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TRANSFORMER FOR SWITCHED MODE
POWER SUPPLIES AND SIMILAR
APPLICATIONS

This patent application is a continuation in part applica-
tion of a provisional patent application with the same title,
Ser. No. 60/103,135 filed Oct. 5, 1998. Priority is claimed to
its filing date.

BACKGROUND OF THE INVENTION

Transformers for switched mode power supplies and other
similar applications are becoming more and more critical as
operating frequencies rise and as agency safety requirements
become more stringent.

Leakage inductance becomes more and more critical as
frequency rises. The cores should become smaller with
increasing frequency, in theory, but may actually become
larger, in practice, due to flux derating. Proximity effects
become severe, and overheating is a serious problem.

The matrix transformer solves many of these problems.
Please see U.S. Pat. Nos. 4,665,357; 4,845,606, 4,942,353,
4,978,906, 5,093,646 and 5,479,146, which describe various
embodiments of the matrix transformer, and which are
incorporated herein by reference.

Reference is also made to a tutorial entitled “Design and
Application of Matrix Transformers and Symmetrical Con-
verters” by the present inventor and published May 11,
1990.

The matrix transformer works particularly well for
switched mode power supplies having a low voltage, high
current output. The matrix transformer uses fewer primary
turns, because the number of elements used is a factor in the
equivalent turns ratio. That is, the equivalent turns ratio is
the product of the number of primary turns and the number
of elements (modules) used to one. This relationship
assumes a one turn secondary winding. Often, a one-turn
push pull secondary winding (alternatively called a two-
turn, center-tapped winging) is used, to directly drive a dual
rectifier.

For low power applications, where, from a power
perspective, fewer elements could be used, the number of
primary turns can still be quite high, particularly when
operated from a high voltage source. This can make the
matrix transformer difficult to wind and also reintroduces
some of the problems of conventional transformers.

Agency safety requirements, though very necessary, are
not at all helpful in designing transformers for switched
mode power supplies and like applications. Thicker insula-
tion is required, with more layers and spacing, all of which
increase the bulk of the winding and increase its leakage
inductance and thermal impedance.

Where shock hazard is a concern, interwinding capaci-
tance must be kept very low. Interwinding capacitance can
also conduct EMI from the input to the output and vice
versa.

This invention addresses many of these problems.

SUMMARY OF THE INVENTION

This invention teaches that a transformer for switched
mode power supplies and like applications can be made with
two or more stages, which may lower the number of turns
needed in any one stage. This invention also teaches design
features of the two or more stages which cooperate to
improve the overall characteristics of the transformer and to
decrease its overall size, weight and cost.
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The improved characteristics include a small size and low
profile, very simple construction, a very low temperature
rise, a very low primary leakage inductance, a very low
capacitance from the input to the output and very high
dielectric isolation.

In a transformer having two or more stages, the overall
effective turns ratio is the product of the turns ratios of the
stages. As an example, whereas a conventional 20 to one
transformer must have a minimum of 20 primary turns, the
transformer of this invention could have a five turn input
stage first winding and a four turn second stage first winding.

Also, in a transformer having two or more stages, the
parasitic interwinding capacitance from the input to the
output is the capacitance of two or more interwinding
capacitances in series, which is always lower in value than
the lowest value interwinding capacitance. Thus if one stage
of two or more stages is optimized to have a very low
parasitic interwinding capacitance, the overall transformer
will have a very low parasitic capacitance from its input to
its output.

Also, the interstage connection can be balanced, isolated
and grounded, to provide a high degree of noise isolation
and safety. The interstage connection can be conditioned, as
with a low pass filter and/or snubbers, to further reduce noise
transmitted from the input to the output, or vice versa.

In some embodiments of this invention, the input stage
has a “U” shaped tubular second winding which may be
grounded at its center. The first winding is heat sunk and
shielded by the “U” shaped tubular second winding, and it
is output to the next stage is balanced and low potential.

The interstage connection can be filtered or snubbered, to
further reduce noise conducted from the input to the output
of the transformer.

In another embodiment of this invention, the input stage
comprises a “U-I” or “U—U” core upon which a first
winding is wound. The second winding comprises a shield
like foil wrap which may be grounded, and which may be a
heat sink for the input stage. The terminations to the next
stage are taken from the shield like foil wrap.

This invention also teaches how to adapt a balanced
winding to a push pull winding having an effective half turn,
to double the effective turns ratio. A flux and current
balancing winding is used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a diagram of a two stage transformer having
a tubular input stage second winding and one output.

FIG. 2 shows a diagram of a three stage transformer
having a tubular input stage second winding, a tubular
intermediate stage second winding and two outputs.

FIG. 3 is a schematic diagram of the transformer of FIG.
1, also showing the parasitic interwinding capacitors.

FIG. 4 is a schematic diagram of the transformer of FIG.
2, also showing optional inter-stage filtering or snubbing.

FIGS. 5 through 8 show, respectively, an end view, a top
view, another end view and a side view of a input stage of
a transformer of this invention having a tubular second
winding.

FIGS. 9 and 10 show, respectively, an end view and a
partial top view of an alternative tubular winding construc-
tion.

FIGS. 11 through 15 show, respectively, an end view, a
top view, another end view, a side view and a section of an
intermediate stage having a tubular second winding.
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FIGS. 16 and 17 show, respectively, a top view and a
section of an output stage having a one turn first winding and
a tubular second winding.

FIGS. 18 through 21 show, respectively, an end view, a
top view, another end view and a section view of an
alternative output stage having a two turn first winding and
a tubular second winding.

FIGS. 22 through 25 show, respectively, an end view, a
top view, another end view and a section view of an
alternative output stage having a three turn first winding and
a tubular second winding.

FIG. 26 shows a prior art core which would be suitable for
use in the transformer.

FIG. 27 shows a prior art winding which would be
suitable for use in the transformer.

FIG. 28 shows the winding of FIG. 27 installed in the core
of FIG. 26.

FIGS. 29 and 30 show two cores with windings in
alternative orientations.

FIGS. 31 and 32 show an end view section and a side view
of a coaxial capacitor, to define parameters a, b and 1 for the
equation of capacitance.

FIG. 33 shows series capacitors.

FIG. 34 shows a section view of one half of an output
stage having a one turn first winding and a tubular second
winding, with mostly air dielectric.

FIG. 35 shows the schematic of FIG. 3, further defining
the parasitic interwinding capacitances.

FIGS. 36 through 45 show another embodiment of an
input stage, with views showing details of its construction
and the various component parts thereof.

FIG. 46 shows a method of heatsinking a winding.

FIG. 47 shows a balancing winding, to convert the
balanced second winding of the intermediate stage of FIG.
12 to a push-pull output winding having a half turn.

FIGS. 48 through 50 show a balancing winding, to
convert the balanced second winding of the input stage of
FIGS. 36 through 45 to a push-pull output winding having
a half turn.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIGS. 1 and 2 are diagrams of the transformers 1 and 31,
respectively. The features of the diagram represent and
suggest the physical structure, but do not show the actual
physical details. FIGS. 3 and 4 are schematic diagrams, of
the same transformers 1 and 31, respectively, drawn using
usual schematic symbols.

With reference to both FIGS. 1 and 3, the transformer 1
comprises an input transformer stage 25 and an output
transformer stage 27.

The input stage 25 comprises a first winding 5 (input
transformer stage primary winding), a core 3 (input trans-
former stage magnetic core) and a second winding 7 (input
transformer stage secondary winding). The input stage sec-
ond winding 7 may have a ground connection 9 at its center.
In FIG. 1, the input stage second winding 7 is shown as a
“U” shaped tubular structure 7, and to the greatest extent
practical, the input stage first winding 5 is wound within it.
As an illustration, not a limitation, the input stage first
winding 5 is shown as a single winding having two turns.
Any number of turns can be similarly wound. Also, different
winding configurations may be used, such as push-pull
(center-tapped) windings or split windings.

20

25

30

35

40

45

50

55

60

65

4

The first winding 5 has first and second terminations,
which comprise the electrical input of the transformer for
connecting the transformer to a source of input power.

The output stage 27 comprises a first winding 15 (output
transformer stage primary winding), a core 13 (output trans-
former stage magnetic core), and a second winding 17
(output transformer stage secondary winding). The first
winding 15 may have a ground connection 21 at its center.
A spacer 23 shows that the output stage first winding 15 is
spaced well apart from the output stage second winding 17,
as will be further discussed below, to provide high dielectric
isolation and low interwinding capacitance.

The output stage second winding has terminations which
are the electrical output of the transformer for supplying
power to an external load.

FIG. 3 also shows parasitic capacitors 71 and 73 which
represent, respectively, the interwinding capacitance 71 of
the input stage windings 5 and 7 and the interwinding
capacitance 73 of the output stage windings 15 and 17.

With reference to both FIGS. 2 and 4, the transformer 31
comprises the same input stage 25 as shown in FIGS. 1 and
3, an intermediate stage 39 and two output stages 47 and 49.

The intermediate stage 39 comprises a first winding 35
(intermediate transformer stage primary winding), a core 33
(intermediate transformer stage magnetic core) and a second
winding 41 (intermediate transformer stage secondary
winding). Spacers 45-45 show that the intermediate stage
first winding 35 is spaced well apart from the intermediate
stage second winding 41. In FIG. 2, the intermediate stage
second winding 41 is shown as a “U” shaped tubular
structure, 41, and to the greatest extent practical, the inter-
mediate stage first winding 35 is wound within it. The
intermediate stage first winding may have a first ground
connection 37. The intermediate stage second winding may
have a second ground connection 43. The first grounds 9 and
21 are differentiated from the second ground 43 by the use
of a different symbol, and they may be isolated one from the
other.

The output stages 47 and 49 are similar, but may vary in
detail. Each has a first winding, 55 and 65, respectively, and
a core, 53 and 63 respectively. The first windings 55 and 65
may have second grounds 51 and 61 respectively, which
may be common with the second ground 43.

As an example, not a limitation, the first grounds 9 and/or
21 may be connected to a source environment safety ground
and the second grounds 43, 51 and or 61 may be connected
to an output environment safety ground.

Second windings 59 and 69 are shown as being well
spaced from the first windings 55 and 65 respectively, by
spacers 57 and 67, respectively. The output stages 47 and 49
may be the same, to provide similar but isolated output
voltages, or they may be different, to provide different
isolated outputs. In many cases, the turns ratios would differ,
to provide different voltages. Even with the same turns
ratios, the output stages 47 and 49 might be different, to have
a different rated current, as an example, not a limitation.

FIG. 4 shows a number of blocks, 93 and 95—95. No
corresponding part is included in FIG. 2. These blocks show
that windings could be conditioned between stages, as an
option, such as with snubbers or low pass filters, as
examples, not limitations.

The design of high frequency transformers for switched
mode power supplies and like applications involves a num-
ber of compromises. On the one hand, for best cost, the
transformer should be small and simple. For good
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