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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 1SO
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
Inte

Inte

The|
ado

Intefnational Standard requires approval by at least 75 % of the member bodies ¢asting a vote.
Attention is drawn to the possibility that some of the elements of this document may be the subje
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO[17458-4 was prepared by Technical Committee 1SO/TC'22, Road vehicles, Subcomm
Elegtrical and electronic equipment.

ISO| 17458 consists of the following parts, under the gengral title Road vehicles — FlexRay com
system:

governmental, n_fialson with 150, also [@ake part i the WOrk. IS0 colfaborates close
‘national Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft nternationa

Part 1: General information and use case defifiition
Part 2: Data link layer specification

Part 3: Data link layer conformance test specification
Part 4: Electrical physical layer specification

Part 5: Electrical physicaMHayer conformance test specification

y with the

'national Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies for Woting. Public@tion as an

ct of patent

ittee SC 3,

nunications
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Introduction

The FlexRay communications system is an automotive focused high speed network and was developed with
several main objectives which were defined beyond the capabilities of established standardized bus systems
like CAN and some other proprietary bus systems. Some of the basic characteristics of the FlexRay protocol
are synchronous and asynchronous frame transfer, guaranteed frame latency and jitter during synchronous

transfer, pr
time synchr

The FlexR4
communical

A mesj
Synchr
Start-u
Error nj
Wakeu

Since start
FlexRay co

The ISO 17
an in-vehicl

This part of
link.

To achieve
ISO/IEC 74
mapped on
Diagno

Presen

Sessio

oritZation of frames during asynchronous wansier, single or multi-master Clock synchroniza
pnization across multiple networks, error detection and signalling, and scalable fault tolerance.

fion infrastructure for future generation high-speed control applications in vehicles by-providing
age exchange service that provides deterministic cycle based message transport;

pnization service that provides a common time base to all nodes;

h service that provides an autonomous start-up procedure;

anagement service that provides error handling and error signalling;

p service that addresses the power management needst

pf development the automotive industry world-widé.supported the specification development.
mmunications system has been successfully implemented in production vehicles today.

158 series specifies the use cases, the communication protocol and physical layer requiremen
e communication network called "FlexRay‘€¢ommunications system"”.

ISO 17458 has been established in grder to define the electrical physical layer of the FlexRay

this, it is based on the Open’ Systems Interconnection (OSI) Basic Reference Model specifie
D8-1 and ISO/IEC 10731/ which structures communication systems into seven layers. W

Stic services (layer-7), specified in 1ISO 14229-1 [7], 1ISO 14229-4 [9];
tation layer, (layer 6), vehicle manufacturer specific;

N layerservices (layer 5), specified in 1ISO 14229-2 [8];

this model, the protocel.and physical layer requirements specified by 1ISO 17458 are broken into:

on,

y communications system is defined for advanced automotive control applications. It 'sefves as a

The

s of

Hata

d in
hen

HA—) 106912 .
LILIL \vAvie) z

Trans

Networ

in accordan

Vi

lovar-car Laoviar 4\ _cn Fiad 1]
Iy CT SCTVICCS (TAYy CT =/, SPCTTCUTITT ES )

k layer services (layer 3), specified in ISO 10681-2 [1];

Data link layer (layer 2), specified in ISO 17458-2, ISO 17458-3;

Physical layer (layer 1), specified in ISO 17458-4, ISO 17458-5;

ce with Table 1.
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Table 1 — FlexRay communications system specifications applicable to the OSl layers

Vehicle manufacturer enhanced

Applicability OSI 7 layers FlexRay communications system diagnostics
Application (layer 7) vehicle manufacturer specific ISO 14229-1, ISO 14229-4
Presentation (layer 6) vehicle manufacturer specific vehicle manufacturer specific
Seven layer
according to Session (layer 5) vehicle manufacturer specific ISO 14229-2
SO 7498-1 Transport (layer 4) vehicle manufacturer specific
and : — ISO 10681-2
ISO/IEC vehicle manufacturer specific

10731

Network (layer 3)

Data link (layer 2)

ISO 17458-2, ISO 17458-3

Physical (layer 1)

ISO 17458-4, 1SO 17458-5

Tabje 1 shows ISO 17458 Parts 2 — 5 being the common standards for the OSI layers)I'and 2 for {he FlexRay

communications system and the vehicle manufacturer enhanced diagnostics.

The| FlexRay communications system column shows vehicle manufacturer. specific definitions fon OSI layers

3-V.

The| vehicle manufacturer enhanced diagnostics column shows(/application layer services govered by
ISO|14229-4 which have been defined in compliance with diagnostic services established in 1ISO 1j4229-1, but
are ot limited to use only with them. ISO 14229-4 is also compatible with most diagnostic serviceg defined in
natipnal standards or vehicle manufacturer's specifications:” The presentation layer is defiped vehicle
manufacturer specific. The session layer services are covered by 1SO 14229-2. The transport grotocol and
network layer services are specified in ISO 10681.

© I1SO 2013 - All rights reserved
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Electrical physical layer specification

1
This
The|
10
Sig
vari
topd

This
doc

The
refe]
doc

ISO
defi

ISO

3

3.1

For
folld

3.1

htions range from point-to-point connections via linear passive busses and passive stars up tdg

imentation of basic functionality for bus driver (BD) and active‘star (AS) devices.

Scope

part of ISO 17458 specifies the electrical physical layer for FlexRay communications;systems.
electrical physical layer for FlexRay is designed for time-triggered networks) with data-
bit/s to connect automotive electronic control units (ECUs). The mediunmithat is used is
alling on the bus is accomplished by asserting a differential voltage between those wires

logies.

part of ISO 17458 includes the definition of electrical characteristics of the transmission its

Normative references

following referenced documents are indispensable for the application of this document,
fences, only the edition cited applies. Fori:uAdated references, the latest edition of the
iment (including any amendments) applies.

ates up to
dual wires.
5. Topology
active star

plf and also

For dated
referenced

17458-1, Road vehicles — FlexRay.communications system — Part 1: General information apd use case

hition

17458-2, Road vehicles — FlexXRay communications system — Part 2: Data link layer specific

Terms, definitions; symbols and abbreviated terms

Terms and definitions

htion

the purpeses of this document, the terms and definitions given in ISO 17458-1, 1SO 17458-2 and the

wing apply.

il

alternating current busload
AC busload
equivalent circuit of a passive star from transmitting view of the bus driver

3.1.2
active elements
components which work with power supply and amplifiers

3.1.3

active star network

AS network

all point-to-point connections plugged to an AS

© I1SO 2013 - All rights reserved
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3.1.4
activity

See "bus state"

NOTE

3.1.5
Activity

activity distinguishes two states: Data_0 and Data_1.

signal to the Central_Logic when this communication path is not idle(see also NoActivity)

3.1.6

asymmetric delay budget

maximum b

NOTE I
implementati
error. If the 4
bit values.

3.1.7
asymmetri
bit-deformal

EXAMPLE
A data steanf

The single 1
The BD pasd
The single 1
In this case

3.1.8

bus driver
BD-BD-inte
consideratig

NOTE L
e.g. a passiv

3.1.9
bus guardi
BGE
input pin of

Il-detormation In the time domain

is derived from the specified synchronization and sampling procedure and the properties) of
pn. When transmitting a FlexRay data stream the receiving CC must be able to detect the data Without
symmetric delay of the data stream is higher than the asymmetric delay budget, the decoder'samples f

C delay
ion in the time domain when passing a data stream e.g. via a BD

is applied to the BD"s input TxD: ...00100

at the centre shall have a length of 100 ns

es the data stream to its output BP and BM.

Imay be shortened or lengthened a little bit to e.g. 102 ns
he asymmetric delay has to be determined to 2 ns.

- bus driver interface

rface

n of all involved effects of the timing of each BD/AS

he timing is specified based on.measurement set-ups easy to be used. When connecting two BDs/ASS
b star) the resulting delays are(natequal to twice the specified values.

AN enable

the BD that allows deactivating the bus output stage of the BD

3.1.10
bias volta

e

voltage soufceAvith high output impedance

their
any

aulty

(via

3.1.11

bus minus
BM
bidirectiona

3.1.12

bus plus
BP
bidirectiona

3.1.13
branch
component

| pin of the BD/AS to allow the BD/AS the access to the bus.

| pin of the BD/AS to allow the BD/AS the access to the bus.

within active star topologies

© I1SO 2013 - All rights reserved
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NOTE A branch can be built of a point-to-point connection, a linear bus or a passive star.
3.1.14

byte start sequence

BSS

pre-defined sequence of two bits (logical: 10) which is sent in front of each byte

3.1.15

bus guardian

BG

component which allows the node only to transmit during the pre-defined timing slots
3.1.116

bus|state

statps of the bus FlexRay communication

NOTE Several different states are visible due to the operating modes of the FlexRay system.
EXAMPLE

idle:|there is no communication on the bus. Approximately 0 V differential voltage is measurable.
actiity: there is an on-going communication on the bus. Approximately £600 mV up to £1 000 mV different
measurable, etc.

3.1..7

casfade

topqlogy character

NOTE If a topology uses more than 1 AS the wording "cascaded ASs" is used.

3.1.118

common mode

modg

EXA

com
com

3.1.
co
bra

3.1.
con
con

NOT

e in which two test points are handled simultaneously against ground
MPLE

mon mode input impedance of the-BD’s bus pins BP and BM to ground.
mon mode voltage on the bus:\%'(uBP + uBM)

19
munication path
ches CC interface-and Intra Star Interface

DO
nection“network
ponents-like CMC, termination resistors, ESD protection circuits, lines on the PCB, connectors

E When implementing a FlexRay system each BD/AS has to be plugged to a FlexRay cal

jal voltage is

etc

le via these

components.

3.1.21
Data 0

bus-state "activity

where a logical 0 is transmitted

3.1.22
Data_1

bus-state "activity

where a logical 1 is transmitted.

© I1SO 2013 - All rights reserved
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3.1.23
differential

mode

mode in which two test points are handled against each other

EXAMPLE
differential m

differential m
differential m

3.1.24

ode input impedance of the BD’s bus pins BP and BM to ground.
ode voltage on the bus: (uUBP - uBM).
ode impedance of the FlexRay cable

dummy log
summary o
ups

EXAMPLE

dummy load
dummy load

3.1.25
eye-diagral
diagram thg

NOTE L
3.1.26
frame end
FES

bit sequenc

NOTE
in the worst
BSS + 1 bytq

1

3.1.27
functional
grouping of

NOTE T
chance on th

3.1.28
generic bu
simulation 1

NOTE L
stage, a tran

d
loads that can be applied to components which are specified by easy-to-use measurement

at BP and BM: 40 Q || 100 pF.
At RxD: 15 pF

m
t is visible when overlying edge synchronized measured bus signals

he shape of the eye allows specifying the bus-signals.

sequence
P that consists of two bits (01) and is sent at the;end of each FlexRay data frame

he asymmetric delay budget is based on the end of a data frame:
ase up to 10 consecutive identical bits can be seen.
+ FES =10 00000000 01

class
various features that are implemented together

set-

he BD/AS offers various.technical features. To keep the resulting products testable and to offer them a good

e market it is required.to/implement various features only together.
5 driver
hodel which is derived from the specification directly

he/knowledge about real implementations is taken into consideration. The generic BD supports a rec
britter stage and optionally the AS routing behaviour.

biver

3.1.29
idle

see "bus state".
Idle distinguishes 3 bus biasing states:

idle while al
idle while al

I nodes are neither un-powered nor in a low power mode, thus all nodes are biasing the bus.
I nodes are either un-powered or in a low power, thus none of the nodes is biasing the bus.

idle while some nodes are biasing the bus and others not.

3.1.30
leg

passive network that is involved in the calculation of timing budget

© I1SO 2013 - All rights reserved
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networks. Each of these passive networks is named leg.

3.1.31
linear passive bus
FlexRay bus that consists of 2 terminated FlexRay nodes with one cable between

A topology is interpreted as a single path from a transmitter to a receiver that contains several passive

NOTE Additionally some un-terminated FlexRay nodes are plugged to the cable by splices and short stubs.

3.1.32

monolithic

see[acuve star.

NOTE This term is used to characterize various implementations on an AS. If the AS is monalithic implemented all
spegified components are included in a single device.

3.1.B3

NoActivity

sigrjal to the Central_Logic when this communication path is idle is detected (see\also Activity)

3.1.p4

non-monolithic

chafacter of various implementations on an AS

NOTE This term is used to characterize various implementations‘en an AS. If the AS is non-monolithic jmplemented
all specified components are not included in a single device, two devices are used at least. See "active star".

3.1.B5

NotReceiveActive

communication path signals NotReceiveActive tgsthe Central_Logic when a state is entered |at that the
communication path is idle or is actively transmitting data

3.1.86

parasitic capacity

capfcity that appears although it is not.technically necessary

EXAMPLE

pins|of a device housing generate-a capacity

3.1.B7

pargsitic resistance

resistance that appears although it is not technically necessary

3.1.B8

pasgive fiet

all gossible implementation of AS branches

NOTE This summarizes: point-to-point connections, linear busses and passive stars. They do not include BD/ASs.
3.1.39

pas

sive star network

network consisting of passive stars

3.1.40

phy

sical layer

component that includes all components between TPO and TP5

© I1SO 2013 - All rights reserved
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3.1.41
ReceiveActive

communication path signals ReceiveActive to the Central_Logic when a state is entered at that the incoming

data stream is forwarded to other communication paths

3.1.42

receiver

device or entity that receives an information transfer originated by a transmitter

NOTE A term that is used in various ways based on the context.

EXAMPLE

BD’s input stage from the bus.
FlexRay confmunication element receiving node

3.1.43

receive enable not

RxEN

output pin gt the BD to show the state of the bus
NOTE Two states are distinguished: idle or activity
3.1.44

serial perigheral interface

SPI

synchronously working hardware interface to exchange data among circuits mounted on a PCB
3.1.45

signal integrity

Si

procedures|or requirements to differential bus signdls to guarantee the faultless transmission of Flex

communication elements

3.1.46
signal inte@rity voting
Sl voting
procedure tp determine Sq based on/measured bus signals

3.1.47
specific line delay
propagatior] of a FlexRay sighal per meter of a transmission line in ns/m

3.1.48
splice

any implementation of a connection-point where 3 or more transmission lines are plugged together

Ray

L foi H tata ol Aot
NOTE SPICCTITay CoTTa T aSSTvECOTTTPUTICTIIS O AT g T autatrorT

EXAMPLE

A splice in a linear bus allows to connect a stub to a FlexRay node.

3.1.49

signal quality

Sq

parameter to describe whether the required signal integrity of FlexRay signals on the bus is met
NOTE Pass or fail are the possible results.

6
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3.1.50
stochastic jitter
jitter of data stream edges in the time domain due to e.g. radiation

NOTE The EPL-specification passes its appropriate consideration to the responsible system designer.

3.1.51
stub
component within passive nets

NOTE A stub consists of a single FlexRay cable connected to the centre of a passive star or to a linear bus (short:
plugped o a sprice).
The|stub ends at the BD pins BP and BM within a FlexRay node.

3.1.p2
termination
set-pup of components between a BD and a transmission line

NOTE Mainly they are used to ensure Sl and EMC requirements.
EXAMPLE
Resistors, capacitances, chokes etc.

3.1.p3

termination area (of the cables)
asse¢mbly of FlexRay cables to ECU-connectors that require several procedures which disturb the geometric
integrity of the FlexRay cable:

untwisted, unshielded and unsheathed cable segment.
twisfed but unshielded or unsheathed cable segment:
Both segments together represent the termination area.

3.1.p4
test plane
virtdal or real places to get electrical signals and to determine their properties

NOTE The test planes are located:on the path from a transmitter to a receiver.

3.1.p5

topplogy

nonthierarchical flat geometric structure of the FlexRay system

NOTE A distributed FlexRay system consists of several components like nodes, busses, active and pasdive stars etc.
3.1.p6

test plane>0

TPQ

virtdaldime reference pnin'r that represents the digital output from the prntnrnl machine with a pd rfect timing
according the data link layer specification

3.1.57

test plane 1 flip flop (virtual)

TP1 FFi

transmitting CC's virtual test plane to visualize PLL jitter, clock skew and propagation delay of the flip flop

3.1.58

test plane 1 flip flop

TP1_FF

transmitting CC's internal test plane at ‘Q’ pin of last flip flop before output buffer

© 1SO 2013 — All rights reserved 7
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3.1.59

test plane 1 communication controller
TP1_CC

transmitting CC’s output pin (TxD)

3.1.60

test plane 1 bus driver input

TP1_BD

test plane located at the transmitting BD’s input pin TxD directly

3.1.61

test plane 1 bus driver (virtual)
TP1_BDi
virtual test plane hidden in the transmitting BD’s output of its TxD logical state detection stage

3.1.62
test plane 1
TP1
test plane lgcated at the transmitting BD’s output pins BP and BM

3.1.63
test plane 2
TP2
test plane Igcated at the transmitting ECU connector’s terminals to the witing harness

3.1.64
test plane 8
TP3
test plane Igcated at the receiving ECU connector’s terminals-from the wiring harness

3.1.65
test plane 4
TP4
test plane lgcated at the receiving BD's input pins*BP and BM

3.1.66
test plane 4 bus driver (virtual)
TP4_BDi
virtual test plane hidden in the receiving BD’s output of its differential bus signal logical level detection stag

D

3.1.67
test plane 4 bus driver
TP4 BD
receiving BD’s output.pin (RxD)

3.1.68
test plane 4 ‘eoOmmunication controller

TP4_CC

test plane located at the receiving CC’s input pin RxD

3.1.69

test plane 4 communication controller (virtual)

TP4_CCi

virtual test plane hidden in the receiving CC'’s output of its RxD logical state detection stage

3.1.70

test plane 4 flip flop

TP4_FF

receiving CC'’s internal test plane at ‘D’ pin of first flip flop after input buffer

8 © 1SO 2013 — All rights reserved
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3.1.71

test

plane 4 flip flop (virtual)

TP4_FFi
receiving CC’s virtual test plane to visualize PLL jitter, clock skew and propagation delay of the flip flop

3.1.72

test

plane 5 communication controller

TP5_CC

cloc

k inputto CC

3.1.73

test
TPS5
virty
link

3.1.
test
TP
test

3.1.
test
TP
test

3.1.
test
TP1
test

3.1.
test
TP
test

3.1
tran
Flex

3.1.
tran
TSS
bit s
BD

plane 5

al test plane that represents the input of the decoding algorithm with a perfect timing accordi
layer specification

74

plane 11
1
plane located at the transmitting AS device’s output pins BP and BM

75

plane 12
2
plane located at the transmitting AS ECU connector’s terminals to the wiring harness

76

plane 13
3
plane located at the receiving AS ECU connector’s terminals from the wiring harness

77

plane 14
4
plane located at the receiving AS device’s input pins BP and BM

78
smission line
Ray cable or a line on(a)PCB when their properties to transmit electrical signals are focused

79
smission stant'sequence

equence‘that is sent in front of each FlexRay data frame or CAS/MTS symbol. The TSS is nec
And an AS to detect activity on the bus. A BD and an AS is allowed to shorten or lengthen the T

ng the data

essary for a
SS.

3.1.

B0

tran

smitter

term that is used in various ways based on the context

EXAMPLE

BD’s output stage to the bus.

Flex

Ray traffic transmitting node

3.1.81

wiri

ng harness

all components inside the component "vehicle wiring harness" to transmit FlexRay communication elements

NOTE This includes connectors to plug ECUSs, in-line connectors, cables, splices etc.
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3.2 Abbreviated terms

AC
APM
AS
AS_BGlI
AS_IVR
AS_VRC
ASP

BD
BD_VRC
BD_BGCI
BD_IVR
BD_LLA
BG
BGE
BM

BP

CcC
CE
CHI
CMC
DUT
ECU
EMC
EN

ERRN

IIR

Idle_LP

10

alternating current

autonomous power moding

active star

active star — bus guardian interface

active star — internal voltage regulator

active star — voltage regulator control
abstract service primitive

bus driver

bus driver — voltage regulator control
bus driver — bus guardian control interface
bus driver — internal voltage regulator
bus driver — logic level adaptation
bus guardian

bus guardian enable

bus minus

bus plus

capacitor

communication controller
communication element

controller hostlinterface
commonmode choke

devicé under test

C:Cbtl Ul Iib CUI Itl U: Ul Ilt
electromagnetic compatibility
optional/product specific mode control signals of the bus driver

error not output pin of the BD/AS
This pin allows the BD/AS signalling error events or/and errors.

interruption

bus state in case all nodes (and active stars) are in a low power mode
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INH inhibit output pin of the BD/AS
INH signals on one hand the BD/AS state and allows on the other hand to control the states of a
voltage regulator.

INH1 inhibit 1 output signal of the bus driver / active star
INTN interrupt not
IuT implementation under test
LWU local wakeup
PCO point of control and observation
PDU protocol data unit
PL physical layer
PS passive star
RWU remote wakeup
RxO receive data signal from the bus driver
RxHEN receive data enable not signal from the bus driver
S/IC short-circuit
SC$N SPI chip select not input
Sl signal integrity
SOYSs system operating variable space
SPI serial peripheral interface
Sq signal quality
STHN standby not
Input pin-atthe BD to control its power modes
SUT system-under test
SV supervisor
TCH test coordination procedure
TP test plane
TSS transmission start sequence
TxD transmit data signal to the bus driver
TXEN transmit data enable not signal

Output pin at the CC and input pin at the BD. The pin allows the CC to control the states which
are generated by the BD. Two states are distinguished: idle or activity.

Ugs ground shift voltage

© 1SO 2013 — All rights reserved 11
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WAKE local wakeup input signal of the bus driver
wu wakeup
3.3 Symbols
R+ Resistor to terminate a transmission line
X don't care. This term is used when the state of a signal is not relevant.
Vaar HPpHy-voltage-thattery) —
/oltage of the vehicle battery measurable at BD's pins.
Vee supply voltage (+5 V)

supply voltage for the digital 1/O ports
Voic This term is used in two ways, BD’s pin to connect the logical 1 referenceqvoltage and voltage
alue of the logical 1 reference voltage.

supply voltage for the digital 1/O ports
Vio This term is used in two ways, BD’s pin to connect the logical 1 feference voltage and voltage
alue of the logical 1 reference voltage.

supply voltage of the active star

V. [ !
Starsupply  an be derived from Vgar and/or Ve
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4 Document reference according to OSI model

Figure 1 depicts the FlexRay document reference according to OSI model.

ISO 17458-4:2013(E)

1ISO17458-1
FlexRay.communications
system - General

information and
use case-definition

Vehicle Manufacturer

OSl Layer 7
Application

)

OSl Layer 6
Presentation

—

1SO 14229-1 UDS
Specification and

ol D +i
= e e etToragoStes

1SO 14229-4
UDSonFR

requirements

)

OSl Layer 5
Session

I

ISO 14229-2 UDS
Session layer

subset
>

"

Vehicle
manufacturer
specific

"

services

1SO 14229-2 UDS
Session layer
services

OSl Layer 4
Transport

—
)

OSl Layer 3
Network

N Z

specific

Vehicle
manufacturer
specific

T

Vehicle
manufacturer
specific

"

Vehicle
manufacturer
specific

T
FlexRay communications system

1SO 10681-2
Communication on
FlexRay —
Communication
layer services

Vehicle
manufacturer
specific

"

Vehicle
manufacturer
specific

i (27 )

| |
| |
I ISO"17458-2 IS0 1745%8:3 I
| FlexRay FlexRay |
| y m communications system |
OSl Layer 2 communications system X |
Data Link ! ~ Data link layer - Data link layer
| spécification conformance test |
| P specification :
\ / |
| |
T
/ \ : 1SO"17458-4 ISO 17458-5 |
| FlexRay PIXRAY :
oSl Layer 1 | |communications system e ohaare] |
Physical - Electrical-physical phy |
ysical | laver 3pécification layer conformance test |
: Ver sp specification |
| |
| |

Figure 1 — FlexRay document reference according to OSI model
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5 Conventions

5.1 General
ISO 17458, ISO 10681 and ISO 14229-4 are based on the conventions specified in the OSI Service

Conventions (ISO/IEC 10731) as they apply for physical layer, protocol, network & transport protocol and
diagnostic services.

5.2 Notational and parameter prefix conventions

Each FlexRay parameter Is prefaced by two prefixes. The prefixes are applied in the following way:

<variable> | ::= <prefix_1> <prefix_2> Name
<prefix_1>| ==alc|v|g|plz
<prefix 2> ==d|l|n|s]|u

Table 2 defines the values for prefix 1.

Table 2 — Prefix 1

Naminp Information Descrigtion
Conventjon Type P
a Auxiliary Auxiliary parameter used in the definition or derivation of other parameters or in
Parameter the derivation of constraints.
c Protocol Values used to define characteristics or limits of the protocol. These values ane
Constant fixed for the protocol and,eannot be changed.
v Node Values that vary depending on time, events, etc
Variable yaep 9 ' T
Cluster Parameter that'shall have the same value in all nodes in a cluster, is initialized in
g Parameter the POC:defadlt config state, and can only be changed while in the POC:config
state.
Node Parameter that may have different values in different nodes in the cluster, |s
p Parameter initialized in the POC:default config state, and can only be changed while in the
POC:config state.
Variables used in SDL processes to facilitate accurate representation of the
Local _SDL e ; . )
7 Process necessary algorithmic behaviour. Their scope is local to the process where thgy
. are declared and their existence in any particular implementation is ngt
Variable
mandated by the protocol.
— = prefix_1 can be omitted for physical layer parameters.
NOTE Fhis.table is mirrored from 1ISO 17458-2, where the binding definitions are made.
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Table 3 defines the values for prefix 2.

Table 3 — Prefix 2

Naming Information Description

Convention Type

d Time. Value .(varilablle, parameter, etc.) describing a time duration, the time between
Duration two points in time.

I Length Physical length of e.g. a cable
m ATTIOUNT NUMber of &.g. Subs
S Set Set of values (variables, parameters, etc.).
u Voltage Differential voltage between two conducting materials (e.g. copper wiref)

NOTE The prefixes "I, "n" and "u" are defined binding here. For all other prefixes referto/{SO 17458-3.

5.3

5.3.
The)
This

NOT
150

5.3.
The)
For
she

EPL

In @

Important preliminary notes

1l Bus speed
FlexRay communication system was specified focusing on a’data rate of 10 Mbit/s.

physical layer shall only be used for data rates in the range from 2,5 Mbit/s to 10 Mbit/s.

0 ppm crystal is used to estimate the worst case clock ‘@ccuracies etc. at any baud rate in ISO 17458-2.

P Conformance tests

conformance test for physical layer.dévices as specified in this specification is defined in ISO 1
the static test cases of the conformance test every EPL parameter shall be pointed out in the
bt by using the EPL-namingiconventions (optionally according to in-house naming conventi

measurement conditions:

ase other than the EPRL parameter names are used, the data sheet shall contain a comp

inclliding the parameternnames (EPL versus product) and the values. A proposal for such a table

ISO

5.3.

The
prot

17458-5.

B Confermance test of FlexRay communication controllers

test of the CC interface to the physical layer as specified in Clause of this part of ISO 17458 i
pcol conformance test.

E The 500 ppm crystal is used to allow electricak physical layer including one active star at 10 Mbit/s. The

7458-5.

BD/AS data
bn) and the
arison table

is given in

5 part of the

© I1SO 2013 - All rights reserved
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6 Communication channel basics

6.1 Objective

The electrical physical layer provides among other things an implementation of a FlexRay communication

channel. This subclause defines an abstract of the physical properties of the communication channel.

Any physical layer that behaves according to these basics provides a valid FlexRay communication channel.

6.2 Propagation delay

Binary dat

Start Sequg
correspond

Figure 2 de

The actual

streams transmitted from node module M are received at node module N with the propagdtion
delay dPropagationDelayy n. The propagation delay shall be measured from the falling edge in{the first Byte

Node module M

Node module N

bicts the propagation delay.

X2

TxD |
1 0 0 0 1 1 0 | X1 |X2
]
——TSS——|FSS| BSS
RxD ‘
1 10| 0 0 1 1 0 | X1
=
~—TSS——|FSS| BSS
Key

BSS Byte start sequence

FSS Frame start sequence

TSS Transmission start sequence
TxD  Transmission

RxD  Reception

Figure 2 — Propagation delay

—» | dPropagationDelayun

bnce (BSS; see 1SO 17458-2) in the transmit (TxD, TP1 BD) signal of node mbdule M to| the
ng falling edge in the receive (RxD, TP4_BD) signal of node module N.

nrobagation—dalav that aceure hatwaan twao nada madides M- _and N danands mamnhs an the
Spagatioi—aeay—tHat—e866tHs—3etweei—Ao—hHeae—oathes—r—aha—r—aepeRasS—hHaty—6h

B
topology of the path.

Table 4 defines the propagation delay.

Table 4 — Propagation delay

Name

Description

Min

Max

Unit

dPropagationDelaym n

Propagation delay from TP1_BD & of node module M to
TP4_BD 2 of node module N

2450

ns

& For definition of "TP1_BD" and "TP4_BD", see Clause 10.

16
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As defined above the propagation delay is defined with in relation to the first negative edge after the TSS in
the binary data stream.

Due to the limitations of the FlexRay decoder module the channel plus the sending and receiving bus driver
shall not introduce a static asymmetric delay that exceeds a certain level.

Definitions of maximum nqymmnfrir‘ r‘lnlny Innrfinnq can be found in 105 For further considerations see

Ann

Figu

ex A.

dAs

Node module M

Node module N

M\N —

TxD
1

dRisingEdgeDelayyn |—» <— | dFallingEdgeDelayyn

RxD

re 3 depicts the asymmetric propagation delay.

—TSS——|FSS| BSS

Key
BSS
FSS
TSS
TxD
RxD

X1

X2

—> 4_
dAsymmetricDelayun

Byte start sequence

Frame start sequence
Transmission start sequence
Transmission

Reception

Figure 3 — Asymmetric propagation delay

M,N

- ; dgCDCidyM’N

In case the rising edge is late, relative to the falling edge, the resulting asymmetry has a positive sign.

© I1SO 2013 - All rights reserved
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6.3 Frame TSS length change

The channel may truncate the TSS (see ISO 17458-2), but also may slightly lengthen the TSS. The interval by
which the TSS length is changed from a transmitting node module M to a receiving node module N is denoted
as dFrameTSSLengthChangew n. The effect of Frame TSS length change is shown in Figure 4.

The length
the sender:
was lengthg

The absoly
configurablg
different po

Table 5 defi

TxD \
Node module M idel ol ol o 1 110 | X1!|X2
L
dTSSy
RxD \
Node module N dle olol1]1]o0|x1/x2
|
e
dTSSy
Key

TxD  Transmission

RxD Reception

Figure 4 — Frame TSS lengthchange
change is calculated as the difference of the duration of TSS at the receiver and duration of TS
dFrameTSSLengthChangeyy = dTSSy - dTSS§. Thus positive values would indicate that the
ned.
te maximum value of dFrameTSSLengthChangeyn needs to be less than the maxin
e value of the protocol parameter gdFSSTransmitter. The effect of TSS length change sums u
tions, which are contributed by active stars and the activity detection in the receiving bus drive

nes the frame TSS length-change.

Table 5 — Frame TSS length change

S at
rss

hum
p of

detailed in

Name Description Min Max Unit
TSS Length change from TP1_BD 2 of node
dFrameT3$SLengthChange — -1300 50 ns
g gemN module M to TP4_BD 2 of node module N
NOTE Thé TSS length change depends on the number of active stars in the path from node M to node N. Mofe

farmation is given in Annex A.

& For definition of "TP1_BD" and "TP4_BD", see Clause 10.

6.4 Symbol length change

Quite similar to the length change of the TSS the length of symbols is changed while travelling through the
physical layer. Besides the length change at the beginning by the activity detection time a lengthening at the

end by the i

18

dle detection time occurs. More detailed information is given in Annex A.
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Figure 5 depicts the symbol length change.

TxD
Node module M dle

\ 4

dSymboly

RxD

0 idle

ISO 17458-4:2013(E)

The
the

Tab

Node module N idle

\ 4

dSymboly

Key
TxD  Transmission

RxD  Reception

Figure 5 — Symbol length change

symbol at the sender: dSymbolLengthChangey y = dSymboly - dSymboly, .

e 6 defines the symbol length change.

Table 6 —-Symbol length change

idle

length change is calculated as the difference of the duration of the symbols at the receiver and

duration of

Name Description Min Max Unit
Change™ of" length of a symbol on path from
dSymbolLengthChangemn TP1 BD 2 of node module M to TP4_BD 2 of node -925 1125 ns
medule N
NOTE A negative value means that the symbol is shortened; a positive value means the symbol is lengthened.
& For definition of "TP1_BD" and "TP4_BD", see Clause 10.
6.5| FES1 length change
Thel last two=bits in a FlexRay frame are called FES (Frame End Sequence). The last bit (FESL) is logical
HIGH. This period of the FES1 is likely to be lengthened by active stars. For detailed information see 13.3.
Besjdes the prolongation of the FES1 there is the chance that ringing occurs. For further information about
ringmMg-after frarme and Synmbor end See ATTEX A.

6.6

Collisions

FlexRay is designed to perform communication without collisions. l.e. the nodes do not arbitrate on the
channel and collisions do not happen during normal operation. However, during the startup phase of the
protocol, collisions on the channel may happen. The electrical physical layer does not provide a means to
resolve those collisions.

In case of collisions of communication elements on the bus (at least two nodes are transmitting different data
simultaneously) it cannot be predicted what signal the nodes will receive. The received bus signal can also
change within one bit time.

© I1SO 2013 - All rights reserved
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Table 7 defines the data signal collision on the bus.

Table 7 — Data signal collision on the bus

6.7 Stoc

6.7.1
Injection of

different po
documente

6.7.2 Sto
Jitter on ed

and the las
evaluation.

6.7.3 Sto

Jitter on thq
6.3. Further

6.7.4 Sto

Transmitter 1 Transmitter 2 Resulting bus signal
Data_0 Data_0 Data_0
Data_0 Data_1 Data_0 or Data_1 or Idle
Data_1 Data_0 Data_1 or Data_0 or Idle
n:fn_1 hnfn_1 nnfn_1
Idle Data_O/Data_1 Data_O/Data_1
Data_O/Data_1 Idle Data_O/Data_1

NOTE For the definitions of Data_0, Data_1 and Idle see Clause 6.

hastic jitter

Intrgduction

RF fields results in a certain jitter portions seen in the RXD jsignal at receiving nodes. Th
rtions have been investigated and the results for systems With two active stars per channel
I in the following subclauses. These values are not subjectto the physical layer conformance t¢

hastic jitter on data edges

pes in the RxD signal, which are different fromi“first transition from HIGH to LOW (start of fra
transition from LOW to HIGH (the end of-a frame), shall be considered in the course of syg

See Annex A for further information aboutthe allowable EMC jitter in specific network topologigs.

hastic jitter on TSS length change

TSS length might lengthen-orishorten the TSS additionally to the length change as describg
information is given in Annex A.

hastic jitter on symbol length change

The summ

tion of jitter on, the falling and rising edges of symbols might lead to deviations of the syn

length change as described in 6.4. Further information is given in Annex A.

6.8 Wakeup patterns

ese
are
psSt.

me)
tem

)

d in

hbol

6.8.1 Ovdruiew

Independent from the data rate at least two wakeup symbols constitute a wakeup pattern. Such patterns shall
wake bus drivers that implement the option ‘BD voltage regulator control’ and active stars that are in a low
power mode.

6.8.2 Standard wakeup pattern

For remote wakeup in FlexRay systems, a wakeup pattern is sent via the bus as described in 1SO 17458-2.
The FlexRay wakeup pattern consists of at least two FlexRay wakeup symbols.

The wakeup symbol is defined as a phase of Data_0 followed by a phase of Idle.

20
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A valid remote wakeup event is the reception of at least two consecutive wakeup symbols via the bus.

A remote wakeup event occurs from bus drivers or active stars perspective when any sequence of

that
The
dw
The|
1 ps
of th

Figu

6.8.
Oth
In th
the

Figd

{ Data_0, Idle, Data_0, Idle }
starts after Idle and has a timing according to Figure 6 is received.

receiver shall detect wakeup patterns with the timing:

imsfn > 4 Us, dWUPhasM > 4 us, dWUPh.aSP7 > 4 us, dWUphaqu > 4 Us, dWUPh,aspA > 4 us and dW

U < 49 ps.

e wakeup mechanism is given in 12.11.3.

dWU consists of the minimum value for the detection timeout of the Data_0 phase dWUgpe:
) and the minimum of the wakeup acceptance timeout dWU-jneou: (Which is 48 ps). A detailed

.« (wWhich is
description

re 6 depicts the valid signal for wakeup pattern recognition at receivers.
uBus A
Idle Data 0 Idle Data 0 Idle
|
uData0 _LP t
dWUPhaseO dWUPhasel dWUPhaseZ dWUPhase3 dWUPhase4
dwu
Figure 6 — Valid signal for wiakeup pattern recognition at receivers
B Alternative wakeup patterns
br patterns as the above mentiohed will also let the wakeup state machine (see 12.11.3) initiatd a wakeup.
e WUDOP ISO 17458-2 wakeup pattern the Idle phases of the standard wakeup pattern are feplaced by
Data_1 phases. The timing requirements do not change. Such patterns can advantageously be tsed during
5ymbol window.
re 7 depicts.the alternative wakeup pattern recognition at receivers.
uBus A
Idle Data_ 0 / Data_1 \ Data_ 0 / Data_1
uData0 LP A t
dWUF’haseO dWUPhasel dWUPhaseZ dWUPhase3 dWUPhase4
dwu

Figure 7 — Alternative wakeup pattern recognition at receivers
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7 Principle of FlexRay networking

7.1 Objective

This Clause shows the basic operation principle of FlexRay networks.

7.2 Interconnection of nodes

The FlexRay electrical physical layer provides a differential voltage link (= bus) between a transmitting and

one or morg receiving communication modules. The differential voltage is measured between two signahli
denoted BIPP (Bus Plus) and BM (Bus Minus) as defined in 7.3. The fundamental mechanism™of

bidirection
requires a t

Figure 8 de

This structt
drivers that
the differen
shown in Fi

differential voltage link is shown below. The bidirectional link between any two node“mod

ansmitter and receiver circuit, which are integrated in so called bus drivers.
bicts the principle of a differential voltage link.
BP BP
Bus Bus
Driver Driver
BM " BM
Key

BM Bus plus

BP Bus minus

Figure 8 — Principle of@differential voltage link

re, which is named ‘point-to<point connection’ in Clause 9, can be extended with further
are connected to the differential voltage link as depicted in Figure 9. A dual wire cable implem
tial voltage link. With each-Communication module one bus driver is added to the system
jure 9.

hes,
the
ules

bus
PNts
as
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Bus Bus
Driver Driver
BP BP
Bus Ill Vii Bus
Driver Llj LlJ Driver
BM " BM
Key

BM Bus minus

BP Bus plus

Figure 9 — Principle of a linear passive bus
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The complete variety of possible topologies is defined in Clause 9.

ISO 17458-4:2013(E)

Furthermore, the bus can also comprise active stars, which are working in principle as bidirectional repeaters.
The functionality of active stars is specified in Clause 13.

Figure 10 depicts the principle of an active star network.

Bus
Driver

Bus
Driver

7.3

Bus
Driver

Electrical signalling

BP BP BP BP
Active
star
BM " BM BM BM
Key
BP Bus Plus
BM Bus Minus

7.3.l Overview

The)

Co
volt

Figu

bus may assume three different bus.states, denoted as Data_0, Data_1 and Idle.

Figure 10 — Principle of an active star network

ge on the bus is defined(@as tBus = uBP - uBM.

A ptlinciple voltage level scheme jstdepicted in the following figure. The bus wires are denoted as
rlsequently the voltages on(the wires (measured to ground) are denoted uBP and uBM. Theg

us
iver

BP and BM.
differential

re 11 depicts the eléctrical signalling.
oA
& idle 2 Idle ® Data_1 Data_0
=4
>
= uBP
\
uBM
oVv

© I1SO 2013 - All rights reserved

a In case all nodes (and active stars) are in a low power mode

b in case no node (and no active star) is in a low power mode
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Figure 11 — Electrical signalling

7.3.2 Bus state: Idle

To leave the bus in Idle state, no current is actively driven to BP or to BM. The connected bus drivers are
biasing both BP and BM to a certain voltage level depending on their operating mode (see Table 49), i.e. in
case all nodes (and active stars, if connected) are in a low power mode no bias voltage is applied to the bus
wires. In case no node (and no active star, if connected) is in a low power mode the nominal bias voltage is
2500 mV.

In case some of the nodes are in a low power mode and others are not, the resulting bias voltage on the|bus
wires will be less than 2 500 mV.

7.3.3 Bug|state: Data_1

To drive thg bus to Data_1 at least one BD forces a positive differential voltage between\BP and BM.

7.3.4 Bus|state: Data_0
To drive thg bus to Data_0 at least one BD forces a negative differential voltage between BP and BM.

Figure 12 dppicts the differential electrical signalling.

uBus A
Idle Data 0 Data_1

ov >

Figure”12 — Differential electrical signalling

8 Network components

8.1 Objective

Th' CI MY 5 | I H + 1 'y oot ot ol al ol | 0 + L
IS aUS IMMITUUUULTO SUITIT UAOSIU TITWWUITRN bUIIIPUIICIILD uiat Arc UuotTu U uunu U'J FICAr\Qy TTTLVWWUIRO.

8.2 Cables

The objective of this subclause is to specify the required cable characteristics, but not to define a selection of
cable types. The medium in use for FlexRay busses may be unshielded as well as shielded cables, as long as
they provide the characteristics defined in Table 8.
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Table 8 — Cable characteristics

Name Description Min Max Unit
Zo Differential mode impedance at 10 MHz & 80 110 Q
To Specific line delay 3,4 10 ns/m
&  See Annex A.

Cable attenuation and delay depend on temperature and frequency, but might also depend on more

env

TP4 are fulfilled.

8.3

This
con

Connectors

nector used in FlexRay busses shall meet the constraints defined in Table 9,

Table 9 — Connector parameters

ronmental conditions. The system Integrator has to select the cable so that the receiver requ

specification does not prescribe certain connectors for FlexRay systems).However, ar

irements at

y electrical

Name Description Min Max Unit
Rpjccontact Contact resistance (including crimps) — 50 mQ
Zchnnector Impedance of connector 70 200 Q
Icofipling Length coupling conrection 2 — 150 mm
. Duration of .gontact interruption.
b —
ddontactinterruption Contact resistante Rocconac > 1 O 100 ns
NQTE See further recommendations about connectors in Annex A.
& | this parameter defines the length of the connectars including the termination areas of the cables.
b | this requirement is to be generally understood' as a quality issue and has no direct link with the timing performance of [FlexRay.
8.4| Cable termination
8.4.l Terminated cable’end
Thel| simplest way te'terminate the cable at an ECU consists of a single termination resistor betwg¢en the bus

wirg

Figu

s BP and,.BM: Other termination possibilities are shown in Annex A.

re 13idepicts the terminated cable end.

BP

BD

BM

Key
BD Bus driver
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BM
BP

Rr

Bus minus
Bus plus

Termination resistance

Figure 13 — Terminated cable end

In following subclauses, ECUs that have this kind of termination are symbolized with the following icon.

Figure 14 depicts the symbol for a terminated cable end.

K,

Figure 14 — Symbol for a terminated cable end

8.4.2 Un-lerminated cable end

At an un-tefminated cable end, no resistive element is connected between the bus wires.

Figure 15 dppicts the un-terminated cable end.

BP

B

BD
BM _D
Key
BD Bus driver
BM Bus minus
BP Bus plus

Figure 15 — Un-terminated cable end

In the following subclauses, ECUs that have this kind of termination are symbolized with the following icon.

Figure 16 depicts the symbol for an un-terminated cable end.

Figure 16 — Symbol for an un-terminated cable end
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This specification does not prescribe a certain termination concept. Application specific solutions have to be
applied. Some more general recommendations about cable termination can be found in Annex A.

8.6 Common mode chokes

This specification does not prescribe a certain common mode choke for FlexRay systems. However, any

common mode choke used In Flexray Systems Shall meet the TollowIng constralnts over

temperature range as specified in 15.7.

Tabje 10 defines the common mode choke parameters.

Table 10 — Common mode choke parameters

Name

Description Min Max Unit

Reme

Resistance (per line) — 2 Q

See€| further recommendations about common mode chokes in Aanex A.

8.7 DC bus load

The| DC load a BD sees between the bus wires is Rpcpoad-

A n¢twork equivalent DC circuit is as follows:

Figure 17 depicts the DC bus load.

RocLoad |:[>

_ECY1 __ECUZ2
R Rtz
Key
ECU Electronic control unit / FlexRay node

Rosistance-of-the DC bus-load

Betoatt

Rt Termination resistance

Figure 17 — DC bus load

the entire

The schematic does not include parasitic resistances from common mode chokes (Rcwc), connectors
(Rcomector) @nd the series resistance of the wiring (Rwie), Since those shall be neglected in the following

calculation:

© I1SO 2013 - All rights reserved
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The formula

RDCLoad

where

RDCLoad

4:2013(E)

to calculate the overall DC bus load is shown in Equation 1.

is the DC bus load;

RT

m

Table 11 ds

Mind that t
common m
e.g. at an
represents

Some exemplary termination concepts for different bus structures are described in Annex A. All terming
lve to consider the DC bus load limitation“as defined here.

concepts hg

9 Netw

9.1 Obje
This Clause
follow the ¢
in Annex A.

Dual chann

All FlexRay

fines the DC bus load limitation.

he termination resistance Ry, is usually a terminationsresistor in parallel to the BD’s recq
bde input resistance (see 12.9.5). The termination resistor might also be applied outside the E
ptwork splice. In case of an un-terminated cable<end, according to 8.4.2., the resistance
bnly the BD’s receiver common mode input resistance.

prk topology

is the termination resistance of ECU m.

Table 11 — DC bus load limitation

Name Description Min Max Unit

DC bus load 40 55

RobcLoad

ctive

bnstraints that aré-explained in this Clause. Application examples and recommendations are g

b| applications, a main feature of FlexRay, are discussed at the end of this Clause.

topcolagies are ‘linear', which means that they are free from rings or closed loops respectively.

b introduces possihle“bus structures, their names and parameters. The layout of busses hal

1)

iver
CU,
RTm

tion

S to
ven

A termination concept has to be tound 10r each topology implementaton individually. General hints car

be

found in Annex A. Whether a topology/termination combination composes a valid FlexRay network, or not, has
to be judged according to the signal integrity requirements as given in Clause 11.

28
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9.2 Point-to-point connection

The point-to-point configuration is shown in Figure 18. It represents the simplest bus and can be regarded as
the basic element for the construction of more complex busses. For simplicity, the two-wire bus is shown as
one thick line in the figures of this document.

Key

ECU Electronic control unit / FlexRay node

Figure 18 — Point-to-point connection

Pragtical limitations for IBus depend on factors like cable type and EMC disturbances.

Examples of practical values are given in Annex A, where also consideration about EMC robustrjess can be
found in a separate subclause.

9.3| Passive star

For|connecting more than two ECUs a passive star structure can be used, which is a special cas¢ of a linear
passive bus that is described in the following subclausei. At a passive star all ECUs are connected to a single
spli¢e. The principle of a passive star network is showh in Figure 19.

ECU ECU

Key

ECL) Elactronic-controlunit-L ElexRavnods.
24

Figure 19 — Example of a passive star
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Table 12 defines the parameters of a passive star.

Table 12 — Parameters of a passive star

Name

Description

Min

Max

Unit

nSplice

Number of splices 2

1

1

& |f nSplice is 0, then refer to 9.2, if nSplice is greater than 1, then refer to 9.4.

Practical limitations for nStub and IStuby depend on each other and depend also on other factors)like cable

type and te

not to be ogerable.

mination concept; i.e. a passive star with nStub = 22 and each IStub = 12 m for each.stub is likely

Examples qf practical values are given in Annex A, where also consideration about EMC fobustness cam be
found in a geparate subclause.

9.4 Linegr passive bus

A structure
nStub. The

More than gne stub may end at one splice. The number of splices is nSplice.

Figure 20 dppicts the example of a linear passive bus.

ECU

ECU

2

m ECU

| ™ ] A~ 3
11Stib, (= PN
: : |Stub3
J J ECU

—————— €————-———->¢&-—-—-—-—-S 4
IStlbj ISpliceDistance; » IStuby
Key

ECU Electronic control unit / FlexRay node

Figure 20 — Example of a linear passive bus

without rings and without active elements is called "linear passive bus". The number of stubs is
length of a stub is IStub;. The bus distance between two splices is denoted as ISpliceDistancéy .

Table 13 d

fines the parameters or a finear passive pUsS structure.

Table 13 — Parameters of a linear passive bus structure

Name

Description Min

Max

Unit

nSplice

Number of splices & 2

a

If nSplice is 0, then refer to 9.2, if nSplice is 1, then refer to 9.3.

The parameters IStub;, with i = 1 ... nStub, are limited implicitly by the requirements of signal integrity.

30
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Limitations for nStub, nSplice, ISpliceDistancey y and IStub; depend on each other and further factors, like the
chosen termination concept and cable type.

Examples of practical values are given in Annex A, where also consideration about EMC robustness can be
found in a separate subclause.

9.5 Active star network

The active star network uses point-to-point connections between active stars and ECUs. The number of
branches at an active star is nAcheBranches The Iength of a branch is IActiveStar,. The active star to which
the : . S = . : or-branches. Since
the actlve star deV|ce has a transm|tter and receiver CIrCUIt for each branch the branches 3

eleqtrically decoupled from each other. The active star is specified in detail in Clause 13.

Figure 21 depicts the example of an active star network.

|ActiveStar,

|
|
|
|
N4

|ActiveStar; |ActiveStars

Key

ECU Electronic control unit / FlexRay node

Figure 21--< Example of an active star network

Table 14 defines the limitations\of active star networks.

Table 14 — Limitations of active star networks

Name Description Min Max Unit

nActiveBranches Number of branches at an active star 2 — —

An active star with only two branches may be con5|dered as a degenerated star, a relay or hub for increasing
of the fault
containment behavrour of the actrve star between two Ilnear passrve busses. See CIause 13 for detailed
information about the active star.

A branch of an active star may also be connected to a linear passive bus or a passive star. For these kinds of
bus structures and their restrictions see 9.3. and 9.4.

A branch of an active star may also be connected to a second active star. For these kinds of bus structures
and their restrictions see 9.6.

Examples of practical values are given in Annex A, where also consideration about EMC robustness can be
found in a separate subclause.
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9.6 Cascaded active stars

Active stars can be cascaded in systems that operate with 2,5 Mbit/s and 5 Mbit/s. This means two active
stars are connected to each other with a point-to-point connection. A data stream that is sent from an ECU M
to an ECU N passes nStarPathy y active stars while being conveyed on the bus.

Chosen topologies shall remain in the asymmetric delay acceptance range of the decoder (see Annex A and
configuration constrains in ISO 17458-2).

Figure 22 depicts the example of a bus with cascaded active stars.

ECU
4
ECU
__________ 5
IStarStar
Key
ECU  Electronic control unit / FlexRay. hode
Figure 22 — Example of a bus with ¢ascaded active stars
Table 15 dgfines the limitations of topologies with active stars.
Table 15 — Limitations of topologies with active stars
Namée Description Min Max Uhit
Number of active'stars on the signal path from an ECU M to an ECU N 0 )
2,5 Mbit/s and\5/Mbit/s
nStarPathy n
Number ‘ef active stars on the signal path from an ECU M to an ECU N 0 a
1 J4—
10 MbBit/s
a  Active sfars are notossible since the asymmetric delay is too high. See ppnex A-
Practical li

Examples of practical values are given in Annex A, where also consideration about EMC robustness can be
found in a separate subclause.

9.7 Hybrid topologies

In active star networks, one or more branches of the active star may be built as a linear passive bus or as a
passive star. Considerations about signal asymmetries and about EMC robustness can be found in Annex A.
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Figure 23 depicts the example of a hybrid bus structure.

ECU
2
active star
network ECU ECU
3 4
™ ™
ECU Active T T ECU
1 Star 5
linear
passive bus
ECU ECU
9 C ] 7
ECU ECU
10 . 8
passive star
network
Key

ECU Electronic contrglunit / FlexRay node

Figure 23 — Example of a hybrid bus structure

9.8| Dual channel topologies
FleRay communication modules-offer the possibility to serve up to two channels. This may |be used to
increase bandwidth and/or inttéduice a redundant channel in order to increase the level of fault tolerance. For
further details see 1ISO 17458-2.

It is]advisable to investigate and minimize the differences in the maximum propagation delays thiat occur on
the fwo channels. See-application hint about propagation delay in Annex A.

Furthermore the/dual channel approach does not influence the BD definition.

10 |Asymmetric delay budget

10.1 Objective

This Clause describes the specified 1) behaviour of the asymmetric delay on the way from a transmitting node
to a receiving node via a dedicated FlexRay topology. The decoding procedure in the communication
controller requires limiting the asymmetric delay (shifting of consecutive edges in the time domain) in a
system.

1) The specification of the resulting requirements to the BD and CC is concretized in the corresponding chapters.
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10.2 Basic topology for asymmetric delay budget

As basis for the definition of the asymmetric delay budget an active star network is used.

From the data communication point of view an active star network consists of several components in a row:
— Atransmitting ECU consisting of:

a clock source, a CC, a BD and a connection hardware (e.g. CMC, connector, etc) to a first point-to-point
network

— A first paint-to-point network

— Aretrapsmitting active star ECU consisting of:
a conngction hardware to a first point-to-point network, the active star device and a connection hardware
to a segond point-to-point network

— A secofd point-to-point network

— Areceiyving ECU consisting of:
a conngction hardware to a second point-to-point network, a BD, a CC and a.¢lock source.

10.3 Definition of Test Planes

Various tesf planes are defined to derive test and measurement sceneries easily. The defined test planes| are
valid in any|topology.
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Figure 24 depicts the test planes in an active star network.

TPO TP1_FF TP1_CC TP1_BD TP1 TP2
| ] |} |} I I
D Q , -——-
Clock FF 110 BD Connection Wire
source Buffer network harness
CLK —_—— =
CC
—A
i, A
transmitting ECU I |
LJ 1

TP1_FFi TP1_BDi

a) Test planes of the transmitting ECU

TP13 TP14 TP11 TP12
| |
I I
Connection AS Connection
network network

receiving/transmitting Active Star ECU

b) Test planes of the Active Star

P3 TP4  TP4_BD TP4_CC TP4_FF TP5_Cd TP5
| | | | | |
I | I I | I
_____ x|
Wire Connection 110 Clock
— BD Buff FF
harness network uter | 0 source
————— cC
A A A o
I I I receiving ECU
I I I
TP4_BDi TP4_CCi TP4_FFi
c) Test planes of the receiving ECU
Key

AS Active Star
BD Bus driver

ECU Electronic control unit / FlexRay node

ot Elafl
™ P ToP

TP Test plane

Figure 24 — Test planes in an active star network
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Table 16 defines the test planes.

Table 16 — Test planes

Test plane Description

TPO Virtual time reference point.

TP1 EFi Tr.ansmitting CC’s virtual test plane to visualize PLL jitter, clock skew and propagation delay of the
- FlipFlop.

TP1_FF Transmitting CC'’s internal test plane at ‘Q’ pin of last FlipFlop before output buffer

TP1_CC Transmitting CC’s output pin (TxD)

TP1_BD Transmitting BD’s input pin (TxD).

TP1_BDi Transmitting BD’s internal virtual test plane after detecting the logical state of the input signal.

TP1 Transmitting BD’s output pins.

TP2 Transmitting ECU connector’s terminals to the wiring harness.

TP13 Receiving AS ECU connector’s terminals from the wiring harness.

TP14 Receiving AS devices input pins.

TP11 Transmitting AS device’s output pins.

TP12 Transmitting AS ECU connector’s terminals to the wiring harness.

TP3 Receiving ECU connector’s terminals from the wiring harness.

TP4 Receiving BD’s input pins.

TP4_BDi Receiving BD’s internal virtual test plane after detegting the logical state of the input signal.

TP4_BD Receiving BD’s output pin (RxD).

TP4_CC Receiving CC'’s input pin (RxD).

TP4_CCi Receiving CC'’s internal virtual test plane after detecting the logical state of the input signal.

TP4_FF Receiving CC’s internal test plane\at ‘D’ pin of first FlipFlop after input buffer

TP4 FFi R_eceiving CC’s virtual test.plane to visualize PLL jitter, clock skew and propagation delay of|the
- FlipFlop.

TP5_CC Clock input to CC

TP5 Virtual test plane.at’the input of the decoding algorithm.

10.4 Regyirementsyto the asymmetric delay budget

The asymnietric delay shifts two consecutive edges against or away from each other. Each component (e.g.

the transmifting, BD) requires its portion (manufacturing tolerances, junction temperature, ageing etc.). Adgling

up all of theseportions—and—subtracting—theresutt-fromthedecoders—asymmetricdetay robustiess—gives a

margin. This resulting margin can be used e.g. to ensure robustness against RF influences.

The decoder's asymmetric delay robustness shall be greater than the sum of all asymmetric delays of the
entire network (see also Table 21).

10.5 Definition of maximum asymmetric delay portions

Three different types of values are considered in the following calculation:

36
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Table 17 defines the types of values used in the following calculations.

To

Pargmeters with names and test conditions are introduced inside the corresponding subclauses.

Table 17 — Types of values used in the following calculations

Type Description
Specified values Values are required by this specification.
Educated guess Values are estimated based on best engineers practice.
Derived values Values are based on calculations by using specified boundary conditions.

keep the description simple the portions of the asymmetric delay budget are noted-by Malues only.

FleXRay offers several possibilities for building robust networks. Also the active star network example in this

sub

An active star can be built in two ways:

a)
b)

Fina

b)

The)

Clause offers some alternative approaches.

The active star is a monolithic device.

The active star is non-monolithic and consists of more than one\device.
lly the asymmetric delay is considered on the following pages from two different point of views:
influence to the shortening of a single bit

influence to the sampling and synchronization gf-the decoder

asymmetric delay in the active star networkyconsists of several portions:
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Table 18 defines the asymmetric delay budget TPO to TP2.

Table 18 — Asymmetric delay budget TPO to TP2

Amount Portion Description
ns
N x 0.05 Clock The specified tolerance of 500 ppm generates this portion regarding the duration of N bits at
! source 10 Mbit/s. Lower datarates lead to bigger portions.
245 cc The transmitting CC is allowed to vary the duration of a single nominal 100 ns bit by
' +2,45 ns as specified in 14.2.3.
The transmitting BD is allowed to vary the duration between two consecutive edges up to
+4,0 ns (TP1_BD — TP1) when the CC drives 25 pF load on its TxD pin as specifiefl in
12.9.2.
40 BD The 4 ns portion may be separated for further theoretical considerations into.two portions:
a) 1,5 ns represents the BD’s digital detection of the CC’s output signal caused by edge to
pass the specified logical level thresholds.
b) 2,5 ns represents the BD’s analog output stage asymmetry-
) The connection network is estimated to change the dufation between two consecytive
05 Connection | edges by at most +0,5 ns.
' network ] o =
A test set-up to measure this portion is not specifieds
NOTE The worst case asymmetry from TPO to TP2 sums up to 7,0 ns for one bit and to 7,45 ns for a period of{ten

bits at 10 Mbit/s at a load of 25 pF on TxD.
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Figure 25 depicts the asymmetric delay budget (TPO to TP2).
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TPO TP1_BD TP1 TP2
|
Clock source \ TP1 BDI A I— _____ :
500 ppm | : |
1 x 100 ns bit ; I
—0,05ns 1 I B|D | o
cc Load analog | Connection |
output ———- network ———
% —>2,45ns —>15ns t | —05ns |
Clock source ’L I _E age : !
500 ppm L e |
10 x 100 ns bit |
— 0,5ns I |
| | IS S —
I Switch position I
1: 1 bit = minimal bit |
2: 10 bit—-synchronization
| BD — 4,0ns
Transmitting ECU
Key
specified values
[ dicated guess |
derived values
BD  Bus driver
CC Communication controller
TP _ ~Test plane
Figure 25 —<-Asymmetric delay budget (TPO to TP2)
TabJe 19 defines the asymmetric delay budget (TP13 to TP12).
Table 19 — Asymmetric delay budget (TP13 to TP12)
Amount Portion Description
) The connection network is estimated to change the duration between two |consecutive
Connection | edges by at most +0,5 ns.
0,5|ns
network ] o -~
A test set-up to measure this portion is not specified.
The AS is allowed to vary the duration between two consecutive edges up to +8,0 ns
8,0[n ; monolithic implementation) or +10,0 ns (non-monolithic implementation
AS device
(lo O nS) (D14 ITD11N- ac cnacifind 1n 12 2 2
FRE4—TR1Ias-speeifiedr33-3-2
] The connection network is estimated to change the duration between two consecutive
Connection | edges by at most +0,5 ns.
0,5ns
network ] o -~
A test set-up to measure this portion is not specified.
NOTE The worst case asymmetry from TP13 to TP12 sums up to 9,0 ns (11,0 ns).
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Figure 26 depicts the asymmetric delay budget (TP13 to TP12).

40

TP13

TP12

—  network

Active star :

(monolithic) I

—> 8,0 ns 1 |

Connection |

—>0,5ns

Connection
network
—>0,5ns

—

Active star Z
(non-monolithic) J
— 10,0 ns

1

Switch position

1: monolithic implementation
. 2: non-monolithic implementationj
—

Active star ECU

Key

specified values

—_—_—— e —_—

Key
TP Testplane

Figure 26 — Asymmetric delay budget (TP13 to TP12)
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Table 20 defines the asymmetric delay budget (TP3 to TP5).

Table 20 — Asymmetric delay budget (TP3 to TP5)

Amount Portion Description
] The connection network is estimated to change the duration between two consecutive
0.5 ns Connection | edges by at most +0,5 ns.
' network ] o -
A test set-up to measure this portion is not specified.
The receiving BD is allowed to vary the duration between two consecutive edges up to
5,0 s (TPZA = TPZ4_CCJas Specifiedm 127976:
50lhs BD The 5 ns portion may be separated for further theoretical considerations-intotyvo portions:
a) 3,0 ns represents the BD’s analog input stage asymmetry.
b) 2,0 ns represents the BD's digital output stage asymmetry.
The receiving CC is allowed to detect the duration between two consecutive ¢dges with a
deviation up to = 55ns (+ 6,5ns) (TP4_CC — TP5_CC) when the BD drives 15 pF
(25 pF) load on its RxD pin as specified in 14.2.5.
55khs The 5,5ns portion may be separated for further~theoretical considerations into two
6.4 ns) cC portions:
a) 4,0 ns (5,0 ns) represents the CC’s digital detection of the BD’s output signal caused
by edge to pass the specified logical level thresholds.
b) 1,5 ns This portion represents the,€C’s remaining asymmetry.
N x Clock The specified tolerance of 500, ppm generates this portion regarding the durgtion of N bit
0,0% ns source at 10 Mbit/s. Lower data rates\ead to bigger portions.
NO[TE The worst case asymmetry from TP3 to TR5¢sums up to 11,05 ns for one bit and to 11,5 ns for a period of ten

bits|at 10 Mbit/s at a load of 15 pF on RxD.
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Figure 27 depicts the asymmetric delay budget (TP3 to TP5).

TP3 TP4 TP4_CC TP5_CC TP5
| | | '
______ i . r
| : TP4_BDi TP4_cCi Clock source
' | . " i Load1 | : 500 ppm
' Lo BD BD I [ i—=40ns - 1 x 100 ns bit
! i | P, | 1 ! —> 0,05 ns
| Connection | analog digital ! cc
—/ network T input output t ) —15ns | -
| =& 0,5ns l stage I stage S| T 2 I ' |
' | | .
| | —30ns —20ns | o I Clock source
| . T [ ootz — o SUU PP
| : i —50ns I l [ 10 x 100 ns bits
L_____| BD —- 5,0 ns | — 05ns
Switch position I'Switch position
I 1: 15 pF load on RxD line (typical) 1: 1 bit —>minjmal bit I
| 2: 25 pFload on RxD line (worst case) | i2: 10 bit =x¢’synchronizatign .
CC —5,5ns (6,5 ns) | J
Receiving ECU
Key
specified values
L_ed_uc_atzd_ gﬁe_ss__!
| derived values |
BD Bus driver
CcC Communication controller
TP Test plane
Decoder's asymmetric delay robustness:
10 bit = 37,5.n6 (independent of crystal)
1 bit = 36,5 ns (500 ppm crystal at 10 Mbit/s)
Figure-27-— Asymmetric delay budget (TP3 to TP5)
Table 21 dgfines the decodet’s asymmetric delay robustness.

Table 21 — Decoder’s asymmetric delay robustness

Amount Portion Description
The decoding procedure (fifth of eight samples per bit) allows a variation of +3 sample
periods or +37,5 ns in a 10 Mbit/s system at TP5 in general.

37,5ns cC ) o ) ) )
This variation has to be guaranteed at two consecutive edges bordering a period of ten
bits.

365 ns cc Based on the 37,5 ns requirement above for a period of ten bits the duration of a single

nominal 100 ns bit may vary up to £36,6 ns at TP5. For details see Annex A.

Adding up all worst case portions (from TPO to TP5, including one monolithic active star) ends in a maximal
asymmetric delay (regarding 10 bits at 10 Mbit/s), which is less than the decoder’s tolerance. A margin of
9,55 ns is available.

42
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EXAMPLE
Decoder’s asymmetric delay robustness: 37,50 ns
Sum of asymmetric delays of the entire network: -27,95 ns
Available margin: 9,55 ns

Further exemplary calculations for other topologies are given in Annex A.

10.

All't

For

11

11.

The
its v
star

Other metworks
he other networks such as:
passive star
linear passive bus
cascaded active stars
hybrid topologies
be designed by combining the following exemplary variations:
Adapting the communication speed.
Damping EMC influences.
Limiting the cable length and/or the cable damping.
Using components which have a betteriperformance than the above specified values.
Using implementations which support optimized "educated guess figures".

further information see Annex'A.

Signal integrity

| Objective

Fe are two possibilities to assess the differential voltage on the wiring harness (uBus) and its al
ay from the transmitter to the receiver. One possibility is based on the timings of the bus driy
whieh are specified in detail in Clause 12 and Clause 13, and is called ‘masks test’. The othg

is b

ernation on
er or active
r possibility

bsed on the timing requirements of the decoder in the receiving communication controller and

makes use

of ‘eye-diagrams’. The latter ones are described in Annex A, while the ‘masks’ for the tests are described in

this

Clause.
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Figure 28 gives an overview of the relationship of eyes and masks.

AN |

Trigger Mask Eye
point mask

Figure 28 — Relation from eye to mask

Eyes result[from an offline overlay of traces of uBus that are synchronized at the zero volts cfossing during the
falling edgqg in each BSS, while during a mask test the traces of uBus are overlaid ahd synchronized pwith
every zero yolts crossing.

11.2 Mask test at TP1/ TP11

11.2.1 Overview
For FlexRay conform transmission a bus driver or active star shall send'a differential voltage signal that meets
the requirements given in 12.9. This behaviour is verified with a measurement on TP1 that is done with a ‘load
dummy’ thaft consists of a resistor R\ gagpummy €qual to 40 Q and:@ C\ sagpummy €qual to 100 pF in parallel.

Figure 29 dppicts the test setup for measurements at TP1 LTP11.

generator TXEN or —_—
AS
BM

Key

AS Active star
BD Bus driver
BM Bus plus
BP Bus minus

TxD Transmit Data

TXEN __Transmit Enaplie

Figure 29 — Test setup for measurements at TP1/ TP11

The bus driver or active star under test shall be controlled by a signal generator on TXEN and TxD, where the
signal on TxD signal has a sum of rise and fall times up to 9 ns (20 % to 80 % of uVpc) and a perfect bit
duration of 100,0 ns.
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11.2.2 Standard TP1 Mask

A FlexRay bus driver shall meet the mask as given in Figure 30 with the test load as defined in 11.2.1. The
signal trace of uBus shall be captured by triggering on every zero volts crossing (rising and falling) of uBus,
while TXEN is on logical low.

A  Minimum aperture uBus at TP1
600 mV 600 mV
30 ns 66 ns
480 mV 480 mV
12,5ns 83,5ns
[ 150 mv 150 mv )\
3,9ns 92,1 ns
/ \ oy
m
/ \J96 ns
l‘ Ll
\ /
\ -150 mV -150 mV /
\39ns 92,1ns )
-480 mV -480 mV
12,5ns 83,5ns
-600 mV -600 mV
30 ns 66 ns
NOTE The dotted lines are only auxiliary lines to show where the slopes would cross the zero line.
Figure 30 — Required waveform at TP1

11.2.3 TP1 mask for functional class "Bus driver increased voltage amplitude transmitter"

A FlexRay bus driver that implements the functional class "Bus driver increased voltage amplitude transmitter”
shall meet the mask as given in Figure 31 under the test conditions as defined in 11.2.1.

The signal trace of uBus shall be captured by triggering on every zero volts crossing (rising and falling) of
uBus, while TXEN is on logical low.
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Figure 31 depicts the required waveform at TP1 for functional class "Bus driver increased voltage amplitude
transmitter".

Minimum aperture uBus at TP1

40 ns
900 mV

56 ns
900 mV

‘ 150 mV 150 mV ‘
2,6 ns 93,4 ns
| \
0mv
/ \|‘96 ns
|
\ |
\ -150mv 1somvl
2,6 ns 93,4 ns
-720 mV -720 mV
-900 mV -900 mV
40 ns 56 ns
NOTE The dotted lines are only auxiliary lines to show where the slopes would cross the zero line.

Figure 31 — Required waveform at TP1 for functional class
"Bus driver increased voltage amplitude transmitter”
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11.2.4 Standard TP11 Mask

A FlexRay active star shall meet the mask as given in Figure 32 with the test load as defined in 11.2.1. The
signal trace of uBus shall be captured by triggering on every zero volts crossing (rising and falling) of uBus,
while TXEN is on logical low.

Figure 32 depicts the required waveform at TP11.

A Minimum aperture uBus at TP11

600 mV 600 mV

30 ns 60 ns
480 mV 480 mV
12,5 ns 77,5ns

{150 mv 150 mv |
/13.9ns 86,1ns|\ OmV
w90 ns
>
!
\ -150 mV -150 mVv /
3,9ns 86,1 ns
480 mV -480 mV
12,5ns 77,5ns
-600 mV  -600 mV
30 ns 60 ns
NOTE The.dotted lines are only auxiliary lines to show where the slopes would cross the zero line

Figure 32 — Required waveform at TP11

11.2.5 TP11 mask for functional class "Active star increased voltage amplitude transmitter"

A FlexRay active star that implements the functional class "Active star increased voltage amplitude
transmitter" shall meet the mask as given in Figure 33 under the test conditions as defined in 11.2.1.

The signal trace of uBus shall be captured by triggering on every zero volts crossing (rising and falling) of
uBus, while TXEN is on logical low.
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Figure 33 depicts the required waveform at TP11 for functional class "Active star increased voltage amplitude
transmitter".

A Minimum aperture uBus at TP11

40 ns 50 ns
900 mV 900 mV

150 mVv 150 mV
2,6ns 87,4 ns
l \ 0omVv
Il \90ns
| [
| \'
100 ns
\ /
\ -150mv asomv |
2,6 ns
-900 mV  -900 mV
50 ns
NOTE The dotted lines are only auxiliary lines to show where the slopes would cross the zero line.

Figure 33 — Required waveform at TP11 for functional class "Active star increased voltage amplitude
transmitter"
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12 Electrical bus driver

12.1 Overview

ISO 17458-4:2013(E)

The electrical bus driver (BD) realizes the physical interface between FlexRay node module and the channel.
The BD provides a differential transmit and receive capability to the bus, allowing the node module
bidirectional time multiplexed binary data stream transfer. Apart from the transmit and receive function, the BD
provides means for low power management, supply voltage monitoring (under-voltage-detection) as well as

bus failure detection and represents a ESD-protection barrier between the bus and the ECU.

F' 24 rotath 1 Y P PH ki [P~ H
IgL T O UTPIUVIO LT TATTTINIAT y VUOS UTTvET JTULURN Ulayrarit.

Bus Failure
: eperwigqsp?erl Host interface |« Detector
mentation
)/ /
RxD .
Communication Transmitter I
TxD Controller - » Internal logic L 1 g
interface
TXEN
A A A t
Receiver
BGE Bus Guardian lo
(optional) RXEN interface (optional) |
) J
(oplional) INH1 Power supply Voltage Wake-up detector
P interface moniter
o g K =uw
> L 3 S T ¢
= ~ =2 0 s <
g o =
s & 3 5
2 2 3
A=) g §_
Key
BGE Bus guardian enable TXEN Transmit enable not
BM Bus minus Veat Battery Vo|tage a
BP Bus plus Vee Supply voltage 2
GND Connection to system ground Vo Digital I/0 voltage

RxD  Receive data
TxD Transmit data

a

INH1 Bus Driver Inhibit 1 output
WAKE  Wakeup input

At least one of the pins Vcc and Vgar have to be implemented.

Figure 34 — Exemplary bus driver block diagram
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12.2 Oper

12.2.1 Gen

ation modes

eral

The electrical BD supports a set of operation modes, which are described in this Clause. The operation modes
BD_Normal and BD_Standby are mandatory to implement. Two optional modes, which are BD_Sleep and
BD_ReceiveOnly, are described and further product specific modes may be supported.

12.2.2 BD_Normal mode

The BD is gbtetosemndarndreceive data streanTs o the bus:

Not_Sleep

The bus pin

12.2.3 BD|

The BD_Standby mode is a low power mode.

The BD is n
The BD coy
The power
Not_Sleep

The bus pin

12.2.4 BD |

This option
voltage reg

The BD_Slq
The BD is n
The BD's wj
The power

Sleep is sig

s signalled on INH1 in case this interface is present, see 12.7.3.

s are biased, see 12.9.5.

Standby mode

ot able to send or receive data streams to/from the bus.

Id be able to detect wakeup events (optional, see 12.10 and/42.11).
consumption is reduced compared to BD_Normal.

S signalled on INH1 in case this interface is present; see 12.7.3.

s are terminated to GND via receiver common.mode input resistance.

Sleep mode (optional)

belongs to the functional classes. "Bus driver voltage regulator control" and "Bus driver intg
ilator"”.

ep mode is a low power mode.

ot able to send or receive data streams to/from the bus.
pkeup monitoring)finctions are operational.
consumptioris reduced compared to BD_Normal.

halled.on INH1.

The bus pi

£ H tacl t LN H H al H + It
< AT ICTITIMTIAlCU U ' UINL Vi TTUTIVET CUTTITIIuUTrT 1miuuc IIIlJul. rcorolarice.,

12.2.5 BD_ReceiveOnly mode (optional)

The BD is able to receive data streams on the bus, but not able to transmit.

Not_Sleep i

s signalled on INHL1 in case this interface is present.

The bus pins are biased, see 12.9.5.

50

rnal
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12.2.6 BD_Off

The BD is unsupplied.

The BD is not able to send or receive data streams to/from the bus.

The BD’s wakeup monitoring functions (if implemented) are not operational.
The digital outputs behave according to 15.2.

Bus pins are in high-resistance state, see Table 50.

12.8 Operation mode transitions

12.3.1 Overview

Mode transitions happen upon commands from the host via the bus driver ~\host interface, getection of
wakleup events or due to undervoltage conditions.

Figdre 35 depicts the exemplary state diagram.

Non low power

/ Un-supplied / Low power modes \ / modes \

- ~

7 S
Vs AN 4
/
BD_Off BDySteep BD_Normal
6 \ (optional) /I

/ E.g. \
| BD_ReceiveOnly !
\\ (optional)

- /

NOTE See Tahle-22 for operation mode transition definitions

Figure 35 — Exemplary state diagram
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Table 22 defines the operation mode transition table.

Table 22 — Operation mode transition table

Transition Reason for transition further BD behaviour after transition
1 Detection of a wakeun event & Undervoltage detection timers are restarted,
: wakeup ev if undervoltage conditions remain present.
Power on - Supply voltage(s) rise above power on
2 N
threshold 2
Detection of undervoltage condition
3 (transition according to 12.3.2) See12.3.3.
4 Host command P —
Detection of Vgar or Vpie undervoltage condition or . I
5 host command (if BD_Sleep is implemented) Ignore EN input, while in BD_Sleep
6 Power off - Supply voltage(s) fall below power on |
threshold 2 — transition can start from any other mode.

& A bus drijer shall react on a power-on/off and wakeup events latest within 100 ps.

b

Vpig is in undefvoltage BD_Sleep cannot be left via host command.

In case the host commands a non-low power mode while only Vcc is in undervoltage the BD shall enter BD_Standby. In case Vgar or

Table 23 dgfines the summary of supply voltage conditions.

Table 23 — Summary of supply\voltage conditions

uVeal @ uVce BD can enter ... Wakeup detection is ...
>55V Not implemented All operation modes Mandatory
Not implemgnted Normal operating range All operation modes qudatory (if wakeup detecfor
is implemented)

>7V Undervoltage or unsiipplied Low power modes Mandatory P

>7V Normal operating range All operation modes Mandatory

<7V, butnptin Normal operating range All operation modes Not mandatory

undervoltage

Undervqltage or Nofmal operating range Low power modes Not mandatory

unsupplied

Undervoltage or

unsupplied pr not Undervoltage Low power modes Not mandatory

implemented
Undervohage-orunrsupplied-ernet

Undervoltage ) > L Low power modes Not mandatory
implemented

'Unsupphed or not Unsupplied or not implemented BD_Off Not possible

implemented

& Mind that uVaar is the voltage on the BD’s pin and uVecy the voltage applied from the vehicle battery to the ECU connector.

b

undervoltage conditions.

Detection of remote wakeup (see 12.11) and via WAKE pin (see 12.10) required even with Vcc and Vpig concurrently in

52
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12.3.2 Mode transitions due to detection of undervoltage conditions
Expiration of an undervoltage timer forces the BD to a low power mode:

— In case the Vgar and/or Vp undervoltage detection timer expires BD_Sleep shall be entered, if
implemented, otherwise BD_Standby.

— In case the V¢ undervoltage detection timer expires, while the BD is not in BD_Sleep, BD_Standby shall
be entered.

— No mode change is initiated, when an undervoltage detection timer expires, while the BD is in BD Sleep.

12.3.3 Mode transitions in case of undervoltage recovery
The|behaviour in case of recovery from undervoltage(s) shall be implemented as follows;

— |In case the BD has a BD — host interface according to option A (hard wired), the BD shall chlange to the
mode, as requested by the host interface, when possible according to 12.6.2:

— |In case the BD has a BD — host interface according to option B (SPH the BD shall not change the mode
with recovery from undervoltage.

12.3.4 Mode transitions due to detected wakeup events
BD_|Standby shall be entered.

Undervoltage detection timers are reset and restarted, if'undervoltage conditions remain present.

12.3.5 Power on event

The| BD shall recognize the event of becoming sufficiently supplied via Vgar (if implemented) of via V¢ (if
implemented) after being not powered and_enter BD_Standby.

12.3.6 Power off event

In cpse the supply voltage(s) fall below the product specific power—on threshold the BD shall enter BD_Off
mode.

12.4 Bus driver =ed0mmunication controller interface

12.4.1 Genetal

Thel interface between the BD and CC comprises three digital electrical signals. There are two ipputs to the
BD from‘the CC (TxD and TxEN), and one output from the BD to the CC (RxD).

The CC uses the TxD (Transmit Data) signal to transfer a binary data stream to the BD for transmission onto
the channel. The TxEN (Transmit Data Enable Not) signal is used by the CC to signal whether the data on
TxD is valid or not. A timeout dBDTxActiveMax needs to be implemented to ensure that the transmitter cannot
be enabled permanently. Furthermore a BD shall never start a transmission with a Data_ 1, therefore
activation of the transmitter via the TXEN signal shall not be possible as long as TxD is still on logical high.

Appropriate timing of TxD and TxEN at the end of transmission is ensured by ISO 17458-2.
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Table 24 defines the maximum length of transmitter activation.

Table 24 — Maximum length of transmitter activation

Name

Description

Min

Max

Unit

dBDTxActiveMax

Maximum length of transmitter activation

650

2600

us

The maximum length of a communication element that can be sent is limited to the minimum value of

dBDTxActiveMax. For calculation of length of an encoded frame see ISO 17458-2

12.4.2 RxDO

- behaviour

The BD usqgs the RxD during BD_Normal mode to transfer a received binary data stream to the CC. When
low power mode the RxD signals the recognition of a wakeup event.

Table 25 de

fines the resulting RxD signal from BD to CC.

Table 25 — Resulting RxD signal from BD to CC

ina

BD ¢peration mode S'gnv?llir%g bus wu @ RxD P
Idle X¢ high
BD_Normal [& BD_ReceiveOnly Data_0 X low
Data_1 X high
X detected low
BD_Standby & BD_Sleep
X not detected high
= All other = X X Product specific
a8 WU = wakeup event; see 12.10 and 12.11.
b The outpyt voltages for logical high and low states.are defined in Clause 15.
¢ X=don'tgare

12.4.3 TxD/TXEN behaviouin case a bus driver - bus guardian interface is implemented

Table 26 dgfines the signalling on bus wires in dependency of BD input states.

Table 26 — Signalling on bus wires in dependency of BD input states

R0 npf\rnfinn Dnnlu“'ing nignnling
Bb-eperaton ) RestHg-Sstghath
mode TXEN BGE ™D on the bus
high Xb X Idle
X low X Idle
BD_Normal
low high low Data_0
low high high Data_1
Low power modes X X X Idle
&  The BGE signal belongs to the bus driver - bus guardian interface.
b X=don'care
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12.4.4 TxD/TXEN - behaviour in case a bus driver - bus guardian interface is not implemented

Table 26 defines the signalling on bus wires in dependency of BD input states.

Table 27 — Signalling on bus wires in dependency of BD input states

BD cr)np(;e(;z;tion TXEN TxD Resu()l:r:gesibgunsaling
BD_Normal low low Data_0
low high Data_1
Low power modes X X Idle
& X =don't care

12.4.5 TXEN — RxD loopback

Theltime until RxD indicates idle after the end of a transmission aeeds to be limited in order to endure that the
wakleup protocol mechanism works properly.

Figure 36 depicts the idle-loop delay timing.

TXEN

—>» | dBDTxRxai
RxD

Key
RxD Receive data

TXEN  Transmit enable not

Figure 36 — Idle-loop delay timing

Table-28 defines the irlln-lnnp rlnlny fiming

Table 28 — Idle-loop delay timing

Name Description Min Max Unit

dBDTxRxai Idle-Loop delay @ — 325 ns

2  dBDTxRxai is sum of dBDTxai (see Table 46) and dBDRxai (see Table 54) under the constraint both values cannot be at their
maximum at the same time.
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12.4.6 Electrical characteristics

12.4.6.1 RxD

The RxD signal of a BD shall meet the definition in Table 29.

Table 29 — RxD signal rise and fall times

Name Description Min Max Unit
dBDRxXDgis + dBDRXDeys Sum of rise and fall time at 15 pE load @ — 13 ns
| dBBDRXDRr1s - dBDRXDkg15s | Difference of rise and fall time at 15 pF load — 5 ns
dBDRKDRr2s + dBDRXDr2s5 Sum of rise and fall time at 25 pF load 2 — 16,5 ns
| dBDRRXDgr2s - dBDRXDg2s | Difference of rise and fall time at 25 pF load — 5 ns

&  20[% to 80 % of uVpe. A datasheet for the BD shall state maximum rise and fall time on RxD separately:

It shall be verified by a simulation of the BD that the sum of the rise and fall timeat-TP4_CC does not exdeed
the above gpecified maximum for 25 pF load in case the load is a standard lossless transmission line (with an
impedance [of 50 Q and a propagation delay of 1 ns) plus a capacitor of 10 @F to ground instead of being pnly
25 pF (see Figure 27).

Table 30 dgfines the RxD signal timing at receiving CC.

Table 30 — RxD signal timing“at receiving CC

Description Condition Min Max Uhit
RxD signal|sum of rise and fall | between 20 % and*80.% uVpic at 10 pF load at the L 165 ts
time at TP4|CC end of a 50 Q, 1'As-microstripline '
RxD signal [difference of rise and between 20/% and 80 % uVpic at 10 pF load at the o 5 hs

fall time at T|P4_CC end of a 50 Q, 1 ns microstripline

NOTE The compliance to this maximum\needs to be verified by simulation during the design process of the BD. [The
datasheet shall state a note that this is performed according to this part of ISO 17458 and the entire temperature range
of the devicg has been taken into acceunt. The result of the simulation has to be provided to customer on demand.

12.4.6.2 TxD

The TxD input of a BB, shall meet the definition shown in Table 31.

Table 31 — TxD input characteristics

Name Description Min Max Unit
C_BDTxD Input capacitance on TxD pin — 10 pF
uBDLogic_1 Threshold for detecting logical high & — 60 %
uBDLogic_0 Threshold for detecting logical low & 40 — —

2  Relative to uVps, (see 15.3) a hysteresis is not required.
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12.5 Bus driver — bus guardian interface (optional)

NOTE This option belongs to the functional classes "Bus driver - bus guardian interface" and "Active Star — bus
guardian interface"

The BG is an optional component in a FlexRay node; therefore, the interface to the BG at the BD is also
optional. The interface comprises two digital electrical signals: The BGE (Bus Guardian Enable), which is
mandatory for this interface, is one input into the BD allowing a BG or a similar supervision unit to disable the
transmitter and the RXEN (Receive Enable Not), which is optional, one output from the BD.

The timing characteristics of these signals have been specified in 12.9.

Thel| control function performed by the BGE signal is described in 12.4.3. The BD signals\with RXEN (if
implemented) whether the communication channel is Idle or not.

TabJe 32 defines the resulting RXEN signal from BD to BG.

Table 32 — Resulting RxEN signal from BD to BG

BD operation mode t?lijgsnv?/lir%g wu a RXEN P
Idle X high
BD_Normal & BD_ReceiveOnly Data_0 X low
Data_1 X low
X detected low
BD_Standby & BD_Sleep
X not detected high
= All other = X X Product specific
a8 WU =Wakeup event; see 12.10'and 12.11.
b The output voltages for logical high and low states are defined in Clause 15.

12.6 Bus driver — host interface

12.4.1 Overview
Thig interface shallcenable the host to control the operation modes of the BD and to read status and diagnosis

infofmation from<{he”"BD. The bus driver — host interface can be realized either using hard-wired signals or a
Serial PeriphetalInterface (SPI).

12.4.2 Hard wired signals (Option A)

12.6°Z7T  Operation mode control

The interface between the BD and the host comprises of at least two mandatory signals. STBN (Standby
NOT) is an input from the host to the BD and ERRN (Error NOT) is an output from the BD to the host.
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Table 33 defines the resulting operation mode, when only STBN control input is realized.

Table 33 — Resulting operation mode, when
only STBN control input is realized

STBN Resulting operation mode?
high BD_Normal
low BD_Standby
a In case no undervoltage conditions overrules the host command.

Optionally, gn EN (Enable) input can be implemented to control further modes.

NOTE This option belongs to the functional classes "Bus driver voltage regulator control" and/:Bus driver int¢rnal

voltage regulator”.

Table 34 dgfines the resulting operation mode, when STBN and EN mode control inputs are realized.

Table 34 — Resulting operation mode, when
STBN and EN mode control inputs are realized

STBN EN Resulting operation mode?
high high BD_Normal
high low BD."ReceiveOnly
low high P BD_Sleep
low low BD_Standby

& In case no undervoltage conditions overqules the host command.

b In case the BD has entered BD_Sleeprit shall not react with a mode change on edges on EN.

The BD shall perform the mode change within a time span of dBDModeChange after the respective edd

STBN or EN, if not prevented by an undervoltage condition.

Table 35 ddfines the mode trarisition time.

Table 35 — Mode transition time

Name

Description Min Max

Unit

dBDModeChange

Mode transition time after host command — 100

Us

e in

12.6.2.2 Signalling on ERRN

12.6.2.2.1 Overview

The ERRN signal shows the error status when BD_Normal is commanded and shows the wakeup status
when BD_Standby or BD_Sleep (if implemented) is commanded. In BD_ReceiveOnly (if implemented) either
the wakeup source or the error status is signalled on ERRN, see Table 38 and Figure 37.
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Figure 37 depicts the different signalling on ERRN in BD_ReceiveOnly.

Host command = BD_ReceiveOnly
ERRN signal => [Local | Remote]

[

Host command = BD_Standby
ERRN signal => [Wakeup]

Host command = BD_Normal Host command = BD_ReceiveOnly
ERRN signal => [Error | No Error] ERRN signal =>[Error | No Error]

>
Host command = BD_Sleep Host command = BD_Standby
ERRN signal => [No Wakeup] ERRN signal => [No Wakeup]

T\

Wakeup event detected
L | 9%

Figure 37 — Different signalling on ERRN in BD_ReceiveOnty.

The| ERRN signal shall react after detection of an error condition (see 42.12) or after a requé¢sted mode
chapge (e.g. to show the wakeup source) within dReactionTimegggn:.

It is|product specific whether the ERRN returns (when all error conditions have gone) automatically to HIGH or
neepls to be reset by the host. In case no host action is required-by the device the ERRN shall not change its
state more than once in a period of dBDERRNs.pe. Thus detection of errors or recovery of errprs may be
sigrjalled delayed or not be signalled at all, if the states change faster than this period.

Table 36 defines the mode transition time.

Table 36 — Mode transition time

Name Description Min Max Unit
dBDERRNStable ErrarSignaling time on ERRN pin 1 10 ps
dReactionTimegrrn Reaction time on ERRN pin — 100 ps

12..2.2.2 Signalling on ERRN, when only STBN control input available

When a low power.mode is commanded via STBN, wakeup events shall be signalled and when a non-low
power mode is commanded via STBN errors shall be signalled.
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Table 37 defines the signalling on ERRN, when only STBN control input is available.

Table 37 — Signalling on ERRN, when only STBN control input is available

STBN Condition Resulting ERRN signal @
Error indication
high No active failure P high
high Active failure P low
Wakeupdication
ow No wakeup detected high
ow Wakeup detected low

P=3

The output voltages for logical high and low states are defined in 15.2.

Active failure means that one or more of the mandatory error detection mechanisms and/or at|least one of
he product specific error detection mechanisms (if applicable) have detected an error previously:

12.6.2.2.3

Table 38 de

Signalling on ERRN, when STBN and EN are available

fines the signalling of failure modes, when STBN and EN mede.control inputs are realized.

Table 38 — Signalling of failure modes, when
STBN and EN mode control inputs’are realized

- Resulting
STBN EN Conditiqn ERRN signal 2
Erroriadication

high high | No active failure ° high
high high Active failure P low
high low No a}ctlve failure ® and EN has been set to HIGH after high

previous wakeup

; i b

high low Actl\{e failure and EN has been set to HIGH after low

previous wakeup

Wakeup source indication
hiah o Previous wakeup was initiated local hiah
9 and EN has not been set to HIGH after previous wakeup 9
. Previous wakeup was initiated remote

high low . low

and EN has not been set to HIGH after previous wakeup

Wakeup indication

low X No wakeup detected high
low X Wakeup detected low
& The output voltages for logical high and low states are defined in 15.2.
b Active failure means that one or more of the mandatory error detection mechanisms and/or at least one
of the product specific error detection mechanisms (if applicable) have detected an error previously.
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12.6.3 Serial peripheral interface (SPI) (Option B)

In case the interface between the BD and the host comprises of a serial peripheral interface, this interface
shall meet the electrical characteristics as described in Clause 15.

Additionally, the BD shall have an interrupt line. The signal name shall be INTN.
Set conditions: The INTN signal shall be switched to logical low when errors occur and also when they

recover. In case of reception of wakeup events the INTN shall also be switched to logical low. More product
specific events can be signalled.

Reset conditions: The INTN shall only be reset with a correct access to the corresponding errer|or interrupt
regipter.

The|data provided at the SPI interface is product specific.

It shall be possible to command the BD into any of its operation modes and to learn about the error status via
the BPI interface.

The| BD shall perform the mode change within a time span of dBDModeChangesp, after the rising edge on
SC$N, if not prevented by an undervoltage condition.

Table 39 defines the mode transition time.

Table 39 — Mode transition time

Name Descriptioh Min Max Unit

dBDModeChangesp Mode transition time-after host command — 100 us
R Time from detegtion of an event to falling

dBDReactionTimesp, edge of INTN — 200 Hs

In cpse the functional class "Bus driverinternal voltage regulator” is implemented (only Vgat, N0 Mcc supply)
and|the device is not in BD_Off mode and Vo is not in undervoltage, then the SPI shall be accessible in any
opefation mode.

In case the functional class)"Bus driver internal voltage regulator" is not implemented and Vcc iIs neither in
undprvoltage nor unsupplied and Vo (if implemented) is not in undervoltage, then the SPI shall bg accessible
in apy operation mode:

12.Y Bus driver — power supply interface

12.1.1 OvVerview

Th mitarfaca hatuwioaaoan tha hiic driviar and tha nowwar crinnhvy camnricac at laact v nine wwhich ar the round
cHHRteHa Ee-beteeHe-suS-aHreranatHe-poewer—St PRy-EoMPpHSESat1EaSHWE-PHIRSTAWHHER—HE

connection (GND) and a supply pin, either Vcc or Vear. Furthermore this interface may comprise an optional
inhibit output (INH1); see 12.13.

A power supply input "Vcc" may be implemented, which shall be connected to a low voltage supply with
nominal 5 V. The minimum and maximum allowable voltages on V¢ are product specific.

A power supply input "Vgar" may be implemented, which can be directly connected to the vehicle battery (e.g.
nominal 42 V) in order to supply the BD, when a V¢ input is not supplied or not implemented. The minimum
and maximum allowable voltages on Vgar are product specific.

Moreover, there are dependencies to the functional classes "BD voltage regulator control" and "BD internal
voltage regulator”, see 12.13. Find more information about low voltage conditions in Annex A.
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12.7.2 Vcc supply voltage monitoring

In case a power supply input Vcc is implemented the voltage on the V¢ pin shall be monitored. The BD shall
autonomously switch to a low power mode when the Vcc supply voltage falls below a product specific
threshold, which shall be above 4 V. See also 12.3.

Table 40 defi

nes the Vcc undervoltage detection parameters.

Table 40 — Vcc undervoltage detection parameters

12.7.3 Vgaq

Name. nncrripfinn Min Max Unit
dBDUVVcc Undervoltage detection time — 1000 ms
dBDRVcc Undervoltage recovery time — 10 ms
uBDUVVcc Undervoltage detection threshold & 4 — Y,
& A hysteresis between detection and recovery threshold can be implemented.

supply voltage monitoring

In case a power supply input Vgt is implemented the voltage on the Vgar pil¥.shall be monitored. The BD ghall

autonomousg

threshold, which shall be between 4 V and 5,5 V. See also 12.3.

Table 41 ddgfines the Vgar undervoltage detection parameters.

12.7.4 Inhipit output (optional)

This option

voltage regtilator".

ly switch to a low power mode when the Vgar supply voltage falls below a product spegific

Table 41 — Vgar undervoltagerdetection parameters

Name Description Min Max Unit
dBDUVVgar Undervoltage detection time — 1000 ms
dBDRVgar Undervoltage recovery time — 10 ms
uBDUVVgar Undervoltage detection threshold 2 4 55 \Y,
a8 A hysteresis betweefi detection and recovery threshold can be implemented.

belongs te \the functional classes "Bus driver voltage regulator control" and "Bus driver intgrnal

Optionally, the_bus driver power supply interface may have an inhibit output signal (INH1) that is meant to

yternal voltace reaulator The BD sianals Sleen to the nower sunnly when leavina the INH1 pin
J J J L L Ll el A ) -

control an d
floating and
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signals Not_Sleep, when driving the INH1 pin to battery voltage level.
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Table 42 defines the inhibit pin characteristics.

Table 42 — Inhibit pin characteristics

ISO 17458-4:2013(E)

Name Description Min Max Unit
UINHLnot_steep Voltage on inhibit pin, when signaling Not_Sleep at 200 pA load uVear—1V — \Y
iIINH1 eak Absolute leakage current while signaling Sleep 2 — 10 HA

Prerequisite for all table values: uVgar 25,5V

a

’ i L ) e PW-V-u1 TP bl e r [ETUTHE |
LTARAYT LUITTTIL LAlT DT ICoICU Uy appiyliiy d LUU RS2 TU TINTTL Al CITCUCANTTY TUT T UTINTTL |

12.8 Bus driver - level shift interface (optional)

12.8.1 Overview

Thig option belongs to the functional class "Bus driver logic level adaptation".

Optlonally, a level shift input Vo can be implemented in order to apply a.reference voltage uVp,g for all digital
inpdts and all digital outputs. In case such reference voltage is/available, then uVpg = uV,d, otherwise
UViig = UVce. For more information, see Clause 15.

12.8.2 Vo voltage monitoring

In cpse a level shift input "V,o" is implemented the valtage on the Vo pin shall be monitored. The BD shall
autgnomously switch to a low power mode when the Vo voltage falls below a product specifi¢ threshold,

whi

h shall be above 2 V, see also 12.3.

Tabje 43 defines the Vo undervoltage detection’parameters.

Table 43 &——)V\c undervoltage detection parameters

Name Description Min Max Unit
dBDUVVp Undervoltage detection time — 1000 ms
dBDRV,6 Undervoltage recovery time — 10 ms
udVio Undervoltage detection threshold 2 2 — Vv

4 A hysteresis between detection and recovery threshold can be implemented.

12.9 Bus driver - bus interface

12.9.1 Overview

The interface from the BD to the bus comprises two mandatory functional blocks, which are the receiver and
the transmitter. The transmitter can only be activated during BD_Normal mode. The receiver shall receive
communication elements, when not in a low power mode and maintain the receive function also while the
transmitter is active (loop-back). Apart from this the receiver is responsible for biasing the bus in dependence
of the power mode, see Table 49. One optional functional block is the ‘remote wakeup event detector’, which
is described in 12.11.

© I1SO 2013 - All rights reserved

63



https://standardsiso.com/api/?name=6274ef50274c51a82829fbecf09fdf53

ISO 17458-4:2013(E)

12.9.2 Transmitter characteristics

The transmitter delay is defined as the time span for transferring the information of the digital TxD signal
(binary data stream) to the analog information (data stream) on the bus as depicted in the following figure.

Figure 38 depicts the transmitter characteristics.

TxD A 100 ns to 4400 ns
100 % UVD|G
50 % UVD|L
0% UVD|C
dBDTx10 dBDTx01
uBus at TP1 A A
UBDTXactivé 140 %
80 %
300 m\/ \
(ORY >
/ |
- 300 mV
0%
0,
UBDTXactivd 0 %
dBusTx1 dBusTx0
0 1
Key
TxD  Transmit data
Figure 38 — Transmitter characteristics
Figure 38 ig valid whife,TXEN is a logical low and BGE a logical high (if a BGE signal is available).
The mask test at TP1 shall also be met.
The followingtabtesummarizes-the-transmitteroutput characteristics thatshat-beguaranteed;-whenthe—TxD

signal is constant for 100 ns to 4 400 ns before the first edge and also in case the test is performed with the

opposite polarity.
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Table 44 defines the transmitter characteristics.

Table 44 — Transmitter characteristics

ISO 17458-4:2013(E)

Name Description Min Max Unit
UBDTXactive Absolute value of uBus, while sending & 600 | 2000 mV
uBDTXidle Absolute value of uBus, while Idle @ P 0 30 mV
dBDTx10 Transmitter delay, negative edge ¢ d — 75 ns
dBDTX0T Transmiter ey, positive edge ¢ — 7 ns

Transmitter delay mismatch ¢ €
dBDTXASYM | | 4BDTX10 - dBDTXO1 | 1 ns
Fall time differential bus voltage ¢
dBusTx10 6 18,75 ns
(80 % — 20 %) '
Rise time differential bus voltage ¢
dBusTx01 6 18,75 ns
(20 % — 80 %) '
dBusTxDif Difference between differential rise and fall time | dBusTx10 - dBUsTx01 | — 3 ns
2 | Load on BP/BM: [40..55] Q || 100 pF.
b | uBus shall be measured with a limited bandwidth of 20 MHz before compating with the limit of uBDTXgie.
€ | For all TxD signals with a sum of rise and fall time (20 % to 80 % UVpic)0f Up to 9 ns. See further constraints in Figurg 8-5.
d | Load on BP/BM: 40 Q || 100 pF.
€ | dBDTxAsym shall be guaranteed for £300 mV as well as for +150 mV level of uBus
With Table 44 and Table 99 follows the systeni timing at transmitting BD depicted in Figure 39.
TP1_BD TR TP4_BDi
' ' - Sl voting
TxD BP I
100 pF
| BD P 1200 | {200 I
| 40 Q I l2/3 uBus
BM
Key
BD Bus driver
BM  Bus minus
BP Bus plus
TP Test plane
TxD  Transmit data
NOTE Sum of rise and fall time on TxD < 9 ns (20 % to 80 % of Vpig)
Figure 39 — System timing at transmitting BD
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Table 45 defines the system timing at transmitting BD.

Table 45 — System timing at transmitting BD

Description Condition Required

2/3 uBus voted by the
TP1_BD — TP4_BDi
asymmetric delay Sl-procedure 2
(point-to-point)

pass

& The Sl-procedure is described in Annex A.

12.9.3 Tramsmitter behaviour at transition from idle to active and vice versa

The following figure shows the situation at the start and at the end of a transmission with TxD/permanent on
logical low. [The activation of the transmitter via TXEN shall not be possible as long as TxD, is<on logical hig

=)

Figure 40 dppicts the transmitter characteristics at transition from idle to active and vice versa.

TXEN (B{GE=high)

dTXENLOW
A >
100 % UVD|G
50 % uVpic
0 % UVD|G
dBDTxia dBDTxai
uBus$ at TP1 A

ov

-30 mVv >t
-300 mvVv
-uBDTx

dBusTxia dBusTxai
Key

BGE Bus guardian enable

TP Test plane

TXEN  Transmit enable not

In case a BGE input is not present, behaviour is assumed similar to BGE on logical high level.

Figure 40 — Transmitter characteristics at transition from idle to active and vice versa
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Table 46 defines the transmitter characteristics.

Table 46 — Transmitter characteristics

ISO 17458-4:2013(E)

Name Description Min Max Unit
dBDTxia Transmitter delay idle -> active — 75 ns
dBDTxai Transmitter delay active -> idle — 75 ns
dBDTXDM 2 :jdé%_?_ig\i/t_a érggin;ii;ter delay mismatch 50 50 ns
dBusTxia Transition time idle -> active — 30 ns
dBusTxai Transition time active -> idle — 30 ns
Load on BP/BM: 40 Q || 100 pF. Equal to TP1 load conditions, see Clause 11!

2 This is analogy to the AS parameter dStarSymbolLengthChange_TxD_Bus.

TabJe 47 defines the transmitter test signal constraint.

Table 47 — Transmitter test signal<onstraint

Name

Description

Min

Max

Unit

dTXENLow

Time span of bus activity.

550

650

ns

12.9.4 Receiver behaviour (in non-low power made)

When uBus remains less than uDataO for atleast dBDActivityDetection after being in Idle state,
RxD and RXEN (if implemented) will be switched to a logical low state thus indicating that the bus i

State.

When uBus remains greater than tDatal for at least dBDActivityDetection after being in Idle statg
RxHBN (if applicable; see 12.5) will\be switched to a logical low state, thus indicating that the bus i

state.

When the value of uBus-remains greater than uData0O and less than uDatal for at least dBDIdleDe
sigrnjals RxD (and RXEN if applicable, see 12.5) will be switched to a logical high state, thus indica

buslis in Idle state-

the signals
s not in Idle

, the signal
5 not in Idle

btection, the
ing that the
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Figure 41 depicts the RxD behaviour (after activity detection) and RXEN behaviour.

4 RxD

!

|

o

The receive
activity has

receiver cam be seen in principle as a.high-grade non-linear low pass filter followed by a comparator.

The follow
subsequent

| | —uBus
Data 0 Data_ 0 or Data 1 Data_1 BD state
[ [
Data_0 Undefined Data_1 Bus state
ARXEN
| | —uBus
Active | Aeive Idle A | Active  BD state
Active Undef, Idle Undef.| Active Bus state
=150 mV 300 mV
uDatal uDatat
-300 mV 150 mV
Key
RxD Receive data

Figure 41 — RxD behaviour (after actjvity detection) and RXEN behaviour

RXEN Receive enable not

r has to distinguish whether Data 0 or Data_1 is signalled by the differential voltage uBus, after
been detected. The principlexvoltage level scheme is given in Clause 11 in this specification. [The

ng table summarizes_the receiver characteristics. Additionally the signal diagrams in |the

sub clauses give detailed information about timing characteristics.
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Table 48 defines the receiver behaviour.

Table 48 — Receiver behaviour

Name Description Min Max Unit
uDatal Receiver threshold for detecting Data_1 2 150 300 mV
uData0O Receiver threshold for detecting Data_0 & -300 -150 mV
uDatal - | uDataO | Mismatch of receiver thresholds ° -30 30 mV
uey not disturb the receive function® & | 20 |Hp |V
dBDpIdleDetection Bus driver filter-time for idle detection 50 200 ns
dBDActivityDetection Bus driver filter-time for activity detection 100 250 ns

& Prerequisite for detecting Data_0 or Data_1 is detection of activity previously. Data_0 and DatalL shall be reliably| detected with
uBug in the range of up to +3 000 mV.

b Irestwith (UBP + uBM)/2 =2,5 V.

¢ LCM = (uBP + uBM)/2. To be tested on a receiving bus driver with a sending bus driverthat has a ground offset voltage in the range
of [-42,5V ... +12,5 V] and sends a 50/50 pattern ISO 17458-5.

d  Irhe given Min. and Max. values are given the minimal range to be covered. The.device might cover a larger common mode range.

12.9.5 Receiver characteristics
Thel|receiver circuit is responsible for biasing the bussand receiving data streams from the bus.
The|minimum analog bit time to be considered is*70 ns, see Table 51.

Thelreceiver’s output is the RxD signal; its-dependence on the signalling on the bus is given in Table 25.
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The electrical equivalent circuit of the biasing part of a receiver is depicted in Figure 42.

Currents flo

Bus Driver . BP
B <
| iBP
Rewmt |
uBias Remz |
! __BM
GND i—' u -
| - iBM
Key
BM Bus minus
BP Bus plus
GND  System ground
iBM Current flowing into BM
iBP Current flowing into BP
uBias  Bus bias voltage?
Rem Input resistance of the common modé?

2 See also Table 49.

Figure 42 — Bus wire biasing circuit > principle schematic

wing into the BD from the bus wiring harness via pin BP are denoted as iBP and those flowing

into

the BD via pin BM are denoted as iBM. The valtages on the pins are uBP and uBM with respect to GND, as
introduced in Clause 7. Mind that currents flowing into the BD have a positive sign.
The requiref electrical characteristics aregiven in the following tables.
Table 49 ddfines the receiver characteristics.
Table 49 — Receiver characteristics
Name Description Min Max Upit
Rcmi, Remgl | Reeeiver common mode input resistance 2 10 40 k@
Bus bias voltage during non-low power modes P 1 800 3200 m\V
uBias
BUS bias vottage turingtow poweT Todes 2 =260 +200 mV

applicable)

Prerequisite for all values is that BD is connected to GND and uVcc = 5V (if applicable) and uVgar > 7V (if

unconnected

modes.

and when connected to ground via 10 kQ.

&  The receiver common mode input resistances on BP and BM can be measured by comparing the voltages uBP and uBM when

b Load on BP/BM: [40..55] Q || 100 pF. Nominal voltage of uBias is 2 500 mV in BD_Normal mode and 0 mV in low power modes.

¢ The internal resistance of the uBias voltage source in lower power modes can be significantly higher than in non-low power
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Table 50 defines the receiver characteristics (not powered / loss of ground).

Table 50 — Receiver characteristics (not powered / loss of ground)

ISO 17458-4:2013(E)

Name Description Min Max Unit
iBPLeak Absolute leakage current, when in BD_Off 2 — 25 MA
iBMLeak Absolute leakage current, when in BD_Off 2 — 25 HA
iBPLeakaND Absolute leakage current, in case of loss of GND P — 1600 PA
TBMeakaND ADSOTE feakage CUrrent, I case ot 1055 ot GND® — T600 A
&  Test conditions: uBP = uBM =5V, all other pins connected to GND. GND pin connected directly.to 0-V.
b Test conditions: uBP = uBM = 0 V, all other pins connected via 0 Q to 16 V.

12.9.6 Receiver timing characteristics

The

receiver delay is defined as the time span for transferring the data stream (analog informatig

signjal path (bus) to the binary data stream (digital RxD signal) as depicted‘in the following figure.
notgtion refers to the definition of test planes as made in 10.3.

n) from the
The voltage
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The receiver test signal for measuring the characteristics is described in Figure 43.
uBus at TP4 A

dBusRx10 dBusRx01

— —

UBUSRXpata P

300 mV _\
150 mV \ \

oy \ / \

7 %
- 150 mVv
-30Q mv \
uBUSRXpata
dBusRx0gp dBusRx4sp
dBDRx10 dBDRx0Q1
RxD _ —

100 % 4Vpie

50 % 4Vpic

0% LVD|G

NOTE1 The voltage uBus shall be constant for [100..4 400] ns before the first edge.

NOTE2 The timing requirements shall also be met when testing with the opposite polarity.

Key
TP  Test plane

Figure 43 — Receiver timing characteristics

Table 51 dgfines the receiverfinput signal for data recognition.

Table 51 — Receiver input signal for data recognition

Name Description Min Max Uit
UBUSRXpat uBus at TP4 400 3 000 nv
dBusRx10 Transition time Data_1 = Data_0 — 22,5 ns
dBusRx01 Transition time Data_0 = Data_1 — 22,5 ns
dBusRx0gp | Time span Data_0 2 70 4330 ns
dBusRxlgp | Time span Data_12 70 4330 ns

& 200 ns (+ 1 ns) < dBusRx1gp + dBusRx0gp < 4 400 ns (+ 1 ns). This includes effects in 2,5 Mbit to 10 Mbit systems.
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The behaviour of the receiver when a signal according to Figure 43 and Table 51 is applied shall be as given
in Table 52.

Table 52 — Receiver data timing requirements

Name Description Min Max Unit
dBDRx10 Receiver delay, negative edge 2 — 75 ns
dBDRx01 Receiver delay, positive edge 2 — 75 ns

Receiver delay mismatch 2 P
| dBDRx10 — dBDRXOL1 |

)]

ns

dnhr\ A
PDOTNARSYTIT

@ | Load on RxD: 25 pF — see also 12.4.

b dBDRxAsym shall be guaranteed for £300 mV as well as for +150 mV level of uBus.

Further timing definitions for the RxD signal are given in 12.4.6.
The|above given conditions for the receiver input test signal have the following implicit meaning:

Thel| receiving BD requires that the shortest duration of a single bit shall not be shorter than at legast 70 ns at
the |nput (TP4). The system designer has to consider the information'given in Clause 12.

From a system perspective it results from Table 29, Table 52 and Table 101:

Figdre 44 depicts the system timing at receiving BD.

TP4 TP4_CC
TP4_CCi
BP -logical thresholds
BD
BM RxD I
| I
lCPCB I

Key
BD Bus driver

BM Bus minus

BP Bus plus

Cercs  Represents the load on the pin that consists of the parasitic capacitance
of the printed circuit board and the input pin capacitance of the CC.

RxD Receive data

TP Test plane

Figure 44 — System timing at receiving BD
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Table 53 defines the resulting receiver timing.

Table 53 — Resulting receiver timing

Description Condition Min Max Unit
asymmetric delay measured at 40 % uVpc at 15 pF load — 9 ns
TP4 — TP4_CCi measured at 60 % uVpc at 15 pF load — 9 ns
asymmetric delay measured at 40 % uVpc at 25 pF load — 10 ns
TP4 — TP4_CCi measured at 60 % uVpc at 25 pF load — 10 ns
12.9.7 Reckgiver behaviour at transition from idle to active and vice versa
Figure 45 dppicts the receiver behaviour at transition from idle to active and vice versa,
uBus af TP4 A
dBusRxia dBusRxai
—> & —>
D V
-30 mVvV ‘\ "
- 150 mV \
- 300 mV \
- uBugRx \
dBusActiye dBusldle
dBDRxia dBDRxai
RxD
100 % uVpie
50 % uVpic
0 % uVpic
RxEN
100 % uVpié \ /_
50 % uVpig
0% UVD|G

Switching of RxD (and RxEN if applicable) shall be done with less than 10 ns skew.

Key
TP  Test plane

Figure 45 — Receiver behaviour at transition from idle to active and vice versa
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In case dBusActive is shorter than dBDActivityDetection, then RXEN shall stay on logical high level.

In case dBusldle is shorter than dBDIldleDetection, then RXEN shall stay on logical low level.

Table 54 defines the receiver timing requirements.

Table 54 — Receiver timing requirements

Nama Descrintion
+ = HEHe+H

Min Max Unit

dBDRxai Bus driver idle reaction time 50 2715 ns
dBDRxia Bus driver activity reaction time 100 325 ns
These values are equal to dBDIdleDetection (or respectively dBDActivityDetection) plus a delay-for BD's intgrnal logic.
The|values in Table 54 shall be met under the conditions given in Table 55.
Tabje 55 defines the receiver input signal for activity / idle detection.
Table 55 — Receiver input signal for activity / idle detection
Name Description Min Max Unit
uBusRx uBus at TP4 during test 400 3000 mV
dBusRxia Transition time Idle\.= Data_0 18 22 ns
dBusRxai Transition time'\Data_0 = Idle 18 22 ns
dBusActive Data_0 time’for test 590 610 ns
dBusldle Idle tine for test 590 610 ns
12.9.8 Receiver behaviour (in low power mode)
While in a low power mode the receiver output RXEN (if implemented) and RxD behave according|to 12.4 and
12.3 — indicating wakeupZevents in case wakeup detectors are implemented and have detected a Valid local or
rempte wakeup. Thelow power receiver does not need to distinguish between Idle and Data_1.

Figu

re 46 depicts-the low power receiver behaviour.

!

Data 0 Idle

Data 1

.

uDatal_LP

uBus

Figure 46 — Low power receiver behaviour
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Table 56 defines the low power receiver behaviour.

Table 56 — Low power receiver behaviour

Name Description Min Max Unit

uData0_LP Low power receiver threshold for detecting Data_0 -400 -100 mV

Prerequisite: Vear =7 V (if applicable, otherwise Vcc =5 V)

In case thg BD implementation uses the full range up to -400 mV, then there is no margin to the minimum differential
voltage on [TP4.

12.9.9 Bus|driver - bus interface behaviour, when in BD_Off mode
In case no supply voltage is available, the electrical behaviour of the transmitter and receiver shall be like|in a
low power mode. However, the values for Rcy: and Ry, may exceed the maximunivalue as given in Table
49,

Mind also the maximum leakage currents defined in Table 50.

12.9.10 Bups driver - bus interface behaviour under short-circuit conditions

The current flowing from the BD into the bus wires, when actively transmitting Data 0 or Data_1 shall be
limited in cgdse of short-circuits as given in Table 57.

Table 57 — Currenfdimitations

Name Description Min Max Unit
IBPaushorvay Absolute maximum output currént when BP shorted to BM — no time limit — 60 mA
iBMgpshortva
IBPGnpshortugx, Absolute maximum outplit-current when shorted to GND — no time limit — 60 A
iBMaNDshortMpx
IBPsvshorivay, Absolute maxim@m)output current when shorted to -5 V — no time limit — 60 mA
|BM-5VShortMa
IBPaat27shorthrax, Absolutesmaximum output current when shorted to 27 V — no time limit — 60 A
iBMgaT27shorfmax
!BPBAMSSM" & Alsolute maximum output current when shorted to 48 V @ — no time limit — 72 MmA
iBMgaT48shortax
iBPBAT60shortlaxs Absolute maximum output current when shorted to 60V for maximum 9 A
iBMBAT60ShoriMéx 400msa b _ m

"shorted" means a connection with at most 1 Q. For test purposes the short-circuit condition shall remain at least
1 500 ps.

2  These limitations are only valid for devices that are meant to be used in "42 V board net" systems.

b 400 ms originated from load dump conditions.

12.9.11 Bus driver - bus interface simulation model parameters
For the purpose of simulation, the BD’s product datasheet shall give minimum, maximum and typical value for

the equivalent output impedance (single ended) Rgprransmiters Which is a parameter in the ‘generic BD
simulation model’ as defined by the FlexRay consortium; see Annex A.
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The formula to calculate the equivalent output impedance of the bus driver is shown in Equation 2.

Reprransmiter = 202X (UBUSmO —UuBus,, )/(215 xuBus,, — UBUSmO) 2)
where

uBus,, is the differential output voltage on a load of 40 Q || 100 pF, when driving a Data_1;

uBus,y, is the differential output voltage on a load of 100 Q || 100 pF;

Reorransmiter 1S the equivalent output impedance of the bus driver.
12.10 Bus driver —wakeup interface (optional)
12.10.1 General
Thig option belongs to the functional classes "BD voltage regulator cantrol" and "Bus driver intefnal voltage
regulator”.
12.10.2 Wakeup via dedicated WAKE pin
Thel BD can have a WAKE input in the wakeup detector./The operating voltage on WAKE shall he the same
as fpr Vgar. A negative pulse on this pin shall be recoghized as wakeup event, when the BD is in & low power
mode. A positive pulse may optionally also be detecteéd and recognized as a valid wakeup event.

Tab

The)
12.4

12.]

The

e 58 defines the timing constraint for wakeup pulse on the WAKE pin.

Table 58 — Timing\constraint for wakeup pulse on the WAKE pin

Name Description Min Max Unit

dBDWakePulseFilter | Wake pulse filter time (spike rejection) 1 500 ps

imp

Tab

behaviour after detection of a wakeup event is specified in 12.3. For wakeup signalling mechanisms see
and 12.6.
0.3 Logal wakeup operating requirements
wakeup detector shall be operable if uVgat is equal to or greater than uVgar.wake €ven iff Vec is not
emented or unsupplied. See also 12.3.
le 59 defines the operating constraints for local wakeup.
Table 59 — Operating constraints for local wakeup
Name Description Min Max Unit
UVBAT-WAKE Minimum required voltage for detecting local wakeup events — 7 \%
dBDWakeupReactionigcal Reaction time after wakeup — 100 ps
© 1SO 2013 — All rights reserved 77


https://standardsiso.com/api/?name=6274ef50274c51a82829fbecf09fdf53

ISO 17458

-4:2013(E)

With a wakeup reaction time of a maximum 100 ps, the BD has to show a reaction latest 600 ps
(=dBDWakePulseFilter + dBDWakeupReaction,y, ) after the initial edge of the wake pulse on the WAKE pin.

For wakeup

signalling mechanisms see 12.4, 12.5 and 12.6.

12.11 Remote wakeup event detector (optional)

NOTE

This option belongs to the functional class "Bus driver remote wakeup"

12.11.1 Wakeup with wakeup patterns independent of data rate

The remote
in 6.8. The

Wakeup de

may be wd
subclause,

12.11.2 W
NOTE \

It shall be ¢
following 36

The reactio

12.11.3 W

In order to 4
6.8, the imf

implementation may differ from this state diagram. The physical layer conformance test will test the behay

with some *

The event (

wakeup event detector shall ensure that the BD is woken with the wakeup patterns as descr
eaction of the BD of a remote wakeup event is defined in 12.3.

ection upon reception of communication is favoured but not explicitly required. Consequently 3

ken-up by frames with payloads that differ from the payload that is defined~in' the follo
bspecially at data rates lower than 10 Mbit/s.

akeup with frames in 10 Mbit/s systems

Vakeup at lower speeds shall be done with "Wakeup During Operation Pattetn (WUDOP)", see ISO 1745

ossible to initiate a wakeup by receiving a frame sent with a‘speed of 10 Mbit/s and carrying
bytes payload content:

OxFF OxFF OxFF OxFF OxFF 0Ox00 O0x00 O0x00 O0x00 0x00

OxFF OxFF OxFF OxFF OxFF 0x00, ‘9x00 0x00 O0x00 0x00

OxFF OxFF OxFF OxFF OxFF 0x00 O0x00 O0x00 O0x00 0x00

OxXFF OxFF OxFF OxFF OxFF~ OxFF

n of the BD to a remote wakeup everit is defined in 12.3.

akeup state machine

bnsure the behaviour ds'described above and the detection of the wakeup patterns as describg
lementation of thebus driver shall follow the procedure of the state diagram in Figure 47, but

alid’ and some“non-valid’ wakeup patterns see ISO 17458-5.

riven state)machine shall be active, when the BD is not in BD_Off. This ensures that no wak

event is ov
wakeup p
and is left i

a4:ern iS sent. Entering the Wakeup! state initiates a wakeup event (see transition 1 in Figure

priookéd; in case the BD changes from a non-low power mode to a low power mode, whi

bed
BD

ving

B-2

the

din
the
iour

eup
e a
35)

mediately without further conditions.
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Figure 47 depicts the wakeup state machine.

Power on

o —»  Wait I Data_1 or Idle on bus T
IdleDetect
- <Data_O for longer than dWUnerrupt i
JWUIdIeDe[ecteXpired Initial state
—  »

Data_0 on bus

Wai tS P Start dWUopeiea ‘

<Data_l or Idle for longer than dWU nterrupt

UWUrT expireda WU expired
< Timeout EXP Start dWUrmoon 4 ODetect Y

. Data_1 or Idle on bus dWUg; ¢« €xpired
Walt A’ — > Start dWU giepetect ey P '

Start-state

<Data_O for longer than dWUnterrupt Wait state
M JWUIdIeDetect expired A
Wait B’ Data_0 on bus »M dWUrimeout €Xpired
4Data_l or Idle for longer than dWUnterrupt Wait State
< dWUrimeout €Xpired JWUODE‘W expired B
Wait C’ Data_1 or Idle on bus »w dWUrimeout €Xpired >
4Data_O for longer than dWUnerrypt Wait state
C
Wakeup!

JWUId\eDetect expired

NOTE1 Start = Start at zero

NOTE2 The thick arrows indicate the nominal process of wakeup pattern detection.

Figure 47 — Wakeup state machine

Tabje 60 defines the wakeup state machine timings.

Table 60 — Wakeup state machine timings

Name Description Min Max Unit
dWUopeteet Acceptance timeout for detection of a Data_0 phase in wakeup pattern 1 4 us
dWl@eoetect | Acceptance timeout for detection of a Idle or Data_1 phase in wakeup pattern 1 4 us
dWUrimeout Acceptance timeout for wakeup pattern recognition 48 140 us
dWUnterrupt Acceptance timeout for interruptions 0,132 1 ps

& The minimum value is only guaranteed, when the phase that is interrupted was continuously present for at least 870 ns.

12.11.4 Remote wakeup operating requirements

In case a Vgar supply voltage input is implemented, the remote wakeup event detector shall be operable if
uVgat is equal to or greater than uVear.wake - See also 12.3.
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Table 61 defines the operating constraints for remote wakeup.

Table 61 — Operating constraints for remote wakeup

Name Description Min Max Unit

uv Minimum required voltage for detecting remote wakeup events, . 7 v
BAT-WAKE when Vcc input implemented

UV, Minimum required voltage for detecting remote wakeup events, . 55 v
BAT-WAKE when Vcc input not implemented :

dBDWakeupReactiOMemote Reactor Ume aflter wakeup — 100 S

With a wakeup reaction time of a maximum 100 ps, the BD has to show a reaction latest 104 us
(= dWU gepdiect + dBDWakeupReactionemete ) after the end of the second Data_0 phase of the wakeup pattern.

The behavipur after detection of a wakeup event is specified in 12.3. For wakeup signalling mechanisms|see
12.4 and 13.6.

12.12 Bus$ driver behaviour under fault conditions

12.12.1 Epvironmental errors

This paragrpph sketches the behaviour of the BD under fault conditions resulting from the functional featlires
that are spegcified in the foregoing subclauses of this subclause. Sée also 12.6 for error signalling and wake
(source) signalling, which both are done competing via the ERRN signal, when host interface option A is
implemented.
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Table 62 defines the BD behaviour under fault conditions.

Table 62 — BD behaviour under fault conditions

ISO 17458-4:2013(E)

Fault description

Behaviour at BP and

Behaviour at BD's

BM digital interfaces
L high impedance, see See Table 104, last
BD is without any supply voltage (BD_Off mode) Table 50 row
BD shall not force a | Signaling on ERRN or
Undervoltage on all supply voltages, but not unsupplied differential _voltage on INTN __ required as
BP/BM. 2 specifiedhin 12.6
BD shall not force a
differential voltage on 4
BP/BM. 2 Sighaling gn ERRN or
ttr\];mer\;?/gﬁgglg; Vear INTN  refjuired  as
¢ Note BD may not’} specified in 12.6
be able to detect
wakeup symbols.
BD shall dg&tect the RxD behaviour
BD |looses connection to channel channel to¢enldle, while according lto 124 is
(BA and BM interrupted) its TXEN(is' on logical raing )
high. required.
BP Jine shorted to ground Signaling gn ERRN or
- INTN refuired as
BP Jine shorted to supply voltage specified |n 12.6 in
BM|line shorted to ground case it is fot possible
_ o to send data on the
BM]Jline shorted to supply voltage BD shall internally limit | pus.
the output current, see For buk failure
Table 57. detection spe 12.12.5.
BP Jine shorted to BM line
No detection by BD. If
Errgr or interrupt signaling line bécomes interrupted — the ERRN or INTN
does not freact on a
mode  change as
expected, the host can
Err¢r or interrupt signaling line is shorted to ground — assume that the line is
clamped. Fpr INTN and
ERRN belaviour see
12.6.
Errgr or interfupt signaling line is shorted to Vio or Vcc voltage P —_
BD outputs Data 0, .
TXDHie when—onabled-via_FXEN—|—RXD behaviour

b 0. Hatarcuatad
PECOMESTCTToptea

(and BGE, if applicable).

according to 124 is
required. For TxD and

BD shall not force a TXEN see Table 63.
TXEN line becomes interrupted differential voltage on
BP/BM. @
After a timeout (see After timeout expires
12.4) expires the BD (see 12.4) signaling on
TXEN signal is permanently asserted © shall not force a ERRN or INTN
differential voltage on required as specified in
BP/BM. 12.6.
BD detects an over-temperature condition © B.D Sh?” not force a | Signaling on .ERRN or
differential voltage on INTN  required as
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Fault description

Behaviour at BP and
BM

Behaviour at BD's
digital interfaces

BP/BM. 2

specified in 12.6.

One of two channel termination units becomes disconnected
from the channel

Note: Depending on use
case specifics the
communication will drop
out or might continue
with a huge amount of
errors.

Note: Depending on use

Bus load toq high
(= Resistange RpcLoad t00 low, see 8.7)

case specifics the
communication will drop
out or might continue
with degraded
performance.

Undervoltage on Vio

not force a
voltage on

BD shall
differential
BP/BM. 2

See 15.2.

Loss of groynd

BD shall internally limit
the output currentx see
Table 50.

Product-specific
behaviour.

a8  Biasing dgpends on the operation mode, see Table 49.

¢ Detection|only required when BD is in BD_Normal mode.

d  Loss of ground’ is when the GND pin is unconnected and none of the digital'l/Os is forced to GND level.

Host will §ee ERRN = high in this special case, independent of presence of other érrars.

12.12.2 Bghaviour of unconnected digital input signhals

In case one or more of the digital inputs are unconnected (or floating) the BD shall sense the inputs as defined

in Table 63

Table 63— Logical input when unconnected

Signal Logical input
TxD low
TXEN high
STBN @ low
EN 2 low
BGE P low
& If host interface according to option A is implemented, see 12.6.
b If bus driver — bus guardian interface is implemented, see 12.5.

This behaviour leads to a fail silent behaviour of the BD, when TXEN or BGE are floating. It also assures that
the BD is forced into BD_Standby mode, when STBN and the EN input are floating. In case TxD is floating
Data_0 is sent, while the BD is enabled for transmission, thus the CCs in the receiving ECUs can detect that
the bus is not in Idle state. The behaviour of unconnected digital input pins of a SPI is defined in 15.8.2.
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12.12.3 Behaviour with dynamic low battery voltage
NOTE Only applicable for bus drivers that implement the functional class "Bus driver voltage regulator control”

In case the battery voltages shows a dynamic (temporal) breakdown, e.g. due to engine crank, a BD with a
battery connection Vgar shall not change the operation mode, when Vcc and Vo (if applicable) are constantly
on their lowest level that does not lead to an undervoltage detection according to the BD’s datasheet. The BD
shall not detect an undervoltage condition and shall not signal the occurrence of an error.

For typical applications it is assumed that a notch at Vgcy does not lead to a notch in Vgar and also V¢ and
Vo are stable; see Annex A.

Figdre 48 depicts the dynamic low battery voltage.

A
dev UVgaT 6,1V/70 ms
6,1V /150 ms
6,1V /300 ms
v
A5V F————— o ———— A\
=
10°s > 100 ms > t

Figure 48 — Dynamic low battery voltage

12.12.4 Behaviour withydynamic low supply voltage

In chse the supply.\altage of a BD ramps up and down slowly and also in case there are two supply voltages
ramping synchronously the BD shall react on undervoltage according to 12.3. In case Vgar (if applicable) and
Vcc|(if applicable) are ramping down in undervoltage conditions, but not causing the BD to enter BD_Off, and
ramping up-again the BD shall not hang up, when Vo (if applicable) is constantly supplied with [the product
spetificaminimum operating voltage according to the BD datasheet.

Th D L Ll + Do, Al 1 oy ) L £ &l l L& rala - [ W ) ik £ d
DD-Shar e Moo NOfmMmMaat e et o tie—SsupPPry-vortage ot Mtase—a bo-nostmterrace according

option A (hard-wired) is implemented and STBN and EN (if applicable) are constantly on logical HIGH level.

The BD shall be in BD_Standby at the end of the supply voltage notch, in case a BD-host interface according
option B (SPI) is implemented, SCSN is constantly on logical HIGH level and BD_Sleep is not implemented.

The BD shall be in BD_Sleep at the end of the supply voltage notch, in case a BD-host interface according
option B (SPI) is implemented, SCSN is constantly on logical HIGH level and BD_Sleep is implemented.

Four different scenarios have to be considered in case both Vgar and V¢ supply inputs are implemented:

— Fast Va7 Voltage drop with 7,6/5 V/ms
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— Slow Vgat Voltage drop with 6,1/300 V/ms

combined with the variation

— Ve = Veat, When Vear <5V (Ve follows Vgat; dVoltageRampSkew = 0 ms)

— Ve > Veat, When Vear < 5V (V¢ Voltage falls/raises slower than Vgar voltage; dVoltageRampSkew =

65 ms)

Figure 49 depicts the dynamic low supply voltage.

A
116V
UVeat uVeat
UVec uVee
5V
\ uVeat /
a 4
uVee
oV —4+— o
qms — 1600 ms — 3200
dVoltageRampSkew dVoltageRampSkew ms
&  The minithum voltage applied on Vear and on V¢ equals the product specific minimum undervoltage detection threshold vdltage

according to the devices datasheet.

Figure 49 — Dynamic low supply voltage

Table 64 dgfines the dynamic low supply voltage constraints.

Table 64 — Dynamic low supply voltage constraints

Name Description Min Max Unit
sIVear Absolute slope of Vgar voltage 0,02 1,52 V/ms
dVoltageRampSkew | Time skew in reaching end of slope 0 65 ms

The bus driver shall signal an undervoltage error latest 1 000 ms after dVoltageRampSkew has been started;
see also Table 62. It is required that there is not back sourcing of Vgar in case uVec > UVgar.

12.12.5 Bus failure detection

The BD shall provide a means to detect bus failures while actively sending. An internal error flag shall be
updated latest with the rising edge on TxEN. Signalling of the error flag via ERRN or INTN is required
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according to 12.6. A single indication "bus failure detected" is sufficient to fulfil this FlexRay requirement. See
also Table 62.

12.12.6 Over-temperature protection

The BD shall provide a means to monitor the junction temperature on the silicon die. If a certain product
specific threshold is exceeded, the BD shall disable the transmitter in order to prevent further heating of the
chip. When the over-temperature condition is no longer valid the transmitter shall be enabled at the next edge
at TXEN. Entering a low power mode on over-temperature is not acceptable. The receive function shall be
maintained as long as possible. The BD shall provide over-temperature information on the bus driver - host

inte

face

NOT
12.

12.]
Eac]

fung
fung

12.]

Thig

Opt
12.1

This

E The over temperature protection is only meant as protection mechanism for the BD.
|3 Bus driver functional classes

3.1 Overview

tional features of FlexRay physical layer devices.

3.2 Functional class "Bus driver voltage regulator control”

functional class requires the following options to be implemented in coexistence:
"Vcc" power supply input; see 12.7

"Veat" power supply input; see 12.7

"INH1" output signal; see 12.7.3

BD_Sleep mode; see 12.2.

EN as second mode controkpin, in case the host interface is not a SPI.

Implementation of the-functional class ‘Bus driver remote wakeup’

3.3 Functienal class "Bus driver - bus guardian interface"

class.requires the interface as described in 12.5.

12.

3.4 Functional class "Bus driver internal voltage regulator"

h functional class combines a set of specified options, which have to be_coexistent when thg
tional class is implemented. These functional classes can be implemented in order to enhand

onally, a WAKE input pin according to 12.10 may be implemented in this functional class.

respective
e the set of

This functional class requires the following options to be implemented:

Optionally, a WAKE input pin according to 12.10 may be implemented in this functional class.

"Veat" power supply input; see 12.7
"INH1" output signal, see 12.7
BD_Sleep mode, see 12.2

EN as second mode control pin, in case the host interface is not a SPI.
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Optionally, the functional class "Bus driver logic level adaptation” may be implemented in this functional class.
Optionally, the functional class "Bus driver remote wakeup" may be implemented in this functional class.
Optionally, the group including following options may be implemented in this functional class.

This functional class requires that no "V¢c" supply input is present.

12.13.5 Functional class "Bus driver logic level adaptation"

This class requires-the implementation of abus driver level s orface-and-requires-that the thresholc
all digital inputs are controlled by this voltage as well as all digital outputs are related to this voltage levely[See
also 12.8 and Clause 15.

12.13.6 Fpnctional class "Bus driver remote wakeup"

This class requires the implementation of the option "Remote wakeup event detector”, see 12.11.

12.13.7 Fpnctional class "Bus driver increased voltage amplitude transmitter"

This class does not require additional functions to be implemented. However, the*minimum of uBDTXactve $hall
be 900 mV Jand thus different from the minimum value stated in Table 44. The mask test as defined in 11.2.3
needs to bg fulfilled.
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12.14 Bus driver signal summary

Tab

le 65 defines the bus driver signal summary.

Table 65 — Bus driver signal summary

ISO 17458-4:2013(E)

Signal I/O Description Mandatory Controllable Observable
Bus driver — communication controller Interface
TXEN Input Transmit data enable not Yes Yes Not applicable
TXD Input Transmit data input Yes Yes Notlapplicable
RAD Output Receive data output Yes Not applicable Yes
Bus driver - host Interface (option A)
STBN Input Mode control input Yes @ Yés Not applicable
EN Input Mode control input No If implemented Notlapplicable
ERRN Output BD error condition indication Yes Not applicable If implemented
Bus driver - host Interface (option B)
S¢SN Input Chip Select input Yées P If implemented Not|applicable
SCK Input SPI clock input Yes P If implemented Not|applicable
Sl Input SPI data input Yes P If implemented Not|applicable
Sije) Output SPI data output Yes b Not applicable If implemented
IN[TN Output Interrupt Yes b Not applicable If implemented
Bus driver - bus_guardian Interface (optional)

BGE Input BG enable input No If implemented Notlapplicable
RAEN Output Receive data enable not output No Not applicable If implemented
Bus driver - bus interface

BH Input/Output Bus ling:Plus Yes Yes Yes
BW Input/Output Bus line Minus Yes Yes Yes
Bus driver - power supply interface (optional)
INH1 Output Control signal to power supply No Not applicable Notlapplicable
other
GIND < Primary supply voltage ground Yes Yes Notlapplicable
Vdc - Primary supply voltage input Yes ¢ If implemented Notlapplicable
Veat — Secondary supply voltage input Yes d If implemented Not|applicable
Vio — 10-Level sensing input No If implemented Not applicable
WAKE Input Local Wake input No If implemented Not applicable
2 Yes when option A is implemented
b Yeswhen option B is implemented
€ mandatory, if Vgar is not implemented
d mandatory, if Vcc is not implemented
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13 Active Star

13.1 Over

view

The basic functionality of the active star is to retransmit a data stream that is received on one branch to all
other branches as indicated in Figure 50.

Node
2

The numbe
more infornj

13.2 Hard

13.2.1 Ove

The basic f
restrictions

ranch B
Branch C
Stream of data

Node — Act& SM» Node

! Branch A @ Branch D 4

Figure 50 — Active Star transfer functionality

I of branches may vary from two to an implementation specific maximum. See also Clause 9 for
ation about active network layouts.

ware overview

rview

inctionality and the operation modes of;active star devices are given in this Clause, but also spme
for active stars (=active star device(s)-plus peripherals like voltage regulators, etc) are given.

88
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Figure 51 depicts the exemplary active star device with six branches.

ISO 17458-4:2013(E)

RxD Communication Block:: BP_1
D controller - " | Single_Branch BM 1
interface -
TXEN (optional)
o Block:: I BP_2
_ Smgle_Branch BM 2
BGE Bus Guardian (optional) -
I interface <>
optional ( RXEN optional
(op ) | Block:: j BP_3
_ Slngle_Branch BM_3
optional (INH1 (optional)
optlonal
VBAT | k BP 4
. Power supply Blocks _
optional (Vec Interface ™ Block: 7 Single_Branch BM_4
optional (Vi Central_Logic (optional) -
GND
)" | Block: j BP_5
"~ " | Single_Branch
Wake interface - BM_5
optional
WAKE (optional) (op )
Block:: BP_6
SCSN o 7| Single_Branch BM 6
SCLK (optional) -
SDI Host mterface
(optional) Block::
SDbO Intra Star
INTN «» Interface product-
(optional) specific
Key
RxD Receive Data Vio Supply voltage digital I/0
TxD Transmit Data GND Ground
BGE Bus Gardian Enable WAKE  Wakeup input
INH1  Inhibit 1 output SCSN  Chip select input
Veat Supply voltage (battery) SCLK  SPO clock input
Vee Supply voltage (+5V) SDI SPI data input
SDO  SPI data output INTN Interrupt output
BP_x Bus plus branch x BM_x  Bus minus branch x

Figure 51 — Exemplary active star device with six branches

The block "Single_Branch" shall comprise a transmitter, a receiver and a bus-failure detector. Optionally, a
wakeup detector for detection of wakeup events can be implemented to each of these blocks. A so-called
"Central_Logic" block in the active star device coordinates the functions as described in the following
subclauses. An active star device needs a power supply interface, which is described in 13.11. The optional
voltage reference Vo shall follow the 13.12.
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This specification does not prescribe a certain realization. Figure 51 shows an exemplary hardware
implementation, other forms are not prohibited. An active star can be realized with a fixed humber of branches
supported by a single device (so-called monolithic active star), but active stars may also be "non-monolithic"
and built up by using separate active star devices each supporting one or more branches. In this case, the
functionality of the block "Central_Logic" has to be distributed over the devices that are used, while the
interface between the devices denoted as "Intra Star Interface" block in Figure 51, is product specific and
therefore not part of this specification.

13.2.2 Communication paths

The active star can have four types of "communication paths":
— Single [Branches ("Branch")

— TxEN/TxD of the communication controller interface

— RxD offthe communication controller interface

— Intra Sfar Interface

Each communication path signals its status to the Central_Logic.

Table 66 dgfines the communication path signals.

Table 66 — Communication path signals

Communigation

Path Description
Activit The receiver detects activity at the._communication path (i.e. the communication channgl is
y detecting activity and the activity detection of this communication path has expired).
. The receiver detects idle at the-communication path (i.e. there is Idle at the communication
NoActivity

channel and the idle detectioh:timeout has expired).

The communication path has entered a state at that the incoming data stream is forwardefl to

ReceiveActiye the other communication paths.

The communication’path has entered an idle state or a state at that the communication path is

NotReceivepctive actively transmitting data.

A communifation path shall.signal either Activity or NoActivity and either ReceiveActive or NotReceiveAgtive
to the Centfjal_Logic.

The behavipur for.the' communication path "branch" is described in 13.6.

The behavipur’of the communication path "TXEN/TxD" is described in 13.8.

The communication path "RxD" is not able to signal Activity or ReceiveActive to the Central_Logic.
The behaviour of the communication path "Intra Star Interface" is product specific.
13.3 Signal timing

13.3.1 Objective
This Clause describes the analog signal timing of the differential bus voltage uBus at TP11 of a branch that

transmits a communication element in relation to the differential bus voltage uBus at TP14 of a branch that
receives this communication element.
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13.3.2 Signal timing — frames

A frame that passes an active star faces TSS length change and asymmetry, as well as prolongation of the
last bit. Figure 52 defines a test pattern and an expected system response on an output load of

40 Q || 100 pF.

Table 67 defines the active star frame timing characteristics.

Table 67 — Active star frame timing characteristics

Name Deseription M Max Unit
dStarDelay10 Propagation delay negative edge — 150 ns
dStarDelay01 Propagation delay positive edge — 150 ns
ddtarAsym Asymr_ne_trlc p_ropagatlon delay, 0 b ns

monolithic active star &
ddtarAsym2 Asymmetrlp propagatlon delay, 0 10 ns
non-monolithic active star 2
dtarTSSLengthChange Frame TSS length change caused by active star,” -450 D ns
dStarFES1LengthChange Prolongation of last bit of a frame ¢ 0 450 ns

a | dStarAsym = | dStarDelay, - dStarDelayo, |, for uBus > 400 mV and 4 40Q’ns*> dBit at TP14 > 80 ns.
b | dStarTSSLengthChange = dTSSg - dTSS,

¢ | dStarFES1LengthChange = dFES1s — dFES1a
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Figure 52 shows the situation without ringing. In case ringing occurs see Annex A.
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Key

TSS Transmission star sequence
BSS Byte start sequence

FSS Frame start sequence

FES Frame end sequence

TP Test plane

Figure 52 — Signal timing of FlexRay frames

13.3.3 Signal timing — system view
Figure 53 depicts the system timing.

TP14 TP11 TP4_BDi
' ' - Sl voting

BP BP I

100 pF
G 1200 zogl

e

40 Q I l2/3 uBus

BM BM

Key

AS ~“Active start
BB  Busdriver

BM  Bus minus

TP  Test plane

Figure 53 — System timing

Table 68 defines the system timing.

Table 68 — System timing

Description Condition Required

TP14 — TP4_BDi 2/3 uBus voted by the Sl-procedure

asymmetric delay (point-to-point) pass

& The Sl-procedure is described in Annex A.

13.3.4 Signal timing — symbols

A symbol that passes an active star faces the effect of "symbol length change", e.g. the symbol length is
lengthened or shortened like depicted in Figure 54 due to length change and asymmetric delay. The
prolongation of the symbol at the end of a symbol (active—>idle transition excluding propagation delay of active
star) is depicted in Figure 55. For situation when ringing occurs see Annex A.
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Figure 54 depicts the length change and asymmetric delay.

uBus at TP14 A

Idle Idle
ov
-30 mv \
Data_0
- 300 mV /
- UBU$RXpata \ /
dSymbola :
a) uBus at TP14
uBus pt TP11 A
Idle Idle
ov
-130 mV
Data_0
- 300 mV /
- uStar I'XActive
dSymbolg -
b) uBus’at TP11
Key
TP  Test plane
Figure 54 —— Length change and asymmetric delay
Table 69 dgfines the active star symbol timing characteristics.
Table 69 — Active star symbol timing characteristics
Name Description Min Max Unit
dStarSymbottengtitChange Symbol fengun change (ony static porton) & | -300 | 490 S
dStarSymbolEndLengthChange Prolongation of symbol at symbol end P 0 450 ns

&  dsStarSymbolLengthChange = dSymbolg — dSymbola

b dStarSymbolEndLengthChange = dSymbolEndg — dSymbolEnda

94
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Figure 55 depicts the length change at symbol end.

uBus
at TP14

UBUSRXpata

150 mV

Idle

Data_0O

Idle

oV

[ow:\ | ous
[\

TSS

/ FSS + BSS \

/ -30 mV

\

150 mv

- UBUSRXpata

uBus
at TP11

ugtarTXactive

| -

/
/ /

dSymbolEnda

a) uBus at TP14

300 mV

Idle

Idle

ov

Data_0 / Data_1 \ Data_0

300 mV

TSS / FSS +BSS

y

7L -30 mv

/

- uStarTXactive

13.3.5 Signal timing — collisions

dSymbolEndg
b) uBus at TP11

Key

TSS Transmission star sequence
BSS Byte start sequence

FSS Frame start sequence

TP Test plane

Figure 55 — Length change at symbol end

\ 4

When activity is detected on more than one communication path within the time interval of dStarSetUpDelay, it

will happen that more than one communication path signals ReceiveActive. The other communication paths
shall not give any preference to one of the incoming data stream and shall output Data_0 2) when all of the
communication paths signalling ReceiveActive receive Data_0 3) or at least one receives Data_0 4 and the

2) Respectively logic low at RxD

3) Respectively logic low at TxD

4) Respectively logic low at TxD

© I1SO 2013 - All rights reserved
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other Idle 5. The output signals in case of other incoming signals are product specific (e.g. similar to the data
collision on the bus, as described in 6.6).

The collision ends when all receiving communication paths are signalling NotReceiveActive.

Figure 56 depicts an exemplary situation where two branches A and B are detecting activity within
dStarSetUpDelay.

INA
e.g. Branch A

uBus at TP14

+300m

Data_1
Idle Idle Idle

Data_0 Data_0
-300 m

uBUSRXpala

INB - -
e.g. Branch B dStarSetUpDelay

uBus at TP14

+ 300 mV

Data_1
Idle

Data_0 Data_0
- 300 myVv

UBUSRXp}a

ouT
e.g. Branch C
uBus at P14

coccossrdpeccccccqecccccccpecccccs

+ 300 mV

Data 1
or
Data_0?

Data_1
or
Data_0?

Data_1
or
Data_0?

Data_1
or

Idle Data_0*

Data,0 Data_0

- 300 mv

(=)

<
hecrccccaoadecsany
beocpeccccecccasas
S i N4

becmecccclecccasan
Lecheccccecccasaa

UBUSRXp}a

ouT
e.g. RxD

high

high high high high

low low

a a a a

low lows low low

cobeoeeeq
o
=
coboceeeq
o
=
cobocceed
o
=
cobeoeesq
o
=
cobococeed

ov

& Product specific

5) Respectively logic high at TXEN
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Key
TP  Test plane

Figure 56 — Exemplary collision scenario on two branches within dStarSetUpDelay

In case the incoming data stream on communication path B starts after dStarSetUpDelay has expired, the
incoming data stream is ignored. On all communication paths (except communication path A) the signal,
which is received on communication path A, is transmitted. In case communication path B is a branch, the
a.CtI Ity \AN] thlo blallbh VV;” bU A OU'JCI 'JUOItIUII Uf thU ;II\.’UIII;IIU (al Id ;UIIUICd) a\.,tlwty Al Id thc data Ot ea.m tha.t IS

actiyely transmitted, see 6.6.

Tabje 70 defines the active star set-up delay.

Table 70 — Active star set-up delay

Name Description Min Max Unit

dStarSetUpDelay | Active star set-up delay — 500 ns

13.3.6 Signal timing —wakeup patterns

Thel active star device shall be able to detect wakeup patterns as described in 6.8. Also frames that have the
payload content according to 12.11 shall be considered asvalid wakeup events.

Thelfollowing behaviour is required (in case the wakeup detector is switched on):

Figure 57 depicts the wakeup behaviour:

uBps K q q
P14 \Wake-up detecte
Branch A dwu
L I N I I t
% o,
Q/;? @
uBus O - dWUIdIeDet
TP11
Branch B
L] L L t
dStarWakeUpReactionTime
Key
TP Test plane

NOTE 1  Mind that this figure is valid for monolithic and non-monolithic implementations.

NOTE 2  The input test signal on branch A shall constantly repeat 6 pus Data_0 phases followed by 18 ps Idle phases.

Figure 57 — Wakeup behaviour

An active star enters AS_Normal from AS_Standby or AS_Sleep dStarWakeupReactionTime after detecting a
remote wakeup as shown in
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Figure 57. When AS_Normal is entered, the active star shall be able to forward at least 2 (for networks with
one active star) respectively at least 7 (for networks with two active stars) wakeup patterns as defined in 6.8.
For further details see Annex A.

Table 71 — Active star wakeup reaction time

Name

Description

Min Max Unit

dStarWakeupReactionTime

Time to enter AS_Normal after wakeup 2 —_ 70 us

& Prerequisite: necessary supply

voltages are available.

13.4 Actiye star device operation

13.4.1 Intrgduction

Figure 58 d

may be implemented.

98

— Un-supplied

_\

modes

/- Low power modes —\

AS_Standby

3,6

AS_Sleep

)/

\

Key

J

1..10 See Table 72.

epicts the mandatory set of operation modes. Further product specific sub‘modes and transit

/— Nen low power modes \

4,6

2,6

\

Figure 58 — Active star operating states

ons
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Table 72 defines the operation mode transition table.

Table 72 — Operation mode transition table

Transition Condition Remark
1 Local wakeup or remote wakeup on one or more branches AS sets APM flag
2 dStarGoToSleep expired 2 and APM flag set —
3 Undervoltage on uVstarsupply AS sets APM flag
4 Ne-urderveltage-en-tYemrsmprare-ARM-HagHsset
5 Power on, supply voltage of the digital part® above power-on threshold ¢ AS sets|APM flag
6 Host command @ -+
10 Power off, supply voltage of the digital part ® drops below power on threshold: -
this transition can start from any other state. ©
NQTE The "APM flag" is described in 13.5, uVStarSupply is described in 13.11.
& | The timeout is started at zero, when AS_Normal or AS_Standby is entered;%it is reset and halted while ¢ne or more
conmpmunication paths are signalling Activity.
b Supply voltage of digital part can be derived from uVstarsuppy @nd/or uVgar and/onuVec.
€ | The AS shall react on power-on/off within 100 ps.
d | In case the APM flag is reset AND a AS-Host interface is present AND Vps is not in undervoltage AND the mode|that shall be

ent

bred can be entered according to Table 89.

This
eve

Tab

The)

event driven state machine shall ensure that\a mode change has been performed latest 100
Nt occurred.

e 73 defines the active star go-to-sleep’timeout.

Table 73 — Active star go-to-sleep timeout

Name Description Min Max Unit

dStarGoToSleep | Go-to-Sleep timeout | 640 6 400 ms

minimum of;this parameter was chosen to fulfil the following equation:

dStarGeToSleep > 40 x cdCycleMax.

us after the

13.

2-AS annp

The AS_Sleep mode is a so-called low power mode.
The power consumption is significantly reduced compared to AS_Normal.
The branches are forced to Branch_LowPower; see 13.6.

Sleep is signalled on the INH1 output, in case this signal is implemented.
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13.4.3 AS_Normal
— All branches are forced to leave Branch_LowPower mode, see 13.6.

— Not_Sleep is signalled on the INH1 output, in case this signal is implemented

13.4.4 AS_Standby

— The AS_Standby mode is a so-called low power mode.

— The poprer-consumptionis—significantty reducedcomparedto AS Normat————————————————————
— The brainches are forced to Branch_LowPower; see 13.6.

— Not_Slgep is signalled on the INH1 output, in case this signal is implemented

13.4.5 AS_|Off

— In case the supply voltage of the digital part falls below the product specific power on threshold thg AS
enters AS_Off mode.

— The brainches are forced to Branch_Off; see 13.7.

— Sleep ip signalled on the INH1 output, in case this signal is implemented.

13.5 Autognomous power moding flag (APM flag)

The APM dgcides whether the AS performs an autonomous,power moding (APM flag set), or a host contrglled
power moding (APM flag reset).

Set conditigns:

— Power pn of the AS

— Detecting a local or remote wakeup

— Undervoltage on Vsarsupply

— An undervoltage on Vgifimplemented

— A dedigated Host command, if an AS-host interface is implemented

Reset Congdition:

A dedicated Host command, if an AS-host interface is implemented

The AS never resets the APM.
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13.6 Branch operating states

13.6.1 Introduction

ISO 17458-4:2013(E)

Figure 59 depicts the mandatory set of branch operating states and the causes for transitions. Further product

specific operation states and transitions are not prohibited.

Each branch of an active star device has its own states.

y AS in AS_Off mode — L AS in low power mode N

9a Branch_Off Branch_LowPower
9a /
AS in AS_Normal ° \
30
7 Branch_Disabled
7
q
3
Branch_Transmit
Branch_FailSilent Branch_ldle
5 1
Branch_Receive
10
11
6
Branch_TxOnly

Key

1..32 See Table 74.

Figure 59 — Operating states of a branch
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Table 74 defines the operating state transition table.

Table 74 — Operating state transition table

Transition Condition
1 Bus activity detected on this branch
2 Idle on this branch detected
3 At least one other communication path signals ReceiveActive.
4 No-communication-path-signals ReceiveActive AND this branch-is-Idie
5 dBranchRxActiveMax expired
6 No commgnication path signals ReceiveActive AND this branch is Idle AND
[APM flag is set OR host command 2 P ]
7 Host command 2@
9 AS leaves AS_Off
9a AS enters AS_Off
10 Bus error detected on this branch
1 No com_mt_mication pa_th signals ReceiveActive and this branch detects Idle
(transmission ended without bus error)
20 Active star enters AS_Sleep OR AS_Standby
30 Active star device enters AS_Normal
. Active star enters AS_Normal
3 (branch previously disabled)

& |If AS-host interface is implemented

b ‘Host command’ means to enable this trarisition. Immediate transition upon host command only when
idle on all branches if AS host interface is implemented.

¢ Optional

13.6.2 Branch_Off
— The branch enters Branch, Off in case the AS enters AS_Off.

— Receive from and trahsmit to the bus is not possible in this state, the branch signals Idle on the bus.

13.6.3 Branch_LowPower

— Receive ftoam and transmit to the bus is not possible in this state, the branch signals Idle on the bus.

— The wakeup detector is activated (default after power on), but may be switched on or off via host
command, in case an AS — host interface is implemented.

— In case the branch detects a wakeup, it forces its AS device to AS_Normal.
— All branches are forced to Branch_LowPower, in case the AS leaves AS_Normal.

— The branch signals NoActivity and NotReceiveActive to the Central_Logic.
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13.6.4 Branch_lIdle

Activity detection is active, the branch signals Idle on the bus.
The branch signals NotReceiveActive and NoActivity to the Central_Logic.

When the active star device enters AS_Normal the branch enters Branch_ldle (precond
branch was previously not disabled)

When activity is detected on this branch, this branch changes to Branch_Receive.

itioning the

13.6

13.4

Tab)

The branch changes to Branch_Transmit, when at least one other communication™p
ReceiveActive.

.5 Branch_Transmit
The branch signals NotReceiveActive to the Central_Logic

The binary data stream received by the communication path signalling.ReceiveActive is tra
case of no collision)

In case of collision (see 13.3.5) the branch transmits Data_0<when at least one of the con
paths signalling ReceiveActive receives a Data_0 (collision),

The branch signals Activity to the Central_Logic as long-asactivity is detected, otherwise NoA

When no communication path signals ReceiveActive and this branch detects Idle then Bra
entered.

.6 Branch_Receive

The branch signals ReceiveActive to.the Central_Logic

The branch signals Activity to the-Central_Logic as long as activity is detected, otherwise NoA
When Idle is detected on'the’branch Branch_ldle is entered.

After being in Branch_Receive for longer than dBranchRxActiveMax the branch is exg

ath signals

nsmitted (in

nmunication

Clivity.

inch_ldle is

Civity.

luded from

communication and enters Branch_FailSilent. (i.e. prevention of babbling idiots in absence of BGs.)

e 75 defines_thé active star error detection timeouts.

Table 75 — Active star error detection timeouts

Name Description Min Max Unit

dBranchRxActiveMax Noise detection time 650 2 600 ps

The maximum length of a communication element that can be sent is limited to the minimum value of
dBranchRxActiveMax. For calculation of length of an encoded frame see ISO 17458-2.

13.6.7 Branch_Disabled

To receive from and to transmit to the bus is not possible in this state, the branch signals Idle on the bus.

The branch signals NoActivity and NotReceiveActive to the Central_Logic
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13.6.8 Branch_FailSilent

— Toreceive from and transmit to the bus is not possible in this state, the branch signals Idle on the bus.

— The branch signals NoActivity and NotReceiveActive to the Central_Logic

— When no communication path signals ReceiveActive and enabled by either host or the APM flag, then
Branch_TxOnly shall be entered.

13.6.9 Branch_TxOnly

— Torecq

— The branch signals NotReceiveActive and NoActivity to the Central_Logic.

— The bipary data stream received by the communication path signalling ReceiveActiveiis-transmitteq

case of

— In case
paths g

— When @ bus error is detected the branch changes to Branch_FailSilent.

— Bus erfor detection is a product specific feature; however, bus errors shall be detected at least, when

not pog

— When

enteredl.

13.7 Bran

13.7.1 Rec
For receive

The main d

13.7.2 Rec

For receive
replaces dB

13.7.3 Rec

bive from branch is not possible in this state.

no collision)

of collision (see 13.3.5) the branch transmits Data_0 when at least.one of the communica
ignalling ReceiveActive receives a Data_0 (collision).

sible to send data on the branch.

Nno communication path signals ReceiveActive and\this branch detects Idle then Branch_lId

ch transmitter and receiver circuit

piver characteristics
characteristics refer to 12.9.5:

fference is the minimum anglog bit time, which is 80 ns, see Table 82.

piver behaviour (in‘hon-low power modes)

behaviour in‘fmon-low power modes refer to 12.9.4 (dStarldleDetection and dStarActivityDeteg
DldleDetection and dBDActivityDetection).

piveribehaviour (in low power modes)

i (in

tion

it is

tion

For receive

hehaviour in low power modes refertao 12 9 8

13.7.4 Rec

eiver behaviour (in AS_Off mode)

For receiver behaviour in AS_Off mode refer to 12.9.9.

13.7.5 Acti

ve Star — bus interface simulation model parameters

For the purpose of simulation, the AS’s product datasheet shall give the equivalent output impedance
according t012.9.11 (RStarTransmitter replaces RBDTransmitter)-

104
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13.7.6 Transmitter characteristics

For active star devices without communication controller interface the transmitter shall fulfil the parameter
dBusTx10, dBusTx01, dBusTxai and dBusTxia of 13.8.2 and 13.8.3.

13.8 Active star - communication controller interface (optional)

13.8.1 Overview

This interface itself shall functionally follow the description of the bus driver - communication controller
interfaceasdescribed 24

In idle (TXEN high) the communication controller interface signals NotReceiveActive and NoActivity to the
Central_Logic. With TXEN on low ReceiveActive and Activity is signalled.

For [TXEN a timeout dStarTxActiveMax (analogous to dBDTxActiveMax) needs to bedmplemented.

TabJe 76 defines the maximum length of transmitter activation.

Table 76 — Maximum length of transmitteractivation

Name Description Min Max Unit

dStarTxActiveMax Maximum length of transmitter, aetivation 650 2600 ps

The| maximum length of a communication element that can be sent is limited to the minimym value of
dStarTxActiveMax. For calculation of length of an encaded frame see 1ISO 17458-2.
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13.8.2 Transmitter timing characteristics

Figure 60 depicts the transmitter characteristics.

TxD 100 ns to 4400 ns
100 % uVpig
50 % uVpig \
0 % uVpig
dStarTx10 dStarTx01
—_— —_—
uBus at [TP11 A
uStar TKactive 100 %
80 %
300 mV \
ov |
t
- 300 mV
20 %
- uStarTKactive 0 %
— —
dBusTx10 dBusTx01
Key

Vpe Digital voltage
TP Test plane
TxD  Transmit data

TP Test plane

Figure 60 — Transmitter characteristics

Figure 60 ig valid while TXEN is a logical low and BGE a logical high (if a BGE signal is available).
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Table 77 summarizes the transmitter output characteristics.

Table 77 — Transmitter characteristics

Name Description Min Max Unit
uStarTXactive Absolute value of uBus, while sending 2 600 2 000 mv
uStarTXidie Absolute value of uBus, while Idle 2 0 30 mV
dStarTx10 Transmitter delay, negative edge P ¢ — 225 ns
dSparTxot TransSmieT defay, posiive edge o—¢ = 225 ns

: i cd
dStarTxAsym Transmitter delay mismatch _ 10 ns

| dStarTx10 - dStarTx01 |

Fall time differential bus voltage P

dBusTx10 6 18|75
HS X (80 % —> 20 %) ns
Rise time differential bus voltage °
dBusTx01 6 18|75
HS X (20 % —> 80 %) ns
dBusTxDif Difference between differential rise and fall time | dBusTx10 - dBUsTx01 | — K ns
NQTE Mind that the values given in this table are valid for monolithic andinon-monolithic implementations.

2 | Load on BP/BM: [40..55] Q || 100 pF.
b | Load on BP/BM: 40 Q || 100 pF.
All TxD signals with a sum of rise and fall time (20 % to 80 % uVp),0f*up to 9 ns. See Figure 60 for further timing constraints.

dStarTxAsym shall be guaranteed for +300 mV as well as for 250 mV level of uBus.
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13.8.3 Transmitter behaviour at transition from idle to active and vice versa

Figure 61 shows the situation at start and end of a transmission with TxD permanent on logical low. The
activation of the transmitter via TXEN shall not be possible as long as TxD is on logical high.

Activation of the transmitter via the TXEN signal shall only be possible, when no communication path signals
ReceiveActive.

TXEN (BGE=high)

A dTXEN_ow
100 ¢ u‘v'D|G
50 % UVD|G
0 % UVD|G
dStarTxia dStarTxai
E—
uBusfat TP11 A
ov
-30 mV >t
-300 mV
- uStarTXactive
— —
dBusTxia dBusTxai
Key
BGE./ Bus guardian enable
TXEN  Transmit enable not
TP Test plane
NOTE Ih case a BGE inputis.not present, BGE is assumed to be on logical high level.
Figure 61 —Transmitter characteristics at transition from idle to active and vice versa

108

© I1SO 2013 - All rights reserved


https://standardsiso.com/api/?name=6274ef50274c51a82829fbecf09fdf53

Table 78 defines the transmitter characteristics.

Table 78 — Transmitter characteristics

ISO 17458-4:2013(E)

Name Description Min Max Unit
dStarTxia Transmitter delay idle -> active — 550 ns
dStarTxai Transmitter delay active -> idle — 550 ns
dBusTxia Transition time idle -> active — 30 ns
dBusTxai Transition time active -> idle 20 ns
ddtarTSSLengthChange_TxD_Bus TSS length change from TxD pin to signal on all 450 h ns

branches 2
ddtarFES1LengthChange_TxD_Bus FES1 Iengthbchange from TxD pin to signal on o 260 ns
all branches
dStarSymbolLengthChange_TxD_Bus Symbol length change from TxD pin to signat’on -300 400 ns
all branches ¢
NQTE 1 Mind that the values given in this table are valid for monolithic and non-nionolithic implementatiops.
NPTE 2 Load on BP/BM: 40 Q || 100 pF. Equal to TP1 load conditions, see-11.2.
2 | dstarTSSLengthChange_TxD_Bus = dStarTx01 - dStarTxia
b dStarFES1LengthChange _TxD_Bus = dStarTxai — dStarTx01
¢ | dstarSymbolLengthChange_TxD_Bus = dStarTxai - dStarTxia
TabJe 79 defines the transmitter test signal constraint.
Table 79 — Transmitter test signal constraint
Name Description Min Max Unit
dTXENLow. |+ Time span of bus activity | 550 650 ns
After a time span of dStarTXjeaction after TXEN goes HIGH, the active star shall not react on changeg at TxD.
Tabje 80 defines the.TXD reaction timing.
Table 80 — TxD reaction timing
Name Description Min Max Unit
dStarTXreaction TxD reaction time after TXEN HIGH — 75 ns
109
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Figure 62 depicts the TxD reaction timing.

TXEN

100 % uVpg

50 % uVpig

0 % uVpic

T
TAD

uotal T'Xreaction

100 % UVD|G

50 % UVD|G

0 %|uVpic

TxD is ignored

uBus jat TP11
dStarTxai

ov
-30 mV 1

- 300 mV

- uStar TXactive

Key

TxD Transmit data
TXEN  Transmit enable not
Vbic Digital voltage

TP Test plane

Figure 62 — TxD reaction timing

13.8.4 Recgiver behaviour at transition from idle to active and vice versa

In case a communication path signals ReceiveActive, the communication path "RxD" is activated and the
binary data stream received by the communication path signalling ReceiveActive is transmitted (in case of no
collision) at RxD.

In case of collision (see 13.3.5) RxD transmits Data_0 when at least one of the communication paths
signalling ReceiveActive receives a Data_0.
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Table 81 defines the receiver characteristics.

Table 81 — Receiver characteristics

ISO 17458-4:2013(E)

Name

Description Min Max Unit
dStarRxai Active Star idle reaction time 50 550 ns
dStarRxia Active Star activity reaction time 100 550 ns
dStarTSSLengthChange_Bus_RxD TSS length change from branch to RxD pin -450 0 ns

StarFESHenegShange—Brs—Rxb FESHength-change-frombranch-to-RxB-pin 8 450 ns
dStarSymbolLengthChange_Bus_RxD | Symbol length change from branch to RxD pin © -300 440 ns

implementations.

NQTE 2 Timings of length changes and truncation "branch-to-branch" are given in 13.3.

NQTE 1 Mind that the values given in this table are valid for the AS-CC interface of monolithic and nor-monolithic

a

b

c

dStarTSSLengthChange_Bus_RxD = dStarRx01 - dStarRxia
dStarFES1LengthChange_Bus_RxD = dStarRxai — dStarRx01

dStarSymbolLengthChange_Bus_RxD = dStarRxai - dStarRxia

For |illustration see Figure 45 in 12.9.7, where the parameters.ofithe bus driver (dBDRxia / dBDRxai) need to
be replaced by the parameters of the active star (dStarRxia/.dStarRxai).
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13.8.5 Receiver timing characteristics

The receiver delay is defined as the time span for transferring the data stream (analog information) from the
signal path (bus) to the binary data stream (digital RxD signal) as depicted in Figure 63. The receiver input
signal for measuring the characteristics is also depicted in Figure 63.

UBus at TP14 A
dBusRx10 dBusRx01
— — — —

\ [\

oy \

150 mV \

ov \ \ >
mV / t

- 1SI
-300 mV

- UBUSHXpata

UBUSRXpata

dBuUsRXOstar dBusRx1sar

dStarRx10 dStarRx01
RxD >

100 % uVpis

50 % WVpic

0 % WVpic

Key
RxD Receive data

TP Test plane

Figure 63 — Receiver timing characteristics

Table 82 dgfinesthe receiver input signal for data recognition.

Fabte-82—Receiver-mputsigratfordatarecognition
Name Description Min Max Unit
UBUSRXpata uBus at TP14 400 3 000 mV
dBusRx10 Transition time Data_1 = Data_0 —_ 22,5 ns
dBusRx01 Transition time Data_0 = Data_1 —_ 22,5 ns
dBusRxOstar | Time span Data_0 @ 80 4320 ns
dBusRxlswar | Time span Data_1 2 80 4320 ns
& 200 ns (+ 1 ns) < dBusRx1str + dBUSRXOstar < 4 400 ns (£ 1 ns).
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The behaviour of the receiver when a test signal according to Figure 63 and Table 82 is applied shall be as
given in Table 83.

Table 83 defines the receiver data timing requirements.

Table 83 — Receiver data timing requirements

Name Description Min Max Unit
dStarRx10 Receiver delay, negative edge — 225 ns
dStarRx01 Receiver delay, positive edge — 225 ns

Receiver delay mismatch &
dStarRxAsym | dStarRx10 — dStarRx01 | 10 13
&  dstarRxAsym shall be guaranteed for £300 mV as well as for +150 mV leyelof uBus

13.8.6 TXEN — RxD loopback

Theltime until RxD indicates idle after the end of a transmission needs to be limited in order to eng

wakleup protocol mechanism works properly.

Figure 64 depicts the idle-loop delay timing.

TXEN

RxD

Key

RxD Receive data

TXEN  Transmit enable not

dStarTxRxai

Figure 64 — Idle-loop delay timing

Table’84 defines the idle-loop delay timing.

Table 84 — Idle-loop delay timing

Name

Description

Min

Max

Unit

dStarTxRxai

Idle-Loop delay 2

325

ns

a

dStarTxRxai is sum of dStarTxai Table 77) and dStarRxai (Table 80) for TXEN and RxD of a single device under
the constraint both values cannot be at their maximum (as these are defined for the non-monolithic implementations).
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13.8.7 Electrical behaviour

13.8.7.1 RxD
The RxD signal of an AS shall meet the following definition.

Table 85 defines the RxD signal rise and fall times.

Table 85 — RxD signal rise and fall times

Name Description v Max omit
dStarRxDris + dStarRxDris Sum of rise and fall time at 15 pF load 2 — 13 ng
| d§tarRxDris - dStarRXDgis | Difference of rise and fall time at 15 pF load — 5 ns

NOJTE The requirements on AS’s RxD are intentionally different from the BD’s RxD, since more
intdrface asymmetry is allowable.

2P0 % to 80 % uVpie. A datasheet for the AS shall state maximum rise and fall time on RxD separately.

RxD shall he on logical HIGH level, when the AS is in low power modes. Thu§)detection of wakeup shall not
be signalled on RxD, which is not necessary since the AS enters AS_Normalkautonomously after wakeup.

Table 86 dgfines the resulting RxD signal from AS to CC.

Table 86 — Resulting RxD signal~from AS to CC

AS operation mode Signabon bus wires RxD @
Idle high
AS_Normal Data_0 low
Data_1 high
(All other) X high
a8 The output voltages for logical high and low states are defined in Clause 15.

13.8.7.2 TxD

The TxD input of an AS:shall meet the definition of Table 87.

Table 87 — TxD input characteristics

Name Description Min Max | Unit
C_StarTxD Input capacitance on TxD pin — 10 pF
uStarLogic_1 Threshold for detecting logical high 2 — 60 %
uStarLogic_0 Threshold for detecting logical low & 40 — %
&  Relative to uVps, (see 15.3) a hysteresis is not required.
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13.9 Active star — bus guardian interface (optional)

The interface comprises two digital electrical signals: The BGE (Bus Guardian Enable), which is mandatory for
this interface, is one input to the AS allowing a BG or a similar supervision unit to disable the transmitter and
the RXEN (Receive Enable Not), which is optional, one output of the AS.

The behaviour is equal to the Bus Driver — bus guardian interface described in 12.5.

13.10 Active star — host interface (optional)

Thl.- nnnnn haolonacta-thao funeotional aAlacc "A At A Ciay haoct intarfanal
- \.Ir.ILIUII UL;I\.IIIHQ U Uie Turnielivriaar Uikdoo MouUve Jiaa rnmouotiriceiriacve .

Thel| active star device may comprise a host interface in form of an SPI, as described in detail in [L5.8, where
an ipterrupt (INTN) signal is also mandatory.

Set|conditions: The INTN signal shall be switched to logical low when errors ocelr and also| when they
recqver. In case of reception of wakeup events the INTN shall also be switched tojlogical low. Product specific
more events can be signalled.

Reget conditions: The INTN shall only be reset with a correct access to.the corresponding error|or interrupt
regigter.

The| AS shall perform the mode change within a time span of dStarModeChangesp, after the rising edge on
SC$N, if not prevented by an undervoltage condition.

Table 88 defines the mode transition time.

Table 88 — Mode transition time

Name Description Min Max Unit
dStarModeChangesp, Mode transition time after host command — 100 us
dStarReactionTimesp; | Time from detection of an event to falling edge of INTN — 200 S

In chse the functional class "Active Star internal voltage regulator” is implemented (only Vgat, N0 Mcc supply)
and|the device is not in AS. Off mode and Vo is not in undervoltage, then the SPI shall be accegsible in any
opefation mode.

In chse the functional-Class "Active Star internal voltage regulator” is not implemented and V¢ Is neither in

undprvoltage norynsupplied and Vo (if implemented) is not in undervoltage, then the SPI shall bg accessible
in any operatienymode.

13.11 /Active star — power supply interface

13.11.1 Introduction

The interface between the active star and the power supply comprises of at least two pins, which are the
ground connection (GND) and one or two primary supply pin(s) (Vcc and/or Vgat). Additionally the active star
should have an alternative supply delivering uVsrsuppyy» SUCh as a capacitor (charged out of a primary supply)
or an internal voltage regulator, to be able to start forwarding wakeup patterns almost immediately.
UVstarsupply'S required dependency of uVgar and uVcc is given Table 89. In case the status of uVgar and/or uVec
changes, uVsgarsuppy'S Status shall change according to Table 89 within a product specific delay. The datasheet
of the AS shall state the delay or shall give a hint how to calculate this delay.

Furthermore this interface may comprise of an optional inhibit output (INH1), when a Vgar input is
implemented.
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A power supply input Vcc may be implemented, which shall be connected to a low voltage supply with nominal
5 V. The minimum and maximum allowable voltages on V¢ are product specific.

A power supply input Vgar may be implemented, which can be directly connected to the vehicle battery (e.qg.
nominal 42 V) in order to supply the AS, when a V¢ input is not available or not implemented. The minimum

and maximum allowable voltages on Vgar are product specific.

Table 89 defines the summary of supply voltage conditions.

Table 89 — Summary of supply voltage conditions

uVeat [t

UVece

UVstarsupply

AS can enter

WU detection|...

Normal operating
range

Not implemented

Normal operating range

All operation modes

Mandatory

Undervoltagé¢ or
unsupplied

Not implemented

Undervoltage or unsupplied

Low power modes P
or AS_Off ¢

Not mandatory

Not implemepted

Normal operating
range

Normal operating range

All operation mades

Mandatory

Not implemepted

Undervoltage or
unsupplied

Undervoltage or unsupplied

Low power'modes P
or AS_Off¢

Not mandatory

Normal operating
range

Normal operating
range

Normal operating range

All opération modes

Mandatory

Undervoltagé¢ or
unsupplied

Normal operating
range

Normal operating range

All operation modes

Not Mandatory

Normal operating
range

Undervoltage or
unsupplied

Normal operating.range,
when all branches in Idle. ¢

All operation modes

Mandatory, when
uVeatr 27V

Not mandatory,
when uVear < 7|V

Undervoltagg

Undervoltage

Undervoltage

Low power modes

Not mandatory

Unsupplied g
not implemented

=

Unsupplied or
not implemented

Unsupplied

AS_Off

Not possible

NOTE Find more information on low-veltage conditions in Annex A.

a8 Mind that[uVgar is the voltage on the AS's*pin and uVecy the voltage applied from the vehicle battery to the ECU connector.

b

c

d

If UVstarsugply IN UNdervoltage.

If supply Yoltage of the digital\part is below power on threshold.

UVstarsupp] May enter undervoltage conditions after forwarding wakeup symbols.

Moreover, thére ‘are dependencies to the functional classes "AS voltage regulator control" and "AS intgrnal

Ly ;
voltage regutatort;see13-15:3and13-154-

13.11.2 Inhibit output (optional)

This option belongs to the functional classes "Active Star - voltage regulator control" and "Active Star —
internal voltage regulator”.

Optionally, the active star - power supply interface may have an inhibit output signal (INH1) that is meant to

control an external voltage regulator. The active star signals Sleep to the power supply, when leaving the
INH1 pin floating and signals Not_Sleep, when driving the INH1 pin to battery voltage level.
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Table 90 defines the inhibit pin characteristics.

Table 90 — Inhibit pin characteristics

ISO 17458-4:2013(E)

Name Description Min Max Unit
UINH Lot steep Voltage on inhibit pin, when signaling Not_Sleep at 200 pA load, Wear— 1V . Vv
uVeat 2 5,5 \Y
iIINH1 eak Absolute leakage current while signaling Sleep 2 — 10 HA
a8  Leakage current can be tested by applying a 100 kQ to INH and checking for | uINH1 | < 1 V.
13.11.3 V¢ supply voltage monitoring (optional)
he AS shall

The| AS shall provide a means to monitor the V¢ supply voltage, if a Ve input is imiplemented. T
e above 4 V

dete
and

Tabje 91 defines the V¢ undervoltage detection.

Table 91 — V¢ undervoltage détection

ct an error when the V¢ supply voltage falls below a product specific threshoeldwhich shall be
an interrupt shall be signalled on the AS - host interface if implemented.

Name Description Min Mpx Unit
dSfarUVVce | Vcee Undervoltage detection time — 1 Q00 ms
dSfarRVcce Vcc Undervoltage recovery time — 10 ms
uStaruVVece Vce Undervoltage detection threshold ¢ 4 -+ \

a | A hysteresis between detection and recovery threshpld can be implemented.
13.11.4 Vgar supply voltage monitoring
error when

Inc
the

TabJe 92 defines the Vgnt undervoltage detection.

Table 92 — Vst undervoltage detection

hse the AS has a Vgt pinthe voltage on this pin shall be monitored. The AS shall detect an
Vear supply voltage falls(below a product specific threshold, which shall be above 4 V and

shall be signalled on the ASY--host interface if implemented.

an interrupt

Name Description Min Mpx Unit
dSfatbyVear | Vear Undervoltage detection time — 1000 ms
dStarRVear Veat Undervoltage recovery time — 10 ms
uStarUVVear | Vear Undervoltage detection threshold 4 55 \%

& A hysteresis between detection and recovery threshold can be implemented.

13.11.5 Supply voltage monitoring

If the AS does not have sufficient supply to operate conform to this specification this shall be detected within
dStarUVVg,py- The reaction on an undervoltage condition is defined in 13.4.
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Table 93 defines the supply voltage undervoltage detection.

Table 93 — Supply voltage undervoltage detection

13.12 Act

13.121 O

NOTE L
Optionally,
inputs and
UVDlG =uV

13.122 V

In case the
monitor the
below a pra
host. Wake
under-volta
the host, in

Table 94 de

Name Description Min Max Unit
dStarUVVsypply Supply undervoltage detection time — 1 ms
dStarRVsupply Supply undervoltage recovery time — 10 ms
uStarUVVsuppy | Supply undervoltage detection threshold @ 4 — \

a Ak - H L - L - 'l ) 1 Ll 1 H 1 - L
L) IIyDLCICDID UTUWCTITT UtTiTlUuUIT ara IC\.U\ICIy ancariviu talt uc IIIIPICIIICII[CU.

ive star — level shift interface (optional)
verview
his option belongs to the functional class "Active Star - logic level adaptation"

A level shift input Vo can be implemented in order to apply a referefice voltage uVp,g for all di
all digital outputs. In case such reference voltage is available,“then uVpg = uV,o, other
Lc. For more information, see Clause 15.

o voltage monitoring

e is a Vo voltage input implemented as reference fordigital 10, the AS shall provide a mean
V|0 voltage. The AS shall not autonomously switch to a low power mode when the Vo voltage
duct specific threshold, which needs to be higher than 2 VV and an error shall be signalled to
Up detection and forwarding of communicatien elements shall be performed even when Vg
je condition. This shall be done according’to the latest branch configuration information sen|
case an AS host interface is implemented.

fines the Vo undervoltage detection:

Table 94 — Vo undervoltage detection

Name Description Min Max Unit
dStarUVV,é~},* Vio Undervoltage detection time — 1000 ms
dStarRVie Vio Undervoltage recovery time — 10 ms
uStaruvVio | Vio Undervoltage detection threshold 2 2 — \%

2 A hysteresis between detection and recovery threshold can be implemented.

gital
vise

s to
falls
the
s in
t by

Undervoltage on Vo sets the APM flag, see 13.4.

In case an AS — CC interface is present the TXEN signal shall be considered as on logical HIGH, while Vg
undervoltage persists.

13.13 Active star — bus interface

The active star - bus interface comprises as many blocks named "Single_Branch" as branches are supported
by the active star device. Each block "Single_Branch" is an independent branch as described in 12.6 and the
following subclauses.
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13.14 Active star — wake interface (optional)

NOTE This option belongs to the functional classes "Active Star - voltage regulator control" and "Active Star —
internal voltage regulator".

The active star — wake interface comprises a WAKE input. The requirements to this interface are the same as

described in 12.10 (dStarWakePulseFilter and dStarWakeupReaction,,; replaces dBDWakePulseFilter and
dBDWakeupReaction,,.;). The WAKE input is battery voltage related input.

13.15 Active star functional classes

13.15.1 Functional class: "Active star - communication controller interface"
Optlonally, an active star - communication controller interface can be implemented. Its gpetation js similar to
the pperation of the bus driver - communication controller interface block as specified.in,12.4. With respect to

this|interface an active star in AS_Normal shall behave like a BD in BD_Normal, excéptfor the BD [parameters
dBOTxia and dBDTxai, which are overruled by the parameters dStarTxia and dStarTxai, see 13.8.3.

13.15.2 Functional class: "Active star - bus guardian interface"

Thig functional class can only be implemented in case an active star ~~communication controller|interface is
implemented. It comprises the implementation of an active star - bus guardian interface according {o 13.9.

13.15.3 Functional class "Active star - voltage regulator-¢ontrol”
Thig functional class requires the following options to be implemented:
— |"Vgat" power supply input, see 13.11

— |"Vcc" power supply input; see 13.11

— |"INH1" output signal, see 13.11.1

Optlonally, an Active Star — wake interface according to 13.14 may be implemented in this functiongl class.

13.15.4 Functional class "(A¢tive star — internal voltage regulator”
Thig functional class reduires the following options to be implemented:
— |"Veat" power.supply input; see 13.11.

Optlonally, an "INH1" output signal according to 13.11.1 may be implemented in this functional clag

2

Optlonallys an Active Star — wake interface according to 13.14 may be implemented in this functiongl class.

ThisTunctional class requires that no Ve supply INput is present.

13.15.5 Functional class "Active star — logic level adaptation”
This class requires the implementation of a logic level-shift interface as described in 13.11 and requires that

the thresholds of all digital inputs are controlled by this voltage as well as all digital outputs are related to this
level. See also 15.2 and 15.3.

13.15.6 Functional class "Active star — host interface"

This class requires the implementation of an interface according to 13.10.
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13.15.7 Functional class "Active star increased voltage amplitude transmitter"

This class does not require additional functions to be implemented. However, the minimum of uStarTXactive
shall be 900 mV and thus different from the minimum value state in Table 77. The mask test as defined in

11.2.5 needs to be fulfilled.

13.16 Active star behaviour under fault conditions

13.16.1 Environmental faults

Table 95 dqg

fimestheactive star betraviour urder fautt comditions:

Table 95 — Active star behaviour under fault conditions

Fault description Behaviour at BP and BM Behaviour at AS’s digital interfaceq
AS is withgut any kind of
supply voltage (AS in high impedance, see Table 50 See 15.2.
AS_Off)

Undervoltag

e 0N UVstarsupply

AS shall not force a differential voltage on
BP/BM. P

Undervoltag

e on UVcc

AS¢hall signal error to the host ©

Undervoltag
UVStarSuppIy

e on Vgat , but
not in

The AS shall continue to forward
communication elements from one branch

AS shall signal error to the host ©

undervoltage to other branches
AS looses | connection to AS shall detect the channel to be™ldle,
channel (BP and BM while its TXEN (if implemented){is on RxD behaviour according to 12.4, if CC-
interrupted) logical high and all other branches’are not interface (see 13.8) is implemented.
P in Branch_Receive
BP line shorted to ground
BP line shorted to Vgar or
Vee , o AS shall signal error to the host in dase
BM Iine ShO ted to ground AS Sha“ Inte.l’nally ||m|t the Output current. communication is not possib|e_
Limits given in*Table 57 are valid ]
BM line shdrted to Vear or For bus error detection see 12.12.5.
Vce
BP line shorted to BM line
INTN  (if | implemented)
signaling line becomes{| —
interrupted
T No detection by AS. If INTN does not r¢act

ls'i\n;glin (n;inel?s]p;igﬁgée?g . on changes as expected, the host |can

9 d 9 assume that the line is clamped. For INTN
groun behaviour see 1310
INTN (if implemented)
signaling line is shorted to | —
Vio or Vcc

TxD (if implemented) line
becomes interrupted

AS outputs Data_0, when enabled via
TXEN (and BGE, if applicable)

TXEN (if implemented) line
becomes interrupted

AS shall sense the input as high, see
13.16.2.

TXEN (if implemented) . .
: : After a timeout expires the AS shall , c
signal cljs permanently behave as if TXEN would be high AS shall signal an error to the host © .
asserted
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Fault description

Behaviour at BP and BM

Behaviour at AS’s digital interfaces @

AS detects an over-
temperature condition 9

AS shall not force a differential voltage on
BP/BM. P

AS shall signal an error to the host © .

One of two channel
termination units becomes
disconnected from the
channel

Note: Depending on use case specifics
the communication will drop out or might
continue with a huge amount of errors.

Bus load too high
(Resistance  Rpcload 100
lowsee-8-+4

Note: Depending on use case specifics
the communication will drop out or might

continbae-with-daaradad-paformaneca
SOt grabeaperorarce:

Undervoltage on Vio

See 15.2.

Losk of ground

AS shall internally limit the output current,
see Table 50.

Product specific behaviour.

a n case an AS-Host interface is implemented.

b

C
operfiting range.
d

Biasing depends on the operation mode, see Table 49.

Detection required only while in AS_Normal.

NTN is low active, however, reading information from the SPI requires Vpic and at least.one supply voltage (Vgar 01 Vcc) within its

13.16.2 Behaviour of unconnected digital input signals

In chse one or more of the digital inputs are unconnected\(or floating) the AS shall sense the input$ as defined

in Thble 96.

Table 96 — Logical input when unconnected

Signal Logical input
TxD @ Low

TXEN 2 High

BGE 2 Low
&  |f present, see 13.2.

Thig behaviour {eads to a fail silent behaviour with respect to the AS - CC interface and AS — BG|interface of
the AS, whern TXEN or BGE is floating.

In case/ant AS — host Interface is present, unconnected SPI inputs have to behave according to 15,8.2.

13.16.3 Behaviour with dynamic low battery voltage

Only applicable for active stars that implement the functional class "Bus driver voltage regulator control”

For behaviour in case of dynamic low battery voltage refer to 12.12.3.

13.16.4 Behaviour with dynamic low supply voltage

For behaviour in case of dynamic low supply (Vgar and Vcc) voltage refer to 12.12.4.

At the end of the supply voltage notch, the AS shall be in AS_Normal or shall be able to be forced to

AS_Normal by a wakeup.

© I1SO 2013 - All rights reserved
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13.16.5 Over-temperature protection

The AS shall provide a means to monitor the junction temperature on the silicon die. If a certain product
specific threshold is exceeded, the AS shall disable the transmitter in order to prevent further heating of the
chip. When the over-temperature condition is no longer valid the transmitter shall be enabled at the next
activity at TXEN, a single branch or the intra star interface. Entering a low power mode on over-temperature is
not acceptable. The receive function shall be maintained as long as possible. The AS shall provide over-

temperature information on the bus driver - host interface.

NOTE The over temperature protection is only meant as protection mechanism for the AS.
13.17 Acfive star signal summary
Table 97 dgfines the active star signal summary.
Table 97 — Active star signal summary
Signal 1/0 Description Mandatory Controlable Observable
Active Star - CC Interface (optional)
TXEN Input Transmit data enable not No If implemented Not applicablg
TxD Input Transmit data input No iH.jmplemented Not applicablg
RxD Output Receive data output No Not applicable If implemente(
Active Star - Host Interface (optional)
SCSN Input Chip Select input No If implemented Not applicablg
SCK Input SPI clock input No If implemented Not applicablg
SDI Input SPI data input No If implemented Not applicablg
SDO Output SPI data output No Not applicable If implemente(
INT Output Interrupt No Not applicable If implementeq
Active Star - Bus Guardian Interface (optional)
BGE Input BG enable input No If implemented Not applicablg
RxEN Output E)%igle)data enable not output No Not applicable If implemente(
Active Star - Bus interface (single or multiple)
BP I(';Stl:)t u/t Busline Plus Yes Yes Yes
BM IOnStuptu/t Bus line Minus Yes Yes Yes
Active Star - Power Supply interface (optional)
INH1 Output Control signal to power supply No Not applicable Not applicable
GND — Primary supply voltage ground Yes Yes Not applicable
Vce — Primary supply voltage input Yes @ If implemented Not applicable
VBaT — Secondary supply voltage input Yes P If implemented Not applicable
Vio — 10-Level sensing input No If implemented Not applicable
2 mandatory, if Vgar is not implemented
b mandatory, if Ve is not implemented
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14 Interface definitions

14.1 Overview

In order to ensure interoperability between bus physical layer devices, communication controllers and hosts,
this Clause lists the requirements on the interfaces of such devices.

14.2 Communication controller — bus driver interface

14.2.1 Introduction

To ensure that no additional asymmetry is added to the data streams by the BD-CC interface,"the CC has to
provide the electrical characteristics defined in the following subclauses. A CC shall provide this behaviour
ovef the entire temperature range, which is stated in its datasheet. Qualification according-to AEC-Q100 [10]
is rgquired.

14.2.2 TXEN
The| TXEN signal of a CC shall meet the following definition.

Table 98 defines the TxXEN signal rise and fall times.

Table 98 — TXEN signal rise.and fall times

Name Description Min Max Unit
dCCTxENrise2s | Rise time of TXEN signal at CC @ — 9 ns
dCCTXENGFaizs Fall time of TXEN“signal at CC 2 — 9 ns

Sum of delay between TP1_FF and
dCCTxENO1 TP1_CC_and delays derived from — 25 ns
TP1:EEi, rising edge of TXEN

Sum of delay between TP1_FF and
dCCTxEN10 TP1_CC and delays derived from — 25 ns
TP1_FFi, falling edge of TXEN

2 20 %,-.80% uVp at 25 pF load.

14.3.3 TxD

Thel TxD signal)of a CC shall meet the following definition.
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Figure 65 depicts the TxD signal of the CC.

TxD
N
dCCTXDso%
100 % UVD|G
80 % UVD|G
50 % UVD|G
20% u \/DIG
0%u \/DIG
—> —>
dCCTXDFa” dCCTXDRise
Key

TxD  Transmit data

Figure 65 — TxD signal of the CC

dCCTxAsyrm = dCCTxD50 % - N x gdBit ; N < 10 and gdBit = [100 ns; 200 ns; 400 ns]

Table 99 dgfines the requirements on TxD signal of the CC«¢

Table 99 — Requirements on TxD signal of the CC

Name Description Min Max Uhit
dCCTxAsyn Asymmetry.ofisending CC at 25 pF load 2 -2,45 | 2,45 s
dCCTXDrisg2s + dCCTXDraizs | Sum afrisé and fall time at 25 pF load ° — 9 1S
Summ Jof delay between TP1_FF and TP1_CC and delays o

dCCTxDO1 dérived from TP1_FFi, rising edge of TxD 25 s
Sum of delay between TP1_FF and TP1_CC and delays

dCCTxD10 derived from TP1_FFi, falling edge of TxD o 25 s

&  valid forlall data ratés excluding clock tolerance, see also Table 18, rows 1 and 2.

P 20 % to B0 %V, A datasheet for the CC shall state maximum rise and fall time on TxD separately.

It shall be verified by simulation of the CC that the sum of rise and fall time at TP1_BD does not exceed the
above specified maximum in case the load is a standard lossless transmission line (with an impedance of
50 Q and a propagation delay of 1 ns) plus a capacitor of 10 pF to ground instead of being only 25 pF.
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Table 100 defines the TxD signal timing at sending BD.

Table 100 — TxD signal timing at sending BD

Description Condition Min Max Unit
TxD signal sum of rise and between 20 % and 80 % uVpic at 10 pF load at the end of a . 9 ns
fall time at TP1_BD 50 Q, 1 ns microstripline
NOTE The compliance to this maximum needs to be verified by simulation during the design process of the CC.

The datasheet shall state a note that this is performed according to this part of ISO 17458 and the entire temperature
range_of the device has been taken into_account. The result of the simulation has to be provided to _customer on

demand.

14.3.4 RxD

The| RxD input of a CC shall meet the definition of Table 101.

Table 101 — RxD input characteristics

Name Description Min Max Unit
C_|CCRxD Input capacitance on RxD pin — 10 pF
udCLogic_1 | Threshold for detecting logical high 2 35 10 %
udCLogic_0 Threshold for detecting logical low & 30 85 %

Sum of delay between TP4_CC and TR4 FF and delays derived from
dqCRxDO1 TP4_FFi, rising edge of RxD _ 1o ns
Sum of delay between TP4_CC-and TP4_FF and delays derived from
dqCRXD10 TP4_FFi, falling edge of RxD o 10 ns
a8 | Relative to uVpe with uCClogic_1 =. @CClLogic_ 0, a hysteresis between the two thresholds is ot required
(e.d. 35 % < uCCLogic_0 < 65 % and 35 % < yCCLogic_1 < 65 %).

14.2.5 Receiver asymmetry

The| sampling logic in the,receiving CC shall guarantee to receive every possible valid frame cprrectly, i.e.
withiout errors (incl. syatax error), that has a sum of rise and fall times (20 % to 80 % of uVpg)|in the RxD
sigrjal of up to 13 ns (16,5 ns) [corresponding to 15 pF (25 pF) load on RxD],a mismatch between rise and fall
timg of less thad~5ns (see 12.4) and a bit asymmetry (measured at 50 % of uVpg) of less than

dCERxAsymAecept;s (ACCRxAsymAccept,s).

Tabje 102 defines the requirement on sampling logic of the CC.

Table 102 — Requirement on sampling logic of the CC

Name Description Min Max Unit
dCCRxAsymAccept:s Acceptance of asymmetry at receiving CC with 15 pF load & -31,5 +44,0 ns
dCCRxAsymAcceptss Acceptance of asymmetry at receiving CC with 25 pF load & -30,5 +43,0 ns

means that rising edges are delayed relative to the falling BSS edges.

2 For all data rates including clock deviation of 500 ppm. See also table 6-5 (last two rows, worst case values) with N=10 that
defines a margin of 6 ns (7 ns) to the theoretical decoder limits of -37,5 ns and +50,0 ns (see Annex A). Mind that a positive asymmetry
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14.2.6 Communication controller system timing

From system timing perspective the definitions made in 10.5 lead to the effects depicted in Figure 66.

TPO TP1_BD TP4_CC TP5
' S, — ' '
I TP1_BDi I

—>logical thresholds
Clock cC CcC Clock
TxD RxD
source T ! 1 — source
it/s oom
(500 ppm _| ©PCB I e {500-pp
x010x I
A 5 A S I |
Key

BD Bup driver

CcC Communication controller

Crcs Represents the load on the pin that consists of the parasitic capacitance of the printed, eircuit board and the input |p
capacitance of the CC.

n

RxD Regeive data
TxD Trgnsmit data

TP Tegt plane

Sum of rise gnd fall time on RxD < 13 ns and difference of rise and fall time <5 ns (20 % to 80 % uVpc)

Figure 66 — System timing\at sending and receiving CC

Table 103 gefines the system timing at sendirig and receiving CC.

Table 103.—System timing at sending and receiving CC

Description Condition Min Max Unit
asymmetry ¢f sending CC measured at 40 % uVpc at 25 pF load — 4 ns
TPO — TP1]BDi measured at 60 % uVpc at 25 pF load — 4 ns
Acceptance| of asymmetry at | sym of RxD rise and fall time < 13 ns with a mismatch
receiving C¢ atiP4~CC between rise and fall time of max. 5 ns -31,5 31,5 ns
15 pF load 4t RXD (20 % - 80 % Uvpic)

Acceptance of asymmetry at | gym of RxD rise and fall time < 16,5ns with a

receiving CC atTP4_CC mismatch between rise and fall time of max. 5 ns -30,5 30,5 ns
25 pF load at RxD (20 % - 80 % Uvpic)

14.3 Host

The host shall provide an interface according to 15.2 and 15.3.

In case SPI is used this shall also be according to 15.8.
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15 General features for FlexRay physical layer parts

15.1 Objective

ISO 17458-4:2013(E)

This Clause specifies general features that apply to all electrical physical layer devices.

15.2 Voltage limits for digital output signals

All digital outputs of bus drivers and active stars shall have the electrical characteristic according to Table 104.

For

For

Tab

the BD’s RxD output additional requirements are given in 12.4.
the AS’s RxD output additional requirements are given in 12.8.

e 104 defines the digital signal output limits.

Table 104 — Digital signal output limits

Name Description Condition Min Mak Unit
Y Output voltage on a digital output, No undervoltage onyVpic AND 80 100 o
G-OUT-HIGH when in logical high state & either Vcc or Véar supplied P 0
wV Output voltage on a digital output, No underveltage on Vpic AND . 20 %
IG-ouT-Low when in logical low state & either Vgevor Vear supplied P
Output voltage on a digital output at
UuVpiG-ouT-uv 100 kQ load to GND, when Vpis in Either Vcc or Vear supplied b — 500 mV
undervoltage
Y Output voltage on a digital output at™| Product  pin specific
I6-OUT-OFF 100 kQ load, when unsupplied ? behaviour
a8  |Relative to UVpe. Load conditions are product speeific and documented in the product datasheet.
b |Product specific supply thresholds below undervoltage thresholds, e.g. in BD_Off or AS_Off mode.
15.8 Input voltage thresholds for digital signals
All gligital inputs, exceptdor TxD, shall have the electrical characteristic according to Table 105, [in case the
refefence voltage of-digital 10 is not in undervoltage. TxD input thresholds are specified separately for the BD
(seg 12.4) and AS)(see 13.8.7.2). (The RxD input of the CC is specified in Clause 14).

Tab

e 105 defines the digital signal input thresholds.

Table 105 — Digital signal input thresholds

Name Description Min Max Unit
UVpie-in-HigH | Threshold for detecting logical high @ — 70 %
UVDIG-IN-Low Threshold for detecting logical low & 30 — %

a

Relative to uVpig

In case the reference voltage uVp g for digital 10 falls below a product specific undervoltage threshold, all
inputs shall be considered as if they were unconnected, see 12.12.2.
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15.4 ESD protection on chip level (HBM)

All pins of FlexRay physical layer parts shall be protected against damage by electrostatic discharge (ESD)
according to the Human-Body-Model JEDEC JESD22-A114 [11], as referenced by AEC-Q100 [10].

This Human-Body-Model foresees the contact discharge of a 100 pF capacitor to the pin under test with an
additional series resistance of 1 500 Q.

Those pins of FlexRay parts that are intended to be connected to terminals outside the ECU shall withstand a
discharge of UESDgy relative to device's ground pin. All others shall withstand a discharge of UESD,,.

Table 106 defines the ESD protection (HBM).

Table 106 — ESD protection (HBM)

Name Description Min Max Unit
|I|ESDExt ESD protection on pins that lead to ECU external terminals & 6 — kv
lIIESDInt ESD on all other pins 2 — kv
a8l Typically: BM, BP, WAKE and Vgar.

15.5 ESD|protection on chip level (IEC61000-4-2)

The IEC 61000-4-2 foresees the contact discharge of a 150 pF capacitor to the pin under test with an
additional sgries resistance of 330 Q.

Table 107 gefines the ESD protection (see IEC 61000-4-2):

Table 107 — ESD+protection (IEC 61000-4-2)

Name Déscription Min Max Unit

UESDec ESD protection on BP and BM 6 — kv

15.6 ESD|protection on ECUYlevel

ESD protegtion at the ECU)level is the responsibility of the equipment manufacturer and not part of |this
specificatiof. Find application hints in Annex A for enhanced ESD protection.

15.7 Operating-temperature

The FlexRdy devices (BD, AS, CC) have to fulfil the requirements of this specification in at least one of| the
following operating temperature classes. Class 1 is the typical operating temperature class. Device
qualification according to AEC-Q100 [10] is required.
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Table 108 defines the operating temperature range.

Table 108 — Operating temperature range

Name Description Min 2 Max @ Unit
TAMB_Classo Ambient temperature for class 0 -40 +150 °C
TaMB_Class1 Ambient temperature for class 1 -40 +125 °C
TaMB_Class2 Ambient temperature for class 2 -40 +105 °C
rme—crasss Armbierttemperaturefer-elass—3 40 +85 °G

The temperature in the immediate ambience of the physical layer device is
meant. Qualification according to AEC-Q100 [10] is required.

&  The given Min. and Max. values are given the minimal range to be covered for the

respective temperature class. The device might cover a larger temperature range (e0) -45
to 140 °C).

15.8 Serial peripheral interface (SPI)

15.8.1 SPI definition
Any|bit sampling is performed with the falling clock edge and the data is shifted with the rising clock edge.
Theltransfer speed shall at least cover the range from 10 khit/s to 1 Mbit/s.
It isfrecommended to support transfer-rates up to 10.Mbit/s.

Figyre 67 depicts the SPI register access.

SCSN  \| }(}( m
sk Jou X0 o2} fosd_ fos? ﬂ_/g\ [16°

sampled | | | |

SDI | xS wse | 14 [ 13 | 1 U| oo | s || x|
/
SbO =< x | MmsB 14 13 12 f M o LSB —
float )
Key

LSB Least significant bit

MSB Most significant bit
SCSN  SPI chip select not input
SCK SPI clock input

SDI SPI data input

SDO SPI data output

Figure 67 — SPI register access
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Within one SCSN cycle (SCSN on logical low), 16 clock periods (SCK) are expected for a correct access. Any
deviation in the number of clock periods is recognized as an error and the write access is ignored.

15.8.2 Behaviour of unconnected SPI input pins

In case one or more of the digital inputs are unconnected (or floating) the SPI shall sense the inputs as

follows:

Table 109 defines the logical input when unconnected.

lable 109 — Logical input when unconnected

Signal Logical input

SCSN | High
SCK Low
SDI Low

130
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Annex A
(informative)

Application notes

A.1 Objective

ISO 17458-4:2013(E)

The
The

A.2

A.2

With a differential mode impedance in the range of [80 .. 110] Q an gptimum matching with the

content of this document is informative and not normative.

Application notes

1 Application hint: Cable impedance

objective of this document is to collect valuable information that shall help to implement ElexR

hy systems.

defined DC
ntentionally

bus|load can be achieved. Mismatches between DC bus load ant cable impedance may be
applied, but need to be checked application specific.
Thel figure below shows the equivalent input circuit of a symmetric two-wire transmission line applicable to
shigdlded and unshielded twisted pair lines.
Thel differential input impedance calculates to Zy = (2% 2) || Z1»
Figure A.1 depicts the cable impedance.
|
| ™
| / Fi J-’ |
. — |
| [ Ziz I |
+ *.II I
!
| \ z o
1|) ground
|
|
| | Zu |
|
|
I E
|
|
|
|
|
*
|
Key
z Impedance wire to ground

Z1; Impedance wire to wire

Figure A.1 — Cable impedance
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A.2.2 Application hint: Connectors
This application hint note does not prescribe certain connectors for FlexRay systems.

However, some recommendations are given in Table A.1.

Table A.1 — Connector parameters

Name Description Type Unit
|C0ntaCtDiIStanceBP-BM Contact distance 2 <45 mm
IContactMJ:taI Distance between outer metal parts and center of contact 22
IECUCoupling Length of connector to control unit <75 mm

&  adjacenf chambers shall be used

b to be m¢asured from end of the twisted area in cable to PCB housing

See also the subclause about connectors in this part of ISO 17458.

A.2.3 Apdlication hint: Split termination

In order to achieve a better EMC performance, it is recommended to make use of a so-called split termingtion
in all ECUs| where the Termination resistance Ry is split into two equal parts Rta and Ryg.

Figure A.2 dlepicts the ECU with split termination.

ECU :
EP ﬁ

Rra :

BD fl :

¢ R Rre :
BM a

|

|

Key
BD  Bus Driver

BP  Bus plus

BM  Bus minus

C,  Termination capacitor
R:  Termination resistor
Rra  Termination resistor

Rrg  Termination resistor

Figure A.2 — ECU with split termination
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The serial RC combination (R4;C4) at the center tap of the split termination provides a termination to GND for

common mode signals. Rq is preferably omitted. Typical values are given in Table A.2.

Table A.2 — Termination parameters

Name Description Type Unit

R Resistor <10 Q

Cy Capacitor 4700 pF

2 KRtA - R1e| T (R7a T Rts) Vatching of termination resistors <7 %
For Rt and Ryg the use of 1 % tolerated resistors leads to a matching of 2 %; see Table A«2.
The|better the matching of the split termination resistors Rty and Rtg, the lower the electromagneti¢ emission.
A.2l4 Application hint: Common mode chokes
To improve the emission and immunity performance, a common modeZchoke may be used. The function of
the pommon mode choke is to force the current in both signal wires’tobe of the same strength, hut opposite
direption. Therefore, the choke represents high impedance for ¢ommon mode signals. The pafasitic stray

inddctance should be as low as possible in order to keep oscillations on the bus low. The conpmon mode

choke shall be placed between transceiver and split termination. The following figure shows how

the fommon mode choke in presence of a split termination.

Figure A.3 depicts the ECU with split termination and common mode choke.
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BF

BD

BD Bus Driver

BP Bus plus

BM Bus minus

CMC Common mode choke
ECU  Electronic control unit
C, Termination capacitor
R1 Termination resistor
Rra Termination resistor

Rrs Termination resistor

Figure A.3 — ECU with split termination and common mode choke

Table A.3 lists the recommended characteristics of.common mode chokes in FlexRay networks.

Table A.3 — Common mode choke characteristics

Name Description Type Upit
Reme Resistance per line <15 Q
Leme Main inductance 100 i
L Stray inductance <1 uH

Mind that in case-the stray inductance exceeds a certain application specific limit, a node sees activity on| the
bus temporgrilynimmediately after stopping its own transmission. l.e. when last transmitted bit was Data 1,

then a Data] 0_¢can be read and vice versa. For further information see Annex A.2.15.

The maximum mechanical overall dimensions should not exceed the limits listed in Table A.4.

Table A.4 — Maximum mechanical dimensions

Name Description Min Max Unit

H Height - 52 mm

Width - 6,0 mm

L Length - 10,0 mm
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A.2.5 Application hint: Exemplary cable shield connection

Figure A.4 shows an exemplary cable shield connection. It is also assumed that the connectors are shielded,
thus the shielding is not interrupted between two ECU housings.

[ !

Key

| (
ﬁ—rk Ve

Node n  Node connected to a shielded cable

Node m  Node connected to a shielded cahle

Figure A.4 — Exemplary cable shield.«connection

Thel| short-circuited shield could cause resonances. Additignal circuits to damp these resonances are up to the
application.

A.2l6 Application hint: Network topology layout

Redommendations that are listed here should-be followed when topologies are planned in order|to increase
the [chance to find a reasonable termination concept, so that signal voting according to Annex|A.2.20 can
resylt in a "pass" at each node as recéiver in combination with all possible sending nodes.

— |Avoid "stubs on stubs". A splice'shouldn't be connected to more than two other splices.
— |Keep the cumulative ¢able’length as short as possible. Avoid > IStub; + XISpliceDistance;; > 24 m.

— |Connect ECUs that are optional to a separate branch of an active star in order to avoid urj-terminated
cable ends.

— |Apply a split termination to each ECU by taking the DC-load range into account.

A.2l7 Application hint: Termination concepts

A.2.7.1 Termination concept for point to point connections

Both cable ends are terminated with a resistor (Rta + Ryg) that has a resistance equal to the nominal cable
impedance. Limitations of cable impedance and DC busload are given in this part of ISO 17458.

A.2.7.2 Termination concept for passive star topologies

At those two nodes that have the maximum electrical distance over the passive star, the cable ends are
terminated with a resistance equal or slightly higher to the nominal cable impedance. At all other nodes a high
ohmic split termination (e.g. 2x 1 300 Q + 4,7 nF) should terminate the cable. Limitations of cable impedance
and DC busload are given in this part of ISO 17458.
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A.2.7.3 Termination concept for passive linear bus topologies
At those two nodes that have the maximum electrical distance on the bus, the cable ends are terminated with
a resistance equal or slightly higher to the nominal cable impedance. At all other nodes a high ohmic split

termination (e.g. 2x 1 300 Q + 4,7 nF) should terminate the cable. Limitations of cable impedance and DC
busload are given in this part of ISO 17458.

A.2.7.4 Termination in hybrid topologies

To each subclause, the termination concept is chosen as outlined in the subclauses above.

A.2.8 Apgdlication hint: Passive star - impedance adjustment

Passive star topologies tend to reflections at their low resistive center. To avoid this, ferrite cores_can be ysed
for increasing the impedance for high frequencies. Their selection is specific to the application,

Figure A.5 dlepicts ferrite cores on each wire at a passive star.

Ferrite cores

~s

BP

Optimized BP
RF
impedance BM

BP
EM

Key

BD Bus Driver

BP  Bus plus

RF  Radio frequency

Figure’A.5 — Ferrite cores on each wire at a passive star
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This impedance adjustment might be also achieved by discrete components as depicted in Figure A.6 or, in
case a cable shield is used in the system as depicted in Figure A.7.

Figure A.6 depicts discrete elements for impedance adjustment at a passive star (no cable shield).

Ly

optimized RE —\ N Ry |
impedance
i
BM . }
L
—a
L
.
. L
BP i |
OF timized RF last branch.ofthe passive star
impedance a
BM L I
Key
BP  Bus plus
BM  Bus minus
Ly Termination inductor
R;  Termination resistor
RF  Radio frequency
Figure A.6~=Discrete elements for impedance adjustment at a passive star (no cable shield)
or, incase a cable shield is used in the system:
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Figure A.7 depicts the discrete elements for impedance adjustment at a passive star (with cable shield).

optimized RF
impedance

BFP

1st branch of the passive
star

Shield ]'. JII

optimized RF
impedange

W

BP \l

b3 last branch of the passive
star

EM

/

Cq

Key

BP  Bus plus

BM  Bus minus

Ly Termination inductor
R:  Termination resistor
L, Termination inductor
R,  Termination resistor
C,  Termination capacitor
R;  Termination resistor
RF  Radio frequency

Figure A.7 — Discrete elements for impedance adjustment at a passive star (with cable shield)

Table A.5 defines the typical component values for impedance adjustment.

Table A.5 — Typical component values for impedance adjustment

Name

Description

Typ

Unit
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R Series resistance at signal wire 22 | Q

Ly Series inductance at signal wire 220 nH

R> Resistance at cable shield 100 | Q

L, Inductance at cable shield 220 nH

Rs Resistance at shield to system ground 1 MQ

C, Capacitance to system ground 100 pF
A.2l9 Application hint: AC busload test
Figure A.8 shows a load dummy that can be connected to TP2 for AC busload investigatiens. The|SI voting at
TPZ (see Annex A.2.20) needs to result in PASS.

TP2
I 5802 80
]
" p
1 1 pH 330 nH
BD under test o
inclusive I Transmission line
termination Z=800
netwark Tl.tg = 0ng
. - T p—
imuli on TxD ape = -0.015dB 3162 330 pF

LI110111

(100ns/bit)

I
L001000" : aammHz = =0.5dB
I

ez = -1.4dB
oapomHz = -2, 7dB 1 uH 580

: R

Key

BP
Tug

TxD
o]

Switch S1 is indefault position “1", when the BD under test has a termination resistor; otherwise S1 is in position "2

Bus plus

Propagation delay of the line
Attenuation

Transmit data

Test plane

Figure A.8 — AC busload dummy

A.2.10 Application hint: Increased ESD protection

ESD protection elements typically represent a certain capacitive load on the bus lines BP and BM.

EMC investigations have shown that in case such capacitances on BP and BM do not match, the emission is
increased and the RF immunity is decreased.
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Therefore it is strongly recommended to strictly limit the mismatch in the entire capacitive load caused by ESD
protection diodes, PCB layout, connectors and further termination circuits.

A mismatch of more than 2 % seems not to be acceptable.

Figure A.9 depicts the ESD protection diodes in an ECU.

|
ECU :
BP 0
Cean |
Rra Y72 i
; 1%,
BD ' (X
| 1LY,
CT | n \
R |
#
B . 0 S
EE “ . Crsp |
e |
N '
_________________________ I
Key
ECU Electronic control unit
BD Bus Driver
BP Bus plus
BM Bus minus
C, Termination.capacitor
Rra Termination resistor
R Jermination resistor
Cesp ~—~Capacitance of the ESD protection element
Figure A.9 — ESD protection diodes in an ECU
Table A.6 defines the-eapacitance of ESD protection elements.
Table A.6 — Capacitance of ESD protection elements
Name Description Min Max Unit
Cesp Capacitance of ESD protection element - 20 | pF

A.2.11 Application hint: Operation at low voltage on Vgat

In case communication is required during crank then sufficient bypass capacitance is expected to be existent
at BD'’s supply voltage pins. This applies specially to conditions as specified in 1ISO 7637-1 — Test pulse 4
maximum severity level. Mind that the BD may enter a low power mode, when uVgcy becomes less than
6,5V, since a further voltage drop between uVegcy and uVgar at the transceiver pin has to be considered due
to protection diodes.
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A.2.12 Application hint: Protocol relevant parameters / propagation delay

The maximum propagation delay of a transmitting BD is given by dBDTx10 < 75 ns, for a receiving BD by
dBDRx10 < 75 ns and for an active star dStarDelay;o < 150 ns. Furthermore a limitation for the specific line

(cab

le) delay is given in 8.2 of this part of ISO 17458 T'3 < 10 ns/m.

Under the arbitrary chosen assumption that all cable segments have lengths up to 24 m, the following values
have been calculated in Table A.7.

Table A.7 — Exemplary propagation delay

Name Description Min Max Unit
. a Propagation delay on a path without active stars - 390 ns
difL.PropagationDelay0ASu.x from node module M to node module N
. a Propagation delay on a path with one active star - 780 ns
dRLPropagationDelaylASu from node module M to node module N
: a Propagation delay on a path with two active.stars - 1{170 ns
dALPropagationDelay2ASw. from node module M to node module N
@ | The path from TP1_BD to TP4_CC is covered, the CC-portions are not included.
Thelactual propagation delay influences the performance of the FlexRay system. An estimate of this influence
can|be made by using the equations given in ISO 17458-2.

The|

A.2

For
lend

A ng

following rules of thumb can be derived:

short interslot gaps.

an optimum precision of clock synchronisation.

13 Application hint: Protecol relevant parameters / TSS and symbol length chan

th change is necessary~Relevant values are given in Table A.8 and Table A.9.

pgative value means that the symbol is shortened, a positive value means the symbol is elongal

Table A.8 — Frame TSS length change

ge

fed.

Minimize max { dPropagationDelayy  } in ordérito achieve an optimum efficiency of the dynarmic part and

Minimize the difference [max { dPropagationDelayw } - min { dPropagationDelayw y }] in ordef to achieve

calculating several protocol parameters the knowledge about the frame TSS length change and symbol

Name Description Min Max Unit
dRrAMETSSEENTITCITANTIE0AS a Erame TSS length change on a path without active 400 50 ns
) g MN stars from node module M to node module N

a Frame TSS length change on a path with one -850 50 ns
dFrameTSSLengthChange1ASw, active star from node module M to node module N

a Frame TSS length change on a path with two -1 300 50 ns
dFrameTSSLengthChange2ASu.x active stars from node module M to node module

N
&  The path from TP1_BD to TP4_CC is covered, the CC-portions are not included.
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Table A.9 — Symbol length change

Name Description Min Max Unit
a Change of length of a symbol on a path without -325 225 ns
dSymboll.engthChangeOASu active stars from node module M to node module
N
a Change of length of a symbol on a path with one -625 675 ns
dSymbolLengthChangelASu.x active star from node module M to node module N
a Change of length of a symbol on a path with two -925 1125 ns
dSymboll.engthChange2ASu active stars from node module M to node module
N

2 The patl from TP1_BD to TP4_CC is covered, the CC-portions are not included.

Mind that the minimum and maximum values in both tables do not take jitter caused by"EMC effects [into
account. Mare information about EMC jitter is given in Annex A.2.14.

Figure A.10 depicts the receiver timings.

=D
— —
TxEN dBDTx01 dBDTx10
1 | o
dBDTxia dBDTxai dBDTxia dBDTxail
uBus
RxD
— [— — — — _—
Activity shorter than{ Activity reaction time dBDRx01  dBDRx10 Idle shorter than Idle reaction t{me
dActivityDelection dBDRxia didleDetection dBDRxai
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Key

TxD Transmit data

TXEN  Transmit Enable

uBus Differnential bus voltage

RxD Receive data

Figure A.10 — Receiver timings

© I1SO 2013 - All rights reserved



https://standardsiso.com/api/?name=6274ef50274c51a82829fbecf09fdf53

ISO 17458-4:2013(E)

Here it becomes clear that the Frame TSS length change at the receiver is caused mainly by the activity
reaction time.

dFrameTSSLengthChangereceiver = dBDRX01 — dBDRXxia.

With dBDRxia = [100 .. 325] and dBDRx01 = [0 .. 75] follows dFrameTSSLengthChangereceiver = [-325 .. -25].

At the transmitter the length of the TSS may also face a lengthening or shortening:

dFrameTSSLengthChangetransmiter = dBDTX01 — dBDTxia.

With dBDTxia = [0 .. 75] and dBDTx01 = [0 .. 75] follows dFrameTSSLenghtChangerransmiter =75 |- 75].

The| two portions mentioned above lead to the resulting value for a signal\path without agctive stars:
dFrameTSSLengthChangeOASy n = [-400 .. 50].

Corsidering the parameter dStarTSSLengthChange: = [-450 .. 0] it follows'that:
— |Resulting value for a signal path with one active star: dFrameTSSLengthChangelASy n = [-85D .. 50].

— |Resulting value for a signal path with two active, ‘stars: dFrameTSSLengthChange2ASyn =
dFrameTSSLengthChangey y = [-1 300 .. 50].

Synpbol length change at the transmitter is determined as dSymbolLengthChanger ansmiter = || dBDTXia -
dBOTxai = dBDTxDM | < 50ns.

Synpbol length change at the receiver is détermined as dSymbolLengthChangegeceiver = dBDRxai — dBDRXxia.

With dBDRxia = [100 .. 325] and dBDRxai = [50 .. 275 ] follows dSymbolLengthChangegeceiver = [-275 .. 175].

The| two portions mentioned above lead to the resulting value for a signal path without active stars:
dSymbolLengthChangeQASy y = [-325 .. 225].

Cornsidering the parameter dStarSymbolLengthChange: = [-300 .. 450] it follows that:
— |Resultingwalue for a signal path with one star: dSymbolLengthChangelASy y = [-625 .. 675].

— |Resulting value for a signal path with two active stars: dSymbolLengthChange2ASyy =

LdSymbelengthGhanrgemyr—-925—1-125]
- —4125}-

A.2.14 Application hint: Protocol relevant parameters / EMC jitter

A.2.14.1 Introduction

Injection of RF fields results in a certain jitter portions seen in the RxD signal at receiving nodes. These
different portions have been investigated and the results are documented in the following subsection.
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Jitter on edges in the RxD signal, which are different from first transition from HIGH to LOW (start of frame)
and the last transition from LOW to HIGH (the end of a frame), shall be considered in the course of system
evaluation. This is discussed in detail in the following chapter in this document.

A.2.14.3 EMC jitter on TSS length

Jitter on the TSS length might lengthen or shorten the TSS additionally to the length change as described in
Annex A.2.13. The empirical upper bound of this effect is given in Table A.10.

A negative yalue means that the TSS is shortened, a positive value means the symbol is elongated.
Table A.10 — EMC jitter on Frame TSS length change
Name Description Min Max nit
dFrameTSSEMIInfluence0ASu N Change of length of a TSS due to EMC effects in -25 25 5
systems without active stars
dFrameTSESEMIInfluencelASun Change of length of a TSS due to EMC effectsin -50 50 5
systems one active star per channel
dFrameTSSEMIInfluence2ASy N Change of length of a TSS due to EMC égffects in -75 75 5
systems two active stars per channel
A.2.14.4 EMC jitter on symbol length change
The summag3tion of jitter on the idle to active and active to.idle*edges of symbols might lead to deviations of the
symbol length change as described in Annex A.2.13.-The empirical upper bound of this effect is givep in
Table A.11.
A negative yalue means that the symbol is shortened, a positive value means the symbol is elongated.
Table A.11 <<\ EMC jitter on Symbol length change
Name Description Min Max nit
dSymbolEMIInfluenceOASy N Change of length of a symbol due to EMC effects -100 200 5
in systems without active stars
dSymbolEMIInfluencelASy N Change of length of a symbol due to EMC effects -200 400 5
in systems with one active star per channel
dSymbolEMIInfluence2ASy N Change of length of a symbol due to EMC effects -300 600 5
in systems with two active stars per channel

A.2.15 Application hint: Protocol relevant parameters / echoes

A transmitting node may see a kind of echo after the end of transmission, which means that its RxD pin might
signal additional edges after disabling the transmitter. In most cases, where echoes occur, the stray
inductance of common mode chokes is too high and the network can be seen as defective.

Beside echoes also ringing (see Annex A.2.16) might affect the transmitting node. Both effects will overlay
and the effect of multiple RxD switching can be combined to a time span of RxD uncertainty (dRxUncertainty).

Nevertheless such a time span of multiple RxD switching can be accepted by the protocol mechanisms and
can be considered in the protocol configuration constraints.
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Examples of the effects of dRxUncertainty are given in Figure A.11 and Figure A.12. In case a communication
controller is connected to an active star — communication controller interface (see 13.8) the parameter

dStarTxRxai shall be used instead of dBDTxRxai.

Table A.12 defines the duration of RxD instability after transmission.

Table A.12 — Duration of RxD instability after transmission

Name Description Min Max Unit
dRxUncertainty Time following the end of a transmission where 0 250 | Ns
instability may occur on RxD as a result of echoes
and/or ringing. During this time the RxD output
may change states several times and may not
reflect the actual condition of the bus.
NQTE In case ferrite cores or other inductive elements are used for impedance matching4e.g. at pagsive stars),
dRkUncertainty may be even greater than 250 ns.
Figure A.11 depicts the RxD uncertainty after frame end.
dRxUncertainty +dB0TxRxai .
TxXEN
Rellicertain
e y idle
RxD
with echo/ringing
RxD may switch | RxD either on high or low| RxD on hjgh
several times between
high and low
idle
RxD
without &cho/ringing
dBDTxRxal
Key

TXEN  Transmit Enable

RxD Receive data

Figure A.11 — RxD uncertainty after frame end
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Figure A.12 depicts the RxD uncertainty after symbol end.

dRxUncertainty + dBDTxRxai
TxEN
dRxUncartain
14 idle
RxD
with echofringing
RxD may switch RxD either on high or low RxD-on high

several times between

high and low
idle
RxD
without echalringing
dBDTxRxai
Key

A.2.16 Ap

A receiving

In the desc

TXEN  TransmitEnable

RxD Receive data

Figure A.12 — RxDgufrcertainty after symbol end

plication hint: Protocol'televant parameters / ringing

node or active star mnay-see a kind of ringing at the end of a received signal.

i.e., the dedcription assutnes that transmission is turned off after the FES high bit, as it would be for a fr
transmissioh in the static'segment. Note, however, that ringing with similar characteristics could also occ

the end of

dynamic segmenter at the end of the active low phase in a WUS transmission.

Such ringing

Fiption below, ringing is described as a period of instability following the end of the FES high bit,

me
r at

bl other‘types of transmission, for example at the end of the DTS for frame transmissions in| the

can he ;qr‘r‘pptpd hy the prnmr‘nl mechanisms and can bhe considered in r‘:—\lr‘nlming prnf')col

configuration parameters. The ringing takes different effect depending on the location of the receiver in the

network.
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Figure A.13 depicts the different positions of RxD signals in a FlexRay network.

RlDAEJ RIDAM

TxD — ;’I‘;’:’ Active Active
TxEN — "gp° Star 1 Qar 2

—
Recelving
ED
Receiving Receiving
BD
RIDQ RID1 RKDQ

Key

BD Bus Driver

TxD Transmit data
TXEN  Transmit' enable

RxD Receive data

Figure A.13 — Different positions of RxD signals in a FlexRay network

Table A.13 defines the ringing period in different network types.

TahleA.13 — Ringing period in different network types

Name Description Min Magx Unit

dRingRxDo Fime following the FES1 where instability may occur on RxD without 0 525 ns
pass through active stars

dRiNgRXDasy Time following the FES1 where instability may occur on RxD at the 0 800 ns
first receiving active star in a network

dRingRxD1 Time following the FES1 where instability may occur on RxD when 0 1425 ns
signal passed through one active star

dRingRXxDas> Time following the FES1 where instability may occur on RxD at the 0 1250 ns
second receiving active star in a network

dRingRxD; Time following the FES1 where instability may occur on RxD when 0 1675 ns
signal passed through two active stars

When ringing occurs the RxD signal may switch multiple times and ends either on logical high or logical low,
which cannot be predicted. From the perspective of a receiving node the worst case occurs when the ringing
period ends with a logical low RxD signal. In this case the idle detection after transmission of a frame is
delayed by the duration of ringing plus the idle reaction time. The idle detection time after transmission of a
symbol is delayed by the duration of the ringing.
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Figure A.14 shows the receivers behaviour with the maximum timings. The hatched areas indicate the time
span in which ringing at the bus may occur and the RxD signal may switch multiple times. The white
rectangles indicate time spans in which the RxD signal is stable; either on low or on high. When the receiver is
in idle the RxD signal is on logical high.

Table A.13 shows the worst case values (i.e. for ringing that ends on active low) for different topologies and
for nodes which are located a various positions within these topologies. These values are calculated under the
assumption that the duration of ringing (dRing) does not exceed 250 ns. This value is also the basis for the
derivation of parameter ranges in ISO 17458-2.

In case ferrite cores or other inductive elements are used for impedance matching (e.g. at passive stars),

ringing peri

Table A.14

bds may get even longer than 250 ns.

defines the educated guess of ringing period.

Table A.14 — Educated guess of ringing period

Name Description Min Max Unit
dRing Educated guess for the ringing period 0 250 | ng
The effect gf ringing with respect to the resulting RxD signal is depending-whether the transmission ends with

an active high bit or with an active low bit. In three cases the transmissidn ends with an active high bit:

— FES high bit after the transmission of a static frame (see Figure\"Frame encoding in the static segment" in
ISO 17458-2),

— DTS hjgh bit after the transmission of a dynamic frame (see Figure "Frame encoding in the dyngmic
segmeft” in 1ISO 17458-2),

— Additiopal high bit after the transmission of as\\YWUDOP (see Figure "Wakeup during operation pattern" in
ISO 17458-2);

The transmission of a symbol (WUS, CAS{MTS) ends on an active low bit.

Figure A.15 gives an example for the'resulting RxD, signal for different scenarios (frame vs. symbol) with jand

without ringjng.
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TxEM (of transmitting BD)

uBus (behind transmitting BD) EE%%%%? idle

idle
RxDy; - Receiving node =
(no active star on path to .//
sender)

250ns 275ns

T ——_—
i S
i B

dRingRx0y
idle
RxDyzy - Receiving active star V
{no active star on path to /
sender)
250ns 550ns
el e
dRing dStarRxai
dRingRxDaz; -
uBus (behind first active star) V &\\QS§$ idle
250ns 450ns
—_— |
1~ dRing  dStarFESTLengthChange

idle
RxD; - Receiving node 7
{one active star on path to sender)
250ns 450ns 250ns 275ns
—_—- | —
dRfng “dStarFESTLengthChange  dRing oBDRxal
dRingRxD, "
idle
RxD,z; - Receiving active star 7
{no ringing at 2nd active star
gince this a p2p connection), 350ns A50ns 550ns
—_— - -
dRing dStarFESTLengthChange dStarRxal
dRIngRxDs; }
uBus (behind Second active star) V \&% idle
250ns 450ns 450ns ‘
E—— -
1 = dRing 2 x d5tarFESILengthChange
idle
RxD; - Receiving node 7
({two active stars on path to
sender) 250ns 450ns 450ns 250ns 275ns
—_— | — | ——
dRting 2 x d5tarFESTLengthChangae dRing dBDRxai
dRingRxD; o
Key
1

Received ringing is actively forwarded by the active star
BD Bus Driver
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TXEN  Transmit enable
uBus Differential bus voltage

RxD Receive data

Figure A.14 — Ringing after transmission end
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2 fes
uBus {behind second active star) && idle
250ns 450ns 450ns i
— - =
1“--dR1'ng 2 x dStarFES1LengthChange F:'-
2 =1
\ FES idle g
RxD; - Receiving node {g
two acti ta ath to il
t vesharsonp sender) 250ns 450ns 450ns 250ns 275ns n
— - —— E‘;
o 2x uuW 3
dRingRxD; " o
e o Y I~
TS~FES =
uBus (behind second active star) idle c
— o
450ns 450ns = 0
- = T
2 x dStarFESTLengthChange g
2 g
-\.'FES 1 1 1 Jdl. :-
- =1
RxD: - Receiving node 0
(twio active stars on path to sendar) [
450ns 450ns 275hs E
ol e
2 x d5tarFES1LengthChange dBDRxai
dRxD, =
Symbol
uBus (behind second active star) &% idle
250ns 450ns 450ns i
1d—= - =
~ dRifg 2 x dStarFES1LengthChange -
-
Symbol idle a
RxD: - Receiving node g
(two active stars on path to sender) 250ns 450ns 450ns 280ns | 275ns
e | — | ——
dRing 2 x dStarFES1LengthChange dRing  dBDRxai
dRingRxD. - w
...... <
Symbol 3
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450ns 450ns =
= ;.
2 x dStarSymbolEndLengthChange g’
s
Symbol idle -
RxD; - Receiving node 8
(two active stars on path to sender) | =
450ns 450ns 275ns {g
- —n
2 x dStarSymbolEndLengthChange dBDRwal
dRxD; -
Key
1 Received ringing is actively forwarded by the active star
2 FES or DTS or additional high bit after WUDOP (see [PS09])

FES  Frame End Sequence
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uBus

RxD

Differential bus voltage

Receive data

Figure A.15 — Example for transmission end with and without ringing

A.2.17 Application hint: Active star / wakeup reaction

In case of non-monolithic implementations, only the active star device with the branch that receives the
wakeup event has to initiate the transition to AS_Normal on this remote wakeup. Other active star devices
used in the same non-monolithic active star shall initiate the transition to AS_Normal latest on the next activity

that is signdled on the intra star interface between the different active star devices.
The system designer shall ensure that a stabilized voltage supply is available latest dStarMainSupply.aften the
remote wakeup event was detected; i.e. the AS has re-entered AS_Normal after dStarMainSupply @fter
wakeup, in fase the capacitor could not bridge the voltage regulator ramp up.
The AS neqds to forward a minimum number of wakeup pattern after its wakeup to ensure a proper wakeup of
the networl. Figure A.16 depicts the exemplary situation with 2 active stars, with timings ensuring a suffigient
wakeup paftern at the branches of the 2" AS. In case the AS is supplied solely.out of a capacitor after
wakeup, this capacitor, which is charged out of Vgar, shall be able to sufficientlysupply the AS for at Ipast
dStarAuxSypply.
uBus
P14 i Wake-up detected
T‘T“s‘ dWu |
‘ %, Ié % O | L] L] LI L] L] L] | L] L] LI L] L] Tt
8| %, | | |
uBus \a—b-l | ~— dWUeopst (4us) |
TTP” TP44/TR4 I l Wake-up detected |
AS1/ ASq [ node | ! | _
I o Ll U Ll LJ L] Tt
| I 70us _;!-I !‘_I L{ : 174ps > |
' |
uBus | 20p5| 30ps | |
TP11/TP DAt '
TASZ noc:a :%l : |
| Tt
| i 2Dpsi 34ps » : T0ps > !J 20us !_I:mps I—!
I ' I
I 124ps | Sus |
I > >
Key
TP Test plain
uBus Differential bus voltage

Figure A.16 — Wakeup timing
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Table A.15 defines the active star wakeup reaction time.

Table A.15 — Active star wakeup reaction time

Name Description Min Max Unit
a Time during the AS is supplied from an auxiliary 50 - ps
dStarAuxSupplysas supply (e.g. storage capacitor) when a network
with 1 active stars is used
a Time during the AS is supplied from an auxiliary 174 - ps
dStarAuxSupplyzas supply (e.qg. storage capacitor) when a network
with 2 active stars is used
dStarMainSuppIya Time after that the AS gets stabilized voltage - 100 ms
supply
& | Parameter on system level
NOTE For the calculation of the timings it is expected that during the wakeup reaction time (max. 70 {s) the active

star s supplied out of Vgar. If not, this extra time needs to be considered for the diménsioning of a capacitor.

A.2118 Application hint: Active star / branch recovery

An active star will deactivate branches upon detection of error conditions (see subclause 13.6).

Unlgss the host steps in to prevent it branch recovery could-occur at any time, and this recovery|might have

temporary implications on the operation of the protocol,

See| ISO 17458-2 for mechanisms by which the slet*counters can become desynchronized, the jmplications

and|limitations on the scope of the damage.
A.2119 Application hint: Eye-diagram

A.2]19.1 Objective

The| eye diagram is an easy to‘use tool to estimate jitter and signal quality in serial data systems.| In FlexRay
systems it is a fast and helpful'tool to obtain an overview about jitter, noise, reflections, amplitudg difference
between various nodes, and possibly errant edge timing problems in the system. Nevertheless for the physical
layer testing it is insufficient to be used as a signal integrity compliance test alone because reflections and
glitghes could fail the“eye diagram even though the communication controller works faultless{ The main
reagon for this is¢he’low-pass filter characteristic of the FlexRay bus driver as well as the FlexRay glitch filter
and|signal vating-in the communication controller, which could eliminate the negative effect of short glitches

and|reflections.

Thel"SI woting" as described in Annex A.2.20 makes another assessment of the signal quality.

To see all effects of signal variation in the eye diagram, including jitter, the eye shall be created from
consecutive bits from one or more FlexRay frames. The more frames are used to create the eye diagram, the
more confidence it gives in the signal integrity performance of the FlexRay under test. Therefore the eye-
diagram shall be created using an oscilloscope with special software that extracts/recovers the clock from the
data signal. The FlexRay receiver’s clock recovery hardware has to be emulated. The capturing method for

the eye diagram is described in Annex A.2.19.3.
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A.2.19.2 Eye-diagrams for different data rates

A.2.19.2.1 Eye-diagram for 10 Mbit/s

The eye diagram timing for 10 Mbit/s is based on the decoder requirement of 62,5 ns (= 5/8 x gdBit) plus
11 ns asymmetry on the path from TP4 to TP5. An implemented eye diagram procedure is assumed to be

synchronized every 10 Bits (falling BSS edges, see Annex A.2.19.3).

Figure A.17 r‘lnlnir’rq the I:Ir-\yIQny nyn-r‘lingrnm @ 10 Mhbhit/s

A  Minimum aperture uBus @ 10Mbit/s

400mY
50ns

37.75ns 62.25ns

uBus Differential bus voltage

A.2.19.2.2 | Eye-diagram for 5 Mbit/s

Omy omv
26.5ns 73.5ns I -
100ns
-300mV 300mV
37.75ns 62.25n
400mV NS
50ns
Key

Figare A.17 — FlexRay eye-diagram @ 10 Mbit/s

The eye dipgram®timing for 5 Mbit/s is based on the decoder requirement of 125 ns (= 5/8 x gdBit) plus
11,5 ns asymmetry on the path from TP4 to TP5. An implemented eye diagram procedure is assumed t¢ be

synchronized every 10 Bits (falling BSS edges, see Annex A.2.19.3).
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Figure A.18 depicts the FlexRay eye-diagram @ 5Mbit/s.

& Minimum aperture uBus @ 5Mbit's

400m\ 400m\
BBns 114ns
300m\v 300m\
T4.75ns 125.25ns
OmVy omVy
63.5ns 136.5ns |
I h’
200ns
=300mV =300mV
T4.75ns 125.25ns
~400m\V A400mV
BEns 114ns

Key

uBus Differential bus voltage
Figure A.18 — FlexRay eye-diagram @ 5 Mbit/s
A.2]19.2.3 Eye-diagram for 2.5 Mbit/s
The| eye diagram timing for 2.5 Mbit/s-is based on the decoder requirement of 250 ns (= 5/8 x|gdBit) plus

12,3 ns asymmetry on the path from TP4 to TP5. An implemented eye diagram procedure is assmed to be
syng¢hronized every 10 Bits (falling*BSS edges, see Annex A.2.19.3).
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Figure A.19 depicts the FlexRay eye-diagram @ 2.5 Mbit/s.

4  Minimum aperture uBus @ 2.5Mbit/s

A.2.19.3 C

To recover
the TSS an
each BSS
generating
end-sequery
event, the g

After gener
the acquire
"slices," arg

apturing method

400mV 400mV
160ns 240ns
300mV J00mV
148.75ns 251.25ns
omVv omy
137.5ns 262.5ns l
[ -
400ns
-300mY =300mV
148.75ns 251.25ns
-400mV -400mVy
160ns 240ns
Key

uBus Differential bus voltage

Figure A.19 — FlexRay eye-diagram @ 2.5 Mbit/s

he receiver’s clock the oscilloseope has to find the first BSS event (= falling edge in the BSS) after
d looks for the next BSS events to occur within 10 + % bit fields after the prior BSS event. With
bvent, the oscilloscope generates ideal clocks synchronized to this BSS event. This process of
deal clocks synchronized to each BSS event continues until the oscilloscope detects the frame-
ce (FES). If the oscilloscope fails to find a BSS event within 10 *+ % bits fields after the prior BSS
ock recovery shall-be aborted until detection of the next TSS event.

hting the ideal‘clocks synchronized to each BSS event for the entire acquisition, the scope "slices"
d wavefarm'into single bit field segments based on the timing of the recovered clocks. These
overlaid-en top of each another to create the real-time FlexRay eye-diagram.
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Figure A.20 depicts the generation of FlexRay eye-diagrams.

Figure A.20 — Generation of FlexRay eye-diagrams

Advintageously the oscilloscope allows using all\captured frames as well as using only selected frames; e.g.
thoge which are sent by one selected node, to@enerate the eye-diagram.

A.2|20 Signal integrity voting

A.2{20.1 Description of voting method

An jeye diagram test applied-to any passive network is going to fail in case of reflections even if the
communication works faultlessly. Reflections appear in e.g. passive stars. The signal integrity|voting is a
prog¢edure following thesexample given by the BD properties and its robustness against disturbancas.

Thel procedure detects whether a FlexRay topology is operable or not in principle. Differentiall bus signal
shapes measuréd at any position are taken into account. The signal integrity voting is a mathematical
calqulation_procedure. Any block of identical bits in a row preceded and followed by an |nverted bit
(consecutive edges) can be used. To keep the description simple, a single bit is assumed.
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Figure A.21 depicts the single bit signal integrity model.

single bit (or bit-block) by any node
or passed by an active star
Passive network TPx ------- x00010x (or x00011...110x)

x11101x (or x11100...001x)

x:= don’t care

= T T T T parameter 1O |
LPF A L. Parameter |
) LY i cut-off frequency
Low Pass Filter| ™., E“““'““'““"l“' |
h | I
uBuUSTE, I I
I I
| |
STBTD Al |
Schmitt-Trigger pemefact Schmitt-Trigger thresholds uData0 and uDatat |
Bit Timing Detection Y |
| |
dBitLong | |
dBitShort | I
dEdgeMax | |
requirements
sV : ______________ I__ 1. minimal level reached |
< O __T_ i 2. asymmetric delay limited |
Signal Voting A [ 3. minimal bit-duration reached |
| 4. idle not detected |
Sq
Key

uBus Differential bus voltage

TP Test plain

Sq Signal quality

Figure A.21 — Single bit signal integrity model

In the 1% step the measured differential signal uBusrp, passes a mathematically perfect low-pass filter. The
resulting signal uBustp, should meet minimal level requirements (level test). In the 2" step the signal uBustpy
passes a Schmitt-Trigger with the threshold variations according to Table A.18. The resulting bit-timing has to
meet the specified requirement (bit-timing test). The voting result Sq summarizes the results of the level test
and the bit-timing tests.
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Table A.16 defines the low pass filter characteristics.

Table A.16 — Low pass filter characteristics

IN uBuSTRx Measured differential voltage at any test plane
ouT uBuSTRx Filtered differential voltage signal
PARAMETER fSIVotingcutoft The 3 dB cut off frequency is 14 MHz
BEHAVIOUR 1™ order low pass filter, infinite iInput Impedance

Stamdard oscilloscopes offer to limit the measuring bandwidth down to 20 MHz. Using this featu
AN impression of the signal integrity easily.

—

ge

A.2J20.3 Schmitt trigger bit timing detection (STBTD)

Accprding to Table 40 the data detection thresholds uData0O und uDatal have to match. The tole
has|to be sampled with a 30 mV resolution.

Figure A.22 depicts the threshold tolerances and their test coverage:

e allows to

ance range

'y
uDatal
150mV 300mV
wDatat min ubDatatmax
|
_|||1r1[||]|||r:r|1||r|rr1r1r| >
- ! ubDatat
150mv (3 E
uDatal —: ------------------ Al S Rt Bt St *
— i I 1 i I
. $=-$4td | used
— i 1 1 1 I
R SR VR N SR S thrasr_luldl
- ! ! ! ! ! combination
A [EEECEEY TEE EEY TEE
. S T
300myv 3 bopeeiede-de-d
— e 1 1 [l i
ubDatalpy, —f---------=-===-==- beedeccdoclocib--b
Iy
Key
uDataO Differential bus voltage corresponding to Data_0
uDatal Differential bus voltage corresponding to Data_1

Figure A.22 — Threshold tolerances and their test coverage
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Table A.17 defines the signal voting parameter list.

Table A.17 — Signal voting parameter list

IN uBusTpy Filtered differential voltage signal

ouT dBitLong Longest detectable duration of one bit 2
dBitShort Shortest detectable duration of one bit @
dEdgeMax Duration slowest edge

PARAMETER HbBatadt Bata—t-threshold{see-behaviour)
uData0 Data_0 threshold (see behaviour)

test cover

hge .

&  determined by applying all threshold combinations shown in Figure A.22 — Threshold tolerances and thgir

Figure A.23

160

depicts the Signal voting — bit length measurements.

dBityw

) Single target bit x00010x

Key

uBus

uDatal.
uDatal

Figure A.23 — Signal voting — bit length measurements

uDatal

-

uDatal

dBityw
b) Single target bit x11101x
Differential bus voltage

Differential bus voltage corresponding to Data_0

Differential bus voltage corresponding to Data_1
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