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Foreword 

The text of document 65C/762/FDIS, future edition 2 of IEC 61158-4-13, prepared by SC 65C 
“Industrial networks” of IEC/TC 65 “Industrial-process measurement, control and automation" was 
submitted to the IEC-CENELEC parallel vote and approved by CENELEC as EN 61158-4-13:2014. 

 
The following dates are fixed: 

• latest date by which the document has 
to be implemented at national level by 
publication of an identical national 
standard or by endorsement 

(dop) 2015-06-19 

• latest date by which the national 
standards conflicting with the 
document have to be withdrawn 

(dow) 2017-09-19 
 

 

This document supersedes EN 61158-4-13:2008. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such 
patent rights. 
 
This document has been prepared under a mandate given to CENELEC by the European Commission 
and the European Free Trade Association. 
 

Endorsement notice 

The text of the International Standard IEC 61158-4-13:2014 was approved by CENELEC as a 
European Standard without any modification. 

In the official version, for bibliography, the following notes have to be added for the standards indicated: 

IEC 61158-1:2014 NOTE Harmonised as EN 61158-1:2014 

IEC 61158-3-13:2014 NOTE Harmonised as EN 61158-3-13:2014 

IEC 61158-5-13:2014 NOTE Harmonised as EN 61158-5-13:2014 

IEC 61158-6-13:2014 NOTE Harmonised as EN 61158-6-13:2014 

IEC 61784-1 NOTE Harmonised as EN 61784-1 

IEC 61784-2 NOTE Harmonised as EN 61784-2 
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Annex ZA 
(normative) 

 
Normative references to international publications 

with their corresponding European publications 
 
The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 
 
NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), the relevant 
EN/HD applies. 
 
NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here: 
www.cenelec.eu. 
 
 

Publication Year Title EN/HD Year 

IEC 61588 -   Precision clock synchronization protocol for 
networked measurement and control 
systems 

- -   

ISO/IEC 7498-1 -   Information technology - Open Systems 
Interconnection - Basic reference model: 
The basic model 

- -   

ISO/IEC 7498-3 -   Information technology - Open Systems 
Interconnection - Basic reference model: 
Naming and addressing 

- -   

ISO/IEC 8802-3 2000   Information technology - 
Telecommunications and information 
exchange between systems - Local and 
metropolitan area networks - Specific 
requirements  
Part 3: Carrier sense multiple access with 
collision detection (CSMA/CD) access 
method and physical layer specifications 

- -   

ISO/IEC 10731 -   Information technology - Open Systems 
Interconnection - Basic Reference Model - 
Conventions for the definition of OSI 
services 

- -   
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INTRODUCTION 

This part of IEC 61158 is one of a series produced to facilitate the interconnection of 
automation system components. It is related to other standards in the set as defined by the 
“three-layer” fieldbus reference model described in IEC 61158-1. 

The data-link protocol provides the data-link service by making use of the services available 
from the physical layer. The primary aim of this standard is to provide a set of rules for 
communication expressed in terms of the procedures to be carried out by peer data-link 
entities (DLEs) at the time of communication. These rules for communication are intended to 
provide a sound basis for development in order to serve a variety of purposes: 

a) as a guide for implementors and designers; 
b) for use in the testing and procurement of equipment; 
c) as part of an agreement for the admittance of systems into the open systems environment; 
d) as a refinement to the understanding of time-critical communications within OSI. 

This standard is concerned, in particular, with the communication and interworking of sensors, 
effectors and other automation devices. By using this standard together with other standards 
positioned within the OSI or fieldbus reference models, otherwise incompatible systems may 
work together in any combination. 
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INDUSTRIAL COMMUNICATION NETWORKS –  
FIELDBUS SPECIFICATIONS –  

 
Part 4-13: Data-link layer protocol specification –  

Type 13 elements 
 
 
 

1 Scope 

 General 1.1

The data-link layer provides basic time-critical messaging communications between devices in 
an automation environment. 

This protocol provides communication opportunities to all participating data-link entities 

a) in a synchronously-starting cyclic manner, according to a pre-established schedule, and 
b) in a cyclic or acyclic asynchronous manner, as requested each cycle by each of those 

data-link entities. 

Thus this protocol can be characterized as one which provides cyclic and acyclic access 
asynchronously but with a synchronous restart of each cycle. 

 Specifications 1.2

This standard specifies 

a) procedures for the timely transfer of data and control information from one data-link user 
entity to a peer user entity, and among the data-link entities forming the distributed data-
link service provider; 

b) procedures for giving communications opportunities to all participating DL-entities, 
sequentially and in a cyclic manner for deterministic and synchronized transfer at cyclic 
intervals up to one millisecond; 

c) procedures for giving communication opportunities available for time-critical data 
transmission together with non-time-critical data transmission without prejudice to the 
time-critical data transmission; 

d) procedures for giving cyclic and acyclic communication opportunities for time-critical data 
transmission with prioritized access; 

e) procedures for giving communication opportunities based on ISO/IEC 8802-3 medium 
access control, with provisions for nodes to be added or removed during normal operation;  

f) the structure of the fieldbus DLPDUs used for the transfer of data and control information 
by the protocol of this standard, and their representation as physical interface data units. 

 Procedures 1.3

The procedures are defined in terms of 

a) the interactions between peer DL-entities (DLEs) through the exchange of fieldbus 
DLPDUs; 

b) the interactions between a DL-service (DLS) provider and a DLS-user in the same system 
through the exchange of DLS primitives; 

c) the interactions between a DLS-provider and a Ph-service provider in the same system 
through the exchange of Ph-service primitives. 
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 Applicability 1.4

These procedures are applicable to instances of communication between systems which 
support time-critical communications services within the data-link layer of the OSI or fieldbus 
reference models, and which require the ability to interconnect in an open systems 
interconnection environment. 

Profiles provide a simple multi-attribute means of summarizing an implementation’s 
capabilities, and thus its applicability to various time-critical communications needs. 

 Conformance 1.5

This standard also specifies conformance requirements for systems implementing these 
procedures. This standard does not contain tests to demonstrate compliance with such 
requirements. 

2 Normative references 

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

IEC 61588, Precision clock synchronization protocol for networked measurement and control 
systems 

ISO/IEC 7498-1, Information technology – Open Systems Interconnection – Basic Reference 
Model: The Basic Model 

ISO/IEC 7498-3, Information technology – Open Systems Interconnection – Basic Reference 
Model: Naming and addressing 

ISO/IEC 8802-3:2000, Information technology – Telecommunications and information 
exchange between systems – Local and metropolitan area networks – Specific requirements – 
Part 3: Carrier sense multiple access with collision detection (CSMA/CD) access method and 
physical layer specifications 

ISO/IEC 10731, Information technology – Open Systems Interconnection – Basic Reference 
Model – Conventions for the definition of OSI services 

3 Terms, definitions, symbols, abbreviations and conventions 

For the purposes of this document, the following terms, definitions, symbols, abbreviations 
and conventions apply. 

 Reference model terms and definitions 3.1

This standard is based in part on the concepts developed in ISO/IEC 7498-1 and 
ISO/IEC 7498-3, and makes use of the following terms defined therein: 
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 DL-address 3.1.1 [7498-3] 

 DL-address-mapping 3.1.2 [7498-1] 

 called-DL-address 3.1.3 [7498-3] 

 calling-DL-address 3.1.4 [7498-3] 

 centralized multi-end-point-connection 3.1.5 [7498-1] 

 DL-connection 3.1.6 [7498-1] 

 DL-connection-end-point 3.1.7 [7498-1] 

 DL-connection-end-point-identifier 3.1.8 [7498-1] 

 DL-connection-mode transmission 3.1.9 [7498-1] 

 DL-connectionless-mode transmission 3.1.10 [7498-1] 

 correspondent (N)-entities 3.1.11
 correspondent DL-entities   (N=2) 
 correspondent Ph-entities   (N=1) 

[7498-1] 

 DL-duplex-transmission 3.1.12 [7498-1] 

 (N)-entity 3.1.13
 DL-entity   (N=2) 
 Ph-entity   (N=1) 

[7498-1] 

 DL-facility 3.1.14 [7498-1] 

 flow control 3.1.15 [7498-1] 

 (N)-layer 3.1.16
 DL-layer   (N=2) 
 Ph-layer   (N=1) 

[7498-1] 

 layer-management 3.1.17 [7498-1] 

 DL-local-view 3.1.18 [7498-3] 

 DL-name 3.1.19 [7498-3] 

 naming-(addressing)-domain 3.1.20 [7498-3] 

 peer-entities 3.1.21 [7498-1] 

 primitive name 3.1.22 [7498-3] 

 DL-protocol 3.1.23 [7498-1] 

 DL-protocol-connection-identifier 3.1.24 [7498-1] 

 DL-protocol-data-unit 3.1.25 [7498-1] 

 DL-relay 3.1.26 [7498-1] 

 reset 3.1.27 [7498-1] 

 responding-DL-address 3.1.28 [7498-3] 

 routing 3.1.29 [7498-1] 
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 segmenting 3.1.30 [7498-1] 

 (N)-service 3.1.31
 DL-service   (N=2) 
 Ph-service   (N=1) 

[7498-1] 

 (N)-service-access-point 3.1.32
 DL-service-access-point   (N=2) 
 Ph-service-access-point   (N=1) 

[7498-1] 

 DL-service-access-point-address 3.1.33 [7498-3] 

 DL-service-connection-identifier 3.1.34 [7498-1] 

 DL-service-data-unit 3.1.35 [7498-1] 

 DL-simplex-transmission 3.1.36 [7498-1] 

 DL-subsystem 3.1.37 [7498-1] 

 systems-management 3.1.38 [7498-1] 

 DLS-user-data 3.1.39 [7498-1] 
 

 Service convention terms and definitions 3.2

This standard also makes use of the following terms defined in ISO/IEC 10731 as they apply 
to the data-link layer: 

 acceptor 3.2.1

 asymmetrical service 3.2.2

 confirm (primitive); 3.2.3
 requestor.deliver (primitive) 

 deliver (primitive) 3.2.4

 DL-confirmed-facility 3.2.5

 DL-facility 3.2.6

 DL-local-view 3.2.7

 DL-mandatory-facility 3.2.8

 DL-non-confirmed-facility 3.2.9

 DL-provider-initiated-facility 3.2.10

 DL-provider-optional-facility 3.2.11

 DL-service-primitive; 3.2.12
 primitive 

 DL-service-provider 3.2.13

 DL-service-user 3.2.14

 DLS-user-optional-facility 3.2.15

 indication (primitive); 3.2.16
 acceptor.deliver (primitive) 
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 multi-peer 3.2.17

 request (primitive); 3.2.18
 requestor.submit (primitive) 

 requestor 3.2.19

 response (primitive); 3.2.20
 acceptor.submit (primitive) 

 submit (primitive) 3.2.21

 symmetrical service 3.2.22
 

 Data-link service terms and definitions 3.3

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

  3.3.1
async-only CN 
CN that is accessed only by polling 

  3.3.2
asynchronous period  
second part of the Type 13 cycle, starting with a start of asynchronous (SoA) frame 

  3.3.3
basic Ethernet mode 
mode that provides legacy Ethernet communication 

  3.3.4
continuous-time-triggered 
communication class where isochronous communication takes place every cycle 

Note 1 to entry:   The data sent from MN to various CNs are packed into a PollResponse. No PollRequest to these 
CNs is necessary. The CNs send their PollResponse time triggered. (An alternative to continuous). 

Note 2 to entry:   There are three node classes: continuous, multiplexed and continuous-time-triggered. Each node 
is a member of exactly one of these classes. 

  3.3.5
continuous 
communication class where isochronous communication takes place every cycle (the opposite 
to multiplexed) 

Note 1 to entry:   There are three node classes: continuous, multiplexed and continuous-time-triggered. Each node 
is a member of exactly one of these classes. 

  3.3.6
controlled node (CN) 
network node without the ability to manage the SCNM mechanism 

  3.3.7
cycle state machine 
state machine that controls the data-link layer cycle and is itself controlled by the NMT state 
machine which determines the current operating mode 

  3.3.8
cycle time 
time between two consecutive start of cyclic (SoC) frames 
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Note 1 to entry:   The Cycle Time includes the time for data transmission and some idle time before the beginning 
of the next cycle. 

  3.3.9
DLCEP-address 
DL-address which designates either 

a) one peer DL-connection-end-point, or 
b) one multi-peer publisher DL-connection-end-point and implicitly the corresponding set of 

subscriber DL-connection-end-points where each DL-connection-end-point exists within a 
distinct DLSAP and is associated with a corresponding distinct DLSAP-address 

  3.3.10
DL-segment,  
link,  
local link 
single DL-subnetwork in which any of the connected DLEs may communicate directly, without 
any intervening DL-relaying, whenever all of those DLEs that are participating in an instance 
of communication are simultaneously attentive to the DL-subnetwork during the period(s) of 
attempted communication 

  3.3.11
DLSAP 
distinctive point at which DL-services are provided by a single DL-entity to a single higher-
layer entity 

Note 1 to entry:   This definition, derived from ISO/IEC 7498-1, is repeated here to facilitate understanding of the 
critical distinction between DLSAPs and their DL-addresses. 

  3.3.12
DL(SAP)-address 
either an individual DLSAP-address, designating a single DLSAP of a single DLS-user, or a 
group DL-address potentially designating multiple DLSAPs, each of a single DLS-user 

Note 1 to entry:   This terminology is chosen because ISO/IEC 7498-3 does not permit the use of the term DLSAP-
address to designate more than a single DLSAP at a single DLS-user. 

  3.3.13
(individual) DLSAP-address 
DL-address that designates only one DLSAP within the extended link 

Note 1 to entry:   A single DL-entity may have multiple DLSAP-addresses associated with a single DLSAP (see 
Figure 1). 
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NOTE 1 DLSAPs and PhSAPs are depicted as ovals spanning the boundary between two adjacent layers. 

NOTE 2 DL-addresses are depicted as designating small gaps (points of access) in the DLL portion of a DLSAP. 

NOTE 3 A single DL-entity may have multiple DLSAP-addresses and group DL-addresses associated with a 
single DLSAP. 

Figure 1 – Relationships of DLSAPs, DLSAP-addresses and group DL-addresses 

  3.3.14
Type 13 fieldbus cycle 
fixed time interval consecutively repeated which is organized by the MN 

  3.3.15
Type 13 fieldbus node ID 
unique number within one Type 13 network used to address a Type 13 fieldbus node 

  3.3.16
frame 
denigrated synonym for DLPDU 

  3.3.17
isochronous data 
data which is transmitted every cycle (or every nth cycle in case of multiplexed isochronous 
data) 

  3.3.18
isochronous period 
period within each cycle that offers deterministic operation through being reserved for the 
exchange of (continuous or multiplexed) isochronous data 

  3.3.19
legacy Ethernet 
Ethernet as standardized in ISO/IEC 8802-3 (non-deterministic operation in non-time-critical 
environments) 
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  3.3.20
managing node 
node that can manage the SCNM mechanism 

  3.3.21
multiplexed 
communication class where cyclic communication takes place in such a way that m nodes are 
served in s cycles (an alternative to continuous) 

  3.3.22
multiplexed timeslot  
timeslot assigned to multiplexed isochronous data and shared among multiple nodes 

  3.3.23
multipoint connection 
connection from one node to many nodes 

Note 1 to entry:   Multipoint connection allows data transfer from a single publisher to many subscriber nodes. 

  3.3.24
multi-peer DLC  
centralized multi-end-point DL-connection offering DL-duplex-transmission between a single 
distinguished DLS-user known as the publisher or publishing DLS-user, and a set of peer but 
undistinguished DLS-users known collectively as the subscribers or subscribing DLS-users, 
where the publishing DLS-user can send to the subscribing DLS-users as a group (but not 
individually), and the subscribing DLS-users can send to the publishing DLS-user (but not to 
each other) 

  3.3.25
NetTime 
clock time of the MN as distributed to all CNs within the SoC frame 

  3.3.26
network management 
management functions and services that perform network initialization, configuration and error 
handling 

  3.3.27
node 
single DL-entity as it appears on one local link 

  3.3.28
PollRequest 
frame which is used in the isochronous part of a communications cycle 

  3.3.29
PollResponse 
frame which is used in the isochronous part of a communications cycle to respond to a 
PollRequest frame 

  3.3.30
process data object 
object for isochronous data exchange between nodes 

  3.3.31
protocol 
convention about the data formats, time sequences, and error correction in the data exchange 
of communication systems 
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  3.3.32
receiving DLS-user 
DL-service user that acts as a recipient of DLS-user-data 

Note 1 to entry:   A DL-service user can be concurrently both a sending and receiving DLS-user. 

  3.3.33
sending DLS-user 
DL-service user that acts as a source of DLS-user-data 

  3.3.34
service data object 
object for asynchronous data exchange between nodes 

  3.3.35
slot communication network management 
mechanism which ensures that there are no collisions during physical network access of any 
of the networked nodes, thus providing deterministic communication via legacy Ethernet 

 Symbols and abbreviations 3.4

ASnd Asynchronous send (Type 13 frame type) 

ASS Asynchronous slot scheduler 
ATC Asynchronous transmissionTX/RX control 
CN Controlled node 
CSM Cycle state machine 
DL- Data-link layer (as a prefix) 
DLC DL-connection 
DLCEP DL-connection-end-point 
DLE DL-entity (the local active instance of the data-link layer) 
DLL DL-layer 
DLPDU DL-protocol-data-unit 
DLM DL-management 
DLMS DL-management service 
DLS DL-service 
DLSAP DL-service-access-point 
DLSDU DL-service-data-unit 
ES Exception signaling 
FIFO First-in first-out (queuing method) 
ITC Isochronous transmission RX/TX control 

MAC Media access control 
MN Managing node 
NMT Network management 
NS NMT signaling 
OSI Open systems interconnection 
PDO Process data object 
PDU Protocol data unit 
Ph- Physical layer (as a prefix) 
PhL Ph-layer 
PhPDU Ph-protocol-data-unit 
PhS Ph-service 
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PReq PollRequest (Type 13 frame type) 
PRes PollResponse (Type 13 frame type) 
SCNM Slot communication network management 
SDO Service data object 
SoA Start of asynchronous (Type 13 frame type) 
SoC Start of cyclic (Type 13 frame type) 
UDT Unspecified-data transfer 
 

 Common conventions 3.5

This standard uses the descriptive conventions given in ISO/IEC 10731. 

The service model, service primitives, and time-sequence diagrams used are entirely abstract 
descriptions; they do not represent a specification for implementation. 

Service primitives, used to represent service user/service provider interactions (see 
ISO/IEC 10731), convey parameters that indicate information available in the user/provider 
interaction. 

This standard uses a tabular format to describe the component parameters of the DLS 
primitives. The parameters that apply to each group of DLS primitives are set out in tables 
throughout the remainder of this standard. Each table consists of up to six columns, 
containing the name of the service parameter, and a column each for those primitives and 
parameter-transfer directions used by the DLS: 

• The request primitive’s input parameters; 

• The request primitive’s output parameters; 

• The indication primitive’s output parameters; 

• The response primitive’s input parameters; and 

• The confirm primitive’s output parameters. 

NOTE The request, indication, response and confirm primitives are also known as requestor.submit, 
acceptor.deliver, acceptor.submit, and requestor.deliver primitives, respectively (see ISO/IEC 10731). 

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

M Parameter: mandatory for the primitive. 

U Parameter: a User option, and may or may not be provided depending on the 
dynamic usage of the DLS-user. When not provided, a default value for the 
parameter is assumed. 

C Parameter is conditional upon other parameters or upon the environment of the DLS-
user. 

(Blank) Parameter is never present. 

Some entries are further qualified by items in brackets. These may be 

a) a parameter-specific constraint 

(=) indicates that the parameter is semantically equivalent to the parameter in the service 
primitive to its immediate left in the table. 

BS EN 61158-4-13:2014

Full document details: BS EN 61158-4-13:2014

http://dx.doi.org/10.3403/00527826U
http://dx.doi.org/10.3403/00527826U
http://dx.doi.org/10.3403/00527826U
http://www.avadocuments.com/doc/bs-en-61158-4-13-2014
http://www.avadocuments.com/doc/bs-en-61158-4-13-2014


 – 18 – IEC 61158-4-13:2014 © IEC 2014 

 

b) an indication that some note applies to the entry 

(n) indicates that the following note n contains additional information pertaining to the 
parameter and its use. 

In any particular interface, not all parameters need be explicitly stated. Some may be 
implicitly associated with the DLSAP at which the primitive is issued. 

In the diagrams which illustrate these interfaces, dashed lines indicate cause-and-effect or 
time-sequence relationships, and wavy lines indicate that events are roughly 
contemporaneous. 

 Additional conventions 3.6

In the diagrams which illustrate the DLS and DLM interfaces, dashed lines indicate cause-
and-effect or time-sequence relationships between actions at different stations, while solid 
lines with arrows indicate cause-and-effect time-sequence relationships which occur within 
the DLE-provider at a single station. 

The following notation, a shortened form of the primitive classes defined in 3.5, is used in the 
figures and tables. 

req request primitive 

ind indication primitive 

cnf confirm primitive (confirmation) 

res Response primitive 

 

4 Overview of the DL-protocol 

 Overview 4.1

A Type 13 fieldbus extends Ethernet according to ISO/IEC 8802-3 with mechanisms to 
transfer data with predictable timing and precise synchronization to meet timing demands 
typical for high-performance automation and motion applications. It does not change basic 
principles of the Fast Ethernet Standard ISO/IEC 8802-3 but extends it towards real-time 
Ethernet. Thus it is possible to leverage and continue to use any standard Ethernet silicon, 
infrastructure component or test and measurement equipment like a network analyzer. 

 General description 4.2

 General 4.2.1

Type 13 fieldbus provides mechanisms to achieve the following. 

• Transmit time-critical data in precise isochronous cycles. Data exchange is based on a 
publish/subscribe relationship. 

• Synchronize networked nodes with high accuracy. 

• Transmit less time-critical data on request asynchronously. Asynchronous data 
communication can be used to transfer IP-based protocols like TCP or UDP and higher 
layer protocols such as HTTP, FTP,… 

Type 13 fieldbus manages the network traffic in a way that there are dedicated time-slots for 
isochronous and asynchronous data (see Figure 2). It takes care that always only one 
networked device gains access to the network media. Thus transmission of isochronous and 
asynchronous data will never interfere and precise communication timing is guaranteed. The 
mechanism is called slot communication network management (SCNM). SCNM is managed by 
one particular networked device – the Managing Node (MN) – which includes the MN 
functionality. All other nodes are called controlled nodes (CN). 
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Figure 2 – Slot communication network management 

Network access is managed by a master, the Type 13 fieldbus managing node (MN). A node 
is only being able to be granted the right to send data on the network via the MN. The central 
access rules preclude collisions; therefore a Type 13 network is therefore deterministic. 

CNs are passive bus nodes; they only send when requested by the MN. 

 Overview of the medium access control and transmission protocol 4.2.2

Overview of the data frames flow on the medium is shown in Figure 3. 

Data exchange between nodes occurs cyclically. It is required that the repetition occurs in a 
fixed interval, called Type 13 fieldbus cycle. The following time phases exist within one 
Type 13 fieldbus cycle. 

• Isochronous phase 

• Asynchronous phase 

• Idle phase 

 

Figure 3 – Overall flow of data frames during one cycle  

4.2.2.1 Isochronous phase 

The DLL shall provide the opportunity of transferring data to each node in a sequential order 
and within a predetermined time period. At the beginning of a Type 13 fieldbus cycle, the MN 
shall send a SoC frame to all nodes via Ethernet multicast. The sending and receiving time of 
this frame is the basis for the common timing of all the nodes. Only the SoC frame is 
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generated on a periodic basis. The generation of all other frames is event controlled (with 
additional time monitoring per node). 

The MN starts the isochronous data exchange after the SoC frame has been sent. A PReq 
frame is sent to every configured and active node. The accessed node responds by a PRes 
frame.  

Both the PReq and the PRes frames shall transfer application data. The MN shall only send 
PReq data to one CN per frame. PReq transfer is dedicated to data relevant for the addressed 
CN only. In contrast, the PRes frame is received by all nodes. This makes communication 
relationships possible according to the producer/consumer model. 

The PReq / PRes procedure is repeated for each configured and active isochronous CN. The 
MN may send a multicast PRes frame to all nodes. This frame is dedicated to transfer data 
relevant for groups of CNs. The order in which CNs are polled and the PRes frame of the MN 
is sent, is beyond the scope of this standard. 

The isochronous phase is calculated from start of the SoC frame to start of the SoA frame. 

The size and the length of the Type 13 fieldbus cycle is predominantly affected by the size of 
the isochronous phase. When configuring the Type 13 fieldbus cycle, the sum of the times 
required by the PReq / PRes accesses to each configured CN shall be taken into account. 
Use of the multiplexed or continuous-time-triggered access technology reduces the amount of 
time. 

Continuous, continuous-time-triggered and multiplexed access operates in parallel during one 
Type 13 fieldbus cycle. The apportionment of the isochronous phase to continuous, 
continuous-time-triggered and multiplexed slots is configuration specific and not scope of this 
standard. 

Although the multiplexed nodes are not processed in each cycle, they can monitor the entire 
data transfer of the continuous nodes. 

In case of MN cycle loss, the multiplexed access sequence is continued on a per time base, 
after the cycle loss error phase is over. 

4.2.2.2 Asynchronous phase 

In the asynchronous phase of the Type 13 fieldbus cycle, access to the network is permitted 
to be granted to one CN or to the MN for the transfer of a single asynchronous message only. 

There are two types of asynchronous frames available: 

• the ASnd frame (Async Send); 

• a Legacy Ethernet message. 

In the SoA frame the MN assigns the permission to send an asynchronous frame to a CN or to 
itself. If no asynchronous message transmission request is pending at the MN scheduling 
queues, the MN shall issue a SoA without assignment of the right to send to any node. No 
ASnd frame and no legacy Ethernet message will follow the SoA frame in this case. 

The SoA frame is the first frame in the asynchronous phase and is a signal to all CNs that all 
isochronous data have been exchanged during the isochronous phase. 

In case of a Type 13 fieldbus ASnd frame, the user data may contain following data, 
depending upon MN request and application. 

BS EN 61158-4-13:2014

Full document details: BS EN 61158-4-13:2014

http://www.avadocuments.com/doc/bs-en-61158-4-13-2014
http://www.avadocuments.com/doc/bs-en-61158-4-13-2014


IEC 61158-4-13:2014 © IEC 2014 – 21 – 

 

• Ident Data: The identification data of a CN. 

• Status Data: The current status and detailed error information of a node. 

• Sync Data: The synchronization data of a continuous-time-triggered CN. 

• NMT Data: A NMTCommand from the MN to one or more CNs or a NMTRequest from a 
CN to the MN. 

• Unspecified Data: Unspecified data communication may be used to transfer peer to peer 
communication with access to the object dictionary of a device, IP-based protocols like 
TCP or UDP and higher layer protocols such as HTTP, FTP, … 

In case of a legacy Ethernet message, the data could contain any legal Ethernet frame. The 
message is forwarded to the application without any further interpretation. 

The asynchronous phase is calculated from the start of SoA to the end of the asynchronous 
response.  

4.2.2.3 Idle phase 

The idle phase is the remaining time interval between the end of the asynchronous phase and 
the beginning of the next cycle. During the idle Phase, all network components are “waiting" 
for the beginning of the following cycle. The duration of the idle phase may be 0. 

 Service assumed from the PhL 4.3

Subclause 4.3 describes the assumed physical service (PhS) and the constraints used by the 
DLE. The Physical Service is assumed to provide the following service primitives specified by 
ISO/IEC 8802-3:2000, Clause 2. 

The assumed primitives of PhS are 

• MA_DATA.request 

• MA_DATA.indication 

The temporal relationship of the primitives is shown in Figure 4. 

 

Figure 4 – Interaction of PhS primitives to DLE 

The MA_DATA request primitive defines the transfer of data from a MAC client entity to a 
single peer entity or multiple peer entities in the case of group addresses. 

The MA_DATA indication primitive defines the transfer of data from the MAC sublayer entity 
(through the optional MAC control sublayer, if implemented) to the MAC client entity or 
entities in the case of group addresses. 
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 DLL architecture 4.4

The Type 13 fieldbus DLL is modeled as a combination of control components of cycle state 
machine (CSM), isochronous transmission TX/RX control (ITC), asynchronous transmission 
TX/RX control (ATC), asynchronous slot scheduler (ASS), exception signaling (ES), NMT 
signaling (NS) and DLL management interface.  

The cycle state machine as the primary control component provides the function for 
deterministic medium access control cooperating for reliable and efficient support of higher-
level data transfer services. According responsibility assignment for MN and CN the primary 
responsibility for CN is 

• to handle communication within a Type 13 fieldbus cycle; 

• to track the order of the frames received within a cycle and reacts according to the 
described dataflow; 

• to generate an error event in case of a detected communication error; 

• to hold up communication regardless to any errors. 

The cycle state machine of the MN is responsible for: 

• Managing the communication within a Type 13 fieldbus cycle. 

• Generating the flow of the frames during a Type 13 fieldbus cycle. 

• Monitoring the reaction of the CNs. 

• Generating an error event in case of a detected communication error. 

The data-link layer is comprised of the components listed in Table 1. 

Table 1 – Data-link layer components 

Components Description 

Cycle state machine (CSM) The cycle state machine controls the Type 13 fieldbus cycle on the 
data-link layer, assembles and transmits the DLPDUs, receives and 
disassembles the DLPDUs with the control information, and 
determines the timing and duration of the transmissions 

Isochronous transmission TX/RX 
control (ITC) 

The ITC buffers and dispatches in time DLSDU received for the 
time-critical cyclic data transfer between the DLS-user and the SCM 

Asynchronous transmission TX/RX 
control (ATC) 

The ATC queues and dispatches in time DLSDU received for the 
asynchronous data transfer between DLS-user and the SCM 

Asynchronous Slot Scheduler 
(ASS) 

The MNs asynchronous slot scheduler decides when a requested 
asynchronous data transfer will happen 

Exception Signaling (ES) The exception signaling signals a detected CN exception to the MN 
NMT 

NMT Signaling (NS) The NS reports the current status of the NMT 

DLL management interface The DLL management interface holds the station management variables 
that belong to the DLL, and manages synchronized changes of the link 
parameters 

 
The internal arrangement of these components, and their interfaces, are shown in Figure 5. 
The arrowheads illustrate the primary direction of the flow of data and control. 
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Figure 5 – Data-link layer internal architecture 

 Local parameters and variables 4.5

This specification uses DLS-user request parameters P(…) and local variables V(…) as a 
means of clarifying the effect of certain actions and the conditions under which those actions 
are valid, local timers T(…) as a means of monitoring actions of the distributed DLS-provider 
and of ensuring a local DLE response to the absence of those actions, and local counters 
C(…) for performing rate measurement functions. 

Unless otherwise specified, at the moment of their creation or of DLE activation: 

a) all variables shall be initialized to their default value, or to their minimum permitted value if 
no default is specified; 

b) all counters shall be initialized to zero; 
c) all timers shall be initialized to inactive; 

DL-management may change the values of configuration variables. 

 Variables, parameter, counter and timer to support DLE function 4.5.1

4.5.1.1 T(ASND_TIME) 

T(ASND_TIME) is used by the DLE to measure the time elapsed since last sending a SoA 
frame. The value is decremented in the range of V(AsyncSlotTimeout_U32) to 0. 

4.5.1.2 V(AsyncSlotTimeout_U32) 

This variable holds and designates the value of the timeout time for the ASnd frame in ns. An 
event is produced when the ASnd frame was not (or not completely) received within a 
preconfigured time. The initial value is 100 000 on power-up or reset of this node. The range 
of this value starts at 250. 

4.5.1.3 P(C_DLL_ISOCHR_MAX_PAYL) 

This parameter indicates the maximum size of PReq and PRes payload data in octets. The 
value is set to 1 490. 

4.5.1.4 P(C_DLL_MAX_PAYL_OFFSET) 

This parameter indicates the maximum offset of Ethernet frame payload in octets. The value 
is set to 1 499. 
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4.5.1.5 P(D_DLL_CNFeatureMultiplex_BOOL) 

This parameter indicates the CN ability to perform control of multiplexed isochronous 
communication. 

4.5.1.6 P(D_DLL_FeaturePResTimeTriggered_BOOL) 

This parameter indicates the node ability to perform control of continuous-time-triggered 
isochronous communication. 

4.5.1.7 P(D_DLL_MNFeatureMultiplex_Bool) 

This parameter indicates the MNs ability to perform control of multiplexed isochronous 
communication. 

4.5.1.8 P(D_NMT_CycleTimeMax_U32) 

This parameter holds the maximum Type 13 fieldbus cycle time in µs. 

4.5.1.9 P(D_NMT_CycleTimeMin_U32) 

This parameter holds the minimum Type 13 fieldbus cycle time in µs. 

4.5.1.10 P(D_NMT_NetTime_BOOL) 

This parameter indicates the MNs ability to support of NetTime transmission via SoC DLPDU. 

4.5.1.11 P(D_NMT_NetTimeIsRealTime_BOOL) 

This parameter indicates the MNs ability to support of real time via the NetTime parameter in 
SoC DLPDU. 

4.5.1.12 P(D_NMT_RelativeTime_BOOL) 

This parameter indicates the MNs ability to support of RelativeTime transmission via SoC 
DLPDU. 

4.5.1.13 T(FRAME_TIME) 

T(FRAME_TIME) is used by the DLE to measure the time elapsed since last receiving a SoC, 
SoA and PReq frame . The value is decremented in the range of V(FRAME_TIMEOUT) to 0. 

4.5.1.14 V(FRAME_TIMEOUT) 

This variable holds and designates the value of the timeout time for the SoC, SoA and PReq 
frame. An event is produced when one of the frames were not (or not completely) received 
within a preconfigured time. This event signifies that a mandatory frame of the MN was lost. 

4.5.1.15 V(MultiplCycleCnt_U8) 

This variable describes the length of the multiplexed cycle in multiples of the Type 13 fieldbus 
cycle. The variable should be set by the system configuration and should be equal in all 
nodes of the segment. If this variable is zero, there is no support of multiplexed cycle on the 
network. 
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4.5.1.16 V(NMT_CycleLen_U32) 

This variable defines the communication cycle time interval (synchronization interval) in µs. 
The variable should be set by the system configuration in the range of 
P(D_NMT_CycleTimeMin_U32) to P(D_NMT_CycleTimeMax_U32). 

4.5.1.17 V(NMT_Version_U8) 

The variable holds the Type 13 fieldbus communication profile version that is implemented by 
the device. The value shall be set by the device during system initialization. 

4.5.1.18 V(NMT_IsochrSlotAssign_AU8) 

This variable assigns CNs to a particular isochronous slot. The variable should be set by the 
system configuration in the range of 0 to 254. 

4.5.1.19 V(NMT_MultiplCycleAssign_AU8) 

This variable assigns CNs to the particular Type 13 fieldbus cycles of the multiplexed cycle 
period defined by V(MultiplCycleCnt_U8). It shall be equal in all nodes of the segment. The 
variable should be set by the system configuration in the range of 0 to V(MultiplCycleCnt_U8). 

4.5.1.20 V(NodeID_U8) 

The variable holds the device’s actual Node ID. V(NodeID_U8) may be provided by hardware 
settings (dip switch etc.) or set up by software in the range of 1 to 240, 253 and 254. 

4.5.1.21 T(PRES_TIME) 

T(PRES_TIME) is used by the DLE to measure the time elapsed since last sending a PReq 
frame. The value is decremented in the range of V(PRES_TIMEOUT) to 0. 

4.5.1.22 T(PRES_TT_TIME) 

T(PRES_TT_TIME) is used by the DLE of a CN to measure the time elapsed since last 
receiving a PRes frame from the MN. The value is decremented in the range of 
V(PRES_TT_TIMEOUT) to 0. 

4.5.1.23 V(PRES_TIMEOUT) 

This variable holds and designates the value of the timeout time for the PRes frame in µs. An 
event is produced when the PRes frame was not (or not completely) received within a 
preconfigured time. 

4.5.1.24 V(PRES_TT_TIMEOUT) 

This variable holds and designates the value of the timeout time in µs for a continuous-time-
triggered CN when to send its PRes frame. 

4.5.1.25 V(Prescaler_U16) 

This variable describes the toggle rate of the PS flag within the SoC DLPDU. The value 
provides the number of Type 13 fieldbus cycles that have to be completed to toggle the flag 
by the MN. The initial value is 2 on power-up or reset of this node. The range of this value is 0 
to 1 000. 

If this variable is 0, there shall be no toggling of the PS flag. V(Prescaler_U16) shall be equal 
in all nodes of the segment. 
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