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Description

[0001] This invention relates to transformers, and to
power supply circuits using transformers.

[0002] A power supply is a part of system which sup-
plies the other components of the system with energy.
[0003] Inadditiontothe functional requirements, every
system has to fulfil a number of environmental require-
ments including safety and EMC (electromagnetic com-
patibility), based on approval body directives. These di-
rectives provide a number of standards which describe
what has to be done to fulfil specific requirements.
[0004] Normally, the EMC requirements are only valid
for the total apparatus, but it is also customary to look at
the power supply separately as a standalone apparatus.
Within EMC, two areas can be distinguished: emission
and immunity.

[0005] Thisinvention relates particularly to EMC emis-
sion standards.
[0006] Everyalternating source (currentor voltage) will

generate radiated noise via different kinds of medium (air
or copper wire). This emission has to be limited to prevent
other apparatus from being disturbed in their operation.
The way the disturbance has to be measured and the
maximum allowed level of disturbance can be found in
the specific standards.

[0007] The noise which an apparatus and specifically
a power supply emits can be split into common mode
noise and differential mode noise. For both types, differ-
ent measures have to be taken to restrict this emission.
Therefore in a power supply a number of components
can be found which do not contribute to the fundamental
functionality but are only present to fulfil EMC regulations.
[0008] In the case of a power supply which also has a
galvanic isolation the different components are shown in
Figure 1.

[0009] Figure 1 shows that the mains input is coupled
to an overvoltage protection varistor 10, a common mode
filter 12 and a differential mode filter 14 before application
to a switch mode power supply (SMPS). The SMPS the
provides the power supply to the application 18, and in-
cludes a transformer providing galvanic isolation.
[0010] The various units are used to fulfil the EMC re-
quirements of overvoltage protection, CM-filtering and
differential-mode filtering.

[0011] This galvanic isolation provided by the SMPS
is needed to prevent a conductive connection between
the mains and the real application. To obtain a galvanic
isolation, normally a transformer is used with a primary
winding connected with the mains and a secondary wind-
ing connected with the application.

[0012] Analternating sourceis needed to transport en-
ergy from the primary side to the secondary side, but
noise is also transported. Even though there is no con-
ductive connection between the primary and secondary
side, noise can be transported to the secondary side by
the parasitic capacitance which is present between the
primary and secondary side.
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[0013] In dependence on the size of this capacitance
and the capacitance to the environment, this noise can
be significant. The basic formula for a capacitance is:

dvcl
dat

icap = Cl

[0014] In this equation, iCap is the capacitive current,
C, is the size of the capacitance and V., is the voltage
over the capacitance.

[0015] This formula shows that the amplitude of the
capacitance current which is responsible for the noise is
a product of the capacitance and rate of change of the
capacitance voltage.

[0016] To restrict this noise, atleast one of these terms
has to be made small. Furthermore, the capacitance to
the environment plays a role.

[0017] In the left part of Figure 2 an example plot is
given of an EMC measurement of a flyback converter
connected to the mains with galvanic isolation and the
secondary side connected to the protected earth. The
graph plots the EMC measurement in pV as a function
of frequency.

[0018] The emission is measured via aline impedance
stabilisation network (LISN), and the converter has a pas-
sive load of 5V 1A. Plot 20 represents the peak meas-
urements and plot 22 represents the average measure-
ments. The lines 24 represent the peak and average lim-
its imposed by standards. It is noted that the lines 24
appear in Figure 3, 4, 8 and 10, but an explanation of
these lines is not repeated. The standards require meas-
urement at certain frequencies.

[0019] The construction of the transformer is shown in
the right part of Figure 2 as a cross section through the
bobbin. The transformer has two auxiliary windings (Aux
1and Aux 2), a primary (P) and a secondary winding (S).
[0020] The auxiliary windings used to generate voltag-
esforinternaluse by the power supply, such as the supply
for the the primary controller.

[0021] As can be seen, the noise level is above the
limit lines 24 and therefore does not meet EMC require-
ments. In this case, the secondary side is connected to
the environment, and therefore the capacitance to the
environment is taken as infinite large.

[0022] To lowerthe emission, some measures have to
be taken. One of the basic solutions is to place a capacitor
between the secondary and primary ground to offer a
return path for the noise.

[0023] Together with a common mode (CM) choke the
CM noise can be drastically decreased. In Figure 3 an
example is given, showing the CM choke 30 and capac-
itor 32. The effect of this on the EMC performance is
shown in the right part of Figure 3. A disadvantage is that
an additional leakage current from the mains is flowing
through this added y-capacitor 32 in the case that the
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floating secondary side is touched e.g. by the hand of a
user.

[0024] In a number of cases, this additional capaci-
tance is prohibited or may only be extremely small such
as in medical applications.

[0025] If an additional capacitance is not allowed then
other solutions have to be found to restrict the noise. This
noise can be restricted if the size of the capacitance is
decreased or the rate of change the voltage is minimized.
[0026] Examples of minimizing the capacitance in-
clude restricting the contact area between the primary
and secondary windings or increasing the distance be-
tween the primary and secondary windings. Examples
of minimizing the contact area include not using a sand-
wich construction or minimizing the number of wires.
[0027] Examplesofincreasingthe distance include us-
ing a resonant topology with separated chambers for the
primary and secondary windings (although for a flyback
converter this is not really an option).

[0028] Another option is to restrict the voltage rate of
change. By using copper shields or by clever construc-
tions of the windings this can be realized.

[0029] Figure 4 shows amodificationtothe transformer
arrangement of Figure 2 in which a copper shield 40 is
provided between the primary and secondary windings,
and Figure 4 also shows the resulting change in EMC
performance. As can be seen, the power supply fulfils
the emission requirements to 30MHz.

[0030] An alternative way to minimise the rate of
change of the voltage difference Is by choosing the best
sequence of windings, or by placing additional layers be-
tween windings to shield the voltage or by cancelling cur-
rents.

[0031] Figure 5 shows a first example of transformer
structure which is based on choosing the right sequence
of windings to minimise the voltage difference. For ex-
ample, with respect to the primary winding P, the turns
close to the drain voltage will vary more in voltage than
the turns close to the bus voltage. This is shown in Figure
5 by the waveforms. Thus, by placing the appropriate
turns from the primary P and secondary S windings op-
posite each other the voltage difference can be mini-
mized and therefore the noise current.

[0032] As shown in Figure 6, an alternative is to apply
between the primary P and secondary S winding an ad-
ditional winding 60 with the same polarity (voltage vari-
ation) as the secondary winding S but connected to the
Vbus voltage on the primary side. The additional winding
acts as shield. The capacitance on the primary side will
be larger but the voltage difference between the primary
and secondary sides will be almost zero. A disadvantage
is the increase in thickness of the total winding package
and the increase in losses.

[0033] An alternative shielding method is to use a one
turn foil instead of an additional winding. The foil is less
effective but is less thick. The voltage difference of the
last layer which is:
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Vbus
/ (number of layers)

is replaced by:

Vbus / np

[0034] Figure 7 shows the additional winding 60 of Fig-
ure 6 replaced with a one turn shield 70, over the full
winding width. Such a shield is made of copper foil.
[0035] Figure 8 shows the emission of a 5W adapter
with a copper shield between the secondary and primary
windings.

[0036] As can be seen in Figure 8, the disturbance
measured by the receiver is much lower than without the
shield. The disadvantage is that by using a shield, the
magnetic field component perpendicular to this shield will
induce a voltage and therefore a current in the shield. In
addition to these capacitive losses, the shield will give
rise to eddy currentlosses. These losses will be relatively
high because of the low electrical resistivity
(p=1.75*10-8) of copper.

[0037] In Figure 9, the difference in dissipation is
shown between a flyback converter (5V, 1A) with a trans-
former with shield (plot 90) and a transformer without
shield (plot 92). Figure 9 plots the efficiency against the
output power. As can be seen, the losses increase as a
result of the shield, as can be seen as a reduction in
efficiency.

[0038] In summary, the first known methods to restrict
CM-noise on the mains cable use a y-capacitor in com-
bination with some external filter (CM-choke). If this
method is not allowed because the leakage current from
primary side to secondary side has to be minimized for
e.g medical reasons or discomfort (e.g holding a mobile
phone, connected to a charger) then other methods have
to be found to restrict CM-noise. Second methods thus
involve minimizing capacitance between the primary and
secondary windings and/or minimizing the rate of change
of the voltage difference.

[0039] According to the invention, there is provided a
transformer and power supply as defined in the claims.
[0040] The invention provides a transformer compris-
ing a primary winding and a secondary winding, wherein
a shielding foil sheet is provided between the primary
and secondary windings, comprising a material having a
resistivity of more than 2 x 10-8 Qm at 20 degrees Celsius.
[0041] The shielding foil has a higher resistance than
copper. The increased resistance compared to copper
results in reduced eddy current losses, while maintaining
the electromagnetic shielding advantages. The material
can have a resistivity of more than 4 x 10-8 Qm at 20
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degrees Celsius.

[0042] The higher the resistivity, the lower the shield-
ing. Also the capacitance between the shield and the
secondary winding plays a role. The shield has to be
connected to a reference point (ground or bus voltage),
so not all materials are suitable. Furthermore thin sheets
have to made of the material and the material has to be
flexible.

[0043] Taking these constraints into account, the ma-
terial preferably comprises a copper-based alloy.
[0044] One example is brass such as CuZn30 brass,
and another is bronze.

[0045] Afirstshielding foil sheet can be provided at the
inside of the primary winding and a second shielding foil
sheet of the same material can be provided at the outside
of the primary winding.

[0046] In one arrangement, the primary winding is pro-
vided around a bobbin, and the secondary winding is
provided around the outside of the primary winding, with
the shielding foil sheet between them. This provides two
shielding layers which sandwich the primary winding.
[0047] An auxiliary winding can be provided around
the outside of the secondary winding.

[0048] Theinvention also provides a switch mode pow-
er supply comprising a transformer of the invention.
[0049] Examples oftheinvention willnow be described
with reference to the accompanying drawings, in which:

Figure 1 shows a known power supply circuit;
Figure 2 shows an EMC measurement of a flyback
converter as well as the construction of the trans-
former in the converter;

Figure 3 shows a power supply circuit using a com-
mon mode (CM) choke and capacitor, and also
shows the effect of this on the EMC performance;
Figure 4 shows a modification to the transformer ar-
rangement of Figure 2 in which a copper shield is
provided between the primary and secondary wind-
ings, and also shows the resulting change in EMC
performance;

Figure 5 shows a first example of transformer struc-
ture is based on choosing the right sequence of wind-
ings to minimise the voltage difference;

Figure 6 shows a transformer with an additional
winding between the primary P and secondary S
windings;

Figure 7 shows a transformer with the additional
winding of Figure 6 replaced with a one turn shield;
Figure 8 shows the emission of a 5W adapter with a
copper shield between the secondary and primary
windings;

Figure 9 shows the difference in dissipation between
a flyback converter with a transformer with shield
and a transformer without shield;

Figure 10 shows the change to the EMC spectrum
when the copper shield in a transformer is replaced
by a bronze shield in accordance with one example
of the invention;
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Figure 11 shows an efficiency plot for the use of a
copper shield, a bronze shield, and no shield; and
Figure 12 shows a transformer arrangement with two
shields.

[0050] The invention provides a transformer compris-
ing a primary winding and a secondary winding, wherein
a shielding foil sheet is provided between the primary
and secondary windings. The sheet comprises a material
having a resistivity of more than copper.

[0051] The invention is based on obtaining the advan-
tages of a foil shield but avoiding the disadvantage of a
large increase of energy dissipation.

[0052] A foil material with a higher electrical resistivity
can reduce the losses. Preferably the used foil material
should have good solderability for simple electrical con-
nection of the foil to ground.

[0053] Looking for available foil materials with both
mentioned properties two materials are of particular in-
terest:

1. CuZn30 (brass with 70% copper and 30% zinc)
2. CuSn6 (bronze)

[0054] The electrical resistivity for these two materials
at room temperature are respectively 6.25*10-8Qm and
13.3*108Qm. For copper at 20 degrees, the resistivity is
1.75 x 10-8 Om. Thus, the brass and bronze have resis-
tivity 3.6 and 7.6 times higher than copper, so that the
resistance for the same dimensions is higher by this fac-
tor.

[0055] Figure 10 shows the result of the spectrum
when the copper shield in a transformer is replaced by a
bronze shield. Compared to the spectrum in Figure 8
hardly any difference can be seen. However, the efficien-
cy plot of Figure 11 shows an increase of approximately
of 0.5% in efficiency. Plot 110 is for the use of a copper
shield (corresponding to plot 90 in Figure 9), plot 112 is
forthe use of a bronze shield, and plot 114 is for no shield.
[0056] In this example, one shield is used but two
shields can be used as shown in Figure 12.

[0057] Figure 12 shows shields 120a and 120b be-
tween which the primary winding P is sandwiched. This
arrangement of the transformer gives even more efficien-
cy gain.

[0058] The foils sheet or sheets of the invention are
insulated from the other windings by having a coating or
by using a layer of isolation tape.

[0059] The use of a higher resistivity shield (such as
brass or bronze) in the transformer between the primary
and the secondary windings enables the common-mode
noise to be minimized and makes the use of a y-capacitor
and CM-choke superfluous or at least lower in value. By
using a shield from a conductive material with a higher
resistivity than that of copper, the same reduction of CM-
noise can be reached as with copper but the additional
losses can be lower. Therefore the efficiency of a power
converter based on the transformer can be increased.
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[0060] Copperbased alloys have been given as exam-
ples. Another example is an aluminium foil, although the
electrical connection is then less straightforward. Tin is
a further option.

[0061] Inthe examples above, a shield is provided be-
tween the primary and secondary windings. A shield can
be provided between the different layers of turns within
the primary and secondary windings.

[0062] The shield or shields are connected to the volt-
age which gives the best performance. This could be the
primary ground, or the bus voltage or even an AC voltage
if this gives the best result.

[0063] The invention can be used in all transformers
used in switch mode power supplies supporting galvanic
isolation. By using a shield of foil with higher resistance
than copper, CM-noise can be effectively reduced with
less increase of losses.

[0064] Various modifications will be apparent to those
skilled in the art.

Claims

1. A transformer comprising a primary winding and a
secondary winding, wherein a shielding foil sheet is
provided between the primary and secondary wind-
ings, comprising a material having a resistivity of
more than 2 x 10-8 Qm at 20 degrees Celsius.

2. Atransformer as claimed in claim 1, wherein the ma-
terial has a resistivity of more than 4 x 108 Qm at
20 degrees Celsius.

3. A transformer as claimed in any preceding claim,
wherein the material comprises a copper-based al-
loy.

4. Atransformer as claimed in claim 3, wherein the ma-
terial comprises brass.

5. Atransformer as claimed in claim 4, wherein the ma-
terial comprises CuZn30 brass.

6. Atransformer as claimed in claim 3, wherein the ma-
terial comprises bronze.

7. A transformer as claimed in any preceding claim,
comprising a first shielding foil sheet at the inside of
the primary winding and a second shielding foil sheet
of the same material at the outside of the primary
winding.

8. A transformer as claimed in any preceding claim,
wherein the primary winding is provided around a
bobbin, and the secondary winding is provided
around the outside of the primary winding, with the
shielding foil sheet between them.
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9.

10.

A transformer as claimed in claim 8, further compris-
ing an auxiliary winding around the outside of the
secondary winding.

A switch mode power supply comprising a transform-
er as claimed in any preceding claim.
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