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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -

FIELDBUS SPECIFICATIONS -

Part 2: Physical layer specification and service definition

FOREWORD
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardizati pmprising
all ndtional electrotechnical committees (IEC National Committees). The obj } promote
international co-operation on all questions concerning standardization in the electf\ fields. To
this epd and in addition to other activities, IEC publishes International Stangard i ifications,
Technlical Reports, Publicly Available Specifications (PAS) and Guides (kherea >as “IEC
Publigation(s)”). Their preparation is entrusted to technical committees; a nterested
in thg subject dealt with may participate in this preparatory work and non-
governmental organizations liaising with the IEC also participate in bs closely

with the International Organization for Standardization (ISO) in &ccordange V conditions determined by
agreement between the two organizations.

2) The fdrmal decisions or agreements of IEC on technical mattg 3 ernational
consehsus of opinion on the relevant subjects since eac i as representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommeé i ink National
Comnlittees in that sense. While all reasbdnabl g e nt of IEC
Publidations is accurate, IEC cannot be he ¢ i r for any
misinterpretation by any end user.

4) In ord blications
transp vergence
between any IEC Publicatiopahd the e i i 8 i icati indicated in
the lafter.

5) IEC itp Independent certification bodies provide gonformity
asses

servic

7) No liapili

memb)
other

expen
Publig

8) Attent
indisp]

Internat

networkss,

automaq'

Ement services a d 3 marks of conformity. IEC is not responsible for any

Es carried b
6) All usegrs should

/employees, servants or agents including individual eXperts and

3 S National Committees for any personal injury, property damage or
ure. Wwhatsqever/ whether direct or indirect, or for costs (including legal fees) and
f the “puklication, use of, or reliance upon, this IEC Publication or any ¢ther IEC

ive references cited in this publication. Use of the referenced publications is
pplication of this publication.

IEC 61158-2 has been prepared by subcommittee 65C: Ipdustrial
hnical committee 65: Industrial-process measurement, contlrol and

This fifth edition cancels and replaces the fourth edition published in 2007. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:

+ for Type 18, Table 157 reduced tolerance to 5%;
+ for Type 18, in 32.5.3.1 removed minimum cable length;
+ for Type 18, in 32.5.4. and R.2.2 cable reference removed;

« for Type 18, Table 160 and 161 terminating resistor value changed to 680 Q.
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This bilingual version published in 2011-12, corresponds to the English version published in

2010-07.

The text of this standard is based on the following documents:

FDIS Report on voting
65C/598/FDIS 65C/613/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.

The French version of this standard has not been voted upon.

This publication has been drafted in accordance with ISO/IEC Directi

NOTE Sjight variances from the directives have been allowed by the IEC ¢
subclausg numbering with prior editions.

The list|of all the parts of the IEC 61158 series, published\und eithe gener
communication networks — Fieldbus specifications, ¢

n be Tound_ on’'the website.

htinuity of

| title Industrial

The committee has decided that the contents of this_publicati ill remain unchandged until
the stability date indicated on the IE e L \ : pstore.iec.ch" in the data

related o the specific publication. At t

* reconfirmed,

* withdrawn,

* replaced by a revised£diti
+ amepded.

IMPORTANT - The/colouh.i g on the cover page of this publication indicates
that it| contai hichare considered to be useful for the ¢orrect
understanding of i Users should therefore print this document using a

colour )rinte/r\

‘\\
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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. It is related to other standards in the set as defined by the
“three-layer” fieldbus reference model described in IEC/TR 61158-1.

0.2 Physical layer overview

The primary aim of this standard is to provide a set of rules for communication expressed in
terms of the procedures to be carried out by peer Ph-entities at the time of communication.

ssary by
ignals to
other
, before

The physical layer receives data units from the data-link Layer, encod
adding communications framing information, and transmits the resu
the trar
node(s)
the datd

03 D

This stg Hifferent

DL-Layd

NOTE 1

NOTE 2 ions. The

other Typ

NOTE 3
therein ag

fion given
NOTE 4 [It is up to the usEe 5 interOperating sets of provisions. Refer to the I[EC 61784

series for|standardized co the IEC 61158 series.
A generpl model :

The con

— digit
— Nnos

— eithd or full-
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NOTE 5 |The protocol types use a subset of the sthucture.ele

NOTE 6

0.4 Mpjor physical laye

0.4.1 Type 1 media

0.4.11

For twid
speeds

b) voltg

C) currg

The volf
This is 1

© IEC:2010 -17 -
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Since Type 8 uses a more complex D\S th%ﬁ)thr types/it uses the term MIS to differentiat
eCl

is standard

Typ@Vi :

ormers.

ot‘mandatory if the isolation requirements of this standard are met by other m¢

eans.

The Type 1 twisted-pair (or untwisted-pair) wire medium physical layer provides the options:

— no power via the bus conductors; not intrinsically safe;

— power via the bus conductors; not intrinsically safe;

— no power via the bus conductors; intrinsically safe;

— power via the bus conductors; intrinsically safe.

0.4.1.2
The maj

— dual

Type 1: Optical media
or variations of the Type 1 optic fiber media are as follows:

fiber mode, data rates from 31,25 kbit/s to 25 Mbit/s;

— single fiber mode, 31,25 kbit/s.
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0.4.1.3 Type 1: Radio media

The Type 1 radio medium specification provides a generalized FSK/PSK radio capability at
arbitrary bit rates.

0.4.2 Type 2: Coaxial wire and optical media
Type 2 specifies the following variants:

— coaxial copper wire medium, 5 Mbit/s;
— optical fiber medium, 5 Mbit/s;

— network access port (NAP), a point-to-point temporary attachment mechanism that can be
used for programming, configuration, diagnostics or other purposes;

— repeater machine sublayers (RM, RRM) and redundant physical la
0.4.3 Type 3: Twisted-pair wire and optical media
Type 3 s$pecifies the following synchronous transmission:

a) twisfed-pair wire medium, 31,25 kbit/s, voltage mode G tions:
— power via the bus conductors: not intrinsically,

— power via the bus conductors: intrinsically,sa
and the following asynchronous tr

b) twis{ed-pair wire medium, up to 12
c) optigal fiber medium, up to 12 Mbit

0.4.4 Type 4: Wire med
Type 4 s$pecifies wire

— RS-485 wire
— RS-232 wire m

0.4.5

The ph rough a
medium and its
transmi

Type 8 $

— twisted-pair wire medium, up to 16 Mbit/s;

— optical fiber medium, up to 16 Mbit/s.
The general characteristics of these transmission media are as follows:

— full-duplex transmission;

— non-return-to-zero (NRZ) coding.
The wire media type provides the following options:

— no power supply via the bus cable, not intrinsically safe;
— power supply via the bus cable and on additional conductors, not intrinsically safe.

0.4.6 Type 12: Wire medium

Type 12 specifies wire media with the following characteristics:
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— LVDS wire medium up 100 Mbit/s.

0.4.7 Type 16: optical media

Type 16 specifies a synchronous transmission using optical fiber medium, at 2 Mbit/s,

4 Mbit/s

, 8 Mbit/s and 16 Mbit/s.

0.4.8 Type 18: Media

0.4.8.1

Type 18: Basic media

The Type 18-PhL-B specifies a balanced transmission signal over a shielded 3-core twisted

cable. Communication data rates as high as 10 Mbit/s and transmission distances as great as
1.2 km are specified.

0.4.8.2 Type 18: Powered media

The Type 18-PhL-P specifies a balanced transmission signal ¢ve d cable
in both flat and round configurations with conductors specifi ignal and
networktembedded power distribution. Communication d it/s and
transmisgsion distances as great as 500 m are specified,

0.5 Patent declaration

Attentioh is drawn to the possibility théa be the
subject jof patent rights. IEC shall not b h patent
rights.

Use of some of the associ [ d by their intellectual-property-right
holders] In all cases, the eleasge of intellectual-property-rights made by
the holders of those right a-link layer protocol type to be uged with
physical layer and apph 3 pe combinations as specified expflicitly in
the IEC|61784 series.Use arious protocol types in other combinations may| require
permissjon of th@ i property-right holders.

The International k& mission (IEC) draws attention to the fact that it is
claimed h. this document may involve the use of a patent concerning Type
2 givenl|i 4, Clauses 18 through 20, Annex F through Anngx H, as
follows:

IEC takd pQsition\concerning the evidence, validity and scope of this patent right.

The holger of this patent right has assured the IEC that he/she is willing to negotiate licences

under reasonable and non-discriminatory terms and conditions with applicants throughout the
world. In this respect, the statement of the holder of this patent right is registered with IEC.
Information may be obtained from:

Rockwell Automation, Inc.

1201 S. Second Street

Milwaukee, WI 53204

USA

Attention: Intellectual Property Dept.

Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights other than those identified above. IEC shall not be held responsible for

identifyi

ng any or all such patent rights.

ISO (www.iso.org/patents) and IEC (http://www.iec.ch/tctools/patent_decl.htm) maintain on-
line data bases of patents relevant to their standards. Users are encouraged to consult the
data bases for the most up to date information concerning patents.
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 2: Physical layer specification and service definition

1 Scope

This part of IEC 61158 specifies the requirements for fieldbus compopent parts. It also
specifies the media and network configuration requirements necessary to é% agreed

levels of

a) datalintegrity before data-link layer error checking;

b) intenoperability between devices at the physical layer.

The fieldbus physical layer conforms to layer 1 of the JO X del as defined by
ISO 7498 with the exception that, for some types, frame_de i e physiqgal layer
while fof other types they are in the data-link layer.

2 Normative references

The follpwing referenced documents are_indi application of this document.
For datg ' undated references, the lates} edition
of the re »

IEC 60050-731,
communication

Chapter 731: Optical fibre

IEC 600 bty “”
IEC 600 lectrical
installat]

IEC 600
systemsg

blly safe

IEC 60169-17<4980, Radio-frequency connectors — Part 17: R.F. coaxial connectors wjth inner
diameter ,of_outergonductor 6,5 mm (0,256 in) with screw coupling — Chardcteristic
impedance60 ohms (Type TNC)
Amendment 1 (1993)

IEC 60189-1:2007, Low-frequency cables and wires with PVC insulation and PVC sheath —
Part 1: General test and measuring methods

IEC 60255-22-1:19882, Electrical relays — Part 22-1: Electrical disturbance tests for
measuring relays and protection equipment — 1 MHz burst disturbance tests

IEC 60364-4-41, Low-voltage electrical installations — Part 4-41: Protection for safety —
Protection against electric shock

1 There exists a new edition of IEC 60079-14 (2007). This will be considered in the next edition of IEC 61158-2.
2 There exists a new edition of IEC 60255-22-1 (2007). This will be considered in the next edition of IEC 61158-2.
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IEC 60364-5-54, Electrical installations of buildings — Part 5-54: Selection and erection of
electrical equipment — Earthing arrangements, protective conductors and protective bonding
conductors

IEC 60529, Degrees of protection provided by enclosures (IP Code)

IEC 60603-7-4, Connectors for electronic equipment — Part 7-4: Detail specification for 8-way,
unshielded, free and fixed connectors, for data transmissions with frequencies up to 250 MHz

IEC 60760, Flat, quick-connect terminations

IEC 60783(aHparts—Optical-fibres

IEC 607/94-1-2:2003, Optical fibre cables — Part 1-2: Generic spegifi Basig optical
cable test procedures

IEC 608 Detail
specific ) round
contacty jon/rear
extraction

IEC 608 ation for
fiber opti

IEC 610 LUrement
techniqlies — Electrostatic discharge i

IEC 61000-4-3, Electromé& 1 ibili iIrement
techniqes — Radiated, radio>f electrop agnetic fleld lmmun/ty test (Bagic EMC
Publicafjion)

IEC 61000-4-4, rement
techniqlies — Electry

IEC 611

IEC 611 jcations —
Part 1:

IEC 611 P: Data-
link prof

IEC 61158-4-3:20103, Industrial communication network — Fieldbus specifications — Part 4-3:
Data-link protocol specification — Type 3 elements

IEC 61169-8:2007, Radio-frequency connectors — Part 8: Sectional specification — RF coaxial
connectors with inner diameter of outer conductor 6,5 mm (0,256 in) with bayonet lock —
Characteristic impedance 50 (2 (type BNC)

IEC 61754-2, Fibre optic connector interfaces — Part 2: Type BFOC/2,5 connector family

IEC 61754-13, Fibre optic connector interfaces — Part 13: Type FC-PC connector

3 To be published.
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IEC 61754-22, Fibre optic connector interfaces — Part 22: Type F-SMA connector family

ISO/IEC 7498 (all parts), Information technology — Open Systems Interconnection — Basic
Reference Model: The Basic Model

ISO/IEC 8482, Information technology — Telecommunications and information exchange
between systems — Twisted pair multipoint interconnections

ISO/IEC 8802-3, Information technology — Telecommunications and information exchange
between systems — Local and metropolitan area networks — Specific requirements — Part 3:
Carrier sense multiple access with collision detection (CSMA/CD) access method and
physical layer specifications

ISO/IEQ 9314-1, Information processing systems — Fibre distributeg (FDDI)
Part 1: Yoken Ring Physical Layer Protocol (PHY)

ISO/IEQ 10731, Information technology — Open Systems Inte ference
Model 4 Conventions for the definition of OSI services

ANSI TIA/EIA-232-F, Interface Between Data Termi » ‘ ircuit —
Termingting Equipment Employing Serial Binary Data '

ANSI TIA/EIA-422-B, Electrical Charagtexsti ~ frcuits
ANSI TIA/EIA-485-A, Electrical Characteri Use in
Balancdd Digital Multipoint Systems

ANSI TIA/EIA-644-A, Eles (LVDS)

Interfacg Circuits

ms an

3 Tern

For the
followin

e terms and definitions of ISO/IEC 7498, And the

3.1 (g

NOTE WM M e common to more than one protocol type; they are not necessarily used by a|l 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
is above the receiver signal level threshold of that device

3.1.2

barrier

physical entity that limits current and voltage into a hazardous area in order to satisfy intrinsic
safety requirements

3.1.3
bit
unit of data consistingofa 1ora0

NOTE A bit is the smallest data unit that can be transmitted.
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3.1.4
bus
trunk and all devices connected to it

3.1.5

cable plant interface connector

CPIC

point at which test and conformance measurements are made and that the interface between
the network device and the cable plant

3.1.6
communication element
part of 4 Tieldbus device that communicates with other elementis via the bus

3.1.7
connector
coupling device employed to connect the medium of one cir Qr Qication”element
with that of another circuit or communication element

3.1.8
coupler
physical interface between trunk and spur or trunk ahd de

3.1.9
Data Communications Equipment
DCE

embodiment of the media, modulation{and coding-&e
device, comprising the lower portions © thic 13

3.1.10
Data Terminal Equip

DTE
embodiment of ‘@v
device, comprising’t

device

ndent portion of a fieldbus-connected
within the device

and seding-independent portion of a fieldbus-connected
of the physical layer and all higher layers w|thin the

3.1.11

decibel
dB(mW
r, referenced to 1 mW. ( Also written dBm.)

Pagm = 10 log (Pmw)

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

3.1.12
delimiter
flag that separates and organizes items of data

3.1.13

device

physical entity connected to the fieldbus composed of at least one communication element
(the network element) and which may have a control element and/or a final element
(transducer, actuator, etc.)

NOTE A device may contain more than one node.


https://iecnorm.com/api/?name=0c3f55af4d288a997008042f4a5a36bb

- 24 - 61158-2 © IEC:2010

3.1.14

effective launch power

effective power coupled into the core of a fiber optic waveguide by the transmitter. This power
is measured with a standard test fiber connected to the CPIC

3.1.15

effective power

the difference, expressed in dBm, between the absolute optical power measured in milliwatt at
the midpoint in time of the Hi level to the absolute optical power measured in milliwatt at the
midpoint of the Lo level

NOTE Effective power is believed to give a more accurate measurement of the conditions that affect the receivers

e ! 4 N L o Mot ode £ : FT~h
than traditterratmeastrements——stch—as pearantaveragepower—vretnoas—ror—measurn vllvy r are for

further stgdy.
pecified

3.1.16
error
discrepancy between a computed, observed or measured value
or theorgtically correct value or condition

3.1.17
extinctilon ratio
ratio of the absolute optical power measured in milli Hi level
to the absolute optical power measured in milliwdtt\s el

NOTE The following gives an example a on ratio.
If the midpoint of Hi level is measured as 105 pW_anad\{f tk i i 0 then the
differencqd is 100 uW. Therefore, the effective dBm. The
extinction|ratio is (105/5), which equals 21:1.

3.1.18

fiber op
cable c
facilitate

ided to

3.1.19

fiber op
combing
receiveq

| signal

3.1.20

fiber op
range o
specific

ing range
at must be present at the CPIC to ensure that the bit efror rate

3.1.21
fiber optic transmitter

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

3.1.22

fiber optic waveguide

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

3.1.23

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
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3.1.24
intrinsic safety

design methodology for a circuit or an assembly of circuits in which any spark or thermal
effect produced under normal operating and specified fault conditions is not capable under
prescribed test conditions of causing ignition of a given explosive atmosphere

3.1.25
isolation

physical and electrical arrangement of the parts of a signal transmission system to prevent

electrical interference currents within or between the parts

3.1.26

jabber
continugus transmission on the medium due to a faulty device

3.1.27
jitter

offset of the 50 % transition points of pulse edges from their ide

causes

3.1.28
Manchgster encoding

means by which separate data and clock SI
synchropizing data stream, suitable for'tra

3.1.29
medium

efres

combined into a sing

LIt of all

e, self-

cable, dpti i , i ation signals are transmitted between

two or more points

NOTE In

3.1.30
networl
all of
communi

3.1.31
node

routers, gateways and associate
en set of communicating devices are interconn

end-poif in a ngtwork or a point at which one or more branches meet

3.1.32
optical ja
active dewi whe e 5 d

larger number of output optical fibers. Ret|m|ng of the rece|ved

3.1.33
optical fall time

S|gnal is optlonal

i node
ected

aitted to a

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

3.1.34
optical passive star

passive device in which signals from input fibers are combined and then distributed among

output optical fibers
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3.1.35

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

3.1.36

peak emission wavelength

Ap

wavelength at which radiant intensity is maximized

3.1.37
receiver
receive [circuitry of a communication element

3.1.38
repeater
two—pont active physical layer device that receives and retransr
distance and number of devices for which signals can be co
medium

ase the
a given

3.1.39
segment
trunk—cable section of a fieldbus that is terminaté¢

NOTE Slegments are linked by repeaters withi

3.1.40
separately powered device
device that does not recejveN

3.1.41

shield

surroungling ear protect
the cablle from extefna

NOTE M

3.1.42
spur
branch- rcuit

NOTE The alternati

3.1.43
terminator

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 or TNC plug.

3.1.44

transceiver

combination of receiving and transmitting equipment in a common housing employing
common circuit components for both transmitting and receiving

[IEEE 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.
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3.1.45
transmitter
transmit circuitry of a communication element

3.1.46
trunk

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

(spurs)

3.1.47
typical half-intensity wavelength
AA

range of wavelength of spectral distribution in which the radiant intensity is no
half of the maximum intensity

3.2 Tlype 1: Terms and definitions

3.21
activity)|
[see 3.1.1]

3.2.2

barrier
[see 3.1[.2]
3.2.3
bus
[see 3.1.4]
nec

3.24
cable pJant interface

CPIC
[see 3.1.5] Q

3.2.5
commuhication
[see 3.1

3.2.6 ;
connec
[see 3.1

3.2.7

\reith

an one-

coupler
[see 3.1.8]

3.2.8

Data Communications Equipment
DCE

[see 3.1.9]

3.2.9

Data Terminal Equipment
DTE

[see 3.1.10]
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3.2.10
dBm
[see 3.1.11]

3.2.11
delimiter
[see 3.1.12]

3.2.12
device
[see 3.1.13]

3.2.13
effectivie launch power
[see 3.1.14]

3.2.14
effective power
[see 3.1.15]

3.2.15
fiber ogtic cable
[see 3.1.18]

3.2.16
fiber optic receiver
[see 3.1].19]

3.2.17
fiber optic receiver o
[see 3.1

3.2.18
fiber opti
[see 3.1

3.2.19
fiber opti
[see 3.1

3.2.20
frame
[see 3.1t

3.2.21

Gaussian minimum shift keying

form of frequency modulation where a 1 is represented by a frequency of Fc + fand a 0 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

3.2.22
intrinsic safety
[see 3.1.24]

3.2.23
isolation
[see 3.1.25]
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3.2.24
jabber
[see 3.1.26]

3.2.25
Manchester encoding
[see 3.1.28]

3.2.26
medium
[see 3.1.29]

3.2.27
network
[see 3.1.30]

3.2.28
node
[see 3.1.31]

3.2.29
optical [fall time

[see 3.1/.33]
3.2.30

optical rise time
[see 3.1|.35]

3.2.31

peak emission waveléngth
Ap

[see 3.1.36] O
3.2.32

repeater

[see 3.1/.38]

3.2.33

segmer]

[see 3.1.39

3.2.34
separatelypowered-device
[see 3.1.40]

3.2.35

shield

[see 3.1.41]

3.2.36

spur

[see 3.1.42]

3.2.37

terminator

[see 3.1.43]
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3.2.38
transceiver
[see 3.1.44]

3.2.39
transmitter
[see 3.1.45]

3.2.40
trunk
[see 3.1.46]

3.3 T|ype 2: Terms and definitions

3.3.1
activity
[see 3.1.1]

3.3.2
bit
[see 3.1[.3]

3.3.3
blanking or blanking time
length gf time required after transmitting

d to receive

3.3.4
bus
[see 3.1.4]

3.3.5
commuhication m
[see 3.1[.6]

3.3.6

connec
[see 3.1

3.3.7 ]
Data Cqd
DCE

[see 3.1

3.3.8
dBm
[see 3.1.11]

3.3.9
delimiter
[see 3.1.12]

3.3.10
device
[see 3.1.13]

3.3.11
end delimiter
unique sequence of symbols that identifies the end of a frame
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3.3.12
end node
producing or consuming node

3.3.13
error
[see 3.1.16]

3.3.14
frame
[see 3.1.23]

3.3.15
isolation
[see 3.1/.25]

3.3.16
jabber
[see 3.1.26]

3.3.17

Manchgster encoding
[see 3.1.28]

3.3.18

medium
[see 3.1/.29]

3.3.19
M_symbol

representation of the oded and transmitted by the physical lay

N4
-

3.3.20
MAC frame
collectid
data, CH

the medium that contains a preamble, start dglimiter,

3.3.21
networf}
[see 3.1

3.3.22
network-aeeessport

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 3.1.31]

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
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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

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/.38]

3.3.29
segmer
[see 3.1.39]

3.3.30
shield
[see 3.1.41]

3.3.31
slot time

maximum time required
NOTE Ejch node@
3.3.32

spur
[see 3.1

i

scted transmission

Rg node during the implied token pass.

NOTE Tqisi gral part of network taps.

3.3.33
start dglimiter
unique sequence of symbols that identifies the beginning of a frame

3.3.34
tap
point of attachment from a node or spur to the trunk cable

NOTE A tap provides easy removal of a node without disrupting the link.

3.3.35
terminator
[see 3.1.43]

3.3.36
tool
executable software program that interacts with the user to perform some function
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3.3.37
transceiver
[see 3.1.44]

3.3.38

transient node

node that is only intended to be connected to the network on a temporary basis using the NAP
physical layer medium connected to the NAP of a permanent node

3.3.39
transmitter
[see 3.1.45]

3.3.40
trunk
[see 3.1.46]

3.3.41
trunk cable
bus or gentral part of a cable system

3.3.42

trunk—dable section

length of trunk cable between any twa
3.4 Type 3: Terms and definitions
3.4.1

activity
[see 3.1.1]

3.4.2
barrier
[see 3.1

3.4.3
bit tim
time to

4

3.4.4
bus
[see 3.1

3.4.5
communication element
[see 3.1.6]

3.4.6
confirmation (primitive)
[ISO/IEC 10731]

3.4.7
connector
[see 3.1.7]

3.4.8
coupler
[see 3.1.8]
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3.4.9

Data Communications Equipment
DCE

[see 3.1.9]

3.4.10

Data Terminal Equipment
DTE

[see 3.1.10]

3.4.11
dBm
[see 3.1.1T1]

3.4.12
device
[see 3.1.13]

3.4.13
DL-entity
[ISO/IEC 7498-1]

3.4.14

fiber optic cable
FOC

[see 3.1.18]
3.4.15

frame
[see 3.1/.23]

3.4.16
indication (pri :

[ISO/IEE 10731]

3.4.17
intrinsi
[see 3.1

4

3.4.18
isolatio
[see 3.1

3.4.19
jabber
[see 3.1.26]

3.4.20
medium
[see 3.1.29]

3.4.21
(N)-entity
[ISO/IEC 7498-1]

3.4.22
(N)-service
[ISO/IEC 7498-1]
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3.4.23
network
[see 3.1.30]

3.4.24
node
[see 3.1.31]

3.4.25
Ph-entity
[ISO/IEC 7498-1]

— 35—

3.4.26
Ph-serVice
[ISO/IEC 7498-1]

3.4.27
repeater
[see 3.1.38]

3.4.28
requesf (primitive)
[ISO/IEC 10731]

3.4.29
reset
[ISO/IEC 7498-1]

3.4.30
segment
[see 3.1.39]

3.4.31 O

separatiely powered
[see 3.1

3.4.32
shield
[see 3.1\

3.4.33
spur

[see 3.142]

3.4.34
station
node

3.4.35
terminator
[see 3.1.43]

3.4.36
transceiver
[see 3.1.44]
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3.4.37
transmitter
[see 3.1.45]

3.4.38
trunk
[see 3.1.46]

3.5 Type 4: Terms and definitions

3.5.1
activity
[see 3.1 1]

3.5.2
bus
[see 3.1.4]

3.5.3
connector
[see 3.1.7]

3.5.4

Data Communications Equipment
DCE

[see 3.1.9]

3.5.5

Data Terminal Equipme
DTE
[see 3.1.10]

3.5.6
device
[see 3.1

3.5.7

idle col
counter{
has beeg

3.5.8
isolation
[see 3.1.25]

3.5.9
medium
[see 3.1.29]

3.5.10
network
[see 3.1.30]

3.5.11

normal class device

device that initiates transmission and replies to requests and that can act as a server
(responder) and as a client (requestor) (also called a peer)
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3.5.12
shield
[see 3.1.41]

3.5.13
simple class device

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

only

3.5.14
transmitter
[see 3.1.45]

3.6 Type 6: This subclause has been removed

NOTE This subclause is a placeholder in this edition to minimize the disruptio
national standards and consortia documents that reference the subclause numbsi

3.7 Tlype 8: Terms and definitions

3.71

activity

[see 3.1.1]

3.7.2

bus coupler

device that divides the ring into segments QP he rmg“and integrating anothe
this point

commuhication efem
[see 3.1

3.7.3

cable p]ant interface gon
CPIC

[see 3.1[.5] Q
3.7.4

3.7.5
connec|
[see 3.1.7]

3.7.6
dBm

yd multi-

r ring at

[see 3.1.11]

3.7.7
effective launch power
[see 3.1.14]

3.7.8
effective power
[see 3.1.15]

3.7.9
fiber optic cable
[see 3.1.18]
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3.7.10
fiber optic receiver
[see 3.1.19]

3.7.11
fiber optic receiver operating range
[see 3.1.20]

3.7.12
fiber optic transmitter
[see 3.1.21]

3.7.13
fiber optic waveguide
[see 3.1.22]

3.7.14
frame
[see 3.1.23]

3.7.15
incoming interface

interface¢ to receive data from the previpous devi
outgoing interface, to the previous dey

which are received via an

3.7.16
isolatiojn
[see 3.1|.25]

3.7.17
local bys

ring segment of etwo
bus via the bus
3.7.18

local by
device {

remote

3.7.19

master
device 1
slaves hysending

ols the data transfer on the network and initiates the media accesp of the
ssages and that constitutes the interface to the control system

3.7.20
medium
[see 3.1.29]

3.7.21

minimum optical receiver sensitivity

minimum optical power at the optical receiver input required to achieve a bit error rate of less
than 10 for the optical transmission system

3.7.22
network
[see 3.1.30]
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3.7.23

optical fall time
[see 3.1.33]
3.7.24

optical rise time
[see 3.1.35]
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 pfevious slave and back to the master

3.7.26
peak emission wavelength
Ap
[see 3.1/.36]

3.7.27
polymer optical fiber
POF
plastic fiber optic waveguide whose ngminal ¢
[fiber type: Ada (980/1000)]

aCleT!

3.7.28
plastic clad silica fiber
PCS

fiber opfc waveguide coq i and a plastic cladding and whose
characteristics are co i BOR93 [fiberMype: A3c (200/230 um)]

3.7.29

remote |bus

ring segment of a

3.7.30
remote

device ¢ remote bus

3.7.31
remote
connect

om oftwo ote bus devices

tic@are ompatible with IE

C 60793

nominal

3.7.32
ring segment
one section of a network

NOTE The master constitutes the first ring segment, further ring segments may be linked by bus couplers

3.7.33
shield
[see 3.1.41]

3.7.34
slave

device that accesses the medium only after it has been initiated by the preceding slave or

master
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3.7.35

spectral full width half maximum

AA

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

3.7.36
terminator
[see 3.1.43]

3.8 Type 12: Terms and definitions

3.8.1
activity
[see 3.1.1]

3.8.2
bit
[see 3.1[.3]

3.8.3
connector

[see 3.1.7]
3.8.4
couplern
[see 3.1.8]

3.8.5
Data Cgmmunications Eqt
DCE

[see 3.1.9] :

3.8.6
Data Terminal E
DTE
[see 3.1

3.8.7 |
delimiter
[see 3.1].12]

3.8.8
device
[see 3.1.13]

3.8.9
error
[see 3.1.16]

3.8.10
frame
[see 3.1.23]

3.8.11
idle
symbol at the media between EOF and SOF
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3.8.12
isolation
[see 3.1.25]

3.8.13
jitter
[see 3.1.27]

3.8.14
Manchester encoding
[see 3.1.28]

3.8.15
mediu
[see 3.1/.29]

3.8.16
network
[see 3.1.30]

3.8.17
receiver
[see 3.1.37]

3.8.18
shield
[see 3.1.41]

3.8.19
terminator
[see 3.1.43]

3.9 Type 16:

3.9.1
attenuattion

fact that receiver is less than at the transmitter

3.9.2 1
barrier
[see 3.1

3.9.3
bit
[see 3.1.3]

3.9.4

bit stuffing

procedure, by which after five logical 1’s, the transmitter automatically inserts a zero which is
then removed again by the receiver. This zero causes a change in signal edges which makes
it possible for the receiver to retrieve a receiving clock

3.9.5
connector
[see 3.1.7]
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3.9.6

Data Communications Equipment
DCE

[see 3.1.9]

3.9.7

Data Terminal Equipment
DTE

[see 3.1.10]

3.9.8
dBm
[see 3.1.T1]

3.9.9
delimiter
[see 3.1.12]

3.9.10
device
[see 3.1.13]

3.9.11
error
[see 3.1.16]
3.9.12
fiber optic cable
[see 3.1.18]

3.9.13
frame
[see 3.1

3.9.14
F-SMA
connect

3.9.15 |
fill sign
sequen( followed by a 0

3.9.16
jitter
[see 3.1.27]

3.9.17
medium
[see 3.1.29]

3.9.18
network
[see 3.1.30]

3.9.19
node
[see 3.1.31]
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3.9.20

non-return-to-zero-inverted

NRZI

signal exchanges taking place only at regular, fixed points in time in synchronization with the
transmitting clock pulse of the bit rate; a signal edge change is assigned to a logical 0 only

3.9.21
optical
[see 3.1

3.9.22
optical

fall time
.33]

rise time

[see 3.1

3.9.23
pad
sequen(

3.9.24
peak en
Ap

[see 3.1

3.9.25
receive
[see 3.1

3.9.26

repeater

[see 3.1

3.9.27

repeater functi

feature
the nexi

3.9.28

transmit

[see 3.1

3.9.29
typical

35]

hission wavelength

.36]

.38]

by which a ¢
node on q

half-intensity wavelength

AA

e of octets added to assure that the telegram is long e

[see 3.1

3.9.30

A47]

zero bit stream
sequence of logical zeros which, in NRZI coding, results in a regular signal edge change on

the transmission line (only used in test mode)

3.10 Type 18: Terms and definitions

3.10.1
activity
[see 3.1

A1

cked to
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3.10.2
bit
[see 3.1.3]

3.10.3
bus
[see 3.1.4]

3.10.4
communication element
[see 3.1.6]

3.10.5
connector
[see 3.1.7]

3.10.6
Data Cgmmunications Equipment
DCE
[see 3.1.9]

3.10.7

Data Terminal Equipment
DTE

[see 3.1.10]

3.10.8

device

[see 3.1.13]

3.10.9
error
[see 3.1

.16] O
3.10.10
isolatiojn
[see 3.1].25]
3.10.11]
mediun
[see 3.1].29]

3.10.12
network
[see 3.1.30]

3.10.13
node
[see 3.1.31]

3.10.14
receiver
[see 3.1.37]

3.10.15
segment
[see 3.1.39]
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3.10.16
shield
[see 3.1.41]

3.10.17
spur
[see 3.1.42]

3.10.18
station
network device embodying one node

3.10.19J
terminator

[see 3.1.43]

3.10.20
transceliver
[see 3.1.44]

3.10.21
transmitter

[see 3.1.45]
3.10.22
trunk

[see 3.1.46]

(7))

4 Symbols and abbreviatians
4.1 ymbols
411 |Type1: ;\ﬁg{%\

Symbol Definition Unit
Amaix Mﬁ{i%«{m\mte}\Qevke\attenuation B
AD,Ta}\ QAaxiMnﬁ\r-dte\@/attenuation distortion B
BF\ %mw rat% Mbpit/s
ABR 4@\X\lmu}l\de fation from BR -
CSax MaWoupler spacing to form a cluster m
Dinphin Minimum device input impedance Q
dBm Logarithmic unit of power referenced to 1 mW dB(mW)
Fc Center carrier frequency used in frequency shift keying kHz
Fo+f Frequency that corresponds to logical 1 in frequency shift keying kHz
Fe—f Frequency that corresponds to logical 0 in frequency shift keying kHz
fr Frequency corresponding to the nominal bit rate MHz
fmin Nominal minimum frequency for the nominal bit rate MHz
fmax Nominal maximum frequency for the nominal bit rate MHz
fQTOmayx |Maximum frequency for QTOmax measurement MHz
Lmax Maximum inter-device distance m
MDmax Maximum inter-device mismatching distortion dB
N+ Non-data symbol — positive; Manchester coded signal with a high level for one bit -
time, used for delimiters, carrying no data
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Symbol Definition Unit
N-— Non-data symbol — negative; Manchester coded signal with a low level for one bit -
time, used for delimiters, carrying no data
Nmax Maximum number of devices -
P Nominal period of octet transmission S
PICS Protocol Implementation Conformance Statement -
QTOmax |Maximum quiescent transmitter output mV
Thit Nominal bit duration us
ATpit Maximum deviation from Tpjt -
Tr Maximum signal rise or fall time . ns
Vpb The most positive (or least negative) supply level /\\ . \
Vi Minimum high-level input voltage /\ \ \Y
Vil Maximum low-level input voltage \ 9
Voh Minimum high-level output voltage < \ \ > V
Vol Maximum low-level output voltage (\\ \\ \ v
z Impedance; vector sum of resistance and reacta }e’(‘md{\cmqo PEQW Q
Zf Characteristic impedance ; impedance of a cab% |tw Q
frequency fi
Z( Characteristic impedance ; impédance %ca%e ané of@te@ ors, over the O
defined frequency range {é\

N__/
4.1.2 Type 2: Symbols N\

Sympol /\ /\\ Mn ionx Unit

dBm LogarlthmlF\unN pMer referw 1 mV\) dB [(mW)

fi Frequency{c&ﬁeéb\\myng }tkt\a\bn\ak Hz

GND  |Grdundsupply leve’ v

H Phy;“t:/%l/sm hig e\ﬁ\ > _
L

Phy(fc\ak mbo —Nevel> -
rol >data symbol — “zero”; -

terface, representing the transmitted and received
al with a high level for half a bit time, and a low level for
data “zero”

Manch er-soded\si

}\Qlf %{t fime\carrying

WControl — data symbol - “one”; -
the DL-Ph interface, representing the transmitted and received

M_NB+ MediommAccess Controt=Trormr=datasymbot—="positive; -
Symbol at the DL-Ph interface, representing the transmitted and received
Manchester coded signal with a high level for one complete bit time, used for
delimiters, carrying no data

M_ND- Medium Access Control — non-data symbol — negative; -
Symbol at the DL-Ph interface, representing the transmitted and received
Manchester coded signal with a low level for one complete bit time, used for
delimiters, carrying no data

Rx_H Receive — high level (NAP interface) \%
Rx_L Receive — low level (NAP interface) \%
Tx_H Transmit — high level (NAP interface) \%
Tx_L Transmit — low level (NAP interface) \

Vin Voltage on the coaxial cable center conductor (Vin+ or Vin—) as referenced to the v

coaxial shield

Veenset Positive data sensitivity limit \
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Veense™ Negative data sensitivity limit \%
VeenseH High carrier sensitivity limit Vv
Veensel Low carrier sensitivity limit \Y
4.1.3 Type 3: Symbols
Symbol Definition Unit
dBm Logarithmic unit of power referenced to 1 mW dB (mW)
fr Frequency corresponding to the bit rate Hz, kHz, MHz
N- Non-data symbol — negative; Manchester coded signal with a low level for gneQit -
time, used for delimiters, carrying no data
N+ Non-data symbol — positive; Manchester coded signal with a high Iev%r on -
time, used for delimiters, carrying no data
P Nominal period of octet transmission 2
R( Pull-down resistor < \ \ > O
Ri Bus terminator (\\ \\ \ (¢}
Ry Pull-up resistor \ \\/ Q
SYN Synchronizing bits of a frame (period of idle) / ) > S
tBIT The bit time tg|T is the time, which elapse?/dh{h\g/ﬁ%t?/trghe\miw of one bit. s
TsSBIT Extended tolerance (only for @p\b@ (\ 6 ( U ‘\/ s
TSVN Synchronization time \ s
TSYINI Synchronization interval time \ s
Vpb The most positi\R(or least neg\Qtive(\sMIy %\QI\\/ V
Vil Minimum high%vel' pﬁ vohgg\ \) \) v
V| Maximum IMIe\k{\inp\L‘Jt v@‘rta\ge \j V
Vol Minipaum High-Ivehobtput Valfabe v
Vol Maximym |o€<|eve|&{tplh\»@t%{ v
VF Voltage XAN v
4 Impéda}gNecBr\st\f r/sZstance and reactance (inductive or capacitive) @)
Z( C a eri IC I ped ; impedance of a cable, and of its terminators, over the Q
define eq enc an e
4.1.4 Typ 4:-Symbols
Symbo, Definition Unit
Vck Fhemostpositiveforteastmegative)suppty tevet Y
GND Ground supply level \%
4.1.5 Type 6: This subclause has been removed

NOTE This subclause is a placeholder in this edition to minimize the disruption to existing national and multi-
national standards and consortia documents that reference the subclause numbering of the prior edition.

4.1.6 Type 8: Symbols
Symbol Definition Unit
dBm Logarithmic unit of power referenced to 1 mW dB (mW)
fr Frequency corresponding to the bit rate Hz
Vdd The most positive (or least negative) supply level \%
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GND Ground supply level \%

4.1.7 Type 12: Symbols

Symbol Definition Unit
fr Frequency corresponding to the nominal bit rate MHz
N+ Non-data symbol — positive; Manchester coded signal with a high level for one bit -

time, used for delimiters, carrying no data
N-— Non-data symbol — negative; Manchester coded signal with a low level for one bit -
time, used for delimiters, carrying no data
Thit Nominal bit duration / S
z Impedance; vector sum of resistance and reactance (inductive or capa Q

Z( Characteristic impedance ; impedance of a cable, and of its termin \over he Q
defined frequency range

4.1.8 | Type 16: Symbols (@W

Symbol Definition Unit
j Jitter \) s
Jnoike Jitter of the optical signal Lis
Ji] Jitter in tp Q ]
Jtscyc Jitter in tgcyc Lis
P Power dBm|or uW
PRmaxH |Maximum receivg dBmfor pW
PRmAaxL dBm|or pW
PRm|nH dBm|or pW
PTmaxH dBmfor pW
PTmaxL dBm|or pW
PTm|{nH dBm|or pW
Py dBm|or pW
tcatle ns
tfr/\ hs
tfr \ ical low level at the output of a slave ns
treb ich the received signal is delayed by a forwarding slave (input-output) ns
trinIg Time, which a master telegrgm needs, until it has passed through the network Lis
dala reacned tne mdster dgain
tRPAT Maximum transition time in a slave to switch from the repeater function to the us
transmitter function for the AT
tRPAT.2 Maximum transition time in slave 2 to switch from the repeater function to the us
transmitter function for the AT
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4.1.9 Type 18: Symbols

Symbol Definition Unit
Voo Voltage potential supplied to power digital logic components \%
VoL Output voltage, low level \%
Vo Output voltage, high level \%
Vi Input voltage, low level \%
Vin Input voltage, high 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)

DLE Data-link entity

DLL Data-link layer

DTE Data terminal equipme

EMI Electro-magnetic interferens

IDU Interface data unit

O/IEC 7498-1]

[ISO/IEC 7498-1]

[ISO/IEC 7498-1]

IS Intrinsic safet

LbE

MAU e media, MAU = transceiver)

MDS

min o/,

MIS

NRz

NOTE {Hi

Ph [ISO/IEC 7494-1]
PhE Physieal layer entity [ISO/IEC 7494-1]
PhL Physicattayet HSOHEES7F498-1]
PhICI Physical layer interface control information [ISO/IEC 7498-1]
PhiD Physical layer interface data [ISO/IEC 7498-1]
PhiDU Physical layer interface data unit [ISO/IEC 7498-1]
PhPCI Physical layer protocol control information [ISO/IEC 7498-1]

PhPDU Physical layer protocol data unit
PhS Physical layer service

PhSAP Physical layer service access point
PhSDU Physical layer service data unit

pk Peak

pk-pk Peak-to-peak

[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]



https://iecnorm.com/api/?name=0c3f55af4d288a997008042f4a5a36bb

RDF
RFI
RTS
RxA
RxC
RxS
SDU
TxC
TxD
TxE
TxS

4.2.2
BNC

DCE
DL
DLL
MAC

-50 - 61158-2 © IEC:2010

Receive-data-and-framing signal (from DCE)
Radio frequency interference
Request-to-send signal (to DCE)
Receive-activity signal (from DCE)
Receive-clock signal (from DCE)
Receive signal (from MAU)
Service data unit [ISO/IEC 7498-1]
Transmit-clock signal (from DCE)
T ransmit-data sigmat (to DCE)

Transmit -enable signal (to MAU)

Transmit signal (to MAU)

Type 2: Abbreviations

Bayonet Neill Concelman (connector for ee< S ng a bayonel-type
shell with two small knobs on the femgle connectd R lock into spiral
[ [IEC 60/169-8]

Data-link (as a prefix) [ISO/IEC 71498-1]
[ISO/IEC 71498-1]

he data-link layer, interfacing|with

Data-link layer

Medium access control
the physica

MAC |

MAU

MDS

MIS

NAP cal access to a device, i.e. not via the bus)

NetEn

NUT [IEC 61158-4-2]

Ph [ISO/IEC 7498-1]

PhL [ISO/IEC 7498-1]

pk

Rcv Receive

Rx Receive

RxCarrier Receive-carrier signal

RxData Receive-data signal

RxPTC Receive-data signal (NAP interface)

RM Repeater machine (mechanism for extending bus length, providing multiple
medium interfaces, and allowing medium redundancy)

RRM Ring repeater machine (mechanism for providing a ring topology on optical
medium)

SMAX Scheduled maximum address [IEC 61158-4-2]

TNC Threaded Neill Concelman

(threaded version of the BNC connector) [IEC 60169-17]
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Tx
TxDataBar
TxDataOut
TxPTC
Xmit

Transmit

Transmit-data signal (inverted)
Transmit-data signal

Transmit-data signal (NAP interface)

Transmit

$

@%
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4.2.3 Type 3: Abbreviations

ASC Active star coupler
BER Bit error rate
CcO Converter
CTS Clear-to-send signal (from DCE)
DCE Data communication equipment
DGND Data ground
DIS DCE independent sublayer
DL Data-Hrk-(as—a-prefig
DLE Data-link entity
DLL Data-link layer -1]
DLPDU Data-link protocol data unit 8-1]
DTE Data terminal equipment
DUT Device under test
EMC Electro-magnetic-compatibility
EMI Electro-magnetic interference
FEC
FISC(
NOTE High<evel = logic 1, Low level = logic 0
OST Overshot of transition
PC Physical contact
Ph Physical (as a prefix)
Ph-AsYN-DATA Physical data service for asynchronous transmission
PhE Physical layer entity [ISO/IEC 7498-1]
PhICI Physical layer interface control information [ISO/IEC 7498-1]
PhID Physical layer interface data [ISO/IEC 7498-1]
PhIDU Physical layer interface data unit [ISO/IEC 7498-1]
PhL Physical layer [ISO/IEC 7498-1]

PhM Ph-management
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PhMS
PhPCI
PhPDU
PhS
PhSAP
PhSDU
pk-pk
RDF

Ph-management service

Physical layer protocol control information
Physical layer protocol data unit

Physical layer service

Physical layer service access point
Physical layer service data unit
Peak-to-peak

Receive-data-and-framing signal (from DCE)

[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]

REP
RFI
RTS
RxA
RxC
RxS
Stn
TPC
TxC
TxD
TxE
TxS
UART

4.2.4

CTS
DCE
DL
DLE
DLL
DTE
MAU

Repesatet

Radio frequency interference
Request-to-send signal (to DCE)
Receive-activity signal (from DCE)
Receive-clock signal (from DCE)

Receive Signal (from MAU)

Stations (master or slave)
Twisted-pair cable

a tepminal equipment

Medium attachment unit (for wire media, MAU = transceiver)

[ISO/IEC 7498-1]

[ISO/IEC 7498-1]

MDS
MIS
NRZ

Medium dependent sublayer
Media independent sublayer

Non-return-to-zero code

NOTE High level = logic 1, Low level = logic 0

Ph

PhE
PhL
PhID
PhPDU
RTS

Physical (as a prefix)

Physical layer entity

Physical layer

Physical layer interface data
Physical layer protocol data unit

Request-to-send signal (to DCE)

[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
[ISO/IEC 7498-1]
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Receive Signal (from MAU)
Transmit-enable signal (to MAU)
Transmit Signal (to MAU)

Type 6: This subclause has been removed

NOTE This subclause is a placeholder in this edition to minimize the disruption to existing national and multi-
national standards and consortia documents that reference the subclause numbering of the prior edition.

4.2.6

Type 8: Abbreviations

BC
BLL
BSY
CPIC
CRC
CTS
DL
DLL
DI

DLPDy

DO
DS
GND
ICI

LbE
LSB
MA
MAC
MAU
MDS
MIS

Basic link layer

Busy

Cable plant interface connector

Cyclic redundancy check

Clear-to-send

Data-link (as a prefix) [ISO/IEC 74

Data-link layer [ISO/IEC 74
Data In

Data-link process data un

Data out

Data select

Ground

198-1]
198-1]

Media independent sublayer

MSB
NRZ
PCS
Ph

PhE
PhICI
PhIDU
PhL
PhPDU
PhSDU

Most significant bit
Non-return-to-zero

Plastic-clad silica fiber

Physical (as a prefix) [ISO/IEC 7498-1]
Physical layer entity [ISO/IEC 7498-1]

Physical interface control information

Physical interface data unit

Physical layer [ISO/IEC 7498-1]

Physical protocol data unit

Physical service data unit
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PNM1
POF

RI

RO
RqgDly1
RqgDly2
RTS
RxA

Peripherals network management of layer 1
Polymer optical fiber

Reset-in

Reset-out

Request delay 1

Request delay 2

Request-to-send

Receive-activity

R HV3 alaal
T\CUCTTVCE=CTUUTN

RxC
RxCR
RxD
RxS
RxSL
SL
TRst
TxC
TxCR
TxD
TxS
TxSL

4.2.7

EBUS
EOF
LVDS
PCB
RxS
SOF
TxS

4

Receive control line

Receive data

Receive sequence

Receive select line

Select line

Coding and decoding (of the Reset PhP

Transmit clock

Transmit control line
Transmit data
Transmit sequence
Transmit select line

smjt Signal

4.2.8 Type 16: Abbreviations

DPLL
HCS

IC

LED
LSB
MSB
NRZI
POF
RxCLK

digital phase locked loop

hard clad silica (glass fiber)
Integrated circuit

light emitting diode

least significant bit

most significant bit
non-return-to-zero-inverted
polymer optical fiber (plastic fiber)

receiving clock
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RxD received data
TxCLK transmitting clock
TxD transmitted data
4.2.9 Type 18: Abbreviations
CMOS Complimentary Metal Oxide Silicon — a class of digital logic interface
specifications
DA / dB Data A and Data B — the communications signal pair
DG Data Ground — zero potential communications signal reference_
FG Field Ground - the zero potential device reference
NRZI Non-Return to Zero Inverted
PhL-B Physical layer — Basic type
PhL-H Physical layer — Powered type
RxS Receive Signal
SLD Shield — linear Faraday cage
TTL Transistor-Transistor Logic — a class Ce specificatigns
TxE Transmit Enable
xS Transmit Signal
uL Unit Load

5 DLL - PhL interface

51 @

This clg
use.

NOTE 1
requiremg

PhIDUs]
requirer

eneral Q
use defing&s

on their

re are no

red between the DLL and the PhL in accordance with the
498 as shown in Figure 2.
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Protocol Data Unit

DLPDU
DATA LINK LAYER
Interface Data Unit Interface Control Information
T PhIDU <> PhICI
Protocol Control Information Service Data Units
PhPCI PhSDU Sequence
YSICANLAYER

Protocol Data Unit
PhPDU

NOTE PhPCI and PhICI support are typ€ speuifi

NOTE 2 |These services provid efween a DLL entity and its assoc
entity. Sugh a transfer is part gf’a DLL entities. The services listed in th
are the rpinimum that can joi i ¢ i cooperating DLL entities can coordi
transmissjon and their exchange of dat fhared commyinication medium. Synchronization of data

and relatgd actions is also prowide

NOTE 3 |Proper l|a
interface |not overly N
interface does not requi

delimiter $ignal patterps,
technologijes.

NOTE 4 of o RhL interfaces are specified, based on industry practice.
5.2 Tl
5.21

5.2.11

LL — PhL interface

entity be not concerned with, and that an (
(N)-layer provides its (N)-services. Thus, the H
ernal details of the PhE (e.g. preamble, postamble 3
d), and should not prevent the PhE from using appropriat

ated PhL
is section
hate their
lexchange

N)-service
h-service
nd frame
e evolving

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

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/s, 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 0,999 9

Mbit/s.
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framing overhead — shall specify the maximum number of bit periods (where the period is
the inverse of the data rate) used in any transmission for PhPDUs that do not directly
convey data (e.g. PhPDUs conveying preamble, frame delimiters, postamble, inter-frame
"silence", etc.).

NOTE 2 If the framing overhead is F and two DL message lengths are L; and L,, then the time to send one
message of length Ly + F + L, will be at least as great as the time required to send two immediately
consecutive messages of lengths L; and L.

5.2.1.3 PhS transmission and reception services
The PhS shall provide the following service primitives for transmission and reception:

PH-DATA request (class, data)

PH-DATA indication (class, data)
PH-DATA confirm (status)

where
class — shall specify the PhICl component of the PhIDU.
For a Pi-DATA request, its possible values shall be:

START-OF-ACTIVITY — transmission of the PhPD H-user dafa shall

commence;

DATA — the single-octet value of the associated™da

etex shall be transmitted as part
of a[continuous correctly formed trg 6

END- ‘
aftef a ihg in the cessation of active
trangmission.

For a PH-DATA indication, i

START-OF-ACTIVITY A rec apparent /transmission from one or more PhEs has
commenced;

DATA - the @c ' 2 3 Was received as part of a continuous ¢orrectly
formled recep ;

END-{OF-DATA

goihg contigtious correctly formed reception of Ph-user data has
congluded wi i

egeption of PhPDUs implying END-OF-DATA;

END-
PhE

END- NR-ACTIVITY — simultaneous occurrence of END-OF-DATA and END-OF-ACT|VITY.

Mg reception (of an apparent transmission from one pr more

the PhID component of the PhIDU. It consists of one octet of Ph-user-
tted (PH-DATA request) or which was received successfully (PH-DATA

datal — sh
data| to be“tr
indigation).

status — shall specify either success or the locally detected reason for inferring failure.

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.
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5.2.3 Transmission of Ph-user-data

The PhE shall determine the timing of all transmissions. When a DLE transmits a sequence of
PhSDUs, the DLE shall send the sequence of PhSDUs by making a well-formed sequence of
PH-DATA requests, consisting of a single request specifying START-OF-ACTIVITY, followed by 3
to 300 consecutive requests, inclusive, specifying DATA, each conveying a PhSDU, and
concluded by a single request specifying END-OF-DATA-AND-ACTIVITY.

The PhE shall signal its completion of each PH-DATA request, and its readiness to accept a
new PH-DATA request, by issuing a PH-DATA confirm primitive; the status parameter of the
PH-DATA confirm primitive shall convey the success or failure of the associated PH-DATA
request. A second PH DATA request shall not be |ssued by the DLE until after the PH-DATA
confirm

5.24 Reception of Ph-user-data

The PhE shall report a received transmission with a well-fg nce_o >H-DATA

indicatigns, which shall consist of

a) a si tive indications
spedgi by : specifying END-
OF-DATA; i indicati ifyi > ITY; or

b) a si indicati ifyi -OF- ; Onsecutive indications
spegifyi , i p ; ' i indication specifying END-
OF-DATA-AND-ACTIVITY; or

Cc) a si indicati ifyi \ Y i y followed by one ¢r more
cong ive indicati ifyi , | y|ng a PhSDU; and concludged by a
sing ifyi

This last sequence is ind i i jicorrect reception. Detection of gn error
in the sequence of re|ve = i s reception process, shall disablg further
PH-DATA |nd|cat|ons dars S =Cifying DATA, END-OF-DATA, Or END-QF-DATA-
AND-ACTIVITY unjif\aft e current period of activity and the start of a
subseqyent per ported by PH-DATA indications specifying [END-OF-
ACTIVITY and START-Q

5.3 Type 2: R
5.3.1

Subclay . [ the yequired physical service (PhS) primitives and constraints [on their
use.

The DL -PhL mterface need not be exposed in the |mplementat|on of any PhL vari
interfaceT F [ f niconductor
device. If, however, conformance to the DLL-PhL interface is claimed, |t shall conform to the
requirements of 5.3.

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.
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Table 1 — Data encoding rules

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

PH-LocK indication

PH-LocH
synchro|
PH-LocH
interfac
clock a
medium
requiren
start de

5.3.4

PH-FRAN
states f
PH-LocH
shall bg
indicatid

NOTE T
5.3.5

PH-CAR
PH-CAR
during 4

5.3.6

5.3.7

indication shall provide an indication of either data
hization by the MDS. Valid states for PH-LOCK indication s

b and the DLL-PhL interface timing of M_symbols conforf
ccuracy. It shall be false between frames (when no Ph#

imiter.

PH-FRAME indication

false at reception of next M A
n = false.

PH-CARRIER i

PH-STATUS indication

RIER inn shall<rep 3
RIER indicatior if RXCARRIER at the MDS-MAU interface has bgen true

-symbol
d false.
DS-MAU
ts for
on the
to the

ing of the

J. Valid
Lie upon
dication
PH-LOCK

nedium.

shall be
tent the

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

5.3.9

PH-FRAME request shall be true when PH-DATA request repr
to the appropriate Ph-symbols and transferred to the MAK
ols are to be transferred to the MAU.

M_syml

5.3.10

PH-JABHER indication shall
(PH-FRAME indication =

PH-JABH
detects
(16 384
otherwig
the Ph-
node is finiti

5.3.11

Ph-JABH
shall be

5.3.12

PH-JABH
shall beg
“REPEATER” of

PH-DATA request

PH-FRAME request

PH-JABBER indication

be true

another node,

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

10 when

no valid

ts a singlg¢ frame

024 ogtets (8 192 M_symbagls) and
e“true if the MDS-MAU interface
hat equals or exceeds 2048 octets

be false

shall Qe Iétched in this state by the MPS until

see Annex G).

i or the

E”) and

is retransmitting data received from another node (e.g. acting as a

hown in

The comrbinationsferPH-JABBER iRdicationandPH-JABBER Erequestshal-be-as
Table 3.
Table 3 — Jabber indications
Ph-JABBER indication | Ph-JABBER-TYPE request Frame length
true true = “NODE” > 1024 octets
true false = “REPEATER’ > 2 048 octets
false true = “NODE” < 1024 octets
false false = “REPEATER’ < 2 048 octets
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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
5.4.21 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—fprimitives are as
follows:

Ph-AsYN-DATA request
Ph-AsYN-DATA indication
The tenporal relationship of the primitives is shown in Figu

Station Statio)

O

Ph-ASYN-DATA indication

»
|

Ph-ASYN-DATA request

»
P

5.4.2.2 : he service and interaction
This su 3 S e service primitives and the related parametgr in an
abstract paraeter contains the PhS-user data exchanged at the PhL] — DLL

interfac

Ph-Asv)

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.

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.
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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-ASYN-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 DLE is not specified.

The Ph-AsYN-DATA indication is a primitive, which shall only be generated ence per received
DL-sympol period (tB|T).

5.5 Tyype 4: Required services
5.5.1 General

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

ordance with the

5.5.2 Primitives of the PhS
5.5.2.1 General

The gragularity of transmission in the fie larity of

PhS-us¢r data exchanged at the PhL -
5.5.2.2 PhS Transmissic

The Ph$ shall provide
PH-IDATA request (
PH-DDATA ind@
PH-DDATA confir

where

class - terface-

data-un

For a P}

START-OFACTWHTFY~H—thePhE—shat-initiate—transmission by tlallalllitt;lly Hre—assoctated 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.

For a PH-DATA indication, its possible values are
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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 — specmes the Ph mterface data (PhID) component of the PhIDU It con3|sts of one octet
3 . : athat was

igs if the
g>of idle

status -
assqciated LINK-IDLE indication indicates "30",
after] Link activity.

The PH{DATA confirm primitive provides the feedback nec
failures [such as Link short-circuit or noise resulting in
provides the critical physical timing necessary to pre
transmisgsion before the first is complete.

D report
3 DLS-uger, and
tarting a|second

5.5.3 Transmission of Ph-user daté
5.5.3.1 General

When a|DLE has a DLPDU to transmit| an i right to
transmit, G i aking a
sequenge of PH-DATA reqdests

a) In half duplex mode LPDU to
trangmit is a ion is an
immediate r@n ni request
shoyld specif AF DLPDU
from| the queue specify
START-OF-ACT

b) This TA, and
cong

The Ph t a new

PH-DAT/ PH-DATA

confirm |primiti onveys the success or failure of the associated PH-DATA request.

5.5.3.2 —Receptionof Ph-userdata

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

— asingle 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.

5.6 Type 6: This subclause has been removed

NOTE This subclause is a placeholder in this edition to minimize the disruption to existing national and multi-
national standards and consortia documents that reference the subclause numbering of the prior edition.
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5.7 Type 8: Required services
571 General

PhIDUs are exchanged between the DLL (DLL) and the PhL (PhL). For the data transfer, the
DL-Ph interface (MAC-MIS interface) shall make the following service primitives available:

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

5.7.2 Primitives of the PhS

5.7.2.1 PH-DATA request (PhICI, PhIDU)

This sefvice primitive is used to transfer a data unit from the MA IS. The
PhICI parameter determines the interface components of the interfac i ) to be
transmifted and can contain the following values:

ID_trangfer
The bepinning of a data sequence for the transmi : » i ofi/control [data is
requested.

data_transfer
The bedinning of a data sequence forhe ta

start_ID_cycle
The beginning of an identification cygle f data is
requested by the master.

start_data_cycle
The bedinning of a data cyefle f & i ster.

user_data
The transmission
(identifi

of user data defined by the PhIDU pgrameter
1) is requested.

CRC_data
The tra is9\ of\the\data” unit of checksum data defined by the PhIDU parameter is
request

CRC_sf
The transiiission of the data unit for the checksum status defined by the PhIDU parameter is
requested

[
9

user_data_idle
The transmission of user_data_idle messages is requested.

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.
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5.7.2.2 PH-DATA confirm (status)
This service primitive is the acknowledgement to a PH-DATA request primitive and is used for

synchronisation. The status parameter indicates whether the associated PH-DATA request
primitive was executed successfully or not.

5.7.2.3 PH-DATA indication (PhICI, PhIDU)

This service primitive is used to transfer a data unit from the MIS to the MAC sublayer. The
PhICI parameter defines the interface component of the interface data unit (PhIDU) to be

transmitted and can assume the following values:
i ationWl data.

ID_transfer
Indicatels the beginning of a data sequence for the transmission of identi

data_transfer
Indicates the beginning of a data sequence for the transmission ¢

user_data

The cofrect receipt of the data unit for the transmissjon 0 ta~{ /control
data or i

CRC_data

The correct receipt of the data unit fgr Z i PhiDU

parameter is indicated.

CRC_status
The corfect receipt of the d
PhIDU parameter is indica

v of the checksum status definefl by the

user_data_idle
The receipt of us

CRC_data_idle
The rec

The Ph
consists

unit. It

5.7.3 Ll Overviewof-thelnteractions

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 4 through Figure 7.

— 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.
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5.7.3.1 Data Sequence
5.7.3.11 Master

Figure 4 and Figure 5 show the interactions for a data sequence (identification cycle and data
cycle) at the DL-Ph interface of a master (controller board).

MAC MIS Network
Ph_Data.req(start_ID_cycle)

Ph_Data.con(OK)

Ph_Data.ind(data_transfer) (+)

Ph_Data.ind(ID_transfer)

Ph_Data.req(user_data, bit 1) <
Ph_Data.con(OK) sx

Ph_Data.ind(user_data, bit 1 K\GZ G >
Ph DMa g\n) \j

Ph_Data.con(O

<\m\g\ba&
2\ e oo

Ph_Data.ind(user_data; bit n)

\%_Da .ind(user_data_idle)

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

/@o

Ph_Data.req(ID_transfer)

Figure 4 — Interactions for a data sequence of a master: identification cycle
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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)

61158-2 © IEC:2010

Network

5.7.31.2

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 dﬂlge}

Q@VOA

Ph_Data. con(%\ (\\

Ph_Data. |nd(us%atg,\lt n)
\M%q( RC._data, bit 1)

\ PhzData.ing(user_datg_¥
A Mq(data_transfer)

Ph_Data.req(ID_transfer)

Slav

teractions for a data sequence of a master: data cycle

Figure 6 and Figure 7 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).
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MAC

Ph_Data.ind(data_transfer) (+)

MIS

Ph_Data.req(data_transfer) (+)

Ph_Data.con(OK) (+)

Ph_Data.ind(ID_transfer)

Network

Ph_Data.req(ID_transfer)

Ph_Data.con(OK)

Ph_Data.ind(user_data, bit 1) /

m\)

Ph_Data.con(OK)

CE’/ﬁA

m\iﬁk\

\E m_data, bit n)

O\ r oA

\Da .ind(user_data_idle)

Ph_Data.req(user_data_idle)

Ph_Data.con(OK)

Figure 6 — 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_ q( ;/ant 1)

Ph_Data. con(OK

@r&%\x

\@c\m\

\D .ind(user_data_idle)

Ph_Data.req(user_data_idle)

@o/yA

Ph_Data.con(OK)

Figure 7 — Interactions for a data sequence of a slave: data cycle

5.7.3.2 Check sequence
5.7.3.21 Master

Figure 8 shows the interactions for a check sequence at the DL-Ph interface of a master.
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MAC

Ph_Data.req(CRC_data, bit 1)

MIS

Ph_Data.con(OK)

Ph_Data.ind(CRC_data, bit 1)

Ph_Data.req(CRC_data, bit 16

Ph_Data.con(OK)

Network

Ph_Data.ind(CRC_data, bit 16)

Ph_Data.req(CRC_status, bit 1

Ph_Data.con(OK)

Ph_Data.ind(CRC_status, bit A\ (‘

Ph Mtatgblt 1

C?/ﬁA

Ph_Data. con(O )

AR
N/

Ph Data.cW)

/Erggtax@kc_gtatus, bit 16)

\Q_D .ind(CRC_data_idle)

Ph_Data.req(data_sequence)

Ph_Data.req(ID_sequence)

Figure 8 — Interactions for a check sequence of a master

5.7.3.3 Slave

Figure 9 shows the interactions for a check sequence at the DL-Ph interface of a slave.
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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 _hit 16)

Ph_Data.req(CRC_data, bit 16

Ph_Data.con(OK)

Ph_Data.ind(CRC_status, bit 1) /
Ph_| atar C& blté
Ph_Data. con(O
md(CR&.(tus bit 16
Q \m_yatu& bit 16

<w_mm>

/@ P ta.ind(CRC_data_idle)

/QA

(70

Ph_Data.req(CRC_data_idle)

Ph_Data.con(OK)

Figure 9 — Interactions for a check sequence of a slave

5.8 Type 12: Required services
5.8.1 Primitives of the PhS
5.8.1.1 General

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


https://iecnorm.com/api/?name=0c3f55af4d288a997008042f4a5a36bb

61158-2 © IEC:2010 -73 -

5.8.1.2 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 per second, including any timing tolerances;

NOTE 1 A PhE with a nominal data rate of 100 Mbit/s £ 0,01 % would specify a minimum data rate of 99,99
Mbit/s

— framing overhead — shall specify the maximum number of bit peri e period
is the inverse of the data rate) used in any transmission do not
irectly convey data (e.g. PhPDUs conveying frame delimit ‘ﬂence",
tc.).

send one
mediately

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

5.8.1.3 PhS transmission and reception servicé

The Ph$ shall provide the following seryice pri ion and reception:

— RH-DATA request (class, data);
— PRH-DATA indication (class, data);
— RH-DATA confirm (status).
where
— dlass — shall sppci

For a PH-DATA reques
— 4TART-O

ommence,;

E — reception of an apparent transmission from one or more PhEs has

ommenced;

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

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

— END-W-ERROR - the ongoing continuous correctly formed reception of Ph-user data was
disrupted with not correct formed reception implying END-OF-FRAME WITH ERROR;

— 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.

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
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PH-DATA confirm of a transmission shall not be issued until the PhE has completed the
transmission.

5.8.2 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 at PhE start-up.

5.8.3 Transmission of Ph-user-data

The PhE shall determine the timing of all transmissions. When a DLE transmits a sequence of
PhSDUgtheBtE—shattsend-the sequence of PhSBUs bymaking—= wet=formred ence of
PH-DATA requests, consisting of a single request specifying START-OF- d by 72
to 153% consecutive requests, inclusive, specifying DATA, each cg ing 3 DU, and
concluded by a single request specifying END-OF-FRAME.

The PhE shall signal its completion of each PH-DATA request\and i gccept a

new PHFDATA request, by issuing a PH-DATA confirm primitive;\th metefr of the
PH-DATA confirm primitive shall convey the success or Taj e PH-DATA
request] A second PH-DATA request shall not be issuyéd Byt PH-DATA

confirm|corresponding to the first request has been i

5.8.4 Reception of Ph-user-data

The PhE shall report a received tra PH-DATA

indicatigns, which shall consist of

ications
dication

a) a single indication sp
spegifying DATA, eag
spegifying END-OF-ERAME;

b) a s
cong
sing

RAME; optionally followed by one @r more
each conveying a PhSDU; and concluded by a

This las incomplete or incorrect reception. Detection of an error
in the s or in the PhEs reception process, shall disablg further
PH-DATA indj ) class parameter specifying DATA, or END-OF-FRAME until after both
the end iod_of’activity and the start of a subsequent period of activjty have

been re| indications specifying START-OF-FRAME.

59 T

5.9.1 Primitives of the PhS

5.9.1.1 General

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

5.9.1.2 PhS transmission and reception services
The PhS shall provide the following service primitives for transmission and reception:

— Ph-Data request (class, data);
— Ph-Data indication (class, data);
— Ph-Data confirm (status)
where
— class — shall specify the PhICI component of the PhIDU.
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For a Ph-Data request, its possible values shall be:

— start-of-activity — transmission of the PhPDUs which precede Ph-user data shall
commence;

— data — the single-octet value of the associated data parameter shall be transmitted as
part of a continuous correctly formed transmission; and

— end-of-data-and-activity — the PhPDUs that terminate Ph-user data shall be transmitted
after the last preceding octet of Ph-user data, culminating in the cessation of active
transmission.

For a Ph-Data indication, its possible values shall be:

enced;

orrectly
}ta has

octet of

Ph-user-data to be transmitted (Ph-Data request) essfully
Ph-Data indication);

— dtatus — shall specify either success or the lo¢all t failure.
The Ph{Data confirm primitive shall proxide the ssary to
inhibit the DLE from starting a secoQd trans ¢ he final
Ph-Datg confirm of a transmission sha 3 ted the
transmission.

5.9.2 Transmission of P

The PhE shall determipe the_ti 2 $ quence
of PhSIPUs, it shall sg i ence of
Ph-Datg requestg;nco a sigle request specifying start-of-activity, followedq by the
required numb i tsy” inclusive, specifying data, each convpying a
PhSDU,and conc t specifying end-of-data-and-activity.

The Ph
new Ph
Ph-Datd

of each Ph-Data request, and its readiness to gccept a
ing a Ph-Data confirm primitive; the status parametef of the
convey the success or failure of the associated Ph-Data

request -Data request shall not be issued by the DLE until after the Ph-Data

confirm } o the first request has been issued by the PhE.

5.9.3

The PhEshalt teport a received transmission with a well-formed sequence of Ph-Data
indications, which shall consist of

a)

b)

c)

a single indication specifying start-of-activity; followed by consecutive 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-activity; or

a single indication specifying start-of-activity; followed by consecutive indications
specifying data, each conveying a PhSDU; followed by a single indication specifying end-
of-data-and-activity; or

a single indication specifying start-of-activity; optionally followed by one or more

consecutive indications specifying data, each conveying a PhSDU; 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, or end-of-data-and-
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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.

5.10 Type 18: Required services
5.10.1 General

The DLL-PhL interface need not be exposed in the implementation of a Type 18 PhE. This
interface may be internal to the node and may be implemented as internal to a semiconductor
device.

5.10.2 rPrimitivesof-thePhS

5.10.2.1 General

The grahularity of PhS-user data exchanged at the DLL — PhL interfa

5.10.2.2 PhS transmission and reception services
The Ph$ shall provide the following service primitives fo

— RH-DATA request (class, data);
— PRH-DATA indication (class, data);
— RH-DATA confirm (status).

where:

e clasjs - specifies
Ph-ipterface-data-unit

(PhICI) component |of the

For a Pi-DATA request, possib

- START-OVI Nissie e PhPDUs which precede Ph-user dgta shall
ommence

ffe associated data parameter shall be transmitted as

- 2 i WPDUs that terminate Ph-user data shall be transmitted after
of Ph-user data, culminating in the cessation of active

For a PH-DATANndicatjon, possible values of class are:

— 4TART-OF-ACTIVITY — reception of an apparent transmission from one or more PhEs has

pu |
CUTTIiecriveu,

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

— 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

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

and

o status — shall specify either success or the locally detected reason for inferring failure.

The PH-DATA confirm primitive shall provide the critical physical timing feedback necessary to
inhibit the DL-user from starting a second transmission before the first is complete. The final
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PH-DATA confirm of a transmission shall not be issued until the PhE has completed the
transmission.

5.10.3 Transmission of Ph-user-data

The PhE shall determine the timing of all transmissions. When a DLE transmits a sequence of
PhSDUs, the DLE shall send the sequence of PhSDUs by making a well-formed sequence of
PH-DATA requests, consisting of a single request specifying START-OF-ACTIVITY, followed by a
series of consecutive requests specifying DATA, each conveying a PhSDU, and concluded by
a single request specifying END-OF-ACTIVITY.

The PhE shaII S|gnal its completlon of each PH- DATA request and its readmess to accept a
new PH ' mete]
PH-DAT/
request
confirm

5.10.4

The PhE shall report a received transmission with a Wwe , PH-DATA
indicatigns, which shall consist of a single indication specifyi - ; bwed by
consecytive indications specifying DATA, each conveyi i
indicatign specifying END-OF-ACTIVITY.

6.1 General

This intgrface provides sérvices to the RhL, i initialisati election
of options.

One of the objectives x
redundgnt chan g. " modulation techniques, etc. A general

System$ manage ( i specified which provides the services requiired by
implementations \ rati S¥rvices provided by this interface are specified in 6.2
through \

optics,
form of

The complet management services can only be used when the device is|directly
coupled ium.\In the case of actively coupled equipment (e.g. active foupler,
repeatef i odem, opto-electronics, etc.) some of the services can be implicit
to the agti \Moreover, each device can use a subset of the described primitiyes.

NOTE Alnumber of different Systems management — PhL interfaces are specified, based on industry praftice.

6.2 Type 1: Systems management — PhL interface

6.2.1 Required services

The minimum service primitive for PhL (PhL) management shall be:
a) PH-RESET request — reset of the Ph-layer.

The following additional services may be provided:

b) Ph-SET-VALUE request/Ph-SET-VALUE confirm — set parameters;
c) Ph-GET-VALUE request/Ph-GET-VALUE confirm — read parameters;
d) Ph-EVENT indication — report Ph-layer events.
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6.2.2 Service primitive requirements
6.2.2.1 PH-RESET request

This primitive has no parameter. Upon reception of this primitive the PhL shall reset all its
functions.

6.2.2.2 Ph-SET-VALUE request (parameter name, new value)

If this primitive is used it shall allow Systems management to modify the parameters 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.

Table 4 — Parameter names and values for Ph-SET-VALUEleques
(N

Parameter name Range of vaIuQ/s\
Interface mode e FULL_DUPLEX
e HALF_DUPLEX

Loop-back mode e DISABLED
ein MDS at
ein MAU ear li ection

Preamble extension ¢ 0. 7 ( rea b e exte sion ences)

Post-transmission gap extenw /( 7\9%/ r(é}V se\%nces

Maximum inter-channel sigr&sk}ux \O..? &Qap e&{enggn égc{uences)

Transmitter output channel N ENABL
(1<N<8) o DISABLE
Receiver inpmnel N \ o N%EEE/
(1 <N<8) /\ « DISABDED
PreferreWnK o\l‘\lgg;lE

LN
Not all im

NOTE 1 parameter, and some may need more.

NOTE 2 the basic and extension sequences of PhPDUs to bg sent as
preamble ays prefixed to the basic sequence.

NOTE 3 es the lengths of both the basic and extension sequences| of post-
transmiss i i nsmitter should be silent.

NOTE 4 default value at reset is minimum preamble (no extension), minimum post-
transmiss| ), full-duplex interface mode, not in loopback, with all transmit and receive| channels

enabled, and with ‘no preferred receive channel.

6.2.2.3 i )
This primitive has a single parameter indicating the status of the request: Success or Failure.

If this primitive is used it shall acknowledge completion of the Ph-SET-VALUE request in the
PhL.

6.2.2.4 Ph-GET-VALUE request (parameter name)

If this primitive is used it shall allow the Systems management to read the parameters of the
PhL. The parameter shall have one of the names given in Table 4.

6.2.2.5 Ph-GET-VALUE confirm (current value)

This primitive is the response of the PhL to the Ph-GET-VALUE request. If this primitive is used
it shall have a single parameter reporting either the failure of the request — Failure — or the
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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.

Table 5 — Parameter names for Ph-EVENT indication

Parameter name

DTE fault

DCE fault

NOTE Aldditions to Table 5 are possible if required by specific implementati

6.3 Tlype 3: Systems management — PhL interface

6.3.1 Synchronous transmission

The serjices and the service primitive require
6.2).

Typé 1 shall be uged (see

6.3.2 Asynchronous transmission
6.3.2.1 General

This and the following $ubcls i nronous
transmisgsion and a Phh

The seryice mo
descriptions; the
Service

ISO/IEQ
interact

abstract

epresent service user/service provider interactions (see
that indicate information available in the user/provider

This Ty arduses a tabular format to describe the component parametefs of the
PhMS pgrimiti ble consists of up to three columns, containing the nam¢ of the
service , and a column each for those primitives and parameter-transfer directions

used by|the PhMS:

— the request primitive’s input parameters;
— the indication primitive’s output parameters; and

— the confirm primitive’s output parameters.

One parameter (or part of it) is listed in each row of each table. Under the appropriate service
primitive columns, a code is used to specify the type of usage of the parameter on the
primitive and parameter direction specified in the column:

M — parameter is mandatory for the primitive.

(blank) — parameter is never present.
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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

c) Notification of unexpected events and status changes of the local PhE

6.3.2.3 Overview of services

Ph N = | ) £ Ll H - N ) DL
-Mmanggement proviges e Tonmowimg—Services to the N

a) Reset
T :EhE. A
reset is equivalent to power on. The PhMS-user receives @ .
b) $et Value
T he PhE.
The PhMS-user receives a confirmation whethe ifi ari een set
tp the new value.
c) Get Value
This service enables Ph-mana S of the PhE. The r¢sponse
af the Ph-management returns t
d) Event
Rh-management employs this s vents or
grrors in the PhL.
The sef lue are
optionall.
6.3.2.4
Ph-man mitives are summarized in Table 6.

y of Ph-management services and primitives

s Sé\\w&e \ Primitive Possible for the following stations

R\eset PhM-RESET request Master and slave
PhM-RESET confirm

Set Value |PhM-SET-VAIUE request Master and slave

PhM-SET-VALUE confirm

Get Value [PhM-GET-VALUE request Master and slave

PhM-GET-VALUE confirm

Event PhM-EVENT indication Master and slave

The temporal relationships of the Ph-management primitives are shown in Figure 10 and
Figure 11.
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Master or Slave Master or Slave
station 1 station n
User PhL

PhM-XXXXX req

A 1]

 PhM-XXXXX cnf

Figure 10 — Reset, Set-value, Get-value

Master or Slave Master or Slave

station-4

station-n.

6.3.2.5 Detailed specification of services a

6.3.2.5.1 Reset

6.3.2.5.1.1

The Ph]
the PhH
enabled}
passes
the corr

6.3.2.5.

Table 7

Function

User

PhM-EVENT ind

Figure 11

— Reset primitives and parameters

PhL

— Event sg

to reset
| output:
gement
bilure of

PhM-RESET| Request Confirm

PhM-Status

Pa\\ameter name input output
Ruf1-STATUS M
NOTE—The methodby whichr—=—comnfirm primmitive Ts—corretated—with

its corresponding preceding request primitive is a local matter.

This parameter specifies the status of the execution of the associated service request.
Permitted values for this parameter are specified in Table 8.

Table 8 — Values of PhM-Status for the Reset service

ﬁg::lret Status Definition T;::fnoar:;)r(‘t(t()p())r
OK success | The Reset function was carried out successfully -
NO failure The Reset function was not carried out successfully t/p
v failure Invalid parameters in request --
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6.3.2.5.2 Set 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.

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 paramet/\d

PhM-SET-VALUE | Request cBqur
t

Parameter name input M\
Variable_name (1 to 3) l\( \ \‘
Desired_value (1 to 3) /M\ N \

PhM-STATUS (1 to 3)

NOTE The method by |ch a confirm e i rreI d with
its corresponding prec requ ri tlve ocC

This arrpy parameter specifies one or\mo i 1 fo 3) that are to be assigned values
from thé corresponding _ parameter. The selectable vjriables

are opefl

Variable_name

Op%ting parameters
A
AN Name TN Definition
ﬁ«ins\{it\a%ou ut Transmitter output
We}\&g}e\l s}urce Receiver input

The transmitter output is directed to the
\ receiver input and not to the medium

?

Desired_value

This array parameter bpcuifica the—actuatvatvetobewrittentothe—varabtes (1 to 3) that are
specified by the Variable_name parameter. This parameter specifies a list of one or more
(1 to 3) new values for the specified PhE-variables. The permissible value or range of values
for each of these variables is specified in Table 11.
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Table 11 — Permissible values of PhE-variables

Operating parameters

Variable 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 arrfay parameter specifies, for each variable in the correspondi
that component of the requested service. Permitted values for the(i
this arrdy parameter are specified in Table 12.

Table 12 — Values of PhM-Status for the <valu se Vi

tatus of

>ents of

SHort Temporary|((t)
name Status Definition or
permanent [p)
oK success | The variable has be;rf\t to tye\&gew value ( -
N failure | The variable does n\\eX|\t\Q\s\uId >\Qt be\t to th#new value t/p
v failure |Invalid parameters in/peéuest \ --
6.3.2.5.3 Get Value
6.3.2.5.8.1 Functio

The Ph vls-user
current | value ofonpe

Ph-manpgement trig

passes
failure
more of

6.3.2.5.

Table 18 indicates the\primitives and parameters of the Get Value service.

Tablo 13 — Getval rniti . |

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

NOTE The method by which a confirm primitive is correlated with
its corresponding preceding request primitive is a local matter.

Variable_name

ead the

les and
cess or
one or

This array parameter specifies one or more variables (1 to 3) whose values are to be read.
The variables that may be selected are specified in Table 10.
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Current_value

This array parameter specifies the actual value of the (1 to 3) variables that were specified by
the Variable_name parameter of the corresponding request. The permissible value, or range
of values, for each of these variables is specified in Table 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 correspondi
about thie execution of the service. Permitted values for this

nfirmation
in Table 15.

Table 15 — Values of PhM-Status f

the
N
Short \) Temporary (t)
name Status Definjtio Q or
(\ permanent (p)
)JOK success | The variable could\bs rek({ --
NO failure | The variable doeg not exist orcould not be read. t/p
The corresponding vaIQ\s{Cu n vaI is not defined
v failure \(ﬁa}waf{nﬁm&\q re -
A \)

6.3.2.5.
6.3.2.5.4.

The PhE
passes
in the P

it has detected an event. After that, Ph-manggement
e to the PhMS-user to inform it about important events

6.3.2.5. imitives and parameters

Table 16 indi s the\primitive and parameters of the Event service.

Table 16 — Event primitive and parameters

PhM-EVENT | Indication
Parameter name output
Variable_name (1 to 2) M
New_value (1 to 2) M

Variable_name

This array parameter specifies one or more variables (1 to 2) whose values were changed.
The variables that may be present are specified in Table 10.

New_value

This parameter specifies the new value of the variable. The various values are shown in Table 17.
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Table 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 seryice primitive requirements are specified in 6.2.2 with the follQ

The parpmeters specified in Table 4 are not supported.

hown in
gpend on the actual

The parpmeters that can be modified and read by the
Table 18. Supported values and default value for/ ea
medium|and implementation.

Table 18 — Paramet é{\ﬁc&alu [

Parameter n éx\ge values

Interface mqde WEX

DUPLEX_RS232
FULL) DUPLEX_UDP

(BN
audxate 230400
(Kkaud
76 800
38400
19200
9600

6.5 Ty

NOTE This subctause is\a placeholder in this edition to minimize the disruption to existing national §nd multi-

6.6 Type-8—Systemsm anagemen
6.6.1 Functionality of the PhL Management

The management of the PhL is the part of the PhL that produces the management
functionality of the PhL that are demanded by the PNM1. The management of the PhL
handles the initialisation, the monitoring, and the error recovery in the PhL.

6.6.2 PhL-PNM1 Interface
6.6.2.1 General

This subclause defines the administrative PhL management services that are available to the
PNM1, together with their service primitives and associated parameters. Figure 12 shows the
interface between PhL and PNM1 in the layer model.
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— Rej
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6.6.2.2

The Phlj

— Res
— Set
— Eve

Reset P

The PN

executiq

Set Val
The PN

PNM1 g

values.

Get Val
The PN

variable{j

Event P
The Phl

6.6.2.3

- 86 — 61158-2 © IEC:2010

Application layer

Data-link layer

Physical

Physical layer management
PNM1 services

Medium

Figure 12 — Interface between PhL and PNM1 in the layer model

vice interface between PhL and PNM1 provides the following functjons:

et of the PhL
uest and change of the current operating parameters of the

cation of unexpected events, errors and status chafg
pcted in the PhL

Overview of the Services
makes the following services available to t

bt PhL
VValue PhL or Get Value PhL
nt PhL

ie PhL (option

f the PhL rég

uses’ this vice to inform the PNM1 user about certain events or errors in th

pr were

h. Upon

M1 uses lues to the PhL variables. Upon complefion, the

he new

defined

r: PhL.

Overview of the Interactions

The PhL services are described by the following primitives (beginning with Ph-...):

Reset PhL

PH-RESET request
PH-RESET confirm

Set Value PhL

Ph-SET-
Ph-SET-

VALUE request
VALUE confirm

Get Value PhL

Ph-GET-VALUE request
Ph-GET-VALUE confirm
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Event PhL
Ph-Event indication

Figure 13 and Figure 14 show the time relations of the service primitives.

PhL PNM1

Ph_XXX.req

Ph_XXX.con

Ph_Evént\n G

Figure (14 — L service

6.6.2.4 Detailed defi and fnteractions

6.6.2.4.1 PH-RESE

The PH{RESET ig
PhL to reset it (see
able 19 — PH-RESET

Figure 13 — Reset, Set-value, Get-value PhL s %
PhL PNM1

1 transfers a PH-RESET request primitiy

\ \\ar/a}neter name Request Confirm

</\ ment M
rMResult M

6.6.2.4. Ph-SET-VALUE

e to the

The Ph-SET-VALUE service is optional. The PNM1 transfers a Ph-SET-VALUE request primitive
to the PhL, to set a defined Ph variable to a desired value. After receipt of this primitive, the
PhL tries to select the variable and to set the new value. Upon completion, the PhL transfers

a Ph-SET-VALUE confirm primitive to the PNM1 (see Table 20).

Table 20 — Ph-SET-VALUE

Parameter name Request Confirm
Argument M
variable_name M
desired_value M
Result(+) M
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This parameter defines the PhL variable that is set to a new value.

desired_value:

This parameter declares the new value for the PhL variable.

Table 21 provides information on which PhL variable may be set to which new value.

Table 21 — PhL variables

Name of PhL variable

loopba¢k_mode:

This pa
or to the

ameter define
medium.

Parameter structure:

— intert
Defin

— statup

This

not (disabled). Afte

NOTE A

ace number

es the number of the incoming(and futg'
parameter defines_whethier the receivre cik

master has a

mediun

iuup'ua\.,'r\_llluu't:
medium_attachment
bus_ interfaces

short_ bus_reset_time
long_bus_reset_time
data_select

s whether the receive circuit o Ohis\ta ed to the send circuit

ace (see Figure 15).
i of the MAU is connected (enabled) or
equivalent to "enabled".

Outgoing
interface

Interface number = 1

Interface number = 2

Outgoing
interface

re 15 — Allocation of the interface number

ys the interface number = 2.

—attachment:

This parameter indicates whether the MAU is coupled to the transmission medium. This is
done by detecting whether a connector is plugged to the outgoing interface.

Parameter structure:

— interface number
Declares the number of the bus interface (see Figure 15).

— attac

hment

This parameter defines whether the interface is connected to the transmission medium.

bus_interfaces:

— interface number
Declares the number of the bus interface (see Figure 15).
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— interface type
Defines the type of the physical interface and the transmission medium:

e Incoming interface, 2-wire
¢ 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 patameter indicates a Reset_ PhPDU or a medium_activity_ status
transmigsion medium for a passive outgoing MAU (loopback mode= disable)

Parameter structure
— interface number
Defines the number of the bus interface (see Figure 15):

— coupling
Disable: A reset PHPDU is transmitted on the (ra
Enable: The medium activity status PhP i

6.6.2.4.8 Ph-GET-VALUE

PDU i ser]t on the

medium

The Ph{GET-VALUE service is optional.{Th s a Ph-GET-VALUE request primitive

to the PhL to read out the S 8 i variable. After the PhL has 1
i ahd to transfer the present valug

this primitive it tries to

PNM1 bly means of a (see Table 22).

h-GET-VALUE

Request Confirm
M
M
M
M

variable_na

This pafameter defings the PhL variable the value of which is to be read out.

eceived
to the

current_value:

This parameter contains the read-out value of the PhL variable. The PhL variables to be read

are those variables that can be written to with the Ph-SET-VALUE.

6.6.2.4.4 Ph-EVENT

The Ph-EVENT service is mandatory. The PhL transfers a Ph-EVENT indication primitive to the

PNM1, to inform it about important events or errors in the PhL (see Table 23).
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Table 23 — Ph-EVENT

Parameter name Indication
Argument M
event M

event:

This parameter defines the event that occurred or the error source in the PhL and may
according to Table 24 have the following values:

Table 24 — PhL events

(

Name Meaning /\\

stop_bit_error Stop bit error detected in the MDS sublayé/r\
medium_attachment | The medium attachment changed atmjﬁginh\w

6.7 Tlype 12: Systems management — PhL interface

6.7.1 Required service

The minimum service primitive for PhL
PH-RESET request — reset of the P

6.7.2 Service primitive PH-RESET r,

This primitive has no paraf
functionjs.

6.8 Tlype 18: Syste
6.8.1 Generaé
The Syq
Type 18

interface

grface need not be exposed in the implementatjon of a
ternal to the node and may be implemented as|internal

6.8.2

The minimumysegrvice\primitive for PhL management shall be:

a) KHSRESET request — reset of the Ph-layer;

b) Ph-SET-VALUE request — set parameters.
6.8.3 Service primitive requirements
6.8.3.1 PH-RESET request

This primitive has no parameter. Upon reception of this primitive the PhL shall reset all its
functions.

6.8.3.2 Ph-SET-VALUE request (parameter name, new value)

This primitive shall allow Systems management to modify the parameters of the PhL.
Standard parameter names and value ranges are given in Table 4.

Not all values are supported by all Type 18 PhE variants. Baud rate limitations are associated
with the Type 18 MAU variant implemented.
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7 DCE.independent sublayer (DIS)

Table 25 — Parameter names and values for Ph-SET-VALUE request

Parameter name Range of values

Baud rate (kbaud/s) 10 000
5000
2500
625
156

7.1 QGeneral

The PhL entity is partitioned into a Data Terminal Equipment 3 a Data
Commuhication Equipment (DCE) component. The DTE componend i i he DLL
entity, and forms the DCE Independent Sublayer (DIS). | . a Units
across fthe DL — Ph interface defined in Clause 5, and p ersions
between the PhIDU "at-a-time" viewpoint of the DL — Ph-inte ewpoint

required for physical transmission and reception.

This sublayer is independent of all the

speed,
design

oding and/or modulation,

ation Data Communication Equipxen

NOTE Alnumber of different DIS entities are sppecifi basad oW try practice

7.2 Type 1: DIS %

The DI$ shall seque : of the PhID as a sequence of serial HhSDUs.
Similarly, the DIS shall forn eported to the DLL from the sequence of feceived

serial PhSDUs.

The PhID shall be efice of PhSDUs for serial transmission in octgts up to

epresenting more significant octets of the PhID shall be

sent before o PhSDU representing less significant octets and slch that

esenting a more significant bit will be transmitted befgre or at

the samle i esenting a less significant bit. On reception, each sequence of

NOTE
7.3
7.3.1

; d to PhID such that, in the absence of errors, the PhIDU ipdicated
ecen ity shall be unchanged from the PhIDU whose transmiss|on was

Thisns a guarantee of transparency

Type 3: DIS

Synchronous transmission

The DCE Independent Sublayer (DIS) specified for Type 1 shall be used (see 7.2).

7.3.2 Asynchronous transmission

There is no DCE Independent Sublayer (DIS) for asynchronous transmission.

7.4 Type 6: This subclause has been removed

NOTE This subclause is a placeholder in this edition to minimize the disruption to existing national and multi-

national standards and consortia documents that reference the subclause numbering of the prior edition.
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7.5 Type 8: DIS
7.51 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

e to the
d [through

sublaye
MDS. On the other hand |t forms the PhIDU of a PhSDU, which has
the MISFMDS interface, and transfers it via the DL-Ph interface to the

In additjon, the MIS allows transmitting a PhSDU between twg S 3 ¢ MIS-MDS
interfacé (MDS coupling).

The MIS$ may consist of several channels that are con 'gur i . One ch@nnel is
used to|transmit the PhSDU to the MDS and to tra ugh a PhIDU to the
MAC suplayer. All other channels are used to tra two MDS sublayers.

7.5.3 Serial transmission

For the|serial transmission a sequence—~of PR| all be converted into a sequence of
PhSDUs. A PhSDU that represents a mom@ ifi it is transferred after a PhSPU that

represents a less significa
When it|is received eap , C DUs shdll be converted into a sequence of [PhIDUs
so that g i ach a way corresponds to the one| that is

7.5.4

When M and have the same or different characteristics (alternative
type of hSDU that is received from a MDS through the MIS-MDS
interfac e MIS-MDS interface to another MDS.

In this c iti buffer a received PhSDU.

Figure 16 Figure and Figure 18 show possible configurations for the bus master and
slaves using the 2-wire medium and an alternative type of transmission

Data Link Layer
MAC
MIis
MDS Physical Layer
| MAU |
\ 4

Outgoing interface 2-wire

Figure 16 — Configuration of a master
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MAC Data Link Layer
MIS
MDS Physical Layer
MAU AU
N N
W A\ 4
Incoming Outgoing
interface interface
2-wire alternative type of transmission

-n

igure 17 — Configuration of a slave with an alternative ty

MDS Physical Layel
MAU
N
\ 4
Incoming
interface
2-wire, type of transmission

tra sﬁ?qn

Figu atiol S b ith an alternative type of transmigsion

7.6 T

The DI
Similarl
serial P

The Ph
minimur

hSDUs.
eceived

5 from a

For the| serial tra iIssion a sequence of PhIDUs shall be converted into a sequ
PhSDUs$ NA“PhSDU that represents a more significant bit is transferred after a PhS

ence of
DU that

represents a less significant bit.

When it is received each sequence of PhSDUs shall be converted into a sequence of
so that the sequence of PhIDUs formed in such a way corresponds to the one
transmitted from the MAC sublayer to the PhL.

8 DTE - DCE interface and MIS-specific functions

8.1 General

PhIDUs
that is

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
within the MIS. (See Figure 1.)

is itself
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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.

For Type 3 synchronous transmission mode, Type 1 and Type 7, the DTE — DCE interface is a
functional and electrical, but not mechanical, interface that supports a set of services. Each of
these services is implemented by a sequence of defined signaling interactions at the
interface.

8.2 Type 1: DTE - DCE interface

8.2.1 Services

8.2.1.1 Overview \
The following services, defined in this subclause, shall be supp by \hexPTE|{- DCE
interface:

a) IDTE to DCE reset service;

b) IDTE to DCE configuration service;

c) DTE to DCE message-transmission service;

d) DCE to DTE fault notification service;

e) [DCE to DTE media-activity indication se

f) [DCE to DTE message-reporting. serwc

8.2.1.2 DTE to DCE reset service

This sefvice shall provide z
initial (power-on) state.

any time, can reset the DQE to its

8.2.1.3 DTE to DC

This serfvice ﬂ@» id whichrthe DTE can configure various characterjistics of
the DCH, includiny tf i . Ph-SET-

VALUE rpquests ( dlso provide a DCE-optional means by which the DTE
can initipte reporting\of\D pre-emptive use of the DCE to DTE message-rgporting
service.

8.214 essage-transmission service

This se a means by which the DTE can transmit a message through the
DCE to |either the.conhected medium (media), or back to the DTE, or both, as determined by
the currentoperatiorial values of the parameters specified in Table 4. The DCE shall|{provide
the pacirgferthisservice:

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.

8.2.1.5 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.

8.2.1.6 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 signaling from itself or
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other Ph-layer entities. While loopback is enabled, this service reports only the signaling of

the DCE itself.

When the DTE — DCE interface is in half-duplex mode and loopback is not enabled, this
service need not report media activity resulting directly from the DTE to DCE message-

transmission service.

8.21.7 DCE to DTE message-reporting service

This service shall provide a means by which the DCE reports the receipt of a sequence of
PhPDUs from any one of the connected media for which receiving is enabled. This service
terminates with an indication of whether the sequence of received PhPDUMas well formed.

Errors ipthe Sequence, nciuding number of PhPDUS such that they coufd
correct ffransmission resulting from an invocation of the DCE to DTE
service ghall be reported as a malformed (erroneous) sequence.

NOTE Efrors in the octet alignment of a received end delimiter with respect to~the\preo
not separfated by an integral number of octets of data bits) must be reported &

When the DTE — DCE interface is in half-duplex mode 4nd
service [need not report the message transmitted by the
service.

8.2.2 Signaling interfaces

8.2.2.1 Overview

Two sidnaling interfaces are defined for Type\l The first interface existed

editions| of this standard and is ret
implementations. It is defined.in

bility, although there

The seg¢ond interface

signals,|or equivalent,
the DTH and in @.

NOTE T

ial peripheral interface (SP

8.2.2.2 ign istoric version from prior editions)
8.2.2.2.

If the D

Table 26 — Signals at DTE — DCE interface

Tave
ge-trang

fpiter (i.e.,

‘and FIFOs in the DCE are read and w

are ng

I) proto

been a
mission

ed, this
mission

in prior
known

col and
itten by

Signal Abbreviation | Source
Transmit Clock TxC DCE
Request-to-send RTS DTE
Clear-to-send CTS DCE
Transmit Data TxD DTE
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
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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.

Table 27 — Signal levels for an exposed DTE — DCE interface

Symbol Parameter Condition Limit Unit Remark

VoL Maximum low-level output [lg5,t = +100 pA 0,1 \ see Note 1
voltage

lout=+1,6 mA |04

VoH Min. high-level output lout = £100 pA Vpp — 0,1 \ see Note 1

\lnlfngo
\gee Nch&
/\\
e

lout=-0,8 A [Vpp-0,8

\%
ViL Max. low-level input 0,2 Vpp
voltage

Viu Min. high-level input 0,7 Vpp
voltage

NOTH 1 Provides the capability to drive two typical CMOS loads.

NOTH 2 CMOS input compatibility with TTL output requires

NOTH 3 Compatible with CMOS output for 3,0 V <
(4,75 V < Vpp < 5,25 V) requires a "pull-up smtorM

pD-

butput

The tim for the
relevant ansition
time be hever is
smaller. nominal
PhSDU [rate.

An implementati (o] mit and
receive |(TxC an pported
PhSDU [rate of the DTE

NOTE T Protocol
Implemen

8.2.2.2.

The TragnsmitClock si i i i imi ignpl, such
that any secutive full cycles of this signal shall have the same octet period as the

nominall transmit period for one data octet. The DCE shall source this nominally twp-phase
Signa| such-that each phncn has duration of at least ﬂ,ﬂA |5)

NOTE This specification permits TxC to be a continuous, constant-period clock at the nominal bit rate (8 times the
nominal octet rate) with a duty cycle of 32 % to 68 %, or for TxC to be a higher-frequency clock with some cycles
omitted and with a duty cycle closer to 50 %. This permits, for example, simple clocking in a DCE that recodes
each 4 bits into 5 bauds; the 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.

8.2.2.2.3 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.
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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.

8.2.2.2.4 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.

8.2.2.2.5 Transmit Data (TxD)

The Tra i i , ! i and message-
transmigsi ices. Bi i i ; ]y ?of the
latter tw xD and
a binary

The DT service
active) s

When re¢ferenced to TxC at the DTE — DCE inte is/sf S inimum setup
time of { 0,05 7t

8.2.2.2.6

The Recgeive Clock signal i i i- linuous)
nominally two-phase timigg si ines the timing of information being reported via the
RDF signal. The DCE shall S Si sich that, where RxC is defined to be
meaningful (see 8.2.2.5 8 S s_duration of at least 0,04 P.

NOTE This specif' inal octet
rate) with|a duty cycle o ith a duty
cycle cloder to 50 %. Thy received
5 bauds; hnd 60 %,
and would

This specjfi uences of
PhPDUs,

RxC sha

8.2.2.2.y Receive’Activity (RxA)

The ReceiveActivity (RxA) sigmat—sthatt—supportthe DCEto DTE fault notification; media-

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

8.2.2.2.8 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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8.2.23 Encoding of services in signals
8.2.2.31 Summary

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 19, which is included in this
standard for explanatory purposes and does not imply a specific implementation.

N N

no \ RTS ‘{ sending
activity header

\

sending
trailer

recover
clock

N

~—

accept
frame

receive
data

recognize
start of frame

RDF inversion
after RxCl

RDF inversion
after RxCl

Receive machine

Figure 19 — DTE/DCE sequencing machines
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8.2.2.3.2 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 the [DTEs own Vpp is below normal operational limits. )

NOTE 3 |[This reset is under the control of the DTE. It does not preclude the exister
the DCE.

If the D
DTE to
an inter

signal t
potentij)

8.2.2.3.8

This sefvice is mutually exclusive whit ! t and message-trangmission
serviceg; at most one of them may be astiveNat™s i . This service may inifiate the
DCE to |DTE message-reporting servic Rternal status The DTE to DGE reset
service '

This sefvi i ed i eéach of the latter two phases shgll follow
immediately upon completion i

NOTE 1 |These p
DCE mesage-trans e
complexity on the DTE a d DGE.

1) The i 3 after the falling edge, and before the rising ¢dge, of
TxC sspond byanticipating configuration data.

2) When jti juration data from the DTE, the DCE shall raise CTS beffore the
fallin e DTE shall respond by encoding the first bit of configuration data
(1 a TxD before the falling edge of the next TxC, and shall ¢ontinue
this withgut Thterruption until between 2 and 200 bits of data (see 8.2.2}4) have
been so(encoded,/ The DTE shall then assert (raise) TxD and negate (lower) RT$ before
the flalling edge of the next TxC.

ior variation on the three phases specified for tHe DTE to
e DTE to DCE configuration service induces very liftle added

NOTE 2 The DTE should ensure that TxD is raised at least one setup time before RTS is lowered, 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 8.2.2.4.
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 8.2.2.4).

8.2.2.34 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.

a) 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.

b) 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 Jowered, to,avoid potential

logic hazards in the DCE implementation of the DTE to DCE reset service.

c) The|DCE shall conclude transmission of all of the encoded trans ied from
the |DTE, shall then generate and transmit the appropri of end
delimiter PhPDUs, and shall then cease transmission. The DC ! amount
of time equal to the configured minimum post-trans [ before
negating (lowering) CTS, which shall occur after a fallidg etge, ajd befo e the next falling
edge, of TxC.

8.2.2.3.5 DCE to DTE fault notification service

This sefvice shall be mutually exclusj¥e wi ) @E ion and

messagp-reporting services; at most\one\o mawbeactive at any given time. This

service ) 3 indi -reporting
services

This se S8 F. Once

assertedl by the DCE, thissi S i ivati ither the

DTE to ORfi ion gexyi

NOTE This i

The DC ination of

the DC DTE is

responsjible for a

8.2.2.3.

This sefvi ost one

of them at any given time. The DCE to DTE fault notification service may pre-

empt this service y time.

This service shall be encoded as a high level on RxA. Once asserted 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.

8.2.2.3.7 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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8.2.2.3.71 Non-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 signaling on RxC and RDF, they do
meet these conditions.

a) After detecting received signaling, training on that signaling, and recovering a data clock

fro that eignnling whose nominal octet frpqupnr‘y is the same as TxG. the DCE shall
initigte the DCE to DTE message-reporting service by sourcing that|recoveted-glock on
RxC| and then negating (lowering) RDF after the rising edge, an t falling
edge, of RxC.

NOTE 1 |RxA is already asserted at this time.

b) The|DCE shall continue training and attempting to match.th @inst its
expégcted preamble and start delimiter PhPDUs.
If thm DCE supports N channels of redundant medi identity
of the channel from which the signaling is bg channel
numper, in the range 0 to N-1, as a binary nu iffcant bit
first|during reception of the last three of t eported
on RDF shall be presented in seri i i edges of RxC, each before the
immediately subsequent falling edg \
Upon detecting an exact match bg ed start
delimiter, the DCE shall invert RD alling edge, and before the next rising edge,
of RKkC.

NOTE 2 ur during

the low phase of \1,\2 whigh™ fer) bit of

the chann

c) The against
pote]
The . [The bits
repo )2, each
befo ese bits
shal itted by
a peg

NOTE 3 |This
An CE may
repart.similarly on RDF each data bit decoded from an end deI|m|ter and may regort also
on from an

end del|m|ter except that

1)

the total number of "bits" so reported shall be seven or less, and

2) upon detecting an exact match between the received signaling 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 ed

ge, 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.

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.
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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.

d) 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.

8.2.2.3.7.2 Erroneous reception

An error may be detected during any phase of the reception process described in 8.2.2.3.7.1.
When that occurs, the DCE shall modify its sequencing of those phases as follows.

If the DCE should detect invalid PhPDUs, or an invalid sequence of PhP alid end
delimite i s by an
integral|number of data-octets of PhPDUs; and if the DCE can establi id si on RxC

(for example, by substituting TxC or some other local signal for the & purce, if
necessary); then

a) if phiase 2 has not already been initiated, the DCE shall im i inify P

b) if prE\se 2 has not already been concluded, the DCE ¢ aI i X ~ bhase 2
as rapidly as possible, ignoring the requirement for s B St imiterPhPDU
sequence;

 before
ge, and

c) otherwise, the DCE shall immediately negate
the mext falling edge, of RxC, and the
before the next rising edge, of Rx&.

NOTE This sequence permits the DCE to
— enabl¢ DTE use of RxC;

— identif
— indica

When the DCE pas \ b , ate and
possiblg, i i 3

8.2.24
8.2.2.4.
This supclaus ofi i i i , ardized
portion [o i confrguration messages. Standardized messages cover the ranges of
apphcaton of\this i tendible

erve to
(a DCE

initiate the,DCE to DTE message-reporting service to report DCE- mternal status
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;

11 — extendible status-report invocation message.
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8.2.2.4.2 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-reporting services;

NOTE 1 This mode is desirable for dual-channel media such as fiber-optic-pair cabling. Seme DTEs may only be

able to oderate in this mode.

1 Two-way alternate (half-duplex), where an invocation of the essage-
transmission service does not automatically activate the DZE ia-activity
ihdication and message-reporting services;

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

to operatg in this mode.

b) the ing service, ¢ncoded
in ty i ation of
the n on all
attagq wo-way
simy
00 d 2.4.3 b)

E

01 i

10 lpopback as close/as possib 5sion to
gonnected media, ¢ i mission
dervice automa essage-
reporting servides;

NOTE 3 |This mod
11 Ipopback a c sion to

g invocation of the DTE to DCE message-trangmission
S the DCE to DTE media-activity indication and message-
r

NOTE 4 i for self-assessment before entry to an operating network.

c) the i he preamble, which is the initial sequence of PhPDUs [in each
trangmissi shonld be extended. Its range is zero to seven units of extension, ¢ncoded
in th i s 0 (000) to 7 (111). The value for this parameter after activatign of the
DTE te’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).

8.2.243 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:

a) two bits of zero (00), which provide quartet and octet alignment within the message for the
following fields;
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the algorithm for choosing between redundant media as the source of received signaling
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 signaling
which is suitable for receiver-training is detected;

1000 to 1111 (=7 + N, 1 < N < 8) — The Nth medium should be selected, except when
signaling 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 8.2.2.4.2 d), in
which case that other medium should be selected;

the selection of whether reception is enabled (0) or inhibited (1) on each of eight or fewer
redundant media, coded in eight consecutive bits for channels 1 through 8, respectively
(see ‘ i fvati DTE PDGE reset

ce is 0000 0000;
the pselection of whether transmission is enabled (0) or inhibited

fewgr redundant media, coded in eight consecutive bits fox cha Dugh 8,
respiectively (see Table 4). The value for this parameter after ivati * to DCE
reseft service is 0000 0000;

the jamount of post-transmission gap extension due<to pefe 3 petween
redundant media. Its range is zero to seven units ¢ nsi i ata bits

as 0/(000) to 7 (111). The value for this paramete i LE reset
servjce is 0 (000) (see 8.2.2.4.2 d), 8.2.2.4.3 b ) N .

Following its initial two bits of (10), the codi ik onfiguration messages|may be

implementation dependent. The struct
be the game as the basic configuration\me pesified>in 8.2.2.4.2.

8.2.2.51 Extendible s i messages

Following its initial
messages may beN
report imvocatio @
in 8.2.2 £

tendible configuration messages shall

coding of extendible status-report inyocation
. The structure and form of extendible| status-
e as the basic configuration message specified
all select some DCE-internal source of rleceived

signalin a-source mode is status-reporting (see 8.2.2}4.2 b)),

then thd
multiple
reportin

8.2.2.6 status reports

i-data-octet message, padded as necessary to an octet
sing the DCE to DTE media-activity indication and mgssage-

These 1 nerated within the DCE upon request, and reported when the DCE-
internalidata-source is internal-status report (see 8.2.2.4.2 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
— Datg cycle request service
— Datg sequence classification service

— Datg sequence identification service
— Mespage transmission service

— Mespage receipt service

— Busjreset

8.4.2.2 ID cycle request service

With this service the MI ce tovtransmit identification and control data

(identifigation cycle).

NOTE Thi

8.4.2.3

With thi
cycle).

a (data

NOTE Thi
8.4.2.4
With thi

NOTE T Iib bUIVibE ib Ubﬂlj IUy d IUUD bUUpiGl Ul d aiavu Ulliy.

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

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.

-1

Message receipt service

06 -

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.

reset_ty
This ser

Value rad

NOTE T
8.4.3

The MIY

-MDS interface m

his service is used by a master only.

Interface signals

61158-2 © IEC:2010

Table 28 — MDS bus reset
Service parameter | Request | Indication
reset_type M M
/pe:
vice parameter defines whether the reset is sp QN Y
nge: short, long

QPK
Inigecswgna

Q Mnemonic | Source
Trapsqt Clock > TXC MIS
Reyest-to-yend RTS MIS
Clear-to=sénd cTS MDS
\K@}?mit Sequence TxS MIS
Transmit Select Line TxSL MIS
Transmit Control Line TxCR MIS
Transmit Data TxD MIS
Request Delay 1 RqDly1 MIS
Request Delay 2 RqgDly2 MIS
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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8.4.4
8.4.41

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 The following applies to the state diagrams shown in Figure 20 to Figure 28:
The symbol "*" corresponds to "logically and", the symbol "/" corresponds to "negated".

8.4.4.2

Identification cycle request service

Figure 20 describes this service with the four services marked in grey and their transitions.

NOTE 1
and trans

The ide

Data_T
The MI{
logical (

Start_II
After t
duration
signal td

Data_
Transfer

Start_
ID_Cycle

Figure 20 — State transijtio

r%ith u
Transitions not shownin Figufe 20 are _used for-ethe

tions.
ntification &
ansfer st:

B initiates A

he states

al from

vith the
RqgDly1

After th

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

htes the

identification cycle request service. The MIS communicates this to the DLL through a PH-DATA

confirm

The min

primitive and assumes the ID_Transfer state.

imum time for t1 is 5 bit times.

Figure 21 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
ot
BSY é
RqDly1 *
RoDly2

The identification cycle was preceded by an identification

ID_Transfer state:

The MI$ initiates an identification cycle reques

logical 1 to logical 0 and at the same

ID_Cycle_Request state:
After thlat, the MDS transmits the

duration t2 and sets the BSY signal fi

signal t¢ logical 0.

After the time t2 has ¢
then chpnges the Tx
signal flom logic

After that,

ti

CQo

al from

vith the
RqgDly2

sublayer
RqgDly1

Huration
1 signal

htes the
gns of a

Figure 22 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_Transfer ID_Cycle_Request Start_ID_Cycle
TxSL A
t2 t1
BSY é& §

RqgDly1 - \ *

B

RqDly2

L

NOTE 2 |The identification cycle request service is an asynchronous sefviceNand is

8.4.4.3 Data cycle request service

Figure 43 describes this service with the three stz

NOTE 1

and transjtions.

The da11a cycle was'preceded by an identification cycle:

Figure 22 — MIS-MDS interface: identification cycle

ID_Cycle_
Request

at relateq to TxC.

ID_Transfer state:

ns.

he states

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 RqDlIy1

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.
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Figure 24 shows the corresponding signal forms at the MIS-MDS interface for a data cycle
request service after a preceding identification cycle.

ID_Transfer | Start_Data_Cycle Data_Transfer
TXSL
}#‘
BSY é
e N
A=Al
RqDly2

Figure 24 — MIS-MDS interface: data

The datfa cycle was preceded by a data cycle:

If the DLL requests the beginning d PH-DATA request primitive
(PhlICl=ptart_data_cycle), and the DLL i S bn cycle
by means of an PH-DATA request ne MIS

communicates to the DLL the end of the data cyche request service with a PH-DATA|confirm
primitivg. The status of the

NOTE 2 |The data cycle request\servicg i

8.44.4 Data sequ
Figure 45 descr@ i e With. theNwoO states marked in grey and their transitiong.

—

Reset

Data_
Transfer
T XS$ TxSL

ID_
Transfer

Start_
ID_Cycle

ID_Cycle_
Request

Figure 25 — State transitions with the data sequence classification service

NOTE 1 Transitions not shown in Figure 25 are used for other services see Figure 20 and Figure 23 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.
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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.

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 26 describes this service with the six states and their transitions.

crc_ RISTXS, @
Stota lRTS*MxS | Data_

Idle

NOTE 1 |A data bit sequence is {r ce signal
from logital 1 to logical O, it < The MIS
communigates this to the DLL by mea

CRC_Data_ldle state:
The MIS initiates

the rising edge @‘C
with the[ TxD signa fi

NOTE 2 mission service the MIS can start to transmit the checksum| status by
setting th ¢ gi ing the following rising edge of TxC, at the same time setting the TxS signal
to logical Q! it)of the checksum status with the TxD signal to the MDS.

1 during
ing the TxCR signal to logical 0, and tranismitting
an octet to the MDS.

User_Dg :
The MIS$ shall continue~data transmission by transmitting the next data bit within an o¢tet with
the TxO signakkto thg MDS during each rising edge of TxC. The MIS completes the data
transmisgsion by setting the RTS signal to logical 0 after the last bit has been transmifted and
before the next falling edge of TxC.

NOTE 3 The MIS continues data transmission 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 bit within an octet to the MDS.

User_Data_ldle state:

The MIS starts the check sequence by setting the RTS signal to logical 1 during 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.
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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.

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 MI$ 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. inates the
transmisgsion of the checksum status by setting the RTS signal to logic S signal
to logical 1 before the falling edge of TxC and after the last bit of th }tted.

CRC_Status_ldle state:
The MI$ continues the transmission of the checksum s ( setiing the RTS sfignal to
logical 1 during the rising edge of TxC, and at the same-ti it§ j D signal
the first|bit of the next octet to the MDS.

8.4.4.6 Data sequence identification servigd

Figure 47 describes this service with tf

rotdcol machine for the data sequence identification service

Data_Transfer state:
The begdimmingof amidentificatiomrcycte ({transmission of Tdemntificatiom data—or comtrot data in
the received PhPDU) is indicated to the MIS by a change of the RxSL signal from logical 1 to
logical 0.

ID_Transfer state:
The beginning of a data cycle (transmission of user data in the received PhPDU) is indicated
to the MIS by a change of the RxSL signal from logical 1 to logical 0.

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

Figure 28 describes this service with the six states and their transitions.

NOTE 1 Data is received in multiples of octets.
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RxA*/RxCR

CRC_lIdlle state:
If the MDS recognises the beginning of a data sequence s the message
receipt pervice by adapting the time pulses transmitted wi eceived
ones and at the same time during the rising edge of/'the ig0e j ignal to
logical 1, the RxCR signal to logical 0, as well a i ' bit of an
octet with the RxD signal to the MIS.

NOTE 2 |[If the MDS recognises the beginning of a check atus ¥ a check sequence PhPDU instgad of the
beginning| of a data sequence PhPDU, is sets the Rx i gical 1, atthe same time the RxS signal|to logical
0, and trapsmits the first decoded bit with the

NOTE 3 |As long as the MDS pés i € \ i skall retain the RxA signal at logical D and the
RxCR sigpal at logical 1.

Data_Sequence state

The MDIS shall continue to’tra it thexeceived and decoded data with the RxD signal to the
MIS, and at the bi d ritted time pulses to the received ones Wwith the
RxC signal. If thexNIDS i ata_Idle state after it has received the last |data bit

within ap octet, it shs e A/Sighal to logical 0 during the falling edge of RxC.

Data_ldle st
As long
and the

he Data_ldle state, it shall retain the RxA signal at Ipgical 0

If the MDS r i thie beginning of a check sequence PhPDU, it adapts the timg¢ pulses
transmifted with C 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 1 and transmits with
the RxD-si ; i i

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.

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
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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 shall continue to transmit the received and decoded checksum status with the RxD

signal to_the MIS and, at the same time adapt the transmitted time pulses.to the received

ones with the RxC signal. After it has completely received the checksum tatus\Qg\MDS sets
e sets

the RxA signal to logical 0 during the falling edge of RxC and at the the RxS
signal to logical 1.

NOTE 6 |If the MDS recognises the CRC_Idle state after it has received the bll 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 ’shall continue to

receive |the checksum status by adapting the time uIs Q ith the RxC dignal to
the recgived ones, setting the RxA S|gnal during € d at the
same time transmitting with the RxD g € detoded bit of the checksum

status t¢ the MIS.

8.4.4.8 Reset service

This sefvi he RO signal. The receipt of| a reset
is passs alue ranges: short, long

85 T

The DTE S 9 ¢ ype 12 transmission.

9 Medi

9.1 G

The mefi layer (MDS) is part of the data communication equipmen{ (DCE).
(See Fig es information across the DTE — DCE interface specified in ¢lause 8
and it cified in
Clause ¢ S functions are Iogical encoding and decoding for transmissjon and

receptio her with

timing and synchronlzatlon 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 MDS shall produce the PhPDU shown in Figure 29 by adding preamble and delimiters to
frame the serial sequence of PhSDUs (bits) transferred from the DIS across the DTE — DCE
interface. Transmission sequence shall be from left to right as shown in Figure 29, i.e.
preamble first, followed by start delimiter, PhSDU sequence and finally end delimiter.

PREAMBLE START DELIMITER | PhSDU SEQUENCE END DELIMITER

Figure 29 — Protocol data unit (PhPDU)
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Conversely, the MDS shall remove preamble and delimiters from a received PhPDU to
produce a corresponding serial sequence of PhSDUs. If a non-binary data unit is detected in
the received PhSDU sequence, the MDS shall immediately stop transferring PhSDUs to the
DIS, the MDS shall report an error, and the MDS shall indicate the end of activity to the DIS

when it happens.

9.2.2

Encoding and decoding

Data units shall be encoded by the MDS for application to the MAU using the code shown in
Figure 30 (Manchester Biphase L). The encoding rules are formally given in Figure 31 and

Table 30.

NOTE F

Biphase L

+
Manchester \

Ul Bil Tilllb‘ \‘I/’I’r} A

—
L

Logical "1"

-T/2 T/2

| = | =t

N+ N-

IEC__1456/2000

Figure 31 — Manchester encoding rules

Table 30 — Manchester encoding rules

Symbols Encoding
1 (ONE) Hi-Lo transition (mid-bit)
0 (ZERO) Lo—Hi transition (mid-bit)

N+ (NON-DATA PLUS)

Hi (No transition)

N—- (NON-DATA MINUS)

Lo (No transition)

NOTE

It may be seen that data symbols (1 and 0, conveyed by PhSDUs) are encoded to always contain a
mid-bit transition. Non-data symbols (N+ and N-) are encoded so that they never have a mid-bit transition.
Frame delimiters (see 9.2.4 and 9.2.5) are constructed so that non-data symbols are conveyed in pairs of
opposite polarity.
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Decoding shall normally be the opposite of encoding. At reception, the MDS shall verify that
each symbol is encoded in accordance with Figure 31 and Table 30 and shall detect the
following errors:

a) invalid Manchester code;

b) half-bit-slip errors.
Any of these errors shall be reported as PH-DATA indication (PhIDU, error).
9.2.3 Polarity detection
The option of automatic polarity detection of the received Manchester encoded signal shall be
requireL where-its bpcuificu‘ rtheretevantvAL-
9.2.4 Start of frame delimiter
The foll igh, shall
immedid
The MDIS shall only accept a received signal bugs after verifying this sequence
and shalll remove this sequence before transfer
9.2.5 End of frame delimiter
The following sequence of symbols, g n, shall
immediately follow the Ph
The MDS shal PhSDU
sequenge to the DJ eport to the corresponding DLL entity any| frames
received via the y include this sequence within 300 octets of|start of
frame (from begilnin er) as PH-DATA indication (PhIDU, frame_too_lomg). The
MDS sH esponding DLL entity, via the corresponding DIS, any| frames
receiveq e an end delimiter which is not located at an octet bpundary
as PH-D
9.2.6
In ordef fa{synchronize bit times a preamble shall be transmitted at the beginning |of each
PhPDU —consistimg—ofthefottowing—sequenceof bits; showmfronrtefttoright—morder of
transmission:
1,0,1,0,1,0,1,0.

(shown as a waveform in Figure 32)
NOTE 1 Received preamble can contain as few as four bits due to loss of one bit through each of four repeaters
(as specified in the MAU Network Configuration Rules).

The period may be extended, but not reduced, by Systems management as given in Table 4.
A preamble extension sequence as listed in Table 4 shall be defined as the following
sequence of bits, shown from left to right in order of transmission:

1,0,1,0,1,0,1,0.
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-+ WV N N O O
Boundaries
1 1| 0| 1| OI
! 1 1 1 1
Preamble ' ' ' ' '
1 T 1 T 1
! 17 N+ N-1 1
Start I :
Delimiter ' !
o [ 1
t1 " N+ ' ON-T_ Ne !
End !
Delimiter !

NOTE 2
PhSDUs

of binary

9.2.7

After th
the recs

NOTE 1

NOTE 2

9.2.8 Post-transmission ga

After tra nsmissi
transmission shalMg

the recs
post transmissiof periad .0f fou but not
reduced ~ .Agap
extensiq

sequent
PhPDU

NOTE T

9.2.9

If the device is configured (by Systems management) to receive concurrently on mgre than
one channel, then the maximum accepted differential delay between any two active channels,
as measured from the first PhPDU of a start delimiter, shall not exceed five nominal bit times.
This period may be extended, but not reduced, by Systems management as given in Table 4.
A gap extension sequence as listed in Table 4 shall be defined as four nominal bit times. The
value of post-transmission gap shall be greater than the value of inter-channel skew.

9.3 Type 1: MDS: Radio media
NOTE This subclause is a placeholder in this edition to minimize the disruption to existing national and multi-

national standards and consortia documents that reference the subclause numbering of the prior edition. The
internal structure and method of operation of a Type 1 radio DCE is not specified by this standard.

9.4 Type 2: MDS: Wire and optical media

NOTE The Medium Dependent Sublayer (MDS) is part of the Data Communication Equipment (DCE). It
communicates encoded bits across the MDS - MAU interface specified in 10.3.
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9.4.1 Clock accuracy

The timing specifications for PhL Signaling shall be as defined in Table 31.

Table 31 — MDS timing characteristics

Specification Limits / characteristics Comments
Bit Rate 5 Mbit/s + CA Also called M-symbol rate, data ‘zero’ or ‘one’
Bit Time 200 ns + CA Also called M-symbol time, data ‘zero’ or ‘one’
PhL symbol time 100 ns £+ CA Also called Ph-symbol time, see data encoding rules
Clock Accuracy (CA) + 150 ppm max Including temperature, long term/a»n'dshort term stability

9.4.2 Data recovery

The sig i i fre |6 itNcateNas shown in
Table 3 i bvers or
reconstr irements
shown PH-LOCK
indicatid

A portio
synchrohi

n the process of attain|ng data

prior to

the beg
9.4.3
The M | shall be encoded into the appropriate
Ph-sym ; g £ M_0 and M_1 symbols shall be ¢ncoded
into Ph- 3 3 ge L data encoding rules as shown [n Table
32. The|M_ s I Q create unique data patterns used for start and end
delimitefs. z A m\{frgm the MAU) is shown in an idealized |form in
Figure 3 vidé afa encoding rules shown in Table 32.

Data Ph-symbol encoding | Manchester encpded

] M&\er&‘\\ M_0 or {0} (LH) 0
Mﬁe’ \ M_1 or {1} (H.L} 1
‘non_d}t’a{ ) M_ND+ or {+} (H,H} no data

.non_data-’ M_ND- or {-} {L,L} no data

One Bit Time (1/f,)

+
Clock
0 -

I
M symbols

I I
I I

[ o | 1 |
I I
Manchester | |
Biphase L | |
I

_____ ulitiiia

PhsymbollelL Hlowl L|H| Ll alool wl ol sl
! I 1 ] 1

Figure 33 — Manchester coded symbols
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95 T
9.5.1

ype 3: MDS: Wire and optical media

Synchronous transmission

The Medium Dependent Sublayer (MDS) specified for Type 1 shall be used (see 9.2).

9.5.2

Asynchronous transmission

There is no Medium Dependent Sublayer (MDS) for asynchronous transmission.

9.6 Type 4: MDS: Wire medium

9.6.1 _Half-duplex
9.6.1.1 Overview
NOTE 1 |The PhL entity is partitioned into a Data Terminal Equipment (DTE) comproneqt sontaining\the )DS, and
a Data Cgmmunication Equipment (DCE) component containing the MAU.
NOTE 2 |The functionality of the MDS is similar to the functionality of w ) UART. In
addition {he half duplex MDS has some timing functionality. The sal AU is similar to the
functionality of what is commonly known as a driver circuitry.
The half-duplex MDS shall sequence the transmisgion ¢ of bits.
Similarly, the MDS shall form the PhID to be lence of
received bits. Bits are sent and received.in NR
The PhID shall be converted to a seq . Within
each PhPDU, a bit representing a m e a bit
representing a less significant bit. On (rec erted to
PhID sych that, in the absence of er or's,\ entity is
unchanged from the PhID ntity.
The MDIS receives a sjngle octet is
received from the DLE by ¥-2. The
remaining octet @ indicated
by the service END<@F transmit
the formed PhPDU art bit, 8
data bit,| 1 addresg/data\bit

&ta\ Address/data Stop

N \ \&(X 1 for first octet, 0 for remaining 1

\):igure 34 — PhPDU format, half duplex

The MDIS shall re when the signal level on the attached medium has been idle fof 30, 35
and 40 orumore 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-11

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

a) wait
b) form

for Idle counter equal to or higher than 11;

first PhPDU with Address/data bit = “1” and data = data parameter of START-OF-
ACTIVITY-11 request;

c) confirm reception to DLE to enable the DLE to issue the next transmission request;

d) activate Transmit Enable (TxE);
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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 the DLE issuing a START-OF-ACTIVITY-2
PH-DATA request:

a)
b)

9.6.1.2.8 DATA

wait for Idle counter modulus 10 equal to or higher than 2;

form first PhPDU with Address/data bit = “1” and data = data parameter of START-OF-
ACTIVITY-2 request;

confirm reception to DLE to enable the DLE to issue the next transmission request;
activate Transmit Enable (TXE);
starf transmitting the PhPDU to the MAU.

The follpwing shall be performed as a result of the DLE issuing a2 DATA DATA request:

wait|till transmission of former PhPDUs has finished;
form a new PhPDU with Address/data bit = “0” and data= 3 equest;
confjrm reception to DLE to enable the DLE to is
starf transmitting the PhPDU to the MAU.

It shall be ensured, that there are no idle i N he DLE
should ] y 1 iods after confirmation of the

former.

9.6.1.2.

The foll
request

a)
b)

c)

9.6.1.3
9.6.1.3.
As a res

when th
PH-DATA .indication ©

PH-DATA

wait|ti
wait

deagti

frame from the MAU with address/data bit = “1”, or receiving|a frame
e ldle counter is higher than or equal to 11, the MDS shall [issue a
class START-OF-ACTIVITY. The associated data parameter shall hold the

receiverl data—The value of the associated -status pnramnfnr shall he set :lr\r‘nrrlin\; 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;

receiving a frame with stop bit = “0”, shall result in an associated status parameter
indicating FRAMING_ERROR;

receiving a frame with address/data bit = “1”, but when the value of the Idle counter is
lower than 11 shall result in an associated status parameter indicating IDLE_ERROR,;

receiving a frame with address/data bit = “0”, but when the value of the Idle counter is
higher than or equal to 11 shall result in an associated status parameter indicating
ADDRESS_DATA_ERROR.
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9.6.1.3.2 DATA

As a result of receiving a frame from the MAU with address/data bit = “0”, when the value of
the Idle counter is lower than 11, the MDS shall issue a PH-DATA indication of class DATA. 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 stop bit = “1” from the MAU shall result in an associated status

para

b) rece

meter indicating SUCCESS;

iving a frame with stop bit = “0”, shall result in an associated status parameter
indicating FRAMING_ERROR.

9.6.1.4 __ldle counter

The MDIS holds an idle counter. This counter is incremented by one fore ,and is
cleared|each time a bit with value “0” is sent to or received from the Idle
counter|reaches 30, the MDS shall report this with a PH-DATA indicatio -IDLE,
and asgociated status indicating 30 bit periods. 5 bit periods Iz dle, the
PhE reports this with another PH-DATA indication of class LIN} i status
indicating 35 bit periods. 5 bit periods later, if the Link is/StitNi PhE reports this with
another|PH-DATA indication of class LINK-IDLE, and a idicating 40 jor more
bit perigds. This goes on for each 10 bit periods wijth i ifyihg 40 or more bit
periods] The speed of the idle counter shall be that 3 -

9.6.2 Full-duplex

9.6.2.1 Overview

NOTE 1 |The PhL entity is partitioned into a D MDS, and
a Data Cqgmmunication Equipme

NOTE 2 UART. In
addition the full duplex MDS lar to the
functionalfity of what is com

The full duplex of bits.
Similarly, the MD€ sghe ence of
received bits. Bits ape

The Phl . Within
each P e a bit
represe erted to
PhiID s\ bntity is
unchang ntity.
The MD[S\receives a single PhID or a sequence of PhID octets from the DLE. The first|octet is
received from the DLE Dy the service START-OF-ACTIVITY-2. The remaining ociets 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 35.

Start | Data8 ... Data1 | Stop

0 X...X 1

Figure 35 — PhPDU format, full duplex
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9.6.2.2 Transmission
9.6.2.2.1 START-OF-ACTIVITY-2

The following shall be performed as a result of the DLE issuing a START-OF-ACTIVITY-2
PH-DATA request:

a) form first PhPDU with data = $D7 (hex);

b) form second PhPDU with data = data parameter of START-OF-ACTIVITY-2 request;

c) confirm reception to DLE to enable the DLE to issue the next transmission request;

d) activate request-to-send signal (RTS);

e) waitfforctear-to=send aiylla: (CTS) tobeactivated:

f) starftransmitting the formed PhPDUs to the MAU.

9.6.2.2.p DATA

The follpwing shall be performed as a result of the DLE issuing‘a

a) wait(till transmission of former PhPDUs is finished;

b) wait|for clear-to-send signal (CTS) to be active;

c) form

d) if the he data
valug

e) if the he data
valu

f) if thy 9 (hex),
form

g) conf

h) start

9.6.2.2.

The foll PH-DATA

request

a) wait

b) deaq

9.6.2.3

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.

9.6.2.3.2 DATA

Receiving a PhPDU from the MAU with a data value different from $D7 (hex) shall result in
the following:
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receiving a PhPDU with stop bit = “1” and a data value = $D9 (hex), shall result in the MDS
waiting for the following PhPDU from the MAU. The result of receiving the following PhPDU
shall be:

a) if the data value of the following PhPDU is $00 (hex), and the stop bit is = “1”, issue a
PH-DATA indication of class DATA. The associated data parameter shall hold the value
$D7. The value of the associated status parameter shall indicate SUCCESS.

b) if the data value of the following PhPDU is $01 (hex), and the stop bit is = “1”, issue a
PH-DATA indication of class DATA. The associated data parameter shall hold the value
$D9. The value of the associated status parameter shall indicate SUCCESS.

c) if the data value of the following PhPDU is different from $00 (hex) and from $01 (hex),
and the stop bit is = “1”7, issue a PH-DATA indication of class DATA. The_associated data

parameter shall

d) if th

parameter shall hold the received value. The value of the

shal

resu
par
shal

e) reCjwlng a PhPDU W|th stop bit = “1” and a data va

f) rece
of cl

9.6.3

9.6.3.1

The Phl

The MD
receiveq

S receives\a
[ from t %’
from the DLE by

ACTIVITY.

9.6.3.2
9.6.3.2.

The fol
PH-DATA

stop bit is “0”, issue a PH-DATA indication of class Dg

indicate FRAMING_ERROR.

indicate SUCCESS;
iving a PhPDU with stop bit = “0” shall rg

Full-duplex UDP

Overview

[

hold the received data value. The value of th
parameter shall indicate BYTE_STUFFING_ERROR.

assbq? status
s8Qciated data
(hek), shall

ed data

infdication
value of

octet is
eceived
END-OF-

TIVITY-2

O T

)
)
)
)

Q.

reserve MAC sublayer packet:

insert the formed PhPDU at the first location in the reserved packet;

form PhPDU with data = data parameter of START-OF-ACTIVITY-2 request;

confirm reception to DLE to enable the DLE to issue the next transmission request;

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

a) form PhPDU with data = data parameter of the DATA request;

b) insert the formed PhPDU at the next location in the reserved packet;

c) confirm reception to DLE to enable the DLE to issue the next transmission service;

9.6.3.2.2 END-OF-ACTIVITY

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

request:


https://iecnorm.com/api/?name=0c3f55af4d288a997008042f4a5a36bb

- 124 — 61158-2 © IEC:2010

a) transfer the reserved packet to the MAC sublayer.
9.6.3.3 Reception
9.6.3.3.1 START-OF-ACTIVITY

As a result of receiving a packet from the MAC sublayer, issue a PH-DATA indication of class
START-OF-ACTIVITY. The associated data parameter shall hold the first octet of the received
packet. The value of the associated status parameter shall be set to SUCCESS.

9.6.3.3.2 DATA
The following data in the received packet shall result in the MDS issuing PH-DATA indications

of classrpAaTA—Theassoctated—data—parameters—shatotdthereceived vatres—Fhe—value of
the assogciated status parameters shall indicate SUCCESS. \

9.7 Type 6: This subclause has been removed

NOTE This subclause is a placeholder in this edition to minimize the disru ind multi-
national sffandards and consortia documents that reference the subclause nu

9.8 Tlype 8: MDS: Wire and optical media

9.8.1 Function

The mgdium-dependent sublayer (MDS) exchdnges A IS-MDS
interfacg¢, as described in 6.5, and SMmi face as
describgd in clause 9. The MDS encodes™and ves the
transmisgsion frame (header and stop bit)\for the ssequences to be transmifted and
received, synchronises the MIS-MDS interface a MDS-MAU interface and the AhPDUs,
time functions, and directly transmits \a P etweepr MAUs via the MDS-MAU ipterface

(MAU coupling).

The MOS may consis he PhPDU shall generate one channgl of the

MDS cqrrespondi F : s transmitted via the MIS-MDS interface and
encode the PhS@e Srdh ~Cghversely, this channel shall recognise thF format

of the [received % A e decoded PhSDU sequence via the MIS-MDS
interfacg¢ to the M 3 nels“are used to directly transfer a PhPDU betwgen two
MAUSs.

The chg ! aslave, which has an interface to the MIS shall have the fpllowing
relation en H end and’receive direction: If the MIS-MDS interface signal RTS |s 0, the

contents$¢
one bit|timeé:
coupling).

on the MDS-MAU interface signal DO with a delay time of exactly
, DO is coupled to TxD (only applicable when there is no MDS

In the MBSofamasteritis possible thatasequence of 8 PhSBUsisfirst buffered—=md then a
corresponding data sequence or check sequence PhPDU is generated.

9.8.2 PhPDU formats

The MDS can recognise and generate the following PhPDU formats: data sequence PhPDU,
check sequence PhPDU, status PhPDU and reset PhPDU.

9.8.2.1 Data sequence PhPDU

The MDS generates data sequence PhPDU by adding a start bit, header, and stop bit to the
data unit. The data unit itself consists of eight PhSDUs that, as a PhSDU sequence, have
been transmitted as a part of the data sequence DLPDU via the MIS-MDS interface with the
message transmission service. Figure 36 shows the structure of the data sequence PhPDU.
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LSB MSB

Start bit Header Data unit Stop bit

Figure 36 — Data sequence PhPDU

The data sequence PhPDU thus generated is transmitted from left to right via the MDS-MAU
interface in the following order: start bit, header, data unit, stop bit. The PhSDUs of the data
unit are transmitted via the MDS-MAU interface in the order in which they have been
transmitted through the MIS-MDS interface.

Accordi

start bif
transmift

a part

transmis

PhSDU

NOTE 1

NOTE 2

The hes

The hes
MDS-M

For a d{
equivale

ng to Figure 36, a data sequence PhPDU is received from left
, header, data unit, stop bit. The MDS removes start bit,

ta sequ
nt to the neg

eqogical symbol which is transferred in the
the TxSL signal of the MIS-MDS interface at

at which the dat is"to be transmitted via the MDS-MAU interfac

MAU (s¢

— SL bit and TxSL signal assignment

TxSL signal | SL bit

Logical 1 0

Logical 0 1

e order:
der and

ice as
S. The
the last

via the

SL bit is
the time
b to the

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 34).

Table 34 — SL bit and RxSL signal assignment

SL bit | RxSL signal

0 Logical 1

1 Logical 0
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9.8.2.2 Check sequence PhPDU

The MDS generates the check sequence PhPDU by adding a start bit, header and stop bit to
the data unit. The data unit itself consists of eight PhSDUs that have been transmitted as a
PhSDU sequence with a message transmission service as a part of a check sequence DLPDU
via the MIS-MDS interface. Figure 38 shows the structure of the check sequence PhPDU.

Start bit Header Data unit Stop bit

Figure 38 — Check sequence PhPDU

A checH sequence PhPDU thus generated is transmitted from left to\K i DS-MAU
interface in the following order: start bit, header, data unit, stop bi Y e data
unit arg transmitted via the MDS-MAU interface in the orde e been
transmifted through the MIS-MDS interface.

A checK sequence PhPDU is received, according to Figu L [ d in the
order: start bit, header, data unit, stop bit. The MD i header
and trapsmits the PhSDU sequence contained in /the data i receipt
service |as a part of a check sequence DLPDU i IS. The
transmigsion starts with the first PhSDW\that folg PhSDU

before the stop bit.

NOTE 1 |Each check sequence PhPDU begins ith a start\bita

NOTE 2 |A check sequence DLPPU is transmitted

The hed structu according to Figure 39.

> 0

aheaders in a check sequence PhPDU

The head
the MD$

hPDU is transmitted and received from left to fight via
ing with the SL bit.

For a cf PhRDU to be sent, the logical symbol to be transferred in the L bit is
equivalg ogical state of the TxSL signal of the MIS-MDS interface at fhe time
at which the-c uence PhPDU is to be transmitted via the MDS-MAU interface to the
MAU (sTe Table 3

Table 35 — SL bit and TxSL signal assignment

TxSL signal | SL bit

Logical 1 0

Logical 0 1

For a received check 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 36).
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9.8.2.3

Table 36 — SL bit and RxSL signal assignment

SL bit | RxSL signal

0 Logical 1

1 Logical 0

Status PhPDU

The status PhPDU which is formed by the MDS consists of a start bit, the header, and a stop

bit. The

status PhPDU is structured as shown in Figure 40.

Start bit Header  Stop bit

The stafus PhPDU is transmitted and received via ace from left|to right
beginning with the stop bit, followed by the header and g op bit.
The hedder in a status PhPDU is stru@ed\aébg%g

ﬁ; \&Q 1

Figure 41 — Struct o%h \de\r> a status PhPDU

According to Figure 41 tk and received from left to right|via the
MDS-MAU interface, staxting\wi bit-~The state of the bit which comes after thie SL bit
is not defined and.can
For a stptus Ph ; S elogical symbol to be transmitted in the SL bit is equivalent
to the n signals of the MIS-MDS interface at the time at which
the stafus PhPDU | ed through the MDS-MAU interface to the MAU (see

Table 3

TxSL signal | SL bit

Logical 1 0

L ogicalQ 1
)

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 38).

NOTE 1

Table 38 — SL bit and RxSL signal assignment

SL bit | RxSL signal

0 Logical 1

1 Logical 0

Each status PhPDU begins with a start bit and ends with a stop bit.


https://iecnorm.com/api/?name=0c3f55af4d288a997008042f4a5a36bb

- 128 - 61158-2 © IEC:2010

NOTE 2 If no sequences of PhSDUs are transmitted to the MDS via the MIS-MDS interface, the MDS
automatically begins to transmit successive status PhPDUs. Idle states may be generated between two successive
status PhPDUs. The transmission of status PhPDUs is terminated synchronously to the message as soon as the
first PhSDU of a data sequence or check sequence PhPDU was transmitted from MIS to the MDS.

NOTE 3 The status PhPDUs are transmitted after a reset PhPDU, if no check sequence PhPDU or data sequence
PhPDU is to be transmitted.

NOTE 4 receipt of a status PhPDU does not change the logical state of the RxCR signal of the MIS-MDS
interface.

9.8.24 Medium activity status PhPDU

The medium activity status PhPDU that is formed by the MDS consists of a start bit, the
header, _and a stop bit. The medium activity status PhPDU is structured as shown in
Figure 42.

Start bit Header  Stop bit

Figure 42 — Structure of the medium acti

The hedder in a medium activity status PhPDL?(s\& c rd@co ding to Figure 43.

Accordi nd received from left to right|via the

MDS-M DU is only transmitted via an qutgoing
passive c i - the/systems management set the variaple data
select =
9.8.2.5
Coding

» 39 — 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 DO signal of the
MDS-MAU interface.

NOTE 3 For the decoding the status of the DI signal of the MDS-MAU interface is converted to the corresponding
logical symbol.

9.8.2.6 Start bit

The start bit corresponds to the logical symbol "1".

NOTE The MDS shall synchronise its receive clock with the beginning of the start bits (low-high transitions).
9.8.2.7 Stop bit

The stop bit corresponds to the logical symbol "0".
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NOTE The MDS may synchronise its receive clock to a newly arriving start bit only after a stop bit (low-high
transition).

9.8.3 Idle states

The sender of the bus master may generate idle states during the transitions of status
PhPDUs to data sequence PhPDUs or check sequence PhPDUs. Idle states have always a
low level on DO. The maximum length of the idle states shall not exceed 26 bit times. The
decoding rules for idle states recognised on the medium are given in Table 40.

Table 40 — Decoding rules for the idle states

Idle state State RxCR | Decoding DI

Data_ldle Logical 0 Low level

CRC_ldle Logical 1 Low level
CRC_Status_ldle Logical 1 Low level

9.8.4 Reset PhPDU

9.8.4.1 Structure of the Reset PhPDU

The respt PhPDU transmits the logical symbols set". Figure 44 shows

the strugture of the reset PhPDU. (\

[plofofJofolo

Shor{ reset or long reset

NOTE T DI of the

MDS-MAU i

9.8.4.2

— Coding rules for the reset PhPDU

quical symbol Time interval Coding DO

Mrt bus reset 2ms < TRgt < 25,6 ms| Low level

Long bus reset TRst 2 25,6 ms| Low level

Table 42 — Decoding rules of the reset PhPDU

DI Time interval Logical symbol
Low level 2 ms < TRgt < 25,6 ms [ Short bus reset
Low level TRst = 25,6 ms | Long bus reset

NOTE 1 A reset PhPDU is terminated with the start bit of a data sequence PhPDU, a check sequence PhPDU or a
status PhPDU.

NOTE 2 During the coding, the logical symbols are converted to the corresponding state of the DO signal of the
MDS-MAU interface during the time TRgt.

NOTE 3 During the decoding, in the time TRgt the state of the DI signal of the MDS-MAU interface is converted to
the corresponding logical symbol.
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the definitions specified in the PhL variables short bus reset time and long bus reset time.

NOTE 5 The encoding rules for the reset PhPDU apply only to a MDS coupling in the MIS.

9.8.5 MAU coupling

When MAUs of the same type are coupled pairs, each PhPDU and all idle states are
transmitted unchanged between two MAUSs. Figure 45, Figure 46 and Figure 47 show possible

configurations for the bus devices when the 2-wire medium is used.

Outgoing interface 2-wire

Figure 45< Configuration_ o aQs

MAC\ K \ Data-link layer

P

AR
s\

AU

N

W

Outgoing
interface

2-wire

Figure 46 — Configuration of a slave

Data.link layer
MAC
MIS
MDS Physical |4
AU
A\ 4

hysical layer

Data-tmktayer—
MAC N
MIS
MDS Physical layer
MAU MAU MAU
N N N
N A4 A\ 4
Incoming Outgoing Outgoing
interface interface interface
2-wire 2-wire 2-wire

Figure 47 — Configuration of a bus coupler

NOTE When two MAUs are directly coupled, code-transparent repeaters may be used for the time regeneration.
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9.9 Type 12: MDS: Wire media

9.9.1 PhPDU

- 131 -

The MDS shall produce the PhPDU shown in Figure 29 by adding delimiters and minimal idle
sequences to frame the serial sequence of PhSDUs (bits) transferred from the DIS across the
DTE — DCE interface. Transmission sequence shall be from left to right as shown in
Figure 29, i.e. SOF first, followed by PhSDU sequence and finally EOF.

idle

SOF

PhSDU SEQUENCE EOF

idle

Figure 48 — Protocol data unit

Convergely, the MDS shall remove idle, SOF and EOF from a receive
corresppnding serial sequence of PhSDUs.
received PhSDU sequence, the MDS shall immediately stop transfe
the MD$ shall report an error, and the MDS shall indicate the end o

it happens.

9.9.2
Data un|i

Figure 4
Table 48.

NOTE

Encoding and decoding

If a non-binary data

-T2

N+

Figure 50 —

IEC 1456/2000

Manchester encoding rules

bduce a

in the
e DIS,
when

hown in

50 and
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Table 43 — Manchester encoding rules

Symbols Encoding
1 (ONE) Hi—Lo transition (mid-bit)
0 (ZERO) Lo—Hi transition (mid-bit)
N+ (NON-DATA PLUS) Hi (No transition)
N- (NON-DATA MINUS) Lo (No transition)
NOTE It may be seen that data symbols (1 and 0, conveyed by PhSDUs) are encoded to always contain a
mid-bit transition. Non-data symbols (N+ and N-) are encoded so that they never have a mid-bit transition.

Decodirlg shall normally be the opposite of encoding. At reception, the
each symbol is encoded in accordance with Figure 50 and Table
following errors:

DS shall veLrify that
all\deftect the

a) invalid Manchester code;
b) half{bit-slip errors;

c) misglignment of EOF (number of bits is not a multipl

Any of these errors shall be reported as:
PH-DATA indication (class=END-W-ERRO

9.9.3 Polarity detection

There is no automatic polarity detect 2d Manchester Biphase L ¢ncoded

signal.
9.9.4 SOF
The follpwing s show om left to right in order of transmissign, shall
immediately precegdé \ ) s¢ fo delimit the start of a frame:
0, N+
The MD ceived signal burst as a PhPDU after verifying this s@quence
and sha i 1ce‘before transferring the PhSDU sequence to the DIS.
9.9.5
The follpwi ence of symbols, shown from left to right in order of transmissign, shall

immediatelyfollow the PhSDU sequence to delimit the end of a frame:

N-, 0

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 1535 octets of start of
frame (from end of SOF) as:

PH-DATA indication (class=END-W-ERROR, data=frame_too_long).

The MDS shall report to the corresponding DLL entity, via the corresponding DIS, any frames
received via the medium that have an end delimiter which is not located at an octet boundary
as:

PH-DATA indication (class=END-W-ERROR, data=alignment_error).
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9.9.6

Idle

In order to synchronize bit times an idle sequence shall be send out if no PhSDU or SOF/EOF
are transmitted:

An idle sequence is always bit aligned.

NOTE A series of 1 in a PhSDU can be interpreted as idle. Following 0-symbols or EOF will readjust bit cell

detection.

9.9.7 Synchronization

After adtivation and reception of a sufficient number of signals the recejver shall détect and
report hplf-bit-slip errors.

NOTE 1 |[This synchronization specification allows the loss of 4 bits of the preampble)

After SQF, half-bit-slip errors shall be reported as:

PH-DAT|

NOTE 2 riod.
9.9.8

After trd i sequent
transmig period after reception of a|PhPDU
the recs ” An MDS entity shall set a minimum
post tra 6 with SOF, EOF). The period [may be
extende

910 T

9.10.1

Signals dll be NRZI-coded. Signal changes are only allpwed to
take plg e transmitting clock. Every time a 0 is transmifted, the
signal s synchronization with the transmitting clock, wheneas the
signal s hangedvhen a 1 is transmitted.

By a sujtabte_method (ihe/, bit-stuffing), the transmitter shall ensure that enough zergs occur
in the transmit ream. This generates additional signal changes. In this way, conditions
are cregted which e it possible to retrieve a receiving clock from the received sighal. The
retrieved receiving clock shall also have a fixed phase position with respect to the clogk of the

transmitter. The clock shall be retrievable by means of a digital phase locked loop (DPLL)
which shall be synchronized to the signal change of the received signal transformed to an
electrical signal. Figure 51d) is an example of a NRZI-coded signal. Therefore, the
transmitting clock provides the pattern for the system timing via the signal transitions.
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I | I | I | I | I | I | I | I | I | I | a) Transmitting clock
Signal changes + +
l

| |—|_ b) Transmitted NRZI-coded signal
o of of 1] of 1] 1] o c) Bit sequence
t
el
| 1 l I d) Received NRZI-coded signal
Synchronization + + ¢ * ¢

|||||||||||||||||||| e) Receiving clock

Figure 51 — Example of an NRZI-coded signal

9.10.2 | Telegrams and fill characters
On the physical level, it is sufficient to know that a telegram the bit

sequeng¢e 0111 1110. This bit sequence is also known as a delimiten i ng, this
bit sequlence is prevented from occurring inside the telegram.

Other figlds of the telegram belong to higher protocolAfayers &a ere.

If a unit

a) the It shall
cong 1). This
genq , due to
NRZ4l-coding (see Figure 52);

b) between its own telegram ock the
phygically regener i €

During {he transitjon fi ‘ ill signal (master) or from telegram to repeatér mode
(slave),|signal

3]

! L: b) Fill signal

11111l 1lolt1111]111]11] 1] o] c) Bit sequence

Figure 52 — Fill signal

NOTE e to bitsstuffimgand—a); thestave physicatty tocatedfirstimthe metwork camderiveitstocattiock from its
received signal at any time. Because of b), this is also the case for all subsequent units, all the way to the receiver
of the master. In this way, digital phase locked loops, which are eventually used to obtain the local clock, remain
locked on, preventing time-consuming synchronization before the start of the actual telegram.

9.11 Type 18: MDS: Wire media
9.11.1 Overview

The type 18 MDS shall be able to sense the initiation and subsequent termination of data
reception, the means of which are beyond the scope of this specification.

9.11.2 Transmission

Data transmission is started upon receipt of a PH-DATA (START-OF-ACTIVITY) request from the
DL-user. This is translated by the MDS into a TRANSMIT-ENABLE signal assertion with the value
specified in the DATA field being transmitted on the TRANSMIT-SIGNAL.
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The MDS shall issue a PH-DATA (SuccEess) confirmation and must receive the next PH-DATA
(DATA) request before the expiration of the MDS baud rate bit timer. It is not until this request
is acted upon that the subsequent PH-DATA (SUCCESS) confirmation is produced. In this way,

the MDS baud rate timer regulates the flow rate of data.

Upon receipt of a PH-DATA (END-OF-ACTIVITY) request from the DL-user, the MDS completes
the transmission in process and concludes with a TRANSMIT-ENABLE signal deassertion.

9.11.3 Reception

Upon receipt of data activity, the MDS issues a PH-DATA (START-OF-ACTIVITY) indication with
the DATA value received. Each subsequent datum received results in a PH-DATA (DATA)

indicatid
issues 4

10 MDS — MAU interface

10.1 General

The medgi

signalin
for trang
The se
exposed.
servicesg

NOTE Alnumber of different MD
10.2 Type 1: MDS — MAULinte

10.2.1 | Services

If the MDS — M@

given in| Table 44 a

PH-DATA (END-OF-ACTIVITY) indiéation to the DL-user.

mum services at MDS — MAU interface

vinication plement
gure 1.) For electrical
ing and wave [shaping
inks the MAU to tHhe MDS.
interface optionallly being
equired

services

\ \ \Se/wce Abbreviation Direction
\\Ruq\mréj:
\ Transmit Signal TxS To MAU
Receive Signal RxS From MAU
FramsmitEmatrte TxE FoMAY
Optional:
Loopback enable LbE To MAU

10.2.2 Service specifications

10.2.2.1 Transmit signal (TxS)

The Transmit Signal service (TxS) shall transfer the encoded PhPDU signal sequence across
the MDS — MAU interface to the MAU, where the sequence shall be transmitted on to the
medium if the Transmit Enable (TxE) is set to logic 1 (high level).
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10.2.2.2 Receive signal (RxS)

The Receive Signal service (RxS) shall transfer the encoded PhPDU signal sequence or
silence across the MAU — MDS interface to the MDS. The RxS shall echo the signal
transmitted via TxS by simultaneously receiving the transmissions 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 redunda i iNe on all
channels but transmit on only one then the channel (cable) thafi sed for
transmisgsion shall be selected by setting its TxE to logic 1 (high le $1at are
not currently in use for transmission shall be disabled by setting level).

10.2.2.4 Loopback enable (LbE)

If the optional Loopback Enable (LbE) service shown ih Ta sedNt isable the
final oulput stage of the MAU transmit circuit, connett the ou v [ e of the
MAU transmit circuit to the MAU receive circuit a i ‘ i irquit from
the medium. The state of the Loopback Enable Y W i smitting

or receiying.

NOTE This confirmation service is of local significanceso b test the

integrity gnd functionality of the PhL circuitry, excluding the xped
10.2.3 | Signal characteyistics Q
Timing Eharacteristics[shal apatibie™with those specified in the requirementy of this
standard for the relevgnt

If the MDS — MA
Table 4%. Both sid

it shall operate with digital signal levels as shown in
operate with the same value of Vpp.

able i | levels for an exposed MDS — MAU interface
Symb )/I/\ \ \\Pah\met\e\/ Conditions Limits Units Remgrks

VoL a%%&m Woutput voltage loyt = £100 pA 0,1 \ See Notel 1
lout = +1,6 mA 0,4 \

Von| ~dMin.high-1avel output voltage lout = +100 yA | Vpp — 0,1 vV |see Notel 1
lout = —0,8 mA Vpp - 0,8 V See Note 2

VL Max.low-level input voltage 0,2 Vpp \

ViH Min.high-level input voltage 0,7 Vpp \ See Note 3

NOTE 1 Provides the capability to drive two typical CMOS loads.
NOTE 2 CMOS input compatibility with TTL output requires a "pull-up" resistor from signal input to Vpp.

NOTE 3 Compatible with CMOS output for 3,0 V < Vpp < 5,5 V. Compatibility with TTL output
(4,75 V < Vpp < 5,25 V) requires a "pull-up" resistor from signal input to Vpp.

10.2.4 Communication mode

The communication mode at this interface shall allow simultaneous transmission and
reception.
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The MDS — 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).

10.3 Type 1: MDS — MAU interface: Radio signaling

When exposed, this interface should use the industry standard SPI protocol and signals, or
equivalent, in which octet registers and FIFOs in the MAU are read and written by the MDS
and in which the MAU can interrupt the MDS.

10.4 Type 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 bt the
shall be|provided for each PhL variant implemented.

The MDIS-MAU interface need not be exposed i

interface
howevel, conformance to the MD
conform

10.4.1.2
For all jmplementations

medium| to the MDS-M
MDS-M

10.4.2
10.4.2.1

This su

MDS-M i Ta

Ta

ble 46.

s defined for the 5 Mbit/s, voltage-mode, coaxial wire

ihterface

nt. This
vice. If,
n shall

rom the

medium

interface definitions: 5 Mbit/s, voltage-mode, coaxial wjire

TXDATAQUT Tth*».Q,y> NETENABLE RXDATA RXCARRIER Ph-symbol
X X 0 undefined 0 No transmission
MAU FraME REQUEST = false
0 0 1 undefined 0 No transmission
MAU FRAME REQUEST = false
1 0 1 1 1 H
0 1 1 0 0 L
1 1 1 - - Not allowed, transmitter damage may occur

10.4.2.2 TxDataOut

TXDATAOUT shall be true to represent H from the MAU, and shall be false to represent L as
shown in Table 46. TXDATAOUT shall be false when no Ph-symbol data is to be transmitted

(MAU_FRAME_REQUEST = false)
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10.4.2.3 TxDataBar

TxDATABAR shall be true to represent L from the MAU, and shall be false to represent H as
shown in Table 46. TxDATABAR shall be false when no Ph-symbol data is to be transmitted
(MAU_FRAME_REQUEST = false)

10.4.2.4 NetEnable

NETENABLE shall be true to enable the MAU for transmission of TXDATAOUT and TxDATABAR
Ph-symbol data on the coaxial wire medium. NETENABLE false shall prevent transmission of
TxDATAOUT and TxDATABAR Ph-symbol data as shown in Table 46.

10.4.2.5

[ YO . Y
NAUdld

covered
rements
timing
idte MDS

RxData[shall represent the raw, distorted, unsynchronised Ph-symbqg

shown |n Table 84. After data recovery and resynchronisatio
requirerments (from Table 31), these Ph-symbols shall be decg
M_symiols as shown in Table 32.

10.4.2.6 RxCarrier

RxCarri exceeds thg carrier
detectio hal shall
be used .5.
10.4.3 | MDS-MAU interface 5 Mbit/s,

10.4.3.1

This su bit/s, optical fiber medium MDS-MAU

interfac

ace 5 Mbit/s, optical fiber medium

TxDATA9Jd\§\ EﬁQABL RXDATA RXCARRIER Ph-symbol
Don't c\A{e \ 0 0 0 L or ‘light off
< 1 1> 1 1 H or ‘light on’
\) \\ 1 0 0 L or ‘light off

\
%
10.4.3.4 TxDataQu

TxDATADUFshall betruetorepresent H from-the MAU and shall befalseforepresent L as
shown in Table 92. A true signal shall be represented on the fiber medium as ‘light on’. A
false signal shall be represented on the fiber medium as ‘light off’. The fiber transmit level
requirements that define ‘light on’ (or Coupled Power, PT on) and ‘light off (or Coupled
Power, PT off) shall be as defined in 19.6.

10.4.3.3 NetEnable

NETENABLE shall be true to indicate the MDS sublayer has valid Ph-symbols to be transmitted
onto the fiber medium. NETENABLE shall enable the MAU for transmission of TXDATAOUT light
levels on the fiber medium. NETENABLE false shall prevent transmission of TXDATAOUT
signals, as shown in Table 47.
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10.4.3.4 RxData

RXDATA shall represent the raw, distorted, unsynchronised Ph-symbols (H or L) as recovered
from the fiber medium. This signal shall be true when the light level on the medium meets the
‘light on’ requirements defined in 19.6, otherwise this signal shall be false. After data recovery
and resynchronisation to meet the MDS timing requirements (from Table 31), these
Ph-symbols shall be decoded into the appropriate PLS_DATA_INDICATION M_symbols as shown
in Table 32. RXDATA shall report false if the medium is broken, missing or power is removed
from the transmitting end of the fiber.

10.4.3.5 RxCarrier

RXCARRLIER_shall be true when the Iight level on the medium meets the ‘lightan’ requirements
defined[in 19.6, otherwise this signal shall be false. This signal shall be b create

the PLS [CARRIER_INDICATION at the DLL-PhL interface. If the fiber tran support
a carrigr indication mechanism, this interface signal shall be §XDATA
interfac¢ signal. The RXCARRIER shall report false if the medium_is\b power
removed from the transmitting end of the fiber.
10.4.4 | MDS-MAU interface Network Access Port (NAF
The follpwing signals shall be required for the NAP
a) /[TxPTC shall be false to represent H tra i 2 . true to
represent L;
b) /RxPTC shall be false to represt true to
represent L. This signal shall be—t , short-
d

10.5.2

face as described in 10.2 the DL — Ph interface for

Instead :
be used (see 5.1 and 5.4.2).

asynchr

The MDS:=MAU interface makes services available to connect the MDS with a corresponding
MAU. The Services are defined as logical signals that the MAU sublayer directly converts into
physical signals (see Table 48).
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Table 48 — Services of the MDS-MAU interface

Service Mnemonic Direction

Data Out DO From MDS

Data In DI From MAU

Bus Connector BC From MAU

Loopback Enable LbE From MDS

Data Select DS From MDS

Medium Activity MA From MDS

NOTE The Bus Connector, Loopback Enable, Data Select and Medium Activity
services are only supported by the MAU of an outgoing interface.

N

10.6.2 | Description of the services
10.6.2.1 Data-out (DO)

This sernvice transmits the PhPDU from the MDS to the MA

10.6.2.2 Data-in (DI)

This sernvice transmits the PhPDU fro

10.6.2.3 Bus connector (BC)

This service indicates to a MDS wheth
an outgping interface. If theNtransmissi
interfacg, the systems m4
medium| with the Loophba
circuit.

r thettansmis medium is connected to the|MAU of
% is\gotvconnected to the MAU of an qutgoing
N farsthis MAY, disconnect the receive circuit from the

etvice amd connect the send circuit with the|receive

NOTE 1 [The Bus ted to the

other ser

NOTE 2 ted to the
outgoing ring with
the LoopH

NOTE 3 ge in the
connectof

10.6.2.

This s¢rvice allows the systems management to decouple the receive circuit fiom the
transmission medium for a € send circuit with
the input circuit.

NOTE 1 The Loopback Enable service is only supported by the MAU of an outgoing interface and is not related to
the other services of the MDS-MAU interface.

NOTE 2 This service is a local management service that allows the systems management to close the
transmission ring if no other bus slave is connected to the MAU of an outgoing interface.

10.6.2.5 Medium activity (MA)

This service transmits a special status PhPDU from the MDS to the MAU if the active ring was
decoupled from the medium and the send and receive circuit were connected but controlled
activity is to be generated on the medium.

NOTE 1 This service is used by a slave only.
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NOTE 2 The Medium Activity service is only supported by MAU of an outgoing interface and has no time relation
to the other services of the MDS-MAU interface.

10.6.2.6 Data select (DS)

The systems management uses this service to transmit on the decoupled medium of an outgoing
MAU either a reset PhPDU or with the Medium Activity service certain status PhPDUs.

NOTE 1 This service is used by a slave only.

NOTE 2 The Data Select service is only supported by MAU of an outgoing interface and is not related to the other

services of the MDS-MAU interface.
Ns& The

10.6.3 Time response

The MOS shall be able to correctly decode a bit with bit jitter specifi
variatiof for the sample clock shall be within the range of £ 0,1 %.
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10.6.4

The MDS-MAU. interfage shall allow a simultaneous, independent sending and receiving.

10.7 T : = i W dia

10.7.1 General

The granularity of PhPDU exchanged at the MAU interface is one bit.

10.7.2 Services

If the MAU interface is exposed it shall support at least the set of required services given in
Table 49 and specified in 10.7.3.
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Table 49 — Minimum services at MAU interface

Service Abbreviation Direction
Transmit Signal TxS To MAU
Receive Signal RxS From MAU
Transmit Enable TxE To MAU

10.7.3 Service specifications

10.7.3.1  Transmit Signal (TxS)

the intgrface to the MAU, where the sequence shall be transmitte dium if
the Transmit Enable (TxE) is set to logic one (high level).

The Trajnsmit Signal service (TxS) shall transfer the encoded PhPDU sigral seb4§< across
thexym

10.7.3.4 Receive Signal (RxS)

The Refeive Signal service (RxS) shall transfer the engode ence or
silence pcross the interface to the MDS. The RxS shall echo S ni id TxS by
simultaneously receiving the transmissions from the médium

10.7.3.3 Transmit Enable (TxE)

ransmit.
ment of preamble trangmission
t b|t of the end delimiter has been

The Trgnsmit Enable service (TxE) s
The Txg shall be set to logic one (high le
and thgn set to logic zero (low leve
transmifted.

10.7.4 | Signal characteri

If the MAU interface is|ex it st ; ate with digital signal levels as shown in Thable 50.
Both sides of th i

éls for an exposed MAU interface

Conditions Limits Units Remarks

VoL A ww kﬁ&{p}?voltage lout = =100 pA 0,1 \Y See Note

N

lout = +1,6 mA 0,4 \Y
Vou n%m h h\Fevéoutput voltage lout = £100 pA Vpp — 0,1 \ See Notel 1
\} lout =—0,8 mA Vpp - 0,8 \ See Note 2

VL Maximum low-level input voltage 0,2 Vpp \
Viy Minimum high-level input voltage 0,7 Vpp \ See Note 3

NOTE 1 Provides the capability to drive two typical CMOS loads.
NOTE 2 CMOS input compatibility with TTL output requires a "pull-up" resistor from signal input to Vpp.

NOTE 3 Compatible with CMOS output for 3,0 V < Vpp < 5,5 V. Compatibility with TTL output
(4,75 V < Vpp < 5,25 V) requires a "pull-up" resistor from signal input to Vpp.

10.7.5 Communication mode

The communication mode at this interface shall allow simultaneous transmission and
reception.
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10.7.6 Timing characteristics

The MAU shall function correctly with a PhSDU bit rate of between 1 kbit/s and 1,1 times the
highest stated MAU bit rate. The clocking frequency shall be implemented accurate to within
150 ppm of the specified rate.

11 Types 1 and 7: Medium attachment unit: voltage mode, linear-bus-topology
150 Q twisted-pair wire medium

11.1 General
NOTE These MAU requirements are not specifically intended to facilitate the options of p(y{{distribution via the

signal coductorsamd—suitabitity formtrinsicsafety certificatiomn:
The network medium consists of shielded twisted-pair cable. Indep ogy, all
attached devices, other than possibly the transmitting device, preg i nce to
prevent| significant network loading. Trapezoidal waveforms reduce
electromagnetic emissions and signal distortion.
A linear bus topology is supported, as are some bran network
containg one trunk cable, terminated at its ends.
11.2 Blit-rate-dependent quantities
Six bit nates are defined for the voltage- Qi i NAU). A
given MAU shall support at least one of\thesk
Table 81 specifies the supported bit r pendent
quantitigs used throughou i
Table 51 —|Bjt-rate-
QL@N > 2 gywkal\ nit Value

Nominal blt rate 2\ INGBR> | Mmbitis | 003125 | 1 | 25 | 5 | 1b | 25
Maximum Heviation fr \ BABR 0.2 % 0,01 %
Nominal blt duratien \ '\ Thit us 32 10 | 04 |02 | ofi [004
Maximum Heviafion fromJBpit\ N\ | atpie | - 0,9 us 0,025 %

<\\NQ&>\'naNQQ; rep\ated bit fr MHz | 003125 | 1 25 5 1 | 25
Signaling | “INominal miginiua(= 0,251, | fmin | MHz | 00078 | 025 | 0625 | 125 | 2ls |625
requencigs

NomMa mum =1,25f | fmax MHz 0,039 1,25 | 3,125 | 6,25 | 125 |31,25

Maximum pumber of devices Nmax 32 16
Maximum inter-device distance Lmax m 4 000 750 500 400 200 100
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 8 000 ‘ 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 | MHz 0,1 4 fr
for QTOmgx measurement
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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.

11.3 Network specifications
11.3.1 Components
A voltage-mode MAU operates in a network composed of the following components:

a
b

twisted-pair wire cable;

devices (containing at least one communication element);

O

o

gouplers;
terminators.

D

)
)
) connectors;
)
)

11.3.2 | Topologies

A wire [MAU shall operate in a network with an acyclj pology,
consisti nication
elements are connected via couplers. Each commupi€a pcted in
parallel

NOTE 1

NOTE 2 that of a
single se ents, and
may makg

11.3.3

An MALU S this standard shall meet the requifements
of this clause when usged\in 2 complies with these rules.

Rule 1:| A field
operating at the s

mmunication between two and Np,5x devjces, all

NOTE 1 S suse/of more than Ny g% devices in an installed system.

Rule 2: ? number of connected devices) fieldbus segment shall have a
total ca nches, between any two devices, of up to Ly ax-

NOTE 2 of“this\maXimum cable length is a requirement for MAU conformance to this claugse of this
standard, reclude the use of longer lengths in an installed system.

Rule 3] The total number of waveform regenerations by repeaters and active g¢ouplers
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 40 Ty;;.

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.
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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.

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.

al attenuation. neconrigaration o e DU FONK [engtn, nuar
ible matching devices) shall be such that the attenuation betwegé

Atte

c) Misn
any

whefe Zf, is the characteristic impe ; : Z is the

NOTE 5 |[This rule minimizes restrictions on trunk ammkspurileny
transmissjon limitations imposed ky combinatioRs of e 'S
on the negds of the application

NOTE 6 |The usual cause [0 i is\{he.conceptration of several couplers on a short length of the
trunk.

If the disthnce bet @ o gonsecufive isNgss than CSmpax, then the propagation delay betwegn them is
smaller than T and\the ex i ns of the

signal trapsitions.

ymber of devices etc. by specifying only the
ferent combinations may be used depending

efined as
Nmin and

A concen
a cluster.
zero-leng
Using dewy ith more
couplers.

NOTE 7

— using petive multiport couplers,

— inserting matching devices (passive attenuators) on each side of the cluster while satisfying Rule 8.

Rule 9: The following rules shall apply to systems implemented with redundant media:

a) each channel (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 6.2.2.2
and 9.2.9).
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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.

11.4 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 sumrar

Transmit level characteristics, values referred to trunk \@u

(but measured using test load as shown in Figure 54)

Output Igvel (peak-to-peak, see Figure 55) \ SMto 90 V
With test|load (0,5 nominal Z, of the trunk cable at fy) <\ \ 75Q+1%
Maximunp positive and negative amplitude difference (signaling bjas) A +0,45V

as shown in Figure 56 /_\

Output Igvel with one terminator removed (peak-to-peak) 55Vto11,0V
with testload (nominal impedance of the trunk})&ble at fy(\ 150 Q+1 %
Maximunp output level; open circuit (peak-to-p%{k) \ \ )\/ 5,5V to 30,0V

Maximunp output signal distortion; i.e., overvoltafgﬁ;rmg\hgw d}n\p (seeFigure 55) +10 %Y

Quiescent transmitter output; i.e. transmitter noise < QTOmax (f-m.s.)
(measurgd over the frequency b/a@ 1 kHz to fq omgh

Tahle 53 — MAU tra n summary for 31,25 kbit/s operation

Tran Kg\;:\ar%:@\e{referred to trunk Limits
(but /sm‘{ ing téstToad as\shown in Figure 54)

Transmitfed bit rate/\ BR + ABR

Instantarleous Nm\ \\ Thit = ATt

Rise and|fall ti?rkes (MO\XO %\siggak-to—peak signal, see Figure 55) < 25 % Tpit

Slew rate\@t}\Q\wiMm 10\%) to 90 % of peak-to-peak signal) <0,2 Vius

Maximuni trM@d bNMer (zero-crossing point deviation, see Figure 56) + 2,5 % Thit
Transmit enable/dis\ablg}ia%e (i.e. time during which the output waveform may not <2,0 Tpit

meet the|tradsmit requirements)
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Table 54 — MAU transmit timing specification summary for > 1 Mbit/s operation

Transmit timing characteristics, values referred to trunk

(but measured using test load as shown in Figure 54) Limits
Transmitted bit rate BR + ABR
Instantaneous bit time Tpit £ ATpit
Rise and fall times (10 % to 90 % of peak-to-peak signal, see Figure 55) <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 56)

2,5 % Tpit

Transmit enable/disable time (i.e. time during which the output waveform may not

< 2,0 Tpit

meet theftramsmritTegquiTements) 7
11.4.2 | MAU test configuration
Figure 84 shows the configuration that shall be used for testing S.
o Diffgrential signal voltage: Vq = V4 — Vy,
e Test load resistance R = 75 Q (0,5 nominal impedance o cable at fr) and C =
0,15 uF except where otherwise stated in a specific r
e Data|"+" terminal connected to the power "+" ter inal connected to the power
"-" terminal.
+ <
Data and power ‘+
+
Fieldbus
pawer Device
supply under T Vd
test
0 R Case -
Q\ Ground Data and power ‘-’
T Terminator removed as
required for testing
re 54 — Transmit circuit test configuration
11.4.3 | MAU out level requirements

Figure 55 describes the output form of the signal for the twisted-pair voltage output level

requirements.

NOTE Figure 55 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.


https://iecnorm.com/api/?name=0c3f55af4d288a997008042f4a5a36bb

- 148 — 61158-2 © IEC:2010

- 1 bit time

VDroop +
mid-point  Oyershoot

+ Ringing

100 % /" \
90 % —

positive
amplitude
50 % y T
/ negative

min. o/p

max. o/p

amplitude one terminator
10 % removed
0% =
mid-point J
< >
Rise time Fall time
Figure 55 — Output waveform

The MAU transmit circuit shall conform to the following requipémants, all
amplitudes being measured at the estimated mid-point b anyspeaks\or troughs in the

top and|bottom of the waveform ("mid-point" in Figure 5

a) the output voltage across the test load after tra mer st (if applicable) shall
be between 5,5V and 9,0 V peak-to-peak wi ¢ i e of 75 Q + 1 % ("min. o/p"
in Figure 55);

b) the output voltage at the trunk, or aktherar N\efmials, with a load resistance of
150 be between 5,5V and 11,0 V
peal v i

c) the putput voltage at iNterminals, with any load including an
open circuit shall be<pbetwee : neh30,Q V’peak-to-peak. For test purposé¢s open
circyit shall be defiped 2 Q istance in parallel with 15 pF capacitance;

d) durimg transmissiopn a i a fer permanent failure when a load resisfance of

e) the di ¢ it ipude and negative amplitude, measured as shown in

Figu([
f) the
rrm.s.
trunk;

nhich is receiving or not powered shall not exceed QTOmax
over the frequency band 1 kHz to fqTomax, referref to the

g) the i tage\across the test load shall be such that the voltage monofonically
char and 90 % of peak-to-peak value. Thereafter, the signal|voltage
shal| not-vary & than £10 % of peak-to-peak value until the next transition occyrs. This
pernLitted variation shall include all forms of output signal distortion, i.e. overpoltage,
ringing-and droop

11.4.4 MAU output timing requirements
11.4.4.1 Common output timing requirements for all data rates
An MAU transmit circuit shall conform to the following output timing requirements:

a) transmitted bit cell jitter shall not exceed ATpjt from the ideal zero crossing point,
measured with respect to the previous zero crossing (see Figure 56);
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0,5 bit time —»>}€——0,5 bit time ——
Amplitude IQ—Negative jitter limit
Mid-point
[<€——Midcell T
\Y
Waveform early <€— Positive jitter limit P
Vpg but within limits ¢‘ X
ime
Signalling Bias = -
Vgp— 4 — — = =|— = = — — _ L D D - = = = R
VN
Power |\ er—————— —— Y~ Mid-point
Btas [
l Not to scale
oV

Figure 56 — Transmitted and received bit cell jitter (zero¢cro

b) the fransmit circuit shall turn on, i.e. the signal shall
maxjmum output noise level as specified in 11.4.

iation)

transm|t circuit
el, in less than

2,0 Tpit- The waveform corresponding to the thirg’and later. Bi{.times shall be as slpecified
in Figure 55;

c) the fransmit circuit shall turn off, i.g output level to bglow the
tran .0 Thit.
The eed 4,0
Thit, incuit test
conf| h cable

acrolss the DUT termina

NOTE This requirement is to e
capacitange fully discharged

s the line

11.4.4.2 Add|<}
The MAU transmitCir€ it sk nforr tojthe following additional output timing requirgments:

a) rise

min. slewrate =2 x08V /025 Ty =64 xV, /Ty

de shall

B0 % of

irement b)
alculated

where V, is the maximum peak -to-peak output voltage (9,0 V) with a standard load.

11.4.4.3 Additional output timing requirements for > 1 Mbit/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 0,2 Ty;; (see Figure 55);

b) slew rate shall not exceed 100 V/us x (fr/MHz) measured at any point in the range 10 % to

90 % of the peak-to-peak signal amplitude (see Figure 55).

NOTE 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 = 36 x min. slew rate = 3 x 0,8 V,/ 0,2 Tpjt = 12 x V, / Tpit,
where V, is the maximum peak-to-peak output voltage (9,0 V) with a standard load.
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11.4.5 Signal polarity

For a bus-powered device, the data “+” terminal shall be connected to the power “+” terminal,
and the data “-” terminal shall be connected to the power “~” terminal. See Figure 54.

When transmission is enabled, a high to low transition of the Manchester encoded signal shall
result in a high to low transition in V4 on the bus. A low to high transition of the Manchester
encoded signal shall result in a low to high transition in V4 on the bus. The signal polarity is
defined in Figure 57.

During reception, a high to low transition in V4 on the bus shall result in a high to low
transition of the Manchester encoded signal. A low to high transition in \id\on the bus shall

result ifa fow to nign transition or the iancnhester encodeda signal.
NOTE 1 [Manchester encoding is defined in 9.2.2.
I
+ A X
I
I
o I
> |
[}
(o]
S
o
>
g
m Bias
0 l
Receiving Time
Manchester
encoding
Time
Time
Time

Figure 57 — Signal polarity

NOTE 2 The waveform in Figure 57 is shown to provide an example of the “1”, “0”, “N+”, and “N-" symbols. This
waveform does not represent an actual PhPDU. See 9.2.2 for the encoding rules.

NOTE 3 The TxS and RxS waveforms in Figure 57 are indeterminate in the time period marked “Receiving”.

NOTE 4 The signals at the MDS-MAU interface are defined in Clause 10. The TxS, TxE, and RxS signals shown
in Figure 57 are only accessible if the MDS-MAU interface is exposed.

11.5 MAU receive circuit specification
11.5.1 Summary

Table 55 summarises the specification.
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Table 55 — MAU receive circuit specification summary

Receive circuit characteristics (values referred to trunk) Limits
Input impedance, measured over the frequency range fmin to fmax >8 kQ
Sensitivity; min. peak-to-peak signal required to be accepted (see Figure 58) 700 mV

Noise rejection; max. peak-to-peak noise required to be rejected (see Figure 58) 280 mV

Maximum received bit cell jitter (zero crossing-point deviation, see Figure 55) +0,10 Tpit

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 thg"powe power-
on (not [transmitting) states and in transition between these states, /Nlis im¥ shall be
measur¢d at the communication element terminals using a sine wave W;th ig b:plitude
greater than the receiver sensitivity threshold and lower than 9,0"V\pes

NOTE The requirement for 2Dinmin input impedance during power-up/and ™ pow automatic
disabling pf the transmitter during these periods.

11.5.3 [ Receiver sensitivity and noise rejection

An MAU pting i i of amplitude no lg¢ss than
700 mV illati her with
"positive amplitude" and "negative amphtudel

An MAL i ignal with a peak-to-peak amplitude

which d

+ signal
level (min.)

+ noise
rejection (min.)

— noise
rejection (min.)

— signal
level (min.)

SIGNAL

igure 58 — Receiver sensitivity and noise rejection

11.5.4 Received bit cell jitter

The receive circuit shall accept a Manchester encoded signal transmitted in accordance with
11.2 and 11.4. In 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 56.

NOTE 1 This specification 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 0,5 Tpjt or 1,0 Tpjt.

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 signaling.
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11.5.5 Interference susceptibility and error rates

NOTE 1 When a fieldbus is operating in a variety of standard noise environments the probability that an
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 1012 (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 106. 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 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 106 frames during operation in
the presence of common-mode voltage or Gaussian noise as follows:

plitude

b) a common-mode d.c. signal of £10 V;

c) white Gaussian additive differential noise in the frequency b a noise

dengity of 30 uV/\VHz r.m.s.

NOTE 2 |The common-mode voltage and Gaussian noise specmcatlon conformange testing

with balanced loads and are not indicative of system installation pra

A communication element which includes an MA pames contaihing 64
random|user data bits, at an average of 1 600 messa ; S to-peak
amplitudle, shall produce no more tham\si 3 e i 5 during
operatia i ents as
follows:

1) 1

2) glectrical fast transiént as s

The abagve error rate ign in the

following noise environme

kV ele i
everity level/3.

esult of t

D-4-2 at
ce as a
rvention

§
S
r
\

i) hi voltage
d nsverse
i If the device suffers temporary loss of function or perfgrmance
H , it shall recover from any such loss without operator intefvention
\

11.6 Jpbber 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 5 000
Tpit and 15 000 Tpjt 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.

For a data rate of 31,25 kbit/s, the MAU shall reset the self-interrupt function after a period of
3s+50 %.

NOTE 1 This inhibits bus traffic for no more than 8 % (= 1/12,5) of the available time.

For a data rate of 1 Mbit/s or greater, the MAU shall reset the self-interrupt function after a
period of 500 000 Tpjt £ 50 %.
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NOTE 2 This inhibits bus traffic for no more than 3 % (~ 1/32) of the available time.
11.7 Power distribution

11.7.1 Overview

Voltage mode MAUSs 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.

Table 56 — Network powered device characte;s\cs x

T

mi
Network powered device characteristics
JMbs N\ | > 1 pivs

31,25 kﬁi\t/s M

Maximym rate of change of quiescent current (non-transmitting) anps\\ w mANs 0,1 mA/us
Operating voltage 9\9 V\QMV d.c.

Minimum withstand voltage, either polarity, for no damage ( \}5 \%

)
Table 57 — Network power supplrequirements

Network power s,(p?ly req}i(e\h\ents Limits

Output voltage \ \\ \/ <32Vd.c.

Output ripple ang\noi}e\( N \/ See Figure 59
Output impe({}%e,}»ﬁasure erh Wy range fmin to fmax > Dinmin

11.7.2

A fieldb e to this clause shall be capable of operating within a
voltage .C—jetween the two conductors including ripple. The device
shall wif ge of +35 V d.c. without damage.

A fieldb conformance to this clause shall conform to the requirements of
this clad d when powered by a supply with the following specifications|:

a) Theoutput volt of the power supply shall be 32 V d.c. maximum including ripplg.

NOTE 1 The voltage of the power supply added to the open circuit transmitter output voltage should 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 >8 kQ over the frequency range fmin
to fmax.

c) 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 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 V 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.

d) When a power supply powers two or more segments, the isolation impedance to each
segment shall be split £10 % between the two signal conductors of the segment.
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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) 30 mV peak-to-peak over the frequency range fmin to fmax;

b) 2V peak-to-peak over the frequency range 47 Hz to 63 Hz;

c) 300 mV peak-to-peak at frequencies greater than 12,5 f, up to a maximum of 50 MHz;
)

d) levels at intermediate frequencies generally in accordance with Figure 59, which gives the
level and the frequencies for power via signal conductors.

Volts
pk-pk A /4
20 | =

1,0

Ne%

0,5

0,2

0,1

0,05

0,02
0,01 |
10 fp | Freduency

The deV > i rate of change of quiescent current in the non-transmitting
conditio
NOTE T,
11.7.4
NOTE Ppweér distributi to non-bus-powered fieldbus devices is by separate conductors feeding logal power

supplies grregulators. These conductors can be in a separate cable or in the same cable as the signal copductors.

A separately powered fieldbus device claiming conformance to this clause shall draw no more
than 100 pA direct current from the signal conductors, nor shall it supply more than 100 pA
direct current to the signal conductors when not transmitting.

11.7.5 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 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.
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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 |EG-68364-6-64—the—shield-ofthefieldbus—eable—andthefieldbus—deree~greounrdimay be

directly connected.

The makimum unbalanced capacitance to ground from either inpuKterg t}E shall

The brelakdown requirements of the isolation of the signal’ circuif & K isfribution
circuit flom ground and from each other shall be in accorda i

NOTE 3 |The equivalent test voltage is applied between independeyit 1s i d circuits
and accepsible conducting parts. For circuits which is poweted fr y f V d.c. or
r.m.s., th¢ equivalent test voltages at sea-levela . 4 pst. For a
device which is powered from a supply with fated\vol 300 V r.m.s., the equivfalent test

voltages 4t sea-level are 2 260 V r.m.s., 3 175 test.
11.8 Medium specifications
11.8.1 | Connector

with this standard (see Annex A). Field
inals and permanent terminations (splices)

Cable gonnectors, if
termination technique

may alsp be use@
11.8.2 | Standard'tg
The cal i : vices with a 150 Q voltage-mode MAU for confgrmance

to the r s clayse of this standard, shall be a single twisted-pair caple with
overall $hi i ng minimum requirements at 25 °C:

Y

Zo A over the range 0,25 fy to 1,25 fy;

O

max tenuatjon at ,25 fy to 1,25 f;, as specified in Table 58;
ve unbalance to shield = 1,5 nF/km

)

o

) maximum-capaci
) maximum d.c. resistance (per conductor) = 57, T CI/Km,

conductor cross-sectional area (wire size) = nominal 0,33 mm2;

D

f) minimum resistivity between either conductor and shield = 16 GQ km;
g) minimum shield coverage shall be 95 %.
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Table 58 — Test cable attenuation limits

Maximum attenuation at
Bit rate
0,25 f, 1,25 f,
31,25 kbit/s 1,5 dB 3dB
1 Mbit/s 6,5 dB 13 dB
2,5 Mbit/s 10 B 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 type
installations (see Annex B.) Cables with improved specifications may enable inctease
interference immunity or may be required to meet environmental or installationconditions.

nversely)

cable\may'be sed in real
runkNlength o?superior
bl

es with
ible non-

n to the

en trunk

signal
hform to

inferior specifications may be used subject to length limitations for both lus\pos4
conformance to the RFI/EMI susceptibility requirements.
11.8.3 | Coupler
The codpler, as shown in Figure 60, shall provide orfe o int(s) of connectig
trunk. It[is generally integrated with a fieldbus%.
Trunk Covpler runk
|
Device
60— Fieldbus coupler
A passi all of the optional elements as described below:
a) a tra fvanic isolation and impedance transformation betwe
and
b) conn e€asy connection to trunk.
Active touplers,~whjch require external power supplies, contain components fo
amplificptiem and re-transmission. The transmit level and timing requirements shall co
11.4.
11.8.4 Splices

NOTE A splice is any part of the network in which the characteristic impedance of the network cable is not
preserved. This is possibly due to separation of the cable conductors, removal of the cable shield, change of wire
gauge or type, attachment to terminal strips, etc. A practical definition of a splice is therefore any part of the
network that is not a continuous length of the specified medium.

The con

11.8.5

tinuity of all conductors of the cable shall be maintained in a splice.

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.
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For test purposes, using the cable specified in 11.8.2, the terminator shall have an impedance
value of 150 Q + 2 % over the overall frequency range 625 kHz to 31,25 MHz.

NOTE In practical implementations this value would be selected to be approximately equal to the average cable
characteristic impedance value at the relevant frequencies to minimize transmission line reflections.

The direct current leakage through the terminator shall not exceed 100 pA. The terminator
shall be non-polarized.

11.8.6 Shielding rules

For full conformance to the noise immunity requirements of 11.5.3 it is necessary to ensure
the intpurify of thnlr‘ling 1hrn||ghm|f the Pnhlin01 connectors and r‘nlllnlnrf\k\\l the f')||owing

means:

a) the ¢coverage of the cable shield shall be greater than 95 % of the't
b) shie|ding shall completely cover the electrical circuits in con ?plices.

NOTE Dleviation from these shielding rules may degrade noise immunity

11.8.7 | Grounding (earthing) rules

NOTE 1 |Grounding (earthing) means permanently connected tg earth i and with
sufficient [current-carrying capability to prevent voltage build- i onnected
equipmenyt or persons. Zero volts (common) lines may be cp R icallly isolated

from the fjeldbus trunk.

Fieldbus$ devices shall be required to fu he mid-

point of|lone terminator or one inductive

Fieldbu$ devices shall noyC i i i ny point
in the ne¢twork. Signals sha appli 9 i i work.

NOTE 2 | It is standard practice ie { \ i i i grounded
at one pojnt along t i i i i i the cable
shield fropn ground. nanner at

riect the signal conductors to ground in a balanced

the same 3 rminator or coupling transformer. For bus-powered sygtems the
grounding i 9 ignal ‘ephductors should be close to the power supply unit. ¢apacitive
coupling & : nced signal conductors and device local ground for EMI control is permitted.

11.8.8

NOTE i be considered in the choice of cable colors.

Within N i cofors of inner cable conductors and outer cable sheath (jacket) should
be assig i

Table 39 — Recommended color coding of cables in North America

Color for inner conductors

‘+’ (positive voltage) inner conductor Orange, or red/orange/brown end of the spectrum
‘~' (negative voltage) inner conductor Blue, or blue/violet end of the spectrum
Shield conductor (which may be earthed) Bare, clear, or green

Color for outer sheath (jacket)

General purpose construction rules Orange

Non-incendive construction rules Orange/blue stripe

IS construction rules Blue or blue/orange stripe or blue/black stripe
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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.
12.1 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
Super]m 0 0l e DOWEe [ [ . i a ale _Il _Il a __mrananA- ay ||m|t
the number of devices.

The nefwork medium consists of a one pair cable, usually, but 5d pair.
Independent of topology, all attached devices, other than possibl device,
present|a high impedance to prevent significant network loadikg. rms are
used tojreduce electromagnetic emissions.

Bus and tree topologies are supported. In either topol k cable,
terminafed at its ends. In the bus topology, spurs ar¢ e trunk.
In the tree topology, spurs are concentrated at o ct more
than on¢ device to the network, with theumaxi ding on
spur length.

At the gdower frequency (d.c.), devices/appear tQ limited
rate of ¢ghange of the supply current driawn hanges

in load ¢urrent from interfertng with

e

This clause specifies 3 at.allows devices to reduce their current draw from
the network when not itt

To minil[nize OSCi oNs 9 )i e network, the power supply impedance is s]pecified
as a function of mMpedance such that the total network reacfance is
minimiz ke f 0 Hz to 39 kHz.

12.2 T

The avera 8 : shall be 31,25 kbit/s + 0,2 %, averaged over a frame RHaving a

minimur 6 éts. The instantaneous bit time, Tp;;, shall be 32 us + 0,9 ps.

12.3 r\ﬂetwork specifications

12.3.1 Components

An MAU operates in a network composed of the following components:

a) wire cable;

b) devices (containing at least one communication element);
c) couplers;

d) terminators.

The network may optionally include the following components:

e) connectors;
f) power supplies;

g) devices which include power supplies;
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h) intrinsic safety barriers.
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. 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 he connected to the trunk gtone point using a
multi-pgrt coupler. An active coupler may be used to extend a spur to allength\that\requires
termination to avoid reflections and distortions. Active repeaters ma tend the

length df the trunk beyond that of a single segment as permitted b uration
rules. Branches must be considered as segments, and may make ycles
(closed |oops) are never permitted.

12.3.3 | Network configuration rules

An MAU that claims conformance to this clause sha clause
when uged in a network that complies with these rule

Rule 1: A fieldbus shall be capable bers of
devices| all operating at the same bit rat

a) for g non IS fieldbus without powe two and

32 devices;

b) for g gignal conductors: between two |and the
num the signal conductors, assuming that a
mini Je vaifable to devices at the remote end from the
pow ing withione deyice at the power supply end drawing 10 mA;

c) for s S e’number of devices which can be powered via the
sign at™a minimum of 40 mA (aggregate) shall be avallable to

devi

NOTE 1 e use of more than the specified number of devices in an installed system.
Since the nswmpthen is hot specified, the number of bus-powered devices cannot be specified.

Item b) ag i um peter supply voltage is 20 V d.c.

Item c) ad {

Rule 2: (maximum number of connected devices) fieldbus segment shall have a

total cable length)\including spurs, between any two devices, of up to 1 900 m.

NOTE 2 Support of this maximum cable Tength is a requirement for conformance to this clause, but this does not
preclude 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 Tyj;.

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.
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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: 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 sign hny two
devices| due to attenuation, attenuation distortion and mismatching digtorti limited
to the values indicated below.

a) Signal attenuation: The configuration of the bus (trunk afhd _spur\le mber of
deviges, IS barriers, galvanic isolators, and possible matchigg dev Lich that
the attenuation between any two devices at fy (31,25 k :

b) Attenuation distortion: The configuration of the bus ftrunk~and spullengiis and number of
devites, IS barriers, and galvanic isolators) shall e such e ices:

0 <|[Attenuation (1,25 fy) — Attenuation (0,2

Attenuation shall be monotonic n 1,25 f¢
(7,8]kHz to 39 kHz).

¢) Mismatching distortion: Mismatching spur of
maxjmum length) on the bus sh L in the

frequency band 0,25 fr {0 1,25 fr (7,
|Z — Zfr| 1 |Z + Zfr|
whefe Zf, is the i

pardllel combinatio
The concentratic@
NOTE 5

transmiss|
on the ne

e at frequency fr (31,25 kHz) and £ is the
wpedance at the coupler.

unk and spur length, number of devices etc. by specifying only the
ations of these factors. Different combinations may be used depending

Rule 9: I apply to systems implemented with redundant media:

each

Y

all comply with the network configuration rules;

O

therg shallyno non-redundant segment between two redundant segments;

O

repelaters shall also be redundant;

)
)
)
)

o

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 6 This period may be extended, but not reduced, by Systems management as given in Table 4 (see 6.2.2.2
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 signaling, shall be within the
range of 9,0 V to 32,0 V d.c.
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NOTE 7 The d.c. component of the voltage drop caused by signaling 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.

12.4 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 63

Table 60 — MAU transmit level specification su ary &

Transmit level characteristics, values referred to trunk im
(but measured using test load as shown in Figure 54) (\
Output Igvel (peak-to-peak, see Figure 55) 0,%V to|1 Vv
With test|load (0,5 nominal impedance of the trunk cable at f; (31,25 k \ 50Q + 1%
Maximunp positive and negative amplitude difference (signaling b +50 m

as showrn in Figure 56

Output Igvel; with one terminator removed (peak-to-peak) 0,75V to 2,0V
with test Ioad (nominal impedance of the trun Ie at 1,2 kHz 100Q+1%

Maximunp output level; open circuit (peak-to- p\a( 35V
Maximunp output signal distortion; i.e. overvolt%@lnnglrh\ dro (see Flgure 55) +10 %
Quiescent transmitter output; i.e. transmitter n |se \) <1 mV (r.m.s.)
(measurgd over the frequency/bé?u{1 khzta 10

Table mit\timing specification summary
Transm W\t\rlit\ﬁ\{};fs referred to trunk Limits for 31,25 kbit/s
(but meas& testlo own in Figure 54) (bus powered and/or IS)
Transmitted bit rate( \ 31,25 kbit/s £ 0[2 %
Instantarleous bit \ 32 us £ 0,9 Ys
Rise and 7{]\@»?3 (1(%6\(0 b({% eak-to-peak signal, see Figure 55) <25 % Thit
Slew ratd \\an\timqmy to 90 % of peak-to-peak signal) <0,2 V/us
Maximuni tranw bit &ell jitter (zero-crossing point deviation, see Figure 56) + 2,5 % Tpj
Transmit{enable/disabletime (i.e. time during which the output waveform may not < 2,0 Tpit
meet the[transmit requirements)

12.4.2 MAU test configuration

Figure 54 shows the configuration that shall be used for testing MAUs.
Differential signal voltage: Vq = V5 — Vp.

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.
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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 55 describes the output form of the signal for the twisted-pair voltage output level
requirements.

NOTE 1 Figure 55 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 (“mirl pninf" n l:ignrn RR)'

a) the ¢utput voltage across the test load after transformer step up/dgwn' (i ' e) shall
be hetween 0,75 V and 1,0 V peak-to-peak, with a load resistg % ("min

o/p"|in Figure 55);

b) the putput voltage at the trunk, or at the transmit termirals, Wit resisance of
1001Q £ 1 % (i.e. with one trunk terminator removed) ) d20V
peal iQ

c) the ding an
ope uit shall
be d}fined as a load of 100 kQ resistance in

d) duri ance of
<1 Q is applied for 1 s;

e) the hown in
Figu

f) the putput noise fro d1mVv
r.m.s., measured djffe i s , d to the
trunk;

onically

; voltage
ak-to-peak value until the next transition occyrs. This
forms of output signal distortion, i.e. overyoltage,

g) the differentigh\yolte

changes be
shal| not vary mo
permitted varjato
ringr}L

NOTE 2 S but voltage developed at the device terminals may increase sulpstantially
over that [speci iad i i Iaus but within the limit specified by 12.4.3 c), due to the affects of the combined
series img se Qf thedevice \the spur cable, and any bus protective device such as that described in 1P.8.3 c).

12.4.4 i g requirements

An MAU transmit circuit shall conform to the following output timing requirements:

a) transmitted bit cell jitter shall not exceed +0,025 Tpjt from the ideal zero crossing point,
measured with respect to the previous zero crossing (see Figure 56);

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 12.4.3 f) to full output level, in less than 2,0
Tpit- The waveform corresponding to the third and later bit times shall be as specified in
Figure 55;

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 Tpjt.
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.


https://iecnorm.com/api/?name=0c3f55af4d288a997008042f4a5a36bb

61158-2 © IEC:2010 - 163 -

d) rise and fall times, measured from 10 % to 90 % of the peak-to-peak signal amplitude shall
not exceed 0,25 Ty;; (see Figure 55);

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 55).

NOTE 2 Requirements d) and e) produce a trapezoidal waveform at the transmit circuit output. Requirement d)

limits the level of interference emissions that may be coupled to adjacent circuits, etc. Requirement d) 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, / Tpit,
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 d device starts to transmit, the output waveform shal glyxcomply with the
requirements of 12.4.3.

NOTE There is no requirement to ramp the device current from it i ythe Asmit value.

Figure §1 shows four examples of different values of deyic

I -
: P» Time
1
Receiving | Transmitting
lg=5mA |
[ ]
1
» 'S Iq ]
[\ 3
& » o 1
5 ‘ 3 !
>
Q I Q 1
Q a
1 1
0 . » Time 0 4 » Time
Receiving : Transmitting Receiving : Transmitting
lg =10 mA Iqg>15mA

NOTE This figure is included in this standard for explanatory purposes
and does not imply a specific implementation.

Figure 61 — Transition from receiving to transmitting

12.5 MAU receive circuit specification
12.5.1 Summary

Table 62 summarises the specification.
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Table 62 — MAU receive circuit specification summary

Receive circuit characteristics (values referred to trunk) (bus powl:eirr:tiitsandlor IS)
Input impedance, measured over the frequency range 0,25 fr to 1,25 f; >3 kQ
Sensitivity; min. peak-to-peak signal required to be accepted (see Figure 58) 150 mV
Noise rejection; max. peak-to-peak noise required to be rejected (see Figure 58) 75 mV
Maximum received bit cell jitter (zero crossing-point deviation, see Figure 55) 10,10 Tpit

12.5.2 Input impedance

The differential input impedance of an MAU receive circuit shall be no bver the

frequengy range 0,25 fr to 1,25 f, (7,8 kHz to 39 kHz). This require after a
20 ms startup time following connection to the network or applicati e m}twork.
Indepenldently powered devices, and network-powered devices able rned off
while cgnnected to the network, shall meet this requirement bwer-off
states, pnd in transition between those states. This impgda , at the
commuinication element terminals using a sine wave with asigns WP han the
receiver sensitivity threshold and lower than 2,0 V pea k

NOTE 1 | The requirement for >3 kQ input impedance durip ) - automatic
disabling pf the transmitter during these periods

NOTE 2 | Devices with fault disconnection ele igd amount

under fau|t conditions.

12.5.3

An MAU
150 mV| peak-to-peak,
"positive amplitude" a

n input signal of amplitude no Ig¢ss than
cillation (see "signal level" together with
Figure 58).

An MAU receiv i Sp Ad Yo an input signal with a peak-to-peak amplitude
which dpes not exc i j

12.5.4

The rec i y Bpt’a Manchester encoded S|gnal transm|tted in accordamce with
12.2 an{ ariation
betweer ss. See
Figure §

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 signaling.

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
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 6 x 109 (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 106. 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
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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 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_;

b) a common mode d.c. signal of £10 V;

c) white Gaussian additive differential noise in the frequency band 1 kHz to 100 kHz, with a

noise density of 70 pV/vHz r.m.s.

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 com Aninatinn Alamant wwhich inealiidac Aan AMALL  ~Anaratina wwith fras e ~antad
rorHoatro—erermerT—yw o moT L Operatmg—yw o eSS <Goria

ing 32

oo™ Lz )

random|user data bits, at an average of 10 messages per second, wj
peak-toipeak amplitude, shall produce no more than 10 detected fra

during gperation in the presence of electromagnetic or electrical intgrfe
follows:

1) 10 WWm electromagnetic field as specified in IEC 61000-4
2) elecjrical fast transient as specified in IEC 61000-4-4 atsevex

The noise above error rate specification shall also
in the fgllowing noise environments:

375 mV
frames
ents as

beration

i) 8 kV electrostatic discharge tg D-4-2 at
deverity level 3. If the device ce as a
r rvention
V

i) ' i IEC 60255-22-1:1988, appendix E,
Test voltage classdll es of first half-cycle in longitudjnal and
transverse mode re e devjce suffers temporary loss of fungtion or
performance beg ecover from any such loss without ¢perator
i

htervention with
12.6 Jpbber in$|
The MA

the meqi
output s

capability to inhibit transmitted signals from reaching
MAU (with no external message other than the detgction of
g transmit function) shall provide a window of between

120 ms

and 240 i Which\ time.a normal frame may be transmitted. If the frame length ¢xceeds

this durfti Rber inhibit function shall inhibit further output signals from reaching the
medium| ane ) o eecho on the RxS line (see 10.2.2.2) to indicate jabber detgction to

the MD$.

The MALLshall 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.
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 1 This standard does not include requirements for IS certification but seeks to exclude conditions or

situations that would prevent IS certification.

NOTE 2 A separately powered device can be connected to a powered fieldbus.
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For ease of reference, the requirements of 12.7 for network-powered devices and network
power supplies are summarized in Table 63 and Table 64.

Table 63 — Network powered device characteristics

Network powered device characteristics Limits for 31,25 kbit/s
Operating voltage 9,0 Vto32,0Vd.c.
Minimum withstand voltage, either polarity, for no damage 35V
Maximum rate of change of quiescent current (non-transmitting); this 1,0 mA/ms

requirement does not apply within the first 20 ms after the connection
of the device to an operating network or within the first 20 ms after the

application of power to the network

VA

Maximum current; this requirement applies during the time interval of Rate iescent cyrrent
500 ug to 20 ms after the connection of the device to an operating plus A
netwofk or 500 us to 20 ms after the application of power to the

netwoflk (see note)

NOTE|1 The first 500 ps is excluded to allow for the charging of RFI filters they
devicqg. The rate of change specification applies after 20 ms.

ch in the

NOTE|2 The maximum current during that first 500 pus should be no aximum durrent
specifled above, to minimize affects of the current inrush on th i us network.

NOTE| 3 These exclusions have the potential to cause a [brown wered from the| same
power|supply during the exclusion interval.

NOTE|4 These exclusions can substantiatly i s of the power supply during
the exclusion interval which occurs immedi ely afterpower\s appNed to thg PhL segment.

Table 64 — Network ok\@equlrements

Network p\@r\{éply re\u\\aQen Limits for 31,25 kbit/g
Outpu} voltage, non-IS I (\ <32 Vd.c.
Outpu voltage, S > ) Depends on barrier rating
Output ripple and\w//ef\ ‘ S See Figure 62
Outpu |mpedance See 12.7.4
NOTE we SU%KQQQNMmtO account the current surge at device connection or poyer-up
permitted b({\b{e\

12.7.2

A fieldbus deyice ing 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. Thg device
shall withstanda minimum voltage of 35 V d.c. without damage.

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.
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NOTE 2 See 11.7.5, note 3.
c) When a power supply powers two or more segments, the isolation impedance to each
segment shall be split £10 % between the two signal conductors of the segment.

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:

d) 16 mV peak-to-peak over the frequency range 0,25 f, to 1,25 f, (7,8 kHz to 39 kHz);

e) 2,0 V peak-to-peak over the frequency range 47 Hz to 63 Hz for non-IS applications;

f) 0,2 V peak-to-peak over the frequency range 47 Hz to 625 Hz for IS applications;

g) 1,6 ¥ pca;\-tu-pca;\ at flcquclluica glcatcl tram125 fr, 151¥ to—amraximot |/k?|v”- Mz
h) levels at intermediate frequencies generally in accordance with Figufe
Volts
pipk A | |
20V (
2,0 fe N
I 1
10 -1 | Qon—l.s. Supply ( \ / .
I I
05 || 4 N /1IN /{\ !
D YT
0,2 |mm I a /N A :
0% |
0,1 ——
\S\dB/}b\/)Q_/ :
0,05 |~ 2</ T
"\ |
002 |- M .J// |
/ ;
1 Y | Freque:cy
0,01=t= % [ g
il 10 f; 100 fy 1 11000 f;
1 1 1
47 Hz 39,1 kHz 3,91 MHz 25 MHz
ower supply ripple and noise
A fieldH i i pformance to this clause which is powered via the¢ signal
conduct i ximum rate of change of current drawn from the nefwork of
1 mA/mp:
1)
2) withip the first 20 ms after the connection of the device to an operating network
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.

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 ps to 20 ms
after the connection of the device to an operating network or 500 us to 20 ms after the
application of power to the network.

NOTE 3 The first 500 us 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.
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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 power supply used to provide power on the signal conductors shall comply with the
impedance specification in 12.7.4.1, 12.7.4.2, or 12.7.4.3.

NOTE Power supply designs should take into account the current surge at device connection or power-up
permitted by 12.7.3.

12.7.4.1 Power supply impedance for single output power supplies

For power supplies having a single output, power supply impedance shall be~measured using
the test|circuit of Figure 63.

Device ungler test
Test

terminators

| (If not part
| of device
| under test)

950 0
1 %
— 31000 uF

lest
\) Bignal

source

H Zspply
D)
Vsupply

Y
/

>

{

Figu
The tes terminato:s - ig Shall each be 100 Q + 1 % in series with 1 puf + 5 %.
Two tes the test circuit if the supply under test does not|contain
an inter| . S inder test contains an internal terminator that ig always

connect inator shall be used in the test circuit. If the supply under test
contains hat can be optionally connected into the circuit, thg supply
shall be the internal terminator and one test terminator and b) with fwo test
terminal

If the p i’ intended to be used with an external impedance-determining [network
(for example, as might be the case with supplies designed to be used redundantly), theé supply

4 +odl HE Y P 4+ ] 4 1 PP |
Sha” be COLTU WILIT UTTT TALTTTIAN TTICUWUTRN CUTITICTUITU.

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).

The power supply shall be tested by monitoring the a.c. bus voltage Vgys while applying a
10 V,pk 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 Vi pk and 0,60 V.o at all frequencies from 50 Hz to 39 kHz.
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b) For IS power supplies, and for non-IS power supplies not intended for feeding IS
barriers: 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.

NOTE It is acceptable for the functions of power supply and terminator to be combined as long as the
combination is electrically equivalent to the independent devices meeting the requirements of this clause, and if the
network configuration rules of 12.3 are followed.

Power supplies not intended for feeding IS barriers shall be marked “Not for use with IS
barriers”.

12.7.4.2 Power distribution through an IS barrier

Intrinsic| safety barrier output impedance shall be defined in terms of its{fequency dependent
characteristics when connected in the test circuit of Figure 64.
Test powef source Test
terminators <\
[AY T -~
(
5 mH
+5%
940 O
Barrier * i
K - A R 4 * Lo
=7 test - 3 u
Test
T gignal
— ) Vsipply Q\ qource
L)Y
ower distribution through an IS barrier
The tes ceshown imEiIgixe 64 consists of a low-impedance d.c. voltage spurce in
series V 3 S 6. The test terminators shall each be 100 Q £ 1 % in
series W . exbargier contains an internal terminator, the barrier shall bg tested
with one i . wise, the barrier shall be tested with two test terminators.
The bal tested at 20 %, 50 %, and 80 % of rated output current (or|[20 mA,
whicheerN loaded by a d.c. constant-current load having 1 mA/V compliance
or bettef (i
The barrier“shall be tested by monitoring the bus voltage Vgys while applying a 10 V.« 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.

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, 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 subclause is applicable to galvanic isolators, active couplers, and other devices providing multiple
power and signal ports.
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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 65.

Device Under Test

Test
terminators
2 T(If not part
jof Device
Under Test)
c == 1 9500(2
H Zsupply + ' ! =%
v I I DC
bus I I constant- +
— I | (‘J?D current ——~ > 1000 puF
) I I load
- Vsupply :_ _: Test
_|_ signal
| Q surce
I

Signal
coupling

=

b0 Q
1 %

 —
| I
+ ©

RN
&
o

constant- +
‘l? current —= 31000 pF

A e
N

N
Fimst circuit for multiple output supplies with signal coupling

The test terminators shown in Figure 65 shall each be 100 Q £ 1 % in series with 1 pF + 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.

DC

%

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. >1 kQ impedance).
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The measured a.c. bus voltage Vgys shall be between 0,40 Vi« 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.

NOTE 2 It is acceptable for the functions of power supply, isolator or coupler, 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 and the network configuration rules of 12.3 are followed.

12.7.5 Powered separately from signal conductors

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.

signal cpnductors nor shall it supply more than 100 pA direct current ductors
when ngt transmitting. A device shall be marked with its rated quiescé rom the
network|

A separptely powered fieldbus device shall draw no more than 10 mA direct c ent from the
nalkgof
ra

12.7.6 | Electrical isolation

All fieldbus devices, whether separately powered or pow ' rs, shall
provide [low frequency isolation between ground and

NOTE 1 |This may be by isolation of the entire device fr P , -goupler or
some other isolating component between trunk ¢ Q

A combined power supply and commun i i i i tion.

For shiglded cables, the isolation imp : i fieldbus
cable and the fieldbus dey 3 iels below
63 Hz.

The maki ice shall

not excged 250

The bre
circuit f1

ation of the signal circuit and the power disjribution
ér shall be in accordance with IEC 61131-2.

NOTE 2
12.8
12.8.1

Cable cpnnectors, if used, shall be in accordance with this standard (see Annex A for|Type 1,
and AnnexT for Type 3 synchronous fransmission). Field termination techniques such as
screw or blade terminals and permanent termination may also be used.

12.8.2 Standard test cable

The cable used for testing fieldbus devices which claim conformance to this clause shall be a
single twisted-pair cable with overall shield meeting the following minimum requirements at
25 °C:

W)

) impedance at fy (31,25 kHz) = 100 Q + 20 %;

) maximum attenuation at 1,25 f, (39 kHz) = 3,0 dB/km;

) maximum capacitive unbalance to shield = 4 nF/km, tested using a 30 m or longer sample;
)

)

Q O T

maximum d.c. resistance (per conductor) = 24 Q/km;

)

maximum propagation delay change 0,25 frto 1,25 fy = 1,7 us/km;
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f) conductor cross-sectional area (wire size) = nominal 0,8 mm2;
g) minimum shield coverage shall be 90 %.

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 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.

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.

12.8.3 Coupler

The coyipfer shait provide one or Several pol ot Connection to the MK, ay be

integrated in a fieldbus device, in which case there is no spur. Otherwisé\\it has atlegst three
access points as shown in Figure 66: one for the spur and one for eaghli\side 'of te)trunk.

Trunk Coupler @a\

N

Spur

iSolation and impedance transformation betweén trunk

s shown in Figure 67, to protect bus traffic between other|devices

on-I1S
unpowered
frunk

1

Optional
protection resistors

Spur

Figure 67 — Protection resistors

NOTE Such series resistors inherently increase the voltage at the device terminals when it is transmitting. This
will affect the voltage at the receiving terminals of electrically “nearby” devices. See 12.4.3 for the maximum
withstand voltage required of all such devices.

Active couplers, which require external power supplies, contain components for signal
amplification and re-transmission. The transmit level and timing requirements shall conform to
12.3.
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12.8.4 Splices

NOTE 1 A splice is any part of the network in which the characteristic impedance of the network cable is not
preserved. This is possibly due to separation of the cable conductors, removal of the cable shield, change of wire
gauge or type, connection to spurs, attachment to terminal strips, etc. A practical definition of a splice is therefore
any part of the network that is not a continuous length of the specified medium.

For networks having a total cable length (trunk and spurs) of greater than 400 m, the sum of
the lengths of all splices shall not exceed 2,0 % of the total cable length. For cable lengths of
400 m or less, the sum of the lengths of all splices shall not exceed 8 m.

NOTE 2 The motivation for this specification is to preserve transmission quality by requiring that the network be
constructed almost entirely of the specified medium.

The cortinuity of all conductors of the cable shall be maintained in a splic

12.8.5 | Terminator

A termi b signal
conduct ield.

The teri cy range 0,25 f,
to 1,25 f i sistor in
series W P Q and

1,0 uF 4 0,2 pF.

NOTE 1 r suitable
cables at

NOTE 2 lre range
and operating life of the installation. It i ) Q10

and 1 uF | 0,1 uF.

The dirg¢ct current lea minator
shall be|non-polayized:

All termiinators usegd i hall comply with isolation requirements (cfeepage
and cle ~ S he required IS approval. Terminators for| non-IS
applicat i to brave IS approval.

NOTE 3
various w
devices nj

tions of power supply, safety barrier, and terminator to be combined in
edarnice of the combination is equivalent to the parallel impedance of independent
of this clause and the network configuration rules of 12.3.3 are followed.

12.8.6

Where tonformance 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) shielding should completely cover the electrical circuits in connectors, couplers, and
splices.

NOTE 1 Deviation from these shielding rules may degrade noise immunity.

NOTE 2 Due to the long wavelengths involved, breaks in the shield coverage of 25 cm or so at connectors,
couplers and splices, including where spurs are attached, should not usually be a problem, provided that shield
continuity is maintained.

NOTE 3 Enclosure of connectors, couplers and splices in a metallic junction box can provide shielding from noise
sources outside the junction box.
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12.8.7 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 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 grounded
at one po the cable
shield fro nanner at
the same stems the
groundingd of the shleld and balanced signal conductors should be close to the pd ystems
the grourlding should be at the safety barrier earth connection. Capacitive gqup d or the

balanced [signal conductors and device local ground for EMI control is permitt¢ S.

12.8.8 | Color coding of cables
See 11.B.8.

in 11.8.8, dpes not
3 systems, as shown in

Where [consideration of regional practices, such
overridg, the following cable colors are re
Table 69.

Table 65 — Type 3 cable.color

( \Ceblle/mqn\e{er\) . Color
’\ }}Qlor}\f sl?e{th }s\n\-is\ ) Black
L \/\‘\ r ofkqéxq Blue or blue/black stripe
>)o| r of mrér c\{a C\M (PA-) Green
A( C\r\(m\g c}b@r\wor B (PA+) Red
N

ecification

12.9 In
12.9.1

This stajndar t attempt to list the requirements by which an item of equipment|may be
i safe nor does it require equipment to be intrinsically safe. Rather, it
seeks tg g€xclude coriditions 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; (7,8 kHz to 39 kHz). The IS barrier impedance specification shall apply to all barriers
used as part of the PhL, whether installed as a separate item of network 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 and the network configuration rules of 12.3.3 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
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(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.

12.9.3 Barrier and terminator placement

A barrier shall be separated from the nearest terminator by no more than 100 m of cable.

12.10 Galvanic isolators

The communications characteristics of galvanic isolators used on the fieldbus shall comply
with the specifications of 12.4, 12.5 and 12.9. Galvanic isolators that provide power to

fieldbus devices shall also comply with the power supply specifications of 12.7.

13 Type 1: Medium attachment unit: current mode, twisted-pair

13.1 (Qeneral

The 1,0 Mbit/s current-mode MAU simultaneously provides

network| and to a power distribution network. Devices att8 g thewnetwark comnpunicate
via the medium and may or may not be powered from sytéd as a ¢onstant
a.c. cur

The net

Trapezg igsions and signal distoftion.

In Intrin t the number of devices.

The de ereas in the voltage-mode variants the
devices ’ 3

13.2 T

The ave i B 3 b€ 1,0 Mbit/s + 0,01 %, averaged over a frame having a
minimur fets.\J he /instantaneous bit time, Tpjt = ATpjt, shall be[ 1,0 ps

+ 0,025

13.3
13.3.1

An MAU operates inva network composed of the following components:
a) cable;
b) terminators;
c) couplers;
d) devices (containing at least one communication element).

A wire network in current mode may additionally include the following components:

e) connectors;

f) power supplies;

g) devices which include power supplies;
h) intrinsic safety barriers.
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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 fopology with all the communication elements located at th trunk is
regardef as a special case of a bus for the purpose of this clause.

Several|communication elements may be connected to the tr a multi-
port colipler. An active coupler may be used to extend requires
termina ed to exfend the
length d juration
rules.

13.3.3

An MAL clause
when us

Rule 1: ces, all
operatin zardous
area using distributed bharr

NOTE 1 |The use of asing Pa.

NOTE 2 |This ruIe@ 4 d system.
The numiers of devices

Rule 2 fieldbus
segmen

NOTE 3 does not
preclude

Rule 3 ouplers
betweern

NOTE 4 Prior editions of this standard limited this total number to four.

Rule 4: The maximum propagation delay between any two devices shall not exceed 40 Tyj;.

NOTE 5 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 5 bit times, no more than 2 bit times of which 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 (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.

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
isolgtors, and possible matching devices) shattbe such that the atte
two fdevices at the frequency corresponding to the bit rate shall not

atioR_between any
i i i eed 176\§I
b) Attepuation distortion: The configuration of the bus (trunk and sp d nymber of

deviges) shall be such that between any two devices:
[Attgnuation (1,25 f,) — Attenuation (0,25 f,)] < 6 dB
Attenuation (1,25 f;) > Attenuation (0,25 f;)

whefe f; is the frequency corresponding to the bit
all frequencies from 0,25 f, to 1,25 f, (250 kHz to

be monotfonic for

c) Mismatching distortion: Mismatching (due to e open
circyit spur of maximum length) on e trunk,
in the frequency band 0,25 f, to 1,2
|Z - Zfr| 1 |Z + Zfr| £ 0,2
where
Z, is the characteristic imp sable;
Z is the paralleJ~combinati o @ P dd impedance at the coupler.
NOTE 6 i inimi stricti 2 emgth, number of devices etc. by specifying only the
transmiss| imitati i irfati hre tors. Different combinations may be used depending
on the nege
Rule 9: a Q systems implemented with redundant media:

a) each ith the network configuration rules;

b) therq segment between two redundant segments;

c) repe

d) if t igured (by Systems management) to transmit on more than one
char then the propagation time difference between any two deyices on
any nnels\shall not exceed five bit times

e) char shall be maintained throughout the fieldbus, i.e. channels 1,2,3... from

Systems management shall always connect to physical channels 1,2,3...

13.3.4 Power distribution rules for network configuration

See 11.3.4.

13.4 MAU transmit circuit specification

The requirements of this subclause are summarized in Table 66 and Table 67.
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Table 66 — MAU transmit level specification summary

Transmit level characteristics, values referred to trunk Limits

(but measured using test load as shown in Figure 68) (bus-powered and/or IS)
Output level (peak-to-peak, see Figure 55) 22,5V
With test load (>2 x nominal Z, of trunk cable) 3200 +1%
Maximum positive and negative amplitude difference (signaling bias) as +0,2 V
shown in Figure 56
Output level; open circuit (peak-to-peak) 4,0V
Maximum output signal distortion; i.e., overvoltage, ringing and droop +10 %

(see Figure 55)

Quiesentransmitter output; &, ransmitter noise v (r
(measured over the frequency band 1 kHz to 4 MHz)

Table 67 — MAU transmit timing specmcatl?ls\@\yr\\

Transmit timing characteristics, values referred to trunk
(but measured using test load as shown in Figure 68) <\

(b ower d andlor 19

~

Transmitted bit rate 1\Mb|t + 0,01 %

Instanfaneous bit time ( (7 \/25 + 0,025 pus

Rise gnd fall times (10 % to 90 % of pk-pk 5/9an see):&; \\55’{/ P x <20 % Tpit

Slew rjate (at any point from 10 % to 90 % 3\pk}4\§g\al \ \ ™~ )\/ <40,0 V/us

Maxinmum transmitted bit cell jitter (zero crossing-poi iatio £ 2,5 % Tpjt
see Figure 56)

Transmit enable/disable tlm . time dur|n wh| out \/ < 2,0 Tpit
waveform may not meet the ra mlt

13.4.1 | Test configurtati

Figure 48 shows II'be used for testing.

Device under Test
Communication
Element

RL|

Inductive coupler

Figure 68 — Test configuration for current-mode MAU

The test configuration for this clause shall be as shown in Figure 68 except where otherwise
stated in a specific requirement.

NOTE Test load resistance R = 320 Q (twice maximum cable Z;) as the output is loaded by a series loop of the
trunk.

13.4.2 Output level requirements

NOTE Figure 55 shows an example 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.

A current-mode 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 55):
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a) the output voltage across the test load after transformer 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 55);

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 55). For test
purposes, open circuit shall be defined as a load of 100 kQ resistance in parallel with
15 pF capacitance;

c) 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 55, shall not exceed 0,2 V peak;

e) the D noise from a ent-mode MA g hall not
excged 1 mV r.m.s., measured differentially over the frequency b { 4 MHz,
refefred to the trunk;

f) the differential voltage across the test load shall be such that<the\ ve . Bnically
chanjges between 10 % and 90 % of peak-to-peak value. S Y voltage
shal| not vary more than +10 % of peak-to-peak value u rs. This
pernr]itted variation shall include all forms of output g voltage,
ringing and droop.

13.4.3 | Output timing requirements

A curregnt-mode MAU transmit circuit shall timing

requirements:

a) rise jand fall times, measured from 10 ) - 2ak de shall
not ¢xceed 0,2 Tp;; (see Figure 55);

b) slew rate shall not excegd 40 V/us mea o of the
peak-to-peak signal amhplitude (see N

NOTE 1 Requirements a) a ement b)

limits the [level of interferen alculated

from the formul1a: <>
Max. slew rate’= 3x9,8V,/02T=12xV,/ Thit,

where V, [s an estimated & uiput kQltage with standard load (3,3 V).

c) transg ¢ 2 1 exceed 0,025 nominal bit time from the ide¢al zero
Crospi (0)! q with respect to previous zero crossing (see Figure 69);

0,5 bit time ——»<€——0,5 bit time ——>»
__________ 4 Negative jitter limit ] _
] — Mid-point
<€—Midcell T
v Waveformearty [<E—Positive jitter fimit Ve
0 Vdc but within limits ¢
VeB= 4 = = = = = = — = =

Figure 69 — Transmitted and received bit cell jitter (zero crossing point deviation)

d) the transmit circuit shall turn on, i.e. the signal shall rise from below the transmit circuit
maximum output noise level as specified in 13.4.2e) to full output level, in less than
2,0 Tpijt. The waveform corresponding to the third and later bit times shall be as specified
by other subclauses of 13.4;
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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 13.4.2e), in less than 2,0 Tpit.
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 2 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 easg of reference the requirements of 13.4 are summarized in Table, 68.
Table 68 — Receive circuit specification sunﬁé\
Receive circuit characteristics |m|t
(values referred to trunk) s- owe and or IS)

Input impedance, measured over the frequency range 0,25 f, to 1,25 fr\ \ \ ><2 5Q

Sensitivity; min. peak-to-peak signal required to be accepted (sée Figure q8) \ 1,3 mA

Noise rgjection; max. peak-to-peak noise required to be re)',egt!&\d (ée/Fig\ure\EQ) 0,8 mA

Maximum received bit cell jitter (zero crosswmnt de}rfa(,gon>see I?‘gu(e%g)‘\ > 10,10 Tpit
13.5.2 | Input impedance
The differential input impeda receive circuit shall not excegd 2,5 Q
in serieg with the line ové r to 1,25 f.. (250 kHz to 1,25 MHiHz) This
requirement shall be ower-on (not transmitting) states| and in
transitign between th shall be measured at the inductive|coupler
using a|sinusoidaiNcu eform\with_an>amplitude greater than the receiver sqgnsitivity
threshold and low [
NOTE T Rput |mp dance during power-up and power-down may be met by putomatic
disabling
13.5.3
An MAU Il be capable of accepting an input signal from 1,3 mA peak-to-
peak tg o-peak, including overvoltage and oscillation (see "signgl level"
togethe itiveyamplitude" and "negative amplitude”, all in Figure 55)
An MAU—reeeive—eireditshall-retrespondto—aninputsigrab-with-apeaktepealktire current
amplitude which does not exceed 0,8 mA (see "noise rejection” in Figure 58).

13.5.4 Received bit cell jitter

The receive circuit shall accept a Manchester encoded signal transmitted in accordance with
13.2 and 13.4. In 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 69.

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 signaling.
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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 1012 (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 106. 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 with an
amplitude of 4 V r.m.s. and from 47 Hz to 63 Hz with an amplitude
b) a common-mode d.c. signal of +10 V;
c) white Gaussian additive differential noise in the frequency band 1 , with a
noisg density of 0,09 pA/YHz r.m.s. using the test circui
NOTE 2 |The common mode voltage and Gaussian noise specificatio ce testing
with balanced loads and are not indicative of system installation p
Noise
Generator
Field Device
A comrpuni ement which includes a current-mode MAU, operating with| frames
containi r data bits, at an average of 1 600 messages/s, with signals of
4,0 mA |peaks= eak\amplitude, shall produce no more than six detected frame drrors in
100 000 frames during operation in the presence of electromagnetic or electrical intefference
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
following noise environments:

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 or performance 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 tests as specified in IEC 60255-22-1:1988, Test voltage
class 1ll (2,5 kV and 1 kV peak values of first half-cycle in longitudinal and transverse
mode respectively). If the device suffers temporary loss of function or performance
because of this test it shall recover from any such loss without operator intervention
within 3 s after the end of the test.
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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 %.

NOTE Tphisimhibitsbustrafficformo more tham 6% (= 10720U) 01 e avdlldbDie Ume.

13.7 Plower distribution
13.7.1 | General

A devic¢ can optionally receive power via the signal conductors S red.

This standard does not include requirements fo ificati exclude
conditions or situations that would prev i

A separptely powered device can be co

For easg of reference, the requiremen

N aN
Neilv\vow}r\suho{y\@ui ments Limits
Outdut current\ ) < & 50 mA to 200 mA r.n}.s.
Outdut frequency/\< \/\\/ 16 kHz £ 0,5 %
Maximum outpﬁvo\g&e\ls / Depends on barrier rafing
Harmonic@(s%ﬁ@\of UMCL})‘%M <0,2%

Outduri p&an@ﬁeas\u{edw the frequency range 0,25 f,. to 1,25 f, <5Q

RN

13.7.2 | Powered via\signal conductors

x

A device shall operate over a range of constant current, from 50 mA to 200 mA.

NOTE 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 100 mW.

The power-supply open-circuit output voltage shall be less than the limit specified by the local
regulatory agency for the particular implementation. The output impedance of the power
supply shall be <5 Q over the frequency range 0,25 f, to 1,25 f, (250 kHz to 1,25 MHz).

The voltage drop in the signal coupler shall be less than 0,1 V at 16 kHz.
The voltage drop in the terminations shall be less than 0,3 V at 16 kHz.

The power waveform shall be a clean sinusoid of frequency 16 kHz + 0,5 % and maximum
harmonic distortion of 0,2 %.
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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.

13.7.4 | Electrical isolation

All fieldbus devices, whether separately powered or powered via theg si rs, shall
provide [low-frequency isolation between ground and the fieldbus tr

NOTE 1 |This may be by use of an inductive coupler with sufficient isolation,\by isola j vice from
ground of by use of a transformer, opto-coupler or some other isol able and
device.

A combined power supply and communication eleme tion.

The iso fieldbus
device ¢

The iso capacitance, so that the impedance
measurq the fieldbus device ground ghall be

less thap 15 Q between 3 J

NOTE 2 |The capacitance pe 2 K cable shield necessary to meet both these requirements can
be any va N

The makimum . ancesto ground from either input terminal of a device shall
not exceed 250

The brefakdown ' 3_of\theisolation of the signal circuit and the power distribution
circuit fr h other shall be in accordance with IEC 61131-2.

NOTE 3 { Iltage is to be applied between independent isolated circuits or betweep isolated
circuits a uctipg parts. For circuits with a nominal voltage <50 V d.c. or r.m.s., the g¢quivalent
test volta ealevel areM44 V rm.s., 635 V d.c. and 635 V peak impulse test. For circuits with § nominal
voltage b V and 300 V r.m.s., the equivalent test voltages at sea level are 2260 V r.m.s., 3175 V d.c.
and 3175

13.8 Medium specifications

13.8.1 Connector

Cable connectors, if used, shall be to the IEC fieldbus standard (see Annex A). Field
termination techniques such as screw or blade terminals and permanent termination may also
be used.

13.8.2 Standard test cable

The cable used for testing fieldbus devices with a current-mode MAU for conformance to the
requirements of this clause shall be a single twisted pair cable with overall shield meeting the
following minimum requirements at 25 °C:

a) Z,at0,25f, (250 kHz) = 150 Q + 10 %;

b) Z,at 1,25 f, (1,25 MHz) = 150 Q + 10 %;
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¢) 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 mm2;

h) minimum resistivity between either conductor and shield = 16 GQ/km;
i) minimum shield coverage shall be 95 %.

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 nterference immunity (‘nn\mreply cahles with inferior :Im:\r'ifir‘s\ﬁnn': may he 41sed Qllhjphf to |ength
limitationg for both trunk and spurs plus possible non-conformance to the RFI/EMI susceptibility requiremgnts.
NOTE 2 |For intrinsically safe applications the inductance/resistance ratio (L/R) & the limit
specified py the local Regulatory Agency for the particular implementation.

13.8.3 | Coupler

An indu 5 to and
from thd A single
primary

a) the (

b) the inductive coupler may be used

c) an I

The co( nk. The
input im

13.8.4 | Splices

NOTE A splice is g p ble is not
preserved. This is R b je of wire
gauge or fype, connectje brk that is
not a confinuous length @

The conti

13.8.5

A termi e signal
conduct eld.

For test|purposes, using the cable specified in 13.8.2, the terminator shall have an impedance

value of 120 QO £ 2 % over the frequency range 0,25 f, to 1,25 f, (250 kHz to 1,25 MHz).

NOTE 1 The terminator resistance value was selected to be lower than the test cable characteristic impedance
value because the current-mode devices add impedances in series with the terminator. The value was chosen to
reduce transmission line reflections for a fieldbus with 2 to 32 devices.

NOTE 2 In practical implementations with power supplied via the signal conductors the terminator would be by-
passed at power frequencies to minimize power losses.

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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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.
13.8.7 Grounding rules
NOTE 1 Grounding means permanently connected to earth through a sufficiently low impedance and with
sufficient eurrenrt-earryrgeapabitityto—prevent—reoltagebuitd-up—which—mightresui—n—undéde—azard—te—gonnected
equipmenyt or persons. Zero volts (common) lines may be connected to ground where th ly isolated
from the fljeldbus trunk.
Fieldbus$ devices shall be required to function to the requirements 6 pe mid-
point of|jone terminator or one inductive coupler connected direc
Fieldbug devices shall not connect either conductor of th ny point
in the ne¢twork. Signals shall be applied and preserved di the network.
NOTE 2 |lIt is standard practice for the shield of the fieldbus trunk ¢able (if grounded
at one pojnt along the length of the cable. For this reason fi the cable
shield fron ground. For bus-powered systems i 3 rs should
be close {o the power supply unit. For IS sys ] thé safety barrier earth cgnnection.
Capacitive coupling between the shield or the ba ed 5 € device local ground for EMI control
is permitted subject to IS requirements.
13.8.8 | Color coding of cables
See 11.B.8.
14 Type 1: Mediu 3 nit: current mode (1 A), twisted-pair

wire me
14.1 General
A 1,0 Mpit/s b simultaneously provides access to a communication network,
and to work with extended power capacity. Devices attached to the
network the”medium, and may or may not be powered from it. Hower is
distribuf .c. current with a frequency far below the signal frequency. The
communi superimposed on the a.c. power.
The netiworksmedium consists of shielded twisted-pair cable.

In hazardous area applications, a non-IS bus may have IS barriers incorporated in connected
devices thereby increasing the number of devices permissible in the hazardous area over a

single b

arrier arrangement.

The devices are connected in series on the bus, whereas in the voltage-mode variants the

devices

14.2 T

See 13.

are connected in parallel to the bus.

ransmitted bit rate

2.
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14.3 Network specifications
14.3.1 Components

An MAU operates in a network composed of the following components:

a) cable;

b) terminators;

c) couplers;

d) coupler mounts;

e) devices (containing at least one communication element).

A wire rletwork in current mode may additionally include the following cg oner\

f) gonnectors;

g) power supplies;
devices which include power supplies;
i) iptrinsic safety (IS) barriers.

The network medium consists of shielded twisted-pair_cable. dent of topology, all

attached devices, other than possibly the transmitting i ‘ pedance to|prevent
significgnt network loading.

A coupler mount is a network element\that\al network
medium|. It may be considered as a prima ' _a transformer (inductive coupfer) and
has, as

14.3.2 | Topologies
A wire MAU shall op
terminated at eash 6
connected via crs

The coxr
length g

inear bus topology, consisting of g trunk,
4.8.5, to which communication elements are

S zZero-

Several using a
multipoH : requires
terminati i ections and distortions. Active repeaters may be used to extend the
length g [ juration
rules.

14.3.3 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 30 devices, all
operating at the same bit rate, for both a powered and a non-powered bus, and in a
hazardous area using distributed barriers.

NOTE 1 This rule does not preclude the use of more than the specified number of devices in an installed system.
The numbers of devices were calculated on the assumption that a bus-powered device draws 1,0 W.

Rule 2: A fully loaded (maximum number of connected devices), current-mode fieldbus
segment shall have a total cable length, between any two devices, of up to 400 m.
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NOTE 2 400 m maximum cable length is the requirement for conformance to this clause, but this does not
preclude 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 five.

Rule 4: The maximum propagation delay between any two devices shall not exceed 40 Thbit.

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, no more than two bit times of which should be due to the
MAU. As_it is not mandatory to expose the DII|-Phl interface, or the MDS-MAU interface, that part of the
turnarounfd 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
connected or disconnected. Data errors induced during connectio
detected.

is being

§1all be

Rule 6: Failure of any communication element or spur Dr open

circuit, | but excluding jabber) shall not interfere other

communication elements for more than 1 ms.

Rule 7: i power injected on the line.

Rule 8 hny two

devices ] to the

values i

a) Signal attenuation: the sig i D,35 dB.
The v’ coupler mount shall not exceed|0,6 dB.
The lengths, number of devices, IS barriers,

galv 3OSSi atching devices) shall be such that the attgnuation
betw i corresponding to the bit rate shall not{ exceed

10d
NOTE 5 i ioh € evice is with a cable of 80 Q characteristic impedance. If a lower
impedanc
NOTE 6 i i ne devdices be connected to the bus using a mount to reach the maximum number
of conned i

b) Atte

devi that between any two devices:
[Attgnuation r) — Attenuation (0,25 f,)] < 6 dB

Attenuafion (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 = Zf| 1|12 + Zfe| < 0,2
where
Z, is the characteristic impedance of the trunk cable;
Z is the series combination of Z, and the load impedance at the coupler.

NOTE 7 This rule minimizes restrictions on trunk and spur length, number of devices etc., by specifying only the
transmission limitations imposed by combinations of these factors. Different combinations may be used, depending
on the needs of the application.

Rule 9: The following rules shall apply to systems implemented with redundant media:
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a) each channel (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 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;

NOTE 8 This delay is equal to the default value of the inter-channel signal skew (see 9.2.9). The propagation
delay difference can be larger, if the inter-channel signal skew parameter is set to match this difference.

e) channel numbers shall be maintained throughout the fieldbus, that is channels 1,2,3...
from systems management shall always connect to physical channels 1,2,3...

14.3.4 | Power distribution rules for network configuration

See 11.3.4.

14.4 MAU transmit circuit specification

The reqpirements of this subclause are summarized in Tab

Table 70 — Transmit level specification s mn('%r

y
Transmit level characteristics, values referred t M(
(but measured using test load ag’shewn j upe 68) N

Limits
(bus powered and/

br 1S)

Maximum output signal distortion; this is overvoltage, Tinging W
(see Figyre 55)

Output Igvel (peak-to-peak, see Figure 55) \/ >2,25V
With test|load (>2 x nominal Z, of trunk cable) 160Q+1%
+10 %

Quiescent transmitter output; that is smitter\goise N
(measurgd over the frequeN band 1 KHz ta 4 MHg)

<1 mV (r.m.s.)

e KRt

\in@i ication summary for current-mode MAU
FAN

Limits
(bus powered and/o|

¥ 1S)

Transmit lgvel sharasteristics, values referred to trunk
(but measured using.test lbad as’shown in Figure 68)
Transmitfed biéate \ S

1 Mbit/s + 0,01 9

Instantar;a{)h\b\n\tim%\\ \

1 ps £ 0,025 ps

may not meet the transmit requirements)

Rise and N&NO W of peak-to-peak signal, see Figure 55) <20 % Tpit
Slew ratg (at anhsjn\t fro>1 10 % to 90 % of peak-to-peak signal) <200,0 V/us
Maximum transmitted bit cell jitter (zero-crossing point deviation, +2,5 % Thit
see Figure—+4

Transmit enable/disable time (that is, time during which the output waveform < 2,0 Tpit

14.4.1 Configuration

Figure 68 shows the configuration which shall be used for testing.

The test configuration for this clause shall be as shown in Figure 68 except where otherwise

stated in a specific requirement.

NOTE Test load resistance R = 160 Q £ 1 % as the output is loaded by a series loop of the trunk.
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14.4.2 Output level requirements

NOTE Figure 55 shows an example 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.

A current-mode 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 55):

a)

b)

14.4.3 | Output timing requirements

An MAU| transmit circuit shall conform toxthe fgllo requirements:

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 55);

during transmission, a device shall not suffer permanent failure when a load resistance of
<1 (Y1s applied for T s,

the putput noise from a current-mode MAU which is receiving or’no hall not
excged 1 mV (r.m.s.), measured differentially over the frequency't 4 MHz,
refefred to the trunk;

the differential voltage across the test load shall be such ¢hat onically

changes between 10 % and 90 % of peak-to-peak value, A i voltage

shal| not vary more than +10 % of peak-to-peak vaIu unti iy rs. This
pernmtted variation shall include all forms of outp distondi voltage,
ringing and droop.

a) rise pnd fall times, measured from e peak-to-peak signal amplitude shall
not ¢xceed 0,2 (see Figure 55);
b) slew C ( ¢ any point in the range 10 % to|90 % of

the T
transmift

measure

d)

ing point,

~ Mid-point
<€—Midcell T
Positive jitter limit VP
Ydc ¢ t
j Signalling Bias > time
VB — = = = = = — = = _ Y e e - - - N

Figure 71 — Transmitted and received bit cell jitter (zero crossing point deviation)

the transmit circuit shall turn on, that is the signal shall rise from below the transmit circuit
maximum output noise level as specified in 14.4.2 c) to full output level, in less than 2,0
Tbit. The waveform corresponding to the third and later bit times shall be as specified by
other subclauses of 14.4;

the transmit circuit shall turn off, that is the signal shall fall from full output level to below
the transmit circuit maximum output noise level as specified in 14.4.2 c), in less than
2,0 Tbit. The time for the transmit circuit to return to its off-state impedance shall not
exceed 4,0 Tbit. For the purposes of testing, this requirement shall be met with the
transmit circuit test configuration of 14.4.1.
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NOTE This requirement is to ensure that the transition of the transmit circuit from active to passive leaves the line
capacitance fully discharged.

14.5 MAU receive circuit specification
14.5.1 General

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.

Table 72 — Receive circuit specification summary for current- ode

Receive circuit characteristics t or rrait mode
(values referred to trunk) rechand/er IS)

Input registance, measured over the frequency range 0,25 f. to 1,25 f,

(250 kHz to 1,25 MHz)

Sensitivity; min. peak-to-peak signal required to be accepted (see Figl@Sa\\ 4 0 mA
Noise rejection; max. peak-to-peak noise required to be rejected/@‘g{re 8) \ 2,0 mA

Maximurp received bit cell jitter (zero crossing-point deviation, ee |g re 6@\)\ \/ 0,10 Tpijt

Input impedance, measured over the frequency ange 0, \1/£’5 <40 Q
(250 kHz to 1,25 MHz)

14.5.2 | Input impedance

The differential input resis receive circuit shall not exceefd 0,5 Q,
and the|differential input de MAU receive circuit shall not| exceed

4,0 Q in series with theNinex 0425 f, to 1,25 f, (250 kHz to 1,25 MHz).This
requirement shall. be (metVint and power-on (not transmitting) states,| and in
transitign betw@ : eS. Nhis 1 ce shall be measured at the inductive poupler,
using a|sinusoid eform_with an amplitude greater than the receiver sgnsitivity
thresho 3e/8

14.5.3

An MAU ' iréNi e capable of accepting an input signal from 4,0 mA peak-to-
peak td - , including overvoltage and oscillation (see “signal level”
togethe iti litude” and “negative amplitude”, all in Figure 55).

An MAU receive circuit shall not respond to an input signal with a peak-to-peak line| current

amp“turln which does not exceed '7’0 mA. (cnn noise rnJlnr\hnn in I:lgllrn RR)

14.5.4 Received bit cell jitter

The receive circuit shall accept a Manchester encoded signal transmitted in accordance
with 14.2 and 14.4. In addition, the receiver shall work properly with signals with the time
variation between any two adjacent signal transition points (zero crossing) of +0,10 Tbit or
less. See Figure 71.

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 signaling.
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14.5.5 Interference susceptibility and error rates
See 13.5.5.

14.6 Jabber inhibit

See 13.6.

14.7 Power distribution

14.7.1

NOTE 1

General

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

NOTE 3 This standard does not include requirements for intrinsic safety certffi

conditiong

NOTE 4

or situations that would prevent intrinsic safety certification.

A separately powered device can be connected to a powered fieldb

>exc|ude

NOTE 5 |[For ease of reference, the requirements of 14.7 are summari n
Table 73 — Network power su pIHe ir
Network power supply requirement{\\// /\ N Limits
A)
Outputlcurrent < < C \ \J )\ 1,0Arm.s. +59

Output

frequency N\ \\/ 16 kHz £ 0,5 %

Harmo

ic distortion and noise of supply curr{nt ~ \ \ See Figure 72

Output
(250 kH

impedance, measured r the ueRcy range,25 1 to\1,/25 f, <5Q
z to 1,25 MHz)
N\,
N

Bl
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0dB L 1Armls. i
-20dB
-40dB |- -
3mAr.m.s. <%\
-60 dB [ \12 dB / octave \\\ N\
N </\ \
\\>
-80dB |l 0,1 mAr.m.s. ((7

47(Hz

14.7.2

A fieldbus device
conductors shall
the follo

a) The

NOTE 1
device m4

NOTE 2
agency fofr the’ particularimplementation.

1,25 MHz

10 Mhiz

Frequemcy

signal

iréments of this clause when powered by a suplply with

the supply is a function of cable loss and power consumed per device. A fieldbus
me one or more standard loads. A standard load is 1,0 W.

egulatory

b) The ouipuiimpedance of the power supply shall be <b (2 over ihe 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:

1) 0,1 mA r.m.s. over the frequency range 0,25 f, to 1,25 f, (250 kHz to 1,25 MHz);
2) 3,0 mA r.m.s. over the frequency range 47 Hz to 48 kHz, with the exception of 16 kHz

+ 0,5 %;

3) levels at other frequencies in accordance with Figure 72.

The device shall not introduce harmonic components of the power frequency larger than

15 pA r.m.s. in the main trunk.
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14.7.3 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 claiming conformance to this clause shall drop no more
than 200 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.

14.7.4 Electrical isolation

See 13.7.4.

14.8 Ivledium specifications

14.8.1 | Connector

See 13.B.1.

14.8.2 | Standard test cable

conformance to the

The caljle used for testing fieldbus devices with a clrreat-mode
i rall shield megting the

requirements of this clause shall be a single twistedpais
following minimum requirements at 25 °G:

Y

Zo al 0,25 f, (250 kHz) = 80 Q + 10'%;
Zo al 1,25 f, (1,25 MHz) = 80 Q + 10°%"

)
)
) max|jmum attenuation at 0,25 f, (25Q k 1
) maxjmum attenuation ? H(&
)

O

Qo O

maxjmum d.c. resi

D

f) conductor crogs-sextionalgrea (Wi ize)\= nominal 1,5 mm?2.

NOTE The preceding/$pgtification isNfor.conformance testing an MAU. Other types of cable may be usfed in real
installations. (See Anné o BN oved specifications may enable increased trunk length and/or
superior \ , s5ables with inferior specifications may be used, subject [to length
limitationg possible non-conformance to the RFI/EMI susceptibility requirempnts.

14.8.3

See 13.

14.8.4

See 13.84

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 voltage drop in the terminations shall be less than 0,3 V at 16 kHz.

NOTE In practical implementations with power supplied via the signal conductors, the terminator would be
bypassed at power frequencies to minimize power losses.

The terminator shall be non-polarized.
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All terminators used for potentially explosive atmospheres shall comply with requirements
commensurate with the required approval documents.

14.8.6 Shielding rules

For full conformance to the noise immunity requirements of 14.5, 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.

14.8.7 | Grounding rules
See 13.B.7.

14.8.8 | Color coding of cables

See 11.B.8.

15 Types 1 and 7: Medium attachment unit: ¢

15.1 (eneral

The net
use of g

as an elementary optical path.

In all ndtworks involving
from the devices are cpN

wavegu|des conveying
using afsingle e :

Six bit

where t
MAU sh
and def
subclau

media

ectively

signals
n all the
devices

mission

media,
A given
it rates,
r of this

Table 74 - Bit-rate-dependent quantities of high-speed (21 Mbit/s) dual-fiber networks

Quantity Symbol | Unit Value
Nominal bit rate BR |mbivs| 003125 | 1 | 25 [ 5 | 10 [ 2
Maximum deviation from BR ABR 0,2 % 0,01 %
Nominal bit duration Thit us 32,0 10 | 04 |02 | 01 [ 004
Maximum deviation from Tpjt ATpit - 0,025 % 0,015 %
Maximum propagation delay | PDmax Thit 20 40

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 Tbit £ ATbit.
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15.3 N
15.3.1

etwork specifications

Components

An optical MAU operates in a network composed of the following components:

)
)
c) connectors;
)
)

optical cable;
devices (containing at least one communication element);

optical passive stars;

optical active stars.

15.3.2 | Topologies

An optigal MAU shall operate in a network with a star topology, or | etwork.
Devices| are connected to the optical stars or peer devices paths.
Optical ptars are interconnected by elementary optical paths.

15.3.3 | Network configuration rules

An MAU that claims conformance to this clause sha aments of thig clause
when uged in a network that complies with these rule

Rule 1:

Rule 2: exceed
four.

Rule 3: ed that
specifie

NOTE F ) by a PhE
between beginning of the transmitted frame containing an gssociated
immediats imes, no more than two bit times of which should be que to the
MAU. As o tHe DLL-PhL interface or the MDS-MAU interface, that part of the
turn-arou aused by the PhL or the MAU cannot be specified or conformance tested.
Rule 4 capable of continuing operation while a device is being
connect a errors induced during connection or disconnection ghall be
detected.

Rule 5:|The nietwork shall be acyclic, with a single path between any two devices.

Rule 6:The 'Fnlln\l\ling rules shall npply io eyefnmc implnmnnfnd with redundant media:

a) each channel shall comply with the network configuration rules;

b) there shall not be a non-redundant segment or equipment between two redundant

segments;

c) 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;

d) channel numbers and association with the physical transmission media shall be

maintained consistently throughout the fieldbus, i.e. channels 1,2,3,...

management shall always connect to physical channels 1,2,3,...

15.4 MAU transmit circuit specifications

NOTE For ease of reference, the requirements of 15.4 are summarized in Table 75 and Table 76.

from systems
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The output level, spectral and timing specifications are measured at the end of a 1 m standard

test fiber connected to 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.

1
(valus

ransmit level and spectral characteristics
s referred to the CPIC with standard test fiber)

Limits, using{t%,\%ZS%ﬁ{er

Peak emission wavelength (Ap)

AT

o\ N

Typical half-intensity wavelength (AL) \

Effectiye launch power Hi level &MS\QM\ dBB‘u

Overshoot of transitions / <15:.% effec ve power

Extinctjon ratio N K\/S ] <‘> 3904
15.4.3 | Output timing specification
An optigal MAU transmit circuit shall confo exfollowing output timing requiremepts (see
Figure 13). Timing characteristics are mea erature of 25 °C. The outpyt timing
specification is shown in Fable 76~

Table 7 @\ specification summary
T’ “%0':}“\ @C\;ﬁ"ﬂ'} Limits
(values reférr the CPIC \with standard test fiber)
Trapsmitted b|t/é\‘§ BR = ABR
Instantaney\t}\nh Tpit £ ATpit
Ris¢ and&all t|&o\< to\g\%>of peak-peak signal) < 2,0 % Tpijt
D|ff<(erN W, rise a\\d fall times < 0,5 % Tpijt
Mafimurintcahsmitted bit<ell jitter £2,0 % Tt
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One bit time = Tpjt £ ATpit
115 % n
105 % 1\ Overshoot
100 % 1
95 % | 1 f
90 % |
? Maximum bit cell jitter
Midpoint in time / <2%
of the Hi level
50 %
10 %
5%
0%
5%
Rise time
- <2 % Tpit

Figure 73 — Op

15.5 MAU receive circuit specificat
15.5.1 | General
ed in Table 77.

The requirements of this\subslause(a

uit specification summary

Receivecitcuit ¢ ré&e\raiqs\\ti/t% Limits
(valuesireferred to\the C with standard test fiber) Low sensitivity system | High sensitivity

system

0,0 dBm

<Reéﬁéc\o&ra%g\ ra}ge ~30,0 dBm to —10,0 dBm | —40,0 dBm to —2
N

aNncheivég{bit cell jitter +14 % Thbit

15.5.2 | Receiveropgrating range

H 5P~ HWP- S-S TV TV . H
The Sp UImTocu 1COUTTVOIT OUIIOILIVILy (=} IHU 1o

a) —-30,0 dBm to —10,0 dBm effective power for low sensitivity;
b) -40,0 dBm to —20,0 dBm effective power for high sensitivity.

15.5.3 Maximum received bit cell jitter

The receive circuit shall accept a Manchester encoded signal transmitted in accordance with
15.4. In addition, the receiver shall accept signals with time variation between two adjacent

signal transition points (50 % crossing) of £14,0 % Tbit or less.

NOTE 1 This does not preclude the use of receivers that perform better than this specification but in accordance

with the tolerance of the received bit cell jitter of the MDS (see 9.2.6).

NOTE 2 Depending on the symbol pattern, the nominal time between 50 % crossings may be either 1,0 Tbit or

0,5 Thit.
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15.5.4 Interference susceptibility and error rates

15.5.4.1 Low-speed (31,25 kbit/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 6 x 109 (one 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 108.

A communication element which includes an optical MAU operating at 31,25 kbit/s with frames
containing 32 random user data bits, at an average of 10 messages per second, with signals
of —25 dBm, shall produce no more than 10 detected frame errors in 60 000 frames during

operati i tne presence ol clectromadgnetiC or electriCal Interfrercn [S] ITOTIM nts as
follows: n\
3;

a) 10 Wm electromagnetic field as specified in IEC 61000-4-3 at se
b) elecjrical fast transient as specified in IEC 61000-4-4 at seve

15.5.4.2 High-speed (=1 Mbit/s)

NOTE When the fieldbus is operating in a variety of standapd™ notsge “eqviron \ts, tbé probability that an
Applicatign Layer User Data Unit contains an undetected error, dde to operation<f the conveying Physical and DLL
entities, ghould be less than 1 in 1072 (one error in 20 years 3 a A communication glement is
regarded |as conforming to this theoretical requirement an\i & ellowing interference sugceptibility
requiremgnts. These are specified by a detected 3 d, by using a ratio of de¢tected to
undetecte

A comni erating at >1 Mbit/s with frames
containi ) 1 600 messages/s, with signals of
-25 dBn ! pe errors in 100 000 frames during
operatia lectrical interference environmgnts as
follows:

a) 10V bicAi specifiet\i C 61000-4-3 at severity level 3;
b) elec ’ ifiedN (2°61000-4-4 at severity level 3.

15.5.4.3

The err| iR dlso be satisfied after, but not during, operation in the

followin i

a) 8 k\{ ' ischakge to exposed metalwork as specified in IEC 61000-4-2 at [severity
leve sdffers temporary loss of function or performance as a result of this

test)| i recoxer from any such loss without operator intervention within 3 s gfter the
end pf the test

b) high| frequency disturbance tests as specified in IEC 60255-22-1:1988, 3.1 (test|voltage
class Ill, 2,5 kV and 1 kV peak values of first half-cycle in longitudinal and transverse
mode respectively). If the device suffers temporary loss of function or performance
because of this test it shall recover from any such loss without operator intervention within
3 s after the end of the test.

15.6 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 3750
and 7500 Tbit, 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.
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For a data rate of 31,25 kbit/s, the MAU shall reset the self-interrupt function after a period of
3 s+ 50 %.

NOTE 1 This inhibits bus traffic for no more than 8 % (= 1/12,5) of the available time.

For a data rate of 1 Mbit/s or greater, the MAU shall reset the self-interrupt function after a
period of 500 000 Tbit + 50 %.

NOTE 2 This inhibits bus traffic for no more than 3 % (= 1/32) of the available time.
15.7 Medium specifications

15.7.1 _Cannector

Cable ¢onnectors, if used, shall be in accordance with this stafdard—~(see\Annex A).
Permangnt terminations (splices) may also be used.

15.7.2 | Standard test fiber

The caljle used for testing fieldbus devices or optical a i i AU, for
conformance to the requirements of this clause, shall bg _fibe \{ ’ i Vo silica
fiber optic waveguides. The characteristics of thosé i ble with

IEC 60793 [fiber type: A1b (62,5/125 um)] as follows

— core|diameter (um):

— cladfling diameter (um):

— corefcladding concentricity (%):
— no cjrcularity core (%):
— no cjrcularity cladding

— external primary cqati

— numrical am@e: 0,275 + 0,015
— attenquation fon85 <3,0

— band >200
NOTE A { e wed. Operation using a 50 um or 100 um alternate test fiber is degcribed in
Annex E.

15.7.3

NOTE F

15.7.4 | Optical active star

15.7.4.1 Definition

An opto-electronic device or module in an optical communication system, that receives a
signal, amplifies it and retransmits it (retiming is optional).

15.7.4.2 Operating
Three types of link shall be considered.
a) Link between two optical active stars

Any frame coming directly from an optical active star and reaching an optical access of
another optical active star is retransmitted without feedback (the access which receives the
frame does not retransmit that frame).

b) Link between an optical active star and a fieldbus device
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Any frame coming from an optical active star and reaching a fieldbus device is received and
not retransmitted. Any frame coming from a fieldbus device and reaching an optical active star
is retransmitted without feedback.

c) Link between an optical passive star and an optical active star

Any frame coming from an optical passive star and reaching an optical active star is
retransmitted without feedback. A passive star reflects all frames by design. An optical active
star shall not retransmit the feedback signs of an optical passive star.

Regenerative functions

An optical active star restores signals to standard transmit power levels. The timing

15.7.4.3 Transmit and receive characteristics
The follpwing characteristics are given ...

a) Level characteristics

Transmit and receive level specifications are the same a S (15.4.2
and 15)5.2). Level and spectral characteristics are i 25 °C.
These slpecifications are summarized in Table 78.

Table 78 — Transmit and eive tevehand sp@ral
foran optical active-star

Transmit level and spectral characteristics
(valugs referred to the CPIC with standar test\ imits, with 62,5/125 um fiber
fiber)

ecifications

Peak em|ssion wavelength (kpg\ ( (850 + 30) nm
N
Typical half-intensity wavel[a\g\thm) (\ <50 nm

Extinction ratio >20:1

Effectivel|launch po\qu/l‘fi/LQSG{ \ \ (-11,5+1,5) dBm

Low sensitivity system High sensitivity §ystem
Receiver|operating @ ffective pawer)

—-30,0 dBm to —10,0 dBm —40,0 dBm to —2(,0 dBm

b) Timi
Transm ig specifications of an optical active star concern (see Table|79):

— rise pndfall ti of the transmitted signal;

—  temporal deformation of signals-due to an-optical active star
g g

Timing characteristics are measured at a temperature of 25 °C. For optical active stars that
have a timing regenerative function, the timing characteristics are the same as those of an
optical MAU.
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Table 79 — Timing characteristics of an optical active star

Timing characteristics (values referred to the CPIC) Limits
Rise and fall times of transmitted signals (10 % to 90 % of <2 % Tbit
peak-peak signal)
Maximum temporal deformation between optical input ports +3 % Thbit
and optical output ports (see Note 1)
Propagation time of a data bit between an optical input port and any <2 Thit
output ports for an active star with timing regenerative function (see
NOTE 2)
Maximum transmitted bit cell jitter for an optical active star with +2,0 % Thit

timing regenerative function (see Note 2)

NOTE 1 The temporal deformation due to an optical active star is the tempoxal difference ©Of

9

16 Tyj

16.1 G

The net
known 4

In all ng
from th
signals
betweer

These |
transmis

16.2 T,

The tran

having @ mifimu octets. The instantaneous bit time, Tbit + ATbit, shall b

width of a same physical bit, bit pattern, waveform, or other appropriate termy’
NOTE 2 Only for optical active stars with timing regenerative function. x

b devices are combined by
are retransmitted gn\all the fi

all be 31,25 kbit/s + 0,2 %, averaged over 3

um

s, each

signals
eceived
oint link

er optic

frame
e 32 us

+ 0,025

16.3 Netw

16.3.1

See 15.3.1.

16.3.2 Topologies

See 15.3.2.

16.3.3 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.

The rules are the same as 15.3.3, except as follows.
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16.4 MAU transmit circuit specifications
NOTE For ease of reference, the requirements of 16.4 are summarized in Table 80 and Table 76.

16.4.1 Test configuration

See 15.4.1.

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.
Table 80 — Transmit level and spectral speC|f|cat|o<(‘s\ g\\
Transmit level and spectral characteristics its Yor 1, kbit
Values referred to the CPIC with standard test fiber) (10 fiber)
Peak|emission wavelength (Ap) < \ (&9\30 \m

Typidal half-intensity wavelength (AL) < 0 n

(7 (WLO) dBm
/ /\ 5;\57>% effective power
\ ™~ )\/ >20:1

—_

Effective launch power Hi level

Overshoot of transitions

Extinftion ratio

16.4.3
An optigal MAU transmit sircu 3 llowing output timing requiremepts (see
Figure 13). Timing chgractexistic red ay a temperature of 25 °C. The outpyt timing

specification is shown

16.5 MAU rec@'

16.5.1

The re summarized in Table 77, but relative to the dtandard

100/14(Q

4

16.5.2

The sp€cifi

a) —-30,0dBmto=12;5dBmeffective power fortow sermnsitivity;
b) —-40,0 dBm to —20,0 dBm effective power for high sensitivity.

16.5.3 Maximum received bit cell jitter

See 15.5.3.

16.5.4 Interference susceptibility and error rates

See 15.5.4.1 and 15.5.4.3 .

16.6 Jabber inhibit

The requirement is the same as 15.6, except as follows:

The MAU shall reset the self-interrupt function after a period of 3 s + 50 %.
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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 fiber

Silica fiber optic waveguide whose nominal characteristics are compatible with IEC 60793
[fiber type: A1d (100/140 pum)].

AU, for
ne fiber

The caljffe used for testing fieldbus devices or optical aclive stars wiih
conformance to the requirements of this clause, shall be a 1 m fiber o
optic wgveguides, whose characteristics are as follows:

— core|diameter (um): 100+ 5
— cladfling diameter (um): 140+ 4
— corefcladding concentricity (%): <6
— no cjrcularity core (%): <6
— no cjrcularity cladding (%): <4

— numerical aperture:
— attenuation for 850 nm (dB/km):
— bandwidth for 850 nm (MHz x km):

NOTE Alternate test fibers are
annex E.

62,5 um alternate test fibers is depcribed in

16.7.3 | Optical pass
NOTE Fpr more in@io
16.7.4 | Optical acti

16.7.4.1

Subclau

16.7.4.2

Subclauy

16.7.4.3
16.7.4.3.1 Level characteristics

Transmit and receive level specifications are the same as those of an optical MAU (see 16.4.2
and 16.5.2). Level and spectral characteristics are measured at a temperature of 25 °C.
These specifications, summarized in Table 81.
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Table 81 — Transmit and receive level and spectral specifications
for an optical active star

Transmit level and spectral characteristics
(values referred to the CPIC with standard Limits, with 100/140 pm fiber
test fiber)

Peak emission 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
Receijer operating range (effective power) -
-30,0 dBm to 12,5 dBm —MdBm to 220,0yfiBm

16.7.4.3.2 Timing characteristics
The timing characteristics of 15.7.4.3 apply.
17 Type 1: Medium attachment unit: radio sig
17.1 (eneral
The con aly‘tothe analog and RF portions ¢f a real
radio, in : equencies, types of modulation,
modulation indices, transmit signal i Ring, receive signal filteringl signal
strength ) recovery of clock and data from
received signaling. It alsg’| i spects ‘related to the configuration ¢f these
analog-world aspects. It dees i digital data aspects of a radio such as coding
that require binary intexpre ignaling,/ even though the clock and data necovery
functions of the MAU y ects of that coding (e.g., expected Manchlester or
8b/10b ¢ode trapsiti i
The raglio environf i time-varying, rendering long-term predi¢tion of
properties almos{ i ibte. Real protocols that coordinate transmission and receptjon may
adapt t i i ; e by changing operating modes dynamically (Qut in a
coordinated achjevestheir communications objectives. Therefore this spedification
provides mini i in a form suitable to that adaptation.
17.2 T rate
The radio/MAU shall'be capable of transmitting at a signaling (i.e., Ph-symbol) that is
within 19 nfigured nominal signaling r within i ign ran with an actual

variance in that symbol timing of no more than 0,1 % between any arbitrarily-selected two
symbols of a transmission, measured over any transmission but not including the first or last
four symbols of the transmission.

The relationship between signaling (baud) rate and maximum bit rate of the radio may vary
transmission to transmission as the employing protocol entities adapt to the radio environment
and the criticality, urgency or other QoS aspects of the information to be communicated, and
of the needs of those protocol entities. The actual bit rate may vary within the message, as
occurs in the ETSI DECT standards, where the initial part of the message uses only the
1 bit/bd signaling constellation while the latter part of the message may use a richer
constellation, based on data in the message header.

Common ratios of bit rate to baud rate in modems, which determine the required signaling
constellation, are
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e 1 bit/bd, also known as 2-ary signaling, which is historically the most common

e 2 bit/bd, also known as 4-ary signaling (e.g., QPSK, quadrature phase shift keying)

e 3 bit/bd, also known as 8-ary signaling (e.g., 8PSK)

e 4 bit/bd, also known as 16-ary signaling (e.g, QAM, quadrature amplitude modulation)

Precoding of the digital information before transmission, e.g., for forward error correction or in
Manchester or biphase or 8bit/10bd coding, can lower the effective bit rate of the Ph-entity,
but does not itself affect the signaling constellation of the radio.

17.3 Modulation

17.3.1 [General
The radjo MAU shall support at least one of the following types of mog
a) FSK| (frequency shift keying);
b) GF3K (FSK with Gaussian shaping to reduce spectral conte
c) MSK (minimum phase shift keying);
d) GM$K (MSK with Gaussian shaping to reduce speg al).
The rad
e) OOH
17.3.2
Many m| P prior to transmission to smooth the
abrupt thereby reducing the energy in the
higher-f , improving its spectral content in
exchang
The unt aussian filter is
_t2
; 1 erJZXTZ ,
V2 x8xT

where

B B bandwidth of the filter;

T|is thesym duration;

giving’BT as the normalized bandwidth of the filter (in Hz-s).

Pulses such as that produced by a Gaussian low-pass filter have infinite duration (albeit at
infinitesimal energy for most of that duration). To make communications with such pulses
practical, they are convolved with a rectangular filter that truncates their extent:

a(t) = rect(i) ® h(t)
T
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1 T
— for |t| <—
T 2

t
where rect(—) =
T

0 otherwise

and ® denotes convolution.

17.3.3 FSK

In freqyency shift keying, a nominal carrier 'center' frequency fcarrier
transmigsion by subtracting or adding a deviation frequency ( Af ) that i
the signaling rate. The maximum deviation, limit to limit (i.e., 2xma
signaling rate, is known as the modulation index, h.

modulated before
ified\fraction of
ivid &by the

A radio MAU that supports FSK shall support 2-ary modulatj ihdex of

x A
e h=1——=10+£10%. Other greater or lesser mo i SO may be supported.

Modulation with more bits per baud, such as 4=3 ported.

NOTE 1 |This modulation index corresponds £Q the con¥ention@l estirpate s charnel capaicty as 1 bit/s/Hz.

For 2-afy FSK modulation, a '0' MDS-Mh be represented by the frequency
(fearrier {Af ) and a '1' MDS-MAU sym ented by the frequency ( fearipr + Af),

where Af =h/2.

NOTE 2 |If other parts of Q i 3 oding, so that data bits at the DL-Ph intgrface are
unchanged at the DCE-MA € i data bit being represented as a greater frequerjcy than a
'0" data bi.

17.3.4

In Gaus| e FSK modulation of 17.3.3 is shaped by the Gaussian
filter of o reduce its spectral content (that is, to narrow th¢ part of

the spe
filter arg;

information is conveyed). Typical BT values for the Gaussian

A radio MAUthatsupports FSKshatt—supportatteastone of these two BT vatues. Other
normalized bandwidths also may be supported.

17.3.5 PSK

In phase shift keying, a nominal carrier of frequency fcarier is phase-modulated before
transmission by advancing a phase deviation (A¢) that is a specified fraction of the signaling
rate and the symbol to be transmitted. The maximum deviation (i.e., maxA¢ ), is known as the
modulation index, h.

A radio MAU that supports PSK shall support 2-ary modulation with modulation indices of

e h=maxA¢ =~ radians
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where a one is signaled by the maximum phase advance and a zero by half that phase
advance. Other greater or lesser extents of maximum phase advance also may be supported.
Modulation with more bits per baud, such as 4-ary and 8-ary PSK, also may be supported.

For 2-ary PSK modulation, a '0' DCE-MAU symbol shall be represented by the frequency
( @carier + minAg) and a '1' DCE-MAU symbol shall be represented by the frequency

Dcarrier + Max Ag ).

NOTE If other parts of the Ph-layer provide transparent coding, so that data bits at the DL-Ph interface are
unchanged at the DCE-MAU interface, this results in a '1' data bit being represented as a greater phase advance
than a '0' data bit.

17.3.6 GMSk

In Gaugsian minimal (phase-) shift keying, the PSK modulation of 17.3.
Gaussign filter of 17.3.2 prior to transmission to reduce its spectral
the part|of the spectrum where most of the information is conveyed).

by the
narrow

Typical BT values for the Gaussian filter are:

e BTH0,3£10%,
e BTH0,5+10%, and
e BTH10£10%

A radio [MAU that supports GMSK shalksup
normalized bandwidths also may be supported:

hese three BT values. Other

-6
00

17.4 Network specificatjo

17.4.1 | Components

A radio MAU operates\n a’ne
a) devices (c::rf' NG

b) 3gntennas

d,of the following components:

munication element);

NOTE A
17.4.2

The cof topology does not apply to the space-time fabric through which
electromagnetie, waves propagate. Therefore there are no MAU-induced constrgdints on
patterny of MAU unications other than those induced by nature and sometimes [codified
as "the |laws of physics". Chief among these are attenuation and reflections (multi-pjath), as

well as proximity-induced affects of other nearby radios.

17.4.3 Network configuration rules

A low speed radio MAU shall be required to conform to the requirements of this clause when
used in a network that complies with these rules.

Rule 1: All communicating elements on one fieldbus using a radio medium shall be capable of
operating at a common baud rate and shall use the same physical or logical radio channel.

Rule 2: More than one independent radio medium fieldbus may operate in the same physical
location, but then each separate network shall operate on a different physical or logical radio
channel.
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Rule 3: A specific radio medium fieldbus radio channel shall define a geographical area (or
"CELL") over which that network will operate and no other network using the same radio
channel shall operate in that cell. Networks in adjacent cells shall use different radio channels
and it shall be possible to implement networks in non-adjacent cells using the same
frequency. Non-adjacent cells using class 1 receivers whose geographic centers are less than
40 m apart should use different radio channels. Non-adjacent cells using class 2 receivers
whose geographic centers are less than 400 m apart should use different radio channels.
Non-adjacent cells using class 3 receivers whose geographic centers are less than 4 000 m
apart should use different radio channels.

NOTE 1 See Figure 74 for the cellular structure using radio medium fieldbus networks covering a large industrial
site. Examples of the topologies are given in Figure 75 and Figure 76. These three figures are included for
explanatory purposes and do not imply a particular implementation.

Frequency 1

O,

\ Frequency 4 '
' Frequency 2

NS
X
N

Figure 74 — Cellular radio topology and reuse of frequencies
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Control room device (PLC, etc.)

Wired fieldbus

Radio medium device

: Y
7& (\\\ adio medium device

X NS

aj

4 800 bit/s|radio médium R

Figure 75 — Radio segment between wired segments topology
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Control room device
(PLC, etc.)

H Hé/ Wired fieldbus port

/E Wired fieldbus (31,25 kbit/s, 1 Mbit/s or 2,5 Mbit/s)

Low speed radio medium
Radio medium

fieldbus port
device

Iy

Radio physical layer devices
operating at 4 800 bit/s

quenci

h country

The numbemand fre

and withip that coug 5 storic use
of radio gpectrum it 3 me time,
especially at the lower it is not
possible egulatory
body for § b of those
channels.

NOTE 3 is will be
applicatio

NOTE 4 | Ne d take into account the different speed at which the low speed radip medium
fieldbus devices edium fieldbus devices are operating in a particular implementation.

Rule 4]t _shall be possible to use radio repeaters to extend the range of a [specific
installatrom—These Tepeaters may use different physicatortogicat tadio chamnmets;orhay use

store-and-forward functionality to repeat on the same channel after complete reception of the

messag

e to be repeated.

17.5 Antennas

The radio medium fieldbus MAU shall be suitable for use with a single combined antenna
connection for both the receiver and transmitter.

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 all required frequencies
adequately.
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17.6 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 at least the
duration of 4 000 bd 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 indicate jabber detection to the MDS or DTE.

The MAU shall reset the self-interrupt function after a period of 400 kbd + 50 %.

NOTE This inhibits bus traffic for no more than 1 % of the available time.

17.7 Clommon air interface
17.7.1 | Channel frequencies

Channe| carrier frequencies to be used for the radio medium fj
regulatipns and type approval documents of the countr
implemgntations and are therefore not part of this standard eparate
technical report summarising the requirements for . Where frequency
hopping| spread spectrum techniques are used, they ghall co h ulations
and type approval documents.

l by the
specific

Channe jiving a
delta of en this
frequeng gnges of
the imp may be
used at|the receiver.

17.7.2 | Transmitter characten

These dhall depend o e in the
country |of end antenna
to the maximum allg

NOTE Thi the local
radio freq er power
signal fro

17.7.3

NOTE 1 installation;
however,

A receiyerfin a device adhering to this standard shall conform to one of the following|classes
of receiver performance.

NOTE 2 These classes ensure that vendors give the users a clear indication of the applicability of a particular
device or set of devices to a specific application.

NOTE 3 This subclause covers performance of the radio receiver subsystem only in the face of typical radio
interference imposed via the receiver input stage. It does not cover EMC related performance of the complete
fieldbus device.

Class 1

A test set-up shall be used consisting of a 40 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 receiver's antenna connector.

a) With this set-up, a communication element operating with frames containing 80 random
user data bits with maximum frame rate, shall produce no more than 10 detected errors in
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1 000 frames after any forward error correction, 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

2)

with a frequency that is within 25 kHz of the center channel frequency of th
medium fieldbus network under test.

Electrical fast transients as specified in IEC 61000-4-4 at severity level 3.

e radio

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 in IEC 61000-4-2 at
severity level 3. If the device suffers temporary loss of function as a result of this test it

ghall recover from any such Toss without operator intervention witiin 3 s.affer|the end
af the test;

i) H voltage
q >; mode
respectively).

b) With the same test set-up, a communication element ope ning 80
rand etected
errofs in 60 000 frames under the following condjtion™¢ rection,
whep an unmodulated, or asynchronously modu intexfering carfier wave signal at any
frequiencies within the ranges and at the corresponding field<stxength able 82
is applied.

Class 2

A test get-up shall be used consisting™of ax400 i >f-Site range from transmitter to

receiver. The Effective Radiated Powef (ERP) from ansmitter antenna shall be s¢t at the

maximu in use and a 20 dB loss total shall

a) With this set-up,

wi
f
2) B as specified in [IEC 61000-4-4 at severity level 3.
The abq pecification shall also be satisfied after, but not during the f
noise ef
i) 8§ kV e€lectrosfatic discharge to exposed metalwork as specified in IEC 6100

random

userl data bits with{maxifmux hall produce no more than 10 detected ¢rrors in

1)

1 040 frameg” a
impgsed on the £ha

gpecified in IEC 61000-4-3 at severity level 3,

pection, under the following noise envirgnments

but not

25 kHz of the center channel frequency of the radio

bllowing

D-4-2 at

shall recover from any such loss without operator intervention within 3 s after
of the test;

high frequency disturbance test as specified in IEC 60255-22-1:1988, test

deverity level 3 _If the device suffers temparary loss of function as a result of this test it

the end

voltage

class Ill (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 80
random user data bits with maximum frame rate, shall produce no more than 10 detected
errors in 60 000 frames under the following condition: after any forward error correctio,
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 3

A test set-up shall be used consisting of a 4 km line of site range from transmitter to receiver.
The Effective Radiated Power (ERP) from the transmitter antenna shall be set at the
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maximum allowed in the local regulations, for the channel in use and a 20 dB total loss shall
be set in the receiving antenna to the receiver's antenna connector.

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 any forward error correction, 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 center 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 abdve error rate specificalion shall also be safisfied after, but not during\the_fpllowing

noise enmvironments:

i) 8 kV electrostatic discharge to exposed metalwork as spe(ifi i 4-2 at
deverity level 3. If the device suffers temporary loss of fupstio s test it
ghall recover from any such loss without operator interkention Wwithin the end
qf the test

ii) high frequency disturbance test as specified ( * : voltage
glass Il (2,5 kV and 1 kV peak values of first & i e mode
respectively).

b) With the same test set-up, a communication(element otin with frames conta|ning 32
random user data bits with maxi prog no more than 10 detected
errofs in 60 000 frames under the\followin ition: aftey any forward error cprrectio,
when an unmodulated, or asynchron ed, interféring carrier wave signal at any
frequiencies within the ranges a orrespqnding field strengths as shown in

Table 82 is applied.

Table 82 — Interfering freq sting receiver performance

N
Freql{enépfé@e\ﬁn @z Field strength in dB (pV/m)
) Q51080 120
( ée\\{\{o&)\/\\/ 110

Expept where llo Wnd the center |Where the interfering field strength shall b
frequency

100

\ N \¢0,3 80
X\ N Aoz 75
) 101 65

< +0,1 20

1

NOTE The values quoted in this table are considered sufficient to ensure operation in the presence
of known broadcast transmissions from high power sources such as for television transmission,
however, even greater levels can be experienced in close proximity to some transmitters. The signal
from the radio medium fieldbus MAU transmitting element and the interfering carrier are assumed to
have the same polarisation.

17.7.4 Post processing

NOTE Receiver performance can be improved by post processing, and, in order to decrease the bit error rate of
PhPDUs passed to the radio medium fieldbus MDS layer, the radio medium fieldbus MAU receiver implementations
may include post processing algorithms that use the knowledge and structure of the raw radio wave forms imposed
by this standard, so long as this post processing function can be shown in the worst case not to cause any timing
violations.

Post processing if implemented shall not violate any timing constraints imposed by this
standard.
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17.7.5 Transmit receive turnaround time

The transmit to receive and the receive to transmit turnaround times shall be no more than
10 ms.

17.7.6 Random data rejection and carrier detect circuit

The radio medium fieldbus MAU shall not allow the reception of random data when no carrier
is present.

NOTE This can be provided by a carrier detect circuit or by redundant bit detection methods.

axial wire medium

18.1 General

Only ong attachment method is specified for the 5 Mbit/s, voltage-modey coaxi ife medium.
Other methods may be used but they shall conform to the same signaling\and perfagrmance
*-\‘ othis used, then it shall
for attachiment to

characteristics. If the specified coaxial wire medium atta

incorpojate transformer coupling at the node and it shall use assive\Tap

the me

The 5 N ire kariz nect to coaxial wire medium
with net f

NOTE T bspheres,
without s & 3 ments for
intrinsic gafety certification, bu S pic safety
certificatipn.

The MAU shall consisft ¢ t ormer, and connector as shown in Figure 77.
The transceiver shall fined in the MDS-MAU interface to generafe those
necessgry to dh . hment to the medium shall be via BNC [or TNC
connectors as spegifi & rotnd isolation shall be provided via the transfgrmer as

specified in 18.3.
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OSI reference model layers Type 2 PhL model

Application MDS
Medium dependent sublayer

Presentation

Session
MDS-MAU interface

Transport MAU
Medium attac@ne\nt unit

Network

Data-link aN

Physical <aw 9
<\B%Wrﬁector

Hi d@oa al wire PhL variant
18.2 T
When uging a 5 Mbit/s, voltage-mode, j ire Mmeditnn, a coaxial wire transceiver [shall be
used to|transmit and receiye the L an( NP ansmitter portion of the trampsceiver
shall obtain transmit sig y nbols. It

shall trensmit a single- isolation

transfor at shall
provide

A functi 78.
NOTE 1 f a single
channel t

RXDATA

Coaxial wire
Medium
Connection

RXCARRIER

Isolation

TXDATAOUT

TXDATABAR |

NETENABLE —_,

NOTE The blocks labeled Xmit and Isolation combine to represent the transmitter.

Figure 78 — Coaxial wire MAU block diagram

Figure 79 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 more detail.
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TXDATAOUT = 1

[

H

TXDATABAR = 1

Three sjgnals shall be available at th

ace for )controlling transmission onto
the medium, TXDATAOUT, TXDATABAR,

hese’ three transmit signalg, when

connected to the transceiver, shall define the S . mbols on the wire. The relationship
between these transceiver request line i on the medium shall be as slpecified
in Tableg 83.

Table 83 — Transmit control | definitions/5 Mbit/s, voltage-mode, coaxial wire

TxDataOut (I’x ta\gar I@ztér{ble \prsical symbol Signal on medium
don’{ care(x) don’c/a}e\(\@)'\ f%(% > none Transmitter off, see Table 86.

false(0) /fgks 0) \N\ue(1) > none Transmitter off, see Table 86.
trhe(1) \@ls (0) \Quaﬂ{ H + voltage (positive), see Table|86.

fa se(O)\ \%(1\ \/tyae(ﬂ L - voltage (negative), see Table|86.

tr‘\1) M('l \ true(1) not allowed (see note) | Not allowed (see note)

NOTE N \n\r It in damage to the transmitter circuitry.
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Signal Voltage on Coax Medium (Vjn)

A b
RXCARRIER = 1
RXDATA =1
/ \ / sense
V +
sense / \ l \ / Vsensel-
ov
/ \ RXCARRIER = 0
Vsense— J
RXDATA = 0 v
v
RXUATA

RXCARRIER

NOTE The shaded areas shown above are not defined.

Two indication signals shall be provided at tfie

RxDATA[and RxCARRIER as shown in

the wire

Table 8bp. :
level (Vj,) as shown in Figure 80 shall be defi

AU with
tage on
84 and
he input
een the
n terms

coaxial cable center conductor and the coaxial-s
of the yoltage on the cegax ante ductor (Vint+ or Vin—) as referenced to the

coaxial ghield.

Tahle 84 — eiver dat

ns: 5 Mbit/s, voltage-mode, coaxial wire

mm\al/\tm}cwu}l\ > RxDATA Comments

Vin more|positive th%p\%\'v\e%}é«a{itiv&”mit (Vsense*) true (1) |See Table 87

Vin more nega@w}a\tik\%ténsitivity limit (Vsense—) false (0) |See Table 87
N\

Vi, betweé\poi\ifye%{nega\we s sensitive limits undefined |Allows for hysteresis and t

blerance

Table

85.—)Receiver carrier output definitions: 5 Mbit/s, voltage-mode, coaxial

wire

Input level at medium RxCARRIER Comments

Vin more positive than high carrier sensitivity limit (VsenseH)

true (1) [See Table 87

Vin lower than low carrier sensitivity limit (or negative) (Vsensel)

false (0) |See Table 87

Vin between low and high carrier sensitivity limits

undefined |Allows for hysteresis and

tolerance

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 81

Transmit level asymmetry (between 0 and 1)

<450 mV max ™ ¢

Transmit signal distortion (over voltage, droop, ring) +10 % *° See Figure 81
Total transmit jitter (Tx Jitter) <5ns See Figure 81
Transmitter output impedance 20 Q max

Maximum transmitter off noise level 5 mV max ?

Time fromNETENABLE false to transmitter off noise level 400 ns @

Slew limit 1 V/ns max ®

[
‘S\gefFl\gure 1

Rise / fall

limit (10 % to 90 % of peak-to-peak)

30 ns max ?® /\

See \'\igbgm
Z.

@ This shall be a peak-to-peak voltage as measured into a 37,5 Q load from 0, MHz\to 2

®  The transmit level shall be measured at the estimated mid-point between any pea
bottom of the waveform.

both top and

¢ This Igvel shall be 0,5 V lower when measured as inside of ey for a minimum signal

of 6,4|V (peak-to-peak).

¢ This $hall be measured as the absolute difference e value of Transmit Igvel for 1
(+ volfage) and the absolute value of tran s measured into a 37,5 Q Joad from
0 MHZ to 20 MHz.

¢ Leveld shall be a function of the actual measured tra

Slew Limit
/ MAX
Transmit

Level

.

Rise/Fall Limit""
Tx Jitter

d

R
\

N

[

Volts
Rise/Fall Limit

/

=

P
Slew Limit

10%

0%

X ~

Limit

Slew|

Figure 81 — Coaxial wire MAU transmit mask



https://iecnorm.com/api/?name=0c3f55af4d288a997008042f4a5a36bb

61158-2 © IEC:2010

-219 -

Table 87 — Coaxial wire medium interface — receive

Specification Limits / Comments
characteristics
Minimum receive signal level (peak-to-peak) 510 mV Inside of eye pattern as shown in Figure 82
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 hysteny«i{an%le neg
RxData fattern jitter (peak-to-peak) <40 ns Inside of eye paterq as Wﬁue 82
for Vin > $10 mV shall be true when\Vip\> mitimu rg¢teive
signal Im
Physical-Symbol
100 ns ( >
‘\ \\\ \\ II, I” ‘\ N 7
l / \% ,‘ o s ‘) . X I’/
| X // \ \ \ /
| A
| ARRAVAA |
I\ /
«\‘ //
| Vil Wt 1
ov AR
Vi \'\\ vvv‘}y“v/av"\ \/
/I 6:\\»"«0‘0/," Q\:Q:O,‘/ \ \ in. Receive Level
A AR
AN
I
W \ \\ /I/ :
4 l A
| I \
ENE— T Y a
l 40ps —— 4Qns —>»
| |

Figure 82 — 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 86)

Alternative to impedance model

Impedance model (Tx Off)

Alternative to input impedance

Series inductance 0,56 pH £ 20 % ° Power on

Parallel inductance 425 H+20 % ° Power on

Parallel capacitance 50 pF max z Power on A

55 pF max Power off ~
Parallel resistance 3,9kQ +20%° Power on
3,4kQ+20%° Power off

Connedtor BNC or TNC See Ann{ }\ore\g }tk \>
@ Cdpacitor value shall be 0,01 pF/500 V minimum. This requir to all\medium interfaces

cohnected to the network.

e All impedance specifications shall be met with the transmi ith powex applied or remgved as
shpwn. All impedance specifications shall be met over i | ic range from mlinimum
re¢eive level to maximum transmit level.

NOTE 3
Annex H.1.1.

18.3 T,
NOTE 1

common-
which car be susc

i epiible |
Figure §3 shows i

axjal wire MAU transceiver is|shown in

als to and from the medium. An important feature
or gyound isolation between nodes. This prevgnts large
tween nodes. Also prevented are large groynd loops,

4

Figure 83 — Transformer symbol

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 Min. Typical Max.
Inductance (measured at 40 kHz and 100 mV) 350 pH 750 pH
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 Vrms for1s

Resonant frequency 1.0 M-z 1.4-MHz 1.8 MHz
Leakage¢ inductance shall be measured between pins 1 and 2 wi nected
together. Galvanic isolation shall be measured with pins 1, 2 d with
pins 4 and 6 tied together. The galvanic isolation requirement s o pin 4,
from pin 1 to core, and from pin 4 to core. All other meas de between
pins 4 and 6 with pin 2 connected to instrument ground.
NOTE 2 |A reference design example for a 5 Mbit/s, voltage shown in
Annex H.1.2.
18.4 Connector 5 Mbit/s, voltage-
The copnector used on a node shal vith the
requirements of this standard (see Anne
18.5 Tiopology 5 Mbit/s
A segmpe ipl cable
and shall be terminatef
NOTE 1 |This limits 3
Nodes ghall be h to the
trunk uging the s trunk
attachm
Nodes d le shield
directly ion of the shield shall be in accordance with Table 88. To properly
terminate eac drop able's shield, a resistor in parallel with a 0,01 uF capacitor shall be
used. The parallePR/Z shall be connected from shield to ground.

Figure 84 shows a topology example.

NOTE 2 In this example, two segments are connected by a repeater to form a seven node link.
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same a$
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not be ¢
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Multiple
conform

This Ph
differen

Annex G).

NOTE 3

NOTE 4

Figure
specifie
91 may

egment to wh

>PHL entities shall be su
paths between PhL entities ed by an implementation tha

ance to this clause.
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maximum allowable segment length =

18.6 Tpps 5 Mbit/s, voltage-mode, coaxial wire

18.6.1

The tap
node.

NOTE 1
and there

A tap
attachm

18.6.2

The sta
the nod
TNC or.

Annex H).

compen

NOTE 1

= 1000 - 1.000m - 16,3m x [number of taps - 2]
£
o 750
[
o
|5
e 500
[@2]
[}
(2]

250

| | | '

[ [ [ [
2 16 32 48

number of taps

Figure 85 — Coaxial wire medium tq

Description

shall contain passive circuitr

ent method.

A refere'

ariant shall provide TNC jack connections at the trun|
, in accordance with the requirements of this standd

The~electrical requirements of the tap are defined by the transmitted and reflected charactg

seen by

e runk whnen € [ap port Is properly connecte Yy € required spur and a node equiva

ttached

ontinuity,

medium

in Annex

plug at
k and a
rd (see

of’spur cable of the specified type shall be used in the tap if proper

ristics as
ent load.

Although the tap has three ports, it can be viewed as a two port device when it is configured this way. The term,
node equivalent load, means a load that represents the nominal impedance of a node. A node equivalent load may
be constructed from discrete components so long as the equivalent load meets all requirements in this clause.

The transmission and reflection requirements shall be as shown in Figure 86. 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

NOTE 2

shall fall in the pass region defined in Figure 86.

The tap is a reciprocal device (S11=S22, S12=S21) so trunk port orientation is arbitrary.
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%al wire medium tap electrical characteristics
18.6.3 |
The spUr ca nform to the limits and characteristics shown in Table 90.
%
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Table 90 — Coaxial spur cable specifications

Specification

Limits / characteristics

Shielding Dual braided shield, each braid is 95 %
coverage
Impedance 75Q0+3Q
Delay 4,1 ns/m £ 0,1 ns/m
Attenuation (dB/100 m) at
1 MHz 1,25
5 MHz 3,01
10 MHz 4,33 (
25 MHz 689 < (N
50 MHz 101 {\

Structural return loss

23 dB minimum frgrﬁ\s\%h\z\t&@mz

Conductor DC resistance

92 ptmomigal .\

Shield DC resistance

Nominal capacitance

DN

X

18.7 Trunk 5 Mbit/s, voltage-mode,c

18.7.1 | Trunk Cable

The trunk cable shall meet the specificatio

— Coa

e specifications

ipem\\q S

Limits / characteristics

shielfipg > < < Quad shield
Impedans\e< \/\\/ 75Q0+£3Q

4,1 ns/m + 0,1 ns/m

% 1 MHZ 1,15
INL 2wk N 1,25
TNRMHZ \ 1,48

10 MHz” 1,94

20-MHz 282

50 MHz 4,49

Structural return loss

23 dB minimum from 5 MHz to 50 MHz

Conductor DC resistance

92 Q/km nominal

Shield DC resistance

24 Q/km nominal

Nominal capacitance

53,15 pF/m

Spur cable as specified in Table 90 may also be used for trunk cable in limited lengths (up to

10 m per segment).
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18.7.2 Connectors
The trunk connection shall use a BNC or TNC plug, in accordance with the requirements of
this standard (see Annex F).

19 Type 2: Medium attachment unit: 5 Mbit/s, optical medium

19.1 General

NOTE 1 This subclause specifies the optical medium and PhL variant. Information important to designing the PhL
connection is captured here.

NOTE 2 Th £l ~H 14 I 4 I‘l—\ ,l pl £ itk £ilo ~H Jd PRkl i t

e-HoeReataiiattatrn e HReSthRfee—ro e Reara—afarRYafiafitS

fiber medja and PhL requirements for a short range system for distances of up to 30
variant cdvers fiber media and PhL requirements for a medium-range system for dista
and the Igst variant covers fiber media and PhL requirements for a long-range system
(nominal)

#gnt covers
e second
nominal),
to 20 km

The fib¢r medium attachment method shall incorporate a fuI or ring
topology using a transmitter and receiver at each end of a p

For all point to
point lin es, end
nodes 4 gy shall
connect entthe ring repeater machine
(RRM), G. Swi i require
the use star or
active ri

NOTE 3 |The physical layer ca i € ifis ion i i bspheres,
without sgcrificing distance or/fedbiging \ S ) . i i irements for
intrinsic gafety certification, b ions i i intringic safety
certificatipn.

The fibpr medi M# ist\of the fiber transceiver and fiber connector. The
transceiver sha@e 4 inedin the MDS-MAU interface to generatg those
necessary to drive'thé ment to the medium shall be via fiber connedtors.

19.2 T,

To supqp
from thd
MDS-MA

per transceiver shall transmit and receive the L and H| signals
itter portion of the transceiver shall obtain transmit signals from the
enting H and L symbols, and transmits either ‘light on’ (fpr H) or
‘light of irect coupled transceiver. This means that the transceiver ghall be
capable and receiving PhL signaling at frequencies from zero (no Phtsymbol
transitigns)y’to 10 MHz minimum.

NOTE Direct coupled transceivers are required because the MDS and MAU sublayers, as specified, do not
provide for the insertion and deletion of an idle sequence when there is no L or H data to be sent, i.e. during
periods of no Ph-symbol activity.

The complement of this function shall be performed in the receiver, which shall provide
RXDATA and RXCARRIER indications to the MDS-MAU interface as shown in Figure 87, a
functional block diagram depicting the MAU components.
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r RXDATA
= Rx Fibre
Fibre
MDS-MAU RXCARRIER Medium
Interface Connection
TXDATAOUT e
= Tx Fibre
NETENABLE —J

Figure 87 — MAU block diagram 5 Mbit/s, optical fiber medium

The trarn

The fibsg

19.3 T,

The medi
or a ring

the RRN

PhL req
case, n

smit signals shall be as shown in Table 92.
Table 92 — Transmit control line definitions 5 Mbit/s,/o@(%) l%)@
per i

TXDATAOUT | NETENABLE | Physical symbol Si/gn{l\oqfibe\rked\m

don’t care(x) false(0) don’t care (x) \\hg\&t c}ﬁi >

false(0) true(1) L / \h'th‘off\

true(1) true(1) H/\K / < \u'\ghtW

r interface transmit and receiveNimits.shall bg as shown/n Table 93.

Table 93 - Fiber

Speci&at%{k( m\'@s\/CMcte‘{i}acs Comments
Input pa ernN ) ?ﬁ\ns %{W max. |Measured on RXDATA

/'Fbt\al tk{nsm it}sé\ <\5\r§;{ea@o-peak
AV

edi intexface Mbit/s, optical

bdes and repeéaters shall be cascadable as long as each link meets the requi

oint link
at meet
gy shall

lrlement

se of a
n either
rements

ation of

specifie
the slot

d_in this clause The total Qignnl prnpngatinn dplay shall he used in the calcu

time value as described in IEC 61158-4-2.

Any topology that supports a single path between any two PhL entities shall be supported.
Multiple paths between PhL entities shall not be allowed by an implementation that claims

conform

ance to this clause.

This PhL variant may be combined with other PhL variants within the same node, or in
different nodes, by using the RM (repeater machine) and/or PhL repeater devices (see
Annex G).

194 T

runk fiber 5 Mbit/s, optical medium

The trunk fiber shall meet the requirements specified in 19.6 for the appropriate fiber PhL

variant.
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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 fiber PhL variants.

19.6 Fiber specifications 5 Mbit/s, optical medium

The signal characteristics for fiber media and PhL variant at 25 °C shall be as shown in
Table 94, Table 95 and Table 96.

Table 94 - Fiber signal specification 5 Mbit/s, optical medium, short range

Spectification i M'rn.—|—N'0'rrrrrra| i( M\ax.

Fiber AN
Digtance 0m 300 m(\ \
Filer attenuation at A GW
Fider technology Step index, hard clad sjlica HCS)\ \/

Cofe/cladding

Numerical aperture

S o NN S

Pojver budget

7‘
©
o |
o
[es}

Wgvelength A 650 nm 660 nm
Spectral width
Co -12,5 dBm, peak -8,5 dBm, pedgk
Colpled power, Pt of (tr it -44 dBm, peak
Opttical rise t@ise
Opttical fall time/'{ I
Receiver
-25 dBm, pk -23 dBm, peak
-1,0 dBm +3,0 dBm
30 ns
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Table 95 — Fiber signal specification 5 Mbit/s, optical medium, medium range

Coppled power, Pt o (transmit light off)

Opttical rise time Tyige

Opttical fall time Ty

Specification Min. Nominal Max.
Fiber
Distance 0m 7 km
Fiber attenuation at A 1,5 dB/km
Fiber technology Graded index, multi-mode
Core/cladding 62,5/125 um
Numerical aperture 0,275
System §
BER 10°° /\&
Polver budget 11,3 dB 16,4 dB/\\L \
Transmitter \
Wgvelength A 1270 nm 70 pm
Spectral width 185 nm
Colupled power, Pt on (transmit light on) -15,5 dBm, peg 12,0 dBm, pegk

- 40 dBm, pegk
4,0 ns
4,0 ns

o

Pr|min (receive light on)

Pr|max (receive light on)

Pu|se width distortiorr\

@N

-31,8 dBm, peak

-28,8 dBm, peak

2ns
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Table 96 - Fiber signal specification 5 Mbit/s, optical medium, long range

Specification Min. Nominal Max.
Fiber
Distance 20 km
Fiber attenuation at A 0,5 dB/km
Fiber technology Graded index, single mode
Core/cladding 10/125 pm
Numerical aperture 0,1
System §

BER 10°°
Pojer budget 10 dB

Transmitter

Wgvelength A 1270 nm Wm

Spectral width

Colpled power, Pt op (transmit light on) -18 dBm, pk 0 dBm, pk

Colpled power, Pt o5 (transmit light off) -40 dBm pk

Optical rise time Tyise 4,0 ns

Optical fall time Tgy) < 4,0 ns
Y

Pr|min (receive light on) -32 dBm, pk -30 dBm, pk

Pr|max (receive light On dBm

Pulse width distortiorf\ 2 ns

&
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20 Type 2: Medium attachment unit: network access port (NAP)

20.1 General

Figure 88 shows the location of the network access port (NAP) PhL and Medium within the
ISO/OSI reference model.

OSI Reference Model Layers Type 2 PhL Model
NAP MDS
Medium Dependent
Apptication Subtayer
Presentation MDS-MAU i erf\éc
Session NAP A \/
Medium chm
Transport
Network
Op\‘){so
Data Link
)\RWVGF
Physical /(\

@Aynnector

odel

Local connection to a co hand held programming device pr other
tempordry network co hrough the NAP transceiver using protgcol and
data rates as specme 9 AP transceiver shall obtain a single trangmit line
from the MDS- y nd’ receive from, another node at the othef end of
the NAH cable a de a singlexeceive line back to the MDS-MAU interface.

As thes apresentation of carrier on/off shall be present. Theseg| signals
shall be or atogical ‘one’ at all times. The medium shall be drivyen from

the sing

The NA
shall no

to support more than two nodes.

Any top
Multiple
conform

ology that supports a single path between any two PhL entities shall be su

t a point to point connection between two nodes. This fopology

bported.

| o Nl : | ot ot

ance to this clause.

t 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 89. A permanent node shall function as a transient node when no other
PhL medium is connected as shown in Figure 89.
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Coax Medium

tap

/ tap tap
terminator
spur
NAP Medium | transient
permanent permanent permanent node
node node node
Figure 89 — Example of transient and permanent nodes
This PHL variant may be combined with other PhL variants within£h e Rode, or in
different nodes, by using the RM (repeater machine) and/or P eaterdevicgs (see
Annex G).

20.2 Sjignaling

The sigaling requirements for the NAP port shall be as

Table 97 — NAP req

Des.g.{&c\f.ce{\ c 14 C) ./ Comments

NAP interface specification

NAR\ntetface - General \___/
(o _ X

Coupling \&Qto isolator required for programmirlg nodes
Link configuration Two uni- d|reAQona(\R§\< }( \91{9 Rx, one Tx
Connectof ( Sh\\RJ\S—) V See Annex F
N
Terminatign [\ \QO Q infe aI Wnly
X \QP§Transmit
Output leviel at NAP 2,5 W mih Measured between Tx_H and GND REF pin
with /TxP[rC = true with 100 Q NAP receive load connectgd (see
/\ Table F.2)
Output leviel at NAP mediu ,5 V min Measured between Tx_L and GND RBF pin
with /TxP[rC = fals with 100 Q NAP receive load connectgd (see
Table F.2)

measured between Tx_L and GND RHF pin
with 100 Q NAP receive load connectgd (see

Output levél at megium 0,5V max.
with /TxP[rCs tru

Table F.2)
Output levlel at'NAP m 0,5 V max. measured between Tx_H and GND REF pin
with /TxPr¢=(false with 100 Q NAP receive load connectgd (see
Table 23
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

2,5V min. (Rx_H — Rx_L) measured as peak to peak (see

Table F.2)

Receive level at NAP medium
with /TxPTC = data

Receive jitter + 15 ns max.

Termination 100Q +10 % Across differential lines

If medium is disconnected, shorted, receiver
turned off or disabled, /RxPTC shall be true

Fault receive signal /RxPTC = true
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20.3 Transceiver

The NAP MAU block diagram shown in Figure 90 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 thanthe NAP._This includes _but is not limited to: PL.Cs _1/Q rack ndar\fnrc controllefs rabots w

Iders and

other nodps 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
in the design of the NAP (unless it is self-powered and cannot be graunge

Opto-
/RXPTC Isolation
MDS-MAU (option)
Interface
Opto-
/TXPTC Isolati
ion)
{

Figure 90 — NAP.transcejver

NOTE 3 |A reference design ekamp AU is shown in Annex H.2.

20.4 Connector
The connector at
connectpr, as specifie

20.5 (

connection shall be a shielded 8-pin RJ;

isolation

45 type

The NA ductors and an overall shield. The shield shall be des|gned to
minimiz ference. The cable connector pins shall be as shown |n Table
F.2.

As the NAR~co and pin connections are the same for both a node and a tfansient

node, thedable sh

be built in a way that allows the correct transmit data and rece

ve data

connectian” This shall be accomplished he rpvprqing the connection on one end of the NAP

cable as shown in Figure 91.
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8-pin RJ-45

—=X SHIELD
S <onp Rer 8
L nNe L
S <ren L
SR L D
D DI

S < TxH 3

2< ne e/
—~=<GNDREF  €———

Transient or permanent node

Transignt or permanent node

are“reversed to allow thHe correct
function.

NOTE The NAP cable connectors are installed b the
connectiopn. This allows the equipment to use the sa dependentof

a) paired line charg
b) resistance (at O
C) Wwire gau
d) gonductors = !
e) 1
21 Ty umxattachment unit: synchronous transmission, 31,25 kbit/s,
\'{: odle, wire medium
211 G

The 31[28%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.

The network medium consists of twisted pair cable. Independent of topology, all attached
devices, other than possibly the transmitting device, are high impedance to prevent significant
network loading. Trapezoidal waveforms are used to reduce electromagnetic emissions.

Bus and tree topologies are supported. In either topology a network contains one trunk cable,
terminated at both ends. In the bus topology, spurs are distributed along the length of the
trunk. In the tree topology, spurs are concentrated at one end of the trunk. A spur may
connect more than one device to the network, the number of devices depending on spur
length.
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At the power frequency (d.c.), devices appear to the network as current sinks, with a limited
rate of change of the supply current drawn from the medium. This prevents transient changes
in load current from interfering with communication signals.

21.2 Transmitted bit rate
See 12.2.

21.3 Network specifications
21.3.1 Components

Subclayse42-34-apphes-

When selecting the individual components, make sure that al
requirements of the FISCO model. Only components that are identified\e
electrical apparatus or as an associated electrical apparatus in g
may ba installed in intrinsically safe fieldbus segments.
IEC 60(079-14:2002, the permitted values of the input pa
intrinsicplly safe apparatus (e.g. a field devices) must not
values pf the output parameters Ug, lp and Py of the associ
restrictipns applicable to the individual components/(e.g- j

Table 98 lists possible combinations

Explosign protection of
the bus-segment

Hc/iB Hc/iB

-

EEx ia IIq <> Ex ia] \/ x
(Group 1IC€

EEx ia IIB [EE a]\ﬂi X X X
(Group IIH xialMC X X X

[t

[
EEx ib I1d [k\Ex\lb\LIIC X X X X

(Group ll(/\\ X ‘[Eé\ia] ife X X X X
N\ EEXib] 1B x)" X X x)" X X

EEx ib 118 [EEx ib] IIC X X X X X X
(Group 1) [EEx ia] IIB )" X X )" X X
[EEx ia] IIC X X X X X X

Y These combinations are possible in theory but in practice they are irrelevant, because the field devices may be
certified for group IIC and for group 1IB as well (see column IIC/IIB).

By any combination it must be assured that the absolute maximum ratings for the input of the field device fit to the
output characteristics of the power device:

U, > Uo
> 1o

P, > Po

Connection of bus-powered devices and local-powered devices on an intrinsically safe
fieldbus is permitted if the local-powered devices are provided with suitable isolation in
accordance with IEC 60079-11.
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Although connection of a fieldbus station (i.e., field device, hand-held terminal, and coupler
for the bus master) with its poles reversed does not affect the functionality of the other
devices connected to the fieldbus, an incorrectly installed bus station which is not equipped
with automatic polarity detection will not be supplied with power or be able to send and
receive. Stations with automatic polarity detection operate correctly with any allocation of the
input terminals to the wires.

21.3.2 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 21.8.5, to which communication elements are
connected via couplers and spurs.

The coypler and communication element may be integrated in one
spur).

b length

A tree trunk is
regarde

Several a multi-
port co b requires
terminati i i i i . [ 3y be used to exfend the
length g 3 iguration
rules.

21.3.3

A 31,25
clause V

§ of this

Rule 1:] One fieldbus |sh . q f ication between the following numbers of

devices| all opera:’ng 2 \ :

a) for g non IS dpbus fwo and
32 devices;

b) for 3 and the
num that a
mini r supply
com

c) for g via the
sign s in the
hazs

NOTE 1 LRule—d-does—not-prectude—the—use—of-mere—thanthe-spesifiedrumberof-deviees—inaninstalted system.

Since the device power consumption is not specified, the number of bus-powered devices cannot be specified.
Item b) assumes that the minimum power supply voltage is 20 V d.c. Item c) assumes that the IS barrier operates
with a 19 V d.c. output.

Rule 2: A fully loaded (maximum number of connected devices) 31,25 kbit/s voltage-mode
fieldbus segment shall have a total cable length, including spurs, between any two devices, of
up to 1900 m.

NOTE 2 1900 m maximum cable length is the requirement for conformance to this clause but this does not
preclude 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 shall not exceed four.

Rule 4: The maximum propagation delay between any two devices shall not exceed 20 Thbit.
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NOTE 3 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 5 bit times, no more than 2 bit times of which 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.

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 twisted pairs shall e distingtly|marked
conductors that uniquely identify individual conductors. The polarizatien shall e intained
at all connection points.

Rule 8] The degradation of the electrical characteristics of he s'al hny two
devices| due to attenuation, attenuation distortion and mi ing imited to the
values ihdicated below.

a) Signal attenuation: The configuration of the bus lengths, number of
devig ices) shall be spch that

the i QVi 2 ¢ coesponding to the|bit rate
shal| not exceed 10,5 dB.

b) Atte i i ion: i ! ' S sk _and spur lengths and number of
devites, iers, ici S such that between any two deyices:

[Attgnuation (1,25 f;) —
Attepuation (1,25 f,) >Mtten

whefe f, is the frequ ing_to i . i onic for
all frequenme fro

c) Mismatchmg@ ' he open
circyit spur of maximn e trunk,
in th '
|Z -
whefr parallel
compi

The con

NOTE 4 |Rdle, 8 minimiZes restrictions on trunk and spur length, number of devices etc. by specifying only the
transmissfon.limitations imposed by combinations of these factors. Different combinations may be used depending
on the needs of the application.

Rule 9: The following rules shall apply to systems implemented with redundant media:

a) each channel (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 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;

e) channel numbers shall be maintained throughout the fieldbus, i.e. channels 1, 2, 3... from
Systems management shall always connect to physical channels 1, 2, 3...
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21.3.4 Power distribution rules for network configuration

See 12.3.4.

21.4 Transmit circuit specification for 31,25 kbit/s voltage-mode MAU
21.4.1 Summary

For ease of reference, the requirements of 21.2 and 21.4 are summarized in Table 60 and
Table 61 (see 12.4.1).

21.4.2 Test configuration

Figure 84 (see 11.4.2) shows the configuration that shall be used for testi
Differential signal voltage: V4 = V4 — Vp.

Test lodd resistance R = 50 Q (0,5 cable Zo) and C = 10 pF exx : i tated in
a speciffc requirement.

21.4.3 | Impedance

For both the bus interfaces (i.e., medium atta A \ tes and
coupling elements and the power supghes, 119 ire (can be

measur¢d from the bus line) in the sigpal ot pass
below 3 minimum value during norma : i 10 ms
following connection of a field device s to all

aspects| of operation. Table 99 shows th% ypedances of bus interfaces and power

supplies
Table 99 —lapu Impew () jinterfaces and power supplies

/\ > 2 Irpaedance Voltage range Current range
Bus interfpce (e.g., f%k{ i }8 kQ 9Vto32V For operating
current

A\
Intrinsically safe bus&ow\e\r\y%)pb\ \/ > 400 Q For operating voltage |0 to IMax

Non intrinsicallg(s%@s\p&«e%{pp% >3 kQ For operating voltage | 0 to Ipax

N\

The inp e b