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(54) A PLANAR TRANSFORMER AND A METHOD FOR REDUCING COMMON-MODE NOISE IN A

PLANAR TRANSFORMER

(67)  The present invention relates to a planar trans-
former that comprises a primary winding (201) formed
on at least one primary layer (102), a secondary winding
(202) formed on at least one secondary layer (104), and
a compensation winding (203) formed on a compensa-
tion layer (103) that is arranged between one primary
layer (102) and one secondary layer (104). The planar
transformer further comprises a first conductive area

101

(204) formed on the compensation layer (103) and con-
nected to the compensation winding (203), and a second
conductive area (205) formed on the secondary layer
(104) adjacent to the compensation layer (103) and lo-
cated in parallel with the first conductive area (204). The
present invention also relates to a method for reducing
common-mode noise in a planar transformer.
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Description
TECHNICAL FIELD OF THE INVENTION

[0001] The presentinvention relates to a planar trans-
former and a method for reducing common-mode noise
in a planar transformer according to the preambles of the
appended independent claims.

BACKGROUND OF THE INVENTION

[0002] Planar transformers are preferred in many
small-sized and low-power applications, such as
switched-mode power supplies (SMPS) due to their low-
profile and good thermal characteristics. A known planar
transformer comprises a primary winding and a second-
ary winding, which are formed on a primary layer and a
secondary layer, respectively. The known planar trans-
former comprises a compensation winding formed on a
compensation layer thatis arranged between the primary
layer and the secondary layer. The purpose of the com-
pensation winding is to reduce common-mode noise in
the planar transformer. The primary layer, the compen-
sation layer and the secondary layer are stacked togeth-
er, forming a planar structure. The known planar trans-
former comprises a transformer core that is arranged in
connection with the planar structure.

[0003] A problem associated with this known planar
transformer is that the common-mode noise reduction
achieved with the compensation winding is not sufficient.
This is because not enough winding turns can be ar-
ranged on a single compensation layer. The common-
mode noise reduction effect could be improved by using
one or more additional compensation layers between the
primary layer and the secondary layer, but this would
increase leakage inductance and manufacturing costs of
the planar transformer.

OBJECTIVES OF THE INVENTION

[0004] It is the main objective of the present invention
to reduce or even eliminate the prior art problems pre-
sented above.

[0005] Itis an objective of the present invention to pro-
vide a planar transformer in which common-mode noise
is minimised. It is also an objective of the present inven-
tion to provide a planar transformer that has a simple
structure. Itis a further objective of the present invention
to provide a planar transformer that is easy and cheap
to manufacture.

[0006] It is yet an objective of the present invention to
provide a method enabling to reduce common-mode
noise in a planar transformer.

[0007] In order to realise the above-mentioned objec-
tives, the planar transformer and the method according
to the invention are characterised by what is presented
in the characterising parts of the appended independent
claims. Advantageous embodiments of the invention are
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described in the dependent claims.
DESCRIPTION OF THE INVENTION

[0008] A planar transformer according to the invention
comprises a primary winding formed on at least one pri-
mary layer, a secondary winding formed on at least one
secondary layer, and a compensation winding formed on
a compensation layer that is arranged between one pri-
mary layer and one secondary layer. The planar trans-
former according to the invention further comprises a first
conductive area formed on the compensation layer and
connected to the compensation winding, and a second
conductive area formed on the secondary layer adjacent
to the compensation layer and located in parallel with the
first conductive area.

[0009] In the planar transformer according to the in-
vention, the layers are superimposed, forming a planar
structure. The planar structure can be, for example, a
multilayer printed circuit board (PCB). Each of the wind-
ings is formed on one or more layers, and on each layer
the winding comprises an essentially spiral pattern that
is arranged to wind around an aperture provided in the
layer. The windings are preferably arranged concentri-
cally with respect to each other. The winding direction,
the number of the winding turns, the spacing between
the winding turns and the track width in each winding can
be chosen according to the application.

[0010] The planar transformer according to the inven-
tion may comprise a transformer core that is arranged in
connection with the planar structure consisting of the lay-
ers. A leg of the transformer core can be arranged
through the apertures provided in the layers so that the
windings surround the leg. The transformer core can be,
for example, an El-core, a centre leg of which is arranged
through the apertures.

[0011] In the planar transformer according to the in-
vention, each of the primary winding and the secondary
winding can be formed on a single layer or a plurality of
layers. The number of the primary and secondary layers
can be, for example, one, two, three, four or five. Each
of the primary winding and the secondary winding can
be divided into sub-windings, which are arranged on dif-
ferent layers. The sub-windings of the primary or sec-
ondary winding are connected in series and their winding
directions are the same. The number of winding turns in
the primary winding can be, for example, 20-50. The
number of winding turns in the secondary winding can
be, for example, 1-6. In high frequency applications, the
number of winding turns in each winding is typically small.
[0012] Thecompensationwindingisformedonasingle
layer, i.e. the compensation layer, that is arranged be-
tween one primary layer and one secondary layer. The
compensation winding is arranged on a primary side or
a secondary side of the planar transformer. The compen-
sation winding is connected to a primary circuit that con-
tains the primary winding or to a secondary circuit that
contains the secondary winding. The compensation
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winding is arranged in such a manner that it has a re-
versed polarity compared to the primary winding. The
compensation winding reduces the common-mode noise
in the planar transformer. When the planar transformer
has only one primary layer and one secondary layer, the
compensation layer is arranged between the primary lay-
er and the secondary layer. When the planar transformer
has a plurality of primary layers and a plurality of sec-
ondary layers, the compensation layer is arranged be-
tween one of the primary layers and one of the secondary
layers. Each of the plurality of primary layers and the
plurality of secondary layers may be stacked on top of
each other to form a set of layers, whereby the compen-
sation layer is arranged between these sets of layers.
The number of winding turns in the compensation wind-
ing can be, for example, 5-25.

[0013] The first conductive area is connected to the
compensation winding. Preferably, the first conductive
area is connected to the outermost winding turn of the
compensation winding. The second conductive area is
formed on the secondary layer that is closest to the com-
pensation layer. The first conductive area and the second
conductive area are arranged in such a manner that they
are opposite to each other. The second conductive area
is connected to the secondary winding or it is formed by
a portion of the secondary winding, preferably by a por-
tion of the outermost winding turn of the secondary wind-
ing. The first conductive area and the second conductive
area act as a capacitor that reduces the common-mode
noise in the planar transformer. Together with the com-
pensation winding, the first and second conductive areas
ensure that the common-mode noise in the planar trans-
former is efficiently reduced.

[0014] The planar transformer according to the inven-
tion can be applied in various applications. A preferred
application is a switched-mode power supply (SMPS). In
the SMPS, a pulsed electrical current is supplied to the
primary winding, which creates a cyclically changing
magnetic field in and around the transformer core from
which energy is discharged to the secondary winding.
The compensation winding together with the capacitor
formed by the first conductive area and the second con-
ductive area effectively reduces the common-mode
noise in the SMPS.

[0015] An advantage of the planar transformer accord-
ing to the invention is that common-mode noise in the
planar transformer is efficiently reduced. Another advan-
tage of the planar transformer according to the invention
is that only one layer is needed to efficiently reduce the
common-mode noise in the planar transformer. Yet an-
other advantage of the planar transformer according to
the invention is that the planar transformer has a simple
structure. Yet another advantage of the planar transform-
eraccording to the inventionis that the planar transformer
is easy and cheap to manufacture.

[0016] According to an embodiment of the invention
the second conductive area is formed by a portion of a
winding turn of the secondary winding. Preferably, the
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second conductive area is formed by a portion of the
outermost winding turn. The secondary layer that is ad-
jacent, i.e. closest to the compensation layer may com-
prise only one winding turn, a portion of which forms the
second conductive area. An advantage of forming the
second conductive area by a portion of a winding turn is
that it is easy to design and manufacture.

[0017] According to an embodiment of the invention
the second conductive area is connected to the second-
ary winding. In this embodiment, the second conductive
area is not part of the secondary winding. Preferably, the
second conductive area is connected to the outermost
winding turn of the secondary winding that is formed on
the secondary layer adjacent, i.e. closest to the compen-
sation layer. An advantage of providing the planar trans-
former with a second conductive area that is not part of
the secondary winding is that it is easy to optimize for
the common-mode noise reduction.

[0018] According to an embodiment of the invention
the compensation winding is connected to a primary side
ofthe planar transformer or a secondary side ofthe planar
transformer with a reversed polarity compared to the pri-
mary winding.

[0019] According to an embodiment of the invention
the surface area of the first conductive area and the sec-
ond conductive area is at least 4 mm?2. The surface area
of the first conductive area and the second conductive
area is preferably 4-100 mmZ2, and more preferably 4-50
mm?2,

[0020] According to an embodiment of the invention
the number of the winding turns in the compensation
winding is at most 25. The number of the winding turns
ofthe compensation winding is preferably 5-25, and more
preferably 5-15. When designing a planar transformer,
the number of the winding turns in the compensation
winding is preferably chosen together with the size of the
surface area of the first and second conductive areas to
achieve a minimum amount of common-mode noise in
the planar transformer.

[0021] According to an embodiment of the invention
the distance between the first conductive area and the
second conductive area is at most 1 mm. The distance
between the first conductive area and the second con-
ductive area is preferably 300-600 pm. The smaller the
distance between the first conductive area and the sec-
ond conductive area, the more common-mode noise can
be reduced.

[0022] According to an embodiment of the invention
the primary winding is formed on a plurality of primary
layers which are divided into a first set of primary layers
and a second set of primary layers between which the at
least one secondary layer is arranged. The compensa-
tion layer can be arranged either between the first set of
primary layers and the at least one secondary layer or
between the second set of primary layers and the at least
one secondary layer.

[0023] According to an embodiment of the invention
the secondary winding is formed on a plurality of second-
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ary layers which are divided into a first set of secondary
layers and a second set of secondary layers between
which the at least one primary layer is arranged. The
compensation layer can be arranged either between the
first set of secondary layers and the at least one primary
layer or between the second set of secondary layers and
the at least one primary layer.

[0024] The presentinvention also relates to a method
for reducing common-mode noise in a planar transformer
that comprises a primary winding formed on at least one
primary layer, a secondary winding formed on at least
one secondary layer, and a compensation winding
formed on a compensation layer that is arranged be-
tween one primary layer and one secondary layer. The
method according to the invention comprises providing
the compensation layer with a first conductive area that
is connected to the compensation winding, and providing
the secondary layer adjacent to the compensation layer
with a second conductive area that is located in parallel
with the first conductive area.

[0025] The compensationwinding is arranged on a pri-
mary side or a secondary side of the planar transformer.
Thefirst conductive area and the second conductive area
are arranged in such a manner that they are opposite to
each other. The first conductive area and the second
conductive area act as a capacitor that reduces the com-
mon-mode noise in the planar transformer. Together with
the compensation winding, the first and second conduc-
tive areas ensure that the common-mode noise in the
planar transformer is efficiently reduced.

[0026] An advantage of the method according to the
invention is that common-mode noise in the planar trans-
former can be efficiently reduced. Another advantage of
the method according to the invention is that only one
layer is needed to efficiently reduce the common-mode
noise in the planar transformer.

[0027] The exemplary embodiments of the invention
presented in this text are not interpreted to pose limita-
tions to the applicability of the appended claims. The verb
"to comprise" is used in this text as an open limitation
that does not exclude the existence of also unrecited fea-
tures. The features recited in the dependent claims are
mutually freely combinable unless otherwise explicitly
stated.

[0028] The exemplary embodiments presented in this
text and their advantages relate by applicable parts to
the planar transformer as well as the method according
to the invention, even though this is not always separately
mentioned.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

Fig. 1 illustrates a planar transformer according to an

embodiment of the invention,

fig. 2 illustrates an exploded view of the planar trans-
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former according to fig. 1,

fig. 3 illustrates a first measured common-mode volt-
age,

fig. 4 illustrates a second measured common-mode
voltage, and

fig. 5 illustrates a third measured common-mode

voltage.
DETAILED DESCRIPTION OF THE DRAWINGS

[0030] Fig. 1illustrates a planar transformer according
to an embodiment of the invention. The planar transform-
er comprises a multilayer PCB 101, which consists of a
primary layer 102, a compensation layer 103 and a sec-
ondary layer 104 on which windings are formed. A trans-
former core consisting of an E-core 105 and an I-core
106 is attached in connection with the multilayer PCB
101. The planar transformer of fig. 1 can be applied in a
switched-mode power supply (SMPS).

[0031] Fig. 2illustrates an exploded view of the planar
transformer according to fig. 1. The multilayer PCB 101
comprises the primary layer 102, the compensation layer
103 and the secondary layer 104. A primary winding 201
is formed on the primary layer 102 and a secondary wind-
ing 202 is formed on the secondary layer 104. The com-
pensation layer 103 is provided with a compensation
winding 203 and a first conductive area 204 that is con-
nected to the outermost winding turn of the compensation
winding 203. The compensation winding 203 is connect-
ed to a primary side of the planar transformer with a re-
versed polarity compared to the primary winding 201.
[0032] A portion of the secondary winding 202 is locat-
ed in parallel with the first conductive area 204. This por-
tion forms a second conductive area 205 that together
with the first conductive area 204 act as a capacitor. The
first and second conductive areas 204 and 205 as well
as the compensation winding 203 reduce the common-
mode noise in the planar transformer.

[0033] The primary layer 102, the compensation layer
103 and the secondary layer 104 are provided with ap-
ertures 206. Each of the primary winding 201, the com-
pensation winding 203 and the secondary winding 202
has a form of an essentially spiral winding pattern that is
arranged to wind around the aperture 206. A centre leg
207 of the E-core 105 is intended to pass through the
apertures 206. Side legs 208 of the E-core 105 are in-
tended to be arranged around the multilayer PCB 101 so
that the primary layer 102, the compensation layer 103
and the secondary layer 104 are between the side legs
208. The I-core 106 is used to magnetically couple the
centre leg 207 to the side legs 208 of the E-core 105.
[0034] Fig. 3 illustrates a first measured common-
mode voltage. The common-mode voltage illustrates in
general a potential difference between the primary and
secondary sides measured at the planar transformer.
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The common-mode voltage of fig. 3 is measured at a
planar transformer that corresponds to the planar trans-
former of fig. 1 but without the compensation layer 103.
The common-mode voltage is illustrated during a time
around three switching pulses where a primary switch
that is coupled in series with the primary winding 201 is
first closed and then opened. The primary switch is con-
figured to repeatedly interrupt a current through the pri-
mary winding 201 according to the known principle uti-
lised in switched-mode power supplies.

[0035] During the switching pulse (i.e. during the time
when the switch of the primary current remains conduc-
tive) there can be seen a certain pulse-formed potential
difference, which in fig. 3 appears during the time interval
301. At the switching moment at the end of the switching
pulse, i.e. at the moment when the primary switch be-
comes non-conductive, the polarity of the voltage in the
secondary winding 202 is reversed and the secondary
side becomes conducting. During the time interval 302
the energy that was stored during the time interval 301
discharges to the secondary side. During the time interval
303 before the next switching pulse, when neither the
primary nor secondary side is conducting, there is an
oscillating waveform due to the primary switch node par-
asitic capacitance and the inductance of the planar trans-
former.

[0036] Fig. 4 illustrates a second measured common-
mode voltage. This common-mode voltage is measured
at a planar transformer that corresponds to the planar
transformer of fig. 1 but without the first conductive area
204. The common-mode voltage is illustrated during a
time around three switching pulses where a primary
switch that is coupled in series with the primary winding
201 is first closed and then opened.

[0037] The voltage graph of fig. 4 is comparable to that
of fig. 3, with the difference that the voltage graph of fig.
4 was measured at the planar transformer that includes
the compensation winding 203 arranged between the pri-
mary winding 201 and the secondary winding 202. The
compensation winding 203 is connected to the primary
side of the planar transformer with a reversed polarity
compared to the primary winding 201. During the time
interval 301 there is again the pulse-formed potential dif-
ference, and during the time interval 302 the voltage
waveform associated with the energy discharge to the
secondary side. During the time interval 303 before the
next switching pulse, the common-mode voltage has the
oscillating waveform. As is evident from figs. 3 and 4, the
common-mode voltage at the planar transformer having
the compensation winding 203 is much lower compared
to the planar transformer without it.

[0038] Fig. 5 illustrates a third measured common-
mode voltage. This common-mode voltage is measured
at a planar transformer that corresponds to the planar
transformer of fig. 1. The common-mode voltage is illus-
trated during a time around three switching pulses where
a primary switch that is coupled in series with the primary
winding 201 is first closed and then opened.
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[0039] The voltage graph of fig. 5 is comparable to that
of fig. 4, with the difference that the voltage graph of fig.
5 was measured at the planar transformer that also in-
cludes the first conductive area 204 that together with
the second conductive area 205 act as a capacitor. The
first conductive area 204 is connected to the compensa-
tion winding 203, which is connected to the primary side
of the planar transformer with a reversed polarity com-
pared to the primary winding 201. During the time interval
301 there is again the pulse-formed potential difference,
which is now much less prominent than in fig. 4. Also
compared to the voltage graph of fig. 4, the voltage var-
iations during the time interval 303 are very small in fig.
5. As can be seen from fig. 5, the common-mode voltage
at the planar transformer of fig. 1 is very low.

[0040] Only advantageous exemplary embodiments of
the invention are described in the figures. It is clear to a
person skilled in the art that the invention is not restricted
only to the examples presented above, but the invention
may vary within the limits of the claims presented here-
after. Some possible embodiments of the invention are
described in the dependent claims, and they are not to
be considered to restrict the scope of protection of the
invention as such.

Claims
1. A planar transformer, comprising:

- a primary winding formed on at least one pri-
mary layer,

- a secondary winding formed on at least one
secondary layer, and

- a compensation winding formed on a compen-
sation layer that is arranged between one pri-
mary layer and one secondary layer,

characterised in that the planar transformer com-
prises:

- afirst conductive area formed on the compen-
sation layer and connected to the compensation
winding, and

- a second conductive area formed on the sec-
ondary layer adjacent to the compensation layer
and located in parallel with the first conductive
area.

2. The planar transformer according to claim 1, char-
acterised in that the second conductive area is
formed by a portion of awinding turn of the secondary
winding.

3. The planar transformer according to claim 1, char-
acterised in that the second conductive area is con-
nected to the secondary winding.
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The planar transformer according to any of claims 1
to 3, characterised in that the compensation wind-
ing is connected to a primary side of the planar trans-
former or a secondary side of the planar transformer
with a reversed polarity compared to the primary
winding.

The planar transformer according to any of claims 1
to 4, characterised in that the surface area of the
firstconductive area and the second conductive area
is at least 4 mm2.

The planar transformer according to any of claims 1
to 5, characterised in that the number of the winding
turns in the compensation winding is at most 25.

The planar transformer according to any of claims 1
to 6, characterised in that the distance between
the first conductive area and the second conductive
area is at most 1 mm.

The planar transformer according to any of claims 1
to 7, characterised in that the primary winding is
formed on a plurality of primary layers which are di-
vided into a first set of primary layers and a second
set of primary layers between which the at least one
secondary layer is arranged.

The planar transformer according to any of claims 1
to 7, characterised in that the secondary winding
is formed on a plurality of secondary layers which
are divided into a first set of secondary layers and a
second set of secondary layers between which the
at least one primary layer is arranged.

A method for reducing common-mode noise in a pla-
nar transformer that comprises a primary winding
formed on at least one primary layer, a secondary
winding formed on at least one secondary layer, and
a compensation winding formed on a compensation
layer thatis arranged between one primary layer and
one secondary layer, characterised in that the
method comprises:

- providing the compensation layer with a first
conductive area that is connected to the com-
pensation winding, and

- providing the secondary layer adjacent to the
compensation layer with a second conductive
area that is located in parallel with the first con-
ductive area.
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