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Foreword

ISO (the I
bodies (IS

nternational Organization for Standardization) is a worldwide federation of national standards
0 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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not.received ndgtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

This docy
communid

This third
revised.

The main
— Claus|
— Table
A). T4
parar

— Anne
Anne

prg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

ment was prepared by Technical Committee ISQO/TC 22, Road vehicles, Subcommittee SC 31, Data
ation.

| edition cancels and replaces the secondedition (ISO 11898-2:2016), which has been t¢chnically

changes are as follows:
e 5 is restructured, the parameters are categorized by static parameter and dynamic pafameter;

13 with bit rates above 3#Mbit/s and up to 2 Mbit/s is in this edition Table 15 (parameter set
ble 14 with bit rates-above 2 Mbit/s and up to 5 Mbit/s is now Table 16 (parameter sgt B). The
heter set C (see Tahle 17 and Table 18) in this edition is newly introduced;

K A in this editionis newly introduced; it specifies HS-PMAs with the SIC mode and the FAST mode.
k B and Anriex-C in this edition are Annex A and Annex B in the previous edition. The pontent is

unch

Alistof a

inged.

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

Any feedlpack or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The ISO 11898 series provides requirement specifications for the CAN data link layer and physical layer. It
is intended for chip implementers, e.g. [SO 11898-1 for CAN protocol controllers and this document for CAN
transceivers. Related conformance test plans are given in the ISO 16845 series. The CAN data link layer
models the open system interconnect (OSI) data link layer; it is internally subdivided into logic link control
(LLC) and medium access control (MAC). ISO 11898-1 also specifies the CAN physical coding sublayer (PCS)
by means of the attachment unit interface (AUI). Optionally, the PCS also provides the PWM encoding to be

ISO 11898-2:2024(en)

linked to a CAN SIC XL transceiver, which provides the PWM decoding.

The open system interconnect (OSI) layers above the data link layer (e.g. the network layer) are not specified

11898 series

in the IS

Figure 1 dhows the relation between the OSI layers and the CAN sublayers.

OfI layers

Application

Prgsentation /

bession ,

Transport / S

Network

Dlata Link //

Physical

Key
AUI
MDI medium dependent interface
a Only supported by CAN XL.

attgchment unit interface

CAN sublayers

Logic link control (LLC)

Medium access control (MAC) ,_(

; PWM en/c&ing a

:r PWMd{ecoding *

Physical medium attachinent (PMA)

<4 AUI

<« MDI

Physical medium dependent (PMD)

Figure 1 — CAN datalink and physical sublayers relation to the OSI model
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International Standard

ISO 11898-2:2024(en)

Road vehicles — Controller area network (CAN) —

Part 2

High-speed physical medium attachment (PMA) sublayer

1 Scop

This docyment specifies physical medium attachment (PMA) sublayers for the controller-ared

(CAN). T}
with sele

improvenpent capability (SIC) mode and the FAST mode in Annex A. The physical medium depend

sublayer i

2 Normative references

The follov
requirem
the latest

ISO/IEC 74

1SO 11898-1Y), Road vehicles — Controller area network (€AN) — Part 1: Data link layer and physical

3 Tern

For the plirposes of this document, the termé.and definitions given in ISO/IEC 7498-1, ISO 11898

following

[SO and Il

— ISO Opnline browsing platform:available at https://www.iso.org/obp

— IECE

3.1

activere
intermed
nominal i
state wit}

e

is includes the high-speed (HS) PMA without and with low-power mode capabhility, wi
ctive wake-up functionality. Additionally, this document specifies PMAs sugporting 1

s not in the scope of this document.

ying documents are referred to in the text in such a way that§ome or all of their content ¢
bnts of this document. For dated references, only the edition/cited applies. For undated r
edition of the referenced document (including any amendments) applies.

198-1, Information technology — Open Systems Interconnection — Basic Reference Model: The B

ns and definitions

apply.

C maintain terminology ddtabases for use in standardization at the following addresses

ectropedia: availablé at https://www.electropedia.org/

Cessive

network
thout and

he signal
ent (PMD)

nstitutes
bferences,

asic Model

signalling

1 and the

ate hightspeed physical medium attachment (HS-PMA) output drive with a dedicated l¢gwer than

mpedance at transitions from dominant state or level_0 state towards the passive reces!
a dedicated duration

five (3.14)

3.2

attachment unit interface

AUI

interface between the physical coding sublayer (PCS) (3.15) and the physical medium attachment (PMA) (3.16)

sublayer

3.3
bus

shared medium of any topology

1) Third edition under preparation. Stage at the time of publication: ISO/DIS 11898-1:2024.

© IS0 2024 - All rights reserved
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3.4

bus state

state of the medium dependent interface (MDI) (3.11), which is dominant or recessive if the physical medium
attachment (PMA) (3.16) sublayer is in arbitration mode, or is level_0 or level_1 otherwise

Note 1 to entry: The dominant state represents the logical 0 and the recessive state represents the logical 1. During
simultaneous transmission of dominant and recessive bits, the resulting bus state is dominant. When no transmission
is in progress, the bus (3.3) is idle. During idle time, it is in recessive state.

Note 2 to entry: The level_0 state represents the logical 0, and the level_1 state represents the logical 1.

3.5
CAN_H, CAN_L
pair of pofts, where Viyy iy = Vean 1 1S positive at dominant bus state (3.4) and level_0 bus state

3.6
edge
differencg in bus states (3.4) between two consecutive time quanta

3.7
FAST RX mode
mode in which the physical medium attachment (PMA) (3.16) sublayer drives the bus state (3.4) rec¢ssive and
the receivie thresholds are adjusted to distinguish between the bus states level_0 and level_1

3.8
FAST TX mode
mode in which the physical medium attachment (PMA) (3.16) sublayer drives the bus states (3.4) lqvel_0 and
level_1, which are not able to overwrite each other

3.9
legacy injplementation
HS-PMA implementation compliant with previous ISO11898-2 editions

3.10
low-power mode
mode in Which the transceiver is not capable.ef transmitting or receiving frames, except for the purposes of
determining if a WUP or WUF is being received

3.11
MDI
medium dependent interface
electrical|interface consisting,of CAN_H and CAN_L, that defines the signal transfer between thie physical
medium dependent (PMD) sublayer and the physical medium attachment (PMA) (3.16) sublayer

3.12
nominal pit time
duration ¢f one bitih the arbitration phase

3.13
normal-pewermede
mode in which the transceiver is capable of transmitting and receiving

3.14

passive recessive

final high-speed physical medium attachment (HS-PMA) output drive with nominal impedance, also known
as recessive

3.15

physical coding sublayer

PCS

sublayer of the open system interconnect (OSI) physical layer that performs bit encoding/decoding and
synchronization

© IS0 2024 - All rights reserved
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physical medium attachment

PMA

sublayer of the open system interconnect (OSI) physical layer that converts physical signals into logical
signals and vice versa

3.17

PWM decoding

PWMD

physical medium attachment (PMA) (3.16) sublayer function decoding the pulse-width modulation (PWM) bit
streams into the non-return-to-zero (NRZ) bit streams

3.18

PWM enc
PWME

physical
pulse-wid

3.19
receiver
node that

3.20
RXD
port of th
binary foj

3.21

oding

pding sublayer (PCS) (3.15) function encoding the non-return-to-zero (NRZ) bit.stream
th modulation (PWM) bit streams

while the bus (3.3) is not idle, is neither a transmitter (3.23) nor is itintegrating

e attachment unit interface (AUI) (3.2) used to transmit the-actual state of the physical n
mat, to the physical coding sublayer (PCS) (3.15)

signal improvement capability

SIC
capability

Note 1 to 4
setCinTa

to suppress the ringing on the MDI

ntry: Itis as specified in the high-speed physical medium attachment (HS-PMA) implementation
ple 14 and Table 17.

3.22
SIC mode
mode acc

Note 1 to 4

3.23
transmit
node send

3.24
TXD
port of th
how the p

brding to the high-speed physical medium attachment (HS-PMA) during the arbitration p

ntry: For PMA implementatjons, it is according to parameter set C or Annex A.

Ler
ing CAN frames

e attachment unit interface (AUI) (3.2) driven by the physical coding sublayer (PCS) (3.15)
hysical medium attachment (PMA) (3.16) influences the actual state of the physical mediu

s into the

edium, in

parameter

hase

Lo control
m

4 Abbreviated terms

For the purposes of this document, the symbols and abbreviated terms given in ISO 11898-1 and the
following apply. If the definition of the term in this document is different from the definition in ISO 11898-1,
this definition applies.

© IS0 2024 - All rights reserved
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CAN controller area network
DLC data length code

ECU electronic control unit

EMC electromagnetic compatibility
ESD electro static discharge
GND ground

HS-PMA high-speed PMA

NRZ non-return-to-zero

0SlI open layer system

PMD physical medium dependent
PN partial networking

PWM pulse width modulation

RF radio frequency

WUF wake-up frame

wWUP wake-up pattern

5 HS-EMA function

5.1 Bage requirements

The HS-PMA comprises one transmitter and one receiving entity. It shall be able to bias the ¢onnected
physical medium, an electric two-wire.cable, relative to a common ground. The transmitter entity shall
drive a diffferential voltage between the CAN_H and CAN_L signals to signal a logical 0 (dominanf) or shall
not drive p differential voltage to signal a logical 1 (recessive) to be received by other nodes connedted to the

very sam¢ medium. These two signals are the interface to the PMD sublayer.

The HS-PMA shall provide atAUI to the physical coding sublayer as specified in ISO 11898-1. It comprises the
TXD and RXD signals aswell as the GND signal. The TXD signal receives from the physical coding sublayer

player the

" mode of

hentation,

Table 1 shows the possible combinations of HS-PMA operating modes and expected behaviour.

Table 1 — HS-PMA operating modes and expected behaviour

Operating mode Bus-biasing behaviour Transmitter behaviour
Normal-power mode Bus biasing active Dominant or recessive?
Low-power mode Bus biasing active or inactive Recessive

a2 Depends on input conditions as described in this document.

© IS0 2024 - All rights reserved
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Parameters given in Clause 5 shall be fulfilled throughout the operating temperature range and supply
voltage range (if not explicitly specified for unpowered) as specified individually for every HS-PMA
implementation.

5.2 HS-PMA test circuit

The outputs of the HS-PMA implementation to the CAN signals are called CAN_H and CAN_L, TXD is the
transmit data input and RXD is the receive data output. Figure 2 shows the external circuit used to measure
the specified voltage and current parameters. R represents the effective resistive load (bus load) for an
HS-PMA implementation, when used in a network, and C; represents an optional split-termination capacitor.
The values of R| and C; vary for different parameters that the HS-PMA implementation needs to meet and
are given as condition in the tables of related parameters.

_a | CANH iR

o
TXD @ c G Voire
— 1

o

I = I VCAN,H
[«5
¥

RXD CANTL ¢
C VCAN,L
RXD
II | v OV

PMA implementation

differential voltage between CAN_H and CAN_L wires

si
si
capacitive load on RXD
of

di
P

5.3 Static parameter

5.3.1

Table 2 specifies

M

hgle-ended voltage on CAN_H wire
hgle-ended voltage on CAN_L wire

tional split-termination capacitor
di[ferential capacitive load

ferential load resistance
wer supply for the PMA implementation.

Figure 2 — HS-PMA test circuit

aximum ratings of Vean w Vean 1 and Viige

a OW

© IS0 2024 - All rights reserved
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Table 2 — HS-PMA maximum ratings of Ve, g, Vean L and Vg

Value
Parameter description Notation Min. Max.
[V] [V]

Maximum rating Vpied® -5,0 +10,0
General maximum rating Vean w -27,0 +40,0

VCAN?L
Optional: Extended maximum rating Vean w -58,0 +58,0

VCAN?L
a  This is required regardless whether general or extended maximum rating for V,y g and Veay 1L is
fulfilled Z _
Applies to HS-PMA implementation powered and unpowered conditions. Applies to transmit data input
de-asserted and transmit data input (TXD) becomes asserted while CAN_H or/and CAN_L connected ‘to
a fixed voltage.
The maximum rating for Vp¢ excludes that all combinations of Vi 4y iy and Vay |, are compliant to this
document. V= Vean y — Vean 1 See Figure 2.

5.3.2 Recessive output characteristics, bus biasing active

Table 3 sgecifies the recessive output characteristics when bus biasing is acfive.

Table 3 — HS-PMA recessive output characteristics, bus biasing active

Value
Parameter Notation Min. Nom. Max.
[Vl [Vl [Vl

Single-ended output voltage on CAN_H 2 Vean u +2,0 +2,5 +3,0
Single-en(ied output voltage on CAN_H b VAN H. rec +2,137 +2,5 12,887
Single-en*ed output voltage on CAN_L 2 VCAN_L +2,0 +2,5 +3,0
Single-en(ied output voltage on CAN_L P VAN L rec +2,137 +2,5 12,887
Differentipl output voltage Vhife -0,5 0 +0,05

NOTE THe requirements in this table apply cencurrently. Therefore, not all combinations of Vi,y i and Viay 1, arg compliant
with the ddfined differential output voltage. - )

a  Measufement setup according to Figure'2 (including implementations with selective wake-up function):
R, > 1010 O (not present)

C; = 0 pF (rjot present)

C, = 0 pF (rjot present)

Crxp = 0 pH (not present)

b Measufement sefup according to Figure 2:

R, =60 Q (folerance< +1 %)

C; = 0 pF (otpresent)

C, = 0 pF (not present)

Crxp = 0 pF (not present)

5.3.3 Recessive output characteristics, bus biasing inactive

Table 4 specifies the recessive output characteristics when bus biasing is inactive.

© IS0 2024 - All rights reserved
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Table 4 — HS-PMA recessive output characteristics, bus biasing inactive

Value 2
Parameter Notation Min. Nom. Max.
[Vl [Vl [Vl
Single-ended output voltage on CAN_H Vean -0,1 0 +0,1
Single-ended output voltage on CAN_L Vean L -0,1 0 +0,1
Differential output voltage Vbise -0,2 0 +0,2

a  Measurement setup according to Figure 2:

R > 1010 0 (mot present)

NOTE See 5.5.6 to determine when bias is inactive.

C; = 0 pF (not present)
C, = 0 pF (not present)
Crxp = 0 pF (not present)

5.3.4 Dominant output characteristics

Table 5 sy

the dominant state.

Table 5 — HS-PMA dominant output chafacteristics

ecifies the output characteristics during dominant state. Figure 3 illustrates the voltagelrange for

the defined
b Measu
C;=0pF(n
C,=0pF (1

Crxp = 0 pH

ot present)
ot present)

(netpresent)

differential voltagéfsee Figure 3).
Fement setup aecording to Figure 2:

Value 2
Parameter Notation Ming Nom. Max. Conditiqn P
N [V] [V]

Single-ended voltage on CAN_H Vean u +2,75 +3,5 +4,5 R =500t 650
Single-en(ied voltage on CAN_L Vean L +0,5 +1,5 +2,25 R, =500Q1t9 650
Differentipl voltage on normal bus load Viise +1,5 +2,0 +3,0 R =50Qtp 65Q
gﬁfrffrfggtrﬂlt‘rlggsﬁe on effective resistance Vit +1,5 del;li?lted 45,0 | R, = 2240 Q (See NOTE)
ggstil?)r;?il;grilggrential voltage on extended Vour 14 42,0 3,3 R, =4501t$70 0
NOTE Asjuming a maximum R; of 70 Qg this scenario covers a 32-node network (2 240 Q/70 Q = 32), 2 240 Q is gmulating a
situation with up to 32 nodes transmitting“dominant value simultaneously. In such case, the effective load resistanc for single
nodes decrgases (a node does drive pnly d part of the nominal bus load).

2 Requillements given in this table apply concurrently. Therefore, not all combinations of Vi, iy and Vi |, are compliant with

© IS0 2024 - All rights reserved

7


https://standardsiso.com/api/?name=a95ccbc5dbfa76a1a2ad633a65091908

ISO 11898-2:2024(en)

Y
5,0
ps o Vemvngommag
4,0_//
1
3,5
3,0
— Vean Hdommin) |
2,5 D
T =
20+ > o
n I
S
1,5+ " 5 VCAN_L(dom)
£ NS
0’5_/

Key
Y Vean_n and Veay
1 range of Vean pdom)
Vbife lifferential voltage between CAN_H and CAN_L wires
Vean n bingle-ended voltage on CAN_H wire
Vean L bingle-ended voltage on CAN_L wire
Figurg 3 — Voltage range of V¢, y duringdominant state of CAN node, when V,y | varies from
minimum to maximum yoltage level (50-Q to 65-Q bus-load condition)
5.3.5 Maximum driver outputcurrent
Table 6 sgecifies the maximum HS-PMA driver output current.

Table 6 — Maximum HS-PMA driver output current

Value 2
Paranieter Notation Min. Max. Conditign
[mA] [mA]
Absolute ¢urrent on CAN_H Ican 1 not specified 115 -3V<Vean g 18V
Absolute current on CAN_L Iean L not specified 115 -3V <Vepy L S+18V

Table 5 and thus can be expected to be above 30 mA.
a  Measurement setup according to Figure 2:

Ry > 1010 Q (not present)

C; = 0 pF (not present)

C, = 0 pF (not present)

Crxp = 0 pF (not present)

NOTE It is expected that the implementation does not stop driving its output dominant when the differential voltage between
CAN_H and CAN_L is outside the limits given in the condition column. The minimum output current is implicitly specified in

© IS0 2024 - All rights reserved
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5.3.6 PMA static receiver input characteristics, bus biasing active and inactive

Table 7 specifies the voltage ranges for the HS-PMA static receiver in low-power mode, when the bus biasing

is active.

Table 7 — HS-PMA static receiver input characteristics, bus biasing active

Value 2
Parameter Notation Min. Max. Condition
(V] [Vl

Recessive state differential input voltage range 12,0V < Ve L £+12,0V

VDiff —3,0 +O,5 -
_12,0 V S VPAI\I_H S +12,0 V
Dominant $tate differential input voltage range 12,0 V< Vean L SA1ZD V

VDiff +0,9 +8,0 -
12,0 V< Vean pn&3%12,0V

R, > 10100
C; =0 pF (n
C,=0pF (1
Crxp = 0 PH
NOTE A

HS-PMA is

a  Measufement setup according Figure 2:

ot present)

ot present)

negative differential voltage can temporarily occur when the HS-PMA is cohnected to a medium in whi
mode chokps and/or unterminated stubs are present. The maximum positive differential’voltage can temporarily occy
connected to a medium while more than one HS-PMA is sending dominant and concurrently a ground shift between
the sending HS-PMAs is present.

(not present)

(not present)

Table 8 sj
biasing is

pecifies the the voltage ranges for the HS-PMA static receiver in low-power mode, whe

inactive.

Table 8 — HS-PMA static receiver inputicharacteristics, bus biasing inactive

Value 2
Parameter Notation Min. Max. Condition
[Vl [Vl
Recessive|state differential input 12,0 V< Vepan LS +12{0V
VDiff —3,0 +O,4‘ -
voltage range -12,0 V< Veay < +12/0V
Dominant|state differential input Voue 4115 +8,0 12,0V Vepn L S+12/0V
voltage range i -12,0 V< Veay y < +12/0V

a  Measu
R >10100)
C;=0pF (n
C,=0pF (1
Crxp = 0 pH

NOTE A
mode chok

Fement setup according Eigure 2:

(not present)
ot present)
ot present)

(not present)

negative differential voltage can temporarily occur when the HS-PMA is connected to a medium in whi¢h common

bsand/or unterminated stubs are present. The maximum positive differential voltage can temporarily occyr when the

HS-PMA is

connected to a medium while more than one HS-PMA is sending dominant and concurrently a ground shift between
the sending HS-PMAs is present.

5.3.7 Receiver input resistance

Figure 4 shows an equivalent circuitry of the HS-PMA internal differential input resistance. Table 9 specifies
the HS-PMA receiver input resistance parameter. Table 10 specifies the HS-PMA receiver input resistance

matching

parameters.

© IS0 2024 - All rights reserved
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RSE_SIC_pas_rec

RS E_SIC_pas_rec

CAN_H

Vbus_Bias

CAN_L

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

Table 9 — HS-PMA receiver input resistance

Value
Parameter Notation Min. Max. Condition
[k [kQ]
Differential internal resistance RpIFF pas rec? 12 100 2V < Vony |
Single-ended internal resistance Rsp_pas recn 6 50 Vean n S +7 Y
SE_pas_rec_L

a

RDIFF,pas,rec = RSE?pasfrecfH + RSE,pas,rec,L'

Table 10 — HS-PMA receiver input resistance matching

. Value .
Parameter Notation - Condition
Min. Max.
' i i Vean s Vean_iff
Matching? of internal resistance mg -0,03 +0,03 Y5V

3 | The matching shall be ¢alculated as mp = 2 x (Rgg y — Rsg 1)/(Rsg 1 + Rsg 1)-

5.3.8 Maximum leakagécurrents of CAN_H and CAN_L

An unpowered HS-RMA implementation shall not disturb the communication of other HS-PMA
connected to the sarne medium. Table 11 specifies the HS-PMA maximum leakage currents.

Table 11 — HS-PMA maximum leakage currents on CAN_H and CAN_L, unpowered

5 that are

Value
Parameter Notation Min. Max.
[HA] [nA]
Leakage current on CAN_H, CAN_L lean w -10 +10
Ican 1,

Positive currents are flowing into the implementation.

Vean n =5V, Vean L =5V, all supply inputs are connected to GND.

© IS0 2024 - All rights reserved
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5.4 Dynamic parameter

5.4.1 Driver symmetry

In order to achieve a level of RF emission that is acceptably low, the transmitter shall meet the driver signal

symmetry as specified in Table 12.

Table 12 — HS-PMA driver symmetry

from dpminant to recessive and vice versa, while TXD is stimulated by a square wave'signal with a freq
corresponds to the highest bit rate for which the HS-PMA implementation is intended, however, at m
(2 Mbif/s) (HS-PMA in normal-power mode).

¢ Measurement setup according to Figure 2:

R| =60 Q [tolerance < *1 %)

C, =4,7 nf (tolerance < +5 %)

Parameter Notation - Value ¢
Min. Nom. Max.
Driver sy paretry-based-onr Yoy vee +6;9 +16 +1,1
Driver sylhmetry based on V.o sym? Vsym vrec +0,9 +1,0 +1,1
Veym vee T (Vean_n + Vean 1)/ Vee with Ve being the power supply of the transmitter
Vsym_vrec|™ (Vean 1 + Vean L)/ Vsum Without Ve reference
Vrec_sum = VCAN_H_rec + VCAN_L_rec
Vsym_vde and Vi yrec shall be observed during dominant state and recessive state and also during the ftransition

lency that
pst 1 MHz

5.4.2 tional transmit dominant timeout

An implementation of an HS-PMA may limit the\duration of dominant transmission in order not to

prevent other CAN nodes from communication wihen the TXD input is permanently asserted. Th
implemerjtation should implement a timeout. Table 13 recommends the optional HS-PMA transmit
timeout vplue range.

Table 13 — Qptional HS-PMA transmit dominant timeout

b HS-PMA
dominant

Value 2
Parameter Notation Min. Max.
[ms] [ms]
Transmit domingnt timeout? tdom 0,8 10,0
a2 Aminimtim value of 0,3 ms is accepted for legacy implementations.
NOTE Thereds:arelation between the t4,,, minimum value and the minimum bit rate. A t4,,, minim

0,8 ms accpmmodates 17 consecutive dominant bits at bit rates greater than or equal to 21,6 kbit/s and 36 cpnsecutive

dominant pits.at bit rates greater than or equal to 45,8 kbit/s. The value 17
send a dominantbitand eve ime seesarecessi atthereceive datai
error frames when there is a bit error in the last bit of the first five attempts.

5.4.3 Transmitter and receiver timing behaviour

Figure 5 defines the HS-PMA implementation timing. Table 14 specifies the the HS-PMA implementation
loop-delay requirements for parameter set A, parameter set B, and parameter set C. Table 15 specifies the
HS-PMA implementation data signal timing requirements for parameter set A. Table 16 specifies the HS-
PMA implementation data signal timing requirements for parameter set B. Table 17 and Table 18 specify

HS-PMA implementation data signal timing requirements for parameter set C.

NOTE HS-PMA implementations with signal improvement capability developed prior to this document can refer

to the CiA 601-4 specification.

© IS0 2024 - All rights reserved
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| 70 % |
TXD 30 % : 30 %
|
|
:: 5 x tBit(TXD) —>|<—tBit(TXD)_>:<_ tLoop, falling edge_>:
I I |
I / I |
Eprop(TxD_BUS rec) : Eprop(TxD_BUS,dom) |
|
' : : ]
Vaise 900 mV ' I
' ! ! 500my  /200mV
| |
| |
| ﬁ—tBit(Bus)—Fi :
i i | UProp(BUS_RXD,dom)
|
| ti:)rop(BUS_RxD,rec): :
' |
' |
RXD 30 % [ '
]
|

Key
tgiccrxp) NPminal bit time of the bit rates the HS-PMA supports

|
|
< tLoop, rising edge _+— tBit(RXD)—bl

Figure 5 — HS-PMA implementation timing definitions

Tabje 14 — HS-PMA implementation loop-delay requirement for parameter sets A, Band C
Value b
Parameter Notation Min. Max.
[ns] [ns]
Ldop delay for parameter set A and parameter set B 2 tLoop not specified 255
Ldop delay for parameter set C 2 tLoop not specified 190
Prjopagation delay from TXD to CAN_H/CAN_L for g
parameter set C torop(TxD_BUS) | DOt specified 80
Pjr;pogatlon delay from CAN_H/CAN_L to RXD for not specified 110

parameter set C

Lprop(BUS_RXD)

mgximum of delay of both-signal edges is to be considered.
b | Measurement setup according to Figure 2:

R, [= 60 Q (tolerance < + 1 %)

C;F 0 pF (not'present)

C,[F 100 pF(tolerance < + 1 %)

Crkp=)15 pF (tolerance < =1 %)

a | Time span from signal edge on TXD input to the next signal edge with the same polarity on RXD output,

Measurement according to Figure 5:

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

© IS0 2024 - All rights reserved
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Table 15 — HS-PMA implementation data signal timing requirements for parameter set A

Value d
Parameter Notation Min. Max.
[ns] [ns]
Transmitted recessive bit width variation ¢ ABit(Bus)” -65 +30
Received recessive bit width variation tABit(RXD)" -100 +50
Receiver timing symmetry tArEcS -65 +40

a

EABit(Bus) = LBit(Bus) ~ IBit(TXD)

> taBit(RXD) = LBit(RXD) ~ Bit(TXD)

C

tARec — tBIt(RXD) — {Bit(Bus)
The requirements in this table apply concurrently. Therefore, not all combinations of txg;;(gus) and thgec 4re
compliant with txg;¢(rxp):

d | Measurement setup according to Figure 2:

R;|= 60 Q (tolerance < =1 %)

C;F 0 pF (not present)

C,|= 100 pF (tolerance < + 1 %)

Crkp = 15 pF (tolerance < =1 %)

Mdasurement according to Figure 5:

Thie input signal on TXD shall have rise and fall times (10 %/90 %) of lessthan 10 ns.

NQTE  Limits for tg;;(p,s and tg;rxp) are not defined for intended uSe'with bit rates up to 1 Mbit/s.

Tahle 16 — HS-PMA implementation data signal timing requirements for parameter set B

Value 4
Parameter Notation Min. Max.
[ns] [ns]
Trapnsmitted recessive bit width variation tABit(Bus) a -45 +10
Rdceived recessive bit width variation tABit(RXD) b -80 +20
Rdceiver timing symmetry variation EARec € -45 +15

EABit(Bus) = EBit(Bus) ~ IBip(TXD)
EABit(RXD) = LBit(RXD) T EBit(TXD)
EARec = tBit(RXD) = LBit(Bus)

The requirements ifi"this table apply concurrently. Therefore, not all combinations of tag;¢(gus) and tagec 4re
compliant with ¢£pder’xn)-

d | Measuremefit setup according to Figure 2:
R |= 60 Q (tolerance < +1 %)
C;F OpE (not present)

C 100l (ial 1.0/
2 TOOUpr—eortrante—=—=1 /0J

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 tg;(p,s and tg;rxp) are not defined for intended use with bit rates up to 1 Mbit/s.

© IS0 2024 - All rights reserved
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Table 17 — HS-PMA implementation data signal timing requirements for parameter set C

Value d
Parameter Notation Min. Max.
[ns] [ns]
Transmitted recessive bit width variation tABit(Bus) a -10 +10
Received recessive bit width variation tABit(RXD) b -30 +20
Receiver timing symmetry variation EARec € =20 +15

b

EABit(Bus) = LBit(Bus) ~ IBit(TXD)

EARit(RXD) = ERit(RXD) — LRit(TXD)

C

EARec = EBit(RXD) ~ IBit(Bus)

Al] requirements in this table apply concurrently. Therefore, not all combinations of ¢,pj(gys) ané \tarec gre
compliant with ¢xg;¢(rxp):
d | Measurement setup according to Figure 2:
R;|= 60 Q (tolerance < *1 %)
C;F 0 pF (not present)
C,|= 100 pF (tolerance < + 1 %)
Crkp = 15 pF (tolerance < + 1 %)
Table 18 dpecifies the HS-PMA implementation SIC timing and impedance for parameter set C.
Table 18 — HS-PMA implementation SIC timing andimpedance for parameter set
. Value .
Parameter Notation - Condition
Min: Max.
Differentipl internal resistance RpIFF act_rec 750 133Q |+2V s Veay S Ve -2V if
(CAN_H tq CAN_L) Rgp fulfils Rgg ¢ oo Otherwise
Optional ipternal single-ended resist- | Rsg gicoadixec | 3750 | 66,5Q |+2V<Veyy g1, < Vi -2V, if Rgglfulfils
ance Rgg;_gic otherwise -12V < Veay i/ < Ve
+12V
Start timq of active signal improve- Eict_rec_start n.a 120 ns |Measured from rising TXD edggd
ment phage with <5 ns slope at 50 % threshpld
End time ¢f active signal improve-= tact_rec_end 355ns n.a
ment phage
Start tim¢ of passive recessive phase | &, rec start n.a 530 ns |Measured from rising TXD edgd
with < 5 ns slope at 50 % thresHold with
Rppp 2 min. Rpjpp ggc and Rgg 2|min. Rgg.2
a2 Formefly specifiedin [SO 11898-2:2016, Table 10.
Figure 6 defifies the SIC timing.
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Figure 6 — SIC tim

5.5 Wake-up from low-power mode

5.5.1 Wake-up procedures

When an
signal a w

5.5.2 G

ing definitions

Table 19+~ HS-PMA wake-up implementations

v

mplementation comprising one or miare HS-PMAs implements a low-power mode, the H§-PMA can
ake-up event. Table 19 lists the wake-up procedures for defined types of HS-PMA implempntations.

Type of HS-PMA’/implementation

Required wake-up mechanism

Without low-powermede

No wake-up

up

With low-powerlmode, but without selective wake-

Either basic wake-up or wake-up pat-
tern (WUP) wake-up

With selective wake-up

Selective wake-up frame (WUF) and
wake-up pattern (WUP) wake-up

eneral requirement

In case more than one wake-up procedure is implemented in an HS-PMA, the wake-up procedure to be used
shall be configurable.

5.5.3 Basic wake-up

After having received a dominant state for the duration of at least tg;;,.,, the HS-PMA shall detect a wake-up.

5.5.4 Via wake-up pattern

Upon receiving two consecutive dominant states each for duration of at least tg;;.,» Separated by a recessive
state with a duration of at least tg;;,,» @ wake-up event shall happen. This method is illustrated inFigure 7.
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Differential voltage
recessive state > tgjjter

- 5

Power on

Differential voltage
dominant state > tgijer A

twake €Xpired

\

Differential voltage
recessive state > tgjjter

twake €Xxpired

Differentidl voltage
dominant State > tgjjer

%]
(]
=
o
=)
= .
2 Implementation enters | 4 Implementation enters
=) normal mode low power mode
G triler timer resetted
£
e
&9
Key
1  INIstate
2  state p
3 stateB
4  state {: wake-up detected, enterjng this state shall signal the bus wake-up event
5  wait gtate

Figure 7 — Wake-up finite state machine

The finite{ state machine in Figure 7 specifies the wake-up behaviour for all operation modes. Whef entering
state A the optienal timer, ty,,., shall be reset and when entering the Wait state the g, timdr shall be
reset. Tabjle 20 specifies the wake-up control timings and Figure 8 defines the wake-up reaction timne.
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Table 20 — PMA voltage wake-up control timings

Value
Parameter Notation Min. Max. Condition
[us] [us]

CAN activity filter time, long? Erilter 0,5 50 Bus voltages shall be as specified in
Table 8.

CAN activity filter time, shortP rilter 0,15 1,8 Bus voltages shall be as specified in
Table A.2.

Wake-up timeout twake 800,0 10 000,0 |Optional timer

Wake-up pattern signalling tFlag not defined 250,0 Measured from the completed wake-
Up pPattert, See FIgure 8

a2 Implerpentations do not need to meet this timing, in case the “CAN activity filter time, short” is met. It should bg noted that
the maximpim filter time has an impact to the suitable wake-up pattern, especially at high bit rates. For example)in a|500-kbit/s
network, alwake-up pattern shall carry at least three similar bit levels in a row in order to safely pass the wake<up filfer. Shorter
filter time |mplementations can increase the risk for unwanted bus wake-ups due to noise. The specified range is a cpmpromise
between rqbustness against unwanted wake-ups and freedom in frame selection.
b Implementations do not need to meet this timing, in case the “CAN activity filter time, long” ismet.
Vpife 4
| | // [ | [ | |
2V | L 11 | 11 L |
y P \ : : : / | \ :
| | [ | [ | |
| | || | [ | |
1,15y - - - +
| | | | | |
| | Ay | ¥ | |
[ | B : J I | A .
:—t > fﬁlrer(max)*: : :—t> fFilter(max)P! / / : :—t> Eilter(max) >: trlag >:
: t < twake (min) =: :
' | '
[ 1 2 3 [ |
7 8
I 6 |
a) Correct wake-up pattern with PMA low-power mode
Vpite| 4 ‘ ‘ ‘
| |
ZV ! | | ! !
| | | | |
| | | | |
1,15V] / ; ; \ ‘ ‘
, / ; ‘ \1 {
| | | | |
0,4V] ; ; ; ‘
s 1 1 \ !
> triterman | i > e
| |
- £> byale >
[ 1 [ 2 5 1 |

b) Incorrect wake-up pattern, dominant phase longer than ¢y, ;..
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c) Incorrect wake-up pattern, recessive phase longer than t,;..

hte

eA

eB

eC

t state
-power mode
up detected
up flagged

Figure 8 — Wake-up reaction time, a) to c)

plective wake-up

Key

1 INIst
2 in sta
3 in sta
4 in sta
5 inWa
6 inlow
7  wake
8  wake-
555 S
5.5.5.1
Upon deté

General

ection of a wake-up frame (WUF),-a wake-up event shall happen. Decoding of CAN frame

classical ase frame format (CBFF) orclassical extended frame format (CEFF) and acceptance as

done by t
power mg

After the
when bit
CBFF and

In case of
internal €

5.5.5.2

he HS-PMA. If enabled, decoding of CAN frames shall be possible in normal-power modg
de. The acceptance procedure is described in detail in the following subclauses.

bias reaction timetg;,., has elapsed, the implementation may ignore up to four (or u
Fate higher than(500 kbit/s) frames in CBFF and CEFF and shall not ignore any following
CEFF.

erroneousf‘communication, the HS-PMA shall signal a wake-up upon or after an overf}
rror counter.

5 in either
a WUF is
and low-

p to eight
b frame in

ow of the

Behaviour during transitions between normal-power mode to low-power mode

If selective wake-up is enabled prior to the mode change and the HS-PMA is not anymore ignoring frames,
decoding of CAN data frames and CAN remote frames shall also be supported during mode transitions,
which have the frame detection functionality enabled. If the received frame is a valid WUF, the transceiver
shall indicate a wake-up. If enabled, decoding of CAN data shall be possible in normal-power mode and low-
power mode.
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5.5.5.3 Bitdecoding

A received classical CAN frame shall be decoded correctly when the timing of the differential voltage
between CAN_H and CAN_L complies with one of the two following types of signals:

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

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

These two types of signals are specified in Figure 9.

A

1
2 __________

m x tgit — B

ni x tgic + ta ‘
nz x tgit
B1 B2
1+— = e —
2 N I ——— : [
m % tgie x (1+ dfs) | n x tgic + ta
nz x tsie x (1+ dfs) n2 % tit + ta

Key
1  recesgive

2 dominant

n; numbger of consecutive dominant Bits {1, 2, 3, 4, 5}

n, numbker of bits between two falling edges {2, 3, ..., 10}; n, > n;

ta  0=t,[=55 % of tg;, (implementation-specific higher maximum values for ¢, are allowed)
tg 0 <=tg[= 5 % of ty;, (implementation-specific higher maximum values for t; are allowed)
tgi nominal bit time

df, transg¢eivers according to this document shall tolerate sender clock frequency deviations up to atleast 0,p %

NOTE Often-used values for t; are 2 ps, 4 ps and 8 ps.

h O Ca 1 1 A 1 1 £ 1L £ Loade o
rigulc 7 — Jlglidl S1idptT A dlIu D Ul Vlef IUT UIL TCLCPLIuII

Edges in the time span from “n; x tg; - tg” to “ny x tg; + t5” of signal shape A shall be ignored and shall not
cause decoding errors.

5.5.5.4 Wake-up frame evaluation
If all of the following conditions are met, a valid classical CAN frame shall be accepted as a valid WUF.

a) The received frame is a classical CAN data frame when DLC matching [see c) in this subclause] is not
disabled. The frame may also be a CAN remote frame when DLC matching is disabled.
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b) TheID (as specified in ISO 11898-1:—2), 6.6.11.2) 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). This mechanism is illustrated in 5.5.5.7.

c¢) The DLC (as specified in ISO 11898-1:—, 6.6.11.3) of the received classical CAN data frame is exactly
matching a configured DLC. This mechanism is illustrated in 5.5.5.8. This DLC matching condition may
be disabled by configuration in the HS-PMA implementation.

d) Whenthe DLCis greater than 0 and DLC matching is enabled, the data field (as specified in ISO 11898-1:—
, 6.6.11.3) of the received frame has at least one bit set to 1 in a bit position, which corresponds to a bit

set to

1 in the configured data mask. This mechanism is illustrated in 5.5.5.9.

e) A correct cyclic redundancy check (CRC) is received, including a recessive CRC delimiter, and no error

(accofding to ISO 11898-1:—, 6.6.11.5) is detected prior to the acknowledgement (ACK) slat,
depicfs the bits, which are considered as “don’t care”.

NOTE
valid WUF

5.5.5.5

Upon actijvating the selective wake-up furction (e.g. by a connected host controller) and also on ¢

of ?Silence'
This courn

to ISO 11
5.5.5.4, a
the CRC d

recessive

On each increment or decrément of this counter, the decoder unit in the HS-PMA shall wait fi

mandatorn

scenario.

EOF

X[ X|X|XS

~
Don’t care for any wake-up and any bit after
CRC delimiter until the next SOF

CRC

= [CRC delimiter
»>< | ACK field
>< | ACK delimiter

v

X[x|[x

/

-

Figure 10 — Don't care bits for frame decoding

Frame error counter mechanism

the counter for erroneous CAN frames shall be set to zero. The initial value of the countge
ter shall be incremented by-one when a bit stuffing, CRC or CRC delimiter form error (p

d the counter is not zere, then the counter shall be decremented by one. Dominant bits
climiter and the end of'the intermission field shall not increase the frame error counter.

bits before €onsidering a dominant bit as a start of frame. Figure 11 depicts the posi
y start of-frame (SOF) detection when a classical CAN frame was received and in case

2) Third

edition under preparation. Stage at the time of publication: ISO/DIS 11898-1:2024.
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N J - J
Y
No SOF detection Mandatory SOF detection
Active error 11ag ETTOT delimiter
X X = 2
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Ery
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L

A wake-up shall be performed when the counter reaches the threshold'yaltie or upon the next rece
The defaylt threshold value shall be 32, other values may be configufed.

Up to fout

frames that start after the bias reaction time, tg;,s, has elapsed can be either ignored (no errg

increase (

Receiving
counter.

5.5.5.6 |Tolerance to CAN FD frames (optienal)

After recq

the HS-PMA shall wait for ngjs 14) L€cCESSive bits before considering a further dominant bit as

frame. Fig
and in cas

or scenario oj01o0|10f(ojoj1|1j1|1)11(1j11111(1|X}X

No SOF detection Mandatory SOF detectipn

gure 11 — Mandatory SOF detection after classical CAN frames.and error scenaric

(or up to eight when bit rate > 500 kbit/s) consecutive.elassical CAN data frames and CA

f failure) or judged as erroneous (error counterincrease even in case of no error).

a frame in CEFF with non-nominal reservedbits (SRR, r0) shall notlead to an increase of

iving a recessive FD format indiedator (FDF) bit followed by a dominant res bit, the decod

ure 11 depicts the position/of the mandatory SOF detection when a CAN FD data frame i
e of an error scenarip. Table 21 specifies the valid range for ngjis 1qye-

Table 21 — Number of recessive bits before next SOF

. Value
Parameter Notation -
Min. | Max.
Number of recessive bits before a new n 6 10
SOF shall be accepted Bits_idle

ved WUP.

N remote
r counter

the error

ler unit in
a start of

b received

The behaviour, when the FDF bit is received recessively and the following bit position is also received

recessivel

y, is outside the scope of this document.

One of the following bitfilter options shall be implemented to support different combinations of arbitration
and data phase bit rates.

— Bitfilter option 1: a data phase bit rate less or equal to four times the arbitration bit rate or 2 Mbit/s,
whichever is lower, shall be supported.

— Bitfilter option 2: a data bit rate less or equal to 10 times the arbitration bit rate or 5 Mbit/s, whichever
is lower, shall be supported.
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Dominant signals less than or equal to the minimum of pg;;., Of the arbitration bit time in duration shall
not be considered to be a valid bit and shall not restart the recessive bit counter. Dominant signals longer
than or equal to maximum of pg;fier Of the arbitration bit time in duration shall restart the recessive bit

counter.

Table 22 specifies pgifijrer depending on the chosen bitfilter option as percentage of the arbitration bit time.

Table 22 — Bitfilter in CAN FD data phase

5.5.5.7
A CAN-IL
evaluated

NOTE

All masksd

. Value
Parameter Notation -
Min. Max.
CAN FD data phase bitfilter (option 1) DRitfilter_aption 5% 17,5 %
CAN FD data phase bitfilter (option 2) PBitfilter option? 2,5% 8,75 %

in both cases.

Wake-up frame ID evaluation

mask mechanism shall be provided, in order to exclude ID-bits from(the compar
mechanisjm shall support 11-bit and 29-bit identifiers. The IDE bit shall not be part.otithe ID mask,

The user selects whether a WUF appears in CBFF or CEFF.

d ID-bits except “don’t care” shall match exactly the configured ID-bits. If the masked [

son. This
it shall be

D-bits are

configured as “don’t care”, then both “1” and “0” shall be accepted. Themasking mechanism is implefnentation

dependenit. Figure 12 shows an example for valid WUF IDs correspgnding to the ID-mask register.

conmreas | [1] [0] [o] [o] [} 0] [1] [o] [o] [] [¢]
wascreger ] (o] [] [¢] [3e] [<] (] [] [<] [a] [¢]

[ o) o) [ [0 [ o] o] [0 ]
e ninoinininininioiain

Lo ) [of o] [x]fof[r]]o]fo]|t]]o]
Lo foffofe]lofft]lof[of|t]]1]

Non-valid WUF IDs

Ll foffoffof[effoft]lo]|]]x][x]
L)oo fof[a)fof[][e]lo][x]|x]
L)oo o] [a)fof[a]e]f]x]|x]
L) lof o) o] [a]of[ofo]fo][x]|x]

X X
|
|
|
]

Key

d
c

don't care
care

Figure 12 — Example for ID masking mechanism
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Wake-up frame DLC evaluation

If the DLC matching condition is enabled, then a classical CAN frame can only be a valid WUF when the DLC
of the received frame matches exactly the configured DLC.

If the DLC matching condition is disabled, then the DLC and data field are not evaluated, and a classical CAN

frame is a

5.5.5.9

Iready a valid WUF when the identifier matches (see 5.5.5.7) and the CRC is correct.

Wake-up frame data field evaluation

If the DLC matching condition is enabled, then a classical CAN frame can only be a valid WUF if at least
one logic 1 bit within the data field of the received WUF matches to a logic 1 bit of the data field within the

YALLLE
vV-OTT

configure

If the DL(
frame is 4

Figure 13

matching condition is disabled, then the DLC and data field are not evaluated, anda.clas
Iready a valid WUF when the identifier matches (see 5.5.5.7) and the CRC is correct.

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

sical CAN

| Byte 7 N Byte 6 ] Byte 0

Config

reddatafield || 1] 10 1]ofofofo][1]1]o]1]oofofo=x[1]of1]o]0]

0] 0]

WUF d|

matching| [0 0 [0 1] 000 o] [o]ofofofo]ofo}B]—[o]o]ofofo]0]

hta fields

hone matching || 0] 0 [0 0o [1]1] 1] [ofofo o]0 xfii]1|—[ofo]ofofo]1]

5.5.6 Bus biasing procedure

5.5.6.1 L(;eneral requirements

The HS-P
Table 3 an

Figure 13 — Example of the data field within a received classical CAN data frame

A implementation with bus bidsidg functionality shall comply with the parameters
d Table 4.

When thg
biasing is
implemen

5.5.6.2

Normal b

5.5.6.3

Automati

HS-PMA implementation-features a low-power mode and selective wake-up, automat
required. For all other implementation, either normal biasing or automatic voltage biasiy
ted.

Normal biasing

asing meansdbus biasing is active in normal-power mode and inactive in low-power mod

Automatic voltage biasing

go
11

given in

ic voltage
g shall be

D

C ‘voltage biasing means bus biasing is active in normal-power mode and is controll

ed by the

differential voltage between CAN_H and CAN_L in Jow-power mode.

Figure 14 specifies the finite state machine for the bus biasing behaviour. When entering state A, the optional
timer, tyy,ke, Shall be reset and restarted; when entering state C or D, the timer, tgjonce, Shall be reset and

restarted
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Differential voltage

recessive state > tjjer @

Differential voltage
dominant state > tgjjer

On implementation
power on

A

»
P

Optional: twake expired

Differential voltage
recessive state > tgjjer

Optional: twaxke expired

Differential voltage
dominant state > tgiffer

Implementation enters
normal mode

Lsilence eXpired AND
implementation in low power mode

:
©
©

From all other modes

Liow Power Mode: recessive state > tgjjer
Normal Mode: recessive state

.ow Power Mode: dominant state > tjer
Normal Mode: dominant state

tsilence €Xpired AND

implementation in low power mode

Key

1  Inistdte; bus biasing is-inactive

2 state f\; bus biasingds-itiactive

3 state B; bus biasing is inactive

4  state (; bus biasing is active

5  state P; bus biasing is active

6 wait state; bus biasing is inactive

Figure 14 — Bus biasing control for automatic voltage biasing

Table 23 specifies the bus biasing control timings and Figure 15 the bias reaction time.
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Table 23 — HS-PMA bus biasing control timings

Value
Parameter Notation Min. Max. Condition
[1s] [ps]
Timer is reset and restarted when bus
Timeout for bus inactivity Esilence 0,6 x 106 1,2 x10% |changes from dominant to recessive or
vice versa.
Measured from the start of a domin ant-re-
Bus bias reaction time tpi Not defined 250,0 cesswe-c.lommant sequence (each phase
1as 6 ps) until vy, 2 0,1. See Figure 15 vy, as
defined in Table 12.

Vpif]
2,0V

1,15V
0,4V

VsyM

t> tFilter(max)

—>

t> tFilter(max)

—

t> tFilter(max] ’

6 Conformance

Figure 15 — Test signal definition for bias reaction time measurement

tBias

A conformance test plan is not in the scope of this document.

Annex B i

rovides an overview/of optional features and implementation choices.
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Annex A
(normative)

HS-PMA with SIC mode and FAST mode

A.1 Operating principle

During SI
to reflect

L signals

logical 0 (dominant) or drive another differential voltage to reflect a logical_l (recessivg). During

the signallimprovement time, the potential differential disturbances like reflections from the'wifing harness
are reduced. During FAST TX mode, the transmitter entity signals a logical 0 (level_0) orsighals

(level_1).

CAN_H arjd CAN_L are building the MDI towards the PMD sublayer.

uring FAST RX mode, the transmitter entity signals a logical 1 (passive recessive). The

 logical 1
bignals on

The PMA|provides the PWM decoding in accordance with the PWM encoding"in the PCS as specified in

[SO 11898§-1.

Table A.1 shows the possible combinations of PMA operating modes and rélated states.

NOTE

CiA 612-2 provides additional information about the PWM codingimplementation.

Table A.1 — PMA operating modes and-expected behaviour

Operating mode |Voltage biasing state Transmitter state Receiver state
SIC mode Voltage biasing active  |Dominant or recessive |Dominant or recessive
FAST TX mode Voltage biasing active levél_1 orlevel 0 level_1 orlevel _0
FAST RX mode Voltage biasing active, ()| Passive recessive level_1 or level_0

For the pgrameters that are not described in Annex A, the specification in Clause 5 applies.

A.2 Static parameter

A.2.1 Recessive output characteristics

Table A.2[specifies the passive/active recessive output characteristics when voltage biasing is acti
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Table A.2 — PMA passive/active recessive output characteristics terminated, voltage biasing active

. Value
Parameter? Notation -
Min. [V] Nom. [V] Max. [V]

Single-ended output voltage on CAN_H (based on supply Vean n 20 125 +3.0
reference voltage) 2 ) ’ ’ ’
Single-ended output voltage on CAN_H P VCAN H rec 2,256 +2,5 +2,756
Single-ended output voltage on CAN_L (based on supply Vean L 420 425 +3.0
reference voltage) 2 ) ’ ’ ’
Single-ended output voltage on CAN_LD VCAN L rec +2,256 +2,5 +2,756
Differential output voltage Vbiss -0,5 0 +0,05

the defined differential output voltage.
a  Measufement setup according to Figure 2:
R, >1(¢0Q
C; = 0 pF (not present)
C, = 0 pF (not present)
Crxp =|0 pF (not present)
b Measufement setup according to Figure 2:

C, =4,J pF (tolerance < +5 %)
C, =0 pF (not present)

Crxp =0 pF (not present)

Load cpndition in SIC mode: 45 Q < R| < 65 () (tolerance < + 1 %)

NOTE The fequirements in this table apply concurrently. Therefore, not all combinations of V4N i and V,y | are compliant with

A.2.2 Oputput characteristics SIC mode and FAST\TX mode

Table A.3[specifies the voltages that are required for\the CAN_L signals.

Table A.3 — PMA dominantoutput characteristics during SIC mode

. Value 2 .
Parameter? Notation - Condition
Min. [V] Max. [V]
Single-ended voltage on CAN_H Vean 1 3,0 4,26 R =450t065Q
Single-en(ied voltage on CAN_L Vean L 0,75 2,01 R =450Qt0 650
Differentipl voltage on normaldifferen- Vbis 1,5 3,0 R, =45Qto §5Q
tial load
Differentipl voltage on €ffective resist- Vbis as specified in 5.3.4
ance during arbitration
Differentipl voltage.on extended differen- Vbis 1,5 3,3 R =45Qto 10 Q
tial load range (Optional)

a2 Measufement setup according to Figure 2:

R,, see “Condition” column in this table
C; = 0 pF (not present)
C, = 0 pF (not present)

Crxp = 0 pF (not present)

Table A.4 specifies the voltages that are required on the CAN_H signals.

© IS0 2024 - All rights reserved

27


https://standardsiso.com/api/?name=a95ccbc5dbfa76a1a2ad633a65091908

ISO 11898-2:2024(en)

Table A.4 — PMA output characteristics during FAST TX mode

. Value 2 -
Parameter2 Notation - Condition
Min. [V] Max. [V]
Single-ended voltage on level 0 VCAN HO +2,55 +3,51
CAN_H level_1 Vean Hi +1,50 +2,46
Single-ended voltage on level 0 V. +1,50 +2,46
AN L & - CAN.LO R, =45 Qt0 60 O
- level 1 VeaN L1 +2,55 +3,51
Differential voltage on nor- level 0 Vhifso +0,60 +1,50
mal differential load level 1 Vit -1,50 ~0,60
a MeasupernTeTrt STLUp dcCor dillg O Fig UTe 2T
R;, seel“Condition” column in this table
C; = 0 pF (not present)
C, =0 pF (not present)
Crxp =0 pF (not present)
Figure A.l illustrates the voltage range for the dominant state during SIC mode."Figure A.2 illusfrates the
voltage rgnge during FAST TX Mode.
Y
50 — -
45 —-
VCAN_H(dom MAX) T
4,0 —
3,5
3,0
2,5
20 - & o
S 3
I = |
1,5 — g :;o: VAN L(dom)
e ,
1,0 ~/
05 —T

a) Voltage range of V,y y dominant while PMA is in SIC mode, when V¢, | varies from minimum to
maximum voltage level (45-Q to 65-Q differential load condition)

© IS0 2024 - All rights reserved

28


https://standardsiso.com/api/?name=a95ccbc5dbfa76a1a2ad633a65091908

ISO 11898-2:2024(en)

4,51

40— |

=
VeaN_H(dom) /q
> on
N I
— 5
1l &
- =
g .
777777777777777777777 8 Vsymmma] .-
2,5 = M S
_____________________ e Veymminl . -

2,0 —Vean gdommaxy- <=

1,5

1,0+

- VEAN_L(dom MIN)
0,5 —

b) Voltage range of Vi, |, dominant while PMA is in SIC mede, when V,\ g varies from minimum to
maximum voltage level (45 Q to 65 Q-differential load condition)

Key

1 range of Vi, y dominant

2 Fange of V,y |, dominant

Vhise lifferential voltage between CAN_H and GAN_L wires

Veann  pingle-ended voltage on CAN_H wire
Vean L bingle-ended voltage on CAN_L wire

Figure A.1 — Voltage rangejof V.,y y and V¢, | during dominant state while PMA is in SIC
mode,(when Viay 1) Veanaie.@and Vee vary from minimum to maximum voltage level (45 Q to 65 Q
) g differential load condition)
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50—+

4,5 ——

4,0 /=

3,5

S~ VSYM_max

VeAN_HO max ™ ~~.

VCAN_LO_max L

a) Voltag
and Vc

VCAN H1 min

0,5 —

1,0 —_--

VsyM_min~ < _

e range of VCAN_LO and VCAN_L1 while PMA is in FAST TX mode, when VCAN_HO,
c vary from minimum to maximum-voltage level (45 Q to 60 Q differential load co

CAN_H1,
ition)
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50— : _

VCAN_Hl_max: -

4,0 —— L

=~ VSYM max - -
T ~ - VDiffl_max s
VeaN 11 max ™ ~~ - . -

35

30

2,5 —=

2,0

1,5

- - VsyM_min~  _

1,0 — -~ PR ~

b) Voltage range of V¢ yo and Vg gy while PMA is in FAST TX mode, when Vay 10, Vean 14

,and Vcc

vary from minimum to maximum voltage level (45 Q to 60 Q differential load conditi¢n)

Key

1 Fange of Viay  level 0

2 range of Vi y level 1

3 range of Vay |, level 0

4 range of Vay | level 1

Vbito Hifferential voltage between CAN_H and CAN_L wires, level _0
Vbife1 lifferential voltage betweenCAN_H and CAN_L wires, level _1

Veanno  pingle-ended voltage ©a CAN_H wire, level 0
Vean 1 pingle-ended voltageon CAN_H wire, level 1
Vean Lo pingle-ended yoltage on CAN_L wire, level 0
Vean 11 pingle-endedivoltage on CAN_L wire, level 1

Figure A.2 — Voltage range of VCAN_L and VCAN_H while PMA is in FAST TX mode

A.2.3 PMA driver output current in FAST TX mode

Table A.5 specifies the PMA driver output current in FAST TX mode.
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Table A.5 — PMA driver output current in FAST TX mode

Val .
Parameter? Notation alue (max.) Condition
[mA]
Absolute current on CAN_H Ican 1 115 -3V<Vean ys+18V
Absolute current on CAN_L Ican 1, 115 -3V < Vepy L S+18V

a2 Measurement setup according to Figure 2 with either V. y y or Viay | enforced to voltage levels as mentioned in the
conditions by connection to an external voltage source.

R, > 1010 Q (not present)
C; = 0 pF (not present)
C, = 0 pF (not present)

Crxp =|0 pF (not present)

A.2.4 Static receiver input characteristics, voltage biasing active, FAST RX mode or FAST [TX mode

The receiyer uses the transmitter output signals CAN_H and CAN_L as differential input! Table A.§ specifies
the PMA static parameter input characteristics, voltage biasing active, FAST RX niode, and FAST| TX mode
parameteyrs. This applies to the PMA implementation, when it is in FAST TX mode'or FAST RX mod¢q. The V¢
differentipl input voltage ranges represent level_0 respectively level_1.

Table A.6 — PMA static receiver input characteristics, voltage biasing active, FAST RX mpde or

FAST TX mode
. Valtie .
Parameter? Notation - Condition
Min. [V]>r| Max. [V]

Level 0 state differential input voltage Vbife +070 +8,0

range -12,0V < Vean|Ls
Level_1 stpte differential input voltage Vhife -8,0 =01 Vean n s +12,0V
range

a  Measufement setup according to Figure 2:
R > 1('° Q (not present)
C; = 0 pF (not present)
C, = 0 pF (not present)

Crxp =|0 pF (not present)

Figure A.3 illustrates Table A.6.
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Vean n

V
12V X  VCcAN L

A .
D
\/)/ ]
RE %4 i
b7
N
+1V
| '1;1V | 'ng ] [ [ [ [ A 1x1V\
T 1 1 [ R R L Ot T
-12V 10V -8V-7V-6V-5V-4\/-3V-2V— 1y 2V 3V 4V 5V 6V 778V 9V 10V 12V Vean L
—+-2V
+-3V
+-4V 94
+-5V

-7V
-8V
+ -9V
10V
H-11v
- T-12v
1
Key
1 range of Viay 1. RXD'= 0
2 range of VCAN_]_I RXD =1
Viite = Vead 1 - Vean . differential Vt;ltage between CAN_H and CAN_L wires
Vean H I 7 single‘ehded voltage on CAN_H wire
Vean L sifngle=ended voltage on CAN_L wire

Figure A]3 — PMA static receiver input characteristics, voltage biasing active, PMA in FAST RX mode
or FAST TX mode (condition -12,0 V < VCAN_L, VCAN_H <+12,0V,+4,75V < Vcc < +5,25Y)

A.2.5 Out-of-bounds (00B) comparator

The OOB comparator uses the signals CAN_H and CAN_L as differential input. Figure A.4 specifies how the
OOB and the comparator signals are linked with the RXD in SIC mode. The “&” (AND) gate is illustrating the
logical function, how the OOB signal is merged into the RXD line for the CAN XL use case with FAST level
schemes when the PMA implementation is in SIC mode as a receiving node.
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Comp
Comp 1 CANH
RXD ——[ &

OOB o—1] CAN_L

0O0B

A
LCVC‘I G LUVC} G
900 mV ;
500 mV

v

\ /250 mV
. -450 mV /
Level 1

Comp
00B

A4

v

to0B_LOW(RxD)
< >

Figure A.4 — OOB and comparator signals when RXD is in SIC mode

Table A.7|specifies the OOB high state and OOB low state differential input voltage ranges, wher] the PMA
implemerftation is in SIC mode and voltage biasing is active.

Table A.7 — PMA static OOB input characteristics (voltage biasing active; SIC mode

. Value .
Parameter2 Notation - Condition|
Min. [V] Max. [V]
Low state|differential input voltage range Vbife -8,0 -0,45
High statq differential input-yoltage range Vbt -0,25 +8,0 - i

a2 Measufement setup according to Figure 2:
R, > 1010 Q (not preSent)
C; = 0 pF (not present)
C, = 0 pF (not\present)

Crxp =|0 pF (not present)

Figure A.5 illustrates the PMA static comparator receiver input characteristics (voltage biasing active, SIC
mode). Figure A.6 illustrates the PMA static OOB receiver input characteristics (voltage biasing active, SIC
mode). Figure A.7 illutrates the PMA static comparator and the OOB receiver input characteristics (voltage
biasing active; SIC mode).
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1

2

Vit = Vea
Veann
Vean_L

Figur

ISO 11898-2:2024(en)

Veann
+ +12V
+ +11V
-+ +10V,
+9V +

+8V
+7V
+6V
+5V
+4V

Vean n - Vean 1= 500 mV
» VeanL

.

W

-11v. -9V
[

+ +3V

L Lo N

| | | ]Tlv|

T
-12V -10V

' ABV-7V-6V-5V-4V -3V -2

4
VCAN,L

_H "~ VCAN_L

--12V

range of V¢,y yp, RXD=)0
range of V¢,y , €oniparator output = 1

differential voltage between CAN_H and CAN_L wires

single-ended'voltage on CAN_H wire
singlezended voltage on CAN_L wire

LR
8V 9V 10V 12V Veant

b A.5 — PMAUstatic comparator receiver input characteristics (voltage biasing actiy
mode; 'conditions: -12,0 V< V¢py 1, Vean g < +12,0V, 44,75 V<V < +5,25V)

c=

re; SIC
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Vean n

- +12V

 Veanw

Veann - Vean 1= -250mV

| | | | | | | | |
|
7/ AL N N N N UL
/JV 2V 3V 4V 5V 6V 7¥/8V 9V 10V 12V Vo

Vet --12V.
Key
1 range of V¢,y y, OOB-output = 1
2 range of V¢,y yy, OOBOutput =0
Vpite = VeaN n - Vean L differential voltage between CAN_H and CAN_L wires
Vean single-endéd,voltage on CAN_H wire
Vean L single-énded voltage on CAN_L wire

Figure A.6 — PMAstatic OOB receiver input characteristics (voltage biasing active; SIC mode;
conditions: -12,0 V< Vepy 1, Vean g < +12,0V, +4,75 V<V, < +5,25 V)

cCc—
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+9V

Veann

- +12V
- +11V
- +10
+8V
- +7V
- +6V
- +5V

Veann - Vean 1= 500mV

 VeanL

-11v. -9V
[

11V

|
-13

VCAN_/L'
Key
1
2
Vbite = Vean
Vean
Vean.L

Figure A

—
vV -10V

_H -~ VCAN_L

range of Vg y, RXD 50

range of Vg, 1, RXD'= 1
differential voltage between CAN_H and CAN_L wires
single-ended voltage on CAN_H wire

7\ } } I I I | I I I
/"y 2V 3V 4V 5V 6V 7BV 9V 10V 12V

--10V
--11V
--12V

o

single-ended voltage on CAN_L wire

VCA N_L

Veann- Vean 1= -250mV

.7 — PMA stati¢c comparator and OOB receiver input characteristics, voltage biasing active,
SIC mode{condition -12,0 V< Vgay 1, Vean < +12,0V, 44,75 V<V <

A.2.6 TKDdnput signal characteristic (normal-power mode)

+5,25V)

: 1 —] + e 1111 h EE. DBAAA 1 PR 1 L DNLA - 1
The TXD SISHAIIIIPUU LIIdl dCLETISUIU SII4ll DT dpPpPIICU LU T'IVIA HITPICIHICIILAUOILS Ullly 11N T IVIA THHTPICIT

entations

provide this input signal as a physically available signal. Figure A.8 specifies the TXD input circuitry.

The TXD input of the PMA implementation shall provide a symmetrical input impedance, which follows the
input voltage level through a repeater functionality in normal-power mode. In case the TXD input level rises
above the threshold Virxpyrhresn @s specified Table A.8, a pull-up behaviour towards the interface supply
rail Vo shall become active. In case the TXD input level falls below the threshold Virxpyrhresh @s specified
in Table A.8, a pull-down behaviour towards GND shall become active. V|5 may be equal to V.. and shall

be assigned to the interface supply rail of the connected driving device (e.g. the CAN protocol controller
that implements the DLL). The PMA implementation shall have an input impedance as specified in Table A.8.
Furthermore, the input impedance shall meet the requirement specified in Table A.8.
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Vio (3 *
4——————————————1
|
R(rxpypu t:‘
L
TXDL TXD_Internal
R(rxp)pD
fQ __ Vmoymen = _
6NDH ®
Figure A.8 — TXD input circuitry
Table A.8 — PMA TXD input characteristics
. Value
Parameter Notation - Remark
Min. Max.
TXD inpuf threshold volt- | Virxpyrhresh 0,95 (V,o/2) V 1,05 (V,o/2)V  |Within V|, specification|range
age In this range the detection chang-
es from low to high or v]ce versa.
TXD inpuf low voltage Virxp)Low GND V(tXD)Thresh_min | Within Viq specificationjrange
range In this range the TXD input level
is detected as low. The rhin value
can be below GND in acqordance
with the PMA implemenjtations.
TXD inpuf high voltage Virxp)High Virxp)Thiesh_max Vio Within V|, specificationrange
range In this range the TXD input level
is detected as high. The max
value can be above V;, in accord-
ance with the PMA implpmenta-
tions.
Pull-up anjd pull-down Rirxbypu 20 kQ 80 kQ Within V| specification|range
impedancp RiX5)pp
Pull-up ard pull-down MR (TXD) -0,05 +0,05 Within V|, specification|range
impedance matching 2
2 The mgtching shall bécalculated as mp 1y = 2 * (Rirxpypy = Rerxpyen) / (Rerxpypu + Rerxpyen)-
A.3 Dypamicparameter
A.3.1 PMA-driversymmetryFASTTFXmede

In order to achieve a level of the RF emission that is acceptably low, the transmitter shall meet the driver
signal symmetry in SIC mode and in FAST TX mode as specified in Table A.9.
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Table A.9 — PMA driver symmetry

. Value P
Parameter2 Notation -
Min. Max.
Driver symmetry? Viym 0,95 1,05

2 Veym = Veann * Vean 1)/ Vreeo
Vyec = VeaN Horec ¥ VeAN L rec
b Measurement setup according to Figure 2:
Load condition in SIC mode: 45 Q<R <650
Load condition in FAST RX mode or FAST TX mode: 45 Q< R <60 Q

A3.2 P

In SIC m
Table A.1
asserted.

A33 T

The timir
at the RX
between
Table A.1
Mode. Tal

For the imipedance specification see-Table 9.

For meas
Figure A.
the PMA
timing dig
in the tra
detection

€y =4,7nkF (tolerance = £ 5%)]

C, = 0 pF (not present)

Crxp = 0 pF (not present)

MA transmit timeout SIC mode

de the PMA implementation shall limit the duration of dominant transmission as sp
), in order to prevent a permanent dominant clamping condition when the TXD input s per

Table A.10 — PMA transmit timeout

Value

Parameter Notation \
Min. [ms] | Max. [ms]

Transmit dominant timeout tdom 0,80 6,0

ransmitter, receiver and OOB timing behaviour

g parameters specified in Table A.11, Table A.12, Table A.13, and Table A.14 shall be
D output and the TXD input of thePMA implementation as well as on the differenti
CAN_H and CAN_L. Table A.11 spegifies the loop delay requirement for SIC mode. Table
B specify the data signal timing.requirements during SIC mode and during FAST RX of
le A.14 specifies the propagation delay symmetry requirements during mode transition

iring the timing in-the signal traces, Figure A.9 specifies the timing diagram during

DOB implementation timing diagram during SIC mode and PWM driven; Figure A.12 illus
igram in the‘transition from SIC mode to FAST TX mode; Figure A.13 illustrates the timin
hsition from FAST TX mode to SIC mode; Figure A.14 illustrates the SIC mode time aftet

Figure-A15 illustrates the propagation delay symmetry in the mode transition.

ecified in
manently

measured
hl voltage
A.12 and
FAST TX

5IC mode;

|0 illustrates the-timing diagram during FAST TX mode and PWM driven; Figure A.11 {llustrates

trates the
b diagram
FAST RX
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Figure A.9 — PMA implementation timing diagram, during SIC mode
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a) Overview timing diagram in FAST TX mode
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Figure A.10 — PMA implementation timing diagram, during FAST TX mode, PWM driven

b) Symmetry of level_1 timing diagram in FAST TX mode
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The delay from TXD to the CAN_H and CAN_L in FAST TX Mode as shown in Figure A.10 a) shall be measured
from the rising TXD edge of the PWM symbol forcing the according level change on CAN_H and CAN_L.

547 tSymbolNom"‘;{itSymbolNom }“%{ tSymbolNom 4}5
: Logical 0 i Logical 1 i} Logical 0

TXD : g i

Level 0 \ / Level 0 \
Vit
>

\ =250 m\f I- \

-450 mV \
'\' Level 1 / Lpvel 1

00B 50 %\}\ 150 % \_

H—tOOBfLOW(RXD)—H

Figure A.11 — PMA 0OB implementation timing diagram, during SIC mode, PWM drivyen

NOTE Figure A.11 illustrates the timing behaviour on RXD of a receive node in SIC mode while another node is
sending in| FAST TX mode. Eventually, the OOB comparator output signal is not physically available to the|outside of
a transceiyer. Therefore, Figure A.11 illustrates the transceiver internal OOB signal and how it is reflectled later in
length on fhe RXD pin of a receiving node in SIC mode.

tSymbolNom

Level® Level 0

TXD _/E\ /50% \ /_50%

tProp(BusDom-BusLevelO)_>

S
&
g
o
=3
z
=)
3

Dominant
AV \‘ _____ ¢08 dVp;

VDiff Level 0

=

>

Figure A.12 — PMA‘implementation timing diagram, transition SIC mode to FAST TX mode, PWM driven
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Figure A.13 — PMA implementation timing diagram, transition FAST TX mode to SIC mode, PWM driven
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Figufre A.14 — PMA implementation timing diagram, SIC mode time after FAST RX dete¢tion

Table’'A.11 — PMA implementation loop delay requirement for SIC mode

Value

Parameter? Notation

Min. [ns]

May. [ns]

Loop delay? tLoop

not defined

190

the maximum delay of both signal edges is to be considered.
b Measurement setup according to Figure 2:

450<R; <650

C; = 0 pF (not present)

C, =100 pF (tolerance < + 1 %)

Crxp = 15 pF (tolerance < + 1 %)

a Time span from signal edge on TXD input to the corresponding signal edge with the same polarity on RXD output;
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Table A.12 — PMA implementation data signal timing requirements, during SIC mode

Value
Parameter2 Notation Min. Max. Remark
[ns] [ns]
Signal improvement tsic +300 +530 Time from rising edge of the TXD signal to the
time end of the signal improvement phase
Transmitted bit width tABit(Bus) -10 +10 Bus recessive bit length variation relative to
variation TXD bit length, see Figure A.9
EaBit(Bus) = CBit(Bus) - {Bit(TXD)
Received bit width EABit(RXD) -30 +20 RXD recessive bit length variation relative to
variation TXPbidensthsee FistureAS
EaBit(RXD) = EBit(RXD) ~ LBit(TXD)
Receiver fiming sym- tAREC -20 +15 RXD recessive bit length variation.relafive to
metry bus bit length, see Figure A.9
taREC = UBit(RXD) ~ LBit(Bus)
Propagatipn delay Eprop(TXD-BusDom) | Notde- +80 See Figure A9
from TXD]logical 0 to fined
bus dominant
Propagatipn delay tprop(TXD-BusRed) not de- +80 See Figure A.9
from TXDllogical 1 to fined
bus recesgive
Propagatipn delay of tprop(BusDom-rxD) | notde- +110  |See Figure A.9
the receiver from bus fined
to RXD logical 0
Propagatipn delay of tprop(BusRec-RXD) not de- +110  |See Figure A.9
the receiver from bus fined
to RXD logical 1
RXD low gulse width t00B_LOW (RXD) +30 Hot de- | tgi(rxp) = 100 ns
during faqt data fined |see Figure A.11
trafficb, af the bit rate
10 Mbit/s
RXD low gulse width t00B_LOW (RXD) #15 notde- | tgj(rxp) = 50 ns
during faqt data fined |see Figure A.11
trafficb, af the bit rate
20 Mbit/s
a  Measprement setup according to’Figure 2:
450 KR, <650
C; = ( pF (not present)
C, =100 pF (tolerance = +1 %)
Crxp F 15 pF (tolerance < + 1 %)
Measprementacdording to Figure A.9:
The ipput sighal on TXD shall have rising times (10 % to 90 %) and fall times (90 % to 10 %) of less thdn 10 ns
with h =/h\to 5.
b Measured fhrnngh EAST TX made cpnr‘]ing with assaciated data bit rate while accessing the QQR comphrator

through a dedicated test mode (semiconductor-manufacturer specific).
Measurement setup according to Figure 2 for FAST TX mode:

4,75V < V<525V

450 <R <600

C,=0pF
C,=25pF
Crxp = 15 pF
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Table A.13 — PMA implementation data signal timing requirements, during FAST RX mode or

FAST TX mode
Min. Max.
Parameter? Notation n ax Remark
[ns] [ns]

Signal improvement tsic_data not de- +775  |Time from rising edge of TXD symbol to the end
time in FAST TX Mode fined of the signal improvement phase, see Figure A.13
SIC mode time after ts1c Fast RXD Dis not de- +80 Time starting with the second falling edge that is
FAST RX detection S fined used for PWM detection see Figure A.14
Transmitted EABit(Bus)Levell -5 +5 Bus level_1 bit length variation relative to TXD
level_1 bit width tBit_data l€Ngth, see Figure A.10 b)
variation in FAST TX PPN DRI 2 dull A
Mode [ T T #H{Busbereh T itBugeve— e
Received Jogical 1 bit |  t5gii(rxD)Logicall -10 +10 RXD logical 1 bit length variationcrelatiye to TXD
width varjation in tBit_data l€Ngth, see Figure A.10 b)
FAST TX Mode EaBit(RxD)Logical1 = tBit(RXD)Logicalt =~ K ™ tpkt data
Logical 1 feceiver EAREC_Logicall -5 +5 RXD logical 1 bit length vaxiation relatiye to bus
timing symmetry in level_1 bit length, see Eigiire A.10 b)
FAST RX Nlode EAREC Logicall = LBigRXD)Logicall ~ Eit(Bus)Lével1
Propagatipn delay tprop(BusDom-BusLev- | NOt de- +80 See Figure A.12
from modp change to el0) fined
bus level D
Propagatipn delay tprop(BusLevelo-Rec) | NOtde- +325  |See Figure A.13
from modp change to fined
bus recesgive in FAST
TX and FAST RX Mode
Propagatipn delay tprop(TXD-BusLevelo) | DOt de- +80 See Figure A.10 a)
from TXD]logical 0 to fined
bus level _p
Propagatipn delay Eprop(TXD-BusLevel1) | DOt de- +80 See Figure A.10 a)
from TXD|logical 1 to fined
bus level [l
Propagatipn delay tprop(BusLevelo-RXD) | Aotde- +110  |See Figure A.10 a)
from bus level _0 to fined
RXD logichl 0
Propagatipn delay tprop(BusLevenRxby | notde- +110  |See Figure A.10 a)
from bus level _1 to fined
RXD logichl 1
Fall time ¥p;¢ tatstall +6 +20 See Figure A.10 a)
Rise time [Vp;¢ tRusrise +6 +20 See Figure A.10 a)
a  Measfyirement setupaccording to Figure 2:

45 Q£ R; <6080

C; = O pF (netpresent)

C, =25 pF\(tolerance < + 1 %)

CRXD E 15 pE [‘rnlpmnrp < +194)
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Table A.14 — PMA implementation propagation delay symmetry requirements, during mode

transition
Min. Max.
Parameter? Notation [nl; [r?s}]( Remark
Transmitter propagation tABit(Bus)ADS/DAS -30 +30 see Figure A.15
delay symmetry ADS/DAS CABit(Bus)ADS/DAS = Prop(TXD-BusDom) ~
tprop(TXD-BusLevel0)
Receiver propagation delay EABit(RXD)ADS/DAS =20 +20 see Figure A.15
symmetry ADS/DAS EABit(RXD)ADS/DAS = LProp(BusDom-RXD) ~
Prop(BusLevel0-RXD)

a Measurement setup-according to Figure 2.
4,75V < Ve <5,25V
45 QKR <£60Q

C;=0pF
CZ=;5pF
CrxpF 15 pF
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Figure A.15 — PMA implementation propagation delay symmetry

A.3.4 PMA mode selection and decoding

The PMA mode selection shall be available through a PWM-coded TXD input signal. Similar edges of the

TXD signal with a period time of shorter than tgy,;,51nom Shall switch the mode of the PMA towards FAST RX
mode or FAST TX mode.

Consecutfve TXD signal period times (logical 0 or logical 1) longer than tg ¢ 1,5c during FAST RX mode or

FAST TX mode shall switch the mode of the PMA towards the SIC mode.
The PMA phall provide the following behaviours:
1) FAST|TX mode (for the sending node);
2) FAST|RX mode (for all receiving nodes).
The PMA|shall distinguish the required behaviour based on the last received bit level on pin TXD without
PWM encpding. FAST TX mode shall be preselected, if there is a consecutive logical 0 on pin TXI[] detected
for tg. et FAST RX shall be preselected, if there is a consecutive logical’l on pin TXD detected [for tggect-
Based on|the preselected mode the PMA shall execute the mode transition with the first deteqted PWM
symbol. Tlable A.15 specifies the timing requirements of the PMA<mode selection. Figure A.16 spécifies the
PMA modg selection through PWM symbols.
Table A.15 — PMA mode selection timing requirements
Min. .
Parameter Notation n Max Remark
[ns] [ns]
PWM sympbol acceptance | = &g, poiNom 45 205 Time between two rising edges on TYD if FAST
length? TX mode is preselected.
Time between two falling edges on TXD if FAST
RX mode is preselected.
PMA implementations can support shjorter
tsymbolNom PEr'iods than 45 ns.
FAST to S]C mode ErastTosIC 210 245 Time after last symbol edge on TXD
switching|time 2
PWM ratip detected as Hbgical 0_Tx thecode 0,5 * tsymbol- |PWM ratio detected as logical_0 in FAST TX
logical_0 FAST TX o Nom - tDecode |MOde
PWM rati detected a$ trogical 1.Tx | 05 ™ tsymbol- | EsymbolNom - |PWM ratio detected as logical_1 in FAST TX
logical_1 FAST TX o Nom * tDecode|  thDecode  |mode
PWM rati¢ detected tLogical_Rx tpecode tsymbolNom - |PWM ratio detected in FAST RX mods
FAST RX i tpecode
Mode pre'seleetion-time traTeeT 506 986 Consecutivereceivedbitteveltimefor prese-
lection of the required FAST RX mode or FAST
TX mode.
PWM detection resolu- tpecode Not defined 5 Granularity of TXD symbol decoding

tion

a  Upto 205 ns, itreads as PWM-coded signals and starting from 250 ns the signals are NRZ-coded (8 Mbit/s).
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Figure A.16 — Mode selection through PWM

As specified in Figure A.16, if FAST RX mode is preselected, the PMA’shall detect the PWM signal

falling ed
rising edg

The high
Mode to d

In case th
FAST TX

rising edg
with the ¢

The PMA
as specifi

bes on the TXD signal; if FAST TX mode is preselected, the PMA shall detect PWM signalg
es on the TXD signal.

Lo low ratio of consecutive TXD symbols betwgen two rising edges shall be used during
istinguish between level_0 and level_1.

mode outputs a level 1 signal with the'detected rising edge. In case the TXD signal bet
es is logical 0 for more than 50 %.0f £g, 1\ oinom: the PMA in FAST TX mode outputs a levg
letected rising edge.

thall detect and decode PWMsymbols from the TXD signal with a PWM detection resolut
bd in Table A.15. Figure A.17Z specifies the worst-cases how to decode the PWM symbols cq

FAST TX node is preselected or.during FAST TX mode a PWM duration between tp,.,4. and 0,5 x

- Ipecode S
TX mode

be detect
preselect
detected

PWM syn

shall be detected as-ogical 0 and cause a level_0 on the bus as specified in Figure A. 1 d
is preselected or.dutring FAST TX mode a PWM duration between 0,5 x tg, v oiNom -
bd as logical 1 and cause a level_1 on the bus as specified in Figure A.17 g) If FAST R
ed or during(FAST RX mode a PWM duration between tpecqe and tsympoiNom = tecodp

hs valid symbol as specified in Figure A.17 c). The PWM symbol has no loglcal value, be

based on
based on

F FAST TX

e TXD signal between two rising edges-is logical 1 for more than 50 % of tg,\,oinom the PMA in

veen two
1_0 signal

on tDecode
rrectly. If

SymbolNom
). If FAST
Dhcode Shall
K mode is

shall be
cause any

1bol is allowed for the receiving node.
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a) Transmitting PMA worst-case level_0 PWM symbol to be decoded
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Figure A.18 — Wake-up pattern

The finite state machine in Figure A.18 specifies the voltage wake-up behaviour for all operation modes.

When entering state A, the optional timer ty,. shall be reset and restarted.

Table A.16 specifies the voltage wake-up control timings. Figure A.19 illustrates the test signal definition
for bus wake-up reaction time measurement. Figure A.20 illustrates the test signal definition for extended
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