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0 Introduction

A Field Bus is a digital, serial, multidrop, data bus for communication with low level industrial control
and instrumentation devices such as transducers, actuators and local controllers. The Physical
Layer specified in this part of this International Standard provides for transparent transmission of
data units between Data Link Layer entities across physical connections.

The Physical Layer receives data units from the Data Link Layer, addsprgamble and delimiters,
provides encoding and transmits the resulting physical signals to the ion medium at one

" “Aode. Signals are then received-at one or more other nodes; dec nd-st -of preamble and
delimiters, before being passed to the Data Link Layer of the rec ig device.

-

Currently this part of this International Standard only specffi ire
istics for wire media are as follows: %
-~
a) digital data transmission; 7 \:\ (
~ .
. / .

AN

b) self-clocking; pres \
c) half-duplex communication (bid\@ in 6nly one direction at a time);
. ‘/'

ia. The common character-

d) Manchester coding.

The major variations+fexth Wﬂre two modes of coupling and three signaling speeds as fol-
lows: o o

e\ R
1) voltag (pﬂgﬁel coupling), 31,25 kbiV/s;
~

2) voltage mocle\e arallel coupling), 1,0 Mbit/s;

3) current mode (serial coupling), 1,0 Mbit/s;

4) voltage mode (parallel coupling), 2,5 Mbit/s.
The voltage mode variations 1), 2), and 4) may be implemented with inductive coupling using trans-
formers. This is not mandatory if the isolation requirements of this part of this international Standard

are met by other means.

Alternative media (e.g. coaxial cable, optical fibre and radio transmission) and speeds are not in-
cluded in this edition of this part of this International Standard. .

The Physical Layer provides the options:
i) no power via the bus conductors; not intrinsically safe;
i) power via the bus conductors; not intrinsically safe;
i) no power via the bus conductors; intrinsically safe;
iv) power via the bus conductors; intrinsically safe.

A Figld Bus communication element is considered to be implemented in two parts, the Data Terminal
Equipment (DTE) and the Data Communication Equipment (DCE). The DTE includes only one part
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of the Physical Layer, the DCE Independent Sublayer (DIS). The DIS transfers Interface Data Units
(octets) across a Data Link Layer - Physical Layer interface which is not exposed to the user. The
DIS then passes the Interface Data as a serial stream of binary Physical Layer Service Data Units
(bits) across the DTE - DCE interface, which may optionally be exposed to the user, to a Medium
Dependent Sublayer (MDS).

Three alternative types of MDS are currently envisaged; one for wire media, one for optical media,
and one for radio. The MDS adds preamble plus start delimiter before the data block, adds an end
delimiter after the data block and encodes the data. In the reverse directiop’ decodes signals re-
ceived via the medium, removing preamble and delimiters and providine,e?gl quality error check-
H -

ing.
Serial encoded signals are passed across an interface, whic mgyr,nﬂlional e exposed, to a

Medium Attachment Unit (MAU) which transmits and receiyes P Layer signals via the me-
dium. A general model of the Physical Layer is shown in fi '

u% ~
LN\
oam b, WV 0
Staon : B \ : T
Management """?""' \DK*PN % : E
Mai?qE“nnl | \ED'%J& :_.:__:.E
Y O NGmioeviheooll \%
o~ \{“\\Q;'E-oce Intertace R
" - Yo PO MDS
\\\ /-j\ Medium. DepnndattSublayor '_ o :
2 < e . W’lﬁ\ : R y
& f BT Sy i S
‘ --bogical coding wE ! A i
- Timing. & synchronisation; c :D c
e A

MDS - MAU Interface
1

],

;
8
‘(—_'—‘moo

2.5 Mbis, MAU
Voltage 1 Mbivs, Medium Attachment: Unit
Mods Current 1 Mbit/s, e
Mode Voitage (31,25 kbit/s, Voltaga Moda)
Medium Interface
"~ Wirg Madium

|

Figure 1 — General model of Physical Layer
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1 Scope

This part of this standard specifies the requirements for Fieid Bus component parts. It also specifies
the media and network configuration requirements necessary to ensure agreed levels of:

a) data integrity before Data Link Layer error checking;
b) interoperability between devices at the Physical Layer.

.. The Eield.Bus.Physical Layer.conforms ta.layer 1. of the OSI 7-layst model ag | fined by 1ISO 7498
with the exception that frame delimiters are in the Physical Layer ’\/ P

This part of this standard should be read in conjunction wj 1,

Link Layer and Part 7, Field Bus Management. The conf el

tained in Part 8 of this Intemational Standard. ) NS
GRS

/
2 Normative references \/\

uctory Guide, Part 3, Data
requirements will be con-

s
The following standards contain provis @ hrdugh reference in this text, constitute provisions
of this part of this International Standard \A\thé time of publication, the editions indicated were valid.
All standards are subject tgsevision and paxies to agreements based on this part of this International

Standard are encourag x} stigate the possibility of applying the most recent editions of the
b

standards listed below, M s OfJEC and ISO maintain registers of currently valid International
Standards. =T N

65C (Secretag \Lf-‘fs_!ffb \randard Parts 1, and 3 through 8 (under consideration).

65A (Central Off%;\i Programmable controllers - Part 2: Equipnlrent characteristics.

IEC 255-4 (1976)  Single input energizing quantity measuring relays with dependent specified time.
IEC 529 (1I989) Classification of degrees of protection provided by enclosures.

IEC 760 (1989) Flat, quick-connect terminations

IEC 801 Electromagnetic compatibility for industrial-process measurement and control equipment.
{EC 801.1 (1984) Part 1: General introduction.

IEC 801.2 (1984) Part 2: Electrostatic discharge requirements.

IEC 801.3 (1984) Part 3: Radiated electromagnetic field requirements.

IEC 801.4 (1988) Part 4: Electrical fast transient/burst requirements.

IEC 807-3 (1990) Rectangular Connectors for frequencies below 3 MHZ.

ISO 7498 (1984) Information Processing Systems - Open Systems Interconnection - Basic
Reference Model '

NOTE — A list of standards referred to for information only in this part of this International Standard is given in Annex A.



-4- ISA/SP50-1992-236P

3 Definitions

For the purpose of this part of this International Standard, the following definitions apply together with
those in ISO 7498.

3.1 activity: The presence of a signal or noise at the input terminals of a Field Bus device which is
of a level which is above the receiver signal level threshold of that device.

3.2 barrier: Physical entity which limits current and voltage into a b area in order to sat-

isfy Intrinsic Safety requirements.

3.3 bus: The trunk and all devices connected to it.

3.6 coupler: Physical interface betwe

3.7 Data Communicati % pmant (DCE): the embodiment of the media, modulation and
coding-dependent -paidn Field"Bus-connected device, comprising the lower portions of the

Physical layer wrtt_ tl;n—dq:ﬂ
N\
3.8 DataT prrlent (DTE): the embodiment of the media, modulation and coding-inde-

pendent portion'o ‘Field Bus-connected device, comprising the upper-most portion of the Physical
layer and all highex layers within the device.

3.9 delimiter: Flag that separates and organizes items of data.

NOTE — This definition is taken from IEEE Std 100-1984.

3.10 davice: Physical entity connected to the Field Bus 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.).

3.11 frame: A set of consecutive digit time slots in which the position of each digit time slot can be
identified by reference to a framing signal.

NOTE — This definition is taken from IEEE Std 100-1984.
3.12 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; -

NOTE — This dafinition is taken from EN 50 020 :1977 (Intrinsically-safe electrical apparatus).

3.13 isolation: Physical and electrical arrangement of the parts of a signal transmission system to
prevent electrical interferénce currents within or between the parts.

NOTE — This definition is taken from |IEEE Std 100-1984.
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“given Set of communicating devices are interconnected.
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3.14 jabber: Continuous transmission on the medium due to a fauity device.

3.15 Manchester encoding: Means by which separate data and clock signals can be combined
into a single, self-synchronizing data stream, suitable for transmission on a serial channel.

3.16 medium: Cable, optical fibre, or other means by which communication signals are transmitted
between two or more points.

NOTE—InlhispanofmiaIntomaﬂonalsmndard'moda'lsusodonlyumophudotmocﬂ

g

3.17 network: All of the media, connectors, and associated com

2

rd
nd or more branches meet.

3.18 node: End-point of a branch in a nétwork or a point hich

NOTE — This definition is taken from the |EC Multilingual Dictionary.
N

3.19 repeater: Device used to extend the r
and received for a given medium.

2N
@
=]
o
7
o
o
1
o
®
o
o
3
g
<
=
)
S
7]
3
g

2N

3.20 segment: The section of a Fi Tmc \|§ terminated in its characteristic impedance.
Segments are linked by repeaters to forlq 3, complete ield Bus.

i 4
vica: Devicithat does not receive its operating power via the Field

3.21 separately power
Bus signal conductors.

3.22 shield: Swroumdin hed metallic layer to confine the electric field within the cable and to

protect the cabQ E@m ®

NOTE — Me! .E&.—ufmoura and earthed concentric conductors may also serve as a shieid.

ectrical influence.

323 spur: Branch-line (i.e. a link connected to a larger one at a point on its route) which is a final
circuit.

NOTE — This definition is taken from IEEE Std 100-1984 .

3.24 transceiver: Combination of receiving and transmitting equipment in a common housing em-
ploying common circuit components for both transmitting and receiving.

NOTE — This dafinition is taken from IEEE Std 100-1984 (madified for non-radio usa).
3.25 transmitter; Transmit circuitry of a communication element.

3.26 trunk: Main communication highway acting as a source of main supply to a number of other
lines (spurs).

NOTE — This definition is taken from IEEE Std 100-1984 (modified).

4 Symbols and abbreviations

4.1 Symbols

For the purpose of this part of this International Standard, the following symbols apply:



4.2 Abbreviations
The following abbreviations are used in this part ’cﬁ@f’te\;
>
-
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Definition Units

Frequency corresponding to the bit rate
Non-data symbol - positive
Non-data symbol - negative
Nominal period of octet transmission
The most positive supply level
Minimum high-level input voitage
Maximum low-level input voltage
Minimum high-level output voitage
Maximum low-level output voitage
Impedance. -

Characteristic impedance (of cable)

CTS Clear To Send signal (from DC . "\

DCE Data Communication Equipr \

DIS DCE Independent Sublayen

DL Data Link — Approximately \2 the OSI model (ISO 7498)

DLE Data Link Entity \ M

DLL Data Link Laye efined in IS® 7498

DTE Data Terminal m t

EMI Electro-Magnetic\|jerfecgiee

IDU Interface Datalln} — Defined in ISO 7498

LS. I !rist“Safet S ification method for use of electrical equipment in flammable
at heres . :

kbit/s tho bits per second

LbE LoopbagR\Enable signal (to MAU)

MAU Medium Attachment Unit — For wire media, MAU = transceiver

Mbit/s Million bits per second

MDS Medium Dependent Sublayer '

NRZ Non-return-to-zero code — High level = logic 1, Low level = logic 0

Ph Physical — Approximately Layer 1 of the OSI model (1ISO 7498)

PhE Physical layer Entity — Defined in ISO 7498

PhL Physical Layer — Defined in ISO 7498

PhICI Physical layer Interface Control Information — Defined in ISO 7498

PhID Physical layer Interface Data — Defined in ISO 7498

PhIDU Physical layer Interface Data Unit'— Defined in ISO 7498

PhPCI Physical layer Protocol Control Information — Defined in ISO 7498

PhPDU  Physical layer Protocol Data Unit — Defined in ISO 7498

PhS Physical layer Service — Defined in ISO 7498

PhSAP  Physical layer Service Access Point — Defined in ISO 7498

PhSDU  Physical layer Service Data Unit — Defined in ISO 7498

pk Peak

pk-pk Peak-to-peak

RDF Receive Data and Framing signal (from DCE)

RFI Radio Frequency Interference

RTS Request To Send signal (to DCE)

RxA Receive Activity signal (from DCE)

RxC Receive Clock signal (from DCE)

RxS Receive Signal (from MAU)

TxC Transmit Clock signal (from DCE)
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TxD Transmit Data signal (to DCE)
TxE Transmit Enable signal (to MAL)
. TxS Transmit Signal (to MAU)

SDU Searvice Data Unit — Defined in ISO 7498

§ Data Link — Physical Layer interface

This clause defines the required Physical Service (PhS) primitives and c?’,ts on their use.
NOTES '

“* 1* - The requirements-for-a Fleid Bus: Date Link-Layer are epecified-in. Part «-of tis Sarvices at the

"2 The Data Link - Physical intertace s a virtual service interfece
physical signal lines as the standard does not require this interface to

5.1 Required services

PhiDUs shall be transferred between the D ) « the Physical Layer in accordance with
the requirements of ISO 7498 as showo i

Protocol Dat%’) /

DLPDU

DATA LINK LAYER

e e o . \ ...__,Jl“\terfaca Data Unit - Interface- Control Intormation
: \ PhIDU A e PhICE:
Protocol Control Information Service: Data Wnits
PhPCL PhSDU Sequence

PHYSICAL LAYER

Protocol: Data. Unit
PhPDU

Figure 2 — Mapping between data units across the DL - Ph interface
NOTES

1 These services provide for the interchange of PhIDUs between a Data Link Layer entity and its associated Physical
Layer entity. Such a transter is part of a ransaction between cooperating Data Link Layer entities. The services listed in this
section are the minimum which can jointly provide the means by which cooperating Data Link Layer antities can coordinate
their transmission and their exchange of data on the shared communication medium.

2 Proper layering raquires that an (N+1)-layer entity not be concerned with, and that an (N)-service intertace not overly
constrain, the means by which an (N)-layer provides its (N)-services. Thus the Ph-service interface does not require DLEs
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to be aware of internal details of the PhE (e.g., preambla, postamble and frame delimiter signal patterns, number of bits par
baud), and should not prevent the PhE from using appropriate evolving technologies.

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

5.1.1.1 Ph-Characteristics Indication

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

_ _Ph-CHARACTERISTICS indication ( minimum-data-rate, framing-ovérhéad )

where

minimum-data-rate —

framing-overhead — ifYe i \1 number of bit periods (whre pericd is the

(e.g., PhPDUs conveying preambile, fr. limiters, postambie, inter-frame “silence”, etc.).

and two OL o;sagalongthsauL‘msz.monmoﬂmctoundonomossagoof
as the time required to send two immediately consecutive messages of lengths L

NOTE — It the framing ovar
length Ly + F + Ly will be at lasst

and L. SN e \;s
5.1.1.2 PhS {a{bmls@ nd reception services
The PhS shall i aIﬁ'e’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 PhIC! component of the PhiDU. For a Ph-DaTA request, its possible
values shall be:

START-OF-ACTIVITY — transmission of the PhPDUs which precede Ph-user data shall com-
mence; ' N
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 which terminate Ph-user data shall be transmitted
after the last preceding octet of Ph-user data, culminating in the cessation of active transmis-
sion.

For a Ph-DATA indication, its possible values shall be:
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START-OF-ACTIWVITY — reception of an apparent transmission from one or more PhEs has
commenced;

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

END-OF-0ATA — the ongoing continuous correctly-formed reception of Ph-user data has con-
cluded witk correct reception of PhPDUs implying END-OF-DATA;

END-OF-ACTIVITY — the ongoing reception (of an apparent t n from one or more

e _PhEs)has concluded, with.no further evidence of. PhE trans ;an

D
END-OF-DATA-AND-ACTIVITY — simultaneous occurrence of f~DATA and END-OF-ACTIVITY.
one octet of Ph-user-data

data — shall specify the PhiD component of the PhiD
i ully (Ph-DATA indication).

to be transmitted (Ph-DATA request) or which :v/ iv

status — shall specify either success or th -detdctied reason for inferring failure.

The Ph-DATA confirm primitive shall prgijde t i \physical timing feedback necessary to inhibit
the DLE from starting a second transm n be! thé first is complete. The final Ph-DATA confirm
of a transmission shall not be issued unti PWE has completed the transmission.

5.1.2 Notification of Ph y cteristics

The PhE has the ‘requﬁ'sibi *féf'?n;?fying the DLE of those characteristics of the PhS which may
be relevant to DL Qpem'me PhE shall do this by issuing a single Ph-CHARACTERISTICS indica-
tion primitivev{: of th§PhE's PhSAPs at PhE startup.

sm

5.1.3 Tran t‘s\\ﬁ‘of Ph-user-data

Al
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 con-
secutive requests, inclusive, specifying DATA, each conveying a PhSOU, 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 issued by the DLE until after the Ph-DATA confirm corresponding to the first re-
quest has been issued by the PhE.

5.1.4 Reception of Ph-user-data

The PhE shall report a received transmission with a well-formed sequence of Ph-DATA indications,
which shall consist of either

a) 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 con-
cluded by a single indication specifying END-OF-ACTIVITY; Of

b) 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; Of
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¢) a single indication specifying START-OF-ACTIVITY; optionally followed by one or more consecu-
tive indications specifying DATA, each copveying 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 PhE's reception process, shall disable further Ph-
DATA indications with a class parameter specifying DATA, END-OF-DATA, Or END-QOF-DATA-AND-
ACTIVITY until after both the end of the current period of activity and the st f a subsequent pe-
riod of activity have been reported by Ph-DATA indications specifying gﬁmww and START-
OF-ACTIVITY, respectively. '

6 Station Management = Physical Layer interface

NOTES

Tritz

2 One of the objectives of the Physical Layer is to allo W; such as radio, fibre oplics, redundant chan-
nels (e.g. cables), different modulation techniques 3 form tion Management - Physical Layer Interface is
of these variations. Services provided by this interface
ace to be exposed.

1 This interface provides services to the Physical Layer w ation and seiection of options.

6.1 Required servica® _
The minimum sh(v\cér prirrritjv d\' Physical Layer (PhL) management shall be:
a) Ph-RESéF

réqlest — reset of the Ph-Layer.

.

The following additional services may be provided:
b) Ph-SETVALUE request/ Ph-SETVALUE confirm — set parameters;
¢) Ph-GETVALUE request / Ph-GETVALUE confirm — read parameters;
d) Ph-EVENT indication — report Ph-Layer events.

6.2 Service primitive requirements

6.2.1 Ph-RESET request

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

6.2.2 Ph-SE"VALUE request (parameter name, new value)

If this primitive is used it shall allow Station Management to modify the parameters of the Physical
Layer. Standard parameter names and value ranges are given in table 1. The value assumed for
each parameter at reset shall be the first of those shown for the parameter.
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Table 1 — Parameter names and values for Ph-SETVALUE request

Parametsr l;amo Range of values
Interface mode . * FULL_DUPLEX
o HALF_DUPLEX
Loop-back mode » DISABLED
¢ in MDS at DTE-DCE intarfac
* in MAU neer fine connec
Preamble extension ¢ 0..7 (preamble oxigd@soqu}:‘\{
N
Post-ransmission gap extension ¢ 0..7 (gap extans! Wes)

Maximum intar-channel signal skew 0.7 {@\m\uq%cul
\Z

Tt it o e
Racaeiver input channel N \\'ém%

(1sNs8) L~ \b@A

Preferred receive channel \\ ) ’-?63

alw prefixed to the basic sequenca.

spocmos the lengths of both the basic and extension sequences of post-transmission gap during
which the ransmitter, be silent.

4 From the above, the default value at reset is minimum preamble (no extension), minimum post-transmission gap (no ex-

tension), full-duplex Interface mode, not in loopback, with all ransmit and receive channels enabled, and with no preferred
receive channel.

6.2.3 Ph-SETVALUE confirm (status)

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-SETVALUE request in the Physical
Layer.

6.2.4 Ph-GETVALUE request (parameter name)

If this primitive is used it shall allow the Station Management to read the parameters of the Physical
Layer. The parameter shall have one of the names given in table 1.

.6.2.5 Ph-GETVALUE confirm (current value)

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

present value of the requested parameter. The current value shall be one of those permitted by
6.2.2.
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6.2.6 Ph-EVENT indication (parameter name)

If this primitive is used it shall notify the Station Management of a Physical Layer parameter modifi-
cation which has not been requested by the Station Management. The parameter shall have one of
the names and values given in table 2, based on names specified in clause 8.

NOTE — Additions to table 2 are possible if required by specific implementations.

Table 2 — Parameter names for Ph-EVENT Indlca/thﬁ)
Parameter name

f/} _
OTE fault : \,/__.
OCE fault N

. s

7 DCE Independent Sublayer (DIS)
NOTES

D\

1 The Physical Layer entlty is partitioned i
Equipment (DCE) component. The DTE co
Independent Sublayer (DIS). It exchanges Intert
vides the basic conversions be| the PhIDU “at-

nt i es with the Data Link Layer entity, and forms the DCE
Onits across the DL = Ph interface defined in clause 5, and pro- -
lima" viewpoint of the DL - Ph interface and the bit serial viewpoint re-

Equipment (

The DIS shall s \g‘n:e the transmission of the PhID as a sequence of serial PhSDUs. Similarly,
the DIS shall fo PhID to be reported to the Data Link Layer from the sequence of received
serial PhSDUs.

The PhID shall be converted to a sequence of PhSDUs for serial transmission in octets up to a
maximum of 300 octets. A PhSDU representing more significant octets of the PhlD shall be sent be-
fore or at the same time as a PhSDU representing less-significant octets and such that within each
octet, a PhSDU representing a more-significant bit will be transmitted before or at the same time as
a PhSDU representing a less-significant bit. On reception, each sequence of PhSDUs shall-be con-
verted to PhID such that, in the absence of errors, the PhIDU indicated to the receiving Data Link
Layer entity shall be unchanged from the PhiDU whose transmission was requested by the originat-
ing Data Link Layer entity.

NQTE 3 — This is a guarantee of transparency.

8 OTE - DCE interface
NOTES
1 The Physical Layer entity is partitioned into a Data Terminal Equipment (DTE) component containing the MIS and higher
layers, and a Data Communication Equipment (DCE) component containing the MOS and lower sub-layers. The DTE - DCE
interface connacts thase twa physical components.

2 Itis not mandatory tor the DTE - DCE interface, or any other interface, to be exposed.

3 The DTE - DCE interfaca is a functional and electrical, but not mechenical, interfaca which supports a set of services,
Each of these services is implemented by a sequence of defined signaling interactions at the interface.
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8.1 Services

The following services, defined in this sub-clause, shall be supported by the DTE - DCE interface:
a) 6TE to DCE reset service; '
b) DTE to DCE configuration service;

¢) DTE to DCE message transmission service;

_.....d) DCEto DTE fault notification service;
e) DCE to DTE media-activity indication service;

f) DCE to DTE message reporting service
8.1.1 DTE to DCE reset service

A
\/., 4
This service shall provide a means by whi G ia}qn time, can reset the DCE to its initial
(power-on) state. o "\
v

8.1.2 DTE to DCE configuration servi

This service shall provide ns by whic the DTE can configure various characteristics of the
DCE, including those cha st \which station management can adjust via Ph-SETVALUE
requests (see table-1Y It aldp‘shall"provide a DCE-optional means by which the DTE can initiate re-

porting of DCE stit@ tive use of the DCE to DTE message reporting service.

8.1.3 DTE QTQQO transmission service
P

\

This service shall ide a means by which the DTE can transmit a message through the DCE to
either the connected medium (media), or back to the DTE, or both, as determined by the current op-
erational values of the parameters specified in table 1. The DCE shall provide the pacing for this
service.

This service is invoked upon receipt of the beginning of a well-formed sequence of Ph-DATA re-
quests at the PhL service interface, and runs concurrently with that sequence of received Ph-DATA
requests.

8.1.4 DCE to DTE fault notification service

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

8.1.5 DCE to DTE media-activity indication service

This service shall provide a means by which the DCE reports the inferred detection, on any of its
connected media for which receiving is enabled (see table 1), of signaling from itself or 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.
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8.1.6 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 PhPDUs was well-formed.: Errors in the sequence,
including number of PhPDUs such that they could not have been a correct transimission resulting
from an invocation of the DCE to DTE message transmission service shall be reported as a mal-
formed (erroneous) sequence.

NOTE — Efrors in the octet allgnmant of a received end delimiter with respect to the pr
rahdbymnhgdmunbaofoctauofdatabuts)|sbbor¢poctodasamalformod

" — e =

When the DTE - DCE interface is in half-dupiex mede and Ioop_

tart delimiter (l.e.. not sepa-

8.2 Interface signals

If the DTE - DCE interface is exposed it shall p (de‘t‘h ig P( specified in table 3.

Tables— ua\ t{- E Interface

Signal \\ ) Abbnvladon Source
\"
Transmit Ciosk_ ' TxC OCE
Request %hv\\ RTS OTE
P \ag <
{ Cloar CTs OCE
\\ \Tunarrﬂt}Ja ™0 oTE
\ e Clock RxC DOCE
l\ o
Receive Activity RxA OCE
Receive Data and Framing ROF OCE

The signal levels shall be as shown in table 4. In generai, both sides of the interface shall operate
with the same approximate value of Vy,. However, it is recognized that a DTE and a DCE with sepa-
rate power supplies may not both reach operational V,, simultaneously. It is desirable, but not man-
datory, that the DTE to DCE reset service be operational when the DCE has not yet reached opera-
tional Vge. It is also desirable that the DTE invoke this service whenever its own V, is below opera-
tional margins. . .
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Table 4 — Signal levels for an exposed DTE - DCE interface

Symbol Parameter Conditions Limits Units Remarks
Voo Maximum low-level output lgyt = £100 pA 0.1 v See Note 1
voitage
loyt= +1,6 MA 0.4 v N

voltage

T il N lout = - 0.8 MA vgg-o)p&; x .

.. ~
ViL Maximum low-level input 02 VOD\ el M4

voltage /:\
\)
v Minimum high-level input \®\ v See Note 3
I /—\ \

voitage

Vow Minkmum high-level output | lout= £100 A | Vpp - 0,1 é/(\ See Note 1

‘Sda'Note 2

NOTES

1 Provides the capability to drive two typical ¢

2 CMOS input compatibility with TTL output a "“pdil- p resistor from signal input to Vpp,
3 Compatible with CMOS ou lorsoVst v Compatibity with TTL output (4,75 V < Vog < 5,25 V) re-
quires a “pull-up” resistor fr nputtovm

The tlmmg charactenshcs \aéeﬁfgnals shall be at least equal to those speclﬂed for the relevant
DOCE in the r mﬁ?ﬂ\’ part of this Intemational Standard. However, in no case shall the
transition hrrl‘q h 03 and 0,6 Vpp be greater than either 100 ns or 0,026 P, whichever is
smaller. P is e ed‘as the nommal period of octet transmission — the inverse of the nominal
PhSDU rate.

An implementation of the DTE - DCE interface shall function correctly with transmit and receive (TxC
and RxC) clock frequencies between 1 kHz and 8,8 times the highest supported Ph$DU rate of the
DTE or DCE implementation.

NOTE — The PhSDU and equivalent bit data rates available in an implementation are stated in the Protecol Implementation
Contormance Statemaent (PICS).

8.2.1 Transmit Clock (TxC)

" The Transmit Clock signal (TxC) shall provide the DTE with a continuous timing signal, such that any
eight consecutive full cycles of this signal shail have the same octet period as the nominal transmit

period for one data octet. The DCE shall source this nominally two-phase signal such that each
phase has a duration of at least 0,04 P.

NOTE - This specification permits TxC to be a continuous, constant-period clock at the nominal bit rate (8 times the nominal
octet rate) w. h a duty cycle of 32% to 68%, or for TxC to be a higher-frequency clock with soma cycles omitted and with a
duty cycla closer to 50%. This permits, for éxample, simple clocking in a OCE that racodas each 4 bits into S baud; the OCE

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.
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8.2.2 Request to Send (RTS)

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

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

8.2.3 Clearto Send (CTS)

“The Cleédr to Sénd (CTS) signal supports the' DTE to DCE: confi ag;qu'm ge~transmission
services. The DCE shall source this signal. The initial (power-on “idie (no DTE to DCE service
active) state of this signal shall be low.

When referenced to TxC at the DTE - DCE interfacpthjs si b ave a minimum setup time of
be
7 .\

the smaller of either 100 ns or 0,025 P the hold tirfie sqa *6 or greater.

8.2.4 Transmit Data (TxD)
.-" -
The Transmit Data (TxD) signal suppo //%to E reset, configuration, and message trans-
mission services. Binary data is transm frony DTE to DCE during one phase of the latter two
ry O

services, and during this phase a bina presented by a low level on TxD and a binary 1 by a
high level on TxD, both sa t the falling‘edge of TxC.

The DTE shall sourca fhis 1. ‘Tﬁ initial (power-on) and idle (no DTE to DCE service active)

state of this signat{l_all, A\
When refereré T the DTE - DCE interface, this signal shall have a minimum setup time of
the smaller of eitheNJ DO ns or 0,025 P, the hold time shall be zero or greater.

8.2.5 Receive Clock (RxC)

The Receive Clock signal (RxC) shall provide the DTE with an intermittent (semi-continuous) nomi-
nally two-phase timing signal which defines the timing of information being reported via the RDF sig-
nal. The DCE shall source this signal such that, where RxC is defined to be meaningful (see 8.3.6),
each phase has a duration of at least 0,04 P.

NOTE — This specification permits RxC to be a recovaered clock at the nominal bit rate (8 imes the nominal octat rate) with a
duty cycla of 32% to 68%, or to be a higher-fraquancy clock with some cycles omitted and with a duty cycle closer to S0%.
This permits, for axample, simple clocking in a DCE that decodes 4 bits from each received 5 baud; the DCE could have a
clock 10 times the nominal octet rate, with a duty cycie of batween 40% and 60%, and would omit two cycles avery octet.

This specification aiso permits the DCE to omit cycles of RxC during recognition of long end-delimiter sequences of PhPDUs,
30 that the delimiter can be reported in real ime using 8 or fawer cycles of RxC (see 8.3.6).

RxC shall support the DCE to DTE message reporting service.
8.2.6 Recaive Activity (RxA)

The Receive Activity (RxA) signal shall support the DCE to DTE fault notification, media-activity indi-
cation, 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.
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8.2.7 Receive Data and Framing (RDF)

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

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

When. referenced to_RxC at.the.DTE - DCE interface,.this.signal. ave.a)
the smaller of either 100 ns or 0,025 A the hold time shall be zer: er
rd

8.3 Encoding of services in signals

The services of 8.1 shall be implemented by the Egi __3 S h d combinations of the signals
DL\
& 3 n

of 8.2.
NOTE — Typical transmit and recaive saquencin i &i{
International Standard for explanatory purpose i

S
\t\\h')

0
b

) l’iguro 3. Figure 3 is includad in this part of this
a spacific implementation.
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reset

accapt
frame

recognize
start of frame

il

RDF inversion data ADF inversion
after RxCl after AxCl

Receive machine

Figure 3 — DTE/DCE sequencing machines
8.3.1 DTE to DCE reset service
This service shall be mutually exclusive with the DTE to DCE configuration and message transmis-

sion services; at most one of them may be active at any given time. This service may preempt the
DTE to DCE configuration and message transmission services at any time.
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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).

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

2  When a DTE is itself being reset, possibly during power-up, it should attempt to reset th DCE even when the DTE's
mvmhmmmawlmu.

3  This reset is under the control of the DTE. 1t does not preciude the existance of n!pinon'lmDCE.

if the DTE concurrently changes both RTS and TxD during the-
DCE configuration or message transmission services, then the D
least the minimum required setup time exists between ¢ %‘

il ensure that an interval of at
signal to a high level, and

subsequently changing the other signal to a low level, t ential logic hazards in the

DCE's implementation of the DTE to DCE reset s jp\ (/\/
~ 8.3.2 DTE to DCE configuration service 7 N .
This service is mutually exclusive witk fké DTEt \B reset and message transmission services; at
most one of them may be active at an\ Jiven timp. This service may initiate the DCE to DTE mes-

sage reporting service to report DCE-int | étatus. The DTE to DCE reset service may preempt
this service at any time. N ¢

This service shall be-implein&nted ihihree phases; each of the latter two phases shall follow imme-
diately upon completion of the'prior phase.

Implemantad as a minor variation on the thres phases specified for the DTE to DOCE mes-

NOTE 1 hases ¢
sage um% a result, the DTE to DCE configuration service induces very litle added complexity on the
DOTE and OCE. m\\

1) The DTE shall assert (raise) RTS after the falling edge, and before the rising edge, of TxC.
The DCE shall respond by anticipating configuration data.

2) When it is ready for configuration data from the DTE, the DCE shall raise CTS before the fall-
ing edge of TxC. The DTE shall respond by encoding the first bit of configuration data (high=1,
low=0) on TxD before the falling edge of the next TxC, and shall continue this process without in-
terruption until between 2 and 200 bits of data (see 8.4) have been so encoded. The DTE shall
then assert (raise) TxD and negate (lower) RTS before the falling edge of the next TxC.

NOTE 2 — The DTE shail ensure that TxD is raised at least one setup ime 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 8.4. Standardized mes-
sages cover the ranges of application of this interface which are anticipated to be most cost sensi-
tive. 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 op-
tion further described in 8.4).
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8.3.3 DTE to DCE message transmission service

This service is mutually exclusive with the DTE to DCE reset and conflgurauon services; at most one
of them may be active at any given time. The DTE to DCE reset service may preempt this service at
any time.

This service shall be implemented in three phases; each of the latter two phases shall follow imme-.

diately upon completion of the prior phase.
1) The DTE shalil assert (raise) RTS after the rising edge, and b /) falling edge, of TxC.

.. .The DCE shall respond by .generating. and transmitting the ap _sequence of pre-
amble and start delimiter PhPDUs. o

2) When it is ready for transparent data from the DTE,
edge of TxC. The DTE shall respond by encoding the f
on TxD before the next falling edge of TxC, a II c
until between 3 and 300 integral octets of av

(raise) TxD and negate (lower) RTS before t

raise CTS before the falling
arent data (high=1, low=0)
process without interruption
encoded. The DTE shall then assert
ge of TxC.

n!up limo before RTS is lowered, to avoid potential logic

3) The DCE shall conclude transmissi all of the encoded transparent data received from the

transmut th& appropriate-length sequence of end delimiter PhPDOUs,
i The DCE shall then wait an amount of time equal to the con-
ssm“gap (see table 1) before negating (lowering) CTS, which shall
rfi before the next falling edge, of TxC.

occur after a fgllE
8.3.4 . DCE ‘t\ fault}ctmcation service

This service shall be utually exclusive wnh the DCE to DTE medla-actnvrty indication and message
reporting services; at most one of them may be active at any given time. This service may preempt
the DCE to DTE media-activity indication and message reporting services at any time.

figured minimum pO5t-tra

This service shall be encoded as a simultaneous low level on both RxA and RDF. Once asserted by
the DCE, this simultaneous low level shall be held until aciivation of either the DTE to DCE reset or
configuration services.

NOTE — This is an asynchronous service, and is not referanced to AxC.

The DCE may concurrently change both RxA and RDF during the concurrent termination of the DCE
to DTE media-activity indication and message reporting services. The DTE is responsible for avoid-
ing any logic hazards induced by this concurrent change.

8.3.5 DCE to DTE media-activity Indication 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. The DCE to DTE fault notification service may preempt this service
at any time,

This service shall be encoded as a high level on RxA. Once asserted by the DCE, this high level en-
ables recognition of a high-to-low transition on RDF to initiate the DCE to DTE message reporting
§ervice. Any subsequent high-to-low transition on RxA terminates that DCE to DTE message report-
ing service.

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

This service is mutually exclusive with the DCE to DTE fault notification servide; 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 preempt this service at
any time.

8.3.6.1 Non-erroneous reception
" This service shall be implemented in four phases when reporting a (/) message, each of
which shall follew.immediately. upon completion.of the.prior.phase....<. . . ,

> .
\sequences of eight PhPDUs or
ard error correcting) code.
their decoding and report-
Ahaydo meet these conditions.

The following description applies to DCEs which have end delimi
less, and which do not require any extra decoding delay f E
DCEs which do not meet these conditions may introduce
ing processes so that, with respect to signaling on nd

7Y i
lihg, and recovering a data clock from

1) After detecting received signaling, trainin Bq,ﬂ‘;g

that signaling whose nominal octet fr b th?&sa as TxC, the DCE shall initiate the DCE
to DTE message reporting servicg by sou recovered clock on RxC and then negating
(lowering) RDF after the rising edge befdrg th& next falling edge, of RxC.

i
P

NOTE 1 — RxA is already assartad at this time.

2) The DCE shall conti
pected preamble andsta

it the DC hqén%_:‘rtm nels of redundant media, then it may report on RDF the identity of the
channel f hihichdbe signaling is being received by encoding that channel number, in the range

ining and attempting to match the received signaling against its ex-
él'u-nﬁg' PhPDUs.

O0to N-1, as a bi number which is reported most significant bit first during reception of the last
three of those stalt delimiter PhPDUs. The bits reported on RDF shall be presented in series af-
ter successive rising edges of RxC, each before the immediately subsequent falling edge of RxC.

Upon detecting an exact match between the received signaling and the expected start delimiter,
the DCE shall invert RDF after the falling edge, and before the next rising edge, of RxC.

NOTE 2 — If the identity of the recaiving channel was being reportad on RDF, then this inversion will occur during the low
phase of RxC which immediately lollows the high phase (of RxC) during which the last (low-order) bit of the channel number
was reported.

3) The DCE shall continue reception and attempting to mateh the received signaling against po-
tential data and expected end delimiter PhPDUs.

The DCE shall report each data bit decoded from the received signaling on RDF. The bits re-
ported on RDF shall be presented in series after successive rising edges of RxC, each before the
immediately subsequent falling edge of RxC. In the absence of errors these bits shall be reported
in the same order and with the same values as they were transmitted by a peer PhL entity.

NOTE 3 — This is a guarantae of ransparency.
An end delimiter may be composed of both data and non-data PhPDUs. The DCE may report

similarly on RDF each data bit decoded from an end delimiter, and may report also on RDF an -

appropriate number of data values for the non-data PhPDUs decoded from an end delimiter, ex-
cept that

a) the total number of “bits™ so reported shall be 7 or less, and
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b) upon detecting an exact match between the received signaling and the expected end de-
limiter, the DCE shall not report on RDF another bit corresponding to the end delimiter's last
“bit”, but rather shall first assert (raise) RDF after the rising edge, and before the next falling
edge, of RxC, and then shall negate (lower) RDF after the falling edge, and before the next
rising edge, of RxC. ‘ }

NOTES

quence. The first non-data PhPDU, and subsaequent PhPDUs, need not be reported. How final report will be made on

4 Moast implementations will decode, and report on RDF as data, any initial cdata PhPDUs ipa received end-dalimiter se-
RDF, indicating correct end-delimiter recognition. &v‘u}

,..5. Each reported bit, axcept the last, is maintained on ROF for a full cycle of Ba
sequence, sach of which is maintained for just one phase of RxC.

6 This terminating high-low sequenca will occur during the first eight.bi
data bit was reported. That last (pre-delimiter) data bit will have Il'$
#

dath b so reported in this phase, where N
shouid be at least 3 and no greater than 300,

4) The DCE shall assert (raise) RDF befor M @ge of RxC and shall not initiate an-
other instance of the DCE to DTE message gngq\ until after the conclusion of the cur-
rent DCE to DTE media-activity indic \ 3

8.3.6.2 Erroneous reception \ )

A

An error may be detected
occurs, the DCE shall m

any phaseYof the reception process described in 8.3.6.1. When that
uencing of those phases as follows.

7 > .
u’li:h}ljUs. or an invalid sequence of PhPDUs, or a valid end delimiter
sequence of Rh Whi t separated from the start delimiter PhPDUs by an integral number
of data-octeta.o PDUsﬁand if the DCE can establish a valid signal on RxC (for example, by sub-
stituting TxC o e.other local signal for the recovered clock source, if necessary); then

If the DCE should defact invil

a) If phase 2 h‘as not already been initiated, then the DCE shall immediately initiate phase 2;

b) If phase 2 has not already been concluded, then the DCE shall immediately conclude phase 2
as rapidly as possible, ignoring the requirement for matching of the start delimiter PhPDU se-
quence;

c) Otherwise, the DCE shall immediately negate (lower) RDF after the rising edge, and before
the next falling edge, of RxC, and then shall assert (raise) RDF after the falling edge, and before
the next rising edge, of RxC.

NOTE — This sequence parmits the DCE to
— enable DTE use of RxC;
— idently the channel with the erroneous signaling; and

— indicate a recaption arror.

When the DCE has completed as many of the above steps (a), (b) and (c) as appropriate and possi-
ble, the DCE shall immediately initiate phase 4.

8.4 DCE configuration messages

This sub-clause defines both standardized configuration messages, and the standardized portion of
_extendible configuration messages. Standardized messages cover the ranges of application of this
+ interface which are anticipated to be most commonly used. Extendible messages permit differing
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forms of DCE configuration where required, and can serve 1o initiate the DCE to DTE message re-
porting service to report DCE-internal status (a DCE option).

Two standardized messages, and two classes of extendible messages, are defined. All messages
are transmitted across the interface in the order in which the bits are defined. Integers are transmit-
ted 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 ’ 2 \/

10 — Extendible configuration message

11 — Extendible status-report invocation mess g\
8.4.1 Basic configuration message \/

Following its initial two bits of (00), tgé tﬁ@s

X < :s operational aspects
onenls of this message are, ir  z2r of transmission:

A
a) The operational modangf the DCE, ehgcoded in one data bit as shown. The value for this pa-
rameter after activation TE to DCE reset service is 0.

0 Two-way simbitangous .(fuﬂﬁuplex). where each invocation of the DTE to DCE message

transmissigh seryi matically activates the DCE to DTE media-activity indication and
m \&Hing-syﬁ:ﬁs;

'
NOTE 1 — Thi J.fai'sirame for duai-channel media such as fibre-optic-pair cabling. Some DTEs may only be able to
operate in this mode.

common to most DCEs. The defined ¢

1 Two-way “alternate (half-duplex), where an invocation of the DTE to DCE message trans-
mission service does not automatically activate the DCE to DTE media-activity indication and
message reporting services,

NOTE 2 — This mode minimizes DCE and OTE - DCE interface power consumption. Some DTEs may only be able to op-
erate in this mode.

b) The selection of the DCE-internal data source for the message reporting service, encoded in
two data bits as shown. (See table 1.) The value for this parameter after activation of the DTE to
DCE reset service is 00. When this selection is non-zero, transmission on all attached media

shall be disabled and the DTE - DCE interface shall operate in two-way simultaneous (full-duplex)
mode.

00 decoded signaling, received from one of the attached media as specified in 8.4.2(b) and
8.4.2(c). The interface mode is as specified in 8.4.1(a).

01 internal-status reporting, see 8.4.4 and 8.5.

10 loopback as close as possible to the DTE - DCE interface, with no transmission to con-
nected media, where each invocation of the DTE to DCE message transmission service auto-
matically activates the DCE to DTE media-activity indication and message reporting services;

NOTE 3 — This moda is dasirable for DCE vs. DTE vs. inter-connect fault localization.

11 lgopback as close as possible to the media interface(s), with no transmission to connected
media, where each invocation of the DTE to DCE message transmission service automatically
activates the DCE to DTE media-activity indication and message reporting services.
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NOTE 4 — This mode is dasirabla for saif-assessment before entry to an oparating network.

c) The amount by which the preamble, which is the initial sequence of PhPDUs in each trans-
mission, 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 2 of 6.2.3.)

the period of non-
ed. Its range is zero
. The value for this

d) The amount by which the mandatory post-transmission gap, which i
transmission between successive sequences of PhPDUs, should be e
to seven units of extension, encoded in three data bits as 0 (000) t
____parameter after activation of the DTE to DCE reset service is 0 (O

8.4.2 Path-diversity control message

Following its initial two bits of (01), the path-diversity contr ifies additional configura-
tion data commonly required for management and -asde redundant paths: separate
transmission and reception controls for each of thé attached ndant media (channels and paths).

The defined components of this message are, i o‘k{g xf_\ ion:

a) Two bits of zero (00), which prov@t }tq octet alignment within the message for the

following fields.

J
b) The algorithm for chagsing betweel, fedundant media as the source of received signaling
when more than one of t edia is enabled for reception, coded in four bits as shown. The
value for this parameter clivation of the DTE to DCE reset service is 0000.

G 7
0000 — The médi ie&tyfor reception should be the first medium on which signaling
which hﬁlh{blef&u% r-training is detected.

1000 to ‘NI N (s¥+'N, 1 < N < 8) — The Mh medium should be selected, except when sig-
naling suitab 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 8.4.1(d), in which case that
other medium should be selected.

c) The selection of whether reception is enabled (0) or inhibited (1) on each of eight or fewer re-
dundant media, coded in eight consecutive bits for channels 1 through 8, respectively. (See table
1.) The value for this parameter after activation of the CTE to DCE reset service is 0000 0000.

d) The selection of whether transmission 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
table 1.) The value for this parameter after activation of the DTE to DCE reset service is
0000 0000. )

e) The amount of post-transmission gap extension due to potential signal skew between redun-
dant media. 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 8.4.1(d), 8.4.2(b), and note 3 of 6.2.2.)

8.4.3 Extendible configuration messages

Following its initial two bits of (10), the coding of extendible configuration messages may be imple-
mentation dependent. The structure and form of extendible configuration messages shall be the
same as the basic configuration message specified in 8.4.1.
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8.4.4 Extendible status-report invocation messages

Following its initial two bits of (11), the coding of extendible status-report invocation messages may
be implementation dependent. The structure and form of extendible status-report invocation mes-
sages shall be the same as the basic configuration message specified in 8.4.1. The information
specified shall select some DCE-internal source of received signaling, and if the DCE-internal-data-
source mode is status-reporting (see 8.4.1(b)), then the DCE shall generate a muiti-data-octet mes-
sage, padded a: necessary to an octet multiple, and shall report it using the DEE to DTE media-ac-
tivity indication and message reporting services. /5

8.5. DCE-generated status.reparts_ :

A
These reports are generated within the DCE upon request and \b6;iad when the DCE-internal-

data-source is internal-status report. (See 8.4.1(b)).
bf‘\/
9 Medium Dependent Sublayer (MDS) : Wirg‘fnediy (
P
. e X ih

s

ication Equipment (DCE). It exchanges serial
PhSDU sequences across the DTE - DCE inta INg Mause 8 and it communicates encoded bits across the MOS
- MAU interface specified in Clause 10. and\Idgical encoding and decoding for transmission and recep-

tion respectively and the addition/removal of pr je andiddlimiters together with Sming and synchronization functions.

9.1 PhPDU

The MDS shall prodgceBth %F}D shown in figure 4 by adding preamble and delimiters to frame
the serial sequengeé of~PhS ‘s(b?['&)" transferred from the DIS across the DTE - DCE interface.
Transmission ﬁg&gnuc f rom left to right as shown in figure 4, i.e. preamble first, followed by
start delimiief\ seqlehée and finally end delimiter.

N~

PF!EAMBé START DELIMITER PhSOU SEQUENCE END DEUMITER

Figure 4 — Protocol Data Unit (PhPDU)

Conversely the MDS shall remove preamble and delimiters from a received PhPDU to produce a cor-
responding serial sequence of PhSDUs. Any non-binary data unit which is detected in the received
PhSDU sequence shall be reported as Ph-DATA indication (PhIDU, error).

9.2 Encoding and decoding

Data units shall be encoded by the MDS for application to the MAU using the code shown in figure 5
(Manchester Biphase L). The encoding rules are formally given in figure & and table 5.
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One Bit Time (1/4,)

NOTE 1 — Figure § is included in this part of this In
specific implementation,

N+ N-

Figure 6 — Encoding rules

Table 5 — Encoding rules

Symbols Encoding

1 (ONE) Hi-Lo transition (mid-bit)
Q0 (ZERO) ) Lo~Hi transition (mid-bit)
N+ (NON-DATA PLUS) Hi (No transition)

N- (NON-DATA MINUS) Lo (No transition)

NOTE 2 — It may be seen that data symbols (1 and 0, conveyed by PhSDUs) are encoded o always contain a mid-bit
transiion. Non-data symbols (N+ and N-) are encoded so that thay never have a mid-bit transition. Frame delimitars (see
9.4 and 9.5) are constructed so that non-data symbois are conveyed in pairs of opposite polarity.

Decoding shall normally be the opposite of encoding. At reception, the MDS shall verify that each
symbol is encoded in accordance with figure 6 and table 5§ and shall detect the following errors:

a) invalid Manchester code;
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b) half-bit-slip errors.
Any of these errors shall be reported as Ph-DATA indication (PhIDU, error).

9.3 Polarity detection

The option of automatic polanty detection of the received Manchester @ ed signal shall be re-
quired where it is specified in the relevant MAU.

9.4 Start of frame delimiter

(ahown
The MDS shall only accept a receiv al b rit a8 a PhPDU after verifying this sequence and
shall remove this sequence before transfe evF’hSDU sequence to the DIS. .

9.5 End of frame delimi
The following sequénce of 8 cIl)ver:ﬂs\s‘l-u:wwn from left to right in order of transmission, shall immedi-

ately follow the PtQQU*('D? to delimit the end of a frame:

1, N+, N-, N+, N-, 1, 0, 1.
(shown as a waveform in figure 7)

The MDS shall remove this sequence from the PhPDU before transferring the PhSDU sequence to
the DIS. The MDS shall report to the corresponding Data Link Layer entity any frames received via
the medium which do not include this sequence within 300 octets of start of frame (from beginning of
start delimiter) as Ph-DATA indication (PhiDU, frame_too_long). The MDS shall report to the corre-
sponding Data Link Layer entity, via the corresponding DIS, any frames received via the medium
which have an end delimiter which is not located at an octet boundary as Ph-DATA indication
(PhIDU, received_timing_error).

9.6 Pfeamble

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

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

(shown as a waveform in figure 7)

NOTE — Received preamble can contain as few as four bits due to loss of one bit through each of four repaatars (as speci-
fied in the MAU Network Configuration Rules).



-28 - ISA/SP50-1992-236P

The period may be extended, but not reduced, by Station Management as given in table 1. A pre-
amble extension sequence as listed in table 1 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.

* e | |
T R
Preamble -l ' " ' ' l/</> :

L} I "’
: 1 0 [
=
Start
Delimiter J '
' 1 b I
End ¢ .
Delimiter '
-

igure 7 — Broambie and delimiters

NOTE — These wavglorug do it &: tha frequency range outside the band required for transmission of binary PhSOUs
(conveying data symbots) in accirdance figure 6 and table 5.

\ - \

9.7 Synch Néltlon'/'-j\\

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

NOTE 1 — This synchronization specification allows the loss of four bits of the preamble.

After the preamble, half-bit-slip errors shall be reported as Ph-DATA indication (PhIDU, error).

NOTE 2 — Half-bit-siip errors can be detected as excessive bit cell jittar and/or excessive variation in bit period.

9.8 Post-transmission gap

After transmission of a PhPDU there shall be a minimum period during which a subsequent trans-
mission shall not commence. For the same minimum period after reception of a PhPDU the receiv-
ing Physical Layer entity shall ignore all received signaling. An MDS entity shall set a minimum post
transmission period of four nominal bit times. The period may be extended, but not reduced, by
Station Management as given in table 1 or by an associated MAU entity. A gap extension sequence
as listed in table 1 shall be defined as four nominal bit times,

NQTE — The MAU transmit enable/disable time may reduce the duration of silence between framaes.

9.9 Inter-channel signal skew

If the device is configured (by Station Management) to receive concurrently on more than one chan-
nel 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 Station Management as given in table 1. A gap extension sequence
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as listed in table 1 shall be defined as four nominal bit times. The value of post-transmiission gap
shall be greater than the value of inter-channel skew.

10 MDS - MAU interface : Wire media

NOTE = The Medium Attachment Unit (MAU) is an optionally separate part of a communication element which connects to
the medium directly or via passive components. For electrical signaling variants the MAU Is the anscelver, which provides
level shifing and wave shaping for ranamitted and received signais. The MDS - MAU interface finks the MAU to the MDS.
The services are defined as physical signals to facilitate this interface being optionally ax “\Table 6 lists the minimum
set of required services at the MDS - MAU interface. See clause 6 for management sarvices’

10.1 Servicas

£

If the MDS - MAU interface is exposed it shall support at least thé\sef ef required services given in
table 6 and specified in 10.2. ’

Table 6 — Minimum servic D b terface
4 /

Service NW;IN \ /})lroeuon

Required: (’ {/‘\\\\\ )
Transmit Slg\al\\ )x; i To MAU

Rdsgive Signal N From MAU
ol \m.q« TXE To MAU
ol T
N = -
\\\- " Vogback enaie LbE To MAU

AN

10.2 Service specifications

10.2.1 Transmit Signal (TxS)

The Transmit Signal service (TxS) shall transfer the encoded PhPDU signal sequence across the
MOS - MAU interface to the MAU, where the sequence shall be transmitted onto the medium if the
Transmit Enable (TxE) is set to logic 1 (high level).

10.2.2 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.

10.2.3 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 O (low level) after the last bit of the end delimiter has been transmitted.

If redundant media are in use and the method of implementing redundancy is to receive on all chan-
nels but transmit on only one then the channel (cable) which is currently used for transmission shall

be selected by setting its TxE to logic 1 (high level). All channels which are not currently in use for
transmission shall be disabled by setting the TxE to logic 0 (low level).
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10.2.4 Loopback Enable (LbE)

iIf the optional Loopbacli Enable (LbE) service shown in table 1 is used it shall disable the final output
stage of the MAU transmit circuit, connect the output of the previous stage of the MAU transmit cir-
cuit to the MAU receive circuit and disconnect the MAU receive circuit from the medium. The state
of the Loopback Enable shail not change while the MAU is transmitting or receiving.

NOTE — This Is confirnation sarvica of local significance only which provides a device with the facility to tast the integrity
and functionality of thé Physical Layer circuitry, excluding the medium.

10.3 Signal characteristics

L

Timing characteristics shall be compatible with those specified
for the relevant MDS.

If the MDS - MAU interface is exposed it shall operate wi
sides of the interface shall operate with the same j.g f I
\

Table 7 — Signal levels for%icxfwa( S — MAU interface

Symbol Parameter \\ CON%» Limits Units | Remarks
J )/
Vou Maximum low-level output \k.(- doopa | ot v See Note 1
\ e |logt=+18mA |04 v
,"'__\‘ .' ” \/’
Vor A Jdgvel output | loyt==100pA | Vpo- 0.1 v See Note 1
\\\ e loyt = - 0.8 MA Vpo - 0,8 \ See Note 2
ViL \ Pmunum low-level input 0.2 Voo v
Voitage
1 Vil Minimum high-level input 0.7 Voo v See Note 3
voitage :
NOTES

1 Provides the capability to drive two typical CMOS loads.
2 CMOS input compatibility with TTL output requires a “pull-up™ resistor from signal input to Vpp,

3 Compatible with CMOS output for 3,0 V 5 Vg < 5,5 V. Compatibility with TTL output (4,75 V s Vpg < 5,25 V) re-
quires a “pull-up” resistor from signal input to Vg

10.4 Communication mode

The communication mode at this interface shall allow simuitaneous transmission and reception.

10.5 Timing characteristics

The MDS - MAU interface shall function correctly with a PhSDU bit rate of between 1 kbit/s and 11
times the highest stated MAU bit rate.

NPOLI,E - The bit rates available in an implementation are statad in the Protocol Impiementation Conformance Statement
(PICS).
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11X5 Terminator

A terminator shall be located at both ends of the trunk cable, connegted from one signal conductor to
the other. Na connection shall be made between terminator and géble shield.

The terminator ipedance value shall be 100 Q £ 2% over thg/frequency range 0,25 frto 1,25 fr (7.8
kHz to 39 kHz). ;

NOTE 1 — This valua is Bpproximately the average cable characts tic impedance vaiue
frequencies and is chosen IO imize transmission line refiections .

cables at the relevant

~—-TWg direct current leakage thigughrthe terminator sl not-exc erminator-shall be

non-polarized.

All terminators used for 1.S. applicatigns shall comply Wj i uirements (creepage and
clearance) commensurate with the requiced |/S. appraval. i 'or non-1.S. applications shall
not be required to have |.S. approval. / -\

NOTE 2 — It is acceptable for the functions of gowargurply, sa m » and terminator to be combined In various ways
as long as the impedance of the combination (¢ eduivteqgt !%\pu pedance of independent devices meeting the re-

mn«mswwmmmm,‘r‘nS 11.2.2 are followed.
11.7.6 Shielding rules \ y
N

Where conformance to the
is necessary to ensure the
the following means™__>

disg/Ammunity réquirementd\of 11.4 is to be met by the use of shielding it
\. grity, of shielding throughoyt the cabling, connectors and couplers by

N
a) the c:*zﬁé_‘of thenCal lé shield shall be greater than 90% of the full cable length;
ing

-/
b) shield Ifegimpletely cover the electrical circuits in congectors, couplers, and splices.

NOTE — Dwiaﬂon‘ ogh these shielding rules may degrade noise immunity.
11.7.7 Grounding rules

NOTE 1 — Groyhding means permanently connacted to earth through a sufficienty low impagdance and with sufficient cur-
rent carrying capability to prevent voltage build up which might resuit in undue hazard to corRected equipment or persons.
Zaro voits (cojimon) ines may be connected to ground where they are galivanically isolated from\{he Field Bus trunk.

Field Bus dévices shall be required to function to the requirements of this part &f this International
Standard with the mid-point of one terminator or one inductive coupler connected dixgctly to ground.

Field Bus devices shall not connect either conductor of the twisted pair to ground at aqy point in the
network. Signals shall be applied and preserved differentially throughout the network.

ATE 2 — Itis standard practice for the shield of the Field Bus trunk cable (if appiicable) to be effectively grdynded at one
haint along the length of the cabie. For this reason Field Bus devices should allow d.c. isolation of the cable hield from
ground. Itis also standard practice to connect the signal conductors to ground in a balanced manner at the same yRoint, a.g.
by using the center tap of a terminator of coupling transtormaer. - For bus powered systems the-grounding of the shigld and
balanced signal conductors would be close to the powar supply unit. For |.S. systems the grounding would be at the gafety
barrier earth connection. Capacitive coupling between the shieid or the balanced signal conductors and devica local grt nd
for EMI control is permitted subject to 1.S. requirements.

11.8 Intrinsic Safety

NOTE — This standard does not attempt lo list the requirements by which an item of equipment may be certified as intrinsi-
cally safa nor does it require equipment to be intrinsically safe. Rather, it seeks to exclude conditions or situations that would
prevent |.S. cartification.
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11.8.R_ Intrinsic safety barrier

The barrier\fnpedance shall be greater than 460 @ at any frequency in the range 0,254 to 1,25 f;
(7.8 kHz to 3%\kHz). The I.S. barrier impedance specification shall apply to all barrigrs used as part
of the Physical hayer, whether installed as a separate item of network hardwarg6r embedded in a
power supply card\ The barrier impedance shail be measured across the termifials on both sides of
the barrier. The bartier impedance shall be measured while the network péwer supply is set at the
rated working voltage (nst safety voltage) of the barrier.

NOTE — It ls acceptable for ti inctions of power supply, safety barrier, and i@ bined in various ways as
long as the impedance of the comiination is equivalent to the parallel impad gl devices meeting the re-
- -quirements of this Standard andH work cenfiguration nies-of-i1.2.2 afe-followdd"- - - - <

K /\
At the rated working voltage of the barrier, and at any fraguen K/ the range 0,25 f, to 1,25 f,
(7,8 kHz to 39 kHz), the capacitance meqgured fpom the agitive) wetwork terminal (hazardous
side) to ground shall differ by no more thag 250 pF from t apegitarice measured from the “-"

(negative) network terminal (hazardous side) te.grodnd.

11.8.2 Barrier and terminator pla en

A barrier shall be separated fron fagest t no more than 100 m of cable.
NOTE — The barrier can apgaar as a shunt im Ylow as 4000t the signaling frequencies. The terminator resis-
tance is sufficienty low tha whon itis placed in | wﬂh the barrier impetignce, the resulting impedance is aimost entirety

resistive (non-raactive,

1.9 Galvapi€ Isolatars v\;

The cp nqpnb\rb

) ;ﬁcat:ons\\\' rﬁc

12 Medium Attachment Unit (MAU) : 1,0 Mbit/s, voitage-mode, wire medium

'§tics of galvanic isolators used on the Field"&us shall comply with the

NOTES

1 The 1,0 MbiV/s voitage-mods MAU requirements are not specifically intended to facilitate the options of power distribution
via the signal conductors and suitability for intrinsic Safety cartification. If bus powered, power is distributed as direct voitage
and current, and communications signals are superimposed on the d.c. power.

2 The network medium consists of shiekded twisted-pair cable. Indapendent of topology, ail attached davices, other than
possibly the transmitting device, are high impedance to pravent significant network loading. Trapezoidal waveforms are used
to reduce electromagnetic emissicns and signal distortion.

3 Allnear bus topology is supported. A network contains one trunk cable, terminated at both ends. Spursarocﬁsmbutod
alongmolongtho(mtrunk

12.1 Transmitted bit rate

The transmitted bit rate shall be 1,0 Mbit/s + 0,01%, averaged over a frame having a minimum length
of 16 octets. The instantaneous bit time shall be 1,0 us + 0,025 ps.

12.2 Network specifications
NOTE — A 1,0 Mbit/s voitage-moda MAU operates in a network composad of the following components:
a) Cable;
b) Terminators;

c) Couplers;
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d) Davices (containing at least one communication elament).

A wite notwoqt in 1,0 Mbit/s voltage mode may additionally include the lollowing components:
@) ~ Connectors;

f) Power supplies;

g) Devices which include power supplies.

12.2.1 Topologies

A wire MAU shall operate in a network with a linear bus topology, ¢
eachrend-in-as specifiedin-12.7.5; to which-communication-elem
spurs. Each communication element shall be connected in parall

ting trunk, terminated at
ar AR via.couplers and
ith.tfie trunk cable.

\

N\

'/‘
Xyﬂ( at one point using a mult-port coupler. An active cou-
teffination to avoid reflections and distortions. Active repeat-
of a single sagment as permitted by the network configuration

th

rules.

3 Several communication elements may 1
pler may be used to extend a spur to a | ich raquir
ers may be used to extend the length of the tru on

i les

12.2.2 Network config

A 1,0 Mbit/s voltage-

International S\a@fd&\%

Rule 1: One Fi m?hlall be capable of communication between two and 32 devices, all operating
at the same bit rate.

LN ,
lidshall be required to conform to the requirements of this part of this
in a network which complies with these-rules.

NOTE 1 — Rule 1 does not preciude the use of more than the specified number of davices in an installed systam.

Rule 2: A fully loaded (maximum number of connected devices) 1,0 Mbit/s voltage-mode Field Bus
segment shall have a total cable length, including spurs, between any two devices, of up to 750 m.

NOTE 2 — 750 m maximum cable length is the requirement for conformanca to this standard but this does not preciude 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 40 nominal bit
times. '

NOTE 3 — For efficiency of the Ratwork, that part of the tumaround time of any device on the natwork caused by a PhE be-
twaen the end of a racaived frame and the baginning of the transmitted frame containing an associated immediate response
should not excead 5 bit times, no more than 2 bit imes af which should be due to the MAU.. As it is not mandatory to expose
the DLL-PhL intartace or the MDS-MAU interface, that part of the turn-around time of a Field Bus davice caused by the PhL
or the MAU cannot be specified or conformance testad.

Rule S: The Field Bus shall be capable of continued operaiion 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 1,0 Mbit/s wire Field Bus which is not powered via the signal conductors, a single fail-
ure in any one communication element or spur (including a short circuit, but excluding jabber) shalt
not interfere with transactions between other communication elements for more than 1 ms.

Rule 7: In polarity sensitive systems the medium twisted pairs shall have distinctly marked conduc-
tors which uniquely identify individual conductors. The polarization shall be maintained at all connec-
tion points. '

Rule 8: The degradation of the electrical characteristics of the signal, be
to attenuation, attenuation distortion and mismatching shall be limited t

any two devices, due
es indicated below.

a) Signal attenuation: The configuration of the bus (trunk a ' ui;}e,ngihs Mmber of devices,
and possible matching devices) shall be such that the attenuatiog Métween any two devices at the

frequency corresponding to the bit rate shall not exce ; \
b) Attenuation distortion: The configuration dg us \t spur lengths and number of
devices) shall be such that between any two g{i’c‘eﬁ: \
s P
e
\8.}9'

[Anenuatién (1,25 f;) - Attenuati9

Attenuation (1,25 fy) 2 Attenua

\\' .
fthching (due to spurs or any other effect, including one open cir-
on the bus shall be such that, at any point along the trunk, in the

SN, -
¢) Mismatching Distortioy: "M
cuit spur © Ny ,Ii
frequency 25 fr 1,25 fr (250 kHz to 1.25 MHz):

)

where Z, is the characteristic impedance of the trunk cable and Z is the parallel combination of
Z, and the load impedance at the coupler.

NOTE 4 — Rule 8 minimizas restrictions on trunk and spur length, number of devices etc. by specifying only the transmis-
sion limitations imposed by combinations of these factors. Different combinations may be used depending on the needs of
the appiication.

NQOTE 5 — The main cause of alarge mismatch is the concentration of several couplers on a short length of the trunk.

It the distance between two consecutive couplers is less than 4 m the propagation delay between them is smaller than 20 ns
(1710 of the maximum rise or fall times specified lor the trangmit signal) and the concentralion appears as a single mis-
matched element inducing large raeflactions of the signal transitions.

A concentration of couplers whaere the distance betwaen two consecutive couplers is less than 4 m is defined as a cluster.

In order to comply with the Rule 8c using devices with an input impedanca of minimum value (8 k() and zero length spurs, it
is recommended that a cluster would not include more than lour couplers.

Using davices with an input impedancae significantly higher than the minimum value would allow clusters with more couplars.
Using non-zero length spurs could require clustars to have lewer than four couplers.

NOTE 6 — Itis possible to reduce the mismatching due to a cluster by following means:
— using active multiport couplers;

— inserting matching devices (passive attenuators) on each side of the cluster, under the condition that the Rule 8b is
satisfied.
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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 notbe a non-redundant segment between two redundant segmerits;

c) repeaters shall also be redundant;

ore than one channel
es on any two chan-

d) if the system is configured (by Station Management) to transmit
simultaneously then the propagation time difference between any
nels shall not exceed five bit times;

e) channel numbers shall be maintained throughout the Fi

4
el Bus, i.e. channels 1,2,3... from
Station Management shall always connect to physical - -

12.2.3 Power distribution rules for network } ra

o~/

jon summary for 1,0 Mbits voltage-mode MAU

Table 13 — Transwpeciﬁﬁ
S

Transmit level m’ﬁm-uéf. uedxalerred to trunk Limits for 1,0 MbiVs voltage mode
{but measured using test joaq ag shown in figure 16)

Output lav }\i\m—pm)).\ﬂgm ) 55V1090V
(

With test s@ﬂuﬁf«mmn 500 £ 1%
Maximum posiﬂvo‘h! negative amplitude difterence (signaling bias) as shown £048V

in figure 18

Output Levei; open circuit, (peak-to-paak) <300V
Maximum output signal distortion; i.9., overvoltage, ringing and droop 2 10%

(See figure 17)

Quiescent ransmitter output; i.9. Fansmitter noise < 5mV(rm.s.)

(measurad over the fraquency band 1 kHZ to 4 MH2)
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Table 14 — Transmit timing specification summary for 1,0 Mbit/s voltage-mode MAU

Transmit iming characteristics, values referred to trunk Limits for 1,0 Mbit/s voitage mode
(but measured using test load as shown in figure 16)

Transmitted bit rate ' | 1,oMmbivs £0,01%

Instar aneous bit ime 1,048 30,025 s
Rise and fal times (10% o 90% of pk-pk signal, s9e figure 17) sg(l_p/q&bnm

« -1 Slaw Tate (atany point from- 10910 S0%-ofpK-plesignadyes - - * - /f;{og;:pm\t{..‘ -
zmmmmwm;nn:dd:tﬂn:. figure 18) \E/ws e i

<
Transmit enable/disable time (L.e. time during which the outwl)n\olot\»ﬂé}gm bit imes
-~ s

not meet the transmit requirements) /

! \
12.3.1 Test Configuration \’/’ ‘-\\\,\’

W i
Figure 16 shows the configuration whiég 8 % r testing.
. ok
Cx A !
R[] Va

Devica

Fiald P

. V, Il under T| Vd
Fover {0y, [ e L] e

' V' IIVe  Ground
\ c
. /—_\\\ F ¥ T
\

A T* Terminator removed as
~ required for testing

N\
Figure 16 — Transmit circuit test configuration

Differential signal voltage: Vg=Va-Vp

Test load resistance R = 75 @ (0,5 cable Z,) and C = 0,33 pF except where otherwise stated in a
specific requirement.

12.3.2 Output lavel requirements
NOTE — Figure 17 shows an example of the a.c. component of one cycle of a Field Bus waveform, illustrating some key

items from the transmit circuit specification. Only signal voitages are shown; this diagram takes no account of power supply
voltages.
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<+ 1 bit time

¥ Oroop +
mid-point  Gvershoot

[ "A

Fall time

Figure 17 — 0
A 1,0 Mbit/s voltage-mode MAU transmit circu ch o the following output level require-

ments, all amplitudes being measured ed int between any peaks or troughs in
the top and bottom of the waveform (*
t

a) the output voitage across the tes
between 5,5 V and 9,0
(“min o/p” in figure 17);

transformer step up/down (if applicable) shall be
eak-to-peak\or. all load resistances from 50 2 £ 1% 0 75 Q£ 1%

b) the output vbl:age at hvru?rk’ or at the transmit terminals, with any load including an open
circuit shall QX 0\V peak-to-peak (“max o/c at trunk” in figure 17). For test purposes
open circ .be de'f}n as a load of 100 k@ resistance in parallel with 15 pF capacitance;

¢) during trans Seic ion a device shall not suffer permanent failure when a load resistance of
< 1 Qis appliedor 1 second;

d) the difference between positive amplitude and negative amplitude, measured as shown in fig-
ure 18, shall not exceed + 0,45 V peak;

e) the output noise from a 1,0 Mbit/s voltage-mode MAU which is receiving or not powered shall

not exceed 5 mV r.m.s., measured differentially over the frequency band 1 kHz to 4 MHz, referred
to the trunk;

f) the differential voltage across the test load shall be such that the voltage monotonically
changes between 10% and 90% of peak-to-peak value. Thereafter, the signal voltage shall not
vary more than = 10% of peak-to-peak value until next transition occurs. This permitted variation
shall include all forms of output signal distortion, i.e. overvoltage, ringing and droop.

12.3.3 Output timing requirements

A 1,0 Mbit/s voltage-mode MAU transmit circuit shall conform to the following output timing require-
ments:

a) rise and fall times, measured from 10% to 90% of the peak-to-peak signal amplitude shall not
exceed 0,2 nominal bit time (see figure 17);

b) slew rate shall not exceed 100 V/pus measured at any point in the range 10% to 90% of the
peak-to-peak signal amplitude (see figure 17);
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NOTE — Raequirements a) and b) produce a trapazoidal waveform at the transmit circuit output Requirement b) limits the
level of interference emissions which may be coupied to adjacent circuits atc. Requirement b) is calculated from the formula:

Max. slew rate = 3 X Min. slew rate = 3x0.8V°/0.2T = 12xVy/T

where V,, I3 the maximum pk-pk output voitage (9.0 V), and T is the nominal bit time (1 ps).

c) transmitted bit cell jitter shall not exceed = 0,025 nominal bit time from the ideal zero crossing
point, measured with respect to the previous zero crossing (see figure 18);

0.5 bit time ——»{€¢——0.5 bit time ——3

Ampltuda.te ... S

g s
1

v
i

Vv
V:: /7 na as
S MV
W
Power %\ % AN\ e s
Bias
W)
o\l /’\ . t m wl‘
\\.\
Figuré 18 — {smitted bit cell jitter (zero crossing point deviation)
L,
d) thet MNcircuit 3hal} tum on, i.e. the signal shall rise from below the transmit circuit maxi-

mum outpub\nisj q-\fwél as specified in 12.3.2 (e) to full output level, in less than 2 nominal bit
times. The wav{orm corresponding to the third and later bit times shall be as specified by other

.,

parts of 12.3;

e) the transmit circuit shall tumn off, i.e. the signal shall fall from full output level to below the
transmit circuit maximum output noise level as specified in 12.3.2 (e), in less than 2 nominal bit
times. The time for the transmit circuit to return to its off state impedance shall not exceed 4
nominal bit times. For the purposes of testing, this requirement shall be met with the transmit cir-
cuit test configuration of 12.3.1 with the equivalent capacitance of a maximum length cable across
the DUT terminals.

NOTE — This requirement is to ensure that the transition of the ransmit circuit from active to passive leaves the line capaci-
tance fully discharged.

12.4 Recsive circuit specification.for 1,0 Mbit/s voltage-mode MAU

NOTE — For ease of referance, the requirements of 12.4 are summarized in table 15.
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Table 15 — Receive circuit specification summary for 1,0 Mbit/s voitage-mode MAU

Receive circuit characteristics . Limits for 1,0 Mbits voiltage mode
(values referred to trunk)

Input impedance, measured over the frequency range C25fto 1,251, 2 8k0

Sansitivity; min. pk-pk signal required to be accepted (see figure 19) 700 mV

Noise rejection; max. pk-pk noise required to be rajected (see figure 19) 280 p/()

Maximum received bit cel jitter (zero-crossing point deviation, see figure 20) ﬂ’o/ ird bit ime

12.4.1 Input impedance

ive tircuit shall be no less
), Hz). This requirement shall
es and in transition between these
tion element terminals using a sine
sitivity threshold and lower than 9,0 V

The differential input' impedance of a 1,0 Mbit/s voltage-
than 8 k@2 over the frequency range 0,25 fr to 1,25 50

be met in the power-off and power-on (not twﬁsmisn Te))
states. This impedance shall be measured @ 20
wave with a signal amplitude greater th K’er

peak-to-peak. e
NOTE — The requirement for & 8 kil input im ca dirifg power-up and power-down may be maet by automalic disabling
of the ransmitter during these periods. \ N\

$ ~
AU rec¥sive circuit shall be capable of accepting an input signai of ampli-
ék-to-peak. including overvoltage and oscillation (see “signal level” in

ive amplitude” and “negative amplitude” in figure 17).

t

12.4.2 Raceiver sensit noise rejection
. SN

A 1,0 Mbit/s voltage-mode

tude no less thah Z0GM

<
A 1,0 Mbit/s voltage:mode MAU receive circuit shall not respond to an input signal with a peak-to-
peak amplitude which does not exceed 280 mV (see “noise rejection” in figure 19).

SIGNAL + signal

level (min.)

+ noise
rejection (min.)

OV — — — NOISE — =— =—
: - noise
rejection (min.)

- signal
SIGNAL lavel (min.)

Figure 19 — Receiver sensitivity and noise rejection
12.4.3 Interference susceptibility and error rates

NOTE 1 — When the Field Bus is operaling in a variety of standard noise environmants the probability that an Application
Layer User Data Unit contains an undetected error, due lo operation of the conveying Physical and Data Link Layer entities,
should be less than 1 in 10! (1 arror in 20 years at 1 600 messages/s). A communication element is regarded as conform-
ing to this theoratical requirement when it meets the following interfarence 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, This tollows the

IEEE 802 Functional Requirements Document Draft 5.9, sections 5.6.1 and 5.6.2 and should be readily achievable with a 16
bit Frame Check Sequence at the Data Link Layer.
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A communication element which includes a 1,0 Mbit/s voltage-mode MAU, operating with frames
containing 64 random user data bits, with maximum frame rate and wuth signals of 1,4 V pk-pk ampll-
tude, 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 sinusocidal 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;

__¢) white Gaussian additive differential noise in the frequency bgnd.
density of 30 WWA/Hz r.m.s. A

s
NOTE 2 — The common mode voitage and Gaussian noise spaci ragaive circuit conformance testing with
balanced loads and are not indicative of system installation practice.

MAU, operating with frames
rﬁessages per second, with signals of

containing 64 random user data bits, at an av @ O
1.4 V pk-pk amplitude, shall produce no t (br\ frame errors in 100 000 frames during
operation in the presence of electroma' K interference environments as follows:

ﬂ VIEC 801.3 at severity level 3;
/ 4

specified i iNNEC 801.4 at severity level 3.

A communication element which includes a 1,0 it/S\vo

1) 10 V/m electromagnetic field as

2) electrical fast transi

The above error rate—spemf‘ alion skl also be satisfied after but not during operation in the following
noise enwronmanls \

i) 8kV %c s’tat@_d)scharge to exposed metalwork as specified in IEC 801.2 at severity level
3. If the d suffers temporary loss of function or performance as a result of this test it shall
recover from agy\such loss without operator intervention within 3 seconds after the end of the
test;

iiy high frequency disturbance tests as specified in IEC 255-4 Appendix E, Test voltage class Il
(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 as a result of this test it shall re-
cover from any such loss without operator intervention within 3 seconds after the end of the test.

12.4.4 Received bit cell jitter

The receive circuit shall accept a. Manchester encoded signal transmitted in accordance with 12.1
and 12.3. In addition, the receiver shall accept signals with the time variation between any two adja-
cent signal transition points (zero crossing) of no greater than £ 0,10 nominal bit time. See figure 20.

NOTES
1 This does not praciude the usa of raceivers which perform bettar than this specification.

2 Dapending on the symbol pattern, the nominal time between zefro crossings may be one-half or one bit time.
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—0,5 bit time —3|

Ampiitude e Neguihe: jter Imit, 1 es
_______ s Mid-point
t—NMidcall T
r-punm Jitter Hmit
vpg
Signalling Blas
Vsg=— .—-Q.——--..-
Pow'or bint
Blas
c\‘l’ l
Figure 20 — R

12.5 Jabber inhibit

5 .
The MAU shall contain a seﬁ-intempt%@o inhibit transmitted signals from reaching the me-
no €ex

dium. Hardware within the MAU (with lfnessage other than the detection of output signals
or leakage via the transmit jon) shall provide a window of between 5 ms and 15 ms during which
time a normal frame may b itted. If the frame length exceeds this duration, the jabber inhibit
function shall inhibit_further duiput signals from reaching the medium and shall disable echo on the
RxS line (see 10.2:2) tc'indi e{abber detection to the MDS.

-
The MAU sha XQQ\?Q}-IHEWF)( function after a period of 500 ms £ 50%.
<

NOTE — This inhibits traffic for no more than 3% (= 1/32) of the available time.
"\

12.6 Power distribution
NOTES
1 Adavice can optionally receive powar via the signal conductors nr be separately powered.
2 A separalely powered davice can be connacted to a powered Field Bus.

2 For ease of refarence, the requirements of 12.6 are summarized in tables 16 and 17.

Table 16 — Network powered device characteristics for the 1,0 Mbit/s voltage-mode MAU

Network powered device characteristics Limits for 1,0 Mbit/s voltage mode
Operating voitage 9,0t0 320V de.

Minimum withstand voitage, either polarity, for no damage 5V

Maximum rate of change of quiascent current (non-transmitting) 0,05 mA/us
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Table 17 — Network power supply requirements for the 1,0 Mbit/s voitage-mode MAU

Network power supply requirsments Umits l'o; 1,0 Mbit/s voltage mode
Output voitage € 3RVde.
Qutput ripple and noise See figure 21
Cutput impedance, measured over the frequency range 0,25, 10 1,25 (, z28k2 AN
12.6.1 Supply voitage ' é
A‘ l-;teld Bus. élevic; which includes a 1,0 Mbit/s voltage-mode stiall be : able of opetating

within a voltage range of 9 V to 32 V d.c. between the two.gond g including ripple. The device

shall withstand a minimum voltage of = 35 V d.c. without

“shall conform to the requirements
ply with the following specifications:

c maximum including ripple;

uit transmitter output voitage should be less than the limit
tation.

NOTE 1t — The volitage of the power supply
spacifled by the iocal regulatory agency for the

b) The output impedan e power s bly shall be =8 k2 over the frequency range 0,25 f, to
1,25 f, (250 kHz to 1,25 :

./\‘:}

¢) The breakdk nts of the isolation of the signal circuit and the power distribution cir-
cuit from @ig each other shall be in accordance with IEC 65A (Central Office) 22,
Table 17,

NOTE 2 — Fora dw whn:h is pawared from a supply with rated voltage = 50 V d.c. or r.m.3., the equivalent test voitages
at sea level are 444’V r.m. s., 635 V d.c. and 635 V paeak impulse test. For a davice which is powered from a supply with
rated voltage between 150 and 300 V r.m.s., the equivalent test voitages at sea level are 2260 V r.m.s., 3 175 V d.c. and
3 175 V peak impuise test

12.6.2 Powered via signal conductors
A Field Bus device which includes a 1,0 Mbit/s voltage-mode MAU and is powered via the signal
conductors shall be required to conform to the requirements of this part of this International Standard
when operating with maximum levels of power supply ripple and noise as follows:

a) 30 mV peak to peak over the frequency range 0,25 fr to 1,25 fr (250 kHz to 1,25 MHz);

b) 2V peak to peak over the frequency range 47 Hz to 63 Hz;

¢) 300 mV peak to peak at frequencies greater than 12,5 f;, up to a maximum of 25 MHz;

d) levels at intermediate frequencies generally in accordance with figure 21.
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S
re 21 — Power supply ripple and noise

A Field Bus device which i
conductors shall have™a

tion of 0,05 m&J\\. */;\

NOTE — Thin\q sn{nt-lid'lih the effact of power transients on the signals.

s\a{\j ,0 Mbit/s voltage-mode MAU and is powered via the signal
jum rale of change of quiescent current in the non-transmitting condi-

12.6.3 Powaered sdparately from signal conductors

NOTE — Power distribution to non-bus powered Field Bus devices is by separate conductors feeding local power supplies or
requiators. These conductors can be in a separate cable or in the same cable as the signal conductors.

A separately powered Field Bus device which includes a 1,0 Mbit/s voltage-mode MAU shall draw no
more than 100 pA direct current from the signal conductors, nor shall it supply more than 100 pA di-
rect current to the signal conductors when not transmitting.

12.6.4 Electrical Isolation

All Field Bus devices which use wire medium, whether separately powered or powered via the signal
conductors, shall provide low frequency isolation between ground and the Field Bus trunk cable.

NOTE 1 — This may be by isolation of the entire device from ground or by use of a transformer, opto-coupler of some other
isolating component baetwaeen trunk cable and device.

A combined power supply and communication element shall not require electrical isolation.

The isolation impedance measured between the shield of the Field Bus cable and the Field Bus de-
vice ground shall be greater than 250 k@ at all frequencies below 63 Hz.

The isolation shall be by-passed at high frequencies by capacitance, such that the impedance meas-
ured between the shield of the Field Bus cable and the Field Bus device ground shall be less than 15
Q between 3-30 MHz.
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NOTE 2 — The capacitance between ground and trunk cable shieid necessary to meet both thase requirements can be any
value between 3,5 nF and 10,6 nF.

The maximum unbalanced capacitance to ground from either input terminal of a device shall not ex-
ceed 250 pF.

The breakdown requirements of the isolation of the -signal circuit and the power distribution circuit
from ground and from each other shall be in accordance with IEC 65A (Central Office) 22, Table 17.

NOTE 3 — For a device which is powered from a supply with rated voitage < 50 V d.c. or
at sea level are 444 V r.m.a., 635 V d.c. and 635 V peak impuise test. For a dav
____rated voitage between 150 and 300 V r.m.s., the equivalent test voitages at sea a7
3 175 V peak impuise test.

., the equivalent test voltages
ered from a supply with
rm.s., 3 175 V d.¢c. and

12.7 Medium spacification
12.7.1 Connector

Cable connectors, if used, shall be to the IEC¢Figld Bus—gta
techniques such as screw or blade terminals an \an \

rd (see annex B). Field termination
ination may also be used.

12.7.2 Cable “

The cable used for testing Field Bus d&}w‘ 1,0 Mbit/s voltage-mode MAU for conformance to
the requirements of this f this Interndtional Standard shall be a single twisted pair cable with
overall shield meeting the minimum requirements at 25°C:

d) maximum attenuation at 1,25 fr (1,25 MHz) = 13 dB/km;
e) maximum capacitive unbalance to shield = 1,5 nF/km
f) maximum d.c. resistance (per conductor) = 57,1 km;

g) conductor cross sectional area (wire size) = nominal 0,33 mm?2 (#22 AWG);
h) minimum resistance between either conductor and shield E 16 GQ km;

i) minimum shield coverage shall be 95%.

NOTE — Other typas of cable may be used, other than for conformance tasting. Cablas with improved specifications may
enable increased trunk length and/or suparior intarference immunity, Conversely, cables with inlerior specifications may be

used subject to length limitations for both trunk and spurs plus’possible non-conformance to the RFI/EMI susceptibility re-
quirements ’

12.7.3 Coupler
The coupler shall provide one or several point(s) of connection ‘o the trunk. It may be integrated in a

Field Bus device, in which case there is no spur. Otherwise it has at least three access points as
shown in figure 22; one for the spur and one for each side of the trunk.
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Trunk Trunk

Spur

Figure 22 — Field Bus

TS

s
A passive coupler may contain any or all of the /Eora m ni@ as described below:

a) a transformer, to provide galvani

/" ’
'; i H\irrh'dar'lce transformation between trunk and
spur; '

\nm <$pur and/or trunk;

b) connectors, to provide easy conn

¢) protection resistors, n in figure 23, to protect bus traffic between other stations from
the effects of a sherhgirc\i\ spURx separately powered device spurs.

NS A
\\\:ﬂw

b

Optional
protection resistors

Spur

Figure 23 — Protection resistors

Active couplers, which require external power supplies, contain components for signal ampilification

and re-transmission. The transmit level and timing requirements shall be according to 12.3.

12.7.4 Splices

NOTE — A splice is any part of the network in which the characteristic impedance of the network cable is not praserved.
This is possibly due to separation of the cable conductors, removal of the cabie shigeld, change of wire gauge or type, con-
nection 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.

The continuity of all conductors of the cable shall be maintained in a splice.

12.7.5 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.
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For test purposes, using the cable specified in 12.7.2, the terminator shall have an impedance value
of 150 Q £ 2% over the frequency range 0,25 fr to 1,25 fr (250 kHz to 1,25 MHz).

NOTE — In practical implementations this value would be selected to be approximately equal to the average cable
characteristic impedance value at the relavant frequencies to minimize ransmission line reflections.

The direct current leakage through the terminator shall not exceed 100 pA. The terminator shall be
non-polarized. ‘

12.7.6 Shielding rules

ensure the .integ-

rity of shielding throughout the cabling, connectors and couplers ans:

a) the coverage of the cable shield shall be greater th of ull cable length; )

b) shielding shall completely cover the electric gt\ its ors, couplers, and splices.
NOTE — Deviation from thesa shielding rules may degr ige immsQity,

NOTE 1 — Grounding means permanently coqnacted toje through a sufficiently low impedance and with sufficient cur-

rent carrying capability to prevent voitage build iph oiight result in undue hazard %o connected equipment or persons.
Zaro volits (common) lines may he connected to nd where they are galvanically isolated from the Field Bus trunk.

12.7.7 Grounding rules o

Field Bus devices shall be %ﬂu Jo function to the requirements of this part of this International
Standard with the mid=point \p\cfe testninator or one inductive coupler connected directly to ground.

Field Bus d fb@&s\ﬁajm \nect either conductor of the twisted pair to ground at any point in the
network. S&a@x\:ﬁe applied and preserved differentially throughout the network.

NOTE2—lItis s d practice for the shield of the Field Bus trunk cable (It applicabie) to be effectively grounded at one
point along the Iangh\ of the cable. For this reason Field Bus davices should allow d.c. isolation of the cable shieid from
ground. For bus powered systems the grounding of the shield and balanced signal conductors would be close to the power
supply unit. Capacitive coupling between the shield or the balanced signal conductors and device local ground for EMI con-
trol is permitted.

13 dium Attachment Unit (MAU) : Current mode, wire medium

NOTES
1 mmunication network and to a power distribu-
tion network. Devices a m and may or may not be powered from it Power

is distributed as a constant 2, current. The communications signalg-dre superimposed on the a.c. powaer.

5 The devices are connected in sariegdn the bus whereas in voltage—moda variants the devices are in parallel.

13.1 Transmitted bit rate

The current-mode tram€mitted bit rate shall be 1,0 Mbit/s = 0,01%, ayeraged over a frame having a
minimum length of16 octets. The instantaneous bit time shall be 1,0 u3\& 0,025 ps.
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13.7.7 Grounding rules

NOTE 1 — Grounding means p areath connec!od to oanh heoligh a sufficiently low impedance and with sufficient cur-
rent carrying capability to ptwont voltage Boid up which miahf result in undue hazard to connected equipment of peisons.
Zero volts (common) lines may be connected to 3 d-whera they are galvanically isolated from the Fieid Bus trunk.

Field Bus devices shall not connegt e Her 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 — Itis standagafFactica for the shieid of the Field Bus trunk cable TMepplicable) Jareeffectively grounded at one
point along the lengtit of the cable. For this reason Field Bus davices should allow~dg” igdigtion of the cable shieid from
ground. For buspowaered systems the grounding of the shieid and balanced signal cadaitidyg o dboc!os.tolhopowor

- supply it For LS. systems the grounding would be at the safety.basrier sarth cgafigefion...Cafl acouplhgbomtun the
s 5¢ the balanced signal conductors and device local ground lor EMlcon Wsubg 1.S. requirements.

14 Medium Attachment Unit (MAU) : 2,5 Mbit/s, volt i} \l medium

NOTES / (’\/
1 The 2,5 Mbit/s voltage-mode MAU rcqulramants are \pzﬂxv to facilitate the options of power distribution

M bus powered, power is distributed as direct voitage
and current, and communications signais are.updrim d.c. power.

. Independent of topology, all attached devices, other than
possibly the transmitting dovuco. are high im e¢ent significant network loading. Trapezoidal waveforms are used

141 Transmitted bRt '\ '
The transmiﬂ%zit i'at'q;s%ll be 2;5 Mbit/s = 0,01%, averaged over a frame having a minimum length
of 16 octets. \@antaneous bit time shall be 0,4 ys £ 0,010 ps.

14.2 Network s;‘:\eclﬂcatlons
NOTE — A 2,5 Mbi/s voltage-mode MAU operates in a network compasad of the foilowing components:
a) Cable;
b) Terminators;
¢) Couplers;
d) Devices (containing at least one communication element).
A wire network in 2,5 Mbit/s voltage mode may additionally includa the following components:
e) Connectors;
f) Power supplies;

g) Oavices which include power supplies.

14.2.1 Topologies

A wire MAU shall operate in a network with a linear bus topology, consisting of a trunk, terminated at
each end as specified in 14.7.5, to which communication elements are connected via couplers.
Each communication element shall be connected in parallel with the trunk cable.

NOTES

1 The coupler and communication element are generally integrated in one device.
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2 Active repeaters may be used to establish branches or to extend the length of the trunk beyond that of a single segment
as parmitted by the network configuration rules. Branches must be considered as segments.

14.2.2 Network conflguration rules
A 2.5 Mbit/s voitage-mode MAU shall be required to conform to the requirements of this part of this
International Standard when used in a network which complies with these rules.

Rule 1: One Field Bus shall be capable of communication between two and evices, all operating
at the same bit rate. ‘ 2

. __NOTE 1 — Rule.1 does not preciude the use ot more than the specified number of déyices In led system.

segment shall have a total cable length, including bran
500 m.

use of longer lengths in an installed system.

Rule 3: The total number of waveform s radi
two devices shall not exceed four. \ \:
eh\

NOTE 2 — 500 m maximum cabile langth is the requiremgat ‘ﬁ tl}s/standard but this does not preciude the

Rule 4: The maximum propagation d e€¢n any two devices shall not exceed 40 nominal bit
times.

NOTE 3 — For effici of % part of the turnaround time of any device on the network caused by a PhE be-

tween the end of 2 réce fr Mginning of the transmitted frame containing an associated immediate response

should not ex 5 ld;nu:'ns @ than 2 bit times of which shouid be due to the MAU. As it is not mandatory to expose
or the

the DLL=-Ph or AU interface, that part of the turn-around time of a Fieki Bus device caused by the PhL
or the MAU bisp.e_cl_rf_lndofconformanco tested.
\ .
Rule 5: The Field shall be capable of continued operation while a device is being connected or

disconnected. Data errors induced during connection or disconnection shall be detected.

Rule 6: For a 2,5 Mbit/s wire Field Bus which is not powered via the signal conductors, a single fail-
ure in any one communication element (including a short circuit but excluding jabber) shall not inter-
fere with transactions between other communication elements for more than 1 ms.

Rule 7: In polarity sensitive systems the medium twisted pairs shall have distinctly marked conduc-
tors which uniquely identify individual conductors. The polarization shall be maintained at all connec-
tion points.

Rule 8: The degradation of the electrical characteristics of the signal, between any. two devices, due
to attenuation, attenuation distortion and.mismatching shall be limited to the values indicated below.

a) Signal attenuation: The configuration of the bus (trunk length, number of devices, and possi-
ble matching devices) shall be such that the attenuation between any two devices at the fre-
quency corresponding to the bit rate shall not exceed 18 dB;

b) Attenuation distortion: The configuration of the bus (trunk length and number of devices)
shall be such that between any two devices:

[Attenuation (1,25 fr) - Attenuation (0,25 f;)] < 10dB

Attenuation (1,25 f;) = Attenuation (0,25 fy)



ISA/SPS0-1992-236P ¢ =75-

where f; is the frequency corresponding to the bit rate. Attenuation shall be monotonic for all fre-
quencies from 0,25 fr to 1,25 fr (625 kHz to 3,125 MHz);

¢) Mismatching Distortion: Mismatching (due to any effect) on the bus shall be such that, at any
point along the trunk, in the frequency band 0,25 fr to 1,25 fr (625 kHz to 3,125 MHz):

Z-Zg)/(Z+2Z) s 0.2

where Z,, is the characteristic impedance of the trunk cable and Z '%J()arailal combination of
Z, and the load impedance at the coupler. T4

NOTE 4 — Rule 8 minimizes restrictions on trunk length, number of devices
tions impased by combinations of thase factors. Different combinations may be
tion.

s;‘;arsIMng \the transmiasion limita-
\d,&;,pmdng on'the needs of the applica-

%u a short length of the trunk.
N~ . -
if the distancs between two consecutive couplars is less fivén pr tion delay between them is smaller than 10 ns

(178 of the maximum rise or fall imes spacified for the s{t’ concentration appears as a single mismatched
3 _,/\ ;

tive couplers is less than 2 m is defined as a cluster.

NOTE S — The main cause of a large mismatch is the concentration o

”

In order to comply with the Rule 8¢ using davi '
is recommended that a cluster wouid not include Mors 4harf four couplers.

significantly higher than the minimum value would allow clusters with more couplers.

Using devices with an input
Using non-zero longih/ggs ¢ c&astﬂu to have fewer than four couplers.

— m%: multiport s
-~
— Inserting h}ng devices (passive attenuators) each side of the cluster, under the condition that the Rule 8b is satis-
fled. .

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;
¢) repeaters shall also be redundant;
d) if the system is configured (by Station Management) to transmit on more than one channel
simultaneously then the propagation time difference between any two devices on any two chan-

nels shall not exceed five bit times;

e) channel numbers shall be maintained throughout the Field Bus, i.e. channels 1,2,3... from
Station Management shall always connect to physical channels 1,2,3...

14.2.3 Power distribution rules for network conﬁgﬁration
The cable shield shall not be used as a power conductor.

14.3 Transmit circuit specification for 2,5 Mbit/s voltage-mode MAU

NOTE — For ease of referencs, the requirements of 14.3 are summarized in tables 22 and 23.
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Table 22 — Transmit lavel specification summary for 2,5 Mbit/s voltage-mode MAU

Transmit level characteristics, values referred to trunk Umlu‘tor 2,5 Mbit/s voltage mode
(but measured using test load as shown in figure 30)
Output level (peak-to-peak, see figure 31) 55Vio90V
With test load (non-standard for this test) 00 1%
Maximum positive and negative amplitude differance (signaling blas) as shown 20,35V
in figure 32 <
Output Lavel; open circuit, (peak-to-peak) % ;éo/v\\
~ —
Maximum output signal distortion; |.e., overvoitage, ringing and droop ) < i}o%\
(Sea figura 31) i

Quiescent ransmitter output; i.e. transmitter noise \v Q@!V (r.m.s.)

(measured over the fraquency band 1 kHz to 10 MHZ) o

Table 23 — Transmit timing spociﬂcatlé\&kllan)‘!\\g 5 Mbit/s voltage-mode MAU
Transmit timing characteristics, values r to \\\/ Limits for 2,5 Mbllls voltage mode
(unmouurodusingtosuoadushownin«bq )

I’ o/
Transmitted bit rate A \\ - 2,5 Mbits £0.01%
Instantaneous bit ime \K__ 04us £0,010us
Rhou\dhﬂﬁms(tmm lgk-pkm see figure 31) < 0,2 nominal bit ime
su.wm.(a@qsw_\momﬁkmapk.pksw) $250V/ps
-
Maximum UA' bit cell jitter £ 0,020 nominal bit time

(Zero-crossing point cuviation, see figure 32)

Transmit enable/disable imae (I.e. ime during which the output waveform may < 2,0 nominal bit times
not meet the ransmit requirements)

14.3.1 Test Configuration

Figure 30 shows the configuration which shall be used for testing.

C= \f I l
R a g
Field Bus Device .
Power Supply P -*Vm L Ug:’ T| Vd
Vi Ground
Cx ¥ I

T* Terminator removed as
required for testing

Figure 30 — Transmit circuit test configuration
Differential signal voltage: Vg=Va-Vp

Test load resistance R = 75 @2 (0,5 cable Z,) and C = 0,15 uF except where otherwise stated in a
specific requirement.
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14.3.2 Output level requirements

NOTE — Figure 31 shows an example of the a.c. component of one cycle of a Field Bus wavelorm, ilustrating some key
items from the transmit circuit specification. Only signal voltages are shown; this dlagram takes no account of power supply
voltages.

1 bit time g
i _* Droop +
mid-point  Overshoot

i - r,w\-
AT
1} tpit waveform
N

‘shall conform to the following output level require-
ured at the estimated mid-point between any peaks or troughs in

A 2.5 Mbit/s voltage-mode MAU transmit
ments, all amplitudes bein

the t nd bott f th “mid-point” in figure 31):
e top a om?‘§ \gn point” in figur )

the test load after transformer step up/down (if applicable) shall be
-to-peak for all load resistances from 50 Q £ 1% to 75 Q £ 1% (“min

a) the output y ilt_a_
between S\N d 9,0Y
o/p”in ﬁgure\ o

b) the output valtage at the trunk, or at the transmit terminals, with any load including an open
circuit shall not exceed 30,0 V peak-to-peak (“max o/c at trunk™ in figure 31). For test purposes
open circuit shall be defined as a load of 100 k{2 resistance in parallel with 15 pF capacitance;

¢) during transmission a device shall not suffer permanent failure when a load resistance of
< 1 Qs applied for 1 second;

d) the difference between positive amplitude and negative amplitude, measured as shown in fig-
ure 32, shall not exceed = 0,35 V peak;

e) the output noise from a 2,5 Mbit/s voitage-mode MAU which is receiving or not powered shall

not exceed 10 mV r.m.s., measured differentially over the frequency band 1 kHz to 10 MHz, re-
ferred to the trunk;

f) the differential voltage across the test load shall be such that the voltage monotonically
changes between 10% and 90% of peak-to-peak value. Thereafter, the signal voltage shall not
vary more than + 10% of peak-to-peak value until next transition occurs. This permitted variation
shall include all forms of output signal distortion, i.e. overvoltage, ringing and droop.

14.3.3 Output timing requirements

A 2,5 Mbit/s voltage-mode MAU transmit circuit shall conform to the following output timing require-
ments:
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a) rise and fall times, measured from 10% to 90% of the peak-to-peak signal amplitude shall not
exceed 0,2 nominal bit time (see figure 31);

b) slew rate shall not exceed 250 V/us measured at any point in the range 10% to 90% of the
peak-to-peak signal amplitude (see figure 31);

NOTE — Requirements a) and b) produce a trapezoidal waveform at the transmit circuit output: Requirement b) limits the
level of interference emissiona which may be coupied to adjacent circults ete. Requirement b) is calculated from the formula:

Max. siew rate =« 3 x Min. slow rate = 3xo.av°/o,2‘r - 12xV°/T

4% :
hme’,fk:m the\[deal zero crossing
ke 32);

c) transmitted bit cell jitter shall not exceed + 0,020 nominal

0,5 bit time bit
7/
Ampilitude - AN e S e
------ L o
n I, NP e B T" Mid-paint
7 I
. . . vp
Waveform early ositive jitter (imit
Veg but within limits : l«_h —
N Signalling Bias =
Vsg— - — _.._....\. _i-lg_l_lng_-_ ..T_
. VN
~ b
_______________ Mid-point

ANE

N Not to scale
c._\\

Figure 32 — Transmitted 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 maxi-
mum output noise level as specified in 14.3.2 (e) to full output level, in less than 2 nominal bit

times. The waveform corresponding to the third and later bit times shall be as specified by other
parts of 14.3;

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 14.3.2 (e), in less than 2 nominal bit
times. The time for the transmit circuit to return to its off state impedance shall not exceed 4
nominal bit times. For the purposes of testing, this requirement shall be met with the transmit cir-

cuit test configuration of 14.3.1 with the equivalent capacitance of a maximum length cable across
the DUT terminals.

NOTE — This requirement is to ensure that the transition of the ransmit circuit from active to passive leaves the line capaci-
tance fully discharged.

14.4 Receive circuit specification for 2,5 Mbit/s voltage-mode MAU

NOTE — For easae of referenca, the requirements of 14.4 ara summarized in table 24.
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Table 24 — Recaive circuit specification summary for 2,5 Mbit/s voltage-mode MAU

Recaelve circuit characteristics WUmits for 2,5 Mbivs voltage maode
(values referred to trunk) -
Inptnknpodanco.mufod'ovormafmquoncvranqoo,zsr,bnzs& = 8k0

Senaitivity; min, pi-pk signal required to be accepted (see figure 33)

Noise rejection; max. pk-pk hoise required to be rejactad (see figure 33)

Madnumrmhodbitcoliiﬂn(z«o—cro«ingpohtdwiaﬁon.mﬂgnu)

14.4.1 Input impedance

The differential input impedance of a 2,5 Mbit/s voltage-
than 8 k0 over the frequency range 0,25 frt0 1,25 § 5k
be met in the power-off and power-on (not trafisfiing) tates and in transition between these
states. This impedance shall be measured a tﬁ@ng tion element terminals using a sine
wave with a signal amplitude greater t

peak-to-peak. i
NOTE — The requirement for = 8 k@ inputim Q g power-up and power-down may be met by automatic disabling
of the transmitter during these periods. N

14.4.2 Recaiver sensitiyi noise rejection

N 7 US>
A 2,5 Mbit/s voltage-rirode fecaive circuit shall be capable of accepting an input signal of ampli-
tude no less \‘ r;é ak-to-peak, including overvoltage and oscillation (see “signal level” in
figure 33 tog ith “pasitive amplitude” and “negative amplitude” in figure 31).
<

A 2,5 Mbit/s voltagdmode MAU receive circuit shall not respond to an input signal with a peak-to-
peak amplitude which does not exceed 280 mV (see “noise rejection” in figure 33).

SIGNAL + signal

lavel (min.)

+ noise
rejection (min.)
0V — — =— NOSE — — —
- noise
rejection (min.)

- signal
- SIGNAL lavel (min.)

Figure 33 — Receiver sensitivity and noise rejection
14.4.3 Interference susceptibility and error rates

NOTE 1 — When the Field Bus is operating in a variety of standard noise environments the probability that an Application
Layer User Data Unit contains an undatected error, due lo operation of tha conveying Physical and Data Link Layer entities.
should be lass than 1 in 1012 (1 error in 20 years at 1 600 messagesis). A communication element is regarded as conform-
ing to this theoretical raquirament whaen it meets the following interfarence susceplibility requirements. These are specified
by a detected frame error rata which is darived by using a ratio of detected lo undatected errors of 106, This tollows the
|EEE 802 Functional Requirements Document Draft 5.9, sections 5.6.1 and 5.6.2 and should be readily achievable with a 16
bit Frame Check Sequence at the Data Link Layer.
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A communication element which includes a 2,5 Mbit/s voltage-mode MAU, operating with frames
containing 64 random user data bits, with maximum frame rate and wrth signals of 1,4 V pk-pk ampll-
tude, shall produce no more than 3 detected frame errors in 3 x 108 frames during operation in-the
presence of common mode voitage or Gaussian noise as follows:

a) a common mode sinusoidal signal of any frequency from 63 Hz to 5 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;

- o) white Gaussian-additive-differential noise-in-the frequency-
density of 20 yVA/Hz r.m.s.

NOTE 2 — The common mode voltage and Gaussian ncise speci
balanced loads and are not indicative of system installation practice.

fmdde MAU, operating with frames
vféasages per second, with signals of
frame errors in 100 000 frames during
| ln erference environments as follows:

containing 64 random user data bits, at an av
1,4 V pk-pk amplitude, shall produce no mg

The above error rate-spacif:
noise erwlronments

jon shaMl also be satisfied after but not during operation in the following
\

i}y 8kV e \é\c taua d}scharge to exposed metalwork as specified in IEC 801.2 at severity level
3. ltthed duffers temporary loss of function or performance as a result of this test it shall

recover from any\such loss without operator intervention within 3 seconds after the end of the
test;

ii) high frequency disturbance tests as specified in IEC 255-4 Appendix E, Test voltage class |1l
(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 as a result of this test it shall re-
cover from any such loss without operator intervention within 3 seconds after the end of the test.

14.4.4 Received bit call jitter

The receive circuit shall accept a Manchester encoded signal transmitted in accordance with 14.1
and 1?.3. In addition, the receiver shall accept signals with the time variation between any two adja-
cent signal transition points (zero crossing) of no greater than = 0,10 nominal bit time. See figure 34.

NOTES
1 This does not preciude the usa of receivers which perform better than this specification.

2 Depending on the symbol pattern, the nominal ime between zero crogsings may be one-half or cna bit time.
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0.5 bit time ——3<¢——0,5 bit time ——3>|
¢ Negative fitter lmit

Amplitude

Wavo'lonn aarly

Posmvo jitter fimit
v but within limits
it i Signailing Blas
V= of = = = == = = = = . e
Power | N int
Bias
. l Not to scale
oV

1 - ﬂQ\a

14.5 Jabber inhibit 14—\
The MAU shall contain a self-interrupt ¢ @ inhibit transmitted signals from reaching the me-
dium. Hardware within the MAU (with no almessage other than the detection of output signals

or leakage via the transmit tion) shall pravide a window of between 2 ms and 6 ms during which
time a normal frame may b 'ted If the frame length exceeds this duration, the jabber inhibit
function shall mhume‘hher Is from reaching the medium and shall disable echo-on the
AxS line (see 10.2. 2) to i tﬂ]abber detéction to the MDS.

The MAU sha\

NOTE — This inhibi

et the s;fqnterrupt function after a penod of 200 ms = 50%.

\
3 traffic for no more than 3% ( = 1/32) of the available time.

N

14.6 Power distribution

NOTES

1 A device can optionally receive powar via the signal conductors o1 he separately powered.
2 A separately powared device can be connected to a powered Field Bus.

3 For ease of reference, the requirements of 14.6 ar@ summarized in tables 25 and 26.

Table 256 — Network powered device characteristics for the 2,5 Mbit/s voltage-mode MAU

Network powered device characteristics Limits for 2,5 Mbit/s voitage mode
Operating voltage 9,0to 320Vd.e.

Minimum withstand voltage, either polarity, for no damage sV

Maximum rate of change of quiescant current (non-transmitting) 0,1 mA/ms
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Table 26 — Network power supply requirements for the 2,5 Mbit/s voltage-mode MAU

Network power supply requirements Limits for 2,5 Mbit/s voltage mode
Output voitage s 32Vde.
Qutput ripple and noise ; See figure 35
Output impedance, measured over the frequency range 0,25 I, to 1,25 f, z8ka N
14.6.1 Supply voitage ‘ é
A Field Bus device which includes a 2,5 Mbit/s voltage-mode al be ¢ ‘ able of operating

within a voltage range of 9 V to 32 V d.c. between the twa qondudtorg including ripple. The device
shall withstand a minimum voltage of + 35 V d.c. without d \

3vll conform to the requirements

A Field Bus device which includes a 2,5 Mbit/s vo g;
e ly with the following specifications:

of this part of this International Standard when

r
"’ - .
‘%%’.c. maximum including ripple;

clrcuit transmitter output voltage should be l@ss than the limit
mentation.

a) The output voltage of the power s

NOTE 1 — The voitage of the power supply to the
specifled by the local regulatory agency for the patidylar i

b) The output impedan
1,25 f, (625 kHz to 3,12
J‘,.-\.

power su| ;;ly shall be = 8 ko over the frequency range 0,25 f, to
N

Pl \,/
ants of the isolation of the signal circuit and the power distribution cir-
ach other shall be in accordance with IEC 65A (Central Office) 22,

c) The breakd v@? i
cuit from grdwnd. and PP,)S'n
Table 17.\ \“-—»"

NOTE 2 — For a dayite which is powarad from a supply with rated voltage < 50 V d.c. or r.m.s., the equivalent test voltages
at sea level are 444 V r.m.s., 635 V d.c. and 835 V peak Impulse test. For a device which is powared from a supply with
raled voltage between 150 and 300 V r.m.s., the equivalent test voltages at sea level are 22680 V r.m.s., 3 175 V d.¢. and
3 175 V peak impuise test.

14.6.2 Powered via signal conductors
A Field Bus device which includes a 2,5 Mbit's voltage-mode MAU and is powered via the signal
conductors shall be required to conform to the requirements of this part of this International Standard
when operating with maximum levels of power supply ripple and noise as follows:

a) 30 mV peak to peak over the frequency range 0,25 fr to 1,25 f; (625 kHz to 3,125 'MHz);

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 fr, up to a maximum of 50 MHz;

d) levels at intermediate frequencies generally in accordance with figure 35.
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A Field Bus device whigh i %a@y.s Mbit/'s voltage-mode MAU and is powered via the signal
conductors shall have 2 }Jx m rate of change of quiescent current in the non-transmitting condi-

tion of 0,1 mAA;QS\\ I’ Y

NOTE — This i Wﬂﬁl’ the effect of powaer transients on the signals.
14.6.3 Powered separately from signal conductors

NOTE — Powar distribution to non-bus powered Field Bus devices is by separate conductors feeding local power supplies or
regulators. These conductors can be in a separate cable or in the same cable as the signal conductors.

A separately powered Field Bus device which includes a 2,5 Mbit/s voltage-mode MAU shall draw no
more than 100 pA direct current from the signal conductors, nor shall it supply more than 100 pA di-
rect current to the signal conductors when not transmitting.

14.6.4 Electrical Isolation

All Field Bus devices which use wire medium, whether separately powered or powered via the signal
conductors, shall provide low frequency isolation between ground and the Field Bus trunk cable.

NOTE 1 — This may be by isolation of the entire device from ground or by use of a transformer, opto-coupler or soma other
isolating component between trunk cable and device.

A combined pov@er supply and communication element shall not require electrical isolation.

The isolation impedance measured between the shield of the Field Bus cable and the Field Bus de-
vice ground shall be greater than 250 k{2 at all frequencies below 63 Hz.

The isolation shall be by-passed at high frequencies by capacitance, such that the impedance meas-

ured between the shield of the Field Bus cable and the Field Bus device ground shall be less than
15 @ between 3-30 MHz.
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NOTE 2 — The capacitance betwean ground and runk cable shield necessary to meet both these requirements can be any
value between 3,5 nF and 10,6 nfF.

The maximum unbalanced capacitance to ground from either input terminal of a device shall not ex-
ceed 250 pF.

The breakdown requirements of the isolation of the signal circuit and the power distribution circuit
from ground and from each other shall be in accordance with IEC 65A (Central Office) 22, Table 17.

NOTE 3 — For a device which Is powered from a supply with rated voltage < 50 V d.c
ages at sea level are 444 V r.m.s., 835 V d.c. and 835 V peak impulse tast. For a
with rated voitage between 150 and 300 V r.m.s., the equivalent test voitages at
" and 3 175 V peak-impulse test.

7m.s., the equivalent tast voit-
is powered from a supply
60 V r.m.s., 3175V d.c.

14.7 Medium specification

14.7.1 Connector b
AN

Cable connectors, if used, shall be to the |E F/ld‘a.: ta cgrd (see annex B). Field termination

techniques such as screw or blade terminalg an ne\ \

ination may also be used.
14.7.2 Cable &

The cable used for testing Field Bus devi
the requirements of this p
shield meeting the followin

: a 2,5 Mbit/s voltage-mode MAU for conformance to
f this InternaNpnal Standard be a single twisted pair cable with overall
i m requirements at 25°C:

a) Z,at 0,25 f; (625 kH
(s

b) Z,at {3,125
\ =

¢) maximum atfwnuation at 0,25 fr (625 kHz) = 10 dB/km;
A

P
é\rso\ﬁx 10%:

) =150 @ + 10%;

d) maximum attenuation at 1,25 f (3,125 MHz) = 20 dB/km;

e) maximum capacitive unbalance to shield = 1,5 nF/km

f) maximum d.c. resistance (per conductor) = 57,1 /km;

g) conductor cross sectional area (wire size) = nominal 0,33 mm2 (#22 AWG);
h) minimum resistance between either conductor and shield = 16 GQ km:

i) minimum shield coverage shall be 95%.

NOTE — Other types of cable may be used, other than for conformancae testing. Cables with improved specifications may
enable increased trunk length and/or suparior interference immunity. Conversely, cables with infarior specifications may be
usaed subject to trunk length limitations plus possible non-conformancs to the RFVEMI suscaeptibility requirements

14.7.3 Coupler

The coupler, as shown in figure 36, shall provide one or several point(s) of connection to the trunk. It
is generally integrated in a Field Bus device . .
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Trunk Coupler Trunk

Davice

A passive coupler may contain any or all of the optional elements

a) a transformer, to provide galvanic isolation and imp
device;

b) connectors, to provide easy connection t

s
Active couplers, which require external 'éq'ﬁ’g}lréin components for signal amplification

ments shall be according to 14.3.
14.7.4 Splices

twork in which the characteristic impedance of the natwork cable Is not preserved.
la conductors, removal of the cable shield, change of wire gauge or type, attach-
i dqfr;ﬁan of a splice is therefore any part of the network that Is not a continuous

AN
The continuity Nh’conduc}: 'of the cable shall be maintained in a splice.
. \\—‘

14.7.5 Terminato\\

NOTE — A splice is any part of
This is possibly due to separati
ment to terminal strips-etoN A
length of the spacified méium.

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 14.7.2, the terminator shall have an impedance value
of 150 Q + 2% over the frequency range 0,25 fr to 1,25 fr (625 kHz to 3,125 MHz).

NOTE — In practical implementations this value would be selected to be approximately aqual to the average cable charac-
teristic impadance value at the relevant frequencias to minimize transmission line reflections.

The direct current leakage through the terminator shall not-exceed 100 pA. The terminator shall be
non-polarized.

14.7.6 Shielding rules

For full conformance to the noise immunity requirements of 14.4 it is necessary to ensure the integ-
rity 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 thesa shielding rules may degrade noise immunity
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14.7.7 Grounding rules

NOTE 1 — Grounding means permanently connected to earth through a sufficiently low impedance and with sufficient cur-
rent carrying capability to prevent voitage build up which might resuit in undue hazard to conngcted equipmaent or persens.
Zasro voits (common) linas may be connected to ground where they are galvanically isclated from the Field Bus trunk.

Field Bus devices shall be required to function to the requirements of this part of this International
Standard with the mid-point of one terminator or one inductive coupler connected directly to ground.

Field Bus devices shall not connect either conductor of the twisted pair to-grgund at any point in the

network. Signals shall be applied and preserved differentially through

NOTE 2 — itis standard practice for the shieid of the Fieid Bus trunk cable (i
point along the length of the cable. For this reason Field Bus devices
ground. For bus powered systems the grounding of the shield and od sk
supply unit Capacitive coupiing between the shield or the balanced s
trol is permitted.

AN
) (
15 Medium Dependent Sublayer (MDS) : bg;n:,\ 2

Under consideration -’//‘\\ \
: Optical

Under consideration ;
i B L

'6;;:-. isolationof the cable shield from
tors would be close to the power
davice local ground for EMI con-

\
) Unit (MAU) : Optical

~

(. )
17 Medlum{téchménb
Under consideratio

LY

18 Medium Dependent Sublayer (MDS) : Radio

Under consideration

19 MDS - MAU Interface : Radio

Under consideration

20 Medium Attachment Unit (MAU) : Radio

Under consideration
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Annex A (Informative)
Bibllography and References
1. ISO /TR 8509, Open Systeins Interconnection: service conventions (19886)

2. ISO/IEC/DIS 8886, Information Processing Systems - Data communicatign - Data link service
definition for Open Systems Interconnection (1988)

3. IEEE Std 100-1984, Standard Dictionary of Electrical and Eléctropi

4. |EC Multilingual Dictionary : ‘/j’:}

5. CENELEC EN 50 020 1977, Intrinsically safe elntﬁcal@\\
(/\/

N>
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Annex B (Normative)
|EC Field Bus connector specification
B.1 Internal connector for wire medium

protection against the electromagnetic and physical environment shal ecified as an internal

A Field Bus connector which is inside the enclosure of the Field Bus device ang therefore requires no
lb
connector. An internal connector shall meet the following functional r arpeqts:

a) Distirictly marked to avoid conductors being interchanged; A

b) Positive locking with a minimum of S0 Newtons extr -ked.

c) Field installation with hand tools shall be possibte;

d) The fixed (device) side shall be 4,8 mm gbs with hole as shown in figure B.1,
table B.1, and specified in IEC 760 (/1 0

e) Each conductor of the cable shl ' ifated with a locking female connector with an insu-

lating sleeve or housing;

hole.

A
1 L
Male Tab

Figure B.1— Internal Field Bus connector
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Table B.1 — Internal connector dimensions

4,8 mm (0,187 Inch) Male tab
millimetras inches
8 8,5 6.2 0,258 0,244
t C 0,84 - 0,72 0,033 0,030
VT
2 49 47 0193  {ojes D
E 34 3,0 0.1\ }\17\
>
oF 1,5 13 oo&vw

B.2 External connectors for wire medium

A Field Bus connector which is outside Hie-eTrs(0
protection against the electromagnetic phykical
connector.

P

the F'eld Bus device and therefore requires
ironment shall be specified as an external

Two external connectors ar ified in acco dance with the environment of the installation.

B.2.1 External cm*rriabtor HarglPindustrial environments
An external é&sr m \induslrial environments shall meet the following functional require-
ments:

a) polarized to}md conductors being interchanged, both mated and unmated
b) available with sealing to |IEC 529 (1989) : IP 65 when mated or with protective caps fitted;

c) the free (cable) side shall be available with a cable clamp which secures the cable but does
not subject the cable conductors to damaging stress;

d) the conductors shall be completely surrounded by a conductive shell which maintains the elec-
trical continuity of the shield;

e) the conductive shell of the free (cable) side shall be covered by insulating material;

f) the conductive shell of the fixed (device) side shall be insulated from its mounting surface;

q) the fixed (device) side shall provide a connection to the shield, other than the shell;

h) the contacts shall accommodate wire sizes of 0,20 mm? (#24 AWG) to 0,64 mm2 (#20 AWG);
i) provided with positive locking to prevent disconnection by cable strain;

i) provided with four pins (two signal pins and two power pins);

k) available with crimped conductors;
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) provided with male contacts on the fixed (device) side;
m) a cable connector with male pins shall be available for in-line connection;

n) dielectric strength from contacts to shell shall and from shell to ground be at least as high as
specified under isolation for the appropriate MAU;

o) contacts shall be assigned to functions as shown in table B.2 and ?.2;

Table B.2 — Contact assignments for the externat co
environments

::‘mt Function . /;\ \%
DATA + &E&: QM}« .
m\ﬁh?ﬂ}bwn -
\Q}!ewed)w \Ion/ot powar +
Rw tér option of power -

P %‘Fof vie;s (from connection laces)
e\ §
NS *

.~
\

2.

o |0 |®o |>»

D 8 8

c c

Fixed (device) side Fres (cable) side
Male contacts Female contacts
Female housing Male housing

Figure B.2 — Contact designations for the external connector for harsh industrial
environments
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B DIA 3 BAYONET PINS LOCATED WITHIN
0.2S DIA OF TRUE POSITION AT MMC,
105° : RELATIVE TO A DIA AT MMC, SURFACE E,

AND RELATIVE TO THE MASTER KEYWAY
WITHIN 0.25 EITHER OF TRUE
POSITION AT MMC.~ ¢

s

4 MINOR KEYWAYS LOCA
EITHER SIDE OF TRUE,POSITI
RELATIVE TO THE MA' T‘SQ’

K

MMC ANO D DIA h
)/u\ N
RECEPTACLE KE\&\\YS D BAYONET PINS

MASTER
POLARIZING
~ KEY

(L \
3 smnhg\ O0VES-EQUALLY SPACED ,
WITHIN 0.I3WIKH'S INTERNAL HOLES EQUALLY

SPACED WITHIN 9.25 AND EXTERNALLY BLINDED
BY INSULATION MATERIAL.

4 MINOR KEYS LOCATED WITHIN 0.09
EITHER SIOE OF TRUE POSITION AT
MMC IN RELATION TO THE MASTER
KEY AT MMC AND AA DIA AT MMC.

PLUG KEYS AND BAYONET GROQVES

(a) Oimenslons are In mm.
®) MMC: maximum material condition.

Figure B.3 — External Field Bus connector keyways, keys, and bayonet pins and grooves
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- 3,96 MAX
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PLE CONTACY

e

e | ——————3> T—>
0-BiNG
T )
— s 7
N I
HI-‘ - -

=1

Ly

PROTECTIVE [AP-j_

DETALA  SURFACEE
HASTER
KEYWAY SEEOETAR A (1]}
w -
LKWYS, 160 +0.18 -0.03, 10C WITHIN 0.09 AR e at K 0 L]
EITHER SIDE OF TP AT HHL IN RELATION TQ THE /\ WS PEE
HASTER XWY AT HHC AND D GI4 AT HMC L8005t (\ AREA I
r 3 (/1 r_l_
2.561%%%0ia 4 1505%%%%u® 3.0 b o1 TAIMING CLIP 5 LAX DIA
SRE| A 8 c 0 E F G [} J X X L M P u v w ww Yy
DiA PAMEL
+0JS | +0.00 +0.00 +0.00 +0.79 THK 40,25 | CLASS DiA DiA
DIA |-0.05|-0.04| DIA {+0.00| MIN | -0.82 40.25) -0.50| * 0.5 -0.00 REF -0.51 2A |(TP)| 0.08 |tO.15
+0.03| BAY | OVER | +0.13 |-0.25 | MTG | ACROSS| WAX |PACK| PN THK MAX MTG PIN  |MOUNT-|BAY| O-RING | O-RING
-0.42] PN | BAY |-0.02 | MTG | THD | FLANGE |INSERT| ING |INSERT| MTG [OVER-ALLIFLANGE ICONTACT] NG | PIN] CROSS | SEAL
0D | DIA | PINS D |[FLAT |LOC| COR DIA | LOC | LOC |FLANGE| LENGTH | LOC | M | MAX LOC | THREAD|LOC| SECTION| D
: N =~
10 |14.98| L9B | 17.27 | 12.44 |16.64 |9.75| 30.55 | 10.55 | 9.70| 9.40 | 2.97 39,30 | 17.55 |0S7 |da7| 3. [4.S2| 22.22 | 21.38 lﬁy ,\\,{i I/6-24 2.511 118 20.35
o1
i A"
{@) Dimanalons are in mm. /\: /
@) True posttion (TP} toleraonces. szel oo . F 66
tc) Typlcal materich shel - auminium aloy. GG — 025 | v0.25
+0.25 | +0.
bayonet pins ib dla) - stalnless, passivated. ’ +0.28 -0 | -o3
nut - glass filed thermoplastic. .?.;3':'& “3" Pa';gl l;_t'ﬂt
{d} Nute thread slzes 1716 - 24 UNEF - 28, FF: -TION |GASKET| HOLE | LOC
Slot dimenslion shat provide sufficlent clearance for mounting on applicable receptadis. PANEL HTG
Slots shall bs 120° apart. lll!f“tf 0 0.58 1.60 1n.n | %.89

26—

d9e2-2661—05dS/VSI
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o

MASTER KEY OR
KEYWAY OF SHELL

EN ING FACE OF
p SERT (SOCKET
&8 T OPPOSITE)

Shell Nunber of Size
\ size contacts contacts
10 4 16

(a) Dimenslons are In mm.

®) nsert arrangement s shown In the ‘normd position’ In the shel with the A cavity
In front of the master key or keyway of shell. Onty this ‘norma position® shal be used.

(c) Four keys or keyways (MMC) and Insert shatl be located within 0.09 elther side of (TP) reigtive
to master key or keywaqy (MMC) and shell 00 or 1D (MMC],

Figure B.5 — External Field Bus connector contact arrangement
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B.2.2 External connector for typical industrial environments
A connector for typical industrial environments shall meet the following functional requirements:
a) polarized to avoid conductors being interchanged, both mated and unmated;

b) completely surrounded by a conductive shell;

¢) provided with male contacts on the fixed (device) side, and with fem readed stand-offs for

screw type locking (4-40NC-28 thread);
.d) provided with female contacts on the free (cable) side,

A}'\mh,lqckin Sgrews (4-40NC-2A
thread); . s .

¥

fi \gserved pins)
~

r(B/.B and table B.3;

e) provid_ed with nine pins (two signal pins, two power pj

f) contacts shall be assigned to functions aa,ehaw? fi
N\~

g) connector dimensions (mating fac ‘T;E‘ow

B.5, and specified in IEC 807-3. .7~ \
Table B.3 — Contact assignrrb\\w axternal connector for typical industrial
[ .

in figures B.7 and B.8, tables B.4 and

Fo s
nvironments

I Con%\m\- Function
7 Doy ™~
L L ﬂ\ \ Reserved
\ \ SN
\\ a2 Reserved
A\ S
. 3 Reserved
b Y
4 Reserved
5 Reserved
8 Data+ with the option of power+
7 Data- with the option of power-
8 Reserved for option of power+
9 Reserved for option of power-
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Connector views (from connection faces)

6789 9876 .
Fixed (device) side Free (cable) side
Male contacts Female contacts
Female housing Male housing

Figure B.s.—- Contact designations for the external conn
environments

B
5
Z 75
RPN OYX S ZSA
e Mt
1 93.10‘“.
3

SO
N

Figure B.7 — Externa davice) side connector for typical industrial environments:
— 2O dimensions

\— Fixed (device) side connector dimensions

\ \\:'_ Fixed (device) side connector
N (male contacts, female housing)

milllmetres inches

max. min. max. min,
A 31.19 30.43 1.23 1.2¢
B8 17.04 16.79 0.67 0.86
C 25.12 24.87 0.99 0.98
o] 8.48 8.23 0.33 0.32
£ 1293 1217 0.51 0.48
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3.10

- . -Figure B.8.— External free.(cable).sida connector for typ
dimensions
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ndu%vlm nments:

Table B.S — Free (cable) side co% sions

Free (cable) side connecto
(femasle contacts, male QL

ﬂm\\\/»»«

&R

\‘" P
- " max min
F 311\9\\/{0«3 123 1.20
%j 1eas | 1821 | oss 0.64
TN 2 »s12 | 2487 | oge 0.98
8.03 7.77 0.32 0.31
/ 1299 | 1217 | ost 0.48

ANS
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