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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-12: Data-link layer protocol specification —
Type 12 elements

FOREWORD

this end and in addltlon to other activities, IEC publishes International
Technical Reports, Publicly Available Specifications (PAS) and Gujdes

governmental organizations liaising with the IEC also part|0|pate i
with the International Organization for Standardization (ISO
agreement between the two organizations.

interested IEC National Committees.

3) IEC Publications have the form of recom and are accepted by IEC National
Committees in that sense. While all reasonab t re that the technical content of IEC
Publications is accurate, IEC cannot be ) the way in which they are used or for any
misinterpretation by any end user.

the latter.

5) IEC itself does nof _provide
assessment serw i
services carried out by i

7) No liability shall gttac s_di ors, employees, servants or agents including individual experts and
members of itg_technical co i EC National Committees for any personal injury, property damage or
other damage of\a 3 , whether direct or indirect, or for costs (including legal fees) and
expenses ansing Ou ation, use of, or reliance upon, this IEC Publication or any other IEC

8) AttentionN ¥ to ative references cited in this publication. Use of the referenced publications is
indispensabte_forthe sorreef application of this publication.

Attention is drawn te’the fact that the use of the associated protocol type is restricted by its
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 layer protocol type to
be used with other layer protocols of the same type, or in other type combinations explicitly
authorized by its intellectual-property-right holders.

NOTE Combinations of protocol types are specified in IEC 61784-1 and IEC 61784-2.

International Standard IEC 61158-4-12 has been prepared by subcommittee 65C: Industrial
networks, of IEC technical committee 65: Industrial-process measurement, control and
automation.

This third edition cancels and replaces the second edition published in 2010. This edition
constitutes a technical revision. The main changes with respect to the previous edition are
listed below:

e bug fixes and
e editorial improvements. Documents
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The text of this standard is based on the following documents:

FDIS Report on voting
65C/762/FDIS 65C/772/RVD

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all the parts of the IEC 61158 series, published under the general title Industrial

The committee has decided that the contents of this publication wi i hanged until
the stability date indicated on the IEC web site under "http://wek Nec. ig the data

* reconfirmed,

+ withdrawn,
* replaced by a revised edition, or
+ amended. & 6

IMPORTANT - The 'colour inside' logo on the sovex page of this publication indicates
that it contains colours which | are—sonsi ed >to be useful for the correct
s

understanding of its contents,Us d therefore print this document using a
colour printer.

@@3\”
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NTRODUCTION

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 61158-1:2013.

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:

as a guide for implementors and designers;

for use in the testing and procurement of equipment;

tual-property-right holders. In all
e holders of those rights permits

involve the use of patents concerning
Type 12 elements and [p K i follows:

EP 1 590 927 B1

EP 1 789 857 B1 3k rfahren und automatisierungssystem zum Einsatz eines

ittlungsvorrichtung und lokales Kommunikationsnetz mit einer solchen
itthuhigsvorrichtung

licences either free” of charge or under reasonable and non-discriminatory terms and
conditions with applicants throughout the world. In this respect, the statement of the holder of
these patent rights is registered with IEC. Information may be obtained from:

[BE]: Beckhoff Automation GmbH
EiserstralBe 5
33415 Verl,
Germany

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

ISO (www.iso.org/patents) and IEC (http://patents.iec.ch) maintain on-line databases of
patents relevant to their standards. Users are encouraged to consult the databases for the
most up to date information concerning patents.

Documents
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INDUSTRIAL COMMUNICATION NETWORKS -
FIELDBUS SPECIFICATIONS -

Part 4-12: Data-link layer protocol specification —
Type 12 elements

1 Scope

1.1 General

The data-link layer provides basic time-critical messaging communicz
an automation environment.

1.2 Specifications
This standard specifies

a) procedures for the control information from one data-link user entity to

one or more user e

hé€ transfer of data and control information by the
esentation as physical interface data units.

b) the structure
protocol of this

through the exchange of DLS primitives;
c) the interactions between a DLS-provider and the MAC services of ISO/IEC 8802-3.

1.4  Applicability

These procedures are applicable to instances of communication between systems which
support time-critical communications services within the data-link layer of the OSI reference
model, 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.

1.5 Conformance

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

such requirements. Documents
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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 Ilatest edition of the referenced document (including any
amendments) applies.

NOTE All parts of the IEC 61158 series, as well as IEC 61784-1 and IEC 61784-2 are maintained simultaneously.
Cross-references to these documents within the text therefore refer to the editions as dated in this list of normative
references.

IEC 61158-3-12, Industrial communication networks — Fieldbus specifications — Part 3-12:
Data-link layer service definition — Type 12 elements

Model: Naming and addressing

ISO/IEC 8802-3:2000, Information srfications and information

exchange between systems — Local and
Part 3: Carrier sense multiple access witt iSi o ct/on CSMA/CD) access method and
physical layer specifications

ISO/IEC 10731, Information™ pen Systems Interconnection — Basic Reference
Model — Conven 1 ]

<http://www.ietf org>

3 Terms, definitions, symbols, abbreviations and conventions

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

3.1 Reference model terms and definitions

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.

3141 DL-duplex-transmission [ISO/IEC 7498-1]

3.1.2 DL-protocol [ISO/IEC 7498-1]

313 DL-protocol-data-unit [ISO/IEC 7498-1]
Documents
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3.1.5

3.1.10
3.1.11
3.1.12
3.1.13
3.1.14
3.1.15
3.1.16
3.1.17
3.1.18
3.1.19
3.1.20

3.2
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(N)-entity [ISO/IEC 7498-1]
DL-entity
Ph-entity

(N)-interface-data-unit [ISO/IEC 7498-1]

DL-service-data-unit (N=2)
Ph-interface-data-unit (N=1)

(N)-layer [ISO/IEC 7498-1]
DL-layer (N=2)
Ph-layer (N=1)

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

SO/IEC 7498-1]

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

(N)-service-access-point-address O/IEC 7498-1]
DL-service-access-point-address (N=2)
Ph-service-access-point-address (N=1

peer-entities [ISO/IEC 7498-1]
Ph-interface-data [ISO/IEC 7498-1]
primitive name [ISO/IEC 7498-3]

reassembling [ISO/IEC 7498-1]
recombining [ISO/IEC 7498-1]
reset Q [ISO/IEC 7498-1]
routing [ISO/IEC 7498-1]

segmen [ISO/IEC 7498-1]

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

system nagement [ISO/IEC 7498-1]

Service convention terms and definitions

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

3.21
3.2.2

3.23
3.24

3.2.5

3.2.6

asymmetrical service

confirm (primitive);
requestor.deliver (primitive)

deliver (primitive)

DL-service-primitive;
primitive
DL-service-provider

DL-service-user Documents

Document Sharing Hub

Full document details: IEC 61158-4-12 2014


http://avadocuments2026.com/doc/iec-61158-4-12-2014
http://avadocuments2026.com/doc/iec-61158-4-12-2014

IEC 61158-4-12:2014 © IEC 2014 -13 -

3.2.7 indication (primitive)
acceptor.deliver (primitive)

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

3.29 requestor

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

3.211 submit (primitive)

3.212 symmetrical service

3.3 Common terms and definitions

NOTE Many definitions are common to more than one protocol Type; they are not
Types.

For the purpose of this document, the following definitions ats

3.31
frame
denigrated synonym for DLPDU

3.3.2
group DL-address
DL-address that potentially designates

DLSAP.

3.3.3 Q
node

single DL-entity asA

3.34
receiving DD
DL-servige

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

3.3.5
sending DLS-user
DL-service user that acts as a source of DLS-user-data

3.4 Additional Type 12 definitions

3.4.1
application
function or data structure for which data is consumed or produced

[SOURCE: IEC 61158-5-12, 3.3.1]

3.4.2
application objects
multiple object classes that manage and provide a run time exchange of messages across the
network and within the network device
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343
basic slave
slave device that supports only physical addressing of data

344
bit
unit of information consisting ofa1ora0

Note 1 to entry: This is the smallest data unit that can be transmitted.

3.4.5
client
1) object which uses the services of another (server) object to perform a t

2) initiator of a message to which a server reacts

3.4.6
connection
logical binding between two application objects within the same ®

347
cyclic
events which repeat in a regular and repetitive m

3

3.4.8

cyclic redundancy check

CRC

residual value computed from an array, of datq and As a representative signature for the
array

349

data

generic term us@ j Qn Carried over a Fieldbus

3.4.10

data consistenc

means for copre 3 iQn and access of the input- or output-data object between and

within client &

3.4.11
device
physical entity conqnegted to the fieldbus composed of at least one communication element
(the network element) and which may have a control element and/or a final element
(transducer, actuator, etc.)

[SOURCE: IEC 61158-2, 3.1.13]

3.4.12
distributed clocks
method to synchronize slaves and maintain a global time base

3.4.13

error

discrepancy between a computed, observed or measured value or condition and the specified
or theoretically correct value or condition
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3.4.14
event
instance of a change of conditions

3.4.15

fieldbus memory management unit

function that establishes one or several correspondences between logical addresses and
physical memory

3.4.16

fieldbus memory management unit entity

single element of the fieldbus memory management unit: one correspondence between a
coherent logical address space and a coherent physical memory location

3.4.17
full slave

3.4.18
interface
shared boundary between two functional units, defined by™unc haracteristics, signal

3.4.19
master
device that controls the data transfer imitiates the media access of the
slaves by sending messages and that i » erface to the control system

3.4.20
mapping

3.4.21
medium
cable, optical fibre

3.4.22
message
ordered series o

Note 1 to entry: Normally used to convey information between peers at the application layer.

3.4.23

network

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

3.4.24
node
end-point of a link in a network or a point at which two or more links meet

[SOURCE: IEC 61158-2, 3.1.31, with some wording adjustment]
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3.4.25
object
abstract representation of a particular component within a device

Note 1 to entry:  An object can be

1) an abstract representation of the capabilities of a device. Objects can be composed of any or all of the
following components:

a) data (information which changes with time);
b)  configuration (parameters for behavior);

c) methods (things that can be done using data and configuration).

2) a collection of related data (in the form of variables) and methods (procedures iqg on that data
that have clearly defined interface and behavior.

3.4.26

process data
data object containing application objects designated to be tra ed i acyclically
for the purpose of processing

3.4.27
server
object which provides services to another (client)

3.4.28
service
operation or function than an object ahd/or_obje

object and/or object class %

to

performs upon request from another

3.4.29
slave
DL-entity accessh®th - ng initiated by the preceding slave or the master
3.4.30

Sync manager
collection of contrgl ele

to ceardinate access to concurrently used objects

single cont oordinate access to concurrently used objects

3.4.32
switch
MAC bridge as defined in IEEE 802.1D

3.5 Common symbols and abbreviations

NOTE Many symbols and abbreviations are common to more than one protocol Type; they are not necessarily
used by all protocol Types.

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

DLPCI DL-protocol-control-information

DLPDU DL-protocol-data-unit
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DLM DL-management

DLME DL-management Entity (the local active instance of DL-management)
DLMS DL-management Service

DLS DL-service

DLSAP DL-service-access-point

DLSDU DL-service-data-unit

FIFO First-in first-out (queuing method)

(1] Open systems interconnection

Ph- Physical layer (as a prefix)

PhE Ph-entity (the local active instance of the physical layer
PhL Ph-layer

QoS Quality of service

3.6 Additional Type 12 symbols and abbreviations

AL Application layer

DLSDU Data-link protocol data unit
APRD Auto increment physical read
APRW

APWR Auto incrementp
ARMW Auto increment p
BRD Broadcast read
BRW Broadcast read \

BWR

CAN

CoE

CSMA/CD Q

DC

DCSM

DHSM

Type 12

E2PROM lectrically erasable programmable read only memory
EoE hernet tunneled over Type 12 services
ESC Type 12 slave controller

FCS frame check sequence

FMMU Fieldbus memory management unit

FoE File access with Type 12 services

FPRD Configured address physical read
FPRW Configured address physical read write
FPWR Configured address physical write
FRMW Configured address physical read multiple write
HDR Header

ID Identifier

IP Internet protocol

LAN Local area network

LRD Logical memory read

LRW Logical memory read write

Full document details: IEC 61158-4-12 2014
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LWR Logical memory write

MAC Media access control

MDI Media dependent interface (specified in ISO/IEC 8802-3)

MDX Mailbox data exchange

Mil Media independent interface (specified in ISO/IEC 8802-3)

PDI Physical device interface (a set of elements that allows access to DL services from
the DLS-user)

PDO Process data object

PHY Physical layer device (specified in ISO/IEC 8802-3)

PNV Publish network variable

RAM Random access memory

RMSM Resilient mailbox state machine

Rx Receive

SDO Service data object

Sl Slave information interface

SIISM Sl state machine

3.7 Conventions

SyncM Synchronization manager
SYSM Sync manager state machine
TCP Transmission control protoc
Tx Transmit

UDP User datagram pro

WKC Working counte

3.71 General condgep

The services ar i
that are provided™b

described in this i

58- . The service specification defines the services
he mapping of these services to ISO/IEC 8802-3 is

The DL synta ts related to PDU structure are described as shown in the example of
Table 1.

Frame part denotes the element that will be replaced by this reproduction.
Data field is the name of the elements.
Data Type denotes the type of the terminal symbol.

Value/Description contains the constant value or the meaning of the parameter.
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Table 1 — PDU element description example

Frame part Data Field Data Type Value/Description
Type 12 xxx CMD Unsigned8 0x01
IDX Unsigned8 Index
ADP Unsigned16 Auto Increment Address
ADO Unsigned16 Physical Memory Address
LEN Unsigned11 Length of data of YYY in octets
Reserved Unsigned4 0x00
NEXT Unsigned1 0x00: last Type 12 PDU
0x01: Type 12 PDU follow:
IRQ Unsigned16 Reserved for future u/s\< h (\
YYY next element < \ S
WKC Unsigned16 Working Coungé\\

The attribute types are described in C language nota 98 9) as shown in
Figure 1. BYTE and WORD are elements of type unS| nd*unsigned short.

typedef struct

{
Unsigned8
Unsigned8
Unsignedl6
Unsigned8
Unsigned8
Unsigned
Unsign
unsigne
unsigned
unsign

é/&QiI FORMA

Data Type denotes the type of this element.

Access type Type 12 DL/PDI shows the access right to this element. R means read access
right, W means write access right. If neither Type 12 DL nor PDI has write access, this
variable will be initialised and maintained by DL itself.

Value/Description contains the constant value and/or the meaning of the parameter.
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Table 2 — Example attribute description

Parameter Physical Data Type Access Access Value/Description
Address type Type
PDI
State 0x0120 Unsigned4 RW R 0x01: Init Request
0x02: Pre-Operational
Request
0x03: Bootstrap Mode
Request

0x04: Safe Operational
Request

0x08: Opexational
uest

Acknowledge 0x0120 Unsigned1 RW

Reserved 0x0120 Unsigned3

Application Specific 0x0121 Unsigned8

used at the sending sjde_and shall S ed/ at the receiving side except it is explicitly
stated or if the reserve a - a state machine.
3.713 Conve:t' ns_fo mon coding s of specific field octets

N\

sb Isb
Octe 7 6 5 4 3 2 1 0 Bit Identification

Bit 0

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

Figure 2 — Common structure of specific fields

Bits may be grouped as group of bits. Each bit or group of bits shall be addressed by its Bit

Identification (e.g. Bit 0, Bit 1 to 4). The position within the octet shall be acco%?yments
figure above. Alias names may be used for each bit or group of bits or they muy be rke
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reserved. The grouping of individual bits shall be in ascending order without gaps. The values
for a group of bits may be represented as binary, decimal or hexadecimal values. This value
shall only be valid for the grouped bits and can only represent the whole octet if all 8 bits are
grouped. Decimal or hexadecimal values shall be transferred in binary values so that the bit
with the highest number of the group represents the msb concerning the grouped bits.

EXAMPLE Description and relation for the specific field octet

Bit 0: reserved.

Bit 1-3: Reason_Code The decimal value 2 for the Reason_Code means general error.
Bit 4-7: shall always set to one.

The octet that is constructed according to the description above looks as follows:
(msb) Bit 7 =1,

Bit6 = 1,

Bit 5 =1,

Bit 4 =1,

Bit 3 =0,

Bit2 =1,

Bit 1 =0,

(Isb) Bit 0 = 0.

This bit combination has an octet value representati

3.7.2 State machine

(@( |

The protocol sequence of State Machines.

In state diagran@&a :
Names of states and’trs

listing of the state trax

a4s boxes state transitions are shown as arrows.
te diagram correspond to the names in the textual

— The third colan gontains an optional event followed by Conditions starting with a “/” as
first line charactér and finally followed by the actions starting with a “=>" as first line
character.

— The last column contains the next state.

If the event occurs and the conditions are fulfilled the transition fires, i.e. the actions are
executed and the next state is entered.

The layout of a Machine description is shown in Table 3. The meaning of the elements of a
State Machine Description are shown in Table 4.
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Table 3 — State machine description elements

# | Curen /Conditon et
=> Action
Table 4 — Description of state machine elements

Description element Meaning
Current state Name of the given states.
Next state /\
# Name or number of the state transition. A(\\ aN
Event Name or description of the event. ( \ \ \
/Condition Boolean expression. The preceding “\” is not part))f\bh\}o\nch\ion
=> Action L:‘StthOf astS|gnments and service or function in oczh@s ?h'e\\grévidmg\% is not part

of the action

Table 5 - Con\gmi\ons{o(eéjn s at@wch es

Convention Méa\ning\_/

= Value of an item on the left i§ replaced biwvalye of\an item on the right. If an item on the right is
a parameter, it comes from the pr |t e shoywn\as input event.

axx

eter is assigned to a parameter called 'ldentifier.’

nnn & al ments\are digits, the item represents a numerical constant shown in decimal
&Qre entatio

0xnn i\all elefryents nn are digits, the item represents a numerical constant shown in hexadecimal
repr tation

== A logical condition to indicate an item on the left is equal to an item on the right.

< A logical condition to indicate an item on the left is less than the item on the right.

> A logical condition to indicate an item on the left is greater than the item on the right.

1= A logical condition to indicate an item on the left is not equal to an item on the right.

&& Logical "AND"

|| Logical "OR"

! Logical "NOT"
+-*/ Arithmetic operators

; Separator of expressions

Readers are strongly recommended to refer to the subclauses for the attribute definitions, the
local functions, and the FDL-PDU definitions to understand protocol machines. It is assumed
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that readers have sufficient knowledge of these definitions and they are used without further
explanations.

Further constructs as defined in C language notation (ISO/IEC 9899) can be used to describe
conditions and actions.

4 Overview of the DL-protocol

4.1 Operating principle

Type 12 DL is a Real Time Ethernet technology that aims to maximize the utilization of the full
duplex Ethernet bandwidth. Medium access control employs the Master/Slave principle, where
the master node (typically the control system) sends the Ethernet frame he slave nodes,
which extract data from and insert data into these frames.

4.2 Topology

The topology of a commypnic
application in automgti

The star topolo
infrastructure cosjs®
preferable.

Ethernet leads to enhanced cabling effort and
adtomation applications a line or tree topology is

The last node_retur
Ethernet, the resu

the PDU back to the master. Utilizing the full duplex capabilities of
ting)topology is a physical line.

Branches, which in principle are possible anywhere, can be used to enhance the line structure
into a tree structure from. A tree structure supports very simple wiring; individual branches,
for example, can branch into control cabinets or machine modules, while the main line runs
from one module to the next.

4.3 Frame processing principles

In order to achieve maximum performance, the Ethernet frames should be processed directly
“on the fly”. If it is implemented this way, the slave node recognizes relevant commands and
executes them accordingly while the frames are already passed on.

NOTE 1 Type 12 DL can be implemented using standard Ethernet controllers without direct processing. The
influence of the forwarding mechanism implementation on communication performance is detailed in the profile
parts.
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The nodes have an addressable memory that can be accessed with read or write services,
either each node consecutively or several nodes simultaneously. Several Type 12 PDUs can
be embedded within an Ethernet frame, each PDU addressing a cohesive data section. As
shown in Figure 3, the Type 12 PDUs are either transported:

a) directly in the data area of the Ethernet frame,
b) within the data section of a UDP datagram transported via IP.

48 Bit 48 Bit 16 Bit 16 Bit 32 Bj
Destination Source EtherType Header . FCS

=

' Embedded directly in Ethernet
' Frame w. EtherType 0x88A4 1..n EtherCAT

; PDU /

160 Bit 64 Bit

Ethernet H. IP Header UDP H. Head{\\

Or: via UDP/IP
with UDP Port 0x88A4

time-critical appli
side any standard

Type 12 PDUs. The Type 12 PDUs are packed without gaps. The frame is terminated with the
last Type 12 PDU, unless the frame size is less than 64 octets, in which case the frame will
be padded to 64 octets in length.

Compared with one frame per node this leads to a better utilization of the Ethernet bandwidth.
However, for e.g. a 2 channel digital input node with just 2 bit of user data, the overhead of a
single Type 12 PDU is still excessive.

Therefore the slave nodes may also support logical address mapping. The process data can
be inserted anywhere within a logical address space. If a Type 12 PDU is sent that contains
read or write services for a certain process image area located at the corresponding logical
address, instead of addressing a particular node, the nodes insert the data at or extract the
data from the right place within the process data, as noted in Figure 4.
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HH

Yy v 1

Process Data WKC FCS

Frame | Type12

Ethernet HDR HDR HDR

Figure 4 — Mapping of data in a frame

The logical address space is 2° Bytes = 4 GByte.
serial backplane for automation systems that enabl

4.5 Error detection ov

Type 12 DL checks b
transmitted corr p
FCS is recalcula

repair the FCS but K
located precisely

4.6 Node referente model
4.6.1 Mapping onto OSI basic reference model

Type 12 DL is described using the principles, methodology and model of ISO/IEC 7498
Information processing systems — Open Systems Interconnection — Basic Reference Model
(OSI). The OSI model provides a layered approach to communications standards, whereby
the layers can be developed and modified independently. The Type 12 DL specification
defines functionality from top to bottom of a full OSI stack, and some functions for the users of
the stack. Functions of the intermediate OSI layers, layers 3 — 6, are consolidated into either
the Type 12 DL data-link layer or the Type 12 DL Application layer. Likewise, features
common to users of the Fieldbus Application layer may be provided by the Type 12 DL
Application layer to simplify user operation, as noted in Figure 5.
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DL-User
5
AL g
£
Ke]
=
Ty L E o %
Mailbox Process Data %_S&g{é sél%?ﬁ;?{ o
DL
DL Slave ay
Info Address anagement
Type12 Data Link Layer \

IiDthsical Layer /\( Q R \\>

Figure 5 —'S p. nade refere ce<>|o el

4.6.2 Data-link Layer features
The data link layer provide sie_tin aI supj ort for data commumcahons ~among
i i K . TheNerm—*tim

completed with some e G inty. Failure to complete specified actions within
the time window, s fai 9 icatiohs requesting the actions, with attendant risk to
equipment, plant

and provide ce k xtfacting data from and/or including data into the Ethernet

frame This 6 on the data link layer parameters which are stored at pre-
S 3- & application data is made available to the application layer in

physicale i mailbox configuration or within the process data section.

4.7
4.71 Relation to ISO/IEC 8802-3

This part specifies data link layer services in addition to those specified in ISO/IEC 8802-3.

4.7.2 Frame structure

A Type 12 Ethernet frame contains one or several Type 12 PDUs (as shown in Figure 6), each
addressing individual devices and/or memory areas. The Type 12 frame is recognized by the
combination of the EtherType 0x88A41 and the corresponding Type 12 frame header or, when
transported via UDP/IP according to IETF RFC 791/IETF RFC 768 (as shown in Figure 7) by
the Destination UDP port 34980=0x88A42 and the Type 12 frame header. Fragmentation of IP
packets will be ignored. The UDP checksum may be set to 0 by Slaves and could be ignored.

1 The EtherType 0x88A4 was assigned for Type 12 (EtherCAT) by the IEEE Registration Authority.

2 The UDP Port 34980 was assigned for Type 12 (EtherCAT) by the Internet Assigned Nunbe's Autgr%ﬁ/h!lments
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No check on IP type of service, IP header checksum, IP packet length and UDP length is
required.

Each Type 12 PDU consists of a Type 12 header, the data area and a subsequent counter
area (working counter), which is incremented by all nodes that were addressed by the
Type 12 PDU and have exchanged associated data.

Ethernet Header Type12 Typ12 PDU Type12 PDU T Enet
Ether | Frame | Type12 2| Type12 I
Pre | DA | sA | Ehe [ Frame | Typet Data || WPt Data [¢| |FCs

®) 6) ©) ) @) (10) (1...1486) @ (10 (G4..1474) (2 @

Figure 6 — Type 12 PDUs embedded in Ethernet franje

A A
Ethernet Header IP_ | UDP [Type12 Type12 PDU { Tyre'2 PDO\ net
Ether Frame | Type12 2| Type )
Pre | DA | sA [ 5" | 1oR | HOR | Frame | Toeel Data  [AeeR] \ Data \JZ\{FCS
(8) (6) (6) ) (20) (8) () (10) (1....1458) (10) (

\ __.144\} @

Figure 7 — Type 12 PDUs embedde

5 Frame structure

5.1 Frame coding principles

Type 12 DL uses a standard ISO/IEC 8802- et frame structure for transporting
Type 12 PDUs. The PDUs may altexnat % be\se

via UDP/IP. The Type 12 specific

The data types and encoding rules shall be valid for the DL services and protocols as well as
for the AL services and protocols specified. The encoding rules for the Ethernet frame are
specified in ISO/IEC 8802-3. The DLSDU of Ethernet is an octet string. The transmission
order within octets depends upon MAC and PhL encoding rules.

5.2.2 Transfer syntax for bit sequences

For transmission across Type 12 DL a bit sequence is reordered into a sequence of octets.
Hexadecimal notation is used for octets as specified in ISO/IEC 9899. Let b = bg...bpn-1 be a
bit sequence. Denote k a non-negative integer such that 8(k - 1) < n < 8k. Then b is
transferred in k octets assembled as shown in Table 6. The bits bj, i > n of the highest
numbered octet are do not care bits.

Octet 1 is transmitted first and octet k is transmitted last. Hence the bit sequence is
transferred as follows across the network (transmission order within an octet is detﬁmined

b
ISO/IEC 8802-3): ocuments
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bz, bg, ..., bo, b1s, ..., bs, ...

Table 6 — Transfer Syntax for bit sequences

Octet number 1. 2. k.

b7 .. bo b1s .. bg bgk -1 .. bgk -8

EXAMPLE

[Bite |.. |Bito |
10b  0001b  1100b
0x2 0x1 0xC

= 0x21C

The bit sequence b = bg .. bg = 0011 1000 01, represents an Unsigned10 witi~the
in two octets: First 0x1C and then 0x02.

5.2.3 Unsigned Integer

Data of basic data type Unsignedn has values in th . The value range
is 0, ..., 2-1. The data is represented as bit sequen¢es 6hlength n. bit sequence

b=bg...bn-1
is assigned the value

Unsignedn(b) = bp-1x%2

EXAMPLE The va ith e\ Upsigned16 is transferred in two octets, first OxOA and then
0x01.

The Unsignedn
Unsigned1 to Unsi
element will

S gd 9 to Unsigned15 will be used too. In this case the next
e_bit position as denoted in 3.7.1.

octet numbein] 1.\ 2. 3, 4. 5. 6. 7. 8.
Unsigned8 bM

Unsigned16 b7..bg |b1s..bg

Unsigned32 b7..bg |bqs..bg [b23..b1g [b31..b24

Unsigned64 b7..bgp |bqs..bg [b23..b1g |b3q..b24 |b3g..b32 |bg7..bgp |bss5..b48 |be3..b5e
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5.24 Signed Integer

Data of basic data type Integern has values in the integers. The value range is from -2n-1 1o
2n-1.1_ The data is represented as bit sequences of length n. The bit sequence

b=bg .. bpn-1
is assigned the value
Integern(b) = bp-ox2N-2 + .+ bqx21 + pgx20if b1 = 0
and, performing two's complement arithmetic,

Integern(b) = - Integern(*b) - 1 if bp-1 =1

NOTE The bit sequence starts on the left with the least significant bit.

Octet number 1. 2. 3.

Integer8 b7..bg \

Integer16 b7..bg 6\5%\
Integer32 b7..bo[ Y1588 | b3 N16 .

Integer64 PrPo b15-}§ bza\--Qm b@--bm b3g..b32 [b47..b40 |bss..bag |be3..bse

AV

fined below; length is the length of the octet string.

5. 6. 7. 8.

N

>

Y

:

OctetStringlength

The data type VisibfeStringlength is defined below. The admissible values of data of type
VISIBLE CHAR are 0, and the range from 0x20 to Ox7E. The data are interpreted as 7-bit
coded characters. length is the length of the visible string.

Unsigned8  VISIBLE_CHAR
ARRAY [ length ] OF VISIBLE_CHAR VisibleStringlength
There is no 0x0 necessary to terminate the string.

5.3 DLPDU structure
5.3.1 Type 12 frame inside an Ethernet frame

The frame structure in consists of the following data entries as specified in Table 9.

Documents

Document Sharing Hub

Full document details: IEC 61158-4-12 2014


http://avadocuments2026.com/doc/iec-61158-4-12-2014
http://avadocuments2026.com/doc/iec-61158-4-12-2014

- 30 - IEC 61158-4-12:2014 © IEC 2014

Table 9 — Type 12 frame inside an Ethernet frame

Frame part Data field Data type Value/description
Ethernet Dest MAC BYTE[6] Destination MAC Address as specified in
ISO/IEC 8802-3
Src MAC BYTE[6] Source MAC Address as specified in
ISO/IEC 8802-3
(optional) VLAN Tag BYTE[4] 0x81, 0x00 and two bytes Tag Control Information
as specified in IEEE 802.1Q
Ether Type BYTE[2] 0x88, 0xA4 (Type 12)
Type 12 specified in 5.3.3
frame
Padding BYTE[n] shall be inserted if DL P, is shortex than 64
octets as specified |nA O/IEC 8 2-3
Ethernet FCS FCS Unsigned32 Standard Ethernet §he coding\as specified
in ISO/IEC 880

5.3.2 Type 12 frame inside a UDP datagram

The frame structure in consists of the following data specified\in Table 10.

Table 10 - Type 12 framle

AN

e ar(\SDP DU
N

Frame part Data field Data type \ \ V/Jlueldescription
Ethernet Dest MAC BYTE[B/]A \S\ee Tabk\
Src MAC BYTE[é\] O Se\(\Q 9
(optional) VLAN T{g YT ]\ \gee\Te@e 9
Ethep\Typk\ YIE[] 0x0§, 0x00 (IP)
P Versl\'onN_/\ BY‘ﬁF\ 0x45 (IP Version(4) header length (5*4 octets))
S I’VI e NE 0x00 (IP Type of service)
Total n W (IP total length of service) - not checked within Type 12
/\ segment
atio \Unsig/ned16 (IP identification packet for fragmented service) - not
/\ checked within Type 12 segment
?T%s BYTE (IP flags — they will not be considered but a
fragmentation of Type 12 frame will result in an error) -
not checked within Type 12 segment
Fragments BYTE (IP fragment number - fragmentation of Type 12 frame
will result in an error) - not checked within Type 12
segment
Til BYTE (IP time to live — only checked at routers) - not checked
within Type 12 segment
Protocol BYTE 0x11 (IP sub-protocol — this value is reserved for UDP)
Header Unsigned16 (IP header checksum) - not checked within Type 12
checksum segment
Source IP BYTE[4] (IP source address of the originator) - not checked
address within Type 12 segment
Destination BYTE[4] (IP destination address of the target of the frame —
IP address within a Type 12 segment usually a multicast address as
an individual address requires the Address Resolution
Protocol ARP ) - not checked within Type 12 segment
UbpP Src port WORD (UDP Source Port) - not checked within Type 12
segment
Dest port WORD 0x88A4 (UDP Source Port)
Length WORD (UDP length of frame) ) - not checked withi Y@ORIMENTS
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Frame part Data field Data type Value/description
segment
Checksum WORD (UDP checksum of frame) — will be set to 0 for Type 12
frames but without checking
Type 12 specified in 5.3.3
frame
Padding BYTE[n] shall be inserted if DL PDU is shorter than 64 octets as
specified in ISO/IEC 8802-3
Ethernet FCS FCS Unsigned32 Standard Ethernet Checksum coding as specified in
ISO/IEC 8802-3
NOTE 1 IP packet structure and coding requirements are as specified in IETF RFC 791.
NOTE 2 The ordering of octets in multi-octet values is encoded differently in IETF proto¢ols (see IETF RFC 768
and RFC 791) than it is within the Type 12 DL-protocol. L

5.3.3

The Type 12 frame structure in shall consist one of the

Type 12 frame structure

Table 12 and Table 13.

Table 11 — Type 12 frame structure on&inl

Table 11,

Frame part Data field /D\ata type ( \\// /\ V\élgeldescription
Type 12 Frame Length %sﬁ\eo@ ) gengt of t\Prré frP'n/e (minus 2 octets)
Reserved un/_\signe 0 —"
Type énsigpa@r \Ss\otoc Type = Type 12 DLPDUSs (0x01)
Type 12 P)w\ \ \ \ ﬁgﬁn/ed in 5.4
~~

Mcified in 5.4

Type 2\)&\

specified in 5.4

Tab é/%y}\%ructure containing network variables

Frame part ( \ ata Id Data type Value/description
Type 12 frame/\ qugh\ unsigned11 Length of this frame (minus 2 octets)
\ \r\eﬁyeé\ unsigned 1 0
& 'F%s\ B unsigned4 Protocol type = network variables (0x04)
Publisher headar_| \PUQQ BYTEI6] Publisher ID
W Unsigned16 Number of Network variables contained in this
Type 12 frame
CYC Unsigned16 Cycle Number of the publisher side
reserved BYTE[2] 0x00, 0x00
Network variable 1 Specified in 5.5
Specified in 5.5
Network variable n Specified in 5.5
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Table 13 — Type 12 frame structure containing mailbox

Frame part Data field Data type Value/description
Type 12 frame Length unsigned11 Length of this frame (minus 2 octets)
reserved unsigned 1 0
Type unsigned4 Protocol type = mailbox (0x05)
Mailbox Specified in 5.6

5.4 Type 12 DLPDU structure
5.4.1 Read

5411 Overview

With the read services a master reads data to memory of one
counter shall be incremented by each slave if at least one
present.

5.4.1.2 Auto increment physical read (APRD)

Frame part Value/description

Type 12 PDU ) é&\@ \( bx@gkned\s-) M1 (command APRD)
I \@5\ C\Qnsb(k&‘s\/ Index

/\ ADP > WBQD > Auto increment address
N

DO W}>§D Physical memory or register address

NN .
/\\ \F\N UrfSigned11 | Length of the DATA data field

\ \ reséx«ed Unsigned3 0x00

C Unsigned1 Circulating frame
0: Frame is not circulating,
(\ \ 1: Frame has circulated once

N\ \ \EXT Unsigned1 0x00: last Type 12 PDU in Type 12 frame

0x01: Type 12 PDU in Type 12 frame follows

IRQ WORD External event
DATA OctetString Data, structure as specified in 5.6, Clause 6 or by
LEN DLS-user
WKC WORD Working counter
CMD
The parameter Command shall contain the service command.
IDX

The parameter Index is the local identifier in the master of the service and shall not be
changed by the slave.
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ADP

Each slave shall increment this parameter and the slave that receives this parameter
with a value of zero shall perform the read access.

NOTE That means, the parameter contains the negative position of the slave in the logical loop
beginning with 0 at the master side (e.g. —7 means that seven slaves are between the master and the
addressed slave). At the confirmation this parameter contains the value of the request incremented by the
number of transited slave devices.

ADO

This parameter shall contain the start address in the physical memory of the slave
where the data to be read is stored

LEN

This parameter shall contain the size in octets of the data to be re

C
This Parameter shall indicate that the frame has circulated i
be forwarded.

NEXT
This parameter shall specify if there is another Type

IRQ

event mask (see Table 39).
DATA

This parameter shall contain t
slaves site. Otherwise the valu

WKC

5.41.3 Configure
The configured a§>

red address physical read (FPRD)

Frame ﬁart Data field Data type Value/description
Type 12 @U \ \\ E}QAD Unsigned8 | 0x04 (command FPRD)
\ \ \W Unsigned8 Index
\) ADP WORD Configured station address or configured station
alias

ADO WORD Physical memory or register address
LEN Unsigned11 Length of the DATA data field
reserved Unsigned3 0x00
C Unsigned1 Circulating frame

0: Frame is not circulating,
1: Frame has circulated once

NEXT Unsigned1 0x00: last Type 12 PDU in Type 12 frame
0x01: Type 12 PDU in Type 12 frame follows
IRQ WORD External event
DATA OctetString Data, structure as specified in 5.6, Clause 6 or by
LEN DLS-user
WKC WORD Working counter
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CMD
The parameter Command shall contain the service command.
IDX

The parameter Index is the local identifier in the master of the service; it shall not be
changed by the slave.

ADP

The slave which has the value of D_address as station address or station address
alias shall execute a read action.

ADO

This parameter shall contain the start address in the physical
where the data to be read is stored.

LEN

This parameter shall contain the size in octets of the data to %

ry of the slave

C

orkK“and shall not
be forwarded.

NEXT
This parameter shall specify if there is ang
IRQ

This parameter shall contain the > se Table 38) masked by the External
event mask (see Table 39).

DATA
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Table 16 — Broadcast read (BRD)

Frame part Data field Data type Value/description

Type 12 PDU CMD Unsigned8 0x07 (command BRD)
IDX Unsigned8 Index
ADP WORD Parameter incremented by 1 at each station

forwarding BRD PDU

ADO WORD Physical memory or register address
LEN Unsigned11 Length of the DATA data field
reserved Unsigned3 0x00
C Unsigned1 Circulating frame

0: Frame is not circulatin
1: Frame has circulated’once O\

NEXT Unsigned1 0x00: last Type 12 DN Type12\kxm?
0x01:Type1T/FB~l<i Type 12 fra foNows

IRQ WORD External eyent\ N\ \ N\

DATA OctetString Data, stfucture spagified in §.6, Clause 6 or by
LEN DLS-usex
WKGC WORD Workjag counter N
CMD \)
The parameter Command shall sontaip erviceccommand.
IDX
The parameter Index is the loca i aster of the service; it shall not be
changed by the sla
ADP
This parameter|sha d\by one at each slave.
ADO Q
This paraméte art address in the physical memory where the data
to be read s s who supports the requested physical memory area

(physical d’length) shall respond to this service.
LEN
T Il cohtain the size in octets of the data to be read.
C
This Parametenshall indicate that the frame has circulated in the network and shall not
be forwarded:
NEXT
This parameter shall specify if there is another Type 12 PDU in the frame.
IRQ

This parameter shall contain the External event (see Table 38) masked by the External
event mask (see Table 39).

DATA

This parameter shall contain the read data collected before entry or default values of
the master. This parameter shall contain the result of the bitwise-OR operation
between the parameter data of the request and the addressed data in the slave.

WKC

This parameter shall be incremented by one by all slaves which made the bitwise-OR
of the requested data.
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5.4.1.5 Logical read (LRD)

The logical read (LRD) coding is specified in Table 17. The slave copies only data to the
parameter data that are mapped by an FMMU entity from the logical address space to a

physical address.

Table 17 - Logical read (LRD)

Frame part Data field Data type Value/description
Type 12 PDU CMD Unsigned8 0x0A (command LRD)
IDX Unsigned8 Index
ADR DWORD Logical address /\
LEN Unsigned11 Length of the DATA dat Id
reserved Unsigned3 0x00
C Unsigned1 Circulating fra
0: Frame is nat circula ng
1: Frame has circulate
NEXT Unsigned1 0x00: la Typ n Typg 12 frame
TN wrame follows
IRQ WORD ser e forf ure
DATA ﬁStr% \S\&tfa/z!(ru® ;>)ecmed by DLS-user
WKC WQRD ork|n count
CMD w
The parameter Cotimaqd £Sha tme seryice command.
IDX
The param ifier in the master of the service; it shall not be
changed @

ADR

This Parameter shall indicate that the frame has circulated in the network and shall not
be forwarded.

NEXT

This parameter shall specify if there is another Type 12 PDU in the frame.
IRQ

This parameter shall contain the External event (see Table 38) masked by the External
event mask (see Table 39).

DATA

On confirm this parameter specifies the data read from the device. Each slave which
detects an address match of the requested logical memory area puts the data of the
corresponding physical memory area in the correct part of this parameter.
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WKC

This parameter shall be incremented by one by all slaves which detect an address
match of the requested logical memory area.

5.4.2 Write
5.4.2.1 Overview

With the write services a master writes data to register or memory of one or many slaves. The
working counter is incremented if the addressed attribute is present. The working counter can
be incremented by one if at least one part of the data can be written.

5.4.2.2 Auto increment physical write (APWR)

The auto increment physical write (APWR) coding is specified in 3 . Each slave
increments the address. The slave that receives a zero value o-ingrementN\address
parameter will execute the requested write operation.

Table 18 — Auto Increment physicalzm\'te(AP\

Frame part Data field Data type Vﬁelﬁﬁs\cﬂpﬁon

Type 12 PDU CMD Unsigneds (()(OZ@mmNM))
IDX Upsigneds (\M/ N \
ADP QVOﬁQ < ° 6uto il\cre}ne)nt Mress
ADO W@D Iﬂ’xsica\l\me_mo/ry or register address
LEN (nsigge\dﬂ \gngt of the DATA data field
re}s'e{ved L\XQSig edx NM

\( st ned\l*) )\()(‘,/(:ulating frame

: Frame is not circulating,

1: Frame has circulated once

Q NEXT nw 0x00: last Type 12 PDU in Type 12 frame
&/\ 0x01: Type 12 PDU in Type 12 frame follows
IRQ ~

/\\\ MRD External event
AT OctetString Data, structure as specified in 5.6, Clause 6 or by
/\ LEN DLS-user
\ “ C WORD Working counter

N | \wk
CMD \\>

The parameterLCommand shall contain the service command.
IDX

The parameter Index is the local identifier in the master of the service; it shall not be
changed by the slave.

ADP
The slave will be addressed by its position in the segment. Each slave shall increment

this parameter, the slave who receives the value zero of this parameter shall respond
to this service.

NOTE That means, the parameter contains the negative position of the slave in the logical ring beginning
with 0 at the master side (e.g. -7 means 7 slaves are between master and the addressed slave). At the
confirmation this parameter contains the value of the request incremented by the number of transited slave
devices.

ADO

This parameter shall contain the start address in the physical memory of the slave
where the data to be written is stored.
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LEN
This parameter shall contain the size in octets of the data to be written.
C
This Parameter shall indicate that the frame has circulated in the network and shall not
be forwarded.
NEXT
This parameter shall specify if there is another Type 12 PDU in the frame.
IRQ
This parameter shall contain the External event (see Table 38) masked by the External
event mask (see Table 39).
DATA
This parameter shall contain the data to be written.
WKC

This parameter shall be incremented by one if the data ca \ ritten.

5.4.2.3 Configured address physical write (FPWR)
The configured address physical write (FPWR) codi

Table 19 - ConﬁngdX»gs\;x y |c®lrite FPWR)

Frame part Data field ta t \ \_/Valueldescrlptlon

Type 12 PDU CMD nS|gned8 x05\\command FPWR)
DX Spsigheddy | adey”
P \( D NI Canfigured station address or configured station
A alias

N
L M NRD Physical memory or register address
< > LEN < \Qsi 11 | Length of the DATA data field
¢ Neseved\ [NUnsigneds | ox00
C nsigned1 Circulating frame
0: Frame is not circulating,
/\ 1: Frame has circulated once

\ﬁ)?*r\/ Unsigned1 0x00: last Type 12 PDU in Type 12 frame

0x01: Type 12 PDU in Type 12 frame follows

N \ RQ WORD External event
\/ DATA OctetString Data, structure as specified in 5.6, Clause 6 or by
LEN DLS-user
WKC WORD Working counter
CMD
The parameter Command shall contain the service command.
IDX

The parameter Index is the local identifier in the master of the service; it shall not be
changed by the slave.

ADP

The slave which has the value of D_address as station address or station address
alias shall execute a write action.

ADO
This parameter shall contain the start address in the physical memory ofithe slave
where the data to be written is stored. ocuments
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LEN
This parameter shall contain the size in octets of the data to be written.
C
This Parameter shall indicate that the frame has circulated in the network and shall not
be forwarded.
NEXT
This parameter shall specify if there is another Type 12 PDU in the frame.
IRQ
This parameter shall contain the External event (see Table 38) masked by the External
event mask (see Table 39).
DATA
This parameter shall contain the data to be written.
WKC
This parameter shall be incremented by one if the data csessful ten.

5.4.2.4 Broadcast write (BWR)

The broadcast write (BWR) coding is specified in Talfle

Table 20 roa st

fit (@R)
Frame part Data field Ba\taﬁ&e \ \_/Valueldescription

Type 12 PDU CMD nsigned8 xON)mmand BWR)
DX Spsigheddy, | adey”
P \( D NI Patameter incremented by 1 at each station
A orwarding BWR PDU

N
L M NRD Physical memory or register address
< > LEN < \Qsi 11 | Length of the DATA data field
¢ Neseved\ [NUnsigneds | ox00
C nsigned1 Circulating frame
0: Frame is not circulating,
/\ 1: Frame has circulated once

\ﬁ)?*r\/ Unsigned1 0x00: last Type 12 PDU in Type 12 frame

0x01: Type 12 PDU in Type 12 frame follows

N \ RQ WORD External event
\/ DATA OctetString Data, structure as specified in 5.6, Clause 6 or by
LEN DLS-user
WKC WORD Working counter
CMD
The parameter Command shall contain the service command.
IDX

The parameter Index is the local identifier in the master of the service; it shall not be
changed by the slave.

ADP
This parameter shall be incremented by one at each slave.
ADO

This parameter shall contain the start address in the physical memory where the data
to be written is stored. Each slave who supports the requested physical mﬁmré area
(physical memory address and length) shall respond to this service. ocuments
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LEN
This parameter shall contain the size in octets of the data to be written.
C
This Parameter shall indicate that the frame has circulated in the network and shall not
be forwarded.
NEXT
This parameter shall specify if there is another Type 12 PDU in the frame.
IRQ
This parameter shall contain the External event (see Table 38) masked by the External
event mask (see Table 39).
DATA
This parameter shall contain the data to be written.
WKC

This parameter shall be incremented by one by all sls
physical memory.

data in their

5.4.2.5 Logical write (LWR)
The logical write (LWR) coding is specified in Table 21/ The ‘slave~cOpies only data to the

memory or register that are mapped by an FMMU ‘\ektity fr@ theNpgical address space to a
physical address.

Table 21="Logicahwri

I~
Frame part pat\a field \Qata\q[k\ Value/description

Type 12 PDU | cmp (| Unstgneds [\0x0B (command LWR)
I D§\ C\l{nsb\&%\/ Index
/\ ADR > \QWQRD> Logical address

E Un\s'$gned11 Length of the DATA data field

/\\ }eier d M Migned3 0x00

c Unsigned1 Circulating frame
0: Frame is not circulating,
1: Frame has circulated once

\ A XT Unsigned1 0x00: last Type 12 PDU in Type 12 frame
0x01: Type 12 PDU in Type 12 frame follows

IRQ WORD reserved for future use
DATA OctetString Data, structure as specified by DLS-user
LEN
WKC WORD Working counter
CMD
The parameter Command shall contain the service command.
IDX

The parameter Index is the local identifier in the master of the service; it shall not be
changed by the slave.

ADR

This parameter shall contain the start address in the logical memory where the data to
be written is located. All slaves which have one or more address matches of the
requested logical memory area (logical memory address and length) in their FMMUs

shall respond to this service.
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LEN
This parameter shall contain the size in octets of the data to be written.

C
This Parameter shall indicate that the frame has circulated in the network and shall not
be forwarded.

NEXT
This parameter shall specify if there is another Type 12 PDU in the frame.

IRQ

This parameter shall contain the External event (see Table 38) masked by the External
event mask (see Table 39).

DATA

This parameter shall contain the data to be written. Eac

54.3 Read write

5.4.3.1

Frame part Data\$N Value/description
Type 12PDU N\~ Semp N\ UMsignéd8 | 0x03 (command APRW)
NN :
/\& \Qx \Wséigneds | Index
\ \ AD¥\ WORD Auto increment address
( Ah)Q \ WORD Physical memory or register address
\ . .
\ N \I\EN Unsigned11 | Length of the DATA data field
\ r&erved Unsigned3 0x00
C Unsigned1 Circulating frame
0: Frame is not circulating,
1: Frame has circulated once
NEXT Unsigned1 0x00: last Type 12 PDU in Type 12 frame
0x01: Type 12 PDU in Type 12 frame follows
IRQ WORD External event
DATA OctetString Data, structure as specified in 5.6, Clause 6 or by
LEN DLS-user
WKC WORD Working counter
CMD

The parameter Command shall contain the service command.

IDX

The parameter Index is the local identifier in the master of the service; it shall not be
changed by the slave.
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ADP

The slave will be addressed by its position in the segment. Each slave shall increment
this parameter, the slave who receives the value zero of this parameter shall respond
to this service.

NOTE That means, the parameter contains the negative position of the slave in the logical ring beginning
with 0 at the master side (e.g. -7 means 7 slaves are between master and the addressed slave). At the
confirmation this parameter contains the value of the request incremented by the number of transited slave
devices.

ADO

This parameter shall contain the start address in the physical memory of the slave
where data to be read and written is stored.

LEN

This parameter shall contain the size in octets of the data to be

C
This Parameter shall indicate that the frame has circulate
be forwarded.

NEXT
This parameter shall specify if there is anothe

IRQ

This parameter shall contain the/k
event mask (see Table 39).

DATA

WKC
This parameter o if the data was successfully written and
addltlonall essfully read.

5.4.3.2 Conf

AN

Fl%t@ }a% \ %ta field Data type Value/description
Type 12 PDU b \ D Unsigned8 | 0x06 (command FPRW)
| Ibx Unsigned8 | Index

ADP WORD Configured station address or configured station
alias

ADO WORD Physical memory or register address

LEN Unsigned11 Length of the DATA data field

reserved Unsigned3 0x00

C Unsigned1 Circulating frame
0: Frame is not circulating,
1: Frame has circulated once

NEXT Unsigned1 0x00: last Type 12 PDU in Type 12 frame
0x01: Type 12 PDU in Type 12 frame follows

IRQ WORD External event

DATA OctetString Data, structure as specified in 5.6, Clause 6 or by

LEN DLS-user
WKC WORD Working counter Docum ents
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CMD
The parameter Command shall contain the service command.
IDX

The parameter Index is the local identifier in the master of the service; it shall not be
changed by the slave.

ADP

The slave which has the value of D_address as station address or station address
alias shall execute a read action followed by a write action.

ADO

This parameter shall contain the start address in the physical
where the data to be read and written is stored.

LEN
This parameter shall contain the size in octets of the data

% of the slave

Cc

This Parameter shall indicate that the frame has circt
be forwarded.

NEXT

event mask (see Table 39).
DATA

addressed slave

WKC
This parm@e

additionally b§
5.4.3.3

The optional %
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Table 24 — Broadcast read write (BRW)

Frame part Data field Data type Value/description

Type 12 PDU CMD Unsigned8 0x09 (command BRW)
IDX Unsigned8 Index
ADP WORD Parameter incremented by 1 at each station

forwarding BRW PDU

ADO WORD Physical memory or register address
LEN Unsigned11 Length of the DATA data field
reserved Unsigned3 0x00
C Unsigned1 Circulating frame

0: Frame is not circulatin
1: Frame has circulate¢d’once O\

NEXT Unsigned1 0x00: last Type 12 DN Type12\kxm?
0x01:Type1T/FB~l<i Type 12 fra foNows

IRQ WORD External eyent\ N\ \ N\

DATA OctetString Data, stfucture spagified in §.6, Clause 6 or by
LEN DLS-user
WKGC WORD Workjng Cotnter N
CMD \)
The parameter Command shall sontaip ervicescommand.
IDX
The parameter Index is the loca i aster of the service; it shall not be
changed by the sla
ADP
This parameter|sha d\by one at each slave.
ADO Q
This parameéte ) int art address in the physical memory where the data
to be read s i oxed. Each slave who supports the requested physical
memory area (pf | me address and length) shall respond to this service.
LEN
T Il contain the size in octets of the data to be written and read.
C
This Parametenshall indicate that the frame has circulated in the network and shall not
be forwarded:
NEXT
This parameter shall specify if there is another Type 12 PDU in the frame.
IRQ

This parameter shall contain the External event (see Table 38) masked by the External
event mask (see Table 39).

DATA

This parameter shall contain the data before entry and will be the written. A read
operation is performed before write. This parameter shall contain the result of the
bitwise-OR operation between the parameter data of the request and the addressed
data in the slave.
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WKC

This parameter shall be incremented by two by all slaves if the data was successfully
written and additionally by one by all slaves which made the bitwise-OR of the
requested data.

5.4.3.4 Logical read write (LRW)

The optional logical read write (LRW) coding is specified in Table 25. A slave device can
retrieve data with this service (write operation) and put data with this service (read operation).
The slave will copy in or out only data to or from the parameter data that are mapped by an
FMMU entity from the logical address space to a physical address. . It is highly recommended
to support this command for better system performance.

Table 25 — Logical read write (LRW)

A (@A
Frame part Data field Data type Val{elﬁg&ipt\m{\ \

Type 12 PDU CMD Unsigned8 | 0x0C (commapd DRWY, \
IDX Unsigned8 | Index NN\

ADR DWORD Logical dudress
LEN Unsigned11 | L gtho\\ TA datfield

reserved Unsigned3 x00§ 7 \/
C igned1 iYeul t|n® e
: Fralne i ulating,
. Fra has circulated once
NEXT last Type 12 PDU in Type 12 frame
('\ N: pe 12 PDU in Type 12 frame follows
Q?/Q\ /\ VOQRD\) R>§erved for future use
r D&“ ({W Yata, structure as specified by DLS-user
EN

WKC> WBQD > Working counter

This parameter shall contain the start address in the logical memory where the data to
be read or written is located. All slaves which have one or more address matches of
the requested logical memory area (logical memory address and length) in their FMMU
shall respond to this service.

LEN
This parameter shall contain the size in octets of the data to be written and read.
C

This Parameter shall indicate that the frame has circulated in the network and shall not
be forwarded.

NEXT
This parameter shall specify if there is another Type 12 PDU in the frame.
IRQ
This parameter shall contain the External event (see Table 38) masked by the External
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DATA

This parameter shall contain the data to be written. Each slave who detects an address
match of the requested logical memory area will put the data of the correct part of this
parameter in the corresponding physical memory area. With the confirmation this
parameter shall contain the read data. Each slave who detects an address match of
the addressed logical memory area will put the data of the corresponding physical
memory area in the correct part of this parameter.

WKC

This parameter shall be incremented by each slave by two if a piece of data was
successfully written and additional incremented by one if a piece of data was
successfully read.

5.4.3.5 Auto increment physical read multiple write (ARMW)

The auto increment physical read multiple write (ARMW) coding is s

Frame part Data field Data type < O‘G\Iu
Type 12 PDU CMD Unsigneds OW%\A

IDX Unsigneds |(1de
WQRD ( \Q\uﬂﬁ%reﬁ\e\nt or'xegister address
ADO %Oﬁﬁk Q ) @hysi(&gl mwor)y\ér register address

LEN Ui\:.igne}\q Lévgth ofthe-DATA data field

reserved pnsigPeQS \0&00\
C sig% i Ming frame
0: Frame is not circulating,
N : Frame has circulated once
J sig h\/ 0x00: last Type 12 PDU in Type 12 frame
/\ 0x01: Type 12 PDU in Type 12 frame follows
/\\NRQ\ R W@D External event
TA >)ctetString Data, structure as specified in 5.6, Clause 6 or by
LEN DLS-user

C \ WORD Working counter

N\
CM
The patametex Command shall contain the service command.
IDX

The parameter Index is the local identifier in the master of the service; it shall not be
changed by the slave.

ADP

The slave will be addressed by its position in the segment. Each slave shall increment
this parameter, the slave who receives the value zero of this parameter shall execute a
read action — the other slaves shall execute a write action.

NOTE That means, the parameter contains the negative position of the slave in the logical ring beginning
with 0 at the master side (e.g. -7 means 7 slaves are between master and the addressed slave). At the
confirmation this parameter contains the value of the request incremented by the number of transited slave
devices.

ADO

This parameter shall contain the start address in the physical memory of the slave
where data to be read and written is stored.
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LEN
This parameter shall contain the size in octets of the data to be written and read.
C
This Parameter shall indicate that the frame has circulated in the network and shall not
be forwarded.
NEXT
This parameter shall specify if there is another Type 12 PDU in the frame.
IRQ

This parameter shall contain the External event (see Table 38) masked by the External
event mask (see Table 39).

DATA

Table 27 - Configured address ph

Frame part Data field (DatMe > Value/description

Type 12 PDU oMb U\sigrﬁsd\s\ o\gE(command FRMW)
u}s\bngds Mex

wbx Configured station address or configured station
alias

\/ &QDO \ W\G\RD Physical memory address

NN 7 -
/\& \%N \Uséigned11 | Length of the DATA data field
reséf{ed Unsigned3 0x00

C Unsigned1 Circulating frame
0: Frame is not circulating,
/\ \ 1: Frame has circulated once
\ \ \yﬁXT Unsigned1 0x00: last Type 12 PDU in Type 12 frame

0x01: Type 12 PDU in Type 12 frame follows

%

IRQ WORD External event
DATA OctetString Data, structure as specified in 5.6, Clause 6 or by
LEN DLS-user
WKC WORD Working counter
CMD
The parameter Command shall contain the service command.
IDX

The parameter Index is the local identifier in the master of the service; it shall not be
changed by the slave.

ADP

The slave which has the value of D_address as station address or station address
alias shall execute a read action - the other slaves shall execute a write action.
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ADO

This parameter shall contain the start address in the physical memory of the slave
where data to be read and written is stored.

LEN
This parameter shall contain the size in octets of the data to be written and read.

C
This Parameter shall indicate that the frame has circulated in the network and shall not
be forwarded.

NEXT
This parameter shall specify if there is another Type 12 PDU in the

IRQ

This parameter shall contain the External event (see Table 33
event mask (see Table 39).

DATA

WKC

This parameter shall be incremented by
read or written.

5.5 Network variable structure

The network variable coding is specified in Tabl

W—hork ariable

Frame part I D }Qeld ( Daé\y}e\/ Value/description

Network variable /\ Index> n%e 6 Index to a DLS-user object

H\/\ Unsigned16 Hash algorithm over the data structure of the data
A to detect changes

< \ LE\N\ Unsigned16 Length

/\ b\ \ Unsigned16 Quality
<\\ \\ \KATM OctetString Data, structure as specified by DLS-user
[LEN]

N\
56 Type 12 ilbox structure

The mailbox coding is specified in Table 29. The mailbox encoding shall be used in
conjunction with Type 12 mailbox memory elements or as coding for data structures
conveying mailboxes via Ethernet DL or via IP.
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