
BUCK-BOOST CONVERTER: 

The buck–boost converter is a type of DC-DC converter that has an output voltage magnitude 

that is either greater than or less than the input voltage magnitude. 

Two different topologies are called buck–boost converter. Both of them can produce a range of 

output voltages, from an output voltage much larger (in absolute magnitude) than the input 

voltage, down to almost zero. 

 

Fig: 4.3the basic schematic of an inverting buck–boost converter 

 

4.2.1 Switching Topology 

The output voltage is of the opposite polarity than the input. This is a switched-mode power 

supply with a similar circuit topology to the boost converter and the buck converter. The output 

voltage is adjustable based on the duty cycle of the switching transistor. One possible drawback 

of this converter is that the switch does not have a terminal at ground; this complicates the 

driving circuitry. Neither drawback is of any consequence if the power supply is isolated from 

the load circuit (if, for example, the supply is a battery) because the supply and diode polarity 

can simply be reversed. The switch can be on either the ground side or the supply side. 

A buck (step-down) converter followed by a boost (step-up)converter. The output voltage is of 

the same polarity of the input, and can be lower or higher than the input. Such a non-inverting 

buck-boost converter may use a single inductor which is used for both the buck inductor and the 

boost inductor. 

 

4.2.2 Principle of Operation: 

While in the On-state, the input voltage source is directly connected to the inductor (L). This 

results in accumulating energy in L. In this stage, the capacitor supplies energy to the output 

load. While in the Off-state, the inductor is connected to the output load and capacitor, so energy 

is transferred from L to C and R. 



 Compared to the buck and boost converters, the characteristics of the buck–boost converter are 

mainly: 

1. Polarity of the output voltage is opposite to that of the input 

2. The output voltage can vary continuously from 0 to –ve infinity (for an ideal 

converter). The output voltage ranges for a buck and a boost converter are 

respectively 0 to Vi  and Vi to infinity. 

 

  Fig: 4.4 Schematic of a buck–boost converter. 

 

Fig: 4.5the two operating states of a buck–boost converter 

4.2.3 Continuous Mode: 

If the current through the inductor L never falls to zero during a commutation cycle, the 

converter is said to operate in continuous mode. The current and voltage waveforms in an ideal 

converter can be seen in Figure 2.4. 

From t=0 to t=DT, the converter is in On-State, so the switch S is closed. The rate of change 

in the inductor current (IL) is therefore given by 

  (9)            



At the end of the On-state, the increase of IL is therefore: 

       (10) 

D is the duty cycle. It represents the fraction of the commutation period T during which the 

switch is On. Therefore D ranges between 0 (S is never on) and 1 (S is always on). 

During the Off-state, the switch S is open, so the inductor current flows through the load. If 

we assume zero voltage drop in the diode, and a capacitor large enough for its voltage to remain 

constant, the evolution of IL is: 

            (11) 

Therefore, the variation of IL during the Off-period is: 

          (12) 

As we consider that the converter operates in steady-state conditions, the amount of energy 

stored in each of its components has to be the same at the beginning and at the end of a 

commutation cycle. As the energy in an inductor is given by: 

         (13)   

it is obvious that the value of IL at the end of the Off state must be the same with the value 

of IL at the beginning of the On-state, i.e. the sum of the variations of IL during the on and the off 

states must be zero: 

         (14) 

Substituting   and   by their expressions yields: 

 

            (15) 

This can be written as: 

           (16) 



This in return yields that: 

          (17) 

From the above expression it can be seen that the polarity of the output voltage is always 

negative (because the duty cycle goes from 0 to 1), and that its absolute value increases with D, 

theoretically up to minus infinity when D approaches 1. Apart from the polarity, this converter is 

either step-up (a boost converter) or step-down (a buck converter). Thus it is named a buck–

boost converter. 

 

Fig: 4.6 Waveforms of current and voltage in a buck–boost converter operating in continuous 

mode. 

4.2.4 Discontinuous Mode: 

In some cases, the amount of energy required by the load is small enough to be transferred in a 

time smaller than the whole commutation period. In this case, the current through the inductor 

falls to zero during part of the period. The only difference in the principle described above is that 

the inductor is completely discharged at the end of the commutation cycle (see waveforms in 

figure 2.5). Although slight, the difference has a strong effect on the output voltage equation. It 

can be calculated like follows: 

Because the inductor current at the beginning of the cycle is zero, its maximum 

value  (at t=DT) is: 

            (18) 

 

During the off-period, IL falls to zero after δ.T: 



          (19) 

Using the two previous equations, δ is: 

           (20) 

The load current Io is equal to the average diode current (Id). As can be seen on figure 4, 

the diode current is equal to the inductor current during the off-state. Therefore, the output 

current can be written as: 

               (21) 

Replacing  and δ by their respective expressions yields: 

             (22) 

Therefore, the output voltage gain can be written as: 

           (23) 

Compared to the expression of the output voltage gain for the continuous mode, this 

expression is much more complicated. Furthermore, in discontinuous operation, the output 

voltage not only depends on the duty cycle, but also on the inductor value, the input voltage and 

the output current. 

 

 

 

Fig: 4.7 Waveforms of current and voltage in a buck–boost converter operating in discontinuous 

mode 


