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CAN

RAZRR
|
IG lower layers
IG CANopen y IG Safety/
CANopen (IG CAN FD) security
SIGs + TFs SIGs SIGs TFs TFs
- SIG loT -LSS FD - I/0 modules - TF Signal - DLL security
- TF 306 - Testing - Motion Il - HLP security
L [ I - TF Time stamp [
etc. EDD (XML) Lift -TF Common HLP safety
- Addit. appl. - Car add-on L— Mode Choke - etc.
functions - Municipal veh. - Cable
- ete. - etc. _SIG CAN XL
- SIG CAN FD Light
- etc.

CIAEIICIAFISE (specificaiton) FCIANFBiC& (application
notes) BN & AGR{ERACAN,
XL HHCIAS A ECIAFR AR TEEAFIE .
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Intel’s 82526 CAN stand-alone controller
chip supported data-rates up to 1 Mbit/s

Take away: CAN is a well-established technology
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CAN: 5B Al SERY

& ZHCANSEEL (up to 1 Mbit/s ) I #E1E B 25811,
BEEHFELEZZENHBE B ITMWEZ(R016E, TEMCA
NI Iz #81E 15121)

¢ ZHECANMIZRE TR B XA AT S RIUE T £ — MR

MEIFTAMRE— A t51x, FEQNEZAERMWBERFEERE
= (R B W B EHEH).
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CAN

m_- ECUS 2
W124 1984 - 1995 <100 %
W210 1995 - 2002 3 30 200 g
W211 2002 - 2009 5 52 4100 i
W212 2009 — 2015 9 67 6000 3
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CAN

CAN/ £

€ 2004:
€ 2007:
¢ 2013:
¢ 2014:

¢ 2016:
¢ 2016:
¢ 2018:

€ 2015:

SAE Bosch CAN  |SO 11898 re-organized ISO 11898-1
conference 2.0A/B CAN 1ISO 11898-1/2 with CAN FD
1986 1991 1993 2003 2015
€ 1991: Bosch CAN 2.0 A/B specification
€ 1993:1SO 11898 — CAN protocol and high-speed transceiver
€ 2003:1SO 11898-1 — CAN data link layer
€ 2003: 1SO 11898-2 — High-speed physical layer
€ 2004:1SO 16845 — CAN conformance test plan

ISO 11898-4 — Time-triggered CAN (TTCAN)

ISO 11898-5 — High-speed low-power physical layer

ISO 11898-6 — High-speed selective wake-up physical layer
ISO 16845-2 — ISO 11898-6 conformance test plan

ISO 11898-1 — Classical CAN and CAN FD data link layer
ISO 11898-2 — Improved high-speed physical layer

ISO 16845-1 — ISO 11898-1:2016 conformance test plan
ISO 16845-2 — ISO 11898-2:2018 conformance test plan
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CAN R;EFIIEZH11E

£ He 4R N, “BH" £ £ He 4R N,
50 kbit/s to 1 Mbit/s ==k 15 Mbit/s* 50 kbit/s to 1 Mbit/s

*SLIOE KT (EIn. 22 °C)

XNMEERBRT—1TCAN FD#tiEmm,
&&= A9500kbit/s, EiB(EEHIEE N15
Mbit/s, {58 FANXP TJA 10404& & #1.

Source: Bosch
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CAN FD M 0,5 Zl 4 Mbit/s
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0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0
Bit Rate Data-Phase (MBit/s), Payload = 8 Byte

3R Florian Hartwich, Robert Bosch GmbH, Paper from the 13. International CAN Conference 2012
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CAN FD M 8 %l 64 Byte

3.0
A

=
m /
2 20 /
Q
©
& /
=
S 1.0
(S
Q
>
<

0.0

0 8 16 24 32 40 48 56 64

Payload (Byte), Bit Rate = [0.5 & 4] MBit/s

3R Florian Hartwich, Robert Bosch GmbH, Paper from the 13. International CAN Conference 2012

© CiA




CAN

CAN FD Z(#%Mif& =t

CAN base frame format

ACK = Acknowledge

CRC = Cyclic redundancy check
EOF = End of frame

IFS = Interframe space

SOF = Start of frame

26 bit

Bus Arbitration Control Data CRC ACK
Idle (F) field field field field field EOF IFS
1Bit 12 Bit 6 Bit 0 to 8 Byte 16 Bit 2 Bit 7 Bit 3Bit
CAN-FD base frame format
Arbitration phase Arbitration phase
Bus Arbitration Control Data CRC ACK
Idle = field field field field field EOF IFS
1Bit 12 Bit 9 Bit 7 0 to 64 Byte 7 22 bit/ 2 Bit 7 Bit 3Bit

© CiA



CAN FD #6157

CAN

Arbitration phase Arbitration phase
Bus Arbitration Control Data CRC | ACK
: : : : . EOF IFS
|dle = field field field field field
1Bit 12 Bit 9 Bit Oto64 Byte 22bit/ 2Bit 7 Bit 3Bit
26 bit
Arbitration phase
Arbitration field Control field Data field CRC field
(base) ID DLC Sequence e
o) wl | D ©| 3 2
L = =
0 | I~ o |00 o N — 99 —| O —
BR ol ot Il 1=3 il A - At o o = = 22N z12l3
olo olo M ooom Mm m| m olo n0lA
MSB (first bit transmitted) LSB
SOF = Start of frame (bit is always of dominant state) ESI = Error state indicator (recessive, if transmitting node is in error passive state)
ID = Identifier (frame priority and content indication) DLC = Data length code (indicates the length of the following data field)
RTR = Remote transmission request (dominant, if data frame) CRC = Cyclic redundancy check (15-bit, 17-bit, or 21-bit)
IDE = ID extension (dominant for base frame format) D = Delimiter of CRC/ACK field (bit is always of recessive state)
FDF = FD frame format, (recessive if FD format) ACK = Acknowledgment slot (correctly receiving node sends a dominant bit)
r0/r1 = reserved bit (dominant) EOF = End of frame (all bits are always of recessive state)
BRS = Bit rate switch (recessive, if switched to alternate bit-rate) IFS = Inter-frame space (the first two bits are always of recessive state)

© CiA




CAN

2 ilL7

Arbitration phase Arbitration phase
Bus Arbitration Control Data CRC | ACK
O : : . : : EOF IFS
|dle = field field field field field
1Bit 12 Bit 9 Bit Oto64 Byte 22bit/ 2Bit 7 Bit 3Bit
26 bit
Arbitration phase
Arbitration field Control field Data field CRC field
(base) ID DLC Sequence C
o w| |o bt D oG 2
L == =
o |~ oo« ) — Y —|o -
LY o b A T A T P R e = = o) | e =
olo olo MM m|om m|m olo oA
MSB (first bit transmitted) LSB
SOF = Start of frame (bit is always of dominant state) ESI = Error state indicator (recessive, if transmitting node is in error passive
ID = Identifier (frame priority and content indication) state)
RTR = Remote transmission request (dominant, if data frame) DLC = Data length code (indicates the length of the following data field)
IDE = ID extension (dominant for base frame format) CRC = Cyclic redundancy check (15-bit, 17-bit, or 21-bit)
FDF = FD frame format (recessive, if FD format) ACK = Acknowledgment slot (correctly receiving node sends a dominant bit)
r0/r1 = reserved bit (dominant) EOF = End of frame (all bits are always of recessive state)

BRS = Bit rate switch (recessive, if switched to alternate bit-rate) IFS = Inter-frame space (the first two bits are always of recessive state)
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#ilt7 (FD)

Arbitration phase Arbitration phase
Bus Arbi_tration antrol Data QRC ACK EOF IES
Idle = field field field field field
1Bit 12 Bit 9 Bit 0 to 64 Byte 22 bit/ 2 Bit 7 Bit 3Bit
Reference DLC3 DLC2 DLC1 DLC O No of bytes 26 bt
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
SO 0 0 1 1 3
11898-1 0 ! 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 12
1 0 1 0 16
1 0 1 1 20
1 1 0 0 24
1 1 0 1 32
1 1 1 0 48
1 1 1 1 64 © Cif




CAN FD ##E17

CAN

min. length of data field = O byte
Byte Byte
1 3
MSB

max. length of data field = 64 byte

LSB
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CAN

Arbitration | Control Data
field field field

Bus

dle EOF | IFS

S
O
F

Bit-sequence to be transmitted

rid|lr|r|r|r|r|rfjdjrid: di dididjr

Stuffed bit-sequence

rdrrrrrSdrdrdédgdgdéd[

rid|{r|{r|r]r|r|r di{rfd: didid: dir
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CAN

CRC field for DLCs > 10 (16 to 64 data bytes)

Stuff count CRC sequence
All+~| O 829'\: E\U—)SQ ﬂ () <t M| N[ o
=l==H3 22228222 eB el | |2Blg g8
Mnm

O|O|O|O:&E|O|O|O|O]:E| O O|.XO|O|OIOf.X/O

MSB Stuff Grey Fixed LSB
count | code SB

000 1

21-bit polynomial: 1 00 1 1 0
21 20 13 11 7 4 3

X1 X200 4 xB x4 X + x4+ X3+ 1 5 94 < . 1
The 3-bit stuff bit counter contains the 3 010 1 0
number of stuff bits in MOD8 followed by 4 110 0 1
a parity bit. . — 1 .
There shall be a fixed stuff bit before the 6 101 0 1
first bit of the stuff count. v 100 1 0

Take away: ISO CAN FD supports Stuff count! © cin




ACK=ZFE EOF, and IMF

CAN

ACK
. End of frame IMF
, field
o) @
o x Y 2O ikt O|N|~O|AN| ] O
C £ O €=l l=2l=]=
J © ©

;EE  acknowledgeFEX(ACK) . MipIZ5 R (EOF)F14
17FER(IMF) 522 BCANT HIER . TR ZE, FEACK
FEM— T EMEBEENIZHITE AR IR LT (8],

Take away: These fields are transmitted with nominal bit rate, as arbitration phase. © CifA




CAN

HMCAN FD 731X

@ Error frame 51700 ({5 BB & L5 2R)
@ Overload frame 8% ({5 AP EL LI ER)
@ [Classical Remote frame] 42 #37 F2M

1 X EEME R 52 B CANE BIRIAS AP B EL 3R,

F2: CIARHEE[FE R HinfE Mk 153K CAN FDEL#E !
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1SO 11898-1:2015 #} 3E RISE I I I0:
« AT HFAZMAICANMIRIN, FAZHEFFCAN FDIIFE=;
« THEHZHBCANMMS, BRECAN FDIMM;

. ZHBRCANNHEFICAN FONHE (5 A FHIE
).
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CAN FD o] F# 1%

Function Type of implementation
Classical CAN CAN FD tolerant CAN FD enabled CAN FD enabled
or other when disa- when disabling of
bling of Flexible Data Classical frame
Rate frame format format supported
supported and con- and configured (see
figured 10.9.10)
Reception and trans- |Supported Supported Supported No reception, no
mission of Classical transmission. Error
Frames Frames will be
sent when Classi-
cal frames present,
unless node in Error
Passive state or
generally unable to
transmit
Reception and No reception, no No reception, no Supported Supported

transmission of FD
Frames

transmission. Error
Frames will be sent
when FD frames
present, unless node
in Error Passive
state or generally
unable to transmit

transmission, no
Error Frames will be
sent when FD frames
present

© €
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CAN FD 1281211

® CANFD IP #%:
Bosch, esd, Fraunhofer/Cast, Inicore, Kvaser

€ MCUs: Infineon, Microchip, NXP, Renesas, ST
Microelectronics, Texas Instruments (TI)

& k& #%: Analog devices, Infineon, Microchip, NXP,
On Semi, Tl, etc.

® HLP 1hiX7%:
CANopenFD: Emotas, Emsa, esd, MicroControl
Autosar: Vector

¢ BZCIASRABEZIZHCAN FDRL~™ &I E,

151518 CAN newsletter BREG R I MIER

www.can-newsletter.org
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CAN

ISO 11898-2:2003 ISO 11898-5:2007 ISO 11898-6:2013
Physical media Low-power mode Partial networking
attachment (PMA) & nFEMREE & A[nFEIREE

® &= =5X51 Mbit/s

4

ISO 11898-2:2016
Physical media
attachment (PMA)
with optional low-
power mode and
partial networking
& &=5K 5 Mbit/s
& niEMRAE
& A[EIEMRER
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CiA 601 %5l

CAN

CAN FD 1 @ IR 4uixit
CiA 601-1 (version 2.0.0): Physical interface implementation 1
CiA 601-2 (version 1.0.0): Controller interface recommendation !
CiA 601-3: (version 1.0.0): System design recommendation '
CiA 601-4 (version 2.0.0): Signal improvement '
CiA 601-5: Reference topology examples >

CiA 601-6: (version 1.0.0) CAN FD cable recommenda
CiA 110: Common-mode choke specification 2

L R B B B R 4

1 #£5CiA Draft Standard (DS) & &
2 FERH
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CAN

CAN FD PYZ&3E#Y

& KE A: EIEERIER B L R R IR B b R
(MEEMBIRT AT R F20R)

¢ X3 B: TR EM B L R BREM B LR, (B
Z1EF 1 Mbit/s
(MEENBITFEEHRME)

& £ C: BUEMEBLERHESTF 1 Mbit/s
(WEENBZIZITEEHRMNIE, EE2FEALIRUEAIL A

%)
<=,

|
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CAN

RIFFICAN FD

228 CAN &1 /

Classm N Classic Classic CAN CAN
CAN CAN CAN FD FD
1 3

I

| CBFF 327h | 1 < Data size < 8 l

CAN FD &1{g v

Classic CAN Classic Classic CAN CAN
CAN FD CAN CAN FD FD
(. 1

T v

EE CAN FD &3

BRI (S HICANIZEH 28 L U8 CAN FD£RIE A 12 7
R BAEREK “RE ImSHMEEEIR

LB BRERIE B RAFDEHIZE IR

© CiA



CAN

Al BCiE B P25 T 14

CAN port 1 (e.g. Classical CAN CBFF)
|

CNETC
CANopen device
CAN port 1 forwards
. CAN Interface
messages in the range of
100,, to 4FF,,
CANopen
configuration l
| port [eot0, ot Troo, R
| " 02 |4FF, g
6020, 01 10002,
CAN Interface CAN Interface
Messages from CAN port 1
are only forwarded to CAN
port 2
CAN Interface
CBFF Classical CAN base frame format
FBFF CAN FD base frame format

| 327, | 1<Datasize<8 | |

CAN port 2 (e.g. CAN FD FBFF)

327, 1 < Data size < 8 —> |

CAN port 3to 15




CAN

CAN FD #EXRFFFHI

—

Golf Neo (2019): Golf 8 (2019):
E 4 CAN FD W% =4 CAN FD W%
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CAN

CAN FD ZE5FF /I H

¢ KZHEEFIFMEY R EHERFIFE2022F # H CAN FD,
BRARFE2019FEFIE L HEH

¢ tt5, PE. BAMFBEMASEREEMFERKILEAM
CAN;E#%ZICAN FD,

¢ EREXNEETERN, KBLHFPHZHRCANMETFHE
CAN FDRIZSFTER X
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CAN HIEGLEEE

& MHLE2940H BARIRFF

¢ CAN FDm4& X Al 586441 #izF T

¢ CAN FD# M4 =0 B4 10538 (£ 4 O BUiE B
¢ RiEEIRMEMEHIE

& EEFIEREBNEIRIT S

& RIGMBEIRESMBERE

& MINAFRFIT R
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CAN

€ CiA 602-2 (submitted for integration
into J1939-22)

€ CiA 1301 version 1.0 (CANopen FD
application layer and communication
profile)

€ 1SO 15765-2:2016 (ISO transport
layer)

® SAE-IT Arinc 825 CAN FD (application
layer)

& SAE J1939-22 (application and
transport layer for CAN FD)

& XCP version 1.2 (ASAM universal
measurement and calibration protocol)

© CiA
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CAN FD: ~*H .Z& 14

¢ T—1CAN, CAN FDEURHIREIMY, MUIRHEZHNELE,
m BB KA A

¢ XNETFTCANHINRIEFIRETEAUNUIRREMRATE,

¢ CAN FDMIR S HIEET =HEIREIEM X RAZE, ECANIE
BRI 2L BN BRI _E B — &R 536

¢ XEgERXFEIRENAEFIEBIEFTR, FRIHFHUNRAER
ECANFE AR FRIRA XM BZFRRA ERBEE RS
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CAN

Questions and answers
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CAN

CAN 1n Automation

EFRAF SHEmEkadaR

Kontumazgarten 3 Be a part
90429 Nuremberg of the
CiA
+49-928819-0 community % ECIABIE A RS
+49-928819-79 2% CANinAutomation
El e

=4 H: publications @can-cia.org
B4Z%E H: exhibition@can-cia.org
SERNIEEE: events@can-cia.org

R EiM): service@can-cia.org

@CANopen

CAN in Automation (CiA)

CAN in Automation
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