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(54) Title: DC TO DC CONVERTER

(57) Abstract: It provides a DC to DC converter(1) with intermediate con-
version into AC power, including: a transformer (Tr) having a primary wind-
ing (Wp) and a secondary winding (Ws); a first DC to AC conversion circuit
(S1,82,83,S4) having its AC terminals coupled with the primary winding (Wp)
of the transformer (Tr); a first AC to DC conversion circuit (D11, D12, D13,
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D14) having its AC terminals coupled across a first tap (T1) and a second tap
(T2) of the secondary winding (Ws)of the transformer (Tr); a second AC to
DC conversion circuit (D21, D22, D23, D24) having its AC terminals coupled
across a third tap (T3) and a fourth tap (T4)of the secondary winding (Ws) of the
transformer (Tr), wherein the first tap (T1)and the second tap (T2) are arranged
o between the third tap (T3) and the fourth tap (T4) along the secondary winding
(Ws) of the transformer(Tr); and at least one first power switch (SU,SL), being

arranged between one of DC terminals of the first AC to DC conversion circuit
(D11, D12, D13, D14) and one of DC terminals of the second AC to DC con-
version circuit (D21, D22, D23, D24). By having the solution as above, the DC
output voltage may be changed between two levels by operating only one pow-
er switch. Because a power switch is more expensive than a multiple of power
diodes, by reducing the number of power switches responsible for changing the
level of DC output voltage, it is helpful for decreasing the cost and complexity
of control. Besides, the power loss can be decreased due to switching of less
power switch.

[Continued on next page]
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DC TO DC CONVERTER

Technical Field

The invention relates to DC to DC converter, and more particularly to DC to DC conversion
with intermediate conversion into AC power.

Background Art

DC to DC power converters are required for many modern day applications. For example,
such converters are required for high voltage, high power applications such as used in
telecommunications, battery chargers, and uninterruptible power supplies with power factor
correction.

As switching frequencies increase, the switching losses associated with the tum-on and turn-
off of the devices also increase. In soft-switching DC to DC power converters, such as LLC
resonant converter, the switching losses can he lower, allowing the resonant converter to
operate at higher frequencies. Therefore, the use of resonant converters remains an
interesting option for some applications requiring the previous specifications.

The output voltage of the LLC resonant converter is adjusted by changing the switching
frequency. However, when the output voltage is far away from rated output voltage, for
which the resonant tank’s parameter is optimally designed, the performance will decrease.
Therefore in practical, additional buck/boost is recommended to be used along with LLC
resonant converter, which on the country results in, decreased power density and increased
cost. To satisfy the requirement of output current ripple or reduced the output inductance,
interleaved buck/boost is usually applied. However, this leads to a more complex control
and drive system.

In order to overcome the problem, a conventional solution is to use multi-winding high
frequency transformer to create multiple output voltage level while the LLC resonant
converter can be designed in a small switching frequency range. An example is presented
Francisco Canales et al., A High-Power-Density DC to DC Converter for High-Power
Distributed Power Systems, Power Electronics Specialist Conference, 2003. PESC '03. 2003
IEEE 34th Annual. Figure 4 of the paper shows a topology of rectifier used in a power DC
to DC converter. Depending on the state of the power switches (Ss, Se), three of the four taps
of the secondary winding of the transformer are conducting for output AC power which in
turn is converted into DC power at the output of the converter. One of the drawbacks that
these prior art converters present is that it allows two-level DC voltage output at most. In
order to raise the number of DC output voltage level, additional bidirectional blocking power
switches have to be included. This in turn increases power loss, cost and complexity.

Brief Summary of the Invention

According to one aspect of present invention, it provides a DC to DC converter with
intermediate conversion into AC power, including: a transformer having a primary winding
and a secondary winding; a first DC to AC conversion circuit having its AC terminals
coupled with the primary winding of the transformer; a first AC to DC conversion circuit
having its AC terminals coupled across a first tap and a second tap of the secondary winding
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of the transformer; a second AC to DC conversion circuit having its AC terminals coupled
across a third tap and a fourth tap of the secondary winding of the transformer, wherein the
first tap and the second tap are arranged between the third tap and the fourth tap along the
secondary winding of the transformer; and at least one first power switch, being arranged
between one of DC terminals of the first AC to DC conversion circuit and one of DC
terminals of the second AC to DC conversion circuit.

By having the solution as above, the DC output voltage may be changed between two levels
by operating only one power switch, the first power switch or the first power switch. Because
a power switch is more expensive than a multiple of power diodes, by reducing the number
of power switches responsible for changing the level of DC output voltage, it is helpful for
decreasing the cost and complexity of control. Besides, the power loss can be decreased due
to switching of less power switch.

Preferably, the at least one first power switch includes a power switch being arranged
between the lower DC terminal of the first AC to DC conversion circuit and the lower DC
terminal of'the second ACto DC conversion circuit, allowing current flowing into the second
AC to DC conversion circuit in on-state. And, the at least one first power switch includes
another power switch being arranged between the upper DC terminal of the first AC to DC
conversion circuit and the upper DC terminal of the second AC to DC conversion circuit,
allowing current flowing from the second AC to DC conversion circuit in on-state. This
makes it possible to output a three-level DC voltage by using two first power switches.

Preferably, turns ratio between the winding across the third tap and the first tap of the
secondary winding and that across the second tap and the fourth tap substantially equals to
one. So as to provide the two-level DC output voltage or the three-level DC output voltage
with equal voltage intervals.

Brief Description of the Drawings

The subject matter of the invention will be explained in more detail in the following text

with reference to preferred exemplary embodiments which are illustrated in the drawings, in
which:

Figure 1 shows a DC to DC converter with intermediate conversion into AC power according
to an embodiment of present invention;

Figure 2 shows a DC to DC converter with intermediate conversion into AC power according
to anther embodiment of present invention;

Figure 3 shows a DC to DC converter with intermediate conversion into AC power according
to another embodiment of present invention;

Figures 4A, 4B, 4C and 4D show current paths in the secondary side of the DC to DC
converter according to figure 1;

Figures 5A, 5B, 5C and 5D show current paths in the secondary side of the DC to DC
converter according to figure 2; and

Figures 6A, 6B, 6C, 6D, 6E, 6F, 6G and 6H show current paths in the secondary side of the
DC to DC converter according to figure 3.

The reference symbols used in the drawings, and their meanings, are listed in summary form
in the list of reference symbols. In principle, identical parts are provided with the same
reference symbols in the figures.
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Preferred Embodiments of the Invention

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof are shown by way of example in the drawings and will herein be
described in detail. It should be understood, however, that the drawings and detailed
description thereto are not intended to limit the invention to the particular form disclosed,
but on the contrary, the intention is to cover all modifications, equivalents, and alternatives
falling within the spirit and scope of the present invention as defined by the appended claims.
Note, the headings are for organizational purposes only and are not meant to be used to limit
or interpret the description or claims. Furthermore, note that the word "may" is used
throughout this application in a permissive sense (i.€., having the potential to, being able to),
not a mandatory sense (i.e., must)." The term "include", and derivations thereof, mean
"including, but not limited to". The term "coupled" means "directly or indirectly coupled",
and the term "coupled" means "directly or indirectly coupled".

Figure 1 shows a DC to DC converter with intermediate conversion into AC power according
to an embodiment of present invention. Referring to figure 1, a DC to DC converter 1 in
accordance with one non-limiting example embodiment of the disclosed concept is shown.
An input voltage Vin is received on a primary side of the DC to DC converter 1. The primary
side of the DC to DC converter 1 includes a first DC to AC conversion circuit S1, S2, S3,
S4 which receives the input voltage Vin. For example, the first DC to AC conversion circuit
S1, S2, S3, S4 may include four power switches S1, 82, 83, S4 in a topology of full-bridge,
which are controlled by a control unit 10. As altemative, the first DC to AC conversion
circuit may use various topologies, such as of push-pull. The first DC to AC conversion
circuit may be equipped with a resonant tank 20 electrically connected to the primary
winding Wp of the transformer Tr and drive the resonant tank to achieve soft-switching of
the power devices.

Transformer Tr has primary and secondary windings Wp, Ws. The primary winding Wp of
the transformer Tr is electrically coupled across AC terminals of the first DC to AC
conversion circuit S1, S2, 83, S4, wherein the resonant tank may be inserted therebetween.
The transformer Tr has a magnetic inductance component. The magnetic inductance
component may be caused by, for example and without limitation, a ferromagnetic core (not
shown) of the transformer Tr. The transformer Tr isolates the primary and secondary sides
of the DC to DC converter 1 from each other.

The secondary winding Ws of the transformer Tr includes four taps T1, T2, T3, T4. The first
tap T1 and the second tap T2 are arranged between the third tap T3 and the fourth tap T4
along the secondary winding Ws of the transformer Tr. The first tap T1 and the second tap
T2 are electrically coupled across AC terminals of a first AC to DC conversion circuit D11,
D12, D13, D14. The third tap T3 and the fourth tap T4 are electrically coupled across AC
terminals of a second AC to DC conversion circuit D21, D22, D23, D24. The output voltage
Vout of the DC to DC converter 1 is provided across the DC terminals of the first AC to DC
conversion circuit D11, D12, D13, D14. Additionally, a first power switch SU is arranged
between one of DC terminals of the first AC to DC conversion circuit D11, D12, D13, D14
and one of DC terminals of the second AC to DC conversion circuit D21, D22, D23, D24,
allowing current flowing from the second AC to DC conversion circuit D21, D22, D23, D24
in on-state. For example, the first power switch SU is made of Silicon carbide or Silicon.

A capacitive element C may be coupled across the DC terminals of the first AC to DC
conversion circuit for providing output DC voltage.
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The first AC to DC conversion circuit may include a plurality of first power diodes D11,
D12, D13, D14 electrically coupled in a full-bridge topology. The connection point of the
power diodes D11, D12 and that of the power diodes D13, D14 are electrically coupled
across the first tap T1 and the second tap T2.

The second AC to DC conversion circuit may include a plurality of second power diodes
D21, D23 electrically coupled in a full-wave bridge rectifier topology. AC terminals of the
second AC to DC conversion circuit are electrically coupled across the third tap T3 and the
fourth tap T4.

The upper power diodes D11, D13 of the first AC to DC conversion circuit are electrically
coupled with the power diodes D21, D23 of the second AC to DC conversion circuit via the
first power switch SU allowing current flowing from the second AC to DC conversion circuit
in on-stat. The output voltage Vout of the DC to DC converter 1 is provided across the
positive terminal and the negative terminal of the first AC to DC conversion circuit.

The control unit 10 senses the output voltage Vout of the DC to DC converter 1 and controls
the switching of the power switches S1, S2, S3, $4 in the first DC to AC conversion circuit
S1, 82, S3, S4. Changing the frequency at which the power switches S1, S2, S3, S4 are
switched adjusts the output voltage Vout for a LLC resonant converter. However, adjusting
the frequency at which the power switches S1, S2, S3, S4 are switched also affects the
efficiency of the DC to DC converter 1. As such, it is desirable to switch the power switches
S1, S2, S3, S4 at an optimally efficient frequency as much as possible.

The control unit 10 can also control a transition of the first power switch SU. Generally, the
control unit 10 controls the frequency at which the power switches S1, S2, S3, S4 are
switched based on feedback from the output voltage Vout.

Figure 2 shows a DC to DC converter with intermediate conversion into AC power according
to another embodiment of present invention. The secondary side of the DC/DC converter 2
is substantially similar to the secondary side of the DC/DC converter 1 shown in figure 1.
However, the second AC to DC conversion circuit may instead include a plurality of second
power diodes D22, D24 clectrically coupled in a full-wave bridge rectifier topology. Rather
than including the first power switch SU, the secondary side of the DC/DC converter 2
includes a first power switch SL electrically coupled between the lower power diodes D12,
D14 of the first AC to DC conversion circuit and the power diodes D22, D24 of the second
AC to DC conversion circuit, allowing current flowing into the second AC to DC conversion
circuit in on-state. A fourth power diode DL may be provided being anti-parallel coupled
with the first power switches SL.

Figure 3 shows a DC to DC converter with intermediate conversion into AC power according
to another embodiment of present invention. The secondary side of the DC/DC converter 3
is substantially similar to the secondary side of the DC/DC converter 1 shown in figure 1.
However, it further includes another first power switch SL electrically coupled between the
lower power diodes D12, D14 of the first AC to DC conversion circuit and the lower power
diodes D22, D24 of the second AC to DC conversion circuit. Two fourth power diodes DU,
DL may be provided cach being anti-parallel coupled with the respective one of the at least
one first power switches SU, SL.

For example, the first power switch SL is made of Silicon carbide or Silicon; the third power
switch S11, S12, S13, S14 is made of Silicon carbide or Silicon; the fourth power switch
S21, S22, S23, 824 is made of Silicon carbide or Silicon; the third power diode D1, D2, D3,
D4 is made of Silicon carbide or Silicon; and the fourth power diode DU, DL is made of
Silicon carbide or Silicon.
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In all of the DC to DC converters 1, 2, 3 shown in figures 1, 2 and 3, a level of the output
voltage Vout can be changed by operating the first power switch SU, SL. When the first
power switch SU, SL is in off-state in DC to DC converter 1, 2 and both of them are in off-
state in DC to DC converter 3, the DC power is output as the current flows through the first
tap T1 and the second tap T2, thus the DC output voltage is regulated at the first-level.

When the first power switch SU is in on-state in the DC to DC converter 1, the DC power is
output as the current flows alternating between the path involving the third tap T3 and the
second tap T2 and that involving the first tap T1 and the fourth tap T4. When the first power
switch SL is in on-state in the DC to DC converter 2, the DC power is output as the current
flows alternating between the path involving the third tap T3 and the second tap T2 and that
involving the first tap T1 and the fourth tap T4, as well. When either of the first power
switches SU, SL is in on-state in the DC to DC converter 3, the current flow is substantially
similar to either of the scenarios as above. Thus the DC output voltage is regulated at the
second-level above the first-level.

Therefore, the DC output voltage Vout may be changed between two levels by operating
only one power switch, the first power switch SU or the first power switch SL. Because a
power switch is more expensive than a multiple of power diodes, by reducing the number of
power switches responsible for changing the level of DC output voltage, it is helpful for
decreasing the cost and complexity of control. Besides, the power loss can be decreased due
to switching of less power switch.

When both of the first power switches SU, SL are in on-state in the DC to DC converter 3,
the DC power is output as the current flows through the third tap T3 and the fourth tap T4,
thus the DC output voltage is regulated at the third-level above the second-level. In order to
provide the three-level DC output voltage with equal interval, turns ratio between the
winding across the third tap T3 and the first tap T1 of the secondary winding and that across
the second tap T2 and the fourth tap T4 substantially equals to one.

In order to achieve a bi-directional conversion, a plurality of third power switches S11, S12,
S13, S14 may be provided each being anti-parallel coupled with the respective one of the
first power diodes D11, D12, D13, D14 of the first AC to DC conversion circuit; plurality
of fourth power switches S21, S22, S23, 824 may be provided each being anti-parallel
coupled with the respective one of the second power diodes D21, D22, D23, D24 of the
second AC to DC conversion circuit; a third AC to DC conversion circuit may be provided
having a plurality of third power diodes D1, D2, D3, D4 and having its AC terminals coupled
with the primary winding Wp of the transformer; and a fourth power diode DU may be
provided being anti-parallel coupled with the first power switches SU.Preferablly, The first
power diode D11, D12, D13, D14 may be made of Silicon carbide or Silicon, and the second
power diode D21, D22, D23, D24 may be made of Silicon carbide or Silicon, as well.

Figures 4A, 4B, 4C and 4D show current paths in the secondary side of the DC to DC
converter according to figure 1.

Referring to figure 4 A, the first power switch SU is open and the current in the secondary
winding Ws of the transformer Tr flows in a direction from the first tap T1 to the first AC to
DC conversion circuit. The current flows through the power diodes D11 of the first AC to
DC conversion circuit and through the filtering capacitor C as well as out of the positive
output terminal of the DC to DC converter 1 to any load electrically connected thereto. The
current then flows back into the first AC to DC conversion circuit through the negative
output terminal, through the power diode D14 of the first AC to DC conversion circuit, and
to the second tap T2. Current does not flow through the third tap T3 and the fourth tap T4
when the first power switch SU is open.
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Referring to figure 4B, the current path in the secondary side of the transformer Tr is shown
when the direction of the current is reversed. Similar to figure 4 A, the first power switch SU
is open. However, the current in the secondary winding Ws of the transformer Tr flows in a
direction from the second tap T2 to the first AC to DC conversion circuit. The current flows
through the power diodes D13 of the first AC to DC conversion circuit and through the
filtering capacitor C as well as out of the positive output terminal of the DC to DC converter
1 to any load electrically connected thereto. The current then flows back into the first AC to
DC conversion circuit through the negative output terminal, through the power diode D12
of'the first AC to DC conversion circuit, and to the first tap T1. Current does not flow through
the third tap T3 and the fourth tap T4 when the first power switch SU is open.

In figure 4C, a current path is when the first power switch SU is closed is shown. The current
in the secondary winding Ws of the transformer Tr flows from the third tap T3 to the second
AC to DC conversion circuit. The current then flows through the power diode D21 of the
second AC to DC conversion circuit and the closed first power switch SU and through the
filtering capacitor as well as out the positive output terminal of the DC/DC converter 1 to
the load clectrically connected thereto. The current then flows back into the DC/DC
converter 1 through the negative output terminal, through the power diode D14 of the first
AC to DC conversion circuit, and to the second tap T2.

Referring to figure 4D, the current path in the secondary side of the transformer Tr is shown
when the direction of the current is reversed. Similar to figure 4C, the first power switch SU
is closed. However, the current in the secondary winding Ws of the transformer Tr flows in
a direction from the fourth tap T4 to the second AC to DC conversion circuit. The current
flows through the power diodes D23 of the second AC to DC conversion circuit and the
closed first power switch SU and through the filtering capacitor C as well as out of the
positive output terminal of the DC to DC converter 1 to any load electrically connected
thereto. The current then flows back into the first AC to DC conversion circuit through the
negative output terminal, through the power diode D12 of the first AC to DC conversion
circuit, and to the first tap T1.

Figures 5A, 5B, 5C and 5D show current paths in the secondary side of the DC to DC
converter according to figure 2.

Referring to figures SA and 5B, the current paths are similar to figures 4A and 4B when the
first power switch SL is open.

In figure 5C, a current path is when the first power switch SL is closed is shown. The current
in the secondary winding Ws of the transformer Tr flows in a direction from the first tap T1
to the first AC to DC conversion circuit. The current flows through the power diodes D11 of
the first AC to DC conversion circuit through the filtering capacitor C as well as out of the
positive output terminal of the DC to DC converter 2 to any load electrically connected
thereto. The current then flows back into the second AC to DC conversion circuit through
the negative output terminal and the closed first power switch SL. The current then flows
through the power diode D24 of the second AC to DC conversion circuit, and to the fourth
tap T4.

Referring to figure 5D, the current path in the secondary side of the transformer Tr is shown
when the direction of the current is reversed. Similar to figure 5C, the first power switch SL
is closed. However, current flows in a direction from the second tap T2 to the first AC to DC
conversion circuit. The current flows through the power diodes D13 of the first AC to DC
conversion circuit through the filtering capacitor C as well as out of the positive output
terminal of the DC to DC converter 2 to any load ¢lectrically connected thereto. The current
then flows back into the second AC to DC conversion circuit through the negative output
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terminal and the closed first power switch SL. The current then flows through the power
diode D22 of the second AC to DC conversion circuit, and to the third tap T3.

Figures 6A, 6B, 6C, 6D, 6E, 6F, 6G and 6H show current paths in the secondary side of the
DC to DC converter according to figure 3.

Referring to figures 6A and 6B, the current paths are similar to figures 4A and 4B when both
of the first power switches SU, SL are open.

Referring to figures 6C and 6D, the current paths are similar to figures 4C and 4D when first
power switch SU is closed and another first power switch SL is open.

Referring to figures 6E and 6F, the current paths are similar to figures 5C and 5D when first
power switch SL is closed and another first power switch SU is open.

In figure 6G, a current path is when both of the first power switches SU, SL are closed is
shown. The current in the secondary winding Ws of the transformer Tr flows from the third
tap T3 to the second AC to DC conversion circuit. The current then flows through the power
diode D21 of the second AC to DC conversion circuit and the closed first power switch SU
and through the filtering capacitor as well as out the positive output terminal of the DC/DC
converter 3 to the load electrically connected thereto. The current then flows back into the
DC/DC converter 3 through the negative output terminal, through the closed first power
switch SL, to the second AC to DC conversion circuit. The current then flows through the
power diode D24 of the second AC to DC conversion circuit, and to the fourth tap T4. The
current does not flow through the first tap T1 and the second tap T2 when both of the first
power switches SU, SL are closed.

Referring to figure 6H, the current path in the secondary side of the transformer Tr is shown
when the direction of the current is reversed. Similar to figure 6G, both of the first power
switches SU, SL are closed. However, the current in the secondary winding Ws of the
transformer Tr flows from the fourth tap T4 to the second AC to DC conversion circuit. The
current then flows through the power diode D23 of the second AC to DC conversion circuit
and the closed first power switch SU and through the filtering capacitor as well as out the
positive output terminal of the DC/DC converter 3 to the load electrically connected thereto.
The current then flows back into the DC/DC converter 3 through the negative output
terminal, through the closed first power switch SL, to the second AC to DC conversion
circuit. The current then flows through the power diode D22 of the second AC to DC
conversion circuit, and to the third tap T3. The current does not flow through the first tap T1
and the second tap T2 when both of the first power switches SU, SL are closed.

Though the present invention has been described on the basis of some preferred
embodiments, those skilled in the art should appreciate that those embodiments should by
no way limit the scope of the present invention. Without departing from the spirit and
concept of the present invention, any variations and modifications to the embodiments
should be within the apprehension of those with ordinary knowledge and skills in the art,
and therefore fall in the scope of the present invention which is defined by the accompanied
claims.
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CLAIMS

1. A DCto DC converter with intermediate conversion into AC power, including:
a transformer having a primary winding and a secondary winding;

a first DC to AC conversion circuit having its AC terminals coupled with the primary
winding of the transformer;

a first AC to DC conversion circuit having its AC terminals coupled across a first tap
and a second tap of the secondary winding of the transformer;

asecond AC to DC conversion circuit having its AC terminals coupled across a third tap
and a fourth tap of the secondary winding of the transformer, wherein the first tap and
the second tap are arranged between the third tap and the fourth tap along the secondary
winding of the transformer; and

at least one first power switch, being arranged between one of DC terminals of the first
AC to DC conversion circuit and one of DC terminals of the second AC to DC conversion
circuit.

2. The DC to DC converter according to claim 1, wherein:

the at least one first power switch includes a power switch being arranged between the
lower DC terminal of the first AC to DC conversion circuit and the lower DC terminal
of the second AC to DC conversion circuit, allowing current flowing into the second AC
to DC conversion circuit in on-state.

3. The DC to DC converter according to claim 2, wherein:

the at least one first power switch includes another power switch being arranged between
the upper DC terminal of'the first AC to DC conversion circuit and the upper DC terminal
of the second AC to DC conversion circuit, allowing current flowing from the second
AC to DC conversion circuit in on-state.

4. The DC to DC converter according to claim 1, wherein:

the at least one first power switch includes a power switch being arranged between the
upper DC terminal of the first AC to DC conversion circuit and the upper DC terminal
of the second AC to DC conversion circuit, allowing current flowing from the second
AC to DC conversion circuit in on-state.

5. The DC to DC converter according to any of the preceding claims, further including:

a capacitive element, being coupled across the DC terminals of the first AC to DC
conversion circuit for providing output DC voltage.

6. The DC to DC converter according to any of the preceding claims, wherein:

turns ratio between the winding across the third tap and the first tap of the secondary
winding and that across the second tap and the fourth tap substantially equals to one.

7. The DC to DC converter according to any of the preceding claims, wherein:
the first DC to AC conversion circuit includes a plurality of second power switches;
the first AC to DC conversion circuit includes a plurality of first power diodes;
the second AC to DC conversion circuit includes a plurality of second power diodes;

the first power switch is made of Silicon carbide or Silicon;
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the second power switch is made of Silicon carbide or Silicon;

the first power diode is made of Silicon carbide or Silicon; and

the second power diode is made of Silicon carbide or Silicon.

The DC to DC converter according to any of the preceding claims, wherein:
the first AC to DC conversion circuit has a topology of full bridge; and

the second AC to DC conversion circuit has a topology of full bridge.

The DC to DC converter according to claim 8, further includes:

a plurality of third power switches each being anti-parallel coupled with the respective
one of the first power diodes of the first AC to DC conversion circuit;

a plurality of fourth power switches each being anti-parallel coupled with the respective
one of the second power diodes of the second AC to DC conversion circuit;

a third AC to DC conversion circuit having a plurality of third power diodes and having
its AC terminals coupled with the primary winding of the transformer; and

at least one fourth power diode each being anti-parallel coupled with the respective one
of the at least one first power switches.

The DC to DC converter according to claim 9, wherein:

the third power switch is made of Silicon carbide or Silicon;
the fourth power switch is made of Silicon carbide or Silicon;
the third power diode is made of Silicon carbide or Silicon and

the fourth power diode is made of Silicon carbide or Silicon.
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