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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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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max ofitput current on CANH/CANL has been defined (Table 4);

content of ISO11898-5 and ISO 11898-6 has been integrated to ensure there is one single

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such pateht rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

hnation on the meaning of ISO specific terms and expressions related to conformity assessm
nformation about ISO’s adherence to the World Trade \Organization (WTO) principles in
arriers to Trade (TBT) see the following URL: wwwsiso.org/iso/foreword.html.

jttee responsible for this document is ISO/TC:\22, Road vehicles, Subcommittee SC 31, [
tion.
)d edition cancels and replaces the.fivst edition (ISO 11898-2:2003), which has b

revised, with the following changes:

nl TXD timeout has been defined (Table 7);

1 input resistance range-has been changed (Table 10);

ing parameters for'CAN FD for up to 2 Mbps have been defined (Table 13);
ing parameteis for CAN FD for up to 5 Mbps have been defined (Table 14);

rd foralbHS-PMA implementations;
veewake-up (formerly ISO 11898-6) CAN FD tolerance has been defined;
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wake-filter timings (formerly in ISO 11898-5) have been changed (Table 20)

focus on the HS-PMA implementation.

A list of all

parts in the ISO 11898 series can be found on the ISO website.

requirements and assumptions about the PMD sublayer have been shifted to Annex A, to clearly
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Introduction

ISO 11898 was first published as one document in 1993. It covered the CAN data link layer as well as
the high-speed physical layer. In the reviewed and restructured ISO 11898 series, ISO 11898-1 and
ISO 11898-4 defined the CAN protocol and time-triggered CAN (TTCAN) while ISO 11898-2 defines the
high-speed physical layer, and ISO 11898-3 defined the low-speed fault tolerant physical layer.

Figure 1 shows the relation of the Open System Interconnection (OSI) layers and its sublayers to
ISO 11898-1, this document as well as ISO 11898-3.

0SI CAN
reference layers
layers
Application
Presentation
—
Session // Logic link,control
/
Transport // Media access control Scope of
// [SO 11898-1
Network , 4 - s Physil(;all coding
/ - sub-layer ‘ AUT=
Data link y Physical media Scope of]
i attachment VDI 1SO 11898-2 resp.
. . ‘ [SO 11898-3
Physical Physical media
sl dependent
Key
AUI| attachment unitinterface
MD] media depenidant interface
OSI| open systé€m interconnection
Figure 1 — Overview of ISO 11898 specification series

The International Organization for Standardization (ISO) draws attention to the fact that it is claimed
that compliance with this document may involve the use of a patent concerning the selective wake-up
function given in 5.9.4.

ISO takes no position concerning the evidence, validity and scope of this patent right.

The holder of this patent right has assured ISO that he/she is willing to negotiate licenses under
reasonable and non-discriminatory terms and conditions with applicants throughout the world. In
this respect, the statement of the holder of this patent right is registered with ISO. Information may be
obtained from the following:
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Road vehicles — Controller area network (CAN) —

Part 2:
High-speed medium access unit

1
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multiplexing for use within road vehicles. This includes HS-PMAs without and @ith low-p
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Scope

5 document specifies the high-speed physical media attachment (HS-PMA) of the-c¢ont
vork (CAN), a serial communication protocol that supports distributed real-time c

hbility as well as with selective wake-up functionality. The physical medjadependant
in the scope of this document.

Normative references

following documents are referred to in the text in such dmway that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

11898-1:2015, Road vehicles — Controller area network (CAN) — Part 1: Data link layer d
alling

16845-2, Road vehicles — Controller area network (CAN) conformance test plan — Part 2:
[ium access unit with selective wake-up functionality

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 11898-1 and the follo

and IEC maintain terminolegical databases for use in standardization at the following ad

IEC Electropedia: available at http://www.electropedia.org/

ISO Online browsing platform: available at http://www.iso.or

E See Eigure A.1 for a visualization of the definitions.

3.1

roller area
pntrol and
bwer mode
sublayer is

Pir content
pplies. For
[s) applies.

nd physical

High-speed

wing apply.

dresses:

attachmernt unit interface
AU
interface between the atis specitied in -Tan (3 atis specitied in this document

3.2
gro

und

GND
electrical signal ground

3.3

legacy implementation
HS-PMA implementation that has been released prior to the publication of this document

© ISO 2016 - All rights reserved


http://www.electropedia.org/
http://www.iso.org/obp
https://standardsiso.com/api/?name=8d145f5b4249ad57dd865aa3e2c69c53

ISO 11898-2:2016(E)

3.4

low-power mode
mode in which the transceiver is not capable of transmitting or receiving messages, except for the
purposes of determining if a WUP or WUF is being received

3.5

medium attachment unit

MAU

unit that comprises the physical media attachment and the media dependent interface

3.6

media dep
MDI

interface that ensures proper signal transfer between the media and the physical media attachment

3.7
normal-pc

mode in which the transceiver is fully capable of transmitting and receiving messages

endent interface

wer mode

the
the

3.8

physical cpding sublayer

PCS

sublayer that performs bit encoding/decoding and synchronization

3.9

physical media attachment

PMA

sublayer that converts physical signals into logical signals:ahd vice versa

3.10

transceivgr

implementption that comprises one or more physical media attachments

4 Symbols and abbreviated terms

For the pufposes of this document, the 'symbols and abbreviated terms given in ISO 11898-1 and
following gpply. Some of these abbreviations are also defined in ISO 11898-1. If the definition off
term in thik document is differefit from the definition in ISO 11898-1, this definition applies.

AUI attachment unitinterface

DLC data lengthcode

EMC electromagnetic compatibility

ESD electro static discharge

GND ground

HS-PMA  high-speed PMA

MAU medium attachment unit

MDI media dependent interface

PCS physical coding sublayer

PMA physical media attachment

2 © IS0 2016 - All rights reserved
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PMD physical media dependent
WUF wake-up frame
WUP wake-up pattern

5 Functional description of the HS-PMA

5.1 General

Thg HS-PMA comprises one transmitter and one receiving entity. It shall be able to bias,tle
phypical media, an electric two-wire cable, relative to a common ground. The transmitter
driye a differential voltage between the CAN_H and CAN_L signals to signal a logical 0

connected
entity shall
[dominant)

or ghall not drive a differential voltage to signal a logical 1 (recessive) to be received by other nodes

conpected to the very same media. These two signals are the interface to the physical media
sublayer.

The HS-PMA shall provide an AUI to the physical coding sublayer ds‘specified in 1SO
conjprises the TXD and RXD signals as well as the GND signal. The TXD-signal receives from t
codiing sublayer the bit-stream to be transmitted on the MDI. The RXD signal transmits to t
coding sublayer the bit-stream received from the MDI.

Implementations that comprise one or more HS-PMAs shall‘at least support the normal-pow
opefration. Optionally, a low-power mode may be implemented.

Sompe of the items specified in the following depend on the operation mode of the (p
implementation, in which the HS-PMA is included.

Table 1 shows the possible combinations of HS:PMA operating modes and expected behaviotr.

Table 1 — HS-PMA oeperating modes and expected behaviour

dependent

11898-1. It
he physical
he physical

er mode of

hrt of the)

Operating mode Bus biasing behaviour Transmitter behayiour
Noiymal Bus'biasing active Dominant or recessivea
Low-power Bus biasing active or inactive Recessive
a |Depends on input conditions-as described in this document.

All parameters given\in‘this subclause shall be fulfilled throughout the operating tempera
and| supply voltagetange (if not explicitly specified for unpowered) as specified individual
HS-PMA implemehtation.

5.2 HS-PMA test circuit

The outputs of the HS- PMA 1mplementat1on to the CAN s1gnals are called CAN H and CA
the : . : " —
defmes the measurement conditions for all requlred Voltage and current parameters RL

y for every

_L, TXD is
ircuit that
represents

the effective resistive load (bus load) for an HS-PMA implementation, when used in a network, and Cq
represents an optional split-termination capacitor. The values of R|, and C1 vary for different parameters

that the HS-PMA implementation needs to meet and are given as condition in Tables 2 to 20.

© ISO 2016 - All rights reserved
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*—eo
CAN_H 1
N
™~
o
C2
™xp|  PMA - Vi
implementation C1
<
RXD [
CAN_L
B UND

Key

Vpifg  diffe
VcaN_H singl
Vcan L singl
Crxp capd|

.

rential voltage between CAN_H and CAN_L wires
e ended voltage on CAN_H wire

e ended voltage on CAN_L wire

citive load on RXD

Figure 2 — HS-PMA test circuit

5.3 Transmitter characteristics

This subcl:
conditions
The behav
subclause.
voltages af
Table 2 spe

cifies the output characteristics’during dominant state.

Figure 3 illustrates the voltage range forthe dominant state.

luse specifies the transmitter characteristicsf a single HS-PMA implementation under
as depicted in Figure 2; so no other HS-PMA implementations are connected to the m¢g
our of an HS-PMA implementation connected to other HS-PMAs is outside the scope of
Refer to A.2 for consideration when multiple HS-PMAs are connected to the same media.
d currents that are required on the CAN_L and CAN_H signals are specified in Tables 2 fo 6.

the
dia.
this
The
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Table 2 — HS-PMA dominant output characteristics

Value
Parameter Notation Min Nom Max Condition
\% \% \%
Single ended voltage on CAN_H VCAN H +2,75 +3,5 +4,5 R.=500..65Q
Single ended voltage on CAN_L Vean L +0,5 +1,5 +2,25 RL=500..650Q
Differential voltage on normal bus load Vpiff +1,5 +2,0 +3,0 RL=500..650Q
lellfrfie:gr;il}?ilfzgﬂcig‘e on effective resistance Vbie 415 dpl;lic;tpd +5,0 RL = 2 240 Qa
Optional:
Differential voltage on extended bus load Vpiff +1,4 +2,0 +3,3 Rpy=45(..70 Q
ranjge

a |2 240 Qis emulating a situation with up to 32 nodes sending dominant simultaneously. In_stuch case, the gffective load
resistance for a single node decreases (a node does drive only a part of the nominal bus load))Assuming a MAK Ry, of 70 Q,
thid scenario covers a 32 nodes network. (2 240 /70 Q per node = 32 nodes.)

All requirements in this table apply concurrently. Therefore, not all combinations of Vgan_n and Vcan 1, are copliant with
the(defined differential voltage (see Figure 3).

Medsurement setup according to Figure 2 (only one HS-PMA present):
Ry, pee “Condition” column above

C1 4 0 pF (not present)

C2 4 0 pF (not present)

Crxp = 0 pF (not present)
+55V

-1 45,25V
+50vy4 A~ =T

VCAN_H (dom MAX) -

+45V———— — — — —s=— — — — +45V

A Range of Vcann
dominant

—- 43,75V

Ve and Ve,
+
G
=}
T

VCcAN_H (dom MIN)

————————————— ~ 42,75V

-
—_
—

- ~ 42,25V

-
-
-
fo—
=

N

VPAM L{dom)
——t 4

Key

Vpiff  differential voltage between CAN_H and CAN_L wires
Vcan n single ended voltage on CAN_H wire

Vcan L single ended voltage on CAN_L wire

Figure 3 — Voltage range of Vcan_y during dominant state of CAN node, when V¢ |, varies from
minimum to maximum voltage level (50 Q ... 65 Q bus load condition)
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In order to achieve a level of RF emission that is acceptably low, the transmitter shall meet the driver
signal symmetry as required in Table 3.

Table 3 — HS-PMA driver symmetry

. Value
Parameter Notation -
Min Nom Max
Driver symmetrya Vsym +0,9 +1,0 +1,1

a

vsym = (Vcan_H + Vean_L)/ Ve, with Vec being the supply voltage of the transmitter.

Lolll 2| + ot AN £ £t
STHer

Vsym
receq
to th
(HS-

Meaf
R
Ci=
Cz=

CrxD

. . 3 3 . iy
o €00 St vea taT S GO St o T CeCSSTv e-Stattatarso-aut gttt o ST o o GO ae o

sive and vice versa, while TXD is stimulated by a square wave signal with a frequency that corresponds
e highest bit rate for which the HS-PMA implementation is intended, however, at most 1 MHz (2 Mbit/s)
PMA in normal mode).

urement setup according to Figure 2:
b0 Q (tolerance < +1 %)
1,7 nF (tolerance < 5 %)

) pF (not present)

= 0 pF (not present)

The maxin]

um output current of the transmitter shall be limited accordingto Table 4.

Table 4 — Maximum HS-PMA driver output current

defined in T4

ble 2 and thus€an be expected to be above 30 mA.

Value
Parameter Notation Min Max Condition
mA mA

Absolute cyrrent on CAN_H IcaN H not defined 115 -3V<Vean H<+18Y
Absolute cyrrent on CAN_L IcaN L nobdefined 115 -3V<Vean Ls+18Y
Measurement setup according to Figure 2 with either-Vgan H or Vean L enforced to voltage levels as mentioned infthe
conditions Hy connection to an external voltage sourge; while the HS-PMA is driving the output dominant. The absojute
maximum vlue does not care about the direction in.which the current flows.
Ry, > 1010 Q (not present)
C1 =0 pF (ndt present)
C2 = 0 pF (ndt present)
Crxp = 0 pF [not present)
NOTE It is|expected that th€“infplementation does not stop driving its output dominant when the differential volfage
between CAN_H and CAN_K is'outside the limits given in the Condition column. The minimum output current is impli¢itly

Table 5 spe

cifies the recessive output characteristics when bus biasing is active.

© ISO 2016 - All rights reserved
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Table 5 — HS-PMA recessive output characteristics, bus biasing active

Value
Parameter Notation Min Nom Max
\Y \Y \Y
Single ended output voltage on CAN_H VcaN H +2,0 +2,5 +3,0
Single ended output voltage on CAN_L VcaN L +2,0 +2,5 +3,0
Differential output voltage Vpiff -0,5 0 +0,05

the defined differential output voltage.

Megdsurement setup according to Figure 2:
Ry, 3 1010 Q (not present)

C1 4 0 pF (not present)

C2 4 0 pF (not present)

Crxp = 0 pF (not present)

All requirements in this table apply concurrently. Therefore, not all combinations of Vcan_H and Vcan 1 are compliant with

Tabje 6 specifies the recessive output characteristics when bus biasing.is inactive.

Table 6 — HS-PMA recessive output characteristics; bus biasing inactive

Value
Parameter Notation Min Nom Max
\Y \Y \Y
Single ended output voltage on CAN_H VCAN_H -0,1 0 +0,1
Single ended output voltage on CAN_L Vcan L -0,1 0 +0,1
Differential output voltage Viff -0,2 0 +0,2

See 5.10 to determine when bias shall besinactive.
Measurement setup according to Figtire 2:

Ry, > 1010 Q (not present)

C1 =0 pF (not present)

C2 = 0 pF (not present)

Crxp = 0 pF (not presernt)

The implementation of’an HS-PMA may limit the duration of dominant transmission in o
preyent other CAN-nmodes from communication when the TXD input is permanently asserte
PMA implementation should implement a timeout within the limits specified in Table 7.

Table 7 — Optional HS-PMA transmit dominant timeout

"der not to
d. The HS-

Value
Parameter Notation Min Max
ms ms
Transmit dominant timeouta tdom 0,8 10,0
a A minimum value of 0,3 ms is accepted for legacy implementations.
NOTE There is a relation between the tgom minimum value and the minimum bit rate. A tqom minimum

value of 0,8 ms accommodates 17 consecutive dominant bits at bit rates greater than or equal to 21,6 kbit/s
and 36 consecutive dominant bits at bit rates greater than or equal to 45,8 kbit/s. The value 17 reflects PMA
implementation attempts to send a dominant bit and every time sees a recessive level at the receive data input.
The value 36 reflects six consecutive error frames when there is a bit error in the last bit of the first five attempts.

© ISO 2016 - All rights reserved
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5.4 Receiver characteristics

The receiver uses the transmitter output signals CAN_H and CAN_L as differential input. Figure 2 shows
the definition of the voltages at the connections of the HS-PMA’s implementation.

When the HS-PMA implementation is in its low-power mode and bus biasing is active, then the recessive
and dominant state differential input voltage ranges according to Table 8 apply.

Table 8 — HS-PMA static receiver input characteristics, bus biasing active

Value
Parameter Notation | Min Max Condition
\ \

Recessive dtate differential input voltage -12,0V<Vean L 412,00V
range Viff -3,0 +0,5

-12,0 V< Vean fys +12,0V
Dominant qtate differential input voltage -12,0 V< Ve L <+12,0V
range Vpiff +0,9 +8,0

12,0V<VeaN H<+12,0V

Measuremeit setup according Figure 2:

Ry > 1010 QO
C1=0pF (ng
C2 =0 pF (ng
Crxp =0 pF

not present)
t present)
t present)

not present)

NOTE A negative differential voltage may temporarily occur when the HS-PMA is connected to a media in which comijnon
mode chokep and/or unterminated stubs are present. The maximum positive differential voltage may temporarily o¢cur
when the H§-PMA is connected to a media while more than one HS:PMA is sending dominant and concurrently a ground

shift betwee

n the sending HS-PMAs is present.

When the

HS-PMA implementation is in its low;power mode and bus biasing is inactive, then

recessive and dominant state differential input voltage ranges according to Table 9 apply.

Table 9 — HS-PMA static receivér input characteristics, bus biasing inactive

the

Value
Parameter Notation Min Max Condition
\% \%
Recessive dtate differential input -12,0V<Vean L.<+12,0V
voltage ranjge Viff -3,0 +0,4
-12,0V<Vean H<+12,0V
Dominant dtate differential input v 115 8.0 -12,0V<Vean L.£+12,0V
Diff +1, +8,
voltage range : 12,0 V< VeaN 1< +12,0V

Measuremel

RL >1010 O (

t septupraccording Figure 2:

notpresent)

C1 =0 pF (not present)
C2 =0 pF (not present)
Crxp = 0 pF (not present)

NOTE A negative differential voltage may temporarily occur when the HS-PMA is connected to a media in which common
mode chokes and/or unterminated stubs are present. The maximum positive differential voltage may temporarily occur
when the HS-PMA is connected to a media while more than one HS-PMA is sending dominant and concurrently a ground
shift between the sending HS-PMAs is present.
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5.5 Receiver input resistance

The implementation of an HS-PMA shall have an input resistance according to Table 10. Furthermore,
the internal resistance shall meet the requirement given in Table 11. Figure 4 shows an equivalent
circuit diagram.

[ Rews | CAN_H
— | CAN_L
¥ ROANT
— VBus Bias
———

e

Figure 4 — Illustration of HS-PMA internal differential input resistance

Table 10 — HS-PMA receiverinput resistance

Value

Parameter Notation Min Max Condition
kQ kQ
Differential internal resistance Rpiff 12 100 2V <Vean 1,
. . . Recan_#, ]
Single ended internal resistance - 6 50 V <+JV
g RCAN L CAN_H
Rpiff = RcaN_H + RcaN_L

Table 11)— HS-PMA receiver input resistance matching

. Value .
Pafameter Notation - Condition
Min Max
Vean_L, Veal_n:
Matchingdof'internal resistance mg -0,03 +0,03 - 5y -
+
a The/matching shall be calculated as mg = 2 x (Rcan_H — Rcan_1)/(Rcan_H + Rcan_1)-

5.6 CTransmitter and receiver timing behaviour

The timing is defined under consideration of the test circuit that is shown in Figure 2. The parameters
are given in Tables 12, 13 and 14 and shall be measured at the RXD output and TXD input of the HS-PMA
implementation as well as on the differential voltage between CAN_H and CAN_L.

Figure 5 shows how to measure the timing in the signal traces.
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0%

TXD 7 30%
/ /[ /
4 tLoop,
SX tpierxoy B |~ taimxn) P T lingedee
////
/ \ | \/
Vit 900 mV
500 mV
Bit(Busy P>
RXD
— 30 %
/ A
/

Key
tBit(TxD) = 1

tBit(TXD) = 2

tLoop, r

tisingedge

000 ns if the implementation of the HS-PMA supports bit rates of up to 1 Mbit/s
tBit(TXD) = 5]:0 ns if the implementation of the HS-PMA supports bit rates of up to 2 Mbit/s
0 ns if the implementation of the HS-PMA stpports bit rates of up to 5 Mbit/s

Figure 5 — HS-PMA jmplementation timing diagram

Table 12 — HS-PMA implementation loop delay requirement

tgit(RxD)— P>

Value
Parameter Notation Min Max
ns ns
Loop delay? tLoop not defined 255

Ry =

Meapurément setup according to Figure 2:

L1 070

a  [Time spaifrom signal edge on TXD input to the next signal edge with the same polarity on RXD output,
the maximunrof delay of both signal edges is to be considered.

A&0-0 Gaolaxanca
T tOTeFaHRE

C1 = 0 pF (not present)

=707

10

C2 =100 pF (tolerance < +1 %)
Crxp = 15 pF (tolerance < +1 %)

Measurement according to Figure 5:

The input signal on TXD shall have rise and fall times (10 %/90 %) of less than 10 ns.

NOTE Limits for tgit(Bus) and tgit(rxD) are not defined for intended use with bit rates up to 1 Mbit/s.
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Table 13 — Optional HS-PMA implementation data signal timing requirements for use with bit

rates above 1 Mbit/s and up to 2 Mbit/s

Value
Parameter Notation Min Max
ns ns
Transmitted recessive bit width at 2 Mbit/s tBit(Bus) 435 530
Received recessive bit width at 2 Mbit/s tBit(RXD) 400 550
Receiver timing symmetry at 2 Mbit/s AtRec? -65 +40
a AMpae=tocnuyoy — o

o 5 R e
nee DItXDT g=3yagegeny)

All requirements in this table apply concurrently. Therefore, not all combinations of tgit(Bus) and Atréf are
compliant with tgit(rxD).

Measurement setup according to Figure 2:

RL =60 Q (tolerance < £1 %)

C1 = 0 pF (not present)

C2 =100 pF (tolerance < +1 %)

Crxp = 15 pF (tolerance < +1 %)

Measurement according to Figure 5:

The input signal on TXD shall have rise and fall times (10 %/90 %) ofdess than 10 ns.

NOTE Limits for tgit(Bus) and tgit(rxp) are not defined for intendédtise with bit rates up to 1 Mbit/s.
Table 14 — Optional HS-PMA implementation data signal timing requirements for usg with bit
rates above 2 Mbit/s@and up to 5 Mbit/s

Value
Parameter Notation Min Max
ns ns

Transmitted recessive bit width at 5 Mbit/s, intended|  tgit(Bus) 155 210
Received recessive bit width at\5 Mbit/s tBit(RXD) 120 220
Receiver timing symmetry at 5 Mbit/s Atgecd -45 +15
3 Atgec = tBit(RXD) ~ tBit(Bug)
All requirements in this table apply concurrently. Therefore, not all combinations of tgit(Bus) and Atgef are

compliant with tgisRxD).

Measurement s€tup according to Figure 2:
RL =60 Q (telerance < +1 %)

C1 = 0 pF\(rot present)

C2 =100 pF (tolerance < =1 %)

Crxp = 15 pF (tolerance < +1 %)

Measurement according to Figure 5:

The input signal on TXD shall have rise and fall times (10 %/90 %) of less than 10 ns.

NOTE Limits for tgit(Bus) and tgit(rxD) are not defined for intended use with bit rates up to 1 Mbit/s.

5.7 Maximum ratings of Vcan H, Vcan_ L and Vpigr

Table 15 reflects upper and lower limit static voltages, which may be connected to CAN_H and CAN_L

without causing damage, while Vpj¢r stays within in its own maximum rating range.

© ISO 2016 - All rights reserved
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Table 15 — HS-PMA maximum ratings of Vcan H, Vcan L and Vpigr

Value
Parameter Notation Min Max
Vv \%
Maximum rating Vpjffa Viff -5,0 +10,0
General maximum rating V VeaN H, -
g Vcan_H and Vcan_L VeAn L 27,0 +40,0
Optional:
VeANH | 580 | 4580
sctandad raasinaum e bina L ond I Vean 1
............................. £V ern—Hara-Yean—+ -

This is required regardless whether general or extended maximum rating for Vcan g and
Ycan 1 is fulfilled.

Applies to HS-PMA implementation powered and unpowered conditions. Applies to transmit data
'anut de-asserted and transmit data becomes asserted while CAN_H or/and CAN_L connected to’a
ixed voltage.

"he maximum rating for Vpifr excludes that all combinations of Vcan_n and Vean 1, are compliant to
this document. Vpifr= Vcan H — Vcan_L, see Figure 2.

5.8 Maximum leakage currents of CAN_H and CAN_L

An unpowgdred HS-PMA implementation shall not disturb the commupication of other HS-PMAs thatjare
connected [to the same media. The required maximum leakage currents are given in Table 16.

Table 16 — HS-PMA maximum leakage currents on CAN_H and CAN_L, unpowered

Value
Parameter Notation Min Max
LA LA
[.eakage current on CAN_H, CAN_L lean_H, -10 +10
IcaN_L

Vcan H=5V,Vcan L =5V, all supply inputs'are connected to GND.

Positive currents are flowing into the implementation.

5.9 WaKe-up from low-power mode

5.9.1 Overview

When an implementation*comprising one or more HS-PMAs implements a low-power mode, the [HS-
PMA shall pe able to-signal a wake-up event to its implementation. Table 17 lists the required wakg-up
mechanisn for defihed types of HS-PMA implementations.

Table 17 — HS-PMA wake-up implementations

Type of HS-PMA implementation Required wake-up mechanism

CAN wake-up, implementations without No wake-up
low-power mode

CAN wake-up, implementations with low-power |Either basic wake-up or wake-up

mode but without selective wake-up pattern (WUP) wake-up
CAN wake-up, implementations with selective Selective wake-up frame (WUF) and
wake-up wake-up pattern (WUP) wake-up

When more than one wake-up mechanism is implemented in an HS-PMA, the wake-up mechanism to be
used shall be configurable.
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5.9.2 Basic wake-up

Upon receiving once a dominant state for duration of at least trjjter, @ wake-up event shall happen.

5.9.3 Wake-up pattern wake-up

Upon receiving two consecutive dominant states each for duration of at least trjjter, Separated by a
recessive state with a duration of at least tgjjter, @ wake-up event shall happen. This method follows the
description of activating the bus biasing as described in 5.10.3.

5.9

5.9
Upd
in e
det

Aftg
whg
in Q

In d
the

5.9
If s

frames, decoding of CAN data and remote-frames shall also be supported during mode f

whi
ind

5.9

A rd
bet

The

4

Col dea 1
B3 JTICLUIVE Wdant up

4.1 General

n detection of a wake-up frame (WUF), a wake-up event shall happen. Decoding of C

il in the following subclauses.

br the bias reaction time, tgjas, has elapsed, the implementation may-ignore up to four (or
n bit rate higher than 500 kbit/s) frames in CBFF and CEFF and,shall not ignore any folloy
BFF and CEFF.

internal error counter.

4.2 Behaviour during transitions between nermal- to low-power modes

blective wake-up is enabled prior to the ndiode change and the HS-PMA is not anymoi

ch have frame detection IP enabled, £ the received frame is a valid WUF, the transc
cate a wake-up. If enabled, decoding of CAN data shall be possible in normal- and low-po

4.3 Bitdecoding

bceived Classical CAN frame shall be decoded correctly when the timing of the differen
veen CAN_H and CAN-.Lcomplies with one of the two following types of signals:

the bit stream cehsists of multiple instances of the signal shape A (to handle ringing);

the bit stream’ean be assembled out of multiple instances of the signal shape B1 and one
signal shape-B2 (to handle sender clock tolerance and loss of arbitration).

se two types of signals are specified in Figure 6.

AN frames

ither CBFF or CEFF and acceptance as a WUF is done by the HS-PMA. If endbled, decodfing of CAN
frames shall be possible in normal- and low-power modes. The acceptance™procedure is d

bscribed in

up to eight
ving frame

ase of erroneous communication, the HS-PMA shall signal a wake-up upon or after an ¢verflow of

e ignoring
ransitions,
eiver shall
wer mode.

ial voltage

instance of
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recessive —— -
dominant+ |0 o ——_L_—_—_—_—_—mm- e
n x tei — t8
n x tgit +1ta ‘
nz x tgit
recessive — - —_—_— - | —
domingnt+  ——mmmm™ = e
m x tgie x (1+ dfs) | N x taie A
nz x tgic x (1+ dfs) N2 % tgit + ta
Key
n1 numbef of consecutive dominant bits {1, 2, 3, 4, 5}
ny numbef of bits between two falling edges {2, 3, ..., 10}; n2 > ng
ta  0<tag55 % of tgjt (product specific higher maximum values fof’tp are allowed)
tg  0<tp<5 % of tgjt (product specific higher maximum values for tg are allowed)
tgit nomindl bit time
dfs transcefivers according to this document shall tolerate sender clock frequency deviations up to at least 0,5 [%
NOTE ften used values for tgjc are 2 us, 4 pus.and 8 ps.

Figure 6 — Signal shape A and B of Vpj¢t for bit reception

Edges in the time span from “nix tgit - tg” to “nq x tgjt + ta” of signal shape A shall be ignored and shall

not cause decoding errors.

5.9.4.4 Wake-up frame evaluation

If all of the|followingconditions are met, a valid Classical CAN frame shall be accepted as a valid W{JF.

a)

b)

d)

14

The refceivedframe is a Classical CAN data frame when DLC matching [see c)] is not disabled. [The
frame may also be a remote frame when DLC matching is disabled.

The ID (as defined in ISO 11898-1:2015, 8.4.2.2) of the received Classical CAN frame is exactly
matching a configured ID (in the HS-PMA implementation) in the relevant bit positions. The
relevant bit positions are given by an ID-mask (in the HS-PMA implementation). See the mechanism
illustrated in 5.9.4.7.

The DLC (as defined in ISO 11898-1:2015, 8.4.2.4) of the received Classical CAN data frame is exactly
matching a configured DLC. See the mechanism illustrated in 5.9.4.8. Optionally, this DLC matching
condition may be disabled by configuration in the HS-PMA implementation.

When the DLC is greater than 0 and DLC matching is enabled, the data field (as defined in
ISO 11898-1:2015, 8.4.2.5) of the received frame has at least one bit set in a bit position which
corresponds to a set bit in the configured data mask. See the mechanism illustrated in 5.9.4.9.
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e) A correct cyclic redundancy check (CRC) has been received, including a recessive CRC delimiter,
and no error (according to ISO 11898-1:2015, 10.11) is detected prior to the acknowledgement

(ACK) Slot. Figure 7 depicts the bits, which are considered as “don’t care”.

There is no requirement for the SRR bit to be received as dominant in CEFF to recognize the frame as

alue of the

ich is valid
cremented

NOTE
avalid WUF.
T &
Q -
CRC § 2 = EOF
XX X[1[X[X][X[X[X][X]|X[X]X
Y
Don't care for wake-up and any bit after
CRC delimiter until the next SOF
Figure 7 — Don’t care bits for frame decoding
5.9/4.5 Frame error counter mechanism
Upan activating the selective wake-up function (e.g. by a connected host controller) ahd also on
expiration of tsjlence, the counter for erroneous CAN frames shall be set to zero. The initial v
cou(Enter is zero. This counter shall be incremented by one wheh'a bit stuffing, CRC or CRC delimiter form
err¢r (according to ISO 11898-1) is detected. If a ClassicallGAN frame has been received, wh
according to the definition in 5.9.4.4, and the counter is not zero, then the counter shall be de

by gne. Dominant bits between the CRC delimiter andthe end of the intermission field shall njot increase

the

On
rec

frame error counter.

bach increment or decrement of this counter, the decoder unit in the HS-PMA shall wait f]
¢ssive bits before considering a dominant bit as a start of frame. Figure 8 depicts the pos

ma
err

DI' NBjts_idle
ition of the

case of an

Idatory start of frame (SOF) detection when a Classical CAN frame was received and in
r scenario.
£ o E
T ©
= T
S X~ EOF
Zz O O AL = =
oweame - pXPX|x[rjojafrfrjafrfrjar]1]1][X[X]
N J - J
Y
No SOF detection Mandatory SOF defection
Active error flag Error delimiter
A A = =
~ S
Error scenario |0|0|0|0|0|0|1|1|1|1|1|1|1|1|1|1|X|X|
N ) N J
g
No SOF detection Mandatory SOF detection

Figure 8 — Mandatory SOF detection after Classical CAN frames and error scenarios

A wake-up shall happen immediately or upon the next received WUP when the counter has reached a
threshold value. The default threshold value is 32, other values might be configurable.
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Up to four (or up to eight when bit rate >500 kbit/s) consecutive Classical CAN data and remote frames
that start after the bias reaction time, tpjas, has elapsed might be either ignored (no error counter
increase of failure) or judged as erroneous (error counter increase even in case of no error).

Receiving a frame in CEFF with non-nominal reserved bits (SRR, r0) shall not lead to an increase of the

error counter.

5.9.4.6 Tolerance to CAN FD frames (optional)

After receiving a recessive FDF bit followed by a dominant res bit, the decoder unit in the HS-PMA shall

wait for n

o a1 recessive bits hefore r‘nncidpring a further dominant bit as a start of frame Fign

re 8

depicts thsg
case of an ¢

The behav
recessively

One of the
arbitration

Bitfiltq
whichd

Bitfiltg
whichd

Dominant
shall not b
longer thal

recessive blit counter. Table 19 specifies pBitfilter deperiding on the chosen bitfilter option as percent

of the arbif

reS—terr

position of the mandatory SOF detection when a CAN FD data frame was received an
rror scenario. Table 18 specifies the valid range for ngits_idle-

our, when the FDF bit is received recessively and the following bit position is also recei
is outside the scope of this document.

following bitfilter options shall be implemented to support diffesent combination
and data phase bit rates.

r option 1: A data phase bit rate less or equal to four times the arbitration bit rate or 2 Mb
bver is lower, shall be supported.

r option 2: A data bit rate less or equal to ten times the arbitration bit rate or 5 Mb
bver is lower, shall be supported.

bignals less than or equal to the minimum of pBitfilter of the arbitration bit time in dura
e considered to be a valid bit and shall not restart(the recessive bit counter. Dominant sig
1 or equal to maximum of pBitfilter of the arbitration bit time in duration shall restart

ration bit time.

Table 18 — Number of recessive bit before next SOF

. Value
Parameter Notation -
Min | Max
Number of récessive bits before a _— 6 10
new SOF shall'be accepted Bits_idle

Table 19 — Bitfilter in CAN FD data phase

. Value
Parameter Notation -
Min Max
CANFD data phase bitfilter (option 1) pBitfilteroptiont 5% 17,5 %
GAN FD data phase bitfilter (option 2) pBitfilteroption2 2,5% 8,75 %

1 in

ved

[ion
hals
the
age

5.9.4.7 Wake-up frame ID evaluation

A CAN-ID mask mechanism shall be supported to exclude ID-bits from comparison. 11-bit and 29-bit
CAN-IDs and ID-masks shall be supported. The user selects whether a WUF has to appear in CBFF or
CEFF. The IDE bit is not part of the ID-mask. It has to be evaluated in any case.

All masked ID-bits except “don’t care” shall match exactly the configured ID-bits. If the masked ID-bits
are configured as “don’t care”, then both “1” and “0” shall be accepted.

The masking mechanism is implementation dependent.

Figure 9 shows an example for valid WUF IDs corresponding to the ID-mask register.
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~ commwedn | (1] (0] o] [o] [1] 0] [1][0] 0] [1][o]
| vaskregser | o] [e] [e] [e] [¢] [e] [¢] [¢] e] [4][d]
1) o] (0] [o] [1] [0] [1] [o] [0 [o] o]
o[l el (o] (1] [o] [1] (o] [0 [0 [1]
1) o] (o] (o] [1] [0] [1] [0 [0 [1] [0
[0 0] (o (o] [x] o] (3] o] [0 [3][1]
o] (o] (o] (1] (o] [1] o] [1] [«
1) o] (o] o] (1] (o] [1] (1 [odix
oaworme | 1[0 [0 [0 (1] (o] (1] [1697] 5]
) T0] (o] (o] [1] [0] (119" 0] [x]
I :
| |
| |

don’t care
care

Figure 9 — Example for ID masking mechanism

4.8 Wake-up frame DLC evaluation

e DLC matching condition is enabled, then a Classical CAN frame can only be a valid WU
of the received frame matches exactly the configured DLC.

e DLC matching condition is'disabled, then the DLC and data field are not evaluated and|
| frame is already a valid WUF when the identifier matches (see 5.9.4.7) and the CRC is cd

4.9 Wake-up frame data field evaluation
e DLC matchinhg condition is enabled, then a Classical CAN frame can only be a valid W

configured WUF.

e DLC matching condition is disabled, then the DLC and data field are not evaluated and|

CA}

IF when the

a Classical
rrect.

if at least

U
logic 1 bit within the data field of the received WUF matches to a logic 1 bit of the data JlFeld within

a Classical

| frame is already a valid WUF when the identifier matches (see 5.9.4.7) and the CRCis ¢

rrect.

Figure 10 shows an example with a non-matching and a matching ID field.

‘ Byte 7

Byte 6 Byte 0

WUF data fields

matching

None matching

Figure 10 — Example of the data field within a received Classical CAN data frame
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With this mechanism, it is possible to wake-up up to 64 independent groups of ECUs with only one
wake-up frame.

5.10 Bus biasing

5.10.1 Overview
The HS-PMA implementation shall bias CAN_H and CAN_L according to Tables 5 and 6.

When the HS-PMA implementation features a low-power mode and selective wake-up, automatic
voltage bigsimgisTequiredForait othrer imptententation, either Tormmat biasing or autonratic voijage
biasing shdll be implemented.

5.10.2 Normal biasing

Normal bigsing means bus biasing is active in normal mode and inactive in low-powes'mode.

5.10.3 Automatic voltage biasing

Automatic|voltage biasing means bus biasing is active in normal mode “and is controlled by|the
differentia] voltage between CAN_H and CAN_L in low-power mode. The following state machine
illustrates the mechanism.
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The state machine in Figure 11 defines the bus biasing behaviour for all operation modes. When
entering state 1, the optional timer, twake, shall be reset and restarted; when entering state 3 or 4, the
timer, tsilence, Shall be reset and restarted.

Table 20 specifies the bus biasing control timings and Figure 12 the bias reaction time.
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Table 20 — HS-PMA bus biasing control timings

Value
Parameter Notation Min Max Condition
us us

CAN activity filter time, longa tFilter 0,5 5,0 Bus voltages according to Table A.2
CAN activity filter time, shortb tFilter 0,15 1,8 Bus voltages according to Table A.2
Wake-up timeout¢ twake 800,0 10 000,0 |Optional timeout parameter

Timer is reset and restarted, when bus
Timeout forbhusinactivity LSience 06x106 12x106 (‘hqngpc from dominant to recessive or

vice versa.

Measured from the start of a domingnt-
Bus bias repction time s | geined | 2500 [Dhocebngantilvem s o1 et gur 19

Vsym as defined in Table 8}

a  The impflementation does not need to meet this timing, in case the “CAN activity filter time, shért” is met. It shguld
be noted thdt the maximum filter time has an impact to the suitable wake-up messages, especially at high bit rates.|For
example, a §00 kbit/s system, a message shall carry at least three similar bit levels in a row In order to safely pass|the
wake-up filter. Shorter filter time implementations might increase the risk for unwanted blis,wake-ups due to noise. [The
specified rampge is a compromise between robustness against unwanted wake-ups and freedem in message selection.

b The implementation does not need to meet this timing, in case the “CAN activity filter'time, long” is met.

¢ Forlegary implementations, a minimum value of 350 ps is acceptable.

Vitr A
2,0V
1,15V
0,4V
/ \_//
— t > trilter(max—®| —— t > LFilter(max)—®| |—— t > tFilter(max—
VsyM
// 0f1
//
Bias >

Figure/12 — Test signal definition for bias reaction time measurement

6 Conformance

The conformance test case definition and measurement setups to derive the parameters are outside the
scope of this document. A conformance test plan is given in ISO 16845-2.

For an implementation to be compliant with this document, the HS-PMA implementation shall comply
with all mandatory specifications and values given in this document. If optional specifications and
values are implemented, they shall comply too. More information is given in A.4.
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Annex A
(informative)

ECU and network design

A l—tmplementation oplions
| o | o

Thip clause specifies the physical media attachment sublayer. It can be implemented in a stand-

alome CAN transceiver chip or in a system basis chip comprising additional functionality, |e.g voltage

regplators, wake-up logic and watchdog. These implementations can also provide additional functions,

whilch are outside the scope of this document.

Figlire A.1 shows an optional digital processing unit, which hides CAN FD data frames to thg CAN data
linK layer implementation. Another optional feature is a galvanic isolation. Note that thefe optional
funftions cause some timing delays.

Attachment Unit Interface (AUI)

/

e.g. tranceiver or system
base chip implementation

Optional Physical Physical Media Dependent (PMD) sub-layer

rxp | digital FD o o) Media | 0 | 9ptibtial common mode CAN_H’
m——  frame e Attach- - ™ -

choke, termination

) 1\ ['network, ESD protection,
RXD’ galvanic |pxp| (PMA) CAN\@ ringing suppression
isolation Sub-  [ee—

hiding or ment

CAN_L'

Optional
Connector

circuitry, etc.

Media (e.g. cable)

circuitry, layer O
etc. N

O

Media Dependent Interface (MDI)

Figure A.1 — Optionalfunctions in this document, compliant transceiver and their r¢lation to
the OSI sublayers

Figiire A.1 shows)also some optional functionality belonging to the physical media dependent sublayer.
Thi} includes, for example, a ringing suppression circuitry. These optional functionalities can improve
thelsignal integrity of the analogue signals on the bus wires (CAN_L" and CAN_H’).

NOTE These functions can have impacts on the EMC performance.

Whem implementing a Tinging SUppression circuitry, the ditferential internat resistance 1s typically
120 Q in a bit-width interval [tgit(Bus)] after the dominant-to-recessive edge.

A.2 Expectations on a CAN network

This clause outlines which input voltages on Vcan 1, and Vcan p are recommended for proper operation
of HS-PMA implementations connected to a media.

Table A.1 shows the CAN interface voltage parameters for the reception of recessive state.
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Table A.1 — Input voltage parameters for reception of recessive state

Value
Parameter Notation Min Nom Max Condition
\ \ \'
Measured with respect to the
Operating input voltage Vean_H 12,0 2,5 +12,0 individual ground of each CAN node
Vean L -12,0 +2,5 +12,0
. R Measured at each CAN node
Differential input voltage Vpiff -3,0 0 +0,012 connected to the media

The differen
nodes prese

tial input voltage is determined by a combination of the recessive state output voltages of the individugh¢AN
ht. Therefore, Vpjfris approximately zero.

Figure A.3

22

shows the voltages Vcan H and Vean 1 in their interdependency during recessive state.
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+12,00V
+11,88V

///
+11,00V /

ov
“| Range of operating input
voltage of Vcan_n
| 0,5V (Normal Mode)
0,4 V‘(Low power Mode)

/ v ‘

VCAN H and VCAN L

N

|

Range of Vcan_x for
recessive receptior

VCAN_H (MAX) input

VCAN_H (MIN) input
-11,50 V—l VeanL
-12,00 V

Figure A.2 — Valid voltage range of Vcan g for recessive state, when Vcan |, varies from
minimum to maximum common mode range

Table A.2 shows the CAN interface voltage parameters for reception of dominant state.
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Table A.2 — Input voltage parameters for reception of dominant state

Parameter

Value

Notation Condition

Min
\%

Max
Vv

Nom
\%

Common mode voltage

-10,8
-12,0

+3,5
+1,5

+12,0
+10,8

VcaN_H Measured with respect to the

Vean_L

individual ground of each CAN node

Differentia

Measured at each CAN node

a
I'voltage connected to the media

Vpif +1,2 +2,0 +3,0

a  Normal

The minimu
value of Vca

The bus load
Vpiff determ|
section betw
HS-PMA’s in

usload range no arbitration

m value of Vcan_n is determined by the minimum value of Vcan 1, plus the minimum value of Vpifr. The maXin
L is determined by the maximum value of VcaN g minus the minimum value of Vpj¢f.

increases as CAN nodes are added to the media by Rpjff. Consequently, Vpiff decreases. The minimurm valy
ines the number of CAN nodes allowed to be connected to the media. Also, the cable material,dength and cr
een the HS-PMA implementations, as well as connectors, impact the Vpjgr that can be measured/at the receiy
but.

um

e of
DSS-
Fing

Figure A.4
according

Table |

shows the voltages Vcan H and Vean 1 in their interdependency during dominant s
o Table A.2.

\.3 — Input voltage parameters for reception of dominant state during arbitration

fate

Parameter

Value

Notation Condition

Min
\%

Max
\%

Common m

Measured with respect to the individual

-10,8 +12,0 ground of each CAN node

V
ode voltage CANH

-12,0 +10;8

Vean_ L

Differentia

Measured at each CA node connected to

1,2 the media

voltage Vpiff +8,0

The minimu
value of Vca

The maximum value of Vpifris specified by the Upper limit during arbitration plus a ground shift of up to 3 V.

n value of Vcan_H is determined by the minimum value of Vcan |, plus the minimum value of Vpjfr. The maxin|
\ 1 is determined by the maximum value.of Vcan_x minus the minimum value of Vpj¢.

LU M
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