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Abstract: This paper presents a concept and experimental results of the magnetic-less converter suitable for wide temperature range operation. The
DC-DC converter uses a variant of a switched-capacitor voltage multiplier topology, silicon carbide (SiC) and IGBT (insulated gate bipolar transistor)
semiconductors and resonant circuits with air-based chokes designed on PCB (printed circuit board), as well as high temperature resonant
capacitors and PCB materials. Ferrite materials are not required which and therefore the problems with inductance variation versus temperature do

not exist.

Streszczenie. W artykule przedstawiono koncepcje i wyniki do$wiadczalne przeksztattnika do pracy w szerokim zakresie temperatur. W
przeksztattniku zastosowano wariant topologii rezonansowo przetgczalnych kondensatoréw, potprzewodniki z weglika krzemu (SiC) i IGBT oraz
obwody rezonansowe z dfawikami powietrznymi zaprojektowanymi na PCB, a takze wysokotemperaturowe kondensatory rezonansowe oraz
specjalny materiat PCB. Rdzen ferrytowy nie zostat tu zastosowany, a zatem nie istnieje problemy ze zmiang indukcyjnosci w zaleznosci od
temperatury pracy uktadu. (Przeksztaftnik DC-DC bazujacy na SiC pracujgy w szerokim zakresie temperatur).

Keywords: Switched capacitor voltage converter; High temperature power converter; Zero current switching; DC-DC converter.
Stowa kluczowe: Przetgczalne kondensatory, Praca ukladu w wysokiej temperaturze, przetgczanie w zerze pradu, Przeksztattnik DC-DC.

Introduction

The development of power electronic converters
towards high temperature of operation is one of the
important trend owing to an increase of junction
temperature of semiconductor switches. Silicon carbide
semiconductors can operate at temperatures junction
temperature above 500°C [1], while the silicon limits are
around 200°C. Examples of applications can be the oil
drilling industry, space exploration, aviation and the
automotive industry [1] and [2]. The high-temperature
converter should be assigned to a particular application
category even at the design stage because the temperature
differences are significant. However, the failure
mechanisms of SiC MOSFETs (Metal-Oxide Semiconductor
Field-Effect Transistor)) can be easily generated by current
or high-temperature-related gate oxide damage [3]. Beside
of MOSFET SiC transistor, the possible solution in the
future industry application is to the hybrid switch: SI IGBT
with SiC MOSFET. The hybrid switch can achieve operation
in high-temperature with high current stress [4]. In [5] SiC
transistors were used, to develop a converter that would
allow continuous working at 320°C (junction temperature)
and gives opportunities for the application of the system in
the drilling industry as well as in the automotive or
aerospace industries. The proposed system in [5] allowed
to work for 80 hours at a temperature of 470 Celsius
degrees (junction temperature). Presented results [4], [5] for
the high-temperature SiC operation (above 180°C) have
been obtained in a laboratory setup. The temperature of the
commercially available switches would be limited by the
package of the transistors. In [6], the developed circuits are
classic Three-Phase AC-DC Inverter, which operating
temperature of both gate driver and power circuit is targeted
at 180 °C. SiC technology is also introduced to traction
inverters with liquid cooling system [7] and [8]. An example
of SiC parameters for electric vehicles (EV) and their
characterization can be found in [9] and for the high voltage
application (3.3 kV / 400 A) SiC transistors [10]. SiC-CMOS
digital circuits are also thematically current research and
prototypes reach operating temperatures up to 400 degrees
[11].

Aside from the application of appropriate semiconductor
switch the high temperature power electronic converter
requires suitable topology, passive components and
mechanical materials. Selection of a topology of a converter

where ferrite-based chokes are not required is a great merit
in high temperature design. In the field of DC-DC converters
the topologies based-on switched-capacitor (SC)
technology can be adequate. In the SC converter [12] the
majority of energy is transferred via a capacitor. Inductors
are used as low energy resonant components and can be
achieved as an air-based choke. The converter presented
in this paper bases on the SC technique of energy
conversion [13]-[20] in the topology of a Cost-Effective
Resonant Switched Capacitor Voltage Multiplier (SCVM)
presented in [16]. This is a high voltage gain converter
which can multiply voltage N times (where N is the number
of cells). The switching capacitors converters family is
significant and the SC converters can be designed not only
in configuration step-up [14]-[18] but also as step-down
topologies [20].
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Fig. 1. Cost-Effective Resonant Switched Capacitor Voltage
Multiplier (CESCVM). General concept with N switching cells and
JFET transistors.

The CESCVM topology of the designed converter is
presented in Fig. 1. Such converter contains a fewer
number of transistors in comparison to the basic SCVM [14]
and [15]. In the [16] feasibility of the CESCVM is
demonstrated with the utilization of silicon MOSFET
switches with Vpsmax = 175 V. However the voltage stress
on T¢ transistor can reach the level of the output voltage.
Therefore, to design the converter for higher voltage the
switches for higher voltages are required.. SiC switches
achieves significantly lower FOM (figure of merit expressed
as nC-mQ) than high voltage Si switches. Parameters of
switches applied in the CESCVM are critical for operation of
the converter. The topology of CESCVM is established but
he research concepts and results related to high voltage,
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high temperature, high efficiency and low volume of
CESCVM are aspects which are novel in this paper. The
proposed design concept of the CESCVM assumes the use
of SiC JFETs (Junction Field-Effect Transistor) transistors
and operation with the temperature of the case of that
reaches 150°C (Tj between 150°C and 175°C). Application
of SiC switches changes the design in relation to Sl low
voltage Mosfets do to the following parameters: switching
losses associated with Coss and VCE versus switching
frequency, conduction losses versus temperature. Variation
of Rds(on) resistance versus the junction temperature can
be critical in the converter for high temperature operation. In
the case of SiC — based design the variation is adequately
low which is confirmed by efficiency results in this paper.
Similarly, the results of the CESCVM efficiency versus the
switching frequency demonstrates low impact of Coss
losses in the case of operation with 100V/400V conversion
ratio. Such issues are not presented in [16] however the
SiC-based CECSVM demonstrate its adequate parameters
for high voltage and high temperature design.

Other novel aspects relates to high overall temperature
design and operation of the CESCVM converter. In the
analyzed design, semiconductors are placed on a PCB
board directly and therefore the PCB material, as well as
capacitors, are selected as high temperature components.
An increase of the temperature of the converter makes it
possible to decrease the heat sink volume and finally to
increase the power density. Furthermore, because the
CESVM converter may operate with air-based resonant
chokes or with parasitic inductances, the design towards
the high temperature operation can be favorable for various
applications. In such a design the converter could operate
in high ambient temperature as well. The gate driver system
is separated from the main circuit by air distances and is not
heated by the power transistors and diodes. For the
proposed converter an impact of frequency and load of the
converter on the efficiency and voltage gain at a high-
temperature is investigated.

The range of temperature of transistors achieved in the

tests enables a comparison of the SiC and IGBT-based
parameters of the CESCVM which is novel research as
well. For both the cases characteristics of efficiency versus
the output power are presented and compared. The
performed results demonstrate the feasibility of the IGBT-
based CESCVM and acceptable results of efficiency. The
IGBT-based solution of the CESVM achieved lower
efficiency in comparison to SiC-based. However the
difference in efficiency results is not very significant and
IGBT-based CESCVM can be an attractive low-cost
approach.
The design concept for the high-temperature converter,
presented in this paper, may be useful for the automotive
industry [9], [10] and other SC converters such as SCVM-
based [13]-[20].

The paper is organized as follows. Section 2 presents
an analytical description of the converter. Section 3
describes in detail the structure of the CESCVM DC-DC
converter. Application of suitable PCB material [21] as well
as capacitors selected for high temperature operation [22]-
[24], makes it possible to implement SC converter to
operate with high temperatures. The test setup and results
of experiments are presented in Section 4. The last part of
the article consists of major conclusions.

Principle of operation of the converter

The CESCVM converter works in two cycles in each
switching period. In the first one, switched capacitors are
charging from the input source by means of T¢ switch. Fig.
2 and Fig. 3 presents the general concept of charging and

discharging the switched capacitors for three cell topology
of CESCVM. In the second cycle of operation, the
capacitors are discharging by means of T, T2 and Ts. Air
chokes can be used in converters to achieve a resonant
converter with ZCS (zero current switching) [12]. Assuming
constant value of input and output voltage, the capacitor
charging current can be described by the equation (current
response of series RLC circuit):

i — pawt Un—Ucmin
(1) ica(8) = e Zo=T sin (wyt)
and the angular resonant frequency for first stage:

_ 1
(2) wy = ’—CLZ“) + agy,

where: U,y - is the input voltage, Ucpin - is the minimum
voltage across capacitors C = Cr1 = Crz = Cgrs (assuming
identical capacitors in the converter circuit), Ly - is the
summarized inductance of circuits during the charging
stage (air choke inductance and parasitic inductance of the
PCB signal traces), a(,) - is the damping factor:

Rs)
aqy = — ,
) aqu) 2lna)
where: Ry is the resistance of the circuit during the

charging process including transistor T¢

This resistance can be calculated by the sum of ESR
value, the choke resistance and the turn-on resistance of
the switch. The resistance of the circuit during the charging
process in not significant, which simplifies equation (1) and
(2) to the following:

(4) icn(t) = 2=t iy (wigyt),

@@Lz
1
() wyy = T
The total resistance of the resonant circuits is

composed of the choke resistance, the ESR value of the
capacitor, Rpswon and the parasitic resistance of the PCB
signal traces. In the second step of operation, the switched
capacitors are discharged to the output capacitor by means
of switch Ty, T, and Ts. In this stage, the current can be
described by the following formula:
i — oyt Un—Uour*N-Ucmax

(6) ic(t) =e*®@ P sin (a)(z)t),
and the angular resonant frequency for second stage is the
following:

1
(N oe = [+ e

and the damping factor will change to:

_ _ Ry
(8) Ay = — ZL;Z,
where : Uypyr - is the output voltage, Ucpax- is the

maximum voltage across capacitors, Lyy - is the
summarized inductance of the circuit during the discharging
stage, Rg(z) - is the resistance of the circuit during the
discharging stage.

And the simplification of the (6) and (7) without damping
factor a():

(9) lTl(t) — Uin—Uoyr+N-Ucmax

o sin(wet),

and the angular resonant frequency:

, 1
(10) (,()(2) = —C-LE(Z)
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Fig. 2. CESCVM operation for topologies with N = 3. Charging
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Fig. 3. CESCVM operation for topologies with N = 3. Discharging
the switched capacitors and charging the output capacitor.

The voltage of the capacitors during charging are (no
damping factor):
(11) uc(t) = Uiy + (Ucmin — Urv)cos (w(l)f)r
And voltage during discharging process:

(12)

uen(t) = @ + (Ucmax — UOW;,L_UIN)COS (w(z)t) )

The theoretical output voltage of the idealized N cells
CESCVM converter depends only on the number of
switching cells and can be described as:

Transistor

Driver

(13) Uoyr = (1 + N) - Upy,

where: Uy is the input voltage, N is the number of cells

with switched capacitors.

One of the important features of the converter is
different voltage stress on semiconductor switches. The
voltage on discharge transistors T4, T2 and T3 is the same
and varies from U to 2Un. The voltage on the diodes
increases respectively 1, 2 and 3 times in relation to Upw.
The charging currents of the resonant capacitors are
summed and flow through the T¢ transistor. Consequently,
the T¢ transistor conducts threefold larger current than
others and has the highest drain-source voltage, which
equals to the output voltage (Uour). Therefore the switching
losses and C,ss losses of T¢ transistor are supposed to be
significant.

Diodes D1y-Dyp blocks the unrequired oscillatory current
flow in LC branches short circuit when the transistors T; and
T> are in the on-state (as in the stage of discharging
presented in Fig. 2 (b). The same function is complied with
by D1s— Dpas diodes.

Design Concept of main power circuit

The design concept assumes demonstration of the DC-
DC converter operating in increased temperature which can
occur due to high temperature increment in low volume
design or high ambient temperature. It is assumed that all
the components in the power section will not exceed 150
degrees. Fig. 4 presents the concept of the experimental
setup of the converter assembled on PCB. The design is
composed of two main parts where the power components
are located on a board area with a high temperature of
operation. The second part contains gate drivers and is
placed on the part of the PCB separated from the warm
components by air distance (Fig. 3). The heat is generated
in the power section mostly and the part with gate drivers
operates at a significantly lower temperature.
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Fig. 4. The experimental model of CESCVM converter for high temperature operation and a detailed described circuit.

The proposed CESCVM design is created with the use
of the PCB board composed with SH260 laminate. It is the
high performance and high glass transition temperature,
which exceeds T, > 250°C. Decomposition temperature Ty
is over 417°C [21]. The power system consists of a 6-layer
PCB system. The CESCVM is a converter operating
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according to the switched capacitor concept. The vast
majority of energy is transferred via capacitors. Low
inductance chokes are used for ZCS operation which
occurs by oscillations of currents. High temperature has a
negative impact on the ferrite-core chokes parameters by
the decrease of saturation magnetic flux density [22].
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However, in the proposed design, the suitable resonant
circuits operation is achieved with the use of PCB air-based
chokes. The inductance value of the designed chokes is
equal to 0,32 uH and has been accomplished on 6 turns coil
created on 6 layers. In the adequate temperature range
higher resonant inductances and lower EMI intensity can be
achieved with the use of a ferrite-core choke composed of
materials suitable for wide temperature range such as
3C95. The width of the windings of chokes are designed
sufficiently high to minimize stray resistance (Fig. 3). Air-
core based design force the flux is in the air which couples
with associated components with the power circuits
especially sensors and gate drives. To avoid coupling in the
power board, air-chokes must be placed as far as possible
from all integrated circuits.

In the proposed design, two types of capacitors are
used, namely CeraLink [23] in input and output banks and
KC-Link type [24] as switched capacitances. Both types of
capacitors have an adequate allowable operating
temperature. In the proposed design, the temperature of
capacitors is lower than the hot spot in the vicinity of
transistors where losses generation is the highest. The
resonance capacitance is equal to 0,66 yF for each cell.
The values of inductance and capacitance have been
determined using the HM8118 LCR Bridge device for
frequency 100 kHz and in the temperature equal to 20°C.
The calculated resonance frequency (f;) of the system is
correspondingly 346,32 kHz. The converter operates in zero
current switching mode with switching frequency below the
resonant frequency f; < f.

In the presented design, it is assumed that the
transistors operates with junction temperature above 150°C
(150°C to 175°C). The tested transistors belong to families
with T; = 175°C. From the former research results [15], [16]
it is known that, from the efficiency standpoint, the most
important parameters of transistor selected to SCVM-type
converters are low Rps(n) and low Co,ss. The figure of merit
for the proposed design should be composed with these
two parameters. Due to high voltage stress on T4 switch
and increased operating temperature SiC switches have
been taken into consideration.

The selected transistor for tests is SiC JFETs
UJ3C065030B3 with a cascode optimized MOSFET. Its
Rps(ony is 43 mQ for 175°C, Coss is 320 pF [25]. Low gate
charge assures low heat generation in the driver part of
PCB. The transistor is in the SMD case and will be
assembled on the PCB board as T;— T¢ (Fig. 2. Fig. 3.). In
the former research results of the SCVM converter,
reported in [14] low voltage 150 V MOSFET was using,
where Coss is 327 pF, total gate charge 31.3 pF (to 47 pF)
and Rpspn) = 14 — 23 mQ.

To compare the SiC-based performance with Si-
based, the IGBT transistor has been selected for tests of
the converter (IKB15N65EHS - high speed switching series
5th generation, with the output capacitance Coss = 24 pF,
and Veesat = 1,95 V at 175°C [26]). Switching times of this
component are adequate for the operational conditions in
the proposed design of CESCVM. Application of this switch
in the should result in very low switching turn-on losses due
to low output capacitance.

The SiC diodes STPSC1206 with 650 V Vrrm and with
the same maximum operating temperature as the
transistors Timax = 175°C have been used in the design.

Design Concept of the gate driver

To make the design flexible, for the tests with SiC, IGBT
as well as JFET or MOSFET transistors the gate driver with
negative voltage allowable to turn off the transistor is used.
It is very important that the entire converter uses only one

supply source for gate drivers operation by the application
of a bootstrap supply circuit. However, the proposed
solution makes it possible to achieve a negative voltage of
low-side (T¢) and high-side (T; - T3) transistors. Fig. 5
depicts an isolated dual-channel gate driver UCC21520. It
is an obligatory condition to provide thermal isolation for the
driver circuit. In the presented circuit 1,5 mm space was
designed to prevent the high temperature transfer from high
voltage power circuit to a low voltage driver (Fig. 4).
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Fig. 5. The applied concept of the bootstrap circuit with capacitor
and antiparallel Zener diode in transistor gate circuit. Thermal
insulation is made by the air gap on the PCB.

The negative gate driver voltage is achieved by using a
capacitor and an antiparallel Zener diode in the gate circuit
[27]. The value of the negative gate drive bias is not only
determined by the Zener diode. Negative voltage can also
change when the duty cycle changes but the proposed
topology have a fixed duty cycle (equal to 50%). Gate-
source voltage and current for an operating transistor are
shown in the Fig. 5.
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Fig. 6. The Current and the gate-source voltage of the high-side
transistor. Switching frequency: fs = 125 kHz.

Experimental Results

Fig. 7. presents the experimental waveforms of the
transistors current, input and output voltage of the CESCVM
(Fig. 2 and Fig. 3.). The results confirm the feasibility of the
converter and its operating idea (fs = 150 kHz, Uin = 100V).
The converter operation is consistent with the theoretical
and simulation predictions. The CESCVM converter in the
proposed design has been tested to determine efficiency
and voltage gain as well.

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 97 NR 1/2021 59



| :
TN N N
SRR ~ A
r’.‘“"‘“”“"“\f \Ji?m- a LW# . L \ J*#w g
o
[100v
2us |
S CTr— AN TSI T

e

[ Value Mean  Min Max

Fig. 7. Experimental waveforms of the transistors current, input and
output voltage of the CESCVM. CH1 - T1 high-side transistor drain
current, CH2 — TC low-side transistor drain current, CH3 - input
voltage and CH4 - output voltage of the CESVM.
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A series of measurements have been performed for
the designed converter for various switching frequency
values (Fig. 7 and Tab. 1). The efficiency was precisely
measured with the use of Yokogawa WT 1500 Power
Metter. Based on Fig. 7. the highest value of efficiency is
equal to 90,21% and occurs at POUT = 360 W and
frequency equal to 150 kHz. The efficiency of the converter
is relatively low and it is caused by inconvenient switching
conditions for charging transistor. The Volumetric Power
Density of the converter is equal to 7,12 kW/dm3 for the
highest tested output power (400 W).

With lower switching frequency the conduction losses
will be higher due to time intervals between the current
pulses. Charging and discharging of the switched
capacitors should be minimized to achieve higher efficiency
of the classic SCVM or proposed CESCVM. Shortened the
time interval can be minimized by an increase in switching
frequency. However, it will increase switching losses, which
shows Fig. 8 and Table 1 where efficiency does not change
drastically. The efficiency peak value only occurs for a
different power value, which should be introduced during
the designing process. Based results from Fig. 9. the
CESCVM for high power application require increased
frequency to achieve maximum efficiency.

Table. 1. Peak of the converter efficiency vs. transistor switching
frequency.
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Converter Efficeincy [%]
(o]
Y

Frequency [kHz] Peak efficiency [%]
75 89,32
100 90,06
125 89,73
150 90,20
175 90,15
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Fig. 8. Experimental results of the converter at the case
temperature 150°C: (a) efficiency vs. output power., (b) efficiency
vs. switching frequency at P,,=400 Watt.
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Fig. 9. Experimental results of the converter at the case
temperature 150°C: (a) efficiency vs. output power., (b) efficiency
vs. switching frequency at P,,=400 Watt.
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In the presented results the converter switching
frequency is above 150 kHz and it is difficult to meet EMI
specifications for power supplies standard. Electromagnetic
standards may change in the future and the frequency
above 150 kHz will be allowed in practice [27].
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Fig. 10. Experimental results of the converter at the case
temperature 150°C - voltage gain vs. output power at P, = 400
Watts.
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The measured voltage gain of the converter is
presented in Fig. 10. The measurements have been
performed for various values of switching frequency and a
fixed duty ratio (50%). The voltage gain for bigger load
value is lower than the theoretical value GU = 4,0 (Un =
100 V and Uyt = 400 V). An interesting fact is that the
voltage gain does not change linearly versus the output
power and a rapid drop in low power region (below 100 W)
is visible and then the gain starts to decrease linearly. The
increment of switching frequency can provide higher voltage
gain value for high output power (Fig. 11.).
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Fig. 11. Experimental results of the converter at the case
temperature 150°C - voltage gain vs. switching frequency at
Po,=400 Watts.

Experimental Results for IGBT-based CESCVM

To prove the correctness of the SiC transistors
application for high temperature CESCVM, the power circuit
was redesigned to perform the tests with silicon 5th
generation IGBT switches IKB15N65EH5-DS-v02. The
basic parameters of this switch are presented in Section 3.2
and [26]. Fig. 12. presents the experimental waveforms of
the IGBT transistor current, capacitor voltage, input and
output voltage of the CESCVM with IGBTs and Fig. 9. the
chart of the voltage gain and efficiency versus the output
power.
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Fig. 12. Experimental waveforms of the IGBT transistor current,
capacitor voltage, input and output voltage. CH1 - T; high-side
transistor drain current, CH2 - resonant capacitor voltage, CH3 -
input voltage and CH4 - output voltage of the CESVM.

From the waveforms presented in Fig. 13 it follows that
in comparison to the SiC-based CESCVM (Fig. 8/ Fig. 10),
waveforms of currents have better quality. Due to lower
resistance in the circuits, the waveform of the current pulses
has lower distortion from the sinusoidal function.
Furthermore, less amount of disturbances are visible due to

lower parasitic capacitances. The IGBT based converter
generates lower noise. The results of the laboratory
efficiency measurements (Fig 13.) have confirmed that the
CESVM with IGBTs has worse efficiency than the SiC-
based converter. The peak efficiency is 88,44%, which is
nearly 2% below the peak efficiency achieved in the SiC-
based converter. In the assumed range of power, IGBT-
based design is less favorable even with better airflow
during experiments. However, the performed tests with
IGBT switches demonstrate the feasibility of such a design
approach, which can be selected for converters with bigger
power of load.
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Fig. 13. Voltage gain and efficiency of the CESVM with IGBTs and
for switching frequency: f; = 100 kHz.

Temperature results of the power circuit

The infrared photography presented in Fig. 14. shows a
large heat concentration near the T4 transistor (as was
expected). The output capacitance discharge generates
large energy losses of the transistor, which results in the
significant heat generation. A picture presented in Fig. 14.
has been recorded in a steady state after 30 minutes of
CESVM operation with 150 W of the load. It allows to
observe the heat flow all over the surface of the power
circuit.

Fig. 14. Temperature distribution in the converter in a steady state
operation. Visible thermal insulation, which is ensured by air-gap
the PCB (Fig. 4). TC case temperature: 140°C.
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According to the design assumption, thermally isolated
gates driver (Fig. 4.) do not heat up from a power circuit.
The charging capacitor heats the most due to greater stress
and TC reliability reduces at higher operating temperatures.

The Tab. 2 consist of tests results in two different
conditions. An important advantage of the converter is the
invariance of parameters depending on the temperature.
The CESCVM keeps constant its parameters such as
efficiency and output voltage in two different temperatures.
Tab. 2. Power transfer efficiency and the voltage gain versus

temperature. Switching frequency fs = 150 kHz and the input
voltage Un= 100 V.

Case te[incﬁerature 110,0 150,0

Voltage gain [-] 3,86 3,85

Efficiency [%] 88,71 89,23
The typical circuit resistance changes by the

temperature which affects the oscillation time. However, as
the converter operates with a large time period between the
charging and discharging stages it does not introduce a
significant change to the operation of the converter. Based
on the transistor datasheet [25], the turn-on losses (AEon)
will decrease with the temperature rise which can improve
the efficiency of the converter under high-temperature
operation (Table 2). The temperature rise affects resistive
components in the circuits, transistor losses as well as the
forward voltages of diodes.

Conclusions

The tested converter belongs to voltage multipliers
family and the research results of the SiC-based CESCVM
converter are presented in the paper. The converter has
been tested in a configuration with air chokes. This is a
prerequisite for the converter operation at high
temperatures when the ferrite cores can reach the Curie
temperature. The designed planar coil provided enough
inductance for CESCVM. SiC transistors can operate using
a simple and not expensive gateway driver system with top
power supply switches based on the bootstrap circuit. A
ceramic capacitor with an antiparallel Zener diode in the
gate circuit allows to generate a negative voltage to switch
off the transistors. The tested converter had high
temperature rise of components and was tested at 25 deg
of ambient. It is one of the possible case of the operating
conditions. In case of higher ambient temperature the
proposed test setup could achieve lower power or should
operate with lower frequency. In future works, the design for
operation with the temperature above 175 degrees Celsius
should be analyzed. It requires the use of suitable switches,
diodes, capacitors and PCB available in the market. Heat
sink-less operation is the main advantage of the converter,
which results in a smaller volume and weight of the power
system.

All the results and conclusions presented in this paper
are novel in comparison to the converter presented in
literature where low voltage S| Mosfet switches were used.

It was assumed that the SIC-based CESCVM will allow for
operation in high temperature, high switching frequency and
high voltage stresses on switches. To confirm these
assumptions efficiency of the converter has been precisely
measured. Especially important results relate to the
variation of efficiency versus temperature as well as the
switching frequency.

The measured peak efficiency of SiC-based CESCVM is
approximately 90% but the system allows to operate at high
temperature (150°C) which makes it useful in some
industrial applications. A temperature increase does not
deteriorate CESCVM operation. Furthermore, the efficiency
increases with working temperature rise.

A shape of efficiency versus Pout characteristic is very
favorable in the tested case of SiC-based CESCVM (in
comparison to S| Mosfet-based design presented in [16])
because the efficiency drop is not significant for bigger
power.

The SiC -based converter was tested with two times

higher voltage than in the case presented in [16] with
comparable efficiency. It leads to the conclusion that Coss
losses, associated with the voltage stress and the output
capacitance of a transistor, are on the acceptable level. The
switching losses do not increase significantly versus the
switching frequency rise.
The results and comparison of efficiency characteristics in
the IGBT-based CESCVM is a novel aspect as well. The
results show that the application of suitable IGBT switch in
CESCVM gives better quality of waveforms with lower
noise. It can be important for the design of the converter.
Nonsignificant worse efficiency results in comparison to
SiC-based converter with the same temperature and the
power range of operation was measured. However, the
CESCVM designed for a bigger power IGBT-based
approach can be more favorable than SiC or Mosfet -based,
comparing operation quality, switching and conduction
losses.
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