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This document is Part 2 of a set of eight which together provide a complete Field Bus standard. The 
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Part 1 : Introductory Guide 

Part 3: Data Link Service Definition 

Part 4: Data Link Protocol Specification 

Part 5: Application Service Definition 

Part 6: Application Protocol Specification 
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o 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 Intemational 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, add ~amble and delimiters, 
provides encoding and transmits the resulting physical signals to the ion medium at one 

. -nOde. Signals are then received-at "one-ormore-otherTlOdes;'oec nd'st --of 'r:>reamble and 
delimiters, before being passed to the Data Link Layer of the rec ~e. 

" ,/ 

istics for wire media are as follows: \ V. 
Currently this part ot this International Standard only spec~~e ·a. The common character-

a) dig~al data transmission; <w )'. 
b) self-clocking; /~ ~ 

c) half-duplex communication (b.id~~~1 in ~nly one direction at a time); 

d) Manchestercoding.~ ~ . 
The major Variatio~th~~re two modes of coupling and three signaling speeds as tel· 

IoW~; vOltag~ i~ CO~Pli09). 31.25 kbiVs; 

2) voltage ~~:~lIel coupling), 1,0 Mbitls; , 
3) current mode (serial coupling), 1,0 MbiVs; 

4) voltage mode (parallel coupling), 2,5 MbiVs. 

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 r~dio 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; 

ii) power via the bus conductors; not intrinsically safe; 

iii) no power via the bus conductors; intrinsically safe; 

iv) power via the bus conductors; intrinsically safe. 

A Field Bus communication element is considered to be implemented in two parts, the Data Terminal 
Equipment (DTE) and the Data Communication Equipment (DC E). The DTE includes only one part 
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of the Physical Layer, the DCE Independ~mt Sublayer (DIS). The DIS transfers Interface Data Units 
(octets) across a Data Unk layer - Physical Layer interface which is not exposed to the user. The 
DIS then passes the Interface Data as a serial stream of binaty 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 MOS adds preamble plus start delimiter before the data block. adds an end 
delimiter after the data block and encodes the data. In the reverse dir~tio decodes signals re­
ceived via the medium, removing preamble and delimiters and providin §al quality error check-
~ / 

, . ..- .,.". 

Serial encoded signals are passed across an interlace, whic y ~ional e exposed, to a 

dium. A general model of the Physical Layer is shown in fi ~ 

~
\\?/'"'v' 

AiL.., ( 
Oata Un ¥ " . " 

. •.. . . . •... • ~----~~--~~~~--------~ 
Station 

Mal1aQemenl 
- Ph Layer 

Interlac» 
~------~ .. .. ... - .~~~------~--~~~~~~~ 

2.5 Mbitls. 
Voltage 
Mode 

1 Mbit/s, 
Current 
Mode 

.. ~. 

1 Mbitls. 
Voltage 
Mode 

MOS - MAU Interface 

MAU 
MedIum Attachment Unit 

(31,25 kbit/s. Voltage Mode) 

MedIum Interface 

Wire- Medium 

Figure 1 -- General model 0' Physical Layer 
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1 Scope 

This part of this standard specifies the requirements for Field 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) iriteroperability between devices at the Physical Layer. ~ 
' . ... The 8eld.Bus..2hysicaL La~.conformsJoJay.ec .1.of the 0.51 7-lav. Odel . fined by..lSO 7498 

with the exception that frame delimiters are in the Physical Layer. \,;:> 
This part of this standard should be read in conjunction W~1' uctory Guide, Part 3, Data 
Unk Layer and Part 7, Field Bus Management. The conf e ' requirements will be con-
tained in Part 8 of this International Standard. ~w (V 
2 Nonnative references ~:\ " , 

The following standards contain prOVi~/ ~~, hr ugh reference in this text, constitute provisions 
of this part of this International Standard\.e.~;: me of publication, the editions indicated were valid. 
All standards are subject t vision and pa las to agreements based on this part of this International 
Standard are encourag t~ stigate the possibility of applying the most recent editions of the 
standards listed b-:.~ M b s ~Ee and ISO maintain registers of currently valid International 
Standards. ,.. ..... . , . ' .............. 

~
~~ .~'\ 

eSC (Secret . S:R~."PJstandard Parts 1. and 3 through 8 (under consideration). , . 
65A (Central Offic~ Programmable controllers - Part 2: Equipment characteristics. , 
IEC 255-4 (1976) Single input energizing quantity measuring relays with dependent specified time. 

IEC 529 (1989) 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. 

IEC 801.1 (1984) Part 1: Generalintroduction. 

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

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

lEe 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 Proc.essing Systems - Open Systems Interconnection - Basic 
Reference Model 

NOTE - A list 01 standards relerred to lor inlormation only in this part 01 this International Standard is given in Annex A. 
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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 term.inals of a Field Bus device which is 
of a level which is above the receiver signal level threshold of that device. 

3.2 

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

3.4 communication element: Part of a Field Bus devic ~~\ni'llI"Illnicates with other elements 

via the bus. /~ \ V".........." 
3.5 connector: Coupling device employed t~o~t~ ~ium of one circuit or communication 
element with that of another circuit or co~a . "ele~t. . 

. / ./ \. '\. 
NOTE - This dllflnilion is taken from IEEE ~"'" t~ lor this standard. 

3.6 coupler: Physical interface betwe~ . k·~nd spur or trunk and device. 

3.7 Data communlcatJ~pment (DCE): the embodiment of the media, modulation and 
coding-dependent .·~n ~ \r-''Fit!ld>Bus-connected device, comprising the lower pOrtions of the 

PhYSicallayer,~~ t~ ~ . 

3.8 Data T~~' ~pment (DTE): the embodiment of the media, modulation and coding-inde­
pendent portion 0 'Field Bus-connected device, comprising the upper-most portion of the Physical 
layer and all highe1\1 yars within the device. 

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

NOTE - This dIInnilion is taken from IEEE Sid 100-1984. 

3.10 device: Physical entity connected to the Field Bus composed of at least one communication 
element (the network element) and which may have a control element andlor 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 Sid 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 definition is taken from EN so 020 :19n (Intrinsically-sate ekJctrical apparatus). 

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

NOTE - This definition is Iallan (rom IEEE Sid 100-1984. 
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3.14 jabber: Continuous transmission on the medium due to a faulty 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 - In ItIis part of this Int8mallonal Standard "meda" Ia used only u !he pIuI" of m~ 

3.17 network: All of the media. connectors. and associated c~m ~~Iements by which a 
. -', gwEtn set of communicating devices are interconnected. . (~ . ~ . 

3.18 node: End-point of a branch in a network or a point hich n or more branche~ meet. 

NOTE - This dennition is taken from thelEC Multilingual Olctlonary. :\>,. 
3.19 repeater: Device used to extend the r ~ ~"'h~~ignaIS can be correctly transmitted 
and received for a given medium. \. ",?;'~ '" 
3.20 segment: The section of a Fi~I~~~ I terminated in its characteristic impedance. 
Segments are linked by repeaters to for ~~';I.te leld Bus. 

// 
3.21 separately power vice: Devie that does not receive its operating power via the Field 
Bus signal conductors. ~_ 

,\? "!-
3.22 shield: Syrrou1rdin ~hed?netallic layer to confine the electric field.within the cable and to 
protect the ea~ \.~~. ~ect~cal influence. 

NOTE - Me~ ~~mours and HI1t!ed c:oncenlric c:oncb:tIors may IIao MrI. U • shield. 

3.23 spur. Brand~ine (Le. a link connected to a larger one at a point on its route) which is a final 
circuit. 

NOTE - This delinition is taken from IEEE SId 100-1984 . 

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

NOTE - This d8linilion is taken from IEEE SId 100-1984 (modi/led!or non-rado us.). 

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 ot other 
lines (spurs). 

NOTE - This definition is taken from IEEE SId 100-1984 (modifted). 

4 Symbols and abbreviations 

4.1 Symbols 

For the purpose ot this part ot this International Standard, the tOllowing symbols apply: 
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Symbol Definition Units 

fr Frequency corresponding to the bit rate Hertz (Hz) 
N+ Non-data symbol - positive none 
N- Non-data symbol - negative none 
P Nominal period of octet transmission seconds 
Vee The most positive supply level Volts M 
VIH Minimum high~level input voltage Volts M 
VIL Maximum low-level input voltage Volts M ~ 
VOH Minimum high-level output voltage Volts M 
VOL Maximum low-level output voltage VO~It( 
Z-. Impedance.· , Ob -, , 
Zo Characteristic impedance (of cable) Oh .,' 

4.2 Abbreviations ~ ;' 
The following abbreviations are used in this part ~~t.<\~andard: 
CTS Clear To Send signal (from ~C ~Iy~; ~ 
DCE Data Communication Equip, ~ ~ 
DIS DCE Independent SUblaye~. ~' 
Dl Data Unk - Approximately r 2 . he 051 model (ISO 7498) 
OLE Data Unk Entity . /'./ 
Dll Data Unk Laye efined in IS 7498 
DTE Data Terminal ~ t 
EMI Electnr,~ti ll~ef1~e 
IOU Interface Da:~1 T" Defined in ISO 7498 
I.S. 1~~s~~af~tYJ1 :Mification method for use of electrical equipment in flammable 

at ;erQ.!.. " . 
kbitts tho bits per second 
LbE Loopba~ Enable signal (to MAU) 
MAU Medium Attachment Unit - For wire media. MAU .. transceiver 
MbiUs Million bits per second 
MDS Medium Dependent Sublayer 
NRZ Non-retum-to-zero code - High level = logic 1. Low level. logic 0 
Ph Physical- Approximately L~yer 1 of the 051 model (ISO 7498) 
PhE Physical layer Entity - Defined in ISO 7498 
PhL Physical Layer - Defined in ISO 7498 
PhlCI Physical layer Interface Control Information - Defined in ISO 7498 
PhlD Physical layer Interface Data - Defined in ISO 7498 
PhlDU Physical layer Interface Data Unit' - Defined in ISO 7498 
PhPCI Physical layer Protocol Control Information - Defined in ISO 7496 
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 MAU) 
TxS Transmit Signal (to MAU) 
SOU Service Data Unit - Defined in ISO 7498 

5 Data Link - Physical Layer interface 

This clause defines the required Physical Service (PhS) primitives and constr 

NOTES 

.. ' .'. ,- ··n.reqWwnents-Icr'. Fleld-e.·e .... \:inlt-Layef ... .".a1led1noP.tI4~ter .$QI\IJce. at the 
inl8r1llce between the Data Unk Layer and Physical Layer are specilled in 5: ' ~/) 

2 The Data Unk - Physical int8rface Is a virtual service interlllce " hines; there are no requirements lor 
phylical .phs as the standard does not require this intar1ace to 

5.1 Required services 

PhlOUs shall be transferred between the 0 
the requirements of ISO 7498 as showl) . 

Protocol Control Information­

PhPCL 

. ' . 

. ~. . 

-.". 

(" 
the Physical Layer in accordance with 

DATA LINK LAYER 

r~; ~· lnterfac8: ~· Control. Information ... ~ > PhlCI 

Service Data Units 
PhSDU Sequence 

PHYSICAL LAYER 

Protocol Data. Unit 
PhPDU 

Figure 2 - Mapping between data units acrbss the DL - Ph interface 

NOTES 

These services provide lor the interchange 01 PhlOUs between a Data Unk Layer entity and its associated Physical 
Layer entity. Such a transler is part 01 a transaction between cooperating Data Unk Layer entities. The services listed in this 
section are the minimum which can jointly provide the means by which cooperaling Data Unk Layer entities can coordinate 
their transmission and their exchange 01 data on the shared communication medium. 

2 Proper layering requires that an (N+ 1 )-Iayer entity not be concerned with, and that an .(N)-service interlace not overly 
constrain, the means by which an (N)-Iayer provides its (N)-services. Thus the Ph-service interlac~ does not require OLEs 
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to be aware 01 internal details 01 the PhE (e.g., preamble, postamble and frame delimiter signal patterns, number of bits per 
baud). and should not prevent the PhE ITom using appropriate evolving technologies. 

5.1.1 Primitives ot 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 ~haracteristics (which 
may be used in DLL transmission, reception, and scheduling activities): ?\.. \ 
. __ Ph~AC'F.ERISTIcsjndication ~minimum-data-rate, frami~g:9 .<:~) '\> .... 

whe;nimUm-data_rate _ shall specify the e~tive~n u r e of data conveyance in 
bits/second, including any timing tolerances. / ') (/............-

NOTE - A PhE with • nominal data rata 01 1 Mbitls * o.~. ... m data rate 01 0,999; Mbitls. 

framing-overhead - shall sp 'fY ·1f'Ie i ~ Au~ber of bit periods (whre period is the 
inverse of the data rate) used in an t nsm. on or PhPDUs which do not directly convey data 
(e.g., PhPOUs conveying preamble, fr limiters, postam~le, inter-frame Ysilence". etc.l. 

NOTE - I' the framing over~and two OL e;saga IengtN are L1 and '-2. then the time \I) send one message 01 
IengIh L1 + F + Lz wiI be at t ~ the time required \I) send two ImtnecIat8Iy consecutive messages of lengths L1 
and Lz...~ / . '> ." ~ . 

5.1.1.2 PhS~~~~ rid reception services 

The PhS 'ha~~4-1n'; lollowing service prim~iv .. fa< transmission and reception: 

Ph-DATA reque~l (class, data) 

Ph-DATA indication (class. data) 

Ph-DATA confirm (status) 

where . 

class - shall specify the PhlCI component of the PhIDU. For a Ph-DATA request, its possible 
values shall be: 

START -OF-ACTIVITY 
mence; 

transmis~ion of the PhPDUs which p,:ecede Ph-user data shall com-

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

ENO-oF-OATA-AND-ACTlVITY - 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-ACTlVITY - reception of an apparent transmission from one or more PhEs has 
commenced; 

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 OLE until after the Ph-DATA confirm corresponding to the first reo 
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-ACnVITY; followed by consecutive indications specifying 
DATA, each conveying a PhSDU: followed by a single indication specifying ENO-oF-OATA; and con· 
eluded by a single indication specifying ENO-oF-ACTIVITY; or 

b) a single indication specifying START-oF-ACTIVITY; followed by consecutive indications specifying 
OATA, each conveying a PhSDU; followed by a single indication specifying ENO-OF-DATA-ANO­
ACTIVITY; or 
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c) a single indication specifying START-QF-ACTlVITY; optionally followed by one or more consecu­
tive indications specifying DATA, each cO(lveying a PhSDU; and concluded by a single indication 
specifying END-QF-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, ENO-QF-OATA, or END-QF-DATA-AND­
ACTIVITY until after both the end of the current period of activity and th~st f a subsequent pe­
riod of activity have been reported by P.h-DATA indications specifying E ~CTlVITY and START-

OF-ACTIVITY, respectively. ~~ ~ .. , 

6 Station Management - Physical Layer interlace 

NOTES 

This interface provide, HrVlcu to the Physical Layer w ~ .cion and ,elecllon of options. 

2 such as redo, nbre opllc,. redundant chan· ~Je.l(an 
... (e.;. ~), dltrerent mociJlation t8<:hnlques. rorm~ tatlon Manegement - Physical Layer Interlace is 
Jpecilied which prOllidu the HtVices reqUir~~p ta of these variations. Services provided by this interface 
are specified in 6.1 and 6.2. ",. Jlandard ~eqUir s i ace to be exposed. 

3 .",. complete set 01 rnaNlg8m8nt services ~ ~ ."used when \he device Is directly coupled to \he medium. In the 
case ot actively coupled equlpm (e.g. active cou r,/8peater, ~ modem, opto--.ctronica ete.) some of the 
servicu CIIf'I be implicit to the ~pl8(~ Moreover, each device can use. subset of the described primitive,. 

6.1 Requirad ser:v~ \ \. ~ ............ -.,. 

The minimum'\.~\>-p9 ~ Physical Layer (PhL) management shall be: 

a) Ph-RESe) ~~";t ~ reset of the Ph-Layer. 
" 

The following additional services may be provided: 

b) Ph-SETVALUE request I Ph·SETVALUE confirm - set parameters; 

c) Ph-GETVALUE request I 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 Slation 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 

. 
P ..... eter name 

PrMll'lOle extension 

Post-transmission gap extension 

Maximum intar-channel ligW skew 

TrMlmittler output 'channel N 
(1~N~8) 

ReceIv., input channel N 
(1~N~8) 

Range of VaiUM 

• FUL1...0UPLEX 
• HALF_DUPLEX 

NOTES ~ 

1 Not "1rnpIemen~ req 1I~~~ameter, and some may need 1nOf •• 

2 Each OC~~~ ~th the basic and extension sequenc •• of PhPOUS to be lent u preamble. These ex-
t.nsion sequ~ ate ~~jpre ed to the basic sequence. 

3 E8Ch oce 31 specilles the length. ot both the basic and extension sequencel ot post-transmission gap during 
which the lransmitt4rl\s Id be silent. 

.. From the above. the default value at reset is minimum preamble (no exteMion). minimum post-Iransmisaion gap (no ex­
lenlion). fUll-dupielC Interfac. mode. not in 1oopCack. with all transmit and receive chanrwtls enabled. and with no preferred 
receive channel. 

6.2.3 Ph-SETV ALUE 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-GETV ALUE 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-GEiVALUE 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 ~iven in table 2, based on names specified in clause S. 

NOTE - Additions to table 2 are possible il required by specillc implemen!Blions. 

Tabl. 2 - Parameter nam •• lor Ph-EVENT Ind~ 

Pllnlllet_ name \.. \. 

/) . ~ 
OTE lault ,,/ 

OCE lault 

7 OCE Independent Sublayer (DIS; ~/~ ( 
NOTES ~ ~ ",. 
1 The Phy3ical Layer entity is partllIoned /~/~~ quipment (OTE) component and a Data Communication 
Equipment (OCE) component ",. OTE co ~",,~ ~ faces with the Data LInk Layer entity, and IonN the OCE 
Independent SYbIay_ (DIS). It elCchangas Interf . la·Onits across the OL - Ph int..-face defined in clause 5, and pro- . 
vida the baic conversioM be the PhiOU "at· time" viewpoint of the OL - Ph int.rface and the bit serial viewpoint re-
quired tor physicallr~' ~ ption. 

2 1lU sublayer js..~~tV~I _')hySieal Layer variations, IncIucing encoding and/or modulation, speed, volt­
~cunanl/optical! mode~' ~ic. All these variations ~e grouped under the designation Data Communication 

EquiplMnt (O~. \.~ ' .. . ., ~ 

The DIS Sha~\...eN;"9(he transmission of the PhlD as a sequence of serial PhSDUs. Similarly, 
the DIS shall forri;~ PhlD to be reported to the Data Link Layer from the sequence of received 
serial PhSDUs. ' 

The PhlD 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 PhlD such that, in the absence of errors, the PhlDU indicated to the receiving Data Link 
Layer entity shall be unchanged from the PhlDU whose transmission was requested by the originat­
ing Data Link Layer entity. 

NOTE 3 - This is a guarantee at transparency. 

8 DTE - DCE interface 

NOTES 

The Physical Layer entity is partitioned into a Data Terminal Equipment (OTE) component containing the MIS and higher 
layers, and a Data Communication Equipment (OCE) component containing the MOS and lower sub-layers. The OTE - OCE 
interface connects these two physical components. 

2 It is not mandatory tor the OTE - OCE interlace. or any other interface, to be exposed. 

3 The OTE - OCE interface is a functional and electrical, but not mech8nieal, interfaca which supports a set 01 sarvices, 
Each 01 thesa services is implemented by a sequence 01 delined signaling interactions at the interlace. 
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8.1 Services 

The following services, defined in this sub-clause, shall be supported by the oTE - oCE interface: 
. 

a) oTE to OCE reset service; 

b) oTE to oCE configuration service; 

_ , _ ,. ,d) oCE to oTE fault notifICation service; 
_4. 
~~ 

e) DCE to DTE media-activity indication service; 

c) OrE to oCE message transmission service; 

f) 

8.1.1 OTE to O~E reset service /Y- \ ' )' 
This service shall provide a means by w~~~ ~ time, can reset the DCE to its initial 
(power-on) state. .,/ /""\. "\ ~ 
8.1.2 oTE to oCE configuration se~,,)/ 
This service shall provide ns by w~ the oTE can configure various characteristics of the 
DCE. including those eha t . . which station management can adjust via Ph·SElVALUE 
requests (see table"1P al 6al~vide a DCE.gptional means by which the DTE can initiate r. 
porting of DCE st~~. ~ ~tive use of th~ DCE to oTE message reporting service. 

8.1.3 oTE ~~ ~J.ge transmission service 

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 r. 
quests at the PhL service interface, and runs concurrently with that sequence of received Ph-DATA 
requests. 

8.1.4 oCE to oTE 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 oCE 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 OTE to OCE message transmission service. 
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8.1.6 oeE to OTe message reporting service 

This service shall provide a means by which the DeE reports the receipt of a sequence of Ph PO Us 
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 coul~ not have been a correct transmission resulting 
from an invocation of the DeE to DTE message transmission service shall be reported as a mal-
formed (erroneous) sequence. ~ 

NOTE - Emn In the oc:I8t ~",."t 01 a received end dllllmit81 with r .. pect to the PI' tart d.Ilm1t81 (I .. .. not sepa-
raad by an In __ number 01 octalS 01 data bits) ~ to be reported .. a malformed e. . 

·~e~·t~e OTE - OeE interface is in half-duplex mode and I~p'b kIls ~nab; ' . t~is ' service need 
not report the message transmitted by the DeE to DTE mes . ge tr~~ ssion service. 

8.2 Interface signals ~-,-~/~ 
If the OrE - DeE interface is exposed it shall p ~~~ ~SPecified in table 3. 

~ ~E Interface 

SIgn" Source 

Dce 
RTS OTE 

CTS Dce 

~~~~ ____________ ~_~_D ______ -+_D_TE ______ ~ 
AxC Dce , 

Receive Activity Dce 
Receive Data and Framing ROF Dce 

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

Symbot 

Va. 

VOH 

MaxImum Iow-level output 
vol. 

Maximum Iow·level input 
vol. 

MInimum ~ley" input 
voItag8 

CondlUon8 UmJ .. 

19Ut - *100 \LA 0,1 

lout - +1,8 rnA 0,4 

lout - *100 \LA Voo · O.l 

lout-·o.a rnA 

NOTES \. \":;; / 

Unl.. Rem.,ka 

v S .. Note 1 

v 

S .. Note 1 

•.. · S"·Not82 ~ 

S .. Note3 

1 Providu the capaCiIIty Iio eme two typical ~ "\> ,. 
2 CMOS Input compatibility with ~ output ~~ a • t:jIl)P· reslstaf from signal input Iio Veo. 

3 Compallblewith CMOS outpu for 3.0 V S. ~~~ V~ Compatibility with TTl output (4.75 V :;; Veo :;; 5,25 V) r. 
quir ... "pull-up" resistor fr s 'nput to Veo. 

. .....-.... /' , .... 
The timing chara¢eristics 0 t' e~e srQnals shall be at least equal to those specified for the relevant 
DCE in the r~u=~ 1 tt; part of this International Standard. However, in no case shall the 
transition ti"!, ... ~t_ en'o) Vee an? 0,6 Vqe be greater than ~ith~r 100 ns o~ 0,025 P, whicheve.r is 
smaller. P IS ~et(leQ'"a's the nominal pened 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 Phseu and equivalent bit data rates available in an implementation are stated in the Protocol Implementation 
Confonnance Statement (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 cif this signal shall 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 
oc:tet rate) w. h a duty cycle 01 3~. to 68°/ •. or lor TxC to be a higher-Irequency clock with some cycles omitted and with a 
duty cycle closer to 5()4/". This permits. for example, Simple clocking In a DCE thaI recedes each 4 bits into 5 baud: the DCE 
could have a clock 10 times the nominal octet rate, with a duty cycle of between 4()0/. and 600/ •• and would omit (the same) 
!WO cycles every oc:tal 

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 oTE to oCE reset, configuration, and message 
transmission services. The oTE shall source this signal. The initial (power-on) and idle (no oTE to 
oCE service active) state of this signal shall be low. 

When referenced to TxC at the oTE - DeE 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 Clear to Send (CTS) ??'~ '" 
-nie-Clear to Send (CTsrsrgnai supports the-DTE to Dee· conti 0~d~~ge1ranSmission 
services. The DCE shall source this signal. The inkial (pow.r-o~. (no D E to DCE •• ",ice 
active) state of this signal shall be low. ~ 
When referenced to TxC at the oTE - oCE interfac. 's 51 ~ ave a minimum setup time of 
the smaller of either 100 ns or 0,025 P; the hold tirlIe ~ be ~ or greater. 

8.2.4 Transmit Data (TxD) ~~ '-:; ,,;. ~ 
The Transmit Data (TxD) signal suppo~·/~· he o~ ~E reset, configuration, and message trans-
mission services. Binary data is transm fr DTE to oCE during one phase of the latter two 
services, and during this phase a binary 0 ~pr'~sented by a low level on Txo and a binary 1 by a 
high level on TxO, both sa~t the falling edge of TxC. 

The OTE shall sou~ ~~ ~ initial (power-on) and idle (no oTE to oCE service active) 
state of this signaf ~IL '" 

" ·" 1 When refere~~ ~JCC...a( the oTE - oCE interface, this signal shall have a minimum setup time of 
the smaller of eitl'le~ bo ns or 0,025 P: the hold time shall be zero or greater. 

" 
8.2.5 Raeelve Clock (RxC) 

The Receive Clock signal (RxC) shall provide the oTE with an intermittent (semi-continuous) nomi­
nally two-phase timing signal which defines the timing of information being reported via the RoF sig­
nal. The DeE 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 recovered clock at the nominal bit rata (8 times the nominal octat rate) with a 
duty cycle 01 ~. to 68%, or to be • higher· frequency clock with some cycles omitted and with a duty cycle closer to 500/., 
This permits, for example, 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 cycle 01 between 4O'Y. and 8O'Y., and would omit two cycles every octet. 

This specitlcatlon also permits the DCE to omit cycles 01 RxC during recoc;nillon 01 long end-dellmiter sequences 01 PhPDUs, 
so that the delimiter can be repolted in real ttme using 8 or lewer cycles ofAxC (s .. 8.3.6). 

RxC shall support the oCE to oTE message reporting service. 

8.2.6 Receive Activity (RxA) 

The Receive Activity (RxA) signal shall support the oCE to oTE fault notification, media-activity indio 
cation, and message reporting services. The oCE shall source this signal. The initial (power-on) 
and idle (no DeE to oTE 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 (ROF) signal shall support the DeE to OTE fault notification and 
message reporting services. Binary data is transmitted from DeE to DTE during some phases of the 
latter service, and during Ihese phases a binary 0 is represented by a low level on RDF and a tlinary 
, by a high level on RDF. both sampled at the falling edge of Rxe. 

The DeE shall source this signal. The initial (power-on) and idle (no 0" DTE service active) 
state of this sigriaJ shall be high. </~,,, 

When· referenced to~ altbe.D'IE.'l"_ OCE..joterlace,.Jbis ,sigoa1~.a\l8.a . 'mum setup time of 
the smaller of either 100 ns or 0,025 P: the hold time shall be ~er ~~r, 

8.3 Encoding of services in signals ~~ 
The services of 8.1 shall be implemented by the fOI~S s:s d combinations of the signals 
of 8.2. / ') \-( 

NOn; - T,_ ....... "'" ,-. ._.~~~' ...... 3. __ 3 " "" ....... 0;, .... 01 ~" 
In_s_ .. " ...... ...,""~ ~/./ . ..poc;IIc __ . 

,(~~t'> 
'\\'-~' 

" 
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RTS 

Receive machine 

ReF Inversion 
after RxCJ. 

Figure 3 - DTElOeE sequencing machines 

8.3.1 DTE to DeE reset service 

ISAJSP50-1992-236P 

/ReF 

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 TxO. When asserted by 
the. OTE, this simultaneous low level shall be held for at least the nominal transmission period of two 
PhSOUs (octets). 

NOTES 

Thla II an asynchronous service, and is not reterenced to Tx~. 

2 When. OTE is itself being reset, pollibly during power·up, it should attempt to reset th DCE even when ItIe OTE's 
own Voo II below normal operaIIonaIllmits . 

.;J ThIa r .... 11 undet the control 0' ItIe OTE. It dog not precluda the amtIInce 01 ...n ... rda 

If the OTE concurrently changes both RTS and TxO during the eme~ation either the OTE to 
OCE configuration or message transmission services, then e 0 If ensure that an interval of at 
least the minimum required setup time exists between c ~ th 0 e signal to a high level, and 
subsequently changing the other signal to a low level, t . ential logic hazards in the 
OCE'. impiemenlalion oIlhe OTE 10 OeE rese! ~ \ (/'v' 
8.3.2 ore to DeE configuration service ~"'--:; ~ ; 
This service is mutually exclusive Wit~f1~~1 ~ ~r."land messago1ransmission sorvices;.1 
most one of them may be active at an ~~~ *,). is service may initiate the OCE to OTE meso 
sage reporting service to report OCE·int ~ tatus. The OTE to OCE reset service may preempt 
this service at any time. . . . 

This service shall b~le ~ I ~ree phases; each of the latter two phases shall follow imme­
diately upo~n comf~t~ 'of t e tio~ase. 

NOTE 1 ~s ~ Implemented u • minor vviallon on ItIe ltv .. phues specilled lor ItIe OTE to OCE mel· 
Age tr ~~Ic:.i.. ",As a result, the OTE to OCE conllgurallon service Inci.IcaI vary IItlle added complexIty on the 
OTE and OCE. . . . "-'-

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

2) When it is ready for configuration data from the OTE, the OCE shall raise CTS before the fall· 
ing edge of TxC. The OTE shall respond by encoding the first bit of configuration data (high:r1, 
10w=O) on TxO 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 OTE shall 
then assert (raise) TxO and negate (lower) RTS before the falling edge of the next TxC. 

NOTE 2 - The OTE shall ensure that TxO is raised at least one setup time belore RTS il lowered, to avoid potential logic 
hazlllds in !he OCE implementation 0' the OTE to OCE reset service. 

3) The OCE 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 meso 
sages cover the ranges of application of this interface which are anticipated to be most cost sensi­
tive. Extendible messages permit differing forms of OCE configuration where required, and can 
serve to initiate the DCE to OTE message reporting service to report DeE-internal status (a DCE op­
tion further described in 8.4). 
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8.3.3 OTE to OeE message transmission service 

This service is mutually exclusive with the DTE to DCE reset and configuration services: at most one 
of them may be active at any given time. The DTE to DCE reset service may p~empt this service at 
any time. 

This service shall be implemented in three phases: each of the latter two phases shall follow imme-
diately uPOf'l completion of the prior ph'3-se. ~ 

1) The DTE shall assert (raise) RTS after the rising edge, and b 6-'Q~falling edge, of TxC . 
. " . The OCE. shaU .respond by , g~"erating ... and transmitti!1g . tt!e ap . . ate-Ie '" ,ses!J.ence of pre-

amble and Start delimiter PhPDUs. " /) . . 
V ,r' 

2) When it is ready for transparent data from the DTE. raise CTS before the falling 
edge of TxC. The DTE shall respond by encoding the r arent data (high.1. low.o) 
on TxD before the next falling edge of TxC. a s II c' process without interruption 
until between 3 and 300 integral octets of d 4a~b n encoded. The DTE shall then assert 
(raise) TxD and negate (lower) RTS before t .~j~_. ge of TxC .. 

NOTE - The DTE shall 8IlSUle IN!-t TxD is . a t ~tuP lime before RTS is lowered. 10 avoid potential logic 
hazara. in the DCe implementation of \he 0 ~ce r e.s . e. 

3) The DCE shall conclude transmiss~ '\ al( of the encoded transparent data received from the 
DTE. shall then genera~transmit th appropriate--Iength sequence of end delimiter PhPDUs, 
and shall then cease tra ". The DCE shall then wait an amount of time equal to the con-
figured minimum~tra v~'gap (see table 1) before negating (lowering) CTS. which shall 
occur after a ftil~9~ ~ befOle the next fal~n9 edge, of TxC. 

8.3.4 . OeE ~'i ~~V.otlficatlon se~lce . 

This service S~I '~utuaIlY exclusive with the DCE to DTE media-activity 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. 

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

NOTE - This is an asynchronous .service, and is not referenced to RxC. 

The DCE may concurrently change both RxA and ROF 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 OeE to DTE media-activity Indication service 

This service is mutually exclusive with the DCE to OTE fault notification service; at most one of them 
may be active at any given time. The DCE to OTE 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-Iow transition on RDF to initiate the OCE to DTE message reporting 
service. Any subsequent high-to-Iow transition on RxA terminates that DCE to OTE message report. 
ing service. 

NOTE - The OCE to ore media· activity indication service is an asynchronous service. and is not referenced to Axe. 
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8.3.6 Dee to OTe message reporting service 

This service is mutually exclusive with the DCE to DTE fault notification servi~e; 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 
anytime. 

8.3.6.1 Non-erroneous reception // 

This service shall be implemented in four phases when reporting a. ~~. ~ ~m .. e.ssage, ea.ch of 
which shall folIciIw~mmediateJy upon. comple1ioll..of .the.prio~.phase. ~ 

/) 
The following description applies to DCEs which have end delimi . ~uences of eight PhPDUs or 
less, and which do not require any extra decoding delay f r ard error correcting) code. 
DCEs which do not meet these conditions may introduce their decoding ~nd report-
ing processes so that, with respect to signaling 0/ ) nd (..t do meet these conditions. 

1) After detecting received signaling, train in ~tf'IJl~~ k\'g, and recovering a data clock from 
that signaling whose nominal octet fr~1 t ' sa~ as TxC, the DCE shall initiate the DCE 
to DTE message reporting serviC~SOU i recovered clock on AxC and then negating 
(lowering) ADF after the rising edge, bet r th next falling edge, ofAxC. 

NOTE 1 - RxA is already assartad at this lime. · ~ ./ 

2} The DCE shall conti ~'niQ9 and attempting to match the received signaling against its ex­
pected preambLe~sta~ \i~~ PhPDUs. 

! . 

H the DC~~rt~ Jets of redundanl media. lhen I may report on RDF Iho idonlity of Iho 
channel f ~ich.Jbe signaling is being received by encoding that channel number, in the range 
o to N-1. as . ~ number which is reported most signif\C8llt bit first during reception of the last 
three of those st,a delimiter PhPDUs. The bits reported on RDF shall be presented in series af­
ter successive rising edges ofAxC, each before the immediately subsequent falling ed~e of AxC. 

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

NOTE 2 - " the identity ot the receiving chaI1ne1 was being rllpOltad on ROF, then this inversion wiD occur during the low 
phase 01 AxC which immedalely IoIlows the high phase (01 RxC) during which the last (Iow-order) bit 01 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 PhPOUs. 

The DCE shall report each data bit decoded from the received signaling on ADF. The bits re­
ported on ADF shall be presented in series after successive rising edges of AxC, each before the 
immediately subsequent faUing edge of AxC. 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 guarant .. of transparency. 

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 tor the non-data PhPDUs decoded trom an end delimiter, ex­
cepllhal 

a) the total number of "bitsR 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 DeE 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 Axe, and then shall negate (lower) RDF after the falling edge, and before the next 
rising edge, of Axe. 

NOTES 

• Mo.I Implementations will decode, and r.port on ROF as data, any iniu./ daIa Ph~OU' j received end-delimilar se­
quence. The ",.1 nan-daIa PhPOU, and subHquant PhPOU •• need not be reponed. How ~tlnal report wiU be rMde on 
ROP, indcaIIn; COITec:1 end-deIImiter recognition . 

~, eech 01 which is maintained for just one phaM 01 RxC. ./) v • - . . , 

. ,_~. e.cn ~ bilexC8j)t the last. is maintained on ROP for a fUll CYcle~ olW lut .~ replaced by a high·tow 

. ./ 
e llU IIInninaIIng high-low .equence will OCC\U' during the IIrst oigh • r leh occur attar the lat (pr..oelimiter) 
daIa bit wa r~ That lut (pre-dillimitar) data bit wiU have ~ da b so reported in thiS phase. where N 

:::~:=::ra:):~F befor~~'AI~ ~~fAx~ and shall not initiate an-
oIhat instance of the DeE to OlE m, :;r:~ unto afte, the conclusion of the cu,· 
rent OCE to DTE media-activity ind~S .~. ,. 

8.3.6.2 Erroneous reception ~~) '\.'\.// 
An error may be detected any phase f'the reception process descnbed in 8.3.6.1. When that 
occurs, the DeE shall m uencing of those phases as follows. 

", 
If the DeE should ·(j~ inv hQ PhPn'Us, or an invalid sequence of PhPDUs, or a ~alid end delimiter 
sequence of Rtl.PO\:.Is~& }.ot separated from the start delimiter PhPDUs by an integral number 
of data-octet~~~PDU~ aha if the DeE can establish a valid signal on Axe (for example, by sub­
stituting TxC o~e..otner local signal for the recovered clock source, if necessary); then 

a) If phase 2 h~s not already been initiated, then the DCE shall immediately initiate phase 2: 

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

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

NOTE - Th!s sequence permits the DeE to 

- enable ore use 01 RxC; 

- idlnilly the channel with the erron8OCJS signaling; and 

- indcate a reception error. 

When the DeE has completed as many of the above steps (a), (b) and (c) as appropriate and possi· 
ble, the DeE 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 DeE configuration where required, and can serve to initiate the DeE to DTE message re­
porting service to report DeE-internal status (a DeE 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-signiflC8nt-bit (MSS) first. 

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

00 - Basic configuratiOn message ~?' \ 
01 - Path-diversity control message ( -:.) "\) 

10 - Extendible configuration message ~' 
11 - Extendible status-report invocation mes~ \ ~/~ 

8.4.1 easlc configuration message ~\\~<~ ~ ) . 
Following its initial two bits of (OO), t e~t5a~~ fl ~tion message so: ~ s operational aspects 
common to most DeEs. The defined c ~nen)s f t is message are, ir ==r of transmission: 

/ .1 
a) The operational mod~the DeE, e oded in one data bit as shown. The value for this pa-
rameter after activation TE to DeE reset service is O. 

o Two-way. .-sfii!D'tan $ .(NU~uplex), where each invocation of the DTE to DeE message 
transmiss~1. s~~atJ~matically activates the DeE to DTE media-activity indication and 

m~r~lng'j"'lc~S; 
NOTE 1 - ' ~ "ae.irable IOf c1Jakhannai media such u tlbre-opllc·pair cabling. Some OTEs may only be able to 
operaIIIln 1hia mode. 

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

NOTE 2 - ThII mode minimize. DeE and OTE - DeE interface power consumption. Some OTEs may only be able to 0p­

era. in this mode. 

b) The selection of the DeE-internal data source for the message reporting service, encoded in 
two data bits as shown. (See table 1.) The value for this parameter aher activation of the DTE to 
OCE reset service is 00. When this selection is non-zero, transmission on all attached media 
shall be disabled and the DTE - DeE interlace shall operate in two-way simultaneous (ful\-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 interlace mode is as specified in 8.4.1 (a). 

01 internal-status reporting, see 8.4.4 and 8.5. 

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

NOTE 3 - This mode is desirable 10( DeE VS. OTe VS. inter-connec:t lault localization. 

11 Ioopback as close as possible to the media interlace(s}, with n~ transmission to connected 
media, where each invocation of the DTE to DeE message transmission service automatically 
activates the DeE to DTE media-activity indication and message reporting services. 
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NOTE 4 - This mode is desirable for 3elf-ass8S3ment before entry to an operating network. 

c) The amount by which the preamble. which is the initial seqladnCe of PhPOUs 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 OTEto oCE reset 
service is 0 (000). (See note 2 of 6.2.3.) 

d) The amount by which the mandatory post-transmission gap. which 
transmission between successive sequences of PhPOUs. should be e 
to seven units of extension. encOded in three data bits as 0 (000) t '/ 

. . __ parameter after activation of the oTE to .oeE reset service is 0 ( . . (Se 

8.4.2 Path-dlversity control message "'-::> , 

Following its initial two bits of (01). the path-diversity contr ~ e 

. the periOd of non­
ed. Its range is zero 

. The value for this 
, e 3 of 6.2.3.) - . 

tion data commonly required for management and -as ~~ redundant paths: separate 
transmission and reception controls for each ot tW ~c ed ndant media (channels and paths). 
The defined components ot this message are, i~~t1f,,/ ion: 

a) Two bits of zero (00). which pro-1~ ~ octet alignment within the message tor the 

following fields. \.. "') ) . 

b) The algorithm for ch sing bet,,:",~edu'~dant media as the source of received signaling 
when more than one 0 t~ &dia is enabled for reception, coded in four bits as shown. The 
value for this parameter c· tion of the oTE to DeE reset service is 0000. 

,~ '/..........., 
0000 - The m~ i ~eCtad for reception should be the first medium on which signaling 
which is~~e~r9r~~ I~r-training is detected. 

1000 t~~.UN' 1 ~ N ~ 8} - The Mh medium should be selected, except when sig­
naling suitab tor receiver-training has been detected on another medium tor a period of time 
equal to the It ra period of inter-frame-gap extension specified in 8.4.1 (d). in which case that 
other medium should be selected. 

c) The selection ot 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 DlE to DeE reset service is 0000 0000. 

d} The selection of whether transmission is enabled (O) 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 oTE to DeE 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 (OOO) to 
7 (111). The value for this parameter after activation of the oTE to oCE reset service is 0 (OOO). 
(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. 

'. 



ISAJSP5O-1992-236P --25 -

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-intemal-data­
source mode is status-reporting (see 8.4.1 (b». then the DCE shall generate a inulti-data-octet mes­
sage. padded aJ necessaty to an octet m:.Jltiple; and shall report it USing~he E to DTE media-ac­
tivity indication and message reporting services. 

8.5- OCe...generated status.repClJ1s _ , , . , ' 

data-""""", Is int.ma~status report. (5 •• 8.4.1 (b)). :\> 
/ .-

9 Medium Dependent Sublayer (MOS) : Wlr ~(/~ 
NOTE - ",. Medum Dependent Sublaylf' (MOS . -.ra icatIon EquiprMnt (OCE). It exchanges serial 
PhSOU sequences acrou the OTE - OCE in I e 8 Md it communicates If'ICOdecI bits across the MOS 
- MAU in,**- .pecilled in Clause to'~' S IUnc at cal encodng and decodng lot Ir..wnia.ion and recej)-
lion rapecllvely and the additlonlremoval of pr III and lmiters together with liming and synchronization functions. 

. .I . 
9.1 PhPOU ' . 

The M~S shall p~!JC.El....the ~ ~own in figure 4 by adding preamble and delimiters. to frame 
the senal sequenQa of..F'hS ~0{.(b1hry transferred from the DIS across the DTE - DCE Interface. 
Transmission ~eqyeoc . rom left to right as shown in figure 4. i.e. preamble first. followed by 
start delimite ... PtaSE)U s8q~e e and finally end delimiter. 

" \. .. _ .' 

PREAM~ START OEUMITER PhSOU SE~UENCE END OEUMITER 

Figure 4 - Protocol Data Unit (PhPOU) 

Conversely the MDS shall remove preamble and delimiters !:-om a received PhPDU to produce a cor­
responding serial sequence of PhSOUs. Any non-binary data unit which is detected in the received 
PhSOU sequence shall be reported as Ph-DATA indication (PhIOU. error). 

9.2 Encoding and decoding 

Data units shall be encoded by the MOS for application to the MAU using the code shown in figure 5 
(Manchester Biphase L). The encoding rules are formally given in figure 6 and table 5. 
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Figure 5 - PhSOU encoding 

o 

NOTE 1 - F9w. 5 '- Included in this part ot ttI'- InUHTlAIK»'\aI 

specitlc ImpIementalion. 

·TI2 .t 
TI2 

N· 

Figure 6 - Encoding rules 

Table 5 - Encoding rules 

Symbols Encoding 

TI2 

TI2 .t 

1 (ONE) HI-Lo transillon (mid-bitl 

0 (ZERO) Lo-Hltr1lNi1ion (mid-bit) 

N. (NON·DATA PLUS) HI (No transillon) 

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

ISAlSP50-1992-236P 

NOTE 2 - It may be seen that data symbols (1 and 0, conveyed by PhSDUs) are encoded 10 always contain a mid-bit 
transition. Non-data symbols (N. and N·) are encoded so that ttley nev ... have a mid-bit transition. Frame delimiters (see 
9.4 and 9.5) are conslructed so that non-data symbols are conveyed in pairs ot opposite polarity. 

Decoding shall normally be the opposite of encoding. At reception. the MOS 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 in~icat!on (PhIDU, error) , 

9.3 Polarity detection 

The option of automatic polarity detection of the received Manchester e~~SignaJ shall be r,e-
quired where it is specified in the relevant MAU. ~(/'" . . ... . 

9.4 Start ot frame delimiter ./'\ 

The following sequence of symbols, shown from left,to ri ~. rde ;~~nSmiSSjOn. shall immedi-
ately precede the PhSDU sequence to delimit the s~ :~ ~'" 

1, N+, N-, (~~ f 
(snO~'')~d\\'\~ ~ur8 7J 

The MOS shall only accept a received~~al b9r\t as a PhPDU after verifying this sequence and 
shall remove this sequence before tranSf~ ~'PhSDU sequence to the DIS. , 

9.5 End or trame dellml~ 
", 

The following seq~~f s ~s~wn from left to right in order of transmission, shall immedi-
ately follow the,~~~ ~ to delimit the end of a frame: 

"'" '-~ 1. N+. N-. N+. N-. 1. 0, 1. 

" (shown as a waveform in figure 7) 

The MOS 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 Preamble 

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: 

" 0, 1, 0, 1, 0, " O. 

(shown as a waveform in figure 7) 

NOTE - Received preamble can contain as lew as lour bits due to loss 01 one bit through each 01 lour repeaters (as speci. 
fied in the MAU Network Conr'9Ura~on Rules). 
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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: 

Bit 
Boundaries 

Pntamble 

Start 
Ce4imiter 

End 
Delimiter 

NOTE - These w.v~~ do e 
(conveying data sy.m~ in ace -

1, 0, 1, 0, 1, 0, 1, 0. 

d ~ frequency range outside 1M band required tor traNmiaaion of binary PhSOUs 
figure 6 and table 5. 

l ~ ,~\\ 
9.7 SynCh~tatJO~)' 

After the recePtio~'lhe fourth bit of the frame and until end of frame or frame termination the re­
ceiver shall detect Me report half-bit-slip errors. 

NOTE 1 - This synchronization specillcatlon allows the loss 01 four bits 0' the preamble. 

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

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

9.8 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, 

NOTE - The MAU transmit enable/disable time may reduce the duration 01 silence between frames. 

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 PhPOU 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·transmission gap 
shall be greater than the value of inter-channel skew. 

10 MCS - MAU Interface: Wire media 

NOTE - The Medum Altachrnent Unit (MAU) ia 111 oplionally separate part at • communicalIon element which ~ec:ts to 
!he medum directly 01 via pauive components. Fot- electrical siglallng v.rlants the MAU 18 the tl'enacelver, which provides 
leY. shifting .net wave sMping for transmitted and received signal8. The MeS - MAU Interface /JnQ the MAU to the MOS. 
The services ... e defined as physical signala to tacilltata thi8 interface being opt1onaliy O:~1bIe 6 Ilsts thQ minimum 
Ht 01 r.quIrecl seMce. at the MOS - MAU interface. See clause e for management servlc . 

If the MDS - MAU interlace is exposed it shall support at least th ~~eqUir~ '~ervices given in 

. ___ ,10 •. 1 S~rvices " ~ 

table 6 and specified in 10.2. ' 

Tabla 6 - Minimum servlc 0 ~ terface' 
/ 

ServIce 

Required: 

ToMAU 

FromMAU 

ToMAU 
.. -po....--ll""""r-'-~~---+------.f------I 

.. 0 

LbE \.' \.~ . -' ~kenable \" '-
Service spec;"hications 

ToMAU 

10.2 

10.2.1 Transmit Signal (TxS) 

The Transmit Signal service (TxS) shall transfer the encoded PhPDU signal sequence across the 
MOS - MAU interlace to the MAU. where the sequence ~r.all 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 PhPOU signal sequence or silence 
across the MAU - MDS interlace to the MOS. 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 MOS with the facility to enable the MAU to 
transmit. The TxE shall be set to logic 1 (high level) at the commencement of preamble transmission 
and then set to logic 0 (low level) after the last bit of the end delimiter has been transmitted. 

If redundant media are in use and the method of implementing redundancy is to receive on all 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 selling the TxE to logic 0 (low level). 
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10.2.4 Loopback Enable (LbE) 

If the optional Loopback 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 shall not change while the ~U is transmitting or receiving. 

NOTE - Thia Is conlln'nallcn seevice of local signillcance only which provlda • device with Itte tacility to test Itte integrity 
Ind tunc1IonaIIty 01 N PhysailAyer circuitry, excluding the medum. /"/ 

1 0.3 Signal charact~ristfcs .. ?, \. .. . 
Timing characteristics shall be compatible with those specifie:d e ~ir~s of this standard 
for the relevant MOS. ,/ 

sym~ 

NOTES 

~et.,. 

MaxImum low-level output 
voltage 

MInimum hig1·level input 
voltage 

Iout·sl00~ 

lou1-' O,SmA 

1 Provides the eapability to drive two typical CMOS loads. 

Um ... 

0,1 

0,4 

veo' 0,1 

Veo·O,S 

O,2veo 

0.7Veo 

as shown in table 7. Both 

Un... Remarks 

V S .. Note 1 

v 

V S .. Notel 

V SMNote2 

V 

V SM Nota 3 

2 CMOS input cOI!'palibility with TTL output requires a 'pull-up' resistor tram signal input to Veo. 

3 Compatible with CMOS output lor 3,0 V ::5 Yeo ::5 5,5 V. Compatibility with TTL output (4,75 V ::5 Veo ::5 5,25 V) r .. 
quires a 'pulkJp" resistor tram signal input to Veo. 

10.4 Communication mode 

The communication mode at this interlace shall allow simultaneous transmission and reception. 

10.5 Timing characteristics 

The MOS - MAU interface shall function correctly with a PhSOU bit rate of between 1 kbiVs and 1.1 
limes the highest stated MA~ bit rale. 

NOTE - The bit rates available in an implementation are staled in the Protocol Implementation Conformance Statement 
(PICS). 
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Terminator 

r shall be located at both ends of the trunk cable, conn 
connection shall be made between terminator and 

ed from one signal conductor to 
ble shield. 

The terminator i edance value shall be 100 0 : 20/0 over th requency I'8:nge 0,25 fr to 1,25 fr (7,8 
kHz to 39 kHz). 

oximalQly the average cable charac 
lDo,[llIOImtZ. nnsmission nne r. ftectioN 

. - ' i1T.-direct· current leakage·th 
non-polarized. 

All terminators used for I.S. applica . ns s 
clearance) commensurate with the req . eel I 
not be required to have I.S. approval. 

mmunity r 'uirement of 11.4 is to be met by the use of shielding it 
r !,f shielding through the cabling, connectors and couplers by 

/ , 0 

a) the c~~o~. I~ shield shall be greater than 9 % of the full cable length; 

b) shieldin~~1'e pletely cover the electrical circuits in co ectors, couplers, and splices. 

NOTE - O.viallon\'l the .. shi4tlding rules may degrade noise immunity. 

11.7.7 

means permanently connected to MI1h through a suttlciently low InillAtllAN~ and with sutffCient cur-
rent c:anylng c IIIty to prevent voltage build up which might result in undue hazard to c ted equipment or persons. 

man) lines may be connected to ground where they are galvanically isolated Iro e Field Bus trunk. 

vices shall be required to function to the requirements of this part 
ith the mid-point of one terminator or one inductive coupler connected d 

Field 8 s devices shall not connect either conductor of the twisted pair to ground at 
netwo . Signals shall be applied and preserved differentially throughout the network. 

TE 2 - It is standatd practice for the shield of the Field Bus trunk cable (If applicable) to be effectively <]I nded at one 
in! along the length of the cable. For this reason F'M1k:I Bus devices should allow d.c. isolation of the cable hield !rom 

groun<1. It is also standatd practice to connect the signal COI'IQIctots to ground in a balanced manner at the same in!, e.g. 
by using the ceriter tap of a terminator or coupling transformet'. - For bus powered 'systems the'grounding of the s . Id and 
balanced signal conductors would be close to the power supply unit For 1.5. systems the grounding would be at the alety 
barrier earth connection. Capacitive coupling between the shield or the balanced signal conductors and device local 91' und 
for eMI control is permitted subject to 1.5. requirements. 

11.8 Intrinsic Safety 

NOTe - This standard does not attempt 10 list the requirements by which an item of equipment may be cerlified as intrinsi­
cally sale nor does it require equipment to be intrinsically safe. Rather. it seeks 10 eXClude conditions or situations that would 
prevent 1.5. cerlilicalion. 
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11.8. Intrinsic safety barrier 

The banier pedance shall be greater than 460 0 at any frequency in the range 0,2 r to 1,25 fr 
(7,8 kHz to kHz). The 1.$. banier impedance specifICation shall apply to all bani used as part 
of the Physical yer, whether installed as a separate item of network hardwar r embedded in a 
power supply ca . The banier impedance shall be measured across the ta . als on both sides of 
the ·barrier. The ba . r impedance shall be measured while the network wer supply is set at the 
rated working voltage ( t safety voltage) of the barrier. 

NOTE - It '- cc:ept..ble for 
long u !he ImpIdance 01 !he c 

- "quWer'Mn1il 01 ... SIiIndard ancHnlt-MlWOJI( 

At the rated working voltage of the 

11.8.2 Barner and terminator pIa 

NOTES 

the signaling frequencies. The terminator re.is· 
e. the resulting impedance is almost entirely 

1,0 Mbitls, voltage-mode, wire medium 

The 1,0 Mbitls voltage-mode MAU requirements ate not specillcally intended to lacilitate the options of power distribution 
via !he sig1aI conductors and suitability lOf Intrinsic Safety certification. It bus powered, power i8 cistributed as direct voltage 
and current, and communications signals are superimposed on the d.c. power. 

2 The nelWol'k medum consists of shielded twisted-pair cable. Independent of topology, all attached devices. other than 
possibly the transmitting device, ate high impedance to prevent significant network Ioadng. Trapezoidal wavelarms ate used 
to reOlce Mlctrotl1llglellc emissions and signal distortion. 

3 A-1InMr bus topology i8 supported. A nelWol'k contains one trunk cable, terminated at both ends. Spurs are distributed 
along the length 01 the trunk. 

12.1 Transmitted bit rate 

The transmitted bit rate shall be 1.0 Mbitls ± 0,01 %, averaged over a frame having a minimum length 
of 16 octets, The instantaneous bit time shall be 1,0 ~s ± 0,025 ~s. 

12.2 Network specifications 

NOTE - A 1,0 MbiVs voltage-mode MAU operates in a network composed 01 the lollowing components: 

a) Cable: 

b) Terminators: 

c) Couplers: 
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d) Oevices (containing at least one communication element). 

A wire netwOt!' in 1.0 Mbitls voltage mode may addillonally include the rollowing components: 

e) 'ConnecIDrS; 

f) Power supplies; 

g) O.vice8 which inclUde pow ... supplies. 

12.2.1 TOPOlOgies . ~ 
A wire MAU shall operate in a network with a linear bus topology~C ting trunk, terminated at 
eactnnc:Hn'as -specified1n·~;7.5; to which 'commul'liE:etioflo'efem -a~RFI via-.couplers and 
spurs. Each communication element shall be connected in parall . ,-tne trunk cable. 

NOTES ~ ~ 
1 .The coupler .nd communicalion element may be integr In tv~~o length spur). 

2 Tr .. eopoIogy with all the communication ~ ~I ~t the trunk Ia regarded ... special case or a 

bus for the purpoM of !his part of !his In , '" """ . . 

3 S..., ..... communication elements may~/~3 iii ~k at OM point using • multi-port coupler. An active cou-
pler may be used to extend a spur to a Ie ' h req Ir te ~ inatlon to avoid rellec:lions and dslDrtlons. Active repeat-

~~ be used to extend the length 01 the tru . ~. 01 • single segment as pennilted by the netwOl'k configuratlon 

12.2.2 Network conng~. les 
.~ \ \, ~ -~ 

A 1,0 Mbitls vOltag-e-~ '1tJ 'sh;;lil be required to conform to the requirements of this part of this 
Intemational ~~w~~ ;~ in a network which complies with these-rules. 

Rul. 1: One +'\''::1l8 shall be capable of communication between two and 32 devices, all operating 
at the same ~~ , 

NOTE 1 - Rule 1 does not preclUde the use 01 more than the specifted number 01 devices in an instarled system. 

Rule 2: A fully loaded (maximum number of connected devices) 1,0 MbiVs 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 ror con/ormance to this standard but this does not preclude the 
use ot 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 01 the network. that part or the turnaround tlme 01 any device on the network caused by a PhE be­
tween the end 01 a received frame and the begiMing 01 the !ransmitted frame containing an associated immediate response 
should nolexceed 5 bit times. no more than 2 bit times or which should be due to the MAU., As it is not mandatory to expose 
the OLL-PhL interface 01' ttle MOS-MAU interlace. that part 01 the turn-around lime 01 a Field Bus device caused by the PhL 
01' the MAU cannot be specified 01' conformance tested. 

Rule 5: The Field Bus shall be capable of continued operation while a device is being connected or 
disconnected: Data errors induced during connection or disconnection shall be detected. 

\ 
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Rule 6: For a 1 ,0 MbiVs wire Field Bus which is not powered via the signal conductors, a single fail­
ure in anyone communication element or spur (including a short circuit, but excluding jabber) shall 
not interfere with transactions between other communication elements for more than 1 ms, 

Rule 7: In polarity sensitive systems the medium 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 any two devices, due 
to attenuation, attenuation distortion and mismatching shall be limited t .1>0 •• ".,,,, es indicated below. 

. . .. . 
a) Signal attenuation: The configuration of the bus (trunk a ~u!")~gths. mber of devices, 
and possible matching devices) shall be such that the attenuati lb"el'Ween any two devices at the 
frequency corresponding to the bit rate shall not exce~, ~ 

b) Attenuation distortion: The configuration oJ~us ~ spur lengths and number of 
devices) Shal~ be such that between any two:(~~ ~ ) 

[Attenuation (1.25 frl • AH.nuat~~~~ 8~ 
Attenuation (1,25 fr) ~ Attenu~~.2~f~ ,,'\./ ,/ 

where fr is the frequen rresponding the bit rate. Attenuation shall be monotonic for all fre-
quencies from 0,25 fr to 1 250 kHz to 1.25 MHz); 

/ ....:> . 
c) Mfsmatching (due to spurs or any other effect, including one open cir-
cuit spur o~' , , ~l ~ on the bus shall be such that, at any point along the trunk, in the 
freqUency~d'o,~~~, ib . 5 fr (250 kHz to 1.25 MHz): 

I(Z - Zo> I (Z. )1 s 0,2 , 
where Zo is the characteristic impedance of the trunk cable and Z is the parallel combinatiqn of 
Zo and the load impedance at the coupler. 

NOTE 4 - Rule 8 minimizes resbictlons on Inmk and spur length. number or devices ate. by specitving only the transmis­
sion Umitatlons imposed by combinations or INsa ractOfs, Oifferent combinations may be used depending on tha needs or 
ltIa appIlcallon. 

NOTE 5 - The main cause or a large mismatch is ltIe concentration or sevaral couplers on a short length or tha trunk. 

UIN distance betwaan two consecutive couplers is less than 4 m It1a propagallon delay between ltIam is smaller ltIan 20 ns 
(1/10 or It1a maximum rise or rail limes speci/ied lor ltIe tran~mit signal) and the concentration appears as a single mis­
matched elemenl inducing large reneclions or the sil;nal transitions. 

A concentration of couplers where ltIe distance betwaan two consecutive couplers is less than 4 m is deftned as a cluster. 

In order to comply with the Rule 8c using devices with an input impedance or minimum value (8 kfl) and zero length spurs, it 
is recommended ltIal a cluster would nol include more than lour couplers. 

Using devices with an inpul impedance signirlcanlly highef !han ltIe minimum value would allow clusters with mora couplers . 
Using non-zero length spurs could require clusters to have rewer than four couplers. 

NOTE 6 - II is possible to reduce the mismatching due to a cluster by following means: 

- using aclive mullipart couplers; 

- inserting malching devices (pasSive attenuators) on each side of the cluster, under the condition ltIat 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 not be a non-redundant segment between two redundant segments; 

c) repeaters shall also be redundant; 

d) if the system is cbnfigured (by Station Management) to transmit ~re than one channel 

simultaneously then the propagation time difference between any as on any two chan~ 

nels shtiu not exceed fIVe bit times; 
- /") . . 

e) channel numbers shall be maintained throughout t e ' Fie ~ s:' i.e. channels 1.2.3 ... from 

Station Management shall always connect to physical ~s. 1 • 

12.2.3 Power distribution rule. lor nelwork /~ra,~/ 

The ~Ie shield shall not be used as a power ~~.e:9~ ..-
12.3 Tran.mlt circuit sPeclflcatlo~~OIIa~ .. mod. MAU 

NOTe - .... ~ of __ • ~. , .. ";,:~.~ _od","'''' 13"'" 14. 

Table 13 - Trans~pecifiC Ion summary for 1,0 Mbltls voltage-mode MAU 

TrMSmJt IewI chu~.~t \'afuet'(~erred to trunk UmJt8 tor 1,0 Mbltla voltage mode 

(but meuured util:1g lalUcad . ~n in figure 16) 

Output~#~~·~).1.~. 17) 5.5VID9.0V 

WIth .. t ( ~,.~ for this tat) 50 a * 1% 

Maximum POSIIlv.·~ negalive amplitude dillerence (Signaling bias) as shown ~0.4! V 

In !!gute 18 

Output Lav"; open circuit, (peak-to-peak) ~ 30.0 V 

MaxJmurn output signal cislor1lon; I. •.• overvoltage. ringing and droop .10% 

(S .. lIgure 17) 

Ouiescent Iransmitter output; i.e. Iransmilter nQise ~ 5 mV (r.m.s.) 

(measured overltle frequency band 1 kHz 10 4 MHz) 
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Table 14 - Transmit timing specification summary for 1,0 MbitJs voltage-mode MAU 

Tr.n.mft IIINng cllarac:terf.Uca, va/u. r.ferred to Crunk 
(but meuurec:t using tAtst Io.:t ... hown in ligur. 1 S) 

TranarnltWd bit rata 

Maxinun IrWlSmiIt8d bit cell jittAtr 
(zero-ct'ONlng point deviation, ... flgure 18) 

Tr.namit enabIeIdsabIe time (I ••• time <*Bing which 1M output 
not meet the Ir..wmit requirements) 

Oevica 
Under 

Cue TNt 

Umlt. for 1,0 Mbltl. volt-v. mode 

1,0 Mbitll :t 0,01". 

Ground "-..... _ ... 

T" Tenninatct remov.d .. 
requited for t.,lIng 

Figure 16 - Transmit circuit tast configuration 

Differential signal voltage: 

Test load resistance R a 75 Q (0,5 cable Zo) and C ,. 0,33 IJF except where otherwise stated in a 
specific requirement. 

12.3.2 Output level requirements 

NOTE - F"tgUr. 17 shows an example 01 the .. c. COInpoMnt of one cycle 01 • Field au. wav.form, iRustrating some key 
items from the transmi,t circuit specification. Only signal voltagu are shown; this ~1Itn tak •• no account 01 power supply 
voltages. 
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.-

Figure 17 - Ou wa~ 

the top and bottom of the waveform (" 1)01" '\.~ 17): 
ments, all amplitudes being measured a~ ~ed ' in! between any peaks or troughs in 

a) the output va.age across the t~) transformer step upldown (if applicable) shall be 
betWeen 5,5 V and 9,0 eak-to~;!~r. all load resistances from 50 0 % 1 % to 75 0 % 1 % 
(·min oIp" in figure 17); ~ 

. ~ .... 
b) the output y6~ at Ii 'tru"i'rk;' or at the transmit terminals, with any load including an open 
circuit shaJl .. ~ ~ OW peak-to-peak ("max ole at trunk" in figure 17). For test purposes 
open Circ~b~~ as a load of 100 Idl ~esistance in parallel with 15 pF capacitance; 

c) during tra~'Ssion a device shall not suffer permanent failure when a load resistance of 
~ 1 0 is applied-for 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 MbiVs 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 requiremen~s 

A 1,0 MbiVs 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 figl,lre 17); 

b) slew rate shall not exceed 1 00 VI~s 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 - Requirements a) and b) produce a trapezoidal waveform at the transmit circuit output Requirement b) limits the 
level of interf8lenc8 emissions which may be coupled to adjacent circuits ete. Requirement b) is calculated !rom the formula: 

Max. slew rate • 3 x MIn. slew rata - 3 x 0,8 Vo I 0.2 T • 12 X Vo I T 

wher. Vo IS the maximum pk-pic output voltage (9,0 V). and T is the nominal bit time (1 IJS). 

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 tJme --'++--0,5 bit time ---!..r' 

VPB--~-----r----~~~~~~~~~~-+~~ time 

Vse-

ov---~~~-----------------------
~, 

Flgure1i'- sm1tted bit cell jitter (zero crossing point deviation) 
, (~ , ......-:'\1 \ 

d) the tl'3'ClS'll1~ircuit ~I tum on, i.e. the signal shal~ rise from below the transmit circuit maxi­
mum oU~Pllf\n~~~el as .specified in 12.3.2 (e> to full output level, in less than 2 nominal bit 
times. The wa".~prm corresponding to the third and later bit times shall be as specified by other 
parts of 12.3; " 

e) the transmit circuit shall tum 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 OUT terminals. 

NOTE - This requirement is to ensure that the transition of the transmit circuit from active to passive leaves the line capaci­
tance tully cbchargad. 

12.4 Receive circuit specification. for 1,0 MbitJs voltage-mode MAU 

NOTE - For ease of ref8lence, the requirements of 12.4 are summarized in table 15. 

" , 
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Table 15 - Receive circuit specification summary for 1.0 Mbitls voltage-mode MAU 

Receive circuit charact.lattc:. 
(valuu referred to trunk) 

Input impedance, rneuwed t¥oIet 1tIe frequency range 0,25 'r to 1",25 'r 

Sensitivity; min. pk-pk signal r.quired to be accepted (s .. lIgute 19) 

Noise rejection; max. pk-plc noise required to be rQ/~ted (SIM llgure 19) 

~um received bit cell/Itt« (Z~sing point deviallcn, see llgure 20) 

12.4.1. Input Impedance 

Umlm for 1,0 MbiUa voltage mode 

700mV 

The differential input · impedance of a 1,0 Mbitls voltage- ive eircuit shall be no less 
than 8 k1l over the frequency range 0,25 fr to 1.25 50 '/ Hz). This requirement shall 
be met in the power~ff and power~n (not ttafiSrTTi\tl g) t es and in transition between these 
states. This impedance shall be measured ~}l6 . tion element terminals using a sine 

peak-ta-peak. ./ /~ '\ ,," 
wave with a signal amplitude greater t~~er sitivity threshold and lower than 9,0 V 

NOTE - The requirement,or ~ 8 kO input~m ~ce ~. power· up and power-down may be met by automallc dlsacllng 0' the Iransmitter during these periods. .,/ ./ 
.' 

12.4.2 Receiver sensit i~ ~:ise rejection . 

• ..--.... \0 '1.? ",. 
A 1,0 Mbitls volt~g'e-mode ~U receIVe circuit shall be capable of accepting an input signal of ampli-
tude no less atl (lDG~ c&-to-peak, including overvoltage and oscillation (see "signa' leve'" in 
figure 19 tog..t Irwith "pQl;il' e amplitude" and "negative amplitude" in figure 17). \ ,_J . 
A 1,0 Mbitls voltag -mode MAU receive circuit shall not respond to an input signal with a peak-to­
peak amplitude whlch does not exceed 280 mV (see "noise rejection" in figure 19). 

______ Sl_G_N_A_L ______ + signal 

level (min.) 

_______________ + noise 

o V - - NOISE 
rejection (min.) 

_______________ - noise 

rejection (min.) 

_______________ - ~naJ 

SIGNAL level (min.) 

Figure 19 - Receiver sensitivity and noise rejection 

12.4.3 Interference susceptibility and error rates 

NOTE 1 - When the Field Bus is op41rating in a variety 01 standard noi~e environments the probability that an Application 
Layer User Data Unit contains an undetected error, due to operation 0' the conveying Physical and Data Unk Layer entitles. 
should be less than 1 in '0 '2 (1 error in 20 years at 1 600 messages/s). A communication element is regard41d as conform­
ing to this theoretical requirement when it meets the following interference susceptibility reqUirements. These are specified 
by a detected frame error rate which is derived by using a ratio of detected to undetected errors of 106. This follows 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 Unk Layer. 
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A communication element which includes a 1,0 Mbitls voltage-mode MAU, operating with frames 
containing 64 random user data bits, with maximum frame rate and with signals of 1.4 V pk-pk ampli­
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 sinusoidal signal of any frequency from 63 Hz to 2 MHz, with an amplitude' of 
4 V r.m.s. and from 47 Hz to 63 Hz with an 'amplitude of 250 V r.m.s.; 

b) a common mode d.c. signal of %10 V; 

density of 30 /JVNHz r.m.s. ~ . 
. ../ 

NOTE 2 - The common mode voltage and Gaussian noise speci .,e f r ' "jVQ circuit conformance testing with 
baIMcad IoadI and are not indIcaUve of system installallon practice. ~ 

A communication element which includes a 1,0 . vo ~~m~ MAU, operating with frames 
containing 64 random user data bits, at an av~e 0 0 rf\essages per second, with signals of 
1,4 V pk-pk amplitude, shall produce no th)u,~de t. frame errors in 100 000 frames during 
operation in the presence of .Iectrorna~ t~~;'rt.r.nc. environments as follows: 

1) 10 VIm electromagnetic field aS~~ieded»~ IEC 801.3 at severity level 3; 
~~// 

2} electrical fast transi specified in EC 801.4 at severity level 3. 

The above error ra~~ifi ~ ~ also be satisfied after but not during operation in the following 
noise environmentt .~,' . 

Q a kV ~[l~\latl£..~Charge to exposed metalwork as specified in IEC 801.2 at severity level 
3. If the d~ s"tdfers temporary loss of function or performance as a result of this test it shall 
recover from a such loss without operator intervention within 3 seconds after the end of the 
test; 

in high frequency disturbance tests as specified in IEC 255-4 Appendix E, Test voltage class III 
(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 perfcriTlance 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 sign~1 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 

, This does not preclude ttle use of receivers which perform better than this specification. 

2 Depending on ttle symbol pattern. the nominal time between zero crossings may be one-half or one bit time. 
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w.---O.S bit time --.,0++--0.5 bit time --til.,.' 

Power 
BIas 

Not to scale 
01V---------~------~~~~~~~~~~--

Figura 20 - R~~ IY;.;-' 

Mid-point 

12.5 Jabbor Inhibit /~ ~ '\.:. . 

The MAU shall contain a self-interruPt~S~~(O)inhibit transmitted signals from reaching the me­
dium. Hardware within the MAU (with no ~~1nessage other than the detection of output signals 
or leakage via the transmit ~on) shall pro ide a Window of between 5 ms and 15 rns during which 
time a normal frame may b ~ ·tted. If the frame length exceeds this duration, the jabber inhibit 
function shall inhib~ .. ft2rtNr \.u'\f?~ ~!)Bls from reaching the medium and shall disable echo on the 
RxS line (see 1 O.2:2( t~ ~abber detection to the MOS. 

The MAU '~~1~~;il.,ntenuPt function after a period 01500 lOS • 50%. 

NOTE - Thillnhibi~ Iralllc for no more tMn 3% (- 1132) oIlhe aveilable time. 
\ 

12.6 Power distribution 

NOTES 

A device can optionally receive power via the signal conduc:lOI's t)( be separately powered. 

2 A separately powered device can be connected to a powered Field Bus. 

3 Fer ease of reference. the requirements of 12.6 are summarized in tables 16 and 17. 

Table 16 - Network powered device characteristics for the 1,0 Mbitls voltage-mode MAU 

Network powered device characterlsUes Umlls for 1,0 Mbltls voltage mode 

Operating voltage 9.0 to 32.0 V d.e. 

Minimum withstand voltage. either polarity, lor no damage 3SV 

Maximum rate of change 01 quiescent current (non-transmilUng) 0,05 mAI\Js 
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Tabla 17 - Network power supply requirements for the 1,0 Mbitls voltage-mode MAU 

Network pow_ aupp/y requirement. Umlts tor 1,0 MbltJ. voltage mode 

Output voltage S 32Vd.c. 

Output ripple and noise Seellgure 21 

Output Impedance, measured aver the frequency range 0.25 tr to 1.25 tr ~ aka L') 

~~ 12.6.1 Supply voltage ~ ,\ 
A- Reid Bus' devic~ which includes a 1,0 Mbitls voltage-mode Jl(J _sH~1 b~able of oper:,1lting 
within a voltage range of 9 V to 32 V d.c. between the two ondu"stdf 1'ncluding ripple. The device 
shall withstand a minimum voltage of : 35 V d.c. without ~ 

A Field Bus device which includes a 1,0 Mbitls vo~. od ~II conform to the requirements 
of this part of this International Standard when ~erea a ply with the following specifications: 

,v/., ""\.." " 
a) The output voltage ~f the power ~~~~ V'd:c. maximum including ripple; 

spec:illecl by the local regulatory ttqfKtCy for the Lar. . talIon. 
NOTE t - The voltage or !he power SUPP/Y~ 0 cult transmitter output voltage should be less than the limit 

b) The output impeden e power ~ ~~ shall be 2:8 kO over the freqUe~ range 0.25 fr to 
1,25 fr (250 kHz to 1.25 

/~ ,<0 
c) The break~'(i~ ~ . ,nts of the i$Olation of the .signal circuit and the power distribution cir-
ouit from"t.~u¥and·~ each other shall be in accordance with lEe 85A (Central Office) 22, 
Table 17. \ '" '-_; 

NOTe 2 - Fat • de~ which is powered from a supply with rated voltage s 50 V d.c. or r.m.s .. ttle equivalent tat voltages 
at ,..level ate 444'V r.m.S., 635 V d.c. and 635 V peak Impulse test For a cleviee which Is powered from a supply with 
rated voltage between 150 and 300 V r.m.s., !he equivalent test voltages at se. level are 2260 V r.m.s., 3 175 V d.c. and 
3 175 V peak Impulse test 

12.6.2 Powered via s/gnal conductors 

A Field Bus device which includes a 1,0 Mbitls 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 tq peak over the frequency range 0,25 fr to 1.25 fr (250 kHz to 1,25 MHz); 

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

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

d) levels at intermediate frequencies generally in accordance with figure 21. 
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,a~ ,0 Mbitls voltage-mode MAU and is powered via the signal 
conductors shall t,ave-a . 'urn rat"e of change of quiescent current in the non-transmitting condi-

tion of 0,05 ~\..~ :~ \ 

NOTE - This ~'\..n~"'.lilt1itS IN effect 01 pow ... lr811Sientl on 1M signU. 

12.6.3 Powered ~~arateIY from signal conductors 

NOTE - Power cSslribution to non-u poweead Field Bus devices is by separate conductors feeding local powee suppUes or 
regulaaors. These conductors can be in • separate cable or in !tie same cable as !tie sig\al conQJctors. 

A separately powered Field Bus device which includes a 1,0 Mbitls voltage-mode MAU shall draw no 
more than 1 00 ~ direct current from the signal conductors, nor shall it supply more than 1 00 ~ di­
rect current to the signal conductors when not transmitting. 

12.6.4 Electricallsolation 

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 01 Ih4 enUre davice from ground or by use 01 • Irans/armer, opto-couplee ar some othee 
isolating component between Irunk e~ 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 kO 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 'ess than 15 
o between 3-30 MHz. 
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NOTE 2 - The capacitance between ground and trunk cable shield necessary to meet both these requirements can be any 
value between 3,5 nF and 10,6 !'iF. 

The maximum unbalanced capacitance to ground from either input terminal of a device shall not ex· 
ceed 2S0 pF. 

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

NOTE 3 - For. dftice whictt is pow_ed from • supply with rabid voltage ~ 50 V d.c.~. ., the equivalent test voltages 
at 1M leYei •• ..u V r.m.I., &35 V dc. and &35 V peaJc impulse tall For. dav wentd from a supply with 

__ ~ YoI.t9. .. ~1Ween 150 II'Id 300 V r.m.s., the equivalent talt voltages at 1M 1_ . .2 .r .. m: s., 3.175 V d.c. and 
3175Vpeek~tul /) 

12.7 Medium specification . ~/ 

12.7.1 Connector ~ 
Cable connectors, if used, shall be to the IEC~~ -t~ ~~~e annex B). Field termination 
techniques such as screw or bIad.t.":~~~ ination may also b. used. 

12.7.2 Cabl. . ~ '\ 
The cable used for testing Field Bus d~~ 1,0 Mbitls voltag~mod. MAU for conformance to 
the requirements of this f this :~~~ional Standard shall be a single twisted pair cable with 
overall shield meeting the ~ minimum requirements at 2S'"C: 

", 
a) Zo at 0,2S.Jr·(2;)kH "'~f50"\'f % 10%; 

~
\..~ .~\ 

b) Zo at ~ lr:(~~.~HZ -150 a % 10%; 

c) maximum att uation at 0,25 fr (250 kHz) - 6,5 dBlkm; , 
d) maximum attenuation at 1,25 fr (1,25 MHz) - 13 dBlkm; 

e) maximum capacitive unbalance to shield,. 1,5 nFlKm 

f) maximum d.c. resistance (per conductor) = 57,1 OIkm: 

g) conductor cross sectional area (wire size) = nominal 0,33 mm2 (*22 AWG); 

h) minimum resistance between either conductor and shield - 16 GO km: 

Q minimum shield coverage shall be 95%. 

NOTE - Other types 01 cable may be used, other than lor conlormance tesllng. ~s with Improved spec:illcatlons may 
enable increased trunk length and/or superior interleranee immunity. Conversely, cables with inlerior spec:incat!ons may be 
used subject to length limitations lor both trunk and spurs plus'possible non-conlormanc. to the RFIJEMI susceptibility r. 
quirements . 

12.7.3 Coupler 

The coupler shall provide one or several point(s) of connection :0 the trunk. It may be integrated in a 
Field Bus dellice, 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 
Coupler 

Trunk ---------""1- - - - -1---------

Spur 

[)evjce_ • . 

I 

Figure 22 - Field Bus ~ 

A passive couplet may contain 0"1 or all of the~~n§:~eSCribed below: 

~:. transformer. to provide galva~ ~~a,;ce transformation between trunk and 

b) connectors, to provide easy conn~~ .spur and/or trunk; 

c) protection resistors, ~ n in figure 23, to protect bus traffic between other stations from 
the effects of a ~~irc ~i,~~~ separately powered device spurs. 

,,(~~,", 
" \ ...... trunk 

" 

Optional 
protection resistors 

Figure 23 - Protection resistors 

Active couplers, which require external power supplies, contain components for signal amplification 
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 01 the network in which the characteristic impedance 01 the network cable is nol preserved. 
This is possibly due 10 separation 01 the cable conductcrs, removal 01 the cable shield. change 01 wire gauge or type. con­
naction to spurs, anachmanl to terminal strips. ale. A practical dellnition 01 a splice is therelora any part 01 the network that 
is not a continuous length 01 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. 



-so - I~AlSP50-1992-23SP 

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

NOTE - In practical implemen~ ltIis value would be selectad to be approximately equal to ttle average cable 
charactarisllc impedance value at the relevant trequencies to minimize Irantmission line reflections. 

The direct current leakage through the terminator shall not exceed 100 lolA. The terminator shall be 
oo~~~~ed. . 

12.7.6 Shielding rules ~ 

rity of shielding throughout the cabling, connectors and couplers e J.dltowing ans: 
FoP fuliroontem18AGe.t().othe.nGise.jmJRUA~requitemeClts.of.J 2..4~it . _ ensuce ..the .integ· 

b) shielding shall completely cover the electric clr its' ors. couplers, and splices. 

a) the coverage ot the cable shield shall be greater th~' of /~II cable length; . 

NOTE - 0eviaII0n trom IhNe shieldng rules may degr~~imm i " 

12.7.7 Grounding rules ' ..... ~d\\ " 'i ". . 
NOTE 1 - Grounding meaN pennanenlly~~tad ~e~ through a suttlclanlly low impedance and wittl sufficient cur· 
rent carrying capabmly to prevent voltage build ~~. .ailght result in unC.Ie hazard to conn.c:tad equipment or persons. 
Zero volts (common) Unes may connected to nd.whllf'e they are galvanically Isolated from !he F" .. 1d Bus trunk. 

Field Bus devices shall be ~ Jo function to the requirements of this part of this International 
Standard with the .~int J.~le~jnator or one inductive coupler connected directly to ground. 

Field Bus d9l(~~~ail~ ~ect either conductor ot the twisted pair to ground at any ~int in the 
network. Si9m.1~11Jle' applied and preserved differentially throughout the network. 

\ '- . 
NOTE 2 - It Is s ' d practice lot the shield 01 the F"teId Bus trunk cable (II applicable) to be effectively grounded at one 

13 

point along !he lencjlh 01 ttle cable. For this reason Field Bus devices should aJJow d.c. isolation 01 !h. cable shield trom 
~ For bus POWllf'ed systems !he groundng 0' the shield and balanced signal conOJc:tors would be close to ttl. power 
supply unit Capacitive coupting between the shield or the balanced signal conductors and device JocaI ground lor EM! con­
trol is permitted. 

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

",. 1,0 Mbil/s ront·mode MAU simultaneously provides access to mmunicalion network and to a power distribu-
tion network. Cevices a hed to ttle network communicate via ttle m m and mayor may flOt be powered from it Power 
i5 distributed as a constant a: cUlTenl"" communications signal • superimposed on ttle LC. POWIlf'. 

2 

3 

4 

5 The devices are connected in serie 

13.1 

The current-mode lr milted bit rate shall be 1,0 MbiVs : 0,01 %, eraged over a frame having a 
minimum length 0 6 octets. The instantaneous bit time shall be 1,0 J.l 



ISAlSP5Q-1992-236P 

13.7.7 

Field Bus devices shall not conn 
network. Signals shall be ap . 

-73-

/ / 

14 Medium Attachment Unit (MAU): 2,5 Mbltls, volt ~ . medium 

NOTES / (/""'v' 

via the ~ ccncb:liots and suitability fer InlJin~'~' bus powered, power is clslribuWd as direct voltage 
and curren!, and communic:aIIons signals 1II •• sup4r~~ \0..1"\ d.c. pow •. 

2 The network meclum consists of ShE$~ed-~r e. Independent 01 topology. all attached devicea. other than 
possibly the tranamitllng device, .e high 1m ~~pregent signilicant network loading. Trapezoidal wavelorms are used 

ID reduce eleclron'1llgletlc emf' , and signal dlis on. 
3 A linear bus IIopoIooy is . netw()(k contaiN one trunk cable. terminated at both ends. 

~, 

/~ . / . .......... 
14.1 Transmitted ~ 1 \ 

. \.~ . ~ . ,~ 
The transmitt~~ ~tfL~~1l be 2:5 Mbitls ::t: 0,01 %, averaged over a frame having a minimum length 
of 16 octets.·~ ~lentaneous bit time shall be 0,4 ~s ::t: 0,010 IJs. 

" 
14.2 Network specifications 

NOTE - A 2.5 Mbitls voltag.-mode MAU operates in • netwOfk composed 01 the lollowlng components: 

a) Cable; 

b) Terminaliots; 

c) Couplers; 

d) Devices (containing at least one communication element). 

A wiie netwOlk in 2.5 Mbitls voltage mode may additionally include the lollowing components: 

e) ConneclOfs; 

I) Power supplies; 

g) Oevices 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 

The coupler and communication element are generally inlegrated in one device. 
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2 Active repeaters may be used to establish branches or to extend the length 01 the trunk beyond that 01 a single segment 
u permitted by the network configuration rules. Branches must be considered as segments. 

14.2.2 Network configuration rules 

A 2.5 Mbitls voltage-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 an~evices, all operating 
at the same bit rate. ' ?, \ 

_ _ _ NOlE j ~ .RuIe,,1 doea.not precluda the usa ot moeethan the S~IIed '"umW~t -; . ~ln ~ec! sys~. 
Rule 2: A fully loaded (maximum number of connected devices) ~s voltage-mode Field Bus 
segment shall have a total cable length, including bran et any two devices, of up to 
500m. 

NOTE 2 - 500 m maximum cable length is the requlre~ tor-aqn ....£~tandard but this does not preclUde the 

UH ot iongIf' lengths in an installed system. ~} , \ 

Rul. 3: The lotal number of waVeform)~ ~ ~ •• ;.rs and aclive couplers between any 
two devices shall not exceed four. ~.~' ) \. '= 
~ule 4: The maximum propaga~ion dela~~eej, any two devices shall not exceed 40 nominal bit 
times. 

NOTE 3 - For .tIIc~t ~'). part ot the lIJrnafound lime of any device on the network caused by a PhE be-
tween the end of • niceN8a ~~nnlng 01 the Iranamittad "arne containing an usoctated lmmedIate response 
should not 'I(~' 5~t ~ If than 2 bit times of which should be ~ to the MAU. As It II not mandatcly to expose 
the OLL._Ph~:~ ~ the"¥.q AU interface. that part ot the turn-1rOUfId time ot • F'18Id Bus device caused by the PhL 
CI the MAU be s~~ or contonnance tested. 

'- . 
Rule 5: The Field S . 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 Mbitls wire Field Bus which is not powered via the signal conductors, a single fail­
ure in anyone 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 fr)) :s 10 dB 

Attenuation (1.25 fr) ~ Attenuation (0,25 fr) 
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where fr 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); 

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

I(Z - Zo) I (Z + Zo)I s: 0,2 

where Zo is the characteristic impedance of the trunk cable and Z is d~rallel combination ot 
Zo and the load impedance at the coupler. Z:;'" 
NOTE" - Rule 8 rnWmiz .. r .. trlctlons on trunk length, number 0' devicel ,lIY 3~tylng • tran3mluion limita-
tIoN imposed by combinalIcN 0' these laclots. Dirrerent combinations may be slQ.d8pQnd1ng on • needs 0' the applica-
lion. . 

NOTE S - The main cauH 0' a large mismatch II the conc:antrallon 0 ~ • short length 01 the IrUnk. 

If the clatance betw ..... two consecutive couplers is less ~~. d~lay between them is smaller ~ 10 ns 
(1/8 01 the mumum riM 01 flllllImeI specilled lot the ~'t . conc:anb-alion appeal' u • sitge mismatched 

element Inducing ~ reflections of the sp tr~ / ' "." . 

A concentrallon of couplets where the cis e bt~ live couplers is leu than 2 m" deftned u • cluster. 

In order ID c:cxnpIy wi1h the Rule 8c ~ing dev s ~th aJ. t impedance 0' minimum value (8 kO) and zero length spurs, it 
is recommended that a dust. would not include -IfIaI( lour couplers. 

Using devicel with an input ilbll-ml1'lc.o:l sigliftcandy higher than the minimum value would alloW dust.s with more couplers. 
Using non-zero ~~s c , .sswrs ID have 'ewer than lour couplers. 

NOTE 8 - It Is possible""lo e ~ rnismalching c1Ie to a clust. by the IofIowing meaN: 

" l \ . ..' \ 
- ~~~~~11nUltf~ s; 

- 1nMr1Ing~ h~ device. (passive attenualot3) each side of the cluster, under the condI\to!'I that the Rule 8b is salis-
fled. • , 

Rul. 9: The following rules shall apply to systems implemented with redundant media: 

a) each channel (cable) shall comply with the network configuration rules; 

b) there shall not be a non· redundant segment between two redundant segments; 

c) repeaters shall also be redundant; 

d) if the system is configured (by 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 Reid Bus, Le. channels 1,2,3 ... from 
Station Management shall always connect to physical channels 1 ,2,3 ... 

14.2.3 Power distribution rules for network configuration 

The cable shield shall not be used as a power conductor. 

14.3 Transmit circuit specification for 2,5 MbiUs voltage-mode MAU 

NOTE - For ease of relerence, the requirements of 14.3 are summarized in tables 22 and 23. 
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Table 22 - Transmit level specification summary for 2,5 Mbitls voltage-mode MAU 

Tr.namU I..,. charact ... tlcs, valu .. referred to trunk 
(but measured using talt Io8ct as shown in f9Jre 30) 

Output 1eYe! (~.to-peak, see fVlre 31) 
Wilt! tNt load (non-standard fer this telt) 

Maxlnun positive and negative ampillude cttterence (sig\allng bias) &I shown 
In 191re32 

Maximum output signal dsflortlon; I. •.• overvoltage. ringing and droop 
(S .. ft9,Ir. 31) 

OUieIcent trWlamitl8r output i.e. trantmittar noise 
(meuured overltle frequency band 1 kHz to 10 MHz) 

UrnJts tor 2,5 Mbltls voltage mode 

5.5 V to g.o V 
50 Q :I: 1% 

Table 23 - Transmit timing speciflcatl ~.5 Mbitls voltage-mode MAU 

Trwlsmlt liming characterlsllcs. valu .. r 

(but measured using telt load as shown in 

Transmittad bit rat8 

-/ 
MuImum!rant' 6it cell jlltM 
(zerOoCl'ouing point vlation. see f9Jre 32) 

Transmit enabIeIcbabIe time (I. •. lime during which the output wavetonn may 
not meet ItIe !raMmit requiremenll) 

14.3.1 Test Configuration 

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

~~ F" .. 1d Bus 
o V R HVem ~ 

Device 
Power Supply Under 

Test 
Vb Ground 

C_T _ f 

LJmlts tor 2,5 Mbltls voltage mode 

2,5 Mblt/s :I: 0.01% 

0 •• IJS :I: 0.010 \oil 

$ 0.2 nominal bit time 

:I: 0.020 nominal bit time 

$ 2.0 nominal bit tim.s 

..L 

TO 

T 

T· Terminator removed as 
required for testing 

Figure 30 - Transmit circuit test configuration 

Differential signal voltage: 

Test load resistance R = 75 {} (0.5 cable Zo) and C = 0.15 IJF except where otherwise stated in a 
specific requirement. 
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14.3.2 Output level requirements 

NOTE - FIgure 31 shows an example or the LC. component or one cycle or • Field Bus waveform. iUustrallng some key 
it8ma from !he transmit Citcuit specillcation. Only signal VOltages are shown; this diagram takes no account 01 POWIt( supply 

vol". 

/~.~", ' 

Fi9U\' ~ Jrytp waveform . 

A 2,5 Mbitls voltage-mode AU tran~m~ ~ '~hall conform to the following output level require-
ments, all amplitudes bein ured at the estimated mid-point between any peaks or troughs in 
the top and bottom of the :~id-point· in figure 31): 

.... "'-"" ./. ""'v' .""' . 
a) the output y~a~c the test load after transformer step up/down (if applicable) shall be 
between '~'aoO 9ia~ ~ -to-peak for all load resistances from 50 a 2: 1% to 75 (1 2: 1% ("min 
oIp" in figur~~ '--. / 

b) the output "OJ~ge 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 oIc at trunk" in figure 31). For test purposes 
open circuit shall be defined as a load of 100 k(1 resistance in parallel wit~ 15 pF capacitance; 

c) during transmission a device shall not suffer permanent failure when a load resistance of 
$ 1 0 is applied for 1 second; 

d) the difference between positive amplitude and negative amplitude, measured as shown in fig­
ure 32, shall not exceed 2: 0.35 V peak; 

e) the output noise from a 2.5 MJJiVs voltage-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 distort~on. i.e. overvoltage. ringing and droop. 

14.3.3 Output timing requirements 

A 2,5 MbiVs 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/'tJs 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) pl'oc1lce a trapezoidal wavetcnn at the tranamit circuit output Requir.ment b) limits the 
level oIlr!~ emisaioN which may be coupled to adjacent circuits 4I1e. Requirement b) Is calculated !rom the tormula: 

Mu..slewrate. 3xMln. slewrate. 3xO,8Vo /0,2T. 12xVo/T ~ 

. ___ wtw_V oJs the maxinun pj<-pk CNtput voItaQI. ($,0 Yl •. .rid T is the nominal bit lime , ). 

C) transmitted bit cell jitter shall not exceed ± 0.020 nominal ~m the Cleal zero crossing 
point, measured with respect to the previous zero cross' see ' 32); 

"--0,5 bit time - ...... ..,...~lfi 

Vp 

Not to scal. 

Flgur. 32 - Transmitted bit celf 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, Le. 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 OUT terminals. 

NOTE - This requirement is to ensure that the transillon ot the transmit circuit from active to passive leave.s the line capaci· 
tance fully discharged. 

14.4 Receive circuit specification for 2,5 Mbitls voltage-mode MAU 

NOTE - FO( ease ot reterence, the requirements ot 14.4 are summarized in table 24. 
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Table 24 - Receive circuit specification summary for 2,5 Mbitls voltage-mode MAU 

Receive circuit cnar.cterletlca 
<wI&Me ref.,red to trunk) 

Umlte for 2.5 MblUe yoltege m:xte 

Input~, lNUUl'ed' t:/Ver !he frequency range 0,25 fr 10 1,25 f, ~ 8kO 

SeNill\ilty; min. pk-pk slc;J\al required to be acceptild (sMllgure 33) 700mV 

Maxim&m received bit * litW (zero-eroasing point deviaIian, see .e 34) 

14.4.1 Input Impedance 

The differential input impedance of a 2.5 Mbitls voltage- iva circuit shall be no less 

than 8 kO over the frequency range 0.25 fr to 1.25 f 5 k Hz). This requirement shall 

be met in the power-off and power-on (not tratlsrfiftJi g) es and in transition between these 

states. This impedance shall be measured a~~QO n tion element terminals using a sine 

wave with a signal amplitude greater t~ ~er sitivity threshold and lower than 9.0 V 

peak-to-peak. ./ .~ '\ . 10.. "-

NOTE - The requirement tor ~ 8 kQ Input ~e~. power-up and power-down may be met by automallc ~sabling 
of !he IrIInsmitter c2Jring lhese periods. . "\'/ ,/ 

14.4.2 Receiver sansiti i~ noise rejection 

.~ / ""'!o 

A 2,5 Mbit/s volt~e.mode . f~fve circuit shall be capable at accepting an input signal of ampli-

tude no less ~~ ~: ak-to-peak. including overvoltage and oscillation (see "signal level" in 

figure 33 tog~lr"'~~if/Va amplitude" and "negative amplitude" in figure 31). 

A 2,5 Mbitls voltag 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 33). 

SIGNAL. ____ ___ ____ ____ + signal 

level (min.) 

______________ + noise 

OV - - NOISE 
rejection (min.) 

______________ - noise 

rejection (min.) 

___ ______ _ _ ___ - signal 

- SIGNAl level (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 thaI an Application 

Layer User Data Unit contains an undetected error, due to operation of the conveying Physical and Data Unk Layer entities, 

should be less than 1 in 1012 (1 error In 20 years al 1 600 messages/s). A communication elemenl is regarded as conform­

ing to this th80felical requirement when It meets the following interference susceptibility requirements . These are specified 

by a detected frame error rate which is derived by using a ratio 01 delKted 10 undetected errors 01 106. 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 Unk Layer. 
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A communication element which includes a 2,5 Mbitls voltage-mode MAU, operating with frames 
containing 64 random user data bits, with maximum frame rate and with signals of 1,4 V pk-pk ampli­
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 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; 

e} whit&-Gaussiaft.aaGitive..QiffereAtial-.noise-iA.the frequency.. WQjIolU,.-.n."" 

density of 20 INlVHz r.m.s. 

NOTE 2 - The common mode voltage and Gaussian noise spec! 
baIaneed ~ Md .e not indicative 01 system installation practice. ~ 

A communication eiement which includes a 2,5 . vo ~~tTl"c:>d'e MAU, operating with frames 
containing 64 random user data bits, at an av~e 0 0 "essages per second. with signals of 
1,4 V pk-pk amplitude. shall produce no m th·'arl'e'de~f . frame errors in 100 000 frames during 
operation in the presence of electrom~ . . ~~'lil t~1 in)erference environments as follows: 

1) 10 Vim electromagnetic field as~~~i IEC 801.3 at severity level 3: 

2) electrical fast tranSi~pecified ~EC 801.4 at severity level 3. 

Th~ abov~ error ~~. I . lOf'! sQ.~ also be satisfied after but not during operation in the following 
noISe envIronments: ~ " 

~
\.\.. . . . " .' . 

Q 8 kV e ~'tati£.dtscharge to exposed metalwork as specified in IEC 801.2 at severity level 
3_ If the de' ~ers temporary loss of function or performance as a result of this test it shall 
recover from a~ such loss without operator intervention within 3 seconds after the end of the 
test; 

iQ high frequency disturbance tests as specified in IEC 255-4 Appendix E, Test voltage class III 
(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 cell jitter 

The receive circuit shall accept a Manchester encoded signal transmitted in accordance with 14.1 
and 14.3. In addition, the receiver shall accept signals with the time variation between any two adja­
cent signal transition po!".!s (zero crossing) of no greater than: 0,10 nominal bit time. See figure 34. 

NOTES 

1 This does not preclude the use 01 recaivers which perform better than this specification. 

2 Depending on the symbol pattern. the nominal lime between zero crossings may be one-hall or one bit tima. 
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'----a,s bit time -~~----O,S bit time -_ .. ~I 

VPB--~~~~~~--~-+~~~---------~~~ 

Vsa- - -1--- ... - BI .. 

POW8f' 
Bias 

Not 10 scale 
OIV-------~~------~~~~~~~~~~~ 

Flgu .. 34 - ~~I~~er 

Mid-point 

14.5 Jabb.r Inhibit /~ ~ """. 
The MAU shall contain a self-interruPt~~~4 inhib~ transmitted signals from reaching the me· 
dium. Hardware within the MAU (with no l.:~.f1aVmessage other than the detection of output signals 
or leakage via the transmit lion) shall pr vide a window of between 2 ms and 6 ms during which 
time a normal frame may b ~ itted. If the frame length exceeds this duration. the jabber inhibit 
function shall inhib~~er 1~pt1~ ~Is from reaching the medium and shall disable echo-on the 
RxS line (see 10,2:2) to i . t\/abber detection to the MOS. 

The MAU Sha~~i.~''"terruPt function an.r a period of 200 ms. 50%. 

NOTE - 'This ~~~, "tratllc lor no more than 30/. (. 1132) 01 the available time. 
" 

14.6 Power distribution 

NOTES 

A device can optionally receive power via the signal conductors 0. ~ separately powered. 

2 A separately powered device can be connected to a powered Field Bus. 

3 For ease 01 relerence. the requirements 0114.6 are summarized in tables 25 and 26. 

Table 25 -- Network powered device characteristics for the 2,5 Mbltls voltage-mo~e MAU 

Network powered device characteristics Umilll lor 2,5 Ubitls voltage mode 
-

Operaling voltage 9,0 10 32,0 V d.c. 

Minimum withstand voltage, either polarity, lor no damage 35V 

Maximum rate 01 change 01 quiescent current (non-transmitling) 0,1 mAIms 
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Table 26 - Network power supply requirements for the 2,5 Mbitls voltage-mode MAU 

Network pow ... supply requirements Umlts lor 2,5 Mbltls voltage mode 

Output voltage :S 32 V d.c. 

Output ripple and noise S .. ftgure35 

Output lmped8nce, measured OVfK the frequency range 0,25 'r to 1,25 'r :t 8 kO ./) 

.6.1 Supply voltage -~~abl. of op~raling Field Bus device which includes a 2.5 MbiVs voltage-mod, 14 ~ 
~ithin a voltage range of 9 V to 32 V d.c. between the tw~ ondu ~IUding ripple. The device 
shall withstand a minimum voltage of : 35 V d.c. without d \. '\ 

A Field Bus device which includes a 2.5 MbiVs v~~ ~II conform to the requirements 
of this part of this International Standard when ~~~. ~ . u.... Iy with the following SP~ifiCatiOns: 

a) The output voltage of the power ~!,.I .~I ~ ~c. maximum including ripple: 

NOTE 1 - The voltage 01 the power supply ~o the c rcult transmittfK output voltage should be less than the limit 
specilled by the local regulatory agency for the p b lar. ementation. , . 
b) The output impedan~e power su ply shall be :t 8 ko over the frequency range 0.25 fr to 
1,25 fd625 kHz to 3.12 :\.~; .. , 

c) The breakd~~~" ~;s ~the isolation of the signal circuit and the power distribution cir­
cuit from ~~hd. and,rh ach other shall be in accordance with lEe 65A (Central Office) 22. 

Table 17. '\" ... -' 

NOTE 2 - For • ~~ which Is powered from a supply with rated voltage .s SO v d.e. or r.m.s., the equivalent tell! voltages 
at sea level are 444" r.m.s., 1535 V d.c. and 635 V peak Impulse test For a device which is powerecl !rom a supply with 
rated Voltage between 150 and 300 V r.m.s., the equivalent test vol~s at sea level are 2260 V r.m.s., 3 175 V d.c. and 
3175 V peak impulse test 

14.6.2 Powered via signal conductors 

A Field Bus device which includes a 2,5 MbiVs 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 (625 kHz to 3,125 'MHz); 

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

c) 300 mV peak to peak at frequencies greater than 12.5 fro up to a maximum of 50 MHz; 

d) levels at intermediate frequencies generally in accordance with figure 35. 
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I I 
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~
e 35 ---~ Po er supply ripple and noise 

A Field Bus device. . .whK:.h i ~~"'J2,5 Mbitls voltage-mode MAU and is powered via the signal 
conductors shall have~ m rale of change of quiescent current in the non-transmitting condi-

tion of 0,1 ~'~ . ' . 'J ~ 
NOTE __ ~~b"'_'OI_.""'_" ... _. 

14.6.3 Powered -s;eparately from signal conductors 

NOTE - Power clstribution to non-bus powered Field Bus devices is by separata conductors /eadlng loeaJ power supplies or 
regulators. These conductors can be in a saparata cable or in the sama cable as tha signal conductors. 

A separately powered Field Bus device which includes a ~,5 Mbitls voltage-mode MAU shall draw no 
more than 100 IJA direct current from the signal conductors, nor shall it supply more than '00 IJA di­
reet current to the signal conductors when not transmitting. 

14.6.4 Electricallsolation 

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 deviee from ground or by use of a transformer. opto-eoupler or some other 
isolating component between trunk cabla and devica. 

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 kO at all frequencies below 63 ~z. 

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 0 between 3-30 MHz. 
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NOTE 2 - The capacitance between ground and trunk cable shield necessary to meet both these requirements can be any 
value between 3,5 nF and 10,6 nF. 

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 lEe 6SA (Central Office) 22, Table 17 . 

NOTE 3 - For • device whlch Is powered !rom a supply with rated voltage :!iii 50 V d.c 
ages at sea level are 444 V r.m.s .• 635 V d.c. and 635 V peak impulse tesl For. CII h 

with rat.d voltage betw.." 150 and 300 V r.m.s., the equivalent test Voitagu~Vel 
' .. and 3 175 V peak'impulse tesl / '\ 

. V<, 
14.7 Medium specification /' 

. S., the equivalent test .volt­
is powered !rom a supply 
60 V r.m.s .• 3 175 V clc. 

14.7.1 Connector ~ 

Cable connectors, if used, shall be to the IEc~~;:ii) -t} ~~~e annex B). Field termination 
technqu .. such as screw or blade t.rm~~~ ination may also be used. 

14.7.2 Cable o'~)"\ ~ 
The cable used for testing Field Bus dev~wrrU 2,5 MbiVs voltage-mode MAU for conf9rmance to 
the requirements of this p f this Interna' nal Standard be a single twisted pair cable with overall 
shield meeting the followin ~. m requirements at 25°C: 

.,~ .. \.;: -..,. 
a) Zo at 0,25...tr~~ kH \ fSO'-n' ± 10%; 

b) Zo at ~ ~~~~~ ) • 150 Q ± 10%; 

c) maximu~ ~uation at 0,25 fr (625 kHz) = 10 dBlkm; , 
d) maximum attenuation at 1,25 fr (3,125 MHz) = 20 dBlkm; 

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

f) maximum d.c. resistance (per conductor) = 57.1 o/km; 

g) conductor cross sectional area (wire size) = nominal 0,33 mm2 (#22 AWG); 

h) minimum resistance between either conductor and shield = 16 GO km; 

i) minimum shield coverage shall be 95%. 

NOTE - Other types 01 cable may be used, other than lor conlormance testing. Cables with improved specifications may 
enable increased trunk length andlor superior interlerence immunity. Conversely, cables with inferior specifications may be 
used subject to trunk length limitations plus possible non-conlormance to the RFVEMI susceptibility 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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Tl\lnk 
Coupler Trunk - - -- . 

I 

Oevlce 

Figure 36 - Field Bus coupler M 
A passive coupler may contain any or all of the optional elemen~s ~P~~ ~: 

a) ~ transformer. to provide galvanic isolation and imp~ alion between trunk and 

:~:necto". to provide easy connection t~~ \S',v 
Active couplers. which require external ~. ~ ~in components for signal amplification 
and re-transmission. The transmit lev:§\.~mll)g) ~)ements shall be according to 14.3. 

14.7.4 Splices " '\./ / 

NOTE - A spUce is any part ~~twork in whic th. chatacterisdc ImpedanCe of the network cable Is not preserved. 
lhiI is possibly due to sepataU 'e conductors, removal 01 the cable shield, c~ of wire g8IJge or type, att.ch­
ment to termiNI stri~~~A a ~ , ~M4;Ion of a splice is therefore lIlY part of the network that is not a continuous 
..- of 1M specined m4K1um. -..... . \.. - \ 

The continuity"Q~~n~ of the cable shall be maintained in a splice. . 
\~ _.' 

14.7.5 Termlnat~ '-
" 

A terminator shall be located at both ends of the trunk cable. connected trom 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. th9 terminator shall have an impedance value 
of 1500 ± 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 equal to the average cable charac­
terisdc impedance value at the relevant frequencies to minimize transmissicn line refteclions. 

The direct current leakage tRrough the terminator shall not· exceed 1 OO~. 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 these shielding rules may degrade noise immunity 
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14.7.7 Grounding rules 

NOTE 1 - Grounding II'IMNI permanenlly connected to earth through a sufftcienlly lew impedance and with sulflcient cur­
rent ClllfYing capability to pl'event voltage build up which might result in undue hazerd to connected equipment or p.u~ns . 
z.ro volts (common) line. may be connected to ground where they ere ~anically isolated from the Field Bus trunk. 

Reid 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. 

Reid Bus devices shall not connect either conductor of the twisted pair t ~ und at any point in the 
network. Signals shall be applied and preserved differentially through tf .. 

NOTE 2 - It is standard practice lor the shield 01 the Field Bus tNnlc cable (1~IlI""w. 
point along the length 01 the cable. For this reason Field Bus devices ano~pJ'-I'" 
ground. For bus powered systems the grounding 01 the shield and 
supply unit c.pacitIve coupling between the shield. or the balanced s 
11'01 II permilt8d. 

15 _Ium Dependont Sublaye, (MOS): ~~ )"'-" 
Undo, consideration /~ ~ 
16 MDS - MAU I"terfac 

Under consideratio~~ 
~ 

! ~ \ 

17 ModIU"\~~ t (MAU) : 

Under conSiderat~ 
" 

Optical 

18 Medium Dependent Sublayer (MDS): Radio 

Under consideration 

19 MDS - MAU Interface: Radio 

Under consideration 

20 Medium Attachment Unit (MAU): Radio 

Under consideration 



ISAJSP5O-1992-236P 

Annex A (Informative) 

Bibliography and References 

- 87-

1. ISO ITR 8509, Open Systems Interconnection: service conventions (1986) 

2. ISOIIECIDIS 8886, Information Processing Systems - Data comm~Uicati - Data link service 

definition for Open Systems Interconnection (1988) 

- . 3~ IEEE Std 100-1984, Standard Dictionary of Electrical and Elec~ro . • ~ 
4. IEC Multilingual Dictionary . ( //"> . 

5. CENELEC EN 50 020 19n, Intrinsically sate electrical~' 
/~ \ ("'vi 

~'-:;~' 
/())~ 
~)/ 



ISAJSP50-1992-236P 

Annex B (Normative) 

lEe Field Bus connector specification 

B.1 Internal connector for wire medium 

A Field Bus connector which is inside the enclosure of the Field Bus dev~.ce an therefore requires no 
protection against the electromagnetic and physical environment shall b ecified as an internal 
connector. An internal connector shall meet the following functional r . fj~s: 

. . a} DistinctlY marked to avoid conc(Jctors being interchanged; ,'\ - . 
/ . 
/ ' 

b) Positive locking with a minimum of 50 Newtons extr for 

c) Field installation w~h hand toots shalt be ~ -0>, 
d) The fIXed (device) side shall be 4,8 mm~~~~ 'bS with hole as shown in figure 8.', 
table B.', and specified in lEe 760 .~~ '\ ~ , ,. 

e). Each conductor ~f the cable Sh~~ ~e. i i1 te witi:l a locking female connector with an insu-
latIng sleeve or hOUSing; '\. ~:)/ 

. . 

f) The female connecf~' insulating sieeve or housing shall fit through a 9,5 mm di~meter 
hole. .. .... 

. .. --:::, / . ........... 

'- ~~ ~ \ h~l: C~ :'~ 
'\\'-~: I I • I 

" n 
o 

,--_...Y.U 

Male Tab 

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

".8 mm (0,187 Inch) Mate tab 

miJrllT\elres Incha 

max. min. max. min. 

e 8,5 8.2 0,258 

C 0,84 .- o.n .0.033. 

0 4,9 4.7 

E 3,4 3,0 

"F 1,5 1,3 

B.2 External connectors for wire medium ~/\,? ",\:,. S­
A Field Bus connector which is outside .~~o ~ the Field Bus device and therefore requires 

protection against the electromagnetiC::§~hY i I ironment shall be specified as an external 

connector. . 
// 

Two external connectors ar ified in acco d'ance with the environment of the installation. 

B.2.1 External c~or _ .f'j~",~ndustrial environments 
. ""' 

~~~:,emal ~.I..t~r 9 \dustrial environments shall meet the following functional require-

a) polarized to~~ ';"nductors being interchanged. both mated and unmated: 

b) available with sealing to lEe 529 (1989) : IP 65 when mated or with protective caps fitted; 

c) the free (cable) side shall be available with a cable cl~mp 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 it~ mounting surface; 

g) 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 mm2 (#24 AWG) to 0,64 mm2 (#20 AWG); 

i) provided with positive locking to prevent disconnection by cable strain; 

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

k) available with crimped conductors; 
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I) 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; 

0) contacts shall be assigned to functions as shown in table B.2 and fig~.2; 

p) connector dimensions (mating face) shalt be as shown in figures .~,\\.nd B.S. 

Tabl. B.2 - Contact assignments for the extema. co o.~~r h~ndustrial 
environments .. ' 

Contact 
No. 

FuncUon 

A 

B 

c 

c 
Fixed (device) side 

Male contacts 

Female housing 

B 

(Irom COMection laces) 

A 

B 

C 

Free (cable) side 

Female contacts 

Male housing 

o 

Figure B.2 - Contact designations for the external connector for harsh Industrial 
environments 
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8 OIl. J SA YONET PINS LOCI. TED WITHIN 
0.25 OIl. OF TRUE POSITION. T MMC • 

...... ____ RElATIVE TO A OIA AT MMC. SURF ACE E. 
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POSITION AT WWC. /~ 

~ ~ 
• "IHOR KEYWAYS LOCAJ KIH~/"" ~ 
EITHER SIDE OF TRUE FtSITI AT Mt: 
RELATIVE TO THE MA~Y 'T) 
M"CANDDDI~V /' . 

RECEPT ACLE K~.-9.9D ~ YO~ET PINS 

t ~~~I:I~ING 
", KEY 

/~ <.,/ 
'- ( ~ ~ \ -~~---,. .:::;::::;:::::::~ 

3 8AY'O~~~'0~~QUALLY SPACED 
WITHIN OJ~W "3 INTERNAL HOLES EOUALL Y 
SPACED WITHIN 2S AND EXTERNALLY BLlNOE~---
8Y INSULATION-MATERIAL. 

/ 
4 MINOR KEYS LOCATED WITHIN 0.09 ~ ~ ~ 
EITHER SIDE OF TRUE POSITION AT _____ • ~ 
.. MC IN RELATION TO THE MASTER 
KEY AT MMC AND AA OIl. AT MMe. 

PLUG KEYS AND SA YONET GROOVES 

(al Dimensions are In mm. 

fbI we: maxlnun material condition. 

Figure B.3 - External Field Bus connector keyways, keys, and bayonet pins and grooves 
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SIaIU 
size 

10 

(0) DimensioN ere In mm. 
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Hultbuot 
coatmcts 

, 
Sizi 

contllCts 

16 

ASTER KEY OR 
-----+:"K·EYWAY OF SHELL 

Ibl INert arranQement Is snown In the 'normal position' In the she. with the A cavity 
In front of the master key or keyway of sneL Only this 'nonnal position' shal be used. 

Ie) FOIr keys or keyways (WoIO and Insert shal be located within 0.09 either side of (l'PI relative 
to ma.ster key or keyway IWWCl and shel 00 or ID IUWCI. 

Figure 8.5 - External Field 8us connector contact arrangement 
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B.2.2 External connector tor typical industrial environments 

A connector feJr 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; 

c) provided with male contacts on the fixed (device) side, and with fem readed stand-ofts for 
screw type locking (4-40NC-28 thread); 

-.... d) provided with female contacts on the free (cable) s~e, a~' it~ckin sews (4-40NC-2A 
thread); . V / 

e) provided w~h nine pins (two signal pins, two power '~ fi ~erved pins) 

f) contacts shall be assigned to functions aSAh9 fi~ rf~nd table B.3; 

g) connector dimensions (mating fac~~~s~ in figures 8.7 and B.8, tables B.4 and 
B.S, and specified in IEC 807-3. ,/ /~ \ ~ 

Table B.3 - Contact aSSign~~O~~ external connector for typical Industrial 
"-~Jronments 

~ 

.. ..... Kon~~:' ~ FuncUon 

! h \\' \.~ 
Reserved 

. ' ) 1 , 

\ 1 ... 2 ...- Reserved 

I"-
3 Reserved , 
4 Reserved 

5 Reserved 

IS Oata+ with the option 01 power+ 

7 Oata- with the option of power-

8 Reserved lor option of power+ 

9 Reserved for option 01 power-
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Connecter views (from conn4tC1ion faces) 

• 6789 9876 

Fbc.c1 (device) side Fr .. (cable) side 
Male contacts Female contacts 
Female housing Male houaIng 

Figure 8.6.-' Contact designatJons f~r the exte~al c:onn ./ O~I~~I Industrial 
environments ,,/ /) .. '\5 

~2.54~/ 
B 

I 

Figure B.7 - Extema~deVice) Sid~ connec::tor tor typlc::allndustrlal environments: 
~ \ \. /.~, dimensions 

.' -' . , ........ / 

. '\. ( '-.. T~~. \- Fixed (device) side connector dimensions 

'\, . ....... -. 
FIx.c1 (device) side connector 
(mal. contacts, female housing) 

miUlmetres Inches 

max. min. max. min. 

A 31.19 30.43 1.~ 1.20 

B 17.04 16.79 0.67 0.66 

C 25.12 24.87 0.99 0.98 

0 8.48 8.23 0.33 0.32 

e 12.93 12.17 0.51 0.48 
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,. r-2.~ ...... 

G 

.. 
3.10 ..... 

. FIgomo&8- ~cabJo).sld~nnacla.ttQl'~~ ~~~ .. ny\ronmants: 
dimensions ;~s~ 

. / ' 

Table 8.5 - Free (cable) side COnn.,.,.".. 

min 

1.20 

0.65 0.54 

24.87 0." O.M 
.' , \. "-. . . 7.n 0.32 0.31 

'\\-~ L 12.93 12.17 0.51 0.48 

" 
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