wO 2015/162054 A2 I}/ 0000 O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(43) International Publication Date
29 October 2015 (29.10.2015)

(19) World Intellectual Property

Organization
International Bureau

—~
é

=

\

WIPOIPCT

(10) International Publication Number

WO 2015/162054 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification: Not classified

International Application Number:
PCT/EP2015/058282

International Filing Date:
16 April 2015 (16.04.2015)

Filing Language: English
Publication Language: English
Priority Data:

14165946.6 25 April 2014 (25.04.2014) EP

Applicant: KONINKLIJKE PHILIPS N.V. [NL/NL];
High Tech Campus 5, NL-5656 AE Eindhoven (NL).

Inventors: MRUSEK, Helmut, High Tech Campus,
Building 5, NL-5656 AE Eindhoven (NL). JANTKE, Se-
bastian; High Tech Campus, Building 5, NL-5656 AE
Eindhoven (NL). SCHILLER, Sven; High Tech Campus,
Building 5, NL-5656 AE Eindhoven (NL).

Agents: STEFFEN, Thomas et al.; High Tech Campus
Building 5, NL-5656 AE Eindhoven (NL).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: RESONANT CONVERTER AND METHOD FOR CONTROLLING A RESONANT CONVERTER

100

(57) Abstract: The present invention relates to a resonant converter (100)

M4

comprising: at least two transistor switches (S1-S8), out of which at least
two are connected in parallel, and out of which a number of available tran-
sistor switches (S1-S8) is available for performing a current switching of
the resonant converter (100); a controlling module (101) configured to de-
termine whether an output power of the resonant converter (100) is below
an output power threshold value; and a switching module (102) configured
to employ a reduced number of transistor switches out of the number of
available transistor switches (S1-S8), if the output power of the resonant
converter (100) is below the output power threshold value, wherein the re-
duced number is at least declined by one compared to the number of avail -
able transistor switches (S1-S8), wherein the switching module (102) is
configured to permute the employed reduced number of transistor switches
over the available transistor switches (S1-S8).



WO 2015/162054 A2 |IIWAT 00N VT 0 A A

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

WO 2015/162054 PCT/EP2015/058282
1

Resonant converter and method for controlling a resonant converter

FIELD OF THE INVENTION
The present invention relates to electrical inverters based on resonant current
oscillation. In particular, the present invention relates to a resonant converter and a method

for controlling a resonant converter.

BACKGROUND OF THE INVENTION

An insulated-gate bipolar transistor (IGBT) is a three-terminal power
semiconductor device primarily used as an electronic switch and in newer devices is noted
for combining high efficiency and fast switching high power IGBT inverter often use
paralleled IGBT modules. These paralleled IGBT modules are often driven synchronously.

US 8,385,092 B1 describes a method for a power converter system comprising
a switching circuit having a plurality of switches operable to be turned on and off to cause
current to flow to deliver power to a load. The therein described method includes the
following: generating control signals for turning on and off the switches in the switching
circuit; sensing the direction of current flow, wherein the direction of current flow is related
to a likelihood of shoot-through in the switching circuit; providing a current vector signal
indicative of the direction of current flow; adapting the dead time duration of the control

signals for the switches in the switching circuit in response to the current vector signal.

SUMMARY OF THE INVENTION

There may be a need to improve resonant converters. These needs are met by
the subject-matter of the independent claims. Further exemplary embodiments are evident
from the dependent claims and the following description.

An aspect of the invention relates to a resonant converter comprising: at least
two transistor switches, out of which at least two are connected in parallel, and out of which a
number of available transistor switches is available for performing a current switching of the
resonant converter; a controlling module configured to determine whether an output power of
the resonant converter is below an output power threshold value; and a switching module

configured to employ a reduced number of transistor switches out of the number of available
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transistor switches, if the output power of the resonant converter is below the output power
threshold value, wherein the reduced number is at least declined by one compared to the
number of available transistor switches, wherein the switching module is configured to
permute the employed reduced number of transistor switches over the available transistor
switches.

The output power threshold value may be set to 70% or 50% or 25% of the
maximum output power of the resonant converter, or any other reduced value output power
value compared to the maximum output power, ¢.g. a value, for instance between 0% and
99% of the maximum output power of the resonant converter.

The controlling module is configured to determine whether an output power of
the resonant converter is below an output power threshold value, in other words, the output
power of the resonant converter, which corresponds to a currently supplied output power of
the resonant converter is compared to a value, which defines a mid-power operation of the
resonant converter, ¢.g. below 50% the maximum output power of the resonant converter. In
addition a low-power operation of the resonant converter may be defined, ¢.g. below 25% the
maximum output power of the resonant converter.

A second aspect of the invention relates to a high voltage generator
comprising a resonant converter according to the first aspect.

A third aspect of the invention relates to an X-ray tube comprising a high
voltage generator according to the second aspect.

A fourth aspect of the invention relates to a method for controlling a resonant
converter, the method comprising the steps of: determining whether an output power of the
resonant converter is below an output power threshold value; employing a reduced number of
transistor switches out of a number of available transistor switches for performing a current
switching of the resonant converter, if the output power of the resonant converter is below the
output power threshold value, wherein the reduced number is at least declined by one
compared to the number of available transistor switches; and permuting the employed
reduced number of transistor switches over the available transistor switches.

The present invention provides an approach to overcome a not wanted hard
commutation of the paralleled diode of a transistor switch of a resonant converter based on
resonant current oscillation. This would cause higher losses in the inverter and voltage spikes
at the transistor switches during hard commutation, example with increased dead time, or it
would prevent a short circuit between high and low side switch, example with 500 ns dead

time at light load conditions.
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The present invention advantageously solves this problem by reducing the
switch off time of the transistor switches during mid/low power mode of the inverter by
activating an alternating switching scheme of the transistor switches. This enables save
operation of the inverter.

In other words, the present invention advantageously lowers the switching
time (switch off) of the transistor switches.

The present invention advantageously provides that a switching from parallel
operating mode to alternating operation mode during mid and low power operation of the
inverter is performed. The present invention proposes to reduce the switch off time of the
transistor switches during mid/low power operation mode of the inverter by activating the
alternating switching scheme.

In a low power operation mode, even less than half of the normally deployed
switches might be deployed for current switching. This enables save operation of the inverter.
The alternating switching mode enables faster switch off times of the transistor switches
because of the higher current through one single transistor switch. The following further
explains this context, td(off) is decreasing with increased collector current Ic.

In other words, the present invention advantageously proposes a switching
control of the transistor switches. The switching control is normally controlled by a FPGA or
PLD. The present invention can be used within high power inverter for X-Ray systems, MRI
amplifier or other medical imaging systems.

The term “IGBT switch” used within the description of the present invention
may relate to a three-terminal power semiconductor device power transistor as a switch, in a
single device. The IGBT switch may be used in medium- to high-power applications like
switched-mode power supplies, traction motor control and induction heating or others. Large
IGBT modules typically consist of many devices in parallel and can have very high current
handling capabilities in the order of hundreds of amperes with blocking voltages of 6000 V,
equating to hundreds of kilowatts.

In other words, the present invention advantageously permutes the employed
reduced number of transistor switches over the available transistor switches. In this context,
the notion of permutation relates to the act of permuting, or rearranging, the employed
switches of the set of available switches into a particular sequence or order (unlike
combinations, which are selections that disregard order, wherein the order refers to an order

of switching. In other words an alternating switching scheme is applied to the transistors,
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ensuring a higher switching current trough a single transistor and an equally distributed
engagement time for each of the transistor switches.

According to an exemplary embodiment of the present invention, the at least
two transistor switches are at least two insulated-gate bipolar transistors and the switching
module is configured to employ insulated-gate bipolar transistors as the transistor switches.

This advantageously provides significantly higher blocking voltages compared
to an available MOSFET for high power applications.

According to an exemplary embodiment of the present invention, the
switching module is configured to employ one transistor switch out of two or more available
transistor switches.

This advantageously provides an improved switching scheme.

According to an exemplary embodiment of the present invention, the
controlling module is configured to set the output power threshold value to a predefined
threshold value.

This advantageously provides an improved setting of the mid/low power mode
of the inverter.

According to an exemplary embodiment of the present invention, the
controlling module is configured to adapt the output power threshold value based on at least
one operation condition of the resonant converter.

This advantageously provides adapted setting of the mid/low power mode of
the inverter.

According to an exemplary embodiment of the present invention, the
controlling module is configured to adapt the output power threshold value based on a
measured ambient temperature or chip temperature value as the at least one operation
condition of the resonant converter.

According to an exemplary embodiment of the present invention, the
switching module is further configured to save in a semiconductor memory which transistor
switch or transistor switches were active in a previous switching cycle in order to decide
which transistor switch or transistor switches are used in the next cycle. The saving may be
performed in a semiconductor memory or in any other electronic data storage device.

A computer program performing the method of the present invention may be
stored on a computer-readable medium. A computer-readable medium may be a punched
card, a (floppy) disk storage medium, a hard disk, a CD, a DVD, an USB (Universal Serial
Bus) storage device, a RAM (Random Access Memory), a ROM (Read Only Memory) and
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an EPROM (Erasable Programmable Read Only Memory). A computer-readable medium
may also be a data communication network, for example the Internet, which allows
downloading a program code or further systems.

The methods, systems and devices described herein may be implemented as
software in a Digital Signal Processor, DSP, in a micro-controller, in a FPGA, in a PLD or in
any other side-processor or as hardware circuit within an application specific integrated
circuit, ASIC.

The present invention can be implemented in digital electronic circuitry, or in
computer hardware, firmware, software, or in combinations thereof, ¢.g. in available
hardware of conventional mobile devices or in new hardware dedicated for processing the
methods described herein.

The present invention can be implemented for the use of image reconstruction
in various image processing applications and aims at demonstrating the usefulness of this
transformation for image altering and segmentation tasks.

A more complete appreciation of the invention and the attendant advantages
thereof will be more clearly understood by reference to the following schematic drawings,
which are not to scale, wherein:

Fig. 1 shows a schematic diagram of an X-ray tube comprising a high voltage
generator according to an exemplary embodiment of the invention;

Fig. 2 shows a schematic flowchart diagram of a method for a resonant
converter according to an exemplary embodiment of the invention;

Fig. 3 shows a schematic diagram of a switching scheme of a resonant
converter for explaining the invention;

Fig. 4 shows a schematic diagram of a circuit of a resonant converter
according to an exemplary embodiment of the invention;

Fig. 5 shows a schematic diagram of an output current of the resonant
converter for explaining the invention;

Fig. 6 shows a schematic diagram of a zero-crossing of the output current of
the resonant converter for explaining the invention; and

Fig. 7 shows a schematic diagram switching time vs. the collector current for

explaining the invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

The illustration in the drawings is purely schematically and does not intend to
provide scaling relations or size information. In different drawings, similar or identical
elements are provided with the same reference numerals. Generally, identical parts, units,
entities or steps are provided with the same reference symbols in the description.

Fig. 1 shows a schematic diagram of an X-ray tube comprising a high voltage
generator according to an exemplary embodiment of the invention. An X-ray tube 300 may
comprise a high voltage generator 200, which comprises a resonant converter 100.

The X-ray tube 300 may be used for X-ray computed tomography, a
technology that uses computer-processed X-rays to produce tomographic images (virtual
'slices') of specific areas of the scanned object. The high voltage generator 200 may be used
for producing X-rays, there may be a cathode, which emits electrons into the vacuum and an
anode to collect the electrons, thus establishing a flow of electrical current, known as the
beam, through the tube. A high voltage power source, for example 30 to 150 kilovolts (kV),
is connected across the cathode and the anode to accelerate the electrons. The X-ray spectrum
depends on the anode material and the accelerating voltage.

Fig. 2 shows a schematic flowchart diagram of a method for a resonant
converter according to an exemplary embodiment of the invention.

The method is visualized in terms of a block diagram. The method may
comprise three steps ST1, ST2, and ST3.

As a first step of the method, determining ST1 whether an output power of the
resonant converter is below a threshold value is conducted.

As a second step of the method, employing ST2 a reduced number of
transistor switches out of a number of available transistor switches for performing a current
switching of the resonant converter is conducted, if the output power of the resonant
converter is below the output power threshold value, wherein the reduced number is at least
declined by one compared to the number of available transistor switches.

As a third step of the method, permuting ST3 the employed reduced number of
transistor switches over the available transistor switches is performed.

According to an exemplary embodiment of the invention, these steps may be
carried out simultanecously, divided into multiple operations or tasks or iteratively repeated.
The iteration of the steps may be implemented recursively, by count-controlled loops or by

condition-controlled loops.



10

15

20

25

30

WO 2015/162054 PCT/EP2015/058282
7

Fig. 3 shows a schematic diagram of a switching scheme of a resonant
converter for explaining the invention.

A parallel switching mode of four current switching events of one current
switching cycle is depicted, the first current switching depicted on top followed by the
subsequent current switchings ordered from top to bottom. For each current switching, the
circuit on left and the current versus time relation on the right is shown.

Fig. 3 shows a resonant converter 100 comprising insulated-gate bipolar
transistors as the transistor switches S1-S8.

For the first current switching of the cycle, the conducting IGBTS are the
IGBT or transistor switches S1 and S2 as well as transistor switches S7 and S8. The arrow
over the inductor Lres indicates the current direction. The current flow is corresponding to the
relation as depicted in the first quadrant in the graph of the sinusoidal function on the right.

For the second current switching of the cycle, the conducting IGBTS are the
IGBT or transistor switches S3 and S4 as well as transistor switches S5 and S6. The arrow
over the inductor Lres indicates the current direction. The current flow is corresponding to the
relation as depicted in the second quadrant in the graph of the sinusoidal function on the
right.

For the third current switching of the cycle, the conducting IGBTS are the
IGBT or transistor switches S1 and S2 as well as transistor switches S7 and S8. The arrow
over the inductor Lres indicates the current direction. The current flow is corresponding to the
relation as depicted in the third quadrant in the graph of the sinusoidal function on the right.

For the fourth current switching of the cycle, the conducting IGBTs are the
IGBT or transistor switches S3 and S4 as well as transistor switches S5 and S6. The arrow
over the inductor Lres indicates the current direction. The current flow is corresponding to the
relation as depicted in the fourth quadrant in the graph of the sinusoidal function on the right.

For all current switchings of the current switching cycle presented above, a
switching of each of the transistors occurred in each current switching. The number of
transistor switches which were employed in each current switching was equal to the number
of available transistor switches.

In an alternate switching scheme, only one transistor switch might be
employed for each current switching:

For the first current switching of the alternate cycle, the conducting IGBTs are

the IGBT or transistor switch S1 as well as transistor switch S7. The current flow is
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corresponding to the relation as depicted in the first quadrant in the graph of the sinusoidal
function on the right.

For the second current switching of the alternate cycle, the conducting IGBTs
are the IGBT or transistor switch S4 as well as transistor switch S6. The current flow is
corresponding to the relation as depicted in the second quadrant in the graph of the sinusoidal
function on the right.

For the third current switching of the alternate cycle, the conducting IGBTs
are the IGBT or transistor switch S2 as well as transistor switch S8.

For the fourth current switching of the alternate cycle, the conducting IGBTs
are the IGBT or transistor switch S3 as well as transistor switch S5.

Fig. 4 shows a schematic diagram of a circuit of a resonant converter
according to an exemplary embodiment of the invention. In Fig. 4, a double IGBT full bridge
configuration of a resonant converter is shown.

A resonant converter 100 may comprise eight transistor switches S1-S8,
wherein two transistor switches are connected in parallel. In Fig. 4, two transistor switches
S1, S2 are connected in parallel, two transistor switches S3, S4 are connected in parallel, two
transistor switches S5, S6 are connected in parallel, and two transistor switches S7, S8 are
connected in parallel. For the depicted resonant converter 100 of Fig. 4, four transistor
switches are available for performing a current switching of the resonant converter 100.

The resonant converter 100 may further comprise a controlling module 101
configured to determine whether an output power of the resonant converter is below an
output power threshold value.

The resonant converter 100 may further comprise a switching module 102
configured to employ a reduced number of transistor switches out of a number of available
transistor switches S1-S8 for performing a current switching of the resonant converter, if the
currently needed output power of the resonant converter is below the output power threshold
value, wherein the reduced number is at least declined by one compared to the number of
available transistor switches, and configured to permute the employed reduced number of
transistor switches over the available transistor switches S1-S8. The switching module 102
may further comprise memory 102-1.

The switching module 102 may further be configured to save in the
memory 102-1 which transistor switch or transistor switches S1-S8 were active in a previous
current switching cycle in order to decide which transistor switch or transistor switches S1-

S8 are used in the next current switching cycle. For the present circuit, the reduced number is
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two transistor switches and the available number of transistor switches is four. For instance,
during one cycle, only two transistors, ¢.g. transistor switch S1 as well as transistor switch
S7, are used instead of S1, S2, S7, S8 which all would be available for the same direction of
current flow through the circuit. During another cycle, two transistors, ¢.g. transistor switch
S4 as well as transistor switch S5, are used instead of S3, S4, S5, S6 which all would be
available for the same other direction of current flow through the circuit.

Two transistor switches S1, S2; S3, S4; S5, S6; S7, S8 connected in parallel
may form a switching pair 103. Each switching pair 103 is connected to the switching
module 102, and may receive controlling commands, ¢.g. a switching command addressed to
one of the transistor switches S1-S8 .Instead of the inverter full-bridge, also using an inverter
half-bridge or using any other bridge circuit is possible.

The inverter may generate a sinusoidal current through the resonant circuit
comprising an inductor Lres, a capacitance Cres and a transformer XFMR.

This resonant circuit is driven by current switching of the switches S1, S2, S3,
S4, S5, S6, S7, and S8 supplying the driving voltage represented by +VCD to -VCD. This is
realized by switching the switches S1 and S2 simultaneously with the switches S7 and S8 to
generate the positive current half-wave. Transistor switches S3 and S4 simultancously with
switches S5 and S6 will carry the negative current half-wave. The switching from one
diagonal to the other is done in full resonant mode, wherein the resonant frequency is the
switching frequency from one diagonal to the other.

Therefore, the number of available transistor switches may depend on the
current path in the circuit and the number of all transistors of the circuit, e.g. the term
available as used in the present description may refer to the meaning of available for a
desired current switching, in the example provided above transistor switches S1, S2, S7, S8
are available for the same current flow through the circuit, even though eight transistor
switches are present in the circuit, but for a certain current path that enables a voltage to be
applied across the load in a certain direction only these four transistor switches S1, S2, S7, S8
are available. And out of these four transistor switches only two transistor switches are used,
but which two are used, is permuted.

The IGBTs are in parallel because of the high currents at full output power of
the inverter.

Fig. 5 shows a schematic diagram of an output current of the resonant

converter for explaining the invention. The y-axis shows the output current of the IGBT
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inverter full-bridge, the x-axis shows the time. The graph shows two positive and two
negative current half-waves of one current switching cycle.

Fig. 6 shows a schematic diagram of a zero-crossing of the output current of
the resonant converter for explaining the invention.

On the lower left panel in Fig. 6, a description of the different ideal switching
states is presented: the stages t4 to t0 are presented idealized, normally the different stages
could overlap. The switching mechanism starts at t4, about -800 ns before t0, the zero-
crossing of the resonant current. At t4, the switches (which are still conducting) S1, S2, S7
and S8 get the order to switch off. After the IGBT specific td(OFF) and tf (which is current
and temperature dependent), the switches will be completely switched off at t3. At t2 the
IGBTs S3, S4, S5 and S6 get the order to switch on.

After the IGBT specific td(ON) and tr (current and temperature dependent) the
IGBTs are switched on completely at t1, right before t0 the zero crossing of the resonant
current. tf and tr are neglected for further considerations, because they are much lower
compared to td(OFF) and td(ON). The time between t4 and t2 is called tdead, ¢.g. referred to
as deadtime, it is supposed to be higher than the switch off time of the IGBT in order to
prevent a bridge short circuit (high and low side switched on simultaneously).

An example is presented in the following:

Assuming a switch off current of 400 A (200 A per IGBT when operated in
parallel mode) a fast switching IGBT does have the following parameters at 125°C die or
temperature or ambient temperature:

Assuming td(OFF) of 450 ns (conditions: 200 A switching off and 125°C
ambient temperature), assuming td(ON) of 250 ns (conditions: 200 A switching off and
125°C ambient temperature), for instance tdead is set to 500 ns, (fixed value), t3 is set to -350
ns, t2 is set to -300 ns, t1 is set to -50 ns, t0 is set to 0 ns.

The following difficulty arises: The deadtime would be too short because of
increased switch off time of the IGBT when switching small currents. Therefore we need to
increase the dead time:

Assuming tdead is set to 600 ns, further, t4 is set to -800 ns, t3 is set to -200
ns, t2 is set to -200 ns, t1 is set to +50 ns. This implies that switch on is after the zero
crossing and causes hard commutation of the freewheeling diode.

The following difficulty arises: The IGBT is switched on too late (after the
zero-crossing). Both difficulties can be solved by using the alternating switching scheme

instead of the parallel switching approach.
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Fig. 7 shows a schematic diagram switching time vs. the collector current for
explaining the invention. Fig. 7 is a log-log plot in terms of a two-dimensional graph of
numerical data that uses logarithmic scales on both the horizontal and vertical axes.

The y-axis shows the switching time in nanoseconds in logarithmic scale, the
x-axis shows the collector current IC in ampere in logarithmic scale.

In another exemplary embodiment of the present invention, a computer
program or a computer program eclement is provided that is characterized by being adapted to
execute the method steps of the method according to one of the preceding embodiments, on
an appropriate system. Characteristic curves for td(on), td(off), and tr are depicted in the
graph.

According to a further exemplary embodiment of the present invention, the
computer program element might therefore be stored on a computer unit, which might also be
part of an embodiment of the present invention. This computing unit may be adapted to
perform or induce a performing of the steps of the method described above.

Moreover, it may be adapted to operate the components of the above described
apparatus. The computing unit can be adapted to operate automatically and/or to execute the
orders of a user. A computer program may be loaded into a working memory of a data
processor. The data processor may thus be equipped to carry out the method of the invention.

This exemplary embodiment of the invention covers both, a computer program
that right from the beginning uses the invention and a computer program that by means of an
up-date turns an existing program into a program that uses the invention.

Further on, the computer program element might be able to provide all
necessary steps to fulfill the procedure of an exemplary embodiment of the method as
described above.

According to a further exemplary embodiment of the present invention, a
computer readable medium, such as a CD-ROM, is presented wherein the computer readable
medium has a computer program element stored on it, which computer program element is
described by the preceding section.

A computer program may be stored and/or distributed on a suitable medium,
such as an optical storage medium or a solid state medium supplied together with or as part
of other hardware, but may also be distributed in other forms, such as via the internet or other

wired or wireless telecommunication systems.
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However, the computer program may also be presented over a network like the
World Wide Web and can be downloaded into the working memory of a data processor from
such a network.

According to a further exemplary embodiment of the present invention, a
medium for making a computer program element available for downloading is provided, the
computer program element is arranged to perform a method according to one of the
previously described embodiments of the invention.

It has to be noted that embodiments of the invention are described with
reference to different subject matters. In particular, some embodiments are described with
reference to method type claims whereas other embodiments are described with reference to
the device type claims.

However, a person skilled in the art will gather from the above and the
following description that, unless otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any combination between features
relating to different subject matters is considered to be disclosed with this application.
However, all features can be combined providing synergetic effects that are more than the
simple summation of the features.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art and practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.

In the claims, the word “comprising” does not exclude other elements or steps,
and the indefinite article “a” or “an” does not exclude a plurality. A single processor or
controller or other unit may fulfill the functions of several items recited in the claims. The
mere fact that certain measures are recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be used to advantage. Any reference

signs in the claims should not be construed as limiting the scope.
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CLAIMS:

1. A resonant converter (100) comprising:

- at least two transistor switches (S1-S8), out of which at least two are
connected in parallel, and out of which a number of available transistor switches (S1-S8) is
available for performing a current switching of the resonant converter (100);

- a controlling module (101) configured to determine whether an output power
of the resonant converter (100) is below an output power threshold value; and

- a switching module (102) configured to employ a reduced number of transistor
switches out of the number of available transistor switches (S1-S8), if the output power of the
resonant converter (100) is below the output power threshold value, wherein the reduced
number is at least declined by one compared to the number of available transistor switches
(S1-S8), wherein the switching module (102) is configured to permute the employed reduced

number of transistor switches over the available transistor switches (S1-S8).

2. The resonant converter according to claim 1,
wherein the at least two transistor switches (S1-S8) are at least two insulated-gate bipolar
transistors and the switching module (102) is configured to employ insulated-gate bipolar

transistors as the transistor switches (S1-S8).

3. The resonant converter according to claim 1 or to claim 2,
wherein the switching module (102) is configured to employ one transistor switch out of two

available transistor switches (S1-S8).

4. The resonant converter according to one of the preceding claims 1 to 3,
wherein the controlling module (101) is configured to set the output power threshold value to

a predefined threshold value.

5. The resonant converter according to one of the preceding claims 1 to 4,
wherein the controlling module (101) is configured to adapt the output power threshold value

based on at least one operation condition of the resonant converter.
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6. The resonant converter according to claim 5,
the controlling module (101) is configured to adapt the output power threshold
value based on a measured ambient temperature value as the at least one operation condition

of the resonant converter.

7. The resonant converter according to one of the preceding claims 1 to 6,
wherein the switching module (102) is further configured to save in a memory (102-1) which
transistor switch or transistor switches (S1-S8) were active in a previous current switching
cycle in order to decide which transistor switch or transistor switches (S1-S8) are used in the

next current switching cycle.

8. A high voltage generator (200) comprising a resonant converter (100)

according to any one of claims 1 to 7.

9. An X-ray tube comprising (300) a high voltage generator according to the
claim 8.
10. A method for controlling a resonant converter, the method comprising the
steps of:

- determining (ST1) whether an output power of the resonant converter is below
an output power threshold value;

- employing (ST2) a reduced number of transistor switches out of a number of
available transistor switches for performing a current switching of the resonant converter, if
the output power of the resonant converter is below the output power threshold value,
wherein the reduced number is at least declined by one compared to the number of available
transistor switches; and

- permuting (ST3) the employed reduced number of transistor switches over the

available transistor switches.

11. The method according to claim 10,
wherein the step of employing (ST2) the reduced number of transistor switches (S1-S8)

comprises employing insulated-gate bipolar transistors as the transistor switches (S1-S8).
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12. The method according to claim 10 or to claim 11,
wherein the step of employing (ST2) the reduced number of transistor switches (S1-S8)

comprises employing one transistor switch out of two available transistor switches (S1-S8).

13. The method according to one of the preceding claims 10 to 12,
wherein the method further comprises the step of setting the output power threshold value to

a predefined value.

14. The method according to claim 13,
wherein the step of setting the output power threshold value to the predefined value further
comprises adapting the output power threshold value to a value based on an operation

condition of the resonant converter (100).

15. The method according to claim 14,
wherein the step of setting the output power threshold value to the predefined value further
comprises adapting the output power threshold value based on a measured ambient

temperature value as the operation condition of the resonant converter (100).
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