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Introduction to CAN Dynamic Parameters and
Effects on System Applications

ABSTRACT

The Controller Area Network (CAN) bus, as the most common serial communication protocol in au-
tomotive communication systems, is widely used for real-time data exchange between electronic
control units (ECUs). In a vehicle network, dozens or even hundreds of CAN nodes are typically
required for data exchange between vehicle modules. This poses more demanding requirements
for CAN interface ICs regarding reliability, real-time performance, and interference immunity. NO-
VOSENSE has launched a series of CAN transceivers designed to meet the diverse CAN interface
requirements across modern vehicle applications. This application note primarily discusses the
effects of relevant CAN timing parameters on system applications.
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1.CAN Dynamic Parameters

The 1SO11898-2 standard specifies physical layer parameters for CAN transceivers, including static electrical parameters
and dynamic timing parameters. Key dynamic timing parameters include CAN propagation delay and bit-related timing
parameters, which directly decides whether normal CAN communication is possible. When aligned with the requirements of
the CAN protocol layer, these dynamic timing parameters enable normal operation of multi-node, long-bus CAN networks.

This section details several key dynamic timing parameters related to CAN.

1.1.Rise/fall time

Although the 1SO 11898-2 standard does not explicitly define rise/fall time parameters for CAN signals, these parameters
significantly affect CAN communication in actual applications (discussed in detail in Section 3). The rise/fall time of a CAN
signal mainly includes the rise/fall time of bus differential voltage (Var) and the rise/fall time of the output signal on the RXD
pin. The TXD pin, being an input for external signals, will not be discussed here.

The general definition of CAN signal rise/fall time is shown in Figure 1.1:

TXD

Figure 1.1 rise/fall time definition

Below are the rise/fall time test results of NCA1044, NCA1462, NCA1043B, and NCA1145B from NOVOSENSE under different
test setups, compared with corresponding mainstream devices from two international competitors. The test circuits are

shown in Figure 1.2.
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Figure 1.2 Schematics of test circuits
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The comparative test results are given below:

Tablel Comparison of rise/fall time in Circuit 1

/ns i NCA1044 : Competitor 1 : Competitor 2 : NCA1462 : Competitor 1 : Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1: Competitor 2

tr 36.35 34.44 222 22.24 39.02 10.54 29.68 35.46 35.06 34.71 60.24 25.54

tr 49.19 42.9 44.67 26.14 25.88 15.75 30.72 41.23 51.06 45.87 52.69 51.11

Table2 Comparison of rise/fall time in Circuit 2

/ns : NCA1044 : Competitor 1 : Competitor 2 : NCA1462 : Competitor 1 : Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

tr 348.8 382.6 376 346.4 271.9 365.1 377.4 384.4 399.9 275 485.7 286.7

tr 597 661 652.1 495 395.6 453.6 562.1 650.5 607.7 590.5 661.4 653.3

Table3 Comparison of rise/fall time in Circuit 3

/ns i NCA1044 : Competitor 1 : Competitor 2 : NCA1462 : Competitor 1 : Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

tr 5.69 3.1 7.874 3.669 7.388 5.688 9.6 2.856 3.471 5.599 5.589 2.379
tr 6.89 3.57 6.256 4.755 5.938 5.96 7.33 2.718 2.508 4.253 5.631 1.967
1.2.Loop delay

The 1S011898-2 standard explicitly defines loop delay requirements. For a typical CAN transceiver, loop delay comprises
transmission delay from TXD to the bus, transmission delay from the bus to RXD, and loop delay from TXD to RXD. Their

specific definitions are shown in Figure 1.3.

TXD

|

fd (oop1)  Ja— —

|
taoop2)  pe—

—>,

Figure 1.3 CAN propagation delay definition
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Below are comparative test results of loop delay (tdoon) for NCA1044, NCA1462, NCA1043B, and NCA1145B from NOVOSENSE
under identical test conditions, benchmarked against corresponding mainstream devices from two international competi-

tors. The test circuits are shown in Figure 1.2 (a) and (c).

The comparative test results are as follows:

Table 4 Comparison of tdwopntest results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

tdoopr)i  125.7 105.9 115.1 121 134.2 91.29 137.1 122.9 127.9 125.6 176.4 120.8

Table 5 Comparison of tdueop2) test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

towoopn i 147.1 141.4 141.7 128.7 135.9 98.38 160.7 141.1 138.6 146.8 218.6 151.6

Table 6 Comparison of tdmxo-busdom) test results

/ns i NCA1044: Competitor 1: Competitor 2 : NCA1462 : Competitor 1 : Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

taro- 140,15 33.02 53.55 42.26 58.56 43.13 53.29 47.09 39.38 40.31 61.84 54.92

busdom)

Table7 Comparison of tamxo-busres) test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

taro- 1 62,40 57.15 67.87 44.90 62.98 37.31 66.37 59.99 50.13 61.87 76.15 68.6

busres)

Table8 Comparison of tasuswenno test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 : NCA1043B : Competitor 1: Competitor 2 i NCA1145B : Competitor 1 : Competitor 2

Lapustam | 85,59 72.92 61.77 78.69 75.62 48.16 83.84 75.85 88.56 85.33 114.6 65.88

-RXD)

Table9 Comparison of tapusres-rio) test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

"{(:;;"“ 84.73 84.27 73.81 83.84 72.94 61.08 94.37 81.12 88.5 84.88 142.5 83.01

* Copyright © NOVOSENSE Microelectronics Co.,Ltd 2025. All rights reserved.
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1.3.Bit timing parameters

1SO011898-2 also specifies requirements for CAN transceiver bit timing parameters, which characterize the distortion of bit
time as a CAN frame is transmitted through the transceiver. These parameters are crucial for maintaining reliable communi-
cation in CAN systems. Key bit timing parameters include bit time from TXD to the bus (tsitsus), bit time distortion during
transmission (taviteus), bit time from the bus to RXD (tsitrxo), bit time distortion during reception (tarec), and bit time distortion

from TXD to RXD (tavitreo), as illustrated in Figure 1.4.

|
- 70% -\ +

|
~+--- 30%----\-

|
r— it mxp)  —=

|
~p---30% ----\--

|
— tmt ®Rxp) >

Note:
tabit(us) = toitsus) - thit(rxp)
Tabit(rxp) = thit(rxp) - thit(rxp)

tarec = thit(rxp) - thit(Bus)

Figure 1.4 bit timing definition

Below are comparative test results of bit timing parameters for NCA1044, NCA1462, NCA1043B, and NCA1145B from NOVO-
SENSE under identical test conditions, compared with corresponding mainstream devices from international competitors.

The test setups are shown in Figure 1.2(a) and (c).

Table10 Comparison of toiteus)—smbps test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

toiteus)i  192.5 192.8 197.5 198.2 195.2 206.2 187 188.4 191.4 179.5 185.2 186.3

* Copyright © NOVOSENSE Microelectronics Co.,Ltd 2025. All rights reserved.
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Tablell Comparison of tisus—ambps test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 : NCA1043B : Competitor 1: Competitor 2 i NCA1145B : Competitor 1 : Competitor 2

toitgus)} 492.5 492.7 497.3 498.5 496.4 506.4 488.7 487.8 491.2 479.6 485.8 486.7

Table12 Comparison of twitrxo)—subps test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

toiteus)i  179.8 163.9 172.3 193.2 198.3 193.2 177.2 183.5 193.9 180.3 155.3 172.3

Table13 Comparison of twitrxo)—2ubps test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

toitrxo): 479.4 464.6 473.2 493 498.3 493.4 4717.6 482.1 494 480.1 456.6 470.9

Table14 Comparison of tabitsus)—smbps test results

/ns i NCA1044: Competitor 1: Competitor 2 : NCA1462 : Competitor 1 : Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1: Competitor 2

fﬁ:’s“) -1.4 -1.2 -2.5 -1.8 -4.8 6.2 -12.9 -11.6 -8.6 -20.5 -14.8 -13.7

Table15 Comparison of taitsus)—ambps test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

Lavit -1.4 -1.2 -2.7 -1.5 -3.5 6.5 -13.3 -12.1 -8.7 -20.6 -14.1 -13.3

(BUS)

Tablel6 Comparison of tarec—smbps test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

torec | -12.7 -28.9 -25.2 -5 2.9 -13 -9.8 -4.9 2.5 0.8 -29.9 -14

Tablel7 Comparison of tarec—ambps test results

/ns i NCA1044: Competitor 1: Competitor 2 : NCA1462 : Competitor 1 : Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1: Competitor 2

torec | -13.1 -28.1 -24.1 -5.5 1.9 -13 -11.1 -5.7 2.8 0.5 -29.2 -15.8

2 d Copyright © NOVOSENSE Microelectronics Co.,Ltd 2025. All rights reserved. 0 7
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Table18 Comparison of tavitrxo)—smbps test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 : NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

Lavit -20.1 -36.1 -27.7 -6.8 -1.7 -6.8 -22.7 -16.5 -6.1 -19.7 -44.7 -27.7

(RXD)

Table19 Comparison of taitreo)—2mbps test results

/ns i NCA1044 : Competitor 1: Competitor 2 : NCA1462 : Competitor 1: Competitor 2 NCA1043B : Competitor 1: Competitor 2 : NCA1145B : Competitor 1 : Competitor 2

tavit ©20.5 -35.3 -26.8 -7 -1.6 -6.5 -24.4 -17.8 -5.9 -20.1 -43.3 -29.1

(RXD)

All data above are derived from measured results obtained under identical laboratory conditions. Original waveform data is

available upon request. Please contact your NOVOSENSE sales representatives.

2.CAN Sampling Principle

In system applications, the MCU of each ECU samples and processes the incoming CAN frames transmitted via the CAN
transceiver according to predefined rules, and generates corresponding responses, thereby enabling reliable communica-
tion across the multi-node CAN bus network. A clear understanding of the working principle of CAN sampling within the MCU
is essential for comprehending the practical significance of CAN transceiver timing parameters and for correctly configuring
the CAN controller of the MCU. This section will mainly describe the CAN sampling principle in a system and explains it with

reference to sampling point tests in the system.

2.1.CAN bit structure

Within the MCU, each CAN bit is divided into several Time Quantum (Tq). The duration of each Tq is determined by the clock
frequency allocated to the CAN module. The number of Tq per bit is then set according to the desired CAN communication
baud rate. In practice, the communication rate and the number of Tq per bit are typically defined first, followed by clock

configuration to meet these requirements.

For example:

If the system clock, after prescaling, provides the CAN module with a 40 MHz clock, then the duration of each Tqis 1/40 MHz
=25 ns. If the communication data rate is 500 kbps (bit time = 2 ps) for both the Arbitration Field and the Data Field, the
number of Tq per CAN bit is 2000 ns / 25 ns = 80. For a CAN FD with a Data Field rate of 2 Mbps (bit time = 500 ns), the number
of Tq per CAN bit is 500 ns / 25 ns = 20.

ad Copyright © NOVOSENSE Microelectronics Co.,Ltd 2025. All rights reserved. 08
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As illustrated in Figure 2.1, a CAN bit composed of multiple Tq is further subdivided into several functional segments:
Synchronization Segment (SS), Propagation Time Segment (PTS), Phase Buffer Segment 1 (PBS1), and Phase Buffer
Segment 2 (PBS2). In many MCUs, it is also common to see PTS and PBS1 are combined into Time Segment 1 (TSEG1), while
PBS2isreferred to as Time Segment 2 (TSEG2). Additionally, due to the resynchronization mechanism, the concept of reSyn-
chronization Jump Width (SJW) is introduced.

Ta | |
46/ NS R . N
Ss PTS | PBS1! PBS2

Figure 2.1 CAN bit structure definition

Typically, SS occupies 1 Tq. The number of Tq for TSEG1 and TSEG2 is determined based on the desired sampling point
location and the propagation delay compensation requirements. The SJW must be less than that of both PBS1 and PBS2.
The sampling point generally placed at the end of PBS1. The sampling point position is calculated as:

Sample Point Position (%) = [Length of SS + Length of TSEG1 (PTS + PBS1)] / Total Number of Tq per Bit * 100%

2.2.Synchronization

CAN clock synchronization consists of two mechanisms: hard synchronization and resynchronization. In a multi-node
system, clock frequency deviations of each ECU and phase delays along the transmission path can cause timing misalign-
ment. Therefore, the receiving ECU needs to adjust its reception timing through hard synchronization and resynchroniza-

tion to ensure normal communication at the node.

Hard synchronization occurs at the Start-of-Frame (SOF) bit of the transmitting node, where the falling edge of the SOF lies
within the SS of the transmitting node’s bit. The receiving node, based on the detected falling edge of the received SOF bit,
aligns its sampling SS to this position, achieving synchronization between the transmitting and receiving nodes, as shown
in Figure 2.2.

ad Copyright © NOVOSENSE Microelectronics Co.,Ltd 2025. All rights reserved. 09
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T ===
SS PTS |P£Sl PBS2
II!L |

Receivingnode M\ | | | ..
(after hard
synchronization):

\SS; PTS PBS1 PBS2
| |

Figure 2.2 Schematic of hard synchronization

Resynchronization occurs at every subsequent falling edge within the CAN frame after the hard synchronization at the SOF
bit. Ideally, after hard synchronization, the falling edges of the CAN bits from both the transmitting and receiving nodes will
fall within the SS. However, due to factors like propagation path phase delays, the receiver’s bit timing will misalign with the
transmitter’s over time, potentially leading to sampling errors. Therefore, corrections via resynchronization are required.
During resynchronization, if the bit’s falling edge is detected before the SS of the receiving node, the receiver will reduce the
number of Tq in PBS2 to ensure alignment of the receiver’s sampling point position (relative to SS) with the transmitter for
synchronization. If the bit’s falling edge is detected after the SS of the receiving node, the receiver will increase the number
of Tq in PBS1 to achieve synchronization. The actual number of Tq adjusted does not exceed the SJW value. Resynchroniza-

tion is illustrated in Figure 2.3.

ad Copyright © NOVOSENSE Microelectronics Co.,Ltd 2025. All rights reserved. 1 0
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Figure 2.3 resynchronization diagram

2.3.Propagation delay compensation

In a typical CAN system, there are two main sources of propagation delay: loopback delay and round-trip delay from the

transmitting node to the receiving node and back to the transmitting node, as illustrated in Figure 2.4.

The loopback delay (Delayl) includes delay from the MCU’s TXD output to the transceiver’s TXD input, the intrinsic loop
delay of the CAN transceiver, and delay from the transceiver’s RXD output to the MCU’s RXD input.

The delay from the transmitting node to the receiving node (Delay2) includes: internal transmission delay within the
transmitting MCU, delay from the MCU’s TXD pin to the transceiver’s TXD pin, internal transmission delay within the
transceiver, propagation delay from transceiver’s bus pin to transceiver’s bus pin (including PCB traces and physical bus),
internal reception delay within the transceiver, delay from the transceiver’s RXD pin to the receiving MCU’s RXD pin, and
internal reception delay within the receiving MCU. The propagation delay from the receiving node back to the transmitting

node (Delay3) is approximately equal to Delay2.

A Copyright © NOVOSENSE Microelectronics Co.,Ltd 2025. All rights reserved. 1 1
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Delay2
) EE— = Bus Cable CAN TXD
MCU Delay1 Transcei DOQQC Transceiver mcu
L) — RXD
Delay3

Figure 2.4 propagation delays diagram

The CAN protocol requires that a transmitting node simultaneously monitor the signals returned by the bus. If the transmit-
ted data does not match the received data (except the Arbitration Field), a transmission error will be reported. Additionally,
after successfully transmitting a CAN frame, the transmitting node is required to send two ACK bits. Upon acknowledging
correct signals received, the receiving node will respond to the first ACK bit (also called the ACK slot) by overriding the
recessive bit with a dominant bit. The transmitting node, upon sampling a dominant bit in the ACK slot, considers CAN frame

transmission successful. If no dominant level is detected, the transmitting node will assume a transmission error.

These CAN protocol rules necessitate that the PTS in the bit timing must be longer than either Delayl or the sum Delay2 +
Delay3. This ensures that the transmitting node can correctly sample the signal without error. For CAN self-transmit and
self-receive scenarios, 1S011898-2 specifies a maximum loop delay of 255 ns. For a traditional CAN frame at 500 kbps, where
the bit time is 2 s, the PTS can easily be configured to exceed 255 ns, ensuring reliable signal sampling. However, for CAN
FD (up to 5 Mbps, bit time =200 ns) and for CAN SIC (up to 8 Mbps, bit time = 125 ns), the bit time becomes shorter than the
propagation delay. In such cases, relying solely on the PTS is insufficient to compensate for the propagation delay (as shown

in Figure 2.5), leading to sampling errors and communication failures.

Transmitting node
(Transmit bit — 200 ns)

§s pTs PBS1| PBS2
Sampling point

 EO—

|

1

! Ty,

| H

1

|

| ! '
;I'éae::mgtﬂ%node : Propagation delay

= |

: ]

l SS PTS PBSI PBS2
l !

Figure 2.5 uncompensated propagation delay in CAN FD @ 5 Mbps diagram
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To address the challenge in CAN FD where the high communication rate makes the PTS insufficient for delay compensation,
CAN FD incorporates a Transceiver Delay Compensation (TDC) mechanism. This introduces a Second Sampling Point, as

shown in Figure 2.6.

Sampling point
T. pling p
=

ad
|
|
Transmitting node
I(Transmit bit — 200 ns) |
|
|

§S PIS PBS1 PBS2

[ O—

|

| )

: Z‘L Second sampling

I

| : 1

: |
Transmitting node I Propagation delay i
(Receive bit) I | 2

1 H

: SS PTS PBS1, PBS2

| 1

. N

TDCO

Figure 2.6 propagation delay compensation in CAN FD @ 5 Mbps (Second Sampling Point) diagram

In CAN FD communication, when TDC is enabled, the CAN controller will automatically measure the Transceiver Delay
Compensation Value (TDCV) between the falling edge from the FDF bit to the r0 bit on its TXD pin and the corresponding
falling edge on the RXD pin. Based on the current Tq duration, the number of Tq to compensate is calculated (TDCV / Tq). The
Transceiver Delay Compensation Offset (TDCO) is typically set to align with the nominal sampling point location. Conse-
quently, the final position of the second sampling point, relative to the original falling edge of the transmitted bit, is TDCV +
TDCO. This ensures accurate sampling by the CAN controller during the CAN FD communication. Finally, it is important to
note that the second sampling point is only used under the transmitting node’s self-transmit and self-receive mode, and

that it does not apply when the node is receiving messages from other nodes on the bus.

2.4.Common issues in sampling point test

Sample point test is an essential item when carrying out CAN transceiver tests in a system. The primary purpose of this test
is to verify whether the configured CAN sampling point position in the MCU meets requirements during actual communica-

tion. The test setup is shown in Figure 2.7.

* Copyright © NOVOSENSE Microelectronics Co.,Ltd 2025. All rights reserved.
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Bus

interference <— Host PC
DUT | X > < < | equipment

Figure 2.7 Sampling point test setup

As shown in the figure above, the sampling point test method typically involves using a bus interference equipment to
generate a CAN frame where a specific bit is interfered, which is transmitted to the Device Under Test (DUT). The timing of
theinterfered bitin the CAN frame is progressively altered until the DUT detects error in the received frame. It then transmits
the errored frame back to the bus interference equipment, which reports the error. The current sampling point position of
the DUT is calculated and displayed on the host PC. A commonly used bus interference equipment is the Vector VH6501,
which operates at a maximum system clock frequency of 160 MHz and can apply a minimum interference time of 6.25 ns. It
works by applying an interference that overwrites a specific dominant bit in the CRC field with a recessive level, starting from
the end of the bit and moving forward, thereby increasing the length of the subsequent recessive bits while keeping the total
bit length unchanged. The VH6501’s sampling point (configured to be earlier than the DUT’s expected sampling point to
ensure the DUT detects the error first) and the CAN module clock are pre-configured. The specific test method is illustrated

in Figure 2.8.

Normal bit Recessive Dominant bitin CRC Recessive bitin CRC

Interference ’
equipment sampling
point I
i
Equipment applies f l . L
interference and loops back Dominant bitin CRC e b Recessive bitin CRC
Interference
pulse width
1 1.4 =
1
DUT sampling point :
H
H
DUT sampling Dominant bit in CRC ; : Recessive bit in CRC
Interference
pulse width

Figure 2.8 sampling point test diagram
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The sampling point test result for the DUT is obtained by calculating the ratio of the undisturbed pulse width of the
dominant bit (when the DUT transmits an error frame) to the total bit length. However, significant deviations often occur in
actual tests. For example, with a configured sampling point at 80%, the test result may be 70% or even lower, or sometimes
85% or higher. We have analyzed potential causes of these deviations. In the sampling point test, the CAN frame transmitted
by the interference equipment is converted by the transceiver from a differential bus signal to a single-ended signal on the
RXD pin. During this process, the bit time can undergo distortion (see tarec in Section 1), which will affect the accuracy of the

test results, as shown in Figure 2.9.
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Figure 2.9 Effects of bit time distortion on sampling point test

After the bus signal passes through the transceiver, the bit time can become distorted. The 1ISO11898-2 standard specifies a
Atrec range of -65 ns to +40 ns for commination rate at 2 Mbps. Consequently, the bit time arriving at the RXD pin can be slight-
ly longer or shorter. This causes the segment length that the interference equipment needs to disturb to either increase or
decrease, affecting the accuracy of the test result. It isimportant to underline that this increase or decrease in the disturbed
bit time only affects the result under this specific test method. The distance from the sampling point to the falling edge
remains unchanged, and is still the sampling position set in the software (using the falling edge as the reference). Therefore,

if the DUT’s Atre is significant, the error introduced by Atrec must be considered when interpreting the test results.

Furthermore, due to clock deviations between the DUT and the interference equipment in the test system, plus phase delays
in signal transmission, both hard synchronization and resynchronization are active in the DUT. This can lead to cases as
shown in Figure 2.10.
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Figure 2.10 Cases of DUT receiving signals during sampling point test

In Case 1, factors like pulse width distortion, phase delay, and clock deviation cause the falling edge before the disturbed bit
to arrive one Tq earlier relative to the SS. Due to the resynchronization mechanism, the sampling point will also shift earlier
by one Ta. This requires the interference pulse width to be one Tq longer to affect the DUT’s sampling point, resulting in a
measured sampling point that is one Tq smaller than the configured value. Similarly, in Case 2, if the falling edge arrives one
Tq later, resynchronization will shift the sampling point later by one Tq. Consequently, an interference pulse width one Tq

shorter is sufficient to affect the DUT’s sampling point.

Since the shift of the falling edge relative to the SS accumulates gradually, when the falling edge just slips outside the SS,
resynchronization willimmediately shift the sampling point forward or backward by one Ta. This can cause a deviation in the
sampling point test result. The magnitude of this deviation depends on the Tq duration configured in the DUT’s MCU. For a
CAN FD system with a bit time of 500ns, if the CAN module clock is configured to 20 MHz, one Tqis 50 ns. Based on the analysis
above, the potential sampling point test deviation could be 50 ns / 500 ns * 100% = 10%. If the CAN module clock is config-
ured to 40 MHz, one Tqis 25 ns, leading to a potential deviation of 25 ns / 500 ns * 100% = 5%. Therefore, for sampling point
test in a system, the configuration of the MCU’s T4 count has a significant impact. Additionally, the transceiver’s pulse width
distortion also influences the sampling point test result. Different pulse width distortion time durations under the same
setup may yield different test results. Increasing the number of Tq can, to some extent, converge the test results and mitigate
variations in sampling point test results caused by differences in pulse width distortion time. Section 1 provides compara-
tive data for NOVOSENSE’s CAN transceivers benchmarked against major international manufacturers regarding receive bit
time distortion. The results were relatively consistent, indicating minimal impact on variations in sampling point test
results.
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3.Effects of CAN Dynamic Parameters on Systems

Sections 1 and 2 provide the definitions of CAN-related dynamic parameters, comparative test data, and the fundamental
working principle of CAN sampling. These parameters have a significant impact on normal CAN communication in

real-world systems. This section will detail the effects of CAN dynamic timing parameters on system communication.

e Rise/fall time

When the rising or falling edge of the CAN transceiver’s output bus differential signal is relatively slow, it can lead to
shortened bit time after conversion by the transceiver, as illustrated in Figure 3.1.

R

TXD signal
m—fmmemm—————— 30% Hecccmcmcccccccccaccaaaaad -
= 900“1 _____________________ PR .
Bus differential
signal
RXD signal

Figure 3.1 Schematic of slow bus differential signal falling edge

As shown in the figure above, a slow falling edge of the bus differential signal can cause the dominant bit time on the RXD
output (after conversion by the CAN transceiver from the TXD input) to be extended and the recessive bit time shortened. If
the dominant bit is lengthened to the sampling point of the subsequent recessive bit, it may lead to incorrect sampling by
the MCU, causing CAN communication errors. If the bus differential signal edges are slow but the resulting pulse width
distortion remains within acceptable limits (i.e., the impact on the RXD bit time is minimal, unlike the severe impact exam-
ples given above), the effects on communication will be negligible.
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In real-world applications, CAN communication networks often have long cabling and multiple nodes, leading to significant
bus parasitic capacitance which slows down the bus signal edges. However, if the bit timing requirements are still met,
communication will not be significantly affected. System design typically imposes limits on the number of CAN nodes and

bus length to ensure reliable communication.

The falling edge of the RXD signal is crucial for synchronization. If the falling edge is relatively slow, coupled with edge shifts
caused by factors like propagation phase delay, the effective bit time can be reduced. This may exceed the compensation
capability of the SJW, which is typically only 2-3 Tqin length, leading to MCU sampling errors and disrupted communication.

Therefore, the rise/fall time of the RXD signal should be sufficiently short, ideally ensuring that edges are within one SS.

e Propagation delay

Based on the analysis of the sampling principle in Section 2, we know that propagation delay compensation is required for
applications with high CAN communication rates. For the ACK response scenario, according to 1S011898, the fastest bit rate
for the ACK field is 1 Mbps, corresponding to a bit time of 1 ps. The system needs to sample the dominant ACK bit from the
remote node at the configured sampling point within this 1 us window (depending on the sampling point position, typically
allowing 700-800+ ns). Therefore, the sum Delay2 + Delay3 must be less than this available sampling window. This require-
ment is generally met in most applications. For some special system applications, where the physical transmission line
introduces significant propagation delay, the internal delay of the transceiver needs to be as short as possible to compen-
sate for the system-level delay and ensure reliable communication (in applications with very long transmission lines, the

CAN communication rate is usually reduced).

For the self-transmit and self-receive scenario, if the propagation delay measured by the MCU exceeds the maximum
compensable range, the TDC function will fail. This results in sampling errors and prevents normal CAN communication. The
delay measured by the MCU includes not only the CAN transceiver’s propagation delay but also delays from PCB traces and
the MCU’s internal paths. Therefore, ensuring a low propagation delay for the CAN transceiver across different operating
environments is crucial, as it provides sufficient margin for the system to meet the propagation delay compensation require-

ments.

® Bit time and bit time distortion

Bit time transmission distortion causes the bus bit time and the RXD bit time to increase or decrease. Here, we combine the
influences of these two parameters as the effect of CAN bit time variation on system. Ultimately, both TXD-to-bus and
bus-to-RXD bit time distortions manifest as an increase or decrease in the bit time observed on the RXD signal. The impact
on sampling point test was discussed in Section 2.4. If the bit time on RXD is significantly larger or smaller than the bit time
transmitted from TXD, and considering also the edge shifts, the sampling point (after resynchronization) might sample an
incorrect bit state, as shown in Figure 3.2. Therefore, it is required that the bit time distortion of the RXD signal from the

transceiver should be small relative to the TXD bit time.
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Figure 3.2 sampling with reduced RXD bit time diagram

In summary, the main impact of CAN dynamic parameters is that parameters which do not meet the standard, or are close
to the critical value, can lead to incorrect sampling of the RXD signal by the MCU in certain system applications, ultimately

resulting in communication failures.
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enhancements, improvements or other changes to the products and services provided without
notice. NOVOSENSE authorizes users to use this Document exclusively for the development of
relevant applications or systems designed to integrate NOVOSENSE’s products. No license to any
intellectual property rights of NOVOSENSE is granted by implication or otherwise. Using this Docu-
ment for any other purpose, or any unauthorized reproduction or display of this Document is strictly
prohibited. In no event shall NOVOSENSE be liable for any claims, damages, costs, losses or liabilities

arising out of or in connection with this Document or the use of this Document.

For further information on applications, products and technologies, please contact NOVOSENSE

(www.novosns.com ).
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