
A transformer-less SiC-based DC-DC

multilevel converter based on the

Cockcroft-Walton voltage multiplier has

been realized for the first time. The

experimental results for the voltage

converter ratio, power loss and

efficiency measurements for a

conventional,3-level and 4-level

converter utilizing Si and SiC devices

are presented while performing the low

current and high-frequency tests. SiC-

based multilevel converters show a

higher efficiency, due to the low reverse

recovery and fast switching of the

diodes, which results in a higher voltage

conversion ratio.

This translates to a lower duty cycle to

obtain the required output voltage,

whilst eliminating the need for complex

filtering even under light load

conditions.

Experimental results for the MOSFET

total power loss as a function of

switching frequency and input voltage

based on the method in [8] for the

conventional Si and SiC-based Boost

converters are shown in figures 2 and 3

respectively. The high-frequency test

results of the diodes in the Si-based

boost converter shows a steady

increase in the total power losses in the

MOSFET with a slope of 5mW/25kHz.

In contrast, the MOSFET power losses

increase for the SiC diodes with a slope

of 1.75mW/25kHz giving a 30mW lower

total power loss at 300kHz. At higher

reverse voltage (input voltage for the

Boost converter) and light loads (480Ω)

the SiC turn-off loss is comparable to

that of the Si diode, hence comparable

MOSFET power losses are observed,

whereas there is a 14mW reduction in

power loss at lower voltages when

operating at 100kHz.As shown in figure

4, at 80% duty cycle, the VCR for the

conventional Si-based converter is 4.48

whereas the VCR for the SiC-based

conventional, 3 and 4 level converters

are 5, 8 and 10 respectively. Figures 5-

7 show the efficiency improvement for

the conventional, 3 and 4 level SiC-

based boost converters as a function of

duty cycle and input voltage. Here, the

use of SiC devices has resulted in

higher efficiencies as the diode

switching losses and MOSFET turn-on

losses are significantly reduced by the

fast reverse recovery of the SiC diodes.

Utilizing the multilevel DC-DC converter

topology with a higher number of levels

ensures CCM operation. Hence a

smaller inductor can then be used to

maintain an acceptable current ripple in

the CCM.
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The fundamental material properties of

wide bandgap semiconductor materials

such as Silicon Carbide, offer high

thermal conductivity, high breakdown

field and the high carrier drift velocity

which results in fast switching capability.

Operation at very high frequency, is

possible due to the negligible reverse

recovery charge and hence the

switching losses in the SiC diodes is

negligible [1]. Due to practical

considerations, the voltage conversion

ratio (VCR), the ratio of the output

voltage to the input voltage of a

converter, is limited to six times [2] in

traditional topologies. This requires the

use of an extreme duty cycle, D, which

does not leave any room for voltage

regulation to compensate the load and

line changes. An extreme duty cycle in a

Boost converter also means that the

diode sustains a high amplitude current

with a short pulse width, resulting in

severe reverse recovery transients

which cause high electromagnetic

interference (EMI) issues [2,3]. Hence

the use of high frequency SiC based

multilevel converters can find

applications where a high boost ratio in

a transformer-less DC-DC converter is

required and the weight and power

density are critical design parameters. A

transformer-less SiC-based DC-DC

multilevel converter based on the

Cockcroft-Walton voltage multiplier [4]

has been realized. The experimental

results for the voltage converter ratio,

power loss and efficiency measurements

for a conventional, 3 level and 4 level

converter utilizing Si and SiC devices

are presented while performing the low

current and high-frequency tests.

The SiC-based multilevel converters

provide higher voltage conversion ratio

and efficiency without extreme duty

cycle and operate at higher

frequencies, which are the goal for

payload systems. The conventional Si-

based converter shows a steady

increase in the MOSFET power loss

when increasing the frequency to

300kHz. The SiC-based boost

converters show up to 30mW less

MOSFET power loss at 300kHz and

comparable conduction loss, resulting

in lower overall power losses and

higher efficiency. Utilising a higher level

SiC-based multilevel converter results

in a lower duty cycle to obtain the

required output voltage and higher

efficiency while eliminating the need for

complex filtering due to the CCM

operation even at light load.
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Figure 2 – MOSFET power losses as a function of frequency

The proposed multilevel converter in [4]

comprises a switching device, an

inductor, 2N-1 capacitors and 2N-1

diodes. A 5V-48V 100 kHz Boost

converter utilizing the PSMN050-80PS

high efficiency MOSFET is used as a

base for the converter design.

Equivalent 600 V, 2A Si PIN [5] and

C3D02060A SiC SBD diodes [6] are

used for performance evaluation. The

N+1 level multilevel converter is shown

in figure 1.

When utilizing a low impedance gate drive, the MOSFET switching losses mainly

comprise of the stored energy in the MOSFET junction capacitance and the

displacement current of the associated diode junction capacitance [7]. As the reverse

recovery current passes through the switching device during turn-on, the use of a diode

with low reverse recovery charge minimises the turn-on power loss of the MOSFET

and results in a lower overall power loss of the device.

Increasing the switching frequency and utilizing SiC devices in the multilevel boost

converter has two benefits: the size of the passive components will be minimized, and

the power density of the converter will be maximized while maintaining CCM operation.

This results in less ringing and stress on the switching device.


