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This paper explores some efforts to suppress
the voltage surge appearing during the operation
of a SiC-MOSFET-based half-bridge circuit in an
inverter topology. The study is important to carry
out, as the voltage surge problem does not come
up when a Si-IGBT is used as the switching com-
ponent in the half-bridge; however, some appli-
cations demand certain properties like what is
found in a SiC-MOSFET. Compared to Si-IGBT
with rise-time/fall-time larger than 100 ns in
general, the use of SiC-MOSFET is preferable
due to its much shorter switching time, less
than 50 ns, which brings about a much lower
switching loss and lower operating temperature.
However, the choice of the usual electrolytic
capacitor in the dc-link would produce an unde-
sired voltage surge during the half-bridge ope-
ration. The origin of the surge is sometimes
assigned to the inductance parasitic effect of
the SiC-MOSFET high frequency. This research
proves the benefit of a film capacitor to suppress
the surge due to its lower equivalent series resis-
tance (ESR) than that of the electrolytic capa-
citor. The results contribute to the consideration
to take during the circuit realization in various
applications, as there are not many papers yet
found discussing the use of film capacitor in the
dc-link of a SiC-MOSFET half-bridge inverter.
This study also reveals the importance of the
film capacitor placement during the design stage
of SiC-MOSFET applications; moreover, motor
controllers being equipped with an inverter such
as described in this study have not been found
yet in the market. The efforts investigated in this
work would help to control the undesirable volt-
age spikes that frequently occur when applying
a SiC-MOSFET to a half-bridge inverter design
Keywords: dc link, equivalent series resis-
tance, fall-time, film capacitor, half-bridge,
inverter, rise-time, SiC-MOSFET, switching loss,
voltage surge

0 0

Received date 08.08.2023
Accepted date 17.10.2023
Published date 30.10.2023

1. Introduction

Electronic-based equipment is indispensable in modern
daily life as well as industry. However, none of the equipment
works without the technology to deliver power to them [1].
Newly developed equipment is becoming smaller, faster in
their operation, and tougher to face applications in harsh
environments than the ones previously existing. The conti-
nuously increasing awareness of energy saving and environ-
mental protection also requires better and better efficiency
of the equipment.

To date, silicon (Si) has been becoming the main material
to be used in power electronic components. Various power
devices rely on the characteristics of silicon to accomplish
their functions in electrical power conversion to supply
much electronic equipment. However, new application re-
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quirements have directed the evolution of power electronics
technology toward higher efficiency, higher power density,
and more integrated systems. The mature technology of
Si power devices has been approaching their performance
limitations [2]. Operation in a much higher level of voltage,
frequency, as well as temperature, cannot be fulfilled anymore
by Si-based power devices.

A breakthrough has been found in the use of wide-band-
gap materials, which are dotted with higher-energy elec-
tronic band gaps. Among some wide-bandgap materials,
Silicon-Carbide (SiC) is the readiest to use for various ap-
plications [2]. It also has a much wider bandgap than other
semiconductor materials such as Si or GaAs, offering some
critical advantages like the ability to handle higher voltages
and power, higher operating temperatures, faster switching,
better efficiency, and a significantly smaller form factor.




In general, both Si-based MOSFETSs (Metal-Oxide-Semi-
conductor Field Effect Transistors) and IGBTs (Insulated-
Gate Bipolar Transistors) are used in many different types
of power applications, including automotive and transpor-
tation, aerospace, renewable energy, test and measurement,
and telecommunications. MOSFETSs are generally applied for
lower voltages and power equipment, while IGBTs are well
adapted to higher voltages and power.

The coming of SiC-based MOSFET offers excellent
advantages compared to their Si-based counterparts. SiC-
MOSFET is a switching component made of wide bandgap
semiconductor material [2]. It outperforms the IGBT for
high-voltage and high-frequency applications. This compo-
nent is capable of operating at a very high switching frequen-
cy (switching time <50 ns). This property results in smaller
switching losses, which in turn will lead to higher efficiency.
Higher efficiency would require reduced thermal manage-
ment components, which are indispensable for smaller-size
and lower-weight applications, like aerospace applications or
electric transportation in general [3], as well as in renewable
energy applications [4].

Many advantages offered by SiC-MOSFETS can be ob-
tained provided that some challenges are to be overcome. The
research on various problems related to the SiC-MOSFET
applications is still widely open. It may cover starting from
topics related to modeling [5] up to problems during fabri-
cation [6]. It may also touch the problems tied to the SiC-
MOSFET functioning [7] as well as its interaction with
the surrounding equipment [8]. Therefore, studies that are
devoted to exploring the efforts to reduce losses related to
applications of high switching-frequency power converters
are of scientific relevance.

2. Literature review and problem statement

High-voltage, high-power applications normally in-
clude the use of Si-IGBTs as the power-switching compo-
nent. However, because of certain requirements to fulfill,
SiC-MOSFETs start to supplant the role of Si-IGBTs [2].
The use of SiC-MOSFET succeeded in reducing power
losses in the inverter for traction application [9]. However,
the success was seen in a global view. The details of the
functioning circuits as well as the possible surge appearance
because of high frequency switching were not specifically
explored. The modern rail traction power system also relies
on the wideband gap-based switching component. It re-
quires a converter with a smaller size and a lighter weight,
while at the same time demanding higher efficiency, power
density, operation temperatures, and frequency [10]. The
advantages of high speed and high current of SIC-MOSFET
in pulsed power application were also confirmed in [11].
The higher current surge produced as a result of the SiC-
MOSFET usage was shown, and the influence of dc-link
capacitance was explored. However, there was no further
exploration on the appearance of voltage surge as well as the
importance of capacitance trade-off in replacing Si-IGBT
with SiC-MOSFET. The reduced losses make the production
of smaller equipment possible; however, some other prob-
lems may come up during the printed-circuit board layout
design [12]. The importance of the components’ layout to
avoid the undesired EMI issues was emphasized. The choice
of components’ types also determines the dimensional con-
sideration in its placement on the board.

It is known that the use of SiC-MOSFETs will result in
a voltage surge in the half-bridge circuit. In [13], the cause
of the phenomenon was assigned to the parasitic effect of
high-speed component switching. The influence of parasitic
inductance has also been much investigated to envisage the
problem solution. However, changing the inductance is not
easy to do. The influence of inductance and its placement
variation has been examined in [14]. It was concluded that
the severity of oscillation during switching had been due to
the lower ratio of device capacitance over inductance.

A dc-link capacitor is commonly used to handle the volt-
age fluctuation in a converter topology [5]. It acts to filter
out the ripple voltage and current, while also becoming an
important energy storage device [15]. Various types of ca-
pacitor technology may be used. An electrolytic capacitor is
found in the dc-link of many converter topologies, for exam-
ple in the converter for electric vehicles [16]. It has a small
dimension, but a high capacity. It has an equivalent series re-
sistance (ESR) in the order of tens to thousands of milliohms.
It was stated in [16] that the dc-link capacitor was still bulky
enough. A smaller and lighter device would require a smaller
dimension of the capacitor. A film capacitor may fulfill the
requirements [17].

Replacement of the Si-IGBT switching component with
SiC-MOSFET does not imply that direct replacement of the
electrolytic capacitor with a film capacitor is possible. On the
other hand, film capacitors, which can work at a much higher
voltage, normally have smaller capacitance with an ESR
value of less than tens of milliohms. The low equivalent series
resistance allows the film capacitors to handle ripple-cur-
rent as well as high surge-voltage ratings better. Unlike
electrolytic capacitors, the non-polarized property of film
capacitors makes them more immune to reverse-connection
errors and withstand exposure to a much higher voltage. The
better self-healing property also ensures a safer response to
occasional stresses, as typically encountered in real-world
applications [17]. These all characteristics make the film
capacitors good candidates for many power-conditioning
duties in important applications like electric transportation,
renewable energy, and industrial drives.

Compared to Si IGBT, the use of SiC-MOSFET is much
more preferable for high switching-speed applications. SiC-
MOSFET has a much shorter switching time (less than 50 ns)
than Si IGBT, which in general has a rise time/fall time larger
than 100 ns. The high-frequency switching as a result of the
short switching time will cause a parasitic inductance effect
on the long dc-link used [14]. Combined with the relatively
high value of electrolytic capacitor ESR, the parasitic effect
would cause a negative voltage surge on the active leg of the
half-bridge circuit [18]. Turning-on on the switching compo-
nent on the alternate leg will result in the opposite polarity
of the voltage surge. A lot of research has been carried out to
overcome the surge problem, for example by using a digital
active driver. In [19], the use of an active driver was proven
to suppress voltage surge during SiC-MOSFET turn-off,
whereas in [20] the surge suppression was done by optimiz-
ing the gate-driving waveform and no necessary use of a snub-
ber capacitor has been proven.

Considering the continuously increasing use of SiC-
based power converters, especially SiC-MOSFET in high
switching-speed applications, the efforts to minimize or even
eliminate the undesired surge problems as a consequence of
high-frequency switching and its interaction with various
factors are still open to investigation.



3. The aim and objectives of the study

The aim of the study is to identify a method to suppress the
voltage surge in a SiC-MOSFET-based half-bridge inverter
application. The research results would become a recommen-
dation to consider and to refer to during the application of SiC-
MOSFETSs in power converters in general, especially those
demanding compact dimensions, high efficiency, as well as
high operating speeds.

To achieve this aim, the following objectives are to ac-
complish:

— to investigate the voltage-surge characteristics of a half-
bridge inverter that uses a Si-IGBT or a SiC-MOSFET as the
switching components;

— to investigate the role of capacitor in the dc-link of the Si-
IGBT-based and SiC-MOSFET-based half-bridge inverters;

— to investigate the influence of gate resistor on the tran-
sient characteristics of a SiC-MOSFET half-bridge inverter;

— to compare the voltage surge simulation results to ex-
periment results;

—to investigate the influence of capacitor placement
on voltage-surge characteristics of a SiC-MOSFET half-
bridge inverter.

4. Materials and Methods

4. 1. Object and hypothesis of the study

The object of the research in this paper is the undesired
voltage surge emerging during the use of SiC-MOSFET
power switching component to replace Si-IGBT in the
half-bridge inverter applications. The surge is thought to
be caused by the high switching frequency of this wideband
gap-based component, as well as the combined effects of
parasitic inductance, electromagnetic interference, as well
as the equivalent series resistance of the capacitor used in
the dc link.

It is predicted that the severity of voltage surge can be
minimized through the trade-off of the various influencing
parameters. In this paper, it is assumed that the influencing
factors are the choice of capacitor in the dc link, the capacitor
placement, as well as the gate resistor.

An electrolytic capacitor is commonly used in the dc-
link of the Si-IGBT-based half-bridge inverter circuit. The
voltage surge is still appearing when SiC-MOSFET is used
to replace the Si IGBT switching component. A film capaci-
tor is going to be explored to provide a high value of dc-link
capacitance. The film capacitor has some properties like low
capacitance density, relatively high operating voltage, and
low ESR value, but it is normally much more expensive than
the electrolytic capacitor. On the other hand, high capaci-
tance density, relatively low operating voltage, high ESR,
and low cost are some of the important properties of an elec-
trolytic capacitor.

4. 2. Methods

The study is performed by first investigating the cha-
racteristics of surge produced in a half-bridge inverter, by
observing the voltage surge in the dc-link. Starting-on tran-
sient simulations are to be performed using the half-bridge
inverter circuit, before finally being validated using labora-
tory experiments.

A half-bridge inverter with Si-IGBT as the main switch-
ing component and an electrolytic capacitor in the de-link is

taken as the base case. It is to be improved by adding a film ca-
pacitor in parallel with an electrolytic capacitor in the dc-link.
A further step is done by using a SiIC-MOSFET instead of
Si-IGBT as the main switching component, while still using
an electrolytic capacitor in the dc-link. Improvement is then
investigated by using an additional parallel film capacitor, and
finally by using only a film capacitor in the dc link.

An important observation is also conducted to examine
the influence of gate resistors on the transient characteristics
of the inverter. Special care is taken when placing the capa-
citor in the circuit. It is placed as close as possible to the po-
sition of the switching component of the SiC-MOSFET half-
bridge inverter. The aim is to reduce the parasitic inductance
between the film capacitor and the SiC-MOSFET.

To obtain a comprehensive comparison, some special
configuration cases of the half-bridge inverter are considered
as follows:

— case I: Si-IGBT half-bridge inverter with an electroly-
tic capacitor in the dc link;

—case II: Si-IGBT half-bridge inverter with an elec-
trolytic capacitor and additional parallel film capacitor in
the dc link;

—case III: SiC-MOSFET half-bridge inverter with an
electrolytic capacitor in the dc link;

—case IV: SiC-MOSFET half-bridge inverter with an
electrolytic capacitor and additional parallel film capacitor
in the dc link;

— case V: SiC-MOSFET half-bridge inverter with a film
capacitor in the dc link.

4. 3. Circuit configurations
The simulation circuits for Case I until Case V are given
in Fig. 1-5.
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Fig. 1. Simulation circuit of a Si-IGBT
half-bridge inverter using an electrolytic capacitor

in the dc-link
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Fig. 2. Simulation circuit of a Si-IGBT half-bridge inverter
using an electrolytic capacitor with an additional parallel film
capacitor in the dc-link
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Fig. 3. Simulation circuit of a SiC-MOSFET
half-bridge inverter using an electrolytic capacitor
in the dc-link
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Fig. 4. Simulation circuit of a SiC-MOSFET half-bridge
inverter using an electrolytic capacitor in the dc-link with
the parallel addition of a film capacitor
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Fig. 5. Simulation circuit of a SiC-MOSFET
half-bridge inverter using a film capacitor
in the dc-link

Fig. 1-5 represent the half-bridge inverter circuits to
be used during the simulation. The differences among all
circuits are determined by the switching components used,
which are Si-IGBT and SiC-MOSFET, as well as the types
of capacitors used in the dc link. Three cases are considered:
using only an electrolyte capacitor, using an electrolyte ca-
pacitor with an additional parallel film capacitor, and using
only a film capacitor in the dc link.

4. 4. Circuit parameters

Simulations have been conducted by using the LTSpi-
celV software. The LTSpicelV software was chosen as it is
widely used in industry. Although free, it is practically not
restricted to limit its capabilities. The model of SiC-MOS-

FET is taken from Onsemi products, which is the type
NTCO020N120SC1: Silicon Carbide MOSFET, N-Channel,
1,200 V, 20 mQ, Bare Die, with 3 pins. The model of Si-
IGBT is also taken from Onsemi products, which is the type
FGY75T120SQDN: IGBT, Ultra Field Stop, —1,200 V, 75 A.
The considered electrolytic capacitor of the dc-link is the
default polar capacitor model with 500 uF capacitance and
100 milliohms ESR. The default capacitor model is also
used as a film capacitor by setting the capacitance value of
1 uF and ESR value of 10 milliohms. DC-link inductances
are represented using two default inductor models, Lpy and
Lpy, which values are 10 and 5 nanohenries, respectively.
A 10-ohm resistor is selected as Roy and a 1-ohm resistor is
selected as Ropr. A series R-L of a resistor and an inductor
is used as the load of the circuit, with a resistance value of
4.7 ohms and an inductance value of 100 uH. The gate-dri-
ver signal of the MOSFET is a square signal with rise-time
tise and fall-time 7, of 10 ns, ton of 100 ns, and a period
of 250 ns [6, 13].

5. Results of the Study on the Voltage-Surge suppression
in a SIC-MOSFET Half-Bridge Inverter

5. 1. Results of investigation on the voltage-surge
characteristics of a half-bridge inverter

The results of the simulation on the voltage performance
of the half-bridge inverter are presented in Fig. 6, 7, respec-
tively. In Fig. 6, an electrolytic capacitor is used in the dc link
of a Si-IGBT inverter (Case I), whereas in Fig. 7, an elec-
trolytic capacitor is used in the dc link of a SiC-MOSFET
inverter (Case III).

As can be observed in Fig. 6, 7, the voltage performance
of half-bridge inverters, either using Si-IGBT or SiC-MOS-
FET as the switching components, both are containing
undesired voltage spikes. However, a comparison of Fig. 7
and Fig. 6 indicates that for some applications requiring
fast switching, replacing the Si-IGBT with the wideband
gap-based SiC-MOSFET component will just worsen the
voltage surge conditions both in the dc link and the output
of the inverter.
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Fig. 6. Surge characteristic simulation results
of a Si-IGBT half-bridge inverter using an electrolytic
capacitor in the dc-link (Case 1), where the blue line
indicates the dc-link voltage, while the violet
line indicates the output voltage
of the half-bridge inverter
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Fig. 7. Surge characteristic simulation results
of a SiIC-MOSFET half-bridge inverter using an electrolytic
capacitor in the dc-link (Case lll), where the blue line
indicates the dc-link voltage, while the violet line indicates
the output voltage of the half-bridge inverter

3. 2. Results of investigation on the role of capacitor in
the dc-link of a half-bridge inverter

The investigation on the role of capacitor in the de-link of
a half-bridge inverter can be based on Fig. 8, 9 consecutively.
Fig. 8 indicates a parallel structure of an electrolytic capa-
citor and a film capacitor is used in a Si-IGBT half-bridge
inverter (Case IT), whereas in Fig. 9 the Si-IGBT component
is replaced with SiC-MOSFET (Case 1V). In this way, the

influence of an additional film capacitor can be observed.
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Fig. 8. Surge characteristic simulation results
of a Si-IGBT half-bridge inverter using an electrolytic
capacitor with an additional parallel film capacitor in the
dc-link (Case ll), where the blue line indicates the dc-link
voltage, while the violet line indicates the output voltage
of the half-bridge inverter

As can be observed in Fig. 8 and by comparing to Fig. 6,
the addition of a film capacitor in parallel to the electrolytic
capacitor could eliminate the surges on the dc-link voltage
and also reduce those on the output voltage of the Si-IGBT
half-bridge inverter.

Observation made on Fig. 9 and comparing it to Fig. 8
indicates that the addition of a film capacitor in parallel to
the electrolytic capacitor in the dc link enables the reduction
or even the elimination of the voltage surges or ringing in

the SiC-MOSFET half-bridge inverter. Being compared to
the surge reduction obtained in a Si-IGBT inverter shown
in Fig. 8, the level of improvement obtained using the film
capacitor is higher in the case of a SiC-MOSFET inver-
ter (Fig. 9). Both voltage surges in the dc link as well as the
output of the inverter are disappearing in the SiC-MOSFET
inverter of Fig.9, whereas some ringing is still appearing
in the Si-IGBT inverter of Fig. 8.
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Fig. 9. Surge characteristic simulation results
of a SiC-MOSFET half-bridge inverter using an electrolytic
capacitor and an additional parallel film capacitor in the
dc-link (Case IV), where the blue line indicates the dc-link
voltage, while the violet line indicates the output voltage
of the half-bridge inverter

The simulation results displaying the surge characteristics
of a SIC-MOSFET half-bridge inverter when there is only
a film capacitor in the dc-link (Case V) are presented in Fig. 10.
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Fig. 10. Surge characteristic simulation results
of a SiIC-MOSFET half-bridge inverter using only a film
capacitor in the dc-link (Case V), where the blue line indicates
the dc-link voltage, while the violet line indicates the output
voltage of the half-bridge inverter

When there is only a film capacitor used in the dc
link (Case V), as seen in Fig. 10, there are no surges appear-
ing both in the dc link voltage as well as in the output volt-
age of the inverter. The results shown in Fig. 10 are not too
different from those shown in Fig. 9 (Case IV). It means that
replacing the Si-IGBT with SiC-MOSFET accompanied by



the replacement of the electrolytic capacitor with a film ca-
pacitor offers a promising elimination of voltage surges both
in the dc link and in the output of the inverter.

5. 3. Results of investigation on the influence of gate
resistor on the surge

The voltage surge caused by the high switching frequency
of SiC-MOSFET may produce high switching losses and even
harm the SiC-MOSFET itself. There must be an optimization
of the voltage surge and the switching speed, as it is hard to
obtain the favorable condition of both: low voltage surge and
fast switching speed. In [6], the turn-off transient was im-
proved by optimizing a gate driver with a switched capacitor.

Another influencing factor is the gate resistor. The results
of an investigation on the gate resistor influence are given
in Fig. 11, 12 subsequently. Fig. 11 indicates the simulation
circuit, whereas Fig. 12 displays the simulation results. The
considered values for simulation were the gate resistor Roy
of 2 ohms and Roprof 1 ohm, with a series inductive resistive
load with Ljyeq of 100 pH and Rjy.q of 4.7 ohms.

The circuit shown in Fig. 11 is the same as the circuit
used in the previous sections (Fig. 1-10), except that the
gate resistor Roy is reduced from 10 ohms to 2 ohms while
maintaining the Rogrof 1 ohm.
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Fig. 11. Simulation circuit to examine the influence
of the gate resistor Rpyof 2 ohms and Rorrof 1 ohm on the
SiC-MOSFET output voltage with a series inductive resistive
load with L,y 0f 100 yH and Rjy,q 0f 4.7 ohms
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Fig. 12. Simulation result to examine the influence
of the gate resistor Royof 2 ohms and Rorrof 1 ohm on the
SiC-MOSFET output voltage with a series inductive resistive
load with Lj,g0f 100 uH and R,y of 4.7 ohms

As presented in Fig. 11 and Fig. 12, Roy value reduction,
from 10 to 2 ohms, gives an insignificant effect, although ob-
servable, on the dc-link voltage. As shown in Fig. 12, the dc-
link voltage is dipped only by a small amount, about 2 volts,
during the MOSFET transition. The Roy reduction produces
the decrease in the switching or transition time of the MOS-
FET, and consequently the dipping of the dc-link voltage.
If the voltage dip is sufficiently large, the voltage ringing in
the dc link may appear.

3. 4. Results of the experiment on the voltage-surge
characteristics of a SiC-MOSFET half-bridge inverter

The experiment set-up of this research is presented in
Fig. 13, whereas the picture of the SiC-MOSFET half-bridge
inverter board used in the experiment is displayed more
clearly in Fig. 14.

Fig. 13. The experiment set-up of the SiC-MOSFET
half-bridge inverter

capacitor

MOSFETs are
located under
the board

Fig. 14. The SiC-MOSFET half-bridge inverter board

The experiment results of the SiC-MOSFET half-bridge
inverter using an electrolytic capacitor in the dc-link are



presented in Fig. 15, whereas those with the addition of a film
capacitor in parallel are presented in Fig. 16.

Fig. 15. Experiment results on the voltage in a half-bridge
circuit with an electrolytic capacitor in the dc-link (red curve:
dc-link voltage, yellow curve: half-bridge output voltage)
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Fig. 16. Experiment results on the voltage in a half-bridge
circuit with a parallel addition of the film capacitor to the
electrolytic capacitor used in the dc-link (red curve: dc-link
voltage, yellow curve: half-bridge output voltage)

As seen on the oscilloscope display, the yellow curve
represents the half-bridge output voltage, the red curve rep-
resents the dc-link voltage, whereas the blue curve and green
curve consecutively indicate the output current of the half-
bridge and the negative voltage of the dc-link.

Fig. 15 shows the resulted voltage ringing in the dec-
link (indicated with the red curve), which was caused by the
very fast (about 50 ns) MOSFET transition being combined
with a low-frequency response, high ESR electrolytic capa-

i

citor, and high dc-link inductance value. To solve the voltage
surge or ringing problem, a film capacitor with small capa-
citance value, high-frequency response, and low ESR was
placed in the dc-link as close as possible to the SIC-MOSFET
half-bridge inverter. It was aimed to reduce the conductor
inductance. The related experiment results using the film ca-
pacitor addition are shown in Fig. 16. It can be seen from the
red curve in Fig. 16 that the dc-link voltage ringing is elimi-
nated while the MOSFETS transition time is not affected.

A comparison of the experiment results shown in Fig. 15
to the simulation results shown in Fig. 7 confirms that the
replacement of Si-IGB with SiC-MOSFET in the half-
bridge inverter using an electrolytic capacitor in the dc-link
would just aggravate the voltage surge condition. A special
measure needs to be taken to suppress it, which is confirmed
by the experiment results shown in Fig. 16. The measure
taken was the addition of a film capacitor in parallel to the
electrolytic capacitor. Fig. 16 confirms the simulation re-
sults shown in Fig. 9.

5. 5. Results of the experiment on the capacitor place-
ment in a SiC-MOSFET half-bridge inverter

The final board layout of a SiC-MOSFET application
prototype should be designed carefully to avoid undesired
effects like parasitic effects, ringing, electromagnetic inter-
ference, etc. The dimension as well as placement of all com-
ponents involved in the printed-circuit board (PCB) must
be meticulously considered. It is an optimization challenge
by itself. In this study, the capacitor placement was repre-
sented using the dc-link cable length. Three cases of dc-link
cable length were considered, which were 25cm, 50 cm,
and 100 cm. The related inductance values of the cable were
2.36 pH for the 100-cm cable, 1.28 pH for the 50-cm cable,
and 0.72 pH for the 25-cm cable.

Fig. 17, 18 show the influence of the dc-link length on the
transient characteristics of the SiC-MOSFET half-bridge in-
verter under consideration. Fig. 17 describes the result of the
experiment to observe the influence of the de-link length on
the voltage surge of the inverter board with a film capacitor,
whereas the result without a film capacitor is given in Fig. 18.

In Fig. 17, the influence of film capacitor addition can be
seen on the resulted surge suppression during the switching
transient period. It is also shown that the longer the dc-link,
which means the larger the distance of the capacitor to the
switching component, the higher the dec-link positive volt-
age oscillation (indicated with the red curve). It can also be
observed that the most remarkable influence is on the output
current of the half-bridge (indicated with the blue curve).
The shorter the dec-link is, the smaller the half-bridge output
current oscillation.
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Fig. 17. Experiment results on the influence of the dc-link length on the voltage surge of the inverter board with a film
capacitor: a — dc-link length of 25 cm; b — dc-link length of 50 cm; ¢ — dc-link length of 100 cm (red curve: dc-link positive
voltage, green curve: dc-link negative voltage, yellow curve: half-bridge output voltage, blue curve: half-bridge output current)
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Fig. 18. Experiment results on the influence of the dc-link length on the voltage surge of the inverter board without a film
capacitor: @ — dc-link length of 25 cm; b — dc-link length of 50 cm; ¢ — dc-link length of 100 cm (red curve: dc-link positive
voltage, green curve: dc-link negative voltage, yellow curve: half-bridge output voltage, blue curve: half-bridge output current)

As presented in Fig. 18, if the film capacitor is not added
to the dc link, the ringing or surge appears clearly in all pre-
sented characteristic curves. Comparison with Fig. 17 clari-
fies the fact that voltage surge suppression is affected by both
the dc-link capacitor and the dec-link length representing the
capacitor placement.

6. Discussion of the Voltage-Surge Suppression
in a SIC-MOSFET Half-Bridge Inverter

This study on the voltage suppression in a SiC-MOS-
FET half-bridge inverter is carried out by beginning with
the investigation of the characteristics of surge or ringing
often appearing on the Si-IGBT half-bride inverter. The Si-
IGBT converters are so far used in many high-voltage and
high-power applications with medium switching frequencies.
Newly developed applications demand more stringent re-
quirements like higher operation speed, smaller dimensions,
and higher efficiency, which cannot be fulfilled anymore by
Si-IGBT-based devices. The coming of SiC-MOSFET-based
devices offers a promising solution. However, the replace-
ment of Si-IGBT with SiC-MOSFET does not automati-
cally ensure that the problem is solved. The high switching
frequency of SiC-based components brings about various
problems, including ringing and voltage surge problems.

In the Si-IGBT half-bridge inverter, an electrolytic ca-
pacitor is commonly used in the dc link to provide a more
stable DC voltage and to limit fluctuations [17]. It also helps
to buffer energy, decouple AC and DC systems, and stabilize
the converter control [21]. However, as seen in Fig. 6, the
simulation results show that the voltage surges are still ap-
pearing both in the dc-link voltage as well as in the inverter
output voltage. The surge is often assigned to the combined
effect of the parasitic inductance and the high equivalent se-
ries resistance (ESR) value of the electrolytic capacitor used,
which was 100 milliohms.

When for certain applications it is required to use
SiC-MOSFET to replace the Si-IGBT in the half-bridge
inverter, as seen in Fig. 7 the simulation results still indicate
the occurrence of voltage surges during the switching-on
transient. The use of SiC-MOSFET as the switching com-
ponent is preferable in certain applications with tight re-
quirements of high switching frequency, small dimensions,
and high efficiency. The high switching frequency of the
SiC-MOSFET is responsible for the parasitic inductance
effect causing the voltage surges.

It can also be noticed that the highest peaks of oscilla-
tion in Fig. 6, 7 reach even more than 40 % of the average
oscillation wave value, being the potential to bring about the

degradation of the device performance or even damage to it.
A very high spike or surge in the voltage and current may
give too high stress and harm the device. The devices must
be designed to withstand high voltages or currents, which
means higher costs, and it will also produce important losses.

It can also be observed in Fig. 6,7 that the use of a SiC-
MOSFET half-bridge inverter results in a higher amplitude of
voltage surges in the dc link than the use of a Si-IGBT. It means
that the use of a SIC-MOSFET to replace the Si-IGBT in the
half-bridge inverter would require a special measure to take to
reduce or even suppress the voltage surges in the dc link.

As consideration of dimension is sometimes demanding
in some modern applications like transportation, renewable
energy, automatization, etc., improvement of the function
of the dc-link electrolytic capacitor cannot be accomplished
just by enlarging the capacitance. The capacitor technology
and type may bring an important influence. The electrolytic
capacitor is the most common choice for the dc-link capacitor
due to its high power density. However, with its resonant
frequency of around 4 kHz, it is not sufficient to absorb the
current ripple in the SiC-MOSFET-based inverter [17].

Another capacitor type of choice is the film capacitor,
which is capable to handle high ripple current, though with
lower capacitance. As seen in the simulation results in Fig. 8,
the addition of a film capacitor in parallel to the electrolytic
capacitor succeeded in eliminating the voltage surges in the
de link of the Si-IGBT-based inverter, although in the out-
put voltage, there are still some small spikes. The addition of
a film capacitor with a much lower ESR than that in an elec-
trolytic capacitor takes the role of suppressing the voltage
surges in the dc link. Much cleaner voltage waveforms are
obtained in the case of the SiC-MOSFET-based inverter.
Comparing Fig. 8 to Fig. 9 also shows that the difference
between the dc-link voltage and the inverter output voltage
in the SiC-MOSFET-based inverter is smaller than that
in the Si-IGBT-based inverter. It indicates that with the
same capacitor configurations in the dc link of both circuits,
the voltage drop condition is better when a SiC-MOSFET
is used as the switching component than a Si-IGBT. The
SiC-MOSFET offers better efficiency.

Fig. 10 shows that the results shown in Fig. 9 could be
obtained by using only a film capacitor in the dc link of
a SiC-MOSFET inverter. It is reconfirmed to take the cautious
measure to avoid the appearance of voltage surges both in the
dc link and in the inverter output when using a SiC-MOSFET
component. The type of capacitor used and the related value of
ESR take an important role in this surge suppression.

The gate resistors, Royand Rogr, have also been examined
to identify their influence on the voltage ringing occurrence.
The value of Roy has been reduced from 10 ohms, as used



in Fig. 1-10, to 2 ohms while maintaining the Rogr value of
1 ohm, as seen in Fig. 11, 12. It was found that the influence
of the gate resistor reduction on the switching-on transient
of the SiC-MOSFET half-bridge inverter was quite insigni-
ficant, although observable on the dc-link voltage. The ON
resistance reduction produces the decrease in the switching
or transition time of the MOSFET, and consequently the
dipping of the dc-link voltage. However, if the voltage dip is
sufficiently large, the voltage ringing in the dc link may occur.

In Fig. 15, a series of pronounced surges on the dc-link
voltage (red curve) appears during the switching-on process.
Being compared to the same curve in Fig. 16, it is indicated
that the addition of a film capacitor can successfully dampen
the occurring ringing in the dc-link voltage. The duration of
the ringing occurrence can also be observed through the yel-
low curve, which represents the half-bridge output voltage.
The transient period during the switching processes can be
more easily examined. It can also be observed that the use of
a film capacitor makes the positive and negative voltage of
the dc link much more symmetrical during the switching-on
transient period.

It should also be examined in the circuits shown in
Fig. 2, 4 that the parallel connection of the film capacitor is
done by putting it closer to the switching component. It is
aimed to reduce the occurrence of parasitic inductance, as the
longer the dc link, the higher will be the parasitic inductance.

During the simulation, the influence of the capacitor place-
ment has been represented with the de-link length. Three cases
of dc-link length have been considered, which were 25 cm,
50 cm, and 100 cm. Fig. 17 presents the experiment results to
observe the influence of dc-link length on the voltage surge of
the SiC-MOSFET half-bridge inverter with a film capacitor,
whereas Fig. 18 presents the case without a film capacitor.

In Fig. 17, the result a has been produced with a dc-link
length of 25 cm, the result b with a length of 50 cm, and the
result ¢ with a link length of 100 cm. The red curve indicates
the dc-link positive voltage, the green curve indicates the dc-
link negative voltage, the yellow curve represents the half-
bridge output voltage, whereas the blue curve represents the
half-bridge output current. It can be observed that the most
remarkable influence of capacitor placement is on the output
current of the half-bridge. The longer the dc-link, the more
obvious the half-bridge output current oscillation.

The same experiment on the circuit without a film capaci-
tor shown in Fig. 18 indicates a similar phenomenon, except
that the voltage surges of the half-bridge are very significant.
Without a film capacitor, surges are found in all positive and
negative dc-link voltage as well as the half-bridge output
voltage and current during the switching-on transient. The
placement of film capacitors is very important in voltage
surge suppression. The closer the film capacitor to the
switching component, the lower will be the surge amplitude
due to the lower value of parasitic inductance produced.

The type of capacitor used is also very important. A film
capacitor can be used to suppress the surge owing to its low
value of ESR. The surge itself is caused by the parasitic in-
ductance and the high switching frequency. The parasitic in-
ductance depends on the conductor length used in the dc link.

Besides the conductor length, the shape of the conduc-
tion path also influences the severity of the parasitic induc-
tance effect. Consequently, during the design of the printed
circuit board layout, efforts must be made so that the power
lines connecting the dc-link components are designed as
straight as possible.

Very often long dc-link paths have to be considered
because the large dimensions of the dc-link capacitor make
it difficult to place it close to the switching components.
Considering that many factors are influencing in the occur-
rence of voltage spikes, a trade-off is challenging to do during
application designs.

In general, the simulation and experiment results empha-
size the importance of the correct choice of de-link capacitor
type and size as well as its associated placement on the circuit
board layout. Optimization of all these factors needs more
elaborate investigation and development.

7. Conclusions

1. The use of either Si-IGBT or SiC-MOSFET as the
switching components in a half-bridge inverter has the po-
tential to produce a voltage surge in the dc link. The sharp
change in voltage can be attributed to the stray inductance
related to the components. The use of SIC-MOSFET produ-
ces a smaller difference between the dec-link voltage and the
inverter output voltage, meaning lower losses.

2. The role of the capacitor in the dc-link may help to
reduce the severity of voltage surge, however, the right choice
of capacitor type influences the surge suppression efforts. An
electrolytic capacitor is the right choice for the de-link of a Si-
IGBT half-bridge inverter, whereas a film capacitor is a right
choice for the dc-link of a SIiC-MOSFET half-bridge inverter.

3. The gate resistor influences more the decrease of the
switching or transition time of the SiC-MOSFET. Its influ-
ence on the voltage ringing occurrence is quite insignificant,
although observable on the dc-link voltage.

4. Simulation on the characteristics of voltage surge brings
benefits before the device realization. Experiment results con-
firm the benefit of voltage-surge suppression using a film ca-
pacitor in the de-link of a SiIC-MOSFET half-bridge inverter.

5. The occurrence of parasitic inductance is also influ-
enced by capacitor placement in the circuit board of the de-
vice. The parasitic inductance can be lowered by putting the
film capacitor as close as possible to the switching component.
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