
IGBT Module Photovoltaic Inverter

Article Overview

The IGBT module acts as the high-speed switching heart of a photovoltaic inverter, converting DC from solar

panels into AC while ensuring efficiency, reliability, and protection.

Core Function

In a photovoltaic inverter, the Insulated Gate Bipolar Transistor (IGBT) serves as a high-speed electronic

switch that converts the direct current (DC) generated by solar panels into alternating current (AC) suitable for

grid or load use . Multiple IGBTs are arranged in topologies such as H-bridges, Neutral Point Clamped (NPC),

or Active NPC (ANPC) to synthesize a smooth AC waveform through Pulse Width Modulation (PWM),

controlling the timing and duration of voltage pulses to reconstruct a sine wave at the correct grid frequency .

Efficiency and Power Handling

IGBTs are critical for efficiency because every watt lost in switching or conduction reduces the energy

delivered to the grid . Losses occur as:

o Conduction losses: Voltage drop across the IGBT when it is on (Vce(sat)) multiplied by current, generating

heat.

o Switching losses: Energy dissipated during rapid on/off transitions, which increase with higher switching

frequencies. IGBT modules are designed to handle high voltages and currents, commonly rated at 650V,

1200V, or 1700V for utility-scale systems, enabling them to process significant power levels while

maintaining reliability .

Thermal Management and Reliability

IGBTs are sensitive to temperature and current, making thermal management essential . Overheating or

prolonged overcurrent can damage the device, so modules often include thermal interface materials, protection

diodes, and advanced cooling systems. Proper design ensures long-term durability, sometimes exceeding

20-25 years, even under harsh environmental conditions .

Protection Mechanisms

IGBT modules incorporate several protection strategies:

o Driving protection: Amplifies PWM signals from the inverter's DSP to control large currents safely, often

with isolation via optical coupling or pulse transformers.

o Over-current/short-circuit protection: Prevents damage from sudden load surges or inductive spikes.
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o Over-temperature protection: Monitors chip temperature to avoid exceeding safe limits, preserving blocking

ability and gate control .

Summary

The IGBT module is the heart of a photovoltaic inverter, enabling efficient DC-to-AC conversion, supporting

high power handling, and ensuring long-term reliability. Its performance directly affects inverter efficiency,

waveform quality, and system longevity. Careful selection and integration of IGBT modules, considering

conduction and switching losses, thermal management, and protection mechanisms, are essential for

high-performance solar energy systems .

Discover how IGBT selection is crucial for solar inverter efficiency. Learn to balance conduction and

switching losses

Practical guide to IGBT module selection for solar, wind and energy-storage inverters, covering voltage,

losses,

Click image to enlarge Figure 1: Typical single-phase H bridge topology solar inverter In this topology, the

power

This article provides an overall introduction to inverter IGBT, including the structure,

Explore Infineon''s IGBT portfolio for high-performing inverters and converters: discretes, modules, stacks,

SWITCHING IGBTs In essence, to keep the harmonics low and the power dissipation minimal, the inverter

uses pulse-width

Explore the booming Photovoltaic Inverter IGBT Module market, projected to reach $1090 million by 2025

with a

Next-Gen IGBTs Offer Efficiency for Solar Inverters, Storage, Motors Onsemi''s 7th generation IGBT

modules simplify

At high switching speeds the former outweighs the latter. In the sample solar inverter circuit,

The newly developed XB-Series HV-IGBT modules by Mitsubishi Electric provide a highly

Rather than using a single central inverter, each string will often have its own relatively low-power inverter for
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Abstract Insulated gate bipolar transistors (IGBTs) are widely used in grid-connected renewable energy

generation. Junction tempera

Photovoltaic inverters are the backbone of solar energy systems, and Insulated Gate Bipolar Transistors

(IGBTs) play a pivotal role

Aiming at this problem, this paper first qualitatively analyzed the influence of photovoltaic power supply

participating in

INTRODUCTION In a solar inverter, Insulated Gate Bipolar Transistors (IGBTs) are known as excellent

solutions for

This article explores how IGBTs work in solar inverters, their technical composition, and why they''re critical

for renewable energy
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