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Abstract— Since IGBTs are used for switching in  two 

quadrant converter (100 V/ 50 A) but because of high DC 

output current i.e. 50 A, it exhibits switching losses more so, 

size of heat sink increases and as a result size of the SMPS 

also increases. Since IGBTs has slow switching 

characteristics which effects the performance as well. 

Therefore, SiC MOSFET exhibits low on state resistant area 

even at high temperature as compared with IGBT and also 

can be used for switching purpose while designing two 

quadrant converter with bipolar voltage switching which 

decreases the switching time and as a result, frequency of the 

two quadrant converter increases and hence, size of the choke 

used in the filter circuit reduces because as frequency 

increases, inductance decreases and due to which, the size of 

the two quadrant converter circuit reduces and efficiency 

increases. 
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I. INTRODUCTION 

In the low to medium power range, a dc source of supply is 

often required which contains negligible ripple which can be 

controlled in magnitude. For this application, switched mode 

power supplies (SMPS) circuits are used which is an 

electronic circuit that convert power using switching devices 

that are turned on and off at high frequencies, and storage 

components such as inductors or capacitors to supply power 

when the switching device is in its non-conduction state. An 

SMPS is based on dc chopper with a rectified and possibly 

transformed output. The output voltage amplitude is 

controlled by varying the duty ratio of the chopper. This may 

be achieved by means of pulse width modulation (PWM) or 

frequency variation with constant pulse width, PWM is 

commonly used. Basically SMPS is a device in which energy 

conversion and regulation is provided by power 

semiconductors that are continuously switching “on” and 

“off” with high frequency. 

DC-DC converter is a type of switched mode power 

supply that converts one voltage level of DC to another level 

of DC i.e. stepping up or stepping down or both. DC to DC 

converter is very much needed nowadays as many industrial 

applications are dependent upon DC voltage source. The 

performance of these applications will be improved if we use 

a variable DC supply. It will help to improve controllability 

of the equipments also. The primary power received from AC 

main is rectified and filtered as DC input. It is then switched 

at a high frequency and fed to the primary side of the step-

down transformer. The step-down transformer is only a 

fraction of the size of a comparable 50 Hz unit thus relieving 

the size and weight problems. We have the filtered and 

rectified output at the secondary side of the transformer. It is 

now sent to the output of the power supply. A sample of this 

output is sent back to the switch to control the output voltage. 

A. Type D Chopper 

Type D Chopper is a type of DC-DC Converter and also 

known as Class D Converter. The circuit diagram of Type D 

chopper as shown in fig. 1 followed by its mode of operations 

as shown in fig. 2 and its waveforms as shown fig. 3 and 4. 

When the two switches S1 and S2 are on, then the output 

voltage V0 will be equal to Vi. When V0 = –Vi, the two 

switches will be off but both the diodes D1 and D2 will start 

conducting. The average output voltage V0 will be positive 

when the switches S1 S2 turn on, then the time ton will be more 

than the turn off time toff as shown in the wave form below. 

As the diodes and switches conduct current only in one 

direction, therefore the direction of load current will be 

always positive. The power flows from source to load as the 

average values of both V0 and I0 is positive.  From 

the waveform it is seen that the average value of V0 is 

positive thus the fourth quadrant operation of type D 

converter is obtained. 

 
Fig. 1: Type D Chopper Circuit 

 
Fig. 2: Mode of Operations of Type D Chopper 

 
Fig. 3: Waveform of Type D Chopper when both switches 

S1 and S2 are turned on (ton > toff) 

https://www.electrical4u.com/ideal-dependent-independent-voltage-current-source/
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Fig. 4: Waveform of Type D Chopper when both switches 

S1 and S2 are turned off (toff > ton) 

II. SIC MOSFET 

The trend in power electronics is to reach major power 

density, higher efficiency, and reliability. In this regard, the 

power device should be able to work at high frequency with 

low total losses and work in higher temperature. Nowadays, 

studies have shown the advantages of wide band-gap power 

devices in comparison with silicon devices. The new progress 

in power devices technology establishes that silicon carbide 

(SiC) technology is the solution for the needs faced by power 

converters nowadays. The SiC DMOSFET, designated 

CMF20120D, allows blocking voltages up to 1200V. Its 

consistency of performance characteristics across operating 

conditions, along with a true enhancement mode MOSFET 

architecture (normally-off), makes it well-suited for power 

electronics switching circuits. Compared with available 

silicon MOSFET or IGBT devices of similar ratings, the 

CMF20120D has the lowest gate drive energy (QG <100nC) 

across the recommended input voltage range. Plus, 

minimized conduction losses produce a forward drop (VF) of 

< 2V at 20A. The SiC MOSFET reduces switches losses 

compared with silicon MOSFETs and IGBTs. One reason is 

that the high voltage SiC MOSFET does not have the tail 

current losses found with IGBTs. In addition, the SiC 

MOSFET's high current density and small die size results in 

lower capacitance than with silicon MOSFETs. 

 
Fig. 5: SiC MOSFET 

This SiC MOSFET offers advantages over 

conventional silicon devices, enabling high system efficiency 

and/or reduced system size, weight and cost through its 

higher frequency operation. Compared to the best silicon 

IGBTs, the SiC device will improve system efficiency up to 

2% and operate at 2-5 times the switching frequencies. 

Higher component efficiency also results in lower operating 

temperatures. 

Although this SiC MOSFET has removed the upper 

voltage limit of silicon MOSFETs there are some differences 

in characteristics when compared to what is usually expected 

with high voltage silicon MOSFETs. These differences need 

to be carefully addressed to get maximum benefit from the 

SiC MOSFET. In general, the SiC MOSFET is a superior 

switch compared with its silicon counterparts, but it should 

not be considered as a direct drop-in replacement in existing 

applications. 

Among the SiC MOSFET advantages over silicon 

devices is an Rds (on state) improvement. Generally, in SiC 

MOSFET, Rds (on state) increases only 20% over operating 

temperature compared with over 250% for 1200V silicon 

MOSFETs. The flatness of the SiC MOSFET Rds (on state) 

curve eases the design of high efficiency applications. It also 

ensures reliable system thermal performance. In addition, the 

SiC MOSFET's positive temperature coefficient allows easy 

paralleling to obtain higher operating currents. 

It possesses many favorable properties making it 

useful for high-temperature, high-frequency and high-power 

applications, including: 

 Wide bandgap 

 Higher thermal conductivity 

 High breakdown electric field strength (about 10X of Si) 

 High saturated drift velocity (higher than GaAs) 

 High thermal stability 

 Chemical inertness 

These properties allow a high power device to block 

several kilovolts in the blocking mode and conduct high 

currents in the conducting mode. Typical switching devices 

with these characteristics are conventional silicon MOSFETs 

and IGBTs. 

A major advantage of SiC-based switching devices 

is operation in hostile environments (600°C) where 

conventional silicon-based electronics cannot function. 

Silicon carbide's ability to function in high temperature, high 

power, and high radiation conditions will enable large 

performance enhancements to a wide variety of systems and 

applications. For example, SiC's high-temperature high-

power capabilities can benefit aircraft, automotive, 

communications, power, and spacecraft applications. 

III. IGBT VS SIC MOSFET 

When IGBTs are used as switches in Two Quadrant 

Converter then, following losses occurs which are as follows: 

Since the voltage and current ratings of two quadrant 

converter is 100V/50A. Therefore, 

VCE = 100V and, IC = 50A 

Since, Conduction Loss, Pcond = VCEsat × Ic(avg) 

Pcond = 3 × 50 

Pcond = 150 W 

A. Switching Loss, 

Psw(off) = 
1

2
× VCE × IC × fsw × td(off) × N 

Psw(off)   = 
1

2
 × 100 × 50 × 25000 × 600 × 10-6 × 2 

Psw(off) = 75W 

B. Switching Loss 

Psw(on) = 
1

2
× VCE × IC × fsw × td(on) × N 

Psw(on)   = 
1

2
 × 100 × 50 × 25000 × 60 × 10-9 × 2 
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Psw(on) = 7.5W 

C. Capacitance Loss 

Pc = 
1

2
 C × VCE

2 

Pc = 
1

2
  × 0.8 × 10-9 × 1002 

Pc = 4 × 10-6 J 

Since, D = ton/ton+ toff and taking switching 

frequency as 25kHz hence, ton= 30 us, toff = 10us and Ts = ton+ 

toff = 40us 

Lcf = 
Vic(2D−1)D × Ts

∆I
 

Lcf =  
100(2(0.75)−1)0.75 × 40 ×10−6

10
 

(Taking ΔI = 20% of output current) 

Lcf = 165 × 10-6 H 

Ccf = 
∆I

16 × 𝑓𝑟𝑖𝑝  × ∆V 
 

(Taking ΔV = 10% of output voltage) 

Ccf = 
10

16 × 50000× 10 
 

(Ripple frequency, frip = twice of fsw) 

Ccf = 1.25 × 10-6 F 

𝜔𝑐 =  
1

2𝜋√𝐿 × 𝐶
 

(Where, 𝜔𝑐=corner frequency) 

𝜔𝑐 = 
1

2𝜋√165 ×10−6 × 1.25 × 10−6
 

𝜔𝑐 = 11082.12 rad/sec 

Therefore, corner frequency in Hz, fc = 
𝜔𝑐

2π
 

(Since, ω = 2πf) 

fc = 
11082.12

2π
 

fc   = 1.763 kHz. 

This shows that when IGBTs are used as switches in 

Two Quadrant Converter then two large Heat Sinks are 

required which may be responsible for the increasing the size 

of the Two Quadrant Converter. Hence if SiC MOSFET are 

used in place of IGBTs then due to low on-state resistance 

area as compared with IGBTs, it possesses reduced switching 

losses because of the faster characteristics as well as it can 

operate upto 100 kHz which also reduces inductance of the 

choke as well as its size respectively. 

Thus the switching losses of SiC MOSFET in Two 

Quadrant Converter will be approx. 1.6 W which may not 

require external heat sink too. Hence the Two Quadrant 

Converter can be optimized as far as size, performance and 

its efficiency are concerned and also this type of converter 

will be the best in class for the characterization of inductors. 

REFERENCES 

[1] Fang Lin Luo, Lan Jin, “Two-quadrant DC/DC soft-

switching converter”, IEEE Transactions on Power 

Electronics, Vol. 1, August 2002, pp. 173-178. 

[2] Alok Singh, Mangesh Borage, Sunil Tiwari, A.C. 

Thakurta, “Two-Quadrant Power Supply for Fast 

Current Ramping Application”, IEEE International 

Conference on Power Electronics, Drives and Energy 

Systems (PEDES), 2014, pp. 1-5. 

[3] Andrey V. Mezhiba, Eby G. Friedman, “Variation of 

Inductance with Frequency in High Performance Power 

distribution grids”, 15th Annual IEEE International 

ASIC/SOC Conference, 2002, pp. 421-425. 

[4] Helong Li, Stig Munk-Nielsen, “Detail Study of SiC 

MOSFET Switching Characteristics”, 2014 IEEE 5th 

International Symposium on Power Electronics for 

Distributed Generation Systems (PEDG), 24-27 June 

2014. 

[5] Trinadh Mathe and K. Narsimha Raju, “Comparitive 

Loss Evaluation of Si IGBT Versus Sic Mosfet (Silicon 

Carbide) for 3 Phase Spwm Inverter” Indian Journal of 

Science and Technology, October 2015, Vol. 8(28), pp. 

1-7 


