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(54) A PLANAR TRANSFORMER AND A METHOD FOR SHIELDING WINDINGS IN A PLANAR 
TRANSFORMER

(57) The present invention relates to a planar trans-
former that comprises a first winding (201, 413, 514) and
a second winding (202, 415, 513), and a third winding
(203, 416, 516) and a fourth winding (204, 417, 517)
which are arranged between the first winding (201, 413,
514) and the second winding (202, 415, 513). In the pla-
nar transformer each of the third winding (203, 416, 516)
and the fourth winding (204, 417, 517) comprises a
shielding turn (208, 209, 418, 419, 518, 519) that covers
at least 30 percent of a winding window of the planar
transformer, said shielding turns (208, 209, 418, 419,
518, 519) being arranged in such a manner that the
shielding turns (208, 209, 418, 419, 518, 519) together
cover at least 50 percent of the winding window. The
present invention also relates to a method for shielding
windings (201, 202, 413, 415, 513, 514) in a planar trans-
former.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a planar trans-
former and a method for shielding windings 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. An example of
a known planar transformer comprises an EI-core and a
plurality of windings arranged concentrically with respect
to each other on layers of a printed circuit board (PCB).
The windings have a spiral pattern that is arranged to
wind around an aperture provided in the layer. A centre
leg of the EI-core is arranged through the apertures so
that the windings surround the centre leg.
[0003] A planar transformer is prone to large values of
capacitive coupling between a primary winding and a
secondary winding. This is due to large surface areas
and small inter-plane distances associated with the pla-
nar structure. The capacitive coupling permits a current
to flow between a primary circuit and a secondary circuit.
This is normally a common mode current in the sense
that the current flows in one direction through the planar
transformer and returns via some other path, often an ill-
defined ground path. The capacitive coupling and its as-
sociated current flow is undesirable from the point of view
of both safety issues as well as electromagnetic interfer-
ence (EMI) issues.
[0004] A known technique to reduce the capacitive
coupling is to place an electrostatic shield between the
primary winding and the secondary winding. The elec-
trostatic shield, that can be a single turn winding, is
formed on a single layer of the PCB and it essentially
covers the entire winding window of the planar transform-
er. The electrostatic shield is connected to some refer-
ence potential, such as ground, and it reduces the ca-
pacitive coupling by acting as a voltage barrier between
the primary winding and the secondary winding. In prac-
tice, the electrostatic shield will not be everywhere at the
same potential and therefore a constant voltage barrier
cannot be achieved. This is because there will be an in-
duced voltage along the electrostatic shield in the winding
direction.
[0005] A problem of the known technique to reduce the
capacitive coupling between a primary winding and a
secondary winding in a planar transformer is that one
layer of a PCB is allocated only for shielding purposes.
This increases the total number of layers and thus the
cost of the planar transformer.

OBJECTIVES OF THE INVENTION

[0006] It is the main objective of the present invention
to reduce or even eliminate the prior art problems pre-
sented above.
[0007] It is an objective of the present invention to pro-
vide a planar transformer in which the capacitive coupling
between windings, such as a primary winding and a sec-
ondary winding is minimised. It is also an objective of the
present invention to provide a planar transformer in which
the shielding of windings is implemented without a con-
ventional shielding layer.
[0008] It is a further objective of the present invention
to provide a method for shielding windings in a planar
transformer so that the capacitive coupling between
windings, such as a primary winding and a secondary
winding is minimised. It is also an objective of the present
invention to provide a method for shielding windings in a
planar transformer without using a conventional shielding
layer.
[0009] In order to realise the above-mentioned objec-
tives, the planar transformer and the shielding 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 described in the dependent claims.

DESCRIPTION OF THE INVENTION

[0010] A planar transformer according to the invention
comprises a first winding and a second winding, and a
third winding and a fourth winding which are arranged
between the first winding and the second winding. In the
planar transformer according to the invention each of the
third winding and the fourth winding comprises a shield-
ing turn that covers at least 30 percent of a winding win-
dow of the planar transformer, said shielding turns being
arranged in such a manner that the shielding turns to-
gether cover at least 50 percent of the winding window.
[0011] The windings of the planar transformer accord-
ing to the invention are arranged on layers that form a
planar structure. The planar structure can be, for exam-
ple, a multilayer printed circuit board (PCB). Each of the
windings 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 concen-
trically 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. In high frequency
planar transformers that can be used in switched-mode
power supplies, the number of the winding turns on the
windings is typically small.
[0012] The planar transformer according to the inven-
tion may comprise a transformer core that is arranged in
connection with the planar structure. A leg of the trans-
former core can be arranged through the apertures pro-
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vided in the layers so that the windings surround the leg.
The transformer core can be, for example, an EI-core, a
centre leg of which is arranged through the apertures.
[0013] In the planar transformer according to the in-
vention the third winding and the fourth winding are ar-
ranged between the first winding and the second winding.
Each of the first winding and the second winding is formed
on one or more layers. Each of the third winding and the
fourth winding is formed on a single layer.
[0014] In the planar transformer according to the in-
vention each of the shielding turns of the third winding
and the fourth winding covers at least 30 percent and the
shielding turns together cover at least 50 percent of the
winding window of the planar transformer. The shielding
turns may thus partly overlap each other. The winding
direction of the shielding turn is the same as the winding
direction of the other winding turns of the winding. The
track width of the shielding turn is larger than the track
width of the other winding turns of the winding. Preferably,
each of the third winding and the fourth winding compris-
es only one shielding turn. Each of the shielding turns
may alternatively cover, for example, at least 40 percent,
at least 50 percent or at least 60 percent of the winding
window. The shielding turns together may alternatively
cover, for example, at least 60 percent, at least 70 percent
or at least 80 percent of the winding window. By the wind-
ing window is meant the maximum usable area for wind-
ing turns in a layer. This can be, for example, the area
between a centre leg and side legs of a transformer core.
[0015] The purpose of the shielding turns is to reduce
the capacitive coupling between the first winding and the
second winding. The more the shielding turns cover the
winding window, the better the first winding and the sec-
ond winding are shielded from each other.
[0016] The third winding together with the fourth wind-
ing provides an electrostatic shield between the first
winding and the second winding. Each of the third winding
and the fourth winding has also another function in the
planar transformer so that three functions are combined
into two layers. These functions can be, for example,
acting as an auxiliary winding or a compensation winding.
[0017] The planar transformer according to the inven-
tion can be applied in various power supply applications.
A preferred application is a switched-mode power supply
(SMPS).
[0018] An advantage of the planar transformer accord-
ing to the invention is that by providing the third winding
and the fourth winding with shielding turns a separate
shielding layer is not needed between the first winding
and the second winding. Thus, the number of layers
needed in a planar transformer is reduced. Another ad-
vantage of the planar transformer according to the inven-
tion is that the manufacturing costs of a planar transform-
er are decreased.
[0019] According to an embodiment of the invention
each of the shielding turns covers at least 50 percent and
the shielding turns together cover at least 90 percent of
the winding window of the planar transformer. This ena-

bles to efficiently shield the first winding from the second
winding.
[0020] According to an embodiment of the invention
each of the third winding and the fourth winding is con-
nected to a constant potential. Thus, the third winding
and the fourth winding act as a voltage barrier between
the first winding and the second winding. Preferably, the
third winding and the fourth winding are connected to
ground.
[0021] According to an embodiment of the invention
one of the shielding turns is arranged on the inner half
of the winding window and the other of the shielding turns
is arranged on the outer half of the winding window. This
means that one of the shielding turns is an inner winding
turn of one winding and the other shielding turn is an
outer winding turn of the other winding. The shielding
turn of the third winding can cover the inner half of the
winding window and the shielding turn of the fourth wind-
ing can cover the outer half of the winding window, or
vice versa. An advantage of covering essentially the en-
tire winding window of the planar transformer is that the
capacitive coupling between the first winding and the sec-
ond winding is efficiently reduced.
[0022] According to an embodiment of the invention
the track width of the shielding turn is from 0.5 to 3 mm.
The track width of the shielding turn is typically many
times larger than the track width of the other winding turns
of the winding. Preferably, the track widths of the shield-
ing turns are essentially the same.
[0023] According to an embodiment of the invention
the first winding is a primary winding, the second winding
is a secondary winding, the third winding is an auxiliary
winding and the fourth winding is a compensation wind-
ing. Preferably, the windings are arranged one on the
other in the following order: the primary winding, the aux-
iliary winding, the compensation winding and the sec-
ondary winding.
[0024] The auxiliary winding is arranged on the primary
side of the planar transformer. The auxiliary winding is
connected to the primary circuit that contains the primary
winding. The auxiliary winding provides an operating volt-
age to the primary circuit and/or an output voltage sens-
ing circuit. The compensation winding is arranged on the
primary side or the secondary side of the planar trans-
former. The compensation winding is connected to the
primary circuit that contains the primary winding or the
secondary circuit that contains the secondary winding.
The compensation winding reduces the common mode
noise by adjusting the common mode voltage closer to
zero. The auxiliary winding and the compensation wind-
ing have opposite winding directions.
[0025] The number of winding turns in the primary
winding can be, for example, 20-60. The number of wind-
ing turns in the secondary winding can be, for example,
1-10. The number of winding turns in the auxiliary winding
can be, for example, 2-15. The number of winding turns
in the compensation winding can be, for example, 2-30.
[0026] The planar transformer according to this em-
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bodiment can be used in such a manner that a pulsed
electrical current is supplied to the primary winding. The
primary winding creates a cyclically changing magnetic
field in and around a transformer core from which energy
is discharged to the secondary winding. The energy is
also discharged to the auxiliary winding that provides an
operating voltage to a primary circuit and/or an output
voltage sensing circuit, and to the compensation winding
that reduces the common mode noise.
[0027] According to an embodiment of the invention
the planar transformer comprises a fifth winding, and an
electrostatic shield arranged between the second wind-
ing and the fifth winding. The fifth winding is formed on
one or more layers. The electrostatic shield, that can be
a single turn winding, is formed on a single layer. The
electrostatic shield essentially covers the entire winding
window of the planar transformer. The electrostatic shield
is connected to a constant potential, which is preferably
ground. Preferably, the electrostatic shield is connected
to the same potential as the third winding and the fourth
winding. The purpose of the electrostatic shield is to re-
duce the capacitive coupling between the second wind-
ing and the fifth winding.
[0028] According to an embodiment of the invention
the electrostatic shield covers essentially the entire wind-
ing window. This enables to efficiently shield the second
winding from the fifth winding.
[0029] According to an embodiment of the invention
the first winding is a first winding section of a primary
winding, the second winding is a secondary winding, the
third winding is an auxiliary winding, the fourth winding
is a compensation winding and the fifth winding is a sec-
ond winding section of the primary winding. In the planar
transformer according to this embodiment the primary
winding is divided into two sections, each of which may
be formed on one or more layers. The auxiliary winding
is arranged on the primary side of the planar transformer.
The auxiliary winding is connected to the primary circuit
that contains the primary winding. The compensation
winding is arranged on the primary side or the secondary
side of the planar transformer. The compensation wind-
ing is connected to the primary circuit that contains the
primary winding or the secondary circuit that contains the
secondary winding. The auxiliary winding and the com-
pensation winding have opposite winding directions.
[0030] According to an embodiment of the invention
the first winding is a first winding section of a secondary
winding, the second winding is a primary winding, the
third winding is an auxiliary winding, the fourth winding
is a compensation winding and the fifth winding is a sec-
ond winding section of the secondary winding. In the pla-
nar transformer according to this embodiment the sec-
ondary winding is divided into two sections, each of which
may be formed on one or more layers. The auxiliary wind-
ing is arranged on the primary side of the planar trans-
former. The auxiliary winding is connected to the primary
circuit that contains the primary winding. The compen-
sation winding is arranged on the primary side or the

secondary side of the planar transformer. The compen-
sation winding is connected to the primary circuit that
contains the primary winding or the secondary circuit that
contains the secondary winding. The auxiliary winding
and the compensation winding have opposite winding
directions.
[0031] According to an embodiment of the invention
the auxiliary winding is connected to a primary side of
the planar transformer with the same polarity as the pri-
mary winding. Alternatively, the auxiliary winding can be
connected with the reversed polarity, but then the shield-
ing turn should be at a GND/DC potential.
[0032] According to an embodiment of the invention
the compensation winding is connected to a primary side
of the planar transformer with the reversed polarity com-
pared to the primary winding or a secondary side of the
planar transformer with the reversed polarity compared
to the secondary winding.
[0033] The present invention also relates to a method
for shielding windings in a planar transformer that com-
prises a first winding and a second winding, and a third
winding and a fourth winding which are arranged be-
tween the first winding and the second winding. The
method according to the invention comprises providing
each of the third winding and the fourth winding with a
shielding turn that covers at least 30 percent of a winding
window of the planar transformer, and which shielding
turns together cover at least 50 percent of the winding
window.
[0034] An advantage of the method according to the
invention is that by providing the third winding and the
fourth winding with shielding turns a separate shielding
layer is not needed between the first winding and the
second winding. Thus, the number of layers needed in a
planar transformer is reduced. Another advantage of the
method according to the invention is that the manufac-
turing costs of a planar transformer are decreased.
[0035] 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.
[0036] The exemplary embodiments presented in this
text and their advantages relate by applicable parts to
the planar transformer as well as the shielding method
according to the invention, even though this is not always
separately mentioned.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037]

Fig. 1 illustrates a planar transformer according to a
first embodiment of the invention,
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fig. 2 illustrates an exploded view of the planar trans-
former according to fig. 1,

fig. 3 illustrates overlapping of an auxiliary winding
and a compensation winding in the planar trans-
former according to fig. 1,

fig. 4 illustrates an exploded view of a planar trans-
former according to a second embodiment of
the invention, and

fig. 5 illustrates an exploded view of a planar trans-
former according to a third embodiment of the
invention.

DETAILED DESCRIPTION OF THE DRAWINGS

[0038] Fig. 1 illustrates a planar transformer according
to a first embodiment of the invention. The planar trans-
former comprises a multilayer PCB 101 having four lay-
ers 102, 103, 104 and 105 on which windings (not shown
in fig. 1) are formed. A transformer core consisting of an
E-core 106 and an I-core 107 is attached in connection
with the multilayer PCB 101.
[0039] Fig. 2 illustrates an exploded view of the planar
transformer according to fig. 1. A primary winding 201 is
formed on the layer 102 and a secondary winding 202 is
formed on the layer 105. Between the layers 102 and
105 are the layers 103 and 104 on which an auxiliary
winding 203 and a compensation winding 204 are
formed, respectively. The auxiliary winding 203 and the
compensation winding 204 are connected to a primary
circuit that contains the primary winding 201 as well as
to ground.
[0040] The layers 102, 103, 104 and 105 are provided
with apertures 205 through which a centre leg 206 of the
E-core 106 is intended to pass. Side legs 207 of the E-
core 106 can be arranged around the multilayer PCB 101
so that the layers 102, 103, 104 and 105 are between
the side legs 207. The I-core 107 is used to magnetically
couple the centre leg 206 to the side legs 207 of the E-
core 106.
[0041] Each of the windings 201, 202, 203 and 204
has a form of an essentially spiral pattern that is arranged
to wind around the aperture 205. The windings 201, 202,
203 and 204 are arranged concentrically with respect to
each other. The auxiliary winding 203 and the compen-
sation winding 204 have opposite winding directions.
[0042] The auxiliary winding 203 comprises a shielding
turn 208 that is arranged on the outer half of a winding
window of the planar transformer. The shielding turn 208
is an outer winding turn of the auxiliary winding 203 and
it covers about 50 percent of the winding window. The
compensation winding 204 comprises a shielding turn
209 that is arranged on the inner half of the winding win-
dow. The shielding turn 209 is an inner winding turn of
the compensation winding 204 and it covers about 50
percent of the winding window. The shielding turns 208

and 209 together cover essentially the entire winding win-
dow so that the capacitive coupling between the primary
winding 201 and the secondary winding 202 is efficiently
reduced. The overlapping of the auxiliary winding 203
and the compensation winding 204 in the planar trans-
former according to fig. 1 is illustrated in fig. 3.
[0043] Fig. 4 illustrates an exploded view of a planar
transformer according to a second embodiment of the
invention. The planar transformer comprises a multilayer
PCB 401 having six layers 402, 403, 404, 405, 406 and
407. The planar transformer also comprises a transform-
er core consisting of an E-core 408 and an I-core 409 to
be attached in connection with the multilayer PCB 401.
A centre leg 410 of the E-core 408 is intended to pass
through apertures 411 provided in the layers 402, 403,
404, 405, 406 and 407. Side legs 412 of the E-core 408
are intended to be arranged around the multilayer PCB
401 so that the layers 402, 403, 404, 405, 406 and 407
are between the side legs 412.
[0044] The planar transformer of fig. 4 comprises a pri-
mary winding divided into winding sections 413 and 414,
a secondary winding 415, an auxiliary winding 416, a
compensation winding 417 and an electrostatic shield
418. The primary winding sections 413 and 414 are
formed on the layers 402 and 407, respectively. The sec-
ondary winding 415 is formed on the layer 405. The aux-
iliary winding 416 is formed on the layer 403 and the
compensation winding 417 is formed on the layer 404.
The electrostatic shield 418 is formed on the layer 406.
[0045] The auxiliary winding 416 comprises a shielding
turn 419 that is arranged on the outer half of a winding
window of the planar transformer. The shielding turn 419
is an outer winding turn of the auxiliary winding 416 and
it covers about 50 percent of the winding window. The
compensation winding 417 comprises a shielding turn
420 that is arranged on the inner half of the winding win-
dow. The shielding turn 420 is an inner winding turn of
the compensation winding 417 and it covers about 50
percent of the winding window. The shielding turns 419
and 420 together cover essentially the entire winding win-
dow so that the capacitive coupling between the primary
winding section 413 and the secondary winding 415 is
efficiently reduced.
[0046] The auxiliary winding 416 and the compensa-
tion winding 417 have opposite winding directions.
[0047] The electrostatic shield 418 essentially covers
the entire winding window of the planar transformer. The
electrostatic shield 418 is connected to the same poten-
tial as the auxiliary winding 416 and the compensation
winding 417. The electrostatic shield 418 is used to re-
duce the capacitive coupling between the secondary
winding 415 and the primary winding section 414.
[0048] Fig. 5 illustrates an exploded view of a planar
transformer according to a third embodiment of the in-
vention. The planar transformer comprises a multilayer
PCB 501 having six layers 502, 503, 504, 505, 506 and
507. The planar transformer also comprises a transform-
er core consisting of an E-core 508 and an I-core 509 to

7 8 



EP 3 576 113 A1

6

5

10

15

20

25

30

35

40

45

50

55

be attached in connection with the multilayer PCB 501.
A centre leg 510 of the E-core 508 is intended to pass
through apertures 511 provided in the layers 502, 503,
504, 505, 506 and 507. Side legs 512 of the E-core 508
are intended to be arranged around the multilayer PCB
501 so that the layers 502, 503, 504, 505, 506 and 507
are between the side legs 512.
[0049] The planar transformer of fig. 5 comprises a pri-
mary winding 513, a secondary winding divided into wind-
ing sections 514 and 515, an auxiliary winding 516, a
compensation winding 517 and an electrostatic shield
518. The primary winding 513 is formed on the layer 505.
The secondary winding sections 514 and 515 are formed
on the layers 502 and 507, respectively. The auxiliary
winding 516 is formed on the layer 503 and the compen-
sation winding 517 is formed on the layer 504. The elec-
trostatic shield 518 is formed on the layer 506.
[0050] The auxiliary winding 516 comprises a shielding
turn 519 that is arranged on the outer half of a winding
window of the planar transformer. The shielding turn 519
is an outer winding turn of the auxiliary winding 516 and
it covers about 50 percent of the winding window. The
compensation winding 517 comprises a shielding turn
520 that is arranged on the inner half of the winding win-
dow. The shielding turn 520 is an inner winding turn of
the compensation winding 517 and it covers about 50
percent of the winding window. The shielding turns 519
and 520 together cover essentially the entire winding win-
dow so that the capacitive coupling between the primary
winding 513 and the secondary winding section 514 is
efficiently reduced. The auxiliary winding 516 and the
compensation winding 517 have opposite winding direc-
tions.
[0051] The electrostatic shield 518 essentially covers
the entire winding window of the planar transformer. The
electrostatic shield 518 is connected to the same poten-
tial as the auxiliary winding 516 and the compensation
winding 517. The electrostatic shield 518 is used to re-
duce the capacitive coupling between the primary wind-
ing 513 and the secondary winding section 515.
[0052] 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 first winding and a second winding, and
- a third winding and a fourth winding which are
arranged between the first winding and the sec-

ond winding,

characterised in that each of the third winding and
the fourth winding comprises a shielding turn that
covers at least 30 percent of a winding window of
the planar transformer, said shielding turns being ar-
ranged in such a manner that the shielding turns to-
gether cover at least 50 percent of the winding win-
dow.

2. The planar transformer according to claim 1, char-
acterised in that each of the shielding turns covers
at least 50 percent and the shielding turns together
cover at least 90 percent of the winding window of
the planar transformer.

3. The planar transformer according to claim 1 or 2,
characterised in that each of the third winding and
the fourth winding is connected to a constant poten-
tial.

4. The planar transformer according to any of claims 1
to 3, characterised in that one of the shielding turns
is arranged on the inner half of the winding window
and the other of the shielding turns is arranged on
the outer half of the winding window.

5. The planar transformer according to any of claims 1
to 4, characterised in that the track width of the
shielding turn is from 0.5 to 3 mm.

6. The planar transformer according to any of claims 1
to 5, characterised in that each of the first winding
and the second winding is formed on one or more
layers.

7. The planar transformer according to any of claims 1
to 6, characterised in that each of the third winding
and the fourth winding is formed on a single layer.

8. The planar transformer according to any of claims 1
to 7, characterised in that the first winding is a pri-
mary winding, the second winding is a secondary
winding, the third winding is an auxiliary winding and
the fourth winding is a compensation winding.

9. The planar transformer according to any of claims 1
to 7, characterised in that the planar transformer
comprises:

- a fifth winding, and
- an electrostatic shield arranged between the
second winding and the fifth winding.

10. The planar transformer according to claim 9, char-
acterised in that the electrostatic shield covers es-
sentially the entire winding window.
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11. The planar transformer according to claim 9 or 10,
characterised in that the first winding is a first wind-
ing section of a primary winding, the second winding
is a secondary winding, the third winding is an aux-
iliary winding, the fourth winding is a compensation
winding and the fifth winding is a second winding
section of the primary winding.

12. The planar transformer according to claim 9 or 10,
characterised in that the first winding is a first wind-
ing section of a secondary winding, the second wind-
ing is a primary winding, the third winding is an aux-
iliary winding, the fourth winding is a compensation
winding and the fifth winding is a second winding
section of the secondary winding.

13. The planar transformer according to any of claims
8, 11 or 12, characterised in that the auxiliary wind-
ing is connected to a primary side of the planar trans-
former with the same polarity as the primary winding.

14. The planar transformer according to any of claims 8
or 11 to 13, characterised in that the compensation
winding is connected to a primary side of the planar
transformer with the reversed polarity compared to
the primary winding or a secondary side of the planar
transformer with the reversed polarity compared to
the secondary winding.

15. A method for shielding windings in a planar trans-
former that comprises a first winding and a second
winding, and a third winding and a fourth winding
which are arranged between the first winding and
the second winding, characterised in that the meth-
od comprises:

- providing each of the third winding and the
fourth winding with a shielding turn that covers
at least 30 percent of a winding window of the
planar transformer, and which shielding turns to-
gether cover at least 50 percent of the winding
window.
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