Network design

Challenges for future vehicle
networks using different voltage
domains with regard to EMC
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n contrast to the requirements from the early 1990s
when the on-board power
supply had to serve only a
few different components,
the power consumption of
the “classic component”
(e.g. the engine starter) are
pushed into the background
compared to the components that are now found in
WRGD\·VYHKLFOHV0HDQZKLOH
the quantity of assistance,
comfort, safety and infotainment systems has assumed proportions whose
energy demands can only
be met by car manufacturers through on-board power supplies with higher voltage, low-loss voltage converters and efficient energy
storage devices. The principle architecture in Figure
1 shows that the communication between the control
units crosses various voltage domains. It depicts an
example of an electric vehi-

cle with one engine for each
wheel.
In electronic and hybrid vehicles of the future,
a second high-voltage onboard power supply will
expand the 12-V on-board
power supply, in order to be
able to achieve energy-efficient vehicle system functions. Among other things,
the high-voltage on-board
power supply enables a reduction of CO2-emissions
through more efficient recuperation, optimization of the
air-conditioning and heating
output, as well as a generDOUHGXFWLRQLQWKHYHKLFOH·V
weight through a more compact design, high-performance actuators, and the
cable harness itself. With
the existing 12-V voltage
level and the mentioned
high-voltage level, a dual
on-board power supply is in
development for hybrid and
electric vehicles.

Figure 1: Networking of components in various voltage domains
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Independent of the relevant vehicle architecture,
on-board power supply
voltages greater than 12 V
or 24 V result in a series
of technical challenges to
the networking of the vehicle. Today, most transceivers are designed for 12-V or
24-V environments only. Independent from the supply
voltages, this means that on
the bus side, vehicle networks with these transceivers are only resistant to interferences that commonly
occur in 12-V or 24-V-based
vehicle architectures.
However, future highvoltage on-board power
supplies must take into account EMC-relevant interference scenarios, whose
complete expression in vehicles is not yet known.
These include ground shift
or even loss of ground, reverse currents, and transient pulses as well as voltage surges. Through their
expression in high-voltage systems, the phenomena place significant challenges on the transceivers
and would lead to the destruction of most currently available components.
In systems with voltages
higher than 60 V, protection
against contact is an important issue. It is thus absolutely necessary to shield
and isolate voltages that are
dangerous for humans in all
places, which are accessible during the operation and
maintenance of the vehicle.

Application: CAN Network Technology
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Abstract
A number of vehicle
manufacturers has
launched the first
generation of their
electric vehicles
on the market and
are now working
towards developing
WKHPIXUWKHU,QRUGHU
to increase their
economy and with
it gain acceptance
from end users, the
next generation of
these vehicles must
exhibit improvements
with regard to energy
management, reliability,
and acquisition costs,
and exhibit a reduction
of risks through the
ever-increasing system
FRPSOH[LW\2QHNH\
aspect is represented
by the networking of
control units, which
are found in different
voltage domains in
an electric or hybrid
vehicle. The main
concern is to find costoptimized solutions that
also fulfill the higher
demands with regard
to electromagnetic
compatibility
(0& LQDGGLWLRQ
to the functionality
required. The focus
is high-voltageresistant, isolated
communication that
enables the individual
voltage domains to
be separated from
one another, while
simultaneously
ensuring network
functionality. Using an
example of an isolated
CAN transceiver,
this article presents
WKHPDLQ(0&
requirements and
the relevant network
SDUDPHWHUV6ROXWLRQ
approaches for the
semiconductor industry
are presented and
evaluated.

*DOYDQLFLVRODWLRQ
Adding new voltage domains in the vehicle requires galvanic isolation to be implemented in the network. The conventional isolation processes are compared
in Table 1.
After assessment of advantages
and disadvantages within the system
context, NXP implemented capacitive
isolation in a CAN transceiver. This solution incorporates the advantages of low
current consumption, short processing
times, and stable pulse widths. Through
appropriate implementation, the sensitiv-

2SWLFDOLVRODWRUV
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Quasi-standard for galvanic
isolation of electric systems
Signal transmission: direct and
slow alternating signals
Fast optocouplers (up to 50 MHz;
only as 5 V-version) available
Sensitive to parasitic capacitive
coupling paths and crosstalk
Not sensitive to external electric
or magnetic fields
Long signal throughput times of
60 to 100 ns
Aging of the isolation layer lengthens the signal throughput times
High power consumption

&DSDFLWLYHLVRODWRUV

X
X

X
X
X

Feasible with standard technology
Signal transmission: modulated
direct and slow alternating voltages
of less than 150 MHz
Sensitive to external HF-fields
Short signal throughput times
Low power consumption

ity to HF (high frequency) fields present
at capacitive isolators was able to be limited to a non-application relevant degree.
The TJA1052i [1] belongs to the
WKLUGJHQHUDWLRQ RI FRPSDQ\·V KLJK
speed CAN transceivers. It combines a
galvanic isolation of up to 5000 VRMS
with the EMC characteristics of non-isolated CAN transceivers. The transceiver
is in compliance with ISO 11898-2 and
has a loop delay of 220 ns including isolation, which enables a maximum bitrate of 1 Mbit/s in automotive networks.

,QGXFWLYHLVRODWRUV

X

X

X

X

X

X
X

Used as current and voltage transducer for energy transmission
Signal transmission: modulated
direct and slow alternating voltages
of less than 150 MHz
Sensitive to external variable
magnetic fields
Impulse width compliance is difficult due to the inductivity and the
crosstalk of adjacent inductors
Immunity to common-mode
interferences
Average signal throughput times
Low power consumption

*LDQWPDJQHWRUHVLVWLYH
*05 LVRODWRUV

X

X

X

X
X

Construction: exciter coil and
GMR detector element
Magnetic field is proportional to
the electricity
Signal transmission: direct and
alternating signals
Short signal throughput times
Undefined condition of the output signals when connecting to
the power supply

7DEOH2YHUYLHZRIWKHPRVWLPSRUWDQWJDOYDQLFLVRODWLRQWHFKQLTXHV
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Figure 2: Galvanic isolation of various voltage domains using CAN transceivers
es is advised. Galvanic
isolation also reduces signal distortion. In addition
to protecting against high
voltages,
corresponding
transceivers thus contribute towards increasing the
robustness of the bus system by ensuring the signal
integrity. An interrupted signal transmission means that
bus system performance is
decreased, messages are
sent multiple times, or system responses are delayed.
This effect increases with
the number of nodes in the
network.

(0&FKDUDFWHULVWLFV
RIWKH&$1LVRODWRUV
Ensuring the EMC in automobiles is covered by a variety of integrated circuit (IC)
components and vehicle

measurement methods. For
the EMC qualification of isolated transceivers, the standards IEC 61967 [2] for electromagnetic emission and
IEC 62132 [3] or ISO 7637
[4] for electromagnetic immunity are applied [5]. Many
car manufacturers demand
these qualification results in
their internal specifications
before they decide on additional tests and the approval
of the transceivers.
Regardless of the concept of the isolator, all requirements for conventional
transceivers still need to be
fulfilled. The EMC test specifications for CAN transceivers are based on the following approach:
X

Construction of a minimal network on a test
board

Ideally, the EMC characteristics of a CAN transceiver with an isolator are
retained such that existing filter concepts of vehicle components with CAN
modules are able to be adopted. In accordance with
the electromagnetic coupling of the transceiver with
the vehicle and the control unit itself, only the pins
that show a direct connection to the cable harness
(“global pins” such as bus
pins, VBat, global wake entries) are considered with
regard to interference coupling or decoupling. Isolated CAN transceivers
that are currently available only have local power supply pins and no wake
pins. Therefore, this article
only concentrates on CAN
pins.

&RQGXFWHGHOHFWUR
PDJQHWLFLPPXQLW\
An important EMC parameter for isolated transceivers is the immunity against

Network design

Future
transceivers
will most likely be located
directly at the interface between the different voltage
domains. This is shown,
for example, in Figure 2,
where the isolation between
the transceiver and microcontroller is implemented. Worth mentioning here
are the CAN bus networking of the battery sensors
and the generator as well
as the networking between
the electric engine and the
hybrid engine control. In
classic monolithic transceivers, a bus-side voltage
robustness greater than 60
V is not economically feasible for a variety of reasons.
Isolation for the purposes
of protection against contact would likewise not have
been present.
A possible solution for
a functionally reliable networking of vehicle sub-systems that are located in different voltage domains is
represented by integrated galvanic isolated transceivers. When the correct
choice is made, these combine the advantages of optimized transceivers and
those of the galvanic isolation without having to compromise functionality, safety, or EMC.
Since
sub-systems
in the vehicle are sometimes distributed over a
greater distance, isolation
that avoids ground loops
and protects the systems
against high voltage puls-

Use of simple network
communication
Interference coupling or
decoupling of radiated
narrow-band interferences and transients on the
basis of IC measurement
methods
Assessment of the functionality based on different voltage-time curves
[6]

Figure 3: Comparison of radio frequency (RF) immunity (without additional filter elements)
EHWZHHQDFRQYHQWLRQDO 7-$ DQGDQLVRODWHG&$1WUDQVFHLYHU 7-$L
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&$1WUDQVFHLYHU 7-$ DQGDQLVRODWHG&$1WUDQVFHLYHU 7-$L
conducted
interferences.
The electromagnetic immunity describes the inability of a device, equipment
or system to perform without degradation in the presence of an electromagnetic disturbance. On the basis of IEC 62132-4, comparison measurements of
electromagnetic immunity
were carried out between
conventional third-generation transceivers from NXP
and the TJA1052i. Figure 3
shows the corresponding measurement curve of
a conventional (TJA1049)
and an isolated (TJA1052i)
CAN transceiver. The results show only minor differences with regard to electromagnetic immunity in the
frequency range observed.
Electromagnetic
immunity of 36 dBm was required
as a development goal for
frequencies above 10 MHz.
In order to analyze safety margins, measurements
were carried out even up to
41 dBm.
It can be concluded
from the minor differences between the two curves
that the isolator part of the
TJA1052i has no effect on
the immunity. The characteristics of the curve are
mainly determined by the
transceiver.
An additional immunity test for semiconductors is the susceptibility to
transients according to ISO
7637. Transient impulses in
the on-board power supply
occur through the switching
of loads or inductors. The
standard distinguishes five
types of impulses, which
are differentiated in amplitude and length. Pulses 1,
2, and 3 – applied to the appropriate bus pins – are par-
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ticularly important for CAN
transceivers. Table 2 shows
the results.
The transient measurement delivers results
that are similar to the conducted immunity tests. The
differences are minor and
allow for the same conclusion – that the immunity
is determined by the CAN
transceiver. The minor differences in the immunity testing can be traced to
marginal modifications in
the CAN block. The isolator itself has no influence on
the results.

&RQGXFWHGHOHFWUR
PDJQHWLFHPLVVLRQ
The previous results show
that the proven IC measurement processes regarding immunity are also
applicable to isolated CAN
transceivers and lead to
results that are comparable
to conventional transceivers. Emission is discussed
below in accordance with
IEC 61967-4, and whether
this IC measurement method is suitable. The electro-

magnetic emission constitutes the undesirable characteristic of an electric
or electronic device as
functioning like an electromagnetic source of interference, thereby potentially disrupting other devices.
In this measurement, the
same transceivers as in the
electromagnetic immunity
test were used. The comparison in Figure 4 shows
only minor differences in
the spectrum. The isolator in the TJA1052i has no
influence on the emission
here either. The characteristics of the curve are determined solely by the CAN
transceiver and not by the
isolator.

7UDQVIHULPSHGDQFH
In a conventional transceiver, the signal emitted is diverted both to the dominant
and to the recessive state
from the supply voltage
and the transceiver ground.
High-frequency interferences on the power supply or
ground within a control unit
are thereby transferred to a

bus and, with that, to the vehicle. In particular for common-mode interferences of
the power supply net an effective filtering is subject to
limits.
At this point, a special EMC advantage of the
isolated CAN transceiver
comes into effect. The galvanic isolation of transceivers ensures an additional
damping between the isolated voltage domains, as
was described at the outset. This positive characteristic over conventional transceivers means that
the electromagnetic emission from the power supply
voltage or ground leading
from control units to the bus
and vice versa are damped.
With this, couplings of interferences from different voltage domains are effectively
suppressed from one side
to the other.
Figure 5 represents
the transfer impedance
measurements (S21 measurement) of different conventional and isolated CAN
transceivers available on
the market. In order to minimize foreign influences on
the measurement results,
the tests were carried out
directly on the respective
pin and thus without voltage
supply or an additional circuit board. The lower array
of curves shows the isolated transceivers. It is evident
that these show an additional damping of approximately 10 dB in comparison to

Figure 4: Comparison of bus emission (without additional filter elements) between a conYHQWLRQDO 7-$ DQGDQLVRODWHG&$1WUDQVFHLYHU 7-$L
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Summary and
outlook
This article
demonstrates the
challenges to future
vehicle networks
in different voltage
GRPDLQVZLWKWKH(0&
playing an important
role. A high-voltageresistant and isolated
communication
between the voltage
domains, with secured
network functionality,
is the basis for the safe
interaction of systems
in future automobiles.
The isolated TJA1052i
transceiver suits in
terms of isolation,
functionality, and
safety for today`s
requirements in
respect to immunity
DQGHPLVVLRQ,W
has no influence on
interoperability and
offers good damping
properties between the
voltage domains, which
further reduces crosstalk interference.
An adaptation of
the currently valid
(0&PHDVXUHPHQW
methods and limits
has been discussed.
For the observed
CAN transceiver, the
previous assumptions,
methods, and limits
apply. A corresponding
adjustment to current
standards and limits
has not been ruled out.
Additional studies of
potential sources of
interference and the
categorization of critical
frequency bands that
are expected to be
implemented in hybrid
and electric vehicle
systems will be of
importance.

conventional transceivers
between the power supply
voltage pins and the CAN
bus.
In order to demonstrate an effective damping
of interferences in an applicative environment, specimens of some transceivers
with circuit boards and voltage supply were measured
in the dominant state. The
results are depicted in Figure 6. Here the damping
amounts to between 5 dB
and 15 dB in comparison to
conventional transceivers
depending on the frequency

range and external influences of the application. This
result confirms the measurement result from Figure 5 of approximately 10
dB in an idealized environment. It can also be noticed
that the curves are higher in
absolute terms, which is explained by the low-impedance coupling of the CAN
bus and by the power supply voltage in the dominant
state and the output stage
of a transceiver.
Therefore, if using
isolated CAN transceivers between various volt-

age domains, it can be expected that an additional
interference damping at a
magnitude of 10 dB will be
achieved. This provides a
significant contribution for
increasing the robustness
of the bus system.

0HDVXUHPHQWUHVXOWV
VXPPDU\
The results of the immunity and emission show that
in an appropriate concept
of the isolated transceiver, these factors are independent from the isolation

Figure 5: Comparison of pin transfer impedance from VCC to CAN_H for different conventional CAN transceivers (upper array) and isolated CAN transceivers (lower array)

Figure 6: Comparison of transfer impedance in an applicative environment from VCC to
CAN_H of a conventional CAN transceiver (upper curve) and two isolated CAN transceivers
(lower curve) in the dominant state
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WIRELESS CAN INTERFACES

CANlink Bluetooth / WLAN & CANview GPS
Connecting. Monitoring. Positioning.

WIRELESS CAN DATA TRANSMISSION

Remote control in industrial environments

Replace cables
The wireless interfaces CANlink Bluetooth / WLAN are ideal for facilitating
diagnostic applications and for making
your CAN networks independent from
physical connections. With the RM PC
tools, you can easily conﬁgure the devices or monitor and visualize all CAN
data.
RM CANlink Bluetooth / WLAN are especially practical for mobile, but also
for stationary applications: Use them
as a gateway to transmit data wirelessly
between a CAN network and a PC, laptop or smartphone with the respective
functionality. Or conﬁgure two CANlink
Bluetooth or WLAN devices as a bridge
to interconnect CAN networks without
any cables or plugs.

Mechanical Data
Dimensions width / height / depth
Degree of protection
Temperature range
Weight
Electrical Data
DC power supply
Power input (@ 24 V)
Status LEDs (2 colors)
Interfaces / Protocols
CAN
Bluetooth / WLAN
Range (open ground)
CANopen®, Layer 2
Input / Output
Product Number
CANlink® Bluetooth / WLAN
Certiﬁcations
CANlink® Bluetooth / WLAN
For more details please visit rmcan.com

CANlink® Bluetooth

CANlink® WLAN

Thanks to the standard Bluetooth protocol, the connection to other Bluetooth
devices can be established and maintained easily. Additionally, frequency hopping and transmitting small data segments lead to high connection stability.
CANlink Bluetooth is compatible with
Windows and Android: Thanks to sample codes, you can develop your own
applications or use the provided basic
Android app for viewing CAN messages.

CANlink WLAN can be operated in two
different modes: In ad-hoc mode, devices with WLAN functionality directly
connect to each other. In infrastructure
mode, the interface establishes a data
connection using one or more WLAN access points. That is, it can hop from access point to access point and maintain a
continuous connection, so that the CAN
network or bridge is extendable along
the entire WLAN infrastructure and via
the Internet – with an unlimited range.

CANlink Bluetooth 2001 CANlink Bluetooth 2103
138 / 60 / 35 mm
IP 65
-40 °C … +75 °C
200 g

CANlink WLAN 2001

-25 °C … +60 °C

10 V – 33 V
60 mA

110 mA
4

1 (ISO 11898-2 high speed, on request: galv. isolated)
- / 802.11b/g (11/54 Mbit/s),
2.0, Power Class 1, Serial Port Proﬁle / TCP, Security: WEP/WPA/WPA2
100 m
9
9
- / 1x relais
253 001 030

253 001 036
CE, FCC

253 001 029

POSITIONING AND LOCAL GPS DATA OUTPUT

Determine GPS coordinates

GPS-to-CAN

CANview® GPS 2107

CANview® GPS 5107

CANview GPS is an ideal and cost-effective solution for worldwide positioning
in all applications in which GPS data
primarily shall be available on the spot,
such as in surface mining or road tests.
RM provides software for conﬁguring
the devices and evaluating the GPS
data. Both models are IP 65-rated and
thus suitable for use under harsh environmental conditions.

CANview GPS 2107 not only outputs the
GPS data on the CAN bus but also on
its RS-232 interface. Additionally, the
device features an integrated data ﬂash
for logging GPS data. You can further
determine trigger points or sections
between two trigger points which are
marked or counted whenever they are
crossed. A dbc ﬁle allows for integrating
the CAN messages into the Vector tool
chain.

CANview GPS 5107 devices feature a
robust, easy-to-install aluminum enclosure which can be bolted to a panel or
mounted to a DIN rail TS35. With the
RMsys Conﬁgurator tool, you can freely
conﬁgure the device, including the CAN
message settings. An integrated capacitor-buffered real-time clock further
allows for setting timestamps.

Mechanical Data
Dimensions width / height / depth
Degree of protection
Temperature range
Weight
Electrical Data
DC power supply
Power input (@ 24 V)
Real-time clock with backup capacitor
Logging memory
Status LEDs (2 colors)
Interfaces / Protocols
CAN
RS-232
GPS tracking capability / accuracy
CANopen®, Layer 2
Product Number
CANview® GPS
Certiﬁcations
CANview® GPS
For more details please visit rmcan.com

CANview GPS 2107
128 / 85 / 35 mm

CANview GPS 5107
126 / 120.5 / 42 mm
IP 65
- 30 °C … +75 °C

260 g

510 g

10 V – 30 V
95 mA
8 MB
5

6 V – 32 V
60 mA
Backup time 24 hours (typical @ 25 °C)
3

1 (ISO 11898-2 high speed)
1
50 channels / 3 m (CEP)

1 (ISO 11898-2 high speed, 2.0 A/B)
22 channels / 3 m (RMS)
9

253 004 020

253 004 043
CE, FCC

SOFTWARE & ACCESSORIES

RM Bluetooth App

Any data transmitted in the connected
CAN network can be viewed, such as
axle load, trailer weight, engine rpm,
coolant temperature, fuel level, driver
status, or whatever is required in your
application.

CAN

RM Bluetooth App - Access CAN networks via tablet or smartphone

Software & Accessories
You have the possibility to extend and
individualize the provided sample code
on your own, using a free development
environment. Or you can have us develop a custom solution specially tailored
to your needs.
Please contact our sales team for more
details and individual advice.

In order to facilitate start-up and operation, we provide you with a wide range
of software and accessories optimally
tailored to our devices: from cables,
mounting sets and special software
tools to Starter Kits containing all components required for smooth commissi-

oning. Below, you can ﬁnd some of the
available Starter Kits. For a wider range
of devices please see our website.
The RM Software Tools enable you to
freely conﬁgure our devices without
any programming skills and to visualize
and monitor CAN data on computer or
display screens – with individual screen
design options.

CANlink® WLAN

CANview® GPS 2107

Starter Kits
CANlink® Bluetooth 2001

Starter Kit product no. 253 000 055

CANlink® Bluetooth 2001 Bridge

Starter Kit product no. 253 000 056

Starter Kit product no. 253 000 059

CANlink® WLAN Bridge

Starter Kit product no. 253 000 060

Starter Kit product no. 253 000 058

CANview® GPS 5107

Starter Kit product no. 253 000 107

RM MICHAELIDES
SOFTWARE & ELEKTRONIK GMBH

RM MICHAELIDES
SOFTWARE & ELECTRONIC CORP.

Headquarters
$ONAUSTR 
 &ULDA 'ERMANY

US Subsidiary
 % -ONUMENT !VE 3UITE 
$AYTON /HIO   53!

Phone:
+49 661 9490-0
Fax:
+49 661 9490-333
INFO RMCANCOM RMCANCOM

4OLL &REE 53   2-#!. 53
0HONE
   
&AX
   
INFO RMCANCOM RMCANCOM

©   2- -ICHAELIDES 3OFTWARE  %LEKTRONIK 'MB( s !LL RIGHTS RESERVED s 4ECHNICAL ALTERATIONS WITHOUT PRIOR NOTICE

The RM Bluetooth Demo App enables
you to connect to a CANlink Bluetooth
device with your Android tablet or
smartphone and to view CAN messages
in a list. It features a connection manager and can be extended to interpret the
received data, if desired in an individual
user interface, or – depending on the
application – even to actuate processes.
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)LJXUH6HQVLWLYHIUHTXHQF\UDQJHVZLWKOLPLWFXUYHVIURP*HUPDQ2(0V
and only dependent on the
CAN block implementation.
It was found out that isolated transceivers offer the additional advantage of good
damping and thus reduce
cross-talk interference between the voltage domains.

1HZ(0&PHDVXUH
PHQWPHWKRGVDUH
QRW\HWQHHGHG
7RGD\·V PHWKRGV IRU FRQducted EMC measurement
for transceivers in the automotive sector have proven
themselves capable of predicting the behavior of transceivers in an applicative environment – and therefore
in vehicles. The methods
were applied in the isolated
transceivers described and
their measurement results
continue to underscore their
validity. The practical experience with isolated transceivers in various voltage
domains still has to confirm this. New methods and
limits are currently not required, which has a positive
economic aspect. However,
a new discussion cannot be
ruled out.
The system complexity is increasing in the individual control units, as well
as in the entire future vehicle. More and more functions and additional communication systems are
finding their way into the
vehicles of the future. For
example, “car-to-car” and
“car-to-infrastructure” com-

munication, Wi-Fi Internet,
and emergency call services such as eCall in Europe
or OnStar in North America
should be mentioned here.
The exchange of information in the vehicle – and
from the vehicle to its environment – will increase substantially.
As the integration of
additional functions in vehicles increases, the number
of potential sources of interference in sensitive frequency bands will also increase
to the same degree. Sensitive frequency bands are
frequency ranges in which
electronic components may
not disturb other components; these presuppose
a lower potential of electromagnetic emission. The
VHF (very high frequency)
radio frequency range is a
prominent example. Additional sensitive frequency
ranges could play an even
more important role in the
development of automotive
electronics in the future. On
the other hand, higher limits
with regard to electromagnetic emission in the vehicle could be permitted in
other frequency ranges with
less significance. Figure 7
demonstrates these circumstances using the currently
valid limit curves from German OEMs [7]. Some critical frequency ranges in the
vehicle are shaded in gray.
But even hybrid and
electric vehicles with their
electronic monitoring and

charging systems present
new challenges with regard
to EMC. The main sources of interference in such
vehicles are the electric
motors, which are mostly
constructed as three-phase
machines. Further noise
sources are converters,
which generate a threephase alternating voltage
from the high-voltage-supply, and DC/DC converters,
which are used instead of
alternators to generate the
on-board voltages. Additionally high-voltage-driven
auxiliary components are
used [8].
All
previously
described components generate voltages, currents,
and corresponding flanks,
in part with new frequency
components that must be
considered. The frequency range between 2 kHz
and 150 kHz, in particular,
could play a larger role in
future tests [9]. If this frequency range should actually prove to be critical,
the corresponding immunity tests in the range below 1 MHz would have to be
discussed. Multiple international groups are working on standards in order to
overcome the future challenges. Practical experiences have made a significant
contribution here.
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