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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 17987 (all parts) specifies the use cases, communication protocol and physical layer requirements
of an in-vehicle communication network called Local Interconnect Network (LIN).

The LIN protocol as proposed is an automotive-focused low speed UART-based network (Universal
Asynchronous Receiver Transmitter). Some of the key characteristics of the LIN protocol are signal-
based communication, schedule table-based frame transfer, master/slave communication with error
detection, node configuration and diagnostic service transportation.

70

OW

ThgLINprotoco 0 05T automo ONTrol appiications, for exa door module and air
conditioning systems. It serves as a communication infrastructure for low-speed contrel“applications

in vehicles by providing:

— |signal-based communication to exchange information between applications in.differentfnodes;
— |bit rate support from 1 kbit/s to 20 kbit/s;

— |deterministic schedule table-based frame communication;
— |network management that wakes up and puts the LIN cluster intg sl€ep mode in a controlled manner;
— |status management that provides error handling and errorsignalling;
— |transport layer that allows large amount of data to be transported (such as diagnostic s¢rvices);
— |specification of how to handle diagnostic services;

— |electrical physical layer specifications;

— |node description language describing properties of slave nodes;
— |network description file describing hehaviour of communication;
— |application programmer's interface.

[SO|17987 (all parts) is based. on the open systems interconnection (OSI) basic referencg model as
spefified in ISO/IEC 7498-1 which structures communication systems into seven layers.

Thg OSI model structurgs,data communication into seven layers called (top down) application layer
(layjer 7), presentatiori-layer, session layer, transport layer, network layer, data link layer apd physical
laygr (layer 1). A subset of these layers is used in ISO 17987 (all parts).

[SO|17987 (allparts) distinguishes between the services provided by a layer to the layer apove it and
the|protocokused by the layer to send a message between the peer entities of that layer. Theg reason for
thid distinetion is to make the services, especially the application layer services and the transport layer
seryices, Yeusable also for other types of networks than LIN. In this way, the protocol is hidd¢n from the
seryieeuser and it is possible to change the protocol if special system requirements demand|it.

ISO 17987 (all parts) provides all documents and references required to support the implementation of
the requirements related to the following.

— IS0 17987-1: This part provides an overview of the ISO 17987 (all parts) and structure along with
the use case definitions and a common set of resources (definitions, references) for use by all
subsequent parts.

— IS0 17987-2: This part specifies the requirements related to the transport protocol and the network
layer requirements to transport the PDU of a message between LIN nodes.

— IS0 17987-3: This part specifies the requirements for implementations of the LIN protocol on the
logical level of abstraction. Hardware related properties are hidden in the defined constraints.
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— ISO 17987-4: This part specifies the requirements for implementations of active hardware

compo

nents which are necessary to interconnect the protocol implementation.

— ISO/TR 17987-5: This part specifies the LIN application programmers interface (API) and the

node ¢

onfiguration and identification services. The node configuration and identification services

are specified in the API and define how a slave node is configured and how a slave node uses the

identif

ication service.

— IS0 17987-6: This part specifies tests to check the conformance of the LIN protocol implementation

accord
layer a

ing to ISO 17987-2 and ISO 17987-3. This comprises tests for the data link layer, the network
nd the transport layer.

— IS0 17
implen

— IS0 17
physic

D87-7: This part specifies tests to check the conformance of the LIN electrical physicalldyer
nentation (logical level of abstraction) according to ISO 17987-4.

D87-8: This part specifies the requirements for implementations of the DC powerline electiical
hl layer (EPL) for the LIN communications system as well as a conformance testplan for the EPL.

Vi
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Road vehicles — Local Interconnect Network (LIN) —

Part 8:
Electrical physical layer (EPL) specification: LIN over DC
powerline (DC-LIN)

1
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higher layers, hereafter named DC-LIN.
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Scope

5 document specifies an additional electrical physical layer (EPL) for the Localinterconne
N) of the ISO 17987 series. It specifies the transmission over DC powerline wjthout affect

DC-LIN EPL uses a high-frequency modulated carrier to propagate)UART bytes (byt
I the DC powerline.

5 document specifies the electrical characteristics, the modulation method of the transm
' to impose the carrier signal on the DC powerlines.

DC-LIN EPL supports bit rates of 9 615 bit/s, 10 417 bit/s, and 19 230 bit/s.

DC-LIN EPL is applicable for a wide range of DC¢powerlines including 12-V and 24-V
wing communicating between different DC pewerlines via a coupling capacitor. A [
rface to powerline example is described in Annex A.

Normative references

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

) specification 12 V/24)V

17987-6, Road vehicles — Local Interconnect Network (LIN) — Part 6: Protocol confor
Pification

61000-4~2 Electromagnetic compatibility (EMC) - Part 4-2: Testing and measurement ¢
trostatie:discharge immunity test

ct Network
ing the LIN

p-oriented)

ission, and

bperations,
C-LIN EPL

bir content
pplies. For
[s) applies.

17987-4:2016, Road vehicles — Local Interconnect Network (LIN) — Part 4: Electrical physical layer

mance test

bchniques -

3

Tarmoe - deofinitionec—cumboleceand ashhraviatoad tormc

For

ACI 11T, UCIIIIILIVIIO, J! IIIUVIO), diIfIu dUyUil vVvViIdiLuUu LI 1110

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

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

©IS

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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3.1 Terms and definitions

3.11
BR_9_6K

DC-LIN EPL operating at nominal bit rate of 9 615 bit/s

3.1.2
BR_10K

DC-LIN EPL operating at nominal bit rate of 10 417 bit/s

3.1.3

BR_19_2K

DC-LIN EPL operating at nominal bit rate of 19 230 bit/s

3.14
byte field

byte that cpnsists of one start bit, eight data bits, and one stop bit

3.1.5

byte field sync preamble
sequence df phase shifts at the beginning of EPL byte field modulation used forbyte synchronization

3.1.6

carrier frequency
DC-LIN EPL center frequency that is altered (modulated) to transfer{ata

3.1.7

coupling gapacitor
capacitor fpr blocking the DC powerline voltage to/from a DC-LIN EPL

3.1.8

DC-LIN EPL RX mode
mode that PC-LIN EPL de-asserts line-out and controls RXD according to signal at line-in

3.1.9

DC-LIN EPL TX mode
mode that DC-LIN EPL controls line-put:according to logic state present at TXD

3.1.10
start bit

logic low (‘0’) of the first bit-of:d byte field

3.1.11
stop bit

logic high ('1") of theJast bit of a byte field

3.2 Sympols and abbreviated terms

0"
oL
AC
API

Bdata_bit

Bdata_bit_local

logical 0

logical 1

alternate current

application programmers interface

byte field data bit signalled on RXD at DC-LIN EPL receiver side

byte field data bit signalled on RXD at DC-LIN EPL transmitter side

© ISO 2019 - All rights reserved
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Bfe_stop_bit

Bfe_stop_bit_local

ISO 17987-8:2019(E)

break delimiter signalled on RXD at DC-LIN EPL receiver side
break delimiter signalled on RXD at DC-LIN EPL transmitter side

byte field error data bit signalled on RXD at DC-LIN EPL transmitter side

byte field frame error stop bit signalled on RXD at DC-LIN EPL receiver side

byte field frame error stop bit signalled on RXD at DC-LIN EPL transmitter side

er side

hal

Bfe del 1ncal break field delimiter frame error signalled on RXD at DC-LIN EPL transmitter side
Bfe ktart bit local byte field frame error start bit signalled on RXD at DC-LIN EPL transmjtt
BR DC-LIN EPL operating bit rate

Bgtdrt bit byte field start bit signalled on RXD at DC-LIN EPL receiver Side

Bgtdrt bit_local byte field start bit signalled on RXD at DC-LIN EPL transmitter side
Bstdp_bit byte field stop bit signalled on RXD at DC-LIN EPL.réceiver side
Bstdp_bit_local byte field stop bit signalled on RXD at DC-LIN EPL transmitter side

CBqx consecutive byte field transmission

CF .« maximal number of carrier frequencies implemented in IUT transmit sig
DC direct current

EPL electrical physical layer

ESO electrostatic discharge

fc; carrier frequency

FBqx first byte field\transmission

| in-phase signal component

IUT] implementation under test

bit/s bit per second

LIN Local Interconnect Network

ling-in modulated carrier signal input pin to the EPL from the DC powerline
line-et modlated-earriersignal-outputpinfrom-the EPto-the PEpowerline
LT lower tester

Loyt tev line-out sampled monitoring level

Lout thr lev line-out monitoring peak threshold level

Lout_err cond line-out monitoring error condition

max. maximum

min. minimum

© IS0 2019 - All rights reserved
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Pbyte_length

Pdata_bit_len

nominal length of modulated byte field in tg;p

nominal length of modulated byte field data bit

Pyata data bit modulation phases

Pan 1 data bit ‘1’ 15t phase shift

Py 2 data bit ‘1’ 2nd phase shift

Pgy 3 data bit ‘1’ 3" phase shift

Py 1 data bit ‘0’ 15t phase shift

Py 2 data bit ‘0’ 2nd phase shift

Py 3 data bit ‘0’ 37 phase shift

Pref consec reference phase of consecutive byte transmission
Pref first reference phase of the first byte transmission
Psync p sync preamble modulation phases

Py, 1 sync preamble 15t phase shift

P, 5 sync preamble 2nd phase shift

P, 3 sync preamble 3'd phase shift

Py 4 sync preamble 4th phase shift

Py, 5 sync preamble 5th phase shift

Py, ¢ sync preamble 6th phase shift

Py, 7 sync preamble 7th phase shift

Py, g sync preamble@Y phase shift

Py, o sync preafmble 9th phase shift

P, 10 sync-preamble 10th phase shift

Pgy 11 sync preamble 11th phase shift

Py, 12 sync preamble 12th phase shift

P, 13 syae-preamble 13 phase-shift

Py, 14 sync preamble 14th phase shift

Py, 15 sync preamble 15t phase shift

Py, 16 sync preamble 16" phase shift

Py, 17 sync preamble 17th phase shift

P, 18 sync preamble 18th phase shift

P nominal length of modulated byte field sync preamble

sync_pre_len

© ISO 2019 - All rights reserved
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quadrature signal component

Rix mode DC-LIN EPL RX mode

RXerr cond DC-LIN EPL RX node error condition

tgiT bit time

threak._field break field data bits ‘0’ length in tgp

t] oyt_mon 1 line-out monitoring active duration

t_olt_mon_samp line-out monitoring sample time

t] odt_mon_start start time of line-out monitoring

trx Jdelay delay between transmitted byte field over to the DC powerline'and the r¢ceiver
reconstructed byte field from the DC powerline

trx Jdelay local delay between transmitted byte field on TXD and the teceived byte field jon RXD at
a DC-LIN EPL node (locally)

tex_broc max maximum process time at RX DC-LIN EPL side

tex broc min minimum process time at RX DC-LIN EPLside

tsg Irx start time of byte field sync preamble'transmission on line-out

Tx Inode DC-LIN EPL TX mode

texd|min_assert minimum TXD assert (‘0’) time without timeout event (deactivating Ty, 1 ,4e)

texd|min_recover minimum TXD deassert{'1’) time after timeout event (T, ,,q. remains d¢activated)

p—— logical inverted TXD (i.e.'0' becomes '1' and vice versa)

typ typical

UT upper tester

Vpp Volt peak-to-peak

VowL max maximum rating for the DC powerline

10) carrier phases

Afc; carrier frequency resolution

degree

4 Electrical physical layer requirements

4.1 General

The DC-LIN EPL is the physical media access sub-layer, which links the data link layer as standardized
in ISO 17987-3 and the DC powerlines (physical medium dependent sub-layer). Figure 1 depicts an
example of a DC-LIN EPL. The EPL consists of a modem, which encodes the data from the data link layer
into the modulated carrier signal that is coupled to the DC powerline. The modem also decodes the
received data on the DC powerline and provides this to the data link layer at the receivers. Follow the
DC-LIN EPL conformance test plan in Annex B.

© IS0 2019 - All rights reserved 5
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The DC-LIN EPL transmitter encodes each byte field sent by the data link layer on TXD into a modulated
carrier signal, which is transferred over the DC powerline. The modulation consists of a predefined
combination of phase shifts according to the byte field modulation scheme specified in 4.2.2.

The DC-LIN EPL receiver decodes the received modulated byte from the DC powerline and signals it on
RXD to the data link layer.

1 4 > 6|_|
_I
7

Key
RXD re¢eive data pin

TXD trgnsmit data pin
modem
line-ou
line-in
couplinig capacitor

N O U W N

DC powerline

Figure 1 — Example'of a DC-LIN EPL

4.2 Transmitter characteristics

4.2.1 Transmit signal specification

The transrpit signal shall be constructed as the sum of up to four (redundant) selectable modulgted
carrier frequencies.

The definitfion of the transmit'signal is given in Formula (1).

Definition pf the formula:

n
Transrhit sighal = ZAxcos [(360°% fc; xt )+o(t)] (1)
i=1

where

6 © IS0 2019 - All rights reserved
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A is the gain amplitude of the carrier signal in volts;
t is the time in seconds;
fc; is the selected carrier frequency;

@(t) isthe carrier frequency phase; ¢(t) = 0°,90°, 180°, 270°;

@(t) changes as a function of the byte field modulation scheme;

n is the maximal carrier frequency selection per transmit signal;

n=1,2,3,4.

Table 1 specifies the DC-LIN EPL carrier frequency.

Table 1 — Carrier frequency specification

Parameter Description Min. | Max. |,Unit | Accuracy
fci Carrier frequency band 5 30 MHz [+0,02 %
Afc; Carrier frequency resolution 0,1 0,1 MHz

In essence, fc; €{5 MHz; 5,1 MHz; 5,2 MHz; ... 29,8 MHz; 29,9 MHz;,30' MHz}.
4.212 Byte field modulation scheme

4.2{2.1 Byte field modulation scheme structure

A byte field modulation scheme shall consist ofia byte field sync preamble modulation (g
4.22.3) and a byte field data bit modulation (specified in 4.2.2.4). A first byte field modu
stagt with a dedicated reference phase (specified in 4.2.2.2).

A byte field start bit and stop bit shall ot be included in a byte field modulation scheme. A
nodes, the DC-LIN EPL shall reconstiuct both the start bit and stop bit artificially on RXD (se

Figlire 2 depicts a byte field medulation scheme structure.

pecified in
ation shall

t receiving
e 4.4).

© IS0 2019 - All rights reserved
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1 0 b a

Key
TXD D(-LIN node A
DC powerline

byte field
referenge phase

8 modylated data bits
Start.
Stop.

LY U A W N

o

The byte fleld modulation scheme shall consist of'a’sequence of +90° phase shifts while L

byte field sync preamble

inactive (s¢e 4.2.2.3 and 4.2.2.4).

While L

out]err_con

Figure 2 — Byte field modulation scheme structure

q 1s active, and only after-éompletion of byte field sync preamble transmission,

out_err_coy

q1s

the

transmit sijgnal shall consist of no phaséshifts (i.e. constant phase transmission) for the remaining flield
transmissipn time (see 4.5.3).

Figure 3 specifies the transmitting phases for 0°,90°, 180°, and 270° [i.e. ¢(t)].

Figure 3 — Transmitter phase’s definition

© ISO 2019 - All rights reserved
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The DC-LIN EPL shall transmit a reference phase (P f;.5¢) prior to the first phase transmission of a

byte field sync preamble modulation.

A first byte field transmission (FByy) shall be interpreted as a start of a byte field transmission by the
data link layer with an inter-byte space longer than 1/3 tg;.

A consecutive byte field transmission (CBpy) shall be interpreted as a start of a byte field transmission
by the data link layer with an inter-byte space no longer than 1/3 tg;.

Int

In the case of a CBy (i.e. not a FByy), the last phase of the previous byte field modulation'tr
) of the next byte field sync preamble-modulation (as

sha|l be used as the reference phase (P
spefified in Figure 5).

ref_consec

£ Aindn} . R | £, 1 1 111 de. Ly B s ) Y L LA |
ICLddSC Ul dl L)Tx, d UCTUILALTU TTITITIILT PIIdST SIidll UT LT AIISTIIILLTU (1 ref first) dS SPTlLITicu

n Figure 4.

hnsmission

Figlire 4 shows an example of byte field sync preamble modulation of a first bjzte’field transmission.

9

0 J b a

10
A
Il
b a 0
- T ]
Lgir tyir
tsp Tx €

P.

sync_pre_len =2 tB]T

2 — e 8
—
Pres fist %
1/9 tgyf
3 I ph::;ﬂ" o o o 7
e S —
I
Prereve PSY“CJ’”JE“
tar /9 6
4L k Psync,pre,len = 2 tBIT
Psp_l Psp_z Psp_3 Psp_4 Psp_S Psp_G Psp_7 Psp_8 Psp_9 Psp_lO Psp_ll Psp_lz Psp_13 Psp_14 Psp_lS Psp_lG P p_17 Psp_l&
+ + - + - - + + - + - - + + - + - -
4 90° | 90° [ 90° | 90° | 90° | 90° | 90° [ 90°| 90° | 90° [ 90° | 90° | 90° | 90° | 90° | 90° | 90° | 90°
5 —™ | 90° (180°( 90° {180°( 90° | 0° | 90° |180° 90° [180°( 90° [ 0° [ 90° |180°| 90° |180°| 90° | 0°
Key
1 TXD DC-LIN node A 7  byte field sync preamble - actual TX phases
2 DCpowerline 8  Dbyte field sync preamble - phase shifts
3  TXphases 9  DC-LIN first byte field transmission of node A
4 phase shifts 10 Inter-byte space > 1/3 tg;y
5 actual TX phases a  Start.
6  byte field sync preamble b Stop.

Figure 4 — Example of byte field sync preamble modulation of first byte field TX
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Figure 5 shows an example of byte field sync preamble modulation of consecutive byte field

transmissions.
Pref consec 1S the last phase of the previous byte field transmission.
1 a 1 0 b
—_—
. e — — — . " ,
lgir tgir tar
Pdh,l Pdh,Z Pdh,3 Pdl_l Pdl_Z
+ + + - -/
22— 90° | 90° | 90° | 90° | 9¢° |3 \
A — — — r
1/3 tgir
0° | 90° [ 180°| 90° | 0° \ 270
33— £7%
tBIT 9 6
1 / A P, Sync_pre_len = 2ty
Psp,l Psp,Z Psp,3 PspA Psp,S Psp,é Pspj Psp,B Psp,‘) Psp,lO Psp,ll Psp,lZ Psp,13 Psp,14 Psp,lS Psp,16 Psp,17 Psp,lﬂ
4 + + - + - - + + - + - - + + - + - -
" | 90°| 90° | 90° | 90° | 90° | 90° | 90° (90° | 90° | 90° [ 90° | 90° | 90° | 90° | 90° | 90° | 90° | 90°
5— | 0°|90°| 0° | 90°| 0° |2703(0° |90°| 0° |90° | 0° [270°| 0° | 90° | 0° | 90°| 0° |270°
Key
1 TXD Dd-LIN node A 8  byte field sync preamble - phase shifts
2 DC powerline 9 consecutive byte field transmission
3 examplg of TX phases 10 Inter-byte space < 1/3 tgp
4  phase shifts 11 first byte field transmission
5 example of TX phases a  Start.
6  byte fie]ld sync preamble b Stop.
7  byte field sync preainble - TX phases

Figure

b 5 —\Example of byte field sync preamble modulation of consecutive byte field TX

Table 2 specifies the reference phase length and value.

Table 2 — Reference phase length and value definition

Parameter Description Phase Mlln' phase | Max. phase Unit
ength length

Pref first Reference phase of a first 0° 2/9 1/3 tarT
byte field transmission
(shown in Figure 4)

Pref consec Reference phase of a con- Last byte field 1/3 2/3 taiT
secutive byte field trans- transmitted phase
mission (shown in Figure 5) [(0°/90°/180°/270°)
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2.3 Byte field sync preamble modulation

Upon detection of falling edge of a start bit (¢55 7x) from the data link layer, a byte field sync preamble
modulation transmission shall start on line-out.

Table 3 specifies the start time of a byte field sync preamble transmission.

Table 3 — Start time of byte field sync preamble transmission definition

Thd
Thd
Def

Tabje 4 specifies the byte field sync preamble phase shifts.

Parameter Description Min. Typ. Max. Unit
Starttime of hyte field sync preamble — — 2/16 t
OD_TA B i 4 . I . L4 DI
transmission on line-out (shown in
Figure 4)

byte field sync preamble modulation shall consist of 18 phase shifts.
nominal length of modulated byte field sync preamble (P, ;¢ pre ten

nition of the formula:

Psync_pre_len =2 tBIT

Table 4 — Byte field sync preamblephase shifts definition

4.2,

Upon completion of the byte field sync preamble transmission period (P

Parameter Description Phase shift ll; lrllagii
Py, 4 Sync preamble 15t phase shift +90° 1/9 tgir
Py, » Sync preamble 284 phase shift +90° (shown in
Py, 3 Sync preamble 3'd phase shift -90° 5%94
Py, 4 Sync preamble 4th phase shift +90° Fi;ﬁe 5)
Py, s Sync preamble 5th phase shift -90°
Py, 6 Sync preamble 6th phase shift -90°
Py, 7 Sync preamble 7th phase shift +90°
Py, g Sync preamble 8th phase shift +90°
Py, 9 Sync preamble 9th phase shift -90°
Py 10 Sync preamble 10th phase shift +90°
Py 19 Sync preamble 11th phase shift -90°
Po )2 Sync preamble 12th phase shift -90°
Py 13 Sync preamble 13t phase shift +90°
Py 14 Sync preamble 14th phase shift +90°
Py 15 Sync preamble 15" phase shift -90°
Py 16 Sync preamble 16th phase shift +90°
Py, 17 Sync preamble 17th phase shift -90°
Py, 18 Sync preamble 18th phase shift -90°

2.4 Byte field data bit modulation

sync_pr

) is given’in Formula [ 2).

(2)

e len)s the DC-LIN EPL

shall transmit a byte field data bit modulation, bit-by-bit, for each one of the eight data bits transmitted
from the data link layer.

The byte field data bit modulation shall consist of three phase shifts.

© IS0 2019 - All rights reserved
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The nominal length of a modulated byte field data bit (Py,¢, pit 1en) 1S given in Formula (3).
Definition of the formula:

Pdata_bit_len =1 tBIT (3)
Table 5 specifies the phase shift of the byte field data bit modulation.

Table 5 — Byte field data bit phase shift modulation definition

Parameter Description Phase shift /
value length comment
1 Py 1 1st phase shift +90°
Pyp, o 2nd phase shift +90° :
Puns |3 phase shift +90° e Lout effhcona 15
0 Py:  |1tphase shift -90° BIT oo 4.5.2)
Py , 2nd phase shift -90° o
Py 5 3rd phase shift -90°
Figure 6 sHows a bit modulation example of data bit ‘0’.
3
1 a b a
tBIT
Pdl_l Pdl_Z Pdl_3
2 90 | 900 [ 90°
13t ]
Piata vit ten = i
Key
1 TXD
2 DCpowerliné
3  byte field
a  Start.
b Stop.

Figure 6 — Example of bit ‘0’ modulation

Figure 7 shows a bit modulation example of data bit ‘1".
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3
< >
1 , a 1 b a
/ J _— ] I
Y Y
tBIT
Pan 1 Pan 2 Pan 3
+ + +
2 90° | 90° 90°
3t
Pdata_bit_len = tBIT
Key]
1 |TXD
2 |DC powerline
3 |byte field
a  |Start.
b [Stop.
Figure 7 — Example of'data bit ‘1’ modulation
Thg nominal length of one modulated byte (Ppy. jength) is given in Formula (4).
Defjnition of the formula:
Pbyte_length = Psync_pre_len +8 x Pdata_bit_len =10 tBIT (4)
Figiire 8 shows an example of jodulation scheme of data byte 01110111,
© IS0 2019 - All rights reserved 13
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b
HERI
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Preffirst tBIT/3

I
P byte_Length

A

v

P, sp_1 Psp_z sp_3 sp 5| sp_6

Psp_g ’Dsp_10 Psp_ﬂ Psp_12 Psp_13

Psp_14

sp_15]

Psp_17 Psp_18

+ - - -
90° 90° 90° 90° 90° 90° 90° 90°

- + - -
90° 90° 90° 90° 90°

90

90°

90°

T
tar /9

Psync,pre,len =

2 tB\T

Key
TXD Dd-LIN node A

RXD D(-LIN node A

DC powerline

RXD D(-LIN node B

byte field sync preamble

DC-LIN|byte field reception of node B
DC-LIN|byte field transmission of node A
Start.
b Stop.

N O U1 W N

[}

Figulle 8 — Example of a byte modulation scheme between a transmitting node A and

4.2.3 Breakfield modulation scheme

receiving node B

The DC-LIN EPL shall transmit the break field over the DC powerline with the number of bits of the
detected break field on TXD. The break field modulation scheme is the same as the byte field modulation

scheme, but all data bits are ‘O’s.

Figure 9 shows an example of break field modulation transmission.

14
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Key

N O U1 W N

[}

Figure 9 — Example of a break field modulation transmission between a transmittin

1 a|l0|]O0O]O0O]jJO|O]O|O]O0O]O0O]|O L 0|0 b a
R
Bit0 |Bit1 |Bit2 |Bit3 [Bit4 |Bit5 |Bit6 |Bit7 |Bit8 [Bit9 [Bit10 | Bit11
1
1
1
2!a000000000000ba
: Bit0 |Bit1 |Bit2 |Bit3 [Bit4 |Bit5 |Bit6 |Bit7 |Bit8 |Bit9 PBit10 | Bit11
i !
1
i
'
tsp 1x
1! )
: /\ $% Pref,consec
R i TT 7T T T T 7T =TT
3 ; P";é }.!WL.,JIW Lu ullav !av!:w pooopo 9o°|90"|90->|90°|90- o‘=|_§
Pref,ﬁrst tBIT/3
al0[0]0]O0]|]O0O|]O0O 0000 ]0]0]| bl a
4.—»
Bit0 |Bit1 |Bit2 |Bit3 |Bit4 [Bit5 |Bit6 |Bit7 Bit8 [Bit9 [Bit10]| Bit11
Psp,l PSP,Z PSD,3 PSPJ PSp,S PSP,S PSpJ Pspj Pspﬁ PspJo P5p711 P5p712 Psp713 P5p714 P5p715 P5p716 Psp717 Pspilﬂ
+ + - + - - + + - + - - + + - + - -
90° 90° 90° 90° 90° 90° 90° 90° 90° 90° 90° 90° 90° 90° 90° 90° 90° 90°
! |
t
BIT/9 Psync,pre,len: 2 tBIT

TXD DC-LIN node A

RXD DC-LIN node A

DC powerline

RXD DC-LIN node B

byte field sync preamible

DC-LIN break fieldneception of node B
DC-LIN breakfield transmission of node A
Start.

Break delimiter.

and receiving node B

4.2.4 Wake-up signal modulation scheme

g node A

The wake-up signal modulation is subject to the wake-up signal length on TXD (as specified in
ISO 17987-2:2016, 5.3.1) and shall be transmitted either as a byte field modulation or as a break field
modulation.

When the wake-up signal length on TXD is at least 10 tg; (i.e. a break field), the wake-up signal
modulation shall be transmitted as a break field modulation scheme (see 4.2.3).

© IS0 2019 - All rights reserved
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When the wake-up signal length on TXD is less than 10 ¢, the wake-up signal modulation shall be
transmitted as a byte field modulation scheme (see 4.2.2.4) consisting of ‘0’ and ‘1’ data bit modulation
(i.e. the wake-up signal is padded with ‘1’ data bit modulation to a complete byte field modulation
transmission).

Figures 10, 11, and 12 show examples of a wake-up signal modulation transmission by a DC-LIN EPL
that is set to BR_19_2K.

EXAMPLE Figure 10 depicts a wake-up signal with the length of 260 ps. The wake-up signal is encoded by
the DC-LIN EPL to a start bit, four ‘0’ data bits, four ‘1’ data bits and a stop bit (i.e. FO¢).

Th k a 1 P S . H | 4= A nraY 1 4= Lol P [,
e wake- NP SIgdINTHTUUUIAUIUIT IS STITIIAL tU d' 1 U16 Dy LT TITIU THTUUUIAUIUTT

6
1— a 0 0 0 0 1 1 1 1 b
< 260 uys —m—m0———>
— 3
2— 1 a 0 0 0 0 1 1 | 1 b
1
1
i 260 ys
I
H I sync pre_len
P v
3— 1 | Ak
* 0° 90° 0" 90n 90° 90" 90" 90" 90n 90" 90°]|90 90“ 90° 90“ 90" 90°]90 90" 90°[90°
-
4. Pref_first 5
Key
1  TXD wgke-up signal DC-LIN node A
2 RXD wdke-up signal DC-LIN node A
3 DC powerline
4  refphage 0°
5 byte field sync preamble
6  DC-LIN|wake-up signal transmission of node A
a  Start.
b Stop.

Figure 10 —Example of a wake-up signal modulation similar to byte field modulation

EXAMPLE Figure 11 depicts a wake-up signal with the length of 294 ps. The wake-up signal is encodefl by

the DC-LIN EPEtoastartbit; five O data bits; three tdata bitsamd a stop bit{ie 07 ):

The wake-up signal modulation is similar to a EO,¢ byte field modulation.
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6
1—| = o0 o o o of 1 1 1 b
& 294 ps J
1] '
——
22— i | | | | 3 | | |
il =0 0 0 0 o)t 11
| I L
P
tSB—TX Ié:i 'Dsync_pre_len
v
3—> : /. - - - - - - - - - - - - - - - + + +, FI+]|+ + +
+ 0° 90°90°[90°(90°]|90°|90° | 90°|90°| 90°| 90° |90°| 90° | 90°|90°[90°| 90° | 90°190° § 90°[90°(90°| 90°|9p°|90°
B 5
4‘ Prefjirst
Key
1 |TXD wake-up signal DC-LIN node A
2 |RXD wake-up signal DC-LIN node A
3 |DC powerline
4 |ref phase 0°
5 |byte field sync preamble
6 |DC-LIN wake-up signal transmission of node A
a |Start.
b |Stop.

Figure 11 — Example of a wake-up Signal modulation similar to byte field modulption

EXAMPLE Figure 12 depicts a waké-up signal with the length of 676 ps. The wake-up signal is|encoded by
the PC-LIN EPL to a start bit, twelye ‘0’ data bits and a stop bit (i.e. a break field).

Thd wake-up signal moduldtion is then similar to a break field modulation

© IS0 2019 - All rights reserved 17
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6
< >
I | | | | | | | | | : : : —‘
| ! | | | ! | | | i i i !
e oo ororo oot o000 |
i I i i i | i i i | I i i
'Bit( |Bit1 |Bit2 |Bit3 Bit4 Bit5 IBit6 IBit7 IBit8 Bit9 Bit10 Bit1l |
< >
7
|
|
Tttt o000 5
2 2 :
)
|

4
Pre
Key
1  TXD wd
2 RXD wa
3 DCpow
4 refpha
5 byte fie
6 DC-LIN
a  Start.
b Stop.
Figur
4.3 Tim
4.3.1 Bit
The bit rat
aDC-LINE

Bit0 | Bit1 |Bit2 |Bit3 [Bit4 |Bit5 |Bit6 |Bit7 |[Bit8 |Bit9 [Bit10 | Bit11

SERNNN

...................

f first 5

ke-up signal DC-LIN node A
ke-up signal DC-LIN node A
erline

e 0°

ld sync preamble

wake-up signal transmission of node A

p 12 — Example of a wake-up signal modulation similar to break field modulation

ing requirements

rate tolerance

b tolerance describes the allowed deviation of the actual bit rate from the nominal bit rate
PL-

Table 6 specifies the bit rate tolerances for both master node and slave node DC-LIN EPL.

Table 6 — DC-LIN EPL bit rate tolerances

Bit rate Deviation
BR_9_6K <+0,5%
BR_10K <+0,5%
BR_19_2K <+0,5%

for

The specified DC-LIN EPL bit rate deviation provides sufficient nominal bit rate, which is complying
with EPL sync byte field quantization automatic bit rate detection as specified in ISO 17987-4:2016,
5.2.2, and with EPL bit rate deviation specified in ISO 17987-4:2016, 5.1.

18
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4.3.2 Bittiming
The bit time is defined according to the selected bit rate (given in Table 6).
Calculation of a bit time is given in Formula (5).

Definition of the formula:

tgir=1/(BR) (5)

4.3 3—Bitsample-timing
The bit sample timing on TXD shall apply the bit sampling timing specified in ISO 17987-4:2016, 5.2.3.

4.3/4 TXD assert timeout event
Thg minimum TXD assert (‘0’) time without timeout event is given in Formula<{6).
Def]nition of the formula:

£ =6 ms 6)

xd_min_assert ~

Thg minimum TXD deassert (‘1) time after timeout event(i'e. timeout recovery time) |s given in

Formula (7).

Deflnition of the formula:

Lo =10 tgiT (7)

xd_min_recover

Optjionally, the DC-LIN EPL may detect a TXD-assert timeout event when TXD assert time >t |

d_min_assert.

At the occurrence of TXD assert timequtevent, the DC-LIN EPL'S Ty, 1)o4e
nexf falling edge on TXD, which ocufirs after TXD deassert (‘1") time > ¢,

may be deactivatdd until the

xd_min_recover*

4.3/5 Delay between transmitted byte field (DC-LIN node A) and received byte field (IDC-LIN
node A)

The delay between transmitted byte field on TXD and the received byte field on RXD at a PC-LIN EPL
node (locally) (trx_geiay 1ocat) is given in Formula (8).

Defjnition of théformula:

ERX_delayrlotal = ESB_TX 8

4.3l6 ~ Delay hetween transmitted byte field (DC-LIN node A) and received hyte field (IDC-LIN
node B)

The delay between the transmitted byte field, over to the DC powerline, and the receiver reconstructed
byte field (trx_gelay) is given in Table 7.

The maximum process time at RX DC-LIN EPL side is given in Formula (9).

Definition of the formula:

trx_proc_max = 6/9 tBIT (9)

The minimum process time at RX DC-LIN EPL side is given in Formula (10).

© IS0 2019 - All rights reserved 19
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Definition of the formula:

trx_proc_min = 2/9 tBIT (10)

(The transmission delay on the DC powerline is negligible as compared to tg;, and hence not included
in tpy_gelay calculation).

Table 7 — Delay between TXD (DC-LIN EPL node A) to RXD (DC-LIN EPL node B)

Parameter Min. Typ. Max. Unit Condition / comment
tRX_dela 22/9 - 25/8 tgir trx _delay_max ~ = lsp _TX (2/16) + Pref first (3/9) [+
sync_pre_len (18/9) + trx _proc_max (6/9)

tRX _delay_min Pref first (2/9) + Psync pré_len
(18/9) + ¢

I'X_proc mm(

Figure 13 phows an example of a single byte field transmission, demonstrating theXgx gelay max pnd
tRX_delay_loca .

j=

7
1 - a 1 1 1 0 1 1 1 0 b, a
2— i a 1 1 1 0 1 1 1 0 b a
tsptx < ERX delay_local \\\A \‘\\
3_>i /0 90 93 90|00 9:) o0 9:) 90° |90|90 90°|90e{o0| 90°] o0° 9:; 90° 90504 9&° 90° 90°
I D
Y
—— — y B A 4
8 a 1 1 1 0 1 1 1 0 b a
6

Key
1 TXD DJ-LIN node'A
2 RXD D({-LINwnode A
3  DC powerHre
4  refphase 0°
5 byte field sync preamble
6  DC-LIN byte field reception of node B
7  DC-LIN byte field transmission of node A
8 RXD DC-LIN node B
a  Start.
b Stop.

Figure 13 — Delay between TXD and RXD over the powerline between a transmitting node A
and receiving node B
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4.4 Receiver characteristics

At the receiver node side, the DC-LIN EPL (e.g. node B) shall decode a received byte/break field
modulation from DC-LIN EPL (e.g. node A) into bits transferred on RXD to the data link layer (see

Figures 8 and 9).

DC-LIN EPL RX node (e.g. node B) error condition (RX,,, .onq) is defined active when decoding of the
received modulation from DC-LIN EPL (e.g. node A) results in detection of no phase shifts for the
duration of at least 1 tg;. RX,,; cong Shall remain active for the remaining duration until completion of
transmission By, g, it to the data link layer (see Table 8 and Figure 18).

Tabfe 8 specifies RXD behaviour at receiver DC-LIN EPL node side.

If npt otherwise stated, RXD logic level shall be set to ‘1.

Table 8 — RXD behaviour at DC-LIN EPL receiver node side

Nominal bit

Pafameter RXD Logic level Start time length Condition/comment
Bst rt_bit Low (‘0') tRX_delay 1 tBIT Rrx_mode is active
Bata bit Low (‘0") when decoding bit | tpx gelay + 1 it 1 tgpp Rix mode IS active

modulation of data bit ‘0 The start time is dpfined for

or the first data bit (lpast signif-

. . . . icant bit), the rest pf data bits
glfgu(l;t?ovﬁefrégf:(ﬁ?ﬁlg Bl{t are transmitted sequentially.

when RX, .. .onq IS active
Bst p_bit High (‘1') tRX_delay % 9 tBIT 1 tBIT Rrx_mode is active

RX,rr cond IS inactiye

l°]

Byte field receivin

=]

Bfe_ stop_bit Low ( 0 ) tRX_delay + 9 tBIT 1 tBIT Rrx_mode is active
RXe1r cond 1S active
Byte field receiving
Bde High ( 1 ) tRX_delay +1 tBIT + 1 tBIT Rrx_mode is active
t ; .. .
break_field RXerr cond IS inactiye

Break field receivipg

4.5 Electricalparameters

4.5{1 General configuration — Coupling to the DC powerline

The coupling to the DC powerline may include a coupling capacitor and a protection network.

Figure 14 shows an example of a protection network using diodes.
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~
o
<

RXD reg¢eive data pin
TXD trgdnsmit data pin
GND
line-ou
line-in
couplinig capacitor
DC powerline

O N O U1 W N

protectjon network

Figure 14 — Example of powerline coupling circaitwith protection network

4.5.2 Signal specification

Table 9 spdcifies the electrical parameters of the DE-LIN EPL signal on the line-out and line-in.

Table 9 — Electrical'parameters of the DC-LIN EPL

Symbol Description Min. | Typ. | Max. | Unit Condition/comment

Line-in Input voltage level at linesin pin 0,005 — 1,44 V | Volt peak-to-peak

Measurement-point is bg
tween line-in and the co
pling capacitor with 50-
load (shown in Figure 13).

— &

Line-in inpUtimpedance 5 — — kQ

Line-out Outputveltage level at line-out pin 0,96 1,2 1,44 V | Volt peak-to-peak

Measurement-point is bg
tween line-in and the copi-
pling capacitor with 50-f)
Toad (shown In Figure 16).

T
Output voltage level at line-out pin 0 — 0,1 V | Volt peak-to-peak

tx mode 1S active

Measurement-point is be-
tween line-in and the cou-
pling capacitor with 50-Q
load (shown in Figure 16).

Tix mode IS inactive or -
low-power mode is active

Line-out input impedance 100 — — KQ | Tix mode IS Inactive or
low-power mode is active
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Figure 15 illustrates DC-LIN EPL line-in measure point test set-up.

10 11
1 4 —1|r|F>l 6 100 pH .
— (2 G l4MAgY 2,2 nF 3
3 1
| 7
_ 3
Key
1 |RXD receive data pin 7  RXsignal level measure point
2 | TXD transmit data pin DC powerline
3 |GND power supply
4 |line-out 10 unit under test
5 [line-in 11 testset-up
6 |coupling capacitor a  Load.

Figure 15 — DC-LIN EPL line-in measurement-point: test set-up

Figuire 16 illustrates DC-LIN EPL line-out measure point test set-up.

10 11
4 II.I.I.I.I.I.I.I.I.I.I N 6 100 HH
1nF R _t—rwv\— qQ
2 5 lymumze | 3,2 nF n 3
3 ! :%50-92*
| 7
£ 3

Key
1 |RXD receive data pin 7  TXsignal level measure point
2 | TXD transmit data pin 8 DC powerline
3 |GND 9  power supply
4 |line-out 10 unit under test
5 [line-in 11 testset-up
6 |coupling‘capacitor a  Load.

Figure 16 — DC-LIN EPL line-out measurement-point: test set-up

4.5.3 Line-out monitoring

The DC-LIN EPL shall monitor its transmitted output level at line-out. The DC-LIN EPL line-out
monitoring function shall provide an error indication on RXD to the data link layer in case the sampled

line-out peak level is below L4 ihy jey-

Table 10 specifies the line-out monitoring peak threshold level (L, ¢y jev)-
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Table 10 — Line-out monitoring peak threshold level

Parameter Description Min. Max. | Unit

Typ.

L Line-out monitoring peak 25 50 mV

threshold level

out_thr_lev

Start time
Definition

tl_out_m

tsp X is giy

Line-out mlonitoring active duration (¢, ;¢ men 1) from tsg 1 is given in Formula (12).
Definition pf the formula:
tl_out_m bn_1 = 10 tBIT

The DC-LIN EPL shall sample the line-out level (L

tl_oqt_mon_s
until next 1

Table 11 sy

of line-out monitoring (¢, ,u¢ mon_stary) 1S iven in Formula (11).

of the formula:

on_start = tSB_TX

(11)

ren in Table 3.

out_ley) during line-out nionitoring active duratio
mp for each detected bit on TXD (see Table 11). The sampled. monitoring level shall be }

|_out_mon_samp (l'e' tl_out_mon_samp + tBlT)'

ecifies line-out monitoring sample time (¢;_oy¢_mon_samp):With respectto t; ,u¢ mon_start-

Table 11 — Line-out monitoring sample time

12)

n at
fept

Parameter Description Min. Typ. Max. Uniit
8 oub mon_samp Line-out monitoring samplétime 3/16 — 4/16 tair
Line-out monitoring error condition (L, err cona) 1S defined active when L, 1oy < Loyt thr e and shall

stay active
carrier fre
frequency

While L,
LIN EPL sh
shifts) trar

until completion of ¢| ,;; on 1- ID-Case the transmit signal is constructed from more than
juency [i.e.n>1, see Formula (1)}the L o1 cong Shall not be activated if at least one car

e.g. c;) out level is 2L ¢ v qev:

err_cond 1S active, and onlyafter completion of byte field sync preamble transmission, the
b1l change transmission from byte field modulation scheme to a constant phase (i.e. no p}
smission for the rémaining transmission time (shown in Figure 18).

one
rier

DC-
ase

Table 12 specifies RXD behaviour at transmitter DC-LIN EPL node while TXD is active and according to
Lout_lev'
If not othefwise stated, RXD logic level shall be set to ‘1.
Table 12 — RXD behaviour at DC-LIN EPL transmitter node side
Parameter RXD Logic level Start time No;g :;Lblt Condition/comment
Bstart_bit_local Low (‘0’) tRX_delay_local 1 tBIT Ttx_mode is active
Lout_err cond IS inactive
(Lout_lev 2 Lout_thr_lev)

24
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Table 12 (continued)

ISO 17987-8:2019(E)

Parameter

RXD Logic level

Start time

Nominal bit
length

Condition/comment

Bfe_start_bit_local

High (‘1))

tl_out_mon_samp

1tgr

T
L

tx mode 1S active

out_err_con

(Lout_lev < Lout_thr_lev)
RXD indicates a start bit

frame error to the
laver

41s active

data link

afa_bit_local

TXD

tRX_delay_local +1 tBIT

1tgr

T is active

tx_mode

Lout_err_cond 1SJ1nac

(Lout_lev P Lout_thr_l(

The'start time is d
with respect to the

bit (least significapt bit), the

other data bits are
ted respectively w|
nal bit length of 1 ¢

ive
V)

bfined
first data

transmit-
ith nomi-

BIT.

erf_data_bit_local

TXD

tl_out_mon_samp + 1 tBIT

1tgr

T
L

tx mode 1S active

out_err_cond 1S actiy

(Lout,lev < Loutfthrﬁl(

The start time is d
with respect to the

bit (least significapt bit), the

other data bits are
ted respectively w|
nal bit length of 1 {

RXD indicates an d
data link layer.

e

V)
pfined
first data

transmit-
ith nomi-

BIT.
rror to the

Bst p_bit_local

High (‘1))

tRX_delay_local +9 tBIT

1tgr

T
L

tx mode 1S active

out_err_cond 1S 1Mac

(Lout_lev 2 Lout_thr_l(
Byte field transmi

ive

Esion

e |stop_bit_local

Low,(0")

tl_out_mon_samp +9 gt

1tgr

T is active

tx_mode
Lout_err_cond 1S actiy
(L <L

The start time is d
respect to &) out mo

out_lev out_thr_l4

(S

v)

bfined with
of

h_samp

ctart hit
StaFeot

T

Byte field transmission

RXD indicates a stop bit frame
error to the data link layer.

Bdel_local

High (‘1)

tRX_delay_local +1 tgiT +
tbreak_field

1tgr

T is active

tx_mode

Lout_err_cond IS inactive

(Lout_lev z Lout_thr_lev)

Break field transmission

© IS0 2019 - All rights reserved
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Table 12 (continued)

Parameter

RXD Logic level

Start time

Nominal bit
length

Condition/comment

Bfe—

del_local

Low (‘0’)

tl_out_mon_samp +1 tBIT +
Ereak_field

1tgp

T is active

tx_mode

Lout_err_cond Is active

(Lout_lev < Lout_thr_lev)

The start time is defined with
respect to £ oy mon_samp of
start bit

Break field transmissiph

RXD indicates a bréakfield
delimiter frame @rror to the
data link layef}

Figure 17 shows an example of line-out monitoring; where line-out level is not less than L - ey (1

err_cond 1S 11jactive).

out_

The data link layer of node A transmits a byte field on TXD. Node A DC-LIN*EPL line-out monitorirlg is
activated from tgg 1y for the duration of ¢, ;¢ o, ) Where the line-out leyel (L, |e,) is being sampled
at ty_out_mod_samp periodically every tg;t.

26

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=4edc1a319f4dd36b3ef06f7215ec3106

ISO 17987-8:2019(E)

8

11
| ! ! ! ! ! J! ! ! l7lrlrlrlrlrlrlrl_l_l_l_l.l 1 0
1 3 5 _’>—llllll[llllllllllllllllr!!!!!!!!!!!ﬁ .
<<mmm T mm"
CHCE
2 %] 6
71
1 a 1 1 1 0 1 1 1 0 b a
2— i a 1 1 1 0 1 1 1 0 b a
1
' : ; : : ; T
1 1 H T 1 1 i 1
i i ! RxD =TXD i H H H
tSB,TX IK—]I : : : : I 1t : : : : : : tl,o t_mon_samp
! ‘|< 1 1 ] : 1out mon_1 1 1 1 I ! ¥
i ¥ M M ¥ ¥ ¥ ¥ ¥
11 i I IIIIIII‘FIIIIIIIIPIIIIIIIFIqIIIIIIII II1I UTLLLLL IIIIIIITIIIIIIIIIIIIIIII TIIIIIIIIIIIIIIIIIII
h IIIIIIIi'llllllllhllllllllhlllllll I{I UL Ilil LLLLLRLLL O LU G LT
t 1_out_mon_start \ J
Lout,lev = Lout,thr,lev
Key
1 |TXD DC-LIN node A 8 line-out
2 |RXD DC-LIN node A 9 line-in
3 |TXD 10 coupling capacitor
4 |RXD 11 DC powerline
5 |modem a  Start.
6 [line-out monitoring logic b Stop.
7 |GND ¢ Line-out level is not less than the threshgld level.
Figure 17 5 Example of line-out monitoring: line-out level is not less than L, ¢ jev
Figyire 18 shows an example of line-out monitoring; where line-out level is lower than L, fi; jey (Lout_
err dond JS\@CtiveE).
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e
Lout_lev < Luut_thr_lev

v

A

1— a 1 1 1 0 1 1 1 0 b a
5/16tpr y .
i I |
2 a 1 1 1 o |41 of o | o o 1 c a
- ! | i
| | |
| !
t]_om_mﬂn_samp/—7 \\
tSL*TX Hl t \\ 1 out mon samp.
I_out_mon_l o -
f >
N, 4 v v v v v v
O LLETEEEE L URERIRUNERILERRRRADEE /
3 v /‘\ r || 4*III(\IIII|l$lIIIIIl$llIllllMlllllllMlllll||I+|
w‘]iﬂlll 11111K}‘ﬁiifl]&iittfiiilhéitif'"W"”“ SRR I||I|I|||r¢lll||lll¢l|lIIIlII;|I
Y /
tl_out_mo _start k RXD = TXD T RXD = TDX T
Loyt lev2 L gue _thr_lev Lout_err_condd Loyt Jev < L g _thivlev
v
Ref + |+ +] +]| +] + + | + - - - - + |+ +] +] + |+ o F| O+ - - -
3+ Phas 0 0| 90°f 90°| 90°| 90°f 0o [ 0°] 0°f 0°] 0°] 0°f 0°] 0°] 0°| o0 0°] 0° o°| 0°| n°|
ﬂ_’ { )
B \\ \\ \\ s\ /
P ref _first p sync_pre_len \‘ \‘ \‘ \sA
4__» a 1 1 1 1 1 1 1 1 c a
T
RXerr,cond active
Key
1 TXD D(Q-LIN node A
2  RXD D(-LIN node A
3 DC powerline
4 RXD D(-LIN node B
5 no phage shifts
a Start.
b Stop.
¢ Stop bif frame error.
d  Is trigggred active.
¢ Line-oytlevel is less than the threshold level.
Figure 18'— Example of line-out monitoring: line-out level is lower than L, py jey

4.5.4 ESD compliance

The DC-LIN EPL shall comply with requirements for protection against human body discharge according
to IEC 61000-4-2. The minimum discharge voltage level shall be +2 kV.

4.6 Communication in the presence of faults

Table 13 specifies the DC-LIN EPL behaviour in the presence of faults, in which there shall be no damage
to the DC-LIN EPL.
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Table 13 — DC-LIN EPL behaviour in the presence of faults

Description of fault

Communication behaviour

DC powerline becomes shorted to ground.

Data communication is not possible.

DC powerline is stuck in asserted state.

Data communication is not possible.

DC-LIN EPL's TXD is continuously asserted.

Data communication is not possible unless affected node has
implemented TXD asserted timeout. functionality (see 4.3.4).

DC powerline is disconnected from power.

Remaining powered DC-LIN EPLs continue to communicate with
no degradation.

© IS0 2019 - All rights reserved
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Annex A

(informative)

DC-LIN EPL peripheral interface design considerations

An example for an interface between the DC-LIN EPL nodes and the DC powerline is shown in Figure A.1.

The examp
of the DC-I
ferrite bea

optional §

le shows three DC-LIN EPL nodes connected to the DC powerline. To reduce the attenua

IN EPL carrier signal by filtering capacitors in power supplies, inductors or low-frequgncy
s are added in series to the power supply.

fion

Power
supply

L

vdd

LIN
controller

vdd

DC-LIN

GND

Line-out

EPL Line-in

1

DC powerline

|_

optional §

Power
supply

1

vdd

LIN
controller

A

vdd

Line-out
|
DC-LIN

EPL Line-in }

GND

Figure A.1 — DC-LIN EPL coupling example

L

Battery/
Power {—/Y™M
optional
supply §
Power
supply
1L
[
vdd vdd
RXD Line-out
LIN > DCLIN _
controller ™o gpL (fneim
HDC
GND
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Annex B
(normative)

DC-LIN EPL conformance test plan

General
Fenera:

Thi

B.2

B.2
The

B.2

Int
for

Eac

5 annex specifies the DC-LIN EPL conformance test plan.

General test plan specification considerations

.1 Test conditions

tests shall be done at room temperature in a range of 15 °C to 35 °C:

.2 Test case structure

he description of each test case, it is specified, for which®DC*LIN EPL type the test case is
master or slave node.

h specification of a test case consists of nine parts,

CTC # - Title

— A common prefix for the conformance‘test case.

Purpose

— Brief statement outlining what the test case attempts to achieve.
Reference

— Defines the referenee to this or other parts of the ISO 17987 series.
Prerequisite

— Definesthe’test set-up.

Set-up

—« Defines the IUT configuration (see B.2.4.5).

CS+An

ot

— Defines the test step/s for carrying out the test case.

© IS0 2019 - All rights reserved
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— If more than one step is defined in this field, the steps shall be executed in the order as they
stated in the document.

— Iteration
— Defines the number of repetitions of test procedure test steps.
— Expected response
— Defines the expected behaviour of the IUT when executing the test steps.

— Remark

are

— Contains a description of known issues with the test case, which can affect test results jn'cer
sitfuations.

B.2.3 IUT general specification

IUT with RXD and TXD connectors available and line-in and line-out connector available is applic
for the DC-LIN EPL test cases specified in this document.

B.2.4 Test system requirements

B.2.4.1 eneration of LIN frames

Fain

hble

The test system shall ensure the precision of the bit time of a master node as specified in this documgent.

B.2.4.2 ormal requirements for the test cases

For proper measurement and verification of tests pattern (see Table B.1), the test system shall u
minimum ¢ver sampling factor of 16; see Formula (B'1).

The definitfion of the sample resolution is given'in Formula (B.1).
Definition pf the formula:

samplgresolution = tg; /16 (

B.2.4.3 Special requirements for bit timing testing

For proper| measurement.and verification of the bit timing tests, the test system shall measure wi
minimum ¢ver sampling of 10 to the precision of a DC-LIN EPL bit rate deviation given in this docum
Table 6; se¢ Formula{(B.2).

The definitfion ofthe bit time sample resolution is given in Formula (B.2).

b€ a

B.1)

th a
ent,

Definition bf'the formula:

bit time sample resolution = tg;; x 0,000 5 (B.2)

B.2.4.4 Test system configuration

A detailed test system configuration is given under the test cases definitions. The test system shal
implemented in a way that the test cases can be performed as specified and reproducible.

I be
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B.2.4.5 General predefinitions for IUT configuration

B.2.4.5.1 General

Before executing a test case, some settings shall be done by LT concerning:

the IUT initialization:

— an initialization of the IUT shall be performed by the LT before each test case. To initialize the

IUT areset is carried out and thereafter the IUT shall be reconfigured;

B.2

the IUT as master or slave node:

— specifies to what state the IUT shall have been set before starting the execution\of th¢
otherwise defined, the IUT as master node T is active and the IUT ag-slave no
is active;

tx_mode

the test pattern to be sent by the LT on TXD of the IUT or to stimulate the'tUT line-in;
the IUT bit rate configuration;
the IUT transmit signal number of carrier frequencies;

the IUT working carrier frequency configuration.

4.5.2 IUT TXD test pattern specification

Tabje B.1 specifies the test pattern to be sent on TXD.0f1UT in test cases.

B.2
Thd

Table B.1 — IUT TXD;test pattern specification

Test pattern Requirements for the test pattern
TST_BYTE_55 Single byte field 554
TST_BYTE_7A Single byte field 7A;4
TST_BYTE_65 Single byte field 654
TST_BYTE_5F Single byte field 5F 4
TST_BREAK_FIELD Break field with length of 13 ty; and break de-
limiter of 1 tgp
TST_WAKEUP_SIGNAL_SHORT Wake-up signal with length of 260 ps
TST_WAKEUP_SIGNAL_LONG Wake-up signal with length of 4 992 us

4.5.3 Transmit signal test pattern specification

transmit signal test pattern shall comply with transmitter characteristics specif

doc

b test. If not
He R

rx_mode

ed in this

unient (see 4.2, and its subclauses).

Table B.2 specifies the transmit signal test pattern to be sent over the powerline in test cases.

© IS0 2019 - All rights reserved
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Table B.2 — Transmit signal test pattern specification

Requirements for

Test pattern the transmit signal Transmit signal phases lP hase Remarks
ength
test pattern
TXS_S_BYTE_55 Single byte field 0° 1/3 tgir PLof first
modulation Ofbyte 90° 180° 90° 180° 90° 0°, 90° 1/9 t p B
. ] )] ] ) )] )] )] BIT
field 55, 180°,90°, 180°, 90°, 0°, 90°, 180°, ep
90°, 180°, 90°, and 0°.
90% 1807 270° 1807, 90% 0% 90°% | 1/3tar Pdata
270°,180°, 90°, 0°, 90°, 180°, 270°,
180°,90°, and 0°.
TXS_BYTE|7A_CON- |Two consecutive 0° 1/3tgir | Peas sifst Of the
SEC_55 bytes field modu- first byte figld
lation. First byte 90°,180°, 90°, 180°, 90°, 0°, 90° 1/9¢t P £t
. . ’ ’ ) ) ’ ’ ’ BIT sync_p o €
field 7A16 withan 180 90, 180°, 90°, 0° 90°, 180°, first byte fidld
lnter-byte Space no 90° 180° 90° and 0°
longer than 1/3 tg, g
followed by byte 90°,180°, 270, 0°,90°, 180°, 270°, 0°, |CL/3 tgir | Pyata oft}_le first
field 55;. 90°, 0°, 270°, 180°, 90°, 0°, 270°, 0°, byte field
90°, 180°,90°, 0°, 270°, 0°, 90°, and .
180° (P ). Last transmit-
ref_consec ted Pgy,, is the
ref_consec of the
second bytle
field.
270°, 0°, 270°, 0°,270°, 180°, 270°, 1/9 tgr Psync_ of tHe
0°,270°,0°,270¢%, 180°, 270°, 0°, second ﬁyte field
270°,0°, 270%ahnd 180°.
270°,0°,90% 0°,270°,180°, 270°, 1/3 tgir | Pgara Of the spc-
0°,90°,02/270°,180°, 270°, 0°, 90°, ond byte fidld
0°, 2782, 180°, 270°, 0°,90°, 0°, 270°,
and.180°.
34 © IS0 2019 - All rights reserved
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Requirements for

space no longer than
1/3 tg;r between

90°, 180°,90°, and 0°.

Test pattern the transmit signal Transmit signal phases ll: l:lastﬁ Remarks
test pattern &
TXS_BYTE_55_CON- |Three consecutive 0° 1/3 tgir | Pref first Of the
SEC_55_CONSEC_55 |bytes field modula- first byte field
tion ofbyte field 5516 90° 180° 90° 180°,90°, 0°, 90° 1/9 t P f
. . ’ ’ ’ ’ ’ ’ ) BIT - [} the
with an inter-byte | 1800 90° 180°,90°, 0°,90°, 180°, first byte field

QN° 1900 2700 1000 QNOo _NO _QNO
U TOUS /U, TOU5 U5 U o

1./2 +
== *bI1

L of the first

180°,270°, 180°,90°, 0°, 90°, 0°, 0°,
0°, 0% 0°,0°,0° 0° 0° 0° and 0°.

the firstbyte and A 5 R OEBOGAEEOEA k
the second byte, and 1800, 2700, 189 , ?0 f 9 , 900, 1800, byte field
with an inter-byte 2700, 189 ,90 9 ,90°,180°, 270°, Last transmit-
space longer than 180°,90° and 0° (Pyef consed)- ted Py... is the
1/3 tgr between the Pot donsec Of the
second byte and the sedond byte
third byte field.
90°, 180°, 90°, 180°,90°, 0°,90°, 1/9 tgp Pyl pof the
180°, 90°, 180°,90°, 0°,90°, 180X, secorjd gyte field
90°, 180°, 90°, and 0°.
90°, 180°, 270°, 180°, 90°, 0%,90°, 1/3 tgir | Pgard Of the sec-
180°, 270°, 180°, 90°,,0%/90°, 180°, ond|byte field
270°,180°,90°, 0°,90%,/180°, 270°,
180°,90°, and 0%
0° 1/3 EpiT Pref first of the
third byte field
90°, 180°,90°, 180°,90°, 0°,90°, 1/9 tgp Psy(kc p of the
180°,90°, 180°,90°, 0°,90°, 180°, third byte field
90°)\180°, 90°, and 0°.
90°, 180°, 270°, 180°, 90°, 0°,90°, 1/3 tgir | Pgata of the third
180°, 270°, 180°,90°, 0°, 90°, 180°, byte field
270°,180°,90°, 0°,90°, 180°, 270°,
180°,90°, and 0°.
TX$_S_BYTE_55_ Single byte field mod- |0° 1/3 tgir B et first
ERR_COND_N2 ulation ¢fbyte field o o o o o no o B
55 wWith Ly 90°, 180°, 90°, 180°,90°, 0°,90°, 1/9 tgr Poyne p
16 out_err_cond |180°,90°, 180°, 90°, 0°,90°, 180°,
triggered at data bit 2. 90° 180° 90°, and 0°.
90°, 0°,0°, 0°,0° 0°,0° 0°,0°0°0° | 1/3tgr Pyata
0°, 0%, 0°,0°,0°,0° 0°0°,0° 0° 0°,
0°, and 0°.
TX$_S_BYTEZ55_ Single byte field mod- |0° 1/3 tgir B et first
ERR_CONDB-N% ulation of byte field ° 180° 90° 180° 90° 0° 90° -
55 with Ly 90°, 180°,90°, 180°,90°, 0°,90°, 1/9 tgir Poynep
16 out_err_cond 180°,90°, 180°, 90°, 0°,90°, 180°,
triggered at data bit 4. 90° 180° 90°, and 0°.
90°,180°,270°,180°,90°,0°,90°,0°, | 1/3 tgr Pjiata
0°, 0°, 0°,0°,0°,0° 0°0°, 0°0° 0°,
0°,0°,0° 0°, and 0°.
TXS_S_BYTE_55_ Single byte field mod- |0° 1/3 tgir Pref first
ERR_COND_N6 ulation of byte field ° 180° 90° 180° 90° 0° 90° -
- - 55 with Ly 90°, 180°,90°, 180°,90°, 0°,90°, 1/9 tgir Pgync p
16 out_err_cond |180°,90°, 180°, 90°, 0°,90°, 180°,
triggered at data bit 6. 90° 180° 90°, and 0°.
90°, 180°, 270°, 180°, 90°, 0°,90°, 1/3 tgir Pjyata
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Table B.2 (continued)

Requirements for

Test pattern the transmit signal Transmit signal phases lP hase Remarks
ength
test pattern
TXS_S_BYTE_7A Single byte field 0° 1/3 tgir PLef first
modulation Ofbyte 90° 180° 90° 180°, 90°, 0°, 90° 1/9 t P -
. ] ] )] ) ’ ) ’ BIT sync_p
field 7A;¢ 180°,90°, 180°, 90°, 0°, 90°, 180°,
90°, 180°, 90°, and 0°.
270°,180°,90°, 180°, 270°,0°,270°, | 1/3 tgp Pyata
180°-90°>180°270°-0°00°130°
270°,0°,90°, 180°, 270°, 0°,90°, 0°,
270°, and 180°
TXS_S_BYTE_65 Single byte field 0° 1/3 tgir P first
modulation Ofbyte 90° 180° 90° 180°,90° 0°, 90° 1/9 t P B
. ’ ’ ) ) ) ) ) BIT _
field 65, 180°,90°, 180°, 90°, 0°, 90°, 180°, P
90°, 180°,90°, and 0°.
90°, 180°, 270°, 180°,90°, 0°,90°, 1/38 tgir Pyata
180°, 270°, 180°,90°, 0°, 270°, 180°,
90°, 180°, 270°, 0°,90°, 180°, 270°,
180°,90°, and 0°.
TXS_S_BYTE_SF Single byte field 0° 1/3 tgip PLef first
modulation Ofbyte 90° 180° 90° 180°, 90°, 0%90° 1/9 t p B
. ) ) ) ) ) ) ) BIT —
field 5F 4 180°,90°, 180°, 90°, 0°, 90%, 180°, P
90°, 180°,90°, and 0°.
90°, 180°, 270°, 0300°, 180°, 270°, 1/3 tgp Pyata
0°,90°,180°, 270°,0°,90°, 180°,
270°,180°,90%,0°, 90°, 180°, 270°,
180°,90°, and 0°.
TXS_BREAK_FIELD |Break field modula- |0° 1/3 tgip Pref first
il;)rtl. with length of 900’ 1800, 900‘ 1800, 900’ 00' 900’ 1/9 tB]T Psync_p
BIT 180°,90°, 180°,90°, 0°,90°, 180°,
90°, 180°, 90°, and 0°.
270°,180°,90°, 0°, 270°,180°,90°,0° | 1/3 tgt Pyata
270°,180°,90°, 0°,270°, 180°,90°, o,
0°,270°, 180°, 90°, 0°, 270°, 180°, 12 data bit |0
90°, 0°,270°, 180°,90°, 0°, 270°,
180°,90°, 0°,270°,180°,90°, and 0°.
TXS_WAKHUP_SIG- Wakesup signal mod- |0° 1/3 tgir Pref first
NAL_SHORT l(,)l}.azté%l’l V;/lth length 900, 1800, 900‘ 1800, 900, 00, 900’ 1/9 tBIT Psync_p
H 180°,90°,180°,90°, 0°90°, 180°,
90°, 180°,90°, and 0°.
270°,180°,90°, 0°, 270°, 180°, 90°, 1/3 tgir Pyata
0°,270°,180°, 90°, 0°,90°, 180°, Y
,270°,0°,90°, 180°, 270°, 0°, 90°, SUEE
180°, 270°, and 0°. 4 data bit ‘1’
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Table B.2 (continued)

Requirements for

Test pattern the transmit signal Transmit signal phases 1P hase Remarks
ength
test pattern
TXS_WAKEUP_SIG-  |Wake-up signal mod- |0° 1/3 tgir Pref first
NAL_LONG ulation with length of 90° 180° 90°, 180° 90°, 0°, 90° 1/9 tBIT P
’ ’ ) ’ ’ ’ ) sync_p
4992 ps 180°,90°, 180°, 90°, 0°, 90°, 180°,
90°, 180°,90°, and 0°.
{270°,180°,90°, 0°, 270°, 180°,90°, | 1/3 tgr Pyata
NS 2700 19N0° QNO NO 27N0 10NO
Ao o G one ano no bmno 95 dlata bit ‘0’

90°, 0°, 270°, 180°, 90°, 0°, 270°,
180°,90°, 0°, 270°, 180°,90°, 0°,
270°,180°,90°, 0°,270°,180°,90°,
and 0°} Repeated 7 times

followed by:

270°,180°,90°, 0°, 270°, 180°, 90°,
0°,270°,180°,90°, 0°,270°, 180%
90°, 0°,270°,180°,90°, 0°, 270%,
180°,90°, 0°, 270°, 180°, 90°,0%
270°,180° 90°, 0°, and 270%

B.2|4.5.4 Default delays for frame headers

If npt otherwise specified, the delay between frame headers is specified in Table B.3.

Table B.3 — Default delays for frame headers

Bit rate Delay
BR_19_2K 15 ms
BR_10K 20 ms
BR(9 6_K 20 ms

B.2{4.5.5 Default spaces between LIN frame fields

If npt otherwise specifiedinthe test cases, the inter-byte spaces between the header, the response field
and|the data fields areSetto zero.

B.2|4.5.6 IUT default bit rate

The default®it'rate is set to the highest bit rate that is specified by the specification of the IUT (i.e.
BR [19_2KY:Test cases with a different bit rate setting can only be performed when the requifed bit rate
is in ac€ofdance with the specification of the IUT.

B.2.4.5.7 IUT default transmit signal number of carrier frequencies

If not specified otherwise in the test case, the default number of the IUT transmit signal carrier
frequencies is set to 1.
CF,

nax 1S defined as the maximal number of carrier frequencies implemented in IUT transmit signal.

Test case specified with higher number of carrier frequencies setting can only be performed when the
required number of carrier frequencies is in accordance with the specification and implementation of
the IUT CF .
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B.2.4.5.8 IUT default transmit signal carrier frequency

Table B.4 specifies the IUT default carrier frequencies configuration according to the IUT CF,,, as
specified in Table 1.

Table B.4 — IUT Default carrier frequencies configuration

Number of transmit signal Default carrier frequencies Unit
carriers (CF,,,) configuration
1 13
pA T3and 20
MHz
3 13,20 and 30
4 5,13,20and 30

The maxirhal number of carrier frequencies (CF,,,) constructing a DC-LIN EPL transmit signgl is
subject to the IUT implementation.

B.2.4.5.9 |DC-LIN EPL TXD and RXD time measurements requirements

The time mheasurements of IUT TXD and RXD as master or slave node shall be done on TST_BYTE|55,
between the start bit falling edge and the 5th falling edge, which is available in a distance of eighf bit
times. Thid allows a simple calculation of the basic bit time tg;1

Figure B.1 shows an example of TST_BYTE_55 byte field for time measurement.

8 tBIT

v

1
1
| ¢
1 €
1
1

(%)
-
[}
=
(e}
[y
[}
[
o
o

—_

Key

1 TST_BYTE_55
a  Start.

b Stop.

Figure B.1 — Example of TST_BYTE_55 for time measurement

B.2.4.5.10|DC-LIN EPL line-out and line-in measurements requirements

Table B.5 specifies the line-out and line-in measurements requirements.

Table B.5 — Line-out and line-in measurements - Requirements

Measurement type Minimum requirement
Carrier frequency Oscilloscope:
Phase length — 250 Mega samples/s

Phase shift value — Rise time <3,5ns

— Bandwidth: 50 MHz
— Voltage per division: 1 mVto 2V
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B.3 Transmitter characteristics timing

B.3.1 General

This subclause verifies if the DC-LIN EPL transmitter characteristics timing parameters of the IUT as
master or slave node conform to the transmitter characteristics timing parameters that are specified in
this document. The IUT is stimulated to transmit defined byte field/break field (lower tester) and the
resulting behaviour is observed and compared with the expected behaviour (upper tester).

Figure B.2 depicts the test configuration of the test system 'Transmitter characteristics timing".

Measurement

4

AC attenuator

Upper tester

TP_; RXD Line -out 118 D—_>C potverline 100 uH
Lower: tester Implementation | 10k 1 oo rreeres | T LILTLITULITLIT), UL LILELILILLLLTTTTT) & YY" Power
Under Test TP 2 22nF |TP 19100 0F supply
Test pattern TP 4 TXD Line-in {URALLLLLELIELIL Coupling
generator capacitor 50-Q load J_
GND
1 GND

Figure B.2 — Test system: Transmitter characteristics timing

B.3l2 Transmit signal carrier frequencies

Table B.6 defines the test structure of GT.C_TX _CHARC_1.

Table B.6 — Test structure of CTC_TX_CHARC_1

Item Content
CTC # - Title 1.CTC_TX.CHARC_1 - Transmit signal carrier frequencies
Purpose This CTFC verifies the correct carrier frequencies transmission, constructing the D¢-LIN EPL

transmiit signal.

Reference 3,241

Prgrequisite- (|1 LT with the capability to stimulate, reset and configure the [UT.

2 The UT is able to provide time measurement capabilities synchronised with the test step
events (see Figure B.2).
Setrup 1  LT: Shall configure the IUT with default bit rate (see B.2.4.5.5).

LT: Shall configure the IUT with default working carrier frequencies (see Table B.4).

LT: Shall configure the IUT with CF,,, transmit signal number of carrier frequencies (i.e.

1,2,3,0r4).
Step 1  LT:Shall send repeated TST_BYTE_55 on [UT TXD.
2 UT: Shall measure the corresponding carrier frequencies at TP 1 (see Figure B.2).
Iteration Not applicable
Expected Step2  The corresponding carrier frequencies measured at TP 1 (see Figure B.2) complies
response with Table 1 = OK.
Remark —
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B.3.3 Start time of byte field /s transmission

Table B.7 defines the test structure of CTC_TX_CHARC_2.

Table B.7 — Test structure of CTC_TX_CHARC_2

Item Content
CTC # - Title 1.CTC_TX_CHARC_2 - Start time of byte field/s transmission
Purpose This CTC verifies that the start time of byte field/s transmission is according to tgg 1x.
Reference 4.2.2.3and 4.3.5

Prerequisjte |1 LT with the capability to stimulate, reset and configure the IUT.

2 The UT is able to provide time measurement capabilities synchronised with the'test sfep
events (see Figure B.2).
Set-up 1  LT: Shall configure the IUT with default bit rate (see B.2.4.5.5).

LT: Shall configure the IUT with default working carrier frequencies (§eée-Table B.4).

LT: Shall configure the IUT with CF,, ., transmit signal number of caxrier frequencies (fi.e.
1,2,3,0r4).

Step 1 LT:Shall send TST_BYTE_55 on IUT TXD.

2 UT: Shall measure the time from falling edge of start bit ta JUT start of transmission aft
line-outat TP 1.

3 UT: Shall measure the time from falling edge of statt bit to IUT falling edge of start bitlat
RXD at TP 3.

4  LT: Shall send two consecutive TST_BYTE_55 onTUT TXD with an inter-byte space no
longer than 1/3 tgt.

5  UT: Shall measure the time from falling.edge of start bit to IUT start of transmission aft
line-out at TP 1.

6  UT: Shall measure the time from falling edge of start bit to IUT falling edge of start bitlat
RXD at TP 3.

7  LT: Shall send three consecutive TST_BYTE_55 on IUT TXD with an inter-byte space n
longer than 1/3 tg;p between the first byte and the second byte, and with an inter-byt
space longer than 1/3 t5;r between the second byte and the third byte.

o

1%

8  UT: Shall measure-the time from falling edge of start bit to [UT start of transmission aft
line-outat TP 1.

9  UT: Shall méasure the time from falling edge of start bit to IUT falling edge of start bitjat

RXD at TP-3
Iteration Not applicable
Expected Step 2 “/The time from falling edge of start bit to IUT start of transmission at line-out megs-
response ured at TP 1 complies with tgg 1y - ok.

Step3 The time from falling edge of start bit to IUT falling edge of start bit at RXD meas}
ured at TP 3 complies with tgy gejay 1ocal = oK.

Step5  The time from falling edge of start bit to IUT start of transmission at line-out megs-
ured at TP 1 complies with tgp 1y - ok

Step6  The time from falling edge of start bit to IUT falling edge of start bit at RXD meas-
ured at TP 3 complies with tgy gejay 1ocal = oK.

Step8  The time from falling edge of start bit to IUT start of transmission at line-out meas-
ured at TP 1 complies with tgg 1y - ok.

Step9  The time from falling edge of start bit to IUT falling edge of start bit at RXD meas-
ured at TP 3 complies with tpy gelay 1ocal = oK.

Remark —

B.3.4 Length and value of reference phase

Table B.8 defines the test structure of CTC_TX_CHARC_3.
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Table B.8 — Test structure of CTC_TX_CHARC_3

Item Content
CTC # - Title 1.CTC_TX_CHARC_3 - Length and value of reference phase
Purpose This CTC verifies the correct length and value of the reference phase.
Reference 4.2.2.2
Prerequisite |1 LT with the capability to stimulate, reset and configure the IUT.
2 The UTis able to provide time measurement capabilities synchronised with the test step
events (see Figure B.2).
Setfup LT Shattconfigure the TU T with defauttbitrate (See B-24-5-5J-
2 LT: Shall configure the IUT with default working carrier frequencies (see Tabl¢ B.4).
3 LT: Shall configure the IUT with default transmit signal number of carfier frequencies.
Step 1 LT:Shall send TST_BYTE_55 on IUT TXD.
2 UT: Shall measure the length and value of reference phase at TR-D)
3 LT:Shall send TST_BYTE_7A on IUT TXD with an inter-byte.space no longer than 1/3 tgr,
followed by TST_BYTE_55.
UT: Shall measure the length and value of first byte réference phase at TP 1.
5  UT: Shall measure the length and value of second byte reference phase at TP 1
LT: Shall send three consecutive TST_BYTE_550n IUT TXD with an inter-byte|space no
longer than 1/3 tp;r between the first byteand’'the second byte, and with an inter-byte
space longer than 1/3 tg;r between the second byte and the third byte.
7  UT: Shall measure the length and valuelef first byte reference phase at TP 1.
8  UT: Shall measure the length and value of second byte reference phase at TP 1
9  UT: Shall measure the length and value of third byte reference phase at TP 1.
Iteration Not applicable
Expected Step2  The length of reference phase measured at TP 1 complies with P ;... = PK, and the
regponse value of reference phase is 0° = OK. )
Step4  The length offirst byte reference phase measured at TP 1 complies with
Pt first = OKyand the value of reference phase is 0° = OK.
Step5  The length of second byte reference phase measured at TP 1 complies with
Pog Gonsec = OK, and the value of reference phase is 180° = OK.
Step 7 ,Thedength of first byte reference phase measured at TP 1 complies with
Pt first = OK, and the value of reference phase is 0° = OK.
Step:8~" The length of second byte reference phase measured at TP 1 complies with
Pref consec = OK, and the value of reference phase is 0° = OK.
Step9  The length of third byte reference phase measured at TP 1 complies with
Pt first = OK, and the value of reference phase is 0° = OK.
Remark —
B.3L5~Length of byte field sync preamble phases

Table B.9 defines the test structure of CTC_TX_CHARC_4.

Table B.9 — Test structure of CTC_TX_CHARC_4

Item Content
CTC # - Title 1.CTC_TX_CHARC_4 - Length of byte field sync preamble phases
Purpose This CTC verifies the correct length of the byte field sync preamble phases.
Reference Table 4
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Table B.9 (continued)
Item Content
CTC#-Title |1.CTC_TX_CHARC_4 - Length of byte field sync preamble phases
Prerequisite |1 LT with the capability to stimulate, reset and configure the [UT.
2 The UT is able to provide time measurement capabilities synchronised with the test step
events (see Figure B.2).
Set-up 1  LT: Shall configure the IUT with default bit rate (see B.2.4.5.5).
2 LT: Shall configure the IUT with default working carrier frequencies (see Table B.4).
3—t-Stattconfigure the tFwithdefautt tramsmit stgmat momber of carrter frequencies.
Step 1 LT:Shall send TST_BYTE_55 on IUT TXD.
2 UT: Shall measure the length of each byte field sync preamble phases at TP 1.
Iteration Not applicable
Expected Step2  The length of each byte field sync preamble phases measured at TP¢h complies w{th
response Table 4 with tolerance of 0,5 % = OK.
Remark —
B.3.6 Values of byte field sync preamble phase shifts
Table B.10 defines the test structure of CTC_TX_CHARC_5.
Table B.10 — Test structure of CTC_TX.CHARC_5
Item Content
CTC # - Title 1.CTC_TX_CHARC_5 - Values of byte field sync preamble phase shifts
Purpose This CTC verifies the correct values of thelbyte field sync preamble phase shifts.
Reference Table 4
Prerequisjte |1 LT with the capability to stimulate, reset and configure the IUT.
2 The UT is able to provide-time measurement capabilities synchronised with the test step
events (see Figure B.2).
Set-up 1  LT: Shall configuresthe IUT with default bit rate (see B.2.4.5.5).
2 LT: Shall configurethe IUT with default working carrier frequencies (see Table B.4).
3 LT: Shall conifigure the IUT with default transmit signal number of carrier frequencied.
Step 1  LT:Shall'sénd TST_BYTE_55 on IUT TXD.
2 UT: Shal measure the value of byte field sync preamble phase shifts at TP 1.
Iteration Not applicable
Expected Step 2" The value of byte field sync preamble phase shifts measured at TP 1 complies with
response Table 4 = OK.
Remark —

B.3.7 Length of byte field data bit phases

Table B.11 defines the test structure of CTC_TX_CHARC_6.

Table B.11 — Test structure of CTC_TX_CHARC_6

Item Content
CTC # - Title 1.CTC_TX_CHARC_6 - Length of byte field data bit phases
Purpose This CTC verifies the correct length of byte field data bit phases.
Reference Table 5
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Table B.11 (continued)
Item Content
CTC # - Title 1.CTC_TX_CHARC_6 - Length of byte field data bit phases
Prerequisite |1 LT with the capability to stimulate, reset and configure the [UT.
2 The UT is able to provide time measurement capabilities synchronised with the test step
events (see Figure B.2).
Set-up 1  LT: Shall configure the IUT with default bit rate (see B.2.4.5.5).
2 LT: Shall configure the IUT with default working carrier frequencies (see Table B.4).
3—+HF-Shattconfigure the HHF-withrdefautt trarsmit stgmatmomberof carrterfrequencies.
Step 1 LT: Shall send TST_BYTE_55 on IUT TXD.
2 UT: Shall measure the length of byte field data bit phases at TP 1.
Iteration Not applicable
Expected Step2  The length of byte field data bit phases measured at TP 1 complies with
re%}onse Table 5 = OK.
Re‘nark —

B.3|8 Value of byte field data bit phase shifts
Table B.12 defines the test structure of CTC_TX_CHARC_7.

Table B.12 — Test structure ofCTC_TX_CHARC_7
Item Content
CTC # - Title 1.CTC_TX_CHARC_7 - Value of byte field data bit phase shifts
Pufpose This CTC verifies the correct valugof byte field data bit phase shifts.
Reference Table 5
Prdrequisite 1 LT with the capabilityito stimulate, reset and configure the [UT.
2 The UT s able to-provide time measurement capabilities synchronised with the test step
events (see Figure’B.2).
Settup 1  LT: Shall configure the IUT with default bit rate (see B.2.4.5.5).
2 LT: Shall cenfigure the IUT with default working carrier frequencies (see Tabl¢ B.4).
3 LT: S8hall configure the IUT with default transmit signal number of carrier frequencies.
Step 1 _kT:iShall send TST_BYTE_55 on IUT TXD.
2¢\UT: Shall measure the value of byte field data bit phase shifts at TP 1.
3~ LT: Shall send TST_BYTE_7A on IUT TXD.
4 UT: Shall measure the value of byte field data bit phase shifts at TP 1.
5 LT: Shall send TST_BYTE_65 on IUT TXD.
6  UT: Shall measure the value of byte field data bit phase shifts at TP 1.
7 LT:Shall send TST_BYTE_SF on IUT TXD.
8  UT: Shall measure the value of byte field data bit phase shifts at TP 1.
Iteration Not applicable
Expected Step 2 The value of byte field data bit phase shifts measured at TP 1 complies with
response Table 5 = OK.
Step4  The value of byte field data bit phase shifts measured at TP 1 complies with
Table 5 = OK.
Step 6  The value of byte field data bit phase shifts measured at TP 1 complies with
Table 5 = OK.
Step 8 The value of byte field data bit phase shifts measured at TP 1 complies with

Table 5 = OK.
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Table B.12 (continued)

Item Content
CTC # - Title 1.CTC_TX_CHARC_7 - Value of byte field data bit phase shifts
Remark —

B.3.9 Length of break field phases

Table B.13 defines the test structure of CTC_TX_CHARC_8.

Table B.13 — Test structure of CTC_TX_CHARC_8
Item Content
CTC # - Title 1.CTC_TX_CHARC_8 - Length of break field phases
Purpose This CTC verifies the correct length of break field phases.
Reference 4.2.3
Prerequisijte |1 LT with the capability to stimulate, reset and configure the [UT.
2 The UT is able to provide time measurement capabilities synchronised with the test sfep
events (see Figure B.2).
Set-up 1  LT: Shall configure the IUT as master node.
2 LT: Shall configure the IUT with default bit rate (seeB.2.4.5.5).
3 LT: Shall configure the IUT with default workingearrier frequencies (see Table B.4).
4 LT: Shall configure the IUT with default transmit’signal number of carrier frequencied.
Step 1  LT:Shall send TST_BREAK_FIELD on IUT TXD.
2 UT: Shall measure the length of break field phases at TP 1.
Iteration Not applicable
Expected Step2  Thelength of break field ph@ases measured at TP 1 complies with as specified in
response 4.2.3 = OK.
Remark —
B.3.10 Value of break field phase shifts
Table B.14 fdefines the test structukelof CTC_TX_CHARC_9.
Table’B.14 — Test structure of CTC_TX_CHARC_9
Item Content
CTC # - Title 1.CFC(TX_CHARC_9 - Value of break field phase shifts.
Purpose This CTC verifies the correct value of break field phase shifts.
Reference 4.2.3
Prerequisite 1 LT with the capability to stimulate resetand configure the [UT
2 The UT is able to provide time measurement capabilities synchronised with the test step
events (see Figure B.2).
Set-up 1  LT: Shall configure the IUT as master node.
2 LT: Shall configure the IUT with default bit rate (see B.2.4.5.5).
3 LT: Shall configure the IUT with default working carrier frequencies (see Table B.4).
4 LT: Shall configure the IUT with default transmit signal number of carrier frequencies.
Step 1  LT:Shall send TST_BREAK_FIELD on IUT TXD.
2 UT: Shall measure the value of break field phase shifts at TP 1.
Iteration Not applicable
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Table B.14 (continued)

Item Content
CTC # - Title 1.CTC_TX_CHARC_9 - Value of break field phase shifts.
Expected Step 2 The value of break field phase shifts measured at TP 1 complies with as specified in
response 4.2.3 = OK.
Remark —

B.3.11 Length of wake-up signal phases

TabJe B-I5 defines the test structure of CI1C_TX_CHARC_10.

Table B.15 — Test structure of CTC_TX_CHARC_10

2

Item Content
CTC # - Title 1.CTC_TX_CHARC_10 - Length of wake-up signal phases
Purpose This CTC verifies the correct length of wake-up signal phases.
Reference 4.2.4
Prgrequisite |1 LT with the capability to stimulate, reset and configuréthe [UT.

The UT is able to provide time measurement capabilities synchronised with the test step

events (see Figure B.2).

Settup

LT: Shall configure the IUT with default bit'¥ate (see B.2.4.5.5).
LT: Shall configure the IUT with defaultworking carrier frequencies (see Tabl

LT: Shall configure the IUT with default transmit signal number of carrier freg

b B.4).

uencies.

Step

D U1 A W N RPIW N

LT: Shall send TST_WAKEUP_SIGNAL_SHORT on IUT TXD.

UT: Shall measure the lengthof wake-up signal phases at TP 1.
LT: Shall send TST_WAKEUP_SIGNAL_LONG on IUT TXD.

UT: Shall measure thellength of wake-up signal phases at TP 1.
LT: Shall send TST>BREAK_FIELD on IUT TXD.

UT: Shall measure the length of wake-up signal phases at TP 1.

Iteration

Not applicable

Expected
regponse

Step 2 Thelength of wake-up signal phases measured at TP 1 complies with as sp

42,4 = OK.

Step.4.The length of wake-up signal phases measured at TP 1 complies with as sp

4.2.4 = OK.

Step 6 The length of wake-up signal phases measured at TP 1 complies with as sp

4.2.4 = OK.

pcified in

pcified in

pcified in

Remark

B.3,12 Value of wake-up signal phase shifts

Table B.16 defines the test structure of CTC_TX_CHARC_11.

Table B.16 — Test structure of CTC_TX_CHARC_11

Item Content
CTC # - Title 1.CTC_TX_CHARC_11 - Value of wake-up signal phase shifts
Purpose This CTC verifies the correct value of wake-up signal phase shifts.
Reference 4.2.4
Prerequisite |1 LT with the capability to stimulate, reset and configure the IUT.
2 The UT is able to provide time measurement capabilities synchronised with the test step
events (see Figure B.2).
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