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Comparison of the performance of Si, SiC, and GaN based switching elements  

in high gain DC-DC boost converter 
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In this study, Si, SiC, and GaN based semiconductor switching elements to be used in the design of new generation high gain 

DC-DC converters are compared. Each switching element is tested at different frequencies and different pulse period ratios. 

The efficiency and output voltage of the high gain boost converter are analyzed in detail according to the switching element 

used. The amplifiers have been investigated at 50 kHz and 5 MHz switching frequencies. The results show that the converter 

using GaN-based MOSFET is more efficient than converters using other MOSFETs and reaches the highest efficiency at 200 

kHz switching frequency. The proposed converter achieves 91.68% efficiency and 2.66 voltage gain at 0.3 pulse period rate, 

94% efficiency and 3.78 voltage gain at 0.5 pulse period rate and 93.94% efficiency, and 6.33 voltage gain at 0.7 pulse period 

rate. Thus, it is understood that when GaN based MOSFETs are used in high gain DC-DC converters, higher gain and higher 

efficiency are achieved. 
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1 Introduction 

Today, energy efficiency has become a critical factor 

in the design of electronic power conversion systems. 

High gain boost DC-DC converters have a wide range of 

applications to improve energy efficiency and utilize 

power supplies more efficiently [1]. The switching 

elements determine the performance of these converters. 

In addition to the traditional Silicon (Si) material, Silicon 

Carbide (SiC) and Gallium Nitride (GaN) based 

switching elements have recently become the focus of 

designers [2]. The limitations of silicon-based switching 

elements can limit energy efficiency, especially in 

applications with high power density and fast switching 

requirements. SiC and GaN based switching elements 

are notable for their high frequency operation and low 

switching losses. These switching elements improve 

energy efficiency due to their low conductor resistance. 

Therefore, the selection of switching elements plays  

a significant role in determining the performance of  

DC-DC converters. Electric vehicle (EV) technologies 

are becoming increasingly important as an environ-

mentally friendly and sustainable transportation 

alternative. An important component for these vehicles 

to be more efficient and more performant is a high gain 

converter [3]. High gain converters increase the 

efficiency of the energy storage system in an EV. 

Offering a constant voltage level, the energy storage 

system allows the EV to reach the power level it needs 

thanks to a high gain converter. In addition, bi-

directional converters provide regenerative braking for 

EVs [4]. 

Recently, there have been many studies on the design 

of high gain converters for EVs with semiconductor 

switching elements such as Si, SiC, and GaN. Aaron et 

al. have tested GaN based switching elements on a buck 

DC-DC converter [5]. Zhang et al. tested SiC MOSFET 

elements on different converter topologies. They 

discussed the advantages and disadvantages of SiC 

MOSFET in the study [6]. Chou et al. investigated the 

losses of SiC MOSFET and IGBT switching elements 

used in the drive circuit of an EV [7]. Nelson et al. 

analyzed the static behaviour of SiC MOSFET using the 

finite element method [8]. In other studies, Si and SiC 

based switching elements have been tested and analyzed 

in different circuit topologies [9-11]. Chen et al. tested 

GaN and SiC-based switching elements on AC-DC 

converters [12]. K. Kavin et al. designed a DC-DC 

converter for the drive system of an EV with a brushless 

DC motor. The proposed converter was found to be 

about 2-3% more efficient than other converters [13].  

H. Khalid et al. designed a high gain DC-DC converter 

for EV applications. The designed converter was found 

to operate in the efficiency range of 88% to 96% at 

different pulse period ratios [14]. S. Devi et al. compared 

the performance of quasi-impedance source inverters 

(qZSI) using Si, SiC, and GaN semiconductor materials. 

In the study, these three different semiconductors have 

been evaluated according to performance criteria such as 

efficiency, switch losses, voltage, and current stress. 

According to the results, GaN-based qZSI has the 

highest efficiency of 95.05%, while Si-based qZSI has 

the lowest efficiency of 90.34% [15]. 
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The increasing demand for sustainable and efficient 

energy systems drives the need for advanced high gain 

converters, which in turn necessitates the evaluation and 

optimization of various semiconductor materials. This 

study aims to address these needs by comparing the 

performance of Si, SiC and GaN MOSFETs in high gain 

DC-DC converters, providing insights that can guide 

future design and development in this critical area. 

In this study, the performance of the widely used Si 

MOSFET and the newer technology SiC and GaN 

MOSFETs are compared on the high efficiency and high 

gain new generation boost converter topology. The 

effect of each switching element on the efficiency and 

output voltage of the boost converter has been analyzed. 

All analyses have been performed in the range from 

50 kHz to 5 MHz and in the base temperature condition. 

The results show that Si MOSFETs are less efficient at 

high frequencies, while SiC and GaN MOSFETs are 

more efficient at high frequencies. The boost converter 

operates at 200 kHz and 0.7 pulse period ratio with 

93.94% efficiency and 6.33 voltage gain. The study 

reveals that GaN based MOSFETs operate with higher 

efficiency than Si and SiC MOSFETs at all frequencies. 

 

2 The design of a high gain boost converter 

Nowadays, increasing energy demand and limited 

energy resources encourage more efficient use of 

energy. High gain boost converters offer an important 

solution for electrical energy conversion [16]. These 

converters provide the required level of voltage by 

converting energy from low voltage sources to high 

voltages with high efficiency. This situation not only 

increases the efficiency of energy systems but also 

promotes sustainable energy use. In this study, a high 

gain high efficiency DC-DC converter topology has 

been used [17]. This high gain topology is particularly 

useful for the different speed levels of light electric 

vehicles, charging systems with fast charging, and 

regenerative braking. 

 

2.1 Topology of high gain boost converter 

The circuit structure of the high gain boost converter 

is shown in Fig. 1. As can be seen from Fig. 1, the 

proposed converter includes a switching element, 

transformer, inductance, capacitance, diode, and load 

resistor. The specifications of the elements used in the 

circuit are shown in Table 1. 

 

 

Fig. 1. High gain boost converter equivalent circuit 

 

Table 1. Specifications of the high gain boost 

converter 

Parameter Value 

Input voltage (V) 20 

Output voltage (V) 126.5 

Frequency (kHz) 200 

Input power (W) 193.6 

Output power (W) 181.86 

Efficiency (%) 93.94 

 

All the components shown in Fig. 1 are ideal and the 

parameters generating parasitic effects have been 

neglected. In the first stage (𝑡0 < 𝑡 < 𝑡1), D3 and S 

switch are on. 𝑉𝑖𝑛, magnetization 𝐿𝑚, and leakage 𝐿𝑘 

inductances have been charged. Capacitor C3 is also 

charged from the secondary side of the transformer 𝑁𝑠. 

Capacitor C0 transfers energy to the output load. Then 

(𝑡1 < 𝑡 < 𝑡2), D2 and switch S are on. Capacitor C1 is 

charged by 𝑁𝑠, and C2. Capacitor C0 transfers energy to 

the output load. Then (𝑡2 < 𝑡 < 𝑡3), switch S is closed. 

Diodes D1, D2 and D4 are open. Capacitor C2 is 

charged. Capacitors C1 and C3 transfer energy to the 

output load. Then (𝑡3 < 𝑡 < 𝑡4), switch S is closed. 

Diodes D1, D3 and D4 are open. Capacitors C1 and C3 

transfer energy to the output load. At the final (𝑡4 < 𝑡 <
𝑡5), switch S is closed. Diodes D3 and D4 are in the open 

state. Capacitor C3 transfers energy to the output load. 

The S switch is turned on. Figure 2 shows the operating 

state of the proposed converter consisting of five stages. 

When the leakage inductance is neglected and depending 

on the operating stage, these equations are shown in 

Eqns. (1 to 7). Here, 𝑛 and 𝐷 represent the transformer 

conversion ratio and pulse period ratio, respectively. 
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𝑉𝑙𝑚 = 𝑉𝑖𝑛                                  for  {𝑡1 < 𝑡 < 𝑡2} (1) 

𝑉𝐶1 = 𝑉𝐶2 + 𝑛 ∙ 𝑉𝑙𝑚               for  {𝑡1 < 𝑡 < 𝑡2} (2) 

𝑉𝑙𝑚 = −
𝑉𝐶3

𝑛
= 𝑉𝑖𝑛 − 𝑉𝐶2      for {𝑡3 < 𝑡 < 𝑡5} 

(3) 

𝑉𝑜 = 𝑉𝐶1 + 𝑉𝐶2 + 𝑉𝐶3             for  {𝑡3 < 𝑡 < 𝑡4} (4) 

𝑉𝑜 = 𝑉𝐶1 + 𝑉𝑖𝑛 + 𝑉𝐶3 − 𝑉𝑙𝑚  for  {𝑡4 < 𝑡 < 𝑡5} (5) 

𝑉𝐶1 =
(1 + 𝑛 − 𝑛𝐷)𝑉𝑖𝑛

1 − 𝐷
         𝑉𝐶2 =

𝑉𝑖𝑛

1 − 𝐷
  

(6) 

𝑉𝐶3 =
𝑛𝐷𝑉𝑖𝑛

1 − 𝐷
                             𝑉0 =

(𝑛 + 2)𝑉𝑖𝑛

1 − 𝐷
 

(7) 

 

 

 

Fig. 2. Typical three-shunt sensing inverter operation stages of a high gain boost converter in sequential 

time ranges: (A) 𝑡0 < 𝑡 < 𝑡1,   (B) 𝑡1 < 𝑡 < 𝑡2,   (C) 𝑡2 < 𝑡 < 𝑡3,   (D) 𝑡3 < 𝑡 < 𝑡4,   (E) 𝑡4 < 𝑡 < 𝑡5  

 

2.2 Structures of Si, SiC, and GaN based switching 

elements 

In power electronics applications, switching elements 

have great importance. Si based switching elements have 

been used for many years. Nowadays, wide bandgap 

materials such as SiC and GaN have been developed to 

achieve high performance and energy efficiency targets 

[18]. Si has the disadvantage of energy losses and 

temperature resistance [19]. SiC has a wide band gap and 

high electron mobility. Thus, it has the potential to 

operate at high temperatures and efficiently [20]. GaN 

has high electron mobility and high carrier density. This 

ensures that GaN based switching elements operate with 
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high efficiency at high frequencies [21]. In Fig. 3, Si, 

SiC, and GaN materials have been compared. 

As seen in Fig. 3, GaN based MOSFETs appear to be 

superior in all parameters except thermal conductivity. 

The highest thermal conductivity has been observed in 

SiC based MOSFETs [22].  

While determining the Si, SiC, and GaN based 

MOSFETs to be used in the study, their output currents 

and current production status in the market have been 

taken into consideration. In these criteria, three different 

MOSFET structures have been selected. Table 2 shows 

the properties of the selected MOSFETs. 

 

 

Fig. 3. Comparison of Si, SiC, and GaN material 

properties [22] 

 

Table 2. Characteristics of the selected MOSFETs 

Specifications IRFP460 SCT20N120AG GNP1070TC-Z 

Material Si SiC GaN 

Highest 𝑉𝐷𝑆 voltage (V) 500 1200 650 

𝐼𝐷 current (A) 20 20 20 

Highest 𝐼𝐷 current (A) 80 45 66 

Statik drain resistor 𝑅𝐷𝑠(𝑜𝑛) (Ω) 0.27 0.189 0.07 

Input capacitance 𝐶𝑖𝑠𝑠 (pF) 4200 650 200 

Output capacitance 𝐶𝑜𝑠𝑠 (pF) 500 65 70 

Reverse transfer capacitance 𝐶𝑟𝑠𝑠 (pF) 50 14 0.6 

 

 

3 Performance of Si, SiC, and GaN MOSFETs 

in boost converter 

The proposed converter is analyzed using three different 

switching elements with characteristics shown in Table 

2. In the first stage, the pulse period ratio D of the 

converter has been selected as 0.5 and the effect of 

frequency on the converter efficiency has been analyzed. 

In the next stage, the frequency value at which the 

highest efficiency has been obtained is kept constant and 

the effect of the pulse period ratio on the converter is 

observed. The boost converter circuit used in the study 

is shown in Fig. 4. 

 

Fig. 4. Simulation circuit observing the effect of Si, SiC, and GaN MOSFETs on the performance of the converter 
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Si, SiC, and GaN-based MOSFETs are used as 

switching elements of the circuit. The efficiency and 

output voltage of the system have been analyzed by 

varying the frequency and pulse period ratio. The results 

obtained are shown in Figs. 5 to 7. Figure 5 shows how 

Si, SiC, and GaN MOSFETs affect the efficiency of the 

converter in the frequency range from 50 kHz to 5Mhz. 

The graph is shown logarithmically. As seen in Fig. 5, 

the converter efficiency is highest at 200 kHz. At this 

frequency, the efficiency of the GaN-based MOSFET is 

94%, while the efficiency of the Si and SiC-based 

MOSFETs are 93.54% and 93.67%, respectively. In 

addition, the highest efficiency has been obtained at all 

frequencies when GaN MOSFETs are used. In the next 

step, the effect of Si, SiC, and GaN MOSFETs on the 

efficiency of the converter according to the pulse period 

ratio has been analyzed by keeping 200 kHz. Figures 

(6,7) show the efficiency and output voltage of the 

converter according to the pulse period ratio. All 

MOSFET types have been reached the highest efficiency 

at 0.5 pulse period ratio.  

 

 

Fig. 5. Effect of Si, SiC, and GaN MOSFETs on converter efficiency according to frequency 

 

 

 

Fig. 6. Effect of Si, SiC and GaN MOSFETs on converter efficiency according to pulse period rate 
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Fig. 7. Effect of Si, SiC and GaN MOSFETs on the output voltage of the converter according to pulse period rate 

 

When Figs. 6 and 7 are evaluated, it is seen that better 

results are achieved in both converter efficiency and 

converter output voltage with GaN based MOSFETs. 

The fact that GaN-based MOSFETs have lower internal 

resistance and operate in a higher bandwidth compared 

to other MOSFET types provides high efficiency and 

relatively high output voltage. 

 

4 Conclusion 

In this study, the effects of three different switching 

elements used in high gain boost converters on converter 

performance are compared. Si MOSFETs, which are 

widely used in power electronics applications, and SiC 

and GaN MOSFETs, which are recent technologies, are 

chosen as the switching elements to be compared. The 

selected MOSFETs are tested in a high gain boost 

converter. For this purpose, the switching frequency of 

each MOSFET has been varied in the range of 50 kHz-

5MHz and the efficiency of the converter has been 

observed. According to the results, the highest efficiency 

has been obtained at 200 kHz for all MOSFET types. In 

the next step, the switching frequency for the converter 

has been fixed at 200 kHz and the effect of the pulse 

period ratio on the converter efficiency and output 

voltage has been investigated. In the designed converter, 

94% efficiency and 3.79% voltage gain have been 

reached by using a GaN based MOSFET with a pulse 

period ratio of 0.5. For Si and SiC MOSFETs, the 

efficiency is 93.54% and 93.67%, respectively, and the 

voltage gain is 3.77 and 3.78, respectively. When the 

pulse period ratio is 0.7, the efficiency of the converter 

using GaN based MOSFETs is 93.94% and the voltage 

gain is 6.33. These values are 93.32 and 6.3% for Si, 

93.64 and 6.31% for SiC, respectively. The results 

revealed that GaN based MOSFETs have higher 

efficiency and voltage gain than Si and SiC based 

MOSFETs at all frequencies and pulse period ratios. 
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