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(54) CONTROLLER AREA NETWORK TRANSCEIVER

(57) A Controller Area Network, CAN, transceiver
comprising a receiver arrangement for coupling to a CAN
bus and configured to determine a differential signal from
analog signalling received from the CAN bus; and a re-
ceive output for coupling to a CAN controller and wherein
the receiver arrangement provides a digital output signal
to the receive output based on the differential signal;
wherein the receiver arrangement operates in at least a
first mode in which it is configured to provide the digital

output signal comprising logic 0 when the differential sig-
nal is greater than a first receiver threshold and provide
the digital output signal comprising logic 1 when the dif-
ferential signal is less than said first receiver threshold
unless said differential signal satisfies a condition, where-
upon the receiver arrangement is configured to provide
the digital output signal comprising logic 0, wherein the
condition comprises the differential signal being below
an activity-voltage threshold.
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Description

Field

[0001] The present disclosure relates to controller area
network (CAN) transceiver, a CAN node comprising a
CAN controller in combination with said CAN transceiver
and a method of operating a CAN transceiver.

Background

[0002] In-vehicle network (IVN) buses, such as CAN
(Controller Area Network), CAN FD (CAN with Flexible
Data-Rate), LIN (Local Interconnect Network), FlexRay,
Ethernet based network buses, and other types, can be
used for communications within vehicles. For example,
controller area network (CAN) bus is a message-based
communications bus protocol that is often used within
automobiles. It will be appreciated that CAN networks
also have application outside of the field of automobiles.
A CAN bus network may include multiple bus devices,
so called nodes or electronic control units (ECUs), such
as an engine control module (ECM), a power train control
module (PCM), airbags, antilock brakes, cruise control,
electric power steering, audio systems, windows, doors,
mirror adjustment, battery and recharging systems for
hybrid/electric cars, and many more. The CAN bus pro-
tocol is used to enable communications between the var-
ious bus devices. The data link layer of the CAN protocol
is standardized as International Standards Organization
(ISO) 11898-1:2003. CAN Flexible Data-Rate or "CAN
FD," which is an extension of the standardized CAN data
link layer protocol and is meanwhile integrated into the
ISO11898-1:2015 standard, can provide higher data
rates. But the standardized CAN data link layer protocol
is still in further process of being extended to provide
even higher data rates. A further extension, referred to
as CAN XL, with a new level scheme allowing even higher
data rates is in the definition phase discussed under
CiA610 (CAN in Automation) and is moving towards
standardization in the form of either a further update of
the existing ISO11898 standards or a new standard.
However, it is of interest to allow backwards compatibility
between all the CAN flavours, for example, CAN XL with
CAN FD.

Summary

[0003] According to a first aspect of the present disclo-
sure there is provided a Controller Area Network, CAN,
transceiver comprising:

a receiver arrangement for coupling to a CAN bus,
the receiver arrangement configured to determine a
differential signal from analog signalling received
from the CAN bus; and
a receive output for coupling to a CAN controller and
wherein the receiver arrangement is configured to

provide a digital output signal to the receive output
based on the differential signal; wherein
the receiver arrangement is configured to operate in
at least a first mode in which the receiver arrange-
ment is configured to provide the digital output signal
comprising logic 0 when the differential signal is
greater than a first receiver threshold and provide
the digital output signal comprising logic 1 when the
differential signal is less than said first receiver
threshold unless said differential signal satisfies a
condition, whereupon the receiver arrangement is
configured to provide the digital output signal com-
prising logic 0, wherein the condition at least com-
prises the differential signal being below an activity-
voltage threshold.

[0004] In one or more examples, the CAN transceiver
comprises a transmit input for coupling to said CAN con-
troller and to receive a transmit signal therefrom, the CAN
transceiver further comprising a transmitter arrangement
coupled to the transmit input to receive the transmit signal
and configured for coupling to the CAN bus, the trans-
mitter arrangement configured to provide analog signal-
ling to the CAN bus based on the transmit signal.
[0005] In one or more embodiments, the activity-volt-
age threshold is below the first receiver threshold.
[0006] In one or more embodiments, the receiver ar-
rangement is configured to operate in either a second
mode or the first mode based on signalling received from
the CAN controller, wherein in the second mode the re-
ceiver arrangement is configured to, based on said dif-
ferential signal, provide the digital output signal compris-
ing logic 0 when the differential signal is greater than a
second receiver threshold and provide the digital output
signal comprising logic 1 when the differential signal is
less than said second receiver threshold, the second re-
ceiver threshold different to the first receiver threshold.
[0007] In one or more embodiments, the activity-volt-
age threshold is below the second receiver threshold.
[0008] In one or more embodiments, the second re-
ceiver threshold is below the first receiver threshold.
[0009] In one or more embodiments, said condition fur-
ther comprises the differential signal being below the ac-
tivity-voltage threshold for at least a period of time greater
than a persistence-time-threshold. In one or more exam-
ples, said persistence-time-threshold is implemented us-
ing a filter.
[0010] In one or more examples, the persistence-time-
threshold is less than 100 ns. In one or more examples,
the persistence-time-threshold is more than 50 ns. In one
or more examples, the receiver arrangement includes a
filter configured to filter out occurrences of the condition
being met that persist for less than a persistence-time-
threshold.
[0011] In one or more embodiments, in the first mode,
the receiver arrangement is configured to receive analog
signalling from the CAN bus with a defined level scheme
corresponding to the level scheme according to the CAN
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protocol, such as defined in ISO11898-2:2016.
[0012] In one or more embodiments, the activity-volt-
age threshold is between -0.1 Volts and -0.6 Volts. It will
be appreciated that -0.6V is an example and the voltage
may be between -0.8V and -0.4V or other ranges. It will
be appreciated that the lower bound may be any value
between -0.2 and -1.5V and the upper bound may be any
value between -0.6V and +0.4V.
[0013] In one or more embodiments, said condition fur-
ther comprises the differential signal being below the ac-
tivity-voltage threshold a predetermined number of times
since the differential signal was last greater than the first
receiver threshold.
[0014] In one or more embodiments, the receiver ar-
rangement comprises:

a first receiver configured to compare the differential
signal with the first receiver threshold and output log-
ic 0 when the differential signal is greater than a first
receiver threshold and output logic 1 when the dif-
ferential signal is less than said first receiver thresh-
old; and
a second receiver configured to compare the differ-
ential signal with the activity-voltage threshold and
output logic 0 when the differential signal is less than
the activity-voltage threshold and output logic 1 when
the differential signal is greater than said activity-
voltage threshold;
a logic AND combiner configured to receive the out-
put from both the first receiver and the second re-
ceiver and provide the digital output signal to the
receive output based on said outputs.

[0015] In one or more examples, the receiver arrange-
ment comprises a time filter between the output of the
second receiver and said logic AND module, the time
filter configured filter out changes in the output of the
second receiver that persist for less than a persistence-
time-threshold.
[0016] In one or more embodiments, the said second
receiver is switchable between using the activity-voltage
threshold for use in the first mode and a second receiver
threshold for providing a second mode, wherein in the
second mode the second receiver is configured to, based
on said differential signal, provide the digital output signal
comprising logic 0 when the differential signal is greater
than a second receiver threshold and provide the digital
output signal comprising logic 1 when the differential sig-
nal is less than said second receiver threshold, the sec-
ond receiver threshold different to the first receiver
threshold and wherein the receiver arrangement includes
a signal selector configured to select the output of the
second receiver in the second mode for passing to the
receive output and to select the output of the logic AND
combiner in the first mode for passing to the receive out-
put.
[0017] In one or more examples, the receiver arrange-
ment comprises a third receiver configured to use the

second receiver threshold for providing a second mode,
wherein in the second mode the third receiver is config-
ured to, based on said differential signal, provide the dig-
ital output signal comprising logic 0 when the differential
signal is greater than a second receiver threshold and
provide the digital output signal comprising logic 1 when
the differential signal is less than said second receiver
threshold, the second receiver threshold different to the
first receiver threshold, and wherein in the first mode, the
digital output signal is determined by the output of the
first and second receivers and in the second mode the
digital output signal is determined by the output of the
third receiver.
[0018] In one or more examples, the receiver arrange-
ment may comprise a single receiver configured to com-
pare the differential signal to each of the activity-voltage
threshold, the first receiver voltage and the second re-
ceiver voltage in providing the digital output signal for the
first and second modes.
[0019] In one or more embodiments, the receiver ar-
rangement comprises a counter between the second re-
ceiver and the logic AND combiner, the counter config-
ured to count the occurrences of the second receiver
outputting logic 0 indicative of when the differential signal
is less than the activity-voltage threshold and wherein
the counter is configured to provide a logic 0 to the logic
AND combiner based on a predetermined number of oc-
currences and wherein said counter is reset based on a
logic 0 output from the first receiver.
[0020] According to a second aspect of the disclosure,
we provide a CAN node comprising a CAN controller cou-
pled with a CAN transceiver of the first aspect wherein a
receive input of the CAN controller is coupled with the
receive output of the CAN transceiver for receiving the
digital output signal for processing in accordance with
the CAN protocol by the CAN controller, and the CAN
controller configured to generate a transmit signal in ac-
cordance with the CAN protocol and provide said transmit
signal to a transmit output of the CAN controller that is
coupled with a transmit input of the CAN transceiver, the
transmit input coupled to a transmit arrangement of the
CAN transceiver for providing said analog signalling to
the CAN bus based on said transmit signal received at
the transmit input from the CAN controller.
[0021] In one or more embodiments, said CAN protocol
comprises the CAN FD protocol. Thus, the CAN control-
ler operating based on the CAN FD protocol of
ISO11898-1:2015 may be able to benefit from the CAN
transceiver’s use of the activity-voltage threshold to reli-
ably remain in the protocol exception state that is used
when signalling other than CAN FD signalling is present
on the CAN bus, such as the proposed CAN XL signalling.
[0022] In one or more examples, the CAN protocol
comprises the proposed CAN XL protocol and wherein
the CAN controller is configured to, based on the CAN
controller determining the current or upcoming use of
CAN XL based signalling on the CAN bus, provide mode
signalling to the CAN transceiver to switch to the second
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mode.
[0023] According to a third aspect of the disclosure we
provide a method of operating a CAN transceiver com-
prising a receiver arrangement for coupling to a CAN bus,
the receiver arrangement configured to determine a dif-
ferential signal from analog signalling received from the
CAN bus; and a receive output for coupling to a CAN
controller and wherein the receiver arrangement is con-
figured to provide a digital output signal to the receive
output based on the differential signal; wherein then
method comprises:
operating the receiver arrangement in at least a first mode
wherein in the first mode the method comprises:

providing, by the receiver arrangement, the digital
output signal comprising logic 0 when the differential
signal is greater than a first receiver threshold; and
providing, by the receiver arrangement, the digital
output signal comprising logic 1 when the differential
signal is less than said first receiver threshold unless
said differential signal satisfies a condition, where-
upon the method comprises providing the digital out-
put signal comprising logic 0, wherein the condition
at least comprises the differential signal being below
an activity-voltage threshold.

[0024] In one or more examples, the method compris-
es
operating the receiver arrangement in a second mode
instead of the first mode based on signalling received
from the CAN controller wherein in the second mode the
method comprises:

providing, by the receiver arrangement, the digital
output signal comprising logic 0 when the differential
signal is greater than a second receiver threshold;
and
providing, by the receiver arrangement, the digital
output signal comprising logic 1 when the differential
signal is less than said second receiver threshold,
the second receiver threshold different to the first
receiver threshold.

[0025] According to a further aspect of the present dis-
closure there is provided a CAN transceiver configured
to receive from a CAN bus

analog signals according to a first defined level
scheme having a first receiver threshold with differ-
ential bus voltages above the first receiver threshold
corresponding with digital output signals level 0 and
differential bus voltages below the first receiver
threshold corresponding with digital output signals
level 1, and
analog signals according to a second defined level
scheme having a second receiver threshold with dif-
ferential bus voltages above the second receiver
threshold corresponding with digital output signals

level 0 and differential bus voltages below the sec-
ond threshold corresponding with digital output sig-
nals level 1; and,

during a default operation mode, configured to output to
a CAN controller digital output signals according to the
first defined level scheme, but to output, on receipt of
analog signals with differential bus voltages below a third
receiver threshold, digital output signals level 0, notwith-
standing the first defined level scheme.
[0026] In one or more embodiments, the CAN trans-
ceiver of the further aspect, wherein the third receiver
threshold is below the first receiver threshold.
[0027] In one or more embodiments, the first defined
level scheme has a typical differential driver output volt-
age corresponding to digital signals level 1, which is
above a maximum differential driver output voltage cor-
responding with digital signal level 1 according to the
second level scheme, and wherein the third receiver
threshold is below the typical differential driver output
voltage corresponding to digital signals level 1 of the first
defined level scheme.
[0028] In one or more embodiments, the typical differ-
ential driver output voltage corresponding to digital sig-
nals level 1 of the first defined level scheme is 0 V.
[0029] In one or more embodiments, the first defined
level scheme corresponds with the level scheme accord-
ing to CAN protocol ISO11898:2-2016.
[0030] In one or more embodiments, the third receiver
threshold is above the maximum differential driver output
voltage corresponding with digital signal level 1 accord-
ing to the second defined level scheme.
[0031] In one or more embodiments, the maximum dif-
ferential driver output voltage corresponding with digital
signal level 1 according to the second defined level
scheme is -0.6V. It will be appreciated that -0.6V is an
example and the voltage may be between -0.8V and
-0.4V or other ranges.
[0032] In one or more embodiments, the second de-
fined level scheme corresponds with the level scheme
according to CAN XL during data phase.
[0033] In one or more embodiments, the third receiver
threshold is -0.3V differential bus voltage. It will be ap-
preciated that -0.3V is an example and the voltage may
be between -0.5V and -0.1V or other ranges.
[0034] In one or more embodiments, the third receiver
threshold is -0.4V differential bus voltage. It will be ap-
preciated that -0.4V is an example and the voltage may
be between -0.6V and -0.2V or other ranges.
[0035] In one or more embodiments, wherein the digital
output signals level 0, output on receipt of analog signals
with differential bus voltages below the third receiver
threshold, are equal or greaterthan a minimum length.
Optionally, the minimum length is the expected bit length
of the digital signals according to the second defined level
scheme. Optionally, the minimum length is 100ns. It will
be appreciated that the 100ns minimum length is an ex-
ample and could be revised based on development of
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the protocol.
[0036] In one or more embodiments, the digital output
signals level 0, output on receipt of analog signals with
differential bus voltages below the third receiver thresh-
old, exceed a minimum number of prior bit transitions
below the third receiver threshold.
[0037] In one or more embodiments, the CAN trans-
ceiver is further configured to output to a CAN controller,
during a non-default operation mode, digital signals ac-
cording to the second defined level scheme.
[0038] According to a still further aspect of the disclo-
sure a CAN device comprising

a CAN controller, and
a CAN transceiver according to the further aspect of
the disclosure.

[0039] According to a final aspect of the disclosure, we
provide a method for operating a CAN transceiver con-
figured to receive from a CAN bus

analog signals according to a first defined level
scheme having a first receiver threshold with differ-
ential bus voltages above the first receiver threshold
corresponding with digital output signals level 0 and
differential bus voltages below the first receiver
threshold corresponding with digital output signals
level 1, and
analog signals according to a second defined level
scheme having a second receiver threshold with dif-
ferential bus voltages above the second receiver
threshold corresponding with digital output signals
level 0 and differential bus voltages below the sec-
ond threshold corresponding with digital output sig-
nals level 1,

the method comprising:

receiving analog signals from a CAN bus; and,
during a default operation mode, outputting to a CAN
controller digital output signals according to the first
defined level scheme, but outputting, on receipt of
analog signals with differential bus voltages below a
third receiver threshold, digital output signals level
0, notwithstanding the first defined level scheme.

[0040] In one or more embodiments, the method fur-
ther comprises:
outputting to a CAN controller, during a non-default op-
eration mode, digital signals according to the second de-
fined level scheme.
[0041] While the disclosure is amenable to various
modifications and alternative forms, specifics thereof
have been shown by way of example in the drawings and
will be described in detail. It should be understood, how-
ever, that other embodiments, beyond the particular em-
bodiments described, are possible as well. All modifica-
tions, equivalents, and alternative embodiments falling

within the spirit and scope of the appended claims are
covered as well.
[0042] The above discussion is not intended to repre-
sent every example embodiment or every implementa-
tion within the scope of the current or future Claim sets.
The figures and Detailed Description that follow also ex-
emplify various example embodiments. Various example
embodiments may be more completely understood in
consideration of the following Detailed Description in con-
nection with the accompanying Drawings.

Brief Description of the Drawings

[0043] One or more embodiments will now be de-
scribed by way of example only with reference to the
accompanying drawings in which:

Figure 1 shows an example embodiment of a plural-
ity of CAN nodes connected to a common CAN bus;
Figure 2 shows an example CAN node comprising
a CAN controller coupled with a CAN transceiver,
the CAN transceiver providing the coupling to the
CAN bus;
Figure 3 shows an example CAN transceiver having
a transmitter arrangement and a receiver arrange-
ment;
Figure 4 shows an example timing diagram illustrat-
ing a transmit signal and the corresponding signal-
ling applied to the CAN bus, and a received digital
output signal derived from a differential signal ob-
tained from signalling on the CAN bus, according to
the CAN or CAN FD protocol;
Figure 5 shows an example timing diagram illustrat-
ing a transmit signal and the corresponding signal-
ling applied to the CAN bus, and a received digital
output signal derived from a differential signal ob-
tained from signalling on the CAN bus, according to
the proposed CAN XL protocol;
Figure 6 shows an example CAN frame format illus-
trating a bit position in which the upcoming presence
of non-CAN or non-CAN FD signalling, such as CAN
XL, on the CAN bus can be indicated;
Figure 7 shows an example timing diagram in which
non-CAN or non-CAN FD signalling, such as CAN
XL signalling, is provided while a CAN FD node is in
a protocol exception state;
Figure 8 shows a first example of a differential signal
obtained from CAN bus signalling according to CAN
FD which switches to CAN XL and back to CAN FD;
Figure 9 shows a second example of a differential
signal obtained from CAN bus signalling according
to CAN FD which switches to CAN XL and back to
CAN FD;
Figure 10 shows an example CAN transceiver con-
figured to receive CAN or CAN FD signalling as well
as non-CAN or non-CAN FD signalling, such as CAN
XL signalling;
Figure 11 shows a first example embodiment of a

7 8 



EP 3 745 656 A2

6

5

10

15

20

25

30

35

40

45

50

55

CAN transceiver;
Figure 12 shows a second example embodiment of
a CAN transceiver;
Figure 13 shows a third example embodiment of a
CAN transceiver;
Figure 14 shows an example timing diagram illus-
trating the operation of any of the first to third exam-
ple embodiment CAN transceivers;
Figure 15 shows a fourth example embodiment of a
CAN transceiver;
Figure 16 shows a fifth example embodiment of a
CAN transceiver;
Figure 17 shows an example timing diagram illus-
trating the operation of either the fourth or fifth ex-
ample embodiment CAN transceiver; and
Figure 18 shows an example of a first voltage level
scheme, e.g. according to ISO11898:2-2016, along-
side a second defined voltage level scheme, e.g. ac-
cording to CAN XL.

Detailed Description

[0044] Example Figure 1 shows a CAN bus system
100 with a plurality of nodes or ECUs (Electronic Control
Units) 101-104 connected to the same CAN bus wires
105 comprising a first CANH wire and a second CANL
simultaneously. The nodes 101 and 102 comprise con-
ventional CAN FD nodes that implement the CAN FD
protocol. The nodes 103 and 104 comprise nodes that
implement an extended version of the CAN protocol,
such as the proposed CAN XL protocol. The CAN XL
protocol is not known to the nodes 101, 102 that imple-
ment the CAN FD protocol.
[0045] Example Figure 2 shows one of the nodes
101-104 in more detail. A node mainly comprises a CAN
controller 201, such as a microcontroller, that implements
the CAN FD or CAN XL protocol such as by using an
embedded CAN FD or CAN XL protocol controller. The
controller 201 is connected to the CAN bus 105 by a CAN
transceiver 202. The CAN controller 201 is connected to
the CAN transceiver 202 through two interface connec-
tions called TXD (Transmit Data) 203 and RXD (Receive
Data) 204. The controller may therefore have a transmit
output that couples with a transmit input of the transceiv-
er. Likewise, the transceiver may have a receive output
that couples with a receive input of the controller. The
transceiver 202 is used to convert transmit data compris-
ing a digital bit stream on TXD 203 into analogue signal-
ling on the bus wires 105. The transceiver 202 may also
be used to convert analogue signalling from the bus 105
into receive data comprising a digital output signal or bit
stream for providing to the RXD connection 204.
[0046] Currently a new flavour of the CAN protocol is
in the definition phase called "CAN XL". This new CAN
flavour shall be designed to be backwards compatible
with the existing CAN FD protocol, which is achieved
through use of a control bit within the CAN FD protocol
bit stream. Thus, CAN FD provides, by using the afore-

mentioned control bit, for a CAN FD controller implemen-
tation to be placed into a "protocol exception state",
whenever a non-CAN or non-CAN FD, such as a CAN
XL, frame is to be sent on the bus 105. The CAN FD
protocol uses the detection of an idle bus 105 in a par-
ticular state to enable a CAN FD controller to leave the
protocol exception state ready for new bus cycle with a
new arbitration phase.
[0047] The present disclosure may relate to a trans-
ceiver concept configured to use the protocol exception
state provided for in CAN FD. In one or more examples,
the transceiver 202 is configured to ensure CAN FD con-
trollers 201 are reliably kept in the protocol exception
state even if one or more nodes are running the CAN XL
protocol with a voltage level scheme that differs from the
voltage level scheme for CAN or CAN FD. The voltage
level scheme comprises the voltages used for signalling
on the wires of the CAN bus. The modification of the
voltage level scheme from that used by CAN and CAN
FD may be useful for achieving higher bus speeds. In
one or more examples, the transceiver described herein
may make it possible to run both protocols, CAN FD and
CAN XL, interleaved on the same bus wires 105 despite
the use of a different voltage level scheme.
[0048] The introduction of a new CAN protocol variant
is an issue if such introduction is not backwards compat-
ible / interoperable. The introduction could mean a
change of all involved electronics, such as both CAN
transceivers and CAN controllers at each node in a net-
work, without the possibility to have a smooth transition
from one technology to the next. Therefore, it may be
important to ensure compatibility and, optionally, inter-
operability with the old systems.
[0049] As mentioned, the CAN FD protocol has a func-
tion called "protocol exception state", which parks a CAN
FD controller in a waiting loop until the bus 105 becomes
free again. Within this state a CAN FD controller tolerates
all kind of bus signalling, i.e. signalling that is non-com-
pliant with the CAN FD protocol, without creating any
errors. To stay within the protocol exception state, there
must be dominant signals (i.e. a logic 0 differential signal)
/ dominant level changes on the receive input from the
receive connection 204 towards the CAN FD controller
in order to signal to the CAN FD controller that there is
still activity on the bus. To leave the protocol exception
state, the CAN FD controller looks for a period of no sig-
nals (i.e. a contiguous recessive signal over several bits)
on the RXD connection 204 whereupon the bus 105 is
regarded to be free again and the "not known" protocol
has finished.
[0050] Currently the industry defines a new flavour of
CAN called CAN XL. This new protocol variant makes
use of the Protocol Exception State of CAN FD and is
intended to keep the CAN FD controllers into the excep-
tion state until the CAN XL frame is finished. Therefore,
it is assumed, that the CAN XL protocol creates the re-
quired dominant signal or dominant signal changes
based on the CAN XL traffic at the RXD connection 204
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so that the CAN FD controllers remain in the protocol
exception state until the CAN XL traffic is complete.
[0051] The proposed CAN XL physical layer however
specifies modifications in the voltage level scheme of the
signalling of bits on the bus 105 wires in order to provide
the desired bus speed performance. A result of this volt-
age level scheme is that there are potentially no dominant
signal edges on the RXD connection 204 towards any
CAN FD controllers that may be part of the network 100
because voltage tolerances of the voltage levels used on
the bus 105 may result in dominant signalling not being
detected by the CAN FD compliant CAN transceivers. In
essence it may be that the CAN XL signalling uses volt-
age levels that are so low from amplitude perspective,
that the CAN receiver with the classical receiver thresh-
olds (as used in the CAN FD module) does not recognise
any bus 105 activity anymore and the RXD connection
204 provided to the CAN FD controller may appear there-
to as being continually recessive. As a consequence, the
CAN FD controller would leave their protocol exception
state too early and create errors, which may interfere with
traffic on the bus 105.
[0052] A similar problem occurs, if a node is powered-
up the first time, while other nodes in the system are
already communicating with CAN XL protocol and levels.
A node, which is powered up may start in the protocol
exception state by default and then waits for the expira-
tion of this exception state. It may be important that a
node recognizes reliably the communication in CAN XL
level scheme in order to stay in this exception state, until
the bus is free again.
[0053] One or more examples of the present disclosure
may be configured to reliably keep the CAN FD nodes in
their protocol exception state during signalling on the bus
105 defined in the new proposed CAN XL physical layer.
In one or more examples, nodes having CAN controllers
that implement CAN FD and CAN XL protocol can be
mixed on one and the same bus 105 without any restric-
tions. This may enable interleaved CAN FD and CAN XL
communication on the same medium and may allow for
integration of nodes into the network 100 after they are
powered-up.
[0054] For bus speed reasons the CAN XL physical
layer needs to switch the output and input behaviour, i.e.
the voltage level scheme and, optionally, the signalling
rate, depending on the phase of the protocol. At the be-
ginning of a CAN XL frame, the well-known CAN FD or
ISO 11898-2:2016 level scheme is used, which is also
used for CAN FD nodes. This guarantees the interoper-
ability / backwards compatibility of CAN FD with CAN XL
at the beginning of the frames. This voltage level scheme
is used for determining the node 101-104 that gains bus
access through the known CAN Arbitration method.
[0055] After passing the decision point, which protocol
is used (CAN FD or CAN XL) is signalled and the Physical
Layer of CAN XL is changed to the CAN XL voltage level
scheme or remains in the CAN FD voltage level scheme.
In the case a CAN XL node 103, 104 has won the bus

access, the CAN XL voltage level scheme may be used
to provide stronger output drive with different output and
input levels. This may be required to drive the bus with
maximum physical speed. The old, CAN FD voltage level
scheme was not optimized for speed and as such may
not be suitable for very high bus speeds, which is the
main desired feature of CAN XL.
[0056] If we consider a CAN XL compliant controller
coupled with a CAN transceiver in accordance with an
embodiment herein, the new CAN XL Physical Layer may
be configured to switch between the two voltage level
schemes through a control mechanism between the CAN
XL Controller (or protocol controller thereof) and the CAN
Transceiver. The transceiver is usually a very simple de-
vice not knowing the protocol to be transported. So, the
CAN XL controller may be configured to provide this
switching information. For the present disclosure it is not
of relevance how this control is done. It can be easily
understood, that an old CAN FD controller cannot deliver
this switching signal, because it was developed at a time
when CAN XL was not known. As such, a module with a
CAN FD controller in combination with a CAN transceiver
in accordance with an embodiment herein cannot be
switched to the CAN XL voltage level scheme while other
nodes are using the CAN XL protocol.
[0057] One or more examples described herein pro-
pose to have a detection mechanism inside the CAN
Transceiver, which may autonomously execute the
switching between the two voltage level schemes based
on observation of the voltage levels on the bus. If there
is CAN XL traffic on the bus lines, the exemplary CAN
Transceiver may be configured to forward an according
level to the RXD connection 204 of the connected CAN
FD controller 201 keeping it reliably in the protocol ex-
ception state until the CAN XL frame ends.
[0058] In one or more examples, the CAN transceiver
described herein may be used in all nodes regardless of
the CAN controller (or protocol controller thereof) to
which it is coupled. Accordingly, the CAN transceiver de-
scribed herein in the examples that follow may be coupled
with a CAN FD compliant controller (e.g. one that is not
capable of communication under the CAN XL protocol)
or a CAN XL compliant controller (e.g. one that is capable
of communication under CAN XL and CAN FD for at least
the arbitration phase). If this is the case, both protocols
can be used simultaneously on the same bus 105 with
interleaved message formats. "Old" nodes with CAN FD
controllers may only need to be upgraded with a new
CAN transceiver. This is a minor change and can be done
when the CAN transceiver as described herein is avail-
able. It may take a longer time until all controllers 201
with the CAN protocol are upgraded towards CAN XL
controllers.
[0059] The CAN XL protocol is defined to be a superset
of CAN FD and the classical CAN protocol. As such, a
CAN XL module may as well use the CAN FD protocol
or even the classical CAN protocol depending on config-
uration / programming of the CAN XL controller.
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[0060] CAN FD and CAN XL both use the identical bus
access mechanism and bus voltage level scheme
through the so-called bit wise arbitration as defined for
CAN in ISO11898. As such, both CAN variants are inter-
operable and with that backwards compatible. As long
as the CAN FD node is winning the bus access through
a higher priority in the identifier, the CAN FD protocol
continues through the rest of the frame with the known
bus voltage level scheme as used in CAN and CAN FD.
A CAN XL controller is capable per definition of the CAN
XL Standard to understand the CAN FD signalling.
[0061] Figure 3 shows a general arrangement of a CAN
transceiver 202 including the transmit input for coupling
to the TXD connection 203 and the receive output for
coupling to the RXD connection 204. The transceiver 202
comprises a transmitter arrangement 301 for receiving
digital transmit data from the transmit input and for cou-
pling to the bus 105 to provide differential signalling
based on the transmit data to the two wires of the bus
105. The transceiver 202 comprises a receiver arrange-
ment 302 for receiving signalling from the bus 105, the
receive arrangement configured to provide a digital out-
put signal to the receive output based on a differential
signal received from the bus 105.
[0062] A transceiver according to the state of the art
for CAN systems may use a voltage level scheme as
defined in the ISO 11898-2:2016 standard. Figure 4 il-
lustrates an example timing diagram showing such a volt-
age level scheme. Logic high bits, also known as reces-
sive bits, in the transmit data at 401, 402 are represented
with 0V differential at 403, 404, while logic low bits, also
known as dominant bits, at 405 are represented with a
positive differential voltage between +1.5V to +3V, shown
by the different voltage levels at the CANH wire and
CANL wire of the bus at 406. As such the transmitter
arrangement 301 is converting a logical "1" (high level,
also known as recessive) to a 0V differential output volt-
age and a logical "0" (low level, also known as dominant)
into a positive differential voltage between +1.5V up to
+3V.
[0063] The receiver arrangement 302 connected to the
RxD connection 204 is converting the differential voltage
back into logical levels. Again, in accordance with the
ISO 11898-2:2016 standard the receiver arrangement
302 switches with a threshold voltage or threshold volt-
age range 407 of +0.5V up to +0.9V differential between
the logical states. In case the differential bus voltage
(Vdiff) is below +0.5V as at 408 and 409, the receive
arrangement outputs "1" (high level, also known as re-
cessive) as shown at 410 and 411. If the bus voltage is
higher than +0.9V as at 412, the receive arrangement
outputs "0" (low level, also known as dominant), as at 413.
[0064] One of the aims for CAN XL is that the commu-
nication speed shall be improved towards the maximum
that is physically possible. The voltage level scheme as
defined in the ISO11898-2:2016 is not optimized for that
purpose due to several reasons.
[0065] First, the arbitration mechanism needs to make

sure that the bus becomes relatively high-ohmic (this is,
why that state is called "recessive") for the logical state
"1" (high). This high ohmic state can be overridden by
another sender with a low-ohmic "0" (this is, why it is
called "dominant"). Second, this same mechanism is
used through all the CAN FD frames to signal a detected
error on the bus lines. Any node may override a sender
at any time during his recessive bit phases and with that,
stop a transmission on the fly. "High ohmic" driven bits
are rather slow and have other draw backs in practice.
Long physical bus cables with multiple branches create
a lot of reflections and may corrupt the high-ohmic bits.
[0066] The CAN XL voltage level scheme may be more
optimized for maximum signal performance on the bus
105. Since the Arbitration phase used for determining
bus access stays the same in CAN XL (for backwards
compatibility), a CAN XL Transceiver may use the new
voltage level scheme only after the Arbitration phase is
complete and the CAN XL controller has won access to
the bus. At that moment in time the CAN XL Transceiver
may switch to the new voltage level scheme and boost
the speed on the bus 105. Intentionally, the CAN XL pro-
tocol may not allow any other node to override data bits.
The high ohmic output behaviour could be avoided and
all bit levels are driven with more optimum strength.
[0067] Example figure 5 shows an example timing di-
agram showing a proposed CAN XL voltage level
scheme.
[0068] In the previous level scheme bits were de-
scribed as recessive or dominant. However, in the pro-
posed scheme there are no recessive bits.
[0069] Logic high bits in the transmit data at 501, 502
are represented with a negative differential signal (i.e.
=CANH-CANL), shown by the different voltage levels at
the CANH wire and CANL wire of the bus at 503, 504.
Logic low bits at 505 are represented with a positive dif-
ferential voltage, shown by the different voltage levels at
the CANH wire and CANL wire of the bus at 506. As such
the transmitter arrangement 301 is converting a logical
"1" (high level) to a negative differential output voltage
between -0.6V and -1V and a logical "0" (low level) into
a positive differential voltage between +0.6V and +1V.
[0070] The receiver arrangement 302 connected to the
RxD connection 204 is converting the differential voltage
back into a digital output signal with logical levels. The
receiver arrangement switches with a threshold voltage
or threshold voltage range 507 of -0.1V to +0.1V differ-
ential between the logical states. In case the differential
bus voltage (Vdiff) is below -0.1V as at 508 and 509, the
receive arrangement outputs "1" (high level) as shown
at 510 and 511. If the bus voltage is higher than +0.1V
as at 512, the receive arrangement outputs "0" (low level),
as at 513.
[0071] For CAN XL Transceivers a mechanism is de-
fined which triggers the switching between the voltage
level schemes shown in Figures 4 and 5. This mechanism
changes the Transmitter behaviour from the known
ISO11898-2:2016 level scheme towards the new pro-
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posed one for CAN XL and vice versa. The same mech-
anism may be used for switching the receiver thresholds
between the voltage level schemes. There are multiple
mechanisms defined in the draft CAN XL standard pro-
posal relating to how this mode switching is executed.
For example, a dedicated interface pin from the controller
201 towards the transceiver 202 may be used.
[0072] Figure 6 illustrates an example CAN FD frame
format 600 (here the CAN FD Base Frame Format with
11-bit Identifier). Following a series of bits 601 used for
the arbitration process there comprises a reserved bit
602 for signalling the use of the protocol exception state
for any CAN FD controller on the network 100 or, for
nodes that support CAN XL, the reserved bit may signal
the upcoming use of the CAN XL protocol. The data field
603 may therefore contain CAN FD compliant signalling
if the bit 602 is dominant and the data field 603 may con-
tain CAN XL compliant signalling if the bit 602 is reces-
sive. Thus, the bit 602 may be considered to be where
the transition from the CAN FD protocol towards the CAN
XL protocol takes place. If this reserved bit is dominant
(logic 0) on the bus lines, this is a CAN FD frame and all
following bits follow the CAN FD protocol rules as shown
in the figure 6. If this reserved bit is recessive on the bus
(logic 1), all following bits may follow the CAN XL protocol
rules (not shown in the figure 6).
[0073] Figure 7 shows an example timing diagram il-
lustrating the bits received 701 on the bus 105, the state
of a CAN XL node at 702 in response to said bits, the
state of a CAN FD node at 703 in response to said bits
and the voltage level scheme used in the bus at 704. The
period 705 comprises the arbitration phase in which the
CAN XL node, in this example, wins arbitration. The re-
served bit 602 is placed in the logic 1 state by the winning
node and this is transmitted on the bus. Accordingly, the
CAN XL node is shown as continuing the CAN XL pro-
tocol and, during period 706, the CAN FD node receives
the recessive logic 1 reserved bit 602 and places itself
in the protocol exception state. Once a CAN FD controller
discovers this reserved bit to be recessive, it enters the
"Protocol Exception State" ignoring all traffic on the bus
from now on. The CAN FD controller will stay in this state
as long as it does not see a period of predetermined
length on the bus and respectively at the receive input
from the RXD connection with a contiguous recessive
state.
[0074] So, normally, as long as the CAN XL node is
still sending signalling to the bus, the CAN FD node(s)
remain in the Protocol Exception State because they see
the bus activity includes dominant signalling caused by
the CAN XL signalling on the bus 105.
[0075] Similar to all CAN protocol flavours like CAN FD
or classical CAN, the proposed CAN XL frames also end
with 11 consecutive bit times in a recessive logic 1 state
until a next frame may start. For these 11 consecutive
recessive bit times, there are no bit transitions anymore
on the bus and with that on the RXD connection 204 of
the CAN FD controllers in the CAN FD modules. These

11 recessive bits defined in CAN XL also serve to provide
the predetermined time of contiguous recessive signal-
ling required to signal that the CAN FD controller(s) can
leave the Protocol Exception State. So, after 11 bit times
of silence in recessive state, all nodes are active again
and a new negotiation period on the bus 105 may start
through the next Arbitration Phase 708. Considering the
voltage level scheme 704, the CAN FD voltage level
scheme is used during the arbitration phase 705, the pre-
determined time of recessive signalling to leave the pro-
tocol exception state 707 and the next arbitration phase
708. During the data phase 706 in which a CAN XL con-
troller has won arbitration, the CAN XL voltage level
scheme is used. The transition back to ISO11898-2:2016
level scheme happens at some non-relevant bit position
at the end of the CAN XL frame but before the predeter-
mined time period, also known as the Inter Frame Space
707, starts.
[0076] Thus, provided that dominant signalling is visi-
ble to the CAN FD controllers during the data phase 706,
it can be understood that it is possible to mix CAN FD
with CAN XL nodes in one and the same bus system.
This mechanism only works if the CAN FD node in Pro-
tocol Except State can observe the bus activity by the
RXD connection 204 while the CAN XL node is transmit-
ting their bits on the bus.
[0077] Unfortunately, the CAN XL voltage level
scheme makes use of voltage levels on the bus that can-
not be guaranteed to be seen by all CAN FD transceivers.
Accordingly, the RXD connection 204 at CAN FD nodes
may not see activity on the bus when there is CAN XL
signalling on the bus. It might be under some conditions,
that the bus levels in the CAN XL data phase 706 are
lower than the maximum receiver threshold of +0.9V
used by CAN transceivers to differentiate between logic
1 and logic 0 signalling in the ISO 11898-2:2016 stand-
ard. In particular, the minimum voltage of a CAN XL data
bits may be just +0.6V, less than the maximum receiver
threshold of +0.9V and as such are not necessarily visible
anymore on the RXD connection of the CAN FD compli-
ant nodes. Instead, a controller would see a permanent
recessive state (logical "1" on RXD) and after 11 consec-
utive bit times would leave the protocol exception state.
The consequence would be that these nodes regard the
bus to be free and would start transmission while in the
background the CAN XL nodes are still using the bus
with the other, CAN XL voltage level scheme.
[0078] Example figure 8 shows a period 801 of CAN
FD signalling followed by a period 802 of CAN XL sig-
nalling followed by a further period 803 of CAN FD sig-
nalling. As mentioned, the thresholds used by a CAN
transceiver to differentiate between logic 1 and logic 0
from the differential signal 804 (CANH-CANL) obtained
from the signalling on the CAN bus is between +0.6V and
+0.9V shown as lines 805 and 806. In the periods 801
and 803 the high and low levels are clearly above and
below these thresholds and therefore the distinction be-
tween a logic 1 and a logic 0 is clear. However, in case
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of the CAN XL bus amplitudes in period 802, the differ-
ential signal has a voltage that is near the threshold 806
and threshold 805. Thus, the CAN XL signalling may not
exceed the lower threshold 805 or upper threshold 806
boundary, such as due to production spread, tempera-
ture conditions or cable losses. Accordingly, the receive
output at the RXD connection 204 at a CAN FD node
might show a permanent logical "1" and with that regard
the bus to be idle and thus leave the Protocol Exception
State after 11 bit times. That would lead to potential bus
collisions and failure scenarios. Thus, a typical CAN XL
dominant logic 0 signal may have a differential voltage
of around +1V, as shown by signal 807, and may there-
fore be detected by a CAN transceiver using a threshold
between +0.6V and +0.9V. However, a low or minimum
CAN XL dominant logic 0 signal may have a voltage of
around +0.6V (or less accounting for losses), as shown
by signal 808. Accordingly, there is a chance that a CAN
transceiver, such as one using a threshold of nearer
+0.9V will not see the signal 808 as a dominant logic 0
signal and instead provides, in error, a digital output sig-
nal that reports a recessive logic 1 signal. As shown at
809 in trace 810, the digital output signal does not show
the occurrence of the signal 808 nor subsequent CAN
XL signalling until period 803 in which the voltage level
scheme switches back to the CAN FD voltage levels. The
period 809 may be longer than the predetermined time
required to trigger the CAN FD controller to leave the
protocol exception state.
[0079] Thus, the voltage thresholds used by a CAN FD
transceiver may be problematic. It should be understood
that a CAN FD controller has no means to switch or
change the threshold used by the connected transceiver
towards a different receiver threshold. Such a function
was not foreseen at the development of CAN FD. So, the
CAN FD node leaves the transceiver within the
ISO119898-2:2016 level scheme and receiver thresh-
olds are +0.5V to +0.9V.
[0080] Figure 8 assumes the transition from ISO levels
to CAN XL levels within a recessive bit state and the
transition back during a dominant bit state.
[0081] In example figure 9 the same mechanism is
demonstrated for a transition from CAN FD levels to CAN
XL levels within a dominant state and the transition back
during a recessive bit state. Both scenarios are poten-
tially possible but lead to the same problem in the digital
output signal provided to the RXD connection 204. With
too low signal amplitudes during the CAN XL phase, there
is potentially a permanent recessive state signalled on
the RXD pin, which may initiate the too early exit from
the CAN FD protocol exception state.
[0082] While a CAN FD transceiver may not have
means to change the threshold voltages used by the re-
ceiver arrangement thereof, a CAN XL transceiver should
be able to switch between different receiver arrangement
thresholds to ensure reliable differentiation between logic
0 and logic 1 signals sent using CAN FD compliant sig-
nalling and CAN XL signalling using their different voltage

level schemes.
[0083] A CAN XL Transceiver needs to have measures
to change the receiver threshold form the
ISO11898-2:2016 levels of 0.5V to 0.9V towards the CAN
XL defined threshold voltages of -100mV to +100mV.
This can be achieved through different implementations
like, for example, two dedicated receivers or input com-
parators or a single comparator, which can be switched
between the two threshold ranges.
[0084] Example Figure 10 is illustrating a transceiver
1000 with two dedicated receivers or input comparators
1001 and 1002. It shall be noted, that the Transmitter (Tx
Mode) and Receiver (Rx Mode) signals 1011 are provid-
ed by the CAN XL controller towards the transceiver and
may be standardized for a CAN XL system.
[0085] The first receiver 1001 may be configured to
determine the digital output signal using the CAN FD volt-
age level scheme with a threshold voltage of +0.5V to
+0.9V. The second receiver 1002 may be configured to
determine the digital output signal using the CAN XL volt-
age level scheme with a threshold voltage of +0.1V to
-0.1V. A multiplexer 1003 determines which receiver,
1001 or 1002, provides its determined digital output sig-
nal to the receive output 1004 for provision to the RXD
connection 204 and on to the CAN controller. For this
present disclosure, the method of switching the multi-
plexer 1003 is not of any relevance. However, a CAN FD
controller does not have means to switch the multiplexer
1004 of the transceiver but a CAN XL controller will have
the means.
[0086] For CAN XL systems a certain range of possible
baud rates is defined, which are relevant for a proper
detection of potential CAN XL traffic inside of the Trans-
ceiver. The CAN XL arbitration speed with
ISO11898-2:2016 level scheme may go up to 1Mbps
which corresponds to 1ms (ms also written as us herein)
of minimum bit time while the data phase may go up to
10Mbps which corresponds to 100ns of minimum bit time.
It will be appreciated that as the proposed protocol is
established, the data phase may go up to different or high
rates, such as 12.5Mbps or other values and accordingly
the minimum bit time for the data phase is subject to
change.
[0087] It can now be derived, that the potentially short-
est time out of the protocol exception state in CAN FD
occurs at the highest potential Arbitration baud rate. As
such, the 11 recessive bit times terminating the Protocol
Exception State are expired after 11 x 1ms = 11ms earli-
est. For lower used baud rates during Arbitration phase,
the protocol exception state is accordingly longer. This
translates to a maximum available time to detect and
signal CAN XL Traffic on the RXD pin to be 11ms or less.
This is fixed and CAN FD protocol defined limit to be
guaranteed by the present disclosure.
[0088] The detection of CAN XL traffic needs to as-
sume the fastest possible data rate during CAN XL com-
munication, which may be 10Mbs resulting in minimum
100ns or longer pulses / phases on the bus. In case CAN
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XL would be used with higher baud rates, this time may
shortened accordingly. Multiple consecutive bits with the
same bit level will always extend the pulse lengths and
are not critical for detection. Most critical is the shortest
time to be detected.
[0089] It is proposed to provide a transceiver (e.g. CAN
transceiver) that may be used with a CAN controller op-
erating in accordance with the CAN FD protocol and op-
tionally, be used with a CAN controller operating in ac-
cordance with the CAN XL protocol. It will be appreciated
that a CAN controller operating in accordance with the
CAN XL protocol may also operate in accordance with
the CAN FD protocol given that at least the arbitration
phases are the same.
[0090] Figure 11 shows a first example embodiment
of a CAN transceiver 1100 for coupling to a CAN FD
controller (only TXD and RXD connections 203, 204
shown), such as a CAN FD controller that does not sup-
port CAN XL.
[0091] The CAN transceiver 1100 comprises a receiv-
er arrangement 1101 for coupling to a CAN bus 105. The
receiver arrangement 1101 is configured to determine a
differential signal from analog signalling received from
the CAN bus 105. The transceiver further comprises a
receive output 1104 for coupling to a CAN controller and
wherein the receiver arrangement 1101 is configured to
provide a digital output signal to the receive output 1104
based on the differential signal. In one or more examples,
the transceiver 1100 further comprises a transmit input
1105 for coupling to said CAN controller and to receive
a transmit signal therefrom. The CAN transceiver 1100
further comprises a transmitter arrangement 1102 cou-
pled to the transmit input 1105 to receive the transmit
signal and is configured for coupling to the CAN bus 105.
The transmitter arrangement is configured to provide an-
alog signalling to the CAN bus based on the transmit
signal.
[0092] The receiver arrangement 1101 is configured
to operate in at least a first mode. Further modes of op-
eration will be described later. In the first mode, the re-
ceiver arrangement 1101 is configured to provide the dig-
ital output signal comprising logic 0 when the differential
signal is greater than a first receiver threshold and pro-
vide the digital output signal comprising logic 1 when the
differential signal is less than said first receiver threshold
unless said differential signal, derived from the bus wires,
satisfies a condition, whereupon the receiver arrange-
ment is configured to provide the digital output signal
comprising logic 0, wherein the condition at least com-
prises the differential signal being below an activity-volt-
age threshold.
[0093] Accordingly, the receiver arrangement 1101
may be configured to determine the differential signal
from the signalling from the CAN bus 105 and compare
the differential signal to the first receiver threshold volt-
age and the activity-voltage threshold voltage to deter-
mine the digital output signal to provide to the receive
output 1104. In one or more examples, the activity-volt-

age threshold is below the first receiver threshold. In par-
ticular, the first receiver threshold voltage may be used
to determine between logic 0 and logic 1 of the CAN FD
voltage level scheme and may therefore lie between
+0.5V and +0.9V or may comprise the range +0.5V to
+0.9V. The activity-voltage threshold is used to reliably
determine CAN XL activity on the CAN bus 105. As will
be appreciated from figures 8 and 9, CAN XL activity
includes negative voltage differential signals. The CAN
XL protocol may define upper and lower receiver thresh-
olds for use by the receiver arrangement for distinguish-
ing between logic 1 and logic 0 of CAN XL signalling. The
CAN XL protocol may also define a maximum lower volt-
age and maximum upper voltage for the differential signal
derived from the CAN XL signalling on the bus. The ac-
tivity-voltage threshold may therefore be set at a value
that that is less than the predefined lower receiver thresh-
old used for detecting CAN XL signalling but greater than
the maximum lower voltage for CAN XL. Thus, in one or
more examples the activity-threshold voltage may be be-
tween -0.1V and -0.6V, or between -0.2V and -0.5V or
about -0.4V.
[0094] In summary, the receiver arrangement may be
configured to provide a digital output signal of logic 0
when the differential signal is greater than the first re-
ceiver threshold or less than the activity-threshold and
provide a digital output signal of logic 1 when the differ-
ential signal is between the first receiver threshold and
the activity-threshold voltage. Accordingly, in the first
mode, the receiver arrangement 1101 is configured to
receive analog signalling from the CAN bus with a defined
voltage level scheme corresponding to the level scheme
according to ISO11898:2-2016. The activity-voltage
threshold may provide a convenient way of detecting
CAN XL activity using only the CAN transceiver and
therefore without the need to upgrade the CAN controller.
[0095] If the bus differential voltage is below the activ-
ity-voltage threshold of, for example, -0.4V, for a sub-
stantial amount of time, this is a clear indicator that the
signaling in the network has entered the CAN XL protocol
phase with different voltage level scheme on the bus 105.
[0096] In one or more examples, said condition further
comprises the differential signal being below the activity-
voltage threshold for at least a period of time greater than
a persistence-time-threshold. In one or more examples,
the persistence-time-threshold is less than 100 ns. In one
or more examples, the persistence-time-threshold is
more than 50 ns.
[0097] The persistence-time threshold may be advan-
tageous for filtering noise originating from the bus 105
and preventing erroneous detection of CAN XL activity
that would otherwise disturb the operation of a controller
that operates in accordance with CAN FD. Accordingly,
the receiver arrangement may include a time-based filter.
There might be noise disturbances in the Arbitration
phase towards negative differential voltages, which last
longer than a short CAN XL bit time. In such case, a
receiver arrangement with a time filter shorter than the

19 20 



EP 3 745 656 A2

12

5

10

15

20

25

30

35

40

45

50

55

minimum CAN XL bit time may forward unwanted dom-
inant signals towards the RXD pin in arbitration phase.
During the arbitration phase such negative differential
voltages may occur systematically through signal ringing
out of the wiring harness that forms the bus 105.
[0098] Example figure 11 also shows components of
the receiver arrangement 1101 that may provide the
above-mentioned functionality. In particular, the receiver
arrangement 1101 may comprise a first receiver 1106
for coupling to the bus 105 and configured to compare
the differential signal derived from the bus signalling with
the first receiver threshold and output logic 0 when the
differential signal is greater than the first receiver thresh-
old and output logic 1 when the differential signal is less
than said first receiver threshold. The receiver arrange-
ment 1101 may comprise a second receiver 1107 con-
figured to compare the differential signal derived from
the bus signalling with the activity-voltage threshold and
output logic 0 when the differential signal is less than the
activity-voltage threshold and output logic 1 when the
differential signal is greater than said activity-voltage
threshold. It will be appreciated that the outputs de-
scribed above take account of the logic NOT 1108. The
receiver arrangement 1101 may comprise a logic AND
combiner 1109 configured to receive the output from both
the first receiver 1106 and the second receiver 1107 and
provide the digital output signal to the receive output 1104
based on said outputs. The use of two receivers 1106,
1107, which may be considered to comprise compara-
tors, and a logic AND provides a particularly advanta-
geous implementation for the CAN transceiver.
[0099] It will be appreciated that many variations of log-
ic may be used to implement the functionality, such a
single receiver or comparator that is configured to use
both the first receiver threshold and the activity-voltage
threshold and switch between them. In other examples,
the logic output of the comparators 1106,1107 may be
different and therefore different configuration of NOT log-
ic may be required or the combiner 1109 may be required
to comprise a logic OR or XOR combiner to provide an
appropriate digital output signal. It is as well possible to
use an analog-digital (A/D) converter with signal process-
ing after that converter.
[0100] In one or more examples, to implement the con-
dition that includes the persistence-time-threshold, the
receiver arrangement 1101 may include a time-based
filter 1110 configured to filter out occurrences of the con-
dition being met, i.e. the differential signal being less than
the activity-threshold, that persist for less than the per-
sistence-time-threshold. Accordingly, a logic 0 generated
by the second receiver 1107 in combination with the NOT
1108 would only be presented to the logic AND combiner
1109 if it persisted for longer than the persistence-time-
threshold. It is important that the time filter 1110 does not
filter out bits that comprise CAN XL signalling and there-
fore the time filter should be set to a value less than the
minimum time period for a CAN XL bit. The data rate for
CAN XL while in the data phase may go up to 10Mbps

which corresponds to 100ns of minimum bit time. The
persistence-time-threshold may therefore be less than
100 ns. In one or more examples, the persistence-time-
threshold is more than 50 ns. In this and any other ex-
ample embodiment, the time filter 1110 may be absent.
Thus, the output from the second receiver 1107 may cou-
ple to the logic AND combiner 1109.
[0101] Example figure 12 shows a second example
embodiment. Figure 12 shows an embodiment of a CAN
transceiver 1200 for coupling to a CAN XL controller (only
TXD and RXD connections 203, 204 shown), such as a
controller that supports the CAN XL protocol and the CAN
FD protocol, at least in part.
[0102] In the example of figure 12, the receiver ar-
rangement 1101 is configured to operate also in a second
mode. Accordingly, the receiver arrangement 1201 can
operate either in the first mode or the second mode at
any one time. The selection of the first mode or the sec-
ond mode may be based on signalling received from the
CAN controller by whatever means is provided. In the
second mode, the receiver arrangement 1201 may be
configured to, based on said differential signal, provide
the digital output signal comprising logic 0 when the dif-
ferential signal is greater than a second receiver thresh-
old and provide the digital output signal comprising logic
1 when the differential signal is less than said second
receiver threshold, the second receiver threshold differ-
ent to the first receiver threshold. The second receiver
threshold may be used to determine logic 0 and logic 1
for the digital receive signal based on the CAN XL sig-
nalling and thus signalling that uses the voltage level
scheme of CAN XL.
[0103] In one or more examples, the activity-voltage
threshold is below the second receiver threshold. In one
or more examples, the second receiver threshold is be-
low the first receiver threshold.
[0104] The implementation in figure 12 has the capa-
bility to switch between the use of two voltage level
schemes through the use of a mode signal applied at
1211 to the transmitter arrangement 1202 to change the
voltage level scheme it uses to provide signalling to the
bus and at the receiver arrangement to change the volt-
age level scheme or voltage thresholds it uses to detect
logic 1 and logic 0 in the differential signal. This imple-
mentation can be named "Active CAN XL Transceiver",
because it can actively support both level schemes. It
will be appreciated that the mode signal may be applied
to the transmitter 1202 and the selector 1212 separately.
Accordingly, the voltage level scheme used by the trans-
mitter arrangement 1202 may be changed independently
of selector 1212. The example of figure 12 is similar to
the example of figure 11 and the same reference numer-
als have been used but incremented by 100. The main
difference is that the second receiver 1207 is switchable
between using the activity-voltage threshold in the first
mode for detecting CAN XL activity and the second re-
ceiver threshold in the second mode for determination of
the digital output signal from the differential signal derived
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from CAN XL signalling on the bus 105. The other main
difference is the use of multiplexer or selector 1212 for
selecting which output is provided to the receive output
1204; either the output from the first and second receiver
1206, 1207 and combiner 1209 when the second receiver
1207 uses the activity-voltage threshold similar to the
embodiment of figure 11 or the output from the second
receiver 1207 when it uses the second receiver thresh-
old.
[0105] Accordingly, in the first mode, the selector 1212
passes the output of the logic AND combiner 1209 to the
receive output 1204 and the second receiver uses the
activity-voltage threshold. Accordingly, in the first mode
the transceiver 1200 operates in the same manner as
the transceiver of example figure 11. However, in the
second mode, the selector 1212 passes the output of the
second receiver 1207 to the receive output 1204 and the
second receiver uses the second receiver threshold.
Thus, the first mode would be activated by the controller
during the arbitration phase and any other phase that
uses the voltage level scheme of CAN FD as defined by
ISO11898-2:2016. If the reserved bit 602 indicates the
use of CAN XL in the data phase 706, then the controller
may activate the second mode to enable use of the sec-
ond receiver threshold and therefore receipt of the CAN
XL signalling. At the end of the data phase, the controller
may be configured to switch the transceiver 1200 back
to the first mode. The second receiver threshold may
comprise +0.1V to -0.1V.
[0106] Example figure 13 shows an alternative imple-
mentation that may make use of three dedicated receiv-
ers or comparator devices 1206, 1207 and 1313, each
designed to support one of the needed threshold voltages
- the first receiver threshold, the second receiver thresh-
old and the activity-voltage threshold. Thus, in this ex-
ample, the second receiver is not switchable between
two thresholds and is instead configured to use the ac-
tivity-voltage threshold. The third receiver 1313 is con-
figured to use the second receiver threshold. According-
ly, in the first mode, the selector 1212 passes the output
of the logic AND combiner 1209 to the receive output
1204, the logic AND combiner operating based on the
output of the first receiver 1206 and the second receiver
1207. Accordingly, in the first mode the transceiver 1300
operates in the same manner as the transceiver 1100 of
example figure 11. However, in the second mode, the
selector 1212 passes the output of the third receiver 1313
to the receive output 1204 and therefore enables the re-
ceipt of CAN XL signalling.
[0107] Example Figure 14 shows a timing diagram sim-
ilar to those shown in the example figures 8 and 9 and
the same reference numerals have been used. Example
figure 14 includes the first receiver threshold range 805,
806 used to differentiate between logic 1 and logic 0 from
the differential signal 804 (CANH-CANL) obtained from
the CAN FD signalling on the CAN bus that is between
+0.6V and +0.9V. Example figure 14 also shows the ac-
tivity-voltage threshold 1405 and the second receiver

threshold 1406.
[0108] Assuming the bus signals to be on the minimum
amplitude during the CAN XL phase 802 on the bus, it
clearly can be seen that the first comparator shown by
trace 1401 that operates according ISO11898-2:2016 is
not able to represent the running CAN XL traffic. The
output of that first comparator would permanently show
a recessive state i.e. logic 0 state during phase 802 de-
spite signaling 808. With that recessive state the con-
nected CAN FD controller would leave the exception
state after 11 recessive bit times. The second receiver
that uses the activity-voltage threshold 1405 is shown by
trace 1402 and it is clearly able to follow the CAN XL bits
and may be used to signal the CAN XL bits at the receive
output as explained above. One could as well see that
any noise disturbances 1407 during the Arbitration phase
may as well cause an output signal by the second receiv-
er at 1402. This "noise" would be forwarded directly to
the receive output and the Arbitration bits may be dis-
turbed by these unexpected pulses. Therefore, the output
of the time filter 1210 is shown by trace 1403. The time
filter 1110, 1210 rejects these kinds of short disturbances
before the digital output signal is affected. As mentioned,
the filter time may be selected to be shorter than the
minimum expected bit length in the CAN XL protocol
phase. As an example, for 10Mbps with 100ns minimum
bit time, the filter is designed to be shorter than 100ns
bit time. The filter is intended to reject pulse or noise
disturbances to be forwarded directly towards the receive
output and shall be as long as possible. The CAN XL
protocol produces guaranteed bit transitions below the
activity-voltage threshold before the minimum protocol
exception time of CAN FD (11 bit times recessive) would
expire. Trace 1404 shows the digital output signal pro-
vided by the receiver arrangement 1101, 1201.
[0109] Example Figures 15 and 16 disclose further em-
bodiments similar to the embodiments of figures 11 and
12 respectively. Therefore, only the differences will be
described here.
[0110] Further noise filtering may be added to the re-
ceiver arrangement 1501, 1601. The further noise filter-
ing may assist with noise disturbances in the Arbitration
phase towards negative differential voltages which last
longer than a short CAN XL bit time (i.e. for longer than
the time filtered by the filter 1210). In such case, the re-
ceiver arrangement with a time-based filter set shorter
than the minimum CAN XL bit time may forward unwant-
ed dominant signals towards the RXD pin in arbitration
phase. As mentioned previously, during the arbitration
phase such negative differential voltages may occur sys-
tematically through signal ringing out of the wiring har-
ness that forms the bus 105.
[0111] To avoid unwanted signalling, a counter 1520,
1620 may be added behind the filter 1110, 1210. The
counter may provide the means to implement a further
example condition.
[0112] Thus, in one or more example, said condition
further comprises the differential signal being below the
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activity-voltage threshold a predetermined number of oc-
currences since the differential signal was last greater
than the first receiver threshold. Accordingly, the receiver
arrangement 1501, 1601 comprises the counter 1520,
1620 between the second receiver and the logic AND
combiner, the counter configured to count the occurrenc-
es of the second receiver outputting logic 0 indicative of
when the differential signal is less than the activity-volt-
age threshold and wherein the counter 1520, 1620 is
configured to provide a logic 0 to the logic AND combiner
based on a predetermined number of occurrences and
wherein said counter is reset based on a logic 0 output
from the first receiver. The reset of the counter 1520,
1620 may be provided by the signal output from the first
receiver 1106, 1206 shown at 1521 and 1621.
[0113] Such a counter 1520, 1620 looks for multiple
bit transitions below the activity-voltage threshold before
the digital output signal is made dominant logic 0. The
length of the counter is limited by the minimum Protocol
Exception Termination time of 11 arbitration bit times.
For 1ms Arbitration bit time the counter latest needs to
overflow after 11 arbitration bit times measured from the
last dominant level in the digital output signal. Therefore,
the slowest expected CAN XL data rate may be antici-
pated.
[0114] The counter is counting up upon detection of
logic 0 signal out of the time filter 1110, 1210. If the coun-
ter has reached the predetermined number of times/oc-
currences, it outputs a dominant logic 0 signal towards
the logic AND combiner and with that, the digital output
signal becomes logic 0 dominant. The counter is reset,
whenever the first receiver outputs a dominant logic 0
signal. A dominant logic 0 signal from the first receiver
1106, 1206 is a clear indication that the CAN XL phase
has been left. A side effect of such counter is a memory
function to the detection of the CAN XL protocol phase.
With that the digital output signal stays permanently logic
0 for all the time of the CAN XL protocol phase (after the
predetermined number of times has been met) which has
the advantage that the bit sampling within the CAN FD
controller may be more reliable.
[0115] Example timing diagram 17 shows the use of
the counter 1520, 1620 with a predetermined number of
times setting of three. It will be appreciated that any other
counter value can be selected as long as the counter
overflows before the time elapsed that signal the end of
the Protocol Exception State Time has been reached.
The example figure 17 is substantially similar to the dia-
grams of 8, 9 and 14 and will therefore not be described
in detail. However, trace 1701 shows the output of the
counter 1520, 1620. The last occurrence of a logic 0 from
the first receiver 1106, 1206 occurs at 1705. The counter
then sees three occurrences of the activity-threshold be-
ing crossed in time filter output trace 1403 at 1702, 1703
and 1704 before the output of the counter becomes logic
0. The counter is reset when the trace 1401 becomes
logic 0 once again at the end of the data phase 802 and
start of the phase 803.

[0116] Based on the use of the activity-voltage thresh-
old and the proposed time filter 1110, 1210 and counter
1520, 1620, the transceiver is able to autonomously de-
tect the currently used voltage level scheme on the bus
105 independently of the CAN controller. As such, it may
be possible for the transceiver to switch between the first
and second mode without the mode signaling from the
controller. One can easily understand from the embodi-
ments, that the output signal of the time filter 1100,1210
can be memorized and used as the mode signal for the
receiver arrangement internally. The advantage would
be that the mode signaling for the receiver arrangement
is not required to be transported from the CAN XL con-
troller towards the transceiver. Instead, the transceiver
may generate that mode signal information by itself.
[0117] It will be appreciated that other variations of the
embodiments exist. For example, the transceiver 1100
of figure 11 may be provided without the time filter 1110
and the NOT logic 1108 may couple direct to the logic
AND combiner 1109. In any of the examples, the second
receiver 1107 of transceiver 1100 may provide the op-
posite logic outputs based on the comparison and may
therefore obviate the need for the logic NOT 1108, 1208.
[0118] In any of the embodiments described herein,
the first mode may be the default mode of operation.
[0119] Figure 18 shows an example of a first voltage
level scheme, e.g. according to ISO11898:2-2016, for
example used with CAN FD or with CAN XL in the arbi-
tration phase alongside a second defined voltage level
scheme, e.g. according to CAN XL data phase.
[0120] Figure 18 shows the differential bus voltages
(VDIFF). The left-hand side shows the first voltage level
scheme and the right-hand side shows the second volt-
age level scheme.
[0121] In this example, the first defined level scheme
uses a first receiver threshold (VDIFF(TH_ARB)) be-
tween 0.5 V and 0.9 V. As can be seen from, Figure 18,
according to the first defined level scheme, analog sig-
nals with differential bus voltages above the first receiv-
erthreshold, i.e. above 0.9 V, correspond with digital out-
put signals level 0, while analog signals with differential
bus voltages below the first receiver threshold, i.e. below
0.5 V, correspond with digital output signals level 1.
[0122] In this example, the defined first level scheme
further comprises a typical differential driver output volt-
age corresponding to digital signals level 1
(VDIFF(ZREC) Typ[V]) of 0 V, a minimum differential
driver output voltage corresponding to digital signals level
1 (VDIFF(ZREC) Min[V]) of -0.5 V, a maximum differen-
tial driver output voltage corresponding to digital signals
level 1 (VDIFF(ZREC) Max[V]) of 0.05 V.
[0123] In this example, the defined first level scheme
further comprises a typical differential driver output volt-
age corresponding to digital signals level 0 (VDIFF(DOM)
Typ[V]) of 2 V, a minimum differential driver output volt-
age corresponding to digital signals level 0 (VDIFF(DOM)
Min[V]) of 1.5 V, and a maximum differential driver output
voltage corresponding to digital signals level 0
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(VDIFF(DOM) Max[V]) of 3 V.
[0124] In this example, the second defined level
scheme comprises a second receiver threshold
(VDIFF(TH_DAT)) between -0.1 V and +0.1 V. As can
be seen from Figure 18, according to the second defined
level scheme, analog signals with differential bus voltag-
es above the second receiver threshold, i.e. above +0.1
V, correspond with digital output signals level 0, while
analog signals with differential bus voltages below the
second receiver threshold, i.e. below -0.1 V, correspond
with digital output signals level 1. In this example, the
second defined level scheme further comprises a typical
differential driver output voltage corresponding to digital
signals level 1 (VDIFF(ZERO) Typ[V]) of-1 V, a minimum
differential driver output voltage corresponding to digital
signals level 1 (VDIFF(ZERO) Min[V]) of -1.5 V, and a
maximum differential driver output voltage correspond-
ing to digital signals level 1 (VDIFF(ZERO) Max[V]) of-
0.6 V. In this example, the second defined level scheme
further comprises a typical differential driver output volt-
age corresponding to digital signals level 0 (VDIFF(ONE)
Typ[V]) of 1 V, a minimum differential driver output volt-
age corresponding to digital signals level 0 (VDIFF(ONE)
Min[V]) of 0.6 V, and a maximum differential driver output
voltage corresponding to digital signals level 0
(VDIFF(ONE) Max[V]) of 1.5 V.
[0125] Although the present examples mainly refer to
CAN FD and CAN XL Technology the present disclosure
is not limited to those CAN flavors, instead the underlying
concept can be transferred to further CAN flavors.
[0126] Figure 19 illustrates an example method of op-
erating a CAN transceiver comprising a receiver arrange-
ment for coupling to a CAN bus, the receiver arrangement
configured to determine a differential signal from analog
signalling received from the CAN bus; and a receive out-
put for coupling to a CAN controller and wherein the re-
ceiver arrangement is configured to provide a digital out-
put signal to the receive output based on the differential
signal; wherein then method comprises:
operating 1900 the receiver arrangement in at least a
first mode wherein in the first mode the method compris-
es:

providing 1901, by the receiver arrangement, the dig-
ital output signal comprising logic 0 when the differ-
ential signal is greater than a first receiver threshold;
and
providing 1902, by the receiver arrangement, the dig-
ital output signal comprising logic 1 when the differ-
ential signal is less than said first receiver threshold
unless said differential signal satisfies a condition,
whereupon the method comprises providing 1903
the digital output signal comprising logic 0, wherein
the condition at least comprises the differential signal
being below an activity-voltage threshold.

[0127] The instructions and/or flowchart steps in the
above figures can be executed in any order, unless a

specific order is explicitly stated. Also, those skilled in
the art will recognize that while one example set of in-
structions/method has been discussed, the material in
this specification can be combined in a variety of ways
to yield other examples as well, and are to be understood
within a context provided by this detailed description.
[0128] In some example embodiments the set of in-
structions/method steps described above are implement-
ed as functional and software instructions embodied as
a set of executable instructions which are effected on a
computer or machine which is programmed with and con-
trolled by said executable instructions. Such instructions
are loaded for execution on a processor (such as one or
more CPUs). The term processor includes microproces-
sors, microcontrollers, processor modules or subsys-
tems (including one or more microprocessors or micro-
controllers), or other control or computing devices. A
processor can refer to a single component or to plural
components.
[0129] In other examples, the set of instructions/meth-
ods illustrated herein and data and instructions associ-
ated therewith are stored in respective storage devices,
which are implemented as one or more non-transient ma-
chine or computer-readable or computer-usable storage
media or mediums. Such computer-readable or compu-
ter usable storage medium or media is (are) considered
to be part of an article (or article of manufacture). An
article or article of manufacture can refer to any manu-
factured single component or multiple components. The
non-transient machine or computer usable media or me-
diums as defined herein excludes signals, but such me-
dia or mediums may be capable of receiving and process-
ing information from signals and/or other transient medi-
ums.
[0130] Example embodiments of the material dis-
cussed in this specification can be implemented in whole
or in part through network, computer, or data based de-
vices and/or services. These may include cloud, internet,
intranet, mobile, desktop, processor, look-up table, mi-
crocontroller, consumer equipment, infrastructure, or
other enabling devices and services. As may be used
herein and in the claims, the following non-exclusive def-
initions are provided.
[0131] In one example, one or more instructions or
steps discussed herein are automated. The terms auto-
mated or automatically (and like variations thereof) mean
controlled operation of an apparatus, system, and/or
process using computers and/or mechanical/electrical
devices without the necessity of human intervention, ob-
servation, effort and/or decision.
[0132] It will be appreciated that any components said
to be coupled may be coupled or connected either directly
or indirectly. In the case of indirect coupling, additional
components may be located between the two compo-
nents that are said to be coupled.
[0133] In this specification, example embodiments
have been presented in terms of a selected set of details.
However, a person of ordinary skill in the art would un-
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derstand that many other example embodiments may be
practiced which include a different selected set of these
details. It is intended that the following claims cover all
possible example embodiments.

Claims

1. A Controller Area Network, CAN, transceiver com-
prising:

a receiver arrangement for coupling to a CAN
bus, the receiver arrangement configured to de-
termine a differential signal from analog signal-
ling received from the CAN bus; and
a receive output for coupling to a CAN controller
and wherein the receiver arrangement is config-
ured to provide a digital output signal to the re-
ceive output based on the differential signal;
wherein
the receiver arrangement is configured to oper-
ate in at least a first mode in which the receiver
arrangement is configured to provide the digital
output signal comprising logic 0 when the differ-
ential signal is greater than a first receiver
threshold and provide the digital output signal
comprising logic 1 when the differential signal is
less than said first receiver threshold unless said
differential signal satisfies a condition, where-
upon the receiver arrangement is configured to
provide the digital output signal comprising logic
0, wherein the condition at least comprises the
differential signal being below an activity-volt-
age threshold.

2. The CAN transceiver according to claim 1, wherein
the activity-voltage threshold is below the first receiv-
er threshold.

3. The CAN transceiver according to claim 1 or claim
2, wherein the receiver arrangement is configured
to operate either in a second mode or the first mode
based on signalling received from the CAN controller
wherein in the second mode, the receiver arrange-
ment is configured to, based on said differential sig-
nal, provide the digital output signal comprising logic
0 when the differential signal is greater than a second
receiver threshold and provide the digital output sig-
nal comprising logic 1 when the differential signal is
less than said second receiver threshold, the second
receiver threshold different to the first receiver
threshold.

4. The CAN transceiver according to claim 3, wherein
the activity-voltage threshold is below the second
receiver threshold.

5. The CAN transceiver according to claim 3 or claim

4, wherein the second receiver threshold is below
the first receiver threshold.

6. The CAN transceiver according to any preceding
claim, wherein said condition further comprises the
differential signal being below the activity-voltage
threshold for at least a period of time greater than a
persistence-time-threshold.

7. The CAN transceiver according to any preceding
claim, wherein in the first mode, the receiver arrange-
ment is configured to receive analog signalling from
the CAN bus with a defined level scheme corre-
sponding to the level scheme according to
ISO11898:2-2016.

8. The CAN transceiver according to any preceding
claim, wherein the activity-voltage threshold is be-
tween -0.1 Volts and -0.6 Volts.

9. The CAN transceiver according to any preceding
claim, wherein said condition further comprises the
differential signal being below the activity-voltage
threshold a predetermined number of times since
the differential signal was last greater than the first
receiver threshold.

10. The CAN transceiver according to any preceding
claim, wherein the receiver arrangement comprises:

a first receiver configured to compare the differ-
ential signal with the first receiver threshold and
output logic 0 when the differential signal is
greater than a first receiver threshold and output
logic 1 when the differential signal is less than
said first receiver threshold; and
a second receiver configured to compare the dif-
ferential signal with the activity-voltage thresh-
old and output logic 0 when the differential signal
is less than the activity-voltage threshold and
output logic 1 when the differential signal is
greater than said activity-voltage threshold;
a logic AND combiner configured to receive the
output from both the first receiver and the sec-
ond receiver and provide the digital output signal
to the receive output based on said outputs.

11. The CAN transceiver according to claim 10, wherein
the said second receiver is switchable between using
the activity-voltage threshold for use in the first mode
and a second receiver threshold for providing a sec-
ond mode, wherein in the second mode the second
receiver is configured to, based on said differential
signal, provide the digital output signal comprising
logic 0 when the differential signal is greater than a
second receiver threshold and provide the digital out-
put signal comprising logic 1 when the differential
signal is less than said second receiver threshold,
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the second receiver threshold different to the first
receiver threshold and wherein the receiver arrange-
ment includes a signal selector configured to select
the output of the second receiver in the second mode
for passing to the receive output and to select the
output of the logic AND combiner in the first mode
for passing to the receive output.

12. The CAN transceiver of claim 10 or claim 11 wherein
the receiver arrangement comprises a counter be-
tween the second receiver and the logic AND com-
biner, the counter configured to count the occurrenc-
es of the second receiver outputting logic 0 indicative
of when the differential signal is less than the activity-
voltage threshold and wherein the counter is config-
ured to provide a logic 0 to the logic AND combiner
based on a predetermined number of occurrences
and wherein said counter is reset based on a logic
0 output from the first receiver.

13. A CAN node comprising a CAN controller coupled
with a CAN transceiver of any preceding claim
wherein a receive input of the CAN controller is cou-
pled with the receive output of the CAN transceiver
for receiving the digital output signal for processing
in accordance with the CAN protocol by the CAN
controller, and the CAN controller configured to gen-
erate a transmit signal in accordance with the CAN
protocol and provide said transmit signal to a trans-
mit output of the CAN controller that is coupled with
a transmit input of the CAN transceiver, the transmit
input coupled to a transmit arrangement of the CAN
transceiver for providing said analog signalling to the
CAN bus based on said transmit signal received at
the transmit input from the CAN controller.

14. A CAN node according to claim 13 wherein said CAN
protocol comprises the CAN FD protocol.

15. A method operating a CAN transceiver comprising
a receiver arrangement for coupling to a CAN bus,
the receiver arrangement configured to determine a
differential signal from analog signalling received
from the CAN bus; and a receive output for coupling
to a CAN controller and wherein the receiver ar-
rangement is configured to provide a digital output
signal to the receive output based on the differential
signal; wherein then method comprises:
operating the receiver arrangement in at least a first
mode wherein in the first mode the method compris-
es:

providing, by the receiver arrangement, the dig-
ital output signal comprising logic 0 when the
differential signal is greater than a first receiver
threshold; and
providing, by the receiver arrangement, the dig-
ital output signal comprising logic 1 when the

differential signal is less than said first receiver
threshold unless said differential signal satisfies
a condition, whereupon the method comprises
providing the digital output signal comprising
logic 0, wherein the condition at least comprises
the differential signal being below an activity-
voltage threshold.
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