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4.2 Flying Capacitor Multilevel Converter (FCMC) Topology

The Flying Capacitor Multilevel Converter (FCMC) is a variation of
multilevel converters that utilizes floating (or flying) capacitors to generate
multiple voltage levels at the output. The topology can be seen as an
extension of the basic H-bridge structure but with additional components for
managing voltage levels. The distinctive characteristic of the FCMC is the use

of flying capacitors to control and balance the voltage at intermediate levels.

Basic Structure of FCMC
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Fig 4.2.1 Structure of 4 level Flying Capacitor Multilevel Converter

[Source: “Power Electronics” by P.S.Bimbra, Khanna Publishers Page: 454]
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The general structure of the FCMC consists of:

1. Switching Devices: Typically, Insulated Gate Bipolar Transistors
(IGBTs), Metal-Oxide-Semiconductor Field-Effect Transistors
(MOSFETs), or other power semiconductor switches are used. The
switches are arranged in multiple levels and are responsible for
controlling the flow of current through the converter.

2. Flying Capacitors: These capacitors are connected in parallel with each
stage of the converter, i.e., between the switching devices. The
capacitors store energy and are charged/discharged to create different
voltage levels. These capacitors act as floating voltage sources.

3. DC Voltage Source: A single DC voltage source is used to supply power
to the converter. This source is shared across all stages of the
converter.

4. Load: The output of the converter can be connected to an AC or DC
load depending on the application. The FCMC is typically used in
applications where the load requires AC voltage with low harmonic

distortion.

Working Principle

The flying capacitor multilevel converter operates by switching the
semiconductor devices in such a way that the output voltage is the sum of
the voltages across the flying capacitors. The switching states are arranged
to generate a staircase output waveform, where each step corresponds to a

different combination of capacitor voltages.
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Capacitor Charging/Discharging: During operation, the flying

capacitors are charged and discharged in such a way that they
maintain balanced voltage levels. The switches are controlled to either
charge or discharge the capacitors based on the required output
voltage level.

Multilevel Voltage Output: The output voltage is the sum of the
voltages across the flying capacitors. By properly controlling the
switching devices, multiple voltage levels can be synthesized at the
output. For example, in a 3-level FCMC, the output voltage could be O,
+V_dc/2, or -V_dc/2, depending on how the capacitors are connected

through the switches.

Topological Levels

In an FCMC, the number of voltage levels is determined by the number of

flying capacitors and the arrangement of switching devices. For an FCMC

with n levels:

The number of switching devices required is typically proportional to
2(n-1)2(n-1)2(n-1).
The number of flying capacitors required is n-1n-1n-1, where each

capacitor is connected between two adjacent voltage levels.

For example:

A 3-level FCMC requires 2 capacitors and 4 switches.

A 5-level FCMC requires 4 capacitors and 8 switches.
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The more levels the converter has, the closer the output waveform is

to a sinusoidal shape, reducing harmonic distortion.

Topology Example: 3-Level FCMC

A basic 3-level Flying Capacitor Converter would have the following

configuration:

« Switching devices: 4 switches (S1, S2, S3, S4).
« Flying Capacitors: 1 capacitor (C1).
« DC voltage source: A single DC supply (V_dc).

In this topology:

« When S1 and S4 are turned on, the output voltage is +V_dc.

« When S2 and S3 are turned on, the output voltage is -V_dc.

o When either S1, S3 or S2, S4 are turned on, the output voltage is O.
« The flying capacitor C1 helps balance the voltage across different

stages during switching.

Topology Example: 5-Level FCMC

A 5-level FCMC is more complex and would consist of:

« Switching devices: 8 switches.
« Flying Capacitors: 2 flying capacitors.

« DCvoltage source: A single DC supply.

EE 3011-MULTILEVEL POWER CONVERTERS



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

In this configuration:

The capacitors are used to produce intermediate voltage levels.
By properly controlling the switches and charging/discharging the
capacitors, the output can generate voltages of +V_dc, +V_dc/2, 0, -

V_dc/2, and -V_dc.

Advantages of FCMC Topology:

Modular Design: The number of levels can be easily increased by
adding more flying capacitors and switching devices.

Low Harmonic Distortion: The multilevel staircase waveform reduces
the need for output filters, lowering the harmonic distortion.

Voltage Balancing: The flying capacitors inherently balance the

voltage levels between different stages, reducing control complexity.

Challenges:

Capacitor Sizing: Proper sizing of flying capacitors is essential for
stable operation. Large capacitors are required for higher power
applications, which increases system size and cost.

Control Complexity: Managing multiple switches and capacitor
voltages requires advanced control strategies to ensure proper
charging/discharging of the capacitors.

High Component Count: The number of switches and capacitors
required increases rapidly with the number of levels, leading to higher

costs and more complex layouts.
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Conclusion

The Flying Capacitor Multilevel Converter topology is highly suitable
for applications requiring efficient high-power and high-voltage conversion.
It is particularly beneficial in systems where low harmonic distortion and
high efficiency are critical. While the topology provides flexibility and
improved performance, it requires careful design and control strategies to

manage the large number of components and ensure voltage balance.

Introduction to Flying Capacitor Multilevel Converter

A Flying Capacitor Multilevel Converter (FCMC) is a type of power
electronic converter that is part of the multilevel converter family, designed
to synthesize a desired voltage from several smaller voltage levels, typically
derived from capacitor voltage sources. This converter topology is widely
used in high-power applications, where efficient and precise voltage control

is required.

The flying capacitor multilevel converter (FCMC) uses capacitors to
create multiple voltage levels, offering a flexible and modular design for
power electronics applications like electric vehicles and renewable energy

systems, balancing voltage and improving power density.

The FCMC, also known as a floating capacitor or capacitor-clamped
multilevel inverter, uses capacitors to create multiple voltage levels, which

are then used to synthesize a desired output voltage waveform.
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In flying capacitor multilevel converter capacitors are connected in a

series-parallel configuration, allowing them to "float" to different electric
potentials depending on the switching state of the semiconductor

switches.

Key Features of Flying Capacitor Multilevel Converter:

1. Multilevel Topology: The FCMC operates by generating multiple
voltage levels, which helps in producing a staircase-like output
waveform. This results in reduced Total Harmonic Distortion (THD)
compared to traditional two-level converters, improving the overall
power quality.

2. Flying Capacitors: The unique feature of FCMC is the use of flying
(floating) capacitors. These capacitors are connected between the
switching devices, enabling voltage balancing across the different
levels. The flying capacitors store energy and help in maintaining
voltage stability between the converter levels.

3. Modularity: FCMC is a modular design, meaning it can be extended by
adding more levels to the converter, which allows it to be scaled for
different voltage and power levels without significant changes in
design.

4. Voltage Balancing: One of the significant advantages of flying
capacitor converters is their inherent ability to achieve self-balancing
of capacitor voltages. This simplifies the control strategy required for

voltage management.

EE 3011-MULTILEVEL POWER CONVERTERS



ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY

Benefits of Flying Capacitor Multilevel Converters:

o Lower Harmonic Distortion: The staircase-like voltage waveform
reduces the harmonic content in the output, which minimizes the
need for large filters.

« High Efficiency: Due to lower switching losses and the use of multiple
voltage levels, FCMCs can achieve high efficiency in high-power
applications.

« Flexible Voltage Control: The ability to control voltage at different
levels provides greater flexibility in managing output voltage and

power quality.

Applications:

Flying capacitor multilevel converters are primarily used in high-voltage,

high-power applications, including:

« Renewable Energy Systems: Integration of wind and solar energy into
the grid.

o Industrial Drives: High-power motor drives used in industries like
cement, steel, and mining.

o Power Distribution: Grid-connected systems where power quality and
voltage stability are critical.

« Electric Vehicles (EVs): Inverters used in electric vehicle propulsion

systemes.
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