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1 PLANAR HIGH VOLTAGE TRANSFORMER DEVICE This invention

relates to a planar high voltage transformer. More particularly, it concerns

a planar high voltage transformer, in which the secondary coil of the

transformer 5 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
PLpNAEMity €Het0 FOR practicaNigasBHE andsaléty reasons, electrical

energy 10 is normally supplied to the consumer at a relatively low

voltage. Whenever there is a need for high voltage electrical energy in the
Thorderof emptto @fenckitovesttst&W), filis rcomimoghlocally, dg¢ranstormtypmer .

uothe suppliedvoltage fo the desired voltage.1Forexample, indhe aperation

N of is felectrostatic filter‘lrs, power of from adfew hundred v%att up tto several
“ehs c?fﬁ(rwrrﬁayl Be ihoived with %/%ﬁgé]esa b more than 107KilobdIts: ﬁ( rmer
1sAdesrdimptd thegstior tatl Eontentivrarl Aighevoitageotraasfefmerstivaving
coaL£ose phlayerettier plates dch b4 silican are sged fertransianming up
or{ieyQltage. These high voltage transformers are suitable for s with a
" normal grid frequency, which is typlca?ly 50 or 60 Hekz (ﬁl_zﬁ-lﬁgﬁ voltage
1ngaR$BAR_rLOFthiEkiRG até Felatively Far§e Cand Reéany SPhiemalh fEaSBAT -
is that the iron core can only 25 take a limited magnetic flux before
reaching saturation. Thus, the cross-section of the iron core is decisive for
FoRoRT Rf§e apovierthehig voltage fansfoAMECR TapabrRof deferfier IY
i sAs@ernseguenee Df e refatiiely lasges coke;, 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).

High voltage transformers of this kind are relatively large
and heavy. The main reason is that the iron core can only
take a limited magnetic flux before reaching saturation.
Thus, the cross-section of the iron core is decisive for how
large a power the high voltage transformer is capable of
delivering. As a consequence of the relatively large core,
the windings of the high voltage transformer will be longer
and thereby large. This causes the development of a
considerable resistive power loss. The diameter of the

winding wire must thereby be increased, which entails that
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the windings of the high voltage transformer will be longer 30 and thereby

large. This causes the development of a considerable resistive power

loss. The diameter of the winding wire,must thereby be increased, which

entails that 2 the weight and dimension of the high voltage transformer

are further increased. The magnetic flux in a transformer core is given
ththreuglythe doxmulamBsa 9,25 00ENAR ih wdtch/Blx magnetie flaXitrmer are

ruleslas. U = peak driving voltage in volts, f = frequency in Hz and Ae =
effective cross-section of the transformer core in m2. It appears from the

formula that a magnetic flux in the io transformer core is inversely

TnRroposional fo fne,requency. , Qn the basis of fhis fact, S?O%f{?méﬁ%so‘ﬁ{%ed the

iron cores have been developed, which exhibit, by working at an eleva

foxBYdéricy, improved performance/efficiency relative to high voltage
transformers working at mains frequency. The reason is for the improved
performance/efficiency is that the dimensions of the iron core may be
reduged WBénlthe frequency is increased. A method for supplying a
relativelyrhigh Jrequency to the transformer includes a so-called SMPS
(Switched Mode Power 20 Supply) technique. According to this
technique, the supplied power is transformed into a preferably

square-pulsed high- freque input voltage to the high vol%}a L
lntr%llrjq\slf%}rlm%r. Aﬁé%nveoﬁt%%e ?glnéfolrrrlne%reo?%aafdor\}vﬁn delc?iaraw1 a%e:: due toits
voltage in volts, f = frequency in Hz and A_ = effective

N . 2
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
Supply) technique. According to this technique, the supplied
power is transformed into a preferably square-pulsed high-

frequency input voltage to the high voltage transformer.

A high voltage transformer of a known design has, due to its
manner of operating, a relatively high number of turns in its
secondary winding. This leads to an elevated secondary
capacitance in that windings with many layers of a relatively

thin winding wire will be spaced apart by a smaller average
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manner of operating, a relatively high number of turns in its 25 secondary
winding. This leads to an elevated secondary capacitance in that windings
with many layers of a relatively thin winding wire will be spaced apart by a
smaller average 3 distance than those of a transformer in which the
winding wire is of a larger diameter. A relatively large secondary caoil,

dilarge dranstosmet koreand nrecessaryfostulating gaps,iiarparticular aboutg

wiihe secondary f’a‘i‘ﬁ%?l@i@rﬁ% dn.high voltage transformers of this kind

having a relatively high coupling inductance. The reason is that a
relatively great distance between the primary and secondary windings

a [esUlts ju pogr magnetic caupling between them.jg "EE'A%@%‘&%‘@?V 83re and

the secondary capacitance and in~ combination with the secondary
neggsadtance this GhintehdédP and ©3sEAfidyHédtabte parashtitccsififfing ey
coinductanee wid saffect the tagkentinlthe gransformef cAsithesindfictante kind

haﬁ%eé high-fregyency ﬁlirg%ntc&\,(ﬁﬂi Cefhe cuLrentis Q@F@’efé‘%@%n is
rimary and secondary windings. High voltage transformers of this kind
R oS TRVl HEovt LR ERAA S AE R0 SAy e RIGRES: =1
se dnviAgfiequendy av swhielk the highhvatage trersferhier capuaperate. between
thSMPS is a well-known technique for achieving improved 20 effectiveness
in voltage transformation up to the order of 1 kV. With higher voltages it is
necessary to adapt the transformer by means of techniques known in

Tnthemaselues like yveltagerauliiplication: high-yoltagetransfarpersn
cofBInested In serigs, layered winding technigue or So:-called resonant: . ngea
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
kV. 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
switching in order to compensate for a relatively narrow band

width in a high voltage transformer.

Common to these techniques is, however, that they overcome
the drawbacks only to a limited degree, while at the same
time they complicate and thereby add to the cost of the

complete high voltage transformer.
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25 switching in order to compensate for a relatively narrow band width in
a high voltage transformer. Common to these techniques is, however, that
they overcome the drawbacks only to a limited degree, while at the same
time they complicate and thereby add to the cost of the 30 complete high
voltage transformer. 4 The so-called planar transformer is used to an
Thincseasing lexdemtlama low valtage rapsfotrsen feplanar franstormessing

exDpigally includes at leastone printed.citcyit.boagd, Jn jwhich.the windings
have been etched into the copper layer of s the circuit board, and in _

EYhicht iypicdly! Betite bore SNEirElRs the Witdifgs ‘Bae i tHeogeelor 11

whihehplahar shapel vwindingwd the emcyit bbads; ferrtetdores optias kinglyer of

thare felativelylew.and elangate apdiarg, thepefore,referred ta- asplanarsre
cores. io Tht?1 glanar éransformer exhibits favourable ge%%lres Jtig being
T 1ndin X

. D to_ the.. f h
en%égftloersnanu acture anogﬁavmf]lﬁttleoparagltllclSceou8|ng inddctance °"ePe

wipdéagsecthetwindimgsare disposedelafivelyidlesec aogethef Plangr kind are
reWiNGIRGs typically haved ehatively lows parasitic sapaditanse. Thisentails o

that the planar is transformer generally exhibits a very good band width. A
as arn cores. . . . .

h% vo?tage p]ianar 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 qﬁe .
T Ry b0 A PrA OB R dr eSS e b8 o g Peing

eafafriteccatan Theretores itis Aebessary td divideSthea sécoridety MindiAd "I
inthie several layess; onetoretopioidhegs 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.

The invention has as its object to remedy or reduce at least

one of the drawbacks of the prior art.

The object is achieved in accordance with the invention
through the features specified in the description below and

in the following Claims.



10

15

20

other. Such a solution involves that a considerable parasitic secondary
capacitance will arise, making impossible the use, 25 for practical
purposes, of planar transformers as high voltage transformers. The
invention has as its object to remedy or reduce at least one of the
drawbacks of the prior art. The object is achieved in accordance with the
Ininveaten 80 throtigh the features-spectiedntrthe descrpton belovsard in

£ NI TPUowing Q@i’gst%/ﬁﬁ‘&{?% 10,Us6,a planar feanstarmer as g nigh, v s

voltage transformer at a typically high SMPS driving frequency, it is

NehgcesEaYy tPrédiitBdhe Paradific éeddntdary GapacitintetgRicitance to a
cogpensiderabledegrees8 From known electrotheory it can be shown that the
total capacitance between capacitances connected in series equals: C =
1/ (1/C, + 1/C2 + 1/C3 + .... 1/C) If all capacitances are equal, the formula
Frigwsimplified datoc 100G e € YN 1f; faraexaveple h4@® condudtorsharetplacdd

calbufive:layets, Q@@wé@%Vecgk?a@B‘éérY@g‘sﬁ &_E?QHQ%%I%%i nieachlayer: andya1s
the total capacitance between each layer is 1 nF with 1/8 nF between

each conductor located one opposite the other, the is total capacitance

will be: .C 7+ 3 Az Howeyey, if the same numbey of-cjrcuit board conductors
are distributed into 20 layers of two conductors edch, the capacitance
between each layer is 2*1/8 = 1/4 nF.

If all capacitances are equal, the formula is simplified

into:
C. = C/N

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:

C.=1/4/19 nF = 1/76 nF

T

or 19 times smaller than that of the four-layer example. In
the example it has not been taken into account that the

conductors of the two examples may be of different lengths.
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20 The total capacitance will be: C =1/4/19 nF = 1/76 nF or 19 times
smaller than that of the four-layer example. In the example it has not
been taken into account that the condictors of the two examples may be
of different lengths. 6 A large number of circuit boards lying one on top of
the other heightways, would be difficult to use in a planar transformer

A due de theilaick0f space.rthel prablemath fhergeametryin a planaf the

ot HBpsIRUTELMAYRe s sqlved. as 131 a3 1he, secenaary col s co %’%ﬁ%@

by winding a relatively gléeat number of layers, each having a sma
Er Afimber Bf furA&Sntda hafronAEdil whichSe pfaced in the planar
transformer in a plane parallel to the primary winding of the planar

transformer. The relative number of layers in 10 relation to the number of
Thintings B8r AyEhisAtie &AM antpréferably s thah B Rétdhnizery e
soinethiodsaef dcalculationt bEscecallediskin effect aingd proxiwrityneffectpseerPnding

a EeEQW?l}éE{fegtféH@dIQMm%fe@% "15@8%@! m@é%”@i@%h%RQ%rﬁgﬁi
Vol. 113, No. 8, is A;J[?gst 1966, shows, however, that the nimber of

nuiRts grificahily affects the So-EQlbd esistdnce factst, WAt an the
plandesitethingfeasedn the resistance ob theawireling-at high erivingry winding
offrgﬂ%e@mﬁfra-lih&@ﬂﬁ aneenfactoris affesteg: @fﬂ% increased by theiyers in
umber of layers in_square. 2Q.During testing of the invention it wa
ool b DG theor 16 H5T Bepable 43 i actna. 1east 1
anthenfiohed Akind ofS&€ordaty cdils is concerned, and that, in spite of
many layers, the proposed secondary coil design exhibits

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 increase 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.

In a preferred embodiment the secondary winding is formed as
a relatively narrow roll of a conductor and intermediate
insulating material, which is placed in a plane parallel to
the primary winding of the planar transformer. This
construction exhibits at least the same reduction in
parasitic secondary capacitance as a narrow lying coil with

few turns per layer.
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favourable values with respect to skin effect and proximity 25 effect, and
thereby a relatively low resistance factor. In a preferred embodiment the
secondary winding is formed as a relagively narrow roll of a conductor and
intermediate insulating material, which is placed in a plane parallel to the
primary winding of the planar transformer. This 30 construction exhibits at
Thleasttheasame seduction ibepdrasiticdsecondapscapacdanes asa NaAE®Y one

c1 ying coil,with Jfews s, ger layer, 7. Therimaty.coljpay beJermed, Jor o or

example, as at |east one’ circuit board winding, a so-called Litz conductor
OT Fiftfing of Briindly Farhidiied Wire SgSssibly CBMbiTEtions théfedr S8 Lit?
Lictendustdutypically comprisés ntampindssduatlybyinsukated doeductors.

in By means etthe davigesaccording to the invention the unfavourable
electrical phenomena in a high voltage transformer are overcome or

reduced, to a significant degree, so that the high voltage transformer can

B N e
art. e (ransrtormer IS tnus very suitable 1or so-calle - |g
an§RHEHE SUNEnBAATSas Poer BT Tetdtich ACHHeREED T planar

trgaasformers i isScomaiorcausera ferite edre. Howeviergif desiralble, degree,

sotherg maynbe wsed acore aisavhich isseenstaucted fromesheataetat or f9il,
and which is produced fr a ferrom etic terial. Sheet metal cores

o A oA X 2 B e erb e 0s o e oh iR 2Tt

Thredsoms SOl Etres afe pESSIbIYTHade tp ot b6 " tshapediporfichs!V—SMPS

(High Voltage Switched Mode Power Supply) operation.

As mentioned, in planar transformers it is common to use a
ferrite core. However, if 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, foil cores are possibly made up of two

"C"-shaped 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.

In the following is described a non-limiting example of a
preferred embodiment, which is visualized in the accompanying

drawings, in which:

Figure 1 shows a plan view of a planar transformer, partially

in section;
Figure 2 shows a section I-I of Figure 1;

Figure 3 shows on a larger scale a section from Figure 2; and
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20 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. In the followingds described a non-limiting example
of a preferred embodiment, which is visualized in the accompanying 25
drawings, in which: Figure 1 shows a plan view of a planar transformer,
Fipattally inrsectionrFigure-2 shewsa sechionilscoftigure 1; Figure 3
shows on a larger scale a section from Figure 2; and 8 Figure 4 shows an
alternative embodiment. In the drawings the reference numeral 1 identifies
Inadhgh doltage panatdransfermet decluding aagircuitibrard 2Fhadng aigh

vogg%‘%\/ ISFQMa% 5@9%%%3!&9&6’ Anunper cgre half 8.3,3nd g Jowgr ﬁor}%aving

_ he two E-shaped core halves 8 and™10 encircle the circuit boar
2 DTaHBPthE cofls 4 dhnd 6 aSRRERHEnY board2 fy provited wWithwtfoligh © ©
andentrdlopening 2. The €irduit.board 2 is further provided with two power
supply io connecting points 14 for the primary coil 4. The secondary coil
6 has two connecting points, not shown. The secondary coil 6 is formed
Thby awcortlustordédindhe dorna lofascdilesimietal fail piefelably bécopperyit

po&aeh ayer of «qondugtor foil 16 heing insulated from-an adiggeply o s
conductor is foil layer 16 by means of insulating foil 18. The secondary

PTa%it 89S fUHHe? irsuidtedHom T brifmary B6it 4 5hd'the core halves 8, 10

by means of insulating material 20. Each layer of conductor foil 16 forms a

coil layer of the _ _ _
The cifcuit 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.

The height of the secondary coil 6, that is to say the width
of the copper foil 16, is substantially smaller, preferably
less than one fifth of the width of the secondary coil 6 in

the direction of winding.

The secondary coil 6 is disposed in such a manner that its
direction of winding is essentially parallel to the plane of

the primary coil 4.
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secondary coil 6. 20 The height of the secondary coil 6, that is to say the
width of the copper foil 16, is substantially smaller, preferably less than
one fifth of the width of the secondary goil 6 in the direction of winding.
The secondary coil 6 is disposed in such a manner that its 25 direction of
winding is essentially parallel to the plane of the primary coil 4. 9 As

As mentioned dal thengenerabpard ob theodescriptionha rétativelydatgennumber

re PLEQRAIGionlayels 16, contpibute to,makedhe secondary Gapaghancs ure o

relatively small, whereas the compact construction characteristic of a

magRnal franSformer § Ye SARAN & sitstanti teduGibh iftAe toupfr eas the
comehuctancen ef thedtigh woltage transformer . Thiereby laahigh bardnwitthrmer

re@G‘i_E@e E%S%ibig%%fﬂé?ﬁ%g_élfi@g@ﬁwﬂg% SIBZ/I!P %ﬁéiVlfr]GuﬁﬁgH%;%@%tance
achieved. In an alternative embodiment, see Figure 4, the secondar .
OF o518 i€ tothetity & YArSRISUTAIRA CohauMaThie 22,2 pBedly B4R iatD
angitz enthast6i-Winbiiy, The wive 22 is shewat ivFiguredko B¥RFoHdlining
freoihlayels 24cacihaffour turns of wire 22, and in a relatively large
number of layers 24. For illustrative reasons the coil layer 24 located the
is furthest in, is hatched in the opposite direction to the other coil layers
In24nThe eeit layers, 24 arg wound-anto eashrother and essentiallydntbe ry
co§3me direclion as fng plane of e primary,col 4. The [aflo between the,
number of coiﬂréyers 4 andthe number of conductors 22 in’ éach cair
PO%@%P?MS#%uRiéﬂﬁ%dQ?ﬁﬁuCtor winding. 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 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
accordance with Figure 3, but it is satisfactory for

practical conditions.
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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 agggrdance with Figure 3, but it is
satisfactory for 25 practical conditions. 10 CLAIM S 1. A planar
high-voltage transformer device including a primary coil (4), a secondary
coil (6) and acore (8, 10),characterizedin that coil layers 5 (16)
of the secondary coil (6) are mddeLfrémImitab foil that is wound onto each
other with an insulating foil (18) in-between in a direction which is in one
plane. 2. A device in accordance withclaim 1, charac-ioterizedin
that theprimanyacoil{4y s foriiettby acoppépfoie8. Adevige inncluding a
accordmmc@mll, eharacaterdz.qdipithatine Gohe & JcQ);e (8,
compnsgg an upper core half £8) and a Iowerdcore_half (10)h 'St4' A _dIeVéce

ah C er a fyers

in accor1 te with ctaim T, EhraTdc't& ri Z'e d i'n'that thes cor%%, 1

is made(af & fefroffagnetic praterial. coil (6) are made from metal
foil that is wound onto each other with an insulating

foil (18) in-between in a direction which is in one

plane.

2. A device in accordance with claim 1, c¢c har ac -
ter ized in that the primary coil (4) is

formed by a copper foil.

3. A device in accordance with claim 1, c¢char ac -
ter ized in that the core (8, 10) comprises

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

4. A device in accordance with claim 1, c¢char ac -
ter ized in that the core (8, 10) is made of

a ferromagnetic material.



