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(57) Abstract: This invention
relates to a transformer (1) for
1 multi-output power supplies such as
those commonly found in electronic
equipment. The transformer comprises
5 a magnetic core (3) and a plurality
of windings (5, 7, 9) at least some
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of which are fractional windings,
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arranged about the magnetic core.
The transformer comprises a dual
transformer structure with a pair of
transformers, a main transformer
(11) and an auxiliary transformer
(13). In a preferred embodiment, the
main transformer and the auxiliary
transformer are connected together. In
this way, readily available magnetic
components may be used in the

construction of the transformer and the
simple construction allows for a large
cross-sectional area of transformer
to be deployed so that reduced turn
counts of windings may be used.
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“A Transformer for multi-output power supplies”

Introduction

This invention relates to a transformer for multi-output power supplies comprising a
magnetic core and a plurality of windings, at least some of which being fractional

windings, arranged about the magnetic core.

It is not uncommon to have transformers that are required to provide a number of
output power supplies for use in the operation of electronic equipment. One such
example is that found in the standard desk-top power supplies with the “ATX set” of
12 V, 5V, 3V3 and -12V supplies being provided. Typically, an incoming AC mains
line voltage is converted into a DC voltage suitable for manipulation in the
transformer, and the transformer thereafter transforms the suitable DC voltage into
each of the required DC voltage levels. By and large, the required DC voltage levels
are obtained by controlling the number of secondary winding turns on the
transformer. Normally, it is considered advantageous to provide all of the windings of
a transformer on a common magnetic core. This obviates the need to provide a
separate transformer for each and every DC voltage required. This can save
considerable space on the circuit board thereby facilitating minimisation of the circuit

board.

However, there are numerous difficulties associated with this approach. First of all, by
placing the plurality of windings about a common magnetic core, this can cause
difficulties particularly when working with low voltages, as frequently fractional turns
are required in order to achieve the desired conversion ratio. Fractional turns may be
implemented very simply conceptually using a multi-leg core, typically an X-core, but
the practical implementation can pose significant challenges to the designer. These
challenges relate primarily to issues associated with maintaining low leakage
inductance between the windings as well as managing wide ranges of current that
can appear in flux-balancing windings. Leakage inductance can give rise to cross
regulation challenges and therefore it can often be quite difficult to provide a suitable
transformer for multi-output power supplies using a common magnetic core. It is also

desirable in many designs to implement the output stage as a full-duty cycle stage
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thus facilitating zero voltage switching (ZVS) operation and also maximising
transformer utilisation. Again this can be relatively difficult to achieve with known

approaches.

It is an object therefore of the present invention to provide a transformer for muliti-
output power supplies that is relatively simple to construct and relatively inexpensive
to manufacture that overcomes at least some of the difficulties with the known

implementations of the transformers for multi-output power supplies.
Statements of Invention

According to the invention there is provided a transformer for multi-output power
supplies comprising a magnetic core and a plurality of windings, at least some of
which give effect to fractional windings, arranged about the magnetic core,
characterised in that the transformer further comprises a dual transformer étructure
having a main transformer and an auxiliary transformer. By having such a
transformer it is possible to use readily available and relatively inexpensive planar-
type and other low-profile magnetic cores in the construction of the transformer.
This approach allows for a large cross-sectional area to be deployed so that
reduced turn counts of windings may be used. Again this simplifies manufacture
and construction. Furthermore, it is possible to realise fractional turn ratios by using
one transformer as a main transformer and the other transformer as an auxiliary
transformer thereby allowing adjustment of the turns ratio used in a relatively

simple manner.

In one embodiment of the invention there is provided a transformer in which the
main transformer comprises an E-Core. This is seen as a particularly simple
configuration of transformer core to use. In another embodiment of the invention
there is provided a transformer in which the main transformer comprises a flat core
section connected to the E-Core. Again, this is seen as a simple configuration of
transformer core to use that will be simple to construct. Alternatively, there is
provided a transformer in which the main transformer comprises a second E-Core

connected to the first E-Core.



10

15

20

25

30

WO 2007/105187 PCT/IE2007/000033

-3-

In one embodiment of the invention there is provided a transformer in which the
auxiliary transformer comprises an E-Core. In another embodiment of the invention
there is provided a transformer in which the auxiliary transformer comprises a flat
core section connected to the E-Core. In a further embodiment of the invention
there is provided a transformer in which the auxiliary transformer comprises a

second E-Core connected to the first E-Core.

In one embodiment of the invention there is provided a transformer in which the
auxiliary tr;nsformer is mounted back-to-back on the main transformer. Preferably,
the auxiliary transformer is mounted back-to-back on the main transformer.
Alternatively, the transformer is mounted on a circuit board and the main
transformer and the auxiliary transformer are mounted end to end. Essentially
therefore, the existing configuration of windings may be used but in a flat

configuration.

In another embodiment of the invention there is provided a transformer in which the
auxiliary transformer is mounted back-to-back on the main transformer and in
which the main transformer comprises an E-core connected to a flat core section
and the auxiliary transformer comprises a second E-core connected to one of the

E-core and the flat core section of the main transformer.

In one embodiment of the invention there is provided a transformer in which the
main transformer comprises an E-core connected to a flat core section and the
auxiliary transformer comprises a second E-core connected to one of the E-core
and the flat core section of the main transformer. By having the E-core connected
to the flat core section and the second E-core connected to one of the E-core and
the flat core section, it is possible to use a common centre section which may
provide volumetric and constructional advantages to the transformer. The
transformer will take up less area on the printed circuit board (PCB) when placed
on the PCB. As an alternative to a flat core section, a further E-core could be

provided connected to the E-core of the main transformer.

In another embodiment of the invention there is provided a transformer in which the

auxiliary transformer further comprises a second flat core section connected to the
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second E-core of the auxiliary transformer, and one of the second flat core section
and the second E-core of the auxiliary transformer is mounted on one of the E-core
and the flat core section of the main transformer. This is seen as a particularly
simple construction of transformer and may be manufactured in a simple and
efficient manner. The flat core section of the main transformer and/or the flat core
section of the auxiliary transformer each may be substituted by a further E-core

connected to the existing E-core in that transformer.

In a further embodiment in the invention there is provided a transformer in which
the flat core section of the main transformer and the second flat core section of the

auxiliary transformer are formed from a single plate of magnetic material.

In one embodiment of the invention there is provided a transformer in which the
windings are provided by way of foil sections. Alternatively, the windings may be
provided by way of stamping sections. In another embodiment still the windings
may be provided by way of wire assemblies. In a further still embodiment, the
windings may be provided by way of rigid or alternatively flexible PCB

implementations.

In another embodiment of the invention there is provided a transformer in which the
transformer is mounted directly on a printed circuit board (PCB) and the windings
are connected directly into the PCB. This is seen as a particularly simple way of
mounting the transformer on a PCB. Alternatively, the windings may be connected
to the PCB via termination wires. The termination wires are seen to be useful as
the precise connection point of the windings on the board may be varied as

required by placement needs.

In a further embodiment of the invention there is provided a transformer in which
there is provided a daughter PCB mounted on the transformer magnetic core
having at least one electronic component thereon. Preferably, the electronic
component mounted on the daughter PCB will comprise a synchronous rectifier
switch mounted on the daughter PCB. It is envisaged that this synchronous
rectifier switch will be provided by way of a MOSFET. This is seen as a particularly

simple and useful implementation of transformer. In this way, low inductance
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connections may be established between the switching elements and the windings,
and there will also be close thermal couplings between the magnetic elements,
typically ferrite, and the semi-conductor elements. In the case of a quasi full-duty
cycle implementation, the output inductor values are very small and this

construction can facilitate being able to incorporate them into the overall assembly.

In one embodiment of the invention there is provided a transformer in which the
plurality of windings comprise approximate mirror images of each other. By having
the plurality of windings as an approximate mirror image of each other it is possible

to manufacture the windings in a very simple manner.

In another embodiment of the invention there if provided a transformer in which
there are provided a pair of secondary output windings, one of which being a 12V
winding and the other being a 5V winding. It is envisaged that the 12V winding and

the 5V winding are double-ended windings provided with centre-tapped outputs.

In a further embodiment in the invention there is provided a transformer in which
the 12V winding is implemented by tapping the winding at a 5V point, drawing the
winding through the auxiliary transformer with 5 turns at 2V per turn, and thereafter
drawing the winding through the E-core of the main transformer. This is a
particularly simple configuration of transformer that will be simple and inexpensive

{o construct.

In one embodiment of the invention there is provided a transformer in which the
12V winding is connected to a 5VA terminal and a 5VB terminal on the PCB. 1t will
be understood that the nomenclature used in relation to 5VA and 5VB refers to the
different phases of the 5V taken from a centre tapped transformer winding. There
will be a different phase of 5V on either side of the centre tap and these are

referenced separately as 5VA and 5VB respectively.

In another embodiment of the invention there is provided a transformer in which
there is provided a further half turn winding for the 5VA and 5VB voltages on the
opposite transformer portion to which they are mounted to provide a balanced

transformer.
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In a further embodiment of the invention there is provided a transformer in which
the further half winding is provided by a winding mounted on the exterior of the
main transformer. Alternatively, the further half winding may be placed between the

main transformer and the auxiliary transformer.

In one embodiment of the invention there is provided a transformer in which the
transformer primary winding is configured to operate at 10V per tun. It is
envisaged that the transformer primary winding will be mounted in the main

transformer section only.

In another embodiment of the invention there is provided a transformer in which the
winding on the auxiliary transformer is tapped using a OV connection and there is
provided a flux balancing winding on the auxiliary core to provide an additional
output voltage. This is seen as particularly useful as additional output voltages may
be required on the transformer. For example, it would be possible to provide the full
ATX set on the one transformer core by implementing such a transformer
construction. It is envisaged that the flux balancing winding on the auxiliary
transformer comprises a 2 + 2 winding thereby giving a 4V output. By having a 4V
output it would be possible to derive a 3V3 output for use in the common ATX set in

a relatively simple manner.

In a further embodiment of the invention there is provided a transformer in which
there are provided a plurality of windings on the transformer mounted in parailel
with respect to each other. In this way, the individual, physical windings are placed
side by side, stacked parallel to each other about the core. This is seen as
particularly useful as this will facilitate reduction of conduction losses and/or
reduction of inter-winding leakage inductance. Reduced leakage inductance will

minimise spiking on rectifiers and also aids cross-regulation in the transformer.

Detailed description of the invention

The invention will now be more clearly understood from the following description of

some embodiments thereof, given by way of example only with reference to the
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accompanying drawings, in which:-

Fig. 1 is a front perspective view of a transformer for multi-output power

supplies according to the invention;

Fig. 2 is rear perspective view of the transformer shown in Fig. 1;

Fig. 3 is a diagrammatic representation of the outline footprint of the

transformer of Figs. 1 and 2;

Fig. 4 is a plan view of a 12V winding;

Fig. 5 is a front perspective view of an alternative construction of

transformer according to the invention;

Fig. 6 is a plan view of an alternative construction of winding used in the

transformer according to the present invention; and

Fig. 7 is a side cross-sectional view of a transformer according to the

present invention.

Referring to the drawings and initially to Figs. 1 and 2 thereof, there is shown a
transformer, indicated generally by the reference numeral 1, for multi-output power
supplies comprising a magnetic core 3 and a plurality of windings 5, 7, 9 arranged
about the magnetic core 3. The transformer further comprises a dual transformer
structure having a main transformer 11 and an auxiliary transformer 13, the
auxiliary transformer 13 being mounted back-to-back on the main transformer 11.
The main transformer comprises an E-core 15 connected to a flat core section 17.
The auxiliary transformer comprises a second E-core 19 connected to a second flat
core section 21 which in turn is connected to the first flat core 17 of the main
transformer 11. The windings 5, 7, 9 are formed by way of foil sections and are
mounted directly onto a printed circuit board (PCB) (not shown). The winding 7 is a
12V winding implemented by tapping the winding at a 5V point, and drawing the

winding through the auxiliary transformer 13, using 5 turns at 2V per turn, and
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thereafter drawing the winding 7 through the E-core 15 of the main transformer 11.
In order to operate the transformer in a balanced fashion, a further half turn winding
(not shown) for the 5VA and 5VB voltages needs to be provided through the
opposite leg and this can be provided by way of the stamping winding 5 shown on

the front of the transformer 1.

Referring to Fig. 3 of the drawings there is shown an outline footprint of the
transformer on a PCB 31. A plurality of sockets 33 are provided for termination of
each of the windings. As an alternative to providing sockets 33 in this manner, it is
also possible to provide termination wires so that the connection points may be

varied to allow more flexibility in the mounting of the transformer on the PCB.

Referring now to Fig. 4 of the drawings there is shown a transformer winding,
indicated generally by the reference numeral 41, suitable for use in the transformer
according to the invention. The transformer winding 41 is a winding suitable for
implementing a 12V and 5V centre-tapped output winding. A second 12V winding
provided for the transformer will effectively be a mirror image of the winding shown
however there may be some alteration in the size of the apertures for suitable
mountings of the foil about the magnetic structure. The winding 41 is tapped
initially at the 5V point 43 before it is led through an auxiliary transformer (not
shown) at 2V per turn before being returned through the remaining E-section of the
main transformer (not shown). It will be readily understood from the foregoing that
other windings with different voltage ratings for the windings may also be provided
and the person skilled in the art, with knowledge of the present invention would
readily understand what is required to provide windings with different winding
voltage ratings. In particular, it would be evident from the foregoing to the skilled

addressee how to construct windings for a full ATX set if desired.

Referring to Fig. 5 of the drawings there is shown an alternative embodiment of
transformer, indicated generally by the reference numeral 51, where like parts have
been given the same reference numerals as before. The transformer 51 further
comprises a daughter PCB 53 mounted on the main transformer 11. The daughter
PCB 53 has a plurality of active switching devices, in this case synchronous

rectifier MOSFETs 55 mounted thereon. In this way, low inductance connections
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may be established between the switching devices and the windings and it is
possible to derive benefits from close thermal coupling between the magnetic
element, typically ferrite, and the semi-conductor elements. In the case of a quasi
full-duty cycle implementation, the output inductor values are very small and this

can facilitate being able to incorporate them with the overall assembly.

In the embodiments shown, the transformer is able to provide a 12V and a 5V
supply. It must be understood that it is also possible to provide a 3V3 supply also.
This may be achieved by putting an additional 2+2 turn winding on the auxiliary
transformer section. This will give a 4V output from the transformer. For supplying
a 3V3 output at the end of a cable, such a voltage (4V) may be appropriate and
gives optimal head room for magnetic amplifier (magamp) approaches. This allows
for the transformer to derive a voltage suitable for regulation by magamp
approaches. Furthermore, it is envisaged that the transformer may be operated in
a balanced fashion by providing a further half turn winding for the 5VA and 5VB
voltages through the opposite leg and this may be provided by the foil/stamping
winding 5 shown on the front of the assembly. Alternatively, it may be possible to
place this half turn winding between the two transformer sections 11, 13 or another

convenient location as would be understood.

Finally, although only one key winding set has been shown in the embodiments
provided, it is envisaged that it may be preferable to provide a plurality of winding
sets arranged parallel to each other in order to give reduced conduction loss and/or
reduced interwinding leakage inductance. Essentially what is provided is a
multilayer/foil PCB set. Reduced inductance will result in a minimisation of the

spiking on rectifiers and will aid cross-regulation in the transformer.

Referring to Fig. 6 of the drawings, there is shown a plan view of an alternative
construction of winding used in the transformer according to the present invention.
This alternative implementation can use printed circuit boards, which effectively
provide foil interleaving and also allow placement of the switches on the printed
circuit boards. In this case it may be more logical to have the printed circuit boards
in one plane, with the windings effectively “unfolded”. A typical printed circuit board,

indicated generally by the reference numeral 61, is shown in Fig. 6. The PCB 61 is
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shown mounted on portion of a main transformer 63 and a portion of an auxiliary
transformer 65. A plurality of switches 67, 69 are provided for the 12V supply and
the 5V supply respectively. The PCB further comprises a switched 12V terminal 71,

a switched 5V terminal 73 and a OV terminal 75.

Referring to Fig. 7 of the drawings, there is shown a cross-sectional view of a
transformer construction, indicated generally by the reference numeral 81, utilising
the printed circuit board implementation in Fig. 6. The transformer comprises a pair
of ferrite core sections 83, 85, a pair of main PCBs 87, 89, a pair of wire spirals 91,
93 and a balancing PCB 95. The main PCBs typically have switches provided
thereon (not shown). The balancing PCB, wire spirals, main PCBs and ferrite core
sections are arranged in a sandwich configuration. The balancing PCB 95 is
located in the centre of the construction and has a wire spiral 91, 93 on either side
thereof. Outside the wire spirals 91, 93 are the main PCBs 87, 89, one on either
side of the balancing PCB 95 and finally the ferrite core sections 83, 85 are
provided outside the main PCBs 87, 89 respectively, again, one on either side of
the balancing PCB 95. The flux-balancing board performs the similar function as
described, with a winding on each outer post of the main core connected such that

the flux excursions are equal.

In this specification, both the main and the auxiliary transformers have been shown
to comprise an E-core connected to a flat core section. Thereafter, the flat core
section of the main transformer has been connected to the flat core section of the
auxiliary transformer. It will be understood that instead of using a flat core section in
either the main transformer or the auxiliary transformer, it is possible to use a
further E-core section in the main transformer and/or the auxiliary transformer
connected to the original E-core section with the arms of the E-core sections being
connected together. Similarly, in the embodiments shown, the connection between
the main and auxiliary transformers has been shown with the flat core sections
connected together but equally well two E-core sections could be connected back-
to-back or an E-core section of one of the main transformer and the auxiliary
transformer could be connected to a flat core section of the other of the main

transformer and the auxiliary transformer if desired.
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Furthermore, it will be understood that the phrase “give effect to fractional
windings” means that the transformers do not necessarily have to have fractional
windings but rather may have full turn windings. The windings “give effect to”
fractional windings by the full windings on one transformer affecting the full
windings on the other transformer to give a voltage equivalent to one obtained if a
fractional winding had been used instead. Of course, it is also possible to provide

fractional windings if need be.

In this specification the terms “comprise, comprises, comprised and comprising” or
any variation thereof and the terms “include, includes, included and including” or any
variation thereof are considered to be totally interchangeable and they should all be

afforded the widest possible interpretation and vice versa.

The invention is not limited to the embodiments hereinbefore described but may be

varied in both construction and detail within the scope of the claims.
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Claims

1)

2)

3)

4)

5)

6)

7)

9)

A transformer for multi-output power supplies comprising a magnetic core
and a plurality of windings, at least some of which give effect to fractional
windings, arranged about the magnetic core, characterised in that the
transformer further comprises a dual transformer structure having a main

transformer and an auxiliary transformer.

A transformer as claimed in claim 1 in which the main transformer

comprises an E-Core.

A transformer as claimed in claim 2 in which the main transformer

comprises a flat core section connected to the E-Core.

A transformer as claimed in claim 2 in which the main transformer

comprises a second E-Core connected to the first E-Core.

A transformer as claimed in any preceding claim in which the auxiliary

transformer comprises an E-Core.

A transformer as claimed in claim 5 in which the auxiliary transformer

comprises a flat core section connected to the E-Core.

A transformer as claimed in claim 5 in which the auxiliary transformer

comprises a second E-Core connected to the first E-Core.

A transformer as claimed in any preceding claim in which the auxiliary

transformer is mounted back-to-back on the main transformer.

A transformer as claimed in claim 1 in which the auxiliary transformer is
mounted back-to-back on the main transformer and in which the main
transformer comprises an E-core connected to a flat core section and the
auxiliary transformer comprises a second E-core connected to one of the E-

core and the flat core section of the main transformer.
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11)

12)

13)

14)

15)

16)

17)

18)
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A transformer as claimed in claim 9 in which the auxiliary transformer
further comprises a second flat core section connected fo the second E-
core of the auxiliary transformer, and one of the second flat core section
and the second E-core of the auxiliary transformer is mounted on one of the

E-core and the flat core section of the main transformer.

A transformer as claimed in claim 10 in which the second flat core section of
the auxiliary transformer is substituted by a further E-core connected to the

second E-core of the auxiliary transformer.

A transformer as claimed in any of claims 9 to 11 in which the flat core
section of the main transformer is substituted by a further E-core connected

to the first E-core of the main transformer.

A transformer as claimed in claim 10 in which the core section of the main
transformer and the core section of the auxiliary transformer connected

together are formed from a single plate of magnetic material.

A transformer as claimed in any of claims 1 to 7 in which the transformer is
mounted on a circuit board and the main transformer and the auxiliary

transformer are mounted end to end.

A transformer as claimed in any preceding claim in which the windings are

provided by way of foil sections.

A transformer as claimed in any of claims 1 to 14 in which the windings are

provided by way of stamping sections.

A transformer as claimed in any of claims 1 to 14 in which the windings are

provided by way of wire assemblies.

A transformer as claimed in any of claims 15 to 17 in which the transformer

is mounted directly on a printed circuit board (PCB) and the windings are



10

15

20

25

30

WO 2007/105187 PCT/IE2007/000033

19)

20)

21)

22)

23)

24)

25)

26)

27)
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connected directly into the PCB.

A transformer as claimed in any of claims 15 to 17 in which the transformer
is mounted directly on a printed circuit board (PCB) and the windings are

connected to the board via termination wires.

A transformer as claimed in any preceding claim in which there is provided
a daughter PCB mounted on the transformer magnetic core having at least

one electronic component thereon.

A transformer as claimed in claim 20 in which there are provided at least

one synchronous rectifier switch mounted on the daughter PCB.

A transformer as claimed in claim 21 in which the synchronous rectifier
switch is a MOSFET.

A transformer as claimed in any preceding claim in which the plurality of

windings comprise approximate mirror images of each other.

A transformer as claimed in any preceding claim in which there are provided
a pair of windings, one of which being a 12V winding and the other being a

5V winding.

A transformer as claimed in claim 24 in which the 12V winding and the 5V

winding are double ended windings provided with centre tapped outputs.

A transformer as claimed in claim 24 or 25 in which the 12V winding is
implemented by tapping the winding at a 5V point, drawing the winding
through the auxiliary transformer with 5 turns at 2V per turn, and thereafter

drawing the winding through the E-core of the main transformer.

A transformer as claimed in claim 26 in which the 12V winding is connected
to a 5VA terminal and a 5VB terminal on the PCB.
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30)

31)

32)

33)

34)

35)

36)
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A transformer as claimed in claim 27 in which there is provided a further half
turn winding for the 5VA and 5VB voltages on the opposite transformer

portion to which they are mounted to provide a balanced transformer.

A transformer as claimed in claim 28 in which the further half turn winding is

provided by a winding mounted on the exterior of the main transformer.

A transformer as claimed in claim 28 in which the further half turn winding is

placed between the main transformer and the auxiliary transformer.

A transformer as claimed in any preceding claim in which the transformer

primary winding is configured to operate at 10V per turn.

A transformer as claimed in claim 31 in which the transformer primary

winding is mounted in the main transformer section only.

A transformer as claimed in any preceding claim in which the winding on the
auxiliary transformer is tapped using a OV connection and there is provided
a flux balancing winding on the auxiliary core to provide an additional output

voltage.

A transformer as claimed in claim 33 in which the flux balancing winding on
the auxiliary transformer comprises a 2+2 winding thereby giving a 4V

output.

A transformer as claimed in any preceding claim in which there are provided
a plurality of windings on the transformer mounted in parallel with respect to

each other.

A transformer as claimed in any preceding claim in which there is provided

a fractional winding mounted on the transformer.
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