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SiC-based phase-shift dual half bridge DC-DC converter  
as a key component of multilevel cascaded MV converters 

 
 

Abstract. The paper describes SiC-based dual half bridge (DHB) DC-DC converter considered as a key component of high frequency isolated  
multilevel cascaded medium voltage converters. Two topologies of bi-directional DC-DC converters: the resonant half-bridge DC-DC converter and 
the phase-shift DHB converter are compared in the paper. Experimental results of SiC-based 50 kHz DHB DC-DC converter are presented in the 
paper.  
 

Streszczenie. W artykule przedstawiono dwukierunkową izolowaną przetwornicę półmostkową DC-DC z izolacją realizowaną za pomocą 
transformatora wysokiej częstotliwości jako proponowany podstawowy moduł funkcjonalny kaskadowych przekształtników średniego napięcia. 
Porównano dwie topologie izolowanych przetwornic półmostkowych DC-DC: rezonansową oraz ze sterowaniem przesunięciem fazowym napięć 
strony pierwotnej i wtórnej transformatora. Przedstawiono analizę oraz wyniki eksperymentalne przetwornicy półmostkowej DC-DC z przyrządami 
SiC pracującej z częstotliwością 50kHz. (Dwukierunkowa izolowana przetwornica półmostkowa DC-DC z przyrządami z węglika krzemu jako 
podstawowy moduł funkcjonalny wielopoziomowych kaskadowych przekształtników SN). 
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Introduction 

The recently observed growth in heavy industry, oil and 
gas, mining, and traction as well, creates continued demand 
for medium voltage (MV) AC drives. The market situation of 
MV drives is driven by the rising global energy consumption 
and simultaneously by the increase of energy-save 
innovations. Nowadays trend is to replace some of low 
voltages drives with MV systems. In contrast to a low 
voltage drive, a transformer is usually not needed to reduce 
the voltage and to control a MV drive. From this follows, that 
the elimination of the line frequency input transformer 
results in significant weight and size reduction of the drive 
system, therefore it is an important advantage of MV 
solutions. 

The new generation of four quadrant MV converters with  
isolation, realized at high frequency (Fig. 1a) [1 - 3], are 
now entering the phase of pre-production testing prior to 
their commercial. They are built of a connected cascade of 
AC-DC-DC-AC modules including H-bridge inverters and 
high frequency transformers, ensuring galvanic isolation. In 
contrast to conventional industrial drives powered from AC 
mains, modern traction drives feed from DC traction 
network need isolated DC-DC-AC converter. The first high 
frequency isolated DC-DC-AC converters made from 3.3 kV 
and 6 kV IGBTs have been recently developed, 
commissioned and successfully installed in locomotives 
[4, 5]. 

The research works concerning bidirectional MV power 
converters are currently focused on improving efficiency 
and reliability, increasing power density and simplifying 
design, and thereby increasing their competitiveness in 
comparison with LV systems equipped with line frequency 
transformers. A promising strategy to achieve these 
objectives is a Power Electronics Building Block (PEBB) 
approach [6, 7]. PEBBs are expected to be key components 
of the future high power MV converters. The key component 
of both AC-DC-DC-AC and DC-DC-AC modules is the 
bidirectional isolated DC-DC converter, which can be 
designed as resonant half bridge DC-DC converter [4, 5] or 
as phase-shift dual half bridge (DHB) DC-DC topology 
[9, 10].The half bridge DC-DC converters consist of only 
four switches. This fact results in a  reduction of on-state 
losses, compared to dual active bridge (DAB) DC-DC 

converters comprising two fully controlled H-type transistor 
bridges [2, 3, 10, 12]. 

The main advantage of DAB converters over DHB 
converters is the existence of additional degrees of 
freedom. That can be applied in the control algorithm, e.g. 
by implementing zero vectors and variable duty cycle in the 
PWM voltage generation algorithm. However the lower 
losses of DHB converter and easier implementation of zero 
voltage switching (ZVS) technique, in a whole operating 
range, makes the half bridge DC-DC converters very 
attractive for multilevel cascaded MV converters [4, 5, 9]. 
Additionally, at the same value of DC-link voltage, the half 
bridge DC-DC converters characterize a twice smaller 
voltage across transformer windings which makes them 
less problematic from an insulation issues. The detailed 
comparison of the operational conditions of DAB and DHB 
converters can be found in [9]. 

For the foreseeable future it can be observed that 
conventional silicon (Si) systems based on IGBT transistors 
will dominate in high power multilevel converters [13]. In the 
case of MV adjustable speed drives the concept of 
cascading  converter cells based on 1.7 kV, 3.3 kV or 6 kV 
IGBTs is usually considered. On the one hand the selection 
of IGBTs with high enough blocking voltage provides the 
lower number of cascading converter cells per phase, but 
on the other hand it causes an unfavorable reduction in 
switching frequency and significant increase in size of 
magnetic circuits and deterioration in the quality of the 
generated voltage. 

Progress in SiC devices (>1 kV SiC MOSFETs, SiC 
JFETs and SiC Schottky diodes) enables to push-forward 
the MV voltage source converter (VSC) technology [7]. A 
SiC field effect transistors can replace Si IGBTs of much 
higher rated current. Currently 600V 150A and 1200V 100A 
SiC MOSFETs are available on the market. The 
Implementation of SiC semiconductor switches in 
bidirectional DC-DC converters provides an opportunity to 
increase the working frequency of high-power converters, 
decrease the system size and to eliminate an acoustic 
noise as well. Moreover the increase in voltage levels, by 
cascading 1.2 kV SiC-based converter cells, provides a 
smaller size of line side filters. This results in an IGBT-
based system with  a few output voltage steps and much 
lower switching frequency [13]. 



204                                                                               PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 90 NR 9/2014 

Based on the results obtained in [9], for Si MOSFET-
based DHB converter for 7.2kV/0.4kV with solid state 
transformer, the aim of investigations discussed in present 
paper is to get the knowledge on high switching phase-shift 
DHB converter based on SiC devices regarding future 
application in a modular multilevel cascaded MV converter. 

Zero voltage switching technique is discussed as a way to 
provide low switching losses of the converter. Similarly to 
[9], a planar power transformer with ultra-low leakage 
inductance is used in the experimental setup of developed 
SiC-based DHB converter. 
 

 
 

 
 
Fig. 1. MV motor drive system utilizing multilevel cascaded MV converter (a), Si-based resonant half bridge DC-DC converter with four 
quadrant operation (b), and SiC-based phase-shift dual half bridge DC-DC converter considered in the paper (c) 
 
The comparison of resonant half bridge and phase-shift 
dual-half-bridge(DHB) DC-DC converters 

The Si-based resonant half bridge DC-DC converter and 
SiC-based DHB DC-DC converter under consideration are 
shown in Fig.1(b) and Fig. 1(c). The variables in Fig. 1 are 
as follows: Udcp – primary side DC voltage, Udcs –secondary 
side DC voltage, N – transformer turns ratio, Cp1,2 and Cs1,2 – 
primary and secondary side voltage splitting capacitors, Cdp, 
Cds – primary and secondary side DC-link capacitors, Cr, Lr 
– capacitor and inductor of the resonant circuit of resonant 
DC-DC converter, Ls – sum of transformer leakage 
inductance L and commutation inductor Ls1  for energy 
storage during power conversion in DHB DC-DC converter. 

LLC resonant converters have been developed to 
overcome several limitations of classical series resonant 
converters, which were incapable of regulating under 
unloaded condition. The LLC resonant half bridge converter 
shown in Fig. 1(b) has the same configuration as the 
3.3 kV/6.5 kV 1.75 kHz IGBT based resonant half bridge 
DC/DC converter, used in power electronic traction 
transformer (PETT) of ABB [4] for 15 kV, 16⅔ Hz railway 
grid applications. LLC resonant half bridge converter 
described in [4] operates with 1.7 kHz switching frequency 
and 50% duty cycle PWM. The difference between primary 
voltage Udcp and secondary voltage Udcs applied to a 
resonant Lr–Lm–Cr circuit from Fig. 1(b) generates resonant 
current which is sinusoidal with the resonant frequency. The 
resonant capacitor Cr connected in series with primary or 
secondary windings makes automatic flux balancing and 
high resonant frequency with the resonant inductance. 
Moreover, it protects the transformer core from saturation. 
LLC resonant converter has two resonant frequencies fr1 
and fr2 which both play important role in converter operation 
[1, 5]: 

 

(1)

  
r1

r r

1
f

2 L C
  

(2)

  
r2

m r r

1
f

2 ( L L )C



 

 
The resonant circuit, consisting of Lr, Cr and transformer 

magnetizing inductance Lm , is designed that  the resonant 
frequency fr1 is  identically to the switching frequency fs of 
the DC-DC converter. Depending on the power flow, either 
primary or secondary side of the LLC resonant converter is 
PWM controlled, while the other side acts like a diode 
rectifier, respectively [1]. Therefore in the motoring mode of 
the PETT secondary side IGBTs are in the off-state and 
only anti-parallel free-wheeling diodes conduct [4]. When 
the switching frequency is lower than the resonant 
frequency, the resonant half bridge DC-DC converter from 
Fig. 1(b) operates in discontinuous current mode. 

The proposed phase-shift DHB DC-DC converter shown 
in Fig. 1(c) consists of two SiC-based phase-legs [7] and a 
50 kHz planar power transformer. Planar magnetic 
components are beneficial and cost effective for conversion 
frequencies above 20 kHz, especially in large production 
quantities [15].  

The SiC-based transistors and two capacitor-based 
voltage dividers on each side of the transformer are used to 
generate a square-wave voltages applied to the primary 
and secondary side of the transformer. The power flow is 
determined by the phase difference  between the primary- 
and secondary-pole voltages [8, 9]: 
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The value of the capacitors Cp1, Cp2 and Cs1, Cs2 are 
selected large enough to obtain fixed voltages across the 
capacitors during each switching period. From (4) it can be 
seen that the output current Ids of the DHB converter is 
independent from the secondary voltage Udcs [9], so that 
DHB converter fed electric drive behaves like a current 
source. 
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As it has been stated in [9], a multiple DHB converters 

can be directly connected in parallel to extend the power 
rating with no necessity of additional superior control. This   
is an important advantage in the case of application in high-
power MV drives.   

In Table 1 the advantages and disadvantages of the 
resonant half bridge DC-DC and DHB topologies are 
indicated. 
 

  

Table 1. Advantages and disadvantages of the resonant half bridge DC-DC and phase-shift DHB topology 
Resonant half bridge DC-DC converter Phase-shift DHB converter 

Advantages 
 lower switch count than in full bridge converters, 
 wide output regulation range, 
 reduction of switching losses on the primary side through zero 

voltage switching (ZVS) over the entire load range, 
 lack of a DC current through a transformer, 
 low turn-off current controlled by the design, 
 load independent operation at resonant frequency. 

 lower switch count than in full bridge converters, 
 wide output regulation range, 
 reduction of switching losses on the primary side through zero 

voltage switching (ZVS) over the entire load range, 
 smaller transformer core loss than in dual active bridge 

converter, 
 simple control of the converter based on phase shift 

modulation, 
 asymmetric duty cycle control for elimination of the voltage 

unbalance in the secondary side of DHB. 
Disadvantages 

 large ratio of the two resonant inductors (transformer 
magnetizing inductance and Lr) is required to reduce the IGBT 
turn-off currents which results in a reduced range for the output 
voltage control, 

 open loop control typically used, 
 closed loop control requires wide variation of switching 

frequency, which can severely compromise the efficiency of the 
converter, 

 the duty cycle of generated transformer voltages has to be 
controlled carefully to avoid the saturation, 

 switching frequency lower than resonant frequency causes 
operation in discontinuous current mode. 

 high ripple current of the splitting capacitors of the voltage 
divider(However it should be pointed that several types 
capacitors, e.g. metallized propylene, and designed in self-
healing film/foil technology, operating with DC voltages up to 
few kV, and rms currents up to 1kA are available on the 
market [16]), 

 unequal load of semiconductor devices, 
 possible unbalance in the secondary side of DHB. 

 

 

 
ZVS operation of SiC-based DHB converter 

The energy circulating in the converter circuit, influences 
the switching losses of the converter. During hard switching 
operation the energy stored in the intrinsic output 
capacitance of each individual switch is dissipated in the 
channel, decreasing the whole efficiency of converter. The 
DHB converter discussed in the paper utilizes zero voltage 
switching (ZVS) technique to achieve low switching losses. 
Low power Si MOSFET-based resonant DC-DC converters 
can utilize intrinsic output capacitance of the transistors to 
maintain ZVS operation, but in most cases an external 
output capacitance is used to reduce the turn-off loss by 
converting the load current to the energy stored in external 
capacitance. 

During the operation, the commutation inductor Ls of 
DHB converter stores a portion of energy Ec which 
subsequently circulates in the converter circuit [16]. The 
circulating energy Ec is employed to discharge the output 
capacitance Ccout of individual switches (Fig. 1(c)). ZVS 
operation of DHB converter is maintained, if the circulating 
energy is no less than the total ZVS threshold energy, i.e. 
no less than total energy stored in the output capacitance 
Cout. The circulating energy Ec increases with square of 
phase shift and thus with output power. This is inversely 
proportional to square of switching frequency and 
commutation inductance Ls [9]: 
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The energy LE  stored in commutation inductor sL  

during single transition is equal to the half of the total 
circulating energy: 
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It was reported in [6], that with insufficient Ec the ZVS 

operation of Si-based DHB converter is lost. On the other 
hand the excessive circulating energy causes additional 
conduction losses.  
 Furthermore, in isolated dc-dc converters, the dead-time 
has a significant influence on ZVS performance and 
converter efficiency in the presence of varying loads [17] – 
[19]. A minimum commutation current is required to ensure 
the resonant transition within the dead-time interval. On the 
one hand, if the dead-time is too short, the transistor may 
be turned on before the resonance is done, by causing 
additional losses. On  the other hand, a too long dead-time 
may cause a re-resonance phenomena at light loads [19]. 
The minimum commutation current required to complete the 
resonant transition of isolated DC-DC converter may be 
calculated in the control algorithm and dead-time interval 
can be derived according to the optimal values of duty cycle 
and the phase-shift [18]. 

 
Design example of 20 kW DHB converter for 3.3 kV  
300 kVA multilevel cascaded converter 
The number of cascade connections NC of the multilevel 
cascaded MV converter from Fig. 1a, depends on the DC-
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link voltage Udcp in each converter cell, which in turn 
depends on the maximum permitted blocking voltage of 
used power switches. For 1200 V SiC MOSFETs and 
1200V SiC JFETs, considered in the paper, NC =5 and  
Udcp = 750 V. If the rated power of the 3.3 kV multilevel 
cascaded converter is 300 kVA with NC =5, the rated power 
of the single DHB converter cell is 20 kW. To achieve a 
higher current rating needed in modular high power 
converters a parallel connection of two SiC MOSFETs / two 
SiC JFETs in each switch is proposed. The current and 
voltage ratings of the used normally-off SiC devices are 
shown in Table 2. 
 
Table 2. Ratings of the switching devices 

 2*SiC JFET 2*SiC MOSFET 
Voltage rating Vds =1200V Vds =1200V 
Current rating  Id =2*40A @100C Id=2*42A @25C 
On-state resistance  Rds(on)max =0.035  Rds(on)max =0.05 

 
For galvanic isolation a 50 kHz transformer containing 
UIIU/93/245/30 core made of N87 material is used. Table 3 
shows parameters of the designed 20 kW DHB converter. 
  
Table 3. Parameters of the 20 kW, 50 kHz  DHB converter 

Input voltage, output voltage Udcp, Udcs 750 V 
Rated power Pout 20 kW 
Operating frequency fs 50 kHz 
Transformer input/output voltage utp, uts 375 V 
Transformer turns ratio N 18:18 
Transformer core material N87 
Transformer leakage inductance L 2H 
Maximum AC flux density Bmax 0.25 T 
Cross-section area Ac 8.46 cm2  
Commutation inductor Ls1 10 H 
Snubber capacitors Cout 3 nF 
Splitting Capacitors Cp1,…Cs2  30 µF 

 
Connecting a snubber capacitor Cout in parallel to each 

normally-off switch in Fig. 1b realizes ZVS operation. 
Ceramic capacitors with 3nF and 2kV have been selected 
for this. 

 
 

Fig. 2. Circuit scheme of the proposed IXRFD630-based universal 
gate drivers for precise generation of gate signals. 
 

Automatic control of transistors dead-times needed for 
extending ZVS range requires precise generation of gate 
signals with very high bandwidth. The proposed gate driving 
circuit [7] is realized using low impedance IXYS gate driver 
IXRFD630 (formerly DEIC 420) and digital isolator 
ADuM1201. The used low impedance driver features a 
peak current capability of over 20 A and voltage rise and fall 
times less than 4 ns. Hence it is capable to precise control 
of dead-time length as well as to charge and discharge the 
input gate and 'Miller' capacitances of the controlled 

transistors with times less than 10ns. The paralleling of 
switching devices increases the current path length of the 
gate circuits and may decrease the available peak gate 
current. The proposed universal gate driver enables to drive 
up to four SiC MOSFETs operated in parallel and up to 
three SiC JFETs having turn on peak current of 5.5 A each 
and turn on time of less than 100ns. The converter leg with 
two SiC JFET-based 80A, 1200V   switches S1 and S2 and 
proposed IXRFD630-based gate driving circuits with 
appropriate isolated and non-isolated power supply circuits 
is shown in Fig. 2. The characteristic voltage and current 
waveforms of the proposed gate driving circuit are shown in 
Fig. 3. 
 
            a) 

 
             b) 

 
 
Fig. 3. Voltage (a) and current (b) signals of the proposed high 
speed universal gate  driver during ‘turn on’ operation. 
 
Simulation results  

Simulation model of the proposed DHB converter from 
Fig. 1c was prepared in PSIM simulation software with the 
use of parameters from Table 2 and Table 3. Simulation 
tests were done for full load, Pout =20 kW , light load, 
Pout =2 kW and for DC-link voltage Udcp1 =750 V. At the 
performed tests, the attention was paid at the distribution of 
the voltages of the splitting capacitors Cp1, Cp2 and Cs1, Cs2. 
The ac-components in voltages on splitting capacitors as 
well the magnitudes of charging and discharging currents 
were also examined. Fig. 4 shows the characteristic 
waveforms of investigated DHB converter at full load, with 
phase shift   =0.36 rad. Currents and voltages waveforms 

at light load, Pout =2 kW and phase shift   =0.03 rad, are 

shown in Fig. 5. It can be seen, that with the used value of 
commutation inductance Ls1 =10H, the compromise 
between maintaining of limited circulating energy and 
ensuring the smallest fluctuation of splitting capacitors 
voltages was reached. 

Dynamic characteristics recorded during primary side 
switch Tp2 turn-on are shown in Fig. 6. Figures 6a and 6b 
show the Tp2 switching waveforms at full load and light load 
with fixed dead-time and Fig. 6c shows the switching 
transients with automatic dead-time control.  
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Fig. 4. Characteristic waveforms of investigated DHB converter 
operating at full load, Pout=20 kW and phase shift  =0.36 rad: 
primary and secondary half bridge voltages uHB1, uT2 (a); primary 
and secondary transformer currents iT1, iT2 (b);  splitting capacitors 
voltages uCp1, uCp2 and uCs1, uCs2 (c); charging and discharging 
currents of splitting capacitors iCp1, iCp2 and iCs1, iCs2 (d). 
 

 
 

Fig. 5. Characteristic waveforms of proposed DHB converter 
operating at light load, Pout=2 kW, and phase shift  =0.03 rad: 

half bridge voltages uHB1, uT2 (a); transformer currents iT1, iT2 (b);  
splitting capacitors voltages uCp1, uCp2 and uCs1, uCs2 (c); charging and 
discharging currents of splitting capacitors iCp1, iCp2 and iCs1, iCs2 (d). 
 

 

 
 
Fig. 6. Simulated transients during  primary side switch Tp2 turn-on 
(gate signals of Tp1 and Tp2 on the top): ZVS operation at full load  
with commutation inductor peak current of 69 A and fixed dead-
time of 100 ns (a); lack of ZVS condition during light load operation 
with inductor peak current iLs =7A    and fixed dead-time of 100 ns 
(b); almost ZVS operation at light load and dead-time adjusted to 
value of commutation inductor current (c). 
 

It can be seen from Fig. 6c that the application of 
automatic control of dead-times extends the ZVS operation 
range of the proposed DHB converter. 
 
Experimental tests of 2kW DHB converter model 

Experimental results obtained from a 2 kW SiC-based 
DC-DC converter are given in this chapter to validate the 
analysis and practical feasibility of the proposed system. 
The laboratory model of the bidirectional phase-shift SiC-
based DHB using CMF20120D SiC MOSFETs, 
SJEP02R063 SiC JFETs and 3kW 14:12 power planar 
transformer with 47µH commutating inductor was 
developed. Table 4 presents other parameters of the 
developed laboratory model. The input and output voltage 
of the investigated SiC-based DHB converter are chosen as 
415 V and 230 V respectively. The current and voltage 
waveforms were observed and recorded using LeCroy 
WaveSurfer 424 200MHz  2GS/s oscilloscope equipped 
with Tektronix TCPA 300 and TCP 305 50A current probes 
and TesTEC TT-SI 9110 100MHz voltage probes. SiC 
Schottky diodes of C2D20120D Series have been used with 
SiC MOSFETs and SDP30S120 SiC Schottky diodes with 
SiC JFETs. That is according to recommendations given in 
[14]. The developed laboratory setup is shown in Fig. 7.  

The investigated DHB converter is feed from 3x400V 
50Hz autotransformer via diode rectifier.  

The 500 µF capacitors are used in primary side and 
secondary side DC-links. The additional wires connected to 
SiC devices visible in Fig. 7c and Fig. 7d are used only for 
measurements. Figures 8 to 12 presents characteristic 
waveforms of the developed laboratory model of 50 kHz 
SiC-based DHB converter. Fig. 8 shows steady-state 
waveforms of the drain-source voltages of primary side 
switch Tp2 and secondary side switch Ts2 and commutating 
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inductor current iT1 during DHB converter operation with 
phase shift   =1.26 rad (Pout=1.5 kW). The performance 

of the proposed ultrafast universal gate driver is shown in 
Fig. 9. 
 
Table 4. Parameters of the 2 kW  DHB converter laboratory model 

Input voltage Udcp 415 V 
Output voltage Udcs 230 V 
Transformer Type HIMAG 134403 Series 

Transformer rated power Pout 2 kW 
Operating frequency fs 50 kHz 
Transformer input/output voltage utp, uts 207V, 115 V 
Transformer turns ratio N 14:12 
Transformer core material  3F3 
Transformer leakage inductance L 1H 
Commutation inductor - 20 turns Ls1 47 H 
Splitting Capacitors MKP4 1100V Cp1,…Cs2  10 µF 

 
 
a) 

 

 
 

Fig. 7. The laboratory setup with proposed 50 kHz SiC-based DHB converter with 2 kW power planar transformer: circuit schematic (a); 
the overall view (b); investigated SiC MOSFET (c) and SiC JFET(d). 

 

 
 
Fig. 8. Primary side switch Tp2 and secondary side switch Ts2 drain-
source voltages and commutating inductor current iT1 with phase 
shift  =1.26 rad (Pout=1.5 kW) 

 
 
Fig. 9. Performance of proposed ultrafast universal gate driver: 
generated gate voltages of SiC MOSFET (Tp2) and SiC JFET (Ts2). 
In the background current iT1. 
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Fig. 10. Voltages uCp1, uCp2  of the primary side splitting capacitors. 
In the background commutation inductor current iT1. 
 

 
 
Fig. 11. Voltages uCs1, uCs2  of the secondary side splitting 
capacitors. In the background commutation inductor current iT1. 
 

 
Fig. 12. Ac-components of the secondary side splitting capacitors 
voltages uCp1, uCp2 for the output power of the converter Pout=1.5 kW. 
 

The distribution of the voltages of the primary side and 
secondary side splitting capacitors is shown in Fig. 10 and 
Fig. 11. The oscillations in secondary side splitting 
capacitors voltages can be seen in Fig. 12. These 
oscillations depend on the load and for higher loads should 
be controlled by the control of commutation inductor current 
iT1 , to improve the converter performance. These 
oscillations could be minimized at the design stage by 
proper selection of DHB converter parameters.  
 
Conclusions 

In this paper the analysis of a bidirectional dual half 
bridge DC-DC converter with SiC devices operating at 
50 kHz switching frequency was presented. The intended 
use of this converter is in a module of MV converters. 
Presented design example of 20 kW DHB converter shows 
the possibility of using the system in the 300 kVA multilevel 
cascaded converter for 3.3 kV induction motor drives. The 
converter circuit was implemented with SiC MOSFET, and 
SiC JFET transistors, and SiC Shottky diodes. An ultrafast 
universal gate driver for SiC MOSFETs and SiC JFETs 
which enable precise generation of gate signals with 
controlled dead-time length was proposed. The automatic 
control of transistors dead-times enables to extend the 
range of ZVS operation of DHB converter and to improve its 
efficiency. Due to the four layer PCB-layout design, the line 

length and simultaneously the parasitic parameters of the 
SiC transistor driver circuit were significantly minimized. 
The developed universal, configurable gate driver circuit 
allows to implement different types of SiC transistors at the 
laboratory model. The commutation inductor connected in 
series with high frequency transformer plays a major role in 
the investigated DHB converter. The increase of 
commutation inductance enables the minimization of the 
oscillations in voltages of the splitting capacitors but in the 
other hand causes the decreases the maximum allowable 
output power The analysis and simulation results was 
successfully verified on laboratory model of 50 kHz SiC-
based DHB converter with a 2 kW power planar transformer  
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