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Abstract: With the expansion of renewable energy sources worldwide, the need for developing
more economical and more efficient converters that can operate on a high frequency with minimal
switching and conduction losses has been increased. In power electronic converters, achieving high
efficiency is one of the most challenging targets to achieve. The utilization of wideband switches can
achieve this goal but add additional cost to the system. LLC resonant converters are widely used in
different applications of renewable energy systems, i.e., PV, wind, hydro and geothermal, etc. This
type of converter has more benefits than the other converters such as high electrical isolation, high
power density, low EMI, and high efficiency. In this paper, a comparison between silicon carbide
(SiC) MOSFET and silicon (Si) MOSFET switches was made, by considering a 3KW half-bridge
LLC converter with a wide range of input voltage. The switching losses and conduction losses
were analyzed through mathematical calculations, and their authenticity was validated with the
help of software simulations in PSIM. The results show that silicon carbide (SiC) MOSFETs can
work more efficiently, as compared with silicon (Si) MOSFETs in high-frequency power applications.
However, in low-voltage and low-power applications, Si MOSFETs are still preferable due to their
low-cost advantage.

Keywords: Si MOSFET; SiC MOSFET; switching losses; LLC resonant converter

1. Introduction

DC–DC converters play vital roles in various applications such as microgrids, electrical
vehicles, fast battery charging systems, etc. Efficiency is a key factor in the selection and
designing of converters. A mostly commercially available converter is based on silicon
devices. Theoretically, silicon (Si)-based switches have some limitations; in particular, their
power density and efficiency cannot be improved up to some extent [1]. In the literature,
different types of converter topologies have been introduced to minimize losses, which
lead to an increase in the number of switches and the overall complexity of the system [2].
The wide bandgap-switching devices such as silicon carbide (SiC) switches can perform
more efficiently in high-frequency, high-power-density, and high-voltage applications, as
compared with Si switches [3].

Based on switching techniques, converters are classified into two types, i.e., hard
switching and soft switching. Hard-switching converters (e.g., buck converter, boost
converters, etc.) have less efficiency in high switching frequency due to high switching
losses [4]. However, resonant converters are based on the soft-switching technique, which
allows the operation at maximum switching frequency with low switching losses [5]. In
the literature, various topologies of resonant converters have been presented for various
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applications of which LLC converters are most popular [6]. A half-bridge LLC-based
resonant converter allows switches to operate in a wide power range with zero voltage
switching (ZVS) and zero current switching (ZCS) [7,8].

In this paper, a half-bridge LLC resonant converter with silicon (Si) MOSFET was
compared with a model having a silicon MOSFET. Simulation software PSIM was used for
simulation and calculation of conduction losses and switching losses. Both models were
compared on a wide range of input voltage. Conduction losses and switching losses were
calculated under different loads.

2. LLC Resonant Converter

The topology proposed is “half-bridge LLC resonant converter”, which is shown in
Figure 1. Parameters of designed HB LLC resonant converter is shown in Table 1. This type
of converter consists of two switches. Each switch works in half cycle, with a duty cycle of
0.5. The proposed circuit consists of a resonant circuit that contains an inductor, capacitor,
and high-frequency transformer.
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Figure 1. PSIM simulation model of half-bridge LLC resonant converter.

Table 1. Specification of HB LLC resonant converter.

Parameter Value Unit

Power Pout 3 kW
Output Voltage Vout 400 V

Input Voltage Vin 300 V
Switching Frequency f sw 100 kHz

Resonant Capacitor Cr 233 nF
Magnetizing Inductance Lm 38.03 uH

Resonant Inductance Lr 10.07 uH

In this paper, a 3 KW half-bridge LLC resonant converter was modeled for silicon
carbide (SiC) MOSFET (SCT3080KL) and silicon (Si) MOSFET (STW45NM50) to analyze
their performance. The converter was designed using and controlled using the frequency
modulation technique. In the frequency modulation technique, the output voltage is
controlled by changing frequency.

3. Mathematical Modeling

Calculation of losses across MOSFET in half-bridge LLC resonant converter.
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Conduction losses across one MOSFET are determined as follows:

Pcond = Irms2 ∗ Rd ∗ Duty cycle (1)

Switching losses across one MOSFET are calculated as follows:

Psw =

(
Vin

2

)
∗ Ipeak∗ to f f ∗ f sw (2)

Total losses in all the MOSFETS will thus be,

Ptotal = 2 ∗ (Pcond + Psw) (3)

where the silicon SiC MOSFET–SCT3080KL was used in one model, while Si MOSFET–
STW45NM50 was used in the other model. Table 2 shows the summarized mathematical
results of both models.

Table 2. Loss comparison of SiC and Si MOSFETs.

Model SCT3080KL STW45NM50

Irms 22.2 22.2
Ipeak 28.28 28.28

Pcond [W] 19.7 19.7
Psw [W] 5.0904 5.3117

Ptotal [W] 49.5808 50.22

4. Simulations and Results

Figure 2a shows the efficiency analysis of silicon and silicon (Si) carbide (SiC) switches
for different loads. Analysis shows that at load 25%, the load efficiency of the converter
with silicon MOSFET is much lower than converter with SiC MOSFETs. Figure 2b shows
efficiency analysis for change in input voltage. At nominal voltage, efficiency is maximum.
As voltage increases from nominal voltage, efficiency decreases.
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Loss comparisons of SiC and SiC at full and half load are shown in Figure 3a,b,
which shows that switching losses and conduction losses in SiC MOSFETs are less than Si
MOSFETs. Silicon carbide (SiC) MOSFET works more efficiently than silicon (Si) MOSFET.
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Figure 3. (a) Loss comparison of SiC and Si at full load; (b) loss comparison of SiC and Si at 50% load.

Figure 4a,b show switching and conduction losses of Silicon and Silicon Carbide
MOSFETs at different input voltages, respectively. Results show that switching losses
increases with an increase in input Voltage. At low voltage Conduction loss is maximum.
Results show that switching losses of Silicon Carbide SiC MOSFETs is much lower than
Silicon MOSFETs.
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5. Conclusions

In this paper, a half-bridge LLC converter was designed for silicon (STW45NM50)
and silicon carbide (SCT3080KL) MOSFETs. Properties of silicon and silicon carbide
were compared for the 3 kW half-bridge LLC resonant converter. Switching losses and
conduction losses were simulated in PSIM. Results were compared for a wide range of
input voltage, switching frequency, and power. The results show that silicon carbide
(SiC) MOSFET can work more efficiently, as compared with Silicon (Si) MOSFETs, in high-
frequency power applications. However, in low-voltage and low-power applications, Si
MOSFETs are still preferable due to their low-cost advantage.
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