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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 3-22: Data-link layer service definition —
Type 22 elements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization f i 30 comprising
all national electrotechnical committees (IEC National Commlttees) The i ‘promote
international co-operation on all questions concerning standardization in the e Ids. To
this end and in addition to other activities, IEC publishes International St ) chni ffications,
Technical Reports, Publicly Available SpeC|f|cat|ons (PAS) and Guides ¢ S “IEC

governmental organizations liaising with the IEC also partlmpate in
with the International Organlzatlon for Standardization (ISO with congditions determined by

2) The formal decisions or agreements of IEC on technical matiers & % @S possible, an international
consensus of opinion on the relevant subjects since gash\te i iittee has representation from all
interested IEC National Committees

3) IEC Publications have the form of recom ernatiQnal use/and are accepted by IEC National
Committees in that sense. While all reasonable effqrt o-ensdre that the technical content of IEC

Publications is accurate, IEC cannot be he i the way in which they are used or for any
misinterpretation by any end user.

indispensable fo hecorreet application of this publication.
9) Attention is drawn_to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shafl not be held responsible for identifying any or all such patent rights.

NOTE 1 Use of some of the associated protocol types is restricted by their intellectual-property-right holders. In
all cases, the commitment to limited release of intellectual-property-rights made by the holders of those rights
permits a particular data-link layer protocol type to be used with physical layer and application layer protocols in
type combinations as specified explicitly in the profile parts. Use of the various protocol types in other
combinations may require permission of their respective intellectual-property-right holders.

International Standard IEC 61158-3-22 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial process measurement, control and
automation.

This standard cancels and replaces IEC/PAS 61158-3-22 published in 2009. This first edition
constitutes a technical revision.
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This bilingual version published in 2012-01 corresponds to the English version published in
2010-08.

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

FDIS Report on voting
65C/604/FDIS 65C/618/RVD

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

The French version has not been voted upon.

A list of all parts of the IEC 61158 series, published undeg J€ e Industrial

The committee has decided that the contents of this icati i ain unchanged until
the stability date indicated on the IEC web site : ' re.iec.ch" in the data

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or

*+ amended.

NOTE The revision of ths \ro e other parts of the IEC 61158 series.
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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/TR 61158-1.

Throughout the set of fieldbus standards, the term “service” refers to the abstract capability
provided by one layer of the OS| Basic Reference Model to the layer immediately above.
Thus, the data-link layer service defined in this standard is a conceptual architectural service,
independent of administrative and implementation divisions.

@%
S
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 3-22: Data-link layer service definition —
Type 22 elements

1 Scope

1.1 Overview

This part of IEC 61158 provides common elements for basic/\in ifica essaging
communications between devices in an automation environment. S ime-critical” is

This standard defines in an abstract way the exter
22 fieldbus data-link layer in terms of:

take; and

c) the interrelationship between these

This specification may be used as the basis for formal DL-Programming-Interfaces.
Nevertheless, it is not a formal programming interface, and any such interface will need to
address implementation issues not covered by this specification, including:

a) the sizes and octet ordering of various multi-octet service parameters; and

b) the correlation of paired request and confirm, or indication and response, primitives.
1.3 Conformance

This standard does not specify individual implementations or products, nor do they constrain
the implementations of data-link entities within industrial automation systems.

There is no conformance of equipment to this data-link layer service definition standard.
Instead, conformance is achieved through implementation of the corresponding data-link
protocol that fulfils the Type 22 data-link layer services defined in this standard. Bocuments
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2 Normative References

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

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 10731, Information technology — Open Systems Interconnectijoxy — Basic Reference

Model — Conventions for the definition of OSI services

ISO/IEC 8802-3:2000, Information Technology - Telecompraqications\and ormation
exchange between systems — Local and metropolitan area net ~ ific\ceqpiirements —
Part 3: Carrier sense multiple access with collision detectio S
physical layer specifications.

3.1 Reference model terms and defini

This standard is base€
ISO/IEC 7498-3, and keswuse of the folow

DL-address Q

called-DL-address

[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-3]
[ISO/IEC 7498-1]

[ISO/IEC 7498-1]

DL-connection-end-point-identifier [ISO/IEC 7498-1]
DL-connection-mode transmission [ISO/IEC 7498-1]
DL-connectionless-mode transmission [ISO/IEC 7498-1]
correspondent (N)-entities [ISO/IEC 7498-1]

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

decentralized multi-end-point-connection [ISO/IEC 7498-1]
DL-duplex-transmission [ISO/IEC 7498-1]
Documents
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(N)-entity [ISO/IEC 7498-1]
DL-entity (N=2)
Ph-entity (N=1)

DL-facility [ISO/IEC 7498-1]
flow control [ISO/IEC 7498-1]
(N)-layer [ISO/IEC 7498-1]

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

layer-management
DL-local-view
multi-endpoint-connection

DL-name

naming-(addressing)-domain
peer-entities [ISO/IEC 7498-1]

primitive name [ISO/IEC 7498-3]

DL-protocol [ISO/IEC 7498-1]
DL-protocol-connectio ' [ISO/IEC 7498-1]
DL-protocoI-data<>( [ISO/IEC 7498-1]
DL-relay [ISO/IEC 7498-1]

[ISO/IEC 7498-1]

[ISO/IEC 7498-1]

reassemblin

reset

responding-DL-ad s [ISO/IEC 7498-3]
routing [ISO/IEC 7498-1]
segmenting [ISO/IEC 7498-1]
(N)-service [ISO/IEC 7498-1]

DL-service (N=2)
Ph-service (N=1)
(N)-service-access-point [ISO/IEC 7498-1]
DL-service-access-point (N=2)
Ph-service-access-point (N=1)
DL-service-access-point-address [ISO/IEC 7498-3]
Documents
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DL-service-connection-identifier [ISO/IEC 7498-1]
DL-service-data-unit [ISO/IEC 7498-1]
DL-simplex-transmission [ISO/IEC 7498-1]
DL-subsystem [ISO/IEC 7498-1]
systems-management [ISO/IEC 7498-1]
DL-user-data [ISO 7498-1]

3.2 Service convention terms and definitions

This standard also makes use of the following terms defined in JS as apply
to the data-link layer:

acceptor
asymmetrical service
confirm (primitive);

requestor.deliver (primitine)
deliver (primitive)
DL-confirmed-facility
DL-facility

DL-local-view
DL-mandatory-facility
DL-non-confirmed-faci
DL-provider-initiated>fac

DL-provider-optionad

indication (primitive);
acceptor.deliver (primitive)
multi-peer
request (primitive);
requestor.submit (primitive)
requestor
response (primitive);
acceptor.submit (primitive)
submit (primitive)
symmetrical service

Documents
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3.3 Data-link service terms and definitions

3.3.1
acyclic data
data which is transferred from time to time for dedicated purposes

3.3.2
cell
synonym for a single DL-segment which uses RTFL communication model

3.3.3

communication cycle

fixed time period between which the root device issues empty
communication initiation in which data is transmitted utilizing CDC and M§

es for cyclic

3.34
cycle time
duration of a communication cycle

3.3.5
cyclic
events which repeat in a regular and repetitive man

3.3.6
cyclic communication
periodic exchange of frames

3.3.7
cyclic data

data which is transferrg anner for dedicated purposes

3.3.8
cyclic data chan
one or more frames

3.3.9
data

generic term

3.3.10

device
physical entity con ted to the fieldbus

3.3.11

DL-segment

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

3.3.12

error

discrepancy between a computed, observed or measured value or condition and the specified
or theoretically correct value or condition

Documents
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3.3.13

extended link

DL-subnetwork, consisting of the maximal set of links interconnected by DL-relays, sharing a
single DL-name (DL-address) space, in which any of the connected DL-entities may
communicate, one with another, either directly or with the assistance of one or more of those
intervening DL-relay entities

NOTE An extended link may be composed of just a single link.

3.3.14
frame
denigrated synonym for DLPDU

3.3.15
gateway
device acting as a linking element between different protocols

3.3.16

interface

shared boundary between two functional units, defined
characteristics, or other characteristics as appropriate

acteristics, signal

3.3.17
link
synonym for DL-segment

3.3.18

logical double line
sequence of root device 4
forward and backward dire

3.3.19
master clock Q
global time base

3.3.20
message
ordered seqiience~afoctets

21

pded to convey data

3.3.21
message cha
MSC
one or more DPUs (frames), which are reserved for acyclic data

3.3.22

network

set of devices connected by some type of communication medium, including any intervening
repeaters, bridges, routers and lower-layer gateways

3.3.23
open network
any network based on IEC 8802.3 with no further restrictions

3.3.24

ordinary device

oD

slave in the communication system, which utilizes RTFL for cyclic and acyclic data
interchange with other ODs in the same logical double line Documents
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3.3.25

precise clock synchronization

PCS

mechanism to synchronize clocks of RTFL devices and maintain a global time base

3.3.26
process data
data designated to be transferred cyclically or acyclically for the purpose of processing

3.3.27

protocol
convention about the data formats, time sequences, and error correction in the data exchange
of communication systems

3.3.28

root device
RD

master in the communication system, which organises, initiates RTFL cyclic
and acyclic data interchange for one logical double line

3.3.29
real time frame line
RTFL
communication model communicating i

3.3.30
real time frame network
RTFN
communication model con

3.3.31
switch
MAC bridge as

3.3.32
timing signal
time-based ip
DL-user syn

3.3.33
topology
physical network
communication system

itecture with respect to the connection between the stations of the

3.4 Symbols and abbreviations

CDC Cyclic data channel

CDCS Cyclic data channel send

DA Device address

DL- Data-link layer (as a prefix)

DLL DL-layer

DLS DL-service Documents
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DMR

DMS

IRQ

MAC

Mil

MIIR

MITW

MSC

MSCDN

MSCR

MSCS

MSCSB

NV

oD

(O]

PID

PCS

PCSC

RD

RDCD

RTF

RTFL

RTFLCFG

RTFLCTL

Full document details: IEC 61158-3-22 2010
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DL-DelayMeasurement read
DL-DelayMeasurement send
Identification

Internet protocol

Interrupt request

Medium access control

Media independent interface
DL-Media independent interface rea

DL-Media independent interfac ite

Message channel

broadcast

Precise clock synchronization
DL-PCS configuration

Root device

DL-Read configuration data
Real time frame

Real time frame line
DL-RTFL configuration

DL-RTFL control
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RTFN Real time frame network

RTFNCE DL-RTFN connection establishment
RTFNCR DL-RTFN connection release
RTFNSNR DL-RTFN Scan network read
SYNC Synchronization

SYNC_MC DL-Sync master configuration
SYNC_START DL-Sync start

SYNC_STOP DL-Sync stop

3.5 Common conventions

This standard uses the descriptive conventions given i

Service primitives, used to represenk\ se
ISO/IEC 10731), convey parameters
interaction.

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

throughout the re
containing the
parameter-transfexdjrect

e 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 is mandatory for the primitive.

U parameter is 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.
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(blank)  parameter is never present.

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

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

e<and-effect or
roughly

In the diagrams which illustrate these interfaces, dashed lines indicate
time-sequence relationships, and wavy lines indicate that
contemporaneous.

4 Data-link layer services and concepts

4.1 Operating principle

Type 22 of this series of international standards d i P for ISO/IEC 8802-3
based networks which was developed to meet M i gutomation technology.
For the purpose of fast intra-machineg scribes a communication
model (RTFL) for fast real-time com# stivorking of several parts of
an automation system into an overall pported by the specification of a second
communication model (RTFN). Type 223 i 5. a multi-master bus system to enable

A Type 22 network utilizé
models.

4.2 Communjéation
4.2.1 Overview

Type 22 technoly c specifies two communication models. RTFL communication is
qunication while RTFN provides for the networking of individual
machines or'cells.

For RTFL sommynisatian model, communication follows a line topology. RTFL communication
is based on cyclic data transfer in an ISO/IEC 8802-3 DLPDU . This basic cyclic data transfer
is provided by a“special device, the root device (RD). Root devices act as communication
master to cyclically initiate communication. The DLPDUs originated by the root device are
passed to the Type 22 ordinary devices (OD). Each ordinary device receives the frame, writes
its data and passes the frame on. A RTFL network requires exactly one root device. The last
ordinary device of a RTFL network sends the processed frame back. The frame is transferred
back in reverse device order to the root device so that it is returned by the first ordinary
device to the root device as response frame. In backward direction, the ordinary devices read
their relevant data from the frame.

For RTFN communication model, communication is based on individual point to point
connections between participating devices.

4.2.2 RTFL device reference model

Type 22 services are described using the principles, methodology and model of
ISO/IEC 7498-1 (OSI). The OSI model provides a layered approach to communications
standards, whereby the layers can be developed and modified independently. TlﬁQT e 22
specification defines functionality from top to bottom of a full OSI modei. Funct E;I-lments
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intermediate OSI layers, layers 3 to 6, are consolidated into either the Type 22 data-link layer
or the DL-user. The device reference model for a Type 22 RTFL device is shown in Figure 1.

Layer
DL-user management
Message Cyclic
channel data Clock
channel synchronization <
DLL
RTF processor DLL configuration

N
Communication
MAC &\ Wnt
7 AN
SN Y
A\
e (O
Figure 1 - R FLCQBCe ference model

4.2.3 RTFN device[reference

Type 22 servige i i he principles, methodology and model of
ISO/IEC 7498-1I. | provides a layered approach to communications
standards, whereb N ' ¢

specification definé ionali top to bottom of a full OSI model. Functions of the

intermediate OS e ers 3.to 6] are consolidated into either the Type 22 data-link layer
or the DL-use 3 iCe arence model for a Type 22 RTFN device is shown in Figure 2.
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4.3 Topology
4.31 RTFL topology

topology. A logical doubleNine\g he arrangement of all ordinary devices and
the root device and the i

The last ordin

Figure 2 — RTFN devi

ird and backward direction. Data transfer is

handled by DLPD% transfe evice\to the next device along the logical double line.

ordinary devices

A logical double<line, It different network topologies. In a switch operated tree

structure eac
not physical

A

Root
device

\ Logical double line R
< >

Ordinary Ordinary Ordinary Ordinary
device device device device

| I
LI TP T]

Switch

Figure 3 — Logical double line in a physical tree topology

The ordinary devices for the RTFL communication model should provide two ISO/IEC 8802.3
based communication interfaces. This allows set-up of a physical line structure as shown in
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Figure 4. If the ordinary devices are arranged in a physical line DLPDUs shall be directly
forwarded from one interface to the next interface and processed on-the-fly (cut-through).

Logical double line

v

A

Root
device

Ordinary
device

Ordinary
device

Ordinary
device

T o Sl e i e

Ordinary
device

purposes.

4.3.2 RTFN topology

A Type 22 network utilizing the RTFN
topologies like star, tree and line.

md@hall pport all commonly used

4.4 Addressing

4.4.1 Overview

Different addressing mode
general differentiation ex

Q&&N

RTFL device addressing

ype 22 devices, as noted in Figure 5. A
s ard RTFN devices.

RTFN device addressing

MAC IP
address address

Device
address

Figure 5 — Addressing modes

4.4.2

MAC addresses as defined in ISO/IEC 8802.3 shall be used to address each device via its
MAC address within the logical double line.

Device addresses shall be used to address devices via a configured device address assigned
by the root device during the start-up phase. Device addresses shall be used for addressing
devices within DL-user communication relationships.

4.4.3 RTFN device addressing

IP addresses as defined in RFC 791 shall be used to address devices within a RTFN network
for cyclic or acyclic communication based on UDP DLPDUs (frames).

Full document details: IEC 61158-3-22 2010
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MAC addresses shall be used to address devices within a RTFN network for cyclic
communication based on MAC DLPDUs.

4.5 Gateway

The gateway acts as linking element between RTFL and RTFN networks. In addition, it is a
gateway between Type 22 networks and the open network. A device incorporating a gateway
can be an ordinary device or can also include the root device. Address translation between
the different addressing modes for RTFL and RTFN shall be performed by the gateway.

4.6 Interaction models
4.6.1 Overview

Depending on the specified communication models RTFL and RTFN 2R orks utilize
different interaction models for cyclic data exchange.

4.6.2 Producer-consumer

Communication model RTFL uses the producer-consumg :
single producer and a group of zero or more consumg is sbaracterized by an
unconfirmed service requested by the producer to d if{s © data and a correlated
service indication in all available consumers.

4.6.3 Publisher-subscriber

synchronization master shall maintain all required configuration information. DL-users which
act as synchronization slaves (SYNC slave) shall request this information for configuration
and activation purpose using a DL-service. The main properties of synchronized timing
signals are:

e cycle time;

e time offset; and

e start time.

DL-users which act as synchronization master (SYNC master) shall use a local configuration
service for the configuration.

Figure 6 illustrates the interactions between a SYNC slave and a SYNC master for
configuration data exchange utilizing a time-sequence diagram.
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SYNC slave SYNC master

SYNC start.request

________________ SYNC start.indication

[
»

P SYNC start.confirm

--19

SYNC start.response ="

Figure 6 — Time sequence diagram for time SYNC_STAR

Figure 7 illustrates the generation of synchronized timing signals (
and its corresponding SYNC master after successful slave config

SYNC slave

to the DL-user.

SYNC |RQ 4 .............................
4 .............................
R TP
Figur
Figure 8 iIIustra@h G i chronized timing signals (IRQs) for one SYNC slave
and its correspondip ‘ 3 successful slave configuration. Independent from

the communicati 3 xed timing signals (IRQs) are generated in both devices

to the DL-user.
configured.

» SYNC IRQ

.............................. »
e, ) }Cyde time
»

Figure 8 — Synchronized timing signals with offset

5 Communication services

5.1 Overview

The data-link layer specifies Type 22 services for reading and writing data from devices in a
Type 22 network (see Table 1). There are four different types of services:
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