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Abstract— MOSFET is an electronic device having high 

switching frequency which helps to attain fast operation in any 

circuit. Silicon carbide is a semiconductor having 

extraordinary behavior as compared to Si based 

semiconductor. Hence SiC MOSFET can be used to enhance 

the capability of electronic devices. In this paper, with the help 

of silicon carbide MOSFET, an electric vehicle charger is 

design and compare its result as compared with the silicon 

MOSFET based electric vehicle charger. Only a basic charging 

circuit is discussed here to compare the characteristics.  The 

characteristics of silicon MOSFET and silicon carbide 

MOSFET is discussed and presented with the help of 

MATLAB. 
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I. INTRODUCTION 

Electric Vehicle is upcoming demand of country to 

overcome various issues such as pollution, extinction of 

fossil fuels. Hence various researches are going on to make 

electric vehicle friendlier to life such as effective battery 

design, fast charging capability, low conversion and 

harmonics losses etc. Electric cars, rickshaw, two- wheelers 

are already running on road but having some drawbacks 

which gives it’s usage a kind of limitation. And to overcome 

one of the drawbacks of charging capability, various 

research are going on, and from those research a 

replacement for Silicon semiconductor is made as Silicon 

carbide semiconductor. Hence, by replacing Silicon in 

electronic device, Silicon carbide can be used to enhance the 

capability of high switching devices. SiC is a wide band gap 

semiconductor device which has extra ordinary 

characteristics in comparison with conventional 

semiconductor. Wide band devices are next generation 

efficient power switches, these wideband devices include 

SiC(silicon carbide), GaN(gallium Nitride). In this paper 

SiC WBD are used to enhance the capability of EV charger. 

SiC is having around 10 times of electric field strength than 

silicon on minimal resistance which makes in suitable for 

high charging application, SiC also provide high speed 

operation, PFC(power factor correction), low THD, good 

efficiency which make it suitable of efficient ad fast 

charging application[1]. This Electric vehicle is today’s 

need of transportation to overcome the energy challenges 

across the world but due to barriers in technicality and other 

factors still the acceptance of EV is challenging worldwide 

but as the new policies are coming various countries are 

taking action to encourage citizens among EV uses. Hence 

these charging infrastructure has to be improved and 

problems need to be solved or reduced [2]. In order to offer 

high power with enhanced efficiency while achieving 

dependable and low-cost operation, power converter 

topology design and execution are also crucial Various parts 

of power system such as Generation, transmission and 

distribution are typically not significantly impacted by the 

adoption of EVs; But, EV is need to be managed because it 

can do some changes to current infrastructure as there is a 

sharp increase in load in the distribution system. Hence it 

needs to be managed to avoid such unbalancing to the power 

system [3]. Additionally, damaging harmonics that lower 

power quality can be produced by EV chargers [4]. This 

problem can be reduced using the charger's ac-dc power 

stage's harmonic adjustment technology [5], [6]. EVs having 

large capacity battery with broader driving range which 

leads to the need of energy efficient ev charging station for 

fast charging operations [7]. For an effective charger the 

efficiency, power density, and reliability should be high and 

cost, weight, and volume should be low. In open loop, the 

temperature variation on charging of battery is not taken 

into consideration but if we maintain a particular 

temperature for battery then charging efficiency and battery 

life will be improved. Hence, the closed loop technique's 

charging current is influenced by temperature feedback and 

charging voltage, charging current, and battery state of 

charge are compared between open loop constant 

temperature constant voltage (CC-CV) and close loop 

constant temperature constant voltage (CT-CV) battery 

charging systems (SOC) which shows above stated 

temperature effect on the performance[8]. 
Additionally, THD needs to be extremely low because 

studies in [9]–[10] suggest low power EV chargers, which 
are inappropriate for dc fast charging. The investigations in 
[11], [12] have offered incredibly deep details of circuit 
topologies for AC and DC conversion stage. Additionally, 
[13] provides an excellent overview of solid-state 
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transformer-based medium voltage ultra-fast EV chargers. 
Control mechanisms, however, are not covered. 

A. Types of EV Charging 

There are two types of charging AC charging and DC 
charging on the basis of supply. AC charging is possible at 
home, offices, and almost all the public places. For this type 
of charging all the converging system has to be installed in 
vehicle itself, hence such type of charger called on-board 
chargers. And on the other side DC charging based charger 
are off-board chargers because the system require for this 
charging method is bulky and of very high voltage which 
makes it impossible to install in the vehicle. Basically the EV 
charging station has this type of charging method so that they 
can provide ultra fast charging. Dc charging also lightens up 
the vehicle and DC ultra fast charging can fully charged EV 
in 10 min with the power rating of 400kW or higher [14]. 
However, this substantial increase in the amount of power to 
charge the battery raises challenges and research in charging 
infrastructure, battery performance and its reliability. 

II. TOPOLOGY OF EV CHARGING 

EV’s are divided into 3 categories i.e. Battery electric 
vehicles (BEV), hybrid electric vehicles (HEV) and plug-in 
hybrid electric vehicles (PHEV) [18].  BEV’s vehicles need a 
charging station facility to operate which charge both by 
wired technology and wireless technology.  Conducted, 
inductive, and wireless charging are all possible types of 
charging; in which wireless and inductive charging still need 
more research to work on them physical [15], [16].  

The first stage where the battery charging process starts 
with a rectifier in dc charging circuit. In this stage, rectifier is 
used to convert ac to dc and here main goal is to take a 
rectifier which is suitable and provide best results with low 
harmonics content, inductor is add in series to reduce the 
harmonics and boost the voltage hence by concluding a three 
phase boost type rectifier is used here for this type of 
charging as discussed. 

A. AC-DC Conversion stage 

This type of rectifier is perfect for Ac to dc conversion 

stage because it offers low THD, less number of switches, 

high efficiency and also high power density [17], [18]. It is a 

full wave rectifier which helps to attain the distortion less 

DC from the output. It has inductor connected in series with 

the circuit which helps to reduce the harmonics and also 

helps to boost the voltage in the circuit [19], [20]. 

B. DC Conversion stage 

This stage is directly connected to vehicle and due to 
high power flow electric vehicle needed to be protected. 
Hence, isolation of this converter is important. Although as 
discussed an isolated converter perfect to include in this 
circuit but here for the purpose of simplicity, non isolated 
stage is used to show the main comparison among the 
electronic devices. A basic DC buck- boost converter is used 
here to simulate the result.  

In this paper, the main concern in showing the 
comparative behavior of silicon MOSFET and silicon 
carbide MOSFET in overall basic charging circuit. 

III. MATERIAL AND METHODS 

This section shows the basic project work and the material 

chosen for the simulation and also covers the detailed 

explanation on simulation using MATLAB for the silicon 

and silicon carbide based charging model. The values shown 

in the below table I are taken from the existing MOSFET 

[21]. 

TABLE I.  PARAMETER SPECIFICATION FOR SILICON ANS SILICON 

CARBIDE MOSFET 

Parameter SiC MOSFET Si MOSFET 

Static drain - source 
on - state  

resistance, RDS(ON) 

 

0.12 ohm 0.025 ohm 
 

Drain current, ION 10.0 A  
 

6 A 

Gate source voltage, 

Vgs  

18.0 V 

 

10.0 V 

 

Gate threshold voltage 2.4 V 1.7 V 

Input capacitance, 

Ciss  

 

8800 pF  350pF 

Reverse transfer 

capacitance, Crss  

 

28pF 80pF 

Output capacitance, 
Coss  

420pF 0pF 

 

SiC MOSFET provide low switching land conduction 

losses, in addition fast switching capability and low power 

losses which provide better performance as comapared to Si 

MOSFET and thus increase power device performance. 

IV. MATLAB MODEL OF CHARGING TOPOLOGY 

MATLAB based model is presented below for for Silicon 

and Silicon carbide MOSFET based charging system.  

The values of Resistor, indictor, and capacitor are taken 

tentively to show the final result in both cases. 

A 415V of power supply is given to the circuit with 50 Hz 

frequency and minimal internal impedance to predict the 

practical condition. 
Fig. 1. Simulink charging model Silicon and silicon carbide MOSFET 
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V. RESULTS 

N-channel MOSFET characteristics are calculated with the 

help of below MATLAB example by which difference 

between silicon MOSFET and silicon carbide MOSFET. 

 

 
Fig. 2. Simulink model for Silicon and silicon carbide MOSFET 

characteristics 

 
Fig. 3. Silicon MOSFET characteristics 

Fig 3 shows the output characteristics of Silicon 
semiconductor based N- channel MOSFET where by varying 
the gate voltage, drain current and voltage is varied can be 

shown. 

 

Fig. 4. Silicon carbide MOSFET characteristics 

Fig 4 shows the characteristics of Silicon carbide 
semiconductor based N- channel MOSFET where by varying 
the gate voltage, drain current and voltage is varied can be 
shown. 

From the above result  it can be seen that for less the 
Vg=5V, The drain current and  voltage are zero and at 5V, 
the MOSFET shows constant value of current after reaching 
9A drain current. 

 

Fig. 5. Three-phase input supply 

 

Fig. 6. Silicon MOSFET charging model  output 

Fig 5 and Fig 6 shows three phase supply and gate voltage 
respectively in the charging topology model. Gate voltage in 
a single leg is showing above in fig 6. 180 degree phase shift 
will be there in each leg. 

Fig. 7. Silicon MOSFET charging model  output 
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Fig 7 shows the output of silicon MOSFET based charging 
model, where SOC (state of charge), Ibat (Battery current), 
Vbat(Battery voltage), Vrectifier (voltage of rectifier). 

 

Fig. 8. Silicon carbide MOSFET charging model  output 

Fig 8 shows the output of silicon carbide MOSFET based 

charging model, where SOC (state of charge), Ibat (Battery 
current), Vbat(Battery voltage), Vrectifier (voltage of 
rectifier). 

Both the above results calculated in MATLAB, and these 
results shows the difference between silicon and silicon 
carbide MOSFET based charging model. And it can be easily 
identify that the silicon carbide MOSFET based charging 
model gave the better result in comparison with silicon 
MOSFET based charging model. SOC of a battery shows 
detoriation within 3 seconds in Si MOSFET charging model 
where as in SiC MOSFET charging model takes 10 seconds. 
Ibat of a SiC MOSFET based model having low variation in 
comparison with Si MOSFET based model and similar with 
Vbat in both the cases. Vrectifier of a SiC MOSFET based 
model having almost constant variation in comparison with 
Si MOSFET based model where the variation are very high 
fluctuating between +1500 to -1500V. 

VI. CONCLUSION 

 Here, it can be concluded that by using Silicon carbide 
MOSFET charging topology, the battery charging can be 
made more ideal with good efficiency and low harmonics. 
Further, Research can be done on advance charging model 
for the fast charging operation, As this model can’t shows the 
fastest charging operation, so further research can be done on 
this.  
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