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3.2 Diode-Clamped Multilevel Converter Functional Description

The Diode-Clamped Multilevel Converter (DCMC) is a power
electronic circuit designed to generate a high-quality AC waveform by
synthesizing multiple voltage levels from a DC input. It utilizes diodes to
clamp the voltage at different stages, hence reducing the total harmonic
distortion and achieving a smoother output waveform. Below is a detailed

explanation of its structure and functional description:
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Figure 3.2.1 Structure of Diode-Clamped Multilevel Converter

[Source: “Power Electronics” by P.S.Bimbra, Khanna Publishers Page: 491]
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1. DC Voltage Sources:

o

The converter requires multiple DC voltage sources (typically,
these could be DC link voltages or capacitor banks). Each DC
source is connected to a distinct level of the converter.

The more sources (voltage levels) used, the more steps can be
created in the output waveform, improving the approximation

to a sinusoidal waveform.

2. Switching Devices (e.g., IGBTs/MOSFETs):

o

@)

The switching devices control the power flow and manage the
switching between different voltage levels. Typically, Insulated-
Gate Bipolar Transistors (IGBTs) or MOSFETs are used.

Each switch is responsible for connecting the DC sources to the

load or output in a specific manner, either in series or parallel.

3. Clamping Diodes:

o

Diodes are placed in the structure to clamp the voltage across
each switching device, ensuring that each voltage level is within
a specific range.

Diodes are used to block or prevent overvoltage conditions.
They also ensure that the voltage across the capacitors remains
balanced.

These diodes are arranged to allow each switch to reach the
desired voltage step without overloading the devices or

exceeding voltage limits.
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4. Capacitors (DC Link Capacitors):

o Capacitors store energy in the converter and define the voltage
steps. In a 3-level converter, for instance, there will typically be
two capacitors that define three voltage levels (positive, zero,
negative).

o Capacitors are essential in voltage balancing. The diodes help
balance the voltage across them during operation, ensuring
stability.

5. AC Output (Load):

o The output of the converter is connected to the load, which
could be a motor, grid, or other applications requiring AC
power. The output voltage is a synthesized stepped waveform

that approximates a sine wave.

Functional Description :

The primary function of the Diode-Clamped Multilevel Converter is to
produce a high-quality AC waveform from multiple DC sources. This is
achieved by generating voltage levels using diodes for clamping, along with
switching devices to connect or disconnect specific voltage levels at the

output.

1. Voltage Levels Generation:

o The converter is designed to generate a certain number of voltage

levels, typically 3, 5, or 7 levels, though higher numbers are possible.
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For example, a 3-level diode-clamped converter generates three
output voltage levels: positive, zero, and negative, using two
capacitors and diodes.

In a 5-level diode-clamped converter, five output levels are possible:
+2V, +V, 0, -V, and -2V, which would be achieved by using three

capacitors and appropriate diodes.

2. Switching Mechanism:

Switches are controlled to connect different capacitors and voltage
sources in series to produce the required voltage levels. The switches
determine whether the output is at a positive, neutral, or negative
voltage level.

During each switching cycle, the output voltage steps between these
levels. A proper control scheme ensures that the converter produces

the desired output waveform.

3. Diodes for Voltage Clamping:

Diodes are connected in such a way as to limit the voltage at each
level, preventing overvoltage and ensuring that the voltage across the
capacitors remains balanced.

The diodes allow energy to flow in only one direction, preventing the

voltage at each step from exceeding a particular threshold.
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In a 3-level converter, for instance, each diode only allows the voltage
toreach +V or -V, and it helps to keep the system stable when

switching occurs.

4. Voltage Balancing:

One of the main functions of the diodes is to balance the voltage
across the capacitors. This is crucial in multilevel converters, as the
capacitor voltages must be maintained at specific levels to prevent
malfunction.

The diodes ensure that each capacitor's voltage is controlled,
preventing overvoltage situations while keeping the system

operational.

5. Stepped Output Waveform:

The output waveform generated by the DCMC is stepped instead of a
smooth sinusoid. However, the more levels that are included, the
closer the waveform approximates a sinusoidal shape.

The output voltage looks like a staircase waveform, with each step

representing a voltage level.

6. Control Strategy:

A sophisticated control strategy is required to manage the timing of

switching actions and to ensure proper voltage clamping.
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e Pulse Width Modulation (PWM) or other advanced modulation

techniques may be used to control the switches and create a

sinusoidal-like waveform.

Example: 3-Level Diode-Clamped Multilevel Converter

o Three Levels of Voltage:

o

o

@)

+V: Positive voltage level
0V: Neutral (zero) level

-V: Negative voltage level

« Components:

@)

Two Capacitors (C1 and C2): These capacitors store energy and
define the voltage levels.

Three Diodes (D1, D2, D3): These diodes clamp the voltage
across the switches to prevent overvoltage and ensure voltage
balancing.

Switching Devices (e.g., IGBTs): These are used to switch the DC

voltage sources to the output at the correct times.

o Operation:

o

At any point, the switches select one of three possible output
voltages (+V, 0V, or -V). The diodes ensure that the voltage
across the capacitors stays balanced, avoiding excess charge
accumulation.

As the switches alternate, the output voltage steps between

these levels, approximating a sinusoidal waveform.
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Advantages of Diode-Clamped Multilevel Converters:

Reduced Harmonics: The stepped waveform reduces harmonic
distortion, making it more suitable for high-quality AC power
generation.

High Efficiency: Multilevel converters are more efficient, especially in
high-voltage applications, because they reduce the switching losses
compared to traditional two-level converters.

Better Voltage Handling: By splitting the voltage into multiple levels,
these converters can handle higher voltages without requiring

excessive voltage ratings on individual switches.

Disadvantages:

Complexity: The converter's structure is more complex than a simple
two-level converter, requiring more components such as diodes,
capacitors, and switches.

Cost: Due to the additional components, multilevel converters are

generally more expensive than two-level converters.

Applications:

High-voltage AC power conversion (e.g., HVDC transmission).
Electric vehicles and motor drives.
Renewable energy systems (wind and solar power inverters).

Grid-connected inverters for stable and efficient power delivery.
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In summary, the Diode-Clamped Multilevel Converter is an effective
solution for high-voltage applications where efficiency, reduced harmonic
distortion, and improved voltage regulation are required. The use of diodes
for voltage clamping in combination with advanced switching and
modulation techniques helps produce high-quality power for various

industrial and energy-related applications.
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