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5.1 Introduction to Multilevel Inverter with Reduced Switch Count:

A Multilevel Inverter (MLI) is an essential power electronic device
used in applications like motor drives, renewable energy systems, and high-
power applications where a smoother output voltage waveform is needed. A
standard multilevel inverter generates multiple levels of output voltage by
using a series of power switches. One of the challenges in designing MLlIs is
minimizing the number of switches while maintaining or improving

performance.

Multilevel inverters with reduced switch counts aim to achieve high-
quality output waveforms with fewer power electronic components,

resulting in cost-effectiveness and improved efficiency

To achieve this, several reduced switch count MLI structures have been
proposed, each attempting to reduce the number of components required
while maintaining the desired output characteristics. Here are some popular
structures and methods for achieving reduced switch count in multilevel

inverters:

1. Diode-Clamped Multilevel Inverter (DCMLI)

o The diode-clamped inverter reduces the number of required switches
by clamping the voltage levels using diodes. The main idea is to use a
combination of diodes and switches to generate multiple voltage
levels.

o For example, a 3-level DCMLI uses 2 capacitors and 4 switches.
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As the voltage levels increase, more diodes and capacitors are added,

but the switch count can be minimized by optimizing the switching

pattern.

2. Flying Capacitor Multilevel Inverter (FCMLI)

The flying capacitor inverter uses capacitors to store energy and
create multiple voltage levels. The main advantage of this topology is
that it can generate more voltage levels with fewer components.

It reduces the number of switches by using a balanced capacitor
voltage technique. A typical 3-level inverter would use 3 switches and
2 capacitors.

Higher-level MLIs (e.g., 5-level or 7-level) can be achieved with fewer

switches than in traditional diode-clamped inverters.

3. Cascade H-Bridge Multilevel Inverter (CHB)

The cascade H-Bridge structure involves connecting multiple H-bridge
inverters in series to generate more voltage levels. For instance, a 3-
level cascade inverter uses 2 H-bridge cells, each with 4 switches.
However, it’s possible to design a reduced switch count CHB MLI by
optimizing the number of H-bridge cells and using a proper phase
shifting between the cells. This allows achieving higher voltage levels
with fewer switches.

Typically, the number of switches increases with the number of levels,

but modular designs can reduce this count.
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4. Hybrid Multilevel Inverter

Hybrid multilevel inverters combine elements of different topologies
to take advantage of their strengths and reduce the total number of
switches. For instance, a hybrid MLI might combine a diode-clamped
inverter with an H-bridge inverter, leading to a more efficient design
with fewer components.

The design could allow for generating higher voltage levels with fewer

switches compared to purely H-bridge or diode-clamped designs.

5. Asymmetrical Multilevel Inverter (AMLI)

In an asymmetrical MLI, the voltages of the DC sources are not equal,
which allows for fewer switches while still achieving a large number of
output voltage levels. By using unequal voltage sources, the inverter
can generate a higher number of levels without increasing the switch
count significantly.

The design optimization helps to reduce complexity by reducing the

need for a large number of switches as seen in symmetrical MLIs.

6. Switching Techniques for Reduced Count

Advanced switching strategies such as space vector modulation
(SVM) or pulse width modulation (PWM) can be used to reduce the
number of switches required. These techniques use optimization
algorithms to select optimal switching states to minimize the overall

switch count while generating the desired output voltage levels.
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« By controlling the switching intervals in an optimized manner, MLIs

can operate with reduced components.
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Figure 5.1.1 Multilevel inverters with reduced switch count

[Source: “Multilevel Converters for Industrial Applications” Page: 216]

Key Advantages of Reduced Switch Count MLls:

« Cost-Effective: Fewer components lead to lower overall cost, making it
more affordable for industrial and commercial applications.

« Efficiency: With fewer switches, the overall system might be more
efficient due to reduced switching losses and heat dissipation.

o« Compact Design: Fewer components help in achieving a more
compact and lightweight design, which is crucial in applications such

as electric vehicles and renewable energy systems.
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Conclusion:

Reducing the number of switches in a multilevel inverter structure is
highly desirable for both cost and performance reasons. The reduction can

be achieved by:

« Choosing the right topology, such as flying capacitors or hybrid
inverters.

« Implementing advanced modulation techniques.

« Using asymmetrical voltage sources for higher levels with fewer

switches.
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