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Is CAN FD (flexible data rate) still worth discussing in a 
world that is already talking about CAN XL (extended 

data-field length), 2 KiB payloads, and 20 Mbit/s data 
rates? At the first glance, the third generation of CAN data 
link layer seems poised to make its predecessors obsolete, 
yet in practice CAN CC (classic), CAN FD, and CAN XL will 
coexist in vehicles and industrial systems for many years 
to come.

The interesting engineering question is therefore 
not “FD or XL?”, but rather “Where does CAN FD remain 
the right answer and how do we implement it safely and 
efficiently?”.

Does CAN FD remain highly relevant whenever 
designers need a bandwidth and payload upgrade within 
existing CAN topologies, short development cycles, or cost 
sensitive ECUs (electronic control units) that cannot justify 
a full CAN XL migration? It then looks at how configurable, 
safety ready IP cores, as provided by suppliers such as 
DCD Semi, allow CAN FD to be tailored to project-specific 
performance and functional safety requirements.

Three generations of CAN

Today, CAN is available in three data link layer generations: 
CAN CC, CAN FD, and CAN XL, which are internationally 
standardized in ISO 11898-1:2024. All three generations 

Tailored, safety ready CAN FD IP (intellectual property) cores provided by 
DCD-Semi (Poland), for example, are often the reasonable choice for today’s 

(automotive) projects.

Why CAN FD refuses to “die” in a CAN XL world

share the same basic non destructive arbitration 
mechanism and broadcast semantics, but differ in payload 
size and data phase bit rates. Table 1 summarizes key 
quantitative parameters that often drive architectural 
decisions.
 
Table 1: Key parameters of the three CAN data link layer 
generations (Source: DCD-Semi, ISO 11898-1)  

Parameter CAN CC CAN FD CAN XL
Standard
(first publication) ISO 11898:1993 ISO 11898-1:2015 ISO 11898-1:2024

Max. payload 
length in byte 8 64 2048

Payload options 
in byte 0 to 8 0 to 8, 12, 16, 20, 

24, 32, 48, 64 1 to 2048

Typical nominal 
bit rate Up to 1 Mbit/s

0,5 to 1 Mbit/s 
(arbitration 
phase)

1 Mbit/s  
(arbitration 
phase)

Typical data 
phase bit rates n/a

2 to 5 Mbit/s
up to 8 Mbit/s in 
linear topologies

Up to 20 Mbit/s 
with SIC XL 
transceivers

Typical use 
cases

In-car body and 
comfort networks, 
industrial control

Powertrain, 
chassis, flashing, 
diagnostics

Backbones,  
high bandwidth 
domains,  
tunnelling

From an integrator’s perspective, this “ladder” of 
payload and data rate capabilities means that many 
applications can be satisfied by CAN FD without needing 
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the features and ecosystem of CAN XL. At the same time, 
all three generations can be used side by side in one 
vehicle architecture, with gateways or tunnelling profiles 
bridging between them.

Throughput gains with CAN FD

Beyond headline bit rate figures, payload bandwidth is 
often a more intuitive measure: how many useful bytes 
can be transported per millisecond at a given bus load. 
Measurements from NXP and other vendors illustrate that 
CAN FD can provide several times the payload bandwidth 
of CAN CC on the same physical network. Table 2 shows 
figures at a 50-percent network utilization for one example 
configuration.

Table 2: Payload bandwidth improvement 
(Source: DCD-Semi)  

Metric CAN CC example CAN FD example

Maximal payload length 8 bytes 32 bytes (example)
up to 64 bytes (max.)

Bit rate assumptions 0,5 Mbit/s
11 bit CAN-ID

0,5 Mbit/s (arbitration phase) 
2 Mbit/s (data phase)

Payload bandwidth at 
50-% network utilization 16 byte/ms 68 byte/ms

Approximate 
improvement – 4x in this example

Up to 10x in optimized cases

These figures highlight why CAN FD became attractive 
for the software download, diagnostics, and data intensive 
signals even before CAN XL was specified: a single frame 
can carry up to 64 bytes, and data phase bit rates of  
5 Mbit/s to 8 Mbit/s are feasible on suitable topologies. The 
same physical layer can often be reused, which further 
lowers the barrier to upgrading from CAN CC.

Why CAN FD is here to stay

There are several reasons why CAN FD continues to be 
an attractive design choice even as CAN XL products 
emerge. First, many applications need more bandwidth 
and payload than CAN CC, but not the full capabilities and 
cost associated with CAN XL and new physical layers. 
Powertrain control, chassis functions, diagnostics, and 
many sensor/actuator clusters often fall into this category, 
where 64 byte payloads and a few megabits per second 
are sufficient for the foreseeable lifecycle of the platform. A 
good example of such approach is DCD-Semi’s „CAN All” 
solution, as a comprehensive CAN IP ecosystem tailored 
to the specific design needs.

Second, the availability of CAN-FD capable 
microcontrollers, transceivers, and software stacks is 
already broad, while CAN XL device ecosystems are still 
in a ramp up phase with limited MCU (microcontroller unit) 
options and primarily pre-production parts. For OEMs 
(original equipment manufacturers) with established 
CAN FD development infrastructure, extending existing 
platforms is typically faster and less risky than introducing 
an entirely new generation of controllers, physical layers, 
and test tooling.

Third, CAN FD integrates naturally into hybrid 
architectures where CAN XL is used as a high-bandwidth 

backbone and CAN CC/ CAN FD segments are attached 
through gateways or tunnelling mechanisms. CAN XL’s 
tunnelling profiles explicitly support transporting of CAN 
CC and CAN FD frames inside CAN XL frames, preserving 
investments in lower layer networks while enabling higher 
level consolidation.

Last but not least, CAN FD can still be more efficient 
than CAN XL in certain scenarios, especially with small 
payloads and data rates around 8 Mbit/s. This is an 
important reminder that “newer” does not always mean 
“better,” because the real-world efficiency depends on the 
type of data and the communication profile. 

Another important point is that automotive Ethernet 
does not simply replace CAN; it serves different purposes 
within the vehicle architecture. In practice, these 
technologies coexist in the same vehicle, each used where 
it makes the most sense.

In short, CAN FD is no longer the “latest new thing”, but 
it is very much the protocol that enables practical migrations 
from CAN CC without forcing a leap directly to CAN XL.

Standardization timeline in numbers

The staggered appearance of the three CAN generations 
also explains why their ecosystems differ in maturity.  
CAN CC has been standardized for three decades; CAN FD  
for roughly a decade; CAN XL only for a few years (see 
Table 3).

Table 3: Standardization milestones of CAN data link layers 
(DLL) (Source: DCD-Semi, ISO, CiA) 

Generation Year (initial publication) Documents

CAN CC 1993 ISO 11898 (CAN data link layer)

CAN FD 2015 ISO 11898-1:2015 (CAN FD as 
2nd generation)

CAN XL 2021 (CiA)
2024 (ISO)

CiA 610-1 (DLL), CAN SIC XL 
specifications; ISO 11898-1:2024

Given typical automotive platform lifetimes, this timeline 
suggests that CAN-FD-based ECUs entering production 
now will remain in vehicles well into the 2030s, even as  
CAN XL backbones are added to newer architectures.

Functional safety expectations across CAN 
generations

As networks gain bandwidth and carry more functions, the 
functional safety expectations placed on communication 
controllers increase accordingly. ISO 26262 provides the 
framework for assessing hazards, defining Automotive 
Safety Integrity Levels (ASIL), and implementing safety 
mechanisms and metrics across E/E architectures.

For a CAN controller, whether for CAN CC, CAN FD, or 
CAN XL; this means that error detection, fault confinement, 
timing behavior, and diagnostic features are not only protocol 
requirements but also safety requirements in many ECUs. 
A malfunctioning controller may fail to transmit or receive 
safety relevant messages, violate timing assumptions, or 
behave unpredictably on the network, all of which must be 
addressed in the safety concept and analyses.

C
AN

 F
D



6 CAN Newsletter 3/2026

In practice, the safety case for a CAN FD controller is 
often built using the ISO 26262 concept of Safety Element 
out of Context (SEooC), where the IP core is developed 
and analyzed assuming a representative but generic 
environment and then integrated into specific systems 
by OEMs and Tier 1 suppliers. This approach minimizes 
duplicated effort and allows system integrators to reuse 
safety analyses, metrics and work products from the IP 
supplier.

Tailoring CAN FD IP to project needs

Because every vehicle program and industrial platform 
has its own mix of ASIL targets, network topologies, and 
silicon constraints, a “one size fits all” CAN FD controller 
is rarely optimal. Instead, designers increasingly look for 
IP cores that can be configured at synthesis or integration 
time: selecting bus interfaces, memory organization, buffer 
structures, and optional safety mechanisms according to 
project priorities.

Experienced IP providers such as DCD Semi 
respond with modular CAN IP families that can be used as 
standalone controllers or integrated into ASICs (application-
specific integrated circuit) and FPGAs (field programmable 
gate array), with configurable CPU interfaces (for example 
8/16/32 bit), buffer schemes, and protocol options. This 
configurability extends to safety related features, including 
ECC (error correcting code) on memories, error injection 
and self test modes, additional monitoring logic, and 
dedicated safety signaling suitable for safety managers in 
the SoC (system on chip).

From a system integrator’s perspective, this means 
that a single CAN FD IP family can be used across different 
ECUs: lean variants for cost sensitive body controllers, 
and safety enhanced variants for powertrain or chassis 
applications, all based on the same verified protocol 
implementation.

Safety ready CAN FD as SEooC IP

The usefulness of such configurability increases when the 
IP core is delivered not only as HDL (hardware description 
language) but as a complete ISO 26262 work product 
set. DCD Semi, for example, positions its CAN related 
IP cores as ISO 26262 soft IP SEooC, accompanied 
by safety manuals and detailed FMEDA-based (failure 
modes, effects, and diagnostic analysis) documentation. 
These documents describe assumed operating conditions, 
hardware dependencies and safety mechanisms, as well 
as the resulting safety concept in the reference context.

I’ve been with DCD-Semi since 2011, so as an 
example DCD Semis’s automotive IP portfolio comes to my 
mind initally… and it includes CAN CC, CAN FD, CAN FD 
Full, and CAN XL as part of a broader “CAN All” offering. It 
is available with functional safety support up to ASIL D, with 
safety mechanisms tailored to customer requirements from 
quality management (QM) up to the highest ASIL levels. 
For OEMs and Tier 1s this reduces the effort required to 
develop their own controller level analyses from scratch 
and accelerates safety argumentation for communication 
subsystems.

The SEooC model does not remove the need for 
system level safety analysis, but it gives project teams a solid 
starting point, including clear guidance on how to connect 
safety related pins, how to use configuration registers 
relevant for safety, and which external mechanisms (for 
example clock monitoring or voltage supervision) must be 
provided.

Coexistence with CAN XL and migration 
paths

As CAN XL products mature, many new architectures will 
feature both CAN XL backbones and legacy segments 
based on CAN CC or CAN FD. CAN XL explicitly 
supports backward compatibility, and CiA profiles 
(under development) describe tunnelling schemes that 
encapsulate CAN CC and CAN FD traffic within CAN XL 
frames.

This creates several migration patterns in which 
CAN FD IP cores continue to play a crucial role. One 
pattern uses CAN XL as a high-speed backbone between 
domain controllers, with CAN FD segments connected via 
gateways. Here, CAN FD controllers in local ECUs provide 
the network services needed by powertrain, chassis, 
or body functions, while CAN XL primarily aggregates 
and transports traffic between domains. Another pattern 
keeps existing CAN FD networks largely unchanged 
and introduces CAN XL only where explicitly needed, 
for example between high-bandwidth sensor fusion and 
central computing units, again relying on gateways or 
tunnelling at the boundaries.

IP families that already span multiple CAN generations, 
such as DCD Semi’s CAN All and CAN XL cores, can 
ease these transitions, because the configuration and 
integration model is similar whether a project needs CAN 
CC, CAN FD, CAN XL, or a combination of them. From a 
development process viewpoint, reusing the same supplier, 
documentation structure, and safety methodology across 
generations simplifies both engineering and assessment 
activities.

Project-specific customization

Tailoring CAN FD solutions to specific projects is not 
limited to toggling generics in the RTL (register transfer 
level) code; it often involves joint work on safety concepts, 
test strategies, and long term product roadmap alignment. 
Experienced IP houses with a history in CAN technology 
can support OEMs and Tier 1s in making pragmatic 
decisions: where CAN FD suffices, where CAN XL is 
justified, and how to sequence migrations over multiple 
vehicle generations.

DCD Semi illustrates this role in the CAN ecosystem 
through active participation in CiA events and publications, 
where its CAN FD and CAN XL implementations have 
been tested for interoperability and presented as reference 
designs. For system developers, this kind of ecosystem 
engagement is a signal that an IP supplier not only delivers 
cores, but also contributes to plugfests, testing campaigns, 
and the refinement of specifications and test plans, all 
of which are relevant when architectures must balance 
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Connectivity
With the PCAN cards in PCIe, M.2, and miniPCIe 
form factors, PEAK offers high-performance  
CAN FD interfaces with up to four channels and  
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innovation (for example CAN XL backbones) with robust, 
field-proven technology (for example CAN FD segments).

In such collaborations, CAN FD is no longer treated 
as a legacy protocol overshadowed by CAN XL, but as a 
mature, configurable building block that when combined 
with safety-ready IP and solid integration guidance, 
continues to be a reasonable choice in many new  
designs.

Conclusion

The emergence of CAN XL does not make CAN FD 
obsolete; instead, it sharpens the distinction between 
different tiers of in-vehicle and industrial networks. 
Whenever designers need more bandwidth than offered by 
CAN CC without the full complexity and ecosystem shift of 
CAN XL, CAN FD remains a compelling option, particularly 
in cost-sensitive and mid-bandwidth automotive ECUs that 
will stay in production for many years.

In this context, the combination of configurable, safety 
ready CAN FD IP cores and experienced suppliers provides 
a practical way to align project-specific requirements with 
evolving standards and long-term migration plans. Such 
suppliers are exemplified by DCD Semi with their CAN 
FD, CAN All, and CAN XL offerings. Rather than choosing 
between CAN FD or CAN XL in isolation, system architects 
can use CAN FD as a tailored, ISO 26262 oriented building 
block within architectures that are gradually embracing 
CAN XL where it truly adds value.                                      t
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