INTERNATIONAL JOURNAL OF ELECTRICAL ENGINEERING:
RESEARCH DEVELOPMENT (IJEERD)

RECENT ADVANCES IN POWER ELECTRONICS AND CONVERTER
TECHNOLOGIES

Dr. Pooja Kumari
Assistant Professor Department of Physics, Purnea
College, Purnia (Purnea University, Purnia)

Abstract - Power electronics has become one of the most significant fields in electrical
engineering, enabling efficient conversion, control, and conditioning of electrical energy
for numerous industrial, commercial, and residential applications. Recent advances in
semiconductor materials, converter topologies, digital control techniques, and
intelligent power management have significantly improved the efficiency, reliability,
power density, and performance of power electronic systems. Emerging technologies
such as silicon carbide (SiC) and gallium nitride (GaN) semiconductor devices,
multilevel converters, wide-bandgap power devices, soft-switching techniques, modular
architectures, and Artificial Intelligence (Al)-based control are
revolutionizing modern power conversion systems. These advancements have

converter

accelerated the development of renewable energy systems, electric vehicles, smart
grids, industrial automation, aerospace applications, and high-voltage direct current
(HVDC) transmission. This paper discusses the concepts, recent technological
developments, converter types, applications, advantages, challenges, and future trends
in power electronics and converter technologies.
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1. INTRODUCTION electrical systems. Applications ranging
Power electronics is a specialized from industrial motor drives and

branch of electrical engineering that renewable energy integration to electric

deals with the conversion, control, and
conditioning of electrical power using
semiconductor switching devices. It
combines

principles from power

engineering, electronics, control
systems, and digital technology to
efficiently convert electrical energy
from one form to another while
minimizing energy losses.

Over the past few decades, rapid
technological developments have
transformed power electronics into an
component  of

essential modern

vehicles, aerospace systems, data

centers, consumer electronics, and
smart grids rely heavily on advanced
power electronic converters for efficient
operation.

Conventional power converters
based on silicon semiconductor devices
have served industry effectively for
many years. However, increasing
demands for higher efficiency, compact
design, faster switching speeds, higher
operating temperatures, and improved
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driven the
advanced

power
development of
semiconductor materials such as Silicon
Carbide (SiC) and Gallium Nitride (GaN).

quality  have

These
devices

wide-bandgap semiconductor
provide superior electrical
performance compared to traditional
silicon-based devices.

Modern converter technologies
now incorporate advanced switching
techniques, digital signal processors,
intelligent control algorithms, artificial
intelligence, Internet of Things (IoT),
and predictive monitoring systems.
These innovations have significantly
improved converter efficiency, reduced
power losses, enhanced reliability, and
enabled integration  of
renewable energy sources into electrical
power systems.

seamless

2. CONCEPT OF POWER ELECTRONICS
Power electronics is the branch of
engineering concerned with the efficient
conversion, regulation, and control of
electrical power using semiconductor
switching devices. It enables the
transformation of electrical energy
between alternating current (AC) and
direct current (DC), different voltage
levels, and different frequencies to meet
specific application requirements.
Power electronic systems utilize
devices such as diodes, thyristors
(SCRs), MOSFETs,
Bipolar Transistors (IGBTs), Silicon
Carbide (SiC) MOSFETs, and Gallium
Nitride (GaN) transistors to perform
high-speed switching operations with

Insulated Gate

minimal power loss.
Modern power
converters employ advanced digital

electronic

controllers, sensors, communication
systems, and intelligent algorithms to
regulate voltage, current, frequency, and
power flow while maintaining high
efficiency and system stability. These
systems have become indispensable in
renewable energy generation, industrial
automation, transportation
electrification, telecommunications, and

consumer electronics.

3. CONCEPT OF POWER CONVERTERS
Power converters are electronic devices
that convert electrical power from one
form to another while maintaining high
efficiency and operation.
Depending on the input and output
characteristics, power converters are

reliable

classified into AC-DC converters
(rectifiers), DC-AC converters
(inverters), DC-DC converters
(choppers), and AC-AC converters
(cycloconverters and matrix
converters).

Modern converter technologies
employ pulse width modulation (PWM),
soft-switching techniques, multilevel

topologies, digital control, and
intelligent monitoring systems to
improve  power quality, reduce
switching losses, and increase
operational efficiency. Advanced

converter architectures also support
bidirectional power flow, making them
suitable for renewable energy systems,
battery storage, electric vehicles, and
smart grids.

Power converters are designed
to provide stable output voltage,
minimize harmonic distortion, improve
power factor, reduce electromagnetic
interference, and protect electrical

Vol.01, Issue 01, August 2026 [25]



INTERNATIONAL JOURNAL OF ELECTRICAL ENGINEERING:
RESEARCH DEVELOPMENT (IJEERD)

equipment from abnormal operating
conditions.

4. OBJECTIVES OF ADVANCED POWER
ELECTRONICS

o Enhance converter reliability.

e Support renewable energy
integration.

e Improve power quality.

e Enable bidirectional power flow.

o Improve energy conversion e Reduce equipment size and
efficiency. weight.
e Reduce switching and e Improve thermal performance.
conduction losses. o Facilitate intelligent energy
e Increase power density. management.
5. MAJOR TYPES OF POWER ELECTRONIC CONVERTERS
Converter Type Input Output Typical Applications
AC-DC Converter | AC DC Battery charging, DC power supplies
(Rectifier)
DC-AC Converter DC AC Solar PV systems, UPS, motor drives
(Inverter)
DC-DC Converter DC DC Electric vehicles, electronics
AC-AC Converter AC AC Speed control, voltage regulation
Cycloconverter AC Variable- Large industrial motors
frequency AC
Matrix Converter AC AC High-performance motor drives
6. RECENT ADVANCES IN 6.2 Gallium Nitride (GaN) Power
SEMICONDUCTOR DEVICES Devices

Recent developments in semiconductor
technology have significantly enhanced
the performance of power electronic
systems.

6.1 Silicon Carbide (SiC) Power
Devices

Silicon Carbide (SiC) devices operate at
higher voltages, temperatures, and
switching frequencies than conventional
silicon devices. They exhibit lower
switching losses, higher thermal
conductivity, and improved efficiency,
making them suitable for electric
vehicles, renewable energy systems,
aerospace and HVDC

transmission.

applications,

Gallium Nitride (GaN) transistors
provide extremely fast
speeds, low gate charge, high-frequency
operation, and compact system design.
GaN devices are increasingly used in
mobile chargers, telecommunications
high-frequency = power

compact renewable

switching

equipment,
supplies, and
energy converters.

6.3 Wide Bandgap Semiconductor
Technology

Wide bandgap semiconductor materials
enable converters to operate at higher
switching frequencies while reducing
heat generation, cooling requirements,
These

and overall system size.
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technologies  significantly  improve

converter efficiency and power density.

7. ADVANCES IN CONVERTER TECHNOLOGIES

Converters (MMC)

Technology Key Features Major Benefits
Multilevel Inverters Multiple voltage levels Lower harmonic distortion
Modular Multilevel | Modular architecture High-voltage applications

Soft-Switching Converters

Reduced switching losses

Higher efficiency

Resonant Converters

High-frequency operation | Compact design

Bidirectional Converters

Two-way power flow

Battery storage systems

Matrix Converters

Direct AC-AC conversion

No DC link capacitor

Intelligent Digital | Al-based control Adaptive performance
Converters
8. DIGITAL CONTROL AND 9. APPLICATIONS OF ADVANCED

INTELLIGENT TECHNOLOGIES

The adoption of digital control systems
has transformed modern power
electronics. Digital Signal Processors
(DSPs), microcontrollers, and Field
Programmable Gate Arrays (FPGAs)
provide accurate control of switching
devices  while
monitoring and adaptive operation.

Artificial Intelligence (AI) and
Machine Learning (ML) algorithms are
increasingly employed for fault
diagnosis, predictive maintenance, load
forecasting, and converter optimization.
These intelligent improve
reliability, reduce maintenance costs,
and enhance converter efficiency under
varying operating conditions.

The Internet of Things (IoT)
enables remote monitoring, cloud-based
diagnostics, and
maintenance  strategies.
sensors continuously monitor voltage,

enabling real-time

systems

data-driven
Intelligent

current, temperature, and switching
performance, allowing early detection of
equipment degradation.

POWER ELECTRONICS
Recent advances in power electronics
have expanded their applications across
numerous sectors. Renewable energy
systems use advanced inverters and DC-
DC converters to efficiently integrate
solar photovoltaic and wind energy into
smart grids. Battery energy storage
systems rely on bidirectional converters
for charging and discharging operations.
Electric vehicles utilize high-
efficiency traction inverters, onboard
chargers, DC-DC converters, and battery

management systems to improve
driving range and charging
performance. Industrial automation

employs variable frequency drives,
servo drives, robotic systems, and
programmable motor controllers for
precise motion control.

High Voltage
(HVDC)
modular

Direct Current
transmission systems use
multilevel converters to
transmit electricity efficiently over long
distances with minimal transmission
Aerospace, railway

marine  propulsion,

losses.
electrification,
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medical equipment,
telecommunications, and data centers
also depend on advanced power
electronic converters for reliable

operation.

Consumer electronics such as
laptop chargers, LED lighting systems,
televisions, and home appliances
increasingly incorporate GaN-based
power supplies to achieve compact size
and high energy efficiency.

10. ADVANTAGES OF RECENT CONVERTER TECHNOLOGIES

Advantage

Description

Higher Efficiency

Reduced switching and conduction losses

Increased Power Density

Smaller and lighter equipment

Improved Thermal Performance

Better heat dissipation

Lower Harmonic Distortion

Enhanced power quality

Faster Switching Speed

Improved dynamic response

Better Reliability

Longer equipment lifespan

Renewable Energy Compatibility | Efficient solar and wind integration

Smart Monitoring

Real-time diagnostics and predictive maintenance

11. CHALLENGES

Despite significant technological
progress, several challenges remain in
advanced power electronics. Wide-
bandgap
currently have higher manufacturing
costs than conventional silicon devices.
High-frequency switching introduces
(EMI),
filtering and

semiconductor devices

electromagnetic interference
requiring
shielding techniques.

Thermal management remains a
high-power
converters operating under demanding
conditions. The complexity of digital
control algorithms requires skilled

engineers and sophisticated hardware

advanced

critical concern for

platforms. Reliability testing,
standardization, cybersecurity, and
integration with legacy electrical

systems continue to present technical

challenges.
Furthermore, recycling and
sustainable disposal of electronic

components have become increasingly
important due to
environmental concerns and electronic

growing
waste management requirements.

12. FUTURE TRENDS
Future  developments in
on higher-

materials,

power
electronics will focus
semiconductor
intelligent  digital control, and
sustainable energy applications.
Artificial Intelligence, Machine Learning,
and Digital Twin technologies will
enable
optimization, predictive maintenance,
and self-healing power systems.
Ultra-wide-bandgap
semiconductor materials such as

efficiency

autonomous converter

diamond and gallium oxide are expected
to enable even higher voltage and
temperature operation. Wireless power
transfer, transformers,
advanced converter

solid-state
modular
architectures, and integrated energy
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management systems will further
improve power conversion efficiency.
The continued expansion of
electric vehicles, renewable energy
systems, smart grids, Industry 5.0, and
hydrogen energy infrastructure will
drive innovation in compact, intelligent,
and highly
technologies.

reliable converter

13. CONCLUSION
Recent advances in power electronics
and converter technologies have

revolutionized the generation,
conversion, transmission, and
utilization = of  electrical energy.
Innovations in wide-bandgap
semiconductor devices, multilevel

converter topologies, digital control
systems, and intelligent  power

management have significantly
enhanced converter efficiency,
reliability, power density, and
operational flexibility. These

developments have accelerated the
deployment of renewable energy
systems, electric vehicles, industrial
automation, smart grids, and high-
voltage
Although challenges such as high costs,
thermal management, electromagnetic

transmission networks.

interference, and system complexity
ongoing
technological innovation continue to

remain, research and
address these limitations. Advanced
power electronics will remain a
fundamental enabling technology for

sustainable energy systems, intelligent
electrical infrastructure, and the future
of global electrification.
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