INTERNATIONAL ISO
STANDARD 11898-3

First edition
2006-06-01

Road vehicles — Controller area
network (CAN) —

Part 3:
Low-speed, fault-tolerant,
medium-dependent interface

Véhicules routiers - Gestionnaire de réseau
de communication.(CAN) —

Partie 3: Interface a basse vitesse, tolérant les pannes, dépandante
du support

_— Reference number
= — ISO 11898-3:2006(E)

© ISO 2006


https://standardsiso.com/api/?name=e9d9947d57da494fa60f81c3ddf72616

ISO 11898-3:2006(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 1S0 2006

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=e9d9947d57da494fa60f81c3ddf72616

ISO 11898-3:2006(E)

Contents Page
Lo T =2 o PP PP PP iv
e Yo 11 T o) P \'
1 — Scope e ———— 1
2 Terms and definitioNs.......ccccooi i nnmn e e e e s e e e SR A b e e s e s e 1
3 Abbreviated terms .......... s s sh g e s snehmnnnnnnnnnnnnn 3
4 OSI reference MOodel.........oooeciiiiiiiccccccrrrr s smene e e e s s s mn e e dnde s e s smmnne e nf e snnnnenennns 4
5 MDI SPECIfiCAtiON ....cocoiiiicerere e snn e e s e s s nnms SWE e} s e s mnmne e e e e sssnshusennenesnnnann 4
51 Physical medium..........cccoriirrrrrrrrrrrrrrrrsssrsrssssssssss s s s ssssssssssssssssssss e s esssssssssssssssssssennshessssnssnsnnns 4
5.2 Physical signalling..........cccucviiiinniiiir e s sssss e s 8
5.3 Electrical specification ..o B e 10
5.4 Network specification...........cccmiiiiicccii e S e e 12
6 Physical medium failure definition .............ccoiiii e e 14
6.1 L YT L= I = T 1T = S S S 14
6.2 L= T LU= ==Y 41 S S 15
7 PMA SPeCIfiCation ........cocc i i e e s s s ssme s e e e e s s s ssnmn e e e e s e s s s nmnn e e e s eesenncheeneeesnnnnnn 16
71 L7111 - | 7 SRS PSRRI PSR 16
7.2 Timing reqUIremMeNnts .........cocueeiiiiiieiieeiesesseeeegesSatersessssesssssssssssssnsssssnsssssssssnssnssnnnsnnnnsnnnnnnnnnnnncheessnnnnnnnns 16
7.3 L= T DT =30 4 aF=T g B Vo 1= 0 1= | - I 20
7.4 Operating MOAES ........coiiiiiiiiiciicrrerr e e Ter e e e e s ss s s s s sssnne e e e e s sssssssnnnneeenesassssssnnnesensssnsssssnnnnsenssshsnnnnnnnens 23

© ISO 2006 — All rights reserved iii


https://standardsiso.com/api/?name=e9d9947d57da494fa60f81c3ddf72616

ISO 11898

-3:2006(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

ISO 11898, first published in November 1993, covered the controller area network (CAN) data link layer as
well as the high-speed physical layer.

In the reviewed and restructured ISO 11898:

— |ISO 11898-1 describes the data link layer protocol as well as the medium access control;

— |ISO 11898-2 specifies the high-speed medium access unit (MAU) as well as thexmedium| dependent
interface (MDI).

ISO[11898-1:2003 and ISO 11898-2:2003 cancel and replace ISO 11898:1993.

In addition to the high-speed CAN, the development of the low-speed CAN,~which was originally|covered by
ISO[11519-2, gained new means such as fault tolerant behaviour. The subject of this part of ISO 11898 is the
defipition and description of requirements necessary to obtain a fault tolerant behaviour as well as the
spegification of fault tolerance itself. In particular, it describes the medium dependent interface and|parts of the
medium access control.

© I1SO 2006 — All rights reserved \"
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INTERNATIONAL STANDARD 1ISO 11898-3:2006(E)
Road vehicles — Controller area network (CAN) —

Part 3:

Low-speed, fault-tolerant, medium-dependent interface

1 |Scope

Thig part of ISO 11898 specifies characteristics of setting up an interchange of digital informatipn between
eledtronic control units of road vehicles equipped with the controller area network (CAN) at transnission rates
abope 40 kBit/s up to 125 kBit/s. The CAN is a serial communication protocol“which supportg distributed
confrol and multiplexing.

Thig part of ISO 11898 describes the fault tolerant behaviour of low-speed CAN applications, and [parts of the
physical layer according to the ISO/OSI layer model. The following paris ‘of the physical layer are|covered by
this|part of ISO 11898:

— |medium dependent interface (MDI);

— | physical medium attachment (PMA).

In afddition, parts of the physical layer signalling (PLS)and parts of the medium access control (MAC) are also
affected by the definitions provided by this part of iSO 11898.

All other layers of the OSI model either do nét-have counterparts within the CAN protocol and arg part of the

use
not

2
For

21
bus
topg
inb

2.2

’s level or do not affect the fault tolerantbehaviour of the low speed CAN physical layer and t
bart of this part of ISO 11898.

Terms and definitions

the purposes of this document, the following terms and definitions apply.

logy of a communication network where all nodes are reached by passive links which allow t
pth directions

bus failure
failjfmymmfm

2.3
bus
one

NOTE

erefore are

ansmission

value
of two complementary logical values: dominant or recessive

transmission of dominant and recessive bits, the resulting bus value will be dominant.

2.4
bus

voltage

voltage of the bus line wires CAN_L and CAN_H relative to ground of each individual CAN node

NOTE Vean L and Vean H denote the bus voltage.

© I1SO 2006 — All rights reserved
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voltage

voltage seen between the CAN_H and CAN_L lines

NOTE

2.6

Viitt = Vean_ 1 — Vean L

fault free communication
mode of operation without loss of information

2.7
fault tolera
ability to op

EXAMPLE

2.8
transceive

delay time from applying a logical signal to the input on the logical side of the transceiver until it is detecte

the output g

29
low power
operating n

NOTE A

210
node
assembly,
the given cq

2.1
normal mo,
operating n

212
operating ¢
Cop

h
b

overall capacitance of bys.wires and connectors seen by one or more nodes, depending on the topology
f the physical*media

properties @

213
physical Ia

electrical citcuit realization that connects an ECU to the bus

e

erate under specified bus failure conditions at least with a reduced performance

mode

de
node of a transceiver which.is. actively participating (transmitting and/or receiving) in nety
communicati

Reduced signal to noise ratio.

loop time delay

n the logical side of the transceiver

ode with reduced power consumption

node in low power mode does not disturb communication between other nodes.

onnected to the communication line, capable of communicating across the network accordin
mmunication protocol specification

on

apacitance

er

d on

g to

vork

and

214

physical medium (of the bus)

pair of wires
NOTE T

215
receiver

, parallel or twisted, shielded or unshielded

he individual wires are denoted as CAN_H and CAN_L.

device that transforms physical signals used for the transmission back into logical information or data signals

© I1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=e9d9947d57da494fa60f81c3ddf72616

2.16

transmitter
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device that transforms logical information or data signals to electrical signals so that these signals can be
transmitted via the physical medium

217

transceiver

device that adapts logical signals to the physical layer and vice versa

3 _Abhbreviated terms

ACK Acknowledge

CAN Controller Area Network

CRC Cyclic Redundancy Check
CSVWA Carrier Sense Multiple Access
DLQ Data Length Code

ECUY Electronic Control Unit

EOK End of Frame

FCE Fault Confinement Entity

IC Integrated Circuit

LAN Local Area Network

LLG Logical Link Control

LME Layer Management Entity
LPOU LLC Protocol Data Unit

LSH Least Significant Bit

LsQu LLC Service Data Unit
LS-MAU Low-Speed MediumsAccess Unit
MAC Medium Access(Control

MAU Medium Aceess Unit

MD Medium ®ependent Interface
MPDU MAG_PRrotocol Data Unit

MSB Most Significant Bit

MSDU MAC Service Data Unit

NRZ Non-Return-to-Zero

oSl Open System Interconnection
PL Physical Layer

PLS Physical Layer Signalling
PMA Physical Medium Attachment
RTR Remote Transmission Request
SOF Start of Frame

© I1SO 2006 — All rights reserved
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4 OSl reference model

According to the OSI reference model shown in Figure 1, the CAN architecture represents two layers:
— data link layer;

— physical layer.

This part of ISO 11898 describes the physical layer of a fault tolerant low-speed CAN transceiver. Only a few
influences to the data link layer are given.

OSl reference CAN architecture
model layers
Application
Presentation
Session
Transport
Data link layer
Network «LLC
* MAC
Data link
Physical .
Physical layer
* PLS
* PMA
« MDI

Figure 1 — OSI reference model/CAN layered architecture

5 MDI gpecification
5.1 Physical media

5.1.1 General

The physical media used for the transmission of CAN broadcasts shall be a pair of parallel (or twisted) wires,
shielded or unshielded, dependent on EMC requirements. The individual wires are denoted as CAN_H and
CAN_L. In dominant state, CAN_L has a lower voltage level than in recessive state, and CAN_H has a higher
voltage level than in recessive state.

5.1.2 Node bus connection

The two wires CAN_H and CAN_L are terminated by a termination network, which shall be realized by the
individual nodes themselves. The overall termination resistance of each line should be greater than or equal to
100 Q. However, the termination resistor’s value of a designated node should not be below 500 Q, due to the
semiconductor manufacturers’ constraints. To represent the recessive state CAN_L is terminated to Vs and
CAN_H is terminated to GND. Figure 2 illustrates the normal termination of a designated bus node.

4 © I1SO 2006 — All rights reserved
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Ugat N
L1
a
RTL
CAN_L ®
-
CAN_H
RTH —
_— Ve p— a
Key|
a8  POptional.

Figure 2 — Termination of a single’bus node

In Fligure 2, the termination resistors are denoted as optional. That means that under certain conditions not all
nodes need an individual termination, if the requirements.of proper overall termination are fulfilled.

5.1.8 Operating capacitance

The| following specifications are valid for @ ‘simple wiring model which in general is used in|automotive
applications. It consists of a pair of twisted copper cables which are connected in a topology described in
5.1.4. The following basic model shown in Figure 3 and 4 is used for the calculations.

a b
Key
2@  Diriver.
b Wire.

Figure 3 — Substitute circuit for bus line

© I1SO 2006 — All rights reserved 5
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—

NAN

Key
a  Symmet
b Ground.

The operating capacitance is calculated using Equation 1.

node

plug

n
k

EXAMPLE
exemplary ng

(C'+20

ic axis.

Figure 4 — Operating capacitance referring to network length /

(C’ + 2C’12) +n Cnode +k Cplug (1)

is the operating capacitance;

is the capacitance between the lines and ground reférring to the wire length in metres (m);

—

is the capacitance between the two wires (which is assumed to be symmetrical) referring tq the

wire length in metres (m);

is the capacitance of an attached bus.hode seen from the bus side;
is the capacitance of one connecting plug;

is the overall network cabte\length;

is the number of nodes;

is the number of-plugs.

A typicalvdlue for the operating capacitance referring to the overall network cable length in respect t¢ the
btwork described below is given by:

12) = 120 pF/m]

514 Me

ium uming

The maximum allowed operating capacitance is limited by network inherent parameters such as:

— overall

termination resistance Ry,

— wiring model and topology;

— communication speed;

— sample point and voltage thresholds;

— ground

shift, etc.

© I1SO 2006 — All rights reserved
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The following equation provides a method to estimate the maximum allowed operating capacitance.

Sp 5
-2l - tsync
it

~In(Vo +Vanp)—In Vin

(2)

Rierm Cop =7¢

where
Rierm is the overall network termination resistor (approx. 120 Q);
Cop is the operating capacitance, specified in Equation (1);
c is the time constant of bus wire;
Sp is the sampling point within a bit, in percent (%);
Foit is the bit frequency or physical communication speed in bits per second (bit/s);
4 is the overall loop delay time of a transceiver device;
fsync is the maximum possible synchronization delay between two nodes;
Vo is the maximum voltage level of a bus line (approx.5V);
Vin is the sampling voltage threshold (approx. < 055.Y);

Venp  denotes the maximum allowed effective groundshift (max. 3 V).

The| calculation of 7 leads to the graph in Figure 5.

© I1SO 2006 — All rights reserved 7
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Z A
140

120

100

80

Key
X 1 (us)

60 N

. AN
” \Qm Sm—
R TR

Y

Y sample point (%)

Z commun

Conditions:
Vo is assum
Vin is assum
No groundsh
The total inte

As a rule of]

ication speed (kBit/s)

edto5 V.

edto 0,2 V.

ift is assumed.

rnal loop delay is assumed to (1,5 ps.

Figure 5 — Maximum:-communication speed versus 7 and the sample point

thumb, the)possible maximum time constant 7~ can be calculated using Equation (3).

1

c <

ol

Tort

where f,; denotes the bit frequency or physical communication speed in bit/s.

5.2 Physical signalling

®)

The bus line can have one of the two logical states recessive and dominant (see Figure 6). To distinguish
between both states a differential voltage V is used.

Vairt = Vean_H — Vean L

(4)

© I1SO 2006 — All rights reserved
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Vean H s the voltage level of the CAN_H wire;

Vean L is the voltage level of the CAN_L wire.

In recessive state the CAN_L line is fixed to a higher voltage level than the CAN_H line. In general, this leads
to a negative differential voltage V. The recessive state is transmitted during bus idle or during recessive

bits.

The dominant state is represented by a positive differential voltage V., which means that the CAN_H line is

actiyely fixed to a higher voltage level and the CAN_L line is actively fixed to a lower voltagg level. The
dominant state overrides a recessive state and is transmitted during dominant bits.
VA
a b
5 CAN_H
4,7
3,6
1,4
0,3
0 CAN_L
X
VA
5 L
/ 2,2
Vit = Vean n = Yoan'L >
X
-4,4 y
-5
Vy
Key
a8  Recessive.
b Dominant.
Figure 6 — Physical bit representation
© 1SO 2006 — All rights reserved 9
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5.3 Electrical specification

5.3.1 Electrical boundary voltages for ECU

The parameters given in Table 1 should be valid for maximum node connecting voltages.

Table 1 — Ratings of /oy | and Vay  of an ECU in 12V and 42 V systems

Voltage
Notation min. @ max.
\Y \Y
V. -27,0 40,0
12 V system CANL
VeaN H -27,0 40,0
V. -58,0 58,0
42 V system CANL
VeaN_H -58,0 58,0

No destructipn of transceiver occurs.
The transce|ver should not affect communication on the net.
The voltage|levels may be applied without time restrictions.

@8  Possiblelif Vgyp is disconnected or during jump start conditions.

The commgn mode bus voltage, Vo, is:

| Vean_L +VeaN_H
Veom F 5

where
Vean 1l is the CAN_L wire voltage level;

Vean e is the CAN_H wire voltage level.

The common mode voltage, ¥cgjy, for an undisturbed system in normal mode must be ensured within

ratings spegified in Table 2,

Table’2’— Common mode voltage, for undisturbed system in normal mode

the

Value
Parameter Notation Unit

. . N
LLLLLLLE norrriar

TTIAA.

Common mode voltage Veom \ -1 2,5

5.3.2 DC parameters for physical signalling

See Tables 3 to 5.

10 © ISO 2006 — All rights reserved
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Table 3 — DC parameters for the recessive state of an ECU connected
to the termination network via bus line

. . Value
Parameter Notation Unit
min. nominal max.
Vean_L \Y Vec—0,32 — —
Bus voltage =
VCAN_H v — — 0.3
Differential bus voltage ® Vit —Vee — ~Vec + 0,6

a

\/CC is nominal 5 \/

b | The differential voltage is determined by the input load of all ECUs during the recessive state. Therefore, V4iff decreapes slightly as
the humber of ECUs connected to the bus increases.
Table 4 — DC parameters for the dominant state of an ECU connected
to the termination network via bus line
. . Value
Parameter Notation Unit
min;, nominal max.
Vean L V — — 1.4
Buq voltage
VeaN_H \ Vec—-14°2 — —
Differential bus voltage Vit \Y% Vee - 2,8 — Vee
@ | Veeis nominal 5 V.
Table 5 — DC parameters for the low power mode of an ECU connected
to the termination network via bus line
Value
Parameter Nofation Unit
min. nominal max.
Vi \Y, 5 — —
Buq voltage CAN.L
VcAN H \Y — — 1
5.3.8 DC parameters for comparators
Seg Tables 6\and 7.
Table 6 — DC tt hold of domi I . | fail letection i
normal mode and vice versa
. . Value
Parameter Notation Unit
min. nominal max.
v, \% 2,5 — 3.9
Single ended bus receiver thCAN LN
VihcAN_H_N \Y 1,5 — 2,3
Differential bus receiver VinDiff N \% -3,9 — -2,5
CAN_L to BAT detector VthLXBATﬁN \ 6,5 —_— 8,0
CAN_H to BAT detector VthHXBATiN \ 6,5 —_— 8,0

© I1SO 2006 — All rights reserved

11



https://standardsiso.com/api/?name=e9d9947d57da494fa60f81c3ddf72616

ISO 11898-3:2006(E)

Table 7 — DC threshold for wake-up and failure detection in low power mode

Value
Parameter Notation Unit
min. nominal max.
7% \Y; 25 3,2 3,9
Wake-up threshold thiwake)
Vih(wake)H \Y 1.1 1,8 2,5
Wake-up threshold difference AVih(wake) 0,8 1,4 —

5.4 Network specification

5.4.1 Network topology

Individual GAN nodes can be connected to a communication network either by a bus eristar topology

Figures 7 apd 8).

CAN_H

CAN_L

Key
1 node1
2 node?2

see

Figure 7—"Connecting model; bus structure with stub lines

However, for any cehnecting concept, the following requirements shall be fulfilled, in order to provide the fault

tolerant megns:

12

The overall network termination resistor shall be in a range of about 100 O (but not less than 100 Q)| For
a detailed description of the termination concept please refer to 5.4.2.

The maximum possible number of participating nodes should not be less than 20 (at 125 kBit/s and a
overall network length of 40 m). The actual number of nodes varies due to communication speed,
capacitive network load, overall line length, network termination concept, etc.

To provide a maximum communication speed of 125 kBit/s, the overall network length should not exceed

40 m. However, it is possible to increase the overall network length by reducing the actual communication
speed.

© I1SO 2006 — All rights reserved
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CAN_H

CAN_L

Key
hode 1
hode 2
hode 3
hode 4
hode 5
hode 6

N o 0ok W N -

hode n

Figure 8 — Connecting model, star point structure

For[a star point configuration, some additional constraints are given by the following:

— |The individual nodes areConnected to one or more “passive” star points, which thenpselves are
connected via a normahbus structure.

— | Even some connlegting lines (star connector to node) might be extended to several meters; no stub lines
are recommended.

— | Both the{oyerall network length (all star connection line lengths added) and the maximum n¢de to node
distance-affect the network communication.

EXAMPLE For most of the examples given in this part of ISO 11898, the following network topology is uped:

— The star point connection method is with two star points.

— The network is terminated with an overall resistance of 100 Q.
— The node number is about 20.

— The overall network length is about 40 m.

— The maximum node to node distance is 20 m.

— The wire capacitance related to the length is about 120 pF/m.

© 1SO 2006 — All rights reserved 13
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5.4.2 Network termination

54.2.1

General

The recessive bus level described in 5.2 is maintained by the bus termination. The dominant bus level
overrides actively this recessive bus state. The transition between the dominant to recessive level is done by
the termination, too. However, there is no designated termination network or circuit. Moreover, the termination

is attached

5.4.2.2

to most of the participating nodes.

Termination modes

In principle,

normal

low po

Due to the
mode a trar

there are two major termination modes:
mode termination, and
ver mode termination.

failure management described in 7.2, the actual bus termination depends on the actual fa
sceiver operates in.

To represent the recessive state, the CAN_H line is terminated to ground (using a pull down resistor) in e

modes (nor|
In normal g

termination

mal and low power).

ower mode, the CAN_L line is terminated to V¢, using.a“pull up resistor. In low power m

however, the CAN_L line is terminated to Vg, by transceiver intefnal switching of the “high” end of]
resistor.
ermination concept

5423 1

The termination is provided by connecting the CAN_L.line to the RTL pins of the transceiver devices an

connecting
By connect

The ov

the CAN_H line to the RTH pins (see Figure 2).
ng the termination pins, the followingrequirements shall be considered:

erall network termination resistor of one line (all parallel resistors connected to RTL or RTH

shall b¢ about 100 Q, due to in-gircuit current limitations and CAN voltages.

A sing
circuit

It is recom
requiremen
occurred.

e resistor connected-to’ an individual transceiver device should not be below 500 Q, due t
urrent limitations

q

J

mended that<every node provide its own termination resistors. However, this is not a
. A not-wellsterminated node might be sensitive to false wake-up signals if a broken line error

lure

ther

bde,
the

j by

ins)

o in

trict
had

6 Physi

6.1

cal medium fatiure definition

Physical failures

The physical failures specified in Table 8 shall be treated by a fault tolerant transceiver device.

14
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6.2 Failure events

6.2.1 General

The transceiver device does not react to the physical failures, but to the way they influence the bus wire
system. These failure images are called “failure events”. They can be divided into two major groups:

— power failures; and
— bus wire failures.

switch.

6.2. Power failures

ome node loses ground connection (or is affected by a ground shift greater than the.defined limitations of
1,p V) or a proper voltage supply (either V' or V'), this failure is treated as a power-failure.

6.2.8 Bus wire failures

Not|all bus wire failures (open and short failures in Table 8) can be distinguished by the transcejver device.
Herlce, a reduced set of failure events is specified (see Table 9).

Table 8 — Physical failures

Description of bus failure Behaviour of the network

On¢ node becomes disconnected

frorh the bus 2 The remaining nodes continue communication.

The remaining nodes continue communicating at least with reduced signal to

Ong¢ node loses power ? ) :
noise ratio.

Oné node loses ground b The-rentaining nodes continue communicating at least with reduced signal to

noise’ratio.

Opg¢n and short failures All nodes continue communicating at least with reduced signal to nois¢ ratio.
CAN_L interrupted © All nodes continue communicating at least with reduced signal to nois¢ ratio.
CAN_H interrupted © All nodes continue communicating at least with reduced signal to nois¢ ratio.
CGAN_L shorted to battery voltage © | All nodes continue communicating at least with reduced signal to noisg ratio.
CGAN_H shorteddo.ground € € All nodes continue communicating at least with reduced signal to nois¢ ratio.
CGAN_L shorted to ground ¢ All nodes continue communicating at least with reduced signal to nois¢ ratio.
\Cljfl\t':ﬁ: cshorted to battery All nodes continue communicating at least with reduced signal to nois¢ ratio.
C

= = All nodes continue communicating at least with reduced signal to noise ratio.

CAN_L and CAN_H interrupted at | No operation within the complete system. Nodes within the remaining subsystems
the same location @ might continue communicating.

@  Due to the distributed termination concept, these failures do not affect the remaining communication and are not detectable by a

transceiver device. Hence, they are not treated and are not part of this part of ISO 11898.

b Both failures are treated together as power failures.

€ Short circuit failures might occur in coincidence with a ground shift (seen between two nodes) in a range of + 1,5V.

d  This failure is covered by the detection of the failure “CAN_L shorted to ground”.

These failures do not cause any corrective action within the transceiver and are tolerated implicitly.
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Table 9 — Failure events

Event name 2 Description
CANH2UBAT Failure that typically occurs when the CAN_H wire is short circuited to the battery voltage Vgt
CANH2VCC Failure that typically occurs when the CAN_H wire is short circuited to the supply voltage V.
CANL2UBAT Failure that typically occurs when the CAN_L wire is short circuited to the battery voltage Vggt.
CANL2GND Failure that typically occurs when the CAN_L wire is short circuited to ground.
@  The failure event names may occur with the indices N (for normal mode) and LP (for low power mode).

7 PMA specification

7.1 General

The physical medium attachment specification describes requirements an ECU andespecially the transcgiver

device participating at CAN network communication should provide.
7.2 Timinhg requirements

7.21 General

To enable maximum communication speed at maximum linexlength, the internal loop time of a transceiver
device is limited. Hence, a transceiver device shall fulfil giveri:eonstraints under all possible failure conditiops.

7.2.2 Cornstraints
Figure 9 shpws the necessary timing requirements; where:

— Tx,s dgnotes the digital input signal ofithe sending node;

— Rx,s d¢notes the digital output signal of the sending node (read back of bus line);

— RXx,d dénotes the digital output signal of the destination node;

— CAN_lU and CAN_H denote the physical signal on the wire.

Both transifions rece€ssive to dominant (a — b) as well as dominant to recessive (b — a) shall fulfil certain

timing requirements:

16
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a—>b b—a
Tx, s T
CAN _H A t
CAN L A t
N\ /
N\ /
Rx,s A t
Rx,d A t
t
< tLoopRD > < tLoopDR >

Key
@ Recessive.
b Pominant.

Figure 9 — Timing example, differential operation without GND shift

7.2.3 Measurement circuit, loop delay

A trBnsceiver shall guarantee a maximum loop delay for signals, which are applied to the Tx inpiit. The loop
delgy is defined by the times 7 §o,rp @nd 7 4oppr according to Figure 9 and is measured according to

Figyre 10.
T Vee Vear Vcc Vee
Rer CCAN | [Rean L

RTL—____}—

Tx CAN_L

JiTan L
T e ]
I Crx l RTH l I CANHAELR CAN_H

Key
@  Failure generation.

Figure 10 — Test method for transceiver timing measurement
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Table 10 — Loop delay of a single transceiver

Failure case !LoopRD; “LoopDR Condition
No failure max. 1,5 us | j4 rectangular signal with 50 kHz and 50 % duty cycle, slope time
Al failures except CAN_L 1.9 Us <10ns, Crx =10 pF, Rri = Rrr = 500 2, Coan 1= Cean w1 = 1nF,
shorted to CAN_H - 1.9US I Rean L= Rean 1 =125Q
Vrx rectangular signal with 50 kHz and 50 % duty cycle, slope time
CAN_L shorted to CAN_H max. 1,9 us <10 ns, CRX= 10 pF, RRTL = RRTH =500 Q, CCAN L= CCAN H= 1 nF,
RCANiH =125 Q; RCANiL >1 MQ - -

7.2.4 Medsurement circuit, GND shift capability

Figure 11 il
circuit allow
direction. T

total. Depending on the applied failure case, the transceiver operates in three main states:

differern
— single |

single |

According {
GND shifto

no faily
CAN_LI
CAN_H
CAN_LI
CAN_H
CAN_L
CAN_H

CAN_L|

ustrates the functional test circuit, which is used to check the ground shift requirements. The
s applying different failure cases in combination with a local GND shift in positive and negé
ne wiring harness between the nodes shall stay as short as possible and shalt not exceed 1

tial driver and receiver;
ne operation on CAN_L line; and
ne operation on CAN_H line.

he set-up shown in Figure 11, the following bus failure‘cases shall be applied in combination w
fuptox 1,5V:

re;

wire interrupted,;
wire interrupted,;
shorted to Vg,
shorted to GND;
shorted to GNB;
shorted to Vg, and

shorted'to CAN_H.

test
tive
m in

th a

ven

Independen

fly from the s\pplind bus failure and grnlmd shift scenario_all Rx Qignalc shall rpr\rnennf the dr

Tx pattern correctly.
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Figure 11 — Test method for transceiver ground shift requirements
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