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Review of very high frequency power converters
and related technologies

Abstract—With the increasing demand of volume and
efficiency, very high frequency (VHF) power converters (30-300
MHz) have attracted great attention. Based on the emerging power
converter technology, the operating frequency has been pushed up
to tens and hundreds of Megahertz. Under such high operating
frequency condition, the value and volume of passive component
can be greatly reduced and the power density can be improved.
However, many concerns and challenges come along with the
increasing operating frequency, such as high switching loss, high
driving circuit loss, parasitic component effect. This paper reviews
the state of the art technology related with VHF power converter,
which starts from the various topologies of VHF converter,
including its inverter stage, matching network stage and so on.
Secondly, the different magnetic components and semiconductor
devices have been evaluated under VHF condition. Finally, the
high efficiency driving methods, such as resonant driving method
and self-resonant driving method, have been demonstrated. From
component to system, a guideline of VHF converter and related
technologies has been illustrated in this paper.

Index Terms—Very high frequency converter; magnetics,
driving method.

1. INTRODUCTION

n many power converter applications, great demands have

been put forwards for small volume, easy manufacturability
and better performance. To address above concerns, a
fundamental method is to push up the operating frequency.
Under high operating frequency condition, the energy stored in
passive components during every period can be greatly reduced.
Thus, the value and volume of passive components can shrink,
in order to achieve higher power density based on
miniaturization and integration. However, there are many
challenges that need to be solved in tens and hundreds of MHz.
Advanced topologies and driving strategies should be
developed to reduce the switching loss and driving circuit loss,
which play important roles in system total loss. Meanwhile,
there are also great requirements for the magnetic components
and semiconductor devices that suitable to operate in VHF
condition.

The RF power amplifier technology provide another
perspective for VHF power converter. Usually the RF amplifier
deals with small power transformation while power converter
needs to transfer larger power. Based on the similarity, some
amplifier architectures have been applied in VHF converters [1-
8]. In RF condition, amplifier transforms DC components into
high frequency AC components. In Switching Mode Power
Supplies (SMPS) VHF converters, this transformation is still
needed, no matter in DC/AC converters or DC/DC converters.
According to duality principle, the rectifier stage, regulating
high frequency AC component to DC component can be

derived based the inverter stage. With the combination of
various inverter stage and rectifier stage, different VHF power
converter have been proposed [9-64]. The properties of these
converters are greatly improved, including high power density,
low profile and fast dynamic response.

Usually, the efficiency is a major limitation of system
operating frequency. Because the switching loss almost forms
a proportional relationship with the switching frequency. Thus,
soft-switching characteristics are expected in VHF converters.
In aforementioned VHF converters, zero voltage switching
(ZVS) technology is always applied to reduce to the turn-on
loss of switch. Meanwhile, the diode in the rectifier stage is also
expected to operate in soft-switching condition. Both the soft-
switching characteristics are achieved by resonating between
resonant inductor and capacitor. It should be mentioned that in
VHF condition, the value of passive resonant component is
quite small, thus, the parasitic capacitive and inductive
component caused by semiconductor devices and layout should
be carefully taken into consideration. Meanwhile, many
topologies have fully adopted these parasitic components.

For VHF converters, great attentions should be paid on the
utilization of parasitic parameters [29-36], the derivation of the
topologies [37-42], properties of semiconductor devices [21-
28], and the design of passive components [43-49]. Another
challenge for VHF converter is magnetic component, which
leads a large part of system total loss. Usually the volume of
inductor with magnetic core decreases under high operating
frequency. However, considering core loss and temperature
limitation, the volume cannot follow ideal trend. In small value
condition, air core magnetic component is widely adopted,
which can avoid the core loss. Many research has been done to
optimize the winding structure in order to improve system
efficiency.

Besides the topology and component perspectives, in VHF
condition, the system efficiency also suffers a lot from driving
loss. In square waveform driving method, by charging and
discharging input capacitor, the switch turns on and turns off
during every cycle. However, the loss of switch input capacitors
is total dissipated. Thus, the driving loss keeps increasing with
the increment of operating frequency, especially at tens of MHz.
Advanced driving methods, such as resonant driving method
and self-resonant driving method are proposed to address the
problem.

In this paper, the VHF converters are analyzed from several
perspectives, such as topology, component and driving method.
In Section II, different inverter stages, rectifier stages and
matching networks are analyzed. Meanwhile, the non-isolated
and isolated converters are introduced. The magnetic
component and semiconductor device characteristics are
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illustrated in Section III. The relationship between
corresponding loss, volume and frequency are analyzed. In
Section IV, the advanced high efficiency driving methods are
demonstrated in VHF condition. Section V concludes this paper.
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Fig. 1 Very high frequency resonant power converters.
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II. TOPOLOGY ANALYSIS OF VHF CONVERTER
A. Non-isolated DC/DC Topology

The resonant power converters with soft-switching
characteristics are greatly expected in very high frequency
operation. According to current research, three topologies are
mainly adopted in the VHF situation, namely the class DE [65]-
[67], SEPIC [68]-[70], and class E converter [71], [72], as
shown in Fig. 2 respectively. These topologies can be divided
into inverter stage and rectifier stage which achieves DC-to-AC
transformation and AC-to-DC transformation respectively. The
inverter stage and rectifier based on the class DE and class E
can be assembled according to different situations. For the class
DE converter, there is only one resonant inductor adopted in the
circuit which helps to reduce the system volume. However, it
can be seen that there are one low side switch and one high side
switch in the inverter stage. For the integration manufacture,
some advanced processes, such as triple well or Silicon on
Insulator (SOI) should be adopted. Meanwhile, great attention
should be paid to the parasitic components in the half-bridge
structure, which significantly affect the operation of the very
high frequency converters.

As the figure shown, only one low side ground referenced
switch is needed in the SEPIC converter. It also can be seen that
there is one high side diode in the rectifier stage. Schottky
diodes with Si and SiC material are widely adopted in very high
frequency converters due to the low forward voltage drop and
fast switching speeds. However, in very high frequency
situations, the forward recovery voltage greatly affects the
characteristics converters. Within very short transition time, the
forward voltage can be increased by 50 %, causing unexpected
loss and reducing system efficiency [73]. In high output voltage,

the forward voltage drop plays a small role, however, in low
output voltage condition, the conduction loss can not be ignored.
Meanwhile for hundreds of MHz operating frequency, diodes
with CMOS design methods are rarely available. At very high
frequencies, the conductivity modulation of power diodes cause
an inconvenient loss, which has been analyzed in [74], [75].
Thus, the diode in the rectifier stage is expected to be low side
one which can be replaced by a switch with simpler driving
circuit.

The class E converter as shown in fig. 2b is the most widely
adopted architecture among DC-DC VHF converters. It can be
seen that with one low side switch in inverter stage and one low
side diode in rectifier stage, the topology is very suitable to
operate in VHF condition and easy to be integrated. As
mentioned above, in the rectifier stage, a synchronous transistor
can be adopted to replace the diode. Also, the output parasitic
capacitance of switch and diode can be absorbed by the
corresponding resonant capacitors. In even higher frequency
situations, the output capacitance is large enough and no more
discrete resonant capacitors are needed. However, it should be
mentioned that the values of output capacitance of switches and
diodes are not in a constant level, which usually forms a non-
linear relationship with the voltage. Thus, the non-linear
characteristics should be taken into consideration during design
procedure. Also, the capacitance across the switch should be
firstly decided, which cannot be larger than the parasitic value.
Based on the capacitance, the corresponding resonant inductor
can be decided at aiming operating frequency.

m
—T B
I—) Cs == Z,_) Ls
ZL L
(a)Low-pass L type (b)High-pass L type

Fig. 2. The diagrams of different non-isolated matching networks.

Sometimes, the matching networks are added between the
inverter stage and rectifier stage to adjust the equivalent
impedance of rectifier stage. Fig. 2 shows the typical matching
networks consisted of inductors and capacitors. Based on
frequency domain characteristics, they can be divided into low-
pass type and high-pass type. The low-pass one can eliminate
the effect of high harmonics. However, from the perspective of
energy adoption, besides fundamental waveform, high-pass one
can also take advantage of high harmonics as well. Thus, it
helps to improve system efficiency. L type matching network is
consisted of one capacitor and one inductor as shown in Fig. 2.
The relationship between Zp and Zr can be adjusted by
matching network. Meanwhile, the voltages of the input and
output port can be changed. Thus, the aforementioned matching
network can be seen as non-isolated transformer. In the nominal
operating point, the impedance Z; and Zr are both resistive.
However, one shortcoming of above L type structure is that
with the variation of Zg, the impedance of Z. comes into
inductive or capacitive as shown in Fig. 3. It is not conducive
to keep soft-switching characteristics of switch in inverter stage.
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To address above problem, T type matching network is
proposed as Fig. 4 shown. It is consisted of one inductor and
two capacitor. With the proposed structure and optimal
parameter design, the impedance of Z; can keep resistive
characteristics no matter Zr changes or not. It means that it is
more easy to keep the inverter switch operate in soft-switching
condition. Fig. 5 shows the impedance angle curves with the
variation of Zr. It can be seen that when the capacitors are
chosen as the same value, the impedance angle can keep as zero
with the change of Zg. According to the duality principle, 7 type
can also be proposed as Fig. 6 shown. As shown in Fig. 7, the
same characteristics can be achieved as T type one. With one
more capacitor, the two matching networks can achieve higher
efficiency among wide load variation range.
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Fig. 9. The circuit of bidirectional and synchronous VHF converter.

Besides aforementioned matching networks, high order
matching network is also proposed. As shown in Fig. 8, two
high-low bandpass matching networks are proposed. Based on
the optimal design method proposed in [76], the high-low pass
matching network can keep resistive transformation
characteristics at the desired resonant frequency even if the
equivalent load increased. Also at resonant frequency, the
voltage transformation ratio can keep a constant value. Thus, it
can be understood that for VHF converters consisted of same
inverter and rectifier circuits, the proposed high-low matching
network can be applied to achieve a synchronous structure. As
shown in Fig. 9, the bidirectional and synchronous VHF
converter based on Class @, inverter and rectifier stage is

proposed.

It also can be seen that aforementioned non-isolated
matching networks are very sensitive to the operating
frequency. The transformation characteristics varies in different
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operating frequency. Meanwhile, it can not achieve isolation
function, which is necessary in certain application fields. In the
following part, isolated stage and converter will be introduced.

B. Topological isolated DC/DC Converter Topology
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Fig. 10. Diagram of capacitive isolated topology.

Besides the non-isolation structure, the isolation function is
expected in many application fields. As shown in Fig. 10, an
isolated VHF converter based on class @, inverter stage is

achieved based on capacitive isolation method. With one more
capacitor in the return loop of rectifier stage, the isolation
function can be effectively achieved. In hundreds of kHz
operating frequency, the value and volume of isolation
capacitor must be very large. However, in very high frequency
condition with reduced energy requirement, the value and
volume can be significantly shrink. Also, the parasitic
resistance and volume of ceramic capacitor is usually quite
lower than magnetic components, which helps to improved
system efficiency and power density. Thus, for low voltage
isolation requirement, VHF converters with capacitive isolation
method can be applied.

However, for higher voltage isolation requirement, lots of
problems come to the capacitive isolation method. One problem
is that with the increment of rated voltage, the volume of
capacitor greatly increases which is not conducive to reduce
converter volume. Also, with large capacitor size, the parasitic
inductance caused by leads also greatly affects system
operation in very high frequency condition. Another problem is
that for kilo-volt isolation application, there are almost no high
quality capacitor suitable for operating in such high switching
frequency. With low quality factor, system suffers lots of loss.

Also, for the circuit in Fig. 10, it can be seen that extra
capacitor is needed. For power density sensitive or cost
sensitive applications, the component number is expected to be
as little as possible. Meanwhile, in very high frequency
applications, increasing number of components lead to more
tracks and more component leads, it causes unexpected
parasitic inductances. Thus, small component account is
appreciated in VHF condition. What’s more, for floating output
conditions, there is large common mode current in the VHF
converter, which can be effectively controlled by reducing
parasitic capacitance between windings in transformer isolation
condition.

Similar as the low frequency conditions, magnetic isolation
based on transformer is the most common method. It can be
applied in both low voltage and high voltage application fields.
For transformer addition, some problems should be solved. One
problem is that the leakage inductance and magnetizing

inductance affect the operating mode of the VHF converter. In
general, the typical mode of one transformer can be shown as
Fig. 11. Besides magnetizing inductance, there are leakage
inductances both in primary side and secondary side. In low
operating frequency, the transformer is expected to be as ideal
as possible by minimizing leakage inductance and maximizing
magnetizing inductance. Based on magnetic core with high
permeability, large magnetizing inductance and small
magnetizing current can be achieved. Meanwhile, with
advanced winding method, very high coupling coefficient can
be realized in low operating frequency. Also, the resonant
inductor value is quite large in hundreds of kHz. Thus based on
above method, the transformer can be taken as an ideal one
which transfers energy from primary side to secondary side.
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Fig. 11. A two winding transformer model with magnetizing and leakage
inductances.

With the increment of operating frequency, the air core
transformer with small magnetizing inductance are gradually
applied in VHF conditions. Without magnetic core, air core
transformer owns loosely coupled coefficients. Also, in VHF
converters, the necessary resonant inductor values are tens or
hundreds of nH. Thus, the influence caused by leakage
inductance and magnetizing inductance must be taken into
consideration. One effective way is to leverage leakage
inductance and magnetizing inductance as resonant one through
optimal topology design.

Fig. 12 shows one example that how to optimize the topology
of one isolated VHF converter. Fig. 12(a) shows one isolated
DC/DC converter based on Class ®, inverter stage and Class

E rectifier stage, where one transformer is added in the middle
of these two stages. The leakage inductance in the secondary
side can be combined with the resonant inductor. From AC
perspective, the DC input source can be seen as short, thus, one
port of the transformer primary side can be adjusted to the input
side as Fig. 12(b) shown. Within the block, it can be seen that
the resonant inductor LF can be combined with the transformer
primary side leakage inductance. This example shows how the
leakage inductance and magnetizing inductance can be adopted
in the VHF isolated converter. Compared with Fig. 12(a) and
Fig. 12(c), two resonant inductors are saved, which can help to
reduce the count and volume of the components, in order
improve the power density. Also, the inductors loss can also be
avoided.
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Fig. 12. Transformation from non-isolated converter to isolated converter.
Based on aforementioned converter, the diode in the
secondary side can be replaced by a synchronous switch as Fig.
13 shown [77]. The similar method is also adopted in [78] as
Fig. 14 shown. With synchronous method, the conduction loss

can be reduced with small switch on-resistance. It should be
mentioned that corresponding driving circuit in the secondary
side are needed in the synchronous structure. Thus, it causes
additional driving loss. There should be a tradeoff between
conduction loss and driving loss. Another great challenge for
synchronous rectification method is that the control signal.
Because in VHF condition, the time different between primary
side and secondary side is quite small. Some advanced methods
have been applied to deal with this problem. Table I shows
some typical VHF converters, and corresponding
characteristics have been summarized.
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Fig. 13. VHF Circuit based on synchronous switch in [77].
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Fig. 14. VHF Circuit based on synchronous switch in [78].

Table I. PROPERTIES COMPARISONS OF SOME TYPICAL HIGH FREQUENCY TOPOLOGIES.

Topology Switching  Input/outp Output Isolation Inductors  transformer  Voltage Efficiency Pow;r
frequency  ut voltage power number number stress density
Isolated .
20MHz 12V/5V 10W Yes 3 1 2.6 78% 136 W/in®
Class @,
Class E [79] 20MHz 8V/5V 10W No 3 0 3.5 81.8% 150 W/in®
Self-driven o .3
Class E [80] 13MHz 8V/5V 10W No 2 0 35 83.9% 110 W/in
SEPIC [81] 20MHz 5.4V/TV 3w No 2 0 3.5 82.6% N.A.
push-pull [82] 30MHz 36V/24V S50W Yes 7 1 2.6 73.3% 50 W/in®
Lighting VHF g0\, BOVAC 5oy No 2 0 3.5 78% 146 W/in®
[83] 15V
Synchronous .
10MHz 18V/5V 10W Yes 3 1 2.6 82% 10 W/in?

Class @, [84]

III. MAGNETIC AND SWITCH COMPONENTS

In very high frequency converter, magnetic component is a
significant part. In general, the value of inductor and
transformer forms an inverse proportional relationship with the

operating frequency. However, it cannot be guaranteed that the
components volume keeps reducing with increment of
operating frequency. The volume scaling is also related with
winding loss [85] — [89], core loss and permeability [88]-[95],
and heat transfer [95]-[97] under different operating situations.
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The research of relationship between size and frequency has
gained lots of attention. In [88], under a certain operating
frequency, the inductor quality factor with different kinds of
loss is deeply investigated. In [89] with limited heat transfer
ability, the volume characteristics has been analyzed with
various frequencies. Also in [97], with extra efficiency
limitation, the property of transformer size has been researched.
In [98], the transformer design method considering core loss
and winding loss is proposed under different operating
frequencies. Besides volume scaling characteristics, the power
density property has been explored with above loss and
dissipation considerations. According to research, it is
demonstrated that because of the loss and heat limitations, the
volume cannot always keep reducing, even if the operating
frequency keeps promoting.

For magnetic components with core, the core loss imposes an
significant for volume minimization. In very high frequency
condition, coreless magnetic components can be applied which
only suffers from winding loss. Thus, there should a tradeoff
between core loss and winding loss when choosing the
magnetic component type.

Under a certain inductance and loss situation, the quality
factor of inductor can be obtained as follows. Here ¢ represents
the linear scaling factor.

27l 2xfN’Ke
e S T Q)
It can be seen that the quality factor forms a proportional
relationship with ¢ and frequency. Therefore, to keep a
constant inductance and quality factor at different frequency,
the linear dimension can be scaled as s"?, thus, the total

volume varies by 2.

Without considering loss limitation, the inductor volume of
a certain value can keep reduced with the rate of s> when the
operating frequency increases. However, in real application,
there must be core loss or winding loss. With the reducing
volume, the heat dissipation ability must be weakened, finally
reaching the thermal and operating temperature limitation.

Asshown in [17], Fig. 15 shows different volume curves with
various inductor structure and core materials such as high
permeability magnetic material 3F3, low permeability RF
material P and aircore structure. Among these three conditions,
a small different is that the air core structure is unshielded,
while the two cored structures are magnetically shielded. From
the curves it can be seen that in low frequency, when the
inductor owns good heat dissipation ability, the volume of the
two cored inductor scales as s*? . While the temperature
becomes a dominant factor, the volume of inductor scales as
/2. It can be seen that the previous analysis can effectively

capture the inductor characteristics. Also, after reaching certain
operating frequency, with loss and temperature limitation, the
volume of these two cored inductor increase with the
improvement of operating frequency. However, for the air core
structure, it can be seen that it always keeps a shrinking trend
as increasing operating frequency with enough loss and
temperature margin. According to operate frequency range, it

can be seen that the air core structure and low permeability
cored structure are two optimal choices for VHF magnetic
components.
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Fig. 15. Comparison between conventional magnetic material (3F3), RF

material (P) and coreless inductor volume.

icond i

Rps-on

1gate Rg

G
Ciss

S
Fig. 16. Simplified device model in lumped form.
TABLE II
DEPENDENCE OF DEVICE LOSS MECHANISMS ON DEVICE PARAMETERS
AND FREQUENCY SCALING
Mechanism Device Dependence Frequency Dependence
Conduction loss o R, Independent

i 2 2
Displacement loss o Ry Cles « f
i 2 -2
Gating loss o R,C2, o« f

Fig. 16 illustrates the simplified switch model in lumped
form, which consists of parasitic capacitances and resistances.
Here, the parasitic capacitor Cgd between switch drain to gate is
neglected. Here, Rpson, Ross, and Ra represents the parasitic
resistances in the switch, Rpsen causes the conduction loss. Ciss
and Coss represent the input capacitance and output capacitance
respectively. A discrete capacitor Cgxr is paralleled with the
output capacitance to realize the soft-switching characteristics
of switch. With the lumped switch model, the switching loss
and conduction loss can be analyzed and their relationship with
operating frequency can be investigated. Here, the impedance
of switch conduction resistance does not change in different
frequency. Thus, the conduction loss is only dependent on duty
cycle and corresponding current and independent of operating
frequency. However, for the loss caused by Rg and Ross, the
current flowing through these two resistors are affected by the
operating frequency. It is because that the corresponding branch
impedance is dominant by parasitic capacitance which varies a
lot with the change of frequency. Thus, it can be seen that at
higher operating frequency, the impedance reduces and
corresponding branch current increase. The loss caused by Rg
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and Ross form a proportional relationship with /2. It should be
mentioned here that smaller input and output capacitance can
also help to reduce corresponding loss, which form a
proportional relationship with square capacitance. The
corresponding relationship with switch and operating frequency
are illustrated in Table II.

With the fast development wide band gap device, the SiC and
GaN transistors and diodes show superiority compared with
conventional Si devices. With higher carrier mobility, with a
certain on resistance, the devices with wide band gap material
can be achieved in a smaller area, which helps to reduce the
parasitic capacitance. Thus, in VHF condition, the loss can be
reduced. With the outstanding advantages, the RF and power
switches based on wide band gap material have been the
research hotspot in recent years. With further advanced
investigation and optimal design strategy, the GaN and SiC
devices can achieve better characteristics, which can further
improve the performance of VHF converters.

IV. DRIVING METHOD OF VHF CONVERTERS

Besides the research of power conversion architecture,
semiconductor and magnetic components in very high
frequency converters, high efficiency driving circuit for VHF
converter also attracts lots of attention. It is well known that
driving circuit loss forms a proportional relationship with
switching frequency. Thus, when the system operating
frequency increases to tens and hundreds of MHz, the driving
circuit loss plays a dominant role in total system loss. In
hundreds of kHz conditions, square-wave driving method is the
most widely adopted one. It means that a square waveform
signal is used to charge and discharge the switch input
capacitance in order turn on and turn off the switch. However,
with this kind of driving method, the charged and discharged
energy during every period is totally dissipated. Thus, in very
high frequency condition, resonant driving method is widely
adopted.

As shown in Fig. 17, in the driving circuit, a resonant
inductor is added in series with the switch gate, which can
resonate with the switch input capacitance in order to make use
of the capacitor-stored energy. Resonant driving method can
greatly ruduce losses compared with square-wave driving
method as shown in Fig. 18.
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Fig. 17. Diagram of resonant driving circuit.
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Fig. 18. Driving losses curves of square-wave and resonant driving methods.

On the other hand, it has to be mentioned that though the
driving circuit loss based on resonant driving method can be
greatly reduced compared with square-wave driving, the switch
conduction loss is increased under sinusoidal waveform driving
signal. It is because that with resonant driving method, the
driving signal is in sinusoidal waveform, it makes the rising
edge and falling edge is slower. Thus, during these transition
times, the switch on-resistance is in a high value condition
which causes a high conduction loss. By increasing the driving
voltage amplitude, the switch fully turned-on time can be
increased which helps to reduce corresponding loss. However,
the driving loss increases in turn with higher driving voltage.
Thus, there should be a trade-off between the driving loss and
conduction loss according to different system operating
situation. Also, the wide band gap semiconductor devices with
small input capacitance and on-resistance are greatly expected
in very high frequency converters.

Besides the resonant driving circuit based on fundamental
waveforms, the high order harmonics can also be adopted. The
multi-resonant network is proposed as Fig. 19 shown [99].
Compared these two circuits, it can be seen that an additional
inductor and capacitor branch Ly and Cyz is paralleled with
series resonant inductor Lr. The LC branch is added to
introduce third harmonic into the driving waveform. And the
corresponding simplified driving voltage with fundamental
component and third harmonic component is shown in Fig. 20.
It can be seen that with help of third harmonic, the driving
signal is in trapezoidal form which make the rising and falling
edge steeper. Meanwhile, the energy stored in the input
capacitance can also be used during every period.
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Fig. 19. Multi-resonant driving circuit.
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The aforementioned resonant driving method is composed of
oscillator and several paralleled inverters. In order to further
simplify the necessary components, self-resonant driving
circuit is proposed. Fig. 21 shows a VHF self-resonant driving
circuit based on series resonant inductor [100]. In the circuit, Lg

Sy
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is the resonant inductor and Vs represents the bias DC voltage.
Based on the inductor and the switch parasitic capacitors, a
high-pass filter with the capacitive load is formed. The transfer
function Vs/Ves needs to be carefully designed to satisfy the
requirements.
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Fig. 20. Simplified driving voltage with fundamental component and third
harmonic component.
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Fig. 21. Circuit of a self-resonant VHF driving circuit.

Fig. 22 shows the waveform diagram of switch gate and drain
voltage. Based on the analysis in previous power conversion
architecture, the switch drain-to-source voltage is usually in a
half-sinusoidal form. Thus, it can be seen that when the driving
voltage is low, the switch is off and the drain voltage is high.
Meanwhile, when the driving voltage is high, the switch is on
and the drain voltage is low. Thus, there should be an almost
180 degree phase different between switch gate and drain
voltage.

Fig. 23 shows the Bode diagram of the feed-back network
with different series inductance parameters. As can be seen
from the figure, the network can achieve about 180 degree
phase difference within certain frequency range. By changing
the value of inductances, the voltage gain at the operating
frequency can be adjusted to meet the amplitude requirement of
different switches. The bias voltage Vuias can be adjusted to
change the switch duty cycle with different threshold voltages.
Usually, the duty cycle of the switch is designed to be 0.5, it
means that the bias voltage should be around the threshold
voltage of the switch. Thus, for different switches, the bias
voltage and inductor value should be modified.

However, for the aforementioned self-driving method,
besides the switch parasitic capacitance parameters, the seireis
inductor is the only variable which can be adjusted. Thus, the
characteriscits of self-driving network is mainly determined by
the switch. With different parameters, some switches cannot
meet the self-driving requirement even within a large inductor
range. Thus, to address this problem, additional LC branch are
added between switch drain-to-gate or gate-to-source. Fig. 24

and Fig. 25 show the equivalent self-driving networks with LC
branch in different locations. With the similar method, the
tranfer function between switch drain and gate voltage can be
obtained. Fig. 26 and Fig. 27 demenstrate the corresponding
Bode plot. It can be seen there are more variables to modify the
characteristics to meet the magnitude and phase requirments of
self-driving circuit in single-switch VHF converters.
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Fig. 23. The bode plots of self-resonant circuit with different inductor values.

Meanwhile, with the LC branch, the current flowing though
the can be redistributed compared with the basic situation. It has
been proved that the self-driving network with LC branch can
help to reduce the driving circuit loss.For half-bridge very high
frequency converters, the similar method can be adopted to
drive the switches. One challenge is that the phase of the driving
signals should be carefully designed to achieve the
complementary requirement.

Fig. 24. Equivalent self-driving network with LC branch between gate and
source.
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Fig. 25. Equivalent self-driving network with LC branch between source and
gate.
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Fig. 26. The bode plots of self-resonant circuit with LC branch between gate
and source.
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Fig. 27. The bode plots of self-resonant circuit with LC branch between
source and gate.

V.CONCLUSION

This paper provides a detailed analysis of VHF converter and
corresponding technologies. The first concern of VHF
converters is suitable topologies. Different VHF topologies
with  well soft-switching characteristics have been
demonstrated. Different inverter and rectifier stages can be
adopted to ahieve VHF covnerters for different input, output
and other various application fields. Besides topologies, the
magnetic and switch components are introduced. In VHF
conditions, the air core or low permeability core structure
magnetic components show good performance, which helps to
reduce the system volume. Meanwhiel, the switches of wide
band gap material are expected in VHF converter to reduce
corresponding loss. The parasictic compoents should also be

well taken into condideration and absorbed. Finally, the
resonant driving and self-driving methods are analyzed. These
methods can greatly reduce driving loss. With aforementioned
technologies, high performace VHF converters own wide
application prospects.

REFERENCES

[11 A. Grebennikov, and N. Sokal, Switch mode RF power amplifiers,
Amsterdam: Elsevier, 2007.

[2] M.K. Kazimierczuk, RF power amplifiers, New York: Wiley, 2008.

[3] N.O.Sokal, and A.D. Sokal, “Class E-a new class of high-efficiency tuned
single-ended switching power amplifiers,” IEEE Journal of Solid-State
Circuits, vol.10, no.3, pp.168-176, 1975.

[4] N.O. Sokal, Class-E high-efficiency RF/microwave power amplifiers:
principles of operation, design procedures, and experimental verification,
New York: Springer, 2003.

[5] F.H.Raab, “Maximum efficiency and output of class-F power amplifiers,”
IEEE Trans. Microwave Theory Technology, vol. 49, no. 6, pp. 1162-1166,
Jun 2001.

[6] F.H. Raab, “Class-F power amplifiers with maximally flat waveforms,”
IEEE Trans. Microwave Theory Technology, vol. 45, no. 11, pp. 2007-
2012, Nov 1997.

[71 H. Krauss, C. Bostian, and F. Raab, Solid state radio engineering, New
York: Wiley, 1980.

[8] PJ. Baxandall, “Transistor sine-wave LC oscillators. Some general
considerations and new developments,” [EEE Electronic Communicating
Engineering, vol. 106, no. 16, pp. 748-758, May 1959.

[9]1 D.A. Jackson, “Design and characterization of a radio-frequency DC/DC
power converter,” Cambridge: Massachusetts Institute of Technology,
2005.

[10] J.R. Warren, “Cell modulated DC/DC
Massachusetts Institute of Technology, 2005.

[11] Z. Zhang, X. W. Zou, Z. Dong, Y. Zhou and X. Ren, “A 10-MHz eGaN
Isolated Class-®2 DCX,” IEEE Trans. Power Electron., vol. 32, no. 3, pp.
2029-2040, Mar. 2017.

[12] A. Sagneri, “Design of a very high frequency dc-dc boost converter,”
Cambridge: Massachusetts Institute of Technology, 2007.

[13] O. Leitermann, “Radio frequency DC-DC converters: device
characterization, topology evaluation, and design,” Cambridge:
Massachusetts Institute of Technology, 2008.

[14] J.W. Phinney, “Multi-resonant passive components for power
conversion[D]. Cambridge: Massachusetts Institute of Technology, 2005.

[15] J. Rivas, “Radio frequency DC-DC power conversion,” Cambridge:
Massachusetts Institute of Technology, 2006.

[16] Y. Han, “Circuits and passive components for radio-frequency power
conversion,” Cambridge: Massachusetts Institute of Technology, 2010.

[17] D.J. Perreault, J. Hu, J.M. Rivas, and et al, “Opportunities and challenges
in very high frequency power conversion,” 24th Annual IEEE Application
Power Electronics Conference and Exposition, Washington, 2009, pp.1-
14.

[18] J.M. Rivas, R.S. Wahby, J.S. Shafran, and et al, “New architectures for
radio-frequency DC/DC power conversion,” [EEE Trans. Power
Electron., vol.21, no.2, pp. 380-393, Feb. 2006.

[19] A. Toke, “Radio frequency switch-mode power supply,” Lyngby:
Technology University of Denmark, 2010.

[20] P. Kamby, “High efficiency radio frequency switch-mode power supply
for LED applications,” Lyngby: Technology University of Denmark, 2011.

[21] Z. Zhang, J. Lin, Y. Zhou and X. Ren, “Analysis and Decoupling Design
of'a 30 MHz Resonant SEPIC Converter,” IEEE Trans. Power Electron.,
vol. 31, no. 6, pp. 4536-4548, Jun. 2016.

[22] J. Spreen, “Electrical terminal representation of conductor loss in
transformers,” [EEE Trans. Power Electron., vol.5, no.4, pp. 424-429,
Oct. 1990.

[23] W. Hurley, E. Gath, and J. Breslin, “Optimizing the ac resistance of
multilayer transformer windings with arbitrary current waveforms,” [EEE
Trans. Power Electron., vol.15,1n0.2, pp. 369-376, Feb. 2000.

[24] Z.L. Zhang, Z. Dong, X. Zhou, and X. Ren, “A Digital Adaptive Driving
Scheme for eGaN HEMTs in VHF Converters,” IEEE Trans. Power
Electron., to be published.

converter,” Cambridge:



IET Power Electronics

[25]

[26]

[27]

(28]

[29]

[30]

[B31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

W. Odendaal, and J. Ferreira, “Effects of scaling high-frequency
transformer parameters,” [EEE Trans. Ind. Appl., vol.35, no.4, pp. 932-
940, Jul/Aug 1999.

J. Reinert, A. Brockmeyer, and R.W. De Doncker, “Calculation of losses
in ferro-and ferrimagnetic materials based on the modified steinmetz
equation,” [EEE Trans. Ind. Appl., vol.37, no.4, pp. 1055-1061, Jul/Aug
2001.

J. Li, T. Abdallah, and C.R. Sullivan, “Improved calculation of core loss
with nonsinusoidal waveforms,” 36th IAS Annual Meeting, Chicago, 2001,
pp.2203-2210.

K. Venkatachalam, C.R. Sullivan, T. Abdallah, and et al, “Accurate
prediction of ferrite core loss with nonsinusoidal waveforms using only
steinmetz parameters,” [EEE Workshop on Computers in Power
Electronics, Chicago, 2002, pp. 36-41.

W. Shen, F. Wang, D. Boroyevich, and et al, “Loss characterization and
calculation of nanocrystalline cores for high-frequency magnetics
applications,” [EEE Trans. Power Electron., vol.23, no.1, pp. 475-484,
Jan. 2008.

T. Nakamura, “Snoek’s limit in high-frequency permeability of
polycrystalline Ni-Zn, Mg-Zn, and Ni-Zn-Cu spinel ferrites,” Journal of
Applied Physics, vol.88, no.4, pp. 348-353, 2000.

C. Xiao, “An Investigation of fundamental frequency limitations for
HF/VHF power conversion,” Blacksburg: Virginia Polytechnic Institute
and State University, 2006.

D. Choi, M. Choi, and J. Kim, “Effect of Organic fuel on high-frequency
magnetic properties of Fe—A1203 composite powders synthesized by a
combustion method,” IEEE Trans. Magnetics, vol.51, no.11, pp. 11-14,
Nov. 2015.

G.D. Lu, X.S. Miao, WM. Cheng, and et al, “Influence of Cu underlayer
on the high-frequency magnetic properties of FeCoSiO thin films,” IEEE
Trans. Magnetics, vol.51, no.11, pp. 1-4, Nov. 2015.

R. Erickson, and D. Maksimovic, Fundamentals of power electronics,
Norwell: Kluwer Academic Publishers, 2000.

M. Praglin, L. Raymond and J.R. Davila, “Inductance cancellation in RF
resonant power converters,” 2016 IEEE Energy Conversion Congress and
Exposition (ECCE), Milwaukee, WI, 2016, pp. 1-7.

A. Bossche, and V. Valchev, Inductors and transformers for power
electronics, Abingdon: Taylor and Francis Group, 2005.

J. Hu, and C.R. Sullivan, “AC resistance of planar power inductors and
the quasi-distributed gap technique,” IEEE Trans. Power Electron.,
vol.16, no.4, pp. 558-567, Jul. 2001.

D. Monster, P. Madsen, A. Pedersen, and et al, “Investigation,
development and verification of printed circuit board embedded air-core
solenoid transformers,” IEEE Applied Power Electronics Conference and
Exposition, Charlotte, 2015, pp. 133-139.

Y. Han, G. Cheung, A. Li, and et al, “Evaluation of magnetic materials for
very high frequency power applications,” IEEE Power Electronics
Specialists Conference, Rhodes, 2008, pp. 4270-4276.

W. Wang, S. Haan, A. Ferreira, and et al, “A novel and simple method to
distinguish winding loss from inductor loss under practical excitations,”
39th Annual Conference of the IEEE Industrial Electronics Society,
Vienna, 2013, pp. 252-257.

K.V. Iyer, W.P. Robbins, and N. Mohan, “Design and comparison of high
frequency transformers using foil and round windings,” International
Power Electronics Conference, Hiroshima, 2014, PP. 3037-3043.

A.Z. Amanci, H.E. Ruda, and F.P. Dawson, “Load—source matching with
dielectric isolation in high-frequency switch-mode power supplies,” IEEE
Trans. Power Electron., vol.31, no.10, pp. 7123-7130, Oct. 2016.

C.Y. Ku, K.L. Yeh, and J.C. Guo, “The impact of layout dependent stress
and gate resistance on high frequency performance and noise in
multifinger and donut MOSFETS,” IEEE MTT-S International Microwave
Symposium Digest, Seattle, 2013, pp. 1-3.

W. Liang, L. Raymond, M. Praglin, D. Biggs, F. Righetti, M. Cappelli, B.
Holman, and J. Rivas Davila, “Low mass RF power inverter for CubeSat
applications using 3D printed inductors,” IEEE Journal of Emerging and
Selected Topics in Power Electron., to be published

C.R. Sullivan, W. Li, S. Prabhakaran, and et al, “Design and fabrication
of los-loss toroidal air-core inductors,” IEEE Power Electronics
Specialists Conference, Orlando, 2007, pp. 1754-1759.

[46]

[47]

[48]
[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

M. Nigam, and C.R. Sullivan, “Multi-layer folded high frequency toroidal
inductor windings,” Twenty-Third Annual I[EEE Applied Power
Electronics Conference and Exposition, Austin, 2008, pp. 682-688.

J.R. Warren, A. Rosowski, and D.J. Perreault, “Transistor selection and
design of a VHF DC-DC power converter,” IEEE Trans. Power Electron.,
vol.27, no.1, pp. 27-37, Jan. 2008.

A. Huang, “New unipolar switching power device figures of merit,” [EEE
Electron. Device Letters, vol.25, no.4, pp. 298-301, 2004.

A.D. Sagneri, “Design of miniaturized radio frequency dc-dc power
converters,” Cambridge: Massachusetts Institute of Technology, 2008.
N.O. Sokal, Class-E RF power amplifiers, New York: _Qex Commun
Quart, 2001.

M.J. Chudobiak, “The use of parasitic nonlinear capacitors in Class E
amplifiers,” IEEE Trans. Circuits and Systems I: Fundamental Theory
and Applications, vol.41, no.5, pp. 941-944, 1994.

J.W. Phinney, D.J. Perreault, and J.H. Lang, “Radio-frequency inverters
with transmission-line input networks,” IEEE Trans. Power Electron.,
vol.22, no.4, pp. 1154-1161, Apr. 2007.

J.W. Phinney, D.J. Perreault, and J.H. Lang, “Synthesis of Lumped
Transmission-Line Analogs,” I[EEE Trans. Power Electron., vol.22,no.4,
pp. 1531-1542, Apr. 2007.

R. Pilawa-Podgurski, A. Sagneri, J.M. Rivas, and et al, “High-Frequency
Resonant Boost Converters,” IEEE Power Electronics Specialists
Conference, Orlando, 2007, pp. 2718-2724.

J.M. Rivas, Y. Han, O. Leitermann, and et al, “A high-frequency resonant
inverter topology with low voltage stress,” IEEE Power Electronics
Specialist Conference, Orlando, 2007, pp. 56-76.

J. Hu, A.D. Sagneri, J.M. Rivas, and et al, “High-frequency resonant
SEPIC converter with wide input and output voltage ranges,” IEEE Trans.
Power Electron., vol.27, no.1, pp. 189-200, Jan. 2012.

R. Pilawa-Podgurski, “Design and evaluation of a very high frequency
dc/dc converter,” Cambridge: Massachusetts Institute of Technology,
2007.

W. Nitz, W. Bowman, F. Dickens, and et al, “A new family of resonant
rectifier circuits for high frequency DC-DC converter applications,” Third
Annual IEEE Applied Power Electronics Conference and Exposition,
New Orleans, 1988, 1pp. 2-22.

S. Birca-Galateanu, and J.L. Cocquerelle, “Class e half-wave low dv/dt
rectifier operating in a range of frequencies around resonance,” /EEE
Trans. Circuits and Systems I: Fundamental Theory and Applications,
vol.42, no.2, pp. 103-113, 1995.

J. Rivas, O. Leitermann, Y. Han, and et al, “A very high frequency dc-dc

converter based on a class @, resonant inverter,” IEEE Power

Electronics Specialists Conference, Rhodes, 2008, pp. 1657-1666.

M. Kovacevic, A. Knott, and M.A.E. Andersen, “Interleaved
selfoscillating class E derived resonant DC/DC converters,” International
Conference Electrical Computer System, Lyngby, 2012, pp. 1-8.

J.A. Pedersen, “Bidirectional very high frequency converter,” Lyngby:
Technology University of Denmark, 2013.

M.P. Madsen, A. Knott, and M.A.E. Andersen, “Very high frequency half
bridge DC/DC converter,” 2014 IEEE Applied Power Electronics
Conference and Exposition, Fort Worth, 2014, pp. 1409-1414.

D.C. Hamill, “Half bridge class DE rectifier,” Electronics Letters, vol.31,
no.22, pp. 1885-1886, 1995.

H. Koizumi, T. Suetsugu, M. Fujii, K. Shinoda, S. Mori, and K. Iked,
“Class DE high-efficiency tuned power amplifier,” IEEE Trans. Circuits
Syst. I Fundam. Theory Appl., vol. 43, no. 1, pp. 51-60, 1996.

D. C. Hamill, “Class DE inverters and rectifiers for DC-DC conversion,”
in Proc. - IEEE Power Electron. Spec. Conf. - PESC, vol. 1, no. June,
1996, pp. 854-860.

I. D. D. Vries, “High Power and High Frequency Class-DE Inverters,”
Ph.D., University of Cape Town, 1999.

M. Kovacevic, A. Knott, and M. A. E. Andersen, “A VHF interleaved
self-oscillating resonant SEPIC converter with phase-shift burst-mode
control,” in Proc. - IEEE Appl. Power Electron. Conf. Expo. - APEC, no.
2. leee, mar 2014, pp. 1402—1408.

J. C. Rosas-Caro, J. C. Mayo-Maldonado, J. E. Valdez-Resendiz, R.
Salas-Cabrera, A. Gonzalez-Rodriguez, E. N. Salas-Cabrera, H. Cisneros-
Villegas, and J. G. Gonzalez-Hernandez, “Multiplier SEPIC converter,”
in CONIELECOMP 2011, 21st Int. Conf. Electr. Commun. Comput.
IEEE, feb 2011, pp. 232-238.


http://xueshu.baidu.com/usercenter/data/journal?cmd=jump&wd=journaluri%3A%28ba6b3b103cbb31e7%29%20%E3%80%8AQex%20Commun%20Quart%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dpublish&sort=sc_cited
http://xueshu.baidu.com/usercenter/data/journal?cmd=jump&wd=journaluri%3A%28ba6b3b103cbb31e7%29%20%E3%80%8AQex%20Commun%20Quart%E3%80%8B&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dpublish&sort=sc_cited

IET Power Electronics

[70]

[71]

[72]
[73]
[74]
[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

(83]

[84]

(85]

[86]

(87]

(88]

[89]

[90]

[91]

[92]

[93]

M. Kovacevic, A. Knott, and M. A. E. Andersen, “VHF series-input
parallel-output interleaved self-oscillating resonant SEPIC converter,”
2013 IEEE Energy Convers. Congr. Expo., pp. 2052-2056, sep 2013.

M. K. Kazimierczuk, V. G. Krizhanovski, J. V. Rassokhina, and D. V.
Chernov, “Class-E MOSFET tuned power oscillator design procedure,”
IEEE Trans. Circuits Syst. I Regul. Pap., vol. 52, no. 6, pp. 1138-1147,
2005.

T. Suetsugu, S. Kiryu, and M. K. Kazimierczuk, “Feasibility study of on-
chip class E DC-DC converter,” in Proc. 2003 Int. Symp. Circuits Syst.
2003. ISCAS °03., vol. 3. IEEE, 2003, pp. [1[-443-111-446.

Datasheet: ON Semiconductor, “NSR15406NXT5G,” 2016.

R. A. Mack, Demystifying switching power supplies. Elsevier/Newnes,
2005.

Y. C. Liang, G. S. Samudra, and C.-F. Huang, Power Microelectronics,
2nd ed. WORLD SCIENTIFIC, may 2017.

L. Gu, W. Liang and J. R. Davila, “Design of very-high-frequency
synchronous resonant DC-DC converter for variable load operation,” in
Proc. 2017 IEEE Energy Conversion Congress and Exposition (ECCE),
Cincinnati, OH, 2017, pp. 3447-3454.

Z. L. Zhang, Z. Dong, X. W. Zou and X. Ren, “A Digital Adaptive
Driving Scheme for eGaN HEMTs in VHF Converters,” in IEEE
Transactions on Power Electronics, vol. 32, no. 8, pp. 6197-6205, Aug.
2017.

Z. Zhang, X. W. Zou, Z. Dong, Y. Zhou and X. Ren, “A 10-MHz eGaN

Isolated Class-®2 DCX,” in IEEE Transactions on Power Electronics, vol.

32, no. 3, pp. 2029-2040, March 2017.

Y. Guan, Q. Bian, Y. Wang, X. Hu, B. Liu, W. Wang, and D. Xu,
“Analysis and Design of High Frequency Converter with Resistive
Matching Network and Spiral Inductor,” /EEE Trans. Power Electron.,
vol.PP, n0.99, pp.1-1. doi: 10.1109/TPEL.2017.2734107.

Y. Guan, Y.Wang, Q. Bian, X. Hu,W.Wang, and D. Xu, “High efficiency
self-driven circuit with parallel branch for high frequency converters,”
IEEE Trans. Power Electron., doi: 10.1109/ TPEL.2017.2724545.

J. Hu, “Design of a low-voltage low-power dc-dc HF converter,” S.M.
thesis, Dept. Elect. Eng. Comput. Sci.,Massachusetts Institute of
Technology (MIT), Cambridge, 2008.

W. Cai, Z. Zhang, X. Ren and Y. F. Liu, “A 30-MHz isolated push-pull
VHF resonant converter,” in Proc. 2014 IEEE Applied Power Electronics
Conference and Exposition - APEC 2014, Fort Worth, TX, 2014, pp.
1456-1460.

M. P. Madsen, A. Knott and M. A. E. Andersen, “Very high frequency
resonant DC/DC converters for LED lighting,” in Proc. 2013 Twenty-
Eighth Annual IEEE Applied Power Electronics Conference and
Exposition (APEC), Long Beach, CA, USA, 2013, pp. 835-839.

X. Ren, Y. Zhou, D. Wang, X. Zou and Z. Zhang, “A 10-MHz Isolated
Synchronous Class-®2 Resonant Converter,” IEEE Trans. Power
Electronics, vol. 31, no. 12, pp. 8317-8328, Dec. 2016.

P. Dowell, “Effects of eddy currents in tranformer windings,”
Proceedings of the IEE, vol. 113, pp. 1387-1394, August 1966.

J. Spreen, “Electrical terminal representation of conductor loss in
transformers,” IEEE Transactions on Power Electronics, vol. 5, pp. 424—
429, Oct 1990.

W. Hurley, E. Gath, and J. Breslin, “Optimizing the ac resistance of
multilayer transformer windings with arbitrary current waveforms,” [EEE
Transactions on Power Electronics, vol. 15, pp. 369-376, Mar 2000.

A. Rand, “Inductor size vs. Q: A dimensional analysis,” [EEE
Transactions on Components Parts, pp. 31-35, March 1963.

W. Odendaal and J. Ferreira, “Effects of scaling high-frequency
transformer parameters,” [EEE Transactions on Industry Applications,
vol. 35, pp. 932-940, Jul/Aug 1999.

J. Reinert, A. Brockmeyer, and R. De Doncker, “Calculation of losses in
ferro- and ferrimagnetic materials based on the modified steinmetz
equation,” [EEE Transactions on Industry Applications, vol. 37, pp.
1055-1061, Jul/Aug 2001.

J. Li, T. Abdallah, and C. R. Sullivan, “Improved calculation of core loss
with nonsinusoidal waveforms,” 2001 I4AS Annual Meeting, pp. 2203—
2210, 2001.

K. Venkatachalam, C. Sullivan, T. Abdallah, and H. Tacca, “Accurate
prediction of ferrite core loss with nonsinusoidal waveforms using only
steinmetz parameters,” [EEE Workshop on Computers in Power
Electronics, pp. 3641, June 2002.

W. Shen, F. Wang, D. Boroyevich, and C. Tipton, “Loss characterization
and calculation of nanocrystalline cores for high-frequency magnetics
applications,” IEEE Transactions on Power Electronics, vol. 23, pp. 475—
484, Jan. 2008.

[94]

(93]

[96]

[97]

(98]

[99]

T. Nakamura, “Snoek’s limit in high-frequency permeability of
polycrystalline Ni-Zn, Mg-Zn, and Ni-Zn-Cu spinel ferrites,” Journal of
Applied Physics, vol. 88, pp. 348353, July 2000.

C. Xiao, An Investigation of Fundamental Frequency Limitations for
HF/VHF Power Conversion. Ph.D. Thesis, Virginia Polytechnic Institute
and State University, 655 Whittemore Hall (0179), July 2006.

W. Odendaal and J. Ferreira, “A thermal model for high-frequency
magnetic components,” [EEE Transactions on Industry Applications, vol.
35, pp. 924-931, Jul/Aug 1999.

W.-J. Gu and R. Liu, “A study of volume and weight vs. frequency for
high-frequency transformers,” 24th Annual IEEE Power Electronics
Specialists Conference, pp. 1123—-1129, Jun 1993.

R. Erickson and D. Maksimovi’'c, Fundamentals of Power Electronics.
Norwell, MA: (Kluwer Academic Publishers), 2000.

L. Gu, W. Liang and J. Rivas-Davila, “A multi-resonant gate driver for
Very-High-Frequency (VHF) resonant converters,” 2017 IEEE 18th
Workshop on Control and Modeling for Power Electronics (COMPEL),
Stanford, CA, 2017, pp. 1-7.

[100]M.P. Madsen, J.A. Pedersen, A. Knott, and et al, “Self-oscillating resonant

gate drive for resonant inverters and rectifiers composed solely of passive
components,” 2014 IEEE Applied Power Electronics Conference and
Exposition, Fort Worth, 2014, pp. 2029-2035.



	I. INTRODUCTION
	II. Topology Analysis of VHF Converter
	A. Non-isolated DC/DC Topology
	B. Topological isolated DC/DC Converter Topology

	III. Magnetic and Switch Components
	IV. DRIVING METHOD OF VHF CONVERTERS
	V. Conclusion
	References

