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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIGITAL DATA COMMUNICATIONS FOR MEASUREMENT AND CONTROL -
FIELDBUS FOR USE IN INDUSTRIAL CONTROL SYSTEMS -

Part 2: Physical Layer specification and service definition

FOREWORD

1) The I nternational EIectrotechnical Commission) 1s @ worldwide organization Tor standard(zation comprising
all nagional electrotechnical committees (IEC National Committees). The object qf the IES is ‘td promote
interngtional co-operation on all questions concerning standardization in the electgical®and~electtepic|fields. To
this epd and in addition to other activities, the IEC publishes International andards \ Their-prepjration is
entrugted to technical committees; any IEC National Committee interestedin the\subfect“dealt lwith may
participate in this preparatory work. International, governmental and non-govexnmental orgagizatiofs liaising
with fhe IEC also participate in this preparation. The w the_ Intprnational
Organfization for Standardization (ISO) in accordance with conditions determined)by agreexment befween the
two ornganizations.

2) The fprmal decisions or agreements of the IEC on technica e § arly as pogsible, an
interngptional consensus of opinion on the relevant subjects sjrice eack_tesknieal commmitiee has reprgsentation

3) The dpcuments produced have the form of recommendations\for » dtiohal use and are published ip the form
of stgndards, technical specifications, technj 2 id d they are accepted by thg National

4) In order to promote international unification indertake to apply IEC Intgrnational
Standprds transparently to the maximum b ational and regional standards. Any
divergence between the IEC Standard and the corresponding hational or regional standard shall be clearly

5) The IEC provides no markip t i approyal and cannot be rendered responsible for any
equipment declared to be in¢onfo p

The Interpational Electroteghhjcal Gommisg§io aws aitention to the fact that it is claimed that compliance

with this |nternational Standard\r } e the, use of patents as follows, where the [xx] notation ind|cates the

holder of the patent pigh{;

Type 2 (subclaus . ) . : hrough 20, Annex F through Annex H):
9,396,197 [AB
The IEC thkes no posjtion\concernigg the evidénce, validity and scope of these patent rights.
The holdgrs of Ahe ig ave assured the IEC that they are willing to negotiate licendes under
reasonable and imi and conditions with applicants throughout the world. In this regpect, the
statemen{s ofkthe\holders\of-the ent rights are registered with the IEC. Information may be obtained from:

Milwaukee,
USA
Attention: Intellectual Property Dept

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject of
patent rights other than those identified above. IEC shall not be held responsible for identifying any or all such
patent rights.

International Standard IEC 61158-2 has been prepared by subcommittee 65C: Digital
communications, of IEC technical committee 65: Industrial-process measurement and control.

The third edition cancels and replaces the second edition published in 2000 and its
amendment. This third edition constitutes a technical revision.
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The text of this standard is based on the following documents:

FDIS Report on voting
65C/289/FDIS 65C/297/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This edition includes the following significant changes from the prior edition:
a) specifications for Types 2, 4, 6 and 8 fieldbusses;

b) specifications for asynchronous operation of Type 3 fieldbusses;
c) specifications for increased data rates for Types 1 and 7 fieldbusses;
d) rgorganisation and consolidation of Clauses 11 and following of the prioredition
—| to coalesce those common clauses or subclauses whose pri i
to data rate, and
—| to eliminate redundant figures and tables from within the cl
The following table attempts to correlate the content of th
amendments, and of Edition 2 and its amendment, with t
edition:
Edition 1 and amendments Edition2 Edition 3
1 1 [ () y
2 2 M\ /AN 2
3 AN\ / N\ >3.1,32
4 Q 4 ( WV 11,421,422
5 N / 5.1,5.2
6 B 6.1, 6.2
7 [ 7 N 7.1,7.2
8 \ \ 8.1,8.2
9 [/ /] N\ 9) N 9.1,9.2
10 N 10 10.1, 10.2
1 SN\ 21
12 o 12 11
ZAANE ) 13 13
14\ 14 11
Amen%er}t\?y\./}ﬁ\ A / 15 16
Amendment 3\16 N 16 15
Arﬁqnd?neﬁ\& 1\7\ _/ 17 15
/Amehdmént 3318 18 15
\_Amendrénty1: 8 19 9.3
< \Amendment X 19 20 10.3
NApehdment 120 21 17
Amendment2? 21 23 14
Armendment 4: 22 22 12
Annex\A;/B'iinography Bibliography Bibliography
Annex B Annex A Annex A
Annex C Annex B Annex B
- Annex C Annex B
Amendment 3: Annex D Annex D Annex C
Amendment 3: Annex E Annex E Annex D
Amendment 3: Annex F Annex F Annex E

This publication has been drafted in accordance with ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
2007. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
+ amended.
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IEC 61158 consists of the following parts, under the general title Digital data communications
for measurement and control — Fieldbus for use in industrial control systems:

Part 1: Overview and guidance for the IEC 61158 series
Part 2: Physical Layer specification and service definition
Part 3: Data Link Service definition

Part 4: Data Link Protocol specification

Part 5: Application Layer Service definition

Part 6: Application Layer protocol specification

The contents of the corrigendum of July 2004 have been included in this copy.

@%
8
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0 Introduction

0.1 General

This part of IEC 61158 is one of a series produced to facilitate the interconnection of
automation system components by fieldbus networks. It is related to other parts in the set as
defined by the fieldbus Reference Model, which is based in principle on the Reference Model
for Open Systems Interconnection. Both Reference Models subdivide the area of
standardization for interconnection into a series of layers of specification, each of
manageable size.

0.2 Fieldbus overview

controllgrs. The Physical Layer specified in this Internationa
transparent transmission of data units between Data Link La

Physical Service standard and Systems Management applic

NOTE Systems Management, as used in this standard, is a loc i g the layer protdcols.
a Link Layer o g
Physical > 5
services > (7]

= : Physical
N i /= aragemon

N
\ @dium
Q g ela 'on}I\i@IEC 61158-2 to other fieldbus layers

fieldbus Physical layer service

nternational Standard is to provide a set of rules for communication
procedures to be carried out by peer Ph-entities at the|time of

The Physical Layer receives data units from the Data Link Layer, encodes them, if ndcessary
by adding-cemmunicationsframing-information—andtransmitstheresultingphysicalsignals to
the transmission medium at one node. Signals are then received at one or more other
node(s), decoded, if necessary by removing the communications framing information, before
the data units are passed to the Data Link Layer of the receiving device.

0.4 Document overview

This International Standard comprises Physical Layer specifications corresponding to the
different DL-Layer protocol types specified in IEC 61158-4.
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NOTE 1 The protocol type numbers used are consistent throughout the IEC 61158 parts.

NOTE 2 Specifications for Types 1, 2, 3, 4, 6 and 8 are included. Type 5 does not use any of the specifications
given in this standard. Type 7 uses Type 1 specifications.

NOTE 3 For ease of reference type numbers are given in clause names. This means that the specification given
therein applies to this type, but does not exclude its use for other types.

NOTE 4 It is up to the user of this International Standard to select for interworking sets of provisions. Refer to
IEC 61784 for standardized communication profiles based on IEC 61158.

A general model of the Physical Layer is shown in Figure 2.

DLL

1 DL-Ph Interface

Systems Systems Ph DIS
Management Management DCE Independent Sublayer
—Ph interface
| DTE DCE 4nterface < \
Ph MD S
Medium Depende tSuffla7er S
N\ I\ ©
' Mz&(wl int @ > 0 2
i 7 1 nterrac i 2 E‘
2E| 0o H ! n &
® Z =8 g < | [m)
co|l OF|Ew € =
L] = > c © =
g5l e5|5¢| 2< PRMAL
<2£2(85] 58 M d it
s <§ Z2 ED edium Attae
< T ()
e o ;{%i &Qm}f{en‘%w/ i v
o
AN \ wum

netal model of Physical Layer

NOTE 5 e structure elements.

NOTE 6 nplex DIS than the other types, it uses the term MIS to differentiatp.
The con s istics for all variants and types are as follows:

— digitd

) or full-

duplex communication
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0.5 Major Physical Layer variations specified in this part of IEC 61158
0.5.1 Type 1 media
0.5.1.1 Type 1: twisted-pair wire, optical and radio media

For twisted-pair wire media, Type 1 specifies two modes of coupling and different signalling
speeds as follows:

a) voltage mode (parallel coupling), 150 Q, data rates from 31,25 kbit/s to 25 Mbit/s;

using transformers.
e(met by other

options:

b) voltage mode (parallel coupling), 100 Q, 31,25 kbit/s;
c) current mode (serial coupling), 1,0 Mbit/s including two current options.

The vollage mode variations may be implemented with inductive coupli
This is not mandatory if the isolation requirements of this part of IE
means.

The Tygde 1 twisted-pair (or untwisted-pair) wire medium Physica

no power via the bus conductors; not intrinsically safe;

powgqr via the bus conductors; not intrinsically safe

no power via the bus conductors; intrinsically safe

powdr via the bus conductors; intringi
0.5.1.2 | Type 1: optical media
The maljor variations of the Type 1 opti

— dual
— singl

0.5.1.3

The Typ

0.5.2
Type 2 $
— coax|a

— optic

— Netwlork AccessRort (NAP), a point-to-point temporary attachment mechanism that can be
used|ferprogramming, configuration, diagnostics or other purposes

— Repeater machine sublayers (RM, RRM) and redundant Physical Layers.
0.5.3 Type 3: twisted-pair wire and optical media
Type 3 specifies the following synchronous transmission:

a) twisted-pair wire medium, 31,25 kbit/s, voltage mode (parallel coupling) with the options:
— power via the bus conductors: not intrinsically safe

— power via the bus conductors: intrinsically safe
and the following asynchronous transmission variants:

b) twisted-pair wire medium, up to 12 Mbit/s, ANSI TIA/EIA-485-A
c) optical fibre medium, up to 12 Mbit/s
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0.5.4 Type 4: wire medium
Type 4 specifies wire media with the following characteristics:

— RS-485 wire medium up to 76,8 kbit/s
— RS-232 wire medium up to 230,4 kbit/s

0.5.5 Type 6: wire medium
Type 6 specifies wire media with the following characteristics:

— RS 485 wire medium up to 5 Mbit/s

The ch1racter|st|cs for wire media are as follows:

— half-

— Manghester coding

uplex communication (bi-directional but in only one direction.at a tifne

0.5.6 Type 8: twisted-pair wire and optical media

seived through a
m accesq and its

The Physical Layer also allows transmitting data units
medium| access by the transmission medium directly
transmission protocol to another device.

Type 8 $pecifies the following variants;

— twisted-pair wire medium, up to 16

— opticpl fibre medium, up to 16 Mbit/s;
The gen are as follows:

— full-d

— Non

— No ppwer sup

— Powgr sup able and on additional conductors, not intrinsically safe
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DIGITAL DATA COMMUNICATIONS FOR MEASUREMENT AND CONTROL -
FIELDBUS FOR USE IN INDUSTRIAL CONTROL SYSTEMS -

Part 2: Physical Layer specification and service definition

1 Scope

This part of IEC 61158 specifies the requirements for fieldbus component parts. It also
specifies the media and network configuration requirements necessary io ensure agreed

levels o
a) data
b) inter

The fiel
ISO 749
while fo

i

integrity before Data Link Layer error checking;
bperability between devices at the Physical Layer.

dbus Physical Layer conforms to layer 1 of the OS
8 with the exception that, for some types, frame dé
- other types they are in the Data Link Layer.

®

e

ysic

gdeNas/defined by

bl Layer
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2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050(131):1978, International Electrotechnical Vocabulary (IEV) — Chapter 131: Electric
and magnetic circuits

IEC 60050-731:1991, International Electrotechnical Vocabulary, Chapter 731: optical fibre
communication

IEC 60079, Electrical apparatus for explosive gas atmospheres
N/ntrinsic
: Fieldbus
IEC 60096-1, Radio-frequency cables — Part 1: Generatrey N ] nethods
IEC 60169-8, Radio-frequency connectors — Part 8 iameter
of outer conductor 6,5 mm (0,256 in) w eristic i b0 ohms
(Type
IEC 601[89-1:1986, Low-frequency cabh W/ i j j heath —
Part 1: ]
IEC 60 Zlectrical disturbance tests for me¢asuring
relays a dprotect/on L g 5 isturbance tests
IEC 60364-4-41; ati ildi -41: I gafety —
Protectipn againstélg 58 A
IEC 60364-5-54, ¢ ildi -54: i ction of
electrical equipm £
IEC 60529
IEC 60 Part 7:
Detail fommon
mating featdres, with assessed quality

IEC 60760, Flat, quick-connect terminations
IEC 60793-2:2001, Optical fibres — Part 2: Product specifications

IEC 60807-3, Rectangular connectors for frequencies below 3 MHz - Part 3: Detail
specification for a range of connectors with trapezoidal shaped metal shells and round
contacts — Removable crimp contact types with closed crimp barrels, rear insertion/rear
extraction

IEC 60874, Connectors for optical fibres and cables

IEC 60874-2, Connectors for optical fibres and cables — Part 2: Sectional specification
for fibre optic connector — Type F-SMA
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IEC 60874-7, Connectors for optical fibres and cables — Part 7: Sectional specification
for fibre optic connector - Type FC

IEC 60874-10-1, Connectors for optical fibres and cables — Part 10-1: Detail
specification for fibre optic connector type BFOC/2,5 terminated to multimode fibre type
A1

IEC 60947-5-2, Low-voltage switchgear and controlgear — Part 5-2: Control circuit devices
and switching elements — Proximity switches

IEC 61000-4, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques

—Efectrormagmnetic compatibility VIC)—P 1 Te Lirement

techniques — Part 4-2: Electrostatic discharge immunity test — Basig

ication
IEC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4: &sting & LiIrement
techniques — Part 4-3: Radiated, radio-frequency, electromagaetic ¥ 3 nifyy test
IE|C 61000-4-4, Electromagnetic compatibility (EMC) — Part 4 & Lirement
techniques — Part 4-4: Electrical fast transient/b 1 ic EMC
Pliblication
IEC 611[31-2:1992, Programmable controllers — Part sts
IEC 611 htions —
Part 1: Generic specification
IE for use
inlindustrial control systems
IHC 61158-3:2003, Digi Fieldbus
fof use in industrial<conixol(syst
IHC 61158-4:2003 Fieldbus

foy use in indust

IEC 61300-34:2
and measurement pr

ing devices and passive components — Basic test
xaminations and measurements — Attenuatfon

IEC 617 terfaces — Part 2: Type BFOC/2,5 connector famlly
ISO/IEQ 74¢ Infofmation technology — Open Systems Interconnection - Basic
Referen

ISO/IEQ
model -

sformation technology — Open Systems Interconnection — Basic rgference
Canventions for the definition of OSI services

ANSI TIA/EIA-232-F, Interface Between Data Terminal Equipment and Data Circuit —
Terminating Equipment Employing Serial Binary Data Interchange

ANSI TIA/EIA-422-B, Electrical Characteristics of Balanced Voltage Digital Interface Circuits

ANSI TIA/EIA-485-A, Electrical Characteristics of Generators and Receivers for Use in
Balanced Digital Multipoint Systems

IEEE Std 100:1996, The IEEE Standard Dictionary of Electrical and Electronics Terms
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3 Terms and definitions

For the purposes of this document, the terms and definitions of ISO/IEC 7498, and the
following definitions apply.

3.1 Common terms and definitions

NOTE Many definitions are common to more than one protocol type; they are not necessarily used by all protocol
types.

3.1.1 activity
presence of a signal or noise at the input terminals of a fieldbus device that is of a level that

f b Ll : 11 [N o lal o€ b 4 o,
IS abovegmmeTecetver—Sstgrarrevertmtresnorgormat aevice

3.1.2 barrier

physical entity that limits current and voltage into a hazardous area r to’satisfy [ntrinsic
Safety requirements

3.1.3 bus
trunk and all devices connected to it

3.1.4 | cable plant interface connector (CPI

point at|which test and conformance ¢ pbetween

the network device and the cable plan

3.1.5 communication element

part of g fieldbus device tha
3.1.6 | connector

coupling device loyed to xoxn element
with thaf of anot i s
[IEEE Std 100-199 i

3.1.7
physical i €\ and spur or trunk and device
3.1.8 3 MR ications Equipment (DCE)

dia, modulation and coding-dependent portion of a fieldbus-cohnected
lower portions of the Physical Layer within the device

embodiment o e me
device, comprising thé

3.1.9 Data Terminal Equipment (DTE)

embodiment of the media, modulation and coding-independent portion of a fieldbus-connected
device, comprising the uppermost portion of the Physical Layer and all higher layers within
the device
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3.1.10 decibel(milliwatt) [dB(mW)]
a logarithmic unit of power, referenced to 1 mW. Also written dBm.

Pagm = 10 log ( Prw )

NOTE If Pnw is the measured power in mW, then Pygm is the power expressed logarithmically in dB(mW), or
equivalently, dBm.

3.1.11 delimiter
flag that separates and organizes items of data

3.1.12 _device

element
element

physica| entity connected to the fieldbus composed of at least one ¢
(the nefwork element) and which may have a control element
(transdycer, actuator, etc.)

NOTE A Hevice may contain more than one node.

3.1.13 | effective launch power

effectivg power coupled into the core of a fibre optic
is measpred with a standard test fibre connected to

is power

3.1.14 | effective power

the diffgrence, expressed in DBm, betw c i in milliwatt
at the midpoint in time of the Hi level to 2 iCe i ilfiwatt at
the midpoint of the Lo level

NOTE Effective power is belieyéd tq give aQre iti receivers
than traditional measurements, s a dN\a er. i i er are for
further stidy.

3.1.15 | extincti

ratio of the abso Hi level

to the a el.

NOTE TH ijon ratio.
If the mid then the
differencq i dBm. The

extinction

3.1.16

cable cpntainjng~oneor more fibre optic waveguides with jacketing material proyided to
facilitatT Randling and to protect the fibre

3.1.17 fibre optic receiver

combined optics and electronics in the communicating device that accept the optical signal
received by the communicating device through the CPIC

3.1.18 fibre optic receiver operating range

range of optical power that must be present at the CPIC to ensure that the bit error rate
specifications are met

3.1.19 fibre optic transmitter

device that emits optical signals for propagation into a fibre optic waveguide through the CPIC
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3.1.20 fibre optic waveguide

flexible, optically transparent strand that is used to transport optical signals from one
geographic point to another geographic point

3.1.21 frame

set of consecutive digit time slots in which the position of each digit time slot can be identified
by reference to a framing signal
[IEEE Std 100-1996]

3.1.22 Intrinsic Safety

design methodology for a circuit or an assembly of circuits in which any spark or thermal
effect pfoduced under normal operating and specified fault conditions i§ not apablle under
prescribed test conditions of causing ignition of a given explosive atmggpher
[IEC 60079-11]

3.1.23 | isolation

physical| and electrical arrangement of the parts of a signa prevent
electrical interference currents within or between the parts

[IEEE Std 100-1996]

3.1.24 | jabber

continugus transmission on the medi

3.1.25 | jitter

offset of the 50 % transition points of LIt of all
causes

3.1.26 | Manchester ¢

means by whic epa
synchrophizing d 3

3.1.27
cable, d

ignals can be combined into a single, self-
ission on a serial channel

by which communication signals are transmitted between

NOTE In[thj \media" is used only as the plural of medium.

3.1.28

all of |the ~media}” connectors, repeaters, routers, gateways and associated node
communnicafi i i icati i i cted
3.1.29 node

end-point of a branch in a network or a point at which one or more branches meet
[IEV 131-02-04]

3.1.30 optical active star

active device in which a signal from an input fibre is received, amplified and retransmitted to a
larger number of output optical fibres. Retiming of the received signal is optional.

3.1.31 optical fall time

time it takes for a pulse to go from 90 % effective power to 10 % effective power, specified as
a per cent of the nominal bit time
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3.1.32 optical passive star

passive device in which signals from input fibres are combined and then distributed among
output optical fibres

3.1.33 optical rise time

time it takes for a pulse to go from 10 % effective power to 90 % effective power, specified as
a per cent of the nominal bit time

3.1.34 peak emission wavelength (Ap)

wavelength at which radiant intensity is maximized

3.1.35 | receiver

receive [circuitry of a communication element

3.1.36 | repeater

increase
a given

Two-poyt active Physical Layer device that receives and
the distance and number of devices for which signals can<q
medium

3.1.37 | segment

NOTE Ssg

3.1.38

device {

3.1.39 | shield

surrounfling eartied me protect
the cable from ext S

NOTE M

3.1.40

branch-|i rcuit

NOTE TH

3.1.41

resistor| connecting conductor pairs at both ends of a wire medium segment to |prevent
reflections from occurring at the ends of cables
NOTE For Type 2 the terminator is mounted in a BNC plug.

terminato

3.1.42 transceiver

combination of receiving and transmitting equipment in a common housing employing
common circuit components for both transmitting and receiving
[[EEE Std 100-1996 modified for non-radio use]

NOTE A medium attachment unit can be the transceiver or can contain the transceiver, depending on Type and
implementation.

3.1.43 transmitter

transmit circuitry of a communication element
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3.1.44 trunk

main communication highway acting as a source of main supply to a number of other lines
(spurs)

3.1.45 typical half-intensity wavelength (AA)

range of wavelength of spectral distribution in which the radiant intensity is no less than one-
half of the maximum intensity

3.2 Type 1: Terms and definitions

3.2.1 activity 1]

3.2.2 | barrier 2]
3.2.3 | bus 3]
3.2.4 | cable plant interface connector (CPIC) 4]
3.2.5 | communication element [See 3.[1.5]
3.2.6 | connector [see 3.11.6]
3.2.7 | coupler [see 3./1.7]

3.2.8 | Data Communications Equip [see 3.11.8]
3.2.9 | Data Terminal Equipment (DTE [see 3.[1.9]
3.2.10 | dBm [see 3.[1.10]
3.2.11 | delimiter [see 3.[1.11]
3.2.12 | device [see 3./1.12]

3.2.13 effecti@m er [see 3.[1.13]

3.2.14 | effective po [see 3.1.14]
3.2.15 [see 3.[1.15]
3.2.16 [see 3.01.17]
3.2.17 [see 3.[1.18]
3.2.18 [see 3./1.19]

3.2.19

fsee-3-1.20]
3.2.20 frame [see 3.1.21]

3.2.21 Gaussian Minimum Shift Keying

form of frequency modulation where a 1 is represented by a frequency of Fc+f and a O is
represented by Fc—f where f is equal to the bit rate divided by 4 and where the modulating
frequency is first passed through a Gaussian filter before being imposed on the carrier
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3.2.22 Intrinsic Safety [see 3.1.22]
3.2.23 isolation [see 3.1.23]
3.2.24 jabber [see 3.1.24]

3.2.25 low speed radio medium fieldbus

fieldbus physical layer covered by this standard operating at the lower of the standard bit
rates as defined in 21.2

3.2.26 Manchester encoding [see 3.1.25]
3.2.27 | medium see 3.[1.27]
3.2.28 | network 1.28]
3.2.29 | node ?.29]
3.2.30 | optical fall time 1.30]
3.2.31 | optical rise time [see 3.[1.32]
3.2.32 | peak emission wavelength (Ap) [see 3.11.34]
3.2.33 | repeater [see 3.[1.36]
3.2.34 | segment [see 3./1.37]
3.2.35 | separately powered device [see 3.[1.38]

3.2.36 | shield [see 3.1.39]
3.2.37 | spur [see 3.[1.40]
3.2.38 termin@ [see 3.[1.41]
3.2.39 | transceive [see 3.[1.41]
3.2.40 | transmitter ..

3.2.41 [see 3.[1.44]

3.3 ns and definitions
3.3.1 activity [see 3./1.1]
3.3.2 | bit

unit of data consistingofa 1ora0
NOTE A bit is the smallest data unit that can be transmitted

3.3.3 blanking or blanking time

length of time required after transmitting before a node is allowed to receive
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3.3.4 bus [see 3.1.3]
3.3.5 communication element [see 3.1.5]
3.3.6 connector [see 3.1.6]
3.3.7 Data Communications Equipment (DCE) [see 3.1.8]
3.3.8 dBm [see 3.1.10]
3.3.9 delimiter [see 3.1.11]
3.3.10 device [see 3.1.12]

3.3.11 | end delimiter
unique $equence of symbols that identifies the end of a frame

3.3.12 | end node
producipg or consuming node

3.3.13 | error

discrepancy between a computed, observed or meas
or theorgtically correct value or conditio

tion and the slpecified

3.3.14 | frame [see 3./1.21]

3.3.15 | isolation [see 3.[1.23]

3.3.16 | jabber [see 3.[1.24]
3.3.17 | Manchester enco [see 3.[1.25]
3.3.18 mediur@ [see 3./1.27]
3.3.19 | M_symbol

represe e ta\h o’be encoded and transmitted by the Physical Layer
3.3.20 :

collectid Wols thansmitted on the medium that contains a preamble, start delimiter,
data, C} - end getimiter

3.3.21 | nefwork [see 3.[1.28]

3.3.22 network access port
Physical Layer variant that allows a temporary node to be connected to the link by connection

to the NAP of a permanent node
3.3.23 node [see 3.1.29]
NOTE A node is additionally a connection to a link that requires a single M_ID

3.3.24 non-data symbol
Physical Layer Manchester coded signal, used for delimiters, carrying no data

3.3.25 optical isolators, optos

components located within the Physical Layer transceiver of a node that converts current into
light, and then back to an electrical signal
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3.3.26 permanent node

node whose connection to the network does not utilize the network access port (NAP)

Physical Layer variant

NOTE This node may optionally support a NAP Physical Layer variant to allow temporary nodes to connect to the

network.

3.3.27 redundant media
more than one medium to minimize communication failures

3.3.28 repeater [see 3.1.36]
3.3.29 | segment see 3.[1.37]
3.3.30 | shield sees3./1.39]
3.3.31 | slot time

maximum time required for detecting an expected transmission

NOTE E4ch node waits a slot time for each missing node during the imp

3.3.32 | spur [see 3.[1.40]
NOTE THis is an integral part of network taps.

3.3.33 | start delimiter

unique $equence of symbols that identifies t ame

3.3.34 | tap

point of|attachment from a

NOTE A fap provides easy re

3.3.35 termin@ [see 3.[1.41]
3.3.36 | tool

executaple softw pacts with the user to perform some function

3.3.37 [see 3.[1.41]
3.3.38

node that i to be connected to the network on a temporary basis using the NAP
Physical Layermediup connected to the NAP of a permanent node

3.3.39 transmitter [5€e3.1.43]
3.3.40 trunk [see 3.1.44]

3.3.41 trunk cable
bus or central part of a cable system

3.3.42 trunk-cable section
length of trunk cable between any two taps
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3.4
3.4.1
3.4.2
3.4.3

3.4.4

3.45

3.4.6

3.4.7

3.4.8

3.4.9

3.4.10
3.4.11
3.4.12
3.4.13
3.4.14
3.4.15
3.4.16
3.4.17
3.4.18
3.4.19
3.4.20
3.4.21
3.4.22
3.4.23
3.4.24
3.4.25
3.4.26
3.4.27
3.4.28
3.4.29
3.4.30

— 30 -

Type 3: Terms and definitions

61158-2 © IEC:2003(E)

31]

8-1]

31]

8-1]
8-1]

activity [see 3.1.1]
barrier [see 3.1.2]

bit time

time to transmit one bit

bus [see 3.1.3]
communication element [see 3.1.5]
confirmation (primitive) /l 10/
connector \E\X
coupler 3.7

Data Communications Equipment (DCE) e 3M.8]

Data Terminal Equipment (DTE) e 3.1.9]

dBm [see 3.1.10]
device [see 3.1.12]
DL-entity [ISO/IEC 744
fibre optic cable (FOC) [see 3.1.15]
frame [see 3.1.21]
indication (primiti [ISO/IEC 107%
Intrinsi@(e [see 3.1.22]
isolation [see 3.1.23]
jabbe [see 3.1.24]

[see 3.1.27]
[ISO/IEC 744

(N)<ser [ISO/IEC 744
| network [see 3 128]
node [see 3.1.29]
Ph-entity [ISO/IEC 7498-1]
Ph-service [ISO/IEC 7498-1]
repeater [see 3.1.36]
request (primitive) [ISO/IEC 10731]
reset [ISO/IEC 7498-1]
segment [see 3.1.37]
separately powered device [see 3.1.38]

3.4.31
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3.4.32
3.4.33
3.4.34
node
3.4.35
3.4.36
3.4.37
3.4.38
3.5
3.5.1
3.5.2
3.5.3
3.5.4
3.5.5
3.5.6

3.5.7

counter

3.5.8
3.5.9

shield
spur

station

terminator
transceiver

transmitter

[see 3.1.39]
[see 3.1.40]

[see 3.1.41]
[see 3.1.41]

[see 3.1.43]

trunk

Type 4: Terms and definitions

activity

bus

connector [sée 3.1.6]

Data Communications Equipment (D [see 3.1.8]

Data Terminal Equipment (RTE [see 3.1.9]

device [see 3.1.12]

idle counter

to measure the : itNp® '%Jr which the signal level on the physdfical link

has begn high for nor i vices in half duplex mode

isolati [see 3.1.23]

medium [see 3.1.27]
[see 3.1.28]

3.5.10
3.5.11

a devicg

(respon

3.5.12
3.5.13

[see 3.1.39]

simple class device

server

a device that replies to requests from Normal Class Devices and acts as a server or
responder only

3.5.14
3.6
3.6.1
3.6.2

transmitter
Type 6: Terms and definitions
activity

bus

one or more connected (by repeaters) Ph-segments

[see 3.1.43]

[see 3.1.1]
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3.6.3 communication element [see 3.1.5]
3.6.4 connector [see 3.1.6]
3.6.5 delimiter [see 3.1.11]

3.6.6 device

physical entity connected to the fieldbus composed of communication element and possibly
other functional elements

3.6.7 frame [see 3.1.21]

3.6.8 isolation

3.6.9 [ Manchester encoding
3.6.10 | medium

3.6.11 | Ph-segment
trunk—cable section of a fieldbus that is terminated in its™s

with all ptubs and connected devices
bridges-toXorm affeldbus network
6 [see 3.1.35]

ogether

NOTE Sggments are linked by repeaters within a logical lin

3.6.12 | receiver

3.6.13 | repeater [see 3.1.36]
3.6.14 | shield [see 3.1.39]
3.6.15 | slot

a PhPDU and its assogiated Ix

3.6.16 | stub

a short |length of calx

3.6.17 [see 3.1.41]
3.6.18 [see 3.1.41]
3.6.19 [see 3.1.43]
3.6.20 | trunk'cab

cable uged*to connect devices on a Ph-segment of the fieldbus

3.7 Type 8: Terms and definitions

3.71 activity [see 3.1.1]

3.7.2 bus coupler

a device that divides the ring into segments by opening the ring and integrating another ring
at this point

3.7.3 cable plant interface connector (CPIC) [see 3.1.4]
3.7.4 communication element [see 3.1.5]

3.7.5 connector [see 3.1.6]
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3.7.6 dBm

3.7.7 effective launch power

3.7.8 effective power

3.7.9 fibre optic cable

3.7.10 fibre optic receiver

3.7.11 fibre optic receiver operating range

3.7.12 fibre optic transmitter

3.7.13 | fibre optic waveguide
3.7.14 | frame

3.7.15 | incoming interface

interface to receive data from the previous device and to sefid. da
outgoing interface, to the previous device

are receive)

d via an

3.7.16 | isolation [see 3.1.23]

3.7.17 |local bus

a ring sepgment of a network with alterha which is coupled to g remote
bus via the bus coupler

3.7.18 | local bus device

a device that operates as™q sla

3.7.19 | master

a device¢ that c ¢ e network and initiates the media accegs of the
slaves hy sendingYhessay titutes the interface to the control system

3.7.20 [see 3.1.27]

3.7.21 ini ' 0 er sensitivity

minimurg i Qwer at\the optical receiver input required to achieve a bit error rat¢ of less
than 10 y

3.7.22 | network [see 3.1.28]

3.7.23 “optical fall time [see 3.17.30]

3.7.24 optical rise time [see 3.1.32]

3.7.25 outgoing interface

interface to send data to the next slave in a way, that data that is received through this
interface is sent via another outgoing interface to the next slave or via an incoming interface

to the previous slave and back to the master

3.7.26 peak emission wavelength (Ap)

3.7.27 polymer optical fibre (POF)

[see 3.1.34]

plastic fibre optic waveguide whose nominal characteristics are compatible with IEC 60793-2

[fibre type: Ada (980/1000)]


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

- 34 - 61158-2 © IEC:2003(E)

3.7.28 plastic clad silica fibre (PCS)

fibre optic waveguide consisting of a glass core and a plastic cladding and whose nominal
characteristics are compatible with IEC 60793-2 [fibre type: A3c (200/230)]

3.7.29 remote bus
a ring segment of a network

3.7.30 remote bus device
device operating as a slave on a remote bus

3.7.31 ‘I_Le_m_oj.eJu_s link
connectjon of two remote bus devices

3.7.32 | ring segment
one section of a network

NOTE The master constitutes the first ring segment, further ring segmentssay beNlinked by\bus couplerg

3.7.33 | shield

3.7.34 | slave

a devicg¢ that accesses the medium o
master

Slave or

3.7.35 | spectral full width half maxiy

range of wavelength of spectral distribytio
half of the maximum inte

adiant intensity is no less tHan one-

3.7.36 | terminator [see 3.1.41]

9
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4 Symbols and abbreviations

4.1 Symbols
411 Type 1: Symbols
Symbol Definition Unit
Amax Maximum inter-device attenuation dB
ADmax Maximum inter-device attenuation distortion dB
BR Nominal bit rate Mbit/s
ABR Maximum deviation from BR -
CSniax Maximum coupler spacing to form a cluster m
Dinq,in Minimum device input impedance /\<
dBln logarithmic unit of power referenced to 1 mW \ dB (W)
Fq Centre carrier frequency used in frequency shift keying \ \ KHz
Fc4f Frequency that corresponds to logical 1 in frequency shN}\qg ‘\\ \ KHz
Fclf Frequency that corresponds to logical 0 in frequency SWM \ > KHz
fr Frequency corresponding to the nominal bit rate/ ~ \ MHz
fmiln Nominal minimum frequency for the nominal bltKrateg 7 \/ MHz
fmdx Nominal maximum frequency Ne noyﬁ%l Qj}/e/ ( \> MHz
fQTo[nax Maximum frequency for QTO\K r'r%{%femen\ \ ~ ) MHz
Lmax Maximum inter-device distance m
MDpjax Maximum inter-device mlsmatc(hmg FTSJ‘\HI\]\ B
N+ Non-data sym osi a che er'c¢oded naI with a high level for one bit -
time, used for%% da
N- Non-data s m gatlx@l\ﬁa\;ﬁ<§s@k d signal with a low level for one bit -
time, used|for rs, carrying nodata
Nmax Ma<m aner o<de viees \\/ -
P Nommak{\}\é‘f\octe\l\@fl\ﬁ ) s
PIQS Pro@é&\l lem t;tkm Conﬁrmance Statement -
QTOax Ma{ikw{m\q\u%\sgen}t@nsmitter output hv
Thit \Qlomhﬂ}& égratl s
ATtg\ \Qa\)u%m\deviétlon from Tpit
Tk %Xl u%\ | rise or fall time s
Vpb ThWosﬁive (or least negative) supply level Y
Vi Minimum high-level input voltage v
ViL Maximum low-level input voltage \
VoH Minimum high-level output voltage \
VoL Maximum low-level output voltage \
Zz Impedance; vector sum of resistance and reactance (inductive or capacitive) Q
Zfr Characteristic impedance ; impedance of a cable, and of its terminators, at Q
frequency f
Z0 Characteristic impedance ; impedance of a cable, and of its terminators, over the Q
defined frequency range
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4.1.2 Type 2: Symbols
Symbol Definition Unit
dBm logarithmic unit of power referenced to 1 mW dB (mW)
fr Frequency corresponding to the bit rate Hz
GND Ground supply level \'%
H Physical symbol — high level -
L Physical symbol — low level -
M_0 Medium Access Control — data symbol — “zero”; -
Symbol at the DL-Ph interface, representing the transmitted and received
Manchester coded S|gnal W|th a hlgh level for half a bit time, and a low level for
IIGII d IJIl lIIIIU ballylll& \JGI.G LUIU
M_|1 Medium Access Control — data symbol — “one”; -
Symbol at the DL-Ph interface, representing the transmitted and recefyed
Manchester coded signal with a low level for half a bit time, and i vel fgr
half a bit time, carrying data “one”
M_ND+ Medium Access Control — non-data symbol — positive; -
Symbol at the DL-Ph interface, representing the transmitted d recetl
Manchester coded signal with a high level for one com et it\tim used fo
delimiters, carrying no data
M_ND- Medium Access Control — non-data symbol — ng atlve -
Symbol at the DL-Ph interface, representing the trapsmi eiv
Manchester coded signal with a low level f blt me, used for
delimiters, carrying no data
Rx|H Receive — high level (NAP |ng\fac§\ Q ( \ N )\/ \Y
Rx|L Receive — low level (NAP interfa \
Tx[H  [Transmit - high level (NAP intbrface). \ v
<L Transmit — Iow)é\xel (NWr\gce\ \ \Y
Vih Voltage on he c ax\LabIe cenwrﬁ or Vin—) as referenced to the v
coaxial shi
Veenket Posjti da sens>\y\m|t \%
Veorkem Ne@\y//d\wn ty h\ﬁr\ > \Y;
VeenkeH Hig \?e\se\w\\lmlt> \%
Veenbel me\éiré\ e Stl\wl\f/ \Y;
4.1.3 Q\{\%Qol
Symbpo Definition Unit
dB|n IogaM unit of power referenced to 1 mW dB (mW)
f I Erecauencyv correspondina to the bit rate
T ) J Lad b~ -lz
N- Non-data symbol — negative; Manchester coded signal with a low level for one bit -
time, used for delimiters, carrying no data
N+ Non-data symbol — positive; Manchester coded signal with a high level for one bit -
time, used for delimiters, carrying no data
P Nominal period of octet transmission S
Ry pulldown resistor Q
R¢ Bus terminator Q
Ry pullup resistor Q
SYN Synchronizing bits of a frame (period of idle) s
teIT The bit time tg|7 is the time, which elapses during the transmission of one bit. s
TsSBIT extended tolerance (only for stop bit) s
TsyN Synchronization time s
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Symbol Definition Unit

TsyNI Synchronization interval time s
Vpp The most positive (or least negative) supply level \
Viu Minimum high-level input voltage \%
ViL Maximum low-level input voltage \
VoH Minimum high-level output voltage \%
VoL Maximum low-level output voltage \
VP Voltage-Plus \%

V4 Impedance; vector sum of resistance and reactance (inductive or capacitive) Q
Z( Characteristic impedance ; impedance of a cable, and of its terminators, /em%\ Q
defined frequency range /i(/
4.1.4 Type 4: Symbols <\\\

Symbol Definition > Unit
Vcp The most positive (or least negative) supply level < \ \ \ \
GNDp Ground supply level v

\)
4.1.5 | Type 6: Symbols (\ /\\\
Sympol < \Qe@it\i\onc \ \J )\/ Unit
0 Manchester coded signal with a}&-Hh@}s@on t the\nidd-léof the bit cell -
1 Manchester coded signal with éHl-wraNB\att\xg middle of the bit cell -
H differential bus al level with\Rx/ TxData-P pqsitive with respect to Rx/ V
TxData-N (fg\ /BJ\\\{@ }5
Ld differential aI \éve th W negative with respect to Rx/ v
TxData- N Q\
N+ No s%:\bol %\s\m\w coded signal with a high level for one bit -
time delim
N Non- &N\Q{\g Whester coded signal with a low level for one bit -
tim /&‘ or delimi
SILENCE m\&u\%\%hﬁm Rx/ TxData-P positive with respect to Rx/ V
X
N
4.1.6 %w

Symbpol > Definition Unit

dB1n logarithmic unit of power referenced to 1 mW dB [(mW)

fr Frequency corresponding to the bit rate Hz
Vpp The most positive (or least negative) supply level \%
GND Ground supply level

4.2 Abbreviations

4.21 Type 1: Abbreviations

CTS Clear To Send signal (from DCE)

DCE Data Communication Equipment

DIS DCE Independent Sublayer

DL Data Link (as a prefix) — approximately Layer 2 of the OSI model [ISO/IEC 7498-1]
DLE Data Link Entity
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DLL Data Link Layer [ISO/IEC 7498-1]
DTE Data Terminal Equipment
EMI Electro-Magnetic Interference
ERP Effective Radiated Power
FEC Forward Error Correction
GMSK Gaussian Minimum Shift Keying
IDU Interface Data Unit [ISO/IEC 7498-1]

IS Intrinsic Safety
kbit/s Thousand bits per second
LbE toopback Emattesigmat(toviAL) 7
MAU Medium Attachment Unit — For wire media, MAU = transceivew ~
Mbit/s Million bits per second /\ \

MDS Medium Dependent Sublayer \\
MI$ Media Independent Sublayer \ \ \ )
NRE Non-return-to-zero code — High level = logic 1, L@N\ ﬁ{g& 0 \
PH Physical (as a prefix) — Approximately LayM@%l o&\e\l ISO/IEC 7498-1]
PhE Physical Layer Entity ( O ) [ISO/IEC 7498-1]
Phl. Physical Layer (\ / AN \ [ISO/IEC 7498-1]
PhICI Physical Layer Interface e@nt}c\ rz(or\ﬁaa(on K U )\/ [ISO/IEC 7498-1]
PhIp Physical Layer Interface Da}i \/ [ISO/IEC 7498-1]
PhiDU Physical Layer Interface Dfa/ta Unit \ [ISO/IEC 7498-1]
PhPCI Physical Layy\Protocol Co\{trof\lnf}x\maw [ISO/IEC 7498-1]
PhPDU Physical !_a§e\r Pratdcol D \@it\J \\/ [ISO/IEC 7498-1]

Ph Physica|[L\ay\er\sQrvice(\ ~__/ [ISO/IEC 7498-1]
PhSAP Pr}ysigaﬂ\ayer s\gvge h%e\siPo' t [ISO/IEC 7498-1]
Phspu | PhysjealLayer ServiceRatayni( [ISO/IEC 7498-1]

of | Poak N
pk-pk Pe%-tbgﬁaqk \ \/

RDF IR%&@@ Natg\@d\rjaming signal (from DCE)

RF|l ad'@?%eqhgncy\f/nterference
RMGF \WIB\N@ dependent sublayer Code Frame

RPhADU dio Iﬁigysical Layer Protocol Data Units

RTH Request To Send signal (to DCE)

RxA ReceiveActivity-signat-tfromBEE)

RxC Receive Clock signal (from DCE)

RxS Receive Signal (from MAU)

SDU Service Data Unit [ISO/IEC 7498-1]
TxC Transmit Clock signal (from DCE)

TxD Transmit Data signal (to DCE)

TxE Transmit Enable signal (to MAU)

TxS Transmit Signal (to MAU)

4.2.2 Type 2: Abbreviations

BNC

Bayonet N-series Coaxial connector — connector for coaxial cable having a bayonet-
type shell with two small knobs on the female connector, which lock into spiral slots
in the male connector when it is twisted
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DCE Data Communication Equipment
DL Data Link (as a prefix) — approximately Layer 2 of the OSI model [ISO/IEC 7498-1]
DLL Data Link Layer [ISO/IEC 7498-1]
MAC Medium access control — lower section of the Data Link layer, interfacing with the
Physical Layer
MAC ID Medium access control identification - address of a node
MAU Medium Attachment Unit — For wire media, MAU = transceiver
Mbit/s Million bits per second
MDS Medium Dependent Sublayer
MIS Media Independent Sublayer
NAP Network access port — local access to a device, i.e. not via the bL(s
NetEnpble | Transmit Enable signal A N
NU[T Network update time Q \ [I\E~Q6?358-3]
PH Physical (as a prefix) — Approximately Layer 1 of the @/S\I\@\kel\\ \{‘kSONEC 7498-1]
Phl Physical Layer \ \\\ \[IS\GH/EC 7498-1]
pK Peak \\ \
Rey Receive / \
R Receive ~ K } / N
RxCatfrier Receive Carrier signal
RxDjta Receive Data signal — /\\ >\ /\<3)\ >
RxPTC Receive Data signal (NAP i face\)\
RM Repeater machine — _mechgg_ismi\e\n\:gg}us length, providing multiple m¢dium
interfaces, and\allowing medium\redundang
RRM Ring repeaté\ma\&qﬁe —}re\ék\ankm)fow\p)ﬁviding a ring topology on optical mgdium
SMAX &hedu@bqahqun% agidress ~__’/ [IEC 61158-3]
W [T TSN SO\ S
TxDathBar Tr‘a@r@\ﬁqa sig}\al (Ner%{)
TxDataOut Tra%@ D\a@ wal\\/\
TxPTC Tr§qsr}r'\t ata\sign\aq&lﬁ}s interface)
Xmjt ﬁ‘an\émit\ \
N
4.2.3 e 3\Abpreviations
ASC A?)tive Star Coupler
BER it error rate
TO converter
CTS Clear To Send signal (from DCE)
DCE Data Communication Equipment
DGND Data Ground
DIS DCE Independent Sublayer
DL Data Link (as a prefix)
DLE Data Link Entity
DLL Data Link Layer [ISO/IEC 7498-1]
DLPDU Data Link Protocol Data Unit [ISO/IEC 7498-1]
DTE Data Terminal Equipment
DUT Device Under Test
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EMC Electro-Magnetic-Compatibility
EMI Electro-Magnetic Interference
FEC Forward Error Correction
FISCO Fieldbus Intrinsically Safe COncept [7]
FO Fibre optic
FOC Fibre optic cable
IS Intrinsic Safety
kbit/s Thousand bits per second
LbE Loopback Enable signal (to MAU)
LSS time—Setector-Switch 7
M/S Master / Slave station /\\ ~
’VIAU Medium Attachment Unit — For wire media, MAU = trgfﬁ\}e{ver
Mbit/s Million bits per second \\
MDS Medium Dependent Sublayer \ \ \ )
MIS Media Independent Sublayer < \ \‘ \
n Number of a station A\Y \
NRZ Non-return-to-zero code — High Iev{l = (Gg]ic 1,\|\ow\1%9 logic 0
OST Overshot of transition (\\// /\ \
PC Physical Contact < < h ( K U )\/
Ph Physical (as a prefix) N/
Ph-AlsYN-DATA data service for asyrﬁhrop&us\b@}s@is\s()n
PhE Physic;l\Layer Entit))\ \ [ISO/IEC 7498-1]
hiCl Physiéa\l LW Inter\f'xc\e\CoMl IWmation [ISO/IEC 7498-1]
PhiD Php\s@myer |r®s@ce\®w\/ [ISO/IEC 7498-1]
RhIDU Physical Lé@r\lntét{a}e\Da Unit [ISO/IEC 7498-1]
PhL /#/mé'gal La\/gr \ [ISO/IEC 7498-1]
PhM \Rb-mapagement ™\
PhMS PQ-mandgement sefvice
FhPCI( hkic}l\l_aygr Protocol Control Information [ISO/IEC 7498-1]
A \ b?\ys‘l\c\al Lafer Protocol Data Unit [ISO/IEC 7498-1]
p\ﬁs\\ sical Layer Service [ISO/IEC 7498-1]
AhSAP P\ysical Layer Service Access Point [ISO/IEC 7498-1]
PthDU “Physical Layer Service Data Unit [ISO/IEC 7498-1]
[I)K-pK Peak-to-peak
RDF Receive Data and Framing signal (from DCE)
REP Repeater
RFI Radio Frequency Interference
RTS Request To Send signal (to DCE)
RxA Receive Activity signal (from DCE)
RxC Receive Clock signal (from DCE)
RxS Receive Signal (from MAU)
Stn Stations like M/S
TPC Twisted-pair Cable
TxC Transmit Clock signal (from DCE)
TxD Transmit Data signal (to DCE)
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TxE Transmit Enable signal (to MAU)
TxS Transmit Signal (to MAU)
UART Universal asynchronous receiver/transmitter
4.2.4 Type 4: Abbreviations
CTS Clear To Send signal (from DCE)
DCE Data Communication Equipment
DL Data Link (as a prefix) — approximately Layer 2 of the OSI model [ISO/IEC 7498-1]
DLE Data Link Entity
DLL Data Tink Cayer ( [IS{{/II:(, 498-1]
DTE Data Terminal Equipment /\\ .
kbitys Thousand bits per second (\ \
MAU Medium Attachment Unit — For wire media, MAU = trapsce\ibe\r \\
MDBS Medium Dependent Sublayer \ \ \ \/
MI$ Media Independent Sublayer Q \ \ \
NRE Non-return-to-zero code — High level = Iogm el§logﬁg 0
PH Physical (as a prefix) — Approximately La{er 0 the\Q\SIW [ISO/IEC 7498-1]
PhE Physical Layer Entity " [ISO/IEC 7498-1]
Phl Physical Layer Q Q ( \< < Q )\> [ISO/IEC 7498-1]
PhID Physical Layer Interface Daﬁ N [ISO/IEC 7498-1]
PhPPU | Physical Layer Protocol De(ta Unit_ \ [ISO/IEC 7498-1]
RTH Request To§en\d sig/rLaJQo@CE{
Rx$ Receive Signal (frafh MAU) 7
TXE Transmitlr\léhz;g\\s\?j;aIWAﬂ)\\/
T*$ Tr(aﬁs@t“gignal z}p\w@u\ >
4.2.5 Type 6:}«!&)\®\i%\s\‘;\\>
B$D B\s-éxnwemwer
Cor1tro|- Q b@Q&OI egWe} connector pin provided for repeater control
Con'éh ttol pb\iitive - connector pin provided for repeater control
DGIND \bgﬁ\w - connector pin connected to ANSI TIA/EIA-485-A C/C'
Dls \DQ/ic} independent sublayer
DLE Data Link entity
DLL Data Link layer
ED End of data delimiter
ETF End transfer frame delimiter
ExV Excitation voltage - connector pin supplying terminator excitation voltage
MAC Medium access control
MAU Medium access unit
MDS Medium dependent sublayer
MIS Media Independent Sublayer
PAD PAD idle sequence
PhE Ph entity
PhiCI Ph interface control information
PhID Ph interface data
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PhIDU Ph interface data unit
PhL Physical layer
PhPDU Ph protocol data unit
PhS Ph service
PhSDU Ph service data unit
PRE Preamble
Pwr- Power Negative - connector pin supplying 24 V power negative
Pwr+ Power Positive - connector pin supplying 24 V power positive

Rx/ TxData-N | Receive/ Transmit Data Negative
- connector pin connected to ANSI TIA/EIA-485-A A/A'

Rx/ TYData-P | Receive/ Transmit Data Positive /\(
- connector pin connected to ANSI TIA/EIA-485-A B/B" ,\
ST Start delimiter
SYN the Strobe signal for bus synchronization by each no S\QLE\\
TR the Strobe signal for Data-Strobe by each node’s D<t\E \ \ )

4.2.6 Type 8: Abbreviations &\w

B( Bus Connector ( (7 \/
/

BLL Basic Link Layer \(\\/ /\ \
BSY Busy Q < < K N )\/
CPIC Cable Plant Interface Conn%&)r N_

CRE Cyclic Redundancy Check( —~ \

CTB Clear to Sen

NANRN
DL Data Link (a\sQ p\e\( - \p\})§m\re’iy Mr 2 of the OSI model  [ISO/IEC 7498-1]

DLL Data Llnlp_\Q/er (\ [ISO/IEC 7498-1]

of |Dgale N >
DLPpU Da}bﬁ/y\b@}:\ess\QaQ\Un iN
\/\

D( Dat

GND th@d\ \ >
'C/\\Wte@é CBQtroI\I/nformation
D) \Iuk\nﬁﬁ'@\/

kbitys Wsa?}i bits per second

LbE Loopbdck Enable

LS teastSignificant Byte

MA Medium Activity

MAC Medium Access Control

MAU Medium Attachment Unit

MDS Medium Dependent Sublayer

MIS Media Independent Sublayer

MSB Most Significant Bit

NRZ Non Return to Zero

PCS Plastic Clad Silica Fibre

Ph Physical (as a prefix) — Approximately Layer 1 of the OSI model [ISO/IEC 7498-1]
PhE Physical Layer Entity [ISO/IEC 7498-1]

PhiCI Physical Interface Control Information
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PhIDU Physical Interface Data Unit
PhL Physical Layer [ISO/IEC 7498-1]
PhPDU Physical Protocol Data Unit
PhSDU Physical Service Data Unit
PNM1 Peripherals Network Management of Layer 1
POF Polymer Optical Fibre
RI Reset In
RO Reset Out
RqDIly1 Request Delay 1
RqD[y2 RequestDetay2 7
RTE Request to Send /\\ ~
RxA Receive Activity /\ \
Rx¢ Receive Clock \\\
RxdR Receive Control Line \ \ \ )
RxD Receive Data < \ \‘ \
Rx§ Receive Sequence N \
Rx§L Receive Select Line ( O )
s Select Line \// AN \
TRdt Coding and Decoding (of heNgse(P\ﬁPlQ)U) K U )\/
¢ Transmit Clock X N/
TxgR Transmit Control Line ( . \ \
TP Transmit Datga \ \
Tx$ Transmit‘Sei}.{en N \\/
Tx§L Transmitl§e{ect ine (\ ~_

9
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5 DLL - PhL interface

51 General
Clause 5 defines the required Physical Service (PhS) primitives and constraints on their use.

NOTE 1 The Data Link — Physical interface is a virtual service interface between virtual machines; there are no
requirements for physical signal lines as the standard does not require this interface to be exposed.

PhIDUs shall be transferred between the DLL and the PhL in accordance with the
requirements of ISO/IEC 7498 as shown in Figure 3.

Protocol Data Unit
DLPDU

DATA LINK L

Interface Data Unit Interface rmati
T PhiDU <> %w T

PFotocol Control Information |ce
PhPCI quence

o
mmcgz%&hm\v
N

PHYSICAL LAYER

NOTE

NOTE 2 ated PhL
entity. Su S : is section
are the minimumgthat cap joihtly provide the means by which cooperating DLL entities can coordipate their
transmissjon and\their exchange of data on the shared communication medium. Synchronization of data fexchange
and relatgd actions is atso’provided if needed.

p ] i i that (N1 tity b t d—with d that (N)- i
NOTE 3 ropertayering—reguires—that—an—{ )-layerentity be—not-concerned—with—an at—an—N)-service

interface not overly constrain, the means by which an (N)-layer provides its (N)-services. Thus, the Ph-service
interface does not require DLEs to be aware of internal details of the PhE (e.g. preamble, postamble and frame
delimiter signal patterns, number of bits per baud), and should not prevent the PhE from using appropriate evolving
technologies.

NOTE 4 A number of different DLL — PhL interfaces are specified, based on industry practice.
5.2 Type 1: Required services

5.2.1 Primitives of the PhS

5.2.1.1 General

The granularity of PhS-user data exchanged at the PhL — DLL interface is one octet.
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5.2.1.2 Ph-CHARACTERISTICS Indication

The PhS shall provide the following service primitive to report essential PhS characteristics

(which may be used in DLL transmission, reception, and scheduling activities):
Ph-CHARACTERISTICS indication (minimum-data-rate, framing-overhead)

where

minimum-data-rate — shall specify the effective minimum rate of data conveyance in
bits/second, including any timing tolerances

NOTE 1 A PhE with a nominal data rate of 1 Mbit/s + 0,01 % would specify a minimum data rate of 0,9999
Mbit/s.

e—thremeriod is
t| directly
iQter-frame

fl’amny UVCIthd - th” bpcu;fy thc Illd)\;lllulll ||un|bc;| Uf blt pcliudb
the inhverse of the data rate) used in any transmission for PhPDU
convey data (e.g. PhPDUs conveying preamble, frame delimiter
"silence", etc.).

send one
immediately

NOTE| 2 If the framing overhead is F and two DL message lengths are
messgge of length Ly + F + L, will be at least as great as the ti
conseputive messages of lengths L and L,.

5.2.1.3 | PhS transmission and reception services
The Ph$ shall provide the following service primitive

PH-DATA request (class, data)

PH-DATA indication (class, data)

PH-DATA confirm (status)

where
clasq — shall specify the P

For a PH-DATA requesti\ts p

STAR[-OF-ACTIVATY a shall
cornr <>
DATA i as part
of a
END- v ePhPDUs that terminate Ph-user data shall be trapsmitted
after i i f active
trang]

Fora P
STAR reception of an apparent transmission from one or more PhEs has
comrheneed;

DATA — the associated data parameter was received as part of a continuous correctly
formed reception;

END-OF-DATA — the ongoing continuous correctly formed reception of Ph-user data has
concluded with correct reception of PhPDUs implying END-OF-DATA;

END-OF-ACTIVITY — the ongoing reception (of an apparent transmission from one or more
PhEs) has concluded, with no further evidence of PhE transmission; and

END-OF-DATA-AND-ACTIVITY — simultaneous occurrence of END-OF-DATA and END-OF-ACTIVITY.

data — shall specify the PhID component of the PhIDU. It consists of one octet of Ph-user-
data to be transmitted (PH-DATA request) or which was received successfully (PH-DATA
indication).

status — shall specify either success or the locally detected reason for inferring failure.
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The PH-DATA confirm primitive shall provide the critical physical timing feedback necessary to
inhibit the DLE from starting a second transmission before the first is complete. The final
PH-DATA confirm of a transmission shall not be issued until the PhE has completed the
transmission.

5.2.2 Notification of PhS characteristics
The PhE has the responsibility for notifying the DLE of those characteristics of the PhS that

may be relevant to DLE operation. The PhE shall do this by issuing a single
Ph-CHARACTERISTICS indication primitive at each of the PhEs PhSAPs at PhE start-up.

5.2.3 Transmission of Ph-user-data

The PhE shall determine the timing of all transmissions. When a DLE tr
PhSDUS$, the DLE shall send the sequence of PhSDUs by making a well-
PH-DATA requests, consisting of a single request specifying START:OFN\AETIVIRY,
to 300 fonsecutive requests, inclusive, specifying DATA, each

concluded by a single request specifying END-OF-DATA-AND-ACT

The PhE shall signal its completion of each PH-DATA requ
new PHFDATA request, by issuing a PH-DATA confir N
PH-DATA confirm primitive shall convey the succe
request] A second PH-DATA request shall not be
confirm|corresponding to the first reque

5.24

The Ph
indicatigns, which shall co

spec ng END-
OF-DATA; and ¢
b) a sipgle indi ications
speclfying DATA, €
OF-D
c) a simgle iic io K i i r more
consg i } ed by a
singl
This last seque icative of an incomplete or incorrect reception. Detection of pn error
in the sequence.of reseived PhPDUs, or in the PhEs reception process, shall disable further
PH-DATA indications with a class parameter specifying DATA, END-OF-DATA, or END-QF-DATA-
AND-ACTIWITY until after both the end of the current period of activity and the start of a

subsequent period of activity have been reported by PH-DATA indicalions specifying END-OF-
ACTIVITY and START-OF-ACTIVITY, respectively.

5.3 Type 2: Required services
5.3.1 General

Subclause 5.3 defines the required Physical Service (PhS) primitives and constraints on their
use.

The DLL-PhL interface need not be exposed in the implementation of any PhL variant. This
interface may be internal to the node and may be implemented as internal to a semiconductor
device. If, however, conformance to the DLL—-PhL interface is claimed, it shall conform to the
requirements of 5.3.
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5.3.2 M_symbols
The PhL Interface Data Units present at the DLL-PhL interface shall be M_symbols, as shown

in Table 1. The M_ND symbols shall be used to create unique data patterns used for start and
end delimiters.

Table 1 — Data encoding rules

Data bits (common name) | M_symbol representation
data “zero” M_0 or {0}
data “one” M_1 or {1}
nmon_data—+ M_ND¥or {+;
“non_data-" M_ND- or {-} /\(

5.3.3 PH-LocK indication

PH-Lock indication shall provide an indication of -symbol
synchropization by the MDS. Valid states for PH-LOCK d false.
PH-LocK indication shall be true whenever valid Ph-gym DS-MAU

interfacé and the DLL-PhL interface timing of M_symbols i ents for

clock ag¢curacy. It shall be false between frames ( on the
medium|) or whenever data synchromzahon i to the
requirements for clock accuracy. PH-LOCKi ing of the
start delimiter.

5.34 PH-FRAME indication

PH-FRAME indication sha i ica of 3 valid data frame from the MAU. Valid
states for PH-FRAME indication s c [s€. PH-FRAME indication shall be true upon
PH-LocK indication = i ve_first valid start delimiter. PH-FRAME indication
shall bg false at recep f N mbol (following the start delimiter) or PH-LOCK
indicatign = fals@

NOTE THi

5.3.5

PH-CAR redium.
PH-CARE en true
during 4

5.3.6

PH-DATATIndication shall represent the M_symbols shown in Table 1. valid symbols shall be
M_0, M_1, M_ND+ or M_ND- (or M_symbols). The PH-DATA indication shall represent the
M_Symbols as decoded from the MAU whenever PH-LOCK indication is true.

5.3.7 PH-STATUS indication

PH-STATUS indication shall represent the status of the frame that was received from the MAU
as shown in Table 2. Valid symbols shall be Normal, Abort, and Invalid. PH-STATUS indication
shall indicate Normal after reception of a frame (PH-FRAME indication = true) composed of a
start delimiter, valid Manchester encoded data (no M_ND symbols) and an end delimiter.
PH-STATUS indication shall indicate Abort after reception of a frame (PH-FRAME indication =
true) composed of a start delimiter, valid Manchester encoded data, and a second start
delimiter. PH-STATUS indication shall indicate Invalid after reception of a frame (PH-FRAME
indication = true) composed of a start delimiter and the detection of any M_ND symbol that
was not part of a start or end delimiter.
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Table 2 — Ph-STATUS indication truth table

Normal true 1 true false
Abort true 2 don’t care false
Invalid true 1 don’t care true

5.3.8

PH-DATA request

PH-DATA request shall represent the M_symbols to be transmitted. Valid_symbols shall be

M_0, M[T, M_ND+ or M_ND- as shown in Table 1. PH-DATA request sha

no data

5.3.9

PH-FRAL

to the appropriate Ph-symbols and transferred to the MA

M_symbk

5.3.10

PH-JABE
(PH-FRA
PH-JABE
detects
M_symli
otherwisg
the Ph-
node is

5.3.11

Ph-JABEH
shall be

5.3.12

PH-JABH{

shall be
“REPEAT]

The con

is to be transmitted (and PH-FRAME request = false).

PH-FRAME request

NE request shall be true when PH-DATA request represe

ols are to be transferred to the MAU.

PH-JABBER indication
ME indication = true) that e
JABBER-CLEAR red

initialised.

all be true if the node is the source of transmit data (“NOI
iS retransmitting data received from another node (e.g. act

indteate M] 0 when

ho valid

ER indication shall be true A ‘ i detects a singl¢ frame

Is) and
hterface
(16384
e false
DS until
i or the

ng as a

nbinations for PH-JABBER indication and PH-JABBER-TYPE request shall be as shown in

Table 3.

Table 3 — Jabber indications

Ph-JABBER indication | Ph-JABBER-TYPE request Frame length

true true = “NODE” > 1024 bytes
true false = “REPEATER” > 2048 bytes
false true = “NODE” < 1024 bytes

false false = “REPEATER” < 2048 bytes
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5.4 Type 3: Required services
5.4.1 Synchronous Transmission

The services specified for Type 1 shall be used (see 5.2).

5.4.2 Asynchronous Transmission
5.4.2.1 PhS transmission and reception services

The data service for asynchronous transmission (Ph-ASYN-DATA) includes two

service

primitives. A request primitive is used to request a service by the DLE; an indication primitive
is used to indicate a reception to the DLE. The names of the respective primitives are as

follows:
Ph-AsYN-DATA request
Ph-AsYN-DATA indication

The tenporal relationship of the primitives is shown in Figure

O

Ph-ASYN-DATA indication

»
»

Station Stafio

Ph-ASYN-DATA request

»
P

5.4.2.2 gcifica service and interaction
This su g i S e service primitives and the related parametsg
abstract contains the PhS-user data exchanged at the PhL|

interfac

Ph-AsYN-DATA requ (DL_symbol)

r in an
— DLL

The parameter DL_symbol shall have one of the following values specifying the PhID

component of the PhIDU. Its possible values shall be:

a) ZERO corresponds to a binary "0"
b) ONE corresponds to a binary "1"
c) SILENCE disables the transmitter when no DL_symbol is to be transmitted

The Ph-ASYN-DATA request primitive is passed from the DLE to the PhE to request that the

given symbol shall be sent to the fieldbus medium.

The reception of this primitive shall cause the PhE to attempt encoding and transmission of

the DL-symbol.
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The Ph-ASYN-DATA request is a primitive, which shall only be generated once per DL-symbol
period (tg|T)- The PhE may confirm this primitive with a locally defined confirmation primitive.

Ph-AsYN-DATA indication (DL_symbol)

The parameter DL_symbol shall have one of the following values:

a) ZERO corresponds to a binary "0"
b) ONE  corresponds to a binary "1"
The Ph-AsSYN-DATA indication primitive is passed from the PhE to the DLE to indicate that a

DL-symbol was received from the fieldbus medium. The effect of receipt of this primitive by
the DLH is not specified.

The Ph{AsYN-DATA indication is a primitive, which shall only be gep
DL-sympol period (tB|T).

ceper\eceived

5.5 Type 4: Required services
5.5.1 General

PhIDUs| shall be transferred between the DLL d
requirements of ISO 7498.

accordance with the

5.5.2 Primitives of the PhS
5.5.2.1 | General

The gra(rularity of transmigsiqn i larity of
PhS-us i

5.5.2.2 | PhS Trapsmi
The Ph$ shall p@
PH-D

PH-D
PH-D

where

class -|spgecifies Ph-interface-control-information (PhICIl) component of the Ph-interface-
data-un|t\(PhIDU).

For a PH-DATA request, its possible values are

START-OF-ACTIVITY-11 - the PhE shall initiate transmission by transmitting the associated data
parameter as an "Address character". The PhE shall do this immediately, though not until
the value of the PhEs idle counter has reached 11. This class only applies to half duplex
mode.

START-OF-ACTIVITY-2 - the PhE shall enable its driver, and initiate transmission by transmitting
the associated data parameter as an "Address character". The PhE shall do this
immediately, though not until the value of the PhEs idle counter modulus 10 has reached 2
if in half duplex mode.

DATA - the PhE shall transmit the associated data parameter as a “Data character”.

END-OF-ACTIVITY — the PhE shall wait until transmission of all formerly received data from the
DLE has finished, and then terminate transmission. The associated data parameter shall
not be transmitted.
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For a PH-DATA indication, its possible values are

START-OF-ACTIVITY — the PhE has received an “Address character”’, the value of which is
reported in the associated data parameter. The associated status parameter specifies
success or the locally detected reason for failure.

DATA — the PhE has received a “Data character”, the value of which is reported in the
associated data parameter. The associated status parameter specifies success or the
locally detected reason for failure.

LINK-IDLE — the PhE has detected, that the signal level on the Link has been “Idle” for 30, 35,
40, 50, 60... bit periods. The associated status parameter specifies if the Link has been
idle for 30 bit periods, for 35 bit periods, or for 40 or more bit periods. This class only
applies to half duplex mode.

data — gpecifies the Ph-interface-data (PhID) component of the PhIDU. | of o]we octet
of PH-user data to be transmitted (PH-DATA request), or one octet r data fhat was
received (PH-DATA indication).

status + specifies either success or the locally detected reaso ies if the
assofriated LINK-IDLE indication indicates "30", "35" or "40 iflle after
Link pctivity.

The PH{DATA confirm primitive provides the feedback 1€ { € p report

failures|such as Link short-circuit or noise resulting in_frami 3 er, and

provideg the critical physical timing necessary t y second

transmisgsion before the first is complete

5.5.3 Transmission of Ph-user data

5.5.3.1 | General

When a|DLE has a DLPDY to\tra i i right to

transmif, then the DL i aking a

sequenge of PH-DATA e

a) In hglf duple@ irg quest skould specify START-OF-ACTIVITY-11 if the DLPDU to
trangmit is a 3 c ediate-reply DLPDU, or if the transmissioh is an
immegdiate re-tra ed or Unconfirmed DLPDU. The first reques}t should
spec mission of a Confirmed or Unconfirmed DLPDU from
the ¢ duplex mode, the first request should always| specify
STAR

b) This | fi be followed by consecutive requests specifying DA[A, and
conc sifrgle request specifying END-OF-ACTIVITY.

The PhE mpletion of each PH-DATA request, and its readiness to accefgt a new

PH-DATA request, with a PH-DATA confirm primitive. The status parameter of the PH-DATA

confirm|primitive conveys the success or failure of the associated PH-DATA request.

5.5.3.2 Reception of Ph-user data

The PhE reports a received transmission with PH-DATA indications, which shall consist of

either

— a single indication specifying START-OF-ACTIVITY; or

— a single indication specifying START-OF-ACTIVITY; followed by consecutive indications
specifying DATA.

Each indication has an associated status parameter, specifying successful reception of the
associated data, or the locally detected reason for failure.
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5.6 Type 6: Required services
5.6.1 Primitives of the PhS

The granularity of PhS-user data exchanged at the PhL — DLL interface is one octet.

5.6.1.1 Ph-CHARACTERISTICS indication

The PhS shall provide the following service primitive to report essential PhS characteristics
(which may be used in DLL transmission and reception activities):

Ph-CHARACTERISTICS indication ( minimum-data-rate )

where

minimum-data-rate — shall specify the effective minimum rate ance in
bifs/second, including any timing tolerances.

NOTE A PhE with a nominal data rate of 1 Mbit/s + 0,01% would specify a mj bit/s.

5.6.1.2 | PhS transmission and reception services
The Ph$ shall provide the following service primitives f

PH-DIATA request ( class , data)
PH-DIATA indication ( class , data)
PH-DIATA confirm ( status )

where

class — | shall specify the P bossible

valugs shall be:

STAR[-OF-ACTIVITY
followed by the R

DATA|— the si e assoCiated data parameter shall be transmitteq as part

specified in bit periods by InterFrr:ImeGap,
U which precede Ph-user data shall comimence;

of]

END- Ph symbols which terminate Ph-user data, with|the last
deli ransmitted after the last preceding octet of Ph-user data,
cy of active transmission; and

END- the Ph symbols that terminate Ph-user data, incluqing the
s{ X D, with the last delimiter being BSD, shall be transmitted I}fter the
la ing actet’ of Ph-user data, culminating in the cessation of active transmission.

NOTE 1 i e length in octets of the PAD sequence transmitted following the ED delimifer of the
PhPDU.

For a PH-DATA indication, its possible values shall be:

START-OF-ACTIVITY — reception of the ST delimiter of an apparent transmission from one or
more PhEs has occurred;

DATA — the associated data parameter was received as part of a continuous correctly-
formed reception;
END-OF-DATA — the ongoing continuous correctly-formed reception of Ph-user data has
concluded with correct reception of the ED delimiter;
NOTE 2 Correctly formed data is received in 8 bit multiples and with no sync slip errors or invalid Manchester
codes.

END-OF-ACTIVITY — the ongoing reception (of an apparent transmission from one or more
PhEs) has concluded, with no further evidence of PhE transmission;
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END-OF-TRANSFER — occurrence of END-OF-DATA followed by reception of the ETF delimiter -
this indication shall be concurrent with the end of the ETF delimiter shown as TR in
Figure 45;

END-OF-SYNC — occurrence of END-OF-DATA followed by reception of the BSD delimiter - this
indication shall be concurrent with the end of the BSD delimiter shown as SYN in Figure
45,

END-OF-TRANSFER-AND-ACTIVITY — simultaneous occurrence of END-OF-TRANSFER and END-
OF-ACTIVITY - this indication shall be concurrent with the end of the ETF delimiter shown
as TR in Figure 45;

END-OF-SYNC-AND-ACTIVITY — simultaneous occurrence of END-OF-SYNC and END-OF-ACTIVITY
- this indication shall be concurrent with the end of the BSD delimiter shown as SYN in

FI urcT -ru

data - |shall specify the PhID component of the PhIDU. It consists of

a) one octet of Ph-user-data to be transmitted (PH-DATA request)©

b) one octet of Ph-user-data which was received successfull

c) ndll if no Ph-user-data was transmitted or received.
status + shall specify either success or the locally detect
5.6.2
The PhE ibili ifyi o yracteristics of the RhS that
may b¢ : pis by issuing a| single
Ph-CHA indicati imiti Qas SAPs at PhE startup.
5.6.3
The DLL
When 4 ence of
PhSDU{ -formed
sequen( A requests, inclusive, specifying DATA, each
conveyi by a single request specifying END-OF-DATA-AND-
TRANSFE
The PhE i ' etion of each PH-DATA request by issuing a PH-DATA|[confirm
primitive; the statu RAra of the PH-DATA confirm primitive shall convey the sugcess or
failure i
During the end of transmission of a PhPDU until another PH-DATA reguest is
receive the PhL shall transmit SILENCE.

5.6.4 Reception of Ph-user-data

After passage of the number of bit periods specified by InterFrameGap from the end of the
previous PhPDU, the PhE shall enable its receiver and report a received transmission that
consists of either:

a)

a single indication specifying START-OF-ACTIVITY; followed by a correctly-formed sequence
of PH-DATA indications specifying DATA, each conveying a PhSDU; followed by a single
indication specifying END-OF-DATA; followed by a single indication specifying END-OF-
TRANSFER or END-OF-SYNC and concluded by a single indication specifying END-OF-ACTIVITY;
or

a single indication specifying START-OF-ACTIVITY; followed by a correctly-formed sequence
of PH-DATA indications specifying DATA, each conveying a PhSDU; followed by a single
indication specifying END-OF-DATA; and concluded by a single indication specifying END-OF-
TRANSFER-AND-ACTIVITY Or END-OF-SYNC-AND-ACTIVITY; or
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¢) a single indication specifying START-OF-ACTIVITY; optionally followed by a correctly formed
sequence of PH-DATA indications specifying DATA and possibly END-OF-DATA and concluded
by a single indication specifying END-OF-ACTIVITY.

This last sequence is indicative of an incomplete or incorrect reception. Detection of an error
in the sequence of received PhPDUs, or in the PhEs reception process, shall disable further
PH-DATA indications with a class parameter specifying DATA, END-OF-DATA, END-OF-TRANSFER,
END-OF-TRANSFER-AND-ACTIVITY, END-OF-sYNC, oR END-OF-SYNC-AND-ACTIVITY, until after both the
end of the current period of activity and the start of a subsequent period of activity have been
reported by PH-DATA indications specifying END-OF-ACTIVITY and START-OF-ACTIVITY,
respectively.

5.7 —Type 8: Required services
5.71 General

PhIDUs|are exchanged between the DLL (DLL) and the PhL (PhL).
DL-Ph ipterface (MAC-MIS interface) shall make the following se

e data tangfer, the
aitaple:

PH-DATA request
PH-DIATA confirm
PH-DIATA indication

5.7.2 Primitives of the PhS
5.7.2.1 | PH-DATA request (PhICI, Phl
This sefvice primitive is used to trans

PhICI pprameter determines the mterf
transmifted and can contai A

the MAC sublayer to the MIS. The
he interface data unit (PhIDU) to be

ID_transfer

The bepinning of. a data is
requested.

data_transfer

The bedi

start_I0

The beginning 8 |den|f|cat|on cycle for the transmission of identification/control| data is

request

start_data _'cycle
The begrinning of a data cycle for the transmission of user data is requested by the magter.

user_data
The transmission of the data unit of user data defined by the PhIDU parameter
(identification/control data or user data) is requested.

CRC_data
The transmission of the data unit of checksum data defined by the PhIDU parameter is
requested.

CRC_status
The transmission of the data unit for the checksum status defined by the PhIDU parameter is
requested.

user_data_idle
The transmission of user_data_idle messages is requested.
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CRC_data_idle
The transmission of CRC_data_idle messages is requested.

CRC_status_idle
The transmission of CRC_status_idle messages is requested.

NOTE The start_data_cycle and start_ID_cycle parameters are supported by the MAC sublayer of a master only.

The PhIDU parameter defines the data component of the interface data unit to be transmitted.
It consists of one bit, only if PhICI = user_data, CRC_data or CRC_status

5.7.2.2 PH-DATA confirm (status)

This sefvice primitive is the acknowledgement to a PH-DATA request priniti ised for
synchrohisation. The status parameter indicates whether the assogjated request
primitivgé was executed successfully or not.

5.7.2.3 | PH-DATA indication (PhICI, PhIDU)

This sefvice primitive is used to transfer a data unit from er. The
PhICI parameter defines the interface component of ' ) to be
transmifted and can assume the following values:

ID_transfer

Indicatels the beginning of a data seq | data.
data_transfer

Indicatels the beginning of a data sequenc

user_data

The coffrect receipt of [control
data or pser data) defi

CRC_data

The cor PhIDU
parame

CRC_status

The corf d by the
PhIDU ¢

user_data, idje

The recgipt.of user_data_idle messages is indicated.

CRC_data_idle
The receipt of CRC_data_idle messages is indicated.

CRC_status_idle
The receipt of CRC_status_idle messages is indicated.

The PhIDU parameter defines the data components of the received interface data unit. It
consists of one bit.
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5.7.3 Overview of the Interactions

NOTE For the data transfer via the DL-Ph interface, a difference is made between the data sequence
(transmission of user or identification data) and the check sequence (transmission of checksum data).

The following apply to Figure 5 through Figure 8.

— If a data sequence of a data cycle is followed by a data sequence of an identification cycle,
the interactions marked with (+) are omitted for an identification cycle.

— If a data sequence of an identification cycle is followed by a data sequence of a data cycle,
the interactions marked with (+) are omitted for a data cycle.

5.7.3.1 Data Sequence

5.7.3.1.1Master

ification ‘cyclengnd data

Figure § and Figure 6 show the interactions for a data sequence (i
cycle) af the DL-Ph interface of a master (controller board).

MAC IS
Ph_Data.req(start_ID_cycle)”"{]

Ph_Data.con(OK) ( (|

\

Ph_Data.ind(d@Qe&
Ph_Data.ind ID#&fer
AN m&(qux\qata\mw

Ph, Data.cop{OK)

Q Ph_Datain s& 1)
Nl

_Pata.req(user_data, bit n)

%D%.con(OK)

¥\> Ph_Data.req(user_data_idle)

Ph_Data.con(OK)

LOV/?

Ph_Data.ind(user_data, bit n)

Ph_Data.ind(user_data_idle)

Ph_Data.req(CRC_data, bit 1)
Ph_Data.req(data_transfer)
Ph_Data.req(ID_transfer)

Figure 5 — Interactions for a data sequence of a master: identification cycle
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MAC

Ph_Data.req(start_data_cycle)

MIS

Ph_Data.con(OK)

Ph_Data.ind(data_transfer)

Ph_Data.ind(ID_transfer) (+)

Ph_Data.req(user_data, bit 1)

Network

Ph_Data.con(OK)

Ph_Data.ind(user_data, bit 1)

Ph_Data.req(user_data, bit n)

Ph_Data.con(OK)

Ph_Data.req(user_ d,ata¥ Ie)}

Ph_Data. con(({\ A

Ph_Data.ind(us¢r_data, bit n)

@V/ﬁA

(P

XM data, bit 1)

A \@/q(data_transfer

Ph_Data.req(ID_transfer)

Interactions for a data sequence of a master: data cycle
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5.7.3.1.28lave

Figure 7 and Figure 8 show the interactions for a data sequence (identification cycle and data
cycle) at the DL-Ph interface of a slave (remote bus device, local bus device or bus coupler).

MAC MIS Network

Ph_Data.ind(data_transfer) (+)

Ph_Data.req(data_transfer) (+)

Ph_Data.con(OK) (+)

Ph_Data.ind(ID_transfer)

Ph_Data.req(ID_ transfer)

Ph_Data.con(OK)

Low/ﬁ/\

Ph_Data.ind(user a, bit

N\ m&eq&:m
Phoad

\ Ph_Data.req(user_data, bit n)
x \Ph_Data.con(OK)

Ph_Data.ind(user_data_idle)

Ph_Data.req(user_data_idle)

Ph_Data.con(OK)

Figure 7 — Interactions for a data sequence of a slave: identification cycle
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MAC MIS Network

Ph_Data.ind(ID_transfer) (+)

Ph_Data.req(ID_transfer) (+)

Ph_Data.con(OK) (+)

Ph_Data.ind(data_transfer)

Ph_Data.req(data_transfer)

Ph_Data.con(OK)

Ph_Data.ind(user_data, bit 1) /
Ph p(\gq(us;{\g\,mt 1)

Ph_Data. con(O

@(&%\

<><\@W

\D .ind(user_data_idle)

Ph_Data.req(user_data_idle)

@o/%

[ —

Ph_Data.con(OK)

Figure 8 — Interactions for a data sequence of a slave: data cycle
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5.7.3.2 Check Sequence

5.7.3.2.1 Master
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Figure 9 shows the interactions for a check sequence at the DL-Ph interface of a master.

MAC

Ph_Data.req(CRC_data, bit 1)

MIS

Ph_Data.con(OK)

Network

Ph_Data.ind(CRC_data, bit 1)

Ph_Data.req(CRC_data, bit 16

Ph_Data.con(OK)

Ph_Data.ind(CRC_data, bit 16) /

Ph D;m\eq(CRyxga&\g

Ph_Data. con(&q \

_Rh_Data.ind(C stm 1)

@/ﬁA

[ —

\ p tMm

e B

Mq(CRC_data_idle)

%\_QMK)

N

h_Data.ind(CRC_status, bit 16)

Ph Data.ind(CRC data idle)

Ph_Data.req(data_sequence)

Figure 9 -

Ph_Data.req(ID_sequence)

Interactions for a check sequence of a master
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5.7.3.3 Slave

Figure 10 shows the interactions for a check sequence at the DL-Ph interface of a slave.

MAC MIS Network

Ph_Data.ind(CRC_data, bit 1)

Ph_Data.req(CRC_data, bit 1)

Ph_Data con(OK) (+)

Ph_Data.ind(CRC_data, bit 16)

Ph_Data.req(CRC_data, bit 16
Ph_Data.con(OK)

Ph_Data.ind(CRG, stat
Ph ng
QEh\Daécon(

3 th Datglind tatus, bit 16)
\Q
P ata.req(CRC_status, bit 16.

\wga con(OK)

Ph_Data.ind(CRC_data_idle)

@o/%

Ph_Data.req(CRC_data_idle)

Ph_Data.con(OK)

Figure 10 — Interactions for a check sequence of a slave
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6 Systems management — PhL interface

6.1 General

This interface provides services to the PhL, which are required for initialisation and selection

of options.

One of the objectives of the PhL is to allow for future variations such as radio, fibre optics,
redundant channels (e.g. cables), different modulation techniques, etc. A general form of
Systems management — PhL Interface is specified which provides the services required by
implementations of these variations. Services provided by this interface are specified in 6.2

through 6.6. The standard does not require this interface to be exposed.

The corlnplete set of management services can only be used whe
coupled| to the medium. In the case of actively coupled equipme
repeatef, radio/telephone modem, opto-electronics, etc.) some of t
to the agtive coupler. Moreover, each device can use a subset of

NOTE A humber of different Systems management — PhL interfaces are

6.2 Type 1: Systems management — PhL interfa

6.2.1 Required services

The minimum service primitive for Ph
a) P

The foll

b) Ph-SET-VALUE request/P

d) Ph-EVENT iptica
6.2.2 Service pfiptiti
6.2.2.1

This pri
function

6.2.2.2

If this primijtive is

ed it shall allow Systems management to modify the parameter

directly
coupler,
Pimplicit
es.

tice.

5 of the

PhL. Standard parameter names and value ranges are given in Table 4. The value assumed

for each parameter at reset shall be the first of those shown for the parameter.
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Table 4 — Parameter names and values for Ph-SET-VALUE request

— 63 —

Parameter name

Range of values

Interface mode

e FULL_DUPLEX
e HALF_DUPLEX

Loop-back mode

e DISABLED
e in MDS at DTE — DCE interface
e in MAU near line connection

Preamble extension

¢ 0..7 (preamble extension sequences)

Post-transmission gap extension

¢ 0..7 (gap extension sequences)

Maximum inter-channel signal skew

¢ 0..7 (gap extension sequences)

sent as

hsmission

um post-
channels

Failure.
t in the

is used

- or the

Transmitter output channel N e ENABLED
(1<N<8) e DISABLED
Receiver input channel N e ENABLED
(1<N<8) e DISABLED
Preferred receive channel e NONE \ >
°1.8 AN
NOTE 1 |Not all implementations require every parameter, and sgme may\qee ore.\)
NOTE 2
preamble
NOTE 3
gap durin
NOTE 4
transmiss
enabled, aind with no preferred ree
6.2.2.3 | Ph-SET-VALUE_cokf{ir
This primitive has a si
If this pfrimitive @
PhL.
6.2.2.4
If this pfi gtlow the Systems management to read the parameters of the
PhL. Th
6.2.2.5
This primitive’is theresponse of the PhL to the Ph-GET-VALUE request. If this primitive
it shall have a single parameter reporting either the failure of the request — Failure
present value of the requested parameter. The current value shall be one of those permitted
by 6.2.2.2.
6.2.2.6 Ph-EVENT indication (parameter name)

If this primitive is used it shall notify the Systems management of a PhL parameter
modification which has not been requested by the Systems management. The parameter shall
have one of the names given in Table 5, based on names specified in 8.2.
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Table 5 — Parameter names for Ph-EVENT indication

Parameter name

DTE fault

DCE fault

NOTE Additions to Table 5 are possible if required by specific implementations.
6.3 Type 3: Systems management — PhL interface

6.3.1 Synchronous transmission

The seryices and the service primitive requirements specified for Type 1 shalkbe uged (see
6.2).

6.3.2 Asynchronous transmission
6.3.2.1 | General

This and the following subclauses describe the interface VO R s hronous
transmission and a PhMS-user and the associated se it

The serpice model, service primitives, and time-g da pbstract

Service| primitives, used to represeni\ se
ISO/IEQ 10731), convey parameters
interaction.

ice provider interactions (see
wation available in the user/provider

This Type of IEC 6115§ s of the

PhMS pgrimitives. Eacl i ree columns, containing the nam¢ of the
service |parametepaand rections
used by|the Phr\@

- the re
— the ingi

— the co

service
on the

One paf
primitivI S,

primitivg and.parametgr direction specified in the column:

M < parameter is mandatory for the primitive.

(blank) — parameter is never present.
6.3.2.2 Facilities of the PhMS

Ph-management organizes the initialisation and the configuration of the PhE, and the event
and error handling between the PhMS-user and the logical functions in the PhE. The following
functions are provided to the PhMS-user.

a) Reset of the local PhE
b) Request for and modification of the actual operating parameters of the local PhE
¢) Notification of unexpected events and status changes of the local PhE

6.3.2.3 Overview of services

Ph-management provides the following services to the PhMS-user:
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a) Reset

The PhMS-user employs this service to cause Ph-management to reset the PhE. A
reset is equivalent to power on. The PhMS-user receives a confirmation thereof.

b) Set Value

The PhMS-user employs this service to assign a new value to the variables of the PhE.
The PhMS-user receives a confirmation whether the specified variables have been set

to the new value.
c) Get Value

This service enables Ph-management to read the variables of the PhE. The response

of the Ph-management returns the actual value of the specified variables.

d) Eyent
FPh-management employs this service to inform the PhMS-user
grrors in the PhL.

The senvices Reset and Event are mandatory. The services
optional].

6.3.2.4 | Overview of interactions

Ph-manpgement services and their primitives are summar ed

Table 6 — Summary of@@%t SEry primitives

Service Pr|m|t|ve SSI e for\the/féllowmg stations

Reset PhM-RESET request Wster and Slave
Set Valu M-SEJ-VALUE q\)\t Master and Slave

&{

C@Jue PhM-GBETNALU Master and Slave
\E)\MG TVA E CcO f|rm

Ev/eﬁ\ NM\E{/ENT indication Master and Slave

vents or

The tempora| relationskips™Nof the Ph-management primitives are shown in Figure|11 and
Figure 1
Master or Slave Master or Slave
station 1 station n
User PhL

PhM-XXXXX req |

»
>

&

<

PhM-XXXXX cnf

Figure 11 — Reset, Set Value, Get Value
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Master or Slave Master or Slave
station 1 station n

User PhL

PhM-EVENT ind

Figure 12 — Event service

6.3.2.5 Detailed specification of services and interactions

6.3.2.5.1Reset
6.3.2.5.1.1 Function

The PhMS-user passes a PhM-RESET request primitive to Ph-

the PhR. This is carried out in the same manner as at a P
enabled; Receiver_signal_source: primary; Loop: disabled)
passes a PhM-RESET confirm primitive to the PhMS-user_to\
the corresponding service request.

6.3.2.5.1.2 Types of primitives and parame

Table 7|indicates the primitives and patamete

Ice.

Table 7 — Reget primitivesiand\parameters

(N
/\ /\\ QI\M-EESET h/equest Confirm
Paramet%am Py )\/ input output

PhMEST M

}Tﬁmwmwm primitive is correlated with its
or nding preceding request primitive is a local matter.
N\

PhM-St
This pdrameter it tatus of the execution of the associated service
Permitte i ter are specified in Table 8.

— Values of PhM-Status for the Reset service

if|lto reset

| output:
gement
bilure of

fequest.

Short | giatus Definition

Temporary (t) or
name permanent (p)

OK success | The Reset function was carried out successfully --

NO failure The Reset function was not carried out successfully t/p

\Y failure Invalid parameters in request -

6.3.2.5.2Set Value

6.3.2.5.2.1 Function

The PhMS-user passes a PhM-SET-VALUE request primitive to Ph-management to assign a
desired value to one or more specified variables of the PhE. After receiving this primitive
Ph-management tries to select these variables and to set the new values. If the requested
service was executed Ph-management passes a PhM-SET-VALUE confirm primitive to the

PhMS-user to indicate the success or failure of the corresponding service request.
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6.3.2.5.2.2 Types of primitives and parameters

Table 9 indicates the primitives and parameters of the Set Value service.

Table 9 — Set value primitives and parameters

PhM-SET-VALUE | Request Confirm
Parameter name input output
Variable_name (1 to 3) M
Desired_value (1 to 3) M
PhM-STATUS (1 to 3) M

corresponding preceding request primitive is a local matter.

NOTE The method by which a confirm primitive is correlated w%s

Variable_name

This arrpy parameter specifies one or more variables (1 to 3) to"be assigned values
from the¢ corresponding elements of the Desired_value p ariables
are opefating parameters; they are specified in Table 10.

Table 10 — Mandatory hEﬁiab S
N\ N

ghmcmg Pl )

Name Definition

Transmitter_output /’ﬁansr’r}n@wtp}\
Receiver_signal_source \R cel rirN )

Loop Q\(\ he}ﬁqémit&ts?utput is directed to the
N receiver inp nd not to the medium
~—"
Desired_value
This arrpy parar@ 3
specified by the Va
(1 to 3)|new valu

vdlue to be written to the variables (1 to 3) [that are
er. This parameter specifies a list of one pr more
hE-variables. The permissible value or range of values

for eacH of these varigb ified in Table 11.
\ i1 — Permissible values of PhE-variables
Q\ \\/ Operating parameters
>Iariab|e Range of values
Transmitter_output enabled or disabled
Receiver_signal_source primary: bus cable "a" (standard source)

alternative: bus cable "b" (alternative source)

random: either "a" or "b"

Loop disabled or enabled

PhM-Status

This array parameter specifies, for each variable in the corresponding request, the status of
that component of the requested service. Permitted values for the individual components of
this array parameter are specified in Table 12.
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Table 12 — Values of PhM-Status for the set-value service

::;r; Status Definition t?’:f{:;i;yn?r
OK success | The variable has been set to the new value --
NO failure | The variable does not exist or could not be set to the new value t/p
\Y failure |Invalid parameters in request -

6.3.2.5.3Get Value

6.3.2.5.3.1 Function

The PhMS-user passes a PhM-GET-VALUE request primitive to Ph-m i?ad the
current | value of one or more variables of the PhE. After rg rimitive
Ph-manpgement tries to select the specified variables and to delivér thei es and
passes |a PhM-GET-VALUE confirm primitive to the PhMS-usg ' cess or
failure ¢f the corresponding service request. This primitive one or
more of|the requested variable values.

6.3.2.5.3.2 Types of primitives and parameter

Table 1B indicates the primitives and parameters

Table 13 — Gef\yalue_pximitives:and parameters

/P’ﬁﬁ-GET\(Qb&E \%quest Confirm
Parameter name \ (\ \)‘:}put output
Variable{\na}m\(@\ \) " M
CurrF\\ vzh\(?‘to@\ \J M
(PhMKSTAYOSN M

}lb The hod YOnflrm primitive is correlated with its
p cedl request primitive is a local matter.

cified by
- parameter of the corresponding request. The permissible value, ¢r range
of valuels far each of these variables is anm‘ifipd in Tabhle 14

Table 14 — Current values of PhE-variables

Operating parameters
Variable Range of values
Transmitter_output enabled or disabled
Receiver_signal_source primary or alternative
Loop disabled or enabled

PhM-Status

This array parameter specifies for each variable in the corresponding request a confirmation
about the execution of the service. Permitted values for this parameter are specified in Table 15.
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Table 15 — Values of PhM-Status for the get value service

Short Status Definition temporary or
name permanent
OK success | The variable could be read --
NO failure | The variable does not exist or could not be read. t/p

The corresponding value of Current_value is not defined

v failure |Invalid parameters in request --

6.3.2.5.4Event

6.3.2.5.41 Foamnction

The PhE informs Ph-management that it has detected an event. Af
passes ja Ph-EVENT indication primitive to the PhMS-user to infor
in the PhL.

gement
events

6.3.2.5.4.2 Types of primitives and parameters

Table 16 indicates the primitive and parameters of the

Table 16 — Event primi{.‘ws
< Qh‘M-l@em lnéie/atip/

Parameter namﬁ Wt

Variable_name((1 t0,2)_ M

M

Variable_name

This arffay parameter S ore‘yariables (1 to 2) whose values were changed.
The var|ables th & ifi

New_vdlue

This parameter speci e’ of the variable. The various values are shown in Thable 17.

¢ 17 — New values of PhE-variables

Variable Range of values

Transmitter_output enabled or disabled

Receiver_signal_source |primary or alternative

6.4 Type 4: Systems management — PhL interface
6.4.1 Required Services

The services specified in 6.2 are used.

6.4.2 Service primitive requirements

The service primitive requirements are specified in 6.2.2 with the following restriction:

The parameters specified in Table 4 are not supported.


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

- 70 -

61158-2 © IEC:2003(E)

The parameters that can be modified and read by the PhL management services are shown in
Table 18. Supported values and default value for each parameter depend on the actual
medium and implementation.

6.5
6.5.1

a) P
b) P
c) P

6.5.2

Table 18 — Parameter names and values for management

Parameter name | Range of values

Interface mode HALF_DUPLEX
FULL_DUPLEX
230400

76800

Baud rate

38400
19200
9600

Type 6: Systems management — PhL interface

Required services

-GET-VALUE request / Ph-GET-

The seryice primitives for PhL management shall be
H-RESET request
:I:-SET-VALUE request / Ph-SET-Wa co
O

Service primitive xequireme

he PhL.

6.5.3 PH-RESET reques

This pri e eption of this primitive the PhL shall reset all its
functions.

6.5.4

This pri Systems management to modify the parameters of t
Standar value ranges are given in Table 19.

/\Parameter name Range of values
Loop-back mode DISABLED
m vibS
in MAU near line connection
Transmitter output channel N ENABLED
(1<N<8) DISABLED
Receiver input channel N ENABLED
(1 <N <8) DISABLED
Preferred receive channel NONE
1..8
PAD 0 to 31 (octets)
InterFrameGap 4 to 35 (bit periods)

The presence and default setting of the first four parameters of the Ph-SET-VALUE request is a
conformance-class issue.
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6.5.5 Ph-SET-VALUE confirm
This primitive has a single parameter indicating the status of the request:

— Success or

— Failure.

This primitive is used to acknowledge completion of the Ph-SET-VALUE request in the PhL.

6.5.6 Ph-GET-VALUE request (parameter name)

This primitive is used to allow Systems management to read the parameters of the PhL. The

1o Ll £ 1o H H xI lal 4.0
paramefer-smarm mave one ot thermames gtverm - rapte 19

Usage qf the Ph-GET-VALUE request is a conformance-class issue

6.5.7 Ph-GET-VALUE confirm (current value)

This primitive is the response of the PhL to the Ph-GET-VA

This primitive is used to report the value of a single p4 d\either:

— Failufe or

— the present value of the requested p i one of those perm

6.5.4.
6.6
6.6.1 Functionality of
The magnagement of

functionfality of the P

handles|the initi tio bhe error recovery in the PhL.

e PhL that produces the mana
by the PNM1. The management of

itted by

gement
he PhL

6.6.2

6.6.2.1

This su dministrative PhL management services that are available to the
PNM1, ervice primitives and associated parameters. Figure 13 shjows the
interfac PNM1 in the layer model.

Application Layer

Data Link Layer

Medium

Figure 13 — Interface between PhL and PNM1 in the layer model

The service interface between PhL and PNM1 provides the following functions:

— Reset of the PhL

— Request and change of the current operating parameters of the PhL

Physical
Physical Layer — Management
PNM1 services
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— Indication of unexpected events, errors and status changes, which occurred or were

detected in the PhL
6.6.2.2 Overview of the Services
The PhL makes the following services available to the PNM1:

— Reset PhL

— Set Value PhL or Get Value PhL
— Event PhL

Reset PhL (mandatory)

The PN i -
executign of the service, the PNM1 receives a confirmation.
Set Value PhL (optional)

The PNM1 uses this service to set new values to the PhL varia
PNM1 of the PhL receives a confirmation whether the definé
values.

Get Value PhL (optional)

The PNM1 uses this service to read out variables of
variablel is returned in the response of the PhL.

Event AhL (mandatory)
The Phll uses this service to inform the P
6.6.2.3 | Overview of the Interactions
The Phl services are desc
Reset BAhL

PH-RESET reque@
PH-RESET confirm

Set Val

Ph-SETH
Ph-SETH

ie PhL

Get Val

Ph-GET

Ph-GET{VALUE confi

witives (beginning with Ph-...):

n. Upon

defined

e PhL.

Event Pht
Ph-Event indication

Figure 14 and Figure 15 show the time relations of the service primitives.

PhL PNM1

Ph_XXX.req

Ph_XXX.con

Figure 14 — Reset, Set Value, Get Value PhL services
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PhL PNM1

Ph_Event.ind

Figure 15 — Event PhL service

6.6.2.4 Detailed Definitions of the Services and Interactions

6.6.2.4.1 PH-RESET

The PH

6.6.2.4.2Ph-SET-VALUE

The Ph{

PhL trie
a Ph-SH

variable¢_name:

This pa

RESET service is mandatory. The PNM1 transfers a PH-RESET ue
PhL to reset it (see Table 20).

peimitiMe to the

Table 20 — PH-RESET

A\

%

onfirm/

Parameter name /R_ehugs

Argument M
Result(+)

Y
N, M

sfeys a Ph-SET-VALUE request primitive
ue. After receipt of this primitive, the
wyvatue. Upon completion, the PhL transfers

Request Confirm
M
M
M
M

ameter defi

desired

the PhL variable that is set to a new value.

Lo
—varte:

This parameter declares the new value for the PhL variable.

Table 22 provides information on which PhL variable may be set to which new value.

Table 22 — PhL variables

Name of PhL variable

loopback_mode
medium_attachment
bus_ interfaces

short_ bus_reset_time
long_bus_reset_time
data_select
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loopback_mode:

This parameter defines whether the receive circuit of the MAU is connected to the send circuit
or to the medium.

Parameter structure:

— interface number
Defines the number of the incoming and outgoing interface (see Figure 16).

— status
This parameter defines whether the receive circuit of the MAU is connected (enabled) or
not (disabled). After power on this value is equivalent to "enabled".

Incoming Outgoing
interface interface
777777777777 HInterface numpek =
% ,,,,,,,

Interface number = 0

NOTE A master has always the interface number = 2

mediunp_attachment:

This pafameter indicates whether the MAU This is

done by detecting whether a connector/is plugg

Parameter structure:

— intefface number

Dec|ares the numbg
— attaghment ¢
Thig parameter’dgfin

ium.

Outgoing interface, 2-wire

short_bus—reset—time:
This parameter defines the duration of the short reset. The value after power on is 5 ms.

long_bus_reset_time:

This parameter defines the duration of the long reset. The value after power on is 100 ms.

data_select:

This parameter indicates a Reset_ PhPDU or a medium_activity_status_ PhPDU is sent on the
transmission medium for a passive outgoing MAU (loopback mode= disable)

Parameter structure

— interface number
Defines the number of the bus interface (see Figure 16). Value range (1 to 2)
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— coupling
Disable: A reset PHPDU is transmitted on the transmission medium;
Enable: The medium activity status PhPDU is transmitted on the transmission medium
after "power on" this value is "disable".

6.6.2.4.3Ph-GET-VALUE

The Ph-GET-VALUE service is optional. The PNM1 transfers a Ph-GET-VALUE request primitive
to the PhL to read out the current value of a defined PhL variable. After the PhL has received
this primitive it tries to select the defined variable and to transfer the present value to the
PNM1 by means of a Ph-GET-VALUE confirm primitive (see Table 23).

Table 23 — Ph-GET-VALUE

Parameter name Request Confh{n\\
Argument M
variable_name M

Result(+)
current_value

variable¢_name:

This patameter defines the PhL variable the value of
current |value:

This patameter contains the read-out va - be read
are thoge variables that can be written tov

6.6.2.4.4Ph-EVENT

The Ph{EVENT service |i - sfers a Ph-EVENT indication primitive to the
PNM1, {o inform it about

9

Indication

M
M

event:

This pa’[amet defines the event that occurred or the error source in the PhL and may
according ta_Tab ave the following values:

Table 25 — PhL events

Name Meaning

stop_bit_error Stop bit error detected in the MDS sublayer

medium_attachment | The medium attachment changed at an outgoing MAU
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7 DCE Independent Sublayer (DIS)

71 General

The PhL entity is partitioned into a Data Terminal Equipment (DTE) component and a Data
Communication Equipment (DCE) component. The DTE component interfaces with the DLL
entity, and forms the DCE Independent Sublayer (DIS). It exchanges Interface Data Units
across the DL — Ph interface defined in clause 5, and provides the basic conversions between
the PhIDU "at-a-time" viewpoint of the DL — Ph interface and the bit serial viewpoint required
for physical transmission and reception.

This sublayer is independent of all the PhL variations, including encoding and/or modulation,
speed, Joltage/current/opiical mode, medium eic. All these variations ar¢ grouped umder the
designation Data Communication Equipment (DCE).

NOTE A humber of different DIS entities are specified, based on industry practices
7.2 Type 1: DIS

The DI$ shall sequence the transmission of the PhID serial HhSDUs.
Similarly, the DIS shall form the PhID to be reported to th Q,the segdence of feceived
serial PhSDUs.

The PhID shall be converted to a sequg \{ i ansmission in octgts up to
a maximum of 300 octets. A PhSDU e i ( 3] ri/octets of the PhID phall be
sent before or at the same time as a PhSD ess significant octets and spch that

moxe it will be transmitted befgre or at
the samle time as a PhSDU representing a less sign¥i bit. On reception, each seqyence of
PhSDU$ shall be converted to PhID sich t it absence of errors, the PhIDU ipdicated
to the feceiving DLL entity s nchange m the PhIDU whose transmissfon was
requesteéd by the originating

NOTE THis is a guarantee qf transpare
7.3 Type 3@

7.3.1

The DCE

7.3.2

There ig

7.4 Type 6: DIS

NOTE 1 This subclause does not specify a DTE — DCE interface.

The DIS shall sequence the transmission of the PhID as a sequence of serial PhSDUs.
Similarly, the DIS shall form the PhID to be reported to the DLL from the sequence of received
serial PhSDUs.

A PhSDU representing more significant octets of the PhID shall be sent before or at the same
time as a PhSDU representing less-significant octets and such that within each octet, a
PhSDU representing a more-significant bit will be transmitted before or at the same time as a
PhSDU representing a less-significant bit.

On reception, each sequence of PhSDUs shall be converted to PhID such that, in the absence
of errors, the PhIDU indicated to the receiving DLL entity shall be unchanged from the PhiDU
whose transmission was requested by the originating DLL entity.
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NOTE 2 This is a guarantee of transparency.

7.5 Type 8: DIS

7.5.1 General

The PhL is subdivided into a medium-independent sublayer (MIS), a medium-dependent
sublayer (MDS) and the medium attachment unit (MAU). The MIS is independent of all
characteristics of the PhL, such as coding, transmission method, transmission speed, and the
type of transmission medium. All these instances are described by the sublayers MDS and

MAU.

7.5.2 Function

On the|one hand, the MIS has to transmit the PhSDU which was

sublayef through the DL-Ph-interface in the form of a PhIDU via the )

MDS. On the other hand, it forms the PhIDU of a PhSDU, which K

the MISEMDS interface, and transfers it via the DL-Ph interface

In additjon, the MIS allows transmitting a PhSDU betweer IS-MDS
interfacg (MDS coupling).

The MI$ may consist of several channels that are ¢ annel is
used to|transmit the PhSDU to the MDS and to J to the
MAC suplayer. All other channels are

7.5.3 Serial Transmission

For the|serial transmission a sequence aof RQHIDUs be converted into a sequence of
PhSDUs$. A PhSDU that a_more\significagt bit is transferred after a PhSDU that
represents a less significant bit

When it|is received each seqience 0 shall be converted into a sequence of|[PhIDUs
so that|the se \ such a way corresponds to the one| that is
transmifted from thé M ;

7.5.4

When M rs and have the same or different characteristics (alternative
type of|t PhSDU that is received from a MDS through the MIS-MDS
interfac via the MIS-MDS interface to another MDS.

In this clase( ityis alowed to buffer a received PhSDU.

Figure 17, Figure 18 and Figure 19 show possible configurations for the bus master and

slaves using the 2-wire medium and an alternative type of transmission.
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MAC

Data Link Layer

MIS

MDS

Physical Layer

au)

Outgoing interface 2-wire

Figure 18 — Confi

Figure 17 — Configuration of a master

Data Link La

hysicalN.aye

MAC
MIS
MDS
MAU
N
Incoming
interface

dlternative type of transmission

g%

9

MAC Data Link Layer
Z
* N -
\ o >MIS
NN
(3\ MDS MDS Physical Layer
. NMAU MAU MAU
N N N
A\ 4 B\ W
coming 2nd outgoing 1st outgoing
nterface interface interface
2-wire 2-wire

alternative type of transmission

Figure 19 — Configuration of a bus coupler with an alternative type of transmission
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8 DTE - DCE interface and MIS-specific functions

8.1 General

The PhL entity is partitioned into a Data Terminal Equipment (DTE) component containing the
DIS, and a Data Communication Equipment (DCE) component containing the MDS and lower
sublayers. The DTE — DCE interface connects these two physical components, and is itself
within the MIS. (See Figure 2.)

NOTE A number of different DTE — DCE interfaces are specified, based on industry practice.

It is not mandatory for the DTE — DCE interface, or any other interface, to be exposed.

i terllace is a
.|Each of
at the

For Typge 3 synchronous transmission mode, Type 1 and Type 7, the DT
functionfal and electrical, but not mechanical, interface that supports
these dervices is implemented by a sequence of defined sig
interface.

8.2 Type 1: DTE — DCE interface
8.2.1 Services

The following services, defined in this subclause,
interface:

by the DTE[- DCE

'E to DCE reset service;

T

[E to DCE configuration service;

o O

)
)
)
)
)

D

D
D
D
D
D
D

—h

CE to DTE.messagé

DTE to@

This se ‘ a means by which the DTE, at any time, can reset the DGE to its
initial (p :

)
8.2.1.1

8.2.1.2

This sefvice a means by which the DTE can configure various charactetistics of
the DCH, inclgding thgse characteristics which systems management can adjust via Ph-SET-
VALUE rpquests (see Table 4). It shall also provide a DCE-optional means by which fthe DTE
can initilate reporting of DCE status by pre-emptive use of the DCE to DTE message-rgporting
service.

8.2.1.3 DTE to DCE message-transmission service

This service shall provide a means by which the DTE can transmit a message through the
DCE to either the connected medium (media), or back to the DTE, or both, as determined by
the current operational values of the parameters specified in Table 4. The DCE shall provide
the pacing for this service.

This service is invoked upon receipt of a PH-DATA request specifying START-OF-ACTIVITY at the
PhL service interface, and runs until receipt of and completion of the PH-DATA request
specifying END-OF-DATA-AND-ACTIVITY.
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8.2.1.4 DCE to DTE fault notification service

This service shall provide a means by which the DCE, at any time, can report a fault. The
specific nature of the fault is not reported by this service, but may be determinable by use of
the DTE to DCE configuration service to initiate a DCE-optional DCE status report.

8.2.1.5 DCE to DTE media-activity indication service

This service shall provide a means by which the DCE reports the inferred detection, on any of
its connected media for which receiving is enabled (see Table 4), of signalling from itself or
other Ph-Layer entities. While loopback is enabled, this service reports only the signalling of
the DCE itself.

When the DTE — DCE interface is in half-duplex mode and loopbackjs not nabltd, this
service |need not report media activity resulting directly from the CEXmEssage-
transmisgsion service.

8.2.1.6 | DCE to DTE message-reporting service

This sefvice shall provide a means by which the DCE rég \ cei ence of
PhPDU$ from any one of the connected media for whict iVing i is| service
terminates with an indication of whether the sequence o i formed.
Errors ip the sequence, including number of PhPDUs §uch th been a
correct fransmission resulting from an invocati gmission
service ghall be reported as a malformaed ¢

NOTE Erfors in the octet alignment of a received e imj W pect to the preceding start deliniter (i.e.,
not separpted by an integral number of octets of data bits) must eported as a malformed sequence.

When the DTE — DCE ini&i is— node and loopback is not enabled, this
service [need not report the ed he DCE to DTE message-trangmission

service.

8.2.2 Interfa 3 ng

If the DTE — DCE interfasg is ghall provide the signals specified in Table 26

Jable 26="Signals at DTE — DCE interface

Signal Abbreviation | Source
T/rénsmit Clock TxC DCE
Request to Send RTS DTE
Clear to Send CTS DCE
Iransmit Ddta ' XD UlE
Receive Clock RxC DCE
Receive Activity RxA DCE
Receive Data and Framing RDF DCE

The signal levels shall be as shown in Table 27. In general, both sides of the interface shall
operate with the same approximate value of Vpp. However, it is recognized that a DTE and a
DCE with separate power supplies may not both reach operational Vpp simultaneously. It is
desirable, but not mandatory, that the DTE to DCE reset service be operational when the DCE
has not yet reached operational Vpp. It is also desirable that the DTE invoke this service
whenever its own Vpp is below operational margins.
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Table 27 — Signal levels for an exposed DTE — DCE interface

Symbol Parameter Condition Limit Unit Remark
VoL Maximum low-level output |lgyt = £100 pA 0,1 \ see Note 1
voltage
lout = +1,6 mA 0,4 \%
Von Minimum high-level output |lgyt = #100 pA Vpp - 0,1 \Y see Note 1
voltage
lout = —0,8 mA Vpp — 0,8 \Y see Note 2
VL Maximum low-level input 0,2 Vpp \Y
voltage
\/m Minimum high-level input 0,7 Vpp
voltage
NOTH 1 Provides the capability to drive two typical CMOS loads.
NOTH2 CMOS input compatibility with TTL output requires a "pull-up" resistorXro i 1 V?D.
NOTH 3 Compatible with CMOS output for 3,0 V < Vpp < 5,5 V. Compat
(4,75 V < Vpp < 5,25 V) requires a "pull-up" resistor from signal input/t's\VD .

The timjng characteristics of these signals shall be
relevant DCE in the requirements of this part of IE

ose specified for the
in no case ghall the

transitio ,025 P,
whicheV verse of
the nomi

An imp mit and
receive pported
PhSDU

NOTE TH Protocol
Implemen

8.2.2.1

The Transmit ClogR\ si provide the DTE with a continuous timing signjl, such
that any i \ of this signal shall have the same octet period as the
nominal Qri ) e data octet. The DCE shall source this nominally twp-phase
signal s Y aseMas’duration of at least 0,04 P.

NOTE THi ication mits)TxC to be a continuous, constant-period clock at the nominal bit rate (8|times the
nominal g ycle of 32 % to 68 %, or for TxC to be a higher-frequency clock with sojne cycles

omitted apd withsasduty cygle closer to 50 %. This permits, for example, simple clocking in a DCE thgt recodes
each 4 bifs into 5 bauds;_tie DCE could have a clock 10 times the nominal octet rate, with a duty cycle of between
40 % and|60%; and would omit (the same) two cycles every octet.

TxC supports the DTE to DCE configuration and message-transmission services.

8.2.2.2 Request to Send (RTS)

The Request to Send (RTS) signal supports the DTE to DCE reset, configuration, and
message-transmission services. The DTE shall source this signal. The initial (power-on) and
idle (no DTE to DCE service active) state of this signal shall be low.

When referenced to TxC at the DTE — DCE interface, this signal shall have a minimum setup
time of the smaller of either 100 ns or 0,025 P; the hold time shall be zero or greater.
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8.2.2.3 Clear to Send (CTS)
The Clear to Send (CTS) signal supports the DTE to DCE configuration and message-

transmission services. The DCE shall source this signal. The initial (power-on) and idle (no
DTE to DCE service active) state of this signal shall be low.

When referenced to TxC at the DTE — DCE interface, this signal shall have a minimum setup
time of the smaller of either 100 ns or 0,025 P; the hold time shall be zero or greater.

8.2.2.4 Transmit Data (TxD)

The Transmrt Data (TxD) signal supports the DTE to DCE reset, conflguratlon and message-

transmi e of the
latter twjo serwces and during this phase a binary 0 is represented by xD and
a binar

The DTE shall source this signal. The initial (power-on) and j service
active) state of this signal shall be high.

When r m setup
time of

8.2.2.5 | Receive Clock (RxC)

The Regeive Clock signal (RxC) shal finuous)
nominally two-phase timing signal that via the
RDF signal. The DCE shall source l to be
meaningful (see 8.2.3.6), each phase has

NOTE THis specification permits 2 inal octet
rate) with|a duty cycle of 32) , ith a duty
cycle cloder to 50 %. This permi G 8, Si stacking in a DCE that decodes 4 bits from each received
5 bauds; fthe DCE cou i e ipal octet rate, with a duty cycle of between 40 % @nd 60 %,
and would omit two g .

This specjficati p e } bes of RxC during recognition of long end-delimiter sequences of
PhPDUs, el 3 e - infeal time using 8 or fewer cycles of RxC (see 8.2.3.6)

RxC sh essage-reporting service.

8.2.2.6

The Re xA) signal shall support the DCE to DTE fault notification,| media-
activity |i message-reporting services. The DCE shall source this sigpal. The
initial (power-on) ang’idle (no DCE to DTE service active) state of this signal shall be Ipw.

8.2.2.7 Receive Data and Framing (RDF)

The Receive Data and Framing (RDF) signal shall support the DCE to DTE fault notification
and message-reporting services. Binary data is transmitted from DCE to DTE during some
phases of the latter service, and during these phases a binary 0 is represented by a low level
on RDF and a binary 1 by a high level on RDF, both sampled at the falling edge of RxC.

The DCE shall source this signal. The initial (power-on) and idle (no DCE to DTE service
active) state of this signal shall be high.

When referenced to RxC at the DTE — DCE interface, this signal shall have a minimum setup
time of the smaller of either 100 ns or 0,025 P; the hold time shall be zero or greater.
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8.23 Encoding of services in signals

The services of 8.1 shall be implemented by the following sequences and combinations of the
signals of 8.2.

NOTE Typical transmit and receive sequencing machines are shown in Figure 20, which is included in this part of
IEC 61158 for explanatory purposes and does not imply a specific implementation.

\ reset
no

activity

sending
header

sending
trailer

h

recover

clock

/

receive
data

recognize
start of frame

RDF inversion
after RxCl

accept
frame . .
RDF inversion
after RxCJ

Figure 20 - DTE/DCE sequencing machines

Receive machine
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8.2.3.1 DTE to DCE reset service

This service shall be mutually exclusive with the DTE to DCE configuration and message-
transmission services; at most one of them may be active at any given time. This service may
pre-empt the DTE to DCE configuration and message-transmission services at any time.

This service shall be encoded as a simultaneous low level on both RTS and TxD. When
asserted by the DTE, this simultaneous low level shall be held for at least the nominal
transmission period of two PhSDUs (octets).

NOTE 1 This is an asynchronous service, and is not referenced to TxC.

NOTE 2 When a DTE is itself being reset, possibly during power-up, it should attempt to reset the DCE even
when the [DTES own Vpp IS below normal operationarl 1imits.

NOTE 3 |This reset is under the control of the DTE. It does not preclude the existen et pin on

the DCE.

If the D her the
DTE to ure that
an inter the one
signal tJ ign evel, to gliminate
potenti i

8.2.3.2

This sefvice is mutually exclusive W and message-trangmission
serviceg; at most one of them may be / This service may inifiate the
DCE to |DTE message-reporting service nternal status. The DTE to DQE reset
service may pre-empt this service at any ti

This sefvice shall be imple ited in th p s;. each of the latter two phases shdll follow
immediately upon comp

NOTE 1 | These phgse impyem a mipor variation on the three phases specified for tHe DTE to

DCE message-tran service. theDTE to DCE configuration service induces very liftle added

complexit d E

1) The er the falling edge, and before the rising edge,| of TxC.
The ipating configuration data.

2) Whe gtion data from the DTE, the DCE shall raise CTS beffore the

fallin shall respond by encoding the first bit of configuratijon data
(1 asfthi sw) onM\T'xD before the falling edge of the next TxC, and shall continhue this
procg¢ss™withoNt i yption until between 2 and 200 bits of data (see 8.2.4) have peen so
enco ._khe DTE\shall then assert (raise) TxD and negate (lower) RTS before the falling
edge

NOTE.2 'I'.hn DTE eptm.m BRSUFE that—TxD. i.e raised—atleastone—sotup Hmt.a before—RTFS—is—toweredd to avoid
potential logic hazards in the DCE implementation of the DTE to DCE reset service.

3) The DCE shall conclude any necessary reconfiguration before negating (lowering) CTS,
which shall occur between two consecutive falling edges of TxC.

Both standardized and extendible configuration messages are defined in 8.2.4. Standardized
messages cover the ranges of application of this interface that are anticipated to be most cost
sensitive. Extendible messages permit differing forms of DCE configuration where required,
and can serve to initiate the DCE to DTE message-reporting service to report DCE-internal
status (a DCE option further described in 8.2.4).

8.2.3.3 DTE to DCE message-transmission service

This service is mutually exclusive with the DTE to DCE reset and configuration services; at
most one of them may be active at any given time. The DTE to DCE reset service may pre-
empt this service at any time.
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This service shall be implemented in three phases; each of the latter two phases shall follow
immediately upon completion of the prior phase.

1) The DTE shall assert (raise) RTS after the rising edge, and before the falling edge, of TxC.
The DCE shall respond by generating and transmitting the appropriate-length sequence of
preamble and start delimiter PhPDUs.

2) When it is ready for transparent data from the DTE, the DCE shall raise CTS before the
falling edge of TxC. The DTE shall respond by encoding the first bit of transparent data
(1 as high, 0 as low) on TxD before the next falling edge of TxC, and shall continue this
process without interruption until between 3 and 300 integral octets of data have been so
encoded. The DTE shall then assert (raise) TxD and negate (lower) RTS before the next
falling edge of TxC.

NOTE THe DTE shall ensure that TxD is raised at least one setup time before RTS is lowered, avaid potential
logic hazards in the DCE implementation of the DTE to DCE reset service.

3) The DCE shall conclude transmission of all of the encoded transparent ied from
the OTE, shall then generate and transmit the appropriate-length\seg Pelimiter
PhPIDUs, and shall then cease transmission. The DCE shagh' th i of time
equa ;1 egating
(lowg bdge, of

TxC.
8.2.3.4

This se c @E sdia-activity indica:vlion and
messagp-reporting services; at most one of thenf may. b i¥e at any given tinje. This
service |[may pre-empt the DCE to DYE medja-astivity\indication and message-rgporting
serviceg at any time.

This sefvice shall be encdded gs—a s\ us ow level on both RxA and RDF. Once
asserted by the DCE, this_simulf owtevehshall be held until activation of either the
DTE to PCE reset or coxfi i 2

NOTE TH

The DC ation of
the DC DTE is
responsglible for axpid

8.2.3.5

This se ost one
of them e active at’any given time. The DCE to DTE fault notification service may pre-

empt th

This service shall be encoded as a high fevel on RXA. Once asseried by the DCE, this high
level enables recognition of a high-to-low transition on RDF to initiate the DCE to DTE
message-reporting service. Any subsequent high-to-low transition on RxA terminates that
DCE to DTE message-reporting service.

NOTE The DCE to DTE media-activity indication service is an asynchronous service, and is not referenced to RxC.
8.2.3.6 DCE to DTE message-reporting service

This service is mutually exclusive with the DCE to DTE fault notification service; at most one
of them may be active at any given time. This service can only occur while the DCE to DTE
media-activity indication service is active. The DCE to DTE fault notification service may pre-
empt this service at any time.
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8.2.3.6.1Non-erroneous reception

This service shall be implemented in four phases when reporting a well-formed message,
each of which shall follow immediately upon completion of the prior phase.

The following description applies to DCEs which have end delimiter sequences of eight
PhPDUs or less, and which do not require any extra decoding delay for an FEC (forward error
correcting) code. DCEs that do not meet these conditions may introduce extra delay into their
decoding and reporting processes so that, with respect to signalling on RxC and RDF, they do
meet these conditions.

1) After detecting received signalling, training on that signalling, and recovering a data clock
from that signalling whose nominal octet frequency is the same as TxC the NDCE shall

initiate the DCE to DTE message-reporting service by sourcing that( recoverediglock on
RxC [and then negating (lowering) RDF after the rising edge, an t falling
edge}, of \1,\2.

NOTE 1 |RxA is already asserted at this time.

2) The PCE shall continue training and attempting to match th against its
experted preamble and start delimiter PhPDUs.
If thg DCE supports N channels of redundant medis RDF thelidentity
of the channel
number, in the range 0 to N-1, as a binary nu ber which éd most signiffcant bit
first hPDUs. The bits repprted on
RDF of \1,\2, each before the
immg
Upor i \ ied signalling and the expected start
delimiter, i alling edge, and before the next risirlg edge,
of \1)\2.

NOTE 2 ur during

the low p ler) bit of

the chann

3) The PCE sha< ;2;1 [ i ¥mpting to match the received signalling| against
potential data ' delim
The PCE shall e 1 bt decoded from the received signalling on RDF. [The bits
repo DF s entéd in series after successive rising edges of \1,12, each
befol it iat sequent falling edge of RxC. In the absence of errors these bits
shall S in(t a order and with the same values as they were transnjitted by
a peg¢y’P }

NOTE 3 IS \ ofAransparency.
An g i p)ay be composed of both data and non-data PhPDUs. The DCE may
repoEsimilarly o' RDF each data bit decoded from an end delimiter, and may regort also
on RDE"an appropriate number of data values for the non-data PhPDUs decoded [from an

end delimiter, except that
a) the total number of "bits" so reported shall be seven or less, and

b) upon detecting an exact match between the received signalling and the expected end
delimiter, the DCE shall not report on RDF another bit corresponding to the end
delimiter’s last "bit", but rather shall first assert (raise) RDF after the rising edge, and
before the next falling edge, of RxC, and then shall negate (lower) RDF after the falling
edge, and before the next rising edge, of RxC.
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NOTE 4 Most implementations will decode, and report on RDF as data, any initial data PhPDUs in a received end-
delimiter sequence. The first non-data PhPDU, and subsequent PhPDUs, need not be reported. However, a final
report will be made on RDF, indicating correct end-delimiter recognition.

NOTE 5 Each reported bit, except the last, is maintained on RDF for a full cycle of RxC. The last bit is replaced
by a high-low sequence, each of which is maintained for just one phase of RxC.

NOTE 6 This terminating high-low sequence will occur during the first eight "bit" reports which occur after the last
(pre-delimiter) data bit was reported. That last (pre-delimiter) data bit will have been the 8N'th data bit so reported
in this phase, where N should be at least three and no greater than 300.

4) The DCE shall assert (raise) RDF before the next falling edge of RxC and shall not initiate
another instance of the DCE to DTE message-reporting service until after the conclusion of
the current DCE to DTE media-activity indication service.

8.2.3.6.2Erroneous reception

An errof may be detected during any phase of the reception processAd i i 2.3.6.1.
When that occurs, the DCE shall modify its sequencing of those phase

If the DCE should detect invalid PhPDUs, or an invalid sequegice blid end
delimiter sequence of PhPDUs which is not separated from the\start delimy s by an
integrallnumber of data-octets of PhPDUs; and if the DCE<an est id si on RxC
(for example, by substituting TxC or some other local gi burce, if
necessgry); then

a) if phase 2 has not already been initiated, the i ;

bhase 2
PhPDU

b) if phase 2 has not already been o
as rgpidly as possible, ignoring the

sequgnce;
c) otheq c i before
the nlext falling edge, o 3 S ge, and

befone the next rising

NOTE THis sequence perm
— enabl¢ DTE use<>c;
— identify the chann i

— indicaje a receptig

When the D ate and

possiblg

8.2.4

This su z ardized
portion |ofiextendibleé configuration messages. Standardized messages cover the ranges of
applicatter—ef—this—inte e—th e—anticipated—te—be—me ommonty g endible

messages permit differing forms of DCE configuration where required, and can serve to
initiate the DCE to DTE message-reporting service to report DCE-internal status (a DCE
option).

Two standardized messages, and two classes of extendible messages, are defined. All
messages are transmitted across the interface in the order in which the bits are defined.
Integers are transmitted most significant bit (MSB) first.

The two standardized messages and two classes of extendible messages are distinguished by
the first two data bits of the configuration message, as follows:

00 — basic configuration message;

01 — path-diversity control message;

10 — extendible configuration message;
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11 — extendible status-report invocation message.
8.2.4.1 Basic configuration message

Following its initial two bits of (00), the basic configuration message specifies operational
aspects common to most DCEs. The defined components of this message are, in order of
transmission:

a) the operational mode of the DCE, encoded in one data bit as shown. The value for this
parameter after activation of the DTE to DCE reset service is 0;

0 Two-way simultaneous (full-duplex), where each invocation of the DTE to DCE
message-transmission service automatically activates the DCE to DTE media-activity
indication and message-repaorting services:

NOTE 1 |This mode is desirable for dual-channel media such as fibre-optic-pair cabli
able to ogerate in this mode.

S\m3ay only be

1 Tyo-way alternate (half-duplex), where an invocation of the pssage-
transmission service does not automatically activate thg ig-activity
infication and message-reporting services;

NOTE 2 |This mode minimizes DCE and DTE — DCE interface power éonsumpton i y be able

to operatg in this mode.

b) the gelection of the DCE-internal data source for/the epoRing service, ¢ncoded
in twp data bits as shown (see Table 4). The va i after activatign of the
DTE|to DCE reset service is 00. i : n-zero, transmission on all
attached media shall be disabled | acé shall operate in fwo-way

simultaneous (full-duplex) mode;
00 decoded signalling, received fromone of\therattached media as specified in 8{2.4.2 b)
and c). The interface mode is as(specified 8%
01 infernal-status repogting, see 8:2.4 4 and"8.2.5;
10 loppback as close at SSi 3¢ DTE)=DCE interface, with no transmigsion to
cqnnected media ! tion—6f the DTE to DCE message-trangmission

sgrvice automati 5 to DTE media-activity indication and message-
reporting

NOTE 3

11lo e to the media interface(s), with no transmigsion to

cq ; invocation of the DTE to DCE message-trangmission
sqrvi 9 8 ctivates the DCE to DTE media-activity indication and message-
re i '

s. inter-connect fault localization.

NOTE 4 is\desirablefor self-assessment before entry to an operating network.

trangmission, shodld be extended. Its range is zero to seven units of extension, en¢oded in
threq data bits as 0 (000) to 7 (111). The value for this parameter after activatioh of the
DTE to DCE reset service is 0 (000) (see note 2 of 6.2.2.2);

d) the amount by which the mandatory post-transmission gap, which is the period of non-
transmission between successive sequences of PhPDUs, should be extended. Its range is
zero to seven units of extension, encoded in three data bits as 0 (000) to 7 (111). The
value for this parameter after activation of the DTE to DCE reset service is 0 (000) (see
note 3 of 6.2.2.2).

C) theﬂ: which the preamble, which is the initial sequence of PhPDUs [in each

8.2.4.2 Path-diversity control message

Following its initial two bits of (01), the path-diversity control message specifies additional
configuration data commonly required for management and fault-assessment of redundant
paths: separate transmission and reception controls for each of the attached redundant media
(channels and paths). The defined components of this message are, in order of transmission:
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a) two bits of zero (00), which provide quartet and octet alignment within the message for the

following fields;

b) the algorithm for choosing between redundant media as the source of received signalling

8.2.4.3 | Extendible configuration me
Following its initial two bits of (10), theg bend Ie configuration messages

implemgntation dependent
be the dame as the basic

8.2.4.4 Extendz}
Followirjg its ini

when more than one of the media is enabled for reception, coded in four bits as

shown.

The value for this parameter after activation of the DTE to DCE reset service is 0000;

0000 — The medium selected for reception should be the first medium on which si
which is suitable for receiver-training is detected;

gnalling

1000 to 1111 (=7 + N, 1 < N < 8) — The Nth medium should be selected, except when
signalling suitable for receiver-training has been detected on another medium for a period

of time equal to the extra period of inter-frame-gap extension specified in 8.2.4.

which case that other medium should be selected;

redupndant media, coded in eight consecutive bits for channels 1
(see[Table 4). The value for this parameter after activation of the
is 00p0 0000;

the delection of whether transmission is enabled (0)
fewef redundant media, coded in eight consecutive

resef service is 0000 OOOOI'

the amount of post-transmission gap extenS|o
redupdant media. Its range is zero to seven
as 0000) to 7 (111). The value for tkhis para
service is 0 (000) (see 8.2.4.1 d), N

, ensdded in three ¢
of the DTE to D(

1d), in

br fewer
ectively
service

eight or
bugh 8,
to DCE

petween
ata bits
LE reset

may be

ocation
messag status-
report i pecified
in 8.2.4 d shall select some DCE-internal source of feceived
signallin )), then
the DC n octet
multiple eport\it using the DCE to DTE media-activity indication and mgssage-
reportin

8.2.5

DCE-generated status reports

These reports are generated within the DCE upon request, and reported when the DCE-
internal-data-source is internal-status report (see 8.2.4.1 b)).

8.3 Type 3: DTE — DCE interface

8.3.1 Synchronous Transmission

The DTE — DCE interface specified for Type 1 shall be used (see 8.2).

8.3.2 Asynchronous Transmission

The DTE — DCE interface is not exposed for asynchronous transmission.
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8.4 Type 8: MIS — MDS Interface
8.4.1 General

The PhL is subdivided into a medium-independent sublayer (MIS) and a medium-dependent
sublayer (MDS). The MIS-MDS interface connects these two sublayers.

The MIS-MDS interface is a functional interface that supports certain services; it is not
mandatory to implement this interface electrically. Each of these services is implemented
through a sequence of interactions of the interface signals.

8.4.2 Services

8.4.2.1 | General
The MI$-MDS interface supports the services listed below:

— |ID cycle request service
— Data|cycle request service
— Data|sequence classification service

— Data|sequence identification service
— Mesdage transmission service

— Mesdage receipt service

— Bus feset

8.4.2.2 | ID Cycle Request Service

With this service the MI S a e %ce totfansmit identification and contfrol data
(identifigation cycle).

NOTE TH
8.4.2.3

With th a (data

cycle).
NOTE TH
8.4.2.4

With thi

NOTE THis'service is used by a bus coupler or a slave only.

8.4.2.5 Data Sequence Identification Service

With this service the MDS indicates the beginning of an identification or data cycle.

8.4.2.6 Message Transmission Service

With this service the MIS sends a message via the MDS either to the connected medium or
via the MDS back to another MDS. The MDS determines how fast this service is executed.

NOTE 1 This service transmits the PhIDUs that were passed on to the PhL.

NOTE 2 This service runs simultaneously with the message receipt service.
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8.4.2.7 Message Receipt Service

With this service the MDS indicates receipt of a message to the MIS or another connected
MDS. The service ends with the indication whether the received PhPDU was correctly formed.

NOTE This service shall be preceded by a data sequence identification service.

8.4.2.8

A reset is sent to and received from all slaves with this service. Table 28 shows the parameter

Bus Reset

of the MDS bus reset.

Table 28 — MDS Bus Reset

Service parameter

Request

Indication

reset_type

M

M

reset_type:
This selvice parameter defines whether the reset is sho
Value range: short, long
NOTE THis service is used by a master only.
8.4.3 Interface Signals
The MI§-MDS interface makes signals \available-that ted in Table 29.
Table 29 - Sig at the -MDS interface
(@RN
/\h\erfa\a{%al\x Mnemonic | Source
Q Trgﬂsm}t\Qo&\ TxC MIS
que W RTS MIS
\sJeanto Serd cTS MDS
Tra}t%mit Sequence TxS MIS
Traffsmit Select Line TxSL MIS
Transmit Control Line TxCR MIS
Transmit Data TxD MIS
Request Delay 1 RqDly1 MIS
RetqtestDetay2 Rebty2 S
Busy BSY MDS
Receive Clock RxC MDS
Receive Activity RxA MDS
Receive Sequence RxS MDS
Receive Select Line RxSL MDS
Receive Control Line RxCR MDS
Receive Data RxD MDS
Reset Out RO MIS
Reset In RI MDS
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Converting the Services to the Interface Signals

General

The services of the MIS-MDS interface are represented by the protocol machines and signal
sequences described in 8.4.4.1 through 8.4.4.8.

NOTE Th
The s

8.4.4.2

e following applies to the state diagrams shown in Figure 21 to Figure 29:
ymbol "*" corresponds to "logically and", the symbol "/" corresponds to "negated".

Identification Cycle Request Service

Figure 21 describes this service with the four services marked in grey and their transitions.

NOTE 1
and trans

The ide

Data_T
The MI
logical (

Reset

Data_ T
Transfer

Start_
ID_Cycle

Figure 21 — State transitions with\the cycle request service
Transitions not shown igurg axe s;%ther sérvices see Figure 24 and Figure 26 for

tions.

Start_ID_

duration
signal tq

After th

b.time t1 has elapsed, the MDS sets the BSY signal to logical 0 and termin

he states

ntification cycle -4° chata cycle or a reset:
ansfer staté;
b initiates aR i voyolg request service by changing the TxSL signpal from

vith the
RqgDly1

htes the

PH-DATA

identific
confirm

i ] 4 + Tl AL + + Y 4 4l | W YN |
dliiviTUyUITTCTUYUTOS T STTVILT . TTTec vitTo LuTiiuimeatcs ims U uTc o anmnuuayiTa

primitive and assumes the ID_Transfer state.

The minimum time for t1 is 5 bit times.

Figure 22 shows the corresponding signal forms at the MIS-MDS interface for an identification

cycle re

quest service after a preceding data cycle.
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Data_Transfer Start_ID_Cycle ID_Transfer
TxSL
t1
BSY é
RqDly1 *
RqDIyZ

The ideptification cycle was preceded by an identification

ID_Transfer state:
The MI$ initiates an identification cycle request_servige
logical 1 to logical 0 and at the same time the Rd

ID_Cycle_Request state:
After thlat, the MDS transmits the corre
duration t2 and sets the BSY signal from
signal t¢ logical 0.

After the time t2 has ¢
then chpnges the Tx

vith the
RqDIly2

BSY signal to logical 0. The MIS gublayer
ogical 1 and at the same time the

RqgDly1

Huration
1 signal

htes the
gns of a

Figure 23 shows the corresponding signal forms at the MIS-MDS interface for an identification

cycle request service after a preceding identification cycle.
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ID_Transfer ID_Cycle_Request Start_ID_Cycle ID_Transfer
TxSL A
t2 t1
BSY é a

RqDly1 - \ \

RqDly2 (
Figure 23 — MIS-MDS interface: identification cycl
NOTE 2 |The identification cycle request service is an asynchronous se
8.4.4.3 | Data Cycle Request Service
Figure 44 describes this service with the three states ns.
ID_Cycle
ID_Cycle_
Request
NOTE 1 g he states
and transiti

The da1a

ID_Transfer state:
The MIS initiates a data cycle request service by changing the TxSL signal from logical 1 to
logical 0 and at the same time the RqDly1 signal from logical 0 to logical 1.

Start_Data_Cycle state:

After that, the MDS transmits the corresponding status PhPDU, starts a timer with the
duration t1 and sets the BSY signal from logical 0 to logical 1. The MIS resets the RqDly1
signal to logical 0.

After the time t1 has elapsed, the MDS sets the BSY signal to logical 0 and terminates the
data cycle request service. The MIS communicates this to the DLL by means of a PH-DATA
confirm primitive and assumes the Data_Transfer state.

Figure 25 shows the corresponding signal forms at the MIS-MDS interface for a data cycle
request service after a preceding identification cycle.
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ID_Transfer Start_Data_Cycle Data_Transfer
TxSL
’#‘
BSY §
RqDIy1 N
RqDIy2

Figure 25 — MIS-MDS interface: data cycle reque
The dafla cycle was preceded by a data cycle:

If the DLL requests the beginning of a data c ATA request primitive
(PhICl=ptart_data_cycle), and the DLL did not requs ' bn cycle
by means of an PH-DATA request i ne MIS
commuIicates to the DLL the end of ths confirm
primitiv \

NOTE 2 |The data cycle request service is an gSynchronou
8.4.4.4 | Data Sequence

Figure 46 describes thig se 5.

Reset

Data_
Transfer
/TxSL \L'XSL

Figure 26 — State transitions with the data sequence classification service

Start_
ID_Cycle

ID_Cycle_
Request

NOTE 1 Transitions not shown in Figure 26 are used for other services see Figure 21 and Figure 24 for the states
and transitions.

Data_Transfer state:
The MIS initiates an identification cycle (transmission of identification and control data in the
PhPDU) by changing the TxSL signal from logical 0 to logical 1.

ID_Transfer state
The MIS initiates a data cycle (transmission of user data in PhPDU) by changing the signal
from logical 1 to logical 0.
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NOTE 2 The data sequence classification service is an asynchronous service and is not related to TxC.
8.4.4.5 Message Transmission Service

Figure 27 describes this service with the six states and their transitions.

CRC_
Status_
Tdfe

RTS*/TxCR

NOTE 1 | A data bit sequence is transmitted in i G . i i ce signal
from logi¢al 1 to logical O, .| The MIS
communi

CRC_Data IdIe state:
The MI§ i
the rising edge of TxC, a
with the| TxD signal the fir

ing the RTS signal to logical [| during
R signal to logical 0, and transmitting

NOTE 2 |Instead of injtiating a mess N ssionservi i status by
setting thg RTS signa } Pi i i xS signal
to logical [0 and trans

User_Dhpta state:

The MIS ctet with
the TxO si ring each rising edge of TxC. The MIS completes the data
transmissi i ifted and
before t

NOTE 3
and at thd

{ta transmission by setting the RTS signal to logical 1 during the rising edge of TxC
nitting with the TxD signal the first bit within an octet to the MDS.

User_Dpta ldle state:
The Mlgt_l_t'h_h_k—b_ﬂ_rh_RTs—l_l_t—ﬂT—rﬁs arts the check sequence by setting the Signal to logica aring the rising

edge of TxC, at the same time setting the TxCR signal to logical 1, and transmitting the first
bit of the checksum (CRC data) with the TxD signal to the MDS.

NOTE 4 Instead of the check sequence the MIS can initiate a new message transmission service by setting the
RTS signal to logical 1 during the rising edge of TxC, and at the same time transmitting with the TxD signal the first
data bit to the MDS. This is equivalent to a continuation of the message transmission service.

CRC_Data state:
The MIS shall continue to transmit the checksum data by transmitting the next data bit within
an octet with the TxD signal to the MDS during each rising edge of TxC.

After the transmission of checksum data has been completed, the MIS starts the transmission
of the checksum status (CRC status) by transmitting the TxS signal to logical 0 during the
rising edge of TxC and at the same time transmitting with the TxD signal the first bit of the
checksum status to the MDS.
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NOTE 5 The MIS continues the transmission of the checksum by setting the RTS signal to logical 1 before the
falling edge of TxC and at the same time transmitting with the TXD signal the first bit of the next octet of the
checksum to the MDS.

NOTE 6 The MIS starts with the transmission of the checksum status by setting the RTS signal to logical 1 during
the rising edge of TxC, at the same time setting the TxS signal to logical 0, and transmitting the first bit of the
checksum status to the MDS.

CRC_Status state:

The MIS shall continue checksum status transmission by transmitting the next bit within an
octet with the TxD signal to the MDS during each rising edge of TxC. The MIS terminates the
transmission of the checksum status by setting the RTS signal to logical 0 and the TxS signal
to logical 1 before the falling edge of TxC and after the last bit of the octet to be transmitted.

CRC_Status_ldle state:
The MIE continues the transmission of the checksum status by set'
logical 1 during the rising edge of TxC, and at the same time trans i
the first|bit of the next octet to the MDS.

S Jignal to
D signal

8.4.4.6 | Data Sequence ldentification Service

Figure 48 describes this service with the two states and the

Data_T
The begi data in
the recqiv cal 1 to

logical Q.

ID_Tran
The begi
to the MIS by a change of the RxSL S|gnal from logical 1 to Iog|cal 0.

imdicated

NOTE The data sequence identification service is an asynchronous service and not related to RxC.
8.4.4.7 Message Receipt Service

Figure 29 describes this service with the six states and their transitions.
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NOTE 1 Data is received in multiples of octets.

RxA*/RxCR

Status_
Idle

If the M inittates the message
receipt pervice by adapting the time pulses transmjtted Wi 2 eceived
ones and at the same time during the rising ed e | ignal to

logical 1, the RxCR signal to logical 0,/as s tra it of an
octet with the RxD signal to the MIS.

NOTE 2 | If the MDS recognises the beginning \ ad of the
beginning ] S to logical
0, and tra|

NOTE 3 | As long as the MDS\tecogni RC i D and the

RxCR sigpal at logical 1.

Data_Sequence state:
The MDS shall @

MIS, and at the s=

etved and decoded data with the RxD signal to the
S pnsmitted time pulses to the received ones with the
nevData_ldle state after it has received the last|data bit

nises the Data_ldle state, it shall retain the RxA signal at lpgical 0

the beginning of a check sequence PhPDU, it adapts the timg pulses
transmifted.with the RxC signal to the received ones, sets the RxA signal to logical || during
the rising edge of RxC, at the same time sets the RXCR signal to logical T and transmits with
the RxD signal the decoded first received bit of the checksum (CRC data) to the MIS.

If the MDS recognises the first bit within an octet of a data sequence PhPDU instead of the
beginning of a check sequence, it continues to receive the data sequence by adapting the
transmitted time pulses to the received ones with the RxC signal and at the same time setting
the RxA signal to logical 1 during the rising edge of RxC and transmitting the received and
decoded data bit with the RxD signal to the MIS.

CRC_Data state:

The MDS shall continue to transmit the received and decoded checksum data with the RxD
signal to the MIS and to adapt with the RxC signal the transmitted time pulses to the received
ones.
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If the MDS recognises the first bit of the checksum status after it has received the checksum
data completely, it shall adapt the time pulses transmitted with the RxC signal, set the RxS
signal during the rising edge of RxC to logical 0, and at the same time transmit the received
and decoded bit of the checksum status with the RxD signal to the MIS.

NOTE 4 If the MDS recognises the CRC_Idle state after it has received the last bit within an octet it shall set the
RxA signal to logical 0 during the falling edge of RxC.

NOTE 5 If the MDS recognises the first bit within an octet of the checksum data, it shall continue to receive the
checksum data by adapting the time transmitted pulses to the received ones with the RxC signal, setting the RxA
signal during the rising edge of RxC to logical 1 and at the same time transmitting with the RxD signal the received
and decoded checksum bit to the MIS.

CRC_Status state:

The MDS 3 ontinue to transn e Tecelved and decoded checksum/states with the RxD
signal tp the MIS and, at the same time adapt the transmitted time pulses to“the ieceived
ones with the RxC signal. After it has completely received the check status, thexMDS sets

the RxA signal to logical 0 during the falling edge of RxC and at thke same timebsets gua RxS
signal t¢ logical 1.

NOTE 6 [If the MDS recognises the CRC_ldle state after it has received/the Ia § an octef it shpll set the
RxA signal to logical 0 during the falling edge of RxC.

CRC_Status_Ildle state:
If the MDS recognises the first bit within an octet of the cheeksu tinue to
receive [the checksum status by adapting the ti 5 Ar8 3 ignal to
the recgived ones, setting the RxA sigr in0 d at the
same time transmitting with the RxD ecksum
status t¢ the MIS.

8.4.4.8 | Reset Service

This sefvice is sent from
is passgd from the MD

9

a reset
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9 Medium Dependent Sublayer (MDS)

9.1 General

The Medium Dependent Sublayer (MDS) is part of the Data Communication Equipment (DCE).
(See Figure 2.) It exchanges serial PhSDU sequences across the DTE — DCE interface
specified in clause 8 and it communicates encoded bits across the MDS — MAU interface
specified in clause 10. The MDS functions are logical encoding and decoding for transmission
and reception respectively and the addition/removal of preamble and delimiters together with

timing and synchronization functions.

NOTE A number of different MDS sublayer entities are specified, based on industry practice.

9.2 Type 1: MDS: Wire and optical media
9.2.1 PhPDU

The MDIS shall produce the PhPDU shown in Figure 30 by addj

ifhiters to

frame the serial sequence of PhSDUs (bits) transferred from F — DCE
interfacg. Transmission sequence shall be from left to 30, i.e.
preamble first, followed by start delimiter, PhSDU sequenc

PREAMBLE START DELIMITER PhSII({U S{{Z?JEI%{ WELIMITER

i P at % (P@DU)

Converd from a received PhPDU to
produce a non-binary data unit is detEcted in
the rece ly stop transferring PhSDUp to the
DIS, the ) S shalMndicate the end of activity to[the DIS
when it
9.2.2
Data unfits shall G S\for application to the MAU using the code shown in
Figure diphe encoding rules are formally given in Figure| 32 and
Table 30.

L L L

o I+ 1| o | o o |

1

Figure 31 — PhSDU encoding and decoding

]

+
Manchester
Biphase L
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NOTE 1 Figure 31 is included for explanatory purposes and does not imply a specific implementation.

T2 T2
| | | |
1 —P t 1 —
T/2 -T/2
Logical "0" Logical "1"
T/2 T2
| | | |
| — t 1 —
-T/2 T/2
N+

Table 30 — Manchester encodi

Symbols / \E\ncod\ngg

1 (ONE) H}A\o&ra)&}/on/{mi it)
0 (z§RO) /N /[te-Hitrangitioh (idbi
N+ (NDN-DATA PLUS) Q(Nk\trans\w@) /

N— (NON-DATA MINUS) \No t\AQsmon)

NOTE [t may be seen that data symbols (1 a do, y Us) are encoded to always contaip a mid-
bit trangition. Non-data symb re e d so they never have a mid-bit transition}| Frame

delimitefs (see 9.2.4 and 9.2\9) onstru ed so -gdata symbols are conveyed in pairs of ¢pposite

polarity [\

Decodirlg shall K
each symbol is
following errors:

os ncodlng At reception, the MDS shall verify that
ceMwith Figure 32 and Table 30 and shall detect the

a) inval
b) half-bi

Any of the & reported as PH-DATA indication (PhIDU, error).

9.2.3 Polarity detettion

The Opt on-of automatic pr\larity detection of the received Manchester encoded cignnl hall be

required where it is specified in the relevant MAU.

9.2.4 Start of frame delimiter

The following sequence of symbols, shown from left to right in order of transmission, shall
immediately precede the PhSDU sequence to delimit the start of a frame:

1, N+, N—, 1, 0, N—, N+, 0.
(shown as a waveform in Figure 33)

The MDS shall only accept a received signal burst as a PhPDU after verifying this sequence
and shall remove this sequence before transferring the PhSDU sequence to the DIS.
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9.2.5 End of frame delimiter

The following sequence of symbols, shown from left to right in order of transmission, shall
immediately follow the PhSDU sequence to delimit the end of a frame:

1, N+, N—, N+, N-, 1, 0, 1.
(shown as a waveform in Figure 33)

The MDS shall remove this sequence from the PhPDU before transferring the PhSDU
sequence to the DIS. The MDS shall report to the corresponding DLL entity any frames
received via the medium which do not include this sequence within 300 octets of start of
frame (from beginning of start delimiter) as PH-DATA indication (PhIDU, frame_too_long). The
MDS s i i i i frames
receive bundary
as PH-D

ATA indication (PhIDU, received_timing_error).

9.2.6 Preamble

In orde of each
PhPDU [consisting of the following sequence of bits, skown\from brder of
transmission:

NOTE 1 |Received preamble can contain as fe repeaters

(as speciffed in the MAU Network Configuration

The per [able 4.
A preamble extension sequence as \i \ 3 Dllowing
sequen( i

1 10 Ne ' O ON—'ONe YN g Q! 1 1
End 1 | ! 1
Delimiter | | ! 1

Figure 33 — Preamble and delimiters
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NOTE 2 These waveforms do not extend the frequency range outside the band required for transmission of binary
PhSDUs (conveying data symbols) in accordance with Figure 32 and Table 30.

9.2.7 Synchronization

After the reception of the fourth bit of the frame and until end of frame or frame termination
the receiver shall detect and report half-bit-slip errors.

NOTE 1 This synchronization specification allows the loss of 4 bits of the preamble.
After the preamble, half-bit-slip errors shall be reported as PH-DATA indication (PhIDU, error).

NOTE 2 Half-bit-slip errors can be detected as excessive bit cell jitter and/or excessive variation in bit period.

9.2.8 Post-transmission gap

After transmission of a PhPDU there shall be a minimum period d equent
transmi i naf a[PhPDU
the receivi \ | set a
minimur issi i i it ti . 1S 5 Hed, but
not redy ' i bntity. A

NOTE TH

9.2.9

If the dg re than
one channel, then the maximum accepted. differen S : i annels,
as meas it 9 t times.
This period may be extend [able 4.

A gap eixtension sequencg es. The

value off post-transmission~gap

9
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9.3 Type 1: MDS: Low speed radio medium
9.3.1 General

NOTE The Medium Dependent Sublayer (MDS) is part of the Data communications equipment (DCE), see Figure
34. It exchanges serial PhSDU sequence across the DL-Ph interface defined in clause 5 and communicates the
resulting bits across the MDS-Medium Attachment Unit interface. The main MDS functions are the separation of
PhSDU sequence into radio frames, computation and processing of forward error check data and addition and
detection/removal of preamble and synchronization words/delimiters. The MDS also carries out timing and
synchronization functions.

Systems Management

Data Link Layer

(
N
SMT DL_Ph interface /\< &

Ph-DIS
DCE independe ublayer,

AN

N\

Ph-SDU segfjugnce TE-DCE interface

T\ AN
Y

e
Q imi orward error check
& Modulation/Demodulation

Radio Mediu hysjca RPh-PDU MDS-MAU interface

MAU
Medium Attachment unit
Transmitter/Receiver

Frequency Modulated
(Gaussian Minimum Shift Medium Interface (antenna)
Keyed) signal

Medium
\V4 Frequency/bandwidth allocation

Figure 34 — General model of the PhL with the low speed radio medium

9.3.2 Radio Physical Protocol Data Units (RPhPDU)

The radio medium fieldbus MDS shall divide the serial PhSDU sequence data transferred from
the DIS across the DTE-DCE interface to produce one or more radio medium fieldbus code
frames as shown in Figure 35, Figure 37 and Figure 38. Each of these frames shall have up to
5 octets of PhSDU sequence information. Where the PhSDU sequence does not contain an
exact multiple of 5 octets, the last frame will be padded with octets containing the idle octet as
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defined in 9.3.7. To each of these 5 octet blocks a single octet shall be added containing
length information and end of PhSDU sequence code as shown in Table 31 to form a radio
medium fieldbus code frame (RMCF). This octet shall be placed after the synchronization
word, see Figure 37 and Figure 38. The length information shall specify the number of octets
in the RMCF (1 to 5) containing PhSDU sequence information. The radio medium fieldbus
MDS shall report to the corresponding DLL entity, via the DIS, any PhSDU sequence that
does not have a legal length code as the sixth octet in every RMCF or does not have an end
of sequence code before more than the maximum number of PhSDU sequence octets as

PH-DATA indication (PhIDU, error).

- 105

Ph-SDU sequence up to 300 octets

/
/
/
/
// one Ph-SDU sequence maps from one to 60, 5 octet block
/
/
/
/\(\ {\\/
| See figure 44 and table 47|for
| the mapping of the last octgt block
|
\ |
- OX
To each 5 octet blocks a single

octet shall be added containing
length ihformation to form a/§ octe
Radio fMedium Code Fram
see figyres 43 and 44

O

NI

% |

\ |
) |
\
réamble nchronization RMCF Forward error
P synenronizatio check data
2 octets 2 octets 6 octets 2 octets

Figure 35 — Radio medium fieldbus code frames and radio Physical Data Units
for all but the last code frame of a corresponding PhSDU sequence

octet 1 length and end of PhSDU sequence code
octet 2 part of PhSDU sequence
octet 3 part of PhSDU sequence
octet 4 part of PhSDU sequence
octet 5 part of PhSDU sequence
octet 6 part of PhSDU sequence

Figure 36 — Radio medium fieldbus code frame
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Bit 8 7 6 5 4 3 2 1

CRC MSB |octet 1

check CRC LSB octet 2
parity

Figure 37 — Radio medium fieldbus forward error correction octets 1 and 2

Ph-SDU sequence example of 23 octets (i.e. 4x5+3 octets)

one Ph-SDU sequence maps from one to 60, 5 octets radio codéfrarge

N

N\

L N dle

Radio MediumFieldbus
Physical Data Unit, RPh-PDU 13 octets

\( . RMC forward error .
preamble [\s/\chro |zat& 3+2 ottets check data idle

2 oct@ octe 6 octets 2 octets 1 octet

&t 2 ctet\3~/ octet 4 octet 5 octet 6

at ata data idle idle

MSB 1 0 1 0 0 0 1 1 LSB

End of Ph-SDU sequence code Number of Ph-SDU octets in this RMCF

Figure 38 — Radio medium fieldbus code frames and radio Physical Data Units
example of last code frame of a PhSDU sequence encoding
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Table 31 — Length and end of PhSDU sequence code

Meaning of end .
End of sequence code of sequegr]we code Length code Meaning of length code
0101 Not end of sequence 0001 1 octet in PH-SDU sequence
in RMCF
1010 End of sequence 0010 2 octets in PH-SDU sequence
in RMCF
All other codes illegal 0011 3 octets in PH-SDU sequence
in RMCF
0100 4 octets in PH-SDU sequence
nRMCE
[/
0101 5 octets JmMPH-SDU sequeice
in RM (\
All other codes illegal < \
To thesg 6 octet RMCFs the radio medium fieldbus MDS s EC (forward
error coprection data), preamble and synchronization wor hPDU ghown in
Figure B5. Conversely, the radio medium fieldbus M sEle and
synchrohi DU to
produce to right
as show Ce data,
PhFEC A single
PhSDU
A PhSD
9.3.3
The Ph d radio
medium
9.34
The Phk sing the
followin D 6) see
Figure ion bits
shall be 15, This
polynomi
X154+x14+x13+x11+x4+x2+1
The 15 [chéck bits (octet 1 and bit 1 to 7 of octet 2 of the forward error check dafa) shall

correspond to the coefficients of the terms from x14 to x0 in the remainder polynomial found at
the completion of the division. Bit 7 of octet 2 of the forward error check data shall be inverted
and bit 8 shall be added such that the whole of the 64 bit combination of RMCF plus forward
error check data has even parity.

NOTE A forward error check is required to bring the residual error rate of the radio medium up to that typically
seen on a wired medium to ensure that error performance on the two media is in the same order of magnitude. The
forward error correction code has the property that any single error burst of length 5 or less can be corrected. It is
recommended that such correction be implemented.

9.3.5 Preamble

In order to synchronize the bit times a preamble shall be transmitted at the beginning of each
RPhPDU consisting of the following sequence of bits, shown from left to right in order of
transmission:

1,0,1,0,1,0,1,0,1,0,1,0,1,0,1,0
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The sequence shall contain a minimum of 16 bits starting always with a 1 and ending with a
zero. The sequence may be extended to allow for link establishment and for use with
repeaters.

9.3.6 Synchronization word

The following sequence of 16 bits, shown from left to right in the order of transmission shall
immediately precede the RMCF to allow establishment of radio medium fieldbus framing in the
receiving radio medium fieldbus MDS:

1,1,0,0,0,1,0,0,1,1,0,1,0,1,1,1

9.3.7 Idle octet

The follpwing idle octet shall be transmitted at the end of the formati f the radio’medium
fieldbus| code frames corresponding to one PhSDU sequence, and t\ack\any ‘unuged data
octets in the last RPhPDU corresponding to 1 PhSDU:

1,1,1,1,1,1,1,1
9.3.8 PhSDU reception

At reception, the radio medium fieldbus MDS shall detect theollow

a) bit cell jitter during preamble and synchronizafioR;
b) bit pgriod outside limits during pred

¢) no synchronization word in time-out period the_rr Is in an
RPhPDU multiplied by 1,5 times i PhSDU
sequgence code;

d) no end of PhSDU seq

Any of t

The rad o¥e the preamble, synchronization and idlg octets
from the ror correction and assemble the PH-SDU s¢quence
before t | . € to the DIS. If a receiving radio medium fieldbjus MDS
does no eRnd\of PRSDW| seglience code after forward error correction in an incoming
RMCF e beginning of the PhPDU frame as defined by the fifst radio
medium| fi [ s _affer detecting preamble, the radio medium fieldbus MIPS shall
report \ as PH-DATA indication [(PhIDU,

frame_t

9.3.9

a) During.reception of a PhSDU sequence the clock recovery circuits will check the period of
the bits from subsequent RPhSDUs to be within 90 % to 110 % of the nominal bit period
within the resolution of the radio medium fieldbus MDS clock.

b) During reception of a PhSDU sequence the clock recovery circuits will check the
synchronization word timing to be within 1 bit time of previous synchronization words of the
same PhSDU.

Deviation outside these limits shall be reported to the corresponding DLL entity, via the
corresponding DIS, as PH-DATA indication (PhIDU, error).


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

61158-2 © IEC:2003(E) -109 -

NOTE These requirements for reporting bit jitter and period variation are specified to avoid full bit slip errors that
could reduce data integrity.

9.3.10 Post transmission gap

After transmission of a PhPDU, there shall be a minimum period during which a subsequent
transmission shall not commence. For the same minimum period after receipt of a PhPDU, the
receiving PhL Entity shall ignore all received signals. A radio medium fieldbus MDS entity
shall set a minimum post transmission gap of 0 nominal bit times. The period may be
extended, but not reduced, by systems management or by an associated radio medium
fieldbus MAU entity.

NOTE The post transmission gap is set at 0 as there are already 8 bits of gap provided by the idle octet.

9.3.11 | Inter-channel signal skew

If the dgvice is configured by systems management to receive concu han one
channel, then the maximum accepted differential delay between two ‘acti >, using
the samle media type, as measured from the first bit of a receivirig hall not
exceed [five nominal bit times. This period may be extended\but systems

management as given in Table 4. The gap extension seque i i shall be
defined|as four nominal bit times.

9.4 Type 2: MDS: Wire and optical media

NOTE THe Medium Dependent Sublayer (
communigates encoded bits across the MDS

DCE). It

9.4.1 Clock accuracy

The timing specifications for PhL Sign

Jable 32 - aracteristics
Specification le}isy\c\har te Stl(% Comments
Bit Rate \/ &Mbbs\i &\ also called M-symbol rate, data ‘zero’ or ‘one’
Bit Time & ZOW also called M-symbol time, data ‘zero’ or ‘one’
N\
PhL symbol time & \ 1WA also called Ph-symbol time, see data encoding fules
Clock Ac uracy«Ch\ + 1\@ ppm max. including temperature, long term and short term|stability
N
9.4.2 a rego

The signals@tthe~DL)2 to PhL interface shall be synchronized to the local bit rate as ghown in
Each PhL imp bvers or

indication shall be true.

A portion of the received data frame may be lost or discarded in the process of attaining data
synchronization. The specification for data timing shown in Table 32 shall be achieved prior to
the beginning of the start delimiter (see IEC 61158-4, Type 2 for definition of start delimiter).

943 Data encoding rules

The M_symbols present at the DLL to PhL interface shall be encoded into the appropriate
Ph-symbols as shown in Table 33 and Figure 39. The M_0 and M_1 symbols shall be encoded
into Ph-symbols that represent Manchester Biphase L data encoding rules as shown in Table
33. The M_ND symbols shall be used to create unique data patterns used for start and end
delimiters. The signal voltage waveform (from the MAU) is shown in an idealized form in
Figure 39 to provide an example of the data encoding rules shown in Table 33.
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Table 33 — MDS data encoding rules

Data bits (common name) | M_symbol representation | Ph-symbol encoding | Manchester encoded
data ‘zero’ M_0 or {0} {L,H} 0
data ‘one’ M_1 or {1} {H,L} 1
‘non_data+’ M_ND+ or {+} {H,H} no data
‘non_data—’ M_ND- or {-} {L,L} no data

One Bit Time (1/f,)

- Sa— —1 —1

Clock
0o
I
I
I
I
I

[

M symbols

Manchester
Blphase L

o

9.5 Type 3: MDS: Wire and optica
9.5.1 Synchronous Transmission

The Medium Dependent Sublayer (MD

9.5.2 Asynchronous

There ig

9.6
9.6.1

9.6.1.1

NOTE 1
a Data Cd

MDS, and

NOTE 2
addition
functional

\ UART. In
he halfhduplex MDS has some timing functionality. The functionality of the MAU is similar to the
ty(of ‘what is cofmmonly known as a driver circuitry.

The Half duplex MDS shall sequence the transmission of the PhID as a sequence of bits.
Similarly, the MDS shall form the PhID to be reported to the DLL from the sequence of
received bits. Bits are sent and received in NRZ code (Non Return To Zero).

The PhID shall be converted to a sequence of bits for serial transmission in PhPDUs. Within
each PhPDU, a bit representing a more significant bit shall be transmitted before a bit
representing a less significant bit. On reception, each sequence of bits shall be converted to
PhID such that, in the absence of errors, the PhID indicated to the receiving DLL entity is
unchanged from the PhID whose transmission was requested by the originating DLL entity.

The MDS receives a single PhID or a sequence of PhID octets from the DLE. The first octet is
received from the DLE by one of the services START-OF-ACTIVITY-11 or START-OF-ACTIVITY-2. The
remaining octets are received from the DLE by the service DATA. End of transmission is indicated
by the service END-OF-ACTIVITY. From each PhID octet the MDS shall form a PhPDU and transmit
the formed PhPDU as a sequence of bits to the MAU. Each PhPDU shall consist of 1 start bit, 8
data bit, 1 address/data bit, and finally 1 stop-bit. This is indicated in Figure 40.
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Start Data8 ... Data1 Address/data Stop

0 X... X 1 for first octet, O for remaining 1

Figure 40 — PhPDU format, half duplex

The MDS shall report when the signal level on the attached medium has been idle for 30, 35
and 40 or more bit periods, by LINK-IDLE indications to the DLE.

The transmitted bit rate shall be that of the selected baud rate, +/- 0,2 %.

9.6.1.2 Transmission

9.6.1.2.1 START-OF-ACTIVITY-T1

The following shall be performed as a result of the DLE issuing IVITY-11
PH-DATA request:

a) wait for Idle counter equal to or higher than 11;

b) form|first PhPDU with Address/data bit = “1” and data ART-OF-

ACTIITY-11 request;
c) confifm reception to DLE to enable the DLE to issyg
d) activate Transmit Enable (TxE);
e) start|transmitting the PhPDU to the MAU.

9.6.1.2.2 START-OF-ACTIVITY-2

The following shall be performed as a result\of
PH-DATA request:

DLE issuing a START-OF-AQTIVITY-2

b) form| first PhPDU

ACTINITY-2 request;
¢) confitm recepo R

d) activate Transmit<

ART-OF-

e) start
9.6.1.2.

The foll

a) wait {ill trans
b

C) confitm rpr‘nlntinn to DLE to enable the DI E to issue the next transmission request;

d) start transmitting the PhPDU to the MAU.

form p new/PhP with Address/data bit = “0” and data = data parameter of DATA rTquest;

It shall be ensured, that there are no idle periods between transmissions of PhPDUs. The DLE
should issue the next transmission request within 11 bit periods after confirmation of the
former.

9.6.1.2.4END-OF-ACTIVITY

The following shall be performed as a result of the DLE issuing an END-OF-ACTIVITY PH-DATA
request:

a) wait till transmission of former PhPDU has finished;

b) wait for minimum 3, maximum 10 bit periods;

c) deactivate Transmit Enable (TxE).
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9.6.1.3 Reception
9.6.1.3.1 START-OF-ACTIVITY

As a result of receiving a frame from the MAU with address/data bit = “1”, or receiving a frame
when the value of the Idle counter is higher than or equal to 11, the MDS shall issue a
PH-DATA indication of class START-OF-ACTIVITY. The associated data parameter shall hold the
received data. The value of the associated status parameter shall be set according to the
following:

a) receiving a frame with address/data bit = “1” and stop bit = “1”, when the value of the Idle
counter is higher than or equal to 11 shall result in an associated status parameter
indicating SUCCESS;

b) receiving a frame with stop bit = “0”, shall result in an associatéd status pdrameter
indicating FRAMING_ERROR;

c) receiving a frame with address/data bit = “1”, but when the va gnter is
lowef than 11 shall result in an associated status parameter indicating ;

’

unter is
indicating

d) receiving a frame with address/data bit = “0”, b
highgr than or equal to 11 shall result in an assog
ADDRESS_DATA_ERROR.

9.6.1.3.2DATA

As a result of receiving a frame from the \ ‘ 5 value of
the Idle|counter is lower than 11, the K ir TA. The
associated data parameter shall hold  status
parameter shall be set according to the

a) receiving a frame with i p ] status
parameter indicating ;

b) receiving a frame mith s [ esult in an associated status pdrameter
indic E

9.6.1.4

The MD , and is
cleared the Idle
counter K-IDLE,
and ass dle, the
PhE req j status
indicating Y . 5, bit periods later, if the Link is still idle, the PhE reports this with
another indNcati or more
bit perigds. goesyon for each 10 bit periods with indications specifying 40 or more bit

periods

9.6.2 Full Duplex

9.6.2.1 Overview

NOTE 1 The PhL entity is partitioned into a Data Terminal Equipment (DTE) component containing the MDS, and
a Data Communication Equipment (DCE) component containing the MAU.

NOTE 2 The functionality of the MDS is similar to the functionality of what is commonly known as a UART. In
addition the full duplex MDS has some “byte stuffing” functionality. The functionality of the MAU is similar to the
functionality of what is commonly known as a driver circuitry.

The Full duplex MDS shall sequence the transmission of the PhID as a sequence of bits.
Similarly, the MDS shall form the PhID to be reported to the DLL from the sequence of
received bits. Bits are sent and received in NRZ code (Non Return To Zero).
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The PhID shall be converted to a sequence of bits for serial transmission in PhPDUs. Within
each PhPDU, a bit representing a more significant bit shall be transmitted before a bit
representing a less significant bit. On reception, each sequence of bits shall be converted to
PhID such that, in the absence of errors, the PhID indicated to the receiving DLL entity is
unchanged from the PhID whose transmission was requested by the originating DLL entity.

The MDS receives a single PhID or a sequence of PhID octets from the DLE. The first octet is
received from the DLE by the service START-OF-ACTIVITY-2. The remaining octets are received
from the DLE by the service DATA. End of transmission is indicated by the service END-OF-
ACTIVITY. From each PhID octet the MDS shall form a PhPDU and transmit the formed PhPDU
as a sequence of bits to the MAU. Each PhPDU shall consist of 1 start bit, 8 data bit, and
finally 1 stop-bit. This is indicated in Figure 41.

Start | Data8 ... Data1 | Stop

0 X....X 1

Figure 41 — PhPDU format, full duple

9.6.2.2 | Transmission
9.6.2.2.1 START-OF-ACTIVITY-2

The following shall be performed as a result of START-OF-AQTIVITY-2

PH-DATA request:

f) startftransmitting t
9.6.2.2.2DATA @

if the he data

valug

$D9 (hex)nfellowed by an additional PhPDU with the data value $00;

e) if tha_value of data parameter of DATA request = $D9 (hex), form a PhPDU with fhe data
value $D9 (hex), followed by an additional PhPDU with the data value $01;

f) if the value of data parameter of DATA request is different from $D7 (hex) and $D9 (hex),
form a PhPDU with the data value = data parameter of DATA request;

g) confirm reception to DLE to enable the DLE to issue the next transmission service;
h) start transmitting the PhPDU(s) to the MAU.

9.6.2.2.3END-OF-ACTIVITY

The following shall be performed as a result of the DLE issuing an END-OF-ACTIVITY PH-DATA
request:

a) wait till transmission of former PhPDUs has finished;
b) deactivate Request To Send (RTS) signal.
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9.6.2.3 Reception
9.6.2.3.1 START-OF-ACTIVITY

As a result of receiving a PhPDU from the MAU with a data value of $D7 (hex), the MDS shall
wait for the following PhPDU, and when this PhPDU is received issue a PH-DATA indication of
class START-OF-ACTIVITY. The associated data parameter shall hold the received data from the
PhPDU following $D7 (hex). The value of the associated status parameter shall be set
according to the following:

a) receiving a PhPDU with stop bit = “1” shall result in an associated status parameter
indicating SUCCESS;
b) receiving a PhPDU with stop bit = “0” shall result in an associated—status parameter

indicating FRAMING_ERROR.
9.6.2.3.2DATA

Receiving a PhPDU from the MAU with a data value different f esult in

the follgwing:

receiving a PhPDU with stop bit = “1” and a data value he MDS

waiting ffor the following PhPDU from the MAU. The fesult s PhPDU

shall be

a) if thg data value of the following P issue a
PH-DATA indication of class DATA. ue $D7.

), and the stop bit is = “1”,|issue a

PH-DIATA indication of class DATA. The assogiate parameter shall hold the value $D9.
The yalue of the associ o indicate SUCCESS.

c) if thel data value of the fo ; YUNs different from $00 (hex) and from $01 (hgex), and
the [ ieation of class DATA. The associated data

para i . The value of the associated status pgrameter
shall ;

d) if thI] 3 DATA indication of class DATA. The associatpd data
para P aceived) value. The value of the associated status pgrameter
shallli

e) recei QU o and a data value different from $D9 (hek), shall
result An_tf uing” a PH-DATA indication of class DATA. The associated data
param { hold the received value. The value of the associated status pgrameter
shall

f) recei ation of
class e of the
asso

9.7 Type 6: MDS: Wire and optical media

9.7.1 General

NOTE The Medium Dependent Sublayer (MDS) exchanges serial PhSDU sequences with the DIS and
communicates encoded bits to the MAU. The MDS functions are logical encoding and decoding for transmission
and reception respectively and the addition/removal of preamble and delimiters together with timing and
synchronization functions.

No MDS — MAU interface is specified.

Any medium that supports Manchester encoding and has predictable transmission delays over
one path can be used for the PhL.


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

61158-2 © IEC:2003(E) -115 -

9.7.2 PhPDUs

On transmission, the MDS shall produce the PhPDU shown in Figure 42 by adding preamble,
PAD and delimiters to the serial sequence of PhSDUs (bits) transferred from the DIS. The
transmission sequence shall be from left to right as shown in Figure 42, i.e. preamble first,
followed by start delimiter, PhSDU sequence, end data delimiter, pad (if specified) and finally
end transfer frame delimiter or bus sync delimiter.

Preamble Start sequence of End data pad (if End transmission

PDU field delimiter PhSDUs delimiter present) delimiter

End transfer
Acronym for frame delimiter
o PRE ST ED PAD ETF or

field Bus_sync.dg¢limiter
BSD

Figure 42 — PhPDU

Convergely the MDS shall remove preamble and delimiterg” fron i PDU to
producg a corresponding serial sequence of PhSDUs. If a Qi ' detEcted in
the recgived PhSDU sequence, the MDS shall immediat \ to the
DIS, thg MDS shall report an error, and the MDS shall-indi the DIS

when thjs happens.

9.7.3 Slots

On tranpmission, the MDS shall produce t ot show
SILENCE, specified in bit periods by\Int meGap
transmigsion of preamble.

gure 43 by adding a period of
s~ described in 6.5.4, prior to

O\
\3 ‘F’h hPDU

3 — Ph-slot

i InterFram

Convergely, the@ er of bit periods specified by InterFrgmeGap,
before gttempting\{g’re

9.7.4 Encodi

See 9.2

9.7.5

See 9.2

9.7.6 LPreamble—PRE

In order to synchronize bit times a preamble shall be transmitted at the beginning of each
PhPDU consisting of the following sequence of eight bits, shown from left to right in order of
transmission:

0, 0,0 0 0,0, 0, 0.
(shown as a waveform in Figure 44)

NOTE Received preamble can contain as few as five bits due to loss of one bit through each of three repeaters (as
specified in the MAU Network Configuration Rules).
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9.7.7 Start of frame delimiter - ST

The following sequence of two symbols, shown from left to right in order of transmission, shall
immediately precede the PhSDU sequence to delimit the start of a DLPDU:

1, 1
(shown as a waveform in Figure 44)
The MDS shall only accept a received signal burst as a PhPDU after verifying the presence of

this sequence and shall remove this sequence before transferring the PhSDU sequence to the
DIS.

9.7.8 End of Data delimiter - ED
The follpwing sequence of six symbols, shown from left to right in ord ion, shall
immediately follow the PhSDU sequence of bits to delimit the end of
1, N+, N-, N+, N-,
(shown as a waveform in Fig
The MDS shall remove this sequence from the PhSDU
sequen¢e to the DIS. The MDS shall report to the c¢ ndi entity any PhPDUs
received via the medium which do not include this, Se¢ within 50 octets of the|start of
PhPDU ¢ DS shall report| to the
corresp ‘ PhPDUs received via the medium
that ha bodundary as PH-DATA indication
(PhIDU ) received-timing-error).
9.7.9 PAD
In ordef to maintain constan scsyac PhPDUs a PAD sequence of the Igngth in
octets gpecified in 6.%. > ed following the End of Data delimiter Ef each
PhPDU [that is t@ gst specifying END-OF-DATA-AND-SYNC. Each octet
of PAD ghall cons ence of eight bits, shown from left to right in jorder of
transmigsion:
0, 1,0, 1,0, 1, 0.
wn as a waveform in Figure 44)
The ML is sequence from the PhPDU before transferring the [PhSDU
sequen(
9.7.10 | End Transfer Frame delimiter - ETF

If the last PH-DATA request of a PhPDU specifies END-OF-DATA-AND-TRANSFER, as described in
5.6.1.2, the following sequence of four symbols, shown from left to right in order of
transmission, shall immediately follow the End of Data delimiter, to delimit the end of the
PhPDU.

0, N-, N+, 0

(shown as a waveform in Figure 45)

The MDS shall remove this sequence from the PhPDU before transferring the PhSDU
sequence to the DIS.
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NOTE The end of the last symbol of the ETF delimiter, shown as TR in Figure 45 is the DLL timing reference for
emission of Data Strobes.

9.7.11 end Bus-Sync Delimiter - BSD

If the last PH-DATA request of a PhPDU specifies END-OF-DATA-AND-SYNC, as described in
5.6.1.2, the following sequence of four symbols, shown from left to right in order of
transmission, shall immediately follow the PAD sequence, or the End of Data delimiter if PAD-
length = 0, to delimit the end of the PhPDU.

1, N+, N-, 1
(shown as a waveform in Figure 45)

The MDS shall remove this sequence from the PhPDU before trangferring the ,|PhSDU
sequeng¢e to the DIS.

NOTE 1 |The end of the last symbol of the BSD delimiter, shown as SYN in Figure\45\is ing [Peference
for Bus-synchronization.

Bit Cell
Boundaries

PRE
Preamble

STart

44 — Preamble, Start delimiter and PAD
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NOTE 2 These waveforms do not extend the frequency range outside the band required for transmission of binary
PhSDUs (conveying data symbols).

Bit Cell
Boundaries Strobes
. 0 ., N- N+ 0o . TR :
ETF ' ! . . . . .
End Transfer ' :
Frame ' ] ! .
. 1, N+ . N- 1 .
HI . SYN
BSD . .
Bus Sync
Delimiter '
o, = . =
- 1 © N+ * N- ' N+ ' N-
ED H . ' ) ) ' '
End '
data '
LO .
FHigure 45 — End Transfer Frame /Bus _Sypc 3 nd(of @a miters, with Strobes
NOTE 3 |These waveforms do not extend the frequenc ) tside t nd required for transmissior| of binary

PhSDUs (conveying data symbols).

9.7.12 | Bit synchronizatjo

After thle reception of\ thexfourth bit © DU and until end of PhPDU or|PhPDU
termina -bit-slip errors.

NOTE 1 i icati heloss of four bits of the preamble.

After thé preamble ol brall be reported as PH-DATA indication (PhIDU | error).
NOTE 2 it-slip e a d as excessive bit cell jitter and/or excessive variation in bit pgriod.
9.7.13

Prior to S{ION PhPDU there shall be a period SILENCE, specified by InterFrameGap
as desg 6.5.4\ For the same period the receiving PhL entity shall ignore all feceived
signalling.

NOTE The MAUtransmitenablerdisabie time may reduce the duration or slfience between FnrFDUS.

9.8 Type 8: MDS: Wire and optical media
9.8.1 Function

The medium-dependent sublayer (MDS) exchanges PhSDU sequences via the MIS-MDS
interface, as described in 6.6, and transmits the PhPDU via the MDS-MAU interface as
described in clause 9. The MDS encodes and decodes the PhSDU, adds and removes the
transmission frame (header and stop bit) for the PhSDU subsequences to be transmitted and
received, synchronises the MIS-MDS interface and the MDS-MAU interface and the PhPDUs,
time functions, and directly transmits a PhPDU between MAUs via the MDS-MAU interface
(MAU coupling).

The MDS may consist of several channels. The PhPDU shall generate one channel of the
MDS corresponding to the PhSDU sequences transmitted via the MIS-MDS interface and
encode the PhSDU sequence accordingly. Conversely, this channel shall recognise the format
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of the received PhPDU and transmit the decoded PhSDU sequence via the MIS-MDS
interface to the MIS. All other channels are used to directly transfer a PhPDU between two
MAUs.

The channel of the MDS of a slave, which has an interface to the MIS shall have the following
relation between the send and receive direction: If the MIS-MDS interface signal RTS is 0O, the
contents of DI is transmitted on the MDS-MAU interface signal DO with a delay time of exactly
one bit time. If RTS is 1, DO is coupled to TxD (only applicable when there is no MDS
coupling).

In the MDS of a master it is possible that a sequence of 8 PhSDUs is first buffered and then a
corresponding data sequence or check sequence PhPDU is generated.

9.8.2 PhPDU formats

The MDIS can recognise and generate the following PhPDU format
check §equence PhPDU, status PhPDU and reset PhPDU.

PhPDU,

9.8.2.1 | Data sequence PhPDU

The MDS generates data sequence PhPDU by adding a st ' , and stop bjit to the
data unft. The data unit itself consists of eight Ph{ SDU sequende, have
been transmitted as a part of the data sequenc DS interface with the
messagg transmission service. Figure sho data sequence PhPDU.

N,

D nit Stop bit

Start\bit eader

Data sequence PhPDU

The dat ratgd is transmitted from left to right via the MIPS-MAU
interfac { header, data unit, stop bit. The PhSDUs of the data
unit arg AAU interface in the order in which they have been

transmi PO S DS interface.

Accordipg toFiguie data sequence PhPDU is received from Ieft to right and in thie order:

NOTE 1 Each data sequence PhPDU begins with a start bit and ends with a stop bit.

NOTE 2 A data sequence DLPDU is transmitted by a sequence of data sequence PhPDUs.

The header in a data sequence PhPDU is structured as shown in Figure 47.

SL 1 0

Figure 47 — Structure of the header in a data sequence PhPDU

The header of the data sequence PhPDU is transmitted and received from left to right via the
MDS-MAU interface, beginning with the SL bit.

For a data sequence PhPDU to be sent, the logical symbol which is transferred in the SL bit is
equivalent to the negated logical state of the TxSL signal of the MIS-MDS interface at the time
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at which the data sequence PhPDU is to be transmitted via the MDS-MAU interface to the

MAU (see Table 34):

Table 34 — SL bit and TxSL signal assignment

TxSL signal | SL bit

Logical 1 0

Logical 0 1

For a received data sequence PhPDU the logical state of the RxSL signal of the MIS-MDS
interface is equivalent to the negated logical symbol that is transmitted in the SL bit (see

Table 3p).

Table 35 — SL bit and RxSL signal assighm

SL bit | RxSL signal

0 Logical 1

1 Logical 0

9.8.2.2 | Check Sequence PhPDU

The MDIS generates the check sequegcePhRD
the data unit. The data unit itself consists
PhSDU [sequence with a message transmi
via the MIS-MDS interface. Figure 48

C\( \)y/

)=

ead w Data unit Stop bit

gure 48 — Check sequence PhPDU

A check QU T genefrated is transmitted from left to right via the MI
interface i i start bit, header, data unit, stop bit. The PhSDUs of

unit arg itted\ vis ADS-MAU interface in the order in which they hay

A check

order: dltart (bif; headge

service

transmission starts with the first PhSDU that follows the header and ends with the last

before the stop bit.

NOTE 1 Each check sequence PhPDU begins with a start bit and ends with a stop bit.

NOTE 2 A check sequence DLPDU is transmitted with a series of four check sequence PhPDUs.

The header in a check sequence PhPDU is structured according to Figure 49.

SL |0 0

Figure 49 — Structure of a headers in a check sequence PhPDU

bit, header and st
have been transmitfed as a
rt of a check sequence
s of the check sequence PhPL

, data unit, stop bit. The MDS removes start bit, stop bit and
and trapsmits the PhSDU sequence contained in the data unit with the message

bp bit to

DLPDU
U.

DS-MAU
he data
e been

H in the
header
receipt

IS. The
PhSDU

The header of the check sequence PhPDU is transmitted and received from left to right via

the MDS-MAU interface, beginning with the SL bit.


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

61158-2 © IEC:2003(E) -121 -

For a check sequence PhPDU to be sent, the logical symbol to be transferred in the SL bit is
equivalent to the negated logical state of the TxSL signal of the MIS-MDS interface at the time
at which the check sequence PhPDU is to be transmitted via the MDS-MAU interface to the
MAU (see Table 36).

Table 36 — SL bit and TxSL signal assignment

TxSL signal | SL bit

Logical 1 0

Logical 0 1

For a re
interfac
Table 3

9.8.2.3

The sta
bit. The

ceived check sequence PhPDU the logical state of the RxSL sighal oKkthe~M
b is equivalent to the negated logical symbol that is transmitted i

7).

Table 37 — SL bit and RxSL signal assi n

SL bit | RxSL signal

0 Logical 1

1 Logica((o (
U

Status PhPDU

us PhPDU which is formed by t sts o tart bit, the header, an

Nl

rt bit der  Stop bit
50 trdcture of the status PhPDU
The stajus P ed and received via the MDS-MAU interface from left
beginning wi wed by the header and ending with the stop bit.

The hed

SL 01 1

IS-MDS
bit (see

l a stop

to right

Figure 51 — Structure of the header in a status PhPDU

According to Figure 51 the header is transmitted and received from left to right via the
MDS-MAU interface, starting with the SL bit. The state of the bit which comes after the SL bit
is not defined and can assume the values "0" or "1".

For a status PhPDU to be sent the logical symbol to be transmitted in the SL bit is equivalent
to the negated logical state of the TxSL signals of the MIS-MDS interface at the time at which
the status PhPDU is to be transmitted through the MDS-MAU interface to the MAU (see Table

38).
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Table 38 — SL bit and TxSL signal assignment

TxSL signal | SL bit

Logical 1 0

Logical 0 1

2003(E)

For a received status PhPDU the logical state of the RxSL signal of the MIS-MDS interface is
equivalent to the negated logical symbol that is transmitted in the SL bit (see Table 39).

Table 39 — SL bit and RxSL signal assignment

NOTE 1
NOTE 2

automatidally begins to transmit successive status PhPDUs. Idle stz

SL bit | RxSL signal

0 Logical 1

1 Logical 0

Each status PhPDU begins with a start bit and ends with a stop bit.

If no sequences of PhSDUs are transmitted to the MD i NHS-MDS\interface,

status PhPPDUs. The transmission of status PhPDUs is terminatg

the MDS
Liccessive
pbn as the

first PhSOQU of a data sequence or check sequence PhPDU was ftrang

NOTE 3 |The status PhPDUs are transmitted after a reset PhRD lsequence
PhPDU is|to be transmitted.

NOTE 4 | receipt of a status PhPDU does no MIS-MDS
interface.

9.8.2.4 | Medium Activity Status PhPD

The medium activity stat bit, the
header,|and a stop bit\The i actiwitstatus PhPDU is structured as shown i Figure
52.

The hed

art bit Header  Stop bit

igure §2 — Structure of the medium activity status PhPDU

mediym activity status PhPDU is structured according to Figure 53.

1 1 1

Figure 53 — Structure of the header in a medium activity status PhPDU

According to Figure 53 the header is transmitted and received from left to right via the
MDS-MAU interface. The medium activity status PhPDU is only transmitted via an outgoing
passive MAU (loopback mode = disable) when the systems management set the variable data

select =

enable.
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9.8.2.5 Coding and decoding

Coding and decoding is done in accordance with the rules in Table 40.

Table 40 — Coding and decoding rules

Logical symbol bit | Coding DO, DI

1 High level

0 Low level

NOTE 1 The high and low levels shall each be taken from the beginning of a bit for the duration of one bit time.

NOTE 2 | For the coding the logical symbols are converted to the corresponding state(of the pal of the

MDS-MAU interface.

O sig

NOTE 3 |For the decoding the status of the DI signal of the MDS-MAU interface i
logical symbol.

psponding

9.8.2.6 | Start bit
The staft bit corresponds to the logical symbol "1".
NOTE THe MDS shall synchronise its receive clock with the beg

ow-high transitions).

9.8.2.7 | Stop bit

The stop bit corresponds to the logica

NOTE THe MDS may synchronise its receive/clock to a“qe
transition).

iving start bit only after a stop bit|(low-high

9.8.3 Idle states

The sender of the b idle states during the transitions of status

PhPDU$ to data seque rﬁlways a
low levél on DOX |B)e es. The
decoding rules forYd

coding rules for the idle states

\I/df?e state State RxCR | Decoding DI
Data_ldle Logical 0 Low level
CRC_lIdle Logical 1 Low level

CRC_Status_lIdle Logical 1 Low level

9.8.4 Reset PhPDU
9.8.4.1 Structure of the Reset PhPDU

The reset PhPDU transmits the logical symbols "short reset" or "long reset". Figure 54 shows
the structure of the reset PhPDU.

|o|o|o|o|o|o| ....... |o|o|o|0|o|o|

Short reset or long reset

Figure 54 — Reset PhPDU

NOTE The symbols "short reset" and "long reset" only differ in the time during which the signals DO or DI of the
MDS-MAU interface transmit a low level.
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The coding rules for the reset PhPDU are given in Table 42 and Table 43.

Table 42 — Coding rules for the reset PhPDU

Logical symbol

Time interval

Coding DO

Short bus reset 2 ms < Trgt < 25,6 ms

Low level

Long bus reset

TRst > 25,6 ms

Low level

Table 43 — Decoding rules of the reset PhPDU

NOTE 1

status PhPDU.

NOTE 2
MDS-MAY

NOTE 3
the correq

NOTE 4
bus mast
the defini

NOTE 5
9.8.5

When
transmi
configuf

br the corresponding reset PhPDU sha

DI Time

interval Logical symbol /\(

Low level 2ms<T

Rst < 25,6 ms Short bus res

/‘2>

Low level T

Rst 2 25,6 ms| Long bus et

A reset PhPDU is terminated with the start

bit of a data sequ

check sequence PhPDU or a

During the coding, the logical symbols are converted to the corre nhal of the

interface during the time TRgt.

During the decoding, in the time Trq
ponding logical symbol.

The times given in Table 42 and Table

MIS

MDS

Data Link Layer

Physical Layer

hverted to

der of the
ance with

tes are
bossible

/MAII

T

Outgoing

4

interface 2-wire

Figure 55 — Configuration of a master
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MAC Data Link Layer
MIS
MDS Physical Layer
MAU AU
N N
4 \ 4
Incoming Outgoing
interface interface
2-wire 2-wire

Figure 56 — Configuration of a slave

MAC |

<aLiLa

MIS

MDS

NOTE W

4
\/ /( Physical Layer
M

r

ration.
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10 MDS - MAU interface

10.1 General

The Medium Attachment Unit (MAU) is an optionally separate part of a communication
element that connects to the medium directly or via passive components. (See Figure 2.) For
electrical signalling variants the MAU is the transceiver, which provides level shifting and
wave shaping for transmitted and received signals. The MDS — MAU interface links the MAU
to the MDS. The services are defined as physical signals to facilitate this interface being
optionally exposed. The following subclauses list for each Type the minimum set of required
services at the MDS — MAU interface. See clause 6 for management services.

NOTE A b £ iee Pl WiaYal MALL ot o H AP N o HpN| n 41
oMot o airerentivio S o terrateSare—SpetmetoasSet oM mauStrypractee:

10.2 Type 1: MDS — MAU interface: wire and optical media
10.2.1 | Services

If the MDS — MAU interface is exposed it shall support at least the i bervices
given in| Table 44 and specified in 10.2.2.

Service

(Kﬁb\r
Required: < N\ 6
S

Transmit Signal

Receive Signal F

Trap.s\mit Enable \ \

Option<\I:

[ Sqopback enapien L LbE To MAU

A

10.2.2

10.2.2.1

The Tra xS) shall transfer the encoded PhPDU signal sequenceg across
the MD:— i e e MAU, where the sequence shall be transmitted op to the
' (TxE) is set to logic 1 (high level).

ence or

The Rege€ive S|gnal serwce (RxS) shall transfer the encoded PhPDU 5|gnal sequ
M 3 e signal

silence atross A
transmitted via TxS by 5|multaneously receiving the transm|SS|ons from the medium.

10.2.2.3 Transmit Enable (TxE)

The Transmit Enable service (TxE) shall provide the MDS with the facility to enable the MAU
to transmit. The TxE shall be set to logic 1 (high level) at the commencement of preamble
transmission and then set to logic 0 (low level) after the last bit of the end delimiter has been
transmitted.

If redundant media are in use and the method of implementing redundancy is to receive on all
channels but transmit on only one then the channel (cable) that is currently used for
transmission shall be selected by setting its TxE to logic 1 (high level). All channels that are
not currently in use for transmission shall be disabled by setting the TxE to logic 0 (low level).
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Loopback Enable (LbE)

If the optional Loopback Enable (LbE) service shown in Table 44 is used it shall disable the
final output stage of the MAU transmit circuit, connect the output of the previous stage of the
MAU transmit circuit to the MAU receive circuit and disconnect the MAU receive circuit from
the medium. The state of the Loopback Enable shall not change while the MAU is transmitting
or receiving.

NOTE This confirmation service is of local significance only and provides a device with the facility to test the

integrity a

10.2.3

nd functionality of the PhL circuitry, excluding the medium.

Signal characteristics

T' H 1o 4 HAH loatllo dilal HY
|m|ng LAl dULTTIOULS STiall DT CUTTTP Al Wil NMuost apcuncu III

of IEC 1158 for the relevant MDS.
If the MDS — MAU interface is exposed it shall operate with digitaKsi
Table 4p. Both sides of the interface shall operate with the sam

Table 45 — Signal levels for an exposed MPS

fthis part

Bown in

Symbol Parameter Conditioﬁ( Li its\ Units Rem4grks
VoL Maximum low-level output voltage lout = +100w / \ see Note|1
Iout ‘{\ v
Vou Minimum high-level output volta uths 10 pA VDD -0,1 \Y see Note|1
louts oo — 0,8 \ see Note|2
VL Maximum low-level input voltage ( 0,2 Vbp \Y
A\ Minimum high- Iev?/}u{ut V?Hag{\ \ \ \ 0,7 Vpp \ see Note|3
NOTE {1 Provides the capabili ical CMOS
NOTE 32 CMOS input compa tputNequires a "pull-up" resistor from signal input to Vpg
NOTE 3 Compa bp < 5,5 V. Compatibility with TTL output
(4,75 V|< Vpp £5,2 or from signal input to Vpp.

10.2.4

The co

reception.

10.2.5

this interface shall allow simultaneous transmiss

on and

The MD

S\ MAU interface shall function correctly with a PhSDU bit rate of between

1 kbit/s

and 1,1

times the highest stated MAU bit rate.

NOTE The bit rates available in an implementation are stated in the Protocol Implementation Conformance
Statement (PICS).
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10.3 Type 1: MDS — MAU interface: Low speed radio medium

10.3.1 Services

NOTE The Medium Attachment Unit (MAU) is an optionally separate part of a communication element that
connects to the medium directly or via passive components. For electrical signalling variants the MAU is the
transceiver, which provides level shifting and wave shaping for transmitted and received signals. The MAU
interface links the MAU to the MDS. The services are defined as physical signals to facilitate this interface being
optionally exposed. Table 46 lists the minimum set of required services at the MDS — MAU interface. See clause 6
for management services. fieldbus MAU accepts raw bit data for modulation onto the carrier frequency using
Gaussian Minimum Shift Keying (GMSK) modulation techniques.

If the MDS — MAU interface is exposed it shall support at least the required set of services
given in Table 46.

Table 46 — Minimum services at MDS — MAU interfa

Service Abbreviation Direct@
Required: /\
Transmit Signal xS T\\MAU N

Receive Signal RxS < FWA\
Transmit Enable T}(E/ N/QJ

Optional:

O
Loopback Engpie L O /<] o Wiy

10.3.2 | Service specifications

10.3.2.1 Transmit Signal (TxS)

The Trajnsmit Signal servisg (T ncoded PhPDU signal sequenceg across
the MD f v sequence shall be transmitted ¢nto the
medium| i i . ishset tq logic 1 (high level).

10.3.2.2

The Re all transfer the encoded PhPDU signal sequence or
silence atefface to the MDS entity. The RxS shall echo thge signal
transmifted wa i sously receiving the transmissions from the medium.

10.3.2.3

The TransmitsEnable service (TxE) shall provide an MDS entity with the facility to enable an
MAU to[transmit. The/enable state shall be set to logic 1 (high level) at the commencgment of
preamblestransmission and then set to logic 0 (low level) after the last bit of the end delimiter
has been transmitted.

If redundant media are in use and the method of implementing redundancy is to receive on all
channels but transmit on only one, then the channel (cable) that is currently used for
transmission shall be selected by setting its TxE to logic 1 (high level). All channels that are
not currently in use for transmission shall be disabled by setting the TxE to logic 0 (low level).

10.3.2.4 Loopback Enable (LbE)

If the optional Loopback Enable service shown in Table 44 is used, it shall disable the final
output stage of the MAU transmit circuit, connect the output of the previous stage of the MAU
transmit circuit to the MAU receive circuit and disconnect the MAU receive circuit from the
medium. The state of the Loopback Enable shall not change while the MAU is transmitting or
receiving.
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NOTE This confirmation service is of local significance only and provides a device with the facility to test the
integrity and functionality of the PhL circuitry, excluding the medium.

10.3.3 Signal characteristics

Timing characteristics shall be compatible with those specified in the requirements of this
standard for the relevant MDS.

If the MDS — MAU interface is exposed it shall operate with signal levels as shown in Table
47. Both sides of the interface shall operate with the same value of Vpp.

Table 47 — Signal levels for an exposed MDS — MAU interface

Symbol Parameter Conditions Limits Units Reerks
N
Vi Maximum low-level |lout] = 100 pA 0,1 \ < ee Nﬁtﬁ1
output voltage
lout = +1,6 mA Oﬁz\

=

Vh Minimum high-level |lout| = £100 pA
output voltage

Wote

lout = -0,8 mA see Note |2

\% Maximum low-level
input voltage

Vil Minimum high-level "% see Note[3
input voltage {\

NOTE Provides the capability to drive two typical
NOTE 2 CMOS input compatibility with TTL Sutput requi

NOTE Compatible with CMQS output for 3\0 V X VpE.5,5V: patibility with TTL output
(4,75 V| < Vpp £ 5,25 V) requjrés "pu)l-’l]b"\g istor fgom\signaNnput to Vpp.

10.3.4 | Communicat

n.

The co e shall allow simultaneous transmission and

receptid

10.3.5

The MO between
1 kbit/s A

NOTE TH formance

Statemen

10.4 Tvpe 2: MDS — MAU interface: Wire and optical media

10.4.1 MDS-MAU interface: general
10.4.1.1 Conformance

A node may include any (or more than one) PhL variant but the appropriate medium interface
shall be provided for each PhL variant implemented.

The MDS-MAU interface need not be exposed in the implementation of any PhL variant. This
interface may be internal to the node and may be internal to a semiconductor device. If,
however, conformance to the MDS-MAU interface is claimed, the implementation shall
conform to the requirements of this subclause.
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10.4.1.2 Delay from Medium to MDS-MAU interface

For all implementations conformant to the MDS-MAU interface, the receive delay from the
medium to the MDS-MAU interface shall be less than 200 ns and the transmit delay from the
MDS-MAU interface to the medium shall be less than 200 ns.

10.4.2 MDS-MAU interface: 5 Mbit/s, voltage-mode, coaxial wire
10.4.2.1 Signal definitions

This subclause lists the signals defined for the 5 Mbit/s, voltage-mode, coaxial wire medium
MDS-MAU interface, as shown in Table 48 below.

Table 48 — MDS-MAU interface definitions: 5 Mbit/s, voltage-mode|, coaxial wirL

~
TxDaTAQuT | TXDATABAR | NETENABLE | RXDATA | RXCARRIER /\\Q-sy}wo\\

X X 0 undefined 0 no transimissi
MAU F{;MNESQ s false
AN

0 0 1 undefined 0 ng’ transrmissian
FRA R‘E\Q‘&Q = Yalse
~ N\

1 0 1 1 1/H

0 i 1 0 ol (1 N~

1 1 1 /\ /\& &\/ no(ehi,oweé)transmitter damage may occur
<~

10.4.2.2 TxDataOut
TXDATAPUT shall be true to represent\H f the ,and shall be false to represInt L as
shown in Table 48. TxDA be fals hen\nd Ph-symbol data is to be trapsmitted
(MAU_FRAME_REQUEST = fa
10.4.2.3 TxDataB

TxDATABAR shall ;

shown i

om the MAU, and shall be false to represgnt H as
g false when no Ph-symbol data is to be trapsmitted

(MAU_H
10.4.2.
NETENAF hra ue tg enable the MAU for transmission of TxDATAOUT and TxQATABAR
Ph-symbol &s e vdaxial wire medium. NETENABLE false shall prevent transmigsion of

TxDATAPUT ,and SABAR Ph-symbol data as shown in Table 48.

RxData shall represent the raw, distorted, unsynchronised Ph-symbols (H or L) as recovered
from the coaxial wire medium. This signal shall be true or false based on the requirements
shown in Table 84. After data recovery and resynchronisation to meet the MDS timing
requirements (from Table 32), these Ph-symbols shall be decoded into the appropriate MDS
M_symbols as shown in Table 33.

10.4.2.6 RxCarrier

RxCarrier shall be true when the signal level on the coaxial wire medium exceeds the carrier
detection threshold voltage as shown in Table 85; otherwise, it shall be false. This signal shall
be used to create the Ph-CARRIER indication at the DLL-PhL interface as defined in 5.3.5.
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MDS-MAU interface 5 Mbit/s, optical medium

10.4.3.1 Signal definitions

This subclause lists the signals defined for the 5 Mbit/s, optical fibre medium MDS-MAU

interface, as shown in Table 49 below.

Table 49 — MDS-MAU interface 5 Mbit/s, optical fibre medium

TXDATAOUT NETENABLE RXDATA RXCARRIER Ph-symbol
don’t care 0 0 0 L or ‘light off’

1 1 1 1 H or ‘lightan’

0 1 0 0 L or ‘ight off
10.4.3.2 TxDataOut
TXDATAPUT shall be true to represent H from the MAU, and skall b nt L as
shown in Table 92. A true signal shall be represented on i t on’. A
false signal shall be represented on the fibre medium as nit level
requirements that define ‘light on’ (or Coupled Po Coupled
Power, PT off) shall be as defined in 19.6.
10.4.3.3 NetEnable
NETENABLE shall be true to indicate the d Ph-symbols to be trapsmitted
onto thg fibre medium. NETENABLE shs for transmission of TXDATAQUT light
levels ¢n the fibre medium. NETEN sevent transmission of TXOQATAOUT
signals,|as shown in Table 49.
10.4.3.4 RxData
RXDATA| shall repfese covered
from theg fibre med bets the
‘light on ecovery
and re , these
Ph-sym 5 shown
in Tablg emoved
from the
10.4.3.5
RXCARRIER shall be frGe when the light level on the medium meets the ‘light on’ requirements
defined|in49.6, otherwise this signal shall be false. This signal shall be used directly tp create

the PLS_CARRIER_INDICATION at the DLL-PhL interface. If the fibre transceiver does not support
a carrier indication mechanism, this interface signal shall be connected to the RXDATA
interface signal. The RXCARRIER shall report false if the medium is broken, missing or power
removed from the transmitting end of the fibre.

10.4.4

MDS-MAU interface Network Access Port (NAP)

The following signals shall be required for the NAP MDS-MAU interface:

a) /ITxPTC shall be false to represent H transmit data from the MAU, and shall be true to

re

present L;

b) /RxPTC shall be false to represent H receive data from the MDS, and shall be true to
represent L. This signal shall be true if the NAP medium is removed, broken, short-
circuited or the source transmitter is disabled.
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10.5 Type 3: MDS — MAU interface: Wire and optical media
10.5.1 Synchronous Transmission

The MDS — MAU interface specified for Type 1 shall be used (see 10.2).

10.5.2 Asynchronous Transmission

Instead of the MDS - MAU interface as described in 10.2 the DL - Ph interface for
asynchronous transmission shall be used (see 5.1 and 5.4.2).

10.6 Type 8: MDS — MAU interface: Wire and optical media

10.6.1 | Overview of the Services

The MDS-MAU interface makes services available to connect the
MAU. The services are defined as logical signals that the MAU sublay
physical signals (see Table 50).

Table 50 — Services of the MDS-MW&

Service Mnemﬁc E‘)ireé&'{on

Data Out 8o, /) lromwmps
Data In /\ /\\ D)> ( @on‘LWu
Bus Connector BES\ \ fromm MAU

Loopback Enable /‘* \QE from MDS

Data Select \ (\ \KS > from MDS
Medium Activit{ N |\<|A\> from MDS
or y

NOTE The|Bus Cenne oopb C\\EQ;EI;)Data Select and Medium Activity
services are only supported by\the outgoing interface.
Descri@ - Se

with\ a®gorresponding
irec nvprts into

10.6.2

10.6.2.1

This sef

10.6.2.2°E

This servi

10.6.2.3 Bus Connector (BC)

This service indicates to a MDS whether the transmission medium is connected to the MAU of
an outgoing interface. If the transmission medium is not connected to the MAU of an outgoing
interface, the systems management shall, for this MAU, disconnect the receive circuit from the
medium with the Loopback Enable (LbE) service and connect the send circuit with the receive
circuit.
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NOTE 1 The Bus Connector service is only supported by the MAU of an outgoing interface. It is not related to the
other services of the MDS-MAU interface.

NOTE 2 This service is a local management service that indicates whether another bus device is connected to the
outgoing interface of the MAU, which allows the systems management to close or open the transmission ring with
the Loopback Enable service.

NOTE 3 The detection of another connected bus device is caused by a signal that is led through a bridge in the
connector of the outgoing cable (see cable definition).

10.6.2.4 Loopback Enable (LbE)

This service allows the systems management to decouple the receive circuit from the
transmission medium for a MAU of an outgoing interface, and to connect the send circuit with
the input circuit.

NOTE 1 |The Loopback Enable service is only supported by the MAU of an outgoing i related to

the other gervices of the MDS-MAU interface.

NOTE 2 This service is a local management service that allows the syste Plose the
transmissjon ring if no other bus slave is connected to the MAU of an outgoing

10.6.2.5 Medium Activity (MA)

This seljvice transmits a special status PhPDU from th ing was
decoupled from the medium and the send and recei ntrolled
activity |s to be generated on the medium.

NOTE 1 |This service is used by a slave only

NOTE 2 |The Medium Activity service is only supported by e relation

to the othpr services of the MDS-MAU interface.
10.6.2. Data Select (DS)

The systems managemen
outgoing MAU either
PhPDUs.

trkdnsmit on the decoupled medium of an
he Medium Activity service certain status

NOTE 1

NOTE 2 ported by MAU of an outgoing interface and is not related to| the other
services ¢

10.6.3

The MDOS beyable to, correctly decode a bit with bit jitter specified in Figure 58. The

variation forthes dck shall be within the range of £ 0,1%.
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nt sending and receiving.
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11 Types 1 and 7: Medium Attachment Unit: voltage mode, linear-bus-topology
150 QQ twisted-pair wire medium

1.1 General
These MAU requirements are not specifically intended to facilitate the options of

— power distribution via the signal conductors;
— suitability for Intrinsic Safety certification.

The network medium consists of shielded twisted-pair cable. Independent of topology, all
attached devices, other than possibly the transmitting device, present a high impedance to
prevent| significant network loading. Trapezoidal waveforms are used/to reduce |electro-
magnetic emissions and signal distortion.

A lineal bus topology is supported, as are some branched ac Petwork

containg one trunk cable, terminated at its ends.

11.2 Bit-rate-dependent quantities

Six bit nates are defined for the voltage-mode twisted-pair it (MAU). A
given MAU shall support at least one of these bit rat

Table §1 specifies the supported bendent

quantiti¢s used throughout the remain

Table 51 — Bit-rate-depen entcu\ it oltage-mode networks
Quantity < Value
Nominal bit rafe\ A BR\ Pbitis)| 003125 | 1 | 25 | 5 [ ip | 25
Maximum deWn ’Q)m\B/R\ A}& 0,2 % 0,01 %
Nominal%'\/}ﬁ\'éq \ m us 32 1,0 ‘ 0.4 ‘ 0.2 ‘ ol ‘ 0,04
Mgximum deV|a)\ fro Tb, M - 0,9 us 0,025%
Signallir|g Nom%?\&é&&d\m\/ fr MHz 0,031 25 1 2,5 5 1P 25
Frequencjes
Nominalicinm 20,28 | fmin | MHz | 00078 [ 025 | 0625 | 1.25 | 2]5 |65
< \oh\nwlmu\m\— 1,25f | fmax MHz 0,039 1,25 | 3,125 | 6,25 | 125 |31,25
M3 ximmuﬁber\o\m‘Mes Nmax 32 16
Ma)imum inthistance Lmax m 4 000 750 500 400 2Q0 100
Maximum/inter-device attenuation Amax dB 15 17 18
Maximum inter-device attenuation ADmax dB 8 10
distortion
Maximum inter-device mismatching MDmax dB 0,2 0,4 0,6
distortion
Maximum signal rise or fall time Trf ns 8000 ‘ 200 80 40 20 8
Maximum coupler spacing to form a cluster | CSyax m 4 2 1 0,5 | 0,25
Minimum device input impedance Dinmin kQ 8 4 2 1
Maximum quiescent transmitter output QTOmax | MV rms 1 5 ’ 10 20 40 80
Maximum frequency fQTOmax | MHZz 0,1 4 f
for QTOmgx measurement

The average bit rate shall be BR + ABR, averaged over a frame having a minimum length of
16 octets. The instantaneous bit time shall be Tyt £ ATpijt.
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1.3 Network specifications
11.3.1 Components
A voltage-mode MAU operates in a network composed of the following components:

a) twisted-pair wire cable;

b) devices (containing at least one communication element);

d
e

)
)

c) connectors;
) couplers;
)

terminators.

11.3.2 | Topologies

A wire [MAU shall operate in a network with an acyclic nomi
consisting of a trunk, terminated at each end as specified in 11.8.2
elements are connected via couplers. Each communication 1
parallel jwith the trunk cable.

NOTE 1 |The coupler and communication element are generally integratet\

NOTE 2 |Active repeaters may be used to establish branches g ] that of a
single segment as permitted by the network configuration rules. \ ents, and
may makeg the bus non-linear. Cycles (closed loops) are ne i

11.3.3 | Network configuration rules

An MAU that claims conformance to thi hents of

this clause when used in a network tha

Rule 1:
operatin

ces, all

NOTE 1

Rule 2: | have a

total ca

NOTE 2
but this d

C 61158,

Rule 3
betweer

ouplers

NOTE 3 |Prioreditions™sf/this standard limited this total number to four.

Rule 4: The maximum propagation delay between any two devices shall not exceed 40 Tpjt.

NOTE 4 For efficiency of the network, that part of the turn-around time of any device on the network caused by a
PhE between the end of a received frame and the beginning of the transmitted frame containing an associated
immediate response should not exceed 30 bit times, no more than 2 bit times of which should be due to the MAU.
As it is not mandatory to expose either the DLL — PhL interface or the MDS — MAU interface, that part of the turn-
around time of a fieldbus device caused by the PhL or the MAU cannot be specified or conformance tested.

Rule 5: The fieldbus shall be capable of continued operation while a device is being
connected or disconnected. Data errors induced during connection or disconnection shall be
detected.

Rule 6: For a fieldbus that is not powered via the signal conductors, a single failure in any
one communication element (including a short circuit but excluding jabber) shall not interfere
with transactions between other communication elements for more than 1 ms.
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Rule 7: In polarity sensitive systems, the medium wire pairs shall have distinctly marked
conductors that uniquely identify individual conductors. Consistent polarization shall be
maintained at all connection points.

Rule 8: The degradation of the electrical characteristics of the signal, between any two
devices, due to attenuation, attenuation distortion and mismatching distortion shall be limited
to the values indicated below.

a) Signal attenuation: The configuration of the bus (trunk length, number of devices, and
possible matching devices) shall be such that the attenuation between any two devices at
frequency fr shall not exceed Amax;

b) Attenuation distortion: The configuration of the bus (trunk and spur lengths and number of
devides) shall be such that between any two devices:

0 |< [Attenuation (fmax) — Attenuation (fmin)] < ADmax
Attenjuation shall be monotonic non-decreasing for all frequenci

c) Mismatching Distortion: Mismatching (due to any effect) on that, at

any point along the trunk, in the frequency band fmin to fma

1-Z
T3 21| < MDmax
wherg Zf, is the characteristic impedance of th k guency fr and [ is the

parallel combination of Zf, and the load impedan

NOTE 5 évices etc. by specifying only the
transmissjon limitations imposed by combinations of mbinations may be used depending
on the ne

NOTE 6 enttatiomof several couplers on a short lenpgth of the
trunk.

ax, then the propagation delay betwegn them is
matched element inducing large reflectipns of the

If the dist]
smaller th

signal tra
A concen v S s .betweemtwo consecutive couplers is less than CSyax is defined as
a cluster. S i€es with an input impedance of minimum value Dfnmijn and

zero-leng ot include more than 4 couplers.

Using de vith more

couplers.

NOTE 7
— using
— insertin

Rule 9:

a) each|echannel (cable) shall comply with the network configuration rules;

b) there shall not be a non-redundant segment between two redundant segments;
c) repeaters shall also be redundant;

d) if the devices of the system are configured (by Systems management) to transmit on more
than one channel simultaneously then the propagation time difference between any two
devices on any two channels shall not exceed five bit times;

NOTE 8 This period may be extended, but not reduced, by Systems management as given in Table 4. See
6.2.2.2and 9.2.9.

e) channel numbers and association with the physical transmission media shall be maintained
consistently throughout the fieldbus, i.e. channels 1,2,3... from Systems management shall
always connect to physical channels 1,2,3...;

11.3.4 Power distribution rules for network configuration

The cable shield shall not be used as a power conductor.


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

- 138 - 61158-2 © IEC:2003(E)

1.4 MAU transmit circuit specification
11.4.1 Summary

Table 52 through Table 54 summarise the requirements of the MAU.

Table 52 — MAU transmit level specification summary

Transmit level characteristics, values referred to trunk Limits
(but measured using test load as shown in Figure 59)
Output level (peak-to-peak, see Figure 60) 5,5Vto9,0V
With test load (0,5 nominal Z, of the trunk cable at fy) 75Q+1%
Maximunfi positive and negative amplitude difference (signalling bias) + 0,45V
as showrn} in Figure 61
Output Idvel with one terminator removed (peak-to-peak) 5§ V-toN\y 1,0 V
with test|load (nominal impedance of the trunk cable at f; ) (\ 150Q + N%
Maximun output level; open circuit (peak-to-peak) /\ 5,5\\Q0\3/ 0V
Maximunp output signal distortion; i.e., overvoltage, ringing and droop WI re 6(N \ \/_(10 %
Quiescent transmitter output; i.e. transmitter noise \ \}QTOmaX (r-m.s.)
(measured over the frequency band 1 kHz to fqQT0o,,,,)

Table 53 — MAU transmit timing specific/a&ﬁ\XWa for\31,25 kbit/s operatign

Transmit timing characteristicsy val ferr to t nk Limits
(but measured using test load a sho n

Transmitfed bit rate BR = ABR

Instantarleous bit time \ \ \ Thit £ ATpit

Rise and|fall times (10 % to 90 of}e@k-to-p&a@@ﬁéee‘ﬁ@re 60) <25 % Thit

Slew ratg (at any point frory‘l W % ({%Qk-%\@ai&eénal) <0,2 Vigs

Maximun transmitted bit_celljitter ( %ro\s\os g}x\int/}eviation, see Figure 61) + 2,5 % Thit

Transmit enable/dlsM tlme uring which the output waveform may not <2,0 Tplt
meet the|transmit rqu men

able /54 wa smitktiming specification summary for > 1 Mbit/s operation

1
W aracterlstlcs values referred to trunk Limits

(b eqsured ysing test load as shown in Figure 59)

Transmitfed blt%rs\ BR + ABR

Instantarleaus bit time Thit £ ATpit

Rise and fall times (10 % to 90 % of peak-fo-peak signal, see Figure 60) <20 % Tpit

Slew rate (at any point from 10 % to 90 % of peak-to-peak signal) <100 V/us x (fr/MHz)

Maximum transmitted bit cell jitter (zero-crossing point deviation, see Figure 61) + 2,5 % Tpit

Transmit enable/disable time (i.e. time during which the output waveform may not <2,0 Tpijt

meet the transmit requirements)
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11.4.2 MAU test configuration

Figure 59 shows the configuration that shall be used for testing MAUs.

+ <
o T
Data and Power ‘+’
R Va +
Fieldbus -
Power i
T Device
Supply J_ 1 T Vem Under Vd
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oV R Case -
Vb Ground Data and Power ‘- (
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Figure 60 — Output waveform

The MAU transmit circuit shall conform to the following output level requirements, all
amplitudes being measured at the estimated mid-point between any peaks or troughs in the
top and bottom of the waveform ("mid-point" in Figure 60):
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a) the output voltage across the test load after transformer step up/down (if applicable) shall
be between 5,5V and 9,0 V peak-to-peak with a load resistance of 75 Q £+ 1 % ("min. o/p"
in Figure 60;

b) the output voltage at the trunk, or at the transmit terminals, with a load resistance of
150 Q £ 1 % (i.e. with one trunk terminator removed) shall be between 5,5V and 11,0V
peak-to-peak (“max. o/p one terminator removed” in Figure 60);

c) the output voltage at the trunk, or at the transmit terminals, with any load including an open
circuit shall be between 5,5V and 30,0 V peak-to-peak. For test purposes open circuit
shall be defined as a load of 100 kQ resistance in parallel with 15 pF capacitance;

d) during transmission a device shall not suffer permanent failure when a load resistance of
<1 Qis applied for 1 s;

e) the difference between positive amplitude and negative amplitude, measured_as)s
Figute 60, shall not exceed 10,45 V peak;

hown in

f) the dutput noise from an MAU which is receiving or not powered/sha }Tomax
r.m. to the
trun

g) the onically
chanpges between 10 % and 90 % of peak-to-peak value. ereaf ‘ voltage
shall[not vary more than +10 % of peak-to-peak v i rs. This
per ) voltage,
ringi

11.4.4

11.4.41

An MAU

a) trangmitted bit cell jit j point,

meag

Amplitude

VpB
Vgp—

—  Mid-point

l Not to scale
oV-

Figure 61 — Transmitted and received bit cell jitter (zero crossing point deviation)

b) the transmit circuit shall turn on, i.e. the signal shall rise from below the transmit circuit
maximum output noise level as specified in 11.4.3f) to full output level, in less than
2,0 Tpjt- The waveform corresponding to the third and later bit times shall be as specified
in Figure 60;

c) the transmit circuit shall turn off, i.e. the signal shall fall from full output level to below the
transmit circuit maximum output noise level as specified in 11.4.3 f), in less than 2,0 Tpjt.
The time for the transmit circuit to return to its off-state impedance shall not exceed 4,0
Tpit- For the purposes of testing, this requirement shall be met with the transmit circuit test
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configuration of Figure 59 with the equivalent capacitance of a maximum length cable
across the DUT terminals.

NOTE This requirement is to ensure that the transition of the transmit circuit from active to passive leaves the line
capacitance fully discharged.

11.4.4.2 Additional output timing requirements for 31,25 kbit/s operation
The MAU transmit circuit shall conform to the following additional output timing requirements:

a) rise and fall times, measured from 10 % to 90 % of the peak-to-peak signal amplitude shall
not exceed 0,25 Tyj; (see Figure 60);

b) slew rate shall not exceed 0,2 V/us measured at any point in the range 10 % to 90 % of the
peakfto-peaksigmatamptitude {see Figure 607;

NOTE Rgquirements a) and b) produce a trapezoidal waveform at the transmit circuit . i erlt b) limits
the level pf interference emissions that may be coupled to adjacent circuits etc. Regyi i ated from
the formuja:

Max. slew rate = 2 x Min. slew rate = 2 x 0,8 V,/ 0,25 Tpjt = 6,4 x V, / Thip™ i i peak-to-

peak output voltage (9,0 V) with a standard load.

11.4.4.3 Additional output timing requirements for > 1

The MA ments:

a) rise and fall times, measured from 10 % to 90 % ) de shall
not e

b) slew 10 % to
90 %

NOTE R4 t b) limits

the level ated from

the formula:

Max. slew rate = 36 x Min. slew it = k-to-peak

output voltage (9,0 V) with &'s

11.4.5 | Signal pelari
For a bws-powere@ '

and the|data “-” ter/®

erminal,

ected to the power terminal. See Figure 59.

When tr i8S{OM\is ¥ a high to low transition of the Manchester encoded signal shall
result ir ) in V4 on the bus. A low to high transition of the Manchester
encoded si¢ esit in~a low to high transition in V4 on the bus. The signal pdlarity is
defined

During gh to low transition in Vq on the bus shall result in a high to low
transitign <of , the Manchester encoded signal. A low to high transition in V4 on the bus shall
result it-edew-to-high-transition-of the- Manchesterencoded-sighal

NOTE 1 Manchester encoding is defined in 9.2.2.
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encoding : 1 : 1 : 0 : 0 . N- :
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I
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device
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g
Time
igur GZ%nal olarity
NOTE 2 |The waveform in N i »wn to provide an gxample of the “17, “0”, “N+”, and “N-" sympols. This
waveform 3 ) . the encoding rules.
NOTE 3 |[The TxS s inNGi € ndeterminate in the time period marked “Receivirg”.
NOTE 4 |The signals & defined in clause 10. The TxS, TxE, and RxS signalg shown in

Figure 62|are only acces

11.5
11.5.1

Table 5p

dble 55 — MAU receive circuit specification summary

Receive circuit characteristics (values referred to trunk) Limits
Input impedance, measured over the frequency range fmjn to fmax >8 kQ
Sensitivity; min. peak-to-peak signal required to be accepted (see Figure 63) 700 mV
Noise rejection; max. peak-to-peak noise required to be rejected (see Figure 63) 280 mV
Maximum received bit cell jitter (zero crossing-point deviation, see Figure 60) +0,10 Thit

11.5.2 Input impedance

The differential input impedance of an MAU receive circuit shall be no less than Dinmin over
the frequency range fmin to fmax. This requirement shall be met in the power-off and power-
on (not transmitting) states and in transition between these states. This impedance shall be
measured at the communication element terminals using a sine wave with a signal amplitude
greater than the receiver sensitivity threshold and lower than 9,0 V peak-to-peak.
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NOTE The requirement for >Dinpin input impedance during power-up and power-down may be met by automatic
disabling of the transmitter during these periods.

11.5.3 Receiver sensitivity and noise rejection

An MAU receive circuit shall be capable of accepting an input signal of amplitude no less than
700 mV peak-to-peak, including overvoltage and oscillation (see "signal level" together with
"positive amplitude" and "negative amplitude”, all in Figure 63).

An MAU receive circuit shall not respond to an input signal with a peak-to-peak amplitude
which does not exceed 280 mV (see "noise rejection” in Figure 63).

SIGNAL

+—sighat
level (min.)

oOov — — — NOISE

SIGNAL

11.5.4

The rec
11.2 ang 11.4. In additio
between any two adjag
Figure 6

ariation
ss. See

NOTE 1 on.
NOTE 2 ,0 Tpit-
NOTE 3

error whe

11.5.5 bility and error rates

NOTE 1 ating in a variety of standard noise environments the probability that ap Applica-
tion Laye] Unit cortains an undetected error, due to operation of the conveying Physical|and DLL

entities, ghould-BeMess thgn 1 in 102 (1 error in 20 years at 1 600 messages/s). A communication glement is
regarded |as,conformi t0 this theoretical requirement when it meets the following interference sudceptibility
requiremgnts{_These are specified by a detected frame error rate which is derived by using a ratio of d¢tected to
undetectde-errors-of-408—This-sheuld-b diy-achievable-with-a—46-bitFrame-CheelkS at-the-BLL.

HoOthe—oe—+eathyatHevyaote—W otttk tqueReeat—re

A communication element which includes an MAU, operating with frames containing 64
random user data bits, with maximum frame rate and with signals of 1,4 V pk-pk amplitude,
shall produce no more than three detected frame errors in 3 x 108 frames during operation in
the presence of common-mode voltage or Gaussian noise as follows:

a) a common-mode sinusoidal signal of any frequency from 63 Hz to 2 fy, with an amplitude of
4V r.m.s. and from 47 Hz to 63 Hz with an amplitude of 250 V r.m.s;
b) a common-mode d.c. signal of +10 V;

c) white Gaussian additive differential noise in the frequency band 1 kHz to 4 f;, with a noise
density of 30 uV/vYHz r.m.s.
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NOTE 2 The common-mode voltage and Gaussian noise specifications are for receive circuit conformance testing
with balanced loads and are not indicative of system installation practice.

A communication element which includes an MAU, operating with frames containing 64
random user data bits, at an average of 1 600 messages/s, with signals of 1,4 V peak-to-peak
amplitude, shall produce no more than six detected frame errors in 100 000 frames during
operation in the presence of electromagnetic or electrical interference environments as
follows:

1) 10 V/m electromagnetic field as specified in IEC 61000-4-3 at severity level 3;

2) electrical fast transient as specified in IEC 61000-4-4 at severity level 3.

The above error rate specification shall also be satisfied after but not during operation in the

followin§y noise environments:

i) 8|kV electrostatic discharge to exposed metalwork as specifi i D-4-2 at
sgverity level 3. If the device suffers temporary loss of functio e as a
rejsult of this test it shall recover from any such loss withou i igh within
3 b after the end of the test;

ii) high-frequency disturbance tests as specified in IEC/60x ; S class Il
(2,5 kV and 1 kV peak values of first half-cycle i ingNa bransverse mode
refspectively). If the device suffers temporary log e e ause of
thjs test, it shall recover from any such loss witho i B s after
the end of the test.

11.6 Jabber inhibit

The MAU shall contain a self-interrupt e i eaching
the medium. Hardware within the MA i S essage other than the detgction of
output gignals or leakage vi i i ol provide a window of betwegn 5000
Thit ang i me may be transmitted. If the framp length
exceeds this duration ' i i shall inhibit further output signgls from
reaching the medium and isdble ' e RxS line (see 10.2.2.2) to indicatg jabber
detection to the I%is

For a data rate of 3 ‘ AU ghall reset the self-interrupt function after a geriod of
3s 50

NOTE 1 is iphibt i o more than 8 % (= 1/12,5) of the available time.

For a d € it's or“greater, the MAU shall reset the self-interrupt functiorl after a
period g

NOTE 2 |[This/nhibits.bus fraffic for no more than 3 % (= 1/32) of the available time.

1.7 Power distribution

11.7.1  Overview

Voltage mode MAUs operating at a data rate of < 2,5 Mbit/s can optionally receive power via
the signal conductors or be separately powered. Voltage mode MAUs operating at a data rate
of > 2,5 Mbit/s are separately powered. A separately powered device can be connected to a
powered fieldbus.

For ease of reference, the requirements of 11.7 for network-powered devices and network
power supplies are summarized in Table 56 and Table 57, respectively.
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Table 56 — Network powered device characteristics

Limits
Network powered device characteristics
31,25 kbit/s 1 Mbit/s > 1 Mbit/s
Maximum rate of change of quiescent current (non-transmitting) 1 mA/us 0,05 mA/us 0,1 mA/us
Operating voltage 9,0 Vto 32,0 V d.c.
Minimum withstand voltage, either polarity, for no damage 35V
Table 57 — Network power supply requirements
Network-power-suppty requirements y.ma\
Output voltage AZ Rc.
Output ripple and noise ,\g Fig\u\eM
Output impedance, measured over the frequency range fmin tom Divgnin \/

11.7.2 | Supply voltage

A fieldbus device claiming conformance to this clausg of operating within a

voltage [range of 9 V to 32 V d.c. between the twag i ing ripple. Theg device

shall wi b

A fieldb nents of

this clat

a) The

NOTE 1 less than

the limit specified by the loc

b) The fmm to
fmax

c) The ribution
circu

NOTE 2 a_be applied between independent isolated circuits or betweep isolated

circuits a . For circuits with a nominal voltage <50 V d.c. or r.m.s., the equijalent test

voltages ; h 8., 635 V d.c. and 635 V peak impulse test. For circuits with & nominal

voltage b € { .IM.s., the equivalent test voltages at sea level are 2 260 V r.m.s., 3 175 V d.c.

and 3 175 iR

d) Whe D¢ y powers two or more segments, the isolation impedance [to each
segm he split £10% between the two signal conductors of the segment.

11.7.3 | Powered via signal conductors

A fieldbus device claiming conformance to this clause that is powered via the signal
conductors shall conform to the requirements of this clause when operating with maximum
levels of power supply ripple and noise as follows:

a
b
c
d

30 mV peak-to-peak over the frequency range fmin to fmax;
2 V peak-to-peak over the frequency range 47 Hz to 63 Hz;
300 mV peak-to-peak at frequencies greater than 12,5 fr, up to a maximum of 50 MHz;

~_~ ~— ~— ~—

levels at intermediate frequencies generally in accordance with Figure 64, which gives the
level and the frequencies for power via signal conductors.
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I \
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0,2 |— t AN t
[ \ 6 dBJoct. / [
0,1 — | / ]
|
0,05 :
|
0,02 :
0,01 : »
| uency
The deVi smitting
conditio
NOTE THi
11.7.4
NOTE Pd cal power
supplies ¢ hductors.
A separptely pow i i imi i N0 more
than 10p uA dir f i ¢ , i 100 pA
direct clirrent to theg gign S 2
11.7.5
All field rs, shall
provide
NOTE 1 9 y oupler or
some other |so|at|ng somponent between trunk cable and device.

A combined power supply and communication element shall not require electrical isolation.

For electrical installations providing different grounds, the isolation impedance measured
between the shield of the fieldbus cable and the fieldbus device ground shall be greater than
250 kQ at all frequencies below 63 Hz.

The isolation shall be bypassed at high frequencies by capacitance, such that the impedance
measured between the shield of the fieldbus cable and the fieldbus device ground shall be
less than 15 Q between 3 MHz and 100 MHz.

NOTE 2 The capacitance between ground and trunk cable shield necessary to meet both these requirements can
be any value between 3,5 nF and 10,6 nF.

For electrical installations providing a common ground in conformance with IEC 60364-4-41
and |IEC 60364-5-54, the shield of the fieldbus cable and the fieldbus device ground may be
directly connected.
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The maximum unbalanced capacitance to ground from either input terminal of a device shall
not exceed 250 pF.

The breakdown requirements of the isolation of the signal circuit and the power distribution
circuit from ground and from each other shall be in accordance with IEC 61131-2.

NOTE 3 The equivalent test voltage is applied between independent isolated circuits or between isolated circuits
and accessible conducting parts. For circuits which is powered from a supply with rated voltage <50 V d.c. or
r.m.s., the equivalent test voltages at sea-level are 444 V r.m.s., 635 V d.c. and 635 V peak impulse test. For a
device which is powered from a supply with rated voltage between 150 V and 300 V r.m.s., the equivalent test
voltages at sea-level are 2 260 V r.m.s., 3175V d.c. and 3 175 V peak impulse test.

11.8 Medium specifications

11.8.1 | Connector

Cable donnectors, if used, shall be in accordance with this standard ). Field
termination techniques such as screw or blade terminals and permarenk tecmingti nkplices)
may alsp be used.

11.8.2 | Standard test cable

The caljle used for testing fieldbus devices with a 150 Q volta AU for confgrmance
to the rlequirements of this clause of IEC 61158, ingle wisted-pair caple with

a) Zo ¥ 150 Q £ 10 % over the range™Q,2
b) maximum attenuation at ,25 fr to 1,

c) maximum capacitive unbalance to shiel
d) maximum d.c. resistakce

e) conductor cross-septiona

f)  minimum resistjvity betwee
g) minimum sh| : ¢

Maximum attenuation at
\ 0,25 f 1,25 f,
\ 34,25 kbit/s 1,5 dB 3dB
> 1 Mbit/s 6,5 dB 13 dB
2,5 Mbit/s 10B 20 dB
5 Mbit/s 13 dB 26 dB
10 Mbit/s 17 dB 37 dB
25 Mbit/s 26 dB 60 dB

NOTE The preceding specification is for conformance testing an MAU. Other types of cable may be used in real
installations. (See Annex B.) Cables with improved specifications may enable increased trunk length or superior
interference immunity or may be required to meet environmental or installation conditions. Conversely, cables with
inferior specifications may be used subject to length limitations for both trunk and spurs, plus possible non-
conformance to the RFI/EMI susceptibility requirements.
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Coupler

2003(E)

The coupler, as shown in Figure 65, shall provide one or several point(s) of connection to the

trunk. It

is generally integrated with a fieldbus device.
Trunk Coupler Trunk
|
Device

A passi

Figure 65 — Fieldbus coupler

a) a tra
and

b) conn
Active

amplific
11.4.

11.8.4

NOTE A
preserved
gauge or
network t

The con

11.8.5

A termi

For test
value of

NOTE In

evice;
ctors, to provide easy connection to trunk.

couplers, which require external pow
ption and re-transmission. The trasmy

Splices

practical implementations this value would be selected to be approximately equal to the aver

r signal
hform to

ble is not
e of wire
art of the

b signal
eld.

hge cable

character

stic impedance value at the relevant frequencies to minimize transmission line reflections

The direct current leakage through the terminator shall not exceed 100 pyA. The terminator

shall be

11.8.6

non-polarized.

Shielding rules

For full conformance to the noise immunity requirements of 11.5.3 it is necessary to ensure
the integrity of shielding throughout the cabling, connectors and couplers by the following

means:

a) the c

overage of the cable shield shall be greater than 95 % of the full cable length;

b) shielding shall completely cover the electrical circuits in connectors, couplers, and splices.


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

61158-2 © IEC:2003(E) -149 -

NOTE Deviation from these shielding rules may degrade noise immunity

11.8.7 Grounding (earthing) rules

NOTE 1 Grounding (earthing) means permanently connected to earth through sufficiently low impedance and with
sufficient current-carrying capability to prevent voltage build-up which might result in undue hazard to connected
equipment or persons. Zero volts (common) lines may be connected to ground where they are galvanically isolated
from the fieldbus trunk.

Fieldbus devices shall be required to function to the requirements of this clause of IEC
61158-2 with the mid-point of one terminator or one inductive coupler connected directly to
ground.

Fieldbus devices shall not connect either conductor of the twisted pair to ground at any point
in the network. Signals shall be applied and preserved differentially throu work.

NOTE 2 [It is standard practice for the shield of the fieldbus trunk cable (if applicable)\to be, effectively|grounded

at one pojnt along the length of the cable. For this reason fieldbus devices should allo .C. i e cable
shield frofn ground. It is also standard practice to connect the signal conductors i manner at
the same|point, e.g. by using the centre tap of a terminator or coupling trangformex, 9 stems the
groundind of the shield and balanced signal conductors should be close fx W it. Capacitive
coupling hetween the shield or the balanced signal conductors and devi jrol is permitted.

11.8.8 | Colour coding of cables

NOTE Rggional practice should be considered in the choice

Within (jacket)

< /Rl‘o@\@r\i\rmg} cgnﬁmtors

N
(positive voltage)[h\qerés\nducto('\ ir}v’ge, or red/orange/brown end of the spectrum

‘~(negative v/oL@geﬁ\inner \&s@k{:tor \ blue, or blue/violet end of the spectrum

shjeld condu%Qr hngmay Sgea\r\iked) bare, clear, or green
/\< \&W outer sheath (jacket)

neral purpo%e %Mctbn\rw orange
n-incMst ctio rulés> orange/blue stripe

IS tlon\X blue or blue/orange stripe or blue/black stripe

NN

i

D

g

n
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12 Types 1 and 3: Medium Attachment Unit: 31,25 kbit/s, voltage-mode with
low-power option, bus- and tree-topology, 100 Q wire medium

NOTE Type 3 uses this MAU only for synchronous transmission.

121 General

The 31,25 kbit/s 100 Q voltage-mode MAU simultaneously provides access to a
communication network and to an optional power distribution network. Devices attached to the
network communicate via the medium and may or may not be powered from it. If bus
powered, power is distributed as direct voltage and current, and communication signals are
superimposed on the d.c. power. In Intrinsically Safe applications, available power may limit
the number of devices

The nefwork medium consists of a one pair cable, usually, but no ed pair.

Independent of topology, all attached devices, other than possib device,
present|a high impedance to prevent significant network loading, ?ms are
used tojreduce electromagnetic emissions.

Bus ang tree topologies are supported. In either topology, “a ,.\ gontainsyone trunk cable,
terminated at its ends. In the bus topology, spurs are distr alohg\the e trunk.

In the tree topology, spurs are concentrated at one
than ong¢ device to the network, with the maximum
spur length.

A spur may conngct more
a spur depending on

At the p limited
rate of ¢ thanges
in load

This clquse of IEC 61158 eCifi 3 ce their
current draw from the ne itti

To minimize os pecified
as a function of \He % ance is

minimized over the.f

12.2

The ave Il be 31,25 kbit/s + 0,2 %, averaged over a frame having a
minimur . The instantaneous bit time, Tpjt, shall be 32 us £ 0,9 ys.

12.3

12.3.1 LComponents

An MAU operates in a network composed of the following components:

a
b
c
d

) wire cable;

) devices (containing at least one communication element);
) couplers;

) terminators.

The network may optionally include the following components:

e) connectors;

f) power supplies;

g) devices which include power supplies;
h) Intrinsic Safety barriers.
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12.3.2 Topologies

A wire MAU shall operate in a network with an acyclic nominally linear or tree-like bus
topology, consisting of a trunk, terminated at each end as specified in 12.8.5, to which
communication elements are connected via couplers and spurs. A tree topology with all the
communication elements located at the ends of the trunk is regarded as a special case of a
bus for the purpose of this clause of IEC 61158-2. Each communication element shall be
connected in parallel with the trunk cable.

The coupler and communication element may be integrated in one device (i.e. a zero length
spur). Several communication elements may be connected to the trunk at one point using a
multi- port coupler An actlve coupler may be used to extend a spur to a length that requires

terminati end the
length g ipuration
rules. Branches must be considered as segments, and may make th r i Cycles

(closed |oops) are never permitted.

12.3.3 | Network configuration rules

An MAU that claims conformance to this clause shall m clause

when uged in a network that complies with these rules,

Rule 1 A fieldbus shall be capable of comm bers of

devices| all operating at the same bit rate:

a) for ajnon IS fieldbus without power and 32
deviges;

b) for a|non IS fieldbus with power supplig and the
number of devices whj o/ signal conductors, assuming that a
minimum of 120 mA ( ablé to devices at the remote end from the
powdr supply, com vice at the power supply end drawing 10 fA,;

mber of devices which can be powered via the
m of 40 mA (aggregate) shall be avallable to

c) for ap IS fieldbys:
signal condu
devides in the ha

NOTE 1 : ore than the specified number of devices in an installed system.
Since the i NSt 3 is rot spgcified, the number of bus-powered devices cannot be specffied.

Item b) ag \ni

Item c) ag

Rule 2:}, imum number of connected devices) fieldbus segment shall have a
total ca spurs, between any two devices, of up to 1900 m.

NOTE 2 is aximum cable length is a requirement for conformance to this clause of IEQ 61158-2,

but this dpes.not precludé€ the use of longer lengths in an installed system.

Rule 3: The total number of waveform regenerations by repeaters and active couplers
between any two devices is repeater implementation dependent.

NOTE 3 Prior editions of this standard limited this total number to four.

Rule 4: The maximum propagation delay between any two devices shall not exceed 20 Tj;.

NOTE 4 For efficiency of the network, that part of the turnaround time of any device on the network caused by a
PhE between the end of a received frame and the beginning of the transmitted frame containing an associated
immediate response should not exceed five bit times, of which no more than two bit times should be due to the
MAU. As it is not mandatory to expose the DLL — PhL interface or the MDS — MAU interface, that part of the turn-
around time of a fieldbus device caused by the PhL or the MAU cannot be specified or conformance tested.

Rule 5: The fieldbus shall be capable of continued operation while a device is being
connected or disconnected. Data errors induced during connection or disconnection shall be
detected.
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Rule 6: Failure of any communication element or spur (with the exception of a short circuit,
low impedance, or jabber) shall not interfere with transactions between other communication
elements for more than 1 ms.

Rule 7: In polarity sensitive systems, the medium wire pairs shall have distinctly marked
conductors that uniquely identify individual conductors. Consistent polarization shall be
maintained at all connection points.

Rule 8: The degradation of the electrical characteristics of the signal, between any two
devices, due to attenuation, attenuation distortion and mismatching distortion shall be limited
to the values indicated below.

a) Slgnal attenuatlon The conflguratlon of the bus (trunk and spur lengths, number of
devige : : uch that

the a

b) Attenuation distortion: The configuration of the bus (trunk and spu ndymber of
deviges, IS barriers, and galvanic isolators) shall be such that b - yes:

0 < |[Attenuation (1,25 ff) — Attenuation (0,25 f;)] < 6 dB

Attenjuation shall be monotonic non-decreasing for all
(7,8 kHz to 39 kHz).

c) Mismatching Distortion: Mismatching (due to any g
maximum length) on the bus shall be such tha
frequency band 0,25 f, to 1,25 f; (7,8 kHz to 38

[ — Zf,
¥ Zf, <0,2

fr tq 1,25 fr

if spur of
L, in the

DAINY

equency fr (31,25 kHz) and £ is the
the coupler.

wherg Zf is the impedance of the
parallel combination of Zf, and the |

The concentration of couglersssh 3 250 m.

NOTE 5 | This rule m|n|m| e ioti pur’length, number of devices etc. by specifying only the

transmissjon limitatio ese factors. Different combinations may be used depending
on the nepds of the

Rule 9:|The following 8 systems implemented with redundant media:
a) each ith the network configuration rules;
b) therg sdant segment between two redundant segments;

c) repe ;
d) if the i system are configured (by Systems management) to transmit pn more
than|one ehannel ‘simultaneously then the propagation time difference between gny two

devid channels shall not exceed five bit times;

NOTE 6 LThis pnrir\rl may be nvl‘nnrlnrl’ but not rnrhmnrl, h\]/ Q\J/anm: mnnngnmnr\f as gi\/nn inTable 4 ee 6.54
and 9.2.9.

e) channel numbers and association with the physical transmission media shall be maintained
consistently throughout the fieldbus, i.e. channels 1,2,3... from Systems management shall
always connect to physical channels 1,2,3...;

Rule 10: For a bus-powered fieldbus segment, the voltage available to all devices, including
ripple and the d.c. component of the voltage drop caused by signalling, shall be within the
range of 9,0 V to 32,0 V d.c.

NOTE 7 The d.c. component of the voltage drop caused by signalling is dependent upon the configuration of the
network. The d.c. component is caused by the step change in device current through the network resistance (cable
resistance, IS barrier resistance, etc.).

12.3.4 Power distribution rules for network configuration

See 11.3.4.
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124 MAU transmit circuit specification
12.4.1 Summary

For ease of reference, the requirements of 12.2 and 12.4 are summarized in Table 60 and
Table 61.

Table 60 — MAU transmit level specification summary

Transmit level characteristics, values referred to trunk Limits
(but measured using test load as shown in Figure 59)

Output level (peak-to-peak, see Figure 60) 0,75V to1V
With testload (ﬂ,’-'s nominal impnr{nnr‘n of the trunk cable at fl (’11’7’-'\ I(H7)) 50Q -+ 1 %
Maximunp positive and negative amplitude difference (signalling bias) <\ 2

as shown in Figure 61 A (\

Output Igdvel; with one terminator removed (peak-to-peak) 75\ to ‘PO \%
with test]load (nominal impedance of the trunk cable at f; (31,25 kHz)) 1 +

Maximun output level; open circuit (peak-to-peak) \ \ /35 \Y

Maximunp output signal distortion; i.e. overvoltage, ringing and droop ( @ P@«Qe\ﬁk \ +10 %4

Quiescerjt transmitter output; i.e. transmitter noise \ <1 mV (r.p.s.)

(measurgd over the frequency band 1 kHz to 100 kHz)

Table 61 — MAU tr pe f| symmary
Transmit timing characterlstlcs values r trunk Limits for 31,25 [kbit/s
(but measured using test load hown i ure (bus powered andi/or IS)
Transmitfed bit rate \ 31,25 kbit/s + 0}2 %
Instantarjeous bit time < [ N 32 us £ 0,9 Ys

Rise and|fall times (10 % tM %\er\ék-(o&p\eal&@»al,\seyﬁgure 60) <25 % Tpj
Slew ratg (at any pO/izt\frorJ\m\//o é\?\(\“/" o\&e&’&to-&ak signal) <0,2 V/ps

Maximun transmittW%&{tter (Z%Q)-c\rbisin}\;{o}r{deviation, see Figure 61) 2,5 % Tpj
Transmit enable/dis%me \e. e.dirn Mh the output waveform may not < 2,0 Tpit

meet the|transmit reguir nts)

12.4.2

Figure §

Differenti

Except where otherwise stated in a specific requirement, test load resistance R = 50 Q (0,5
nominal impedance of the trunk cable at fy (31,25 kHz)) and C = 2 uF (2 x the capacitance of
one terminator).

Data "+" terminal connected to the power "+" terminal and data "-" terminal connected to the power
terminal.

NOTE See 12.7 for the power supply specification and 12.8.5 for the terminator specification.
12.4.3 MAU output level requirements

Figure 60 describes the output form of the signal for the twisted-pair voltage output level
requirements.
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NOTE 1 Figure 60 shows an example of the a.c. component of one cycle of a fieldbus waveform, illustrating some
key items from the transmit circuit specification. Only signal voltages are shown; this diagram takes no account of
power supply voltages.

The MAU transmit circuit shall conform to the following output level requirements, all
amplitudes being measured at the estimated mid-point between any peaks or troughs in the
top and bottom of the waveform ("mid-point" in Figure 60):

a) the output voltage across the test load after transformer step up/down (if applicable) shall
be between 0,75 V and 1,0 V peak-to-peak, with a load resistance of 50 Q £+ 1 % ("min o/p"
in Figure 60);

b) the output voltage at the trunk, or at the transmit terminals, with a load resistance of 100 Q
+ 1 % (i.e. with one trunk terminator removed) shall be between 0,75V and 2,0 V peak-to-
peak|("max. o/p one terminator removed" in Figure 60);

c) the gutput voltage at the trunk, or at the transmit terminals, with an i Mg BN open
circujt shall not exceed 35 V in either polarity. For test purposges ixcuit\ghall be
defined as a load of 100 kQ resistance in parallel with 15 pF capacita ;

d) durinig transmission a device shall not suffer permanent fallure when"g isfance of
<1 QJis applied for 1 s;

e) the difference between positive amplitude and negati hown in

Figude 60, shall not exceed +50 mV peak;

f) the qutput noise from an MAU which is receiyj W d1mV
r.m.s., measured differentially over z d to the
trunk;

g) the (ifferential voltage across the test lo S that the voltage monojonically
changes between 10 % and 90 % value. Thereafter, the signal|voltage
shall{not vary more than £+10 % of p alue until the next transition occyrs. This

pernlitted variation shai\i » of outpdt signal distortion, i.e. overpvoltage,
ringi

NOTE 2 stantially
over that |specified in this subcl S Qi im combined
series im P.8.3 ¢).
12.4.4

An MAU

a) trangmitted bit eell (Nier shalt 10, i i infg point,

meaq i p i i

b) the t turn on, i.e. the signal shall rise from below the transmlit circuit

maxinum output noise level as specified in 12.4.3 f) to full output level, in less than 2,0
Tbit- | The  wavefqrpx corresponding to the third and later bit times shall be as spegified in
Figune60;

c) the transmit circuit shall turn off, i.e. the signal shall fall from full output level to below the
transmit circuit maximum output noise level as specified in 12.4.3 f), in less than 2,0 Tpijt.
The time for the transmit circuit to return to its off state impedance shall not exceed 4 Tpijt.
For the purposes of testing, this requirement shall be met with the transmit circuit test
configuration of 12.4.2 with the equivalent capacitance of a maximum length cable across
the DUT terminals.

NOTE 1 This requirement is to ensure that the transition of the transmit circuit from active to passive leaves the
line capacitance fully discharged.

d) rise and fall times, measured from 10 % to 90 % of the peak-to-peak signal amplitude shall
not exceed 0,25 Tyj; (see Figure 60);

e) slew rate shall not exceed 0,2 V/us measured at any point in the range 10 % to 90 % of the
peak-to-peak signal amplitude (see Figure 60);
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NOTE 2 Requirements a) and b) produce a trapezoidal waveform at the transmit circuit output. Requirement b)
limits the level of interference emissions that may be coupled to adjacent circuits, etc. Requirement b) is calculated
from the formula:

Max. slew rate = 2 x min. slew rate = 2 x 0,8 V, / 0,25 Tpjt = 6,4 x V, / Tpjt, where V, is the maximum peak-to-
peak output voltage (1,0 V) with a standard load.

12.4.5 Signal polarity
See 11.4.5.

12.4.6 Transition from Receive to Transmit

When a device starts to transmit, the output waveform shall immediately comply with the
requiremments of 12.4.3.

NOTE TH

Figure @

Device current

P» Time

 Transmitting

|
Receiving | Transmitting
g <1mA

Device current

P Time
Receiving Transmitting
lqg>15mA

Figure 66 — Transition from receiving to transmitting
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12.5 MAU receive circuit specification
12.5.1 Summary

Table 62 summarises the specification.

Table 62 — MAU receive circuit specification summary

Receive circuit characteristics (values referred to trunk) (bus povl;(ieTei::Isa_ndlor IS)
Input impedance, measured over the frequency range 0,25 f to 1,25 f; >3 kQ
Sensitivity; min. peak-to-peak signal required to be accepted (see Figure 63) 150 mV
Noise rejection; max. peak-to-peak noise required to be rejected (see Figure 63) ( %\mv
Maximurp received bit cell jitter (zero crossing-point deviation, see Figure 60) ,\Q ) * 10}b'\t

12.5.2 | Input impedance

The differential input impedance of an MAU receive circui less than 3 kQ pver the
frequengy range 0,25 fr to 1,25 f, (7,8 kHz to 39 kHz ' shall apply| after a
20 ms g p ower to the petwork.

Indepernldently powered devices, and network-powe i of being tufned off
while connected to the network, shall meet thisTe ntin the power-on and ppwer-off
states, ; s ignpedance shall be measured at the
commu ] @ S{ns a signal amplitude greater fhan the
receivel 3 )

NOTE 1 > i v p and power-down may be met by putomatic

disabling pf the transmitter during

NOTE 2 |Devices with fault discennect] s have impedances less than the specifigd amount
under fault conditions.

12.5.3 Receiv<§
An MAU receive cifcu y 3 accepting an input signal of amplitude no l¢ss than
150 mV pEak rvoltage and oscillation (see "signal level" together with

An MALU
which d

pot respond to an input signal with a peak-to-peak amplitude
V (see "noise rejection” in Figure 63).

12.5.4

The recgivecircuit shall accept a Manchester encoded signal transmitted in accordafce with
12.2 and 12.4. Tn addition, the receiver shall work properly with signals with the time variation
between any two adjacent signal transition points (zero crossing) of +0,10 Tpjt or less. See
Figure 61.

NOTE 1 This does not preclude the use of receivers that perform better than this specification.

NOTE 2 Depending on the symbol pattern, the nominal time between zero crossings may be one-half or one bit
time.

NOTE 3 There is no requirement to reject a signal with a specified time variation value. The receiver reports an
error when the received bit cell jitter exceeds the receiver's ability to reliably decode signalling.


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

61158-2 © IEC:2003(E) -157 -

12.5.5 Interference susceptibility and error rates

NOTE 1 When a fieldbus is operating in a variety of standard noise environments, the probability that an Applica-
tion Layer User Data Unit contains an undetected error, due to operation of the conveying Physical and DLL
entities, should be less than 1 in 6 x 10% (1 error in 20 years at 10 messages/s). A communication element is
regarded as conforming to this theoretical requirement when it meets the following interference susceptibility
requirements. These are specified by a detected frame error rate which is derived by using a ratio of detected to
undetected errors of 10°. This should be readily achievable with a 16 bit Frame Check Sequence at the DLL.

A communication element which includes an MAU, operating with frames containing 32
random user data bits, with maximum frame rate and with signals of 375 mV peak-to-peak
amplitude, shall produce no more than 10 detected frame errors in 60 000 frames during
operation in the presence of common mode voltage or Gaussian noise as follows:

a) a com with an

b) a con

c) whitg Gaussian additive differential noise in the frequency band ; with a
noisq density of 70 pV/VHz r.m.s.

NOTE 2 |The common mode voltage and Gaussian noise specifications are S { ce testing
with balarfjced loads and are not indicative of system installation practices

A communication element which includes an MAU ' ames contaihing 32
random g h signals of B75 mV
peak-to ame errors in 1 00(Q frames
during d erference environments as
follows:

1) 10 V.

2) electfi

The noise above error rat ificati 4 isfi i beration

in the fgllowing noise

i 8lkv elec
sgverity le 3

result of thls 8

D-4-2 at
ce as a
n within

i) hi nce tests as specified in IEC 60255-22-1, appendix |[E, Test
v( and 1 kV peak values of first half-cycle in longitudinal and
trar : . If the device suffers temporary loss of fungtion or
pd ¢ of this test, it shall recover from any such loss without pperator

inferventi ithi s after the end of the test.

12.6 Jabber inhibi

The MAU shall contain a self-interrupt capability to inhibit transmitted signals from reaching
the medium. Hardware within the MAU (with no external message other than the detection of
output signals or leakage via the transmit function) shall provide a window of between 120 ms
and 240 ms during which time a normal frame may be transmitted. If the frame length exceeds
this duration, the jabber inhibit function shall inhibit further output signals from reaching the
medium and shall disable echo on the RxS line (see 10.2.2.2) to indicate jabber detection to
the MDS.

The MAU shall reset the self-interrupt function after a period of 3,0 s £ 50 %.

NOTE This inhibits bus traffic for no more than 16 % (~ 240 ms / 1,5 s) of the available time.
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12.7 Power distribution

12.7.1 General

A device can receive power via the signal conductors or can be separately powered.

A device can be certified as Intrinsically Safe with either method of receiving power.

NOTE This part of IEC 61158 does not include requirements for IS certification but seeks to exclude conditions or

situations that would prevent IS certification.

A separately powered device can be connected to a powered fieldbus.

For eage of reference, the requirements of 12.7 for network-powered devices. and
power sjupplies are summarized in Table 63 and Table 64.

Table 63 — Network powered device chara/\@s\

N

cler
Network powered device characteristics \ Lm fk{ 31\,25/{(/bitls

Minimpm withstand voltage, either polarity, for no damage /

Operating voltage \ mto ?&,0 V d.c.
AY
35

of the|device to an operating network or within\the fir; ms aftef-th
applicption of power to the network.

\ %5V
Maximum rate of change of quiescent current (non-transmitting); thi \/1 ,0 mA/ms
requirement does not apply within the first 20 ms after tife ction

Maximum current; this requirement applies during th
500 p$ to 20 ms after the connection of the gévice to aho

netwolk or 500 ps to 20 ms after the application werto
netwofk (see note)

val o}\_/ Rated quiescent curren|

plus 20 mA

for\the)ch rging of RFI filters and other capacitance

NOTE|1 The first 500 ps | in the
devicqg. The rate of chanpe pliesafter 20 ms.
NOTE|2 The maximu e i } us should be no more than twice the maximum gqurrent
specifled above, inimi b t inpush on the rest of the connected fieldbus network.
NOTE|3 These \ t ial to cause a "brown out" at devices powered from the| same
power|supply during
NOTE|4 These €xclysians ¢ ially increase the current requirements of the power supply [during
the exclusion/iQ’(er al immediately after power is applied to the PhL segment.
&%e 64 — Network power supply requirements
RY . L. .
Network power supply requirements Limits for 31,25 kbit/q
Outpu} voltage, nW <32Vd.c.
Outpn \/nlfngp 1S npppnde an bharrier rafirg

Output ripple and noise

See Figure 67

Output impedance

See 12.7.4

permitted by Table 63.

NOTE Power supply designs should take into account the current surge at device connection or power-up

12.7.2 Supply voltage

A fieldbus device claiming conformance to this clause shall be capable of operating within a
voltage range of 9 V to 32 V d.c. between the two conductors including ripple. The device

shall withstand a minimum voltage of +35 V d.c. without damage.

network
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12.7.3 Powered via signal conductors

A fieldbus device claiming conformance to this clause shall conform to the requirements of

this clause when powered by a supply with the following specifications:

a) The output voltage of the power supply for non IS networks shall be 32 V d.c. maximum

including ripple.

NOTE 1 For IS systems the operating voltage may be limited by the certification requirements. In this case, the
power supply will be located in the safe area and its output voltage will be attenuated by a safety barrier or

equivalent component.

b) The breakdown requirements of the isolation of the signal circuit and the power distribution
circuit from ground and from each other shall be in accordance with IEC 61131-2.

NOTE 2 |See 11.7.5, note 3.
c) When a power supply powers two or more segments, the isolation i to each
segment shall be split +10% between the two signal conductors @
A fieldijus device claiming conformance to this clause that signal
conductors shall conform to the requirements of this clause aximum
levels of power supply ripple and noise as follows:
d) 16 m)V peak-to-peak over the frequency range 0,257, to
e) 2,0 | peak-to-peak over the frequency range 47 Kz to 63 HzXor nonAS applicationg;
f) 0,2 | peak-to-peak over the freque 62@-12 for 1S applications;
g) 1,6 | peak-to-peak at frequencies 5r\up to @ maximum of 25 MHz
h) levelg at intermediate frequencies g in 3 dance with Figure 67.
VI<2Itsk A
pk-p | <\ N
2,0 V
2,0 fe 5 \( 16 V
) S =
10 | A Nge s AN | A .
XL R Al
075 | 1 / 1 |
1 I I
11S Supp N // 1 1
02 =l = -~ T T
i-) ~— /
! 6 dB/oct. 1 1
01 | x \}’B\ // : :
6 dB/oct.
0,05 —<1\\ X \( "/ I I
) \ T T
SN / o
002 || 16 mv _// : :
{ \) | | | I Frequeﬂcy
0.01=1=| =5 | ] ] 1 ] >
] O, 0T Tair O, T Teir 0,2 870,90 TeiT Taim TO Taim TO0 Taim 17000 fair
1 I I I I I
47 Hz 63 Hz 625 Hz 7.8 kHz 39,1 kHz 3,91 MHz 25 MHz

Figure 67 — Power supply ripple and noise

A fieldbus device claiming conformance to this clause which is powered via the signal
conductors shall exhibit a maximum rate of change of current drawn from the network of

1 mA/ms. This requirement does not apply:

when transmitting,

within the first 20 ms after the connection of the device to an operating network,

1)

2)

3) within the first 20 ms after the application of power to the network, or

4) upon disconnection from the network or removal of power to the network.
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A device shall be marked with its rated quiescent current. A device shall draw no more than
20 mA above its rated current from the network during the time interval of 500 ys to 20 ms
after the connection of the device to an operating network or 500 ys to 20 ms after the
application of power to the network.

NOTE 3 The first 500 ys are excluded to allow for the charging of RFI filters and other capacitance in the device.
The rate of change specification applies after 20 ms.

NOTE 4 The maximum current during that initial 500 ps should be no more than twice the maximum current
specified above, to minimize affects of the current inrush on the rest of the connected fieldbus network.

NOTE 5 These exclusions have the potential to cause a "brown out" at devices powered from the same power
supply during the exclusion interval.

NOTE 6 These exclusions can substantially increase the current requirements of the power supply during the
exclusion[interval which occurs immediately after power is applied to the PhL segment.

12.7.4 | Power supply impedance

The poyer supply used to provide power on the signal conductors shall ' ¢ With the

impedance specification in 12.7.4.1, 12.7.4.2, or 12.7.4.3.

NOTE Pqwer supply designs should take into account the current
permitted|by 12.7.3.

ection or |power-up

12.7.4.1 Power supply impedance for single outp

For power supplies having a single out d using
the test|circuit of Figure 68.

Device Unfder Test

NN

Under/Test) DC

-
] I
H Zspply + |
Vbus |
I
I
I

L

-3 constant- 950 O
current 1 %
load

Y

@ :
= 31000 pF
_ supply Y_\/

A\ " Ol

N\

N

igure 68 — Test circuit for single-output power supplies

The test terminators shown in Figure 68 shall each be 100 Q + 1 % in series with 1 uF £ 5 %.
Two test terminators shall be used in the test circuit if the supply under test does not contain
an internal terminator. If the supply under test contains an internal terminator that is always
connected, only one test terminator shall be used in the test circuit. If the supply under test
contains an internal terminator that can be optionally connected into the circuit, the supply
shall be tested a) with the internal terminator and one test terminator and b) with two test
terminators and no internal terminator.

If the power supply is intended to be used with an external impedance-determining network
(for example, as might be the case with supplies designed to be used redundantly), the supply
shall be tested with the external network connected.

The supply shall be tested at 20 %, 50 %, and 80 % of its rated output current (or 20 mA,
whichever is greater), with the supply loaded by a d.c. constant-current load having 1 mA/V
compliance or better (i.e. >1 kQ impedance).
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The power supply shall be tested by monitoring the a.c. bus voltage Vgys while applying a
10 Vokpk Sine wave from a test signal source through a 950 Q £ 1 % resistor and a coupling
capacitor of at least 1 000 pF.

The measured a.c. bus voltage Vgys shall conform to the following:

a) For non-IS power supplies intended for feeding IS barriers: Vgys shall be between
0,40 Vo and 0,60 V.o at all frequencies from 50 Hz to 39 kHz.

b) For IS power supplies, and for non-IS power supplies not intended for feeding IS
barriers: Vgys shall be between 0,40 Vo« and 0,60 Vo from 3 kHz to 39 kHz, and shall
not increase or decrease at a rate greater than 20 dB per decade at any frequency from
50 Hz to 3 kHz.

NOTE It |s acceptable for the functions of power supply and terminator to be combined long as\the combination
is electricplly equivalent to the independent devices meeting the requirements of this -2, and if
the netwdrk configuration rules of 12.3 are followed.
Power s$upplies not intended for feeding IS barriers shall be with IS
barriersy.
12.7.4.2 Power distribution through an IS barrier
Intrinsic| safety barrier output impedance shall be d pendent
charactgristics when connected in the test circui ]
Test powef source Tost
terminators
T(If not part
5 mH of Device DC
+5% 1Under Test) constant-
e == 1 current 930 Q
| | load +1%
1 | |
50 O Safe r?(;err azardqus I I JV +
+1% si te [5i : : 31000 pF
| | 4
L 5 est
gignal
gource
The tes] power sowce shown in Figure 69 consists of a low-impedance d.c. voltage spurce in
series withi5 mH £5 % and 50 Q +1 %. The test terminators shall each be 100 Q #1 % in

series with T pF £ 5 %. If the barrier contains an internal terminator, the barrier shall be tested
with one test terminator. Otherwise, the barrier shall be tested with two test terminators.

The barrier shall be tested at 20 %, 50 %, and 80 % of rated output current (or 20 mA,
whichever is greater), when loaded by a d.c. constant-current load having 1 mA/V compliance
or better (i.e. 21 kQ impedance).

The barrier shall be tested by monitoring the bus voltage Vgys while applying a 10 V.o« sine
wave from a test signal source through a 950 Q £ 1 % resistor and a coupling capacitor of at
least 1 000 pF.

The measured a.c. bus voltage Vgys on the hazardous side of the barrier shall be between
0,40 Vpk-pk and 0,60 Vi« from 3 kHz to 39 kHz, and shall not increase or decrease at a rate
greater than 20 dB per decade at any frequency from 50 Hz to 3 kHz.
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NOTE It is acceptable for the functions of power supply, IS barrier and terminator to be combined in various ways
as long as the combination is electrically equivalent to the independent devices meeting the requirements of this
clause of IEC 61158-2, and if the network configuration rules of 12.3 are followed.

12.7.4.3 Power supply impedance for multiple-output supplies with signal coupling
between outputs

NOTE 1 This section is applicable to galvanic isolators, active couplers, and other devices providing multiple
power and signal ports.

For multiple-output power supplies with a coupling of fieldbus communication signal between
outputs, power supply impedance shall be measured using the test circuit of Figure 70.

Device Under Test
Test

terminators

T(If not part
jof Device
Under Test)

PR P p0 Q
|:| Zsupply +

1%

Vbus

+'\
_ Vsupply

g [

1000 uF

lest
@ Signal
source

T

Signal L\ Q
coupling

Fr—=--=--=-

Test
terminators
A\

T(If not part

Iof Device
| Under Test)
H 50 Q
r A

H -~ ! ﬁ 1%
i

Vbus
Figure 70 — Test circuit for multiple output supplies with signal coupling

(,

©

I+

DC

constant-
‘Jy current =

load

N+

41 000 uF

|

|

|

|

+ ] !
C Vsupply ‘ |

lest

7 signal
&\ﬂ source

The test terminators shown in Figure 70 shall each be 100 Q + 1 % in series with 1 uF £ 5 %.
Two test terminators shall be used in the test circuit if the device under test does not contain
an internal terminator. If the device under test contains an internal terminator that is always
connected, only one test terminator shall be used in the test circuit. If the device under test
contains an internal terminator that can be optionally connected into the circuit, the device
shall be tested a) with the internal terminator and one test terminator and b) with two test
terminators and no internal terminator.
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If the device under test is intended to be used with an external impedance-determining
network (for example, as might be the case with supplies designed to be used redundantly),
the supply shall be tested with the external network connected.

The device under test shall be tested at 20 %, 50 %, and 80 % of its rated output current (or
20 mA, whichever is greater) on each output, with the device loaded by a d.c. constant-
current load having 1 mA/V compliance or better (i.e. 21 kQ impedance).

The measured a.c. bus voltage Vgys shall be between 0,40 V.o« and 0,60 V.o from 3 kHz to
39 kHz, and shall not increase or decrease at a rate greater than 20 dB per decade at any
frequency from 50 Hz to 3 kHz.

mbined in
ependent
12.3 are

NOTE 2 |[It is acceptable for the functions of power supply, isolator or coupler, and ter
various wpys as long as the impedance of the combination is equivalent to the parallel
devices meeting the requirements of this clause of IEC 61158-2 and the network ¢
followed.

12.7.5 | Powered separately from signal conductors

NOTE Pqwer distribution to non-bus powered fieldbus devices is by separas 0 i al power
supplies, fegulators or safety barriers. IS certification may require thesg cond S in 8 able from
the signall conductors and may also impose more stringent requireme e S

A separptely powered fieldbus device shall draw no/more\than direct current from the
signal cpnductors nor shall it supply more than [ ductors
when ng@t transmitting. A device shall bexmarked rom the
network]

12.7.6

All field
provide

owered via the signal conductors, shall
e fieldbus trunk cable.

NOTE 1 om ground or by use of a transformer, opto-¢oupler or

some oth g device.

A combined powe tion element shall not require electrical isolation.
For shi n_impedance measured between the shield of the [fieldbus
cable a eldt ground shall be greater than 250 kQ at all frequencies below 63
Hz.

The makinmy . ed’'capacitance to ground from either input terminal of a device shall

not exc
The brjakdown requirements of the isolation of the signal circuit and the power disfribution
circuit from ground and from each other shall be in accordance with IEC 61131-2.

NOTE 2 See 11.7.5, note 3.
12.8 Medium specifications
12.8.1 Connector

Cable connectors, if used, shall be in accordance with this standard (see Annex A for Type 1,
and Annex | for Type 3 synchronous transmission). Field termination techniques such as
screw or blade terminals and permanent termination may also be used.
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12.8.2 Standard test cable

The cable used for testing fieldbus devices which claim conformance to this clause of
IEC 61158-2 shall be a single twisted-pair cable with overall shield meeting the following
minimum requirements at 25 °C:

a) impedance at f; (31,25 kHz) = 100 Q + 20 %;

b) maximum attenuation at 1,25 fr (39 kHz) = 3,0 dB/km;

c) maximum capacitive unbalance to shield = 4 nF/km, tested using a 30 m or longer sample;
d)

e)

maximum d.c. resistance (per conductor) = 24 Q/km;
maximum propagation delay change 0,25 f to 1,25 fy = 1,7 ys/km;

f) conlector cross-sectional area (wire size) = nominal 0,8 mm?2;

g) minimum shield coverage shall be 90 %.

NOTE 1 |The preceding specification is for conformance testing an MAU. Other typ Qd in real
installatiops. (See Annex B.) Cables with improved specifications may enable™ingcre ¢ [ superior
interference immunity or may be required to meet environmental or installatio it hbles with

inferior specifications may be used subject to length limitations for bo ible non-
conformapce to the RFI/EMI susceptibility requirements.

NOTE 2 | For intrinsically safe applications, the inductance/resjstance~atio t the limit
specified py the local regulatory agency for the particular implementatiqn.

12.8.3 | Coupler

The couipler shall provide one or s may be
integrated in a fieldbus device, in which st three
access points as shown in Figure 71: \d one for each side of the trunpk.

unk

3 Spur

Device

Figure 71 — Fieldbus coupler

A passive coupler may contain any or all of the optional elements as described below:

a) a transformer, to provide galvanic isolation and impedance transformation between trunk
and spur;

b) connectors, to provide easy connection to spur and/or trunk;

c) protection resistors, as shown in Figure 72, to protect bus traffic between other devices
from the effects of a short-circuit spur on an unpowered, non-intrinsically-safe trunk.
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Non-IS

unpowered

trunk

Optional
protection resistors
Spur
Figure 72 — Protection resistors

NOTE SL l;il bb‘lib‘h Ib‘biatulh illilGlGlltiy illblcdbc tilc VUithU dt tilc UICVibC tCIIIIiIIdiB VV;IUII I‘ﬁ Iblllittill . Th|S W|”
affect the|voltage at the receiving terminals of electrically “nearby” devices. See 12.4.3 withstand
voltage rdquired of all such devices.
Active touplers, which require external power supplies, conta > signal
amplification and re-transmission. The transmit level and timing 1 form to
12.3.
12.8.4 | Splices
NOTE 1 le is not
preserved e of wire
gauge or therefore
any part @
For net sum of
the lend hgths of
400 m @
NOTE 2 btwork be
construct
The con
12.8.5
A termi y b signal
conductor to the \ eld.
The tern value shall be 100 Q — 2 Q/+ 6 Q over the frequency rang¢ 0,25 f;
to 1,25 fl 1% sistor in
series 1 P (O and
1,0 uF % 0,2 puF.
NOTE 1 ate e r suitable

cables at the relevant frequencies and is chosen to minimize transmission line reflections.

NOTE 2 The terminator components should be chosen to meet the specified values over the temperature range
and operating life of the installation. It is recommended that the 25 °C rating of the components be 100 Q + 1 Q
and 1 pF £ 0,1 pF.

The direct current leakage through the terminator shall not exceed 100 pyA. The terminator
shall be non-polarized.

All terminators used for IS applications shall comply with isolation requirements (creepage
and clearance) commensurate with the required IS approval. Terminators for non-IS
applications shall not be required to have IS approval.
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NOTE 3 It is acceptable for the functions of power supply, safety barrier, and terminator to be combined in
various ways as long as the impedance of the combination is equivalent to the parallel impedance of independent
devices meeting the requirements of this clause of IEC 61158-2 and the network configuration rules of 12.3.3 are
followed.

12.8.6 Shielding rules

Where conformance to the noise immunity requirements of 12.5 is to be met by the use of
shielding it is necessary to ensure the integrity of shielding throughout the cabling, connectors
and couplers. The following rules can assist in meeting these requirements, but are not
themselves a requirement:

a) The cable should be shielded for more than 90 % of its full length;
b) Shieldirg—shoutd—completety—cover—the—electrical—cirenits—h

splices.

rs, and

NOTE 1 Peviation from these shielding rules may degrade noise immunity.

%nectors,
hat shield

NOTE 2 |Due to the long wavelengths involved, breaks in the shield cover
couplers pnd splices, including where spurs are attached, should not usua
continuity|is maintained.

NOTE 3 Enclosure of connectors, couplers and splices in a metallic juRction™Nho camprovid ieldi om noise
sources odutside the junction box.

12.8.7 | Grounding (earthing) rules

NOTE 1 |Grounding (earthing) means permane and with
sufficient [current-carrying capability to preve onnected
equipmenit or persons. Zero volts (common) line y isolated
from the fjeldbus trunk.

Fieldbu$ devices shall be required to of IEC
61158-2 i irectly to
ground.

Fieldbu or of the twisted pair to ground at ahy point
in the n¢ served differentially throughout the network.

NOTE 2 i S j e fieldbus trunk cable (if applicable) to be effectively|grounded
at one po e { able. Fonthis reason fieldbus devices should allow d.c. isolation of|the cable

shield fro BN a icg to connect the signal conductors to ground in a balanced panner at
the same|poi sl i A re tap of a terminator or coupling transformer. For bus-powered syptems the
grounding 3 ignal conductors should be close to the power supply unit. For I$ systems
the grourldi 3 barrier earth connection. Capacitive coupling between the shi¢ld or the
balanced s i, device local ground for EMI control is permitted, subject to IS requiremen{s.

12.8.8
See 11.B.&

Where consideration of regional practices, such as those specified in 11.8.8, does not
override, the following cable colours are recommended for Type 3 systems, as shown in Table
65:

Table 65 — Type 3 cable colour specification

Cable Parameter Colour
Colour of sheath non-IS black
Colour of sheath IS blue or blue/black stripe
Colour of inner cable conductor A (PA-) green
Colour inner cable conductor B (PA+) red
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12.9 Intrinsic Safety

12.9.1 General

This part of IEC 61158 does not attempt to list the requirements by which an item of
equipment may be certified as intrinsically safe nor does it require equipment to be
intrinsically safe. Rather, it seeks to exclude conditions or situations that would prevent IS

certification.

12.9.2 Intrinsic Safety barrier

The barrier impedance shall be greater than 460 Q at any frequency in the range 0,25 f, to

1,25 f, (2,8 kHz to 39 kH he barrier impedance spe ation shall appl|y
used a$ part of the PhL, whether installed as a separate item of network

embedded in a power supply card. The barrier impedance shall be”measured
be measticed

terminals on both sides of the barrier. The barrier impedance sha

barriers
are or
oss the
hile the

network| power supply is set at the rated working voltage (not safety\voltage) of\thesbafpier.
NOTE It |s acceptable for the functions of power supply, safety barrier, and\{ermina n various
ways as Ipng as the impedance of the combination is equivalent to the pare t devices
meeting the requirements of this clause of IEC 61158-2 and the network~configurati ollowed.
At the rated working voltage of the barrier, and at a p 1,25 fr
(7,8 kHz to 39 kHz), the capacitance measured f S terminal
(hazardpus side) to ground shall diff = 1 rpPF from the capgcitance
measurg¢d from the "-" (negative) net i

12.9.3 | Barrier and terminator placeme:

A barriefr shall be separated from the n le.
12.10 | Galvanic isolators

The communications charactevi comply
with the specifis of 1 2.9. Galvanic isolators that provide ppwer to
fieldbus sha y

devices 2 power supply specifications of 12.7.
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13 Type 1: Medium Attachment Unit: current mode, twisted-pair wire medium

13.1 General
The 1,0 Mbit/s current-mode MAU simultaneously provides access to a communication
network and to a power distribution network. Devices attached to the network communicate

via the medium and may or may not be powered from it. Power is distributed as a constant
a.c. current. The communications signals are superimposed on the a.c. power.

The network medium consists of shielded twisted-pair cable.

Trapezoidal waveforms are used to reduce electromagnetic emissions and signal distortion.

In Intringically Safe applications, available power may limit the number(of deyi

The deyices are connected in series on the bus whereas in the
devices|are connected in parallel to the bus.

13.2 Transmitted bit rate

The avdrage bit rate, BR + ABR, shall be 1,0 Mbit/s
minimum length of 16 octets. The instantane
+ 0,025(us.

pver a frame having a
ATpit, shall be|l 1,0 pus

13.3 Network specifications
13.3.1 | Components
An MAU operates in a ne

cdble;
tefminator

cquplers;

frinsic Safety barriers.

The network medium consists of shielded twisted-pair cable. Independent of topology, all
attached devices, other than possibly the transmitting device, are low impedance to prevent
significant network loading.

13.3.2 Topologies

A wire MAU shall operate in a network with a linear bus topology, consisting of a trunk,
terminated at each end as specified in 13.8.5, to which communication elements are
connected via couplers and spurs.

The coupler and communication element may be integrated in one device (i.e. zero-length
spur).

A tree topology with all the communication elements located at the ends of the trunk is
regarded as a special case of a bus for the purpose of this clause of IEC 61158-2.
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Several communication elements may be connected to the trunk at one point using a multi-
port coupler. An active coupler may be used to extend a spur to a length that requires
termination to avoid reflections and distortions. Active repeaters may be used to extend the
length of the trunk beyond that of a single segment as permitted by the network configuration
rules.

13.3.3 Network configuration rules

An MAU that claims conformance to this clause shall meet the requirements of this clause
when used in a network that complies with these rules.

Rule 1: One fieldbus shall be capable of communication between two and 32 devices, all
operating atthe same bitTate, both for a powered and a non-powered buy anan a nagardous
area using distributed barriers.

NOTE 1 |[The use of a single barrier in the safe area may limit the number of devigés i >a.

NOTE 2 |This rule does not preclude the use of more than the specified nu
The numbers of devices were calculated on the assumption that a bus-powere

d system.

Rule 2] A fully loaded (maximum number of connecté ' fieldbus
segmenlt shall have a total cable length, between any jx

NOTE 3
does not preclude the use of longer lengths in an_installed g

12 but this

Rule 3] The total number of wavefarm “ege
between any two devices is repeater imp

NOTE 4 |Prior editions of this standard limited this tm er tQ .
Rule 4:|The maximum prépagati etween any two devices shall not exceed 4Q Thit.

ouplers

NOTE 5 |For efficiency of e b | =around time of any device on the network capsed by a
PhE between the e i ke beginning of the transmitted frame containing an gssociated
immediatg respons it time more than 2 bit times of which should be due to thg MAU. As
it is not mandatory t h P i face or the MDS — MAU interface, that part of the tufn-around
time of a fieldbus dewce e 3 AU cannot be specified or conformance tested.

Rule 5 S ble of continued operation while a device is being
connec ata errors induced during connection or disconnection shall be
detecte

Rule 6] Fz ommunication element or spur (including a short circuit pr open
circuit, | but X jabber) shall not interfere with transactions between other
communication el ts for more than 1 ms.

Rule 7: The network shall not be polarity sensitive with or without power injected on the line.

Rule 8: The degradation of the electrical characteristics of the signal, between any two
devices, due to attenuation, attenuation distortion and mismatching shall be limited to the
values indicated below.

a) Signal attenuation: The signal attenuation due to each device shall not exceed 0,2 dB. The
configuration of the bus (trunk and spur lengths, number of devices, IS barriers, galvanic
isolators, and possible matching devices) shall be such that the attenuation between any
two devices at the frequency corresponding to the bit rate shall not exceed 16 dB.
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b) Attenuation distortion: The configuration of the bus (trunk and spur lengths and number of
devices) shall be such that between any two devices:

[Attenuation (1,25 f;) — Attenuation (0,25 f;)] < 6 dB

Attenuation (1,25 f;) > Attenuation (0,25 f;)

where f; is the frequency corresponding to the bit rate. Attenuation shall be monotonic for
all frequencies from 0,25 f, to 1,25 f, (250 kHz to 1,25 MHz);

¢) Mismatching Distortion: Mismatching (due to spurs or any other effect, including one open
circuit spur of maximum length) on the bus shall be such that, at any point along the trunk,
in the frequency band 0,25 f, to 1,25 f, (250 kHz to 1,25 MHz):

|Z_ZOI ano
ZZT <0

wherg
Z, is the characteristic impedance of the trunk cable;
Z is the parallel combination of Z, and the load impedarice a

NOTE 6 h only the

transmissfon limitations imposed by combinations of these factors. Differ inatie epending
on the nepds of the application.

Rule 9:[The following rules shall apply to systems imp

a) each|channel (cable) shall comply with the netwokk c®
b) therq shall not be a non-redundant
c) repeaters shall also be redundant;

an one
ference between any two deyices on

d) if the system is configured (by Sy

chanpel simultaneously then the prppagation ctime
any fwo channels shall pat exceed five be ;

e) chanpel numbers shall™Nye maintai roughdut the fieldbus, i.e. channels 1,2,3... from
Syst¢ms managemse s.conrest to physical channels 1,2,3...

13.3.4 | Power @ib configuration

See 11.3.4.

13.4 fication
The reqpi se are summarized in Table 66 and Table 67.
6 — MAU transmit level specification summary
Transmit levelcharacteristics, values referred to trunk Limits
(but measured using test load as shown in Figure 73) (bus-powered and/or 1$)
Output level (peak-to-peak, see Figure 60) >2.5V
With test load (>2 x nominal Z, of trunk cable) 3200 +1%
Maximum positive and negative amplitude difference (signalling bias) +0,2 V
as shown in Figure 61
Output level; open circuit, (peak-to-peak) 4,0V
Maximum output signal distortion; i.e., overvoltage, ringing and droop +10 %

(See Figure 60)

Quiescent transmitter output; i.e. transmitter noise <1 mV (r.m.s.)
(measured over the frequency band 1 kHz to 4 MHz)
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Table 67 — MAU transmit timing specification

summary

Transmit timing characteristics, values referred to trunk
(but measured using test load as shown in Figure 73)

Limits

(bus-powered and/or IS)

Transmitted bit rate

1 Mbit/s + 0,01 %

Instantaneous bit time

1 us £ 0,025 ps

13.4.1 | Test configuration

Figure 13 shows the configuration that shall be used for testin

Device under Test
Communication
Element

Y

Rise and fall times (10 % to 90 % of pk-pk signal, see Figure 60) <20 % Tpit
Slew rate (at any point from 10 % to 90 % of pk-pk signal) <40,0 V/us
Maximum transmitted bit cell jitter (zero crossing-point deviation, 2,5 % Tpit
see Figure 61)
Transmitenable/disable time (i e _time dllring which the output < 20T, it
wavefprm may not meet the transmit requirements)

N

5> Al

N/

The test configuration p 3 e as shown in Figure 73 except where ofherwise

stated in a specific req

NOTE T4
trunk.

st load re aximdm cable Z,) as the output is loaded by a series Id

op of the

13.4.2

NOTE Fi 4 & Qf one cycle of a fieldbus waveform, illustrating some key items| from the
transmit gircui ificapion. gnal voltages are shown; this diagram takes no account of power-supply
voltages.

A current-mede mit circuit shall conform to the following output level requirements,
all amp i easured at the estimated mid-point between any peaks or trqughs in

the top gnd, bottomefthe waveform ("mid-point" in Figure 60):

a) the output voltage across the test load atter transtormer step up/down shall be no less than

2,5 V peak-to-peak with a load resistance of 320 Q £ 1 % ("min o/p" in Figure 60);

b) the output voltage at the trunk, or at the transmit terminals, with any load including an open
circuit shall not exceed 4,0 V peak-to-peak ("max. o/c at trunk" in Figure 60). For test
purposes, open circuit shall be defined as a load of 100 kQ resistance in parallel with

15 pF capacitance;

¢) during transmission a device shall not suffer permanent failure when a load resistance of

<1 Q is applied for 1 s;

d) the difference between positive amplitude and negative amplitude, measured as shown in

Figure 60, shall not exceed +0,2 V peak;

e) the output noise from a current-mode MAU which is receiving or not powered shall not
exceed 1 mV r.m.s., measured differentially over the frequency band 1 kHz to 4 MHz,

referred to the trunk;
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f) the differential voltage across the test load shall be such that the voltage monotonically
changes between 10 % and 90 % of peak-to-peak value. Thereafter, the signal voltage
shall not vary more than +10 % of peak-to-peak value until next transition occurs. This
permitted variation shall include all forms of output signal distortion, i.e. overvoltage,
ringing and droop.

13.4.3 Output timing requirements

A current-mode MAU transmit circuit shall conform to the following output timing
requirements:

a) rise and fall times, measured from 10 % to 90 % of the peak-to-peak signal amplitude shall
not exceed 0,2 Tpit (see Figure 60);

b) slew|rate shall not exceed 40 V/us measured at any point in the range(10 % t0 90-% of the
peak}jto-peak signal amplitude (see Figure 60);

NOTE Regquirements a) and b) produce a trapezoidal waveform at the transmit cir¢ b) limits

the level pf interference emissions that may be coupled to adjacent circuits et ted from

the formu|1a:

Max. slewW rate = 3 x Min. slewrate =3 x 0,8 V, /0,2 T =12 x V, / Tpit

where VOSIS an estimated maximum pk-pk output voltage with standard

c) trangmitted bit cell jitter shall not exceed 0,0 a a e\ from the id¢al zero
crosging-point, measured with respect to previous

Amplitude |
vefo arly
ithin mit’s\

d) the tr t circuit
maxi ss than
2,0 Tpit. aveform corresponding to the thlrd and later bit times shall be as gpecified
by otrer subclauses of 13.4;

e) the transmit circuit shall turn off, i.e. the signal shall fall from full output level to below the
transmit circuit maximum output noise level as specified in 13.4.2 e), in less than 2,0 Tpijt.
The time for the transmit circuit to return to its off state impedance shall not exceed
4,0 Tpit- For the purposes of testing, this requirement shall be met with the transmit circuit
test configuration of 13.4.1 with the equivalent capacitance of a maximum length cable
across the DUT terminals.

NOTE This requirement is to ensure that the transition of the transmit circuit from active to passive leaves the line
capacitance fully discharged.

13.5 MAU receive circuit specification
13.5.1 General

For ease of reference the requirements of 13.4 are summarized in Table 68.
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Table 68 — Receive circuit specification summary

Receive circuit characteristics Limits
(values referred to trunk) (bus-powered and/or IS)
Input impedance, measured over the frequency range 0,25 f, to 1,25 f, <2,5Q
Sensitivity; min. peak-to-peak signal required to be accepted (see Figure 63) 1,3 mA
Noise rejection; max. peak-to-peak noise required to be rejected (see Figure 63) 0,8 mA
Maximum received bit cell jitter (zero crossing-point deviation, see Figure 74) +0,10 Tpit

13.5.2 Input impedance

The differential input impedance of a current-mode MAU receive circuit xceeLd 2,50
in serieg with the line over the frequency range 0,25 f, to 1,25 f,. (25 1z) This

requirement shall be met in the power-off and power-on (not tr4 and in
transitign between these states. This impedance shall be measured ak the i i koupler
using a|sinusoidal current waveform with an amplitude greatef t : i nsitivity
threshold and lower than 20 mA peak-to-peak.

NOTE THe requirement for <2,5 Q input impedance during power- putomatic
disabling pf the transmitter during these periods.

13.5.3 | Receiver sensitivity and noise rejection

An MAU receive circuit shall be cap beak-to-
peak td 20,0 mA peak-to-peak, incl I level"
together with "positive amplitude" and " a

An MAU receive circuit s current

:

oige fejection” in Figure 63).

amplitude which does no

13.5.4 | Received bit|ce

The recgive circ ‘ ester encoded signal transmitted in accordanpce with
13.2 angd 13.4. In add g j b ariation
between any two_ adja ss. See
Figure 7

NOTE 1

NOTE 2 br one bit
time.

NOTE 3 |There is norequirement to reject a signal with a specified time variation value. The receiver feports an

error wheh the'received bit cell jitter exceeds the receiver's ability to reliably decode signalling.

13.5.5 Interference susceptibility and error rates

NOTE 1 When the fieldbus is operating in a variety of standard noise environments the probability that an
Application Layer User Data Unit contains an undetected error, due to operation of the conveying Physical and DLL
entities, should be less than 1 in 102 (1 error in 20 years at 1 600 messages/s). A communication element is
regarded as conforming to this theoretical requirement when it meets the following interference susceptibility
requirements. These are specified by a detected frame error rate which is derived by using a ratio of detected to
undetected errors of 10°. This should be readily achievable with a 16 bit Frame Check Sequence at the DLL.

A communication element which includes a current-mode MAU, operating with frames
containing 64 random user data bits, with maximum frame rate and with signals of 4,0
mA peak-to-peak amplitude, shall produce no more than 3 detected frame errors in 3 x 106
frames during operation in the presence of common mode voltage or Gaussian noise as
follows:

a) a common-mode sinusoidal signal of any frequency from 63 Hz to 2 MHz, with an
amplitude of 4 V r.m.s. and from 47 Hz to 63 Hz with an amplitude of 250 V r.m.s_;
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b) a common-mode d.c. signal of £10 V;

c) white Gaussian additive differential noise in the frequency band 1 kHz to 4 MHz, with a
noise density of 0,09 pA/YHz r.m.s. using the test circuit of Figure 75.

NOTE 2 The common mode voltage and Gaussian noise specifications are for receive circuit conformance testing
with balanced loads and are not indicative of system installation practice.

A communication element which includes a current-mode MAU, operating with frames
containing 64 random user data bits, at an average of 1 600 messages/s, with signals of
4,0 mA peak-to-peak amplitude, shall produce no more than six detected frame errors in
100 000 frames during operation in the presence of electromagnetic or electrical interference
environments as follows:

1) 10 V[m electromagnetic field as specified in IEC 61000-4-3 at severity Jevers;

2) electfical fast transient as specified in IEC 61000-4-4 at severity ley,

The abg igh in the
followin
i) 8 D-4-2 at
Y ce as a
re n within
3
ii) hi class Il
(2 i i gitudinal and transverse mode
re| ause of
th B s after
th

Field Device

C

Figure 75 — Noise test circuit for current-mode MAU

13.6 Jabber inhibit

The MAU shall contain a self-interrupt capability to inhibit transmitted signals from reaching
the medium. Hardware within the MAU (with no external message other than the detection of
output signals or leakage via the transmit function) shall provide a window of between 5 ms
and 15 ms during which time a normal frame may be transmitted. If the frame length exceeds
this duration, the jabber inhibit function shall inhibit further output signals from reaching the
medium and shall disable echo on the RxS line (see 10.2.2.2) to indicate jabber detection to
the MDS.

The MAU shall reset the self-interrupt function after a period of 500 ms + 50 %.
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NOTE This inhibits bus traffic for no more than 6 % (= 15/250) of the available time.
13.7 Power distribution
13.7.1 General

A device can optionally receive power via the signal conductors or be separately powered.
A device can be certified as Intrinsically safe with either method of receiving power.

This part of IEC 61158 does not include requirements for IS certification but seeks to exclude
conditions or situations that would prevent IS certification.

A separptely powered device can be connected to a powered fieldbus.
For easg of reference, the requirements of 13.7 are summarized in {able\g9.

Table 69 — Network power supply requiremen

AN
Network power supply requirements K \ }\imits
Outgut current / SONA to 200 mA r.m.s.
Outgut frequency /\\ ) / A 16 kHz £ 0,5 %
Maximum output voltage, IS /\ A > ( k) ‘\/>Depends on barrier rafting
Harmonic distortion of supply current <0,2%

Outgut impedance, measured over the fregﬂéﬁcy ran\}QNS frto 1,25 f, <5Q

13.7.2 | Powered via si

NOTE THe output v@ >
device may be designed'tgso
The pov
regulatd

supply 3

A\ fieldbus

oltage shall be less than the limit specified by fhe local
implementation. The output impedance of the power
equency range 0,25 f, to 1,25 f. (250 kHz to 1,25 MHz),

The volfag Q 4 ignal coupler shall be less than 0,1 V at 16 kHz.

The volf i e terminations shall be less than 0,3 V at 16 kHz.

The powerwaveform—shat—beacteanm—sinusoid—offrequency G—ammd—maximum

harmonic distortion of 0,2 %.

The device shall not introduce harmonic components of the power frequency larger than
1,0 mV peak-to-peak line to line in the main trunk.

13.7.3 Powered separately from signal

NOTE Power distribution to non-bus powered fieldbus devices is by separate conductors feeding local power
supplies, regulators or safety barriers. IS certification may require these conductors to be in a separate cable from
the signal conductors and may also impose more stringent requirements for current levels than specified.

A separately powered fieldbus device which claims conformance to this clause shall drop no
more than 1 mV r.m.s. at the power frequency on the signal conductors nor shall it supply a
current of more than 100 pA r.m.s. to the signal conductors when not transmitting.


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

- 176 - 61158-2 © IEC:2003(E)

13.7.4 Electrical isolation

All fieldbus devices, whether separately powered or powered via the signal conductors, shall

provide low-frequency isolation between ground and the fieldbus trunk cable.

NOTE 1 This may be by use of an inductive coupler with sufficient isolation, by isolation of the entire device from
ground or by use of a transformer, opto-coupler or some other isolating component between trunk cable and

device.

A combined power supply and communication element shall not require electrical isolation.

The isolation impedance measured between the shield of the fieldbus cable and the fieldbus

device ground shall be greater than 250 kQ at all frequencies below 63 Hz.

The iso|ation shall be bypassed at high frequencies by capacitance,
measur¢d between the shield of the fieldbus cable and the fieldb
less thaph 15 Q between 3 MHz and 30 MHz.

NOTE 2 |The capacitance between ground and trunk cable shield necessary\to mee th hes
be any value between 3,5 nF and 10,6 nF.

The makimum unbalanced capacitance to ground from of a devi
not excg¢ed 250 pF.

The breakdown requirements of the isdlation of\ the Si it and the power dis
circuit flom ground and from each oth IEC 61131-2.

NOTE 3 | The equivalent test voltage is to be i dependent isolated circuits or betwee|
circuits and accessible conducting parts. For dircui R oltage <50 V d.c. or r.m.s., the

test voltapes at sea level are 444 V r.m.s., 63% ) 2 35 W p€ak impulse test. For circuits with

voltage between 150 V and 30 . ages at sea level are 2260 V r.m.s., 3

and 3175V peak impulse test.

shall be

hents can

ce shall

ribution

h isolated
bquivalent
B nominal
75V d.c.

13.8

13.8.1

Cable ¢ the IEC fieldbus standard (see Annex A). Field
termina or blade terminals and permanent termination mpay also
be used.

13.8.2

The cab asting fieldbus devices with a current-mode MAU for conformance to the
requirer ause of IEC 61158-2 shall be a single twisted pair cable witH overall
shield meeting the following minimum requirements at 25 °C:

a) Zy at 0,25 f, (250 kHz) = 150 Q + 10 %;

b) Z, at 1,25 f, (1,25 MHz) = 150 Q + 10 %;

c) maximum attenuation at 0,25 f, (250 kHz) = 6,5 dB/km;

d) maximum attenuation at 1,25 f, (1,25 MHz) = 13 dB/km;

€) maximum capacitive unbalance to shield = 1,5 nF/km

f)  maximum d.c. resistance (per conductor) = 57,1 Q/km;

g) conductor cross-sectional area (wire size) = nominal 0,33 mm?;

h) minimum resistivity between either conductor and shield = 16 GQ km;
i) minimum shield coverage shall be 95 %.
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NOTE 1 The preceding specification is for conformance testing an MAU. Other types of cable may be used in real
installations. (See Annex B.) Cables with improved specifications may enable increased trunk length and/or
superior interference immunity. Conversely, cables with inferior specifications may be used subject to length
limitations for both trunk and spurs plus possible non-conformance to the RFI/EMI susceptibility requirements.

NOTE 2 For intrinsically safe applications the inductance/resistance ratio (L/R) should be less than the limit
specified by the local Regulatory Agency for the particular implementation.

13.8.3 Coupler

An inductive coupler connects one device or spur to the trunk. It transfers data signals to and
from the device and may transfer power to the device. The trunk cable operates as a single
primary turn in the inductive coupler transformer. The following options are permitted:

b) the ipductive coupler may be used as a connector;

The cold nk. The

input im

13.8.4

NOTE A
preserved
gauge or
not a con

ble is not
e of wire
brk that is

The con

13.8.5

A termi . c b signal
conductor to the other. 3 i eld.

For test ing : ified jri 13.8.2, the terminator shall have an impedance
value of

NOTE 1
value bed
reduce trg

npedance
Chosen to

NOTE 2 | I i i J io§ with power supplied via the signal conductors the terminator wodild be by-
passed af 2 qUETTE] ninimize power losses.

The dirg¢ct current leakage through the terminator shall not exceed 100 pA. The tefminator
shall be|nan-polarized:

All terminators used for IS applications shall comply with isolation requirements (creepage
and clearance) commensurate with the required IS approval. Terminators for non-IS
applications shall not be required to have IS approval.

13.8.6 Shielding rules

For full conformance to the noise immunity requirements of 13.5 it is necessary to ensure the
integrity of shielding throughout the cabling, connectors and couplers by the following means:

a) the coverage of the cable shield shall be greater than 95 % of the full cable length;
b) shielding shall completely cover the electrical circuits in connectors, couplers, and splices.

NOTE Deviation from these shielding rules may degrade noise immunity.
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13.8.7 Grounding rules

NOTE 1 Grounding means permanently connected to earth through a sufficiently low impedance and with
sufficient current-carrying capability to prevent voltage build-up which might result in undue hazard to connected
equipment or persons. Zero volts (common) lines may be connected to ground where they are galvanically isolated
from the fieldbus trunk.

Fieldbus devices shall be required to function to the requirements of this clause of
IEC 61158-2 with the mid-point of one terminator or one inductive coupler connected directly
to ground.

Fieldbus devices shall not connect either conductor of the twisted pair to ground at any point
in the network. Signals shall be applied and preserved differentially throughout the network.

NOTE 2 [It is standard practice for the shield of the fieldbus trunk cable (if applicable) t tively |grounded
at one pojnt along the length of the cable. For this reason fieldbus devices should all .C. i of|the cable
shield from ground. For bus-powered systems the grounding of the shield and bal i tqrs should
be close {o the power supply unit. For IS systems the grounding should be at the nection.

Capacitive coupling between the shield or the balanced signal conductors and dev | control
is permitted subject to IS requirements.

13.8.8 | Colour coding of cables

®

See 11.B.8.
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14 Type 1: Medium Attachment Unit: current mode (1 A), twisted-pair wire

medium

141 General

A 1,0 Mbit/s current-mode MAU simultaneously provides access to a communication network,
and to a power distribution network with extended power capacity. Devices attached to the
network communicate via the medium, and may or may not be powered from it. Power is
distributed as a constant a.c. current with a frequency far below the signal frequency. The

communication signals are superimposed on the a.c. power.

The network medium consists of shielded twisted-pair cable.

In hazardous area applications, a non-IS bus may have IS barriers in
devices|thereby increasing the number of devices permissible in th€
single bjrrier arrangement.

The deyices are connected in series on the bus, whereas in
devices|are connected in parallel to the bus.

14.2 Transmitted bit rate

See 13.P.

14.3 Network specifications
14.3.1 | Components

osed o%follo

An MAU operates in a nety

%ing components:

cdble;

)

b) tefminators;

c) cquplers; Q
)
) Q

cqupler mounts

communication element).
A wire n
f) cd

g) pq

h) dgvices’which~hclude power supplies;

ay additionally include the following components:

hnected
over a

H H : H £l LN L H
I) Intrrste—sarety (o) oarrrers:

The network medium consists of shielded twisted-pair cable. Independent of topology, all
attached devices, other than possibly the transmitting device, are low impedance to prevent

significant network loading.

A coupler mount is a network element that allows a coupler to be connected to the network
medium. It may be considered as a primary winding in a transformer (inductive coupler) and

has, as such, electrical characteristics that affect the network.
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14.3.2 Topologies

A wire MAU shall operate in a network with a linear bus topology, consisting of a trunk,
terminated at each end as specified in 14.8.5, to which communication elements are
connected via couplers.

The coupler and communication element may be integrated in one device (such as zero-
length spur).

Several communication elements may be connected to the trunk at one point, using a
multiport coupler. An active coupler may be used to extend a spur to a length that requires
termination to avoid reflections and distortions. Active repeaters may be used to extend the
length gfthetrunk beyond thatof a singfe segment, as permitted by the netw configuration
rules.

14.3.3 | Network configuration rules

An MAU that claims conformance to this clause shall meet the rey clause
when uged in a network that complies with these rules.

Rule 1: i icati %o ahd 30 devjces, all
operatin i , - 9 vered bus, ahd in a

hazardd

NOTE 1 el of devices in an installed system.
The numi d device draws 1,0 W.

Rule 2 i ed devices), current-mode [fieldbus
segmen ~ o’devices, of up to 400 m.

NOTE 2 i i d eonformance to this clause of IEC 61158-2, but this
does not

Rule 3 nu » regenerations by repeaters and active ¢ouplers
betweern i [

NOTE 3

Rule 4: Thit-
NOTE 4 ised by a
PhE betwews a_recelyed frame and the beginning of the transmitted frame containing an gssociated
immediatg ue to the
MAU. As]i ory to expose the DLL- PhL interface, or the MDS-MAU interface, that part of the

turnaround time aof a fieldbu's device caused by the PhL or the MAU cannot be specified, or conformance tested.

Rule 51 _TFhe fieldbus shall be hnp:\hln of continued r\pnrnhnn while a3 device i be|ng

connected or disconnected. Data errors induced during connection or disconnection shall be
detected.

Rule 6: Failure of any communication element or spur (including a short circuit or open
circuit, but excluding jabber) shall not interfere with transactions between other
communication elements for more than 1 ms.

Rule 7: The network shall not be polarity sensitive with or without power injected on the line.

Rule 8: The degradation of the electrical characteristics of the signal, between any two
devices, due to attenuation, attenuation distortion and mismatching shall be limited to the
values indicated below.
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a) Signal attenuation: the signal attenuation due to each device shall not exceed 0,35 dB. The
signal attenuation due to each full or empty coupler mount shall not exceed 0,6 dB. The
configuration of the bus (trunk and spur lengths, number of devices, IS barriers, galvanic
isolators, and possible matching devices) shall be such that the attenuation between any
two devices at the frequency corresponding to the bit rate shall not exceed 10 dB.

NOTE 5 The signal attenuation due to a device is with a cable of 80 Q characteristic impedance. If a lower
impedance cable is used, then the attenuation per device will increase.

NOTE 6 It will be required that the devices be connected to the bus using a mount to reach the maximum number
of connected devices.

b) Attenuation distortion: the configuration of the bus (trunk and spur lengths and number of
devices) shall be such that between any two devices:

[Attepuation (1,25 T,) — Aftenuation (0,25 f,)] <6 dB
Atterfuation (1,25 f;) > Attenuation (0,25 f;)

wherg f, is the frequency corresponding to the bit rate. Attenuation\skall
all frequencies from 0,25 f, to 1,25 f, (250 kHz to 1,25 MHz).

c) Mismatching distortion: mismatching (due to spurs or any other effegt,"i [ e open-
cwcult spur of maximum length) on the bus shall be su X e trunk,
in the frequency band 0,25 f; to 1,25 f,; (250 kHz to 1
Z-20
‘Z + Zo) <02

9nic for

wherg

NOTE 7 |This rule minimizes restrictions on trupka number of devices etc., by specifying only the
transmissjon limitations imposed by combinatiofs of these actars. Different combinations may be used, depending
on the nefds of the application.

Rule 9:|The following rulé 2 implemented with redundant media:

a) each|channel (cabl metwork configuration rules;

b) therqg shall na
alle k

c) repeaters sh

between two redundant segments;

d) if th yystems management) to transmit on more than one
chaanN 2 ~ he propagation time difference between any two deyices on
any :

NOTE 8 | Fhis_delay\s.equal to the”default value of the inter-channel signal skew (see 9.2.9). The prppagation

delay diff 2 , if\the inter-channel signal skew parameter is set to match this difference.

e) chan rs shal’be maintained throughout the fieldbus, that is channels 1,2,3... from
systg g nt shall always connect to physical channels 1,2,3...

14.3.4 tion

See 11.3.4.

14.4 MAU transmit circuit specification

The requirements of this subclause are summarized in Table 70 and Table 71.
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Table 70 — Transmit level specification summary for current-mode MAU

Transmit level characteristics, values referred to trunk Limits

(but measured using test load as shown in Figure 73) (bus powered and/or IS)
Output level (peak-to-peak, see Figure 60) >2.25V
With test load (>2 x nominal Z  of trunk cable) 160 Q +1%
Maximum output signal distortion; this is overvoltage, ringing and droop +10 %

(see Figure 60)

Quiescent transmitter output; that is transmitter noise <1 mV (r.m.s.)
(measured over the frequency band 1 kHz to 4 MHz)

Transmit level characteristics, values referred to trunk Mnits

(but measured using test load as shown in Figure 73) /(15\ powered andiglr IS)
Transmitfed bit rate | Nigit/$2.0,01
Instantarjeous bit time \ \ 1\&3 i\Qoﬁ us

Rise and|fall times (10 % to 90 % of peak-to-peak signal, see Figure 6@(( \ <20 % Tpit
Slew ratg (at any point from 10 % to 90 % of peak-to-peak signap/\ AN \\260,0 V/us

Maximunm transmitted bit cell jitter (zero-crossing point dewaho(ﬁ \/ * 2,5 % Tpijt

see Figufe 76)
Transmit|enable/disable time (that is, time dugihg Wwhich/the\ougput w: ve@ \/ <2,0 Tpit
may not fneet the transmit requirements) )

14.4.1 | Configuration

Figure 7

The tes i shown in Figure 73 except where ofherwise

NOTE T¢g

14.4.2

NOTE Fi 3 3 i , illustrating some key itemsg| from the
transmit i er supply
voltages.

A current-mod 9 irements,
all amplitudes\bei ughs in
the top gnd-bottom of the waveform (“Mid-point” in Flgure 60):

a) the output voltage across the test load after transformer step up/down shall be no less than
2,25 V peak-to-peak, with a load resistance of 160 Q £ 1 % (“min. o/p” in Figure 60);

b) during transmission, a device shall not suffer permanent failure when a load resistance of
<1 Q is applied for 1 s;

c) the output noise from a current-mode MAU which is receiving or not powered shall not
exceed 1 mV (r.m.s.), measured differentially over the frequency band 100 kHz to 4 MHz,
referred to the trunk;

d) the differential voltage across the test load shall be such that the voltage monotonically
changes between 10 % and 90 % of peak-to-peak value. Thereafter, the signal voltage
shall not vary more than +10 % of peak-to-peak value until next transition occurs. This
permitted variation shall include all forms of output signal distortion, such as overvoltage,
ringing and droop.
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14.4.3 Output timing requirements

An MAU transmit circuit shall conform to the following output timing requirements:

a) rise and fall times, measured from 10 % to 90 % of the peak-to-peak signal amplitude shall
not exceed 0,2 (see Figure 60);

b) slew rate shall not exceed 200,0 V/us measured at any point in the range 10 % to 90 % of
the peak-to-peak signal amplitude (see Figure 60);

transmitted bit cell jitter shall not exceed 0,025 Tpjt from the ideal zero crossing point,
measured with respect to previous zero crossing (see Figure 76);

fe——0.5 bit time —>l€——05 bit time —>

Amplitude Iq—Negative jitter limit

[<€—Midcell

Waveform early |<—Positive jitter Iir{\
0 Vdc but within limits

Signalli B
Vep— - - - - —- - - - - j— X

—  Mid-point

r (ze ossing point deviation

d) the t & hall rise from below the transmit circuit
maximum output noise ied A to full output level, in less than 2,0
Thit- later bit times shall be as spegified by
othel subclauses of[44.4;

e) the transmit cirguit akis the signal shall fall from full output level below
the fransmit ¢ i g Qjge level as specified in 14.4.2 c), in lgss than
2,0 Tpit- The it Cciycuit to return to its off-state impedance ghall not
excepd 4,0 Tpit S of testing, this requirement shall be met yith the
trangmit circuif test s i

NOTE THi Airem is t vat the transition of the transmit circuit from active to passive leavgs the line

capacitan

14.5

14.5.1

The requirements of this subclause are summarized in Table 72.

The input impedance of the receive circuit is allowed to be inductive. To prevent that the
resistive part of the impedance becomes too high, both the maximum total input impedance
and the maximum input resistance are specified in Table 72.
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Table 72 — Receive circuit specification summary for current-mode MAU

:2003(E)

Receive circuit characteristics Limits for current mode
(values referred to trunk) (bus powered and/or IS)

Input resistance, measured over the frequency range 0,25 f, to 1,25 f, <0,5Q

(250 kHz to 1,25 MHz)

Sensitivity; min. peak-to-peak signal required to be accepted (see Figure 63) 4,0 mA

Noise rejection; max. peak-to-peak noise required to be rejected (see Figure 63) 2,0 mA

Maximum received bit cell jitter (zero crossing-point deviation, see Figure 74) 0,10 Tpit

Input impedance, measured over the frequency range 0,25 f, to 1,25 f, <40 Q

(250 kHz to 1,25 MHz)
14.5.2 | Input impedance
The differential input resistance of a current-mode MAU receive circyit & g 0,50,
and the gcei irgui exceed
4,0 Q in 1z).This
requirer and in
transitio coupler,
using a nsitivity
thresho
14.5.3
An MAL s input signal from 4,0 mA peak-to-
peak tqd 20,0 mA peak-to-peak, i i VO g_and oscillation (see “signal level”
togethe ’, all in Figure 60).
An MAU receive circui ‘ 0 an inpdt signal with a peak-to-peak line| current
amplitude which does : ise rejection” in Figure 63).
14.5.4 Receiv
The regeive circui gshchester encoded signal transmitted in accprdance
with 14.R and 144. i eceiver shall work properly with signals with fhe time
variation bet j Thit or
less. Seg
NOTE 1 ot\precludethe use of receivers that perform better than this specification
NOTE 2 | Depending on the symbol pattern, the nominal time between zero crossings may be one-half pr one bit
time.
NOTE 3 [There is no requirement to reject a signal with a specified time variation value. The receiver feports an
error when the received bit cell Jitter exceeds the receiver’s ability to reliably decode signalling.
14.5.5 Interference susceptibility and error rates
See 13.5.5.
14.6 Jabber inhibit

See 13.

6.
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14.7 Power distribution

14.7.1 General
NOTE 1 A device can optionally receive power via the signal conductors, or be separately powered.
NOTE 2 A device can be certified as intrinsically safe with either method of receiving power.

NOTE 3 This part of IEC 61158 does not include requirements for intrinsic safety certification, but seeks to
exclude conditions or situations that would prevent intrinsic safety certification.

NOTE 4 A separately powered device can be connected to a powered fieldbus.

NOTE 5 For ease of reference, the requirements of 14.7 are summarized in Table 73.

T —

(

Network power supply requirements (\\ (Liqﬁts

Outputfcurrent ( \\NQ A}\Q& 5\9

Outputlfrequency /\ \G\Iﬁz i\(KS\%/
Harmonic distortion and noise of supply current \ \\ §e\e F\uwén

Output|impedance, measured over the frequency range 0,25 f to 1,2 <5 Q
(250 kHlz to 1,25 MHz) \

Attehuation \)
relative fo 1 Ar.m.s. G

1Armis. -
0dB - B

v

-20dB |+

9

-40dB |+ A\
S
</\ \\ \ \12 dB / octave
-60 dB —\ N N

N

0,1 mAr.m.s.

-80dB -

0,01 0,1 1 10 MHz
47 Hz 16 kHz 48 kHz 250 kHz 1,25 MHz Frequency

Figure 77 — Power supply harmonic distortion and noise

14.7.2 Powered via signal conductors

A fieldbus device claiming conformance to this clause that is powered via the signal
conductors shall conform to the requirements of this clause when powered by a supply with
the following specifications.
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a) The output current of the power supply shall be a current of 1,0 Ar.m.s. £+ 5 %.

NOTE 1 The output voltage from the supply is a function of cable loss and power consumed per device. A fieldbus
device may be designed to consume one or more standard loads. A standard load is 1,0 W.

NOTE 2 The power supply open-circuit output voltage will be less than the limit specified by the local regulatory
agency for the particular implementation.

b) The output impedance of the power supply shall be <5 O over the frequency range 0,25 f,
to 1,25 f; (250 kHz to 1,25 MHz).

c) The power waveform shall be a sinusoid of frequency and maximum harmonic distortion
and noise as follows:

i) 0,1 mA r.m.s. over the frequency range 0,25 f, to 1,25 f, (250 kHz to 1,25 MHz);

. - - r
i) 3, mMATTTsoverthe frequency range 47 Hzto 48 kHzwiththeexCeptiomof 6 kHz +

0,6 %;
iii) leyels at other frequencies in accordance with Figure 77.

The deyice shall not introduce harmonic components of the pqws er than
15 YA rJm.s. in the main trunk.

14.7.3 | Powered separately from signal

NOTE Pqwer distribution to non-bus powered fieldbus deviceg is b ) i al power
supplies, i ificati £ e i able from
the signall conductors, and may also impose more stringent feq

A separptely powered fieldbus device
than 200 mV r.m.s. at the power freq
current pf more than 100 yAr.m.s. to t

NO more
qupply a

14.7.4 | Electrical isolatj

See 13.

14.8
14.8.1
See 13.

14.8.2

The cab
requirer
shield n

e to the
overall

a) Z 0,25 T (250 kHAZy =80 X £ 10 %s;
b) Z, at 1,25 f; (1,25 MHz) = 80 Q £ 10 %;

c) maximum attenuation at 0,25 f, (250 kHz) = 11,0 dB/km;

d) maximum attenuation at 1,25 f, (1,25 MHz) = 20,0 dB/km;

e) maximum d.c. resistance (per conductor) = 15,0 Q/km;

f) conductor cross-sectional area (wire size) = nominal 1,5 mm2.

NOTE The preceding specification is for conformance testing an MAU. Other types of cable may be used in real
installations. (See Annex B.) Cables with improved specifications may enable increased trunk length and/or
superior interference immunity. Conversely, cables with inferior specifications may be used, subject to length
limitations for both trunk and spurs, plus possible non-conformance to the RFI/EMI susceptibility requirements.

14.8.3 Coupler

See 13.8.3.
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14.8.4 Splices

See 13.8.4.

14.8.5 Terminator

A terminator shall be located at both ends of the trunk cable, connected from one signal
conductor to the other. No connection shall be made between terminator and cable shield.

For test purposes, using the cable specified in 14.8.2, the terminator shall have an impedance
value of 80 Q + 2 % over the frequency range 0,25 f, to 1,25 f, (250 kHz to 1,25 MHz).

The volf{age drop in the terminations shall be less than 0,3 V at 16 kHz.

NOTE In| practical implementations with power supplied via the signal conducio the \terminator_jwould be

bypassed|at power frequencies to minimize power losses.

The terminator shall be non-polarized.

All term irements

14.8.6

For full
integrity

sure the
means:

a) the ¢
b) shiel
NOTE Dd

plices.

14.8.7

See 13.B.7.

14.8.8

See 11.
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15 Types 1 and 7: Medium Attachment Unit: dual-fibre optical media

15.1 General

The network medium consists of a pair of fibre optic waveguides providing bidirectionality by
use of a separate fibre for each direction of signal propagation. These are known collectively
as an elementary optical path.

In all networks involving more than two devices, the fibre optic waveguides conveying signals
from the devices are combined by a passive or active star coupler, then rebroadcast on all the
waveguides conveying signals to the devices. A point-to-point link between a pair of devices
using a single elementary optical path is also possible.

These cI!uaI fibres connect to the CPIC of a fieldbus device. The fi

mission
system |s itself intrinsically safe.
15.2 Bit-rate-dependent quantities
Six bit fates are defined for a medium attachment unit | media,
where the network medium consists of a pair of unidi S St e A given
MAU shall support at least one of these bit rates. Tab S ifi 3 it rates,
and deflnes symbols for bit-rate-dependent quantiti S 9 I of this

clause:

Table 74 — Bit-rate-dependent qua@ﬁ& highkspeed

Quantity Symbol ﬂ]nit Value

Nominal bit rate BR \Mbit \031\% 1 ‘ 2,5 ‘ 5 ‘ 10 ‘ P5
Maximum deviation from<BQ \48R \ \)O,Z\\%/ 0,01 %

bit/s) dual-fibre netwprks

Nominal bitduratiﬁ)n Tbit<\ ps \32/,0 1,0 ’ 0,4 ‘ 0,2 ’ 0,1 ’ 0[04
Maximum devi from Thit }KQit \ 0,025 % 0,015 %
Ma i 40
The ave 8 BR, averaged over a frame having a minimum Igngth of
16 octefs. Thé i
15.3
15.3.1

An optigalMMAU operates in a network composed of the following components:

a) optical cable;

b) devices (containing at least one communication element);

d
e

)
)

c) connectors;
) optical passive stars;
)

optical active stars.
15.3.2 Topologies

An optical MAU shall operate in a network with a star topology, or in a point-to-point network.
Devices are connected to the optical stars or peer devices by elementary optical paths.
Optical stars are interconnected by elementary optical paths.
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15.3.3 Network configuration rules

An MAU that claims conformance to this clause shall meet the requirements of this clause
when used in a network that complies with these rules.

Rule 1: All network devices operate at the same bit rate.

Rule 2: The total number of optical active stars between any two devices shall not exceed
four.

Rule 3: The maximum propagation delay between any two devices shall not exceed that
specified in Table 74.

NOTE Fdr network efficiency, the part of the turn-around time of any device on the/ne by a PhE

between fthe end of a received frame and the beginning of the transmitted fr iny ssociated
immediate response should not exceed five bit times, no more than two bit timeg of ¢ ue to the
MAU. As |it is not mandatory to expose either the DLL-PhL interface or the MDSAMAU, i e, tha grt of the

turn-aroupd time of a fieldbus device caused by the PhL or the MAU cannot bg ecifi a ested.

Rule 4] The fieldbus shall be capable of continuing gperation
conneclfd or disconnected. Data errors induced during corgpec o\
detected.

is being
shall be

Rule 5:

Rule 6:|The following rules shall apply
a) each|channel shall comply with the ne

b) thereg
segments;

Hundant

c) if thg devices of the s
than|one channel si
devid

d) chan

bn more
any two

physical transmission media shall be majintained

cons ) y .6. channels 1,2,3,... from Systems Manggement
shall 3 8 anrels 1,2,3,...

15.4

NOTE Fd S S , pements of 15.4 are summarized in Table 75 and Table 76.

15.41

The out ral and timing specifications are measured at the end of a 1 m dtandard

test fibre connected the CPIC.

15.4.2 Output level specification

An optical MAU transmit circuit shall conform to the following output level and spectral
requirements. Level and spectral characteristics are measured at a temperature of 25 °C.
Output level is the effective launch power of a Hi level. Output level specification is shown in
Table 75.
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Table 75 — Transmit level and spectral specification summary

T

ransmit level and spectral characteristics

(values referred to the CPIC with standard test fibre)

Limits, using 62,5/125 pm fibre

Peak emission wavelength (Ap)

(850 + 30) nm

Typical

half-intensity wavelength (AL)

<50 nm

Effective launch power Hi level

(-11,5 + 1,5) dBm

Overshoot of transitions

<15 % effective power

Extincti

on ratio

>20:1

15.4.3

An optig
Figure

Output timing specification

al MAU transmit circuit shall conform to the following output
18). Timing characteristics are measured at a temperature &f 2

specification is shown in Table 76.

Table 76 — Transmit timing specifica@ns\mr&

irements (see
$ timing

Transmit timing characteristics

PP i e A
p . Limits
(values referred to the CPIC with standard test fibre) )

Trapsmitted bit rate

(\\/ / BR t ABR

Instantaneous bit time

< <\\€ k \)]\/ Thit + ATbit

Ris¢ and fall times (10 % to 90 % of peak- \gk s\gQ\ 4 <2,0 % Tpit

Difference between rise and fall times

< 0,5 % Tpit

Ma

imum transmitted bit c/e/d\ktter

+ 2,0 % Tpit

Overshoot

Midpoint in time
of the Hi level

Maximum bit cell jitter
< 2% Thit

Midpoint in time
of the Lo level

Fall time
- < 2% Tpit

NOTE 0 % effective power is the Lo level state power level.

100 % effective power is the Hi level state power level.

Figure 78 — Optical wave shape template


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

61158-2 © IEC:2003(E) - 191 -

15.5 MAU receive circuit specifications
15.5.1 General

The requirements of this subclause are summarized in Table 77.

Table 77 — Receive circuit specification summary

Receive circuit characteristics Limits
(values referred to the CPIC with standard test fibre)

Low sensitivity system High sensitivity system

Receiver operating range -30,0 dBm to -10,0 dBm | —40,0 dBm to —20,0 dBm

0

4 TPII

A H H Aot TR 4
vriaxtromrTreceTvea o e jittet =T

15.5.2 | Receiver operating range

The spdcified receiver sensitivity range is:

a) —BO,I dBm to —10,0 dBm effective power for low sensitivi

b) —40,0 dBm to —20,0 dBm effective power for high sensiti

15.5.3 | Maximum received bit cell jitter

The reckive circuit shall accept a Ma ce with
15.4. In| addition, the receiver shall & djacent
signal t1

NOTE 1 cordance
with the tplerance of the received

NOTE 2 ,0 Tyt or
0,5 Tpit-

15.5.4 Interfen{}

15.5.4.1 Low-spe

NOTE W g in a)variety of standard noise environments, the probability that an

Applicatig ins_andndetected error, due to operation of the conveying Physical and DLL
entities, { b 106 N\J0°% (one error in 20 years at 10 messages/s). A communication glement is
regarded thi ftical requirement when it meets the following interference sudceptibility
requiremegnis g i a detected frame error rate which is derived by using a ratio of detected to

undetectdd

A comnfunicatiQnelelpent which includes an optical MAU operating at 31,25 kbit/s with frames

containihg 32ra ser data bits, at an average of 10 messages per second, with| signals
of —25 ¢dBn1, shall produce no more than 10 detected frame errors in 60 000 frame, during
operatior—n—the—presence—of—<clectremaghretic—oer—eleetricalinterference—environments as
follows:

a) 10 V/m electromagnetic field as specified in IEC 61000-4-3 at severity level 3;

b) electrical fast transient as specified in IEC 61000-4-4 at severity level 3.

15.5.4.2 High-speed (>1 Mbit/s)

NOTE When the fieldbus is operating in a variety of standard noise environments, the probability that an
Application Layer User Data Unit contains an undetected error, due to operation of the conveying Physical and DLL
entities, should be less than 1 in 10'2 (one error in 20 years at 1600 messages/s). A communication element is
regarded as conforming to this theoretical requirement when it meets the following interference susceptibility
requirements. These are specified by a detected frame error rate which is derived by using a ratio of detected to
undetected errors of 108,

A communication element which includes an optical MAU operating at >1 Mbit/s with frames
containing 64 random user data bits, at an average of 1 600 messages/s, with signals of
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-25 dBm, shall produce no more than 6 detected frame errors in 100 000 frames during oper-
ation in the presence of electromagnetic or electrical interference environments as follows:

a) 10 V/m electromagnetic field as specified in IEC 61000-4-3 at severity level 3;

b) electrical fast transient as specified in IEC 61000-4-4 at severity level 3.

15.5.4.3 Common

The error rate specifications shall also be satisfied after, but not during, operation in the
following noise environments:

a) 8 kV electrical discharge to exposed metalwork as specified in IEC 61000-4-2 at severity
level 3. If the device suffers temporary loss of function or performance as a result of this
test,lit shall recover from any such loss without operator intervention/ within 3 s after the
end ¢f the test;

b) high frequency disturbance tests as specified in IEC 60255-22-1¢3. lass Ill,
2,5 kV and 1 kV peak values of first half-cycle in longitudinal s 2 mode
respectively). If the device suffers temporary loss of function 0 ause of
this %st it shall recover from any such loss without operatar intervenii i s after the
end ¢f the test.

15.6 Jabber inhibit

The MAU shall contain a self-interrupt capability i Ni signals from neaching

the medium. Hardware within the MAU/ (v other than the detgction of
output gignals or leakage via the transmit™u a window of betwegn 3750
and 75D0 Tpijt, during which time a no ansmitted. If the fram¢ length
exceedg this duration, the jabber inhibi tion all inhibit further output signals from

reaching the medium and shall disabl fhe F fine (see 10.2.2.2) to indicate jabber
detection to the MDS.

For a data rate of 31,25bi eriod of
3s+50

NOTE 1

For a d after a

period g
NOTE 2
15.7

15.7.1

Cable dannectors, if used, shall be in accordance with this standard (see Annkex A).
Permanent terminations (splices) may also be used.

15.7.2 Standard test fibre

The cable used for testing fieldbus devices or optical active stars with an optical MAU, for
conformance to the requirements of this clause, shall be a 1 m fibre optic cable with two silica
fibre optic waveguides. The characteristics of those waveguides shall be compatible with
IEC 60793-2 [fibre type: A1b (62,5/125 ym)] as follows:

— core diameter (um): 62,5+ 3
— cladding diameter (um): 125+ 3
— core/cladding concentricity (%): <6
— no circularity core (%): <6

— no circularity cladding (%): <2
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— external primary coating diameter (um): 250 + 15

— numerical aperture: 0,275 £ 0,015
— attenuation for 850 nm (dB/km): <3,0

— bandwidth for 850 nm (MHz x km): >200

NOTE Alternate test fibres are allowed. Operation using a 50 pum or 100 ym alternate test fibre is described in

Annex E.

15.7.3 Optical passive star

NOTE For more information, see Annex C.

15.7.4 _Optical active star

15.7.4.1| Definition

An optg-electronic device or module in an optical communicatio stemNtha

signal, amplifies it and retransmits it (retiming is optional).

15.7.4.2 Operating

Three types of link shall be considered.

a) Link petween two optical active stars

Any frame coming directly from an <optisal <@ aching an optical ag

another|optical active star is retransmitted ‘wi ; access which rece

frame d

b) Link petween an optical g

Any frame coming from amoptic Ve gaching a fieldbus device is recei
e . .

not retransmitted. Any

is retransmitted witho edl .
c) Link petween pti i \nd an optical active star

Any fra
retransg[rn
star shal

Regene

back signs of an optical passive star.

An opti ' estores signals to standard transmit power levels. Thg

device and reaching an optical ac

yives a

cess of
ves the

ved and
tive star

star is

. Apassive star reflects all frames by design. An optical active

timing

charact S\(J gan be regenerated or not; that function is optional.
15.7.4.mefmmmc¢m i isti

a) Level characteristics

Transmit and receive level specifications are the same as those of an optical MAU (15.4.2
and 15.5.2). Level and spectral characteristics are measured at a temperature of 25 °C.

These specifications are summarized in Table 78:
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Table 78 — Transmit and receive level and spectral specifications for an optical active star

Transmit level and spectral characteristics
(values referred to the CPIC with standard test

Limits, with 62,5/125 pm fibre

fibre)
Peak emission wavelength (Ap) (850 = 30) nm
Typical half-intensity wavelength (AL) <50 nm
Extinction ratio >20:1

Effective launch power Hi level

(-11,5 + 1,5) dBm

Low sensitivity system

High sensitivity system

Receiver operating range (effective power)

2Q

Qﬂ‘ﬁ dBm-to 10,0 dBm

,0 dBm

40-0~dBm to
VRN

b) Timing characteristics
Transm

— rise and fall times of the transmitted signal;

— tempjoral deformation of signals due to an optical actives

Timing gharacteristics are measured at a temperat
have a [timing regenerative function, the timing ch
optical MAU.

Table 79 — Timing chaxact

t and receive timing specifications of an optical active st

r concern\(seeTakle

same as thos

ics of an'gptical active star

Pr9):

ptical active sflars that

e of an

Timing characteristics (valués referqad}‘e\t}e\chs) Limits
Rise and fall times of Arangmit ignals (%o 90 y <2 % Tpit
peak-peak signal)

N
Maximum tempo eformation Petween Mp/ut ports 3 % Tpit
and optical outpyt po NO
Propagation titme of a datg bit between amgptical input port and any <2 Tpit
output por r tive star with\timing regenerative function (see
NOTE 2)
A\

Maximum {ransmitted b cWr an optical active star with +2,0 % Tpit
timing}@e erative function (s OTE 2)

efo

ation due to an optical active star is the temporal difference of
, bit pattern, waveform, or other appropriate term.

NOTE1 T mporal
tdth of a sameyphysical
\N{QE M)pt' al active stars with timing regenerative function.

SN
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16 Type 1: Medium Attachment Unit: 31,25 kbit/s, single-fibre optical medium

16.1 General

The network medium consists of a set of bidirectional single-fibre optic waveguides, each
known as an elementary optical path.

In all networks involving more than two devices, the fibre optic waveguides conveying signals
from the devices are combined by a reflective passive star coupler, where the received
signals are retransmitted on all the fibre optic waveguides to the devices. A point-to-point link
between a pair of devices using a single elementary optical path is also possible.

These Bidirectional single fibres connect to the CPIC of a fieldbus deyice. e fibre optic
transmigsion system is itself intrinsically safe.

16.2 Transmitted bit rate

The traijsmitted bit rate, BR + ABR, shall be 31,25 kbit/s + 0,2 ¢
having ¢ minimum length of 16 octets. The instantaneous it fi
1 0,025(%.

frame
e 32 ys

16.3 Network specifications
16.3.1 | Components
See 15.B.1.

16.3.2 | Topologies

See 15.3.2.

16.3.3 | Network con
An MAU that cla|:\§

when ug

5, clause shall meet the requirements of thig clause
these rules.

The rule ame 3.3, except as follows.

16.4

NOTE Fd , e requirements of 16.4 are summarized in Table 80 and Table 76.
16.4.1

See 15.4.7.

16.4.2 Output level specification

An optical MAU transmit circuit shall conform to the following output level and spectral
requirements. Level and spectral characteristics are measured at a temperature of 25 °C.
Output level is the effective launch power of a Hi level. Output level specification is shown in
Table 80.
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Table 80 — Transmit level and spectral specification summary

Transmit level and spectral characteristics Limits for 31,25 kbit/s
(values referred to the CPIC with standard test fibre) (100/140 um fibre)
Peak emission wavelength (Ap) (850 = 30) nm
Typical half-intensity wavelength (AL) <50 nm
Effective launch power Hi level (-13,5+1,0) dBm
Overshoot of transitions <15 % effective power
Extinction ratio >20:1

16.4.3 | Output timing specification

An optigal MAU transmit circuit shall conform to the following output
Figure 18). Timing characteristics are measured at a temperature
specification is shown in Table 76.

hts (see
g timing

16.5 MAU receive circuit specifications
16.5.1 | General

The requirements of 16.5 are summarized i o tive to the 9gtandard

100/14Q um test fibre of this clause.

16.5.2 | Receiver operating range

The spdcified receiver sensitivity rang

-0t

sensitivity;
sensitivity.
16.5.3 | Maxim

See 15.p.3.

16.5.4

See 15.p.4.

16.6

The reqpi g same as 15.6, except as follows:

The MAU shall reset the self-interrupt function after a period of 3 s £ 50 %.
NOTE This inhibits bus traffic for no more than 8 % (=~ 1/12,5) of the available time.

16.7 Medium specifications

16.7.1 Connector

See 15.7.1

16.7.2 Standard test fibre

silica fibre optic waveguide whose nominal characteristics are compatible with IEC 60793-2
[fibre type: A1d (100/140 pm)].
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The cable used for testing fieldbus devices or optical active stars with an optical MAU, for
conformance to the requirements of this clause, shall be a 1 m fibre optic cable with one fibre
optic waveguides, whose characteristics are as follows:

— core diameter (um): 100+ 5

— cladding diameter (um): 140+ 4

— core/cladding concentricity (%): <6

— no circularity core (%): <6

— no circularity cladding (%): <4

— numerical aperture: 0,26 + 0,03

— attenfuation for 850 nm (dB/km): <4,0
rlNidth for 850 nm (MHz x km): >100

— band

NOTE Aljernate test fibres are allowed. Operation using a 50 ym or 62,5 pm alte

annex E.

16.7.3 | Optical passive star

NOTE Fdr more information, see Annex C.
16.7.4 | Optical active star
16.7.4.1| Definition

Subclause 15.7.4.1 applies.

16.7.4.2 Operating

Subclause 15.7.4.2 applie

16.7.4.3 Transmit and

st fibres ™\ degcribed in

a) Leve charac
Transm ¢ e 16.4.2
and 16/)5. 25 °C.
These slpecifications,
Table ve star
TrapsmitNevéNan p\esﬂél characteristics
(values referced to the CPIC with standard Limits, with 100/140 um fibre
est/fibre)
Peak gmisSsion wavelength (Ap) (850 + 30) nm
Typical half intensity wavelength (AL) <50 nm
Extinction ratio >20:1
Effective launch power Hi level (-13,5+1,0) dBm
Low sensitivity system High sensitivity system
Receiver operating range (effective power)
-30,0 dBm to -12,5 dBm —40,0 dBm to —20,0 dBm

b) Timing characteristics

The timing characteristics of 15.7.4.3 apply.
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17 Type 1: Medium Attachment Unit: low speed radio medium

17.1 Transmitted bit rate

The radio medium fieldbus MAU transmitted Bit rate shall be 4 800 bit/s + 0,2 % over a frame
having a minimum length of 24 octets.

NOTE This will allow five PhPDU messages of 35 octets per second to be handled, or three messages of 75 octets
that is considered sufficient for the application area of the low speed radio medium. Most radio fieldbus
applications in the process industries where the low speed, low power medium is required, are for monitoring only,
where 1 message per minute sending the average, minimum and maximum of a measured value is sufficient. Even
for control applications, more than 80 % of loops in the process industries can be handled at 1 update per second
or slower. Higher speed factory and short distance line of site process applications will be handled by the higher
speed radio media

17.2 Network specification

17.2.1 | Components
The netork shall be composed of combinations of the following

Cable

Radio transponder modules composed of device

Intrinsic safety barriers

Couplers

Dévices (may or may not be po

Connectors

Power supplies

h) Cpmbined power sup

i) Amtennas
Irminators

17.2.2 Topolo

The rad
each nelt
segmen

17.2.3

) operate in a network using a single radio chgnnel for
ctapable of operating as a separate fieldbus or ag a radio
v separate segments of a wired fieldbus.

Alow s i shall be required to conform to the requirements of this claus¢ of IEC
61158-4 when used.jp’a network that complies with these rules.

Rule 1: The maximum propagation delay between any two devices shall not exceed 20 Tpjt.

Rule 2: That part of the turnaround time of a device that is introduced by a PhL entity
between the end of a received frame and the beginning of the transmitted frame, containing
an associated immediate response, shall not exceed five bit times.

Rule 3: The following rules shall apply to systems implemented with redundant media:

a) each channel (frequency) shall comply with the network configuration rules;
b
c
d

there shall not be a non-redundant segment between two redundant segments;

)
)
) repeaters shall also be redundant;

) if the system is configured (by Systems management) to transmit on more than one
channel simultaneously, then the propagation time difference between any two devices on

any two channels shall not exceed five bit times;
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e) channel numbers shall be maintained throughout the fieldbus, i.e. channel 1,2,3... from
Systems management shall always connect to physical channels 1,2,3...

Rule 4: All communicating elements on one fieldbus using radio medium shall operate at the
same bit rate and use the same radio channel.

NOTE 1

This rule defines the basic communication as half duplex. Only one channel shall be used for a single

radio fieldbus with all devices using the single radio channel and only one device transmitting at any one time,
(however all devices can receive at the same time) as controlled by the link layer.

Rule 5: More than one independent radio medium fieldbus may operate in the same physical
location, but then each separate network shall operate on a different radio channel.

Rule 6:
"CELL"
channel
and it

frequen
40 m a
whose ¢

adjacent cells using class 3 receivers whose geographic
e different radio channels.

shall us

eque
‘ Frequency 1
Frequency 3

m apart

" ‘,‘{% Q requency4

%

Frequency 4

Frequency 2

Figure 79 — Cellular radio topology and reuse of frequencies
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NOTE 2 See Figure 79 for the cellular structure using radio medium fieldbus networks covering a large industrial
site. Examples of the topologies are given in Figure 80 and Figure 81. These three figures are included for
explanatory purposes and do not imply a particular implementation.

Control room device (PLC, etc.)

Wired fieldbus

Wired fieldbus é

Q / \) Radio medium device

Radio mediu

h h

4 800 bit/s|radie.me: netwi

Figure 80 — Radio segment between wired segments topology
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Control room device
(PLC, etc.)

H Hé/ Wired fieldbus port

Wired fieldbus (31,25 kbit/s, 1 Mbit/s or 2,5 Mbit/s)

Radio medium

device

Low speed radio medium
fieldbus port

Iy

Radio physical layer devices
operating at 4 800 bit/s

h country
iptoric use

NOTE 3 |The num
and withifp that coun
of radio gpectrum it |

) me time,
especially echnical reasons in the process industries; therefore| it is not
possible 3.in thls standard. Implementers should contact their local radio fegulatory

body for 3 covering channel availability and specifications for the us¢ of those

channels.

NOTE 4 efine how the carrier is generated, changed or communicated, as this will be
applicatio range, power supply requirements and local regulations. Theg network
managem include a service to read and or set the carrier frequency in megahertg to three
places aft

NOTE 5 Si should take into account the different speed at which the low speed radi¢p medium
fieldbus devices and other medium fieldbus devices are operating in a particular implementation.

Rule 7: It shall be possible to use radio repeaters to extend the range of a specific
installation, providing that the overall propagation time between any two devices on either
side of a chain of repeaters does not exceed 20 bit times. These repeaters will use different
frequency channels.

17.3 Antennas

The radio medium fieldbus MAU shall be suitable for use with a single combined antenna
connection for both the receiver and transmitter.
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NOTE Any type of antenna can be used subject to the local radio regulations in force at any one installation. This
includes directional antennas, remote, mast mounted antennas. The local regulations may set an upper limit to the
Effective Radiated Power (ERP) in any one direction that may be violated if directional antennas are used. An
antenna may be shared by more than one device or service providing it will handle both frequencies adequately.

17.4 Jabber inhibit

The MAU shall contain a self-interrupt capability to inhibit transmitted signals from reaching
the medium. Hardware within the MAU (with no external message other than the detection of
output signals or leakage via the transmit function) shall provide a window of between 2 s and
4 s during which time a normal frame may be transmitted. If the frame length exceeds this
duration, the jabber inhibit function shall inhibit further output signals from reaching the
medium and shall disable echo on the RxS line (see 10.2.2.2) to indicate jabber detection to
the MD

The MAU shall reset the self-interrupt function after a period of 50 s £ 50 %.

NOTE THis inhibits bus traffic for no more than 8 % (< 1/12,5) of the available tjme.
17.5 Common air interface
17.5.1 | Channel frequencies
Channe] carrier frequencies to be used for the radig’ medi i all be defined by the

regulati final" end use of |specific
implemgd iid be added as a deparate

technica

Channe Ahe ocal radio regulations allow a|greater
bandwid miged, by the local regulations, anfl where
these s ) i S Itiple of 12,5 kHz then extfa radio
medium iding the allowable channels.

Channe] frequency ac il be ecified by the local radio regulations or giving a
delta of less tr@ of the nominal centre frequency betwgen this
frequengy and the\ac over the supply voltage and temperature ranges of
the implementatio ¢ e gré€ater accuracy. Automatic frequency control |may be

used at

17.5.2

The mo SO\ sloyed\ shall be 2-level Minimum Frequency Shift Keying shapéd by a
Gaussid : with a filter constant Bn of 0,41 + 0,2 % where Bn = bandwidth of the

filter myltiplij 35y the\symbol time. With a Bn of 0,41 the filtered waveform of one symbol is
spread pver2,439 bol times, see Figure 82.
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Fc+f

A NRVARGV A

Frequency

i Fc-f

Figure 82 —

A binarly 1 shall be & G ¢y higher than the carrier frequency (Fc+f); a
binary ( shall ,@;.p as¢a ower than the carrier frequency (Fc-f), where fis
the bit rpte dividedt .
NOTE 1 |The RF envyelope
........................ f 66 dB max.
Last
?‘5 bit
............. : [ 6 dB max.
/
Carrier frequency
crossing points it i 2 bit period

Frequency modulation

Figure 83 — Radio envelope using GMSK

NOTE 2 The frequency shift for minimum shift keying is defined as 1/4*T where T is the bit time or symbol time for

a binary signalling system.

The amplitude of the RF envelope shall be within 3 dB of the final envelope at the start of the

first bit being transmitted.
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17.5.3 Transmitter characteristics

These shall depend on the local regulations and type approval specifications in force in the
country of end use. It shall be possible to set the effective radiated power from the antenna to
the maximum allowable under the local regulations.

NOTE This is required to ensure that a nearby radio device whether similar or not but operating under the local
radio frequency regulations on a nearby frequency at maximum power allowed does not swamp a lower power
signal from a fieldbus device.

17.5.4 Receiver performance

NOTE 1 The receiver sensitivity requirement will depend on the local radio regulations for any one installation,
however, this specification contains the minimum requirement.

A receiVer in a device adhering to this standard shall conform to one ¢ ing|classes

of receiyer performance.

NOTE 2 | These classes ensure that vendors give the users a clear indicatign_of\the qpp¥ ihi particular

device or|set of devices to a specific application.

NOTE 3 | This subclause covers performance of the radio receiver sub ical radio

interference imposed via the receiver input stage. It does not cover “E complete

fieldbus device.

Class 1

A tests eceiver.

The Effe at the

maximu tal shall

be set i

a) With random
user [data bits with maxim sduee no more than 10 detected ¢rrors in

1 000 frames after for¥ i ‘ pllowing

noise environments|i

1) 1@ V/m electromiagnetis fi but not
with a fre is e radio
medium fieldbls

2) Electrical fag

The abgve epror ra bllowing
noise enviro :

i) 8 tatic discharge to exposed metalwork as specified in IEC 61000-4-2 at
Y el 3, ITthe device suffers temporary loss of function as a result of thjs test it
sh any such loss without operator intervention within 3 s after the end of
the test;

i) hi i Hied— class |l

(2,5 kV and 1 kV peak values of first half cycle in longitude and traverse mode
respectively).

b) With the same test set-up, a communication element operating with frames containing 32
random user data bits with maximum frame rate, shall produce no more than 10 detected
errors in 60 000 frames under the following condition: with forward error correction (if
applied by the radio medium MDS), when an unmodulated, or asynchronously modulated,
interfering carrier wave signal at any frequencies within the ranges and at the corresponding
field strengths as shown in Table 82 is applied.

Class 2

A test set-up shall be used consisting of a 400 m line of site range from transmitter to
receiver. The Effective Radiated Power (ERP) from the transmitter antenna shall be set at the
maximum allowed in the local regulations, for the channel in use and a 20 dB loss total shall
be set in the receiving antenna to the receivers antenna connector.
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a)

With this set-up, a communication element operating with frames containing 32 random
user data bits with maximum frame rate, shall produce no more than 10 detected errors in
1 000 frames after forward error correction by the radio medium MDS, under the following
noise environments imposed on the channel.

1) 10 V/m electromagnetic field as specified in IEC 61000-4-3 at severity level 3, but not
with a frequency that is within 25 kHz of the centre channel frequency of the radio
medium fieldbus network under test.

2) Electrical fast transients as specified in IEC 61000-4-4 at severity level 3.

The above error rate specification shall also be satisfied after, but not during the following
noise environments:

i) 8[kV electrostatic discharge to exposed metalwork as specified n 1 D-4-2 at
sgverity level 3. If the device suffers temporary loss of function s test it
shall recover from any such loss without operator intervention withi e end of
th

ii) hi | Class I
(25 kV and 1 kV peak values of first half cycle in Yongitudg. a e mode
r

b) With|the same test set-up, a communication eleme ati i a ning 32
randpm user data bits with maximum frame rate,/sha ~ etected
error ition: 2 ction (if
applied by the radio medium MDS) s dulated,
interferi i i > ithi ponding
field

Class 3

A test hitter to

receivel bt at the
maximu ss shall

a)

With[this set icati 5 random
user [data bits AXi ) e,’shall produce no more than 10 detected érrors in
100 e bllowing
noisg

1) 14 but not
w e radio

m

2) Ele
The abgve error Dllowing

noise envitonments:

b)

i) 8 kV electrostatic discharge to exposed metalwork as specified in IEC 61000-4-2 at
severity level 3. If the device suffers temporary loss of function as a result of this test it
shall recover from any such loss without operator intervention within 3 s after the end of
the test;

ii) high frequency disturbance test as specified in IEC 60255-22-1, test voltage class lll
(2,5 kV and 1 kV peak values of first half cycle in longitude and traverse mode
respectively).

With the same test set-up, a communication element operating with frames containing 32
random user data bits with maximum frame rate, shall produce no more than 10 detected
errors in 60 000 frames under the following condition: with forward error correction (if
applied by the radio medium MDS), when an unmodulated, or asynchronously modulated,
interfering carrier wave signal at any frequencies within the ranges and at the
corresponding field strengths as shown in Table 82 is applied.
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Table 82 — Interfering frequencies for testing receiver performance

Frequency range in MHz Field strength in dB (pV/m)
25 to 800 120
800 to 4 000 110
Except where within following band around the centre [Where the interfering field strength shall be
frequency
+60 100
+0,3 80
+0,2 75
£0,1
< $0,1
NQTE The values quoted in this table are considered sufficient to ensure gperatiqQn i ce
of lknown broadcast transmissions from high power sources such as_for\teleyisitan tr, i '}n
hojvever, even greater levels can be experienced in close proximity to/so 1 . hal
from the radio medium fieldbus MAU transmitting element and the int&rferin i to
haye the same polarisation.
17.5.5 | Post processing
NOTE R{
PhPDUs entations
may inclu imposed
by this st any timing
violations|
Post pr| by this
standarg.
17.5.6
The trar trapsmit turnaround times shall be no morefthan 10
bit timeg.
17.5.7
The rad
is preseint
NOTE THi
17.6
17.6.1 r upldnwn

The fieldbus shall be capable of continued operation while a device is being commissioned,
powered up, powered down, connected or disconnected. Data errors induced during such

operatio

ns shall be detected. Devices shall inhibit radio transmission during their own power

up or down operation.

17.6.2

Device failures

Failure of any communication element (with the exception of jabber) shall not interfere with

transact

ions between other communication elements for more than 1 000 ms.
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18 Type 2: Medium Attachment Unit: 5 Mbit/s, voltage-mode, coaxial wire

m

18.1

edium

General

Only one attachment method is specified for the 5 Mbit/s, voltage-mode, coaxial wire medium.
Other methods may be used but they shall conform to the same signalling and performance
characteristics. If the specified coaxial wire medium attachment method is used, then it shall
incorporate transformer coupling at the node and it shall use a Passive Tap for attachment to
the medium. The tap shall include a 1 m spur.

The 5 Mbit/s, voltage-mode, coaxial wire PhL variant shall connect to coaxial wire medium

with network segments up to 1000 m long with up to 48 nodes (see 18.5).

The M/JS shall consist of a transceiver, transformer, and connecto

The tra
necessa
specifie
18.3.

ry to drive the transformer. Attachment to the medium
d in Annex F. Ground isolation shall be provided via

OSI reference model Laye GTyp 2 PhL Model

igure 84.

those
ctors as
cified in

Application MDS
Medium dependent
Presentation sublayer

MDS-MAU interface

s

MAU
Medium Attachment Unit

o
& Yme
/\<Mk\\/\ Transceiver
g

\ \\) Transformer
BNC Connector

18.2

Figure 84 — Components of 5 Mbit/s, voltage-mode, coaxial wire PhL variant

Transceiver: 5 Mbit/s, voltage-mode, coaxial wire

When using a 5 Mbit/s, voltage-mode, coaxial wire medium, a coaxial wire transceiver shall be
used to transmit and receive the L and H signals. The transmitter portion of the transceiver
shall obtain transmit signals from the MDS-MAU interface, representing H and L symbols. It
shall transmit a single-ended, ground-isolated signal onto the cable via the isolation
transformer. The complement of this function shall be performed in the receiver that shall

provide

RXDATA and RXCARRIER indications to the MDS-MAU interface.

A functional block diagram depicting the MAU sublayer components is shown in Figure 85.
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NOTE 1 Figure H.3 shows an example of a redundant transceiver and Figure H.4 shows an example of a single
channel transceiver.

r RXDATA 7

Coaxial wire
Medium
Connection

RXCARRIER
MDS-MAU

Interface

Isolation

TXDATAOUT ™|

TXDATABAR |
NETENABLE —

NOTE The blocks labeled Xmit and Isolation combine to represent the transmitter.

Ei

Figure §6 shows a simplified functional diagram of the transmitter.

NOTE 2 |Refer to the example schematics found in Figure H.3 and Figure H.4 for

TXDATAOUT =1

Figure 86 — Coaxial wire MAU transmitter

Three sjgnalstshall be available at the MDS-MAU interface for controlling transmissjon onto
the medium;~TXDA uUT, TXDATABAR, and NETENABLE. These three transmit signalg, when
connected.to the transceiver, shall define the physical symbols on the wire. The relationship
between these transceiver request lines and the signals on the medium shall be as specified
in Table 83.

Table 83 — Transmit control line definitions 5 Mbit/s, voltage-mode, coaxial wire

TxDataOut TxDataBar | NetEnable Physical symbol Signal on medium
don’t care(x) | don’t care(x) false(0) none transmitter off, see Table 86.
false(0) false(0) true(1) none transmitter off, see Table 86.
true(1) false(0) true(1) H + voltage (positive), see Table 86.
false(0) true(1) true(1) L - voltage (negative), see Table 86.
true(1) true(1) true(1) not allowed (see note) |not allowed (see note)
NOTE This state can result in damage to the transmitter circuitry.
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Signal Voltage on Coax Medium (Vjp)

A
RXCARRIER = 1
RXDATA = 1
sense
Voot [\ ]
sense / \ / \ l Vsensel—
ov
/ \ RXCARRIER = 0
Vsense— ‘/
RXDATA = 0 v
v
RADUATA
RXCARRIER

NOTE The shaded areas shown above are not defined.

Two indication signals shall be provided at t
RxDATA[and RxCARRIER as shown in Tz
the wirg and these two signals for
Table 8p. The values referenced in Tab
level (V},) as shown in Figure 87 shal
coaxial cable centre conductor and the co
of the yoltage on the coaXxi
coaxial phield.

Table 84 —}%e verda

finitions: 5 Mbit/s, voltage-mode, coaxial wire

AU with
tage on
84 and
he input
een the
n terms

to the

Vin more negaMeéKtNa%nsitivity limit (Vsense—) false (0)

Wk\ | at Mum S RxDATA Comments
e
Vin more|positive th(&\s(«eﬁ%&%itiv@limit (Vsenset) true (1) |see Table 87
see Table 87

Vin betweMe @ga\we data sensitive limits undefined

allows for hysteresis and tplerance

DN

Taple 85°="Receiver carrier output definitions: 5 Mbit/s, voltage-mode, coaxial wire

Input level at medium RXxCARRIER Comments
Vin more positive than high carrier sensitivity limit (VsenseH) true (1)  |see Table 87
Vin lower than low carrier sensitivity limit (or negative) (VsenseLl) false (0) [see Table 87
undefined |allows for hysteresis and tolerance

Vin between low and high carrier sensitivity limits

The medium interface shall conform to the requirements shown in Table 86, Table 87 and

Table 88.
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Table 86 — Coaxial wire medium interface — transmit specifications

Specification

Limits / characteristics

Comments

Transmit level (Tx level) peak-to-peak

82V+13vabe

see Figure 88

Transmit level asymmetry (between 0 and 1)

<450 mV max ™ ¢

Transmit signal distortion (over voltage, droop, ring) +10 % *° see Figure 88
Total transmit jitter (Tx Jitter) <5ns see Figure 88
Transmitter output impedance 20 Q max

Maximum transmitter off noise level 5 mV max ?

Time from_NETENARI F false to transmitter off noise level 400 ns ®

Slew limif]

1 V/ns max ®

7
{ee Figure\88

Rise / fallllimit (10 % to 90 % of peak-to-peak)

30 ns max ? /\

# This sh

> The tr

bottom of|the waveform.

¢ This leivel shall be 0,5 V lower when measured as inside of
of 6,4 V (peak-to-peak).

d This |[shall be measured as the absolute difference betwee
(+ voltagg) and the absolute value of Transmit level for 0 (£ val
MHz.

all be a peak to peak voltage as measured into a 37,5 Q load from 0

eye

see(Qg\Q 8

ontroughs i both top and

um signal

vel for 1
m 0 to 20

¢ Levels

shall be a function of the actual me@%in it voltage.
¢ \( C%ﬂtN
x N

—>
% 1
0/ \/‘\ >
o %
ORIV |
=~ Q? /
Slew Limit
A/ MAX
Transmit
Rise/Fall Limit"7 Level
Tx Jitter
< ero |Volts
Rise/Fall Limit
A/ \
2
Slew Limit \ \ \—/ /
v
- 10%
o \ \ VN /\/ /
S
b\ >
Slew| Limit

Figure 88 — Coaxial wire MAU transmit mask
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Table 87 — Coaxial wire medium interface — receive

Specification

Limits /
characteristics

Comments

Minimum receive signal level (peak-to-peak) 510 mV inside of eye pattern as shown in Figure 89
Data threshold voltage zero V negative and positive sensitivity limits allow
for hysteresis and tolerance
Negative data sensitivity limits (Vsense—) - 140 mV allows for hysteresis and tolerance
Positive data sensitivity limits (Vsense+) +140 mV allows for hysteresis and tolerance
Low carrier sensitivity limit (Vsensel) +23 mV allows for hysteresis and tolerance
High carrler sensitivity limit (VsenseH) *255mv allows for hyster?%and t%ce
RxData pattern jitter (peak-to-peak) <40 ns inside of eye tegn as\shown in\ﬂgure 89
for Vin > 510 mV shall be true wWhe i > Receive
Signal }zé\?el\
Physical-Symbol Q\
100 ns )
./ ) JQ
\ 77X, TR |
\ == S R /74
y i A { \\\ R\ LA /
oV oV
J
0mV
M. Receive Level
\ \\\\ I{I/ \
\ 7
40pps —— 4@ns —

Figure 89 — Coaxial wire MAU receive mask
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Table 88 — Coaxial wire medium interface — general

Specification Limits / characteristics Comments
Coupling Transformer coupled Ground isolated
Isolation at 0 Hz 500 kQ min ? Shield shall be R/C coupled to local earth
Input impedance (Tx Off) 0,2 dB tap loss (see Figure 93)
alternative to Impedance Model
Impedance model (Tx Off) alternative to Input Impedance
Series inductance 0,56 uH + 20 % b power on
Parallel inductance 425 \H+20 % ° power on
Pafallel capacitance 50 pF max° power on
55 pF max® power off

Parallel resistance 3,9 kQ + 20% ° power on
3,4 kQ +20% ° power off

Connedtor BNC see An X\RQMO\Q&QHS\
t { me

@  Capacitor value shall be 0,01 pF/500 V minimum. This requir
connecfed to the network.

ppl! s% al Mm inferfaces

b Al mpedance specifications shall be met with the transmitter off 1 applied or remgved as
shown.| All impedance specifications shall be met over th i range from nfinimum
receive|level to maximum transmit level.

NOTE 3 shown in
Annex H.].1.

18.3

NOTE 1 3 = ht feature
of the transformer is that it proyide 9 icN i 0 i i . i nts large
common- nd loops,
which carj

Figure ¢

Coupling transformers shall conform to the requirements specified in Table 89.
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Table 89 — 5 Mbit/s, voltage-mode, coaxial wire transformer electrical specifications

Specification Minimum Typical Maximum
Inductance (measured at 40 kHz and 100 mV) 350 pH 750 uH
Winding capacitance (measured at 10 MHz) 16,0 pF 24,8 pF 29,5 pF
Parallel resistance (core loss) 8,0 kQ 9,1 kQ 11,2 kQ
Leakage inductance 255 nH 441 nH 625 nH
Galvanic isolation (at 47-63 Hz, less than 1,0 mA) 500 Vims for 60 s

600 Vyms for 1's

Resonant frequency 1.0 MHz 1.4 MHz 1.8 MHz
Leakag¢ inductance shall be measured between pins 1 and 2 wit hnected
togethef. Galvanic isolation shall be measured with pins 1, 2 an8 gnd with

pins 4 and 6 tied together. The galvanic isolation requirement sha
from pin 1 to core, and from pin 4 to core. All other measure
pins 4 and 6 with pin 2 connected to instrument ground.

NOTE 2
Annex H.1.2.

18.4 Connector 5 Mbit/s, voltage-

The cornnector used on a node shall be
this stapdard (see Annex F).

18.5 Topology 5 Mbit/s, g medium

A segmpnt shall compriseNa trigk—spunarehitectube”

o pin 4,
between

shown in

hents of

The trunk shall consist of coaxipl cable

and shalll be terminated ‘s a\kesistorequal to 75 Q + 5%.

NOTE 1 i 3 \ ighals on the trunk reflecting at the ends of the cablg.
Nodes s ia drop cables. The drop cables shall attach to the
trunk usi \ ¢ taps shall contain passive circuitry that allows trunk
attachm ile mi i2i iofis due to attachment loading.

Nodes ¢ inistic control network shall not terminate the drop cable shield
directly andd erminagion of the shield shall be in accordance with Table 88. To properly

termina

used. The parafte shall be connected from shield to ground.

Figure 91 shows a tnpnlngy pqulnlp

¢'s shield, a resistor in parallel with a 0,01 yF capacitor ghall be
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NOTE 2 In this example, two segments are connected by a repeater to form a seven node link.

IE' =node

IE‘ = repeater
link
= tap
A
-~ N
segment segment
N

Topolody limits are shown in Figure 92. Up to 48 nodes ) ment of
length yp to 1000 m as shown in Figure 92. The trade-of S o mber of
nodes i$ shown in Figure 92. If a combination of nodes-and_di . ) bxceeds
the seg S 5pect to
the me be the
same a ich it is
connected, and therefore can be attdche vhe 5 . rs shall
not be ¢

Any top
Multiple
conform

bported.
claims

This PH B, or in
differen b Annex
G).

NOTE 3

NOTE 4

Figure able as
specifief.i n Table

91 may e used ¥ an appropriate segment length multiplier is applied to Figure 92.
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maximum allowable segment length =
1000 —-
o 1000m - 16.3m [number of taps - 2]
=
© 750
Q
5
e 500 —
=)
)
17
250 —
| | | |
[ [ [ [
2 16 32
number of taps
18.6
18.6.1
The tap ttached
node.
NOTE 1 ontinuity,
and there
A tap medium
attachm
NOTE 2 ex H.1.3.
18.6.2
The tap phections at the trunk and a BNC plug at the pode, in
accordance withnthe reg nts of this standard (see Annex F). A 1 m length of spur cable
of the s e S ed in the tap if proper compensation for the spur cablelis to be
achievef.
NOTE 1 equifements of the tap are defined by the transmitted and reflected charactgristics as
seen by the trunk When the tap port is properly connected by the required spur and a node equivalent load.
Although the’tap/has thre€ ports, it can be viewed as a two port device when it is configured this way. [The term,
node equfvalent load, means a load that represents the nominal impedance of a node. A node equivalent|load may
be constr i i i i s clause of
IEC 61158-2.

The transmission and reflection requirements shall be as shown in Figure 93. Scattering
parameters (S11, S22, S12, and S21) shall be used to define the tap electrical requirements.
S11 and S22 shall be used to define the reflection characteristics of the trunk connector of a
tap while the spur is terminated by a node equivalent load and the other trunk connector is
terminated with a trunk terminator (75 Q + 5%). S12 and S21 shall be used to define the
transmission characteristics of the tap from one trunk connector to the other with the drop
cable terminated by a node equivalent load. The transmission and reflection characteristics of

all taps

shall fall in the pass region defined in Figure 93.
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NOTE 2 The tap is a reciprocal device (S11=S22, S12=S21) so trunk port orientation is arbitrary.

E}D 1 Tranmminion M Log Mag 1248 Raf o de
w V2772770
—
Y .
21
- &
S
12
=8
=
T 1
™
- 1.2

- < %
O\ X

u:u} o . 15 MHZIdiﬁM Q \ N mpv—
db ( (7
30 S (‘ \ / /\ \
s [ NS (N T T
; P
E_m L —-—-—"7/// 7 =
e 7

(\\ \/» 2.8 MHZ ) div 25.00 MHZ

igure 93,— Coaxial wire medium tap electrical characteristics
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18.6.3 Spur

The spur cable shall conform to the limits and characteristics shown in Table 90.

Table 90 — Coaxial spur cable specifications

Specification Limits / characteristics

Electrical specifications

Shielding Dual shield
Impedance 750+£3Q
Nominal inductance 304,5 nH/m
Nominal capacitance 54,13 pF/m

(
Delay 4,06 ns/m + o,yé@ ) (\
S\

Attenuation (dB/100 m ) @

1 MHz 21 e

5 MHz AN

10 MHz 4N, \ N\

50 MHz [~ NN
Structural return loss KX\G\jB/A'l}Amy\m N 5 to’ 50 MHz

Conductor DC resistance {\ /\\ % é3,7(gﬁ<n‘\nﬁzninal

Shield DC resistance \ 10\,4&% nominal

Mefh/a?ical s}e{:\ﬂ@at%{s

Center conductorﬂaterial and d\rﬁme& \s/orn)d copper 0,51 mm
Dielectric mater I an émeter \) \\}Bam polyethylene 2,43 mm
Shield type (dual) di meter \Jﬁt layer 0,1 mm gauge strands,

95% coverage tin coated copper braid
2" layer 0,1 mm gauge strands,
95% coverage tin coated copper braid

Jacket gqete 3,94 mm

\/
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18.7 Trunk 5 Mbit/s, voltage-mode, coaxial wire medium

18.7.1 Trunk Cable

The trunk cable shall meet the specification given in Table 91.

Table 91 — Coaxial trunk cable specifications

Specification

Limits / characteristics

Electrical specifications

Shielding

Quad shield

1 ]
TP etate

Nominal inductance

Nominal capacitance

53,15 pF/g/\

Delay

N
4,16 ns/m/tQ1\n\s/}\\ N1

Attenuation (dB/100 m) @

NI

TN
2 MHz 128N\
o

10 MHz (\\// /\1,93\

20 MHz Q < ( K \)285}/

50 MHz N 453

Structural Return Loss

%\dB }Ngimum from 5 to 50 MHz

Conductor DC Res;j

[ d
\

92 Q/km nominal

Shield DC ReS|ste>N‘\ \(

=

11,8 Q/km nominal

oo

ifications

Centr@ju}g Mat%\wét%\

solid Bare Copper Covered Steel

1,0 mm = 0,0197mm

Dlelectrlc ter|

Foam Polyethylene 7,086 mm + 0,197 mm

<

S&X\/

2nd

4th

1St layer bonded foil
layer 60% coverage braid
rd .
3 layer foil

layer 40% coverage braid

S D

11,81 mm £ 0,197 mm

18.7.2 LConnectors

The trunk connection shall use a BNC plug,

standard (see Annex F).

in accordance with the requirements of this
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19 Type 2: Medium Attachment Unit: 5 Mbit/s, optical medium

19.1
NOTE 1

General

This subclause specifies the optical medium and PhL variant. Information important to designing the PhL
connection is captured here.

NOTE 2 The fibre medium attachment method defines three fibre media and PhL variants. The first variant covers
fibre media and PhL requirements for a short-range system for distances of up to 300 m (nominal), the second
variant covers fibre media and PhL requirements for a medium-range system for distances of up to 7km (nominal),
and the last variant covers fibre media and PhL requirements for a long-range system for distances of up to 20km
(nominal).

The fibre med|um attachment method shall incorporate a fuII duplex point to point or ring

topolog)
For all as\a |point to
point link or as a ring topology. The point to point link shall conneg s, end
nodes gnd PhL repeater devices, or PhL repeater and PhL repea y shall
connect| between any two or more nodes or devices that impleR achine
(RRM), which is described in Annex G. Switching betwee require
the use|of a PhL repeater device. This shall be impleme star or
active ring. An active hub or active star shall consist ofa
The fibfe medium MAU shall consist of the fibre connector. The
transceiver shall use the signals defi i erface to generatp those
necessgry to drive the transceiver. At be via fibre connedgtors.
19.2 Transceiver 5 Mbit/s, opticalmediu
To supgort a fibre medium;e signals
from thg MDS. The transmj rom the
MDS-M & br H) or
‘light off’ shall be
capable -symbol
transitio
NOTE Di bt provide
for the ing ods of no
Ph-symbg
The coin on shall be performed in the receiver, which shall |provide
RXDATA dications to the MDS-MAU interface as shown in Figure 94, a
functionfal épicting the MAU components.
[  RxDatA
Rx Fibre
MDS-MAU RXCARRIER :/Iiscri?um
Connection

Interface )/
<\ TXDATAOUT o

p—Tx Fibre

=
E

NETENABLE ——
\

Figure 94 — MAU block diagram 5 Mbit/s, optical fibre medium

The transmit signals shall be as shown in Table 92.
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Table 92 — Transmit control line definitions 5 Mbit/s, optical fibre medium

TXDATAOUT | NETENABLE | Physical symbol | Signal on fibre medium
don’t care(x) false(0) don’t care (x) light off

false(0) true(1) L light off

true(1) true(1) H light on

The fibre interface transmit and receive limits shall be as shown in Table 93.

Table 93 — Fibre medium interface 5,0 Mbit/s, optical

Specification Limits / characteristics Comments, (

Input Pattern Jitter 40 ns peak-to-peak max. [measured Oyé)\DATA

Total Transmit Jitter |< 5 ns peak-to-peak \ \
19.3 Topology 5 Mbit/s, optical medium
The megia topology defined for a fibre medium attachpaen point to point link
or a ring topology. The point to point topology shall be be two RPhL entities that meet
the requirements of this clause and that do not jin Ie ~The ring topology shall
be betw}een any two PhL entities that ms e lause and that implement
the RRM (see Annex G). Switching Retwe e ieS shall require the Ese of a
PhL regdeater or of any device implem ion and repeater PhL. In either
case, npdes and repeaters shall be caseadable leng as €ach link meets the requirements
specified in this clause. The total signal propagation delay shall be used in the calcu|ation of
the slot [time value as described in IEC .
Any top = wbetween any two PhL entities shall be supported.
Multiple| paths betweeh F iti ¢ allowed by an implementation thaf claims
conformance to @
This PHL variant may t M e ith other PhL variants within the same nodg, or in
different nodes, ater machine) and/or PhL repeater devices (se¢ Annex
G).
19.4 optical medium
The tru the requirements specified in 19.6 for the appropriate fipre PhL
variant.
19.5 Trunk connectors 5 Mbit/s, optical medium

The Trunk connectors shall be in accordance with the requirements of this standard (see
Annex F) for the different fibre PhL variants.

19.6

Fibre specifications 5 Mbit/s, optical medium

The signal characteristics for fibre media and PhL variant at 25°C shall be as shown in Table
94, Table 95 and Table 96.
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Table 94 - Fibre signal specification 5 Mbit/s, optical medium, short range

Specification Min Nom Max
Fibre
Distance 0m 300 m
Fibre Attenuation @ A 6 dB/ km

Fibre Technology

Step Index, Hard Clad Silica (HCS)

Pulse Width Dlstortlo

Core / Cladding 200/230 um
Numerical Aperture 0,5
System
BER 107 /A(
Polver Budget 3,9dB | 958 AN | (
Transmitter

W4qve Length A 640 nm Wﬁ
Spgctral Width 21 nm
Colupled Power, Pt on (transmit Light On) | -16,1 dBm, pea -8/5 dBm, pegk
Colpled Power, Pt off (transmit Light Off) - 44 dBm, pegk
Opttical Rise Time Tyjge
Optical Fall Time Tz <

e
Pr|min (receive Light On) -25 dBm, pk -23 dBm, peak
Pr|max (receive Light On %dBm +3,0 dBm

30 ns

Table QQb%w Mbit/s, optical medium, medium range

Coupled Power, Pt op (transmit Light On)
Coupled Power, Pt off (transmit Light Off)
Optical Rise Time Tyjge

Optical Fall Time Tfa“

-15,5 dBm, peak

-13,5 dBm, peak

1,8 ns

2,2 ns

Spléflc ion i Nom Max

< \ \\/ Fibre
Dig 0Om 7 km
Fib 1,5 dB/ km
Fib Graded Index, Multi-mode
Co 62,5/125 um
Numefical’'Apertu 0,275

System
BER 10°°
Power Budget 11,3 dB 16,4 dB
Transmitter

Wave Length A 1270 nm 1300 nm 1370 nm
Spectral Width 130 nm 185 nm

-12,0 dBm, peak
- 40 dBm, peak
4,0 ns

4,0 ns
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Specification Min Nom Max
Receiver
Pr min (receive Light On) -33,5 dBm, pk -31,8 dBm, peak | -28,8 dBm, peak

PR max (receive Light On)

Pulse Width Distortion

2ns

Table 96 — Fibre signal specification 5 Mbit/s, optical medium, long range

Specification Min Nom | Max
Fibre
Digtance & ZNm
Fitre Attenuation @ 2 0,5 dB/KIpA. K
Figre Technology Graded Index, Single Mode
Cofe / Cladding 10/125 pm
Nufmerical Aperture 0,1 /\ s
System \\/
BER 1in10° /[ )

Power Budget

0B\~

T

W4qve Length A N nm \_1}7,(0 nm 1370 nm
Spgctral Width 70 nm
Colpled Power, Pt on (trapgmit Light On) - 15 dBm, pk - 10 dBm, pK
Colpled Power, Pt of (transmi - 40 dBm pk|
Optical Rise Time Tyise 2 ns 4,0 ns
Opttical Fall Titmes4 2,2 ns 4,0 ns

/\ ~ Receiver

i - 32 dBm, pk - 30 dBm, pK

-10 dBm
2ns
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20 Type 2: Medium Attachment Unit: Network Access Port (NAP)

201

General

Figure 95 shows the location of the network access port (NAP) PhL and Medium within the
ISO/OSI reference model.

OSI| Reference Model Layers

Application

Type 2 PhL Model

NAP MDS
Medium Dependent
Sublayer

conformance to this clause.

Presemntation

Session

Transport

Network

Data Link

Physical

MDS-MAU mterf(éce

N

Medi Nﬁt? hU tQ
/\}% N
o) olﬁ .rs\
/\\N&mn\S&W
</? /\N&b@;&or

d held programming device
the NAP transceiver using protg

or other
col and
mit line
r end of

signals
en from

bported.
claims

A node, whose primary connection to the link is through the NAP PhL variant, shall be
considered a transient network node. A node, whose primary connection to the link is via any
other PhL variant, shall be considered a permanent network node. A transient node shall
communicate with another transient node or a permanent node using the NAP medium. The
permanent node shall utilize the repeater machine (RM) functionality (see Annex G)
contained in the DLL of that node to allow the transient node to communicate to other
permanent nodes as shown in Figure 96. A permanent node shall function as a transient node
when no other PhL medium is connected as shown in Figure 96.


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

— 224 -

Coax Medium

61158-2 © IEC:2003(E)

/ tap tap tap
terminator
spur
NAP Medium | transient
permanent permanent permanent node
node node node

Figure 96 — Example of transient and permanent nodes

This PHL variant may be combined with other PhL variants within sameNgodge, or in
different nodes, by using the RM (repeater machine) and/or PhL repe b Annex
G).
20.2 Signalling
The sigmalling requirements for the NAP port shall be as show
N\ JAS
NAP intprface specification Design/Sp cific?(&\ > | ( Q ‘\) Comments
N}iFk\nf\ﬁiiwbe\ (géqlera\\\\\‘ 1//
Coupling /5A \tho isolator required for programmirlg nodes
Link Configuration two uni- dlrec\ona R \ \/Pe Rx, one Tx
Connectof [SMRJ\‘&) ‘\> see Annex F
Terminatign l\ 00 Q |Mal5\/ PTC gnly
K \ \%P\—>Transmlt
Output Leyel at NAP u x 2,5 nM measured between Tx_H and GND RIEF pin
with /TxP[rC = true with 100 Q NAP receive load connectgd (see
A\ Table F.2)
Output Leyel at NAP medi ,5V min measured between Tx_L and GND REF pin
with /TxP[rC = fals with 100 Q NAP receive load connectgd (see
Table F.2)
DY
Output Lekel at\NAR medjum 0,5 V max measured between Tx_L and GND REF pin
with /TxPrC= tru with 100 Q NAP receive load connectgd (see
Table F.2)
Output Leyel at NAP 0,5V max measured between Tx_H and GND RIEEF pin
with /TxP[rC=/false with 100 Q NAP receive load connectgd (see
Tahle F 2)
Output Level at NAP medium 4,0 V min (Tx_H - Tx_L) measured as peak to peak with
with /TxPTC = data 100 Q load (see Table F.2)
Total Transmit Jitter + 5 ns max
Termination None
NAP - Receive
Receive Level at NAP medium 2,5V min. (Rx_H — Rx_L) measured as peak to peak (see
with /TxPTC = data Table F.2)
Receive Jitter + 15 ns max.
Termination 100 Q + 10% across differential lines
Fault Receive Signal /RxXPTC = true if medium is disconnected, shorted, receiver
turned off or disabled, /RxPTC shall be true
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20.3 Transceiver

The NAP MAU block diagram shown in Figure 97 represents both the isolated and non-
isolated implementations. The isolated NAP shall be used on transient nodes. Opto-isolation
shall be provided to prevent ground loop currents from flowing between nodes at different
ground potentials. Opto-isolation shall not be required if the node is self powered and is not
grounded. The non-isolated NAP shall be used on permanent nodes.

NOTE 1 A transient node is defined as a node with primary and normal connection to the network through the
NAP of another node. This includes, but is not limited to, computer interface cards, configuration nodes and other
nodes that are transient or temporary network connections.

NOTE 2 A permanent node is defined as a node with primary and normal connection to the network through a PhL
other than the NAP. This includes, but is not limited to: PLCs, I/O rack adapters, controllers, robots, welders and
other nod[s that are connected to the network on a mostly permanent basis.

If a node can be used as both a transient and permanent node, it s solation

in the design of the NAP (unless it is self-powered and cannot be gréu

I incl op
d).

Opto-
/RXPTC Isolation
MDS-MAU (option)
Interface

Opto-
/TXPTC Isolatign}
(opttion

NOTE 3 |A reference design exg
20.4 Connector

The cornnector used a
connector, as o‘@r {

sonnection shall be a shielded 8-pin RJ{45 type

20.5
The NA gned to
minimiz n Table
F.2.
As the ransient
node, tH ve data

connecion. This shall be accomplished be reversing the connection on one end of tlhe NAP
cable a i Figure 98
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8 Pin RJ-45 connector

—=< SHIELD
K GND REF .
: N/C 7
SXprxn i
4
3

=< Rx L
4L :
“KTH <=

= N S
—<eNpREF S

Network Access Port Cable

Transcient or Permanent Node

NOTE TH
connectio}

e correct

The NA
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21 Type 3: Medium Attachment Unit: Synchronous transmission, 31,25 kbit/s,
voltage mode, wire medium

21.1 General

The 31,25 kbit/s voltage-mode MAU simultaneously provides access to a communication
network and to an optional power distribution network. Devices attached to the network
communicate via the medium and may or may not be powered from it. If bus-powered, power
is distributed as direct voltage and current, and communications signals are superimposed on
the d.c. power. In Intrinsically Safe applications, available power may limit the number of
devices.

devices| other than possibly the transmitting device, are high impedan 0 prevertisignificant
network|loading. Trapezoidal waveforms are used to reduce electroma emissions.

The nefwork medium consists of twisted pair cable. Independent of to oloaxxa\quittached

Bus and tree topologies are supported. In either topology a nepwork contai tronlk cable,
terminated at both ends. In the bus topology, spurs are distr elge n of the
trunk. In the tree topology, spurs are concentrated at ghe™e ) nk. A spur may
connectl more than one device to the network, the numbe on spur
length.

At the gower frequency (d.c.), devices appear tg s current sinks, with a limited

rate of ¢ghange of the supply current gr s prevents transient ¢hanges

in load ¢urrent from interfering with com

21.2 Transmitted bit rate

See 12.p.

21.3 Network specificati

21.3.1 Comp

See 12.3.

21.3.2

A wire A trunk,
termina nts are

The coypler,and communication element may be integrated in one device (i.e. zerp length
spur).

A tree topology with all the communication elements located at the ends of the trunk is
regarded as a special case of a bus for the purpose of this clause of IEC 61158-2.

Several communication elements may be connected to the trunk at one point using a multi-
port coupler. An active coupler may be used to extend a spur to a length that requires
termination to avoid reflections and distortions. Active repeaters may be used to extend the
length of the trunk beyond that of a single segment as permitted by the network configuration
rules.
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21.3.3 Network configuration rules

A 31,25 kbit/s voltage-mode MAU shall be required to conform to the requirements of this
clause of IEC 61158-2 when used in a network which complies with these rules.

Rule 1: One fieldbus shall be capable of communication between the following numbers of
devices, all operating at the same bit rate:

a) for a non IS fieldbus without power supplied via the signal conductors: between two and 32
devices;

b) for a non IS fieldbus with power supplied via the signal conductors: between two and the
number of dewces which can be powered V|a the S|gnal conductors assumlng that a

minin supply
comr
c) for a via the
signdl conductors, assuming that a minimum of 40 mA shall be “avai ) icds in the
hazardous area.
NOTE 1 | Rule 1 does not preclude the use of more than the specified paumbe 5 | i 0 system.
Since the| device power consumption is not specified, the number of Qus-ps i specified.
Item b) agsumes that the minimum power supply voltage is 20 V d. th operates
with a 19 |V d.c. output.
Rule 2:| A fully loaded (maximum number of conne i . [ de-mode
fieldbus| segment shall have a total cable {i ices, of
up to 1 900 m.
NOTE 2 |1 900 m maximum cable length is the 2 but this
does not preclude the use of longer lengths in
Rule 3] The total ouplers
between any two devices $
Rule 4:|The maxipum Thit-
NOTE 3 |For efficienzo th bsed by a
PhE between the end o ssociated
immediatg MAU. As
it is not 1 Fn-around
time of a fi
Rule 5 ke capable of continued operation while a device i being
connec . Data errors induced during connection or disconnection ghall be
detecteq
Rule 6:|Failure of arly communication element or spur (with the exception of a shorj circuit,
low imp dance_aqr jnhhpr) shall not interfere with transactions hetween aother communication

elements for more than 1 ms.

Rule 7: In polarity sensitive systems the medium twisted pairs shall have distinctly marked
conductors that uniquely identify individual conductors. The polarization shall be maintained
at all connection points.

Rule 8: The degradation of the electrical characteristics of the signal, between any two
devices, due to attenuation, attenuation distortion and mismatching shall be limited to the
values indicated below.

a) Signal attenuation: The configuration of the bus (trunk and spur lengths, number of
devices, IS barriers, galvanic isolators, and possible matching devices) shall be such that
the attenuation between any two devices at the frequency corresponding to the bit rate
shall not exceed 10,5 dB.
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b) Attenuation distortion: The configuration of the bus (trunk and spur lengths and number of
devices, IS barriers, and galvanic isolators) shall be such that between any two devices:

[Attenuation (1,25 f,) — Attenuation (0,25 ;)] < 6 dB
Attenuation (1,25 f;) > Attenuation (0,25 f;)

where f; is the frequency corresponding to the bit rate. Attenuation shall be monotonic for
all frequencies from 0,25 f. to 1,25 f; (7,8 kHz to 39 kHz).

¢) Mismatching Distortion: Mismatching (due to spurs or any other effect, including one open
circuit spur of maximum length) on the bus shall be such that, at any point along the trunk,
in the frequency band 0,25 f, to 1,25 f, (7,8 kHz to 39 kHz):

Z-2p

)Z +Zot =0.2

where Z, is the characteristic impedance of the trunk cable

combination of Z, and the load impedance at the coupler.
The concentration of couplers shall be less than 15 per 250 m.
NOTE 4
transmissjon limitations imposed by combinations of these factors. Diffetent
on the ne
Rule 9:
a) each
b) therg

c) repe
d) if th

chanphel simultaneousl

any

Syst
21.3.4

hters shall also be redundant;

system is configured (by

ms man@ S
Power disfrit

See 12.3.4.

21.4

2141

For ea the requirements of 21.2 and 21.4 are summarized in Table
Table GT(see 12.4,

21.4.2 Test configuration

Figure 59 (see 11.4.2) shows the configuration that shall be used for testing.

Differential signal voltage: Vq = V4 — Vp,

parallel

only the

epending

an one
ices on

... from

60 and

Test load resistance R = 50 Q (0,5 cable Zo) and C = 10 yF except where otherwise stated in
a specific requirement.

21.4.3
See 12.

21.4.4
See 12.

Output level requirements

4.3

Output timing requirements

4.4.
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21.4.5 Signal polarity
See 11.4.5.

21.5 Receive circuit specification for 31,25 kbit/s voltage-mode MAU
See 12.5.

21.6 Jabber inhibit

See 12.6.

21.7 Power distribution

21.7.1 | General

A devicé can optionally receive power via the signal conductors Ped.

This pa
conditio

exclude

A separ]

For easg
Table 99.

Table 98 — Ne pdwe e%h racteristics for the 31,25 kbit/s
vo age-mode

AU
NetW p%{ered\ig\e a\{\s\erl\scs Limits for 31,25 kbit/s
Operafing voltagw \ \ \ 9,0 to 32,0 Vd.c.
Minimygm wﬂhstand&%ge\e\trﬁ\poﬁﬁﬁ\?br/o damage 35V
Rt urreh

Maxim 1,0 mA/ms
requirg
of the

the ap
Maxim quwe ent applies during the time interval of | Rated quiescent current plus 10 mA
100 pg hection of the device to an operating

netwo:t s after the application of power to the
netwo

NOTE | The'first 100 us is excluded to allow for the charging of RFI filters and other capacitances in thg
device. The rate of change specification applies after 10 ms.
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Table 99 — Network power supply requirements for the 31,25 kbit/s
voltage-mode MAU

Network power supply requirements Limits for 31,25 kbit/s

Output voltage, non-IS <32Vd.c.
Output voltage, IS Depends on barrier rating
Output ripple and noise See Figure 99
Output impedance, non-IS, >3 kQ
measured over the frequency range 0,25 f. to 1,25 f,
Output impedance, IS, >400 Q
measured over the frequency range 0,25 f. to 1,25 f, (See note)
NOTE| The IS power supply is assumed to include an IS barrier.

21.7.2 | Supply voltage

A fieldbs device that includes a 31,25 kbit/s voltage-mode MAU sha berating

within &
device 9

NOTE 1
power su
equivalen

A fieldk
requirer
specific

a) The
inclu

b) The
frequ
withi

c) The
0,25

NOTE 2

d) The
circu

NOTE 3

circuits a
test volta
voltage b
and 3 17§

voltage range of 9 V to 32 V d.c. between the t
hall withstand a minimum voltage of £35 V d.c. wi

hents of this clause of IEC 61
htions.

ble. The

For IS systems the operating voltage may be limited requirements. In thig case the
bply will be located in the safe area and its output|\voltage will\be atte barrier or
component.

us device that includes a AU shall conform to the

a supply with the fpllowing

butput voltage of tp K metworks shall be 32 V d.c. maximum

ding ripple.

butput impeda non-1S networks shall be >3 kQ ¢ver the
Dt apply

ency range 0
N 10 ms@

each other shall be in accordance with IEC 61131-2.
Oltage is to be applied between independent isolated circuits or betweeh

pes dt sea Teyel are 444 V r.m.s., 635 V d.c. and 635 V peak impulse test. For circuits with p

\V\peak impulse test.

21.7.3

Powered via signal conductors

y range

of the isolation of the signal circuit and the power disfribution

isolated

ducting parts. For circuits with a nominal voltage <50 V d.c. or r.m.s., the g¢quivalent

nominal

btween 150 and” 300 V r.m.s., the equivalent test voltages at sea level are 2 260 V r.m.s., 3 175 V d.c.

A fieldbus device which includes a 31,25 kbit/s voltage-mode MAU and is powered via the
signal conductors shall be required to conform to the requirements of this clause of IEC
61158-2 when operating with maximum levels of power supply ripple and noise as follows:

a) 16 m

V peak-to-peak over the frequency range 0,25 f, to 1,25 f, (7,8 kHz to 39 kHz);

b) 2,0 V peak-to-peak over the frequency range 47 Hz to 63 Hz for non-IS applications;

c) 0,2 V peak-to-peak over the frequency range 47 Hz to 625 Hz for IS applications;

d) 1,6 V peak-to-peak at frequencies greater than 125 f,, up to a maximum of 25 MHz;

e) levels at intermediate frequencies generally in accordance with Figure 99.
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Volts
pk-pk A |
2hv |
20 fu= , 1,6 V
I'N\\Non-Is Supply /" R
1,0 +— — L L
| \T\ / 1 1
0’5 | 1 / 1 1
I | N / I |
: iS Supply / ! !
02 fm= ¢ / 1 T
01 | 6 dB/oct. / | 1
[ T T T
| \\ 6 dB/OCt.// | 1
0,05 | N 7 1 1
] I 1
002 | 1 16 mv // ( ! '
' ] 17 N \
I : I | ) Frequency
0,01==— >
I I I I I I
| ANdE A4f no ACE £y inf ALY \|1/nnf
: 0,01 f, 01f 02f 05f f 10 £ 10Q.f ;14007
47 Hz| 63 Hz 625 Hz 7.8 kHz 39,1 kHz 9\ MH225 MHz
A fieldb via the
signal ¢ network
of 1 mA 3 QY T 10 ms
after the connection of the device to an atin fter the
applicat i hoval of
power tp the network. A device shall b bed quiescent current. A device shall
draw ng more than 10 mA akove itsrated e network during the time interval of

100 ps {o 10 ms after the
after the application of

NOTE THe first 100 gs\s exe charging of RFI filters and other capacitance in the dqvice. The
rate of chpnge spec ¢ i .

21.7.4

n operating network or 100 ps tp 10 ms

All field
signal d
trunk cqble

edium, whether separately powered or powered| via the
2 low-frequency isolation between ground and the ffieldbus

NOTE 1
some oth

ation of the entire device from ground or by use of a transformer, opto-¢oupler or
br isolatittig_companent between trunk cable and device.

A comblned power supply and communication element shall not require electrical isolalt on.

For shielded cables, the isolation impedance measured between the shield of the fieldbus
cable and the fieldbus device ground shall be greater than 250 kQ at all frequencies below 63
Hz.

The maximum unbalanced capacitance to ground from either input terminal of a device shall
not exceed 250 pF.

The breakdown requirements of the isolation of the signal circuit and the power distribution
circuit from ground and from each other shall be in accordance with IEC 61131-2.
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NOTE 2 The equivalent test voltage is to be applied between independent isolated circuits or between isolated
circuits and accessible conducting parts. For circuits with a nominal voltage <50 V d.c. or r.m.s., the equivalent
test voltages at sea level are 444 V r.m.s., 635 V d.c. and 635 V peak impulse test. For circuits with a nominal
voltage between 150 and 300 V r.m.s., the equivalent test voltages at sea level are 2 260 V r.m.s., 3 175 V d.c.
and 3 175 V peak impulse test.

21.8 Medium specifications
21.8.1 Connector

The connector is specified in Annex 1.1

21.8.2 Standard test cable

The caple used for testing fieldbus devices with a 31,25 kbit/s vol age-
conformance to the requirements of this clause of IEC 61158-2 shall
cable wl|th overall shield meeting the following minimum requiremen

de SIAU for
ted pair

Y

) Zo aff, (31,25 kHz) = 100 Q + 20 Q;

) maximum attenuation at 1,25 f, (39 kHz) = 3,0 dB/km;
) maximum capacitive unbalance to shield = 2 nF/km;
)
)

o O T

maximum d.c. resistance (per conductor) = 24 Q/

)

maximum propagation delay change 0,25 f, to
f) cond i
g) minirn

NOTE 1
installatiol
superior
limitations

th and/or
to length
nts.

NOTE 2
Intrinsical

relevant

21.8.3

See 12.

21.8.4

See 12.

21.8.5

A termipator-shall located at both ends of the trunk cable, connected from on¢ signal
conductior\to the other. No connection shall be made between terminator and cable shield.

The terminator impedance value shall be 100 Q + 2 Q over the frequency range 0,25 f; to
1,25 . (7,8 kHz to 39 kHz).

NOTE 1 This value is approximately the average cable characteristic impedance value for suitable cables at the
relevant frequencies and is chosen to minimize transmission line reflections.

The direct current leakage through the terminator shall not exceed 100 pA. The terminator
shall be non-polarized.

All terminators used for IS applications shall comply with isolation requirements (creepage
and clearance) commensurate with the required IS approval. Terminators for non-IS
applications shall not be required to have IS approval.
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NOTE 2 It is acceptable for the functions of power supply, safety barrier, and terminator to be combined in
various ways as long as the impedance of the combination is equivalent to the parallel impedance of independent
devices meeting the requirements of this clause of IEC 61158-2 and the network configuration rules of 21.3.3 are
followed.

21.8.6 Shielding rules
See 12.8.6.

21.8.7 Grounding rules

NOTE 1 Grounding means permanently connected to earth through a sufficiently low impedance and with
sufficient current-carrying capability to prevent voltage build-up which might result in undue hazard to connected
equipment or persons. Zero volts (common) lines may be connected to ground where they are galvanically isolated
from the fietebus—trarie

Fieldbu$ devices shall be required to function to the requirement i of IEC
61158-3 with the mid-point of one terminator or one inductive couyy ifectly to
ground.

Fieldbu$ devices shall not connect either conductor of the
in the network. Signals shall be applied and preserved diffé

hy point
work.

NOTE 2 | It is best practice for the shield of the fieldbus trunk able (if applies Ie) to\be effectively grpunded at
several ppints along the length of the cable. But the fieldbus d 5 8 . jgolation of the caple shield
from groynd. It is also standard practice to connect the signa a balanced manrer at one
central gfounding point, e.g. by using the cen a upling transformer. For bug powered
systems the grounding of the shield and balagced si eclose to the power supply unit. For
IS systen]s the grounding should be in accord A \ ty standards, e.g. preparg¢d by IEC
TC 31, S¢31G, WG2.

21.8.8 | Cable colours
See 12.8.8.

21.9 Intrinsic Safe

21.91 Genera@

This pgrt of IEC mpt to list the requirements by which an |item of
equipment may insically safe nor does it require equipmenft to be
intrinsica;EIIy sa ks to exclude conditions or situations that would prgvent IS
certificatti

21.9.2

The baffrierimpedance shall be greater than 460 Q at any frequency in the range 0}25 f, to
1,25 f, (7,8 kHz to 39 kHz). The IS barrier impedance specification shall apply to all |barriers
used as—part—ofthe—Phl—whether—instaled—as—a—separate—tem—ofrnetwork—hardware or
embedded in a power supply card. The barrier impedance shall be measured across the
terminals on both sides of the barrier. The barrier impedance shall be measured while the
network power supply is set at the rated working voltage (not safety voltage) of the barrier.

NOTE It is acceptable for the functions of power supply, safety barrier, and terminator to be combined in various
ways as long as the impedance of the combination is equivalent to the parallel impedance of independent devices
meeting the requirements of this clause of IEC 61158-2 and the network configuration rules of 21.3.3 are followed.

At the rated working voltage of the barrier, and at any frequency in the range 0,25 f, to 1,25 f;
(7,8 kHz to 39 kHz), the capacitance measured from the "+" (positive) network terminal
(hazardous side) to ground shall differ by no more than 250 pF from the capacitance
measured from the "-" (negative) network terminal (hazardous side) to ground.

21.9.3 Barrier and terminator placement

A barrier shall be separated from the nearest terminator by no more than 100 m of cable.


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

61158-2 © IEC:2003(E) -235 -

NOTE The barrier can appear as a shunt impedance as low as 460 Q at the signalling frequencies. The terminator
resistance is sufficiently low that when it is placed in parallel with the barrier impedance, the resulting impedance
is almost entirely resistive (non-reactive).

21.10 Galvanic Isolators

The communications characteristics of galvanic isolators used on the fieldbus shall comply
with the specifications of 21.9.

@%
8
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22 Type 3: Medium Attachment Unit: Asynchronous Transmission, wire
medium

221 Electrical characteristics

This MAU specification describes a balanced line transmission corresponding to ANSI
TIA/EIA-485-A. Terminators, located at both ends of the twisted-pair cable, enable the PhL to
support in particular higher speed transmission. The maximum cable length is 1 200 m for
data rates < 93,75 kbit/s. For 1500 kbit/s the maximum length is reduced to 70 m for type B
and 200 m for type A cable. For 12 Mbit/s the maximum length is 100 m (only cable type A,
see 22.2.2).

NRZ bif encoding is combined with ANSI TIA/EIA-485-A signalling targeted low, gost line
couplerg, which may or may not isolate the station from the line ( anic isslation); line
terminafors are required, especially for higher date rates (up to 12 Mbi

D

Topology: Linear bus, terminated at both ends, stubg’<
In contrast to the ANSI TIA/EIA-485-A 5 5 good
practice to allow longer stubs, if § C | stubs

0,05 nF at 3, 6 and 12 Mbit
0,2 nF at 1,5 Mb

0,6 nF at 500 kbi

Hes the

Medium|: i wisted pair cable recommended, see "Medium specifications"
Line Lelfrg

Number] of statio (Master stations, Slave stations or repeaters)

Data rates: $ 671827 4545783;75 11

7 50071+ 5001+30606067+60660+ 12000
kbit/s, additional data rates c u

875

an be supported.

The line length and number of connected stations may be increased by using repeaters. A
maximum of 3 repeaters between two stations is permissible. If the data rate is < 93,75 kbit/s
and if the linked sections form a chain (linear bus topology, no active star, for example, as in
Figure 100) and assuming a conductor cross-sectional are of 0,22 mmZ2, the maximum
permissible topology is as follows:

1 repeater: 2,4 km and 62 stations
2 repeater: 3,6 km and 92 stations (see Figure 100 below)

3 repeater: 4,8 km and 122 stations


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

61158-2 © IEC:2003(E) -237 -

Section 1 maximum 31 Stations + 1 Repeater

R R
! [ [ | t
M/S M/S | . M/S
REP
Section 2 maximum 30 Stations + 2 Repeaters
R¢ | | Ry
M/S| TTTTTTTTTo M/S M/S

where
M/S Master/Slave Station
REP Repeater

mM/s | Tt M/S M\IE\>

REP d
Section 3 maximum 31 Stations + 1 Repeater
R AN )

R¢ Bus Terminator
Figure 100 —
In a trep topology, for example, as in Figure 01 ore than 3 repeaters may be uged and

more thhn 122 stations may be connedted,
area may be covered by this topolog
93,75 kbit/s and a cross-séction

S repeaters and 127 stations|A large

Qr exs
mp 4,8 km length at a data rate Igss than
0,2 .

M/S ; % M/S
Section 2
Ry | otion \» i R,
) TX | max. 31 Stn
REP REP
| Section 3 |
| | Rt
max. 28 Stn
REP M/S
Rt | Sectioh 4 | Rt Rt |
— A ST e Section 5
M/S max. 30 Stn M/S
Ry ]
where
Total number of
Stations on all REP
Sections: 127 Section 6
M/S Master/Slave Station max. 31 Stn | Ry
REP Repeater )
R, Bus Terminator R¢ M/S

Stn Stations

Figure 101 — Repeater in tree topology
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Medium specifications

Connector

The connector is specified in Annex |.2.

22.2.2 Cable

61158-2 © IEC:2003(E)

The bus medium is a shielded twisted-pair cable. The shield helps to improve the electromag-

netic compatibility (EMC).
electromagnetic interference (EMI).

The cha
cable c3
sectiond

in the appendix of the ANSI TIA/EIA-485-A.

Two types of cables are defined, as specified in Table 100.

Table 100 — Cable specifica

S

Unshielded twisted-pair may be used,

if there is no severe

Cable parameter

( MeA

Impedance o 1 100 to 130 Q
/\ H§/ (f > 100 kHz)

Capacity < 3\\&Flm/ < 60 pF/m

Resistance 10 Q/km not specified

Conductor cross-sectional area

/A
\

W4 mm2

> 0,22 mm?2

Colour of sheath no{IS [ \)

‘\> violet

not specified

Colour of sheat blue not specified
Colour of)aqer &ble cc}m@\or NNTX N) green not specified
red not specified

Colour |§\/}){I§\condugwr I}‘(\BXDND\P/)
N

Table 101 show ax length of cable type A and cable type B for the different
transmigsion
QaK aximum cable length for the different transmission speeds
Item U}it Value
Data frate kbm%,\ 9,6 19,2 93,75 187,5 500 1500 3000 6000 12000
Cable tiypeA m 1200 | 1200 | 1200 1000 400 200 100 100 100
Cable type B m 1200 1200 1200 600 200 70 not permissible

For data rates equal or less 1500 kbit/s the sum of the stub lengths (total of the capacities of
all stubs (Cstges)) is specified in 22.1. For example at 1 500 kbit/s the maximum stub length
for cable type A is 6,6 m.

At 3 Mbit/s and higher data rates the total capacities of all stubs shall be less than 0,05 nF.
For cable type A the total stub length is therefore 1,6 m. At this data rate it is necessary to
integrate impedance into the wiring to avoid reflections.

The following example, Figure 102, shows the integration of inductances L1 to L4 in the
connector.
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RxD / TxD-P

L1 I L2
B o— N . o B

cable cable

A o—lllE o A
L3 l L4

RxD / TxD-N

For cab
followin

with the

The res

The typical capacity of each connected station (conneg
Transcdivers, Transceivers itself and other parts) shall be:

A-485-A

NOTE 1 The calculation of the inductance includes the iputi b gcted station. Ip case of
disconnegtion of such connectors wiring reflections may occur

The dependency of the permissible dg panse (maximum ¢listance

between two stations) is shown in Fig \ A/EIA-422-B (also included in
ITU-T VI11).

NOTE 2 me a maximum signal attenuation| of 6 dB.
Experiend i e tors with a cross-sectional area > 0,5 mm2 are
used.

The minimum wiring bet G in Figure 103.

Station 2

o 3 RxD/TxD-P

o 5 DGND

0 g RxD/TxD-N

Shield Protective

—— Ground

NOTE Inversion of the two wires is not allowed!

Figure 103 — Interconnecting wiring

The wiring shown in Figure 103 allows a common mode voltage between both stations (that
is, the voltage difference between the Protective Grounds) of at most + 7 V. If a higher

common mode voltage is expected, a compensation conductor between the grounding points
shall be installed.

22.2.3 Grounding and shielding rules

If a shielded twisted-pair cable is used it is recommended to connect the shield to the
Protective Ground at both ends of the cable via low impedance (that is, low inductance)
connections. This is necessary to achieve a reasonable electromagnetic compatibility.
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Preferably the connections between the cable shield and the Protective Ground (for example,
the metallic station housing) should be made via the metallic housings and the metallic fixing
screws of the sub-D connectors. If this is not possible the pin 1 of the connectors may be
used.

22.2.4 Bus terminator

The bus cable Type "A" and "B" shall be terminated at both ends with R{p respectively Ryg.
The termination resistor Ry specified in ANSI TIA/EIA-485-A shall be complemented by a
pulldown resistor Ry (connected to Data Ground DGND) and by a pullup resistor Ry
(connected to Voltage-Plus VP), as shown in Figure 104. This supplement forces the
differential mode voltage (that is, the voltage between the conductors) to a well-defined value

tati s t i (d i th Tall iods)
when ng-station-is-transmitting{during-the-idleperiods)-

Each stption that is destined to terminate the line (in common with
make Vopltage-Plus (for example, + 5V £ 0,25 V) available at pin 6 ¢

br) shall

g.

VP (6) O

RxD / TxD-P (3)

Assumi
recom

The pov t 10 mA

within th

A mixtuferof both cable types and cable termination resistors as described above is allowed.
However, the maximum line length has to be reduced up to the half of the above fixed values
if line termination and line impedance do not match.

22.3 Transmission method
22.3.1 Bit coding

The "Non Return to Zero" (NRZ) coded data from DLL is transmitted via a twisted pair cable.
A binary "1" (DL_symbol = "ONE") is represented by a constant positive differential voltage
between pin 3 (RxD/TxD-P) and pin 8 (RxD/TxD-N) of the bus connector, a binary "0O"
(DL_symbol = "ZERQO") by a constant negative differential voltage.
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22.3.2 Transceiver control

When a station is not transmitting the transmitter output shall be disabled (DL_symbol =
"SILENCE"), it shall present a high impedance to the line. During the idle periods, that is,
when no data is transmitted by any station, the receive line signal shall represent a binary "1"
(DL_symbol = "ONE"). Therefore the Bus Terminator shall force the differential voltage
between the connector pins 3 and 8 to be positive when all transmitters are disabled. The line
receivers shall always be enabled, therefore during idle the binary signal "1" is received by
every station.

@%
8
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23 Type 3: Medium Attachment Unit: Asynchronous Transmission, optical
medium

231 Characteristic features of optical data transmission

Table 102 shows the characteristic features of an optical data transmission.

Table 102 — Characteristic Features

Item Feature
Transfer medium Fibre optic cable (FOC) manufactured from quartz or plastic
Characteristics - Large range, independent of the transmission speed

- Insensitivity to electromagnetic disturbance
- Galvanic isolation between the connected nod
- Non-reacting connection — even to existin

- Configuration of the optical components
components N

Network structure Star, ring, line and mixed topologies ( e)\ \)
Connection to electrical netwofk segments

Network components | Active star coupler \)}
Repeater & } é@r}@ut retiming
Opto-electm r §

Data rates 9,6 kbit/s; 19 it/smmaw Kbit/s; 187,5 Kbit/s;
500 kbit/s; 1,5 Mb(i-tla3 itrs; 6 it/s; 12 Mbit/s

Network range and
number of nodes

Figure 1 e optical MAU beside an ANSI TIA/EIA-485-A MAU. This means |that the
optical cted over a DL-Ph interface to a DLL in the same manngr as an
ANSI TI 5-A MAU. The mentioned interface is described in 5.4.2.

DLL Tvne 3
Phg

DL-Ph Interface
Ph DIS (empty)
Ph MDS (empty)

Type 3 MAU Type 3 MAU
EIA-485-A optical

FO connector

Medium Fibre optic cable

Optical network

Figure 105 — Connection to the optical network
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23.2 Basic characteristics of an optical data transmission medium

An optical data transmission medium is characterized by:

23.3 Optical network

Insensitivity to electromagnetic interference, i.e.:
a) No cross talk between different fibre optic signal lines

b) Immunity to interference injection from and to electrical lines

¢) Immunity to interference from electromagnetic fields which can occur e.g. when

switching large electrical loads
Galvanic isolation between the connected nodes, i.e.:
a) No_equalizing currents between differing ground potentials

b) N@ special lightning protection measures are required for the tran
The ¢apability to use fibre optics to bridge large distances at high
Simple and economical installation of shorter networks based onp
Low weight
No cprrosion

Simpllified standard cabling of buildings through ide
communication standards

interfacg the electrical part of the MAU ahd amop k_rmedium.

An optidal transmitter conv
the optigal medium. Conv. , @
the optigal medium intq

Figure 106 show<>e

elestrical signal

D stcuctiice of anyoptical network.
To additional stations

ink

¢lectro-optical converters that

al ones and feeds these signpals into

bls from

i Station m
Q\E cthical Electrical
Optical network —»:: g
tical Optical
(star, ring, line or
mixed topologies)
Electrical, | Electrical
Optical Optical

Figure 106 — Principle structure of optical networking

Electrical-optical converters with a specific signal level budget that take into account of the

physical differences between glass and plastic fibres are specified for each fibre type.

The user can “consume” the signal level budget as attenuation along the optical link.
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Standard optical link
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The standard optical link is a theoretical construction that is used to specify the admissible
range of signal levels and signal distortions, see Figure 107.

Network topologies of any complexity can be calculated from the standard optical link. The
standard optical link consists of:

— An electro-optical converter (transmitter) that converts an electrical signal into an optical

signal which i
(see Figure 108);

es within the admissible limits specified by the signal template

— A passive optical link consisting of a fibre optic cable and characterized by signal

ampl
- Ano
in 23
23.8.

23.5

Accordi
Standar

The usH
meet th

The fol

ng to the
d optical

combinati

network

(stuch'as A

lig

bto-electrical converter (receiver) that detects the received opti
.7.3 and converts this signal to an electrical signal with ¢

Reogiver

degscribed
Cified in

Transmitter
Electrical . .
Fibre optical caye/\

>

Optical

&ical

Eleci

ical

\

| TIA/EIA-485-A MAU) is both possible and permissible.

\ 4

andard optical link forms an end-to-end conpection.

brks by

to best

as their
b of the

23.6

Bit coding

NRZ bit coding (non return to zero) from the DLL is represented with optical signals as

follows:

— binary "1" (DL_symbol = "ONE") means no light on the FOC
— binary "0" (DL_symbol = "ZERO") means light on the FOC

The idle state (DL_symbol = "SILENCE") has the “1” binary state, i.e. no light.
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23.7
23.7.1
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Optical signal level

General

Taking into account the physical differences between glass and plastic fibres, a specific level
budget is applicable for both fibre types.

23.7.2 Characteristics of optical transmitters

The transmitted power is specified in dBm.

The specified Ievels are defmed at the end of aim Iong glass flbre optlc cable ora 0,5 mlong
plast|c fibre

¢ optical

ambient
temperdture of the transmitter element).

All valugs specified in the following Table 103 to T { the shapg of the
transmif signal specified by the signal template in Figur he™technical terms usgd in the

table (pgak wavelength, etc.) are explained in IE 0509- 369 1.
Table 103 — Characteristics of\optica ittetrs for multi-mode glass fibre

Quantity Value Unit

Peak wavelength \ &\ \/ 790 to 910 nm

Spectral width Q ( \) \\) <75 nm

Operating temper#}u{e A \J 0to 70 °C

Test fibre ( J\Qdex)x (xe\no\§ 62,5/125 pgm

NA nume}s*@yg%&e of the, tes br\;\ 0,275 £ 0,015

PSmax“0* (%g\ra\wlt\pQwe\r‘fé?\b\ ry “0%) -10 dBm

PSmin“0“ (ﬁ\ \}S{nlt}o\we fhary “0%) -15 dBm

P3m41\(‘mé&tr\ws %r for binary “1) -40 dBm

ll?é}.‘,,;\\(mayﬁ\ov rsh\@t, transmit power for binary “0“) -8,8 dBm

I\bﬂ:\%&fwmfied in IEC 60793-2:1998, Type A1b
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Table 104 — Characteristics of optical transmitters for single-mode glass fibre

Quantity Value Unit
Peak wavelength 1260 to 1380 nm
Spectral width <120 nm
Operating temperature 0to 70 °C
Test fibre (graded index) (see note) 9/125 um
NA (numerical aperture of the test fibre) 0,113 £ 0,02
PSmax«0 (max. transmit power for binary “0*) -10 dBm
P<emin“g« (Min. transmit power for binary "0“) -20 dBm
PSmax“1* (max. transmit power for binary “1%) -40 /4 hw
Psost (max. overshoot, tx power for “0%) -8 8/\\ Q\Qm
NOTE Test fibre as specified in IEC 60793-2:1998, Type B1.1, B3

Table 105 — Characteristics of optical transn@éﬁrw&bre

Quantity Valu Unit
Peak wavelength o~ ( § 7 R 64W nm
Spectral width /\& X\/ / (\ . \> 35 nm
Operating temperature \ \ \ ) 0to 70 °C
Test fibre (graded index) not&)\ 980/1 000 um
NA (numerical aperture of the test flb(( (\ > 0,5+0,15
Transmitter power Ie(é /\\ \) \> standard increased
PSmax«0« (max. trF\sn}‘t\Qov%\r fo»:\lngx\lg{ ) -5,0 0 dBm
PSmin“o* (min. traLnsM r for\tKinN 0\ -1 -6 dBm
PSmaxnwﬁnaétrahsmit p@ver\&q b}r«a\ry\\l/)/ -42 -42 dBm
Psost (max. Q(e&&ﬂ\trawweﬂor binary “0*) -4,3 2,3 dBm
NOTE TeQ/fiBt\e\§ s}a{ifie in IE960 793-2:1998, Type Ada

Table 10

AN

c

racteristics of optical transmitters for 200/230 glass fibre

NN

\ \\) Quantity Value Unit
Peak-wa engt% 640 to 675 nm
Spectral width <35 nm
Operating temperature 0to 70 °C
Test fibre (stepped index) (see note) 200/230 um
NA (numerical aperture of the test fibre) 0,37 + 0,02
Psmax«g« (max. transmit power for binary “0) -8 dBm
PSmin“0« (min. transmit power for binary “0) -17 dBm
Psmax«1« (max. transmit power for binary “1*) -44 dBm
Psost (max. overshoot, transmit power for binary “0) -6,8 dBm
NOTE Test fibre in IEC 60793-2:1998, Type A3c: NA =0,4 + 0,04
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23.7.3

Characteristics of optical receivers

— 247

The input sensitivity of receivers is also specified in dBm see Table 107 to Table 110 The
input sensitivity is measured at the end of the specified reference fibre with a large detector
area. Cladding modes shall not be included in the measured value.

The signal level tolerances are applicable for the entire operating temperature range (ambient
temperature of the receiver element). They shall be maintained throughout the specified
lifetime of the receive element. The shape of the receive signal is based on the shape of the
transmit signal shown in the signal template in Figure 108.

The receiver shall tolerate an overshoot of the input signal at the beglnmng of a blnary “0”

pulse. H

distortign.

Table 107 — Characteristics of optical receivers for multi

oge

Quantity

vafie N\

Peak wavelength

RN

X Ut
o

Operating temperature /\QW\ \ °c
PEmax«0 (max. receive power for binary “0%) m _\T{K dBm
PEmin“o« (min. receive power for bAary ‘0%) / /\%4 \ dBm
PEmax“1« (max. receive power f«mm () K )\/ dBm

Table 108 — Characteristics o oph%\ﬁﬁr

N

for single-mode glass fibre

AN
Peak Wavelenp\@ 1260 to 1380 nm
Operatir}g ten‘h)er \ 0to 70 °c
PEmaﬁ)“ @ax{receiv%ow for\k@M“) -10 dBm
PEmin“0* ("(ﬂl. CEivg power Wy “0) 27 dBm
I:’Emaxé ( éx\re}e'qe wer fg binary “1) -40 dBm

d signal

Tab 0X-C cteristics of optical receivers for plastic fibre
@B
\ \\)Quantity Value Unit
PeM/ele th 640 to 675 nm
Operating temperature 0to 70 °C
Receiver for tx performance level standard | increased
PEmax«0« (max. receive power for binary “0%) -5 0 dBm
PEmino“ (min. receive power for binary “0) -20 dBm
PEmax«1« (max. receive power for binary “1%) -42 dBm
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Table 110 — Characteristics of optical receivers for 200/230 glass fibre

Quantity Value Unit
Peak wavelength 640 to 675 nm
Operating temperature 0to 70 °C
PEmax0* (max. receive power for binary “0) -8 dBm
PEmin“o* (min. receive power for binary “0%) -22 dBm
PEmax 1« (max. receive power for binary “1*) -44 dBm

23.8 —Femporal-signal-distortion
23.8.1 | General

The following sections describe the signal distortion nt$ in the

transmission link.

Evaluatjon of the electrical digital signals always takes plé ion with b0 % of

the signal amplitude.
23.8.2 | Signal shape at the electrical input of

The permissible signal distortion at t ation or

a component with retiming is shown in YXabl

Table|111 — Permissible signal distartio Mmitter

Sign \( Lir\ﬁits_)or data rates Limits for data rates
A <1,5 it/s > 1,5 Mbit/s (note 1)

tB|T (nc,{e 2) \ NY D}ﬁ\{_rate e (1+0,3%) |1/ Data_rate o (1+ 0,03%)

tSBIT (on(for toR’ bit) an}a\S)\\(@M +6,25 %)

arate specified in Table 102.

ich eJapses during the transmission of one bit. It is equivalent to

ed tolerance for the permissible bit duration in the optical network
clusivaly to the transmitted stop bit. This extension of the tolerance allows
iming’to equalize deviations in the receive and transmit clocks.

23.8.3 Signmion due to the optical transmitter

To meet the specified requirements, the transmit signal of the optical transmitter shall be
within the shaded section of the signal template in Figure 108, with parameters as given in
Table 112.
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Optical transmitter (MAU)

lectri
Electrical electrica Optical
input 7 -
P optical output
— tgIT —
Electrical ' !
input
0 ﬁ/
Optical
output
where
tost ransmit power can be

The opji

12 Mbit 2 112.

gignal delay due to the electro-optical converter
“0“ to “1“ (falling optical edge).

meet the template specifications at < 1,5 Mbit/s apd 3 to

Time 1,5 Mbit’s | 3 to T2 Mbitls omit
tost 200 20 ns
tAB 40 25 ns
tcb 95 25 ns
tAA - tec 65 5 ns

23.8.4 Signal distortion due to the optical receiver

The maximum distortion of the receiver’s electrical output signal compared to the optical input
signal is specified in Table 113. This applies to the entire input level range specified in 23.7.3.
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Table 113 — Permissible signal distortion due to the optical receiver

Time < 1,5 Mbit/s 3 to 12 Mbit/s Unit

tdis“o“ (See note) -20 to 95 -25 to 25 ns

NOTE tgjs«o« describes the permissible limits of the bit duration
distortion for a “0“ bit.

Signal influence due to coupling components

Coupling components, such as active star couplers, ANSI TIA/EIA-485-A/opti
converters or repeaters contain internal logic that influences the propagated signal beyond

:2003(E)

cal-MAU

that dusg

The ma

Table)

to the electro-optical converter that was described above.

imum influence shall be within the limits specified in Table

114 — Permissible signal influence due to internal ele ic\cireui coypling

component

AN
Time < 1,5 Mbit/s Mﬂ& Ounip’
tjog (see note 1) -0to 10 / /’9 to\Nk > ns

tdelay (see note 1) <3tg|T ( \/%S}B{T ns
NOTE 1 t|gq describes th€ maxi p\e\'m'ssible sigrsrel)di tion due to the
(for example an acgtive star coupler)
i chaining standard

internal logic of a coupling
with no retiming. This factor
ible signal delay between
a coupling component (for

optical links and is already t

NOTE 2

tq describes the
any input d output wh assi
example R1 active star coupleh),

23.8.6 tical |k>

If the nd da ical links connected in series (chaining), the sum of the
distortio Il not)exceed the overall permissible bit duration distprtion of
a node (48" Mbit/s) or 30% (12 Mbit/s).

Since th ettro-optical converters represent absolute values, they pecome
increasi gher data transmission rates.

If standard coptical lipks are chained without a retiming device, the calculated maximum
number|of inks betwWeen two nodes and/or retiming components shall not exceed thT values
shown ih—Fable 115,
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Table 115 — Maximum chaining of standard optical links without retiming

Data rate Number of links in series | Number of links in series

(< 1,5 Mbit/s, see Note 1) | (3 to 12 Mbit/s, see Note 2)

12 Mbit/s - 1
6 Mbit/s - 2

3 Mbit/s - 4
1,5 Mbit/s 1 8
500 kbit/s 3 24
187,5 kbit/s 8 64
93,75 kbit/s 16 128

45,45 kbit/s 33 264 \
19,2 kbit/s 78 6 Q\/
9,6 Kbit/s 156 /125 >

NOTE 1 Devices designed for max. data transmission rate\of 1,5\NN%§t/s
NOTE 2 Devices designed for max. data transmissi@%

Any required degree of chaining is possible if the coupli comwe-establish thie timing
between the optical links (retiming).

23.9 Bit error rate

A maxirn

the electrical output of a dtandard
optical ljnk.

23.10

23.11
A redun us 10 the Type 3 electrical transmission technology] is also
possiblg. is described in Annex J.
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24 Type 4: Medium Attachment Unit: RS-485

241 General

The RS-485 MAU can be used to connect up to 125 fieldbus devices on the same cable. The
length of the cable can be up to 1200 m, and the Baud rate can be 9600, 19200, 38400 or

76800.

24.2 Overview of the Services

The MDS-MAU interface makes services available to connect the MDS with a corresponding
MAU. The TxS and RxS services are defined as logical signals that the MAU sublayer directly

convert;
internal
116.

4

Signal name

Transmit Signal

Transmit Enable

Receive Signal

24.3 Description of the Services

24.3.1 | Transmit Signal (TxS)

This selvice transmits the Pt S e% to the MAU, where it shall be transm

to the medium if Transmit & is\set to logie”1 (high level).

24.3.2 Transm{;E>n
The Transmit Enabte
to trangmit. TxE 9

transmission beg
transmi

24.3.3

This seiljvice™ its PhPDU from the MAU to the MDS.

24.4 Network

provide the MDS with the facility to enable t
(high level) by the MDS immediately be
low level) minimum 3, maximum 10 bit perio

is used
n Table

itted on

he MAU
ore the
s after

2441 General
This MAU operates in a network that consists of the following components:

— cable;
— connectors;

— devices (containing at least one communication element).

24.4.2 Topology

This MAU shall operate in a bus structure organized as a physical ring without termination. Up
to 125 fieldbus devices are connected directly or via stubs of maximum length 2 m. The total

length of the cable shall not exceed 1200 m.
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245 Electrical Specification

The voltage levels of the transmitter and receiver can be taken from ANSI TIA/EIA-485-A.

24.6 Time Response

The time response of the transmitter and receiver can be taken from ANSI TIA/EIA-485-A.

24.7 Interface to the Transmission Medium

A recommended circuit for coupling to the transmission medium is shown in Figure 109.

Galvanic isolation Ve

R1

it RS485
RxD n

I Trans-

TxD ceiver

248 sSion Medium

24.8.1

Normall gquipped with screw terminals marked A, B and S for shield.
24.8.2

A shielded twisted™p4dir cable with conductors with minimum 0,22 mm? cross sectiop and a
charactegristic impedance of 100 to 120 Q.
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25 Type 4: Medium Attachment Unit: RS-232

25.1 General

The RS-232 MAU can be used to connect two fieldbus devices (point-to-point). The devices
may be connected directly with an RS-232 cable, or can be connected through for example an
external or a built-in MODEM or radio transmitter. Therefore, signal levels, cable and
connectors are not defined for this MAU. Depending on selected medium the Baud rate can
be 9600, 19200, 38400, 76800 or 230400.

If two devices are connected directly with an RS-232 cable, signal levels and timing shall
follow the recommendations in ANSI TIA/EIA-232-F.

25.2 Overview of the Services

The MDS-MAU interface makes services available to connect the \IDS§ Wi ponding
MAU. The TxS and RxS services are defined as logical signals the directly
convert$ into physical signals. The RTS and CTS services are\define i ignals that
are usefl internally in the MAU. The services of the RS-23 ‘ texfaceare shown in
Table 1]17.

Signal ryﬁ}e\ Mmo)sic (Diré:t\gon‘\
Transmit Signal sz\ \QMAU/
Receive Sig F&Q from MAU
Request To ‘@end( R\ﬁ\s\ )o MAU

ea(ﬁ%s@t\ TS > from MAU

25.3 Description ¢

25.3.1 | Transm

This selvice transmi n the MDS to the MAU, where it shall be transnjitted on

to the m

25.3.2
This ser S 2hPDU from the MAU to the MDS.

25.3.3 | Request end (RTS)

This service can be used to activate the transmitting part of the MAU, or can be used as a
local handshake signal between MDS and MAU. If this is not required, the RTS signal can be
locally looped directly to CTS.

25.3.3.1 Clear To Send (CTS)

This service can be used to indicate that the transmitting part of the MAU is activated, or can
be used as a local handshake signal between MDS and MAU. If this is not required, the RTS
signal can be locally looped directly to CTS.
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26 Type 6: Medium Attachment Unit: RS-485

26.1 General

The Type 6-485-PhL specification describes a balanced line transmission corresponding to
ANSI TIA/EIA-485-A, named RS-485 throughout the remainder of this clause. Terminators,
located at both ends of the twisted-pair cable, enable the PhL to support higher speed
transmission.

26.2 Transmission method

The transmission method used by the RS-485 PhL is differential bipolar signalling with
Manchepterencoding

26.3 Differential signal levels

In the HS-485 PhL Manchester encoded data from the MDS is
cable. A High level (Manchester_symbol = "HI"), as described i
positive|differential voltage between pin 3 (RxD/ TxD-P, B/B
the bus| connector, a Low level (Manchester_symbol =

differential voltage.

When a|device is not transmitting (MDS output =*SILEMN d 9.7.3,

the transmitter output shall be disable ) to the
line.
During the idle periods, that is, when /o data ive line

ferential

signal will represent a Manchester "HI", sincet gme
i be pasitive,when all transmitters are disablgd.

voltage [between connector'pigs 3-and _8\to

The ling receivers shall a y Q . fore during idle a Manchester "HI" gignal is

received by every;jevi
26.4 spe

The ratd

he bus.

Short C

Drive

Recdi

Therma| Qverload protection is recommended.

Electrostatic discharge protection is recommended per IEC 61000-4-2

> 15 kV -Air Gap,
> 8 kV -Contact

NOTE The specifications given in this subclause are in addition to those contained in the RS-485 specification.
26.5 Galvanic isolation

Galvanic isolation of the communication element is not required, but see the requirements of
26.12 for bus data-rates of 1,25 Mbit/s or higher.
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The minimum required values of InterFrameGap, versus the number of repeaters, is shown in
Table 118.

Table 118 — Minimum setting of the InterFrameGap parameter for RS-485 wire PhL

InterFrameGap (bit-periods)

6

12

18

24

number of repeaters 0

1

2

3

NOTE Tt
{[4 + (4" 1
This cond|

26.7

coreticatty the mimimum vatue of nterFrameGap 15

umber-of-repeaters)] * bit-period + 6 us/Km of cable in the longest path}.
tion is satisfied by the simplified rule given in Table 118 for the topologies supporte, Ty.

Connector

The connector type and pinout is shown in Annex L.

26.8

The minimum wiring between two communicating deyice

Controller 1 @ &
RxD/TxD-P 3 ¢

The wif
commu
most +7]
the grou

If a shi
Protecti

connections. This is necessary to achieve a reasonable electromagnetic compatibility.

Signal conveyance requirements

8 RxD/TxD-N

[ded twisted-pair cable is used it is recommended to connect the shield

Protective
Ground

the two
s) of at
between

to the

ctance)

Preferably the connections between the cable shield and the Protective Ground (for example,
the metallic device housing) should be made via the metallic housings and the metallic fixing
screws of the sub-D connectors. If this is not possible the pin 1 of the connectors may be

used.

26.9

The termination network of Figure 111 is required at each end of each Ph—segment.

Ph-segment termination network and excitation voltage


https://iecnorm.com/api/?name=96c92eb465a8362deb5efdc713680c01

61158-2 © IEC:2003(E) -257 -

EXV (6) @ |
Ru =390 ohm
174 W, 2%
RxD/ TxD-P (3)
@
Rt =220 ohm
1/4W, 2%
RxD/ TxD-N (8) ®
Rd = 390 ohm
1/4W, 2%
DGND (5) e r
Figure 111 — RS-485 Ph—segment termination network
Excitatipn voltage (ExV) of + 5V with respect to DGND (C/C') be\ suppli to the
terminator at each end of each Ph-segment.
The spdcifications of the terminator components are:
a) Ru 5V to RxD/ TxD-P=390 Q, 0,25W +2 %
b) Rt RxD/ TxD-P to RxD/ TxD-N =220 Q, 0,25 W %6
c) Rd
26.10
The ma
max-dat bit/s by
powers
The ms longest
Ph-segment on thj lin
The corffigured-data S 3i ink ay be 78,125 kbit/s to MIN[max-allowed-data-rate,
max-pefmitted-data
NOTE TH the same
value.
26.11
The maki

Assuming.32 nodes are attached to each Ph-segment, the maximum number of nodes per
logical link is:

— 123 for a linear bus topology

— 32 x 31 = 992 for a star topology
26.12 Specifications of Ph-segments

Each Ph-segment is a linear “bus”, terminated in its characteristic impedance at each end of
the Ph-segment.

No branches are allowed in the trunk cable

The Stub cable connecting each node to the trunk cable must be shorter than 0,3 m.
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The total length of all stubs is included in computation of the Ph-segment’s cable effective
length.

The maximum total stub capacitance versus Data-rate for all stubs on a Ph-segment is
specified in Table 119.

Table 119 — Maximum stub capacitance per Ph-segment versus bus data rate

Data rate Maximum stub capacitance (nF)
5 Mbit/s 0,05
2,5 Mbit/s 0,05
1,25 Mbit/s 0,05
625 kbit/s 0,25
312,5 kbit/s 0,5
156,25 kbit/s 1,0
78,125 kbit/s 2,0

For data
of all s
length i

pacities
tal stub

At 1,25 stubs shall less than D,05 nF.
The totpl stub length is therefore 1,6Nn. At Y ate’ it is necessary to iptegrate

The foll ector.

RxD / TxD-N

Figure 112 — Example for a connector with integrated inductance

The inductance shall have the value of 110 nH when the typical capacity of each
communication element (connector, cable to RS-485-Transceivers, RS-485 Transceivers itself
and other parts) is between 15 to 25 pF.

NOTE 1 The calculation of the inductance includes the contribution of the connected device. In case of
disconnection of such connectors wiring reflections may occur which cause distortion on the segment.

The maximum cable length per Ph-segment versus Data-rate is specified in Table 120.
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Table 120 — Maximum cable length per Ph-segment versus bus data rate

Data rate Maximum cable length (m)
5 Mbit/s 100
2,5 Mbit/s 100
1,25 Mbit/s 100
625 kbit/s 225
312,5 kbit/s 350
156,25 kbit/s 600
78,125 kbit/s 1200

The dependency of the permissible data rate upon the logical
distance between two communicating devices) is shown |
ANSI TIA/EIA-422-B.

gure
NOTE 2 | The recommendations concerning the line length presume a

Experiende shows that the distances may be doubled if conductors withca cro

26.13 | Signal cable specifications

The mgdium of each bus segment is a shiel

improvel the electromagnetic compatibility (E i d twisted-pair may be
there is[no severe electromagnetic inte

26.13.1| Signal pair specifications

The chdracteristic impedan€e i range between 135 and 165
MHz), the cable capacit 3 should be less than 30 pF/m, re
shall bg less than 110 1 ductor/ cross sectional area should be ¢

greater than 0,34 mm

Cable sglection ia a in the appendix of EIA/TIA-485A.
26.14
A maxin 9 kus topology is shown in Figure 113.

N1 N2 N 31 N 32

ink expanseN{maximum

of the

of 6 dB.
are used.

. The shield helps to

used, if

Q (3-20
bistance
qual or

maximum 32 Nodes
N=Node

Figure 113 — Maximum single Ph-segment bus topology

26.15 Multi-segment topologies

RS-485 repeaters are used for logical links consisting of multiple Ph-segments.

The configuration rules for multi-segment topologies are:

a) Maximum Ph-segments in series = 4

b) Maximum repeaters in any signal path = 3

c) Each repeater counts as a node on all the Ph-segments it connects.
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26.15.1 Linear bus

The maximum linear bus topology, which has four Ph-segments, is shown in Figure 114.

Link 1 maximum 31 Nodes +1 Repeater

Call

Linkt2 maximum 30 Nodes +2 Repeaters

.

| N4 | I ]
REP
ink 3 maximum 30 Nodes + 2 Repeaters \

N1 N2 N%\\
R
Link 4  maximum 31 Nodes +1 Repeater «\xé_l

REP =Repeater
N = Node N31 |
1 92 nodes
rs:123 nodes
Figure 114 — Example maximygm linear ology with four Ph-segments
26.15.2]| Star

An example star (tree)|t ents is shown in Figure 115.

< y\ N1 N31
\L i ink 2
m max. 31Nodes
REP REP
Link 3 I 32 Repeaters
| .
! I
REP REP N1
N1
Link 4
1 Link 5max. 30 Nods
maX. 31Nodes
N31 N30
REP one per bus
6 Links | Link 6

5 Repeaters

_31Nod
154 Nodes max. Siodes

Figure 115 — Example star topology with six Ph-segments
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Type 8: Medium Attachment Unit: twisted-pair wire medium

MAU Signals

A MAU of an outgoing and incoming interface is shown in Figure 116 and Figure 117.

Data Select (DS) Medium Activity (MA)
Bus Connector (BC)

Data Out (DO) ‘ ‘ Data In (DI)

Loopback Enable (LbE)

L

27.2

Four bif r

MAU of an outgoing interface

[ 1

/D02 DI2

A

DO2

/DI2 GND2

Figure 116 — MAU of an outg6ing inte

Data Out (DO) W

T

GND1

ce

01 /DO1

Table 121 - Bit rate dependent quantities twisted pair wire medium MAU

A given
bit rate

Quantity Value Unit
Nominal bit rate (see note) 0,5 2 8 16 Mbit/s
Maximum deviation from bit rate +0,1% +0,1% +0,1% +0,1% —
Nominal bit duration (T) 2 000 500 125 62,5 ns
Minimum remote bus length 0 0 0 0 m
Maximum remote bus length 400 150 125 100 m
Maximum transmitted bit cell jitter + 240 + 60 +15 +7,5 ns

NOTE Average transmission bit rate for 13 bits
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Network

General

2003(E)

A twisted-pair wire medium MAU operates in a network that consists of the following

compon

ents:

— Cable

Connectors
Electrical isolation

Devices (with at least one communication element)

27.3.2

The twig
remote
are unid

A remote bus link shall be between 0 &

121).

27.4

The volf

27.5

The tim

ANSI TIA/EIA<A2

27.6
27.6.1

The cod

Topology

ted-pair wire medium MAU shall operate in one remote bus w
bus link (see Figure 118) consists of two point-to point co
irectional. Thus each MAU has one transmitter and one ye

Remote bus link <\

DO2
DI2

Device 1

Electrical spe

age Ieve@ ~

Time respa

ansmission medium

pling to the transmission medium is effected via one incoming (optional) ang

several

Bvice. A
>ections

e Table

one or

Htaoina intarfacaec which ara indanondant af tho madinim (caao Fianira 14100
TGO gHteHa eSS WrenatreaepeRae o emeartm(See—Tgure— 1=

Electrical isolation

Remote bus segment Remote bus segment

DO1 DO2
/DO1 /D04
DI1 DI2
/o /DI2

Incoming Outgoing

interface interface

(optional) (mandatory)

Figure 119 - Interface to the transmission medium
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