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Module-5 

DC-DC Converters: Introduction, principle of step down a chopper with R and RL load; the principle 

of step up chopper with R load, Control strategies, performance parameters, DC-DC converter 

classification.  

Introduction:  

The DC choppers convert the input DC voltage into fixed or variable DC output. The chopper has fixed or variable DC 

input, Vs. And the output Vo is also fixed or variable. Hence DC chopper is also called as dc to dc converter. The output 

Vo can be greater or less than the input. Hence the choppers can be step-down or step-up type. Choppers are used in dc 

traction drives, trolley cars, marine lifts etc. The dc choppers use switching principle. Hence they have high efficiency. The 

dynamic response of choppers is fast due to switching nature of the devices. 

 

Principle of Step-down Operation: 

 

Fig.1 

Fig. 1 shows the circuit diagram of the basic step-down chopper. The switch (sw) can be a power transistor, SCR, GTO, 

power MOSFET, IGBT or similar switching device. Normally the drop in the switch is very small and it is neglected. Fig. 

2 shows the waveforms of the step-down chopper with resistive load. 

 

Chopper Control Techniques: The chopper can be operated as constant frequency or variable frequency. These are also 

called as Time Ratio Control (TRC) techniques. 
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1. Constant frequency operation: The chopper frequency is kept constant. Hence total period T remains constant. Ton and 

Toff both are varied to vary the duty cycle. The advantage is that the filter components are easy to design. operation. Shown 

in fig (a) & (b) 

2. Variable frequency operation: The frequency of the chopper varies when duty cycle is to be varied. When Ton is varied 

Toff is kept constant and vice versa. The filter design is difficult for this type of chopper Ton is kept constant and Toff is 

varied. This also varies 'T'. Shown in fig (c) & (d) 

3. Current limit control: In this type of control, the output current is sensed. When the current exceeds iO(max), the chopper 

is turned off; when output current reduces below io(min), the chopper is turned on. Fig. (e) and (f) shows the waveforms 

for this operation. 

 

(i) To obtain vo(av): 
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Step-down Chopper with RL Load:  

Choppers are used to drive the DC motors. These motors are 

considered as RL (inductive) load. Fig. shows the circuit diagram 

of step-down chopper having an inductive load. 

Transistor is used as a switch. It can be MOSFET, GTO, IGBT or 

SCR also. Since the load is inductive, freewheeling diode DFW is 

used in the circuit. 

Normally the inductive loads are motors. Hence back emf 'E' is also 

shown in the circuit diagram as a part of load. Such loads are also 

called as 'RLE' load. 
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Continuous and Discontinuous current in DC chopper 

Continuous Load Current: The output voltage is equal to supply voltage (vo = vs) when the switch is 'ON'.  The output 

current is assumed continuous. At T, the output current reaches to maximum value Imax. 

From 𝛿T to T the switch is 'OFF'. At 𝛿T, the output current is at Imax. When the switch is turned off, the load inductance 

tries to maintain the output current in the same direction. This current flows through the freewheeling diode DFW. The 

freewheeling diode is forward biased due to load inductance voltage L
𝑑𝑖0

𝑑𝑡
.  Output voltage is zero when freewheeling 

diode conducts.  

Discontinuous Load Current: If the inductance of the load is small then load current may be discontinuous. The load 

current increases from zero when the switch is tuned 'on'. The current reaches to 'Imax' at 𝛿T. The switch is turned off at 𝛿 

T. From 𝛿T to T, the switch is 'off'. The freewheeling diode conducts from 𝛿T to tl. At t1, the load current becomes zero. 

The load inductance supplies the energy from  𝛿T to tl (i.e. freewheeling). The load current is zero from tl to T. Thus the 

load current is discontinuous. 

 

Principle of Step-up Operation: 

The average value of output voltage Vo(av) is 

always less than or equal to supply voltage Vs in 

step-up chopper V0(av) ≥Vs. 

Fig. shows the circuit diagram of the step-up 

chopper. Observe that there is an inductance in 

series with the supply Vs. A switch (transistor 

GTO, MOSFET etc) is connected across 
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inductance and supply. A filter capacitor C is used across the load to make Vo smooth. The diode D1 the reverse flow of 

output current when switch is turned 'on'. 

 

The drive of the switch is shown at the beginning. The transistor is turned on from 0 to δT. Hence current flows through 

the inductance from the supply. The inductance current rises and inductance stores the energy from the supply. The 

equivalent circuit- in the above Fig. shows this operation, Note that the drop in the inductance is 𝐿
𝑑𝑖𝐿

𝑑𝑡
 with the polarity 

shown. The voltage vAB = O. We have assumed that the output voltage and current are continuous and ripple-free, The 

capacitor maintains the voltage 'Vo' and supplies the current 'io' when transistor is 'on'. Hence the diode Dl is reverse biased 

and it not conduct. 

At δT transistor (switch) is turned off, Hence the inductance generates a large voltage 𝐿
𝑑𝑖𝐿

𝑑𝑡
 to maintain the current iL in 

the same direction. Diode Dl is forward biased and it starts conducting. Thus output voltage will be 

 

Thus the output voltage Of the chopper is greater than supply voltage Vs. This shows the step-up operation. The voltage 

induced in the inductance adds to the supply voltage and this total voltage appears as output voltage. The capacitor also 

charges to this boosted voltage. The inductance as well as supply provides the energy to the load from δT to T (i.e. when 

the switch is off). The current through the inductance decreases because its stored energy goes on reducing. At T, the 

transistor is again turned on and the cycle repeats. 

Derive an expression for average output voltage Of the step-up chopper. 

 

 



BEE503                                                                                                              DC-DC Converter & DC-AC Converter 

Prepared By- Dr Sathish K R, Dept. of EEE, ATMECE, Mysuru                                                                                                                           
7                                                                           

 

 

 

Performance Parameters: 

The choppers are used for speed control of dc motors. The performance of choppers is affected by many parameters. 

These parameters are listed below. 

1. Duty cycle δ : The duty cycle of the chopper controls its output voltage. The value of duty cycle lies between and 

1. Normally the duty cycle of the chopper is varied smoothly in case of inductive loads. 
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2. Operating speeds Of switch (devices) : The operating speed Of the devices used in the chopper depends upon turn 

on and turn Off times. MOSFETs have very small turn-off and turn-on times. Hence MOSFETs operate at very 

high speeds (i.e. up to 1 MHz). SCRs have very small speeds since their turn-on and turn-off times are longer. The 

switching frequency of the chopper depends upon the speed of the device. 

3. Frequency of the chopper (f) : The frequency of the chopper is 𝑓 =
1

𝑇
, where T is the period of output voltage 

waveform. As the switching frequency is increased, the ripple frequency of vo and io also increases. Hence the cost 

and size of filtering components L and C is reduced. The output current tends to become continuous at high 

switching frequencies. Due to high switching harmonics in the output are also reduced. 

DC-DC Converter Classification: 

The choppers are classified depending upon the directions of current and voltage flows. These choppers operate in different 

quadrants of vo —io plane, 

There are broadly following types of choppers : 

1. Class A chopper 

2. Class B chopper 

3. Class C chopper 

4. Class D chopper 

5. Class E chopper 

Class A Chopper:  

The class A chopper operates in the first quadrant of vo —io plane as 

shown in Fig. The output current and output voltage both are positive. 

These values never go negative. This type of chopper operates as the 

rectifier. The energy always flows from source to the load. Hence it is also 

called as forward motoring. The step-down chopper is basically class A 

chopper. 

 

Class B Chopper: 

The class B chopper operates in the second quadrant of the vo —io plane as 

shown in Fig. The load voltage is positive and load current is negative. The 

load current flows out of the load. Since the current flows from load to the 

source, the energy is transferred from load to the source. This is also called as 

inverting operation. Such situation occurs during the braking of dc motor. The 

energy associated with back e.m.f. of the motor is fed back to the source. Hence 

current becomes negative, Since motor rotates in the same direction, it is called 

forward regenerative braking. 'Ihe word regeneration means energy is fed from 

load to the source during braking.  

In the above circuit, the supply voltage is Vs. The Dl allows the current 

flow only from load to the source. Here motor load is assumed. L and R 

are the inductance and resistance of the motor. Eb is the back e.m.f. of the 

motor. Here note that Eb is responsible for negative current flow. 

When the transistor (i.e. switch) is turned on, the negative current flows 

from Eb, R,L and T1. This current keeps on increasing, The waveforms are 

shown in Fig. The switch is ‘on’ from 0 to δT. The current io flows through 

Eb, R,L and switch in negative direction. From equivalent circuit the 

current rises to and reaches to Imax at δt. The inductance stores energy 

during this period. The energy is supplied by back emf Eb. At δt, the switch 

is turned off. The diode D1 is forward biased and the negative output current flows through supply VS. The output voltage 
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is equal to Vo(av). The current is forced through supply voltage Vs. Thus supply voltage consumes power. This power is 

transferred from load inductance and Eb. At T, the switch is turned on again and the cycle repeats. 

 

 

Class C Chopper: 

 

 

 

 

 

The class C chopper operates in two quadrants. It is the combination of class A and B choppers. Fig.shows the quadrants 

of operation of this chopper. It operates as a rectifier as well as invertor. In the first quadrant forward motoring takes place 

and in the second quadrant forward regenerative braking takes place.  

Fig, shows the circuit diagram of class C chopper having transistor switches. It is basically obtained by combining class A 

and B choppers. Tl and D2 conducts for the operation in the first quadrant (i.e. Class A). In the above circuit diagram, note 

that whenever Tl or D2 conduct, the output current and voltage will be always positive.  

Whenever T2 or D1 conduct, the chopper operates in the second quadrant (i.e. Class B). It is inverting operation. In Fig 

output Current is negative whenever T2 or Dl conduct. The energy is fed back to the supply when Dl conducts. Note that v0 

always remains positive. 

Table  shows the various equivalent circuits showing operation of this chopper. 
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Class D Chopper: 

The class D chopper also operates in two quadrants. The output current is 

always positive. The output voltage can be positive or negative. When vo and io both are positive, the rectifying operation 
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takes place. It is also called forward motoring. When the voltage is reversed, the inverting operation takes place. The energy 

is fed from load to the source. The IVth quadrant operation is also called reverse regeneration. 

Fig. shows the circuit diagram Of class D chopper having transistor switches. When Tl and T 2 are conducting, output 

current and output voltage both are positive. Power is taken from the source and given to the load. This is operation in the 

first quadrant, i.e. rectifying, When Tl and T2 are switched off, the load inductance generates the large voltage to maintain 

the current in the same direction. The inductance voltage forward biases diodes Dl and D2, This situation is shown in below 

table The diodes conduct and supply energy from load to the source. The output voltage is negative. Hence chopper operates 

in IVth quadrant. 

 

Class E Chopper:  

Class E is a four quadrant chopper. It operates in the four quadrants of vo – io in as shown in Fig. The output current as well 

as voltage both can take positive or negative values. The first quadrant is forward motoring. The output voltage and current 

both are positive. The IIIrd quadrant is reverse motoring. This means the motor rotates in the opposite direction compared 

to first quadrant, Since the power flows from source to the load in IIIrd quadrant, it is called rectifying operation. In II nd 

and IVth quadrant, the power flows from load to the source hence it is called an inverting operation. 

 

 

 

 

Fib shows the circuit diagram of the four quadrant chopper having transistor switches. Whenever Tl and T2 conducts the 

chopper operates in the 1st quadrant. vo and io both are positive. When T 3 and T4 conduct vo and io both are negative. The 

chopper operates in the third quadrant. Table shows the operation of this chopper with equivalent circuits. 
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DC – AC Converter 

DC-AC Converters: Introduction, principle of operation single phase bridge inverters, performance 

parameters, three phase bridge inverters, voltage control of single phase inverters, Harmonic 

reductions, Current source inverters 

Introduction: Inverters are devices that convert DC to AC and are commonly powered by batteries or controlled 

rectifiers. They are used in applications like induction motor drives, UPS, standby power supplies, and induction heating. 

The output voltage waveform can be a square wave, quasi-square wave, or low-distorted sine wave. The voltage can be 

controlled via switches, with Pulse Width Modulation (PWM) being a common technique for controlling the output. These 

are known as PWM inverters. Non-sinusoidal output contains harmonics, which can be reduced with proper control 

schemes. 

Inverters can be categorized into: 

1. Voltage Source Inverters (VSI) or Voltage Fed Inverters (VFI) – where the input DC voltage remains constant. 

2. Current Source Inverters (CSI) or Current Fed Inverters (CFI) – where the input current is constant. 

Some inverters feature a controlled DC input voltage, known as Variable DC Link Inverters, which allows adjustment of 

the output. Inverters can produce either single-phase or three-phase output. 

Single Phase Bridge Inverter:  

 

 

Fig. shows the circuit diagram of the full bridge inverter. Observe that there are four transistors and four diodes. The diodes 

are required for feedback when the load is inductive. 

 

At 
𝑇

2
 transistors Tl and T2 are turned off, and Transistors T 3 and T' conduct from 

𝑇

2
 to T. Equivalent circuit-II shows the 

current path. Note that the output current is negative. The voltage is also negative, Thus in positive half cycle, Tl and T2 

conduct. And in negative half cycle, T 3 and T4 conduct. The amplitude of the output voltage is ± Vs. The output is the 

square wave. The currents through transistors are also shown in the Fig. 
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Operation with Inductive load: Consider the operation of 1 bridge inverter with inductive ( R-L) load. Fig. shows 

the circuit diagram of bridge inverter having RL load. The waveforms of this circuit are shown in Fig.  

 

Mode - I (Tl , T2 conducts): 

Tl and T2 are applied the drive at t —O. But they do not conduct till h. Diodes Dl and D2 conduct from 0 to t1 

Hence Tl and T2 are reverse biased and they do not conduct. From tl to T/2 
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Three Phase Inverters: 
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