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Abstract: A comparative study of the flying capacitor three level buck converter and a modified flying
capacitor three level converter is done here. And analysis of the modified flying capacitor three level buck
converter is done from the waveforms obtained. The main benefits of this topology is reduction in size of the
converter and also higher efficiency. The conventional and the proposed circuits are simulated using PSIM.
Index Terms: Flying capacitor Buck converter ,dynamic response.

. Introduction

As the voltage stress on the switches is smaller by using a flying capacitor buck converter, it is mainly
used in applications which requires high power.

Advantages of using this topology are voltage stress on the switches are reduced by half ,size of the
inductor is reduced and efficiency is increased as in [2],[3] and as a result of this converter become more
compact. And the switching losses are also reduced.

In this paper the simulation of a Flying capacitor three level buck converter and modified flying
capacitor three level buck converter is done. The simulation model is done using PSIM.

One of the disadvantages of using this modified flying capacitor three level buck converter is switching loss will
be more as there are three switches.

In section Il a flying capacitor three level buck converter has been suggested. section Il simulation
parameters are given. Section IV presents the simulation model of flying capacitor and modified flying capacitor
three level buck converter. And section V provides the simulation results of flying capacitor buck converter and
modified flying capacitor buck converter followed by the conclusion about the proposed topology in section VI.

Il.  Flying Capacitor Three Level Buck Converter
Flying capacitor three level buck converter topology has been illustrated in Fig 1.1t consists ot two
switches S1 andS2, two diodes D1 and D2,inductor,filter capacitor and a resistive load. Using this converter we
will be able to get 3 voltage level zero% Vin and Vin.When switches S1 and S2 are conducting ,the entire input
voltage appears across the output and the voltage Vx will be equal to Vin And second case is switch S1 and
diode D2 conducts . So capacitor gets charged and the output voltage is 0.5 Vin .Similar is the case when switch
S2 and diode D1 is conducting. Here capacitor gets discharged and output voltage is found to be 0.5 Vin. When

both the diodes are conducting the current freewheels and the output voltage equals 0.

02| L ;

]

Fig. 1 Flying Capacitor Three level buck converter

In the normal case the possible output voltage levels are 0 and Vi. The third additional voltage level of
0.5V reduces the size of the inductor.

It is seen that the two switches are driven 180 degree out of phase with each other and as a result the
voltage stress on the switches is halved. Compared to a buck converter for the same current ripple three level
buck converter has smaller value of inductance.
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In conventional buck converter possible output voltages are 0 and Vin. Hence the dynamic response is
slower and the inductor current ripple is larger.
In order to improve the dynamic response, the inductor can be made smaller and the minimum value of
inductance can be obtained using the equation

2Vo \RT
)_

Lin=(1 - vin’ 2

(1)

Thus the overall size of the conductor can be reduced using a buck converter topology

. And power density will be higher because of lower inductor size. The ripple current frequency is doubled, so
that the switches are subjected to low switching frequency than that of conventional buck converter.

Since the switches are subjected to half the input voltage, the voltage across the switches are also reduced.

In this topology the inductor current slew rate during load step up and load step down are given as

dgll_i:(O.S Vin — Vo)/L(z)
diL _ (~Vo)
= - 3

And the dynamic response of buck converter depends on the inductor current slew rate also. An
additional switch called auxiliary switch Sa and auxiliary diode Da are connected This gives the modified circuit
which is given in Fig. 2.

When the auxiliary switch Sa is turned off, Da will not conduct. So the operation is similar to that of
conventional flying capacitor three level converter. And when Sa conducts S1 and S2 will also be turned on. And
when there is a decrease in load all the three switches are turned on
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Fig. 2 Modified Flying Capacitor converter topology

I11.  Simulation Parameters
The values of the parameters used for the simulation of the Flying capacitor three level buck converter
are input voltage is taken as 24V.Here the load used is having 120 resiatance. Inductor used here is 300uH. And
the flying capacitor is having a capacitance of 27 uF Here the switching frequency is taken as 5000Hz .
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IV.  Simulation Model
A. Flying Capacitor Three Level Buck Converter

B

Fig. 3. Circuit layout of Flying Capacitor three level buck converterin PSIM
Fig.3Shows the circuit layout of a flying capacitor three level buck converter in PSIM. In this input
voltage is given as 24 V. and the flying capacitor is having 27uF.Inductance value is taken as 300uH. This
circuit shows the conventional flying capacitor three level buck converter.

B. Modified Flying Capacitor Three Level Buck Converter
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Fig. 4. Circuit layout of Modified Flying Capacitor three level buck converter in PSIM

The simulation parameters are same for both the circuits. The above Fig. 4 gives the simulation model
of modified flying capacitor three level buck converter.

V.  Simulation Results
A. Flying Capacitor Three Level Buck Converter
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Fig 5. Control signal for switches S1 and S2

The control signals for switching of switches S1 and s2 are given in Fig. 5. And it can be seen that
switching signals are applied to only one switch at a time.
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Fig. 7. Inductor current
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Fig. 8. Output of three level buck converter

B. Modified Flying Capacitor Three Level Buck Converter
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Fig. 9. Control signals for auxiliary switch, switch Sland Switch S2

Fig. 9 shows the control signals for the three swiches. Here all the three switches are switched at the
same instant.
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Fig. 10. Input currents.
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Fig 11. Inductor Current
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Fig. 12. Output Voltage of modified three level buck converter

By comparing the conventional and modified topology it is clear the output voltage obtained using the
conventional topology is 12V but by using modified topology it has been reduced to about 6 V. The ripples in
output voltages is reduced by using the modified topology.

VI.  Conclusion
A comparative study of flying capacitor three level buck converter and a modified flying capacitor three
level buck converter is done. And it has been found that in flying capacitor buck converter the control signals are
given to only one switch at a time. But for modified flying capacitor buck converter all the switches are
conducting at the same time. By using this topology the converter has become more compact.
But the disadvantage of using modified topology is the switching losses is more .The simulation model
is set up using PSIM and the waveforms with improved response are obtained.
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