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Description

[0001] This invention relates to a process for the man-
ufacture of planar transformers and a planar transformer
manufactured by means of said process.

[0002] The object of this invention is to provide planar
transformers of very small size and with a large capacity
for insulation between layers, in particular between wind-
ings, offering the further possibility that they may be man-
ufactured economically.

[0003] In order to achieve its object this invention dis-
closes the manufacture of planar transformers compris-
ing solely of windings and insulating layers of variable
thickness according to the insulation between integrated
circuits and/or windings manufactured by the punching
of copper sheets or wound copper, ensuring that there
is dielectric strength in the vertical direction.

[0004] Document US 5,010,314 discloses a planar
condenser of the type comprising separate insulating pla-
nar printed circuit layers and copper windings. This trans-
former, of the same type as the transformer to which this
invention relates, does not resolve the problem of obtain-
ing adequate insulation in the horizontal direction, while
occupying the least space possible, in a wholly satisfac-
tory way.

[0005] Document US 5,929,743 discloses a flat coil
member formed from a plurality of printed circuits stacked
one above the other in which pillars interconnect the con-
ducting strips of the printed circuit along at least one of
the edges and also have connections to the exterior. This
document does not relate to the type of transformer to
which this invention relates.

[0006] Document US 6,000,128 describes a process
for the manufacture of a stack of flat printed circuits pre-
pared for connection by pillars on two sides of the stack
and with two cores which are located at the base and top
of the stack of circuits. Again this document does not
relate to the type of transformer to which this invention
relates.

[0007] Document US 5,317,300 describes a wholly
conventional non-planar transformer with a coil, windings
and terminals and a core formed by retention plates.
Thereforeitrelates in fact to a transformer which belongs
to a wholly separate stage in the development of trans-
formers. It is cited because unlike the documents men-
tioned above itdescribes the total or partial encapsulation
of the transformer with a thermoplastic material by injec-
tion.

[0008] US 6 211 767 discloses an example of planar
transferences according to the precharacterising portion
of claim 1.

[0009] EP 0267 822 discloses a flat transformer with
a resin encapsulation. However, the transformer being
of a different structure, therefore applicable in other
fields.

[0010] Also, Document XP010265713 ISBN:
978-0-7803-3959-0 discloses a method for increasing
the insulation in planar magnetics such as void-free en-
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capsulation using an insulating resin.

[0011] Document US6380834 discloses planar trans-
formers that comprise stacked circuit boards and wind-
ings with insulating layers between them.

[0012] The process of manufacture in accordance with
this invention satisfactorily provides insulation in the hor-
izontal direction in which the distance called "creepage"
is conventionally defined as the minimum distance be-
tween the windings or winding and the core over the in-
sulating surface area through air, occupying the least
space possible.

[0013] In accordance with the process in accordance
with this invention manufacture of the planar transformer
is effected through a series of successive operations
which in total comprise:

a) successive stacking of the laminar members con-
stituting the windings with interleaved insulating lay-
ers on both sides and including the laminar members
of multilayer printed circuits or printed circuits with
double printed circuits or circuits printed on only one
side,

b) fitting of the connecting plugs or pins inserted into
aligned openings in the laminar members forming
the windings and the winding printed circuit boards
(PCB), proceeding to attach the pins both to the ter-
minals of the copper windings and those of the print-
ed circuits, simultaneously making an electrical con-
nection between the said pins and the spatial mount-
ing of the printed circuits, imparting high rigidity to
the assembly,

c)casting a mass of resin, for example using a reus-
able or shell mould, forming a block, or fitting the
assembly comprising the different stacked windings
together with the interleaved insulating layers within
a box substantially matching the external shape of
the said stacked and previously unified assembly,
then proceeding to pour the insulating polyurethane
resin at a very slow rate so as to allow it to enter
between the windings until the desired depth within
the boxis reached, which might be the depth at which
it is flush, after which and after the resin has hard-
ened there is obtained a wholly compact assembly
which is well insulated as a result of the resin’s pen-
etration between the layers of windings, providing
great dielectric strength as well as small external di-
mensions.

[0014] Inordertoachieve good penetration by theresin
between the windings, it is necessary for the interleaved
insulating layers to be of sufficient size to permit such
penetration, in order to leave a larger region for penetra-
tion by the insulating resin.

[0015] Finally the externally attached ferrites are incor-
porated with the assembly formed by the windings, inter-
leaved insulating layers, printed circuits and connecting
rods, all embedded in a mass of insulating polyurethane
resin.
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[0016] The boxfor moulding the assembly of windings,
interleaved insulating layers and printed circuits may be
incorporated in the transformer for the purpose of acting
as an envelope for the assembly, although the transform-
er may be manufactured in the manner indicated within
a metal or shell mould, in which case there is no outer
box moulding the polyurethane resin.

[0017] For better understanding some drawings illus-
trating this invention are appended by way of an explan-
atory but not restrictive example.

Figure 1 illustrates the set of parts forming a planar
transformer manufactured according to this inven-
tion, in which the relative position of a resin moulding
box and the ferrite cores can be seen.

Figure 2 shows a cross-section of the planar trans-
former on a larger scale in which the moulding box
is arranged in the form of a protective envelope.
Figure 3 illustrates a second cross-section of the pla-
nar transformer along a plane parallel to that in Fig-
ure 2.

Figure 4 shows a plan view.

[0018] As illustrated in these figures, a planar trans-
former according to this invention comprises a set of
windings and interleaved insulating layers stacked into
an assembly joined together by a set of connecting pins
as seen in Figure 1, in which may be seen the printed
circuit boards -1- and -2- and intermediate windings -3-
and -4-, punched from copper sheet or wound from the
same material, the interleaved insulating layers -5-, -6-,
-7-, -8- and -9- being located on each side of the said
members and having surface dimensions which are
smaller than those of printed circuit windings -1- and -2-.
The arrangement is that which may be seen in Figures
2 and 3, in which the arrangement of the windings, printed
circuit boards and interleaved insulating layers can be
seen, fixed in position through a variable number of
through pins, with the pins represented by the numbers
-10-, -10’-, -10"- ..., as may be seen in Figure 1, it being
understood that their number and arrangement will de-
pend on the circuits enclosed. These pins are inserted
in the corresponding orifices in the printed circuit boards
and winding boards as indicated for example by numbers
-11-, -11’-, -11"- ... in printed circuit board -1- and num-
bers -12- and -12’- in winding -3-.

[0019] These pins are attached to the said panels and
windings in ways which are known in the art, for example
by cold welding, cementing masses or other means.
[0020] Once the set of windings with their interleaved
insulating layers and fixing pins has been assembled,
the assembly is embedded in a mass of insulating poly-
urethane resin which can be achieved by casting in an
external or "shell" mould or using a box of appropriate
structure -13-, which has an external shape matching
that of the printed circuit boards, with lateral steps such
as -14- and -15- to match lateral notches -16- and -17-
of the said printed circuit boards and an extended central

10

15

20

25

30

35

40

45

50

55

core -18- designed to coincide with the central openings
of the said stacked members, that is, printed circuit
boards, windings and interleaved insulating layers.
[0021] In order to achieve a satisfactory result it is es-
sential that the thickness of the interleaved insulating lay-
ers which form the passages for the resin must be ade-
quate.

[0022] Once the insulating resin, preferably poly-
urethane resin, has been cured, ferrite cores -19- and
-20- are attached, being joined by laminar insulating
members fitted externally thereto or by any other means
known in the art.

[0023] Figure 4 illustrates a plan view of an embodi-
ment of a planar transformer manufactured in accord-
ance with this invention, in which will be seen enclosing
box -13-incorporated in the mass of polyurethane resin,
forming end blocks -21- and -34- which are interconnect-
ed by portions -22- and -23- of which only the beginning
can be seenin Figure 4, edging the central opening -25-.
The ends of the connecting pins extend beyond the block
of polyurethane resin, being represented by the numbers
-26-, -27-,-28- and -29- in the case of block -34- and pins
-30-,-31-,-32-and -33- in the case of block -21-, although
it should be understood that the number and arrange-
ment of the said pins may vary with the specific design
of the planar transformer.

Claims

1. Aplanartransformer, of the type comprising a ferrite
core (19, 20) and a succession of windings in a stack
comprising a variable number of printed circuit
boards (1, 2) and copper windings (3, 4), punched
from sheet or wound, with interleaved insulating lam-
inar members (5, 6, 7, 8, 9) in contact with all the
surfaces of the windings and of variable thickness
to adjust the gaps between the windings, said wind-
ings being connected together by connecting pins
(10,10, 10", 26-33) inserted there through, charac-
terized in that the connecting pins are inserted in
aligned orifices (11, 11°, 11", 12) of the printed circuit
boards (1, 2) and the copper windings (3, 4) and the
transformer comprises a single preassembled block
(21, 22, 23, 34) as a result of the stacking of the
printed circuit boards and the copper windings with
inserted connection pins and the interleaved insulat-
ing laminar members that are embedded in a single
mass of insulating polyurethane resin which covers
the assembly of said stacked elements externally
and which enters the gaps between the windings,
leaving the ferrite core outside and attached to the
preassembled block.

2. Aplanar transformer according to Claim 1, charac-
terised in that the resin block containing the wind-
ings, the interleaved insulating laminar members
and the inserted connecting pins (10, 10’, 10", 26-33)
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of the transformer are incorporated within an open
insulating box (13) which fits the base and the lateral
profile of said block and its central opening.

A process forthe manufacture of planar transformers
according to Claims 1 and 2, proceeding through a
first stage of vertically stacking the printed circuit
boards, the copper windings and the interleaved in-
sulating laminar members in both upper and lower
parts of the stack, characterised in that these are
fastened by inserting connecting pins fitted in aligned
orifices of the windings, securing the pins with said
windings and finally proceeding to pour a mass of
polyurethane resin into a mould which surrounds the
previously assembled stack comprising the wind-
ings, interleaved insulating laminar members and in-
serted connecting pins, pouring the resin at a suita-
ble rate to permit the insulating resin to penetrate
the gaps between the windings.

A process according to Claim 3, characterised in
that the mass of polyurethane resin is poured within
a surrounding box (13) which has a sealed bottom
and is open at the top which externally matches the
shape of the preassembled stack of the printed cir-
cuit boards, the copper windings and the interleaved
insulating laminar members, filling with resin until
flush with the upper surface in order to form a block.

Patentanspriiche

1.

Planartransformator, der Art umfassend einen Fer-
ritkern (19, 20) und eine Reihenfolge von Wicklun-
gen in einem Stapel, umfassend eine variable An-
zahl von gedruckten Leiterplatten (1, 2) und Kupfer-
wicklungen (3, 4), gestanzt aus einer Folie oder ge-
wickelt, mit verschachtelten isolierenden flachigen
Elementen (5, 6, 7, 8, 9) in Kontakt mit allen Ober-
flachen der Wicklungen und mit einer variablen Di-
cke, um die Lucken zwischen den Wicklungen ein-
zustellen, wobei die genannten Wicklungen mittels
Verbindungsstiften (10, 10’, 10", 26-33) miteinander
verbunden sind, welche durch diese eingesteckt
werden, dadurch gekennzeichnet, dass die Ver-
bindungsstifte in ausgerichteten Lécher (11,117, 11",
12) der gedruckten Leiterplatten (1, 2) und der Kup-
ferwicklungen (3, 4) eingesteckt werden, und der
Transformator einen einzigen vormontierten Block
(21, 22, 23, 34) umfasst, infolge der Stapelung der
gedruckten Leiterplatten und der Kupferwicklungen
mit eingesteckten Verbindungsstiften und den ver-
schachtelten isolierenden flachigen Elementen, wel-
che in einer einzigen Masse aus isolierendem Poly-
urethanharz eingebettet sind, welche die Baugruppe
aus gestapelten Elementen duf3erlich deckt und wel-
che in die Lucken zwischen den Wicklungen ein-
dringt, wobei der duBerliche Ferritkern aufen und
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an dem vormontierten Block befestigt bleibt.

Planartransformator nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Harzblock, welcher die
Wicklungen, die verschachtelten isolierenden flachi-
gen Elemente und die eingesteckten Verbindungs-
stifte (10, 10’, 10", 26-33) des Transformators ent-
halt, innerhalb eines offenen Isolierkastens (13) ein-
gegliedert wird, welcher in die Basis, das seitliche
Profil des genannten Blocks und dessen zentrale
Offnung einpasst.

Verfahren zur Herstellung von Planartransformato-
ren nach den Anspriichen 1 und 2, ausgefiihrt durch
einen ersten Schritt des vertikalen Stapelns der ge-
druckten Leiterplatten, der Kupferwicklungen und
der verschachtelten isolierenden flachigen Elemen-
ten sowohl in oberen als auch in unteren Teilen des
Stapels, dadurch gekennzeichnet, dass diese mit-
tels des Einsteckens von Verbindungsstiften, welche
in ausgerichtete Locher der Wicklungen einpassen,
fixiert werden, wobei die Stifte mit den genannten
Wicklungen befestigt werden und schlie3lich eine
Masse aus Polyurethanharz in eine Form eingegos-
sen wird, welche den zuvor montierten Stapel um-
fassend die Wicklungen, die verschachtelten isolie-
renden flachigen Elemente und die eingesteckten
Verbindungsstifte umgibt, wobei das Harz bei einer
geeigneten Geschwindigkeit eingegossen wird, um
zu ermoglichen, dass das isolierende Harz in die LU-
cken zwischen den Wicklungen eindringt.

Verfahren nach Anspruch 3, dadurch gekenn-
zeichnet, dass die Masse aus Polyurethanharz in
einen umgebenden Kasten (13) eingegossen wird,
welches einen versiegelten Boden aufweist und im
oberen Teil offen ist, welcher duRerlich der Gestalt
des vormontierten Stapels der gedruckten Leiter-
platten, der Kupferwicklungen und der verschachtel-
ten isolierenden flachigen Elementen entspricht, so-
dass er mit Harz gefiillt wird, bis es biindig mit der
oberen Oberflache ist, im einen Block zu bilden.

Revendications

Un transformateur planaire du type comportant un
noyau de ferrite (19, 20) et une suite de bobinages
dans une pile comportantun nombre variable de car-
tes de circuit imprimé (1,2) et des bobinages en cui-
vre (3, 4), découpés dans une lame ou enroulés
ayant des éléments laminaires isolant entrelacés (5,
6, 7, 8, 9) en contact avec toutes les surfaces des
bobinages etayantune grosseur variable pour régler
les écarts entre les bobinages , ces bobinages étant
reliés entre eux par des broches de raccordement
(10, 10’, 10", 26-33) insérées a travers eux, carac-
térisé en ce que les broches de raccordement sont
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insérées dans des trous alignés (11, 11°, 11", 12)
des cartes de circuit imprimé (1,2) et les bobinages

en cuivre (3, 4) et le transformateur comporte un seul
bloc pré-assemblé (21, 22, 23, 34) suite a 'empile-
ment des cartes de circuitimprimé et des bobinages 5
en cuivre ayant des broches de raccordement insé-
rées et les éléments laminaires isolants entrelacés

qui sontincorporés dans une seule masse de résine

de polyuréthane isolante qui couvre I'ensemble de
ces éléments empilés et qui entre dans les écarts 70
entre les bobinages, en laissant le noyau en ferrite

a I'extérieur et attaché au bloc pré-assemblé.

Un transformateur planaire conformément a la re-
vendication 1, caractérisé en ce que le blocenré- 15
sine contenant les bobinages, les éléments laminai-

res isolants entrelacés et les broches de raccorde-
ment insérées (10, 10’, 10", 26-33) du transforma-
teur sont incorporés a l'intérieur d’'un boitier isolant
ouvert (13) qui s’adapte a la base et au profil latéral 20
de ce bloc et de son ouverture centrale.

Une méthode pour la fabrication de transformateurs
planaires conformément aux revendications 1 et 2,
et passant par une premiére étape d’empilage ver- 25
tical des cartes de circuit imprimé , des bobinages
en cuivre et des membres laminaires isolants entre-
lacés sur les deux parties supérieure et inférieure de
la pile, caractérisé en ce qu’ils sontfixés eninsérant
des broches de raccordement adaptées dans les 30
trous alignés des bobinages, en assurant les bro-
ches avec ces bobinages et finalement en versant
une masse derésine de polyuréthane dans un moule
qui entoure la pile préalablement assemblée com-
portant les bobinages, les éléments laminaires iso- 35
lants entrelacés et les broches de raccordement in-
sérées, en versant la résine a un débit adapté pour
permettre que larésine pénétre dans les écarts entre
les bobinages.

40
Une méthode conformément a la revendication 3,
caractérisée en ce que la masse de résine de po-
lyuréthane est versée a l'intérieur d’un boitier enve-
loppant (13) qui posséde une base scellée et qui est
ouvert en haut qui s’adapte a I'extérieur a la forme 45
de la pile pré-assemblée de cartes de circuit impri-
mé, de bobinages de cuivre et d’éléments laminaires
isolants entrelacés, en remplissant avec la résine
jusqu’'ace qu’elle soitau méme niveau que la surface
supérieure afin de former un bloc. 50
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