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Trends //
E-Mobility also exists »large-scale«

Climate change, rising concerns about the environment, restrictive regulations regarding emissions, and
the development of battery technologies in recent
years are driving factors behind the actual growth of
electric mobility. Besides the current changes in
passenger cars, there have been ongoing changes
with regard to buses, delivery vehicles, trucks
and construction machines as well. According to EU
estimates, this class of vehicles causes 25% of all
traffic emissions.
The first all-electric prototypes of established manufacturers are now undergoing testing. Despite the
skepticism that a 40-ton truck cannot economically
reach the necessary range of batteries, there are
battery-run electric buses in the 18 m-class, and
trucks with the highest cargo capacity available on
international roads.
In addition to the permanent growth in battery capacity, the use of innovative, highly efficient power
semiconductors in the drive train extends the range
of these vehicles. In contrast to their combustiondriven counterparts, recovering kinetic energy during
deceleration plays an important role, particularly
during downhill cruising. In the challenging environment of long-distance driving or the uneven terrain
of construction sites, there is an increased demand
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for high-performance power semiconductors that
can safely support the lifetime requirements of the
application. Trucks and buses are built to last for
at least 15 years, and achieve one million kilometers
during this period.

» There is an increased demand for
high-performance power semi
conductors for the e-mobility of
commercial vehicles. «
Particularly interesting for trucks: Platooning – stringing a number of trucks together to form a road
train – is a further option to reduce fuel consumption.
Eliminating energy-intense maneuvers and reducing
the air drag in the slipstream is beneficial. For safety
reasons, intense communication between the (ideally
automated) participants is mandatory. This demands
high-speed communications like 5G, accurate 2and 3D-imaging as well as highly reliable subsystems
in drive-by-wire and break-by-wire scenarios with
automated steering and acceleration. Even if the
power consumption in these safety-relevant systems
is far lower than in the drive train, they place even
higher demands on power electronic components,
driver technologies, microcontrollers and sensors.

With the upcoming technology of fully automated,
driver-less designs, new challenges for the charging
infrastructure of heavy-duty vehicles arise as well.
Driven by the computer, regular breaks for the driver
become obsolete, and minimizing charging pauses
for the vehicle is desired. Current standardization
committees are discussing battery voltages up to
1500 A allowing charging currents up to 3000 A. This
resembles a charging power level of up to 4.5 MW.
Buses and trucks, as a rule of thumb, consume about
one kWh/km. At four MW, the energy required to
drive 400 further kilometers can be delivered in about
six minutes, theoretically.
With power levels this high, the efficiency of energy
conversion becomes even more important.
Unnecessary losses demand more intense cooling,
which, in turn, increases the cost of operation.
Therefore, modern wide-bandgap semiconductors
based on SiC are a promising technology in this
field of application.

Dr. Martin Schulz,
Infineon Technologies AG
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Fig. 1: eBus application
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Wireless Smart Battery Management System

Battery management systems (BMSs) play a critical
role to ensure the safe and reliable operation of
Lithium-Ion batteries. Traditional BMSs suffer from
poor scalability, lack of fault-tolerant operation,
and high weight and maintenance of wire harness.

a high degree of flexibility is possible by using cells
with higher tolerance in capacity in the package along
with the faulty cell isolation feature. Moreover, wireless communication allows faster configuration of
packages, remote maintenance and reduced weight [2].

Wireless smart battery management systems (WSBMSs)
are a potential future trend for BMS technology due
to their high flexibility, scalability and fault tolerance.
In this concept, the battery systems are built by series
inter-connecting smart cells, which are the integrated
cell modules. Each smart cell has its own controller
that integrates voltage and current sensors, ambiance
or temperature monitors, cloud communication (IoT)
gateway, and the balancing circuit based on bypass
devices (Fig. 1). Superior balancing can be achieved
with minimum loss and no need for high-frequency
switching dc-dc converters, as shown in [1].

Recently, pulsed-charging has demonstrated battery
life extension at the extra cost of the pulse generator.
The bypass device in WSBMS can be also used for
pulsing the cell current in both charging and discharging operation, with no impact on load current, as

The smart cell can estimate the state-of-charge (SOC)
and the state-of-health (SOH) as well as predict the
remaining useful lifetime (RUL) of the battery using
cloud computing. Due to the »controlled« connection
between cells using individual bypass devices, high-
performance active balancing is possible in both charging and discharging battery operation, as well as
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[1] B
 . Majmunovic, R. Sarda, R. Teodorescu, C. Lascu, and M. Ricco,
»Highly Efficient Smart Battery Pack for EV Drivetrains,« 2017 IEEE
Vehicle Power and Propulsion Conference (VPPC), Belfort, 2017, pp. 1-5.
[2] 	
 M. Ricco, J. Meng, T. Gherman, G. Grandi, R. Teodorescu, »Smart
Battery Pack for Electric Vehicles Based on Active Balancing with
Wireless Communication Feedback,« Energies 2019, 12, 3862.

Fig. 1: WSBMS concept at Aalborg University

» Wireless smart battery mana

Xinrong Huang,
Aalborg University Denmark

gement systems are a potential
future trend «
very few cells are bypassed at the same time.
Aalborg University built a prototype of a WSBMS, as
shown in Fig. 2. The master controller is a Zedboard
with an additional Wi-Fi module, and the slave controller is CC3220SF Simplelink Wi-Fi wireless microcontroller unit (MCU). A possible application of WSBMS
is EVs with a relatively high number and size of battery
cells where the additional cost/kWh can be minimized
and outbalanced by the new features and performance.

Daniel-Ioan Stroe,
Aalborg University Denmark

Fig. 2: WSBMS prototype at Aalborg University

Remus Teodorescu,
Aalborg University Denmark
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Best Paper Award: High-Power SiC and Si Module Platform
for Automotive Traction Inverter
The International Energy Agency’s electric vehicle outlook projects a rapid growth from three million
vehicles in 2017 up to 228 million electric vehicles by
2030 [1]. This development presents the need for
cost-effective and reliable power electronics inverters
in the drive train of passenger and commercial vehicles. At the heart of the traction inverter are power
semiconductor modules that control motor torque
and speed via pulse width modulation. These modules
must fulfill specific requirements and aspects important for the automotive sector:
Generally, cost reduction is a key development target
and big challenge since the automotive environment
is extremely sensitive to component cost. Modules
must be optimized for mechanical integration into
highly compact inverters that are mounted in space-
restricted engine compartments. Ideally, the module
is also scalable in output power for different inverter
classes. The module must be optimized for harsh
environmental conditions (ambient temperatures, severe vibrations, humidity), strong cyclic loads, and
from future trends towards miniaturization and inverter
integration to the electric motor.
To address these performance requirements, ABB
has developed a SiC/Si power module platform with
the following key features [2]:
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A mold module approach is selected that does not require any housing (cost benefit) and that provides
excellent environmental protection, cycle reliability
and protection against shock, vibration and handling
damage. A completely solder-free power module is
realized for the highest cycle reliability and robustness
standards. All interconnections are either sintered or
welded. In addition, the device topsides are bonded by
copper wire.

» Generally, cost reduction
is a key development
target and big challenge. «
To allow for SiC fast switching, power and gate loop
parasitic inductances and coupling coefficients
are rigorously minimized. A low-cost cooler enclosure
is realized by laser welding of mold modules into a
cooler structure based on embossed aluminum sheets.
In this manner, a compact three-phase inverter module
is achieved without the need for screwing or clamping
of O-ring sealings.

identical external outline. This allows for output
power scaling in the range of 150 – 350 kW. In addition, the module cost can be scaled by applying different power module component materials (substrates,
baseplates, bond materials) to optimize for the right
cost-performance ratio for the specific target vehicle.
Module characterization and accelerated stress tests
are conducted to validate the performance and to
demonstrate high-temperature operation up to junction temperatures of 200 °C.

Fig. 1:1200 V SiC / Si 3-phase inverter module including laser-
welded direct cooler

[1] International Energy Agency, »Global EV Outlook 2018«, available online.
[2]	
J. Schuderer, C. Liu, N. Pavlicek, G. Salvatore, JY. Loisy, A. Schröder,
D. Torresin, T. Gradinger, D. Baumann, F. Mohn, A. Apelsmeier,
»High-Power SiC and Si Module Platform for Automotive Traction
Inverter«, PCIM Europe 2019, Winner of »Best Paper Award«

Fig. 2: S olderless bonding technologies and Cu wire bonding
for topside interconnection

Jürgen Schuderer,

The module offers several aspects of scalability. Two
different substrates are applied to assemble either
a high-power SiC, or a lower-power Si version for the

ABB Group
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The Smart Transformer: Providing service to the electric grid and
addressing the reliability challenges through power routing
Due to the increasing penetration of distributed generation, the LV electric grid may experience high voltage violation and overcurrent, as well as stability and
power quality issues. As compared to the conventional
power transformer, the solid-state-transformer-based
Smart Transformer (ST), can provide the dc connectivity
as shown in Fig. 1. This enables hybrid grid operation
which improves efficient integration of storage as well
as a better meshed of the electric grid. This however,
allows for a more optimal power flow, which reduces
loading of traditional power transformers and cables [1].
Moreover, the ST can improve the grid resilience by
means of post-fault management [2]. Consequently,
ST can potentially avoid or defer grid reinforcement [3].

The ST must be realized with a modular structure to
provide scalability and higher availability through
fault tolerance and reconfigurability to the secondary
substations. The design and control of a complex
modular structure could result in efficiency and
reliability challenges because of the higher number
of components respect to a non-modular one.
Power routing as visualized in Fig. 2 allows to exploit the modularity to transform this possible
weakness in a point of strength [4]. The basic principle of power routing is loading more those subsystems with longer remaining useful lifetime and
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loading less those, which are nearer to their wearout, also for better scheduling and even delaying
maintenance. Several innovative modulation and

(b)

(a)

» Power routing increases
the reliability of modular
power electronics. «
control techniques allow the implementation of
power routing and graph theory allows a holistic
modelling of the ST to take efficiency and reliability
into consideration in the control.
The presented concept of the ST and other ST concepts will be tested under grid conditions in the
Ofgem-funded »LV-Engine« project led by Scottish
Power in the public electric grid in 2020 [5].
[1] M
 . Liserre, G. Buticchi, M. Andresen, G. De Carne, L. F. Costa and
Z. X. Zou, »The smart transformer: impact on the electric grid and
technology challenges,« IEEE Ind. Electron. Magazine, vol. 10, no. 2,
pp. 46-58, Summer 2016.
[2] G. De Carne, M. Langwasser, R. Zhu and M. Liserre, »Smart transformer-
based single phase-to-neutral fault management,« IEEE Trans.
Power Delivery, vol.34, no.3, pp.1049-1059, June 2019.
[3] R. Zhu, M. Liserre, »Requirements for Smart Transformer,« In Proc.
PCIM European, Nuremberg Germany, 2019, pp.544-551.
[4] M. Liserre, M. Andresen, L. F. Costa G. Buticchi, »Power routing in modular smart transformers: active thermal control through uneven loading
of cells,« IEEE Ind. Electron. Magazine, vol.10, no.3, pp.43-53, Sept. 2016.
[5] https://www.spenergynetworks.co.uk/pages/lv_engine.aspx

Fig. 1: Modernization of LV electric grids based on (a) conventional power transformer, and (b) ST [3]

Fig. 2: Reliability management based on Power Routing [4]

Prof. Marco Liserre,
Christian-Albrechts-University of Kiel,
Germany
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Modular Multilevel Converters

Due to the limited voltage blocking capabilities of
commercially available semiconductor devices, monolithic multilevel converters have represented a workhorse of various medium voltage applications (e.g.
1kVac - 36kVac) for almost forty years so far. Typical
converter structures, such as Neutral Point Clamped,
Cascaded H-Bridge, Flying Capacitor converter and
their variations provided better AC output voltage quality with less filtering requirements when compared
to the conventional two-level counterparts, which
made them suitable for multi MW applications in both
utility and industrial sector. Yet, these structures
were not allowing for easy output voltage increase, due
to semiconductor limitations as well as reasons
related to the internal converter control. While these
converters have brought the concepts of Power
Electronics Building Block (PEBB) forward, they were
not truly modular in the sense of voltage scalability.
With the invention of the Modular Multilevel Converter
(MMC), now almost twenty years ago, new possibilities have been created to easily realize high and ultra-
high AC output voltage with almost sinusoidal shape
due to a high number of voltage steps involved. As the
name implies, converter is realized using the basic
building blocks (submodules) stacked together (similar
to Cascaded H-Bridge converter, yet with without the
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need for the external powering of the submodules).
Rather quickly, technology has been commercialized
and found its place in High Voltage Direct Current
(HVDC) applications and some industrial variable
speed drive applications.

» MVDC power distribution networks are expected to emerge
in relevant applications. «
Over the last few years, an increasingly growing interest in the Medium Voltage Direct Current (MVDC)
(e.g. ±1.5kVdc - ±50kVdc) applications, being driven
mainly by the needs of exploring the other means
of collecting and distributing power, can be witnessed.
Typical examples can be found in the renewable
energy generation domain or within some special
installations such as marine electrical power distribution networks.

the application requirements. In both cases, advanced
integration of magnetic structures into the MMC,
supported by the suitable control algorithms, makes
it possible to address the MVDC application needs in
an efficient way.
As our electrical energy needs continue to increase,
our energy systems will undergo transformation
and MVDC power distribution networks are expected
to emerge in relevant applications, supported by
the advanced power conversion technologies.

Fig. 1: D
 C-DC Scott Medium Frequency Transformer
Based Converter

[1]	
S.Milovanovic, D.Dujic: »High Power DC-DC Converter Utilizing Scott
Transformer Connection«, IET Journal on Electric Power Applications,
vol. 13, Iss. 10, pp. 1441-1452, 2019.
[2]	
A.Christe, D.Dujic: »Galvanically isolated modular converter«,
IET Journal on Power Electronics, vol. 9, Iss. 12, pp. 2318-2328, 2016.

It is exactly this area where the MMC offers great deal
of flexibility with respect to realization of efficient
electrical energy conversion. Two examples, thoroughly
studied in [1]-[2], are shown, demonstrating the
novel power electronics topologies that successfully
exploit the MMC scalability with the aim of meeting

Fig. 2: AC-DC Galvanically Isolated Modular Converter

Prof. Dr. Drazen Dujic,
Power Electronics Laboratory, EPFL
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Electromobility continues to be important for a sustainable energy concept of the future. As an application
of power electronics, e-mobility is also an ongoing
trend topic, which we will once again address with
our own E-mobility area at the PCIM Europe 2020.
The area will demonstrate what power electronics,
as a key technology for this application, will be
able to achieve.
At the E-mobility Area, exhibitors will be able to book
branded areas and use poster walls and information
material to draw attention to their main stand and the
e-mobility products exhibited there.
On all three exhibition days, the adjacent E-mobility
Forum offers an ideal platform for exhibitors
wishing to present their innovative range of power
electronics for electromobility. The forum offers
presentations and panel discussions that will be visited by highly qualified trade visitors, especially
from the automotive industry.

Fig. 1: This picture stands for everything regarding
E-mobility in the run-up to
as well as during the exhibition

measures – from online and offline company profiles
to on-site logo placement in the entrance areas.
You can find further information on the E-mobility
Advertising Packages on the event website.

» The PCIM Europe 2020 demonstrates
what power electronics, as a key
technology for this application, will
be able to achieve. «
As a unique industry hotspot, the PCIM Europe Conference addresses innovative trend topics in power
electronics and its applications every year. In exclusive
lectures, conference participants learn about current
developments in the research and development
area of leading companies and universities in a useroriented way.

Fig. 2: Poster walls at the E-mobility Area
at the PCIM Europe

We are looking forward to an informative and exciting
PCIM Europe 2020!

By choosing one of three different and limited E-mobility Advertising Packages (Basic, Comfort, Premium),
companies with a focus on e-mobility can book a
presence area in the e-mobility area, a lecture slot at
the E-mobility forum and other attractive advertising
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