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Research field of interest
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What is the scope of Power Electronics?

Changing, controlling, conditioning and processing the power coming from the 
power supply to provide the conditioned one required by the load.

The loads can be very different: 

Motors, actuators, lamps, trasducers, displays, …

Main material

SEMICONDUCTOR POWER DEVICES

Wide-bandgap 
materials

Silicon (Si)

Gallium Nitride
(GaN)

Others (Gallium 
Oxide, 

Diamond)
Silicon Carbide 

(SiC)
MATERIALS FEATURES



Research activity: Overview
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• Problem 
 Losses of power devices

• Objective
 Improvement of the perfomance and reliability of 

semiconductor power devices
 Adoption of wide-bandgap materials

• Methodology
 Calibrated TCAD simulations
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TCAD simulations
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Technology Computer Aided Design
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• Predicts the behavior of the 
device before its physical 
fabrication

• Reduces development time 
and costs

• Allows to study the internal 
phenomena into the device

Current distributions 
inside the device



Silicon Carbide MOSFETs
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Pros:
• High breakdown voltage
• High switching speed
• Low on-resistance
• High temperature operation
Cons:
• Realibility problems  Short-circuit 
capability

A possible short-circuit event occurs gating on the device with the supply 
voltage applied between drain and source terminals.

SHORT-CIRCUIT TEST
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FAILURE DUE 
TO THERMAL 
RUNAWAY

Drain

Source



Ferroelectric materials in SiC MOSFETs
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MOSFET Drain Current Typical ferroelectric 
permittivity

MOSFET STANDARD STRUCTURE MOSFET IMPROVED STRUCTUREReplacing the standard 
gate oxide with a stack 
formed by oxide and a 
ferroelectric material is 
possible to exploit the 
temperature dependent 
permittivity to limit the 
current increase due to 
temperature.



Short-circuit capability
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- 40%

2050 K

1230 K

• TRANSFER CHARACTERISTICS

STATIC OPERATION

The maximum temperature reached by 
the improved device is 40% lower than 
the reference one. 

SHORT-CIRCUIT WAVERFORMS

Same behaviour!

standard
improved

standard                  improved

• OUTPUT CHARACTERISTICS
standard
improved
standard
improved

VBUS=400 V TON=17  μs

- 40%

2050 K

1230 K
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Summary of study activities 

Marco Boccarossa - YEP 11

Conferences:
• 35th IEEE International Symposium on Power Semiconductor Devices and ICs 

(ISPSD 2023), SHAW Auditorium, Hong Kong University of Science and Technology 
(HKUST), Hong Kong, 28 May – 01 June 2023, poster presentation.

• 16th International Seminar on Power Semiconductors (ISPS 2023), Czech Technical 
University in Prague, Czech Republic, 30 August – 01 September 2023, oral 
presentation.

• 54th annual Meeting of the Società Italiana di Elettronica (SIE 2023), Noto (SR), 
Italy, 06 – 08 September 2023, poster presentation.

• 20th International Conference on Silicon Carbide and Related Materials (ICSCRM 
2023), Sorrento (NA), Italy, 17 – 22 September 2023, poster presentation.



Next Year
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• Engineering of the ferroelectric material needed to achieve the 
better trade off between improved short-circuit performance and 
current capability during normal operation

• Study on technological problem for the physical realization

• ABROAD RESEARCH: six months at the University of Warwick, 
Coventry, UK, to go deeper in the technological fabrication of 
semiconductor power devices.



Thank you for your attention!
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