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(Power) Semiconductor drivers

Energy efficiency

Mobility

Security

IoT & big data
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Power Semiconductor drivers

Electrical energy supply chain

Energy generation Energy transmission Energy consumption

Power semiconductors
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Power Switches

 HVDC

 High-current- supplies

 Large drives

 Ships

 Locomotives

 Large solar plants

 Trams, busses

 Electric cars

 On-roof PV

 Small drives

 Air conditioner

 Robotics

 Washing machine

 Switch mode power 
supplies
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Material Properties
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Classic Energy Distribution
Electricity
Generation

Transmission & 
Distribution Consumption (example Notebook)

Stone Coal power 
plant

AC-Transmission Power
Distribution

Power Supply DC supply Processor

220 W
(ca. value)

1.4 W

3.6 W 13 W
13 W

Electrical losses today : 31 W 

Mostly 
thermal 
losses

130 W
(~60%)

Memory

Display

etc.

60 W
90 W electricity

Source: Infineon estimate
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Sustainable Energy Flow

Photovoltaic Battery storage DC/AC
conversion

90plus

Power Supply
DC supply Processor

84 W
(ca. value)

5 W
5 W 5 W

7 W
Memory, 
Display, etc

60 W

2 W

Losses: 24 W based on best in class Silicon  

~12 W with GaN Technologies

Electricity
Generation Energy Storage Consumption (example Notebook)

Source: Infineon estimate
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Little Box Challenge

Source: J.W. Kolar, CIPS 2016
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Little Box Challenge

Source: J.W. Kolar, CIPS 2016
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3 Survivals after 100h Test

>

>
>
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Winner application
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WBG enabled system benefits

Source: J.W. Kolar, CIPS 2016
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WBG enabled system benefits

Source: J.W. Kolar, CIPS 2016
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WBG enabled system benefits

Source: J.W. Kolar, CIPS 2016
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 Customers typically Demand Improvements of 
Power Electronic Systems in Multiple Dimensions, 
e.g.

 Today’s Analysis and Design Methodologies

 Single-Objective Optimization
(e.g. Efficiency OR Power Density)

 No Cost Considerations

 Non-Systematic Hardware Prototyping
◄

►

◄

More Efficient 
and Cheaper!

Smaller and 
Cheaper!

More Efficient 
and Smaller at 

Same Cost!

Multi-objective Optimization

Source: M. Kasper, ETH-PES 2017
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Design Challenges 

 Large Number of Degrees of Freedom
Topology, modulation scheme, switching frequency, semiconductor technology, inductor design, etc.

 Mutual Coupling of Performance Indices

► Systematic Multi-Objective Design Approach Required 

which Considers All Available Degrees of Freedom
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Source: M. Kasper, ETH-PES 2017



► Systematic Approach ► Multi-Objective Pareto Optimization

► Comprehensive and Detailed 
Modeling

► Consideration of Efficiency, Volume 
(Weight), and Costs

Virtual Prototyping Design 

Source: M. Kasper, ETH-PES 2017
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System Level

Component Level

System Level

Mathematical Modeling

Source: M. Kasper, ETH-PES 2017
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 DC/│AC│- Buck Converter (Single Bridge Leg) + Unfolder & PWM Shows Best Performance 
 Full-Bridge Would Employ 2 Switching Bridge Legs - Larger Volume & Losses 
 Interleaving Not Advantageous – Lower Heatsink Vol. but Larger Total Vol. of Switches and Inductors 

 ρ= 250W/in3 (15kW/dm3) @ η= 98% Efficiency Achievable for Full 
Optimization 

(s) Soft-Switching (ZVS) 
(p-h) Partial Hard Switching 
(h) Hard-Switching 

Pareto Front “Little Box 2.0”

Source: D. Neumayr, SCAPE 2019
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Little Box 2.0 Demonstrator
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Source: D. Neumayr, SCAPE 2019
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 Power densities have to be compared only within one kind of system (in 
this talk forced air cooling for systems in the range of 2 kW were discussed)

 Values for systems with water cooling or non forced cooling are completely 
different

 In terms of power density research is far ahead of industrial systems because 
of long term reliability and cost issues

 For example: Little Box winner showed 145 W/in³ in 2015

 Best industrial use case today shows up with about 70 W/in³

 Expectation: in 2025 up to 120 W/in³ could be feasible in industry and about 
proven 300 W/in³ in research
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Trends for power density



 Also efficiencies are varying between different kinds of systems and 
applications 

 For PV (Photovoltaic) inverters peak efficiencies up to 99,3% were already 
demonstrated 10 years ago. 

 Efficiencies in industrial systems are steadily improving driven by 
sustainability and CoO (Cost of Ownership) reasons

 For example: Commercial PV-Inverters today are offered with efficiencies between 
97% and 98%

 Best OBCs (On Board Chargers) are around 96%

 Expectation: in 2025 I would expect PV-inverters still in the lead for 
efficiencies in industry in the range between 98% and 99%
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Trends for efficiency
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 Power density and efficiency are innovation drivers for Power Semiconductors

 Especially GaN (GalliumNitride) and SiC (Silicon Carbide) technologies are of 
interest when volume and weight is a value

 Higher efficiencies are driven by sustainability and CoO (Cost of Ownership) 
reasons and at least by legal requirements
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Conclusion
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