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GaN Transistors as an Enabler of High-Performance Power Electronics 

Miroslav Vasić 
Universidad Politécnica de Madrid, Centro de Electrónica Industrial (CEI) 

 
 
SCOPE AND BENEFITS 

In the last years we have witnessed a dramatic change in the semiconductor technology as 
Gallium nitride (GaN) and Silicon carbide (SiC) devices have emerged as a possible replacement 
for silicon devices in various power conversion applications and as an enabler of new applications 
not previously possible.  

This lecture will try to provide some answers to these questions focusing on the basic physics 
of GaN transistors and low-voltage (< 1000V) applications where the employment of GaN 
power switches brings increased energy efficiency and power density. Applications such as 
communication (power amplifier envelope tracking), transportation (DC-DC power converters 
for satellites) and renewable energy will be addressed and discussed. Experimental results 
for all three applications will be presented and critically assessed together with tradeoffs in 
performance vs. cost. 
Special emphasis will be given to practical issues that must be tackled when a GaN based 
design is performed: driver selection and common mode problems (bootstrap solutions, drivers 
with isolation), PCB design (critical loops, PCB manufacturing etc.), thermal issues etc. 

The objectives of this tutorial are to: 
1. Look at the theory of HEMT device and use simple numerical analysis to demonstrate its 
great performance and determine the technology theoretical limits 
2. Explore the practical challenges associated with switching WBG devices, creating circuit 
layouts, gate-drives and taking experimental measurements 
3. Demonstrate how to achieve practical, efficient and reliable operation of GaN devices in 
high-frequency low to medium power (from few watts up to 5 kW) switching circuits 
4. Discuss experimental test results and compare WBG devices to their Silicon counterparts. 
5. Draw conclusions about the applicability of GaN device to real industry applications and 
circuits. 

 
 
CONTENTS 
1. AlGaN/GaN HEMTs: An overview of device operation: (45 minutes) 

1.1. Basic Physic of Heterojunction 
1.2. Device operation 
1.3. Third quadrant operation – Why body diode does not exist? 
1.4. Parasitic capacitances and field plates 
1.5. Dynamic Channel resistance 

 
2. Commercially available GaN devices and challenges that we have to resolve: Package, 

Drivers, PCB Layout and Fabrication (45 minutes) 
2.1. Overview of available devices and drivers 
2.2. Package parasitics 
2.3. PCB layout and fabrication concerns 
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3. Demonstrating GaN high performance: GaN Vs. Si in practical examples (80 minutes) 

3.1. Resonant switched capacitor converter for photovoltaic application (20 minutes)  
3.2. High frequency inverter for envelope tracking application (20 minutes) 
3.3. Compact and efficient solution for Data Center power supply (20 minutes) 
3.4. High frequency converter for space applications (20 minutes) 
 

4. Conclusions and quantification of Power Savings (10 minutes) 
 
Monday, 2 September 2019- Tutorial day  (Location: University of Genova, Genova, 
Italy) 
 
08:30 - 09:30  Registration for full day and morning tutorials 
09:30 - 11:00  Tutorials Part 1 
11:00 - 11:30  Coffee break 
11.30 - 13:00  Tutorials Part 2 
 
WHO SHOULD ATTEND 

The audience should have some basic knowledge about common topologies that are used in the 
field of power electronics and the tutorial will be useful to engineers that would like to employ 
GaN devices in their designs as some insight in the device technology will be given, together 
with some practical aspects of the design and concrete experimental results. 
 
Technical Level: The seminar is organized for the audience with entry and intermediate 

level 
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Miroslav Vasić was born in Serbia in 1981. He received the B.S. degree from the School of 
Electrical Engineering, University of Belgrade, Belgrade, Serbia, in 2005. Since then he has 
been working at Centro de Electrónica Industrial at ETSII (UPM) where he received his M.S. 
in 2007 and his Ph.D. degree in 2010. He has been working as assistant professor at UPM 
since 2015. 

His research interest includes application of power converters and their optimization. In the 
recent years great part of his research activities has been related to the research of new 
semiconductor devices based on GaN and their impact on power electronics. 

Miroslav Vasić has published more than 70 peer-reviewed technical papers at conferences 
and in IEEE journals. In 2012 he received the Semikron Innovation Award for the teamwork 
on “RF Power Amplifier with Increased Efficiency and Bandwidth.” In 2015 he received a 
medal from Spanish Royal Academy of Engineering as a recognition of his research 
trajectory and in 2016 he received UPM Research Projection Award for the best young 
researcher at Universidad Politécnica de Madrid. 

Miroslav actively serves as a reviewer in several IEEE journals such as IEEE Transactions 
on Power Electronic and IEEE Transactions on Industrial Electronics and as an Associated 
Editor in IEEE Journal of Emerging and Selected Topics in Power Electronics and IEEE 
Transactions on Vehicular Technology. 
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B. The organization of the tutorial day 
 
Your tutorial will be organized if and only if enough participants did actually register to 
your tutorial.  This is why it is so important that you take great care in the announcement 
material.  The secretariat will keep you informed of the evolution of the number of 
participants for your tutorial, and give you the “green light” as soon as possible.  Please 
note that participants tend to register later and later, which makes the task of the 
organizers quite difficult.  
 
The material that will be handed out 
 
When setting up your hand-outs, do not forget that your audience speaks many different 
languages.  Your text will be included in a tutorial book: please provide your participants 
with reference material.  Additionally to your text, your slides will be provided to the 
participants on paper.  We will print 3 slides per page to allow participants to take notes, 
like in the attached example.  Please remember that your slides will be printed in Black 
and White, so make sure that the colours of your slides will still be readable in Black and 
White. 
 
Your slides should follow the rules of good practice as for lecture presentation regarding, 
f.e. the size of characters, quantity of information contained in one slide and number of 
slides.  An example of slides is provided in attachment as well. 
 
Once it is decided to organize your tutorial, the secretariat will provide you with the 
practical information for the organization on site.  Please make sure to send your material 
before the deadlines, to ensure smooth organization.  The material will be duplicated on 
site and the e-mail address where to send your material will be communicated with the 
final acceptance mail.  Should you have special needs regarding the organization of the 
day itself, please make sure to make your requests on time. 
 


