System design

CAN FD: Impact on
system design
The development of CAN FD is by no means at its end.
Bernd Elend takes a look at issues that arise when CAN FD
and the physical layer interact.
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n the previous edition of the
CAN Newsletter, Magnus
Hell discussed the new CAN
physical layer parameter’s
"propagation delay symmetry". This parameter covers
a new and important aspect
when applying CAN FD with
bit-rates that exceed 1 Mbit/s
in the data field. Many of the
existing transceivers meet
this new parameter for bitrates up to 2 Mbit/s. Updated
datasheets of several wellknown CAN transceivers are
expected soon. The NXP
Mantis series does meet
this requirement even up to
5 Mbit/s. However, there are
more interesting issues in
the interaction of the CAN
FD protocol and the physical
layer than just this parameter. These items will be discussed in this article.

CAN FD and cable
length
Lowering the bit-rate for
arbitration allows for longer

cable length between the
most distant nodes in a CAN
system. With classic CAN,
this results in less bandwidth. However, with CAN
FD the bandwidth can be
constant or even increased
by compensating the loss
of bandwidth during arbitration by a higher bit-rate in
the data field. Figure 1 illustrates a classic CAN frame
at 500 kbit/s and a CAN
FD frame with a bit-rate of
400 kbit/s in arbitration and
800 kbit/s in data field. For
this example we can roughly calculate: A classic CAN
frame with an 11-bit ID and
8-byte data lasts 200 µs at
500 kbit/s. A CAN FD frame
with an 11-bit ID and 8-byte
data lasts around 160 µs
(in both cases plus stuff
bits, acknowledgement, and
end-of-frame field).
This example allows
for roughly 25 % more
bandwidth
and
some
10 m additional cable
length.

CAN FD and
acknowledgement
Classic CAN networks, with
long overall cable lengths,
sometimes suffer from the
fact that the dominant-to-recessive transition at the end
of the dominant acknowledge bit can be extremely
slow. This is caused by the
effect that all but one node
(the transmitter) are concurrently sending the dominant
acknowledgement bit, which
results in the highest differential voltage that ever occurs on the bus, as depicted
in Figure 2. The higher the
differential voltage is, the longer the transition from dominant to recessive lasts. Due
to this effect, some nodes
may sample the acknowledge delimiter as dominant,
which is seen as a form error
in classic CAN. The consequence is the sending of an
error flag. Thus the message
is invalidated and has to be
repeated. This problem is removed by CAN FD as receiving a dominant acknowledge
delimiter is accepted after
a CAN FD frame and is not
flagged as an error.

Figure 1: CAN FD allows higher bandwidth, even with slower arbitration

CAN FD and EMC

Figure 2: Differential bus voltage during acknowledge slot

Increasing the bit-rate in the
data field has of course an
effect on the EMC behavior
of the entire system. Emissions are defined by the signal shape and by the number of signal edges per time.
So the envelope of the emissions rises by 6 dB when the
number of edges per time is
doubled. This is a matter of
physics and thus independent of the transceiver and
independent of measure-
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Figure 3: RF emission in dependence of the bit rate
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Figure 4: RF immunity of CAN FD communication
ment method (conducted
or radiated measurement).
Figure 3 shows a conducted emission measurement
made with TJA1044GT (a
member of NXP's Mantis series) without common mode
choke at 500 kbit/s, 2000
kbit/s, 4000 kbit/s, and 5000
kbit/s.
The classic CAN protocol, same as the CAN
FD protocol, is fairly robust
against jitter on the received
signal edges. Using state of
the art transceivers shows
that an increased bit-rate has
a small impact on RF immunity. Figure 4 shows the level of RF injection (DPI) that
is needed to disturb CAN
communication on an EMC
test board in dependence of
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the fast phase bit rate. Arbitration bit-rate was tuned
to 500 kbit/s in each case.
The maximum forward power applied during the tests
was 40 dBm (10 W). Mantis TJA1044GT transceivers without common mode
chokes have been used to

achieve the results shown in
Figure 4.

CAN FD and partial
networking
Partial networking is standardized in ISO11898-6. At
the time when this part of

ISO11898 was developed,
CAN FD was still in its infancy and thus not considered. In order not to disturb
or delay the development of
ISO11898-6, NXP published
a proposal how to solve the
challenge of selective wakeup in CAN FD systems. This
publication was made as a
so-called “defensive publication”, so that any attempt to
patent such a compatibility
mode is blocked. The technical idea behind this publication is simple: CAN FD
frames are recognized by
the recessive FDF bit and
are just ignored. This disengages the CAN decoder in
the physical layer chips from
the need to decode CAN FD
frames. Wake-up frames
still have to be classic CAN
frames.
The FDF bit is sent before the frame format and
bit-rates are switched. Thus
receiving a CAN FD frame
does not cause a classic CAN decoder embedded in a partial networking
transceiver to detect decoding errors prior to the FDF
bit. After receiving a recessive FDF bit (or r0 according to the 'old' definition), the
classic CAN decoder in the
physical layer stops decoding and waits for idle on the
bus. This new behavior will
be added to ISO11898-2 in
the course of the currently
ongoing review (and merge)
of parts 2, 5 and 6. With the
TJA1145FD and the System
Basis Chip UJA1168FD first
products are available that
feature “CAN FD Passive”
partial networking.
Bear in mind that "passive" here is not the opposite of "active", since being

Figure 5: Exemplary system set-up for mixing CAN FD and classic CAN nodes in a network
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Necessary considerations when
designing a CAN FD network
Propagation delay symmetry:
This parameter is important only for CAN FD
systems that exceed 1 Mbit/s. Watch out for updated
datasheets that guarantee the required timings for
the targeted bit-rate in the fast phase.
Backward compatibility to classic CAN:
This is solved by transceivers featuring partial
networking which is CAN FD tolerant.

t ro nicit ESX® -3X L
c
e
l
e
t
i
32 b c o n t r o l u n

EMC:
Emission increases with the bandwidth by
physical law, while it is different for immunity.
Only transceivers that have "best in class" EMC
performance should be used for systems exceeding
500 kbit/s in the fast phase.
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ESX

Topology:
Slower arbitration allows for more cable length, not
necessarily resulting in less bandwidth.
Transceivers:
For up to 1 Mbit/s in the fast phase all existing transceivers can be used, many of them even at bit-rates
above 1 Mbit/s. Look out for updated datasheets that
guarantee operation at higher bit-rates, if needed.
"CAN FD Active" means
being able to receive and
transmit with bit-rates above
1 Mbit/s in the fast phase. Unfortunately, this odd wording
has become common over
the last months. Attributes
like "silent" and "tolerant" are
also used in conjunction with
"CAN FD". Unfortunately, the
usage of all these attributes
is currently not consistent.

can be transmitted over the
bus lines. This is advantageous in special operating
situations like SW-download
to dedicated modules, etc.
Such CAN FD communication phases end by a wakeup-frame (WUF) in the classic CAN format.

Compatibility of CAN
and CAN FD

Changing from classic CAN
to CAN FD can also be attractive for low bit-rates, for
example when using the increased number of up to
64 bytes of data per frame.
As the physical layer does
not care about the protocol,
CAN FD can also be used
in combination with the FTCAN (fault tolerant) physical
layer.
These are, of course,
not the only possible application scenarios where
CAN FD (with or without being mixed with classic CAN
by means of partial networking) will bring advantages.
The first implementations of
CAN FD networks will hopefully encourage creativity for
more.

Due to the fact that classic CAN controllers are unable to tolerate CAN FD
frames, “CAN FD Passive”
partial networking is currently the only way to allow
a mix of classic CAN and
CAN FD controllers connected on the same network. As
long as one or more classic CAN controllers are active, the CAN FD controllers
have to resign from CAN FD
frames and send only classic CAN frames. After commanding the physical layers
of all classic CAN nodes into
a CAN FD passive partial
networking sleep or standby mode, CAN FD frames

•
•
•
•
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32 bit controller with max. 136 I/Os and 4 × CAN
freely programmable in „C“ and CODESYS
certified for safety applications (SIL2, PLd)
including memory protection
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physical layer
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• pressure ranges from 0 ... 10 bar to 0 ... 2000 bar
(Overall accuracy in the temperature compensated range: 1%)
• max. media temperature 150°C / max. ambient temperature 125°C
• wetted parts and case in stainless-steel
• CAN-Bus interface
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CANlogger® series
CANlogger® 5001

CANlogger® 5002

Record CAN-messages and
GPS-data using only one
device: CANlogger® GPS
provides easy handling and
unlimited use.

CANlogger® 5102 (GPS)

+ Record CAN messages on SD cards
with up to 32 GB

+ Record CAN messages on SD cards
with up to 32 GB

+ Record CAN messages on SD cards
with up to 32 GB

+ Record CAN messages without using
a PC

+ Record CAN messages from 2 CANInterfaces without using a PC

+ Record CAN messages from 2 CANInterfaces without using a PC

+ Especially suitable for long-term
recordings

+ Especially suitable for long-term
recordings

+ Especially suitable for long-term
recordings

+ Power management

+ Power management

+ Power management

+ Intelligent interface management:
1 each: analog input, digital input
and digital output

+ Intelligent interface management:
1 each: analog input, digital input
and digital output
+ Record position data
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Hardware

& Software for CAN / LIN Bus Applications
PCAN-Diag 2

PCAN-Explorer 5

Handheld device for CAN bus diagnostics

Universal CAN bus monitoring software

Clear CAN trafﬁc representation in lists with conﬁgurable
symbolic message representation
Transmission of individual CAN frames or CAN frame lists
Recording and playback of CAN trafﬁc
Optional automatic bit rate detection
Bus load and termination measurement
Internal memory with USB connection for saving projects,
screenshots, traces, and CSV ﬁles

Simultaneous connections to multiple networks
(connected via the same hardware type)
Easy message transmission
Clear display of the CAN trafﬁc with various information
Conﬁgurable symbolic message representation
Data logging with tracers and the 4-channel Line Writer
Multiple ﬂexible ﬁlters
VBScript interface for macros
Functionality upgrades with add-ins, e.g. an instruments
panel or J1939 support
Supports Windows 8, 7, Vista (32/64-Bit)

Oscilloscope functions
Oscilloscope with two independent measurement channels,
each with a maximum sample rate of 20 MHz
Display of the CAN-High, CAN-Low, and difference signal
Conﬁgurable trigger events: frame start, frame end, CAN
errors, or individual CAN frames based on their CAN ID
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QR code on the left to open that page.
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