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Figure 1. Simplified schematic of the flying capacitor inverter
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Figure 2. Trapezoidal and triangular modes

simplifies the control design.

At any instant along the line cycle, several modulations

may obtain the same voltages and currents at the ports, but

yielding very different losses due to different inductor and

semiconductor usage.

Namely, there are up to 19 different switching modes,

which can be classified depending on the inductor current

waveform generated, in two types: trapezoidal modes Fig.2a

and triangular modes Fig.2b.

While the inductor current will be the orange line, the

input current and the storage capacitor current could be a

combination of I1,I2, I3 and for the triangular modes, also I4.

For this reason, with a trapezoidal mode the output current will

always be higher than the input current, but with a triangular

mode the input can be higher or lower than the output current.

In order to select the most appropriate mode at any instant,

a decision criterion is needed. In this paper, Differential Power

(Pdiff ) is used as a metric to choose it [2]. The selected
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Figure 3. Trapezoidal modes

mode is the one with the lowest Differential Power among

the modes that can be applied in each particular instant along

the line-cycle. Since not all modes can operate throughout the

whole line cycle, it is necessary to determine their regions of

existence. As an example, comparing mode VI and mode IV,

shown in Fig.3, considering positive storage capacitor current

the one that discharges the capacitor, mode VI only charges

the storage capacitor and mode IV only discharges it.

III. DIFFERENTIAL POWER ANALYSIS AND MODE

SELECTION

A. Definition of the metric

In a converter, the part of the output power which is directly

transferred, and not processed by the reactive component, can

be referred to as Direct Power (Pdir). The part of the output

power which is processed by the reactive component can be

referred to as “indirect power” or “internal power”, being its

minimum posible value the Differential Power (Pdiff ) [2].

In the buck-boost family of converters, all the energy deliv-

ered to the load is previously stored in a magnetic component

(inductor or flyback transformer). However, in most power

converters (buck and boost families) there is a time interval in

the switching period, in which the current is flowing directly

from source to load. This current besides transferring energy

directly from input to output, also stores energy in the inductor.

Applied to an inductor, Differential Power (Pdiff ) is defined

as the average power stored or delivered by the inductor.

PdiffL iL VchargeL
tcharge

T
(1)

VchargeL Vg Vo; iL Io; tcharge Ton;T Ts; (2)

Pdiff in a buck converter inductor is:

Pdiff Io Vg Vo d Po 1 d (3)














