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AC-DC POWER CONVERTER WITH POWER FACTOR CORRECTION

FIELD OF THE INVENTION

The present invention relates to an AC-DC power converter which comprises a res-

onant DC-DC converter and a charge pump circuit. The charge pump circuit is con-
figured to perform power factor correction of the converter by drawing current pulses
at a switching frequency of the converter from an AC line voltage such that electrical
charges of the current pulses vary substantially proportionally to instantaneous am-

plitude of the AC line voltage.

BACKGROUND OF THE INVENTION

The present AC-DC power converters may be applied to power factor correcting AC-

DC power converters in numerous applications. A high power factor is generally
required or at least highly desirable in a power delivery system to reduce power
losses and reduce distortion introduced to the AC grid by input current harmonics. In
case the power system is loaded by a nonlinear load, e.g. switching converter, cur-
rent drawn by the load is interrupted by a switching activity and therefore contains
numerous higher frequency components that are multiples of the power system fre-
quency. Such harmonic distortion reduces average power transferred to a load of
the AC-DC power converter in addition to contaminating the AC grid. Power factor
correction brings the power factor of a power circuit closer to 1 by making the load
appear more resistive to the AC grid. Thus, achieving a close-to-sinusoidal line cur-
rent that is substantially proportional to, and substantially in-phase with, the AC grid-

voltage.

The skilled person will understand that the AC-DC power converters disclosed here-
in may be utilized in a wide range of applications and product categories, including
laptop chargers, LED drivers, other adapters and power supplies for various indus-
trial and consumer electronics. Thus, the AC-DC power converters disclosed herein
meet an increasing demand for smaller, more power or energy efficient and longer
living AC-DC converters. The present AC-DC power converter design solves these
and other problems by a charge pump based Power Factor Correction (PFC). The

present AC-DC converter may for example use soft-switching inverter topologies



WO 2020/120562 PCT/EP2019/084619

10

15

20

25

30

and state-of-the-art devices such as wide bandgap semiconductors and relevant

magnetic materials as discussed below in additional detail.

With the current trend towards smaller and highly portable electronic equipment for
consumer and industrial applications it is important to minimize weight and size of
the equipment without sacrificing performance. One application of the present AC-
DC converter with a great demand for miniaturization is offline power converters.
Conventional offline converters are 2-stage architectures wherein the first stage is
an AC-DC power factor correction (PFC) rectifier followed by an energy storage ca-
pacitor to filter the double-the-line frequency component on the output, while the
second stage is a DC-DC converter providing the voltage and current levels con-
forms to load electrical characteristics. This conversion has to comply with a number
of regulations dictating the shape of the input current to limit the mains voltage dis-
tortion [1], [2].

Pulse-width-modulated (PVWM) converters have been the primary candidate for the
AC-DC stage in offline converters, including step-down converters, step-up convert-
ers, buck-boost converters, flyback converters and single-ended primary-inductor
converter (SEPIC). These prior art converter topologies can provide high power fac-
tor, but generally suffer from several pronounced problems such as high conducted
electromagnetic interference (EMI) from rectangular switching waveforms. Another
problem associated with prior art converter topologies is hard-switching operation
which typically leads to severe switching losses, low overall energy efficiency, se-
vere EMI problems, relatively low switching frequencies and voltage stress, dv/dt,

problems etc.

On the other hand, resonant inverters and converters typically have substantially
lower switching losses than their PWM counterparts. The resonant inverters of AC-
DC power converters in accordance with the present invention may therefore be
configured to provide zero-voltage-switching (ZVS) and/or zero-current-switching
(ZCS) to provide high power conversion efficiencies at high switching frequencies
for example switching frequencies above 750 kHz or above 1 MHz. That in turn re-
sults in reduced sizes of passive electrical components and thus higher power den-

sities, higher loop-gain bandwidths and faster transient responses. The resonant
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inverters and converters typically allow incorporation of high frequency transformers
in the resonant tank or circuit. The latter allows galvanic isolation, in addition to of-
fering different output voltages. That, in turn, can help combine the AC-DC with the

following DC-DC stage for a single-stage solution for the present offline converters.

SUMMARY OF THE INVENTION

A first aspect of the invention relates to an AC-DC power converter which comprises

an AC rectification circuit configured to convert an AC line voltage into a rectified line
voltage and a rectifying element connected between the rectified line voltage and a
DC supply voltage of a resonant DC converter. The resonant DC converter compris-
es a resonant inverter configured to convert the DC supply voltage into a resonant
inverter voltage at a fixed or controllable switching frequency and an output rectifica-
tion circuit configured to generate a DC output voltage from the resonant voltage or
generate a DC output current from the resonant voltage for supply to a converter
load such as an LED lamp assembly. The AC-DC power converter additionally com-
prises a charge pump circuit connected to the rectified line voltage and the resonant
inverter voltage. The charge pump circuit is configured to draw current pulses at the
fixed or controllable switching frequency from the AC line voltage wherein electrical
charges of the current pulses vary proportionally to, or at least substantially propor-

tionality to, an instantaneous amplitude of the AC line voltage.

The skilled person will understand that the charge pump circuit may operate in an
open loop manner and therefore does not require any separate regulation loop or
mechanism to carry out the power factor correction of the line current drawn from
the AC line voltage or mains voltage. Hence, the AC-DC power converter may com-
prise merely a single feedback regulation loop to adjust the DC output voltage or DC
output current despite the integrated power factor correction (PFC) mechanism pro-
vided by the charge pump circuit. The AC-DC power converter may for example
comprise a voltage or current regulation loop configured to adjust the DC output
voltage or DC output current in accordance with a DC reference voltage or a DC
reference current. The adjustment of the DC output voltage or DC output current

may be achieved by controlling the switching frequency of the resonant inverter,
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which is also the switching frequency of the resonant DC-DC converter, as dis-

cussed in additional detail below with reference to the appended drawings.

Other embodiments of the AC-DC power converter may have a substantially fixed
switching frequency and the adjustment of the DC output voltage or DC output cur-
rent may be achieved by duty cycle control, i.e. on/off control, of the switch control

signal which may be PWM modulated.

The resonant inverter may comprise a series resonant network or tank, a parallel
resonant network or tank or a combination of both. In each case, the resonant net-
work or tank may comprise at least an inductor and a capacitor to set a resonance
frequency. The resonance frequency may lie between 100 kHz and 300 MHz, for
example above 750 kHz, and tuned to coincide with the switching frequency of the
resonant DC-DC converter, which therefore also may lie between 100 kHz and 300
MHz. The skilled person will understand that properties of active components of the
AC-DC power converter, such as transistors, and passive components, such as the
inductor and capacitor of the resonant network, to may be tailored to a specific

switching frequency or switching frequency range.

The skilled person will understand that the resonant inverter may have any of nu-
merous well-known topologies such as a topology selected from the group {class E,
class F, class DE, class EF, LLC}. Some embodiments of the AC-DC power con-
verter may comprise a galvanic isolation barrier, e.g. a transformer with a certain
conversion ratio, to step-up or step-down the resonant inverter voltage. The trans-
former may provide galvanic isolation between primary side circuitry and secondary
side circuitry of the AC-DC power converter. The galvanic isolation barrier may be
coupled between the resonant output voltage and an input voltage of the output rec-

tification circuit.

According to one embodiment of the AC-DC power converter, the charge pump cir-
cuit comprises a smoothing capacitor connected to the DC supply voltage of the
resonant inverter and a pump capacitor, or flying capacitor, connected from the res-
onant inverter voltage to the rectified line voltage. The circuit topology of the AC -DC

power converter ensures that the charge variation of the pump capacitor, which is
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proportional to the voltage variation across the pump capacitor, follows the AC line
voltage across the 50/60 Hz line cycle. Accordingly, the average input or line current
drawn by the AC-DC power converter substantially follows the AC line voltage and a
unity power factor can ideally be obtained even though minor component and circuit
imperfections may leave the power factor slightly below unity. The charge pump
circuit may be configured such that the proportionality between the electrical charg-
es of the current pulses and the instantaneous amplitude of the AC line voltage
leads to a power factor exceeding 0.95, and more preferably exceeds 0.98, for ex-
ample exceeding 0.99 as evidenced by the experimental results discussed in detail

below with reference to the appended drawings.

According to certain embodiments of the invention, the electrical interconnection
between the rectified line voltage and resonant inverter voltage is based on a capac-
itor only network, for example exclusively by the pump capacitor. This provides a
compact and low-cost connection that may be based on standard, low cost and
readily available capacitors. The electrical interconnection may therefore avoid the
use of an inductive coupling or an inductive component of the below-discussed gal-
vanic isolation transformer, such as a separate transformer winding, back to the

rectified line voltage.

The charge pump circuit may be configured to, during a cycle of the switching fre-
quency, sequentially cycle through states of:

- a first state where each of the rectifying element (D,) and AC rectification circuit
(Dg) is non-conducting/off and a voltage across the pump/flying capacitor (Cp) re-
mains substantially constant;

- a second state where AC rectification circuit (Dg) is conducting/on and the rectify-
ing element (D,) is non-conducting/off to charge the pump/flying capacitor (Cp) by
line current drawn from the AC line voltage;

- a third state where each of the rectifying element (D,) and AC rectification circuit
(Dg) is non-conducting/off and the voltage across the pump/flying capacitor (Cg) re-
mains substantially constant;

- a fourth state where the AC rectification circuit (Dg) is in a non-conducting/off state
and the rectifying element (D) is in a conducting/on state such that discharge cur-

rent flows from the pump/flying capacitor (Cp) into the smoothing capacitor (Cpc) to
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increase the DC supply voltage (Vpc) of the resonant inverter and decrease the volt-

age across the pump/flying capacitor (Cp).

The charge pump circuit may be configured to cycle through its second state during
a rising edge of a waveform of the resonant inverter voltage; and cycle through its
fourth state during a falling edge of the waveform of the resonant inverter voltage as

discussed in additional detail below with reference to the appended drawings.

According to one embodiment, a capacitance of the smoothing capacitor and a ca-
pacitance of the pump/flying capacitor are selected such that the DC supply voltage
of the resonant inverter is higher than the AC line voltage across every cycle of the
AC line voltage. An advantage of the latter selection of respective capacitances of
the smoothing capacitor and pump capacitor is that it prevents cross conduction
between AC line voltage source and the DC supply voltage (Vpc) of the resonant
DC-DC converter.

The AC-DC power converter preferably comprises a voltage regulation loop or cur-
rent regulation loop configured to adjust the DC output voltage (Vour) or DC output
current, respectively, in accordance with a DC reference voltage or a DC reference
current. The voltage or current regulation loop may be configured to:

- adjust the DC output voltage or DC output current by adjusting or controlling the
switching frequency, i.e. frequency modulation control, and/or

- adjust the DC output voltage (Vout) or DC output current by off/on modulation or
duty cycle modulation of the switching frequency. Hence, in the latter embodiment,
the switching frequency of AC-DC power converter may be fixed and the AC-DC

power converter turned-on and turned-off at a certain control frequency.

According to one embodiment, the voltage or current regulation loop may be config-
ured to adjust the switching frequency of the AC-DC power converter with more than
+/- 5 %, or even more than +/- 10 %, relative to a nominal switching frequency of the
AC-DC power converter. The nominal switching frequency may be identical to the
resonance frequency of the resonant network or a predetermined off-set relative to

resonance frequency of the resonant network.
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The resonant inverter preferably comprises at least one semiconductor switch con-
nected between the DC supply voltage (Vpoc) and a negative supply rail. The at least
one semiconductor switch may comprise one or more wide bandgap transistors
such as one or more gallium nitride FET(s). The resonant inverter may comprise
controllable switch network such as a half-bridge driver comprising a pair of wide
bandgap transistors. A switch signal, at the fixed or controllable switching frequency,
may be applied to a control terminal, e.g. a gate terminal, of the least one semicon-
ductor switch of the resonant inverter. An output terminal of the controllable switch

network may be connected to a first end of the resonant network.

The resonant inverter may comprise a controllable switch network exhibiting a to-

pology selected from a group of: class DE, Class E, class EF, LLC.

The resonant inverter may be configured for zero voltage switching (ZVS) and/or
zero current switching (ZCS). The output rectification circuit of the DC-DC converter
may be configured for zero voltage switching (ZVS) and/or zero current switching
(ZCS).

The output rectification circuit of the DC-DC converter may comprise one or more
passive diodes, such as silicon carbide Schottky diode(s), or one more ac-
tive/controllable diodes such as one or more transistors such as at least one
MOSFET.

A second aspect of the invention relates to a method of applying power factor cor-
rection to an AC-DC power converter using a charge pump circuit, said method
comprising steps of:

-converting an AC line voltage into a rectified line voltage (Vg);

-applying the rectified line voltage (Vg) to a DC supply voltage (Vpc) of a resonant
DC-DC converter through a rectifying element (D), such as a semiconductor diode;
-generating a resonant inverter voltage by switching a resonant inverter at a fixed or
controllable switching frequency;

-rectifying the resonant inverter voltage to generate a DC output voltage or generate
a DC output current;

-drawing charging pulses, at the switching frequency, from the AC line voltage into a

pump or flying capacitor (Cp) connected between the rectified line voltage (Vg) and
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the resonant inverter voltage, wherein electrical charges of the charging pulses vary
substantially proportionally to an instantaneous amplitude of the AC line voltage;
-discharging the pump or flying capacitor into a smoothing capacitor, connected to
the DC supply voltage, by supplying current pulses, at the switching frequency, into

the smoothing capacitor.

The skilled person will understand that present methodology may comprise that the
charge pump circuit sequentially cycles through the previously discussed first, sec-

ond, third and fourth states during every cycle of the switching frequency.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the invention will be described in more detail in connec-

tion with the appended drawings, in which:

FIG. 1 is a top-level block diagram of AC-DC power converters in accordance with
the invention,

FIG. 2 is a simplified electrical circuit diagram of a class-DE series resonant con-
verter of the AC-DC power converter,

FIG. 2A shows block diagrams of various exemplary embodiments of AC-DC power
converters in accordance with the invention,

FIG. 3 is a simplified equivalent diagram of the charge pump circuit of the AC-DC
power converter,

FIG. 4 is a simplified electrical diagram of a first exemplary embodiment of the AC-
DC power converter based on a class-DE converter and a charge-pump circuit,
FIG. 4A is a simplified electrical diagram of a second exemplary embodiment of the
AC-DC power converter based on a class-DE converter and a charge-pump circuit,
FIG. 5 shows low-frequency operation of the charge pump circuit across a half-line
cycle, 50Hz, of the mains line voltage inputted to the AC-DC power converter,

FIG. 6 illustrates high frequency operation of an exemplary embodiment of the AC-
DC power converter across two switching cycles of the switching frequency of the
class DE resonant converter,

FIG. 7 shows simulation results for the mains line current and mains voltage input of
the exemplary embodiment of the AC-DC power converter,

FIG. 8 shows simulated waveforms of various internal voltages and currents of the

exemplary embodiment of the AC-DC power converter,
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FIG. 9 shows simulated losses of an exemplary inductor of a resonant network of
the class-DE converter,

FIG. 10 simulated core losses at 1 MHz of the exemplary inductor of the resonant
network of the class-DE converter

FIG. 11 - upper plot shows measured output power and conversion efficiency of an
experimental prototype AC-DC power converter across its operational frequency
range from 960 kHz to 1040 kHz,

FIG. 11 - lower plot shows measured PFC results of the experimental prototype AC-
DC power converter across its operational frequency range from 960 kHz to 1040
kHz,

FIG. 12 shows measured harmonics distribution of the mains line current at full-load
operation and half-load operation of the experimental prototype AC-DC power con-
verter,

FIG. 13 shows line-frequency time domain waveforms of the experimental prototype
AC-DC power converter; and

FIG. 14 shows measured harmonics distribution of the mains line current for the
experimental prototype AC-DC power converter at 120 V_RMS and 230 V_RMS line

voltage inputs.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In the following, various exemplary embodiments of the present AC-DC power con-

verter are described with reference to the appended drawings. The skilled person
will understand that the accompanying drawings are schematic and simplified for
clarity and therefore merely show details which are essential to the understanding of
the invention, while other details have been left out. Like reference numerals refer to
like elements or components throughout. Like elements or components will therefore
not necessarily be described in detail with respect to each figure. It will further be
appreciated that certain actions and/or steps may be described or depicted in a par-
ticular order of occurrence while those skilled in the art will understand that such

specificity with respect to sequence is not actually required.

FIG. 1 shows a simplified block diagram of the present AC/DC power converter 100.
The AC/DC power converter 100 comprises an AC rectification circuit (101) which is

coupled to an AC line voltage (V\y) which may deliver AC mains voltages like 230
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V/50 Hz or 110V/60 Hz. The AC rectification circuit (101) may include a mains input
filter as illustrated below. The AC rectification circuit (101) is configured to convert
the AC line voltage Vyinto a rectified line voltage (Vg). The AC/DC power converter
100 additionally comprises a charge pump circuit (103), which preferably included a
smoothing capacitor (Cpc), and class DE resonant converter (105). The smoothing
capacitor (Cpc) is connected to the DC supply voltage (Vpc) of the resonant inverter
(101). The resonant converter (105) is configured to convert the DC supply voltage
(Vo) firstly into a resonant inverter voltage (illustrated below) at a fixed or adjustable
switching frequency. Secondly, an output rectification circuit (not shown) of the res-
onant converter (105) generates a DC output voltage (Vour) of the AC/DC power
converter 100 by rectifying the resonant inverter voltage. A schematically illustrated
converter load (R.), such as a LED lamp assembly, is connected to the DC output
voltage (Vout). The converter load may generally exhibit inductive, capacitive or re-
sistive impedance. The charge pump circuit (103) is configured to perform power
factor correction (PFC) of the AC/DC power converter 100 by drawing charging
pulses from the AC line voltage where electrical charges of the charging pulses vary
substantially proportionally with an instantaneous amplitude of the AC line voltage

as discussed in additional detail below.

FIG. 2 shows a simplified electrical circuit diagram of the resonant class DE power
converter (105). The class DE power converter comprises a controllable switch net-
work 212, a series resonant tank or network (214) comprising an inductor Lges and
a capacitor Cres. The skilled person will understand that other types of resonant
tanks or tank circuits (214) may be used in alternative embodiments of the present
AC/DC power converters as schematically illustrated on FIG. 2A. The class DE
power converter comprises the previously discussed rectifier or rectification circuit
216. The skilled person will appreciate that alternative resonant power converter
topologies such as Class E or LLC topologies may be employed in the present
AC/DC power converter 100. The controllable switch network 212 is connected to
positive and negative terminals or nodes of the DC supply voltage (Vpc) to energize
the converter 105. The resonant class DE power converter 105 typically comprises
of two stages, wherein the first stage comprises the controllable switch network 212
and the resonant tank 214. The controllable switch network 212 converts a DC volt-

age input from the DC supply voltage (Vpc) into a high frequency AC output, i.e. the
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resonant inverter voltage Vgec and the series resonant tank 214 may perform an
AC-AC gain. The second stage of the resonant converter 105 comprises the high
frequency AC-DC rectification circuit 216 wherein energy/power supplied by the se-
ries resonant tank may be tapped off and delivered to the converter/output load (R.).
The rectification circuit 216 may comprise SiC Schottky diodes Drs and Dr, as dis-
cussed in additional detail below. The skilled person will understand that other types
of AC-DC rectification circuits 216 may be used in alternative embodiments of the
present AC/DC power converters, including rectification circuits that include an isola-
tion transformer such as an center-tapped isolation transformer as schematically
illustrated on FIG. 2A.

The utilization of a resonant power converter (105) allows utilization of soft-switching
techniques through the intrinsic alternating behaviour of the currents and voltages
through high-side and low-side semiconductor switches Qps and Qs of the half-
bridge 212, or controllable switch network, resulting in substantially lower switching
losses. Driving signals (not shown) to the gate driver 213 are preferably synchro-
nized with the same duty cycle and extended dead-time adjustment to avoid cross
conduction between the semiconductor switches Qs and Qs switches and allow the
resonant inductor current to charge or discharge the output capacitance of the half-
bridge switches Qus and Qs so that their drain voltages reach the appropriate sup-
ply rail voltage before switching the gate. Therefore, ensuring zero voltage switching
(ZVS) operating conditions of the half-bridge 212.

As discussed below in connection with the design of the charge pump stage, a gain
of the class DE resonant inverter or stage should preferably be relatively high, e.g. a
gain from about 0.5 to 1 to provide high power factor and low total harmonic distor-
tion (THD) of the AC input current waveform. The inventors have found that a good
approximation would be to design for 300 V of DC output voltage and assuming an
input DC voltage to the half-bridge equal to the peak of the mains input voltage, e.g.
325 V. The design is preferably based on the well-known First Harmonic Approxima-
tion (FHA) approach even though alternative procedures may be used. The compu-
tation procedure or flow for an exemplary design of the AC/DC power converter with
a target output power of 50 W may start by calculating a rectifier input resistance

Rrec from the load resistance R, through impedance transformation via the resonant
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12
rectifier as follows:
Vour®
R, =—— =18k @)
Pout
2R
RREC = TL'_ZL = 365 Q (2)

The converter voltage conversion ratio is equal to:

M, = 29U = 0.923 (3)

Vin

While gains of the half-bridge 212 and class-DE rectifier are equal to 0.45 and 2.22

respectively, the required gain of the series resonant tank 214 can be calculated by:

My

MVfRES = = 0924 (4)

My ppMy RrEC
The converter loaded quality factor is calculated using the following equation:

1
2
My REs

-1

Qr = ©)

e
where f; is the normalized switching frequency, equal to fs,/f, - with f, being a reso-
nant frequency of the series resonant tank 214. In order to ensure the validity of the
above equations given the FHA approach, the loaded quality factor Q_ of the reso-
nant tank or circuit 214 needs to be high enough so that the resonant inverter cur-
rent through the resonant tank 214 is substantially sinusoidal. A loaded quality factor
of 2.5 is chosen for this design [5]. Using equation (5) to calculate the normalized
switching frequency, and for a switching frequency of 1 MHz, the resonant frequen-
cy is calculated to 921 kHz. Therefrom, the resonant circuit component values may

be calculated as:

‘R
Lpgs = #15 = 157 uH ©)

1
Cres = 4o p— = 190 pF (7)
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Rectifier devices stresses are calculated as follows:
VD_max = VOUT =300V (8)

Ip max = Tloyr = 524mA (9)
A voltage stress across the half-bridge switches:

VS_max - VIN - 325 V (10)

The current stresses of the half-bridge semiconductor switches Qps and Qs and

components of the series resonant network may be calculated from:

2 1
IrEs max = TPoyr <— + ) (11)

nVinpk Vour

FIG. 3 shows a simplified electrical equivalent circuit or diagram of an exemplary
charge pump circuit 103 of the present AC-DC power converter 100. Through the
addition of a capacitor, a diode and the previously discussed smoothing capacitor
(Cpe) to the resonant converter (105), mains input current drawn from the AC line
voltage can be regulated to be substantially proportional to the instantaneous AC
line voltage. The present embodiment of the resonant converter (105) comprises a
series-resonant inverter circuit in conjunction with and a high-frequency rectification
circuit to support LED driver applications. The smoothing capacitor (Cpc), or DC en-
ergy storage capacitor, is arranged at the converter input. The illustrated electrical
equivalent circuit of the charge pump circuit 103 comprises a pump or flying capaci-
tor Cr and pump diode Dp. The AC rectification circuit (101) is schematically repre-
sented by diode Dg and the rectifier input voltage (Vrec) is modelled by an inde-
pendent high frequency square-wave voltage source 321. The capacitor Cpc is pref-
erably designed in accordance with the pump capacitor Cp, such that the DC supply
voltage Vpc for power supply of the resonant inverter is always higher than the AC
line voltage V\y such that the AC rectification circuit Dg and the pump diode Dr do
not cross-conduct. Consequently, the input current Iy drawn from the AC line volt-
age is equal to a positive charging current |p of the pump capacitor Cp. In other
words the capacitance of the smoothing capacitor (Cpc) and the capacitance of the

pump/flying capacitor (Cp) are selected such that the DC supply voltage Vpc is high-
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er than the AC line voltage across an entire cycle of the AC line voltage as dis-

cussed in additional detail below.

First, the pump/flying capacitor (Cp) is preferably large enough to store a maximum
input charge from the AC mains, which input charge is function of the output power,
the peak input voltage and the switching frequency of the power converter. Those

constraints ensure the pump capacitor (Cp) can store the maximum charge needed.

This maximum charge occurs at the peak input current and voltage:

2Poyt
Cph 2 ——— 12
P nfsVIN pk” (12)

Second, the capacitance of the smoothing capacitor (Cpc) is preferably dimen-
sioned such that the voltage across it, which may correspond to the DC supply volt-
age (Vpc) of the resonant inverter is higher than the AC line voltage, or mains input
voltage, across the entire cycle of the AC line voltage at least during steady state
operation of the power converter 100. That constraints ensures the AC rectification
circuit (Dg) or diode bridge and the pump diode (D) do not conduct at the same
time. Hence, avoiding a direct current flow from the AC line voltage to the smooth-
ing capacitor (Cpc) and therefore providing control on the input current, which has

to flow through the pump capacitor C,.

P
Cpc = (13)
2w1'Vpe ripple’Vbc_avg

As mentioned before, the class-DE stage is preferably designed with a high voltage
gain (close to unity) which markedly reduces the dependence of the input current
on the voltage across the smoothing capacitor (Cpc) and the output voltage and
makes it a function of only the AC input voltage under steady state operation of the

power converter 100.

FIG. 5 shows low-frequency operation of the charge pump circuit 103, where the
pump capacitor (Cp) gets charged and discharged within fall and rise times of the

rectifier input voltage Vrec, respectively. The electrical charge AQr is largely propor-
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tional to a voltage difference across the pump capacitor Cp and this voltage differ-
ence varies between a low-frequency high-value Vp nhigh and a constant low-value
Vr_ow @s indicated on the waveform plot 505. The circuit ensures that the electrical
charge variation of pump capacitor Cp, which is proportional to the voltage variation
across Cp, i.€. Vp_nigh— Ve _iow, fOllows, or varies proportionally with, the AC line volt-
age V\y across the line cycle 50/60 Hz. Accordingly, the average of the mains line
current Iy follows or tracks instantaneous amplitude of the AC mains line voltage
with high accuracy and consequently a power factor very close to unity can ideally
be obtained. Experimental results described below illustrates that an impressively

high power factor in the range 0.95 - 0.99 is readily obtainable.

The skilled person will appreciate that the rectifier input voltage Vgec can be any
kind of waveform with a substantially constant AC amplitude and that any DC bias of
the rectifier input voltage Vrec has no effect on the line input current shape. This
feature provides compatibility with different arrangements of the resonant tank circuit
including the parallel-resonant, LCC, and LLC tank topologies or circuit arrange-

ments.

FIG. 6 illustrates high frequency operation across two switching cycles of the switch-
ing frequency of the class DE resonant converter (105) and includes inter alia wave-
forms of the charging current I and mains line current Iy showing the AC-DC con-
verter operation at a maximum power point (ot = 11/2) to illustrate the charge pump
circuit operation. The maximum power point corresponds to a resonant frequency of
the series resonant tank. Across every switching cycle, at steady-state, the opera-
tion of the charge pump circuit spans over four intervals 1, 2, 3 and 4 or states as

indicated along the time axis of the waveform plots on FIG. 6, as follows:

1) In afirst interval, the rectified line voltage Vg as shown on plot 621 is lower than
the DC supply voltage Vpc and higher than the line input voltage V iy where the V
waveform refers to the voltage on the node interfacing the LC-mains filter and the
diode bridge Dg so both diodes are off and no current flows through the pump ca-

pacitor Cp and the voltage Vp as shown on plot 623 is essentially constant at Vp jow.
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2) A second interval or states takes place during the fall time of the rectifier input
voltage Vrec as shown on plot 622. Once Vree starts to decrease, Vg has to de-
crease along until diode Dg gets forward biased and the rectified line voltage Vg
gets pulled to Vin. While Vgec continues decreasing while Vg remains substantially
constant, because the 50/60 Hz grid frequency varies much slower, e.g. with a fac-
tor 1000 or more, than the switching frequency of Vrec, Vp increases and the pump
capacitor Cpis charged by the mains line current |,y as shown on plot 627, until Vrec

reaches its low-value and V; reaches its high-value, where:

VP_high =Vin — Vrec_tow (20)

3) A third interval or state begins once Vgec settles at the low-value, where Cr stops
charging while diode Dp still remains non-conducting or blocking. Similar to the first
interval, no current flows through the pump capacitor and the voltage across the

pump capacitor Cp remains substantially constant.

4) Eventually, a fourth interval or state takes place during a rise time of Vgec. Once
Vrec starts to increase, Vg is forced increase along until pump diode Dp gets for-
ward biased or conducting and V5 is pulled to the DC supply voltage Vpc. While
Vgrec (622) continues increasing, with DC supply voltage Vpc constant, Ve decreas-
es and pump capacitor Cp deliver a discharge current into the smoothing capacitor
Cpc to increase the DC supply voltage Vpc and decrease the voltage across pump
capacitor Cp until Vrec reaches its high-value, Vrec_nign, @and Vp reaches its low-

value, where

Vp_1ow = Vpe — VREC_high (21)

By the end of the fourth interval, the operation of the charge pump circuit reverts to

interval or state 1) again and the cycle repeats.

This analysis shows that the mains line current |y on plot 627 is discontinuous. The
positive charging current Ir on current waveform plot 625 is likewise discontinuous
and only flows into the charge pump circuit during the second interval or state. As
illustrated by the current waveform plot 627 of the mains line current Iy on FIG. 6, a

charging current pulse having the electrical charge AQg is drawn from the AC mains
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line voltage during every interval 2 period and the electrical charge AQp varies sub-
stantially proportionally with the instantaneous amplitude of the AC line voltage. As
illustrated by the current waveform plot 625 of the pump capacitor current Ip on FIG.
6, a corresponding charging current pulse, possessing an electrical charge AQp, is
drawn into the pump capacitor Cp during every interval 2) state. However, a corre-
sponding charging current pulse is drawn out of the pump capacitor Cp during every
interval 4) state and that electrical charge is supplied into the smoothing capacitor

Cpc to increase the DC supply voltage Vpc.

FIG. 4 is a schematic electrical diagram of a first exemplary embodiment of the pre-
viously discussed AC-DC power converter 100 based on a class-DE series resonant
inverter as schematically illustrated on FIG. 2. The AC-DC power converter 100
comprises an optional mains input filter including inductor Ly and capacitor C in-
serted between the mains voltage and the AC rectification circuit 401 which may
comprise a diode bridge as illustrated. A class DE resonant inverter is configured to
convert the DC supply voltage Vpc into the resonant inverter voltage Vrec at a fixed
or adjustable switching frequency. The class DE resonant inverter 405 comprises
high-side and low-side semiconductor switches Qus and Qs which are driven in a
non-overlapping manner by gate driving circuit 413. The gate driving circuit 413 may
comprise a digital isolator, such as Si8610BC by Silicon Labs, and an off-the-shelf
type of gate driver such as UCC27611 by Texas Instruments, for each of the semi-
conductor switches Qus and Q.s. The output voltage Vs of the half-bridge driver
comprising high-side and low-side semiconductor switches Qus and Qs is applied to
a series resonant tank 414 to produce a flow of resonant current Iges through the

tank and a resonant inverter voltage Vgec at the output of the tank 414.

The switching frequency or duty cycle may be adjusted or controlled by an output
current or output voltage regulation loop or mechanism. The output current or output
voltage regulation loop may comprise a switching frequency controller 440 or alter-
natively a duty cycle controller, i.e. using on/off control of the converter. One input of
the controller 440 may be coupled to the output voltage Vourwhile another input is
coupled to a voltage or current reference generator (not shown) which sets a target

output voltage Vrer or target output current of the AC-DC power converter 100. The
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frequency controller 440 generates a switch control signal Fswto an input of the gate
driver 413 to adjust the switching frequency of the class DE resonant inverter 405
such that a target DC output voltage (Vour) or target DC output current is achieved
as discussed in additional detail below in connection with experimental results of a
prototype AC-DC power converter. The AC-DC power converter 100 additionally
comprises a high frequency AC-DC rectification circuit 416 which is configured to
generate the DC output voltage (Vour) to the converter/output load (R.) by tapping

off energy/power supplied by the series resonant tank 414 of the class DE inverter.

The AC-DC power converter 100 additionally comprises a charge pump circuit oper-
ating according to the principles discussed in connection with FIG. 3 above and
which performs the previously discussed advantageous power factor correction
(PFC) of the AC-DC power converter 100. The charge pump circuit comprises pump
or flying capacitor Cp, a smoothing capacitor Cpc and pump diode De. The rectifier
input voltage which is equal to Vgec is applied at the junction node between output
rectification diodes Drs and Dr.. The pump or flying capacitor Cp is connected be-
tween the rectified line voltage Vg and the rectifier input voltage Vgec which is equal

to the resonant inverter voltage produced by the class DE resonant inverter.

Table | shows target specifications of the AC-DC power converter 100 according to

one embodiment;

Parameter Specification
Operational Volt- | 230 Vrys
age

Line Frequency 50 Hz

Output Power 50 W

Power Factor >0.9
Table |

The charge pump circuit 103 (FIG.3) is preferably designed such that the capaci-
tance of the pump capacitor Cr is large enough to store a maximum input current

coming from the offline mains voltage. From the analysis above and considering that
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for a series-resonant converter, the resonant inverter voltage Vgec varies between

Vout and O V and can be evaluated as follows:
VP?high =Vin = Vrec tow =Vin =0 =Viy (11)

Vp 1ow = Vpc — VRchhigh = Vpe = Vour (12)

The equations (11), (12) show that the high values for the voltage across the pump
capacitor Cp take the envelope of the input voltage, while the low values take the
envelope of the difference between the resonant converter's input and output volt-

ages, which can be considered constant in high frequency converters.

Across one switching cycle, the variation of charge in the pump capacitor is equal to:

AQp = Cp - AVp = (p (Vphigh - VPlOW) = Cp(Vin = Vpe +Vour)  (13)

The pump capacitor current I when averaged across one switching cycle is equal
to:

Ip = ZP = fsAQp = f5 - Co(Viy — Vpe + Vour) (14)

Considering the class-DE inverter stage operates near resonance with a high gain
close to 1, the difference between the DC supply voltage Vpc and Vout will be very
small. Therefore, at steady state, for a constant switching frequency, the pump ca-
pacitor current or charging current | and, accordingly mains line current |y, become
proportional to the input voltage, i.e. line voltage, of the AC-DC converter, resulting
in a high power factor and low THD. In that case, the maximum current through the
pump capacitor (averaged over a switching cycle) will be equal to the maximum in-
put current, which can be calculated as follows. Assuming 90% converter efficiency,

the average input power is equal to:

Pu ang = 222152 = 555 W (15)
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Assuming a power factor of 1, the input power is the product of two sinusoids, result-

ing in a peak input power of:
PiN max = 2PIN?avg =111Ww (16)

Accordingly, the maximum mains line current |,y or input current is:

P 111 W
IiN max = omar — = 342mA = Ip max (17)
- VIN,max 325V -

By substituting those values in equation (14), the capacitance for the pump capaci-

tor Cp can be calculated as follows:

Co = Ipmax _ 342mA
P fVIN max  1MHzx325V

= 1.06 nF (18)
The value for Cp can be adjusted to account for the DE inverter stage gain not being
exactly 1 (Vpe — Vour # 0). In this design, a value of 1.3 nF is chosen. Whereas the

maximum voltage seen by the pump capacitor Cp is equal to:
AVP_maLx = VIN_max =325V (19)

Based on the analysis and calculations outlined above, the exemplary embodiment
of the present AC-DC power converter was simulated using LTspice. The switching
frequency is set to 1.04 MHz for the simulation. The output power delivered to the
converter load is 51 W and an average output voltage of 301V. The power factor is
determined to about 0.99 and total harmonic distortion (THD) of the mains line cur-
rent is 5.4%. FIG. 7 shows a mains line voltage waveform 750 of 230 Vrus, 50 Hz
inputted to the AC-DC converter for the LTspice circuit simulation. A current wave-
form 755 of the corresponding the mains line current |,y 7 drawn by the AC-DC con-
verter is also shown. It is evident that that the mains line current |,y is largely in-
phase with the mains line voltage and distortion of the current waveform is relatively

low.
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Due to the charge pump circuit operation, the current in the resonant tank 414 peaks
to the same value as pump capacitor current |p, which takes place at the peak of the
input power (ot = /2, 311/4). The current in the resonant tank 414 is further a func-
tion of the switching frequency, the output power, and a shape of the Vgegc wave-

5 form. The value is obtained from the simulation results, as shown in FIG. 8, which
indicates that the resonant inductor current peaks to about 1.7A. This is also the
maximum value of pump capacitor current | at the maximum output power of the

AC-DC power converter.

10 Error! Reference source not found. below summarizes specifications for the de-
sign of an exemplary inductor Lges of the series resonant tank (214) which are ob-

tained from the circuit analysis and simulation results as described above.

Parameter Specifications

Inductance 156 uH
Current Fre- | 1 MHz Sinus-

quency oid
Current Am- | 1.7 A
plitude

15 Table Il

When handling high frequency AC currents, a key factor to the inductor design is
choosing the right core material. Several magnetic materials [6][7] are investigated
and compared in terms of core losses at 1 MHz, as shown in Error! Reference
20 source not found.IG. 10, wherein the 3F46 material (Ferroxcube) may be chosen

as it shows the lowest core losses at the design operating conditions.

The following equation was used to estimate the inductor core loss. The peak flux
density in the core can be calculated from:
25

1 IpkL

B, =
Pk T N 4,

(22)
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where N is the number of turns, I is the amplitude of the resonant current, L is the
inductance, and A. is the effective core area. Considering that the core loss is a
function of the peak flux density for a chosen material, the loss for a given number of
turns and core size can be estimated. The following calculation of the DC resistance

of the windings gives an estimate of the winding losses.

The total cross-sectional area of the windings may be calculated from:

Ar = Nyjpes " T rwirez (23)

where nyires is the number of strands of Litz wire and r,; is the wire radius. The DC

resistance may then calculated from:
_MLT'N
AC

Ryc = peu (24)

where pg, is the copper resistivity and MLT is the mean length of turn. For an EFD
25/13/9 core size, with two parallel layers of 20*0.05mm Litz wire, the DC resistance
is 8.6 mQ ‘N. Next, AC resistance of the windings is calculated. The skin effect is
negligible when using Litz wire at 1 MHz, but the proximity effect can have a signifi-
cant influence on the closely wound wires. Modelling the AC resistance to be three

times larger than the DC resistance estimates the winding losses to
2
Pcu:RaC-Irzms:3-Rdc-p7:37mW-N (25)

Based on these estimates, the inductor is designed with 52 turns, which helps dis-
tribute the losses evenly between the core and the windings and results in accepta-
ble total losses. An airgap of 1.2 mm, distributed across the three legs of the core,

adjusted the desired inductance.

FIG. 4A is a schematic electrical diagram of a second exemplary embodiment of the
previously discussed AC-DC power converter 100a based on class-DE resonant
inverter. Compared to the previously discussed first exemplary embodiment of the
AC-DC power converter on FIG. 4, the present AC-DC power converter 101 addi-

tionally comprises a transformer T1 (no denotation) with a certain voltage conver-
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sion ratio to step-up or step-down the resonant inverter voltage V5. The transformer
T1 provides galvanic isolation between primary side circuitry and secondary side
circuitry of AC-DC power converter 100a and is coupled between the resonant out-
put voltage Vs and an input node 411a of the output rectification circuit 416a con-
nected to diodes Dgry and Dr,. As discussed above in connection with non-isolated
AC-DC power converter 100a, the charge pump circuit comprises a pump capacitor
Cp, a smoothing capacitor Cpc and pump diode Dp. The pump capacitor Cp is con-
nected between the rectified line voltage Vg and the resonant inverter voltage Vgrec
produced by the class DE resonant inverter. Preferably, the electrical interconnec-
tion between the rectified line voltage Vg and resonant inverter voltage Vrgc is based
on capacitor only network, for example exclusively including the pump capacitor Ce.
This provides a compact and low-cost connection that may be based on standard,
low cost and readily available capacitors as discussed below. Hence, the electrical
interconnection between the rectified line voltage Vg and resonant inverter voltage
Vrec is therefore preferably carried out without the use of any inductive coupling or
component from the isolation transformer, T, such as a separate transformer wind-

ing, back to the rectified line voltage Vg.

FIG. 9 shows inductor losses in the inductor Lres of the series resonant tank (214)
vs. number of turns. Based on these estimates, Lres is preferably designed with
about 52 turns, which helps distribute the losses evenly between the core and the
windings and results in acceptable total losses. An airgap of 1.2 mm, distributed
across the three legs of the core may be utilized to adjust the desired inductance.
An experimental prototype of the AC-DC converter was implemented and assem-
bled on a printed circuit board. Because of the charge pump circuit operation, high
frequency AC current runs through the AC rectification circuit, or input bridge, The
latter is therefore preferably implemented using four fast recovery diodes as rectifi-
cation elements. With respect to selection of the high-side and low-side semicon-
ductor switches Qs and Qg of the half-bridge 412 the inventors found gallium ni-
tride FETs to show superior performance compared to the silicon super-junction and
silicon carbide counterparts. However, the skilled person will appreciate that semi-
conductor switches may be used for the purpose based on design constraints im-
posed on any specific embodiment of the present AC-DC power converter. For the

rectification circuit 416, including diodes Dr1 and Dgo, silicon carbide Schottky di-
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odes may be employed because they show higher energy efficiency and thermal

stability over the silicon counterparts.

Error! Reference source not found. shows a breakdown of the incorporated power

5 stage components of the experimental prototype AC-DC power converter.

Component | Simulated | Prototype Type
Lin 100 pH 100 pH Inductor
SLF7045
Cin 30 nF 2*15nF Ceramic
(COG)
Diode 4*ESH1GM Si Fast
Bridge RSG Recovery
Coc 10 yF 1*10 pF Electrolytic
3*0.1 uF Ceramic
(COG)
Dp RF201LAM4S | Si Fast
Recovery
Ce 1.36 nF 2*680 pF Ceramic
(COG)
Qks, Qus GS66502B GaN
Switches
Lres 156 yH 152 uH Custom
design
Cres 188 pF 220 pF Ceramic
(COG)
Dr1, Dro GBO1SLTO06- | SiC
214 Schottky
Cour 30 nF 2*15nF Ceramic
(COG)

Table Il
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The experimental prototype AC-DC power converter was tested for operation from a
mains voltage of 230 Vrus and running at converter switching frequencies between
0.96 MHz and 1.04 MHz. The latter frequency range lies within an inductive mode of
operation for the resonant converter such that soft-switching operation, i.e. ZVS, of

the class DC inverter was achieved.

FIG. 11 (top plot) shows the measured output power (left scale) and conversion effi-
ciency (right scale) across the operational frequency range from 960 kHz to 1040
kHz of the experimental prototype AC-DC power converter. The depicted measure-
ment results illustrate how output power modulation or control is achieved from 26
W to 50 W of output power through control of the switching frequency. At the same

time a peak efficiency of 87.9 % at 1.04 MHz switching frequency is achieved.

FIG. 11 (bottom plot) shows measured PFC results of the experimental prototype
AC-DC power converter. The PFC results exhibit a peak power factor of 0.99 and
minimum THD of 8.6 % at an output power of 50 W and switching frequency of 960
kHz. The measured data shows that operation at lower frequencies, close to reso-
nance of the series resonant tank with higher gain achieves higher power factor and

lower THD. This is consistent with the analysis given in the previous sections.

FIG. 12 shows measured harmonics distribution of the mains line current at full-load
operation and at half-load operation of the experimental prototype AC-DC power
converter where THD figures of 8.6 % and 17.4 % are measured, respectively.
Since one of the potential applications for the proposed converter is the rectifier or
rectification circuit or stage in LED drivers, the figure illustrates the harmonics mag-
nitudes against the IEC 61000-3-2 standard class-C device limits [1][2],where the
histogram shows that the measured harmonics magnitudes are well-within the limits
set by the IEC standard.

FIG. 13 shows line-frequency time domain waveforms of the experimental prototype
AC-DC power converter. The experimental prototype AC-DC power converter is
delivering an output or load power of 12.8 W and has a measured power factor of
0.99 and a THD of 9.1 % for an average DC output voltage of 179 V with 20 V low-

frequency ripple as illustrated by the Vourwaveform.
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FIG. 14 shows measured harmonics distribution of the mains line current for the
experimental prototype AC-DC power converter at 120 V_RMS and 230 V_RMS line
voltage inputs against the IEC 61000-3-2 standard class-C device limits [1][2]. FIGS.
13 and 14 illustrate that a high power factor and low THD of the prototype AC-DC

power converter are achieved with different line input voltages as the charge pump

circuit works in the same manner.

M
2
[3]

4

(3]

61

[7
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CLAIMS

1. An AC-DC power converter comprising:

- an AC rectification circuit (Dg) configured to convert an AC line voltage into a recti-
fied line voltage (Vg),

- a rectifying element (D,) connected between the rectified line voltage (Vg) and a
DC supply voltage (Vpc) of a resonant DC converter; said resonant DC converter
comprising:

- aresonant inverter (105) configured to convert the DC supply voltage (Vpc) into a
resonant inverter voltage at a fixed or controllable switching frequency, and

- an output rectification circuit configured to generate a DC output voltage (Vour) or
DC output current from the resonant voltage for supply to a converter load (R),

- a charge pump circuit (103) connected to the rectified line voltage (Vg) and the
resonant inverter voltage, where said charge pump circuit (103) is configured to
draw current pulses at the switching frequency from the AC line voltage,

wherein electrical charges of the current pulses vary proportionally to instantaneous

amplitude of the AC line voltage.

2. An AC-DC power converter according to claim 1, wherein the charge pump circuit
comprises:

- a smoothing capacitor (Cpc) connected to the DC supply voltage (Vpc) of the reso-
nant DC-DC converter;

- a pump or flying capacitor (Cp) connected from the resonant inverter voltage to the

rectified line voltage (Vp).

3. An AC-DC power converter according to claim 2, wherein the charge pump circuit
is configured to, during a cycle of the switching frequency, sequentially cycle
through states of:

- a first state where each of the rectifying element (D,) and AC rectification circuit
(Dg) is non-conducting/off and a voltage across the pump/flying capacitor (Cp) re-
mains substantially constant;

- a second state where AC rectification circuit (Dg) is conducting/on and the rectify-
ing element (D,) is non-conducting/off to charge the pump/flying capacitor (Cp) by
line current drawn from the AC line voltage;

- a third state where each of the rectifying element (D) and AC rectification circuit
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(Dg) is non-conducting/off and the voltage across the pump/flying capacitor (Cp) re-
mains substantially constant;

- a fourth state where the AC rectification circuit (Dg) is in a non-conducting/off state
and the rectifying element (D) is in a conducting/on state such that discharge cur-
rent flows from the pump/flying capacitor (Cp) into the smoothing capacitor (Cpc) to
increase the DC supply voltage (Vpc) of the resonant inverter and decrease the volt-

age across the pump/flying capacitor (Cp).

4. An AC-DC power converter according to claim 3, wherein the charge pump circuit
is configured to:

- cycle through its second state during a rising edge of a waveform of the resonant
inverter voltage; and

- cycle through its fourth state during a falling edge of the waveform of the resonant

inverter voltage.

5. An AC-DC power converter according to any of claims 2-4, wherein a capacitance
of the smoothing capacitor (Cpc) and a capacitance of the pump/flying capacitor (Cg)
are selected such that the DC supply voltage (Vpc) of the resonant inverter is higher

than the AC line voltage across an entire cycle of the AC line voltage.

6. An AC-DC power converter according to any of the preceding claims, further
comprising:

- a voltage or current regulation loop configured to adjust the DC output voltage
(Vour) or DC output current in accordance with a DC reference voltage or a DC ref-

erence current.

7. An AC-DC power converter according to claim 6, wherein the voltage or current
regulation loop is configured to:

- adjust the DC output voltage (Vout) or DC output current by adjusting the control-
lable switching frequency, i.e. frequency modulation control, and/or

- adjust the DC output voltage (Vour) or DC output current by off/on duty cycle
modulation of the fixed or controllable switching frequency for example a PWM

switching or carrier frequency of the resonant inverter (105).
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8. An AC-DC power converter according to any one of the preceding claims, where-
in the resonant inverter comprises at least one semiconductor switch connected
between the DC supply voltage (Vpc) and a negative supply rail;

said at least one semiconductor switch comprising one or more wide bandgap tran-

sistors such as one or more gallium nitride FET(s).

9. An AC-DC power converter according to claim 8, wherein a switch signal, at the
fixed or controllable switching frequency, is applied to a control terminal, e.g. a gate

terminal, of the least one semiconductor switch of the resonant inverter (105).

10. An AC-DC power converter according to anyone of the preceding claims, where-
in the resonant inverter and/or the output rectification circuit of DC-DC converter is

configured for zero voltage switching (ZVS) and/or zero current switching (ZCS).

11. An AC -DC power converter according to anyone of the preceding claims,
wherein the output rectification circuit comprises one or more passive diodes, such
as a silicon carbide Schottky diode(-s), or one more active/controllable diodes, such
as MOSFETs.

12. An AC-DC power converter according to anyone of the preceding claims, where-
in the resonant inverter comprises a series resonant network and/or a parallel reso-
nant network having a predetermined resonance frequency, such as resonance fre-
quency between 100 kHz and 300 MHz.

13. An AC-DC power converter according to anyone of the preceding claims, where-

in the switching frequency is between 100 kHz and 300 MHz.

14. An AC-DC power converter according to anyone of the preceding claims, further
comprising galvanic isolation barrier, such as an isolation transformer, coupled be-

tween the resonant output voltage and an input of the output rectification circuit.

15. A method of applying power factor correction to an AC-DC power converter us-

ing a charge pump circuit, said method comprising steps of:
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- converting an AC line voltage into a rectified line voltage (Vg),

- applying the rectified line voltage (Vg) to a DC supply voltage (Vpc) of a resonant
DC-DC converter through a rectifying element (D),

- generating a resonant inverter voltage by switching a resonant inverter at a fixed or
controllable switching frequency,

- rectifying the resonant inverter voltage to generate a DC output voltage (Vour) or
DC output current,

- drawing charging pulses, at the switching frequency, from the AC line voltage into
a pump or flying capacitor (Cp) connected between the rectified line voltage (Vg) and
the resonant inverter voltage, wherein electrical charges of the charging pulses vary
proportionally to an instantaneous amplitude of the AC line voltage,

- discharging the pump or flying capacitor (Cp) into a smoothing capacitor (Cpc),
connected to the DC supply voltage (Voc), by supplying current pulses, at the

switching frequency, into the smoothing capacitor (Cpc).
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