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Abstract: An auxiliary power supply (Aux-PS) has become an essential component of electronic equipment for many industrial 

applications, such as in motor drives, photovoltaic (PV) inverters, uninterruptible power supply (UPS) systems and modular 

multilevel converters. The introduction of 1 700 V silicon carbide (SiC) metal oxide semiconductor field effect transistors (MOSFETs) 

is useful for such applications, providing benefits with respect to a low on-state resistance, smaller package, low switching loss and 

single-switching implementation. A single end flyback Aux-PS is designed for industrial applications with a wide input voltage range 

using 1.7 kV SiC MOSFETs. The special design tradeoffs involved in the usage of SiC MOSFETs are discussed in detail, such as 

those with regard to gate driving voltage selection, isolation transformer design considerations, and clamping circuit design details. A 

60 W demonstration hardware is developed and tested under different working conditions. The results verify the higher efficiency and 

better thermal performance of the proposed hardware relative to those of traditional Si solutions. 
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1  Introduction1 

Silicon carbide (SiC) power metal oxide 
semiconductor field effect transistors (MOSFETs) 
have emerged as ideal candidates for helping to meet 
increasing demands for efficiency, power density, 
reliability, and lower cost in power electronics 
systems[1]. SiC MOSFETs are unipolar devices and 
demonstrate a low on-state voltage drop, low terminal 
capacitance, and dramatically lower switching losses 
as compared to similarly rated silicon insulated gate 
bipolar transistors. SiC MOSFETs bring the 
advantages of high-speed unipolar devices into much 
higher voltage classes than those achievable with 
silicon devices. SiC devices have superior 
performance over Si devices, and provide potential 
opportunities for high efficiency, high power density, 
high performance, and low-cost converter systems 
design.  
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An auxiliary power supply (Aux-PS) has become 
an essential part of electronic equipment in many 
industrial applications, such as motor drives, 
photovoltaic inverters, uninterruptible power supply 
systems, and modular multilevel converters. These 
low-power isolated switched model power supplies 
convert a high-voltage dc bus to a low voltage (5-48 V) 
source for powering driving circuits, control circuits, 
sensing circuits, cooling fans, etc. These power 
supplies usually operate in a wide input voltage range 
(typically from 300 V up to 1 000 V), owing to the dc link 
voltage variation. A simple, low-complexity design is 
usually required to ensure reliability and low cost 
simultaneously. A single-switch flyback topology is the 
most common selection, owing to its simple structure, 
lowest component count, and low cost. However, there 
are many challenges in using silicon MOSFETs for 
Aux-PS applications with high input voltages [2-4]. 
There are two main drawbacks to the flyback topology. 
One is that the output voltage will be reflected to the 
primary side of the transformer and added to the 
primary switch. Therefore, the flyback topology 
requires a higher voltage rating for the power 
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switching device. Another drawback is that the leakage 
inductance of the transformer will induce a high 
voltage spike during device turn-off; a clamping 
circuit is required to limit the voltage spike. For a 
1 000 V DC input maximum input, even 1 500 V-rated 
Si MOSFETs will have a limited margin for clamping 
circuit design, and the limited maximum voltage 
margin also raises reliability concerns [5]. In contrast, 
2 000 V and above-rated Si MOSFETs can provide a 
sufficient margin, but the specific “on” state resistance 
is much higher than that of lower-voltage MOSFETs, 
which reduces the converter efficiency and 
compromises heat management. This may require 
larger cooling solutions with forced air cooling even 
for low power conversion applications, compromising 
the cost, size, and reliability. Meanwhile, the cost of 
2 000 V and above rated MOSFET is even higher than 
SiC MOSFETs, owing to their limited availability. 
Two-switch flyback and other topologies have been 
proposed to utilize lower-voltage Si MOSFETs, but 
the design complexity and converter component 
counts increase significantly. The introduction of 
1 700 V SiC MOSFETs provides a good solution for 
such applications. The 1 700 V breakdown voltage 
provides enough voltage margin for the 1 000 V input 
voltage. The specific “on” resistance of 1 700 V SiC 
MOSFETs is much lower than that of 2 000 V and 
above-rated Si MOSFETs, allowing for a smaller die 
size. Therefore, smaller packages can be used for more 
compact designs. For the same die size, the on-state 
resistance is much lower than that of high-voltage Si 
MOSFETs; therefore, the conduction loss can be 
reduced. Moreover, SiC MOSFETs also have lower 
switching losses, which can improve the converter 
efficiency and reduce the size of the heatsink, or even 
remove the need for a heatsink, providing cost 
reduction and reliability improvement[6]. Lower 
switching losses also provide an option to increase the 
switching frequency of the Aux-PS to further reduce 
transformer size and weight. This study presents the 
design of a single end flyback Aux-PS for industrial 
applications with a wide input voltage range, using 1.7 
kV SiC MOSFETs. The special design tradeoffs 
involved while using SiC MOSFETs are discussed in 
detail, such as the gate driving voltage selection, 
isolation transformer design considerations, and 

clamping circuit design details. A 60 W demonstration 
hardware is developed and tested under different 
working conditions. The results verify the higher 
efficiency and better thermal performance of the 
proposed hardware as compared with traditional Si 
solutions. 

2  Converter design summary 

The design of a SiC MOSFET-based single-switch 
flyback converter is similar to the design of a Si 
MOSFET-based single-switch flyback converter. Key 
components of the single-switching flyback converter 
include the primary side SiC MOSFET, transformer 
(TX), primary side SiC switch, clamping circuit, 
controller integrated circuit (IC) and its configuration 
circuits, control power regulation circuit, and output 
rectification circuits. Fig. 1 presents a schematic of the 
single-switch flyback converter demonstrated in this 
study. 

 

Fig. 1  Single-switch flyback converter 

There is a wide selection of IC controllers 
available for industrial Aux-PS applications. In this 
study, the TI UCCx8C4x family current mode pulse 
width modulation (PWM) controller is selected. To 
select the proper device part number, the under voltage 
lock out (UVLO) protection level and maximum duty 
cycle must be calculated. Considering the relatively 
high gate driving voltage requirements for SiC 
MOSFETs, a high UVLO protection function is 
preferred. Meanwhile, the maximum duty cycle of the 
demo converter can be calculated from the voltage 
transfer function of a continuous conduction mode 
(CCM) flyback converter, as follows 

ps out
max

in_min ps out

0.336 9
N V

D
V N V

×
= =

+ ×
      (1) 

where Dmax is the maximum duty cycle, Nps is the turn 
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ratio of the primary to secondary side of the 
transformer, Vout is the output voltage, and Vin_min is the 
minimum input voltage. As Dmax is less than 50%, the 
UCC28C44 is selected for this evaluation board design. 
The low switching loss energy and ultra-low gate 
charge features of SiC MOSFETs allow for a higher 
switching frequency, for a more compact transformer 
design. The switching frequency is a key design 
variable for an Aux-PS. A higher switching frequency 
will increase the power device switching loss and core 
loss per volume of the transformer, but can reduce the 
transformer volume and weight, therefore benefitting 
the transformer core loss and total system weight. The 
switching frequency should also be selected in 
consideration of the converter level electrical magnetic 
interference (EMI) emissions. Many EMI standards 
start from 150 kHz. There are certain preferred 
switching frequencies for simpler EMI filter designs. 
For this evaluation board, a pre-design is performed, 
based on simplified circuit simulation models for 
switching frequencies of 74 kHz, 110 kHz, and 148 
kHz. A pareto analysis between converter size and 
efficiency is performed, and the switching frequency is 
selected at fs=110 kHz. A 150 V Si Schottky diode 
(DSA30C150PB) is selected as the output rectification 
diode.  

There exist some special design considerations 
that must be made owing to the special features of SiC 
MOSFETs. SiC MOSFETs require a higher 
gate-driving voltage than Si MOSFETs. An 
off-the-shelf controller IC usually cannot provide the 
recommended gate-driving voltage for SiC MOSFETs, 
and a proper gate driving voltage selection is required. 
Moreover, the high switching speed of SiC MOSFETs 
requires a low primary side to secondary side isolation 
capacitance, to limit conductive common mode (CM) 
noise emissions. However, designing for a low 
isolation capacitance may increase the transformer 
leakage inductance. A higher leakage inductance will 
lead to higher energy stored in the leakage inductor. 
This energy is dissipated in a resistor-capacitor-diode 
(RCD) clamping circuit. If the transformer leakage 
inductance is large, the loss on the RCD clamping 
circuit might be high, and the efficiency might be 
compromised. The balance of a lower isolation 
capacitance and lower leakage inductance needs to be 

considered for transformer design. This paper 
discusses these special design tradeoffs in detail and 
also provides experimental test results in the following 
sections. 

3  Driving voltage selection 

A 1.7 kV 1 ohm SiC MOSFET has an ultra-low 
input capacitance; therefore, the gate charge needed 
for device switching is also very low. The PWM 
controller IC is capable of driving the 1.7 kV 1 ohm 
SiC MOSFET directly, without a dedicated gate driver. 
The maximum driving voltage of the PWM controller 
IC is usually lower than the recommended 20 V 
gate-driving voltage for SiC MOSFETs. Driving an 
SiC MOSFET with a lower gate voltage will slightly 
increase the on-state resistance, and the on-resistance 
increase will be less significant at higher temperatures [7-8]. 
Fig. 2 shows the on-resistance changes with temperature 
at different gate driving voltages. Compared with the 
recommended 20 V driving voltage, a 16 V driving 
voltage will increase the on-state resistance by 30% at 
25 ℃, but will only increase the on-state resistance by 
10% at 175 ℃. Moreover, a lower driving voltage can 
also reduce the peak current during a device short 
circuit. This will significantly improve the device short 
circuit withstand time; therefore, it can improve the 
system ruggedness under fault conditions. 

 

Fig. 2  On-state resistance change with temperature at different 

gate driving voltages 

However, if the driving voltage is too low, the 
device may saturate at a lower current, and fail to 
support a high peak current [9]. Fig. 3 shows the 
measured short circuit performance of the SiC 
MOSFETs at a 960 V DC voltage under different 
driving voltages. The results indicate that the 
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maximum current is more dependent on the driving 
voltage. A lower driving voltage will limit the 
maximum power delivery of the flyback converter. 
Moreover, many controller ICs have overcurrent 
protection functions, based on sensing a MOSFET’s 
peak current under overload conditions. If the driving 
voltage is too low, the MOSFET’s peak current will be 
limited. Under overload or short circuit conditions, the 
peak current may not be able to trigger the protection 
threshold of the driver IC. This would result in a loss 
of protection during overload conditions, and the 
device might be damaged owing to overheating. 

 

Fig. 3  A 1.7 kV SiC MOSFET at 960 V DC voltage under 

different driving voltages 

SiC MOSFETs have ultra-low gate input 
capacitances, owing to their small die sizes; the total 
gate charge of the LSIC1MO170E1000 device is only 
15 nC. Even with a 20 V/-5 V driving voltage and 
110 kHz switching frequency, the driving loss is less 
than 45 mW, which is negligible (less than 0.6%) 
compared with the power device and transformer 
losses. 

The maximum driving voltage limitation of the 
selected driver IC is 20 V. In consideration of a margin 
for handling transient voltage changes, an 18 V driving 
voltage is selected for this evaluation board. Compared 
with a 20 V driving voltage, an 18 V driving voltage 
will increase the on-state resistance by 3.5% at 125 ℃. 
With an 18 V driving voltage, the MOSFET can still 
support a high peak current, ensuring a high-power 
delivery and triggering the IC short circuit protection 

function under overload conditions. 
The selection of a suitable gate resistor value is a 

tradeoff between switching losses, switching speed, 
and EMI noise emissions. A smaller gate resistance 
can increase the power MOSFET switching speed and 
reduce switching loss; conversely, a larger gate 
resistance can reduce the converter EMI noise 
emissions. For SiC MOSFETs, the turn-on loss is 
usually higher than the turn-off loss with the same gate 
resistance. Therefore, it is recommended to employ 
different turn-on and turn-off resistances, i.e., a 
smaller turn-on resistance for turn-on loss reduction, 
and a larger turn-off resistance to reduce voltage 
ringing and EMI noise emissions. Considering the 
internal gate resistance of the SiC MOSFET and the 
peak output current capability and output impedance 
of the PWM controller, a 10 ohm turn-on resistance 
and 20 ohm turn-off resistance are selected. Moreover, 
it is also very critical to optimize the actual layout of 
the gate loop. The key design target is to reduce the 
gate loop inductance and avoid near-field coupling, so 
as to reduce gate ringing and avoid high peak gate 
voltages. 

4  Transformer and clamping circuit design  
considerations 

The transformer is the key passive component in 
the design, for ensuring the proper operation of the 
entire converter. The core material and winding wire 
selection determine the power loss and temperature 
rise of the transformer. The magnetizing inductance 
will determine the continuous current mode operation 
region. A larger magnetizing inductance can extend the 
continuous current mode operation region for a 
smaller current ripple and lower conduction loss, but 
will also increase the leakage inductance. Moreover, 
owing to the high switching speed of the SiC 
MOSFET, a low primary side to secondary side 
isolation capacitance is needed to limit CM noise 
emissions. Designing for a low-isolation capacitance 
will also increase the transformer leakage inductance. 
In a flyback converter design, the leakage inductance 
will influence the voltage ringing and peak voltage on 
the power MOSFET, and will also determine the 
power loss in the RCD clamping circuit design. Both 
the leakage inductance and isolation capacitance are 
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related to the winding structure of the transformer. The 
leakage inductance tends to be smaller when all of the 
windings are closely coupled with each other; thus, 
concentrically winding is performed around the same 
core leg, to improve coupling [10-12]. In contrast, the 
isolation capacitance is a function of the overlapping 
area and distance between the primary and secondary 
windings. The isolation capacitance can be reduced 
when the primary and secondary windings are far 
away from each other [13-14]. 

Fig. 4 shows two winding structures for the 
transformer, to achieve different design targets. 
Structure 1 separates the primary winding and 
secondary winding, to ensure a good isolation between 
them. The distance between the primary and 
secondary/auxiliary windings is controlled to ensure 
the insulation. No isolation filling is required with a 
sufficient airgap. A high potential test was performed 
to ensure the 2 500 V insulation voltage between 
windings. This design can reduce the isolation 
capacitance between the primary side and secondary 
side. Therefore, it can limit the converter CM EMI 
emissions. However, the separated winding will result 
in a large leakage inductance for both the primary and 
secondary sides. The large leakage inductance will 
increase the device voltage ringing and CM noise 
source and will compromise the benefit of the lower 
isolation capacitance. The large leakage inductance 
will also increase the energy loss of the RCD clamping 
circuit, and reduce the converter efficiency. 

Structure 2 interleaves the secondary winding and 
primary winding to minimize the leakage inductance; 
however, the overlapping between the primary and 
secondary windings will significantly increase the 
isolation capacitance. SiC MOSFETs have faster 
switching speeds, and the higher isolation capacitance 
of the transformer will increase the CM noise current 
from the primary side to the secondary side. To reduce 
this isolation capacitance, an isolation filling layer is 
recommended, so as to increase the physical distance 
between the windings. 

Two inductors were fabricated with the same 
1.2 mH primary-side magnetizing inductance. The 
isolation capacitances were measured using an 
impedance analyzer. The results verify that structure 1 
has a 61 μH leakage inductance and a 10 pF isolation 

capacitance. Structure 2 has only a 9.2 μH leakage 
inductance, but the isolation capacitance is 52 pF, even 
with the isolation filling layer. 

 

Fig. 4  Two winding structures for the transformer 

Fig. 5 presents the switching waveform of the 
demo hardware at the 1 000 V full-load condition, 
using the two transformers (with the same clamping 
circuit parameters Vgs=10 V/div, Vds=200 V/div). The 
MOSFET peak voltage reached 1.368 kV with the 
structure 1 transformer, i.e., with the high leakage 
inductance design. By reducing the leakage inductance 
using structure 2, the MOSFET peak voltage was 
reduced to 1.214 kV; meanwhile, the drain-to-source 
voltage ringing was also reduced, and the ringing 
frequency was shifted. This changed the CM and 
differential mode (DM) noise source and also changed 
the system-level EMI filter design. Moreover, the 
efficiency of the power converter also increased by 
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using the transformer with the lower leakage 
inductance. These results are shown in the next 
section. 

 

Fig. 5  Switching waveform of the demo hardware at the  

1 000 V full-load condition using the two transformers 

In flyback topology, during the turn-off period, 
the rise of the primary side voltage charges any circuit 
capacitance, including the output capacitance of the 
MOSFET, in a relatively short time. When the primary 
voltage across the MOSFET exceeds the input voltage 
plus the reflected output voltage, the secondary side 
diode conducts, and the voltage across the transformer 
primary is approximately clamped to the reflected 
output voltage. However, the turn-off of the MOSFET 
interrupts current through the leakage inductance of 
the transformer, causing a voltage spike on the 
MOSFET. The inductance will resonate with stray 
circuit capacitances, and produce large-amplitude, 
high-frequency ringing. This excessive voltage owing 
to resonance should be suppressed to an acceptable 
level by an RCD clamping/snubber circuit, as shown 
in Fig. 1. The RCD snubber circuit absorbs the energy 
from the leakage inductance resonance by forward 
biasing the diode when the device drain source voltage 
is higher than the input voltage plus the reflected 
output voltage. If the snubber capacitance is large 
enough, the voltage can be assumed as constant during 

one switching period. 
The simplified MOSFET drain-to-source voltage 

waveform is shown in Fig. 6. Vreflected is the voltage 
reflected from the secondary side, and Vx is the voltage 
owing to the energy stored in the snubber capacitor. 

 

Fig. 6  Simplified Vds waveform with RCD clamping circuit 

To design the snubber circuit, the leakage 
inductance of the transformer needs to be measured. It 
is recommended to use the leakage inductance 
measurement result at the switching frequency to 
estimate the energy stored in the leakage inductance.  

2
leak leak MOS _ max s

1
2

P L I f= × × ×           (2) 

where Pleak is the power loss owing to the leakage 
inductance, Lleak is the leakage inductance, IMOS_max is 
the maximum current through the MOSFET, and fs is 
the switching frequency. Then, the power dissipated by 
the RCD clamp components can be calculated as 
follows 

reflected
clamp leak

in_max
1

V
P P V

⎛ ⎞
= × +⎜ ⎟

⎝ ⎠
          (3) 

where Pclamp is the power loss on the clamping circuit, 
Pleak is the power loss owing to the leakage inductance, 
Vreflected is the reflected voltage, and Vin_max is the 
maximum input voltage. SiC MOSFETs provide a 
higher margin of Vmax; therefore, using SiC MOSFETs 
can allow for a lower snubber loss with the same 
leakage inductance. 

The resistor value is critical in determining the 
peak voltage, as follows 

( )2
reflected x

clamp
clamp

V V
R P

+
=             (4) 

where Rclamp is the clamping resistance, Vreflected is the 
reflected voltage, Vx is the voltage owing to the energy 
stored in the snubber capacitor, and Pclamp is the power 
loss on the clamping circuit. The actual capacitance 
value is not critical in the snubber circuit design, but 
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its value should be large enough to keep a small 
voltage ripple while absorbing the leakage energy. By 
considering 10% of the voltage ripple on the snubber 
capacitor, the capacitance can be calculated as follows 

clamp
clamp s

1 1
10%C R f= ×

×           (5) 

where Cclamp is the clamping capacitance, Rclamp is the 
clamping resistance, and fs is the switching frequency.  

5  Performance comparison 

To verify the proposed design and demonstrate 
the high performance of the 1 700 V SiC MOSFET, a 
60 W single-end Flyback Aux-PS was developed. 
Fig. 7 presents the demonstration hardware. 

 
Fig. 7  60 W demonstration hardware 

The demonstration hardware was tested with a 
digitally controlled dc power supply and an electronic 
load. The test conditions were as follows: input 
voltage Vin = 300-1 000 V, output load Pload = 5-60 W. 
The efficiency of the power converter was monitored 
by using a power analyzer to measure the input and 
output voltage and current. The temperatures of key 
components were measured using a thermal camera.   

Figs. 8a and 8b present the thermal performance 
of the designed hardware under a full load with 
different input voltages. The highest temperature of 
the SiC MOSFET is measured at 1 000 V input voltage. 
The temperature is only 106.5 ℃  with natural 
convection cooling and with no heatsink attached to 
the MOSFET, indicating that the converter is capable 
of handling more power if a heatsink is attached. 
Fig. 9 summarizes the temperature changes with 

different input voltages under a full load. The 
transformer temperature rise is only 60 ℃ and is not 
sensitive to the input voltage, as the wingding loss 
reduction compensates for the core loss increase when 
the input voltage increases. The output diode 
temperature rise increases with an input voltage 
increase, but it is less dependent thereon, as there is a 
heatsink attached to the output diode. The maximum 
temperature is above 78 ℃ . This can be further 
reduced by using a Si MOSFET with a synchronous 
rectifier controller IC. 

 

Fig. 8  Thermal performance of the designed hardware under a 

full load with different input voltages 

 

Fig. 9  Temperature rise vs. input voltage under full load 

Figs. 10a and 10b present efficiency measurements 
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under different loads and different input voltage, with 
two different transformers. The converter efficiency is 
more than 80% above a 40% load for all input voltage 
conditions. A peak efficiency of 90.1% is achieved at a 
300 V input voltage and 50% load. The platform was 
also tested with a 1 500 V 5 Ω N-channel Si MOSFET. 
Without a heatsink, the Si MOSFET could not deliver 
full power, owing to device overheating. The Si 
MOSFET reaches 150 ℃ at 30 W within 5 mins, and 
the measured efficiency is only 73%. With a heatsink 
and forced air-cooling added, the Si MOSFET can 
deliver 60 W of power, but the efficiency is only 70%, 
and the device temperature is over 110 ℃ . These 
results verify the higher efficiency and better thermal 
performance of the proposed hardware as compared to 
traditional Si solutions.  

 

Fig. 10  Efficiency measurements under different loads and 

different input voltage with two different transformers 

Meanwhile, the results also indicate that the low 
leakage transformer design can achieve 3% higher 
efficiency as compared with the low-isolation 
capacitance design, owing to the lower loss at the 

RCD clamping circuit. The output conductive EMI 
noise between 150 kHz and 30 MHz was also 
measured. Fig. 11a presents the DM noise as measured 
at the output port, and Fig. 11b presents the CM noise. 
The results indicate that both CM and DM noises will 
increase when using the structure 2 transformer with 
the reduced leakage inductance and increased isolation 
capacitance. However, the peak noise difference is 
approximately 3 dB for CM noise, and only 0.5 dB for 
DM noise. Nevertheless, the larger isolation 
capacitance will increase the broad-spectrum 
conductive noise. This is especially true for high 
frequencies, as the propagation path impedance is 
lower. 

 

Fig. 11  DM noise and CM noise as measured at the output ports 

The demonstration platform was also tested with 
different 1.7 kV SiC MOSFETs from different vendors. 
Fig. 12 presents an efficiency comparison at a 1 000 V 
input voltage. The results indicate that the efficiency 
difference is negligible at a 50% load and above, and 
the performances are all improved over high-voltage 
Si MOSFET solutions. Under a lighter load, the 
efficiency has some differences, owing to the design 
differences in different SiC MOSFETs. However, the 
actual loss difference is still very small, as the total 
power is low. 



Chinese Journal of Electrical Engineering, Vol.6, No.3, September 2020 

 

54

 
Fig. 12  Efficiency comparison at 1 000 V input voltage with 

different 1.7 kV SiC MOSFETs 

6  Conclusions 

This paper presents a design of a single-end 
flyback Aux-PS with a wide input voltage range using 
1.7 kV SiC MOSFETs, for industrial applications. The 
special design tradeoffs needed for using SIC 
MOSFETs are discussed in detail, such as gate driving 
voltage selection and isolation transformer design 
considerations. The maximum driving voltage of a 
PWM controller IC is usually lower than the 
recommended 20 V gate-driving voltage of SiC 
MOSFETs. Driving an SiC MOSFET with a lower 
gate resistor will only increase the on-state resistance 
slightly, and the on-state resistance increase will be 
less significant at higher temperatures. Moreover, the 
lower driving voltage can reduce the peak current 
during device short circuits and improve the system 
ruggedness under fault conditions. However, the 
driving voltage cannot be too low, as the device may 
saturate at a lower current and fail to support a high 
peak current. The transformer design is a tradeoff 
between converter loss and EMI emissions. An 
interleaved winding structure transformer can 
effectively increase the converter efficiency, but will 
increase converter EMI noise emissions. A 60 W 
demonstration hardware was developed and tested in 
different working conditions. The results verify the 
higher efficiency and better thermal performance of 
the proposed system relative to traditional Si solutions. 

References 

[1] P Ning, T Yuan, Y Kang, et al. Review of Si IGBT and 
SiC MOSFET based on hybrid switch. Chinese Journal of 
Electrical Engineering, 2019, 5(3): 20-29. 

[2] H Mhiesan, J Umuhoza, K Mordi, et al. Evaluation of 1.2 
kV SiC MOSFETs in multilevel cascaded H-bridge 
three-phase inverter for medium-voltage grid applications. 
Chinese Journal of Electrical Engineering, 2019, 5(2): 
1-13. 

[3] G Rizzoli, L Zarri, J Wang, et al. Design of a two-switch 
flyback power supply using 1.7 kV SiC devices for 
ultra-wide input-voltage range applications. 2016 IEEE 
Energy Conversion Congress and Exposition (ECCE), 
Milwaukee, WI, 2016: 1-5. 

[4] J B Zhao, F Z Dai. Soft-switching two-switch flyback 
converter with wide range. 2008 3rd IEEE Conference on 
Industrial Electronics and Applications, Singapore, 2008: 
250-254. 

[5] J Liu, K L Wong, J Mookken. 1 000 V wide input 
auxiliary power supply design with 1 700 V Silicon 
Carbide (SiC) MOSFET for three-phase applications. 
2014 IEEE Applied Power Electronics Conference and 
Exposition-APEC 2014, Fort Worth, TX, 2014: 
2506-2510. 

[6] D Boroyevich, X Zhang, H Bishinoi, et al. Conducted 
EMI and systems integration. CIPS 2014, 8th 
International Conference on Integrated Power Electronics 
Systems, Nuremberg, Germany, 2014: 1-14. 

[7] X Zhang, G Sheh, S Banerjee. Gate driving circuit design 
and gate driver power supply structure for SiC MOSFETs. 
PCIM Europe 2019; International Exhibition and 
Conference for Power Electronics, Intelligent Motion, 
Renewable Energy and Energy Management, Nuremberg, 
Germany, 2019: 1-7. 

[8] X Zhang, G Sheh, I H Ji, et al. In-depth analysis of 
driving loss and driving power supply structure for SiC 
MOSFETs. 2019 IEEE Applied Power Electronics 
Conference and Exposition (APEC), Anaheim, CA, USA, 
2019: 965-971. 

[9] X Zhang, G Sheh, L Gant, et al. In-depth study of 
short-circuit robustness and protection of 1 200 V SiC 
MOSFETs. PCIM Europe 2018; International Exhibition 
and Conference for Power Electronics, Intelligent Motion, 
Renewable Energy and Energy Management, Nuremberg, 
Germany, 2018: 1-7. 

[10] Q Wang, X Zhang, R Burgos, et al. Design considerations 
for a high efficiency 3 kW LLC resonant DC/DC 
transformer. 2015 IEEE Energy Conversion Congress and 
Exposition (ECCE), Montreal, QC, 2015: 5454-5461. 

[11] M S S Nia, P Shamsi, M Ferdowsi, et al. Investigation of 
various transformer topologies for HF isolation 
applications. IEEE Transactions on Plasma Science, 2020, 
48(2): 512-521. 



  

 

55 

Xuning Zhang et al.: Implementation of 1.7 kV Silicon Carbide Metal Oxide Semiconductor Field Effect 

Transistors in Auxiliary Power Supplies for Industrial Applications 

[12] K Pengju, F C Lee. Transformer structure and its effects 
on common mode EMI noise in isolated power converters. 
Applied Power Electronics Conference and Exposition 
(APEC), 2010 Twenty-Fifth Annual IEEE, 2010: 
1424-1429. 

[13] J Biela, J W Kolar. Using transformer parasitics for 
resonant converters: A review of the calculation of the 
stray capacitance of transformers. IEEE Transactions on 
Industry Applications, 2008, 44(1): 223-233. 

[14] L Dalessandro, F D S Cavalcante, J W Kolar. 
Self-capacitance of high-voltage transformers. IEEE 
Transactions on Power Electronics, 2007, 22(5): 
2081-2092. 

 
Xuning Zhang received his bachelor’s and 

master’s degrees in electrical engineering from 

Tsinghua University, Beijing, China, and his PhD 

degree from CPES-Virginia Tech. His research 

interests include SiC/GaN device characterization 

and driving scheme optimization, high 

performance semiconductor packaging, high 

efficiency/high power density converter design, interleaving and 

multilevel converters, high frequency system integration, system level 

EMI modeling, and filter optimization. Currently, he is the 

application engineering manager with Littelfuse Inc. in Round 

Rock, Texas. His work focuses on the application of wide band-gap 

power semiconductors, including characterization and evaluation 

of power devices, gate driving, and demo system design. He 

possesses an in-depth knowledge of power semiconductor 

technology and power converter design details and has authored 

and co-authored more than 50 papers in journals and leading 

international conferences. 

 

Gin Sheh is an application engineer at Littelfuse 

Inc., in the Silicon Carbide MOSFET and diode 

design Department in Round Rock, Texas. Gin 

graduated from the Southern Illinois University 

of Carbondale with a master’s degree in 

electrical and electronics engineering in 2009. 

Gin has over 10 years of experience in power conversion systems. 

He joined Littelfuse Inc. in April 2016, and his current research 

interests primarily concentrate on the development of long-term 

reliability testing platforms for SiC devices. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


