due to its

méﬁﬁgrEbfe%@éfa@iﬂggrgafeﬁa§£@@p§ Hf&MﬁﬁﬁmbEE BE'Hﬁst in its

secon ndi ngs results 1n poor nagnet
RRIHIARY %é@%k%% tHeh? 1ePtheteani ﬁéﬁvage@h%econdary

éﬁé&&ﬁﬁﬁ&éCﬁ@aﬁh&@nﬁﬁn@ﬂﬂg$nwtﬂﬂbm@ﬁylDay@tkhofh& relatlvely

second %¥ cqg C|tan£f thi s unintended, and ess Y

ERHLWERTRI i asi tt 6%%p??%%e¢n%%%¥§n%% ﬁﬁf?agi?ec?v rage
diéMamnmremmnlhh®me of amstoameforsrt he whiobt fheewinding

quﬁgs %i%hlgf %ﬁ%@ﬁ%m&yéfent it wll reduce the

e

YU rent e primary and secondary w ndi ngs.
H gh voltage transformers of this kind thus exhibit a
relatiyeli narrow band wdth, that_is to say the
A st Vet vidgo P r SRR TR t09h1ch1?ﬁ%ehF5ﬁn%EP¥%ﬁé core and
nééé‘é@éﬂ}nﬁﬁs@%ti)@@r@éﬁs S.M?%)aﬁt_acwéf £PO6WP the secondary
t echni que f f hi evi n ng{
coil, also resu in hi v tage transformers of this kind
having a relatively high coupling inductance. The reason is
that a relatively great distance between the primary and
secondary windings results in poor magnetic coupling between

them.

In the same way as the secondary capacitance and in
combination with the secondary capacitance, this unintended
and essentially inevitable parasitic coupling inductance will
affect the current in the transformer. As the inductance
reduces high-frequency current, it will reduce the current
between the primary and secondary windings. High voltage
transformers of this kind thus exhibit a relatively narrow
band width, that is to say the highest driving frequency at

which the high voltage transformer can operate.

SMPS is a well-known technique for achieving improved
effectiveness in voltage transformation up to the order of 1
kVv. With higher voltages it is necessary to adapt the
transformer by means of techniques known in themselves, like
voltage multiplication, high voltage transformers connected

in series, layered winding technique or so-called resonant
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effectiveness in voltage transformation up to the

order of 1 kv. Wth higher voltages it is necessary to
wadegst122198 transf or ner by nEan? of techni ques RATND2005/000185

t hensel ves, |ike voltage multrplication, high voltage

transforners connected in series, layered w nding

techni que. or _so-called resonantswi tching.ip.order to
SO TPEHAS BT f 9T TR [ BF A PURFORGPT BW bAnHCdRaiReTY garrow band
wihigh iml 4 agech renttageetraehivoneto t hese techni ques
is, however, that they overcone the drawbacks only to
alimted degree, while at the sane tine they

CSRIH | €3t enddd therehy.addi Lo 156605t PhathencPnpleteone
hi gh valtage transforner, The_so-called g%anar
exyV

the HsFerders i gl 13wl e cdsprge {eaatgtheysame

t Med tAgey té st DEdeE . arfl PHigdaeby I 88T 06 NEhet ¥Pb€AbEYthe
i%ﬁi dea?at Ieggt one_printed circuit board, in which

< AT WAV oo Bt THEd ¢ ht o the copper |ayer of
the circuit board, and in which, typically, a ferrite

core encircles the windings. Due to the use of the
The ararcahbpd miaingtoing hermer cist ubedr ds, afeincteasing

B8 Af 4 h &y kKoo e %@%ﬁfaﬂ | oW and. el 9%&@9&@

are, therefore, referred to as planar _tcores . )
ER R LY riareieR e o xdfan t onavpriabed ¢haewtesbeyrd, in

w0 1ea Syl A i U{86d Ubeeoranch Migvd nont b tthe PSSt tifyer of
coupl i ng, induct ance because, the wi ndings are dispose
tffeer!éﬁfv%rfy Y5 1Pyt HerT B an ar YR -y %i?;%ﬂaﬂrw core
erfaives ey eflad iweldidgow marasid i theapeei sanclge dhisar shape
Wigﬂ%'glf%/sogéog%%%;n%%%{]%goagcfsn?f]?ergle{tgeggfgé | It e’émsbl ]E:fnd are
relatively low and elongate and are, therefore, referred to

as planar cores.

The planar transformer exhibits favourable features by being
easy to manufacture and having little parasitic coupling
inductance because the windings are disposed relatively close
together. Planar windings typically have a relatively low
parasitic capacitance. This entails that the planar

transformer generally exhibits a very good band width.

A high voltage planar transformer must be provided with a
relatively high number of turns in the secondary winding. If
all of this secondary winding is disposed in one circuit
board, the area required for windings will be relatively
large. Production-technical conditions restrict the size of a
ferrite core. Therefore, it is necessary to divide the
secondary winding into several layers, one on top of the
other. Such a solution involves that a considerable parasitic
secondary capacitance will arise, making impossible the use,
for practical purposes, of planar transformers as high

voltage transformers.
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A high voltage planar transfornmer nust be provided
wth a relatively high nunber of turns in the

weeendzwy wi nding. If all of ghl S secondary wPQ@iNGZ005900185
di sposed in one circuit board; the area required for
windings will be relatively Iarge
Pr oduct i on- te}(l:hnl cal cong itio s restrict the_ _size of

The r P P, P hetor bre, OP1°F %clé?&% th HFOYGES ?Eeleas’:
orsecnhdaty dwandvangks oD Bleaepaioraqets one on top of

the other. Such a solution involves that a

consi derabl e parasitic secondary capacitance w ||

T ié‘&eé@kié‘gaéﬁ@é’@é& b{ a%,@@of’é&mcé Of; Phaeht Cohvention

pur poses, planar transtornmers as high voltage

threat dgrie r%ear*ﬁér%v%m%%l%sl%sth@ sd%%%lc?t%%nr]@%av and

Iprtﬂ@dﬂgpl@,hﬁgaa@law of the drawbacks of the prior
art . The object is achieved in accordance with the

|nvent|on t hrough the features speC|f|ed |n t he

desc tion_ bel ow n_the OW N

T o DS DI e nErehend & B oredgece
ttarendfonereratata atmqm:@hlﬂ’yhmlghswsindwwgmgfrequency, it is
ndd & yﬁo'fe&éb@eﬁﬁ@$8£¥a§9t{§d§§§ éﬁgﬁgaééﬁé&iﬁance to a

secondary capacitance to a considera gree. From
coaovietleke reRdied®y it can be shown that the total

capaci tance between capacitances connected in series

equals: O = 1/(1/CL + 1/C2 + 1/C3 + 1/Cn) If all
FM&&L&MC@&@E@@W;; thecdwrival ehown sthpt i fhedd6baD

of N,
capa01tance etween capacitances connected in series equals:

c. = 1/(1/C, + 1/C, + 1/C, + ....1/C,)

r

If all capacitances are equal, the formula is simplified

into:

c = C/N

r

If, for example, 40 conductors are placed in five layers, one
above the other, with 8 conductors in each layer, and the
total capacitance between each layer is 1 nF with 1/8 nF
between each conductor located one opposite the other, the

total capacitance will be:
C, = % nF

However, if the same number of circuit board conductors are
distributed into 20 layers of two conductors each, the

capacitance between each layer is 2*1/8 = 1/4 nF.

The total capacitance will be:
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If, for exanple, 40 conductors are placed in five
| ayers, one above the other, with 8 conductors in each
woayeri22and the total capacitagce bet ween eachPCayN@R005800185
1 nFwth 1/8 nF between each”conductor | ocated one
opposite the other, the total capaci tance wi |l be:
Ho er f of circuit board
con cf0}§4é#§ Hﬁsfr ute |nto 20 | ayers of two
conductors each, the capacitance between each |ayer is
2*1/8 = 1/4 nF. The total capacitance will be:C =
on/1] 1oings smgleenFtlan 1that nes tmal feurthaver haxawple. In

tHd &l Td AKerm LX AP Epedh thiEeSXANP) 5k o&@é eﬁatb@ﬁ@

taken 1'nto account that the conductors 0
CRIEMES Ry e Wl PrErRkes |RagtPR . oA Cﬁh?%%r%ﬁb%?ngths
of circuit boards |lying one on top of the other
hei ght wvays, would be difficult to use in a planar
A trearsd aruisexd uef tol ddiel t dsdaxds spacsy Jﬂ&e cmobfpm)w the
netry in a tra oryeer, be, sol ve as
© th eﬁ%evya&:dna%c%f%gio élp%o hcer ned %?/ W ndi B a%ar
tnaeisliqmmly dyreedto mbmbekadf d@y@@;eeach havi ng a snal |

nunber of turns, into a narrow coil which is placed in
the planar transfornmer in a plane parallel to the

THY iR M RAIHIY 0fe theoRl@na . rlﬂréuﬁiéﬂﬁﬁrtréﬁgformer may be
relati ve nunber of Iayers relation to the nupber of

SQUMRAGS Ja 13 TS SHONGHI OO Endl reARFRBISA noPe winding
a et veliecogi iz ethnmihosls Nfyedad CWadh daeing a small

mi5aLled Skin effect, and proxim iy effect, see.by-ib tpe

planar transformer in a plane parallel to the primary winding
of the planar transformer. The relative number of layers in
relation to the number of windings per layer is at least 1

and preferably more than 5.

Recognized methods of calculation of so-called skin effect
and proximity effect, see P. L. Powel: "Effects of eddy
currents in transformer windings" PROC. IEE, Vol. 113, No. 8,
August 1966, shows, however, that the number of layers
significantly affects the so-called resistance factor, which
is an undesired incréase in the resistance of the winding at
high driving frequencies. The resistance factor is affected

and increased by the number of layers in square.

During testing of the invention it was surprisingly found
that this theory is not applicable as far as the mentioned
kind of secondary coils is concerned, and that, in spite of
many layers, the proposed secondary coil design exhibits
favourable values with respect to skin effect and proximity

effect, and thereby a relatively low resistance factor.
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currents in transformer w ndings" PROC. |IEE, Vol. 113,

No. 8 , August 1966, shows, however, that the nunber
wofhodsagzws significantly affecﬁs t he so-cal | edPCT/NO2005/000185

resi stance factor, which is ah undesired increase in

the resistance of the winding at high driving

f f ff d,
1} Ot T (T TR ot dyer R L 8- D hgrmed 2=
atnﬁmaUmyaﬁytﬂ&rrmwemwllwpftavwmmdmmmmrsam@lyntenmddiate
i dAts 45 dn%%:rjya%is xﬂ&’{ C;9 L& A T ar f‘énéhﬁar%nel to

ment 1 on nd " secon s is concerned
thehar inarys pired igtg rmﬁ}ytlll%@lf@alf Her g ohoseer sctahdar v

cdrdasian sivids davonablenyadaigs :\!\é&@cﬁzﬁéﬂeﬁﬁ to
skin effect and proximty effect, and thereby

PFASH G e SPIBWGEsi @ F3nR8 #S 13 Iaaﬁ%we}welag coil with

feahadine iert Nenys@econdary winding is forned as a
relatively narrow roll of a conductor and internediate

insulating material, which is placed in a plane

Ifr&hs ﬁé%¥h$hf§£%g%£¥f%% Fon é9%<%£§@£% nIeas?t %eaSt one

clgamvel i éunﬁa:td oty asisdcakbethda¥yz copadie oo evbrding or
o PO ld NG GRId W!fé‘fﬁwﬁéiﬁf§ P&od e ond Nehereof. a

primary coil may be formed, for exanple, as at |east

Liife QOIOA T0 T JaRE G i RETRE 175 T 15457 EHRHEY or

i I G Qoruditery. varni shed wire, possibly
conbi nations thereof. A Litz conductor typically

conpri ses nany i ndi vidually insul ated conductors .

oS L SR e e
unfavourable electrical phenomena in a hlgh voltage
transformer are overcome or reduced, to a significant degree,
so that the high voltage transformer can be made with a
considerably improved band width relative to the prior art.
The transformer is thus very suitable for so-called HV-SMPS

(High Voltage Switched Mode Power Supply) operation.

As mentioned, in planar transformers it is common to use a
ferrite core. However, 1f desirable, there may be used a core
which is constructed from sheet metal or foil, and which is
produced from a ferromagnetic material. Sheet metal cores are
typically formed in an "E"-shape whereas, for production-
technical reasons, folil cores are possibly made up of two

"C"-ghaped portions.

If it is desirable, for example, to have a relatively high
coupling inductance, the primary and secondary windings can

be spaced relatively wide apart in the core.
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transforner are overcone or reduced, to a significant

degree, so that the high voltage transforner can be
woRros/ 12218 a considerably i nprgved band w dt h Perat0205/000185

to the prior art. The transformer is thus very

sui table for so-called HV-SWPS (H gh Vol tage Sw t ched

1Vode Poye{ o 3Hpp! ya cﬁ?@&éﬂ]b&& a%oﬁegﬂp_ﬁ?g?ﬁg égaﬁpfaaaf a

transforners i I's commpn to use a )
PEpheeed erbedinenbl evhidleres nayshel ized ancbhe ahfchpanying

drEw Censt ructwegh &% om sheet netal or foil, and which is
produced froma ferromagnetic material . Sheet netal

cores are typically formed in an "E' -shape whereas,
reasons,. foil cores_are

t |
Fi b L S ST S COF L Pl o TPREaeT | PRgEially

1nk§a¢timmh for exanple to have a relatively high
coupl i ng i nductance, the primary and secondary
wi ndi ngs can be spaced relatively w de apart in the

FiGRl% 02 ldhdihe £ aldawi g .57 d&ﬁCﬂ%al non-limting

exanpl e of a preferred enmbodi nent ich is visualized
in the acconpanyi ng drawi ngs, in which: Figure 1 shows

| an view of a planar transfornmer, partially in
Figafis o, SHEHIE 2 Sitdeh St dh 8GR Ffrrgcem g'hgure 2; and

Figure 3 shows on a larger scale a section fromFigure
2 ; and Figure 4 shows an alternative enbodinent. In
Fitdhveradrlwngss tare alefenmencererusmsalidentdent i fi es a hi gh
vol tage planar transformer including a circuit board 2
havi ng
In the drawings the reference numeral 1 identifies a high

voltage planar transformer including a circuit board 2 having
a primary coil 4, a secondary coil 6, an upper core half 8

and a lower core half 10.

The two E-shaped core halves 8 and 10 encircle the circuit
board 2 and the coils 4 and 6 as the circuit board 2 is

provided with a through central opening 12.

The circuit board 2 is further provided with two power supply
connecting points 14 for the primary coil 4. The secondary

coil 6 has two connecting points, not shown.

The secondary coil 6 is formed by a conductor 16 in the form
of a coiled metal foil, preferably of copper, each layer of
conductor foil 16 being insulated from an adjacent conductor
foil layer 16 by means of insulating foil 18. The secondary
coil 6 is further insulated from the primary coil 4 and the

core halves 8, 10 by means of insulating material 20.

Each layer of conductor foil 16 forms a coil layer of the

secondary coil 6.
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a primary coil 4 , a secondary coil 6 , an upper core
half 8 and a | ower core half 10. The two E-shaped core
woaabosaz283and 10 encircle the gircuit board 2 aad/NO2e05/000185
coils 4 and 6 as the circuit board 2 is provided with
a through central opening 12 . The circuit board 2 is
TR LOELL O OF | 0 &é&gn&£9y98$ﬁi 8UPPhY:CRONEE! LY the width
oi nts or t rimar e secondary co
Hag @%p@?énﬁ@eluﬁé pbﬁn@@bswltéﬁéw smﬁélgécoﬁasﬁ9rably

1@@¢,|u@aﬁso£@rﬁ§ﬂt1l@yo§ €nB0yclen 46 thet bechbasayof cdil 6 in

coi Ll ed net I. greferably of copper, each |ayer of
ERRn hE?%Fl?%l? 1PethY i nsul ated from an adj acent
conductor foil Iayer 16 by nmeans of insulating foi

18. The secondary coil 6 is further insulated fromthe
Ths | sacyndary doahdéthe dbspobafives Suchl bynnmeanshef its

BB AL 3) 20,0 Eogh LOYRL Lo BOUINCLST 118 brane o
tMngmIm@¢Yt©@l%e%ondary coil 6, that is to say t he

wi dth of the copper foil 16, is substantially snaller,
preferably | ess than one fifth of the width of the

Aéfﬁ}&ﬂgﬂéﬂe&oiﬂlx 6hé ngéﬂil@rgjlr%&ftoafOEhw aélsa;glpt?m@n, a

secon oi [ se n _such, a mann

3T ObTe Y, Rrgr ST COLeCOnEraiTs harerTerot sorhEibite to

mgitanehef sében@airyacypzol tadce Aslaeiwebypesmahlt hehereas the
ener al Lpti . | at j I

CHIELE SPRELREEELT SESEIAPLLRRE OF. 214 VB iRy cormer

r@@@bh@axw @a@@b$t®mt9ale¢%@uvbiynsnmlthemeMEésnghenductance

of the high voltage transformer 1. Thereby, a high band width

and the possibility of using a relatively high SMPS driving

frequency are achieved.

In an alternative embodiment, see Figure 4, the secondary
coil 6 is formed by é varnish-insulated conductor/wire 22,
possibly by a Litz conductor winding. The wire 22 1is shown,
in Figure 4, to be wound in coil layers 24, each of four
turns of wire 22, and in a relatively large number of layers
24. For illustrative reasons the coil layer 24 located the
furthest in, is hatched in the opposite direction to the
other coil layers 24. The coil layers 24 are wound onto each
other and essentially in the same direction as the plane of

the primary coil 4.

The ratio between the number of coil layers 24 and the number
of conductors 22 in each coil layer 24 should exceed 5 in

order that the proximity effect will not be too great.

This alternative embodiment does not exhibit as good results

with respect to secondary capacitance as the embodiment in



conpact construction characteristic of a planar
transformer results in a substantial reduction in the
woaupiizng3i nduct ance of the high vol tage transPormenods/000185
Thereby, a high band width and the possibility of
using a relatively high SMPS driving frequency are
adChiaYsde IR AL LENS! | ¥Gr CHDOGL TEDL ; 5288 BLOUER,4
the secondary coilT 6 is formed by a varnish-i1nSul ated
p%%%@h%%%rc?%a#%l%@$-possiny by a Litz conductor
wi nding. The wire 22 is shown, in Figure 4 , to be
wound in coil layers 24, each of four turns of wire
22, and in a relatively |large nunber of |ayers 24. For
illustrative reasons the coil layer 24 |ocated the
furthest in, is hatched in the opposite direction to
the other coil layers 24. The coil |ayers 24 are wound
onto each other and essentially in the sane direction
as the plane of the primary coil 4 . The rati o between

the nunber of coil layers 24 and the nunber of
conductors 22 in each coil layer 24 should exceed 5 in
order that the proximty effect will not be too great.

This alternative enbodi nent does not exhibit as good
results wth respect to secondary capacitance as the
enbodi nent inaccordance with Figure 3 , but it is
satisfactory for practical conditions .CLAI MS 1
A planar transforner device including a primary coil
(4), a secondary coil (6) and a core (8, 10), c ha r
acteri zedi nthat coil layers (16, 24) of the
secondary coil (6) are wound onto each other in a
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direction which is essentially parallel to the plane
of the primary coil (4) . 2 . A device in accordance

wobds/et®sm 1 , c har ac yqer i z e di nPChAO2065800185

1

i nsdt RGP rEane

primary coil (4) is fornmed by the copper sheet of a
circuit board (2) . 3 . A device in accordance with
claibml , char ac teri zedi nthat the coi

| ayer (16) of the secondary gofly(§) is fornmed by
nmnetal foil. 4 . A device in accordance with claim1
charac-1teri zedi nthat the coil |ayer of

t he secondary coi l I s_forned, el ectricall )
£ R A P LI HIG o W Her Y o1

1, @h a&rsecanddre ¢oil z(&) candnatdatet @, cbd), | ayar a -

o, 8 EERPL LN 0 4 R A s 2 o

COI’]CFU device n accor
h a thea sedordary okl d(§) midarouhd core Q@chl@yher in a

COWRilfeec%PJh h CO¥ Gediidd dﬁﬁlfnﬁﬁa% Me 80£ﬁef&ﬁi£ne of

(10) evice in accor ance w aim1 ,
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A device in accordance with claim 1, charac -
terized in that the primary coil (4) is formed

by the copper sheet of a circuit board (2).

A device in accordance with claim 1, charac-
terized 1n that the coil layer (16) of the

secondary coil (6) is formed by metal foil.

A device in accordance with claim 1, charac -
terized 1in that the coil layer of the
secondary coil (6) is formed by an electrically

insulated wire.

A device in accordance with claim 1, charac -
terized 1in that the coil layer of the

secondary coil (6) is formed by a Litz conductor.

A device in accordance with claim 1, charac -
terized in that the core (8, 10) comprises an

upper core half (8) and a lower core half (10).

A device in accordance with claim 1, charac -
terized in that the core (8, 10) is made of a

ferromagnetic material.



