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4. Tutorial abstract:

Power electronics and power conversion in general is today part of every segment of our life. Any
piece of electric equipment we have today is somehow based on power electronics and converters;
home appliance, industrial equipment, renewable energy, automotive, avionic, etc., etc. Conversion
efficiency, specific power, power density and converter cost are today the most critical requirements
for new converters. One way to increase the efficiency and reduce cost/size/weight is to deploy
,New" topologies such as Current Source Power Converters (CSPC) and Matrix Power Converters
(MPC).

Historically, very first power converters were Voltage Source Converters (VSC) based on the vacuum
tubes as power switches. The first work on Vacuum Tube based VSC was reported in early 1930s.
Then, with the invention of Bipolar Junction Transistor (BJT) and then Silicon Controlled Rectifiers
(SCRs), the Current Source Converter topology become dominant. Until late 1980s, the CSC
dominated in most of industrial applications, such as Variable Speed Drives and high-power grid
connected converters. With the invention of the Metal Oxide Silicon Field Effect Transistors (MOSFETSs)
in late 1970s and the Insulated Gate Bipolar Transistors (IGBTs) in late 1980, the Voltage Source
Converters become again dominant, especially in low-medium voltage and low-medium power
applications. Today, majority of power conversion applications are based on PWM VSC with
MOSFETs, IGBTs or IGCTs, depending on the voltage and power rating.

In recent years we have seen strong intertest in PWM Current Source Converters (CSCs) and Matrix
Power Converters. It can be proven that in some applications the CSCs and the MPCs could be
superior over the VSCs. However, so far, there is not significant penetration of the CSCs and the
MPCs into real applications such as industry, renewables, automotive and ICT. The main issue is the
fact that until today there is not available switch with Bi-Directional voltage blocking capability.
Cutting Edge technology power semiconductor switches with Bi-Directional voltage blocking
capability, in particular Monolithic Bi-Directional GaN switch will be addressed and discussed in this
tutorial! Several case studies and design examples are given in concluding part of the tutorial.

This tutorial is aimed at power electronics engineers, professionals and graduate students who want
to improve their knowledge and understanding of advanced Bi-Directional Power Semiconductors

and their application to topologies such as Current Source and Matrix Converters.
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5. Tutorial Description:

1. Introduction to Switching Mode Power Converters

aooow

2. A Switch as the Pillar of Static Power Converters

a.
b.
c.

3. Why do we need “New” Power Semiconductor Devices?

a. Voltage & Current Source Converters...Which one is Better?...
b. 3-Level T-Type & 5-Level E-Type Voltage Source Converters...
c.

d. Single-Stage LF AC to DC Converters...

e. Single-Stage DC to LF AC Converters....and

f.

4. Monolithic Bi-Directional Power Semiconductors

a.
b.
c.
d.

5. Case Studies

a.
b.

6. Conclusion & Discussion

Fundamentals of Static Power Converters,
A Bit of History od Static Power Converters,
Where we are Today, and

Where we are going Tomorrow?

An ideal Switch,
Realistic Switch, and
Solid-Sate Switches

LF to LF Matrix Voltage Source Converters...

...More...

Why do we need Monolithic Bi-Directional Power switch?...
GaN...

SiC...and

...More...

Current Source Power Converter...and...
Single Stage AC-DC Power Converter.
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The tutorial will be a traditional lecture stile tutorial. There is not any equipment requirement except
a video projector. Lap-top and laser pointer will be provided by the presenter.
The tutorial material will be distributed to the audience as a pdf document prior to the tutorial.




