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Lecture 6: DC Choppers
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6. 1 Introduction
 A DC chopper converts directly from DC to DC 

voltage and is also known as a DC to DC 
converter.

 A chopper can be considered as a DC 
equivalent to an AC transformer with a 
continuously variable ratio. Like a transformer, 
it can be used to step-down or step-up a DC 
voltage source. 

 A step-down chopper circuit is called a buck 
converter, while a step-up converter is referred 
to as a boost converter. 

 Choppers are widely used for DC power 
supplies, DC motor drives, and so on.
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6.2 Buck Converter
 The chopper switch in Fig. 6.1 can be 

implemented by using a power BJT, power 
MOSFET, GTO, and so on.

 Analysis of the buck converter begins by 
making the following assumptions:

1.   The circuit is operating in the steady state.

2.   The inductor current is continuous (always 
positive)

3. The capacitor is large enough so that the 
output voltage is held constant at Vo.

Fig. 6.1 Buck Converter

4.  The switching frequency is f and 
the switching period is T = 1/f. 
The switch is closed for time DT 
and open for time (1 − D)T with D 
duty cycle, which is defined as a 
ratio of the on-time to period.

5.  The components are ideal.
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Fig. 6.2 Buck Converter: Mode 1

Fig. 6.3 Buck Converter: Mode 2

Fig. 6.4 Buck Converter output waveforms 
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 The operation of the buck converter can be 
divided into two modes.

Mode 1: 0≤ t ≤DT

 In this mode, the switch is closed and the 
freewheeling diode is reverse biased. The 
equivalent circuit for this mode is given in 
Fig. 6.2.

 The inductor current iL is determined by

That is
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 The inductor current iL is determined by

 Suppose that iL(DT) = Imax. Then, 
integrating both sides of the above 
differential equation gives

which means that the inductor current 
decreases linearly with time t.
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 Adding the previous two equations, gives

which means that the output voltage depends 
only on the input voltage and duty cycle.

In order to determine the inductor current,   
we need to find Imin and Imax. To this end,  
the average currents in the circuit satisfy 
the following equation:
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 In order to guarantee the continuity of the 
inductor current, the inductance L and the 
switching period T must be appropriately 
selected so that

 The peak-to-peak ripple voltage 
at output is determined by
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Solution:
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6.3 Boost Converters
 Fig. 6.5 shows a boost converter circuit. The chopper switch in this circuit can be implemented by 

using a power BJT, power MOSFET, GTO, and so on. 

 Analysis of the boost converter begins by making the following assumptions:

1. The circuit is operating in the steady state.

2. The inductor current is continuous (always positive)

3. The capacitor is large enough so that the output voltage is held constant at Vo.

4. The switching frequency is f and the switching period is T =1/f. The switch is closed for time DT and  

open for time (1 − D)T with D duty cycle, which is defined as a ratio of the on-time to period.
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5. The components are ideal.

Fig. 6.5-Boost Converter

Fig. 6.6-Boost Converter: Mode 1

Fig. 6.7-Boost Converter: Mode 2
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Mode 1:0≤t≤DT 
 In this mode, the switch is closed and 

the freewheeling diode is reverse biased 
by Vo. The equivalent circuit for this 
mode is given in Fig. 6.6. 

 The inductor current iL is determined by

Suppose that iL(0) = Imin. Then

which means that the inductor current 
increases linearly with time t. 
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 As a result,

Under the steady state conditions, the 
inductor current at the end of Mode 1 is the 
same as that at the beginning of Mode 2, 
that is, 

and the inductor current at the end 
of Mode 2 is the same as that at the 
beginning of Mode 1, that is,
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 Note that the above analysis is valid under the assumption of continuous inductor current, which 
means that Imin ≥ 0. 

 In order to guarantee the continuity of the inductor current, the inductance L and the switching 
period T must be appropriately selected so that
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Example: 

A boost converter is supplied by a DC source of 12 V. It produces an output voltage of 30 V across a 50 
Ω load resistor. Assume that the capacitor is large enough so that the output voltage is kept constant. 

1. Determine the duty cycle D.

2. Find the minimum inductor size Lmin if the switching frequency is 25 kHz.

3. Calculate the inductor current if L = 120 µH and f=25 kHz.

4. Select C so that the peak-to-peak output ripple voltage ∆Vo/Vo does not exceed 1% if L = 120 µH  

and f=25 kHz.
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Solution:
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6.4 Buck-Boost Converter

 This converter has a schematic shown in fig. 6.9 and can provide output voltage that can be 
lower or higher than the input voltage. 

 This converter is an inverting DC-to-DC converter i.e. polarity of the output voltage is reversed 
compared to the input supply. Thus, it is a negative-output buck-boost converter. 

Fig. 6.9-Buck-Booster Converter Circuit diagram. 
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Fig. 6.10- Buck-boost converter circuit when switch S is on  (Mode-I)

 Again the operation of the converter can be analyzed using the two topologies resulting from the 
operation of the switch as shown in Fig. 6.10 and Fig. 6.11.

 Let the capacitor be totally charged up before switching on the switch S. When the switch S is 
closed as shown in Fig. 6.10.
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Fig. 6.11- Buck-boost converter circuit when   
switch S is off (Mode-II)

Waveforms for the voltage and current for   
buck-boost converter are shown in Fig. 6.12

Fig. 6.12- Supply current, diode current, inductor current, 
and inductor voltage respectively
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Now, from the waveforms given in Fig.6.12, when switch S is on,

Equating the above two equations, we get
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As there is no supply current during the switch-off condition,
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Note:

When D < 0.5, it acts as a step-down converter or a buck converter.

When D > 0.5, it acts as a step-up converter or a boost converter.

And when D = 0.5, input and output voltages are the same i.e. VO=VS.
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Fig. 6.13- Summary of Converters

End of Lecture 6!

Note that the basic circuit diagrams of all the fundamental converters are shown in Fig. 6.13.  
They  consist of the same basic elements. The building blocks of these converters are DC supply  
Vs,  load, diode D, power electronics switch S, inductor L, and capacitor C.


