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• At least 50 % of the electricity used in the world is controlled by Power Devices.

Global Warming

Energy 
Conservation

Improving the
Efficiency

Renewable 
Energy

Power Devices

Electrical 
Conversion

B.J. Baliga, Advanced High Voltage Power Device Concepts, Springer

The Great Societal Challenge
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Today 26000 TWh
By 2050 50000 TWh
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• More than 63% of the generated electrical energy is produced by fossil based fuel
• Urgent to change the energy mix in a sustainable way
• At the same time we need to improve the efficiency in both the way we produce the 

electrical energy and how efficient we can distribute and consume the energy
• One important technology to improve power electronic efficiency is to introduce

Wide Bandgap Semiconductors, such as SiC and GaN in our future technology

By improving today’s power electronics efficiency by only 1% will reduce the 
consumption by 250 TWh – about 75 typical coal powered plants !

8

How about efficiency – What can we expect?


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Superjunction MOSFET (ST Microelectronics)
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Superjunction MOSFET in practise

The  deep p+ col is 
made by Ion-
implantation and epi
overgrowth

In this illustration 
there are 6 such
implants
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Fundamental WBG Characteristics

Modified slide from Victor Veliadis, Power America



The WBG Device Landscape
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WBG in Automotive
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SiC MOSFETs in Tesla
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Model 3 power inverters are composed of 24 power modules, each of 
which are composed of two Silicon Carbide MOSFETs. Tesla is the first EV 
manufacturer that uses a full Silicon Carbide power module. 
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Super power density – Driving forces

750 kW
10 liter
15 kg
6-phase
SiC MOSFETs

SIC inverter David



Google little box challenge
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Won by 

Si reference
~200 inch3

Requirement
40 inch3

CE+T winner
13.8 inch3

Powered by GaN!

Task: minimize the volume of a 2kW inverter



SiC market development
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Understanding by Yole
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Initial problems with materials quality



Understanding by Yole



1200 V Commercial MOSFET
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SiC DMOS example
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BSM180D12P2C101
1200V, 204A, Half bridge, Silicon-carbide (SiC) Power Module

Half bridge module consisting of ROHM SiC-DMOSFETs.
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15 kV-Class BJTs and PiN Diodes

Zone JTE1 JTE2 JTE3 JTE4 Mesa
Etching 
depth 260 nm 80 nm 80 nm 120 nm 1.5 µm

Lengh 350 µm 263 µm 175 µm 87 mm 80 µm
% of total 
length 33 25 17 8 7
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KTH research on high voltage SiC

A. Salemi, H. Elahipanah, K. Jacobs, C. Zetterling and M. Östling, "15 kV-Class Implantation-Free 4H-SiC BJTs With Record 
High Current Gain," in IEEE Electron Device Letters, vol. 39, no. 1, pp. 63-66, Jan. 2018, doi: 10.1109/LED.2017.2774139.



I-V Characteristics of the BJTs

A current gain record of 139 for 15 kV-class BJTs 
29
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Vertical vs Lateral
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Vertical GaN
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Vertical vs Lateral
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GaN on Si – substrate removal
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Si substrate

Al(Ga)N interlayers

AlGaN buffer

Ohmic contacts
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• Two breakdown regimes

• Occur at different location in stack

• Saturation level scales with thickness
of the epitaxial layer stack

Mitigation
Concept: Eliminating 

parasitic conduction at the 
AlN/Si substrate interface 

thru local substrate removal
Breakdown 750V -> 2kV

Courtesy of F. Medjdoub, IEMN



Emerging WBG materials

• AlN
• Diamond
• Gallium Oxide

36



37

Ultrawide-bandgap aluminum nitride platform



Other advantages of SiC: 
High Temperature and Radiation Hard



Applications for harsh environments

Application Type Temperature Radiation
Oil and gas drilling P, S 600 °C No

Industrial motor drives P 300 °C No
Automotive P, S 300-600 °C No
Aviation P, S 300-600 °C (Yes)
Space exploration S 600 °C Yes
Nuclear energy (P) S 300-600 °C Yes

P = Power switching applications
S = Sensor signal processing
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Intrinsic Concentration vs Temperature

ni = (NC NV)0.5 exp(-Eg / 2 k T)
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• Electrum Laboratory 1300 m2

• ISO 9001 certified / controlled processes 
and calibrated characterization tools

• 100 – 200 mm wafers

• Silicon Technology
• Silicon - IC 

• Silicon - Microsystems

• Compound Semiconductors
• SiC – Electronics, 100 mm 

• InP - Opto / electronics

• GaAs - Opto / electronics

Cleanroom for IC and Device Fabrication
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On wafer probing up to 620 °C
Parameter analyzer for DC characteristics
Digital oscilloscope/FFT for AC characteristics

Testing facilities for electrical characterization
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A monolithic SiC drive circuit for SiC power BJTs
S. Kargarrazi et al. ISPSD (2015) 285 - 288
DOI: 10.1109/ISPSD.2015.7123445

SiC Drive Circuits for High Voltage Switches



4 bit TTL CPU
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www.WorkingonVenus.se

11.4 mm X 13.2 mm = 151 mm2

BJTs =  5911

Integrated Resistors = 3918

Vcc = 15 V, 1 A

2 metal layers

LVS and DRC

Simulated in Spice

Parts characterized up to 600 °C

Test chip also contains ADCs, 

Amplifiers and UV pixel detector

ADC 2

ADC 1
CPU

UV detector

Amplifier



A 600 °C TTL-based 11-stage Ring 
Oscillator in Bipolar Silicon Carbide 

Technology
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www.WorkingonVenus.se

M. Shakir et al, IEEE Electron Device Letters, vol 39, p 1540, 2018

120 devices



• Schematic and Layout of the
digital circuits are from
collaborator contributed TTL
PDK

• Two 4-to-16 decoders

• One 8-bit counter

• 16x16 pixels

• 1959 transistors

• 68.2 mm2

• Dynamic mode - 7 I/Os

• Static mode – 13 I/Os
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Row 1

Row 2

Row 3

Row 4

Col 1

Col 2

Enable

Col 3

Col 4

Reset

Clock

VCC 
Logic

VCC 
Sensor

GND

OUT

Fabricated Image Sensor Operational at 400 C

www.WorkingonVenus.seS. Hou, M. Shakir, P. Hellström, B. G. Malm, C. Zetterling and M. Östling, "A Silicon Carbide 256 Pixel UV Image 
Sensor Array Operating at 400 °C," in IEEE Journal of the Electron Devices Society, vol. 8, pp. 116-121, 2020, doi: 
10.1109/JEDS.2020.2966680.



Conclusions for SiC

• SBD, JFET, MOSFETs and BJTs are commercially available from 
several major vendors 

• Qualified long term stability and the bipolar degradation effect is 
minimized 

• Very promising power modules are commercially available
• Cost is still the main issue. Volume production can yield switch 

devices at realistic prices of <5-10 cents/Amp for 1200 V rating
• There are other advantages of SiC yet to be fully investigated: the 

possibility of high temperature operating and radiation hard 
devices. 

• When integrated circuits in SiC are also available, the system 
advantages can be considerable



Conclusions for GaN

• Many devices have been demonstrated – Several major vendors
offer commerical power transistors up to 900 V

• Two alternative strategies – GaN on Si or GaN on SiC
and also lateral or vertical design

• COST is always the defining parameter
• For Automotive (the upcoming major market) needs cost

efficiency
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