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Challenges in Aircraft Power Electronics

■ Gravimetric power density

■ Efficiency

■ Fail-operational system design

Introduction
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Low losses in power electronics must not come 

at the expense of system-level problems!

■ Low total harmonic distortion (THD)

■ Avoidance of high voltage transients ( Τ𝑑𝑣 𝑑𝑡)

■ No electromagnetic interference (EMI)

■ No compromise on power system stability

Challenges

Typ. loss breakdown of an electric drive system 
(800 V, 300 kW, 2-level hard switching inverter)

Machine losses (fundamental frequency)

Machine losses (PWM harmonics (THD))

Inverter switching losses

Inverter conduction losses

Inverter control and DC-link losses

ca. 50%

Efficiency 
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»Moore's Law« in Power Electronics
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HV Buck/Boost Converter / Drive Inverter Roadmap
(power core - excluding housing, power cables and connectors)
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Fraunhofer IISB benchmark designs

?

Si limit

SiC/GaN FET

SiC-SBD

Passive limit

Si/SiC limit

Challenges

Power Density   
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Typical weight distribution of a traction 

inverter's power core
(excluding housing and connectors)

Gravimetric Power Density

Semiconductors

Passives

Cooling

Busbars

Control electronics and 
Gate driver

Keys to High Gravimetric Power Density

■ Semiconductors-instead-of-passives

■ Smart circuit topologies

■ System integration 

Source: bankmobil.gs-mobile.de Source: Fraunhofer IISB
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Single-wheel axle drive with 

integrated inverters

10.10.2026 5
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Gravimetric Power Density

Semiconductors instead of Passives and Cooling

HV- 
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Example: ARCP soft switching Ending the Trade-Off Between Switching 

Losses and EMI

■ 50% less losses with ARCP soft-switching

■ Above 99,5% efficiency at twice the 

typical inverter switching frequency

 reduced cooling effort

 reduced motor losses 

 reduced electromagnetic interference

■ No AC output filter necessary

T. Lehmeier, A. Amler, Y. Zhou, and M. März, “Comparative Experimental Evaluation of 

a Three-Phase ARCP Inverter With a Single Shared Inductor Using SiC MOSFETs and 

Si IGBTs,” in Proc. IEEE APEC 2024, USA, doi: 10.1109/APEC48139.2024.10509084.

Y. Zhou, T. Lehmeier, M. März and A. P. Pai, "A Novel Three-Level Soft-Switching 

Inverter Based on Auxiliary Resonant Pole," ECCE Europe 2025, doi: 10.1109/ECCE-

Europe62795.2025.11238390.
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  hard switching 

> 99,5%
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coil

https://doi.org/10.1109/APEC48139.2024.10509084
https://doi.org/10.1109/ECCE-Europe62795.2025.11238390
https://doi.org/10.1109/ECCE-Europe62795.2025.11238390
https://doi.org/10.1109/ECCE-Europe62795.2025.11238390
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I0

Example

Inverter stage with 2000 A output current

Single cell implementation

𝑍0 =
𝑈0

𝐼0
=

400 V

2000 A
= 0.2 Ω 

Necessary overall stray inductance

 𝐿S ≤ 𝟐𝟎𝟎 𝐩𝐇 @ 𝑡sw = 10 ns

The stray inductance limit in hard-switching VSC

𝑈0

𝑈0 10 × 𝐼0

𝐼0

𝑛 = 20

Why fight a losing battle against physics?

Twenty cell implementation

𝑍0 =
𝑈0

𝐼0
=

400 V

100 A
= 4 Ω 

Necessary stray inductance per cell

 𝐿S ≤ 𝟒 𝐧𝐇 @ 𝑡sw = 10 ns

for the same turn-off overvoltage

Power Scaling in the MW-Range
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Switch cell „impedance“ 𝑍0 = Τ𝑈0 𝐼0  in Ω  

C
o

m
. 

ce
ll

 i
n

d
u

ct
an

ce
 𝐿

S
 i

n
 n

H
 

𝑡sw = 100 ns

10 ns

1 ns

𝑘 = 10%

Gravimetric Power Density

Max. permissible commutation cell inductance:  𝐿S ≤
𝑘 𝑈0

𝐼0
𝑡sw

!

𝐿S

𝐿S

𝑢DS

𝑈0

𝑘𝑈0 𝑢DS
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◼ Superposition of partial inverter currents reduces the RMS load on the capacitors at both terminals. 

◼ The high resulting fundamental frequency at the filter components (= 𝑛 × 𝑓s)  reduces EMI filter size and cost.

◼ A moderate switching frequency for each inverter cell ensures high efficiency.

◼ Phase shedding (partial load deactivation of individual phases) enables the optimization of part-load efficiency. 

◼ The total chip area of power semiconductors remains unchanged, while the overall size of the passives shrinks significantly! 

n = 2n = 2
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𝑡

𝑖L 𝑖L1

𝑖L2∆𝑖L

𝐼L,av =
𝐼2 

𝑛

𝑡

𝑖L1 +
𝑖L2

𝑖inv

𝑇 = Τ1 𝑓s

𝑡

𝑖L
∆𝑖L

𝐼L,av = 𝐼2

𝑡

𝑖L
𝐼2
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Number of phases: 𝑛 = 1

Number of phases: 𝑛 = 2

𝑇 = Τ1 𝑓s

Interleaving – a highly effective method for maximizing power density

Smart Circuit Topologies
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High voltage
PEBBs in series

(e.g. MMC)

High current
PEBBs in parallel

(e.g. interleaved IPOP)

10.10.2026 9

Interleaved Power-Electronics-Building-Blocks (PEBB)

𝑛 = 10

200 kHz, 100 A 

2 MHz, 1000 A 

Pure sine-wave

AC output

■ Maximum scalability and modularity (LEGO -like)

■ Redundancy

■ Simplified service and maintenance

Smart Circuit Topologies

Award 2020
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LN2

Liquid-Cooled Power Blades

Enabling Lightweight & Ultra-Compact PEBBs

■ Direct, immersive double-sided cooling

■ Minimal material mix minimizes thermomechanical stress

■ Hermetically sealed

 Ideal prerequisites for cryogenic cooling with LN2

System Integration - Smart Packaging and Cooling

Förderkennzeichen 20M2440A

Under development for cryo within the 

project

Highly Reliable Cryogenically Cooled Gallium Nitride 

(GaN) Based Integrated Power Circuit (IC) for Electric 

Aircraft Drivetrains
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Volt-seconds Kill Gravimetric Power Density!

Smart Circuit Topologies

How to defeat volt-seconds: 

Increase the number of voltage levels a/o the 

switching frequency

by using smarter circuit topologies:

■ N-Level topologies (Flying Capacitor, etc.)

■ Soft switching (ARCP, TCM, etc.) 

■ …

Gravimetric energy density in mJ/g

Weight per 10 µF @ 400 V in g

Capacitor

(400 V) 

Inductor 

(∆𝐼 = 200 A, f = 200 kHz)

0.6 0.06

Y. Zhou, T. Lehmeier and M. März, "Four-Level TCM-Operated Inverter With Full Soft-Switching Capability Using a Hybrid Si+SiC 

Configuration," in IEEE Transactions on Power Electronics, vol. 41, no. 4, April 2026, doi: 10.1109/TPEL.2025.3632194.

S. Büttner, M. März, “Loss Characterization of Soft Magnetic Core Materials from Room to Cryogenic Temperatures: A 

Comparative Study for Cryogenic Power Electronic Applications”. Electronics, 2026, doi: 10.3390/electronics15040872.

Avoid to store energy in magnetics!  

https://doi.org/10.1109/TPEL.2025.3632194
https://doi.org/10.3390/electronics15040872?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
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Gravimetric Power Density
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Fraunhofer IISB benchmark designs
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Si/SiC limit

Smart circuit topologies

Power-core power densities beyond 150 kW/kg 

are now within reach – but they demand bold 

steps rather than incremental optimizations:

■ Smart topologies (> 500 kHz, multi-level, etc.)

■ Air-core inductors instead of magnetic cores

■ Active (hybrid) EMI filters

■ Aluminum instead of Cu for windings and busbars

■ Crogenic cooling

Passive limit
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Prof. Dr.-Ing. Martin März
Institute for Power Electronics
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