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A PAS is a technical specification not fulfilling the requirements for a standard but made
available to the public .

IEC-PAS 62407 has been processed by subcommittee 65C: Digital communications, of IEC
technical committee 65: Industrial-process measurement and control.
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following document: publication by the P-members of the
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the following document
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65C/355/NP 65C/371/RVN /\
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transform it into an International Standard.
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various parts of IEC 61158 series according to the stru i
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be reVlised to become another type of4 [
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Real-time Ethernet control automation technology
(EtherCAT™)

1 Introduction

This PAS is provided by the EtherCAT Technology Group (ETG). This PAS follows the

gener

al structure and terms of IEC 61158 series in order to support a future migration to this

standard. If required, the clauses 7 — 10 can be separated and turned into parts 2-6 according

to the

2 S

Ether

contrdl systems and peripheral devices like I/O systems, drives
This HAS is related to the ISO/IEC 7498-1.

This R

NQTE: ISO/IEC 8802-3 is got re

3 N

IEC 6

IEC 61158 structure

cope

CAT is a real-time Ethernet technology especially suitablg

O/IEC
8802-3.

The Applicatio

onnaﬁve§§;k

Lise in

IEC-61158-2, Physical layer specification and service definition

IEC 61158-3, Data link service definition

IEC 61158-4, Data link protocol specification

IEC 61158-5, Application layer service definition
IEC 61158-6, Application layer protocol specification

IEC 61784-1, Digital data communications for measurement and control — Part 1:
Profile sets for continuous and discrete manufacturing relative to fieldbus use in
Industrial control systems
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ISO/IEC 7498-1, Information processing systems — Open Systems Interconnection — Basic
Reference Model: The basic model (OSI)

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

IEEE 802.3ae-2002: Information technology — Local and metropolitan area networks — Part 3:
Carrier Sense Multiple Access with Collision Detection (CSMA/CD) Access Method and
Physical Layer Specifications — Media Access Control (MAC) Parameters, Physical Layers,

A/ —D 4~ £ 4Ol o D) i
and alraycCrricrit r-ardarfiictcros 10r 1V Q75 UPCTaliUll.

IEEE | 1588-2002, |/EEE Standard for a Precision Clock Synchrgnizatic Rrotocpl for
Netwqrked Measurement and Control Systems

ANSI/[TIA/EIA-644-A-2001, Electrical Characteristics of Low i fql "Signaling
(LVD§) Interface Circuits

RFC 168, User Datagram Protocol Specification

RFC 191, Internet Protocol Specification

RFC 7

EN 50
device interfaces — Part 4: CANopen

eqd on ISO 11898 (CAN) for controller-

4 Terms, Definitio

For the purpose' theNoHowing terms and definitions have been coinpiled
from the referenced s and definitions of ISO/IEC 7498-1, ISO/IEC §802-3

and IHC 61588 serje

4.1
For th

411

Appli
Function,ar data structure for which data is consumed or produced [IEC 61158-5:2003]

4.1.2

Application Objects

Multiple object classes that manage and provide a run time exchange of messages across the
network and within the network device [IEC 61158-5:2003]

4.1.3

Bit

Unit of information consisting of a 1 or a 0. This is the smallest data unit that can be
transmitted [IEC 61158-4:2003]
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4.1.4
Client
1) An object which uses the services of another (server) object to perform a task

2) An initiator of a message to which a server reacts [IEC 61158-4:2003]

41.5

Clock Synchronization

Represents a sequence of interactions to synchronize the clocks of all time receivers by a
time master [IEC 61158-3:2003]

4.1.6

Communication Objects
Comppnents that manage and provide a run time exchange of messages
[IEC §1158-5:2003]

e ne¢twork

4.1.7
Connection
Logical binding between two application objects within e 3a 5 [IEC

61158-4:2003]

4.1.8
Connector

Coupllng device employed to connee
with that of another circuit or communica

Ement

4.1.9
Cycli¢
Term |used to describe e
3:2008]

1158-

4.1.10
Cycli¢ Redunda

Residpal value comp
array [IEC 61158,4:20

or the

4.1.11

—

Data Consistency

Meang for,Coherent transmission and access of the input- or output-data object betwegn and
withinleh C 61158-5:2003]

4113

Device

Physical entity connected 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.) [I[EC 61158-2:2003]

4.1.14

Device Profile

A collection of device dependent information and functionality providing consistency between
similar devices of the same device type [IEC 61158-5:2003]
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4.1.15
Diagnosis Information
All data available at the server for maintenance purposes [IEC 61158-5:2003]

4.1.16

Error

Discrepancy between a computed, observed or measured value or condition and the specified
or theoretically correct value or condition [IEC 61158-4:2003]

4.1.17
Error Class

1158-

Addreps of an object with C 61158-5:2003]

4.1.22
Interface

Shared boundar
charagteristics, or o

al Units, defined by functional characteristics, |signal
g appropriate [IEC 61158-5:2003]

4.1.23
Mastdr
A devjce a’transfer on the network and initiates the media access |of the
slaveg I i messages and that constitutes the interface to the control system [IEC
61158

4.1.24
Mediym
Cablelopticalfibre o
two or more points [IEC

61158-2:2003]

NOTE In this specification "media" is used only as the plural of medium.

4.1.25

Network

A set of nodes connected by some type of communication medium, including any intervening
repeaters, bridges, routers and lower-layer gateways [IEC 61158-6:2003]

4.1.26

node

end-point of a link in a network or a point at which two or more links meet [derived from IEC
61158-2]
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4.1.27 None

4.1.28

Object

Abstract representation of a particular component within a device [IEC 61158-4:2003]
NOTE 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) for op on that.dfta that

have clparly defined interface and behavior.

4.1.2
Server
Object which provides services to another (client) object [IEC 6

4.1.3

Servige
Operdtion or function than an object and/or object cle
objecf and/or object class [IEC 61158-5:2003]

request from ahother

4.1.31
Slave
DL-enftity accessing the medium only after bgj ! DY haster
[IEC 6

4.2

For the purpose of this

4.2.1
Frame
a unit|of data trangsn 3 C8802-3 MAC (Media Access Control) that conyeys a
protoqol data unif\(PD Service users [IEEE Std. 802.1Q — 1998]

4.2.2

Orderged seyj infended to convey information [derived from ISO 2382-16.02.0(1]

NOTE |Normally used to convey information between peers at the application layer.

4.2.3
switch
a MAC bridge as defined in IEEE 802.1D:1998

4.3 EtherCAT Definitions

For the purpose of this specification the following EtherCAT specific definitions apply

4.3.1
Application Object
Data structure in the object dictionary containing application data

4.3.2
Basic Slave
Slave device that supports only physical addressing of data
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4.3.3
Communication Object
Data structure in the object dictionary containing communication parameters

4.3.4

Data Type

Relation between values and encoding for data of that type. For this specification the data
type definitions of IEC 61131-3 shall be applied.

4.3.5
Data Type Object

Entry mthe UIUijt u'ib‘liunaly indi\,atilly adata type

4.3.6
Fieldhus Memory Management Unit
Function that establishes one or several correspondences betwee
physigal memory

s and

4.3.7
Fieldpus Memory Management Unit Channel

Singlg entity of the fieldbus memory manageme
coherent logical address space and a coherent physjcal(mgmeo

pondence betwpen a

4.3.8
Full Slave
Slave|Device that supports both physica

4.3.9
Index
Addre

4.3.10
Mapp
Corre

4.3.11
Mapp
Set of
objects

data

4.3.12
Object Dictionary
Data |stucture addressed by Index and Sub-index that contains data type objects,

communication-obiects and application objects

4.3.13

Process Data

Data object containing application objects designated to be transferred cyclically or acyclically
for the purpose of processing

4.3.14

Process Data Object

Data structure described by mapping parameters containing one or several process data
entities

4.3.15
Sub-index
Sub-Address of an object within the object dictionary
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4.3.16
Sync Manager

4.3.17
Sync Manager Channel

4.3.18
Node
Single DL-entity
4.4 |Abbreviations
Table 1 — Abbreviations

Terfn or Abbreviation Definition or me@njn
AL Application Layer
APDU Application Protocol Data Up
APRD
APWR Auto Increm
ARMW Auto Incremgnt Physica Multiple Write
BRD sad %
BWR
CiA
CoE
CRC edundancy check
CSMA-CD arrier Sense Multiple Access with Collision Detection
DA Destination MAC Address
DL Data tink tayer (as a prefix)
DLL DL-Layer
EoE Ethernet over EtherCAT
ESC EtherCAT Slave Controller
ESM EtherCAT State Machine

FCS frame check sequence
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FMMU

FoE

FW

HDR

Fieldbus Memory Management Unit
File Access over EtherCAT
Firmware

Header

Identifier

LAN

LRD

LRW

LVDS

LWR

MAC

NPRD

NPWH

PDI

PDO

PDU

PTP

Rx

SDO

Internet Protocol
Local Area Network
Logical Read
Logical ReadWrite

Low Voltage Differential Sig

Logical Write

Media Access\Conto

ion Time Protocol [IEC 61588:2004]
eceive

Service Data Object

Sl

Sync Mngr
TCP

Tx

UDP

WKC

Slave Information Interface
Sync Manager

Transmission Control Protocol
Transmit

User Datagram Protocol

Working Counter
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5 Technology Overview

EtherCAT 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 frames to the slave nodes,
which extract data from and insert data into these frames.

5.1 Operating principle

From an Ethernet pomt of view, an EtherCAT segment is a smgle Ethernet device, which

extrag
slave
frame

This procedure utilizes the full duplex mode of Ethernet: k s are

operajed independently. Direct communication without swi ide and
an EtH

5.2

The t essful
appllc effort,

The gtar topology comm® = ds to enhanced cabling effoft and
infras{ructure costs. gpplications a line or tree topolqgy is

preferpble.

The HtherCAT At représents an open ring bus. At the open end, the
mastelr device sends fram er-directly or via Ethernet switches, and receives them|at the
other lend after the e _been prosessed. All frames are relayed from the first node Jto the
next ¢ . a 3 ¢ telegram back to the master. Utilizing the full guplex
capabliliti S

Branchegs, Which i Nciple are possible anywhere, can be used to enhance the line structure
into a .\ : DA tree structure supports very simple wiring; individual brapches,

for ex nto control cabinets or machine modules, while the main ling¢ runs
from g

5.2.1 Telegram 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 EtherCAT can be implemented using standard Ethernet controllers without direct processing. The
influence of the forwarding mechanism implementation on communication performance will be detailed in
conjunction with IEC 61784-2.

The nodes have an addressable memory that can be accessed with read or write services,
either each node consecutively or several nodes simultaneously. Several EtherCAT telegrams
can be embedded within an Ethernet frame, each telegram addressing a cohesive data
section. As noted in Figure 1, the EtherCAT telegrams are either transported:

a) directly in the data area of the Ethernet frame,
b) or within the data section of an UDP datagram transported via IP.
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48 Bit 48 Bit 16 Bit 16 Bit 32 Bi
Destination Source EtherType Header CRC
Embedded directly in Ethernet S
 Frame w. EtherType 0x88A4 1..n EtherCAT ' '
1 Telegrams 1 1
: 160 Bit 64 Bit : :
Ethernet H. IP Header UDP H. Header CRC
Or: via UDP/IP
with UDP Port 0x88A4
11 Bit 1 Bit éi(\\
Length Res. e
0 g 11 12 , P (\ 15

Variarn

Figure 1 — Frame Structure

routerg. For machine control applications this usually d6esxwp

Ether
of the

NOTE:

Variarn
time-o

side any standard UDP/IP implementatjon

5.3

Sever,
several EtherC
utiliza
2 bit 0

There
data ¢

corres
insert
Figurg

lion of the

AR

ed by
. V\aiultiple
address

and UDP header), but fq
allows using IP routing. On the master

r less

rrying
better
th just

ocess
am is
at the
nodes
ted in

o o o [ o

;

i

A

lv‘

Fvvyy

' l

Ethernet HDR|

Frame
HDR

EtherCAT

HDR

Process Data

CTR|

FCS

Figure 2 — Nodes map data directly in frame

All other nodes that also detect an address match with the process image also insert their
data, so that many nodes can be addressed simultaneously with a single EtherCAT telegram.
The master can assemble completely sorted logical process images via a single EtherCAT
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telegram. Additional mapping is no longer required in the master, so that the process data can
be assigned directly to the different control tasks. Each task can create its own process image
and exchange it within its own timeframe. The physical order of the EtherCAT nodes is
completely arbitrary and is only relevant during the first initialization phase.

The logical address space is 2% Bytes = 4 GB. EtherCAT can be considered to be a serial
backplane for automation systems that enables connection to distributed process data for
both large and very small automation devices. Using a standard Ethernet controller and a
standard Ethernet cable, a very large number of 1/O channels without practical restrictions on
the distribution can be connected to automation devices, which can be accessed with high
bandwidth, minimum delay and near-optimum usable data rate. At the same time, devices
such as fieldbus scanners can be connected as well thus preserving existing technalogies
and standards.

5.4 Error Detection Overview

EtherCAT checks by the Ethernet Frame Check Sequence b was
transmitted correctly. Since one or several slaves modify th c } ansfer the
FCS ip recalculated by each slave. If a slave detects a chs kum en ~ bs not
repair[the FCS but flags the master by setting the corresptadi Nsbit, 80 that a faglt can

be located precisely.

When slave
increments a working counter (WKR iti gram.
Analyzi S : nodes
has pi

5.5

Industri data
trans tities,
wher sually
trigge event-
driven, sually
trigge

Procep ~s~typically transferred cyclically with different cycle ftimes.
The t most stringent for process data communication. EtherCAT
suppo) 58 and protocols to meet these differing requirementd. The
applic and protocols are specified in clauses 9 and 10 of this specifidation.
5.6

5.6.1 Mapping onto OSI basic reference model

EtherCAT is described using the principles, methodology and model of ISO/IEC 7498-1. The
OSI model provides a layered approach to communications standards, whereby the layers can
be developed and modified independently. The EtherCAT 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
EtherCAT Data Link layer or the EtherCAT Application layer. Likewise, features common to
users of the Fieldbus Application Layer may be provided by the EtherCAT Application layer to
simplify user operation, as noted in Figure 3.


https://iecnorm.com/api/?name=296fa1c34fa55dadd4670620d270b57e

PAS 62407 © IEC:2005(E) - 31 -
i owTe,
Files ! o
FTP, Application
CANopen over EtherCAT

File
i
1 Access !

Object Dictionary |

F—

g
AL o over g
jj EercAT | SDO PDO Mapping g
I=
1T 1T o
Mailbox Process Data 'L;LLCS"""' Syslm\ ')
DL Slave g aye
Info Address anagement
DL CoatrolN
EtherCAT Data Link Layer DL&tatu

1L

NN

Physical Layer

5.6.2 Physical Layer

The p
and tf
node.|Signals are thef
units are passed to thg

Figure 3 —

RO
T

Layer, encodes the bits into si
ransmission medium connected

gnals,
to the

5.6.3

The data link laye ime critical support for data communications among
devicgs conn —The term “time-critical” is used to describe appligations
having in hich one or more specified actions are required [to be
completedhwi evel of certainty. Failure to complete specified actions [within
the time ilre of the applications requesting the actions, with attendant fisk to
equipfnent ibly human life.

The data link.layer has the task to compute, compare and generate the frame check sequence
and plovide communications by extracting data from and/or including data into the Ethernet

frame

at pre-

defined memory locations. The application data is made available to the application layer in

physical memory, either in a mailbox configuration or within the process data section.

5.6.4

Application Layer

The Application Layer is designed to support the conveyance of time-critical application
requests and responses among devices in an automation environment. EtherCAT allows for
several optional service and protocol families to co-exist within the same device. In this way,
generic Ethernet communication such as TCP/UDP/IP-based protocols may be implemented
side by side with real time communication, file access protocols, and other generic protocols
and services. One protocol technology applied to EtherCAT is CANopen2, which defines
SDOs, PDOs and the Object Dictionary Structure to manage the parameters.

2 CANopen is a CAN based technology specified in EN 50325-4.
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5.7 Data types and encoding rules

5.71 General description of data types and encoding rules

To be able to exchange meaningful data, the format of this data and it's meaning have to be
known by the producer and consumer(s). This specification models this by the concept of data
types.

The encoding rules define the representation of values of data types and the transfer syntax
for the representations. Values are represented as bit sequences. Bit sequences are
transferred in sequences of octets (bytes). For numerical data types the encoding is little
endian style as shown in Table 3.

The d
for th¢ AL services and protocols specified. The encoding rules for,4
speciffed in ISO/IEC 8802-3.

hta types and encoding rules shall be valid for the DL services and|protocols~as well as
srnetiframe are

5.7.2 Data type definitions

that type. Names
3 type

A data type determines a relation between values and en%q
are a}signed to data types in their type definitions:
definifions is specified in Table 2.

Tablwa?\glbf y t%
NN R eini

ef
rﬂtype_MNateﬁr\ame
\ c&{n?mictc%((}g}éme

\‘AM’ ‘Wgth ‘7 ‘OF’ type_name

WOF’ component_list

\co}%ponent {*,; component }
t\l‘é_name component_name

‘BOOLEAN’ |

‘VOID’ bit_size |
‘INTEGER’ bit_size |
‘UNSIGNED’ bit_size |
‘REAL32’ |

‘REAL64’ |

‘NIL’

A2 | <> |64

Descriptor

data_definition

type_definition

array_constructor

structure_ const tor

compon/\lst\ V\ \
componW -

basic_con ctor \0\/

/\ AN
th}si\ze\ \\/
length )

\

VAN

positive_integer

data_name symbolic_name

svmbolic—Rame
J

component_name symbolic_name

letter { [ *_" ] ( letter | digit) }

symbolic_name

positive_integer

(112 <..>|'9") { digit }

letter

A |'B|<.>|'Z|'a|'b|<.>

‘2

digit

O <> |9

Recursive definitions are not allowed.
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5.7.3 Bit sequences
5.7.3.1 Definition of bit sequences

A bit can take the values 0 or 1. A bit sequence b is an ordered set of 0 or more bits. If a bit
sequence b contains more than 0 bits, they are denoted as bj, j > 0. Let b, ..., bn-1 be bits, n
a positive integer. Then

b=bgbq...bn1

is called a bit sequence of length |b] = n. The empty bit sequence of length 0 is denoted ¢.

NOTE:| Examples: 10110100, 15, 101, etc. are bit sequences.

The inversion operator (—) on bit sequences assigns to a bit sequenc
b=bgbq...bn1
the bif sequence

—b = —|b0 —|b’] —|bn_1

Here 0 = 1 and —1 = 0 on bits.
The basic operation on bit sequences is ¢Q

Let aF
denotgd ab, is

es. Then the concatenation of a and b,

ab=aqQ ... am-

NOTE:| Example: ( 1 atengtion of 10 and 111.

The fgllowing holds eqiiences a and b:

and

£a = a&-="8

5.7.3.2 Transfer syntax for bit sequences

For transmission across EtherCAT a bit sequence is reordered into a sequence of octets.
Here and in the following hexadecimal notation is used for octets. Let b = bg...bn-1 be a bit

sequence with n<64. 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 3. 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:

b7, bg, ..., bg, b15, ..., bg, ...
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Table 3 — Transfer Syntax for bit sequences

octet number 1. 2. k.
b7 .. bo b5 .. bg bgk —1 .. bgk -8
NOTE: Example:
Bit 9 Bit 0
10, 0001, 1100,
0x2 0x1 0xC
= 0x21C
The bif sequence b = bg .. bg = 0011 1000 01, represents an UNSIGNED10 wit e Ox21C|and is

transfefred in two octets: First 0x1C and then 0x02.

5.7.4 Basic data types

5.7.4.1 Type Definition

For basic data types “type_name” equals the literal string™a
symbg@lic_name), e.g.,

d\constructor (aka

BOOLEANTable 4Table 4BOOLEAN
is the type definition for the BOOLEA

5.7.4.2 NIL

Data ¢f basic data type N|

5.7.4.8 Boolean

Data |of basic s are
repregented as bi by the
bit sequence 1 (res

5.7.4.4

Data |of Bas| = . lue of
data qf type either
be specified®

NOTE:| Date of type Dn is useful for reserved fields and for aligning components of compound values ¢n octet

bounddfries,

5.7.4.5 Unsigned Integer

Data of basic data type UNSIGNEDn has values in the non-negative integers. The value
range is 0, ..., 2-1. The data is represented as bit sequences of length n. The bit sequence

b= bo ...bn_‘|
is assigned the value
UNSIGNEDN(b) = bpq1 2N-1+ ...+ bq 21 + bg 20

The bit sequence starts on the left with the least significant byte.
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NOTE: Example: The value 266 = 10A, with data type UNSIGNED16 is transferred in two octets across the bus,
first OA, and then 01y,.

The following UNSIGNEDnN data types are transferred as specified in Table 4:

Table 4 — Transfer syntax for data type UNSIGNEDnN

octet number 1. 2. 3. 4. 5. 6. 7. 8.
UNSIGNEDS8 b7..bg
UNSIGNED16 |b7..bg |b15s..bg
UNSUIGNED24 b2 hg lhec hg lhog heg
UN$IGNED32 b7..bg |bqs..bg [b23..b1g |[b31..b24 (
N
UN$IGNED40 |b7..bg |bqs..bg |[b23..b1g |b31..boa |[b3g..b3o /\Q (\
UN$IGNED48 |b7..bg [bqs..bg |b23..b1g |b31..b2g4 [b3g..b32 b47.§>{0 \ \ \)
VAN
UN$IGNED56 |b7..bg [bqs..bg |b23..b1g |b3q..b2g4 [b3g..b32 %47}}0\ BG\S\Q />
UN$IGNED64 |b7..bg [b1s..bg \7\ \b55\\b48 be3..b56
5.7.4.6  Signed Integer N
Data fof basic data type INTEGERn has values i -2n-1
to 2M-[1-1. The data is represented as
b=bg.. bn-1
is ass|gned the value
INTEGERN(b)
and, performing@
Note that the
NOTE: pss the
networh
The fq
Table 5 —Transfer syntax for data type INTEGERnN
octet number 1. 2. 3. 4. 5. 6. 7. 8.
INTEGERS8 b7..bp
INTEGER16 b7..bg |b1s..bg
INTEGER24 b7..bgp |bqs..bg |b23..b1p
INTEGER32 b7..bg |bqs..bg [b23..b1g |b31..b24
INTEGER40 b7..bg |b1s..bg [b23..b1g |b3q1..b24 |b3g..b32
INTEGER48 b7..bg |bqs..bg [b23..b1g |b3q1..b24 |b3g..b32 |bg7..bg0
INTEGERS56 b7..bg |b1s..bg [b23..b1g |b31..b24 |b3g..b32 |bg7..bgo |bss..bgg
INTEGERG4 b7..bp |bqs..bg |b23..b1g [b31..bo4 |b3g..b32 |bg7..bgo [bs5..b48 |be3..b56
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5.7.4.7 Floating-Point Numbers
Data of basic data types REAL32 and REAL64 have values in the real numbers.

The data type REAL32 is represented as bit sequence of length 32.

The data type REAL64 is represented as bit sequence of length 64.

A bit sequence of length 32 either has a value (finite non-zero real number, X0, ¥ ) or is NaN
(not-a-number). The bit sequence

b=bg... b31
is ass|gned the value (finite non-zero number)
REAL32(b) = (-1)S 2E-127 (1 + F)

Here

(%]
1l

b31 is the sign.

E =0 s used to represen

The bit sequence itart

NOTE:| Example:
6.25 = pE 127 (1 +

E =129|=27 +2%%n

BN S ;

QQ b30 -- b23 b22 .. bo

0 100 0000 1y 100 1000 0000 0000 0000 0000,

6.25 = bg .. b3q = 0000 0000 0000 0000 0001 0011 0000 0010,

It is transferred in the following order:

Table 6 — Transfer syntax for data type INTEGERnN

octet number 1. 2. 3. 4,

REAL32 0x00 0x00 0xC8 0x40

b7..bg |bqs..bg |b23..b1g |b31..b2g
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5.7.5 Extended data types
5.7.5.1 Octet String

The data type OCTET_STRING/ength is defined below; length is the length of the octet
string.

ARRAY [ length ] OF UNSIGNED8 OCTET_STRING/ength

5.7.5.2 Visible String

ata of
as 7-

The

ISIBLE_CHAR are Oy and the range from 0x20 to Ox7E. The data
ed characters. length is the length of the visible string.

interpreted

UNSIGNED8 VISIBLE_CHAR

ARRAY [ length ] OF VISIBLE_CHAR VISIBLE_STRING/ength

There|is no 0x0 necessary to terminate the string. ;<\
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6 Contents of Part 2: Physical Layer

6.1 Overview

Like with most ISO/IEC 8802-3 based technologies there is a choice of physical layers. For
EtherCAT systems, the following full duplex physical layer technologies shall be used:

e 100BASE-TX

e 100BASE-FX

e | LVDS
Insidel an EtherCAT segment, any combination of these physical {aye \ ) ay be
used. [Changeovers from one physical layer to another one are supported.
NOTE:| In Project 61918 IEC/SC 65C JWG 10 (Industrial Cabling) cur ntIy specifigs instatlati bractise
includinlg connectors, topologies, wiring infrastructure components and Res & ork will

be honpured by EtherCAT in an appropriate way. Therefore the current &djti t cover
this kinf of definitions.

6.2 [100BASE-TX

100BA
pairs

This H
externally.

6.3 |100BASE-FX

100BASE-FX is gfi
multi fnode fibre

This H ) and
extern

6.4

The L F 803-
3ae-2

This Rhysical Layer Variant shall be used within an EtherCAT segment only.

NOTE: In EtherCAT systems, the LVDS Physical Layer is also referred to as E-Bus.
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7 Contents of Part 3: Data Link Layer Service definition

7.1 Overview
7.1.1 Relation to ISO/IEC8802-3

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

7.1.2 Frame Structure

4), each addressing individual devices and/or memory areas. The F CAT frame is
recoghized by the combination of the EtherType 0x88A43 and the coré i
frame| header or, when transported via UDP/IP (As noted in Figurg &
3498(0=0x88A44 and the EtherCAT frame header.

Each [EtherCAT telegram consists of an EtherCAT header, t quent
counter area (working counter), which is incremented byal were
addregsed by the EtherCAT telegram and have exchange '
Ethernet Header ECAT | _ EtherCAT Telegfam ("[) Eth&(CAT Telegrdm | | Enet
Pre | DA | SA [Type| fame [Fherch Pata \ Y| \Data |§ |FCS
® ® ® @ @ (\...1488) W A448) () @
Figure 4: EtherCAT Telegrams ed in Ethernet Frame
lﬂ)P \EtherQA?Telegram EtherCAT Telegram [ Ehet
Pe | DA | SA |Type] HDR| AN NRMerOAT ]V Data [ZFRUCAT pata €] |FEs

(8) \wmﬁj (34....1488) (2) (10) (34....1444) (2) o 14)

T Pelegrams embedded in UDP/IP

7.1.3
7.1.3.

In Opén Mqde ral EtherCAT Segments may be connected to a standard switching
device. i evice within an EtherCAT segment then has an ISO/IEC 8802-3 MAC
addre Hing )

destinja

satisfies UDP/IP protocol standards

3 The EtherType 0x88A4 was assigned for EtherCAT by the IEEE Registration Authority.
4 The UDP Port 34980 was assigned for EtherCAT by the Internet Assigned Numbers Authority (IANA).
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EtherCAT Segment = Ethernet Device

| Segment E
Mas.ter . E Asdg reess Slave Slave Slave Slave Slave :
Device Switch i b v Device Device Device Device Device |
ooooooool ! evice |
Generic EtherCAT Segment = Ethernet Device :
Ethernet Device ' i
1| Segment !
E Address Slave Slave Slave Slave Slave E
1 >lave Device Device Device H?ev’»ce\ Devic i
1| Device i
Master : I |
Device | |  TTTTTTTTTTTTTTTTTTTTTTToTmTmmmmTmTmTOT T

] Basic

Slave Device

Figure 6: EtherCAT Segmep

7.1.3.2 Direct Mode

In Dirgct Mode, one EtherCAT segmeniis cenne

the cantrolling or master device.

g-dire

o/ the standard Ethernet port of

Device

Master Slav <\SN

Device

Sl\e\
Sl

Slave
Device

Slave
Device

Slave
Device

Slave
Dpvice

in the reverse direction, the result is a physical line.

br via
been
slave
us bi-
ansfer

Frames should be processed directly "on the fly" by the slave devices according to their
physical sequence within the ring structure. In this case, the slave device recognizes relevant
commands and executes them accordingly while the frames (delayed by only a few bits) are
already passed on. Data extraction and insertion should be done within the data link layer
hardware. Then it is independent of the response times of any microprocessors that may be

connected.

Branches are possible in the EtherCAT Segment at any location, since a branch does not
break the logical ring. Branches can be used to build a flexible tree structure and thus allows

for very simple wiring.
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7.1.5 Addressing

Different addressing modes are supported for EtherCAT slaves, as noted in Figure 8. The
EtherCAT header within the EtherCAT telegram contains a 32 bit address, which is used for
node or logical addressing.

Segment Addressing
I
Device Addressing Logical Addressing
I
Position Addressing Node Addressing

Figure 8: Addressing Mode Overview

7.1.5.1 Segment addressing

For sggment addressing the MAC Addresses according

7.1.5.2 Device addressing

With 16 bit
slave |[device address and 16 bit physical \address\with slave device, thus leading to
64539 slave device addresses with 64 ki Pssing
each most
suitable for transferring PSsing
mechanisms:

e pogition addressing

e node addres

7.1.5.

Positipn addressf < S within
the sggment. asses

through; theslave vie re jng an address field with value 0 is the one being addrg¢ssed.
hanis exmployed the slave device address in position addressing is referred

editioRs of this specification position addressing was known as Auto Increment Addresging.

For example, if the tenth slave device in the segment is to be addressed, the master ¢levice
sends| a<telegram with position addressing with the start address value of -9, wr]ich is
incremenied by one by each device. Position addressing Is used during the start-up phase, in
which the master assigns configured node addresses to the slaves. Subsequently, they can
be addressed irrespective of their physical position in the segment.

This mechanism has the advantage that no slave node addresses have to be set manually at
the slaves.

7.1.5.2.2 Node addressing

With Node addressing, the slaves are addressed via a configured node address assigned by
the master during the start-up phase. This ensures that, even if the segment topology is
changed or devices are added or remove after initial setup or during operation, the slave
devices can still be addressed via the same configured address.
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The slave device address in configured addressing is referred to as node address.

7.1.5.3 Logical Addressing

For logical addressing within a segment the entire 32 bit address field is used for one address
value. With logical addressing, slaves are not addressed individually, but instead a section of
the segment wide 4 GB logical address space is addressed. This section may be used by any
number of slaves.

The logical addressing mode is particularly suitable for transferring cyclic process data.

7.1.5.81 FMMU introduction

Fieldbus Memory Management Units (FMMU) handle the local assignme
memolry addresses to logical segment wide addresses, as noted in Fj

slave

Slave Device

g
Physical Memo%

Figure

The (onfigurati@

ntitles is made available by the master devic¢ and
transferred to the '

the start-up phase. For each FMMU entity, the

follow|ng items afe i \a logigal, bit-oriented start address, a physical memory start
addresgs, a bit length, Y et specifies the direction of the mapping (input or output).
Any data withi 8 ofNa slave device can thus be mapped bit-wise to any logical
address.

When|a telegram™with I0gical addressing is received, the slave device checks whether pne of
its FMMU entities_shows an address match. If appropriate, it inserts data at the assofciated
position of the dataield into the telegram (input type) or extracts data from the assofciated
position<of the telegram (output type). Telegrams can therefore be assembled flexibly and

optimized-to-the requirementsof the control application-

7.1.6 Slave Classification

There is a differentiation between Full Slaves, supporting all addressing modes and Basic
Slaves, supporting only a subset of the addressing modes. Master devices may support the
Basic Slave functionality to allow for direct communication with another master device. Slave
devices should support the Full Slave functionality.

7.1.6.1 Full Slave
The Full Slave shall support

e logical addressing,

e position addressing and
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e node addressing.

Thus Full Slave devices need FMMU and address increment functionality. Full Slaves may
support segment addressing. Full Slaves that support segment addressing are called
Segment Address Slave Device.

Only Full Slaves can be connected within an EtherCAT Segment.

7.1.6.2 Basic Slave

Basic Slave devices shall support node addressing and segment Addressing.

7.2

The O
from g

NOTE:

EtherCAT Services

ata Link Layer specifies EtherCAT services for reading, writi
hysical memory within the slaves.

Equivalently the expression "writes memory" is used instead of "writes data to

7.21

Read

With the Read service a master reads memory from 0

7.21.1 Auto Increment Physical

With
positiq

he APRD service a master rea

n of the slave.
TabJ& k- M % i¢al Read (APRD)

emory".

gment

Parameter [\ ) A (‘\Req\KWtion Response/Confirmatiop

Argur:Lent VN > an atw

In andatory

Auto Increment ddr angatory

PHysical Me ndatory

Length > Mandatory
Resul Mandatory

Index Mandatory

D4t Mandatory

w )rklng Counter Mandatory
Argument

The argument shall convey the service specific parameters of the service request.

Index

Au

The parameter Index is the local identifier in the master of the service and shall not be

changed by the slave.
to Increment Address

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

on this service.
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Physical Memory Address

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

Length
This parameter shall contain the size in bytes of the data to be read.
Result
The result shall convey the service specific parameters of the service response.
Index
The parameter Index shall not change in the response.
D4gta
This parameter shall contain the read data.

Working Counter
This parameter shall be incremented by one if the data

7.21.2 Node-Addressed Physical Read (NPRD)

With the NPRD service a master reads memory fr gd by the dlave’s

configlured station address.

Table 8 — Node-éd{ess

Parameter \Rﬁqu\s\}h\lca\u\ \4/ Response/Confirmatiop

Argunment
Inrlex
Canfigured Station Addres
Physical Memory res

Lenhgth

Resul Mandatory

Index b\\> Mandatory

Mandatory
W )rklng oun > Mandatory

hot be

changed by the slave.

Station Address

The slave which configured station address matches to this parameter shall respond
on this service

Physical Memory Address

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

Length
This parameter shall contain the size in bytes of the data to be read.

Result
The result shall convey the service specific parameters of the service response.
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Index
The parameter Index shall not change in the response.
Data
This parameter shall contain the read data.
Working Counter
This parameter shall be incremented by one if the data was successfully read.

7.21.3 Logical Read (LRD)

With the LRD service a master reads memory from one or many slaves selected by a logical
address.

Table 9 — Logical Read (LRD)

A X
Parameter Request/Indication A \Qes\\cbts\eI(%Q‘Wn

Argunjent Mandatory \ \>

Index Mandatory Q

Logical Memory Address Mandatory

Length Mandatory m \
Resul \VZ G datory

Index Mandatory

Dgta Mandatory

Working Counter . Mandatory

Argument

Thie argument shal

Indlex Q
The paramete

Lo

parameters of the service request.

dentifier in the master of the service and shall hot be

in the start address in the logical memory where the data to
slaves which have one or more address matches pf the
emory area (logical memory address and length) in their FMMUs

Le
Thisparameter shall contain the size in bytes of the data to be read.

Resul
The result shall convey the service specific parameters of the service response.
Index

The parameter Index shall not change in the response.
Data

This parameter shall contain the read data. Each slave which detects an address
match of the requested logical memory area will put the data of the corresponding
physical memory area in the correct part of this parameter.

Working Counter

This parameter shall be incremented by one by all slaves which detect an address
match of the requested logical memory area.
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7.21.4 Broadcast Read (BRD)

With the BRD service a master reads a physical memory area, which will be wired or by all
slaves.

Table 10 — Broadcast Read (BRD)

Parameter Request/Indication Response/Confirmation

Argument Mandatory

Index Mandatory

Phycir‘nl I\/Ipmnry Address I\/IQndnfnry

Length Mandatory
Resul

Inglex

Ddta

Working Counter

Argument
Thie argument shall convey the service specifi
Index

The parameter Index is the locaNdent < hot be
changed by the slave.

Physical Memory Address

This parameter shall in tk b data
to be read is sfored - area
(physical memo

Length Q
This para €

e size in bytes of the data to be read.

Resul
Thie result sha vice specific parameters of the service response.
Inl—]iex
shall not change in the response.
Dgta
This<para shall contain the data read by wired or. Each slave shall make a |ogical

or with the received data and its read data.

Working Counter

This parameter shall be incremented by one by all slaves which made the wired or of
the requested data.

7.2.2 Write

With the Write services a master writes data to memory of one or many slaves.

7.2.21 Auto Increment Physical Write (APWR)

With the APWR service a master writes memory to one slave selected by the slave’s position
in the segment.
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Table 11 — Auto Increment Physical Write (APWR)

Parameter Request/Indication Response/Confirmation

Argument Mandatory

Index Mandatory

Auto Increment Address Mandatory

Physical Memory Address Mandatory

Length Mandatory

Data Mandatory
Result Mandatory

Ingtex Meandatory

Working Counter

Mandm

Index

changed by the slave.
Adto Increment Address

to this service.
Physical Memory Address

Length
This parameter
Dgta

This par
Resul

Thie result sha
Indlex

7.2.2.2

The slave will be addressed by its positiop
this parameter, the slave who recgei .

Argument
T’>-1e argument shall convey the service specific parameters g

The parameter Index is the local identifier in the ma

Node-Addressed Physical Write (NPWR)

e and shall hot be

ement
spond

slave

With the, NPWR service a master writes memory to one slave selected by the glave’s

configured station address

Table 12 — Node-Addressed Physical Write (NPWR)

Parameter Request/Indication Response/Confirmation

Argument Mandatory

Index Mandatory

Configured Station Address Mandatory

Physical Memory Address Mandatory

Length Mandatory

Data Mandatory
Result Mandatory

Index Mandatory

Working Counter Mandatory
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Argument
The argument shall convey the service specific parameters of the service request.
Index

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

Station Address

The slave which configured station address matches to this parameter shall respond to
this service

Physical Memory Address

This parameter shall contain the start address in the physical ry of the|slave
where the data to be written is stored.

Lenhgth

This parameter shall contain the size in bytes of the data to b

Data

This parameter shall contain the data to be written.

Resul
Thie result shall convey the service specific paramete S gyresponse.
In’]iex

Working Counter

This parameter shall be incremg edata was successfully written.

7.2.2.8 Logical Write
With the LWR service

address. Q
N

ogical

A

Parame@'\ \\ )Requestllndication Response/Confirmation

Argument Mandatory

Index \\> Mandatory

Logital [ dre Mandatory

Length Mandatory

D4gta Mandatory
Resul Mandatory

Index Mandatory

Working Counter Mandatory
Argument

The argument shall convey the service specific parameters of the service request.
Index

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

Logical Memory Address

This parameter hall 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
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requested logical memory area (logical memory address and length) in their FMMUs
shall respond to this service.

Length
This parameter shall contain the size in bytes of the data to be written.
Data

This parameter shall contain the data to be written. Each slave which 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.

Result
T -

Indlex

The parameter Index shall not change in the response.
Working Counter

This parameter shall be incremented by one by all slave match

of the requested logical memory area.
7.2.2.4 Broadcast Write (BWR)

With the BRD service a master writes a physical memory are

Table 14<§\o<c{s\<vvn A (@

Parameter Rﬁyesb&ék@ti&\ V Response/Confirmation

Argurlent Mandatory
Inglex %

Physical Memory Addr
ngth

Mandatory
Mandatory
Mandatory

THe parameter Index is the local identifier in the master of the service and shall hot be
chranged by thestave:

Physical Memory Address

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 memory area
(physical memory address and length) shall respond to this service.

Length
This parameter shall contain the size in bytes of the data to be written.
Data
This parameter shall contain the data to be written.
Result

The result shall convey the service specific parameters of the service response.
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Index
The parameter Index shall not change in the response.
Working Counter
This parameter shall be incremented by one by all slaves which write data in their
physical memory.
7.2.3 ReadWrite

With the ReadWrite service a master writes and reads memory of one or many slaves.

7.2.3.1 Logical ReadWrite (LRW)

With the LRW service a master writes and reads memory to one or many
logical address. A slave device can retrieve data from the EtherCAT(]
and put data in the same EtherCAT frame (read operation).

selected by a
exopefation)

Table 15 — Logical ReadWrite (LRW)
A\ .

Parameter Request/Indication & \ RQ ons%Confirmation

Logical Memory Address

Argument Mandatory \ X N
Indlex Mandatory §>

Length

Dgta
Resul Mandatory

Index Mandatory

Dgta Mandatory

Working Counter N Mandator

9 R y

Argument

Thie argumentsha e sepvice specific parameters of the service request.

Indlex
he local identifier in the master of the service and shall hot be

Logical

Thisparameter shall contain the start address in the logical memory where the qata 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.

Length
This parameter shall contain the size in bytes of the data to be read and written.
Data

This parameter shall contain the data to be written. Each slave which 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.

Result
The result shall convey the service specific parameters of the service response.
Index
The parameter Index shall not change in the response.
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Data

This parameter shall contain the read data. Each slave which detects an address
match of the requested logical memory area will put the data of the corresponding

physical memory area in the correct part of this parameter.
Working Counter

This parameter shall be incremented by one by all slaves which detect an address

match of the requested logical memory area (for read or write operation).

7.2.3.2 Auto Increment Physical Read Multiple Write (ARMW)

With the ARMW service a master reads data memory of one slave selected by the slave’s

positic
the ad

n in the segment and writes data to the same memory of all other s
dressed slave.

) after

Parameter Request/Indication ( \%psqsém\on}yn\étlon
Argument Mandatory N\ N
Inr]iex Mandatory Qx
Adto Increment Address Mandatory
PHysical Memory Address Mandatory
Length M G
Data Mandato
Working Counter Mayidatory
N

Resul Q AN Mandatory
Indlex Q Mandatory
Data Mandatory
Working Cou(n{éx 2 x Mandatory
Argument \/%
Thie argum shall ce th rvice specific parameters of the service request.
Index

Ayto Increm

hot be

in the

The_slave which executes the read operation will be addressed by its position

segment. Each slave shall increment this parameter the slave who receives the

value

Zero of this parameter shall perform the read operation. Al other slaves per
write operation at the requested physical address, if this address is present.

Physical Memory Address

Le

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

ngth

This parameter shall contain the size in bytes of the data to be read or written.

Data

This parameter shall contain the data to be written.

Working Counter

orm a

slave

This parameter shall be incremented by one by all slaves which detect an address

match of the requested physical memory area (for read or write operation).
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Result

The result shall convey the service specific parameters of the service response.
Index
The parameter Index shall not change in the response.
Data
This parameter shall contain the data to be read.
Working Counter

This parameter shall be incremented by one by every slave performing the read or the
write operation.

7.3 EtherCAT Attributes

The EtherCAT attributes are related to the physical memory of an
be regd or written from the EtherCAT master. The physical memof
applicption memory. The register area contains information fof
and device identification in the DL. The use of the applicatio
applicption layer (AL).

WriteRegEvent Write
ReadReglLocal ReadReglLocal ReadM

NN\

\( N

Regi r&Q ! \_ﬁno/plication Memory % 10
TR ON G

9 x\y

f DL + LM

(EtherCAT Slave Controller)

WriteMemoryLocal ReadMemoryEvent

F 3

%]

PaN

O
\\\\
\
1% ! 6 _ 9y
(rite  Read Write Physical Layer Read

An EtherCAT Write service to the register area (1) may (depending on the written register)
result in a Write Register Event primitive in the AL, followed by a Read Register Local
primitive from the AL to get the written value (2). Otherwise the EtherCAT Write service will
only access the register area without informing the AL (3).

An EtherCAT Read service to the register area will only access the register area without
informing the AL (4).

The AL can read the register area with Read Register Local primitive at any time (5).
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An EtherCAT Write service to the application memory area (6) will result in a Write Memory
Event primitive in the AL, followed by a Read Memory Local primitive from the AL to get the
written value (7).

The AL will write the application memory area with a Write Memory Local primitive (8). The
application memory area will be read by the master with an EtherCAT Read service (9) which
will result in a Read Memory Event primitive in the AL (10) to indicate that the memory area
has been read and can be written by the AL again.

7.3.1 Register
7.3.1.

7.3.1.1.1 DL Information

The DL Information Registers contain type, version and supported o] EtherCAT

Slave|Controller (ESC).

Parameter
Type

Rgvision
This parameter shall contain the
Bdild

Nymber of supported FMMU chann

This parameter sh@ll A , es) of

Nymber of supporte

This par Is (or
entities) of\the

RAM size
This p 8r S Slave
Contrgller

FMM
This Slave

7.3.1.1.2 Configured Station Address

The CUIIﬁUUIUd Stdt;ull I"'\\ddlcbb P\UH;DtUI bUIItd;IID thc atatiun dddlcbb Uf thU o=avc vvhi.,h W|||
be set by the master during start up to activate the NPRD and NPWR service in the EtherCAT
Slave Controller.
Parameter

Configured Station Address

This parameter shall contain the configured station address of the EtherCAT Slave
Controller.
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7.3.1.1.3 DL Control

The DL Control Register is used to control the operation of the EtherCAT Slave Controller by
the master.

Parameter
Channel A Loop Control

This parameter shall contain the information if there is an automatic activation of the
loop between the receive and transmission port of channel A in case of no signal

detection.
ChannelBtLeep-Gontrol
This parameter shall contain the information if there is an automa ivatior’|of the
loop between the receive and transmission port of channel p signal
detection.
7.3.1.1.4 DL Status
The OL Status Register is used to confirm the operation f ne DL
Contjl Register and to indicate the status of the EtherCA
Parameter
PO operational
ted to
PDI Watchdog Status
CHannel A Loop Status
This parameter s e and
the transmissio
CHannel A Sig
bceive
e and
bceive
port on channél B.
7.3.1..5° Al Management Interface

The following diagram shows the primitives between master, DL and AL in case of a
successful write sequence to the AL Control register.
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Master Slave
Write (WKC = x)

__________ Write Register Event

- >
-
-
-

-
-
-
-
-
L~

Write (WKC = x+1)

Read Registerl ocal
g
_ [ .

S

The master sends an EtherCAT write(service Wi i = x), the DL
(EtheE[CAT Slave Controll : i [ i area,
increments the Working ne AL

contrdller and the AL contreller

The fpllowing diggrars
succepsful read

s between master, DL and AL in casg of a
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Master Slave

Write Register Local

Read (WKC = x)

-

Read (WKC = x+1) -

-
-

<

The A
servic
sends

I read
slave

)-

7.3.1.1.5.1 AL Co

The AL Controlt or to
acknopwledge a chs i
Parameter
AL
Ad
ed or

acknowledged by the master.

Applieation Specific

I'his parameter shall contain application speciiiC Information requested by the master.

7.3.1.1.5.2 AL Status

The AL Status Register is used to confirm or to indicate a change in the AL state from the
slave to the master.

Parameter
AL State
This parameter shall contain the changed or confirmed AL state.
Change

This parameter shall contain the information if the AL state is changed or confirmed by
the slave.
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Application Specific

7.3.1.

This parameter shall contain application specific information confirmed by the slave.

1.6 PDI Control

The PDI Control Register is used to control the hardware interface behaviour of the EtherCAT

Slave

Controller to the application layer. The PDI Control Register shall be loaded during

Power-On or due to a Reload operation from the Slave Information Interface (E2PROM).

Parameter
PDI Type

Al Management emulation

This parameter shall contain the process data interface type describ
interface behaviour of the EtherCAT Slave Controller.

dware

This parameter shall contain the information if the AL Manéagen )4 done
by the application layer or will be emulated by the Efk a ler by

7.3.1.4.7 PDI Configuration

The PADI Configuration Register depends on the PDA type special configyration
settings of the selected hardware interface of _the Y w& Controller. The PDI
Configuration Register shall be loaded.during Q a Reload operatiop from
the Slpve Information Interface (E2PROM

Parameter

8 I

16

Bit Micro Controller Interface
This parameter sha in troller

This par
Interface.

troller

This parametér is set if an EtherCAT Write service to the AL Control Register is
réceived (WriteRegEvent) and is reset when the AL Control Register is read by the AL

cantroller (ReadRegl ocal)

Sy

nc Manager Watchdog Event

This parameter is set if a watchdog of a Sync Manager times out. The corresponding
Sync Manager can be found by reading the Sync Manager parameters.

Sync Manager Channel Access Events

This parameter is set if an EtherCAT Write service to an application memory area
configured as write by the master (WriteMemoryEvent) or an EtherCAT Read service to
an application memory area configured as read by the master (ReadMemoryEvent) is
received and will be reset when the application memory area will be read
(ReadMemoryLocal) or written (WriteMemoryLocal) again.
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7.3.1.2 Statistics

7.3.1.2.1 Channel CRC Fault Counter

The Channel CRC Fault Counter Registers contain information about the CRC faults detected

on the receive channels A and B.

Parameter
Channel A CRC fault counter
This parameter shall contain the number of CRC faults detected on channel A.
Channel B CRC fault counter

This parameter shall contain the number of CRC faults detected on

7.3.1.8 Watchdogs
7.3.1.8.1 Watchdog Divider
The system clock of the EtherCAT Slave Controller is divided by

Parameter
Watchdog Divider
This parameter shall contain the value by hg

7.3.1.8.2 PDI Watchdog

The application controller is monitored wit | Watchdog. Each acces
the application controller to the EtherCA \ er shall reset this watchdog.

Paranjeter
PDI Watchdog

This parameter \ chdog to monitor the PDI.

7.3.1.8.3

lock will be divigled.

5 from

Each [Sync Manage ored with the value of its Sync Manager Channel

Watchdog. Each W

This para shall contain the watchdog to monitor the corresponding Sync M3
Channel.

nager

nager

7.3.1.

The status of each Sync Manager channel watchdog is included in the Sync Manager

Watchdog Status.

Parameter

Sync Manager Watchdog Status

This parameter shall contain the watchdog status of all Sync Manager channel

watchdogs.
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7.3.1.4 Slave Information Interface

The slave information interface5 includes the boot configuration data and the application
information data. The boot configuration data contain the settings to initialize the hardware
interface of the EtherCAT Slave Controller during power on (PDI Control, PDI Configuration).
The application information data contain the Product Code that can be used by the master to
find the corresponding configuration file for the device. The slave information interface
registers define the access to the slave information interface which shall be supported by the

EtherCAT Slave Controller (ESC).

7.3.1.4.1 Slave Information Interface Content

The fgllowing parameter shall be stored in the slave information interface.

Parameter
PDI Control Init

PDI Configuration Init

This parameter shall contain the initialization
Configuration.

PDI Size Init

Veandor ID Init

application layer.

Prpduct Code Init s
This parameter sha intiahzati

CHannelkA*Dela it

This'parameter is reserved for future extensions.

This parameter shall contain the initialization value for the

paramete

This parameter shall contain the initializa afug f(@he parameter PDI Size.

Rgvision Numper |
This para Q ’r sk i i lization value for the parameter Revision N

OMTOl.

PDI

of the

pde of

Limber

ber of

Channel B Delay Init
This parameter is reserved for future extensions.
Bootstrap Receive Mailbox Offset

This parameter shall contain the receive mailbox offset in the physical memory for the

Bootstrap state.
Bootstrap Receive Mailbox Size

This parameter shall contain the receive mailbox size in the physical memory for the

Bootstrap state.

5 The Slave Information Interface can be implemented in a variety of ways, e.g. using a serial EZ2PROM.
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Bootstrap Send Mailbox Offset

This parameter shall contain the send mailbox offset in the physical memory for the
Bootstrap state.

Bootstrap Send Mailbox Size
This parameter shall contain the send mailbox size in the physical memory for the
Bootstrap state.
7.3.1.4.2 Slave Information Interface Size

The Slave information interface Size Register contains the size of the slave information
interface. The Slave Information Interface Size Register shall be loaded during Power-On or
due tq a Reload operation from the Slave Information Interface (E2PROM).

Parameter

Size

7.3.1.4.3 Slave Information Interface Control/Statu

With the Slave Information Interface Control/Status to the

slave jnformation interface is controlled.

Pararleter
Slave Information Interface Write Ac

This parameter shall contain th
interface is allowed

Slave Information Interfa

Interface tai
Rgad Operat@

This para
the slave

dm the master to start the read operation of 32 pits in
/ This parameter will be read from the master to check if

will\be written from the master to start the write operation of 16 pits in
ion interface. This parameter will be read from the master to check if
jon is finished.

the write>epera

Rgload Qperation

This parameter will be written from the master to start the reload operation of 32 |bits in
the slave information interface. This parameter will be read from the master to check if
the reload operation is finished.

Write Error

This parameter shall contain the information if the last write access to the slave
information interface was successful.

Busy

This parameter contains the information if an access operation is ongoing.
7.31.4.4 Actual Slave Information Interface Address

The Actual Slave Information Interface Address Register contains the actual address in the
slave information interface which is accessed by the next read or write operation (by writing
the Slave Information Interface Control/Status Register).
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Parameter

Address
This parameter shall contain the address which is accessed by the next read or write
operation.
7.3.1.4.5 Actual Slave Information Interface Data

The Actual Slave Information Interface Data Register contains the data (16 bit) to be written in
the slave information interface with the next write operation or the read data (32 bit) with the
last read operation.

Paranleter
Data
The master will write this parameter with the data (16 bit)<to e 3 el slave
information interface with the next write operation. Theg 3 i e last
read data (32 bit) from the slave information interface wken reau B

7.3.1.5 Fieldbus Memory Management Unit (FMMU)

The Hieldbus Memory Management Unit (FMMU) ysical
addrefses by the means of internal address. ogical
addregsing for data segments that span severa 5 data
within| several arbitrarily distributed d \ DLE
may ¢ontain several FMMU entities nesive
logical address space to one cohesive p
The Slation
betwegn the logical meme
Parameter
Logical Startﬁi?re
This para ersh i tart address in bytes in the logical memory afrea of

This parametér shall contain the start address in bytes in the physical memory grea of
thermemory translation.

Physical Start Bit
This parameter shall contain the bit offset of the physical start address.

Length
This parameter shall contain the size in bytes of the memory translation.
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Read Enable

This parameter shall contain the information if a read operation (physical memory is
source, logical memory is destination) is enabled.

Write Enable

This parameter shall contain the information if a write operation (logical memory is
source, physical memory is destination) is enabled.

Channel Enable

This parameter shall contain the information if the memory translation is active or not.

7.3.1.6 Sync Manager

The Jync Manager controls the access to the application memory. Ea
consigtent area of the application memory.

Parameter

nes a

Physical Start Address

This parameter shall contain the start address in byfe
consistent application memory area.

of the

Lehgth

This parameter shall contain the size in hy
area.

emory

Byffer Type

This parameter shall contain the Infor G S y area

Direction
This parameter sha Qi i ioRUif / area

Al Event Enapie
This parar
data availablg

master (djres

S new
Dy the
by the

THisNpa N to the

This ;parameter shall contain the information if the consistent application mgemory
(direction write) has been written by the master and the AL Event Enable paramgpter is

Read Event

This parameter shall contain the information if the consistent application memory
(direction read) has been read by the master and the AL Event Enable parameter is
set.

Watchdog Trigger

This parameter shall contain the information if an access to the consistent application
memory has been done and the watchdog was triggered.

Queued Access Type State

This parameter shall contain the state (buffer read, buffer written) of the consistent
application memory if it is of queued access Type.
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Buffered Access Type State

This parameter shall contain the state (buffer no., locked) of the consistent application
memory if it is of Buffered Access Type.

Channel Enable
This parameter shall contain the information if the Sync Manager channel is active.

7.3.1.7 Distributed Clock

Distributed clocks enable all slave devices to have the same time. The first slave device
within the segment that contains a clock is the clock master. Its clock is used to synchronize
the slave clocks of the other slave devices and of the master device. The master device
sends|a synchronisation telegram at certain intervals (as required in orde avoid thel slave
clocky diverging beyond application specific limits), in which the slave ining the
mastelr clock enters its current time. The slave devices with slave clgCks a e time
from fhe same telegram. Due to the logical ring structure this is pO§S| i haster
clock |s located before the slave clocks in the segment.

Since|each slave introduces a small delay in the outgoing irection (within the
devicg and also in the physical link), the propagation delay(time\be ¢ 3 hd the
respec¢tive slave clock has to be considered during the—s satl locks.
For measuring the propagation delay, the master deXi ast read to a dpecial

addregs, which causes each slave device to save he i e télegram was regeived
(or its| local clock time) in the outgoing, directio hack. The master can read
these [saved times and balance them aCcordi

External Synchronisation is accomplishe® i ified i 2. Any
device with external communication i C q erCAT

slave |with the master clock i iz ¥ gment
shall have only one acti ; 1588
topolagy requirements.
Paranjeter
Rgceive Tim
This paramete ANIRE ivi i i ’ innjng on
channel AC eCi i [ . The
receiving t S i [ i bf this

telegra i < . iti ivel Time

Rqcely

This parametex shall contain the receiving time of a special telegram’s beginning on
channel B he special telegram shall be a write access to the Receive Time Channel
A-Reqgister. The receiving time of this telegram will be latched in this parameter|at the
end of this telegram if the receiving was correctly.

Local System Time

This parameter shall contain the local system time latched when a telegram is
received. A write access to this parameter shall start a compare of the latched local
system time with the written reference system time. The result of this compare shall be
an input of the PLL for the local system time.

System Time Offset

This parameter shall contain the offset between the local time and the local system
time.

System Time Transmission Delay

This parameter shall contain the transmission delay from the EtherCAT Slave
Controller with the reference system time to the local EtherCAT Slave Controller.
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terrupt Signal Configuration

This parameter shall contain the behaviour of the Distributed Clock interrupt signals

and their acknowledgement.

Interrupt 1 Status

This parameter shall contain the status of the first Distributed Clock interrupt.

Interrupt 2 Status

This parameter shall contain the status of the second Distributed Clock interrupt.

Interrupt Enable

Cyfclic Operation Enable

Cyclic Operation Start Time

Interrupt 1 Cyclic Time

Interrupt 2 Delay Time

7.3.2

The bghaviour of an appli
corregponding Sync Mana

7.3.2.

areas

7.3.2.1.

The fpllowi i shows the primitives between master, DL and AL in case

succe

[ Queued A
Appligation mem %

commjunication pa

This parameter enables the Distributed Clock interrupts.

This parameter enables the cyclic operation of Distributed Clock

This parameter shall contain the start time of the MDi in{
generation.

This parameter shall contain the cycle time of
generation.

Access Type shall always be read fro

errupt

errupt

in the

the
mory

of a
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Master Slave
Write (WKC = x)
S A Write Memory Event
Write WKC = x+1) __|.-==="""]

Read I\/Inmnry Local

The
(Eth
area,
contrg
it will
becau
the ca

writte by the mastg

The fq

sequence.

<
- L
R

X

X

be read from the
se the WK@ /
rrespondin <

llowing diagha

Nlorking Counter (WKC = x), the DL

1) and generates an AL event to

mory
he AL

el locks the application memory arep until

master receives a successful write response

a and
an be

write
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Master Slave
Write (WKC = x)
S A Write Memory Event
~Write (WKC =x+1) ___}--"" -

Write (WKC = x)

~ Write (WKC =x) Rea@k\ r)%a\/

Y
ERN

Figure 14: Bad Write sequence to\a ica emary area of Queued Access Type
orking Counter (WKC = x), the DL

The r:r

(Ethe ed data in the application memory
area, i C(=\x + 1) and generates an AL event to the AL
contrg i \ag hel locks the application memory arep until
it willl be read from ster receives a successful write response

because the WKC_was ing 3 eforesthe AL controller reads the application mgmory
area the master@ ain/with the Working Counter (WKC = x). Belcause
the apgplication memigry s i i d, the DL of the slave will ignore the receivedl data
and will not incregfent ing \Counter. The master receives a bad write response
because the WK@ i d. Later the AL controller reads the application mgmory
area and the e Manager channel unlocks the application memory arga that

7.3.2.1.

The fpllowing diagralm shows the primitives between master, DL and AL in casg of a
succepsful-Read segdence.
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Master Slave

Write Memory Local

«

Read (WKC = x)

~~aao

~~~~~~~~~~ Read Memory Event

Raoad OAAKO = et 4\ =
NCad—(vvixT ATT) L=

P
<«

X

Figure 15: Successful Re d

The AL controller updates the appllc g i gnager
channjel locks the applica ' haster
sends| an EtherCAT read™servi i . inx = Xx), erCAT
Slave|Controller) of the icati i ts the
Workipg Counter (W . haster
receivies a succ@l re gponse.t & i . nding
Sync Manager ¢ n pplication memory area that it can be written by fhe AL
contrdller again.

The fgllowing j read

sequence.
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Master Slave
1. Write Memory Local
2. Write Memory Local
Read (WKC = x) )
N SRS Read Memory.Event
Read (WKC = x+1) _,,._———”/ \

The AL controller updates the appli
corregponding Sync Manager channel\locks t

from [|the master. The
WriteMemoryLocal), but

area (1. WriteMemoryLocal)
T read
n

= x), the DL (EtherCAT

05(E)

The

(2.
nager

the master. Then the master senfds an

Slave

[s the
haster

nding

by the

m the

The following diagram shows the primitives between master, DL and AL in case of a write

sequence.
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Master
Write (WKC = x)

_ Write (WKC = x+1)

Write (WKC. = x)

—_——

[~ -
il
-

S~

Slave

Write Memory Event

The
(Eth
area,
contrg
incre
the s
applic
the afg
again
becau
area.

7.3.2.

The f
succep

x+1)

Write (WKC =

ller. The maste

ented. Before
me area -e@ i
Ation memoxy are

N

AN

&\\ >

shows the primitives between master,

at on memory area

) and generates an AL event to
write response because the WK(

DL and AL in case

he DL
mory
he AL
was
writes

$ Type

ata in
erates

sEonse
mory

of a
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Master Slave

1. Write Memory Local

<

2. Write Memory Local

Read (WKC = x)

~~~~~~~~~ Read Memp.cyggvent

Se~aa

Read WKC=x+1) __|.--==""" \

The £ ‘ ne AL
contrdller updates the appficatio agaimwith new values (2. WriteMemoryllocal),
becau > 5 Avill never be locked, the corresp¢nding

Sync Manager channe ata. Shen the master sends an EtherCAT read
service with the Working Couqte » the DL (EtherCAT Slave Controller) of the slave
sends| the data @ pplicatt arga, increments the Working Counter (WKC| = x +
1) andl generates e Ak controller. The master receives a successful read
response because ~

8 Cpntent : X a.Link Layer Protocol definition

8.1 |Ffa

EtherCAT use dard IEEE 802.3 Ethernet frame structure for transporting EtherCAT
telegrams - The telegfams may alternatively be sent via UDP/IP. The EtherCAT specific
protodol/parts are identical in both cases and consist of an EtherCAT frame header ar|d one
or mofe"EtherCAT telegrams.

8.1.1 EtherCAT telegram inside an Ethernet frame

The frame structure in consists of the following data entries as specified in Table 17.
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Table 17 — EtherCAT telegram inside an Ethernet frame

Frame part Data Field Data Type Value/Description
Ethernet Dest MAC BYTE[6] Destination MAC Address
Src MAC BYTE[6] Source MAC Address
Ether Type WORD 0x88A4 (EtherCAT)
EtherCAT Frame Length unsigned : Following byte length (excl. CRC)
11
Reserved unsigned : 1 0
Tvn T~ V- S P T- V-V~ B, | Prat LT o =lithaorC AT aea-aad-L0a04)
Ty GTTITg T TTYIYLUT TV =T T UTTTTTEAITE Y v
EtherCAT Telegram 1 Will be described below (
, , N \
Will be described beIoA\A< (\
EtherCAT Telegram n Will be described b ov&\ \ \

Etherngt CRC CRC DWORD Standard Ethe}r(e\[\(kh&ks\\m;\ \\/
RN Y%

8.1.2 EtherCAT frame inside an UDP datagram

The freme structure in UDP mode consists of the

Table 18 — EtherCAT

Frame part Data Field p/a?a Type \ Value/Description

RN
Etherngt Dest MAC E\YTE@N “Redtnation MAC Address

(c I\/b-\Q‘( \B{\RE[G]\) ‘\S@rce MAC Address

0x0800 (IP)

—
m
3
-
S
()
N
=
2

IP L \/\ \BW[ZB}) Standard IP Header

;\ \D\}a’s}\{ort\\/\ D 0x88A4 (EtherCAT)

A~
UbDP \ <Src Po& W@@B/ Source Port
<

Len th\ /&VORD Following byte length (excl. CRCs)

D
<
\

RN

/\\ GRC \ WORD CRC of the UDP-Header
EtherC \TEEQ\ \ \<19t unsigned : Following byte length (excl. CRC)
11

X \ \B’e{served unsigned : 1 0

Type unsigned : 4 Protocol Type = EtherCAT command (0x01)

EtherCAT Telegram 1 Will be described below

Will he described below

EtherCAT Telegram n Will be described below

Ethernet CRC CRC DWORD Standard Ethernet Checksum

8.1.3 EtherCAT telegram structure

In this chapter the EtherCAT telegram formats are described. One or more of these telegrams
are transported by an Ethernet frame or UDP datagram as described above.
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Auto Increment Physical Read (APRD)

The Auto Increment Physical Read (APRD) protocol is specified in Table 19.

Table 19 — Auto Increment Physical Read (APRD)

PAS 62407 © IEC:2005(E)

Frame part Data Field Data Type Value/Description
EtherCAT Telegram CMD BYTE 0x01 (EtherCAT command APRD)
IDX BYTE Index
ADP WORD Auto Increment Address /‘\
ADO WORD Physical Memory Addrey\& \
LEN unsigned : Length (\\ \\\
11
Reserved unsigned : 4 0x00 /\\ \ \ \\/
NEXT unsigned : 1 | 0x00: last \b( in Ethefnet frame or
UDP dat
O0xOF Et ernet frame or UDP
datagram foNows
PaN <
IRQ WORD se for futtyre use
NReseeb fag Tl
DATA pORem] N\ |Data [ ) >
WKC WQRD \ %rkinb\()ount#

8.1.3.
The N

sed

Physical Read (NPRD)

VAN
Frame part /\\ \Raéxﬁiel \\Déa Type Value/Description
EtherCAT Telegram \ \ CMB\ BYTE 0x04 (EtherCAT command NPRD)
NN Index
/\\ \\ )@P vV WORD Configured Station Address
\ \ AﬁO WORD Physical Memory Address
LEN unsigned : Length
11

Reserved unsigned : 4 0x00

NEXT unstgned 1 OX00T Tast EtherCAT tefegram i Ethernetfrarne or
UDP datagram
0x01: EtherCAT telegram in Ethernet frame or UDP
datagram follows

IRQ WORD Reserved for future use

DATA BYTE[n] Data

WKC WORD Working Counter
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Logical Read (LRD)
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The Logical Read (LRD) protocol is specified in Table 21.

Table 21 - Logical Read (LRD)

Frame part Data Field Data Type Value/Description
EtherCAT Telegram CMD BYTE 0x0A (EtherCAT command LRD)
IDX BYTE Index
ADR DWORD Logical Address
LEN unsigned : Length
11
Reserved unsigned : 4 0x00
NEXT unsigned : 1 0x00: last EtherCA he or
UDP datagram
0x01: EtherCAX teleg r UDP
datagram)ﬁﬂ{w .
IRQ WORD Reserv/f{\fquus\\ >
DATA BYTE[n] D;{é \\ \
VN \/
WKC WORD PK c\>r/k|/§1g/c%nt§\

8.1.3.1.4

The Broadcast Read (B

N

Broadcast Read (BRD)

RD)

Frame part/\ K\ vata\fw

Value/Description

D
M

EtherCRT Telegram \_/ D B 0x07 (EtherCAT command BRD)
A\
- <A
A RO AN B Index
\ Reéqe}\//{NORD 0x0000

( ABQ \ WORD Physical Memory Address
A\ Q \i\l N unsigned : Length
11
°s \ \Réserved unsigned : 4 0x00

\/ NEXT unsigned : 1 0x00: last EtherCAT telegram in Ethernet framne or
UDP datagram
0x01: EtherCAT telegram in Ethernet frame of UDP
datagram follows
IRQ WORD Reserved for future use
DATA BYTE([n] Data
WKC WORD Working Counter
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8.1.3.2 Write
8.1.3.2.1 Auto Increment

The Auto Increment Physical Write (APWR) protocol is specified in Table 23.

Table 23 — Auto Increment Physical Write (APWR)

Frame part Data Field Data Type Value/Description
EtherCAT Telegram CMD BYTE 0x02 (EtherCAT command APWR)
DX BYTE Index
ADP WORD Auto Increment Address
ADO WORD Physical Memory Addre (S

LEN unsigned : Length <\\\\>
11 .

Reserved unsigned : 4 0x00 < \ \ \>
% .

NEXT unsigned : 1 0x00: las,

0x@P1: EtherGA
d tag};a'ny follogys

he or

r UDP

IRQ WORD  (\Reserigd ifi futire use

DATA @I/\?E@](\\ pata_{v \UJ

WKC VND \ v%{king oun

8.1.3.2.2 Node-Addrésse )

The Node-Addressed Ph col is specified in Table 24.

sed Physical Write (NPWR)

AN
Frame part /\ \D{ta\Weld §¥ata Type Value/Description

EtherCAT Telegﬂ\ \ MD ’BYTE 0x05 (EtherCAT command NPWR)
IDX BYTE Index
RTINS
< \ \ A\K{P WORD Configured Station Address
RS\ \ NaB0 WORD Physical Memory Address
\) LEN unsigned : Length
11

Reserved unsigned : 4 0x00
NEXT unsigned : 1 0x00: last EtherCAT telegram in Ethernet frame or

UDP datagram

0x01: EtherCAT telegram in Ethernet frame or UDP
datagram follows

IRQ WORD Reserved for future use

DATA BYTE[n] Data

WKC WORD Working Counter
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The Logical Write (LWR) protocol is specified in Table 25.

Table 25 - Logical Write (LWR)

Frame part Data Field Data Type Value/Description
EtherCAT Telegram CMD BYTE 0x0B (EtherCAT command LWR)
IDX BYTE Index
ADR DWORD Logical Address
LEN unsigned : Length
11
Reserved unsigned : 4 0x00
NEXT unsigned : 1 0x00: last EtherCA he or
UDP datagram
0x01: EtherCAX teleg r UDP
datagram)ﬁﬂ{w .
IRQ WORD Reserv/f{\fquus\\ >
DATA BYTE[n] D;{é \\ \
VN \/
WKC WORD PK c\>r/k|/§1g/c%nt§\

8.1.3.2.4 Broadcast Write (BWR)
The Broadcast Write (BWR) _protocol is\sp
[\ rite (BWR)
A\,
N4
Frame part /\ K\ Data\fw \D\ag T\be Value/Description
N
EtherCAT Telegram \_~ ~[\GMD B?*Ig 0x08 (EtherCAT command BWR)
A
- STN
A RO AN B Index
\ \ Reéqe}\//{NORD 0x0000
( \ ABQ \ WORD Physical Memory Address
A\ Q \i\l N unsigned : Length
11
°s \ \Réserved unsigned : 4 0x00
\/ NEXT unsigned : 1 0x00: last EtherCAT telegram in Ethernet frathe or
UDP datagram
0x01: EtherCAT telegram in Ethernet frame of UDP
datagram follows
IRQ WORD Reserved for future use
DATA BYTE[n] Data
WKC WORD Working Counter
8.1.3.3 ReadWrite
8.1.3.3.1 Logical ReadWrite (LRW)

The Logical ReadWrite (LRW) protocol is specified in Table 27.
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Table 27 — Logical ReadWrite (LRW)

Frame part Data Field Data Type Value/Description
EtherCAT Telegram CMD BYTE 0x0C (EtherCAT command LRW)
IDX BYTE Index
ADR DWORD Logical Address
LEN unsigned : Length
11
Reserved unsigned : 4 0x00
NEXT unsigned : 1 0x00: last EtherCAT telegram in Ethernet frame or

UDP datagram

0x01: EtherCAT telegram jn Etherne{ frame or UDP
datagram follows N\

IRQ WORD Reserved forfuture@\ \\ \

DATA BYTE[n] Data /\\ \ \\/

WKC WORD

8.1.3.8.2 Auto Increment Physical Read Multiple

The Auto Increment Physical Read Mujttple Wri 28.

Value/Description

Frame part Data Field \Data('_l'm

EtherCAT Telegram Qﬁo /\\Q}QE O \0>:9D"(EtherCAT command ARMW)

I\ |D?\ N - B\(\N:\\ Index

A P\\&ﬁ\ \WQ\RD\ Auto Increment Address

< > ADO < WQW Physical Memory Address

TN Xyt

A \ \ \&eS&\ed Vunsigned : 4 | 0x00

NI%XT\> unsigned : 1 0x00: last EtherCAT telegram in Ethernet framne or
UDP datagram
0x01: EtherCAT telegram in Ethernet frame of UDP
datagram follows
IRQ WORD Reserved for future use
DATA BYTE([n] Data

WKC WORD Working Counter
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8.2 EtherCAT Attributes
8.2.1 Register
8.21.1 Management
8.2.1.11 DL Information
8.211.11 Coding
typedef struct
{
BYTE Type;
BYTH RevT iuu,
WORI Build;
BYTH NoOfSuppFmmuChannels;
BYTH NoOfSuppSyncManChannels;
BYTH RamSize;
BYTH Reservedl;

unsjgned

unsjgned Reserved2:

unsjgned Reserved3:
} TDLINFORMATION;

8.2.1.1.1.2 Description

The DL Information protocol is sp

FmmuBitOperationNotSupp: 1

7
8

ecified in Table 29

Tab - %\g%rm io@

Parameter Physical Data Rype Access N cess Value/Descriptign
Address ype Type PDI
N herCA
N
Type 0x000 I r
Revisioh ox0oar N[ BYTENNy  [R )V r
Build [ox WORDN TR/ r
Numbef of supporte 0004 BY \) R r 0x0001-0x0010
FMMU Ehannels
A
Numbel of supported 0XQ00 v/ R r 0x0001-0x0010
Sync Manager chanr@’(s\
RAM Size /\\ \O}(DQOG WTE R r RAM Size in kByte (5}64)
Reservpd '\ 0X000R /| BYTE R r
FMMU BikOperati 0x0Q08 unsigned: 1 R r 0: Bit Operation suppjorted
Supported . .
1: Bit Operation not
supported
Reserved 0x0008 unsigned: 15 | R r
8.2.1.1.2 Configured Station Address
8.2.1.1.21 Coding

typedef struct
{

WORD FixedStationAddress;
} TFIXEDSTATIONADDRESS;
8.2.1.1.2.2 Description

The Configured Station Address protocol is specified in Table 30.
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Table 30 — Configured Station Address

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT
Configured Station 0x0010 WORD Rwl R
Address

8.2.1.1.3 DL Control

8.2.1.#-31 Coding

typedgf struct
{

unsjgned Reservedl: 8;
unsjgned ChannelALoopControl: 2;
unsjgned ChannelBLoopControl: 2;
unsjgned Reserved2: 4;

} TDLJONTROL;

8.2.1.1.3.2 Description

The DL Control protocol is specified in Table 31.

~
Parameter Physical D}g \ A cess\ Acdess Value/Descriptign

Address Type \T'Jj%PDl
\ erCAT

Reservgd 0x0100 unsi&ned:g\ R\\) r 0x00

—_

active

Channgl A Loop Control 0x 10\( unsiagn d:2\)‘\>w| r 0x00: manual loop ng

0x01: manual loop adtive

/\ 0x02,0x03: automatid loop

V'
Channgl B Loop CorW 0XxQ101 \ unsigned:2 Rwl r 0x00: manual loop ndt
ﬁ active

0x01: manual loop adtive
/\ 0x02,0x03: automatiq loop

Reserved /\\ \\\0\\010\/ unsigned:4 R r 0x00

NN

8.21.1.4 DL S

8.2.1.1:41 Coding

typedef struct
{

unsigned PdiOperational: 1;
unsigned Reservedl: 1;
unsigned PdiWatchdogStatus: 1;
unsigned Reserved2: 5;
unsigned ChannelALoopStatus: 1;
unsigned ChannelASignalDetection: 1;
unsigned ChannelBLoopStatus: 1;
unsigned ChannelBSignalDetection: 1;
unsigned Reserved3: 4;

} TDLSTATUS;
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8.2.1.1.4.2

Description

-7

9 —

The DL Status protocol is specified in Table 32.

Table 32 — DL Status

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT

PDI Operational 0x0110 unsigned:1 R r 0x00: PDI not operational

0x01: PDI operational
Reserved 0x0110 unsigned:1 R r OXOP/\
PDI wajchdog status 0x0110 unsigned:1 R r : PDI wat¢chdog

< : ot
/U expir
Reservgd 0x0110 unsigned:5 T \ %Ob\ \)
Channgl A Loop Status 0x0111 unsigned:1 R < r\\@p not active
/\\\ \Q(O “t0op active
Channdgl A Signal 0x0111 unsigned:1 R r \?)0: signal not detefted
Detectipn n RX-port
G 0x01: signal detected on
< RX-port
Channdgl B Loop Status 0x0111 unsigned:1 \\r—/ 0x00: loop not active
~ \ 0x01: loop active

Channgl B Signal 0x0 sig ed.\)R r 0x00: signal not detefted
Detectipn on RX-port

0x01: signal detected on

RX-port
Reservgd /\ 0111 ? R r 0x00

A

8.2.1.
8.2.1.

8.2.1.

typedd

{
usnigned

unsjgred

unsjghed

State:
Acknowledge:
Reserved:

uné‘_me '4)
N\

ce

oW

unsigned
} TALCONTROL;

ApplicationSpecific:
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8.2.1.1.51.2 Description

The AL Control protocol is specified in Table 33.

Table 33 — AL Control

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT
State 0x0120 unsigned:4 Rwl r 0x01: Init Request

0x02: Pre-Operational

al

quest

D

ust

Acknowledge 0x0120 unsigned:1 Rw
N\
/\\
NS

Reservbd 0x0121 unsigned:3 | Rwl ( O

| 0xbo

Application Specific 0x0121 unsiwd:B éw\\// T \
N

2

8.2.1.1.5.2 AL Status

8.2.1.1.5.21 Codin

typedgf struct

usnijgned
unsjgned
unsjgned
unsjgned

} TAL$TATUS;

8.2.1.1.5.2.2

The Al Stat ed in Table 34.

Table 34 — AL Status

Parameter\/> Physical Data Type Access Access Value/Descriptign
Address Type Type PDI
EtherCAT
State %6136 uTTSigTedT4 R TW OxO+—tmit

0x02: Pre-Operational

0x03: Bootstrap Mode

0x04: Safe Operational
0x08: Operational

Change 0x0130 unsigned:1 R rw 0x00: confirmation

0x01: change/error

Reserved 0x0131 unsigned:3 R rw 0x00

Application Specific 0x0131 unsigned:8 R rw
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8.2.1.1.6 PDI Control
8.2.1.1.6.1 Coding

typedef struct
{

usnigned Type: 8;
unsigned AlManagementEmulation: 1;
unsigned Reserved: 7;

} TPDICONTROL;
8.2.1.1.6.2 Description

The PDI Control protocol is specified in Table 35.

Table 35 — PDI Control

Parameter Physical Data Type Access Access
Address Type Type P
EtherCAT

Type 0x0140 unsigned:8 R

:2DI/2DO
x05: SPI

0x08: 16 Bit uC

0x09: 8 Bit uC

0x10: 32 DI

0x11: 24 DI / 8 DO

Q) 0x12: 16 DI / 16 DO
0x13: 8 DI / 24 DO
[\/\ % 0x14: 32 DO
A\

N\

L)

be done by an application

Controller
<\ § 0x01: AL Management will
A be emulated

AIManagementEmu@ 0140 & unsi eW R r 0x00: AL Management will

Reservgd < \ 1‘%01\3\ > unsigned:7 R rw 0x00
\ ~

8.21.1.7 PD! Configuration
8.2.1.1.741 8 Bit Micro Controller Interface

8.21.1.711 Coding

typedef struct
{

usnigned BusyOutputDriver: 1;
unsigned BusyPolarity: 1;
usnigned IntOutputDriver: 1;
unsigned IntPolarity: 1;
unsigned Reserved: 12;

} TPDICONFIGURATIONMCIS8;
8.21.1.71.2 Description

The 8 Bit Micro Controller Interface protocol is specified in Table 36.
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Table 36 — 8 Bit Micro Controller Interface

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT
BusyOutputDriver 0x0150 unsigned:1 R r BUSY-Signal Output Driver
0: PushPull
1: OpenDrain
BusyPolarity 0x0150 unsigned:1 R r BUSY-Signal Polarity
0: low active
. nign active
IntOutplutDriver 0x0150 unsigned:1 R r -Signal Qutput\Dr|ver
: Pus |
CNsemion,
IntPolafity 0x0150 unsigned:1 R r IN -SWM
klo acti
\ \Nigh ctive
Reservgd 0x0150 unsigned:12 R \\‘ b\‘OO\/
SN
8.2.1.1.7.2 16 Bit Micro Controlle O
8.2.1.1.7.21 Coding

typedgqgf struct

usnjgned
unsjgned
usnjgned
unsjgned
unsigned
} TPDICONFIGURAY

8.2.1.1.7.2.2

BusyOutg

The 16 Bit Micro €on{ro

AN

— 16 Bit Micro Controller Interface

Para teN &yasical Data Type Access Access Value/Descriptign
ddress Type Type PDI
W EtherCAT
BusyOytputDriver 0x0150 unsigned:1 R r BUSY-Signal Output Priver
0: PushPull
1: OpenDrain
BusyPolarity 0x0150 unsigned:1 R r BUSY-Signal Polarity
0: low active
1: high active
IntOutputDriver 0x0150 unsigned:1 R r INT-Signal Output Driver
0: PushPull
1: OpenDrain
IntPolarity 0x0150 unsigned:1 R r INT-Signal Polarity
0: low active
1: high active
Reserved 0x0150 unsigned:12 R r 0x00
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8.2.1.1.8 AL Event

8.2.1.1.81 Coding

typedef struct

{
unsigned AlControlEvent: 1;
unsigned SyncManWatchdogEvent: 1;
unsigned Reservedl: 6;
unsigned SyncManChannelOEvent: 1;
unsigned SyncManChannellEvent: 1;
unsigned SyncManChannel2Event: 1;
unsigned SyncManChannel3Event: 1;
unsigned SyncManChannel4Event: 1;
unsigned SyncManChannel5Event: 1;
unsigned SyncManChannel6Event: 1;
unsjgned SyncManChannel7Event: 1;
unsjgned SyncManChannel8Event: 1;
unsigned SyncManChannel9Event: 1;
unsjgned SyncManChannellOEvent: 1;
unsjgned SyncManChannelllEvent: 1;
unsjgned SyncManChannell2Event: 1;
unsjgned SyncManChannell3Event: 1;
unsjgned SyncManChannell4Event: 1;
unsjgned SyncManChannell5Event: 1;
unsjgned Reserved?2: 1;

} TALHVENT;

8.2.1.1.8.2

The AL Event protocol is specified in

Description

Parameter

P sic}\( D

%,@%

Access

Type Type PDI

therCAT

Value/Descriptign

AL Confrol Event Q

‘\k\/>

R

0x00: no event active

T

0x01: event active (A
Control register was
written)

Sync Mgnager Watch¥og

Event

022

\pblgnedﬂ

AN

0x00: no event active

0x01 event active (at|least
one Sync Manager
watchdog was expirefl)

N
NN

Reservgd

0x0220

unsigned:6

0x00

Sync Manager C nTI 0
Event

0x0221
p

unsigned:1

0x00: no event active

0x01: event active (Sync
Manager channel wa
accessed by EtherCAT

service)
7

Sync Manager Channel 1
Event

0x0221

unsigned:1

0x00: no event active

0x01: event active (Sync
Manager channel was
accessed by EtherCAT
service)

Sync Manager Channel 2
Event

0x0221

unsigned:1

0x00: no event active

0x01: event active (Sync
Manager channel was
accessed by EtherCAT
service)

Sync Manager Channel 3
Event

0x0221

unsigned:1

0x00: no event active

0x01: event active (Sync
Manager channel was
accessed by EtherCAT
service)
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Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT
Sync Manager Channel 4 | 0x0221 unsigned:1 R r 0x00: no event active
Event 0x01: event active (Sync
Manager channel was
accessed by EtherCAT
service)
Sync Manager Channel 5 | 0x0221 unsigned:1 R r 0x00: no event active
Event 0x01: event active (Sync
Manager channel was
accessed by EtherCAT
service)
Sync Mgnager Channel 6 | 0x0221 unsigned:1 R r
Event bnc
% '
Sync Manager Channel 7 | 0x0221 unsigned:1 R r
Event bnc
< \ r channel wa
by EtherCAT
/\\\ \e
Sync Manager Channel 8 | 0x0222 unsigned:1 r 0x00: no event active
Event x01: event active (Sync
G Manager channel wa
< accessed by EtherCAT
service)
Sync Manager Channel 9 | 0x0222 : 0x00: no event activeg

Event

0x01: event active (Sync
Manager channel wa
accessed by EtherCA
service)

—

Sync Mgnager Channel
10 Evenpt

&

0x00: no event active

0x01: event active (Sync
Manager channel wa
accessed by EtherCAT
service)

Sync Mgnager Chann
11 Evenpt

L

\L@\n/edﬂ

0x00: no event active

0x01: event active (Sync
Manager channel wa
accessed by EtherCAT
service)

Sync Manager e
12 Evenpt

&7

unsigned:1

0x00: no event active

0x01: event active (Sync
Manager channel wa
accessed by EtherCA
service)

—

Sync Mgnager Channel

0x0222

unsigned:1

0x00: no event activeg

13 Event

0x01: event active (Sync
Manager channel was
accessed by EtherCAT
service)

Sync Manager Channel
14 Event

0x0222

unsigned:1

0x00: no event active

0x01: event active (Sync
Manager channel was
accessed by EtherCAT
service)

Sync Manager Channel
15 Event

0x0222

unsigned:1

0x00: no event active

0x01: event active (Sync
Manager channel was
accessed by EtherCAT
service)

Reserved

0x0223

unsigned:8

0x00
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8.2.1.2 Statistics

8.2.1.2.1 Channel CRC Fault Counter

8.2.1.2.1.1

typedef struct
{
WORD ChannelACrcFaultCounter;
WORD ChannelBCrcFaultCounter;
} TCHANNELCRCFAULTCOUNTER;

Coding

8.2.1.2.1.2 Description
The ChannelCRCFaut-Counterprotecelis—sposifiedinTable30-
Table 39 — Channel CRC Fault Counter <\(\
A O
Parameter Physical Data Type Access Acces Valu D}@c
Address Type Type~PDI
EtherCAT (\
Channdl A CRC fault 0x0300 WORD Rwl <fs\\ \ N\ N
counter \\
Channgl B CRC fault 0x0302 WORD Rwl N N
counter] a \\
8.21.8 Watchdogs
8.2.1.81 Watchdog Divider
8.2.1.8.1.1 Coding
typedgqgf struct
{
WORT] Watchdogh
} TWAT CHDOGDIVI@
8.2.1.8.1.2 Descri
The Watchdog Dj acolNs spegified in Table 40.
pable 40 — Watchdog Divider
/.
Pa eﬁ\ \@sical Data Type Access Access Value/Descriptidg
dress Type Type PDI
\ EtherCAT
Watchdog divider ] 0x0400 WORD Rwl r
8.2.1.3.2 PDI Watchdog
8.2.1.3.2.1 Coding
typedef struct
{
WORD PdiWatchdog;
} TPDIWATCHDOG;
8.2.1.3.2.2 Description

The PDI Watchdog protocol is specified in Table 41.
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Table 41 — PDI Watchdog

PAS 62407 © IEC:2005(E)

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT
PDI Watchdog 0x0410 WORD Rwl r

8.2.1.3.3 Sync Manager Channel Watchdog
8.2.1.3.31 Coding
typedgf struct
{
WORI] SyncManChannelWatchdog[16];
} TSYNCMANCHANNELWATCHDOG;
8.2.1.8.3.2 Description
The Sync Manager Channel Watchdog protocol is specified in Rable
Table 42 — Sync Manager Clynel\ atchdo
Parameter Physical Data Type Adces Atcess Value/Descriptign
Address pe ype\PDI
/\. EtherCA
Sync Manager Channel 0 | 0x0420 WORD & Rwl e
Watchdog \
Sync Magnager Channel 1 | 0x0422 e} r
Watchdog N
Sync Manager Channel 2 OX%\ )AO\R\K KBRW|\>\/ r
Watchdog / N
Sync Manager Channel 3 [(KO4>6\\‘ W\\\ Rw) r
Watchdog A
Sync Manager Chan x0428 W, \) Rwl r
Watchdog NS
Sync Manager ChanneY” WW Rwl r
Watchdog N \/\
Sync Manager Channel 6 042 \WRD Rwl r
Watchdog yaN
Sync Manager ann?l\K 042\/ WORD Rwl r
Watchdog /™ w P
Sync Manager Cmel 0x0480 WORD Rwl r
Watchdog
Sync Manager. Chaw/>0x0432 WORD Rwl r
Watchdog
Sync Mpdager Channel 0x0434 WORD Rwl r
10 Watthdag
Sync Manager Channel 0x0436 WORD Rwl r
11 Watchdog
Sync Manager Channel 0x0438 WORD Rwl r
12 Watchdog
Sync Manager Channel 0x043A WORD Rwl r
13 Watchdog
Sync Manager Channel 0x043C WORD Rwl r
14 Watchdog
Sync Manager Channel 0x043E WORD Rwl r
15 Watchdog
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8.2.1.3.4
8.2.1.3.4.1

typedef struct

{
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

unsigned
<L

Coding

SyncManChannelOWdStatus:
SyncManChannellWdStatus:
SyncManChannel2WdStatus:
SyncManChannel3WdStatus:
SyncManChannel4WdStatus:
SyncManChannelb5WdStatus:
SyncManChannelé6WdStatus:
SyncManChannel7WdStatus:

M 1SS

— 87 —

Sync Manager Watchdog Status

uns yerree
unsjgned
unsjgned
unsjgned
unsigned
unsjgned
unsjgned
unsjgned

SyncManChannel9WdStatus:

SyncManChannellOWdStatus:
SyncManChannelllWdStatus:
SyncManChannell2WdStatus:
SyncManChannell3WdStatus:
SyncManChannell4WdStatus:
SyncManChannell5WdStatus:

} TSYNCMANCHANNELWDSTATUS;

8.2.1.8.4.2

The Sync Manager Watchdog Status protocol is specjfied inYablg

Description

Table 43 — Sync Manager

[ = N e R R R S e e

c dﬁSt us

Parameter Physical Data Ty N A cess\ Acgess Value/Descriptid
Address Type e PDI
\ erCAT
Sync Manager Channel 0 | 0x0450 Unsigned(1 R \) r
Watchdog Status
Sync Manager Channel 1 | Ox 50\( Unsign LR r
Watchdog Status N
Sync Magnager Channel 2 || 0xQ4 nsigned =y r
Watchdog Status AL
Sync Mgnager Charpel 0450 Yasi R r
Watchdog Status A
Sync Manager Channel 0%Q45 s\T'gpédﬂ R r
Watchdog Status
Sync Manager Chann 5 \ 0%045 \Ur(signed:1 R r
Watchdog Statq,a/\
Sync M nager nne\S\ O45W Unsigned:1 R r
Watch og tatys
Sync Manager C\Nel 0x04%60 Unsigned:1 R r
Watchdog Sta
Sync Mhnager Chw/>0x0451 Unsigned:1 R r
Watchdog Status
Sync Manager’Channel 9 | 0x0451 Unsigned:1 R r
Watchdog, Status
Sync Manager Channel 0x0451 Unsigned:1 R r
10 Watchdog Status
Sync Manager Channel 0x0451 Unsigned:1 R r
11 Watchdog Status
Sync Manager Channel 0x0451 Unsigned:1 R r
12 Watchdog Status
Sync Manager Channel 0x0451 Unsigned:1 R r
13 Watchdog Status
Sync Manager Channel 0x0451 Unsigned:1 R r
14 Watchdog Status
Sync Manager Channel 0x0451 Unsigned:1 R r
15 Watchdog Status
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8.2.1.4 Slave Information Interface

8.2.1.4.1 Slave Information Interface Access Flow Charts

Write SlI Control (Physical Memory
0x502-0x503)

8.21.4.11 Read Operation

Read Operation (0x503.0) ==
1?

— NO

4—ye

NN
ead32 Bata Bits from the Sl on the
Address\(Actual SIl Address (0x504-
Q N /. Ox507)

@ Reading Completed?
yes
v

Store 32 Data Bits in Actual Sll Data

(O EN0 N\ENDN
TOADTTORITTy

Y

Busy =0
Read Operation=0

.
Ll

y
< Finished >

Figure 19: Slave Information Interface Read Operation
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Write Sll Control (Physical Memory
0x502-0x503)

rite Operation
(0x503.1) ==
AND Write Enabled
(0x502 Q) == 12

8.21.4.1.2 Write Operation

<4—no

yes

~\35) «
N Cekdyp
AN

N Bhingirer
\(\ ite 1 ta\Bits’from the Actual Sl
Q ta(0x508-0x509) to the Sll on the

al Sll Address (0x504-
0x507))

Writing Completed ?

yes

Busy =0

Write Operation =0

< Finished >

Figure 20: Slave Information Interface Write Operation
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Write Sl Control (Physical Mem
0x502-0x503)

i

Reload Operation(0x503.2)

4—no
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g

Sl operation running (Busy

‘e (0x503.7) == 1)?

0)
A/

A

> Read 32 Data Bits from the SlI on the
Address 6

N,

Reading Completed?

yes

(0x140-0x141)
Stote higher 16 Data Bits in PDI
Caonfiguration (0x150-0x151)

Store higher 16 Data Bits in Sl Size
(0x500-0x501)

l

Ruc

=0
o

IRTSV]
BUSY

Read Operation=0

.
L

v

Finished

C )

Figure 21: Slave Information Interface Reload Operation

8.2.1.4.2

Slave Information Interface Area

The Slave Information Interface Area protocol is specified in Table 44.
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Table 44 — Slave Information Interface Area

Parameter Address Data Type Value/Description

PDI Control 0x0000 WORD Initialization value for PDI Control register (0x140-
0x141)

PDI Configuration 0x0002 WORD Initialization value for PDI Configuration register
(0x150-0x151)

Reserved 0x0004 BYTE[10] Shall be zero

E2PROM size 0x000E WORD Initialization value for Slave Information Interface Size
register (0x500-0x501)

Vendor ID 0x0010 DWORD Object 0x1018, Subindex 1

Produc} Code 0x0014 DWORD Object 0x1018, Subindex 2 N

Revisioh Number 0x0018 DWORD Object 0x1018, Subindex 3 | \(

Serial Number 0x001C DWORD Object 0x1018, Subindex4N (D N\

Executipn Delay 0x0020 WORD To be done NN >

Channdl A Delay 0x0022 WORD To be done NN\ 7

Channdl B Delay 0x0024 WORD To be done /\\ \\ \ N

Reservgd 0x0026 WORD Shall be zero >

Bootstrpp Receive 0x0028 WORD Receiye Mall et‘for ts\tfap state (Mastpr to

Mailboy Offset Slav )

Bootstrap Receive 0x002A WORD e e or Bootstrap state (Mastel to

Mailboy Size /\ lav

Bootstrap Send Mailbox 0x002C e} \ Sen Mail se for Bootstrap state (Slave tg

Offset aste

Bootstrap Send Mailbox 0x002E WORD end Maithox Size for Bootstrap state (Slave to

Size (\ Maste

Reserved Ongfib\ /’B*RE&O] \ hall\y\z/ero

First Category Header erOB‘SQ \l L/JQsig N5 Cayégory Type

IOx &Q\s\lmed:\k ‘V{ndor Specific
/\ \9x0082 ? Wéﬂ) ) Following Category Word Size
First Category Data \/ M (}Ktz%% " Category Data
A \,d&Q nt
Second Category He@eN\Q(OO\&{+ Ungigned: 15 | Category Type
/\\ 84\ Unsigned: 1 Vendor Specific
A \ 0\)\008%\/ WORD Following Category Word Size
Second Catego ta 0x0888 + x | Category Category Data
dependent
8.2.1.4.2.1 Slave Information Interface Size
8.21.42711 Coding

typedef struct

{

WORD

} TSERIALEEPROMSIZE;

8.2.1.4.21.2

Des

cription

SerialEeepromSize;

The Slave Information Interface Size protocol is specified in Table 45.

Table 45 — Slave Information Interface Size

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT
Size 0x0500 WORD R r E2PROM bit size
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8.2.1.4.2.2 Slave Information Interface Control/Status

8.2.1.4.2.21 Coding

typedef struct
{

unsigned EepromWriteAccess: 1;
unsigned Reservedl: 6;
unsigned EepromAddressAlgorithm: 1;
unsigned ReadOperation: 1;
unsigned WriteOperation: 1;
unsigned ReloadOperation: 1;
unsigned Reserved2: 3;
unsigned WriteError: 1;
unsigned Busy: 1;

} TSERIALEEPROMCONTROL;

8.2.1.4.2.2.2 Description

The SJave Information Interface Control/Status protocol is specified j

Table 46 — Slave Information Interface C

Parameter Physical Data Type Access Aceg s\ Value/Descriptign
Address Ty/p?\\‘&({ | \

EtherCAT \

E2PROM Write Access 0x0502 Unsigned:1 Rwl r \%0: only read access to
E2PROM
< 0x01: read and write

N access to E2PROM
Reservpd 0x0502 Unsigned:s \R\GL N\ |7 0x00
E2PROM Address 0x0502 Unsigned R \> r 0x00: I2C protocol to
Algoritlm E2PROM has one addqress

) byte

0x01: I2C protocol to

M x E2PROM has two address
/\ bytes

requested (paramete
write) or read operatipn not
busy (parameter read)

0x01: read operation

requested (paramete

write) or read operatipn
busy (parameter read)

Read (peration \) 0503 \ nsig eN Rw r 0x00: no read operatfon

To start a new read
operation there must|be a
positive edge on this
parameter

A

Write (peration 0x0503 Unsigned:1 Rw r 0x00: no write operatjon
requested(paramete
write) or write operation

not busy (parameter read)

0x01: write operation
requested (parameter
write) or write operation
busy (parameter read)

To start a new write
operation there must be a
positive edge on this
parameter

Reload Operation 0x0503 Unsigned:1 Rw r 0x00: no reload operation
requested (parameter

write) or reload operation
not busy (parameter read)

0x01: reload operation
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Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT

requested (parameter
write) or reload operation
busy (parameter read)

To start a new reload
operation there must be a
positive edge on this

parameter

Reserved 0x0503 Unsigned:3 R r 0x00

Write Error 0x0503 Unsigned:1 R r 0x00: no error on write
operaton

0x0[1: errorgn write

patation

Busy 0x0503 Unsigned:1 R r 0XQ0: opgration is\fin|shed
AN 0 AoperationNgbupy
8.2.1.4.2.3 Actual Slave Information Interface Add

8.2.1.4.2.31 Coding

typedgf struct

{
WORI SerialEeepromAddres
} TSERIALEEPROMADDRESS;

8.2.1.4.2.3.2 Description

The Aktual Slave Informati

Table 47 -
A\,
Parameter Access Access Value/Descriptign
Type Type PDI
A EtherCAT
Addres$ < \\Q(OE}D{ 9?( Rw r 16-Bit address

8.2.1.4.

8.2.1.4.2.41

typedgf sfruct
{

DWORD SerialEepromData;
} TSERTALEEPROMDATA;

8.2.1.4.24.2 Description

The Actual Slave Information Interface Data protocol is specified in Table 48.

Table 48 — Actual Slave Information Interface Data

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT
Data 0x0508 DWORD Rw r For the write operation
only the lower 16 Bit
(0x508-0x509) will be used



https://iecnorm.com/api/?name=296fa1c34fa55dadd4670620d270b57e

8.2.1.5
8.2.1.51 Cod

typedef struct
{

ing

—94 —

Fieldbus Memory Management Unit (FMMU)

PAS 62407 © IEC:2005(E)

DWORD LogicalStartAddress;
WORD Length;
unsigned LogicalStartBit: 3;
unsigned Reservedl: 5;
unsigned LogicalEndBit: 3;
unsigned Reserved2: 5;
WORD PhysicalStartAddress;
unsigned PhysicalStartBit: 3;
unsigned Reserved3: 5;
unsigned ReadEnable: 1;
unsjgned WriteEnable: 1;
unsjgned Reserved4: 6;
unsigned ChannelEnable: 1;
unsjgned Reserved5: 7;
unsjgned Reservedb6: 8;
WORII Reserved?7;
} TFMNU;
8.2.1.5.2 Description
The HMMU structure as specified in Table 49 and Fa « for each FMMU
channel.
Table 49 — Fieldbus Memory M e t t(F MU) Part 1
Parameter Physical Data\Jype sS \ Access Value/Descriptign
Address Typ Type PDI
(Offset) —~ \F\t rCA
Logical[Start Address 0x006Q | DWORD \_ KRwi R
Length 0x0804 WORR \\ “TRwh R
Logical[Start Bit [&Qoos Wne}Q\\Bw’l R
Resenfed N [Nax0006 > ] umsigneg:s > | R R 0x00
Y
Logical|lEnd Bit \/ 0 007\ b(ksign d:3 Rwl R
Reservpd AN 0007 Monsiarfed:s | R R 0x00
Physicql Start Addres\ ooo\s\ L waRD Rwl R
Physicql Start Bt \Q(ON B Unsigned:3 Rwl R
Reserv ed/\\ \\ O%QOAV Unsigned:5 | R R 0x00
Read Ejnable \ WB Unsigned:1 Rwl R 0x00: channel will be
ignored for read service
p 0x01: channel will be|used
for read service
Write Ephablée 0x000B Unsigned:1 Rwl R 0x00: channel will be
ignored for write service
0x01: channel will be used
for write service
Reserved 0x000B Unsigned:6 R 0x00
Channel Enable 0x000C Unsigned:1 Rwl 0x00: channel not active
0x01: channel active
Reserved 0x000C Unsigned:15 R R 0x0000
Reserved 0x000E WORD R R 0x0000
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Table 50 — Fieldbus Memory Management Unit (FMMU) Part 2

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT
FMMU channel 0 0x0600 TFMMU Rwl R
FMMU channel 1 0x0610 TEMMU Rw R
FMMU channel 2 0x0620 TEMMU Rwi R
FMMU channel 3 0x0630 TEMMU Rw R
FMMU channel 4 0x0640 TEMMU Rwi R
FMMU Ehannel 5 0x0650 TFMMU Rwl R o~
FMMU Ehannel 6 0x0660 TEMMU Rw R AN\
FMMU Ehannel 7 0X0670 TEMMU Rwl R A OV IX
FMMU Ehannel 8 0x0680 TEMMU Rw R \ \\ \\ >
FMMU Ehannel 9 0x0690 TEMMU Rwi R N N 7
FMMU Ehannel 10 0X06A0 TEMMU Rw R WD\ Y
FMMU Ehannel 11 0x06B0 TEMMU Rw RN
FMMU Ehannel 12 0x06C0 TEMMU Rwl ( )f\ \\\ \/\
FMMU Ehannel 13 0x06D0 TEMMU
FMMU Ehannel 14 0X06EO TR, /“gﬁy’ LR )
FMMU Ehannel 15 0x06F0 TFI\M \\\Rwl\ R /

8.2.1.6 Sync Managey

8.2.1.6.1 Coding

typedd
{
WORJ
WORI]

uns} 2;
unsj 2;
unsj 1;
unsj 1;
uns } 1;
unsj 1;
uns j 1;
unsj 1;
uns j 1;
uns S 1;
unsigned geBufferState: 2;
unsjgned Reserved3: 2;
unsigned ChannelEnable: 1;
unsignea Reservedo: H
unsigned Reserved6: 8;

} TSYNCMAN;

8.2.1.6.2 Description

The structure specified in Table 51 and Table 52 is the same for each Sync Manager channel.
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Table 51 — Sync Manager Structure Part 1

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
(Offset) EtherCAT
Physical Start Address 0x0000 WORD Rwl r
Length 0x0002 WORD Rwl r
Buffer Type 0x0004 Unsigned:2 Rwl r 0x00: buffered
Ox02:/q%ued
Directign 0x0004 Unsigned:2 Rwil r read
G ,
N
Reservgd 0x0004 Unsigned:1 R r < \Q b& \ \>
AL Evept Enable 0x0004 Unsigned:1 Rwl < r \ :
01:YAL event is act|ve
(when buffer was acdessed
A VQ & d is no longer lockgd)
Watchdog Enable 0x0004 Unsighed:1 _Rwi @ 0x00: Watchdog disapled
<\ 0x01: Watchdog enabled
Reservpd 0x0004 Unsignau:t R\ N [T 0x00
Write Ejvent 0x0005 Unsigned;j R \> r 0x00: no write event
/\ 0x01: write event
/]
Read Ejvent 0x0085 \l UnS|g . ‘R)\/ r 0x00: no read event
I\/\ 0x01: read event
Watchdog Trigger 0005 w R r 0x00: watchdog was pot
triggered
0x01: watchdog was
/\ triggered
queued| State 0x8005 W/S|gned.1 R r 0x00: buffer read
0x01: buffer written
N
bufferefl atc\ 0x0Q05 Unsigned:2 R r 0x00: first buffer
0x01: second buffer
b 0x02: third buffer
0x03: buffer locked
Reserved 0x0005 Unsigned:2 R r 0x00
Channel Enable 0x0006 Unsigned:1 Rwl r 0x00: channel disabled

0x01: channel enabled

Reserved

0x0006 Unsigned:15 R r 0x00
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Table 52 — Sync Manager Structure Part 2

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
EtherCAT
Sync Manager channel 0 0x0800 TSYNCMAN Rwil r
Sync Manager channel 1 0x0808 TSYNCMAN Rwl r
Sync Manager channel 2 0x0810 TSYNCMAN Rwil r
Sync Manager channel 3 0x0818 TSYNCMAN Rwil r
Sync Manager channel 4 0x0820 TSYNCMAN Rwl r
Sync Manager channel 5 0x0828 TSYNCMAN Rwil r /\
Sync Manager channel 6 | 0x0830 TSYNCMAN Rwl r /\& ~ \\
Sync Manager channel 7 | 0x0838 TSYNCMAN | Rwl r / \ \\ \

Sync Mnager channel 8 | 0x0840 TSYNCMAN | Rwl N \\ \\/

Sync Manager channel 9 0x0848 TSYNCMAN Rwl r & \ \ \ >

Sync Manager channel 0x0850 TSYNCMAN Rwl < r \\

10 \\

- ~
Sync Manager channel 0x0858 TSYNCMAN Rwl
1 O

Sync Mlanager channel 0x0860 TS\NAN @\// 6 :>
12 /

Sync Manager channel 0x0868 TSY@A\&\\@\ \\FJ
13

Sync Manager channel 0x0870 TSYNCM | r
14 R

Sync Manager channel 0x0878 TW\)?V r
15

8.2.1.

8.2.1.

typedd
{
DWOH
DWOH
BYTH
UINT
BYTH
UINT
DWORD SystemTimeTransmissionDelay;

BYTH Reserved3[4];
} TDC DANQMTQQT(\T\T;

typedef struct
{

WORD InterruptSignalConfiguration;
BYTE Reservedl [8];

unsigned InterruptlStatus: 1;
unsigned Reserved2: 7;
unsigned Interrupt2Status: 1;
unsigned Reserved3: 7;
unsigned CyclicOperationEnable: 1;
unsigned InterruptEnable: 1;
unsigned Reservedd: 14;
DWORD CyclicOperationStartTime;
BYTE Reserved5[4];

DWORD InterruptlCycleTime;

DWORD Interrupt2DelayTime;

} TDCINTERRUPT;
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8.21.7.2 Description

The Distributed Clock Structure is specified in Table 53 and Table 54.

Table 53 — Distributed Clock Structure Part 1

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
(Offset) EtherCAT
Receive Time Channel A 0x0900 DWORD Rf r A write access latches the
local time (in ns) at receive

f this
heter

d

v
ife’access,latchejs the
s) at r¢ceive
begin ®§n channel B of this

Receivg¢ Time Channel B 0x0904 DWORD Rf

correctly)

r

/&\ in this parameter
i atch of channgl B is
ehabled and if the
tefegram was receiveld

TAN

)

i/

Reservpd 0x0908 BY@:‘[}}\ ('\ }
N
A write access compgres

value (if the telegram|was
received correctly), the
result will be the input of
DC PLL

System| Time 0x0910 UINT f .
the latched local system
time (in ns) at receivé
begin on channel A of this
Q) telegram with the wriften
R

Reservpd (A\ 00918 0 NB¥PEBN

System| Time Offset Vv INT64 Rwl r Offset between the Igcal
system time (in ns)

(\ time (in ns) and the I¢cal

System| Time 0x0928 DWORD Rwl r Offset between the
Transmlission D¢lay reference system timg (in
\ ns) and the local sysfem
<\ \ time (in ns)
Reservpd X 2c BYTE[4] R r
P
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Table 54 — Distributed Clock Structure Part 2

Parameter Physical Data Type Access Access Value/Description
Address Type Type PDI
(Offset) EtherCAT
Reserved 0x0970 BYTE[2] R r
Interrupt Signal 0x0972 WORD Rwl r 0x0000: interrupt signal
Configuration will be reset when the
corresponding Interrupt
Status is read
in 40
upt
Reserved 0x0974 BYTE[8] r N
Interrugt 1 Status 0x097C Unsigned:1 R r \
Reservpd 0x097C Unsigned:7 /\\ \
Interrugt 2 Status 0x097D Unsigned:1 A \ \ Npot agtive
/\\ T\active
Reservgd 0x097D Unsigned:7 B,\ va / o \ \/
Cyclic Qperation Enable 0x097E Un@<“§wl < r )\> 0: disabled
N . 1: enabled
Interrugt Enable 0x097E Unsi A1 Rwy r 0: disabled
\ 1: enabled
Reservhd 0xQg7E, /m\ed:}\K \V r
Cyclic Qperation Start 0x0980 \& DWO \ Rw r The interrupt generatjon
Time will start when the lower 32
bits of the system time will
/\ reach this value (in np)
Reservpd N nQxQgs4 \ E\TE[}@ r
Interrugt 1 Cycle Time 0x0Q88 \‘6 % R r Cycle time of the firsf
interrupt (in ns)
Interrupgt 2 Dela e x098C DWORD R r Delay time of the secpnd
interrupt after the firsft
/\ S interrupt (in ns)

AN
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Application Memory

Queued Access Type Flow Charts

Write Access from Master (see Figures 22 and 23)

@rite queued Memory from Master>

Sync Manager channel

T no

ddress and direction match 2

yes

tate (Offset 5.3) ==
free)?

(buffer

+—no yes

FirstByteAddressed ==
TRY

FirstByte adidressed from
Masteg?

<—no yes

Mddressedﬂag = TRUE

yes

<
y
Write Memory (while receiving )
: : Increment WKC (while receiving )

ino Telegram correctly received ?

> FirstByteAddressedFlag = FALSE yes

[¢——— no Last Byte addressed ?

-

yes

State (Offset 5.3) = 1 (buffer full)
FirstByteAddressedFlag = FALSE
If Watchdog Enabled (Offset 4.6) ==
{ Watchdog Trigger (Offset 5.2) = 1;
If AL Event Enable (Offset 4.5) ==
{ Write Event (Offset 5.0) = 1;
Set AL _Event(channel); }

Y
< Finished >

Figure 22: Write Queued Access Type Memory from Master
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Read queued Memory from AL
Controller

Sync Manager channel

no \a@s and direction match?

yes

P no State (Offset 5.3) == 1 (buffer
' full)?
YIS
FirstByteAddressedFlag = TRUE
< no FirstByteAddresse

4

If AL Event Enable (Offset 4.4) == 1
{ Write Event (Offset 5.0) F O;
Reset AL_Event(channel); }

N
4 N R

N

Last Byte addressed? yes

4

State (Offset 5.3) = 0 (buffer free)
FirstByteAddressedFlag = FALSE
no ‘

< Finished )

Figure 23: Read Queued Access Type Memory from AL Controller
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8.2.21.2 Read Access from Master (see Figures 24 and 25)

Write queued Memory from AL
Controller

Sync Manager channel
ddress and direction match?

yes

State (Offset 5.3) ==
free)?

(buffer

>

\Eirs/tByteAddressedFlag = TRUE

4
If AL Event Enable (Offset 4.5) ==
{ Read Event (Offset 5.1) = 0;
Reset AL_Event(channel); }

& S

A v
<\ Write Meémory

ast Byte addressed?

yes

State (Offset 5.3) = 1 (buffer full)
FirstByteAddressedFlag = FALSE

no
|
v

< Finished >

Figure 24: Write Queued Access Type Memory from AL Controller
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Gead queued Memory from MasteD

Sync Manager channel
address and direction match?

yes

y

no tate (Offset 5.3) == 1 (buffer

full)?

yes

FirstByteAddressedFlg \

TR

E&Qte dreWTRUE yes
N

Qe

\‘Igea mory (while sending)
Increment WKC (while receiving)

First Byte addressed from
Master?

%

Telegram correctly received?

\xstByt ddressedFlag = FALSE yes
Y —

Last Byte addressed?

yes

State (Offset 5.3) = 0 (buffer free)
FirstByteAddressedFlag = FALSE
If AL Event Enable (Offset 4.5) ==
{ Read Event (Offset 5.1) = 1;
Set AL_Event(channel); }

4
< Finished >

Figure 25: Read Queued Access Type Memory from Master
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Buffered Access Type Flow Charts
Write Access from Master (see Figures 26 and 27)

@rite buffered Memory from Mast@

8.2.2.2
8.2.2.2.1

Sync Manager channel
ddress and direction match?

yes

A

A\

Write Memory (while recefying)
Increment WKC (whiW| ing)

Exchange Buffer

K <)
2
>

A

Set AL_Event(channel)

A 4
< Finished >

Figure 26: Write Buffered Access Type Memory from Master
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Read buffered Memory from AL
Controller

Sync Manager channel
ddress and direction match?

no

First Byte addressed?

Vﬁ AN
%@Mitten buffer

A

\> Reset AL_Event(channel)

v L(y

ead Memory

A

Finished >

Figure 27: Read 3 Buffered Access Type Memory from AL Controller
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8.2.2.2.2 Read Access from Master (see Figures 28 and 29)

Write buffered Memory from AL
Controller

Sync Manager channel
ddress and direction match ?

——No

First Byte addressed ?

)

N

Q\%?é %Eve channel)

yes

Q& Exchange Buffer

no ‘

& Finished )

Figure 28: Write Buffered Access Type Memory from AL Controller
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Gead buffered Memory from Master>

Sync Manager channel

no address and direction match 2

yes

4—no Telegram correctly received ?

yes

First Byte addressed ?

NN

N4
\GWen buffer
N
A I
Wri mory
N O\
< o Lasy/Byte addressed ? yes

Set AL_Event(channel)
\ no ‘
A
( Finished \

A

Figure 29: Read Buffered Access Type Memory from Master
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9 Contents of Part 5: Application Layer Service definition

9.1 Communication Model Overview

The EtherCAT Application Layer distinguishes between master and slave. The communication
relationship is always initiated by the master. The communication between two slaves is
supported but in that case a master is involved for the routing. The communication between
two masters is not supported but two devices with master functionality may communicate with

each other if one of the devices supports slave functionality as well.

An Et'\arf‘/\-r communicationnatwork consicste aof at laact ana mactar davica and ana ar many
Hetror—CoH et e e WO G55t o T—at—rea St orRe—HasSte—ae16e c—oHe—of

slave |devices. All devices shall support the EtherCAT State Machine
suppolrt the transmission of EtherCAT Process Data.

9.2 |Slave
9.2.1 Slave AL Classification

From fhe application layer point of view, slave devices are
an application controller and more complex devices wi

NOTE:| The DL slave classification in Basic Slaves and Full
addresging mechanisms are invisible at the AL interface.

9.2.2 Simple Slave Device
Simpl

descri
a read

T

) andy

should

ithout

hce DL

levice
ithout

> AL- AL-

Status| ™~ [Conirof L 0oess Data f---
Register

DL

4

EtherCAT - Read / Write Services

Figure 30: Simple Slave Device

9.2.3 Complex Slave Device

As noted in Figure 31, Complex devices shall support
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e the Mailbox,
e the CoE object dictionary,
e the expedited SDO services to read and/or write the object dictionary data entries, and

e the SDO Information service to read the defined objects in the object dictionary and each
entry description in compact format.

For the Process Data transmission the PDO mapping objects and the Sync Manager PDO
Assign objects, which describe the process data layout, shall be supported for reading. If a
complex device supports configurable process data, the configuration shall be done by writing
the PDO mapping and/or the Sync Manager PDO Assign objects.

Application
ya
AL oD </§ K\
S PDO Mafpi \>
__________________________ SM-F}QQ-AQSigI’\L
ESM S NN

Status Control

Register

oc T 1 (e
N

>
P

3.1¥ Complex Slave Device

9.24
9.2.4.1

The AL Manag includes the EtherCAT State Machine (ESM) which describes the |states
and sjate change he slave application. The actual state of a slave application shall be
reflecled, inythe AL“Status Register by the application and requested state changgs are
indicafed in the AL Control Register by the master.

The ESM logically is located between the EtherCAT Slave Controller (ESC) and the
application.

The ESM defines four states, which shall be supported:

e |nit,
e Pre-Operational,
e Safe-Operational, and

e Operational.
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All state changes are possible except for the ‘Init’ state, where only the transition to the ‘Pre-
Operational” state is possible and for the ‘Pre-Operational’ state, where no direct state
change to ‘Operational’ exists.

State changes are normally requested by the master. The master requests the AL Control
service which results in an AL Control indication in the slave through an AL Control event.
The slave shall respond to the AL Control service through a local AL Status write service after
a successful or a failed state change. If the requested state change failed, the slave shall
respond with the old state and the error flag set.

The Bootstrap state is optional and there is only a transition from or to the Init state. The only
purpoge ofthts—state—s—todowntoad-the—device'sfirmware—n Buutatlap state—themaitbox is
active|but restricted to the FileAccess over EtherCAT (FoE) protocol.

The EtherCAT State Machine is specified in Figure 32.

A

<

(o I GG
\

Pre-Operational Boefs{rap
N\

AN
(©n S)@) C(SI) Q

(OP) exQperational

£

The lgpcal mana ices_are/related to the transitions in the ESM, as specified in
Table|55. If t I ibn will
process all of the

b - Btate transitions and local management services
btate transi%n\/ local management service
IP Start Mailbox Communication
Pl Stop-Maitbex-Communication
PS Start Input Update
SP Stop Input Update
SO Start Output Update
oS Stop Output Update
OoP Stop Output Update, Stop Input Update
Sl Stop Input Update, Stop Mailbox Communication
Ol Stop Output Update, Stop Input Update, Stop Mailbox Communication
1B Start Bootstrap Mode
Bl Restart Device
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9.2.4.2 EtherCAT States

9.2.4.21 Init

- 111 -

The ‘Init’ state defines the root of the communication relationship between the master and the
slave in application layer. No direct communication between the master and the slave on
application layer is possible. The master uses the ‘Init’ state to initialize a set of configuration

register of the ECSC.

manager configurations are also done in the ‘Init’ state.

9.2.4.2.2 Pre-Operational

If the slave supports an EtherCAT mailbox, the corresponding sync

In thg 'Pre-Operational” state the EtherCAT mailbox I1s active, It the s the
optional mailbox. Both the master and the slave can use the mailbox (and priate
protodols to exchange application specific initializations and param data
commyunication is possible in this state.
9.24.2.3 Safe-Operational
In thg ‘Safe-Operational’ state the application of the sl [ data
withoyt manipulating the output data. The outputs shall be
9.24.2.4 Operational
In thg ‘Operational a and
applicption of the master shall deliver actualou
9.24.2.5 Bootstrap
In thel optional ‘Bootstrap B new
firmware downloaded with
9.24.38 Eth@
The pfimitives of the imitives
described in the D
management and ESM service primitives
Ak/mwbgmﬁniﬁ'im\l\{vesv EtherCAT state service primitives
AL COMN \\/ WriteRegisterEvent(AL Control), ReadRegisterLocal(AL Control)
AL|Control. rsN > WriteRegisterLocal(AL Status)
AL |State Acknowledge ind: WriteRegisterEvent(AL Control), ReadRegisterLocal(AL Control)
AL|State Acknowledge.rsp: WriteRegisterLocal(AL Status)
AL State Changed.req: WriteRegisterLocal(AL Status)
9.2.4.3.1 AL Control Sequence

The primitives between master and slave in case of a successful AL Control sequence are
specified in Figure 33.
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Master Slave
AL Control.req
[N IR EEE S AL Control.ind
AL Control.rsp
AL Control.con I B
\//%
Figure 33: Successf ont@ce

rimitives between master and sldve in casg o

ed in Figure 34.

nsuccessful AL Control sequen

ontxol.con (-)

-1
———
-
-
-
-
—-’
-
-

.
<

N

AL State Acknowledge.req

Slave

AL Control.ind

-
-
- »
>

AL Control.rsp (-)

-
ﬂ—’
-
-

AL State Acknowledge.con __

= -
S~ ~a o
- -

-
-
-
-
-
-

<

AL State Acknowledge.ind

- o
»

F -

AL §tate Acknowledge.rsp

-
-
-
-

Figure 34: Unsuccessful AL Control sequence
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9.2.4.3.2 AL State Changed Sequence

The primitives between master and slave in case of a AL State Changed sequence are
specified in Figure 35.

Master Slave

ALState bhapg%'.req

<

AL State Changed.ind o1 \

«

AL State Acknowledge.req

N IR TS I @S@ Agknowledge.ind
>

~N
/\L‘S(Qte knowledge.rsp

-

<

hanged sequence

9.2.4.8.3 AL<§
The AL Control serVice
state fransition in

confirm the state
master to get the

able 57 shall be used from the master to request a
g by writing the AL Control register. The slavg shall
by\writing the AL Status register, which will be read frgm the

In cage N NSY | state transition (parameter Error Flag = TRUE), the mastef shall
acknowledge thig‘se jith the AL State Acknowledge service.

Table 57 — AL Control Service

Parameter Request/Indication Response/Confirmatiop
Argument Mandatory
AL Control Mandatory
Result Mandatory
AL State Mandatory
Error Flag Mandatory
Argument

The argument shall convey the service specific parameters of the service request.
AL Control

This parameter indicates the state which is requested by the master in the slave’s
application.
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Result
The result shall convey the service specific parameters of the service response.
AL State
This parameter indicates the actual state of the slave’s application.
Error Flag

This parameter shall be TRUE, if the parameter AL State of the response is unequal

the requested AL State.

9.2.4.3.4 AL State Changed Service

Additipnally the slave’s application can indicate a local state transition writing the AL
Statug register as specified in Table 58. The master shall acknowled ate(tramsition
with AL State Acknowledge Service.

Table 58 — AL State Changed Ser%

Parameter Request/Indication A \ \I&oke/&mﬂ{matio

Argunent Mandatory \\\\>
\

Al State Mandatory
N
Argument
Thie argument shall convey the ser¥wce 6 ters of the service request.
Al State

This parameter indicates the ch slave’s application.

9.2.4.8.5 AL State A

The AL State Acknowlgdy i ifiedHn Table 59 shall be used from the ma
sitiol in the slave’s application by writing t
e service by writing the Device Status repister,

acknowledge an
Contrgl register:
which|will be read fr

bhe confirmation.

AL State Acknowledge Service

ster to
ne AL

/{ar meth \ \/ Request/Indication Response/Confirmation
Argunje \\> Mandatory
Al Cﬂo%\ \ Mandatory
Resul A4 Mandatory
Al State Mandatory
Argument

The argument shall convey the service specific parameters of the service request.

AL Control
This parameter indicates the state to be acknowledged.
Result
The result shall convey the service specific parameters of the service response.
AL State
This parameter indicates the actual state of the slave’s application.
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9.24.4 Local Management services

The local management services describe the behaviour of the master and slave in case of the
allowed state transitions mentioned above.

9.2.4.4.1 Start Mailbox Communication

With the Start Mailbox Communication service the master’'s application requests the ‘Pre-
Operational’ state of the slave’s application, if the slave’s application is in the state ‘Init’.

The master shall configure the DLL registers and the sync manager channels for the mailbox
befor requesting this service. Then the master shall wait for the confirmation of the slave

beforg sending other commands to the slave.

If the |slave supports the EtherCAT mailbox, the slave’s application sf ihgs of
the sync manager channels 0 and 1 and initialize its mailbox h S i before
confirlning the state change by writing the AL Status regjs s Slave
Controller. If the configuration of the sync manager channels\0 ans > slave

shall ¢onfirm this service with success.

If the |slave does not support an EtherCAT mailbox, ) all be
configlured from the master to confirm the state change p htely.
9.2.4.4.2

With the Stop Mailbox Communication s ’ state

of the|slave’s application, if the slave’s/As in the st

If the|slave supports the ! ailbox
handlér before confirming a i rCAT
Slave|Controller. The i i j

If the [slave doe
v

configlured from t

ailbox, the EtherCAT Slave Controller shall be
tate change in the AL Status register immediately.

9.2.4.4.3
With the Sta E ice the master’s application requests the ‘Safe-Operational’
state of S 3 ation; if the slave’s application is in the state ‘Pre-Operational’

The master sh@ll configure the sync manager channels for the process data and the FMMU
channels before requésting this service. After requesting the state transition the mastef shall
also start 'with the transmission of the process data services, but the master shall igndre the
input gata“until the slave has confirmed the state transition.

If the slave supports the EtherCAT mailbox, the slave’s application shall read the
configuration of the sync manager channels configured for process data transfer and shall
check if these settings match to its local process data configuration. If the checking was
successful, the slave’s application shall deliver valid input data before confirming the state
transition. The output data of the slave shall stay in safe state. If the checking of the sync
manager configuration was unsuccessful, the slave shall confirm this service with the ‘Pre-
Operational’ state and sets the Error Flag parameter TRUE.

If the slave does not support an EtherCAT mailbox, the EtherCAT Slave Controller shall be
configured from the master to confirm the state change in the AL Status register immediately.
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9.24.4.4 Stop Input Update

With the Stop Input Update service the master’s application requests the ‘Pre-Operational’
state of the slave’s application, if the slave’s application is in the state ‘Safe-Operational’.

The master shall stop transmission of process data requests before requesting the state
transition.

If the slave supports the EtherCAT mailbox, the slave’s application shall stop updating the
input data before confirming the state transition. The slave shall confirm this service always
with success.

If the [slave does not support an EtherCAT mailbox, the EtherCAT Slavé Co
configured from the master to confirm the state change in the AL Statug’re

The s|ave’s application can use this service to indicate a local sta
becausse of an unexpected error.

9.2.4.4.5 Start Output Update

With the Start Output Update service the master’s application reg the * i state
of the[slave’s application, if the slave’s application ig i »

The master shall deliver valid output
state {ransition.

ihg the

If the|slave supports the EtherCAT valid
outpuf data received with iW itipn. If
the agtivation of the outp th the
‘Safe-Operational’ statg and

If the [slave doeg’net all be
configlured from tk ASH iately.
9.2.4.4.6

With the Stog

state ¢f the sl

If the glave™s EFtherCAT mailbox, the slave’s application shall set the output|in the

safe dtate befare.confirming the state transition. The slave shall confirm this service glways
with spccess.

If the bidvc UIUUb IIUt buppuﬁ darll EtiICICAT Illdiill)U)\, iilc EtiIGICAT SidVU CUIItIU“UI bi a” be
configured from the master to confirm the state change in the AL Status register immediately.

The slave’s application can use this service to indicate a local state transition, for example
because of an unexpected error.

9.2.4.4.7 Start Bootstrap Mode

With the Start Bootstrap Mode service the master’s application requests the ‘Bootstrap’ state
of the slave’s application, if the slave’s application is in the state ‘Init’.

The master shall configure the sync manager channels for the mailbox before requesting this
service. The sync manager configuration for the mailbox in Bootstrap state can differ from the
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configuration in the other states. Then the master shall wait for the confirmation of the slave
before sending other commands to the slave.

The slave’s application shall read the settings of the sync manager channels 0 and 1 and
initialize its mailbox handler appropriately before confirming the state change by writing the
AL Status register of the EtherCAT Slave Controller. If the slave’s application supports the
Bootstrap state and the configuration of the sync manager channels 0 and 1 are correct for
the Bootstrap state the slave shall confirm this service with success.

9.2.5 Mailbox

9.2.5.1 Overvew

The EtherCAT Mailbox is mandatory for each complex slave device.

The mailbox works in both directions — from the master to a slave and fro \ g [to the
mastelr. It supports full duplex, independent communication i ultiple
protoqols. Slave to slave communication is managed by the r. The

mailbgx header contains an address field that allows the priate
messages.

The mailbox uses the two first sync manager channégls, i i nager
channel 0 from the master to the slave and sy g to the
mastelr). The sync manager channels a1® conf| \1 r side
from an overrun. Normally the mailbo single
slave.| Therefore the physical addressing of the
logical addressing.

9.2.5.1.1 Communica

The mjaster has to ches i i i bve. |If
the wprking counter did Rot\| bletely
read » ) slave
accepfed it. No i , this lies i ibili higher

hat a slave has filled the sync manager 1 with a mailbox
appropriate read command as quickly as possible.

There| are diffe [ [ i . clever
solutign is~te. configu “wri it” i i 1 to a
logica address and to read this bit cyclically. Using a Ioglcal address enables the p05>|bility

Lal bit
address. The drawback of this solution is that one FMMU per slave is needed.

Another solution is to simply poll the sync manager data area. The working counter of that
read command will only be incremented once if the slave has filled the area with a new
command.

9.2.5.2 Mailbox Transmission Services

The primitives of the Mailbox services are mapped to the queued type application memory
primitives described in the DL:

Mailbox Write.ind: Write Memory Event, Read Memory Local
Mailbox Read.req: Write Memory Local, Read Memory Event
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The following diagram shows the primitives between master and slave in case of a successful

Mailbox Write sequence.

Master

Mailbox Write.req

Slave

Mailbox Write.ind

The fgllowing diagram gho
Mailbgx Read sequence.

AN
N

essful

-
—’—
-
=

Slave

Mailbox Read.req

Mailbox Read.ind

<

-
-
-

.
-
-
-
L -

Figure 37: Successful Mailbox Read sequence
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9.2.5.2.1 Mailbox Write

The Mailbox Write service as specified in Table 60 is based on writing (transmission from
master to slave) queued type memory to get an acknowledged transmission of data.

Table 60 — Mailbox Write

Parameter Request/Indication Confirmation

Argument Mandatory

Length Mandatory

Address Mandatary

CHannel Mandatory

Prlority Mandatory

Type Mandatory

Sdrvice Data Mandatory (\
Resul andatory N

Syccess Q&\A tor
Argument \>

Thie argument shall convey the se
Length
Address

This parameter cow
slave communigati

CHannel

This para

quuivication
Pr

Resul

Thleresult shall convey the service specific parameters of the service acknowledge.

unication priority.

coxtaing the protocol type of the used mailbox service.

contains the service parameter of the used mailbox service.

para et@o the service request.
Service Data.

of the source station to allow slave to

channel.

Success

This parameter contains the information if the transmission was successful.

9.2.5.2.2 Mailbox Read

The Mailbox Read service as specified in Table 61 is based on reading (transmission from
slave to master) queued type memory to get an acknowledged transmission of data.
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Table 61 — Mailbox Read

Parameter Request/Indication Confirmation
Argument Mandatory
Length Mandatory
Address Mandatory
Channel Mandatory
Priority Mandatory
Type Mandatory
Sdrvice Data Mandatory
Resul
Syccess
Argument

Thle argument shall convey the service specific param
Length

Address

This parameter contains the station™\ad slave
communication.

CHannel
This parameter co
Prlority

This parameter

Type Q
This parameétg

Sdrvice Data
This pgz
Resul

This parametef contains the information if the transmission was successful.

9.2.5.8 Mailbox protocols

The following protocol types are defined so far:

e CANopen over EtherCAT (CoE)
e Ethernet over EtherCAT (EoE)
e File Access over EtherCAT (FoE)

They are introduced within the next paragraphs.
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9.2.6
9.2.6.

EtherCAT Process Data

1 Overview

For the process data communication usually the application memory of the buffered type is
used that master and slave always have access to the EtherCAT Process Data.

For complex slave devices the contents of the EtherCAT Process Data shall be described by
the PDO Mapping and the Sync Manager PDO Assign objects of the CoE interface

For simple slave devices the EtherCAT Process Data is fixed and shall be defined in the
devicedescription file

Althoygh EtherCAT uses a master/slave communication model, co ween
slaveq can be created very easily using the features of the Fieldbu ment
Unit (FMMU). To this end, memory areas from the 4 GB logical addre cated
for slpve to slave communication and cyclically exchanged haster
alternptely issues a read query and, in the next cycle, a wri ective
memory area. All slaves that are configured accordip S slave
commpunication data or retrieve them during the next cy these data are
transgarent - it merely deals with the cyclic exchange,

Comppred with party line bus systems, i same
commpunication medium, one cycle is 'w e than compensated|for by
the oytstanding usable data rate and es. The strategy desgribed
above| also has the advantage, that the’s . wpupication data are collected from
several sources and then simultaneousg atall addressed destinations during thg next
cycle.| At a cycle time of, for exampl approxinately 1000 bytes can be senft from
almosf any number of sourge

Even jtiated
by the master is absp cyclic
proce

9.2.6.

The pri type
applic

Procep Write Memory Event

Updat ta Local: Read Memory Local

The fpllowing diagram shows the primitives between master and the slaves for a Pfocess
Outpull Datda sequence.
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Master Slave [1..n]

Process Output Data Update.req

I
L

“~F-~- Procegs Output Data Event (Channel)

Progess Output Data Event (Channel)

o
»

Process Output Data Event (Channel)

Process Output Data Update.con 1

-

<
<

The npaster usually sends process outpu , . he AL
Event y . ’ ad the
proces \ \ '

9.2.6.

The pfi
memo

ication

Updat
Procep

(Vrite Memory Local
Read Memory Event

The follgwi iagram shows the primitives between master and the slaves for a Pfocess
Input S
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Master Slave [1..n]
Update Process Data Local (Channel)
<
Update Process Data Local (Channel)
Update Process Data Local (Channel)
Process Input Data Update.req <
> - _ Procegs Input Data Event (Channel)

Pro

Process Input Data Update.Con BV e -

Event|of the corresponding Sync Man ger

he AL
te the

process input data at any.

9.2.7 ¢

9.2.7.1 Ove

CANopen is a comfmunicatio \protocoloriginally developed for CAN-based systems. |t is a
standardized emKea » highly flexible configuration capabilities. CANopen was
designmed for maotion-oxiented Wachine control networks, such as handling systems. By |now it
is usgd in &« vari oRyapglications areas, such as medical equipment, off-road vehicles,
maritime electkonigs Tpublic trafisportation, building automation, etc.

CANo

handgd over\to
Versign 4 ©f,CANop

Stand

AN in Automation (CiA) international users’ and manufacturers’
h (CiA DS 301) is standardized as EN 50325-4.

dped in an Esprit project. In 1995, the CANopen specification was

jroup.

ardized profiles (device and application profiles) developed by CIA members simplify the

system designer job of integrating a CANopen network system. CAN in Automation e.V. has

made

available those profiles to be used with EtherCAT.

The EtherCAT specification replaces the CANopen application layer and communication
profile (DS301) and specifies an interface to the CANopen device and application profiles.
These profiles are beyond of the scope of this specification.
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Application

i

Object Dictionary

SDO PDO Mapping

=5 =T

1T T
Mailbox ‘ ‘ Process Data

The (Qbject Dictionary contains parameters, applicatior~data and/th ping inforgation
betwegen process data interface and application d \ ing). Its entries cpn be
accesped via Service Data Objects (SDO), as noted (in

9.2.7.2 Object Dictionary

9.2.7.2.1 Overview

The Qbject Dictionary contains all the G g 2d data objects of the devicg¢ in a
standardized way. It is 3 ic ice \parameters data structures that can be

accesped with the SDO Up

With the SDO Informatj available entries of the object dictionary and thq entry
description of ay ip the abjectdictionqry’can be read.

The opject dictiong

Data Type Agéa efinition of the data types

CoE (oA Definition of the variables which may be used for all servefs
Manufacturer. Specifi Definition of manufacturer specific variables

DevicgPtofile Area: Definition of the variables defined in a device profile

Reserved Area: reserved for future use

9.2.7.2.2 Data Type Area
The Data Type Area consists of the following parts:

Static Data Types

Definition of general simple data types
Complex Data Types

Definition of general structured data types
Manufacturer Specific Complex Data Types

Definition of manufacturer specific structured data types
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Device Profile Specific Static Data Types

Definition of device profile specific simple data types
Device Profile Specific Complex Data Types

Definition of device profile specific structured data types

9.2.7.2.3 CoE Communication Area
9.2.7.2.31 Device Type

The Device Type object has the following parameter:

Paranjeter

Dgvice Profile
This parameter contains the device profile that is used of the d€
Additional Information

This parameter contains an additional information definé

9.2.7.2.3.2 Manufacturer Device Name
The Manufacturer Device Name object has the followi

Paranjeter
Dgvice Name

9.2.7.2.3.3 Hardware Version

The I:lardware Version obj

Parameter

Hdrdware Ve§
This para er

9.2.7.2.34

The Spftware

9.2.7.2.3:5 Identity

The Identity object has the following parameter:

Parameter
Vendor ID
This parameter contains the vendor ID of the device assigned by the CiA.
Product Code
This parameter contains the product code of the device.
Major Revision Number

This parameter contains the major revision number of the device which shall identify
the functionality of the device.
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Minor Revision Number

This parameter contains the minor revision number of the device which shall identify

different version with the same functionality.
Serial Number
This parameter contains the serial number of the device.

9.2.7.2.3.6 EtherCAT Fixed Station Address
The EtherCAT Fixed Station Address object has the following parameter:

Parameter

EtherCAT Fixed Station Address
This parameter contains the fixed station address of the DLL asgig

9.2.7.2.3.7 Virtual MAC Address
The Vjrtual MAC Address object has the following parameter:

Parameter
Virtual MAC Address
This parameter contains the virtual MAC add

9.2.7.2.3.8 IP Address Info
The IR Address Info object has the follow

Parameter
IP|Address

This parameter conts

Sybnet mask

This parad Sr

Dd

DN

DN

9.2.7.2.3. Receive PDO Mapping

Ster.

: DA : ot P 41 £ dl : 4
The NCLCIVE TTUU NViappityg UDJeUl TTds UTC TUNUWITTY pdaldiTicicr.

Parameter
PDO Number
This parameter contains the number of the PDO.
Number of mapping entries
This parameter contains the number of mapping entries.
List of mapping entries
This parameter contains a list of mapping entries.

9.2.7.2.3.10 Transmit PDO Mapping

The Transmit PDO Mapping object has the following parameter:
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Parameter
PDO Number
This parameter contains the number of the PDO.
Number of mapping entries
This parameter contains the number of mapping entries.
List of mapping entries
This parameter contains a list of mapping entries.

9.2.7.2.3.11 Sync Manager Communication Type

The jync Manager Communication Type object has the following paramet

Parameter

Ndmber of Used Sync Manager Channels

—
7

igt of Sync Manager Communication Types

This parameter contains the communication
Channel.

nager

9.2.7.2.3.12 Sync Manager PDO Assignme
The Sync Manager PDO Assignementobject & ( arameter:

Parameter
CHannel Number

Nymber of Assignegd

9.2.7.2.3.13

This paramet€r contains the offset of the related physical memory of the EtherCAT

slave.

Number of Fnysical viemory VWords

This parameter contains the number of words of the related physical memory of the
EtherCAT slave.

List of Physical Memory Words

This parameter contains the list of words of the related physical memory of the
EtherCAT slave.

9.2.7.3 SDO Services
9.2.7.3.1 Overview

With the SDO services entries of the Object Dictionary can be read or written. The SDO
transport protocol allows transmitting objects of any size. The EtherCAT SDO protocol is
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equivalent to the CANopen SDO protocol in order to support re-use of existing protocol
stacks.

The first byte of the first segment contains the necessary flow control information. The next
three byte of the first segment contain index and sub-index of the Object Dictionary entry to
be read or written. The last four byte of the first segment are available for user data. The
second and the following segments contain the control byte and user data. The receiver
confirms each segment or a block of segments, so that a peer-to-peer communication
(client/server) takes place.

In legacy mode the SDO protocol consists of 8 bytes only to match the CAN data size. In
enha TS—Si i ; ers. In

this l, the
transn

Furthe ad 3 index
of the 2 tkansfersed syubséqlently.
The ¢ SDO
Segm r) are
used f

The p ission
services:

Slavelis Server:

SDO Download.req/.ind:
SDO Download.rsp/.con:
Download SDO Segmeg
Download SDO

SDO Jpload.reqm

SDO

dilbox Read.req/.ind

Uploa ailbox Write.req/.ind
Uploa Mailbox Read.req/.ind
Abort Mailbox Read.req/.ind

Slaveli

SDO I
SDO Download.rsp/.con: Mailbox Write.req/.ind

Downlead.req/ind: Mailbox Read.req/.ind

Download SDO Segment.req/.ind: Mailbox Read.req/.ind
Download SDO Segment.rsp/.con:  Mailbox Write.req/.ind

SDO Upload.req/.ind: Mailbox Read.req/.ind
SDO Upload.rsp/.con: Mailbox Write.req/.ind
Upload SDO Segment.req/.ind: Mailbox Read.req/.ind
Upload SDO Segment.rsp/.con: Mailbox Write.reqg/.ind

Abort SDO Transfer.req: Mailbox Write.req/.ind
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9.2.7.3.2 SDO Download
9.2.7.3.2.1.1 SDO Download Sequence

The following diagram shows the primitives between client and server in case of a successful
single SDO Download sequence. The service parameter Address, Index and Subindex shall
be the same in the request and the response.

Client

SDO Download.req (Address, Index,
Subindex, Size, Data)

-

(Address, Index,

SDO Download.con (Address, _ \>
Index, Subindex)

<

The following diag: imitives between client and server in case| of a
unsucgessful SD : . The service parameter Address, Index and Subindex
shall e the same uest and the Abort request.
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Client Server

SDO Download.req (Address, Index,
Subindex, Size, Data)

> . SDO Download.ind (Address, Index,
Rt Ty | Subindex, Size, Data)

See.aa

o
»

Abort SDO Tra

nsfer req (Address
Index, Subindex) /\

Abort SDO Transfer.ind (Address, _--1"" -
Index, Subindex) -

-
-
-

<
<

oo
Figure 42: Unsuccessfu owhload sequence

ant and server in case of a sucdessful
eter Address, Index and Subindex

The following diagram shows the primitives bet

segmgnted SDO Download sequence.\ Thé Servic
shall e the same in the r st response.

Server

Subi d v e SDO Download.ind (Address, Index,
ubindex\Zopriple Subindex, Complete Size, Size, Data)

SDO Download.rsp (Address, Index,
SDO Bawnlqad.gon tAddress, Index, Subindex)
Su ndeXN N\ OV > | .. <

gmen req (Address, Size,

Download SDO Segment.ind (Address, Size,

D Tog e oIIows TFELiE_)_ Data, Toggle = 0, More Follows = TRUE)
Dawnload SDO Segment.con (Address, _IQOWn||OadOSDO Segment.rsp (Address,
Toggle =0) 099024

Pl PUL Y, el

Download SDO Segment.req (Address, Size, .
= - Download SDO Segment.req (Address, Size,
Data, Toggle =1, More Follows = FALSE) Data, Toggle = t, More Follows = FALSE)

- »

Download SDO Segment.con (Address, Download SDO Segment.rsp (Address,
Toggle = t) Toggle = g

<

Figure 43: Successful segmented SDO-Download sequence
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9.2.7.3.21.2 Initiate SDO Download Expedited

The Expedited SDO Download service shall be used for an expedited transfer of up to 4 bytes
of data from the client to server. The server shall answer with the result of the download

operation.
Table 62 - Initiate SDO Download Expedited
Parameter Request/Indication Response/Confirmation

Argument Mandatory

Address Mandatory

Injiex Mandatory

Subindex Mandatory

Size Mandatory

D4ta Mandatory
Resul

Syccess

Address

Index

SJ’bindex A /\(x

Argument
Thie argument shall convey the service
Address

This parameter
client or the st
slave co i

ic

Indlex

This parametef indicates the number of used bytes in the Data parameter.

is the
bve to

hould

which

This parameter contains the data to be downloaded.
Result
The result shall convey the service specific parameters of the service response.
Success

This parameter indicates that the Expedited SDO Download service was successful. In

case of an error an Abort SDO Transfer service will be send from the server.
Address

This parameter shall be the same as the parameter Address in the request.
Index

This parameter shall be the same as the parameter Index in the request.
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Subindex

This parameter shall be the same as the parameter Subindex in the request.

9.2.7.3.2.1.3 Initiate SDO Download Normal

The Initiate SDO Download service will be used for a single normal transfer of data from the
client to the server, if the number of bytes to be downloaded fit in the mailbox, or to start a

segme

nted transfer with more bytes.

Table 63 — Initiate SDO Download Normal

I Pararmeter Reguestindication ResponsefConfirmation
Argument Mandatory
Address Mandatory
Ingex Mandatory
Subindex Mandatory
Cgmplete Size Mandatory
Size Mandatory Q
Dgta Mandatory //\\N
Resul \) ndatory
Syccess G andatory
Address Mandatory
Ingex Mandatory
SJ’bindex m Mandatory
N W
Argument
Thie argumer@ W the service sgecific parameters of the service request.
Address
This parafpet station address of the source station if a master|is the
client ¢ ddresS of the destination if a slave is the client to allow slpve to
slave‘com
Inde
This>parameter taritains the index in the object dictionary of the object which $hould
be downleaded
Sybindex
This parameter contains the subindex in the object dictionary of the object |which
should be downloaded.
Complete Size
The parameter Complete Size indicates the number of bytes to be downloaded to the

server. If the Complete Size is bigger than the Size parameter the difference number of

bytes will be downloaded in the next Download SDO Segment services.

Size

This parameter indicates the number of used bytes in the Data parameter.

Data

Result

This parameter contains the data to be downloaded.

The result shall convey the service specific parameters of the service response.
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This parameter indicates that the Initiate SDO Download service was successful. In
case of an error an Abort SDO Transfer service will be send from the server.

Address

This parameter shall be the same as the parameter Address in the request.

Index

This parameter shall be the same as the parameter Index in the request.

Subindex

This parameter shall be the same as the parameter Subindex in the request.

9.2.7.8.2.1.4

The SDO Download Segment service shall be used to download th

Download SDO Segment

eadditionahdata frd

client |to the server, which did not fit in the mailbox with Initiate SRO DO

master will start so many Download SDO Segment services untj

m the
p. The
to the

servel.
Table 64 — Download S en
Parameter Requestllndicat(on (7 \ \IQs/j}onseIConfirmation

Argument Mandatqry

Address

Toggle

Mgre Follows

Size

Data
Resul Mandatory

Success Q Mandatory

Address Mandatory

Toggle Mandatory

Argur:]e
Thie argtnqge

Address

shell

vey the service specific parameters of the service request.

This/parameter contains the station address of the source station if a master

is the

client or the station address of the destination if a slave is the client to allow sl

bve to

slave communication.

Toggle

This parameter shall be toggeled with every Download SDO Segmenet service, starting

by zero.
More Follows

This parameter indicates, if this service is the last Download SDO Segment service to
download the data for the object or if at least one Download SDO Segment service is

following.
Size

This parameter indicates the number of used bytes in the Data parameter.
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Data

This parameter contains the data to be downloaded.

Result

The result shall convey the service specific parameters of the service response.

Success

This parameter indicates that the Initiate SDO Download service was success
case of an error an Abort SDO Transfer service will be send from the server.

Address

Toggle

9.2.7.
9.2.7.

The fd
single

SDO Upload sequence. The service paramete e S
the same in the request and the response. Q
A

This parameter shall be the same as the parameter Address in the request.

ful. In

This parameter shall be the same as the parameter Toggle in the
B.3 SDO Upload
B.3.1.1 SDO Upload Sequence

llowing diagram shows the primitives between clienfand>sg

Client <x &jgerver
SDO Upload.req (Address, Index,
Subindex) /\ >

»
\kr -

SDO Upload.ind (Address, Index,

-
-
-
-

o
»

N

SDO Upload.rsp (Address, Index,
Subindex, Size, Data)

-

essful
all be

Figure 44: Successful single SDO-Upload sequence

The following diagram shows the primitives between client and server in case of a
unsuccessful SDO Upload sequence. The service parameter Address, Index and Subindex
shall be the same in the Upload request and the Abort request.
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Client

SDO Upload.req (Address, Index,
Subindex)

o
v Sl
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Server

SDO Download.ind (Address, Index
Subindex)

b -
-

- N
»

Abort SDO Transfer.req (Address

The fq

be thdg

Abort SDO Transfer.ind (Address,
Index, Subindex)

-
-
-

<
<

Figure 45: Unsuccessf

<
- €
-
-

-

Index, Subindex) TN

"
SDOKU

Qa equence

Server

SDO Upload.ind (Address, Index,
Subindex)

i - o

>

SDO Upload.rsp (Address, Index,
Subindex, Complete Size, Size, Data)

Upload SDO Segment.ind (Address,
Toggle = 0)

»
>

Upload SDO Segment.rsp (Address, Size,
Data, nggle =0, More Follows = TRUE)

<

Upload SDO Segment.req (Address,
Toggle = t)

Upload SDO Segment.con (Address, Size,

Upload SDO Segment.ind (Address,
Toggle =t)

- »

»

Upoad SDO Segment.rsp (Address, Size,
Data, Toggle = t, More Follows = FALSE)

<
<

Data, Toggle = t, More Follows = FALSE)

essful

shall

Figure 46: Successful segmented SDO-Upload sequence
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Initiate SDO Upload Expedited
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The Expedited SDO Upload service shall be used for an expedited transfer of up to 4 bytes of
data from the server to client. The server shall answer with the result of the upload operation

and the requested data in case of a successful operation.

Table 65 — Initiate SDO Upload Expedited

Parameter Request/Indication Response/Confirmation

Argument Mandatory

Address Mandatory

Ingex Mandatory

SLTbindex Mandatory
Resul

Success

Address

Ingex

Subindex

Size

Ddta
Argument

Thle argument shall convey the servic
Address

Index
This parr 60
be uploaded.

Suybindex

case of an erraor an Abort SDO Transfer service will be send from the server

This parameter coptains ress of“the source station if a master
¢ e i

atior if a slave is the client to allow sl

This”“parameter indicates that the Expedited SDO Upload service was succes

is the
bve to

A the object dictionary of the object which ghould

which

ful. In

Address

This parameter shall be the same as the parameter Address in the request.
Index

This parameter shall be the same as the parameter Index in the request.
Subindex

This parameter shall be the same as the parameter Subindex in the request.
Size

This parameter indicates the number of bytes in the Data parameter.
Data

This parameter contains the requested data.
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9.2.7.3.31.3 Initiate SDO Upload Normal

The Initiate SDO Upload service shall be used for a single normal transfer of data from the
server to the client, if the number of bytes to be uploaded fit in the mailbox, or to start a
segmented transfer with more bytes. The server shall answer with the result of the upload

operation and the requested data in case of a successful operation.

Table 66 — Initiate SDO Upload Normal

Parameter Request/Indication Response/Confirmation

Argument Mandatory

Address Mandatory

Indlex Mandatory

Sybindex Mandatory
Resul

Syccess

Address

Index

SJibindex

Cdmplete Size G andatory

Size Mandatory

D4ta Mandatory
Argument

Thie argument shall.convey
Address

This par
client or the/s

slave com 3

Resul

is the
bve to

should

which

TheTesult shall convey the Service Specific parameters of the Service response.
Success

This parameter indicates that the Expedited SDO Upload service was successful. In

case of an error an Abort SDO Transfer service will be send from the server.
Address

This parameter shall be the same as the parameter Address in the request.
Index

This parameter shall be the same as the parameter Index in the request.
Subindex

This parameter shall be the same as the parameter Subindex in the request.
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Complete Size

This parameter indicates the number of bytes to be uploaded from the server. If the
Complete Size is bigger than the Size parameter of the response the difference
number of bytes will be send in the next Upload SDO Segment services from the

server to the client.
Size

This parameter indicates the number of bytes in the Data parameter.
Data

This parameter contains the requested data.

9.2.7j.3.1.4 Upload SDO Segment

The y
to the| client, which did not fit in the mailbox with the Initiate SDO i es|
The client will start so many Upload SDO Segment services until al\data\

servel|.
Table 67 — Upload SDO Segme \

server
onse.
m the

- 7
Parameter Requestllndicatifé \ Res\\onseIConfirmation
LN

A4

Argument Mandatory

Address Ma tory \) G
Toggle Mandat

Resul Mandatory

Syccess Mandatory
Address % Mandatory
Toggle Mandatory
Mgre Follows X Mandatory
Size Q N Mandatory

D4gta <\ \/\ Mandator
AN s Y

This ‘parametetr contains the station address of the source station if a master
client or the station address of the destination if a slave is the client to allow sl

is the
bve to

sldve communication

Toggle

This parameter shall be toggled with every Download SDO Segmenet service, starting

by zero.
More Follows

This parameter indicates, if this service is the last Download SDO Segment service to
download the data for the object or if at least one Download SDO Segment service is

following.
Size

This parameter indicates the number of used bytes in the Data parameter.
Data

This parameter contains the data to be downloaded.
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Result
The result shall convey the service specific parameters of the service response.
Success

This parameter indicates that the Initiate SDO Download service was successful. In
case of an error an Abort SDO Transfer service will be send from the server.

Address
This parameter shall be the same as the parameter Address in the request.
Toggle
This parameter shall be the same as the parameter Toggle in the request.
Mgre Follows

This parameter indicates, if this service shall be the last Uploag/St rvice
to download the data for the object or if at least one Uploat §SDO\Seg 9 rvice
shall be following.

Size
This parameter indicates the number of used bytes j

Dgta

9.2.7.8.4 Abort SDO Transfer

The Abort SDO Transfer service shall the jserver instead of a service response
to a dpwnload or upload service in case

Parameter \ I?}\\h"e{tllndic%n Response/Confirmation
f\ N
ry ~—

Argunjent \/\\
Address Q 4

Indlex ndatory
Subindex Mandatory
Rgason N N andatory

Argu
T
Ad

This parameter contains the station address of the source station if a master|is the
b“vllt Ul thU atatiuu dddlcbb Uf thc dcbtillat;ull If [=} aiavc ib thU b“UIIt tU d”UVV D: ve tO

slave communication.

Index

This parameter contains the parameter Index of the related SDO Download or SDO
Upload service.

Subindex

This parameter contains the parameter Subindex of the related SDO Download or SDO
Upload service.

Reason

This parameter contains the abort reason.
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9.2.7.4

9.2.7.4.1 Overview

With the SDO Information services the object dictionary of a server can be read by a client.
The primitives of the SDO Information services are mapped to the primitives of the Mailbox

Transmission services:

Slave is Server:

Get OD List.req/.ind:

— 140 -

SDO Information Services

Mailbox Write.req/.ind

Mailbox Read rnq/ ind

Get OD List rep/ con:

Get Opject Description.req/.ind:
Get Opject Description.rsp/.con:
Get Eptry Description.req/.ind:
Get Eptry Description.rsp/.con:
Slavelis Client:

Get Oﬁ List.req/.ind:

Get OD List.rsp/.con:

Get Opject Description.req/.ind:

Get O
Get E
Get E

ntry Description.req/.ind:

ntry Description.rsp/.con:

bject Description.rsp/.con:

Mailbox Write.req/.ind

Mailbox Read.req/.ind
Mailbox Write.reqg/.ind
Mailbox Read.req/.ind

PAS 62407 © IEC:2005(E)

SDO_Info.ind (Service Parameter)

e o
»

SDO_lInfo.rsp (FragmentsLeft = n-1,
InComplete = TRUE, Data)

SDO_Info.rsp (FragmentsLeft = n-1,

SDO_Info.rsp (FragmentsLeft = n-1,

InComplete = FALSE, Data)

<

InComplete = FALSE, Data)

Figure 47: SDO Information service sequence
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9.2.7.4.2 SDO Information Service

Table 69 — SDO Information Service

Parameter Request/Indication Response/Confirmation

Argument Mandatory

Address Mandatory

Opcode Mandatory

Size Mandatory

Data Mandatory
Resul Mandator

Syccess

Address

Opcode

Ingomplete

Fragments Left Q

Size (\
Ddta /(7
7\ A

A
Thie argument shall convey the servjee ifi eters of the service request.

Address

This parameter cafitains the sta 'orgress of the source station if a master|is the
client or the stgtionNaddress of theXdestinatioh if a slave is the client to allow slpve to
slave communiga¥

Argument

Opcode Q
This para erde ested SDO Information Service.
Size

Resul
Thie resultsshal . convey the service specific parameters of the service response.

Syccess

Fhisparameterindicates that the Get-Obtistservice wassuccessfut:
Address

This parameter shall be the same as the parameter Address in the request.
Opcode

This parameter describes the requested SDO Information Service.
Incomplete

This parameter contains the information if fragments will follow to get the complete
response.

Fragments Left

This parameter contains the information how much fragments will follow to get the
complete response.
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Size
This parameter contains the size of the parameter Data.
Data
This parameter depends on the requested SDO Information Service.

9.2.7.43 Get OD List

With the Get OD List service lists of objects existing in the object dictionary of the server can
be read. If the response does not fit in the mailbox the response shall be sent with multiple
fragments as described above.

Table 70 — Get OD List

A
N
Parameter Request/Indication B\éponsgb&nfihigtion

Argunjent Mandatory \>
Address Mandatory
Ligt Type Mandatory /\ W

Resul M\%Qd W
Success Mandatory
Address Maridatory

Ligt Type G andatory
Size Mandatory
Inglex List Mandatory
AN
Argument

Thie argument shall ific/parameters of the service request.

Address @
This para er

is the
ave to

THis parameter indicates that the Get OD List service was successful.

Address

This parameter shall be the same as the parameter Address in the request.
List Type

This parameter shall be the same as the parameter ListType in the request.
Size

This parameter contains the size of the parameter IndexList.
Index List

This parameter contains the read index list.
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9.2.7.4.4 Get Object Description
With the Get Object Description service an object description existing in the object dictionary

of the server can be read. If the response does not fit in the mailbox the response shall be
sent with multiple fragments as described above.

Table 71 — Get Object Description

Parameter Request/Indication Response/Confirmation

Argument Mandatory

Address Mandatory

Imllex Mandatory
Resul

Syccess

Address

Index

Ddta Type

Object Code
Ohject Category

Ngme /\ /\(x

Thie argument shall convey the service
Address

This parameter
client or the st
slave co i

Argument

ddregs of the source station if a master|is the
bve to

Indlex
This contajr
Resul
Thie resu
Syc

Address

This“parameter shall be the same as the parameter Address in the request.

Index
This parameter shall be the same as the parameter Index in the request.
Object Code

This parameter contains the object code of the requested object.
Object Category

This parameter contains the object category of the requested object.
Name

This parameter contains the name of the requested object.
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9.2.7.4.5 Get Entry Description
With the Get Entry Description service an entry description existing in the object dictionary

and addressed by index and subindex of the server can be read. If the response does not fit
in the mailbox the response shall be sent with multiple fragments as described above.

Table 72 — Get Entry Description

Parameter Request/Indication Response/Confirmation
Argument Mandatory
Address Mandatory
Injiex Mandatory
Subindex Mandatory
Rgquest Default Value Mandatory
Rgquest Min Value Mandatory
Rgquest Max Value Mandatory A
Resul
Syccess \
Address
Indlex G andatory
Sjbindex Mandatory
Rgsponse Default Value Mandatory
Rgsponse Min Value Mandatory
Rgsponse Max Value Mandatory
Ddta Type Mandatory
urit Type Mandatory
Bif Length Q <> Mandatory
Ohj Mandatory
Re Mandatory
Wi > Mandatory
Cqgnsjd Mandatory
Wri Mandatory
Wii Mandatory
Write, Access Op Mandatory
PDO.Mapping Mandatory
Default PDO Mapping Mandatory
Default Value Optional
Min Value Optional
Max Value Optional
Description Optional
Argument

The argument shall convey the service specific parameters of the service request.
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Address

This parameter contains the station address of the source station if a master is the
client or the station address of the destination if a slave is the client to allow slave to
slave communication.

Index

This contains the index of the entry description to be read.
Subindex

This contains the subindex of the entry description to be read.
Request Default Value

This contains the information, if the parameter Default Value js—~equested |to be
included in the response.

Rgquest Min Value

This contains the information, if the parameter Min Value is re t ded in
the response.

Rgquest Max Value

This contains the information, if the parameter Ma
in the response.

tluded

Resul
Thie result shall convey the service
Syccess

Address

This parameter shg
Index

This parameter
Sybindex

This parametg
R¢

n the

Rsg

hse.
R4

TFhis“contains the information, if the parameter Max Value is included in the respdnse.
Data Type

This parameter contains the data type of the object.
Unit Type
This parameter contains the unit type of the object.
Bit Length
This parameter contains the bit length of the object.
Object Category
This parameter contains the object category of the object.
Read Access
This parameter contains the information if the object is readable.
Write Access
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This parameter contains the information if the object is writable.
Constant Value

This parameter contains the information if the object has a constant value.
Write Access PreOp

This parameter contains the information if the object is writable in the Pre-Operational
state.

Write Access SafeOp

This parameter contains the information if the object is writable in the Safe-Operational
state.

Wiite Access Op

This parameter contains the information if the object is writaple e\Operational

state.

PDO Mapping
This parameter contains the information if the object is r
Dgfault PDO Mapping

This parameter contains the information if the
Mapping.

Ddgfault Value

This parameter contains the de
Mip Value

This parameter contains the mint

obiecC he Defaulf PDO

Max Value
This parameter cof
Dgscription

This paramete
9.2.7.5 z a2

9.2.7.5.1

The Hrocess’Data Each
Sync Mana 5 Data
and consists g

Proceps Data j (PDO) consist of objects in the object dictionary which arel PDO

mappable~The PDOapping objects describes how these objects are related to a PDO

E It oA 1 H I i 4 Ll lo Ll 4l A H £ 4l PDO
Very LUICTUAT olavT WILT diT apphioativult CUTTUNUTITT  oSTiall SUpPppPuUTlL T TTaulity Ut Ul

Mapping objects.

PDO mapping refers to mapping of the application objects (real time process data) from the
object dictionary to the PDOs. The device profiles provide a default mapping for every device
type, and this is appropriate for most applications. E.g. the default mapping for digital I/O
simply represents the inputs and outputs in their physical sequence in the transmit and
receive PDOs.

The current mapping can be read by means of corresponding entries in the object directory.
These are known as the mapping tables. The first location in the mapping table (sub-index 0)
contains the number of mapped objects that are listed after it. The tables are located in the
object directory at index 0x1600ff for the RxPDOs and at 0x1AQ0ff for the TxPDOs.
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Object Dictionary
_?_, Index |Sub Object contents
Qo
g 1ZZzh | 01h 6TTThTTh
£| 12zzh | 02h 6UUUN UUh
Q.
8| 1ZZzh | 03h | 6WWWWhWWh | 16 pTTTTTTTTT s 1
PDO-Length: 32 Bit | o .
PDO_1 |Object A|Object B|  Object D
6TTTh | TTh Object A _T
G 6000 [UUR Object B
&'l 6vwh [vh Object C /\(
S [BWWwWhwwh Object D
8| 6xxxh | Xxh Object E
Q
Z| 6YYYh |YYh Object F
62ZZh | Zzh Object G
Sync Manager Channel Objects (SMCO) consi f . PDO
Assign objects describes how these PD S
Every| EtherCAT slave with an applicat Sync
Manager PDO Assign objects.
Sync Manager PDO Assig bvices
with g configurable mappinhg i ing ar ferent

mastelr tasks the Sync

The durrent as@h
directpry. The fir

contains the num
objecf directory at inde

object
ex 0)
in the

Manager PDO Assignment table (sub-ing
that are listed after it. The tables are located

(@)
%\h\de\ Sub \ Object contents
52 162zh \01h 1TTTh
(0]
£ 5. 10220 | o2h 6UUUN
= 8] 1czzn | 03n BWWWWh
g, Sync Manager Channel ZZ
|PDOA | PDOB|  PDOD
6TTTh PDO Mapping Object A J
% 6UUUR PDO Mapping Object B
é% 6VVVh PDO Mapping Object C
@ 6WWWh PDO Mapping Object D
§ 6XXXh PDO Mapping Object E
g 6YYYh PDO Mapping Object F
6ZZ7Zh PDO Mapping Object G

Figure 49: Sync Manager PDO Assigment
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Every EtherCAT slave with an application controller shall support the reading of the PDO
Mapping and the Sync Manager PDO Assign objects. For slaves with a configurable mapping
there are two possibilities how this configurable mapping shall be supported. In the first
possibility the slave supports different mappings described in the PDO Mapping objects which
are only readable. The master configures the actual mapping by selecting the desired PDO
Mapping objects when writing the Sync Manager PDO Assign objects. The second possibility
for more complex devices allows the master to write the PDO Mapping objects to get a more
flexible mapping configuration possibility.

9.2.7.5.2 Process Data Objects (PDO)
Each Pr D j h he followin rameters.

Parameter
NUmber

This parameter contains the number to identify the PDO.
Direction

This parameter contains the direction Rx (master to sla : erver) or Tx|(slave
to master, server to client) of the PDO.
NdUmber of Mapped Objects

This parameter contains the number of map DO.

Li

D

4t of mapped Objects
This parameter contains the rel2

9.2.7.5.3 Sync Manager Channel Objects
Each Bync Manager Chanyr
Parameter

Nymber
This parar

Difection

NUmber o\ Assigng
Sync

Li

@
pan
o
=4
Q
o
/4

Q
>

D

J

This‘parameter contains the assigned PDOs to the Sync Manager channel.

9.2.7.5.4 PDO transmission via Mailbox

With the PDO services Process Data Objects can be transmit via the Mailbox Interface
acyclicly from the client to the server (RxPDO) or from the server to the client (TxPDO)

The primitives of the PDO services are mapped to the primitives of the Mailbox Transmission
services:

RxPDO.req: Mailbox Write.req
RxPDO.ind: Mailbox Write.ind
TxPDO.req: Mailbox Read.req
TxPDO.ind: Mailbox Read.ind

RxPDO_RT.req: Mailbox Read.req
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RxPDO_RT.ind:
TxPDO_RT.req:
TxPDO_RT.ind:

9.2.7.5.4.1

RxPDO

— 149 -

Mailbox Read.ind
Mailbox Write.req
Mailbox Write.ind

The following diagram shows the primitives between client and server in case of a RxPDO

service.

yaSH n
UIICTIL

RxPDO.req (Size, Data)

o

Server

The R
mappi

Table 73 — RxPDO Service

r. The

Param > Request/Indication Response/Confirmation
Argunjent ~ Mandatory
Arc’ldress Mandatory
Number Mandatory
Size Mandatory
Data Mandatory
Argument

The argument shall convey the service specific parameters of the service request.
Address

This parameter contains the station address of the server.
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This parameter contains the PDO number which is related to the PDO mapping

objects.
Size

This parameter contains the size of the Data parameter.

Data

This parameter contains the data of the PDO.

9.2.7.5.4.2 TxPDO

The following diagram shows the primitives between server and client i se of a I|xPDO
servicg. XQ\
. (@aN

Server

TxPDO.req (Size, Data)
N Q

S

.ind (Size, Data)

»

The TxPDO se
mapping and.the si

all be used from the server to transmit input data to the client. The
of the data is defined in the PDO mapping objects

Parameter Request/Indication Response/Confirmation
Argument Mandatory
Address Mandatory
Number Mandatory
Size Mandatory
Data Mandatory
Argument

The argument shall convey the service specific parameters of the service request.
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Address
This parameter contains the station address of the server.
Number

This parameter contains the PDO number which is related to the PDO mapping
objects.

Size

This parameter contains the size of the Data parameter.
Data

This parameter contains the data of the PDO.

9.2.7.5.4.3 RxPDO Remote Transmission Request

Remote Transmission Request service.

The following diagram shows the primitives between client and s«n ase o RxPDO

AN

Client

RxPDO_RT.ind <

«

RxPDO.req (SM
N : .1

5

X
Figure 52: RxPDO Remote Transmission Request service sequence

The RXPDO_RT service shall be used from the server to request output data from the client.

»

Table 75 — RxPDO Remote Transmission Request

Parameter Request/Indication Response/Confirmation
Argument Mandatory
Address Mandatory
Number Mandatory

Argument
The argument shall convey the service specific parameters of the service request.
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Address
This parameter contains the station address of the destination.

Number
This parameter contains the PDO number which is related to the PDO mapping
objects.

9.2.7.5.44 TxPDO Remote Transmission Request

The following diagram shows the primitives between client and server in case of a TxPDO
Remote Transmission Request service.

Server Clién

TxPDO_RT.ind |  ____}---%

-
-
-

X

TxPDO.req (Size, Data) < @
> ~-—< ] DO.ind (Size, Data)
%Q\\

Figure 3W Transmission Request service sequence
The TP sgrvice shall Be used from the client to request input data from the servgr.
able 76 — TxPDO Remote Transmission Request

»

D

Pdarameter Request/Indication ResponselConfirmatiop
Argunjent Mandatory [
Address Mandatory
Number Mandatory
Argument
The argument shall convey the service specific parameters of the service request.
Address

This parameter contains the station address of the destination.

Number
This parameter contains the PDO number which is related to the PDO mapping

objects.
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Command objects can be used for operations in a server which need some time before a
response is available or for operations where data has to be sent in the request and the

response.

An operation will be started in the server by a writing subindex 1 of the command object with
the command request data by a SDO Download service. The status and the response data of
the operation will be read with a SDO Upload to subindex 3 of the command object.

Client

Server

SDO_Download.req (Index, Subindex =
1, Data = Command Parameter)

is executing)

SDO_Upload.con (Data[0] =

Command

«

SDO_Upload.req (Index, Subinfjex =

SDO_Upload. co
|s finished, Data 1.

P = -

SDO_Upload.ind (Index, Sublndex 3

Dat

SDO_Upload.res (Data[0] =
is flnlshed Data[1..n] =

»

Command
Reply Data)

L \
Y

9.2.7. E

Emerge
The tran

rimitives™ o
mission services:

The g
Trans

Fig r\5>Command sequence

¢ triggered by the occurrence of a device internal error sitt

2d via the mailbox interface.

Emergency service are mapped to the primitives of the M

Emerdencyreqr—— Wtaitbox ReadTeq

Emergency.ind:

Mailbox Read.ind

ation.

ailbox

The following diagram shows the primitives between server and client in case of an

Emergency service.
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Server Client

Emergency.req (Error_Code,

Error_Register,Size, Data) Emergency.ind (Error_Code

bl Error_Register, Size, Data)

-

-
- o

>

The Emergency service shall be used from _the ser
client| Each diagnostic event which \was\trapsmitted
transn

o\transmit diagnostic messages|[to the
the server to the client shiall be

( \ \e\qMIndication Response/Confirmatiop

Argun) a W

Ad Mandatory

Er Mandatory

Er > Mandatory

Siz Mandatory

Ds Optional
ArgunTent

The argument shall convey the service specific parameters of the service request.
Address
This parameter contains the station address of the server.
Error Code
This parameter contains the emergency error code.
Error Register
This parameter contains the emergency error register.
Size

This parameter indicates the number of used bytes in the Data parameter.
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Data

This parameter contains the manufacturer specific diagnostic data to be transmitted.

9.2.8 Ethernet over EtherCAT (EoE)
9.2.8.1 Overview

In addition to the already described EtherCAT addressing mode for the communicatio
the EtherCAT devices, an Ethernet fieldbus is also expected to feature standard IP-
protocols such as TCP/IP, UDP/IP and all higher protocols based on these (HTTP,

n with
based
FTP,

SNMP etc.). Ideally, individual Ethernet frames should be transferred transparently, since this

avoids restrictions with regard to the protocols to be transferred.

There|are two different basic approaches for transferring acyclic Etherp t teleg ams.in|cyclic
fieldb:ts mode. In the first variant, an appropriate time slice is alloca cyclic
Etherpet frames can be embedded. This time slice has to be cho to be
able [to accommodate complete Ethernet imum
Transmission Unit) is 1514 bytes, corresponding to approxmaely 9 . The
minimum resulting cycle time for systems using this variam ps. A
reduction of the MTU often leads to problems: While thedP praiqc ion in
principle, this is often not recommended, and it wij next
genergtion (IPv6). Data consistency problems DP/IP
transfers.

EtherCAT utilizes the second variant{ in whi Yo hd re-
assenmbled in the associated device, & grams.
This an be
optimized according to the available b ndw th ( he n this
case, |EtherCAT defines a ievice
to patticipate in the norm jlanges

process data with a cygle fi

e, an HTTP server can be integratgd that

features its own diagnoshgs,i i e web pages.

Another appllca@ 'telegrams will be switchport devices. They offer
standard Ethernet” p6 g atiopr within the EtherCAT system, through which any
Ether a N T , this may be a service computgr that
commpni i e sqQnirol and queries the web page of an intelligent EtherCAT
devicq i ; N e intranet or internet via the control. The EtherCAT mastgr also
featur ~ WRyra ch functionality, which is responsible for the routing |of the
individ N frames from and to the EtherCAT devices and the IP stack of the host
operati ‘ R e.swjtch functionality is identical with that of a standard layer 2 pwitch

and rg

9.2.8.2 EoE Services

The primitives of the EOE Services are mapped to the primitives of the MailboxX Transmission

services:

Slave is Server:

Initiate EoE.req/.ind: Mailbox Write.reqg/.ind
Initiate EoE.rsp/.con: Mailbox Read.req/.ind
EoE Fragment.req/.ind: Mailbox Write.req/.ind
EoE Fragment.rsp/.con: Mailbox Read.req/.ind

Slave is Client:

Initiate EoE.req/.ind: Mailbox Read.req/.ind
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EoE Fragment.rsp/.con:
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Mailbox Write.req/.ind
Mailbox Read.req/.ind
Mailbox Write.req/.ind
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The following diagram shows the primitives between client and server in case of a successful
Ethernet over EtherCAT sequence. The Frame Number has to be the same for all Ethernet
fragments in an EoE sequence

Client Server

— . = U!
Complete Size, Frame Number, Last
Fragment = FALSE, Data)

EoE_Fragment.req (Fragment Number
=1, Offset, Frame Number, Last
Fragment = FALSE, Data)

mber 3

EoE_Fragment.req (Fragment Numb:

= n, Offset, Frame Number, Last

Fragment = TRUE, Data)

A

NS

FeE_Fragment.ind (Fragment Number
n, Offset, Frame Number, Last
Fragment = TRUE, Data)

o
»

9.2.8.

The Initi

O\
:(Ethe

Wer EtherCAT sequence

Table 78 — Initiate Ethernet over EtherCAT

ParM B Request/Indication Response/Confirmatiop

Argunjent N Mandatory

A’Jdress Mandatory

Frame Number Mandatory

Complete Size Mandatory

Last Fragment Mandatory

Size Mandatory

Data Mandatory
Argument

The argument shall convey the service specific parameters of the service request.
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Address

This parameter contains the station address of the source station if a master is the
client or the station address of the destination if a slave is the client to allow slave to

slave communication.
Frame Number
This parameter shall be incremented with every new Initiate EoE service.

Complete Size

The parameter Complete Size indicates the number of bytes of the complete Ethernet
frame.

Last Fldglllcllt

This parameter contains the information, if the complete Ethernet(frameNgs transtitted
with this service or if additional EoE Fragment services shall be/sent.

Size
This parameter indicates the number of used bytes in the
Data
This parameter contains the first data part of the Eth

9.2.8.4 Ethernet over EtherCAT Fragment

The HoE Fragment service shall be ysed to tfa frame
follow|ng the Initiate EoE service.
Table 79 — Eth to
N\
Parameter — equX{t/}n{iica\ﬁQV Response/Confirmatiop
Argunjent =
Address

7

Frame Numb@
Offset

Last Fragmen atory

Size andatory

D4gta > Mandatory
Argument

Thle argument shall convey the service specific parameters of the service request.

Address

This parameter contains the station address of the source station if a master is the
client or the station address of the destination if a slave is the client to allow slave to

slave communication.

Frame Number
This parameter shall be the same as the parameter Frame Number in the related
Initiate EoOE service.

Offset
The parameter Offset contains the offset inside the complete Ethernet frame where the
Data of this service is related.

Last Fragment

This parameter contains the information, if the complete Ethernet frame is transmitted
with this service or if additional EoE Fragment services shall be sent.
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Size

This parameter indicates the number of used bytes in the Data parameter.
Data

This parameter contains a data part of the Ethernet frame.

9.2.9 File Access over EtherCAT

9.2.9.1 Overview

The file access mailbox command specifies a standard way to download a firmware or any
other files from a client to a server or to upload a firmware or any other files from a server to a

client| The protocol is similar to the TFTP protocol (trivial file transfer p
can injtiate a read or write request via a read or write request command.

9.2.9.2 FoE Services

The primitives of the FoE services are mapped to the primitiv
services:

Slavelis Server, Read Request:

FoE Read.req/.ind: Mailbox Write.req/.ind
FoE Data.req/.ind: Mailbox
FoE Ack.req/.ind: Mailbox

FoE Hrror.req/.ind: Mailbox
Slavelis Server, Write Request:

FoE Write.req/.ind:
FoE Data.req/.ind:

FoE Ack.req/.ind@
FoE Busy.req/.ind®
FoE Brror.req/.ind

Slavelis Clie

FoE Reae lailbox Read.req/.ind
FoE DOata. { Mailbox Write.req/.ind
FoE Ack.regiind
FoE Hrrorireq/.ind:

Mailbox Read.req/.ind
Mailbox Write.req/.ind

rotqcol). Both

Slave tsCtient; White chucbi.

FoE Write.req/.ind: Mailbox Read.req/.ind
FoE Data.req/.ind: Mailbox Read.req/.ind
FoE Ack.req/.ind: Mailbox Write.req/.ind
FoE Busy.req/.ind: Mailbox Write.req/.ind

FoE Error.req/.ind: Mailbox Write.req/.ind

sides

ission
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9.2.9.3 FoE Read Sequence
9.2.9.3.1 FoE Read with Success

Client Server

FOE Read req (Password, Fileftame) FoE Read.ind (Password, FileName)

o
»

FoE Data.req (PacketNo = 1, Full Mailbox)

<

EoE_Ack.req (PacketNo = 1)

acket! n, less data)

EoE_Data.ind (PacketNo = n, less data)

<
<

EoE_Ack.req (PacketNo = n)

9.2.9.8.2

Figure 58: FoE Read sequence with error
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9.2.9.4.1 FoE Write with Success

9.2.9.
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Client

FoE Write.req (Password, FileName)
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FoE Write.ind (Password, F|IeName)

Server

»

FoE Ack.req (PacketNo = 0)

FoE_Ack.ind (PacketNo = 1)

<
<

FoE_Data.req (PacketNo = n, less data)

<
<«

1.2

FoE Wri W|t Error

FoE Writ &o}\fi

‘\\/

=n, less data)

o

FoE Err.req (ErrorCode, ErrorText)

FoE Write.ind (Password, F|IeName)

Server

»

Figure 60: FoE Read sequence with error
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9.2.9.4.3
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FoE Write with Busy

Client

FoE Write.req (Password, FileName)

<

FoE_Ack.ind (PacketNo =

U I

<

Server

FoE Write.ind (Password, F|IeName)

»

FoE Ack.req (PacketNo = 0)

EoE_Data.req (PacketNo = n, less data)

<

, less data)

»

acketNo = n)

9.2.9.5 FoE Read Re

The FpE Read Reque

9

Paramet%\ A\

Muestllndication

Response/Confirmation

Argu
Address
Pgss
Fil

\Wtory

Mandatory
Optional
Mandatory

Argument

The argument shall convey the service specific parameters of the service request.

Address

This parameter contains the station address of the source station if a master is the
client or the station address of the destination if a slave is the client to allow slave to

slave communication.
Password

This parameter contains an optional password for the read access.

File Name

The parameter contains the file name of the file to be read.
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FoE Write Request
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The FoE Write Request service shall be used to write a file to a server.

Table 81 — FoE Write Request

Parameter Request/Indication Response/Confirmation

Argument Mandatory

Address Mandatory

Password Optional

FilgeName Vandatory
Argument

Thie argument shall convey the service specific parameters

Address

This parameter contains the station address of the is the
client or the station address of the destinatio to allow slpve to
slave communication.
Pgssword
This parameter contains an opfiona
File Name
The parameter contains the file(nam
9.2.9.¥ FoE Data Reque
The FpE Data Reques case
of a rpad request or quest
alwayg starts Data
Request.
<\ able/82 — FoE Data Request
N\
Pa@meb\r\\ \ \ > Request/Indication Response/Confirmation
Argunje NS ~ Mandatory
Addres Mandatory
Pdqcket Number Mandatory
Size Mandatory
Ddta I\/Ianrl:lfnry
Argument

The argument shall convey the service specific parameters of the service request.

Address

This parameter contains the station address of the source station if a master is the
client or the station address of the destination if a slave is the client to allow slave to

slave communication.
Packet Number

This parameter contains a number for flow control.

incrementing with every following FoE Data Request.

It always starts with one
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Size

The parameter contains the size of the parameter Data.
Data

The parameter contains the data to be read or written.

9.2.9.8 FoE Ack Request

The FoE Ack Request service shall be used to acknowledge a FoE Data Request. The Packet
Number will be always the same as send with the corresponding FoE Data Request before. A
FoE Write Request will be acknowledged with a FOE Ack Request with a Packet Number of
zero before the client starts with the first FOE Data Request.

Table 83 — FoE Ack Request

. N\
Parameter Request/Indication @éﬁ}t«nséc\o}fqm;r@

Argument Mandatory N
Address Mandatory
P4qcket Number Mandatory Q \

Argument
Thie argument shall convey the sekvicenspé
Address

This parameter contains the station_add

client or the station address of he

slave communicatign.

e source station if a master|is the
slave is the client to allow slpve to

P4cket Number

This para - er for flow control. It contains the sent packet number
of the ¢ i F equest or zero if a FoE Write Request will be

9.2.9.
The F > ; hall be used to indicate the client, that the server is busy to

store i i . The_glient will repeat the corresponding FoE Data Request until the
servel e \

Table 84 — FoE Busy Request

Parameter Request/Indication Response/Confirmatiop
Argument Mandatory I
Address Mandatory
Done Mandatory
Entire Mandatory
Argument

The argument shall convey the service specific parameters of the service request.
Address

This parameter contains the station address of the source station if a master is the
client or the station address of the destination if a slave is the client to allow slave to
slave communication.
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This parameter contains an information how much of the storing is finished.

Entire

This parameter contains an information how much of the storing is finished.

9.2.9.10

FoE Error Request

The FoE Error Request service shall be used to indicate the client that an error has happened

during file operation.

Table 85 — FoE Error Request
/TN
Parameter Request/Indication ReﬂnselCo}meation

Argunment Mandatory

Address Mandatory

Error Code Mandatory

Erfor Text Optional
Argument

Thie argument shall convey the ser

Address

Error Code
This parameter
am;t

Erfor Text
This par

9.2.9.11

The FpE Bu
store i
servel

is the
ave to

Lsy to
lient will repeat the corresponding FoE Data Request until the

Ack Request.

Table 86 — FoE Busy Request

Parameter Request/Indication ResponselConfirmatiop
Argunient Mandatory '
Address Mandatory
Done Mandatory
Entire Mandatory
Busy Text Optional
Argument

The argument shall convey the service specific parameters of the service request.

Address
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This parameter contains the station address of the source station if a master is the
client or the station address of the destination if a slave is the client to allow slave to
slave communication.

Done

This parameter contains an information how much of the storing is finished.
Entire

This parameter contains an information how much of the storing is finished.
Busy Text

This parameter contains an optional description of the busy reason.

9.3 Master

9.3.1 Overview

The master communicates with the slaves by using the services de g i slave
chapter. Additionally there is a Slave Handler for each slave ¢ ontrol
the E$M of the slave and a Router which shall allow the slaxe tQ ‘ q i ia the

mailbgx, as noted in Figure 62.

Router

EtherCAT-Telegrams
DL

Figure 62: Master Functional Overview

9.3.2 Management

9.3.2.1 Slave Handler

The master shall support a Slave Handler for each slave using the EtherCAT State Services
to control the ESM of the slave. The Slave Handler is the image of the slave’s ESM in the
master. Additionally the Slave Handler may send SDO Services before changing the state of
the slave’s ESM
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Parameter
Ring Position

This parameter shall contain the position in the logical ring which is used to address
the slave when reading the lIdentification and writing the Station Address. It is

mandatory for all slaves.
Expected Identification

This parameter shall contain the expected identification of the slave which shall be

read and compared by the master in the Init state. It is mandatory for all slaves.

Station Address

state to the slave. All further services will use this station add
slave. It is mandatory for all slaves.

Mailbox Configuration

This parameter contains the configuration of the Sync

complex slaves.
FMMU Configuration

This parameter contains the configuration ¢
written in the Pre-Operational state to the sla

Prpcess Data Configuration

slave.
PO Mapping

Sy

St

9.3.3

The

mailbgx service responses from the server slave to the client slave. Therefore the 1
verwrite the address field of the mailbox service request with the station address

shall
client

e Init
5s the

1 for
ry for

MMUBNichankels which sholild be

should
to the

e Pre-

vritten

h may

e and
haster
of the

py the

original address field. The address field of the mailbox service response shall be overwritten
by the master with the station address of the server slave before routing the mailbox service

response to the client slave addressed by the original address field.
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10 Contents of Part 6: Application Layer Protocol definition

10.1 Management

10.1.1

10.1.1.
10.1.1.

EtherCAT State Services
1 AL Control Service

1.1 AL Control Request (Indication)

10.1.1.1.11

Coding

typedef struct

{
uns ]
uns §
uns §
uns §

} TAL

10.1.1
The In

gned
gned
gned
gned

ONTROL;

1.1.2

dication Description protocol is specified in Table 87.

State:
Acknowledge:
Reserved:
ApplSpecific:

W W

Description

Table 87 — AL CorNegygt\} ription
Parameter Data Type
State unsigned:4
Acknowledge Q uns§ignedsl \0:/Parameter Change of the AL Status Register will be
unchanged
/\ \ 1: Parameter Change of the AL Status Register will beJreset

Reservgd \ u igM Shall be zero

Application Spekific sigped:8

NN

10.1.1.1.2 ABRContyol Response (Confirmation)

10.1.1.1:2:1 Coding

typed £ s £

{
unsigned State: 4;
unsigned Change: 1;
unsigned Reserved: 3;
unsigned ApplSpecific: 8;

} TALSTATUS;

10.1.1.1.2.2

Description

The AL Control Request Confirmation protocol is specified inTable 88.
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Table 88 — AL Control Request Confirmation

Parameter Data Type Value
State unsigned:4 1: Init
2: Pre-Operational
3: Bootstrap
4: Safe-Operational
8: Operational
Change unsigned:1 0: State transition successful
1: State transition unsuccesstul o~
Reservgd unsigned:3 Shall be zero /\( \
Application Specific unsigned:8 /\Q ) (\ \

%

10.1.1.2 AL State Changed Service
10.1.1.2.1 AL State Changed Request (Indication

10.1.1.2.1.1 Coding

typedgf struct

unsjgned State:
unsigned Change:
unsjgned Reserved:
unsjgned ApplSpecific:

} TAL$TATUS;

10.1.1.2.1.2 Descriptiqp

The AL State C@d :
<\ab| 89

equest Ind otocol is specified in Table 89.

ate Changed Request Indication

Para@\\ \ \ b%ta Type Value

State \ uMledA 1: Init
b

: Pre-Operational
: Bootstrap

2
3
4: Safe-Operational
8

: Operational
Change unsigned:1 Shall be one
Reserved unsigned:3 Shall be zero
Application Specific unsigned:8

10.1.1.3 AL State Acknowledge Service
10.1.1.3.1 AL State Acknowledge Request (Indication)

10.1.1.3.1.1 Coding

typedef struct

{
unsigned State: 4
unsigned Acknowledge: 1
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unsigned Reserved: 3;
unsigned ApplSpecific: 8;

} TALCONTROL;

10.1.1.3.1.2 Description

The AL State Acknowledge Request Indication protocol is specified in Table 90.

Table 90 - AL State Acknowledge Request Indication

Parameter Data Type Value
State unsigned:4 1: Init
2: Pre-Operational
3: Bootstrap
4: Safe-Operational
8: Operational .
Acknowledge unsigned:1 Shall be one < \ \ \
Reservgd unsigned:3 Shall be zega/\ X \\/
Application Specific unsigned:8 ( m \ \)

10.1.1.3.2

10.1.1.3.2.1
typedgf struct

Coding

unsjgned
unsjgned
unsjgned
unsjigned

} TALYTATUS;

10.1.1.3.2.2
The AL S

AL State Response (Con

ation protocol is specified in Table 91.

ble 91 - AL State Response Confirmation

Parameter N Data Type Value
State unsigned:4 1: Init
2: Pre-Operational
3: Bootstrap
4: Safe-Operational
8: Operational
Change unsigned:1 Shall be zero
Reserved unsigned:3 Shall be zero
Application Specific unsigned:8
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10.1.2 EtherCAT State Machine

10.1.2.1

Start Mailbox Communication

< Slave is Init >

4

AL Control.ind (AL Control = Pre-
Operational)

-
<

Slave supports Mailbox?

yes

Read Sync Manéger ¢hann 0\
Read Sync Manager(channel
7\ X
no

SO
NN

&

N\

N aN
Write AL Status (AL State = Init, Error
N
N
/\\/\ 'W
/\ 4
Write Ak Statls (AL State = Pre- Slave in Init
ergtional, ErrorFlag = FALSE)
N
lave in Pre-Operational >

Figure 63: Processing of Start Mailbox Communication in the Slave
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10.1.2.2 Stop Mailbox Communication

< Slave is Pre-Operational >

A

AL Control.ind (AL Control = Pre-
Operational)

yes
v
@
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< Slave is Pre-Operational >

4

AL Control.ind (AL Control = Safe-
Operational)

10.1.2.3 Start Input Update

4

Read Sync Manager channels 2-n

Input Update possible?

4

N

Q Write AL Status (AL State = Pre-
Start Input ProSgss Deta/Updat \)\/ Operational, Error Flag = TRUE)
k 4
Writ (AL St _e ) e- Slave in Pre-Operational
Operatl aI ror

Vel S\a‘iMonal >
A

e 65: Processing of Start Input Update in the Slave

V
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10.1.2.4

Stop Input Update

< Slave is Safe-Operational >

4

AL Control.ind (AL Control = Pre-
Operational)

10.1.2

.5

y
Cahtrol.ind (AL Control =
Operational)
~—"
Output Update possible?
ye no

Stop Input Process Data Update

Write AL Status (AL State = Pre-
Operatioonal, Error Flag = FALSE)

4

< Slave in Pre-Oﬁﬁw
Input

Figure 66: Processing of 'St date/in the Slave
Start Output Update m

%\w )
SRR,

Write AL Status (AL State = Safe-

Start Output Process Data Update Operational, Error Flag = TRUE)

i

Write AL Status (AL State = Slave in Safe-Operational
Operational, Error Flag = FALSE) P

4

< Slave in Operational >

Figure 67: Processing of Start Output Update in the Slave
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Stop Output Update

< Slave is Operational >

4

AL Control.ind (A
Opera

L Control = Safe-
tional)

A,

4

PAS 62407 © IEC:2005(E)

10.1.2

7

Stop Output Process Data Update

4

Write AL Status (AL State = Safe-
Operatioonal, Error Flag = FALSE)

Slave in Safe- O(g\rw

Figure 68: Processing\of Stop Output’'Update in the Slave
Acknowledge State Change

Al nowledg tate Change

9,

A

AL Control.ind (AL Control,
Acknowledge = TRUE)

AL Control

= AL State?

yes

v

Write AL Status (AL State, Error Flag

= FALSE)

no

»

A
Gcknowledge State Change finish@

Figure 69: Processing of Acknowledge State Change in the Slave
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10.1.3 Slave Handler

10.1.3.1 Start Mailbox Communication

< Slave is Init >

v

Read AL Information

AL Tnformation match to
configured Slave?

< Failure reaction )4—no

yes

Write Station Address

Slave supports ailbgX? es,

e Manager channel 0
Write Sync Manager channel 1

A NI NN

rite Co trol (ANC \40I
ergtio

\\v{aad AL Status

AL State = Pre-Operational OR

Error_Flag = TRUE? yes

) 4

Error_Flag = TRUE?

Acknowledge State
Change

1
yes

yes

4

< Failure reaction > < Slave in Pre-Operational >

Figure 70: Processing of Start Mailbox Communication in the Master
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10.1.3.2 Stop Mailbox Communication

< Slave is Pre-Operational >

Write AL Control (AL Control =
Init)

no
Y
Read AL Status :

Nlaximum retries? n AL State = Init OR Error_Flag=

A}@wsa.&ate\
T SN

'
&F\a}b\r{ﬁame% > < Slave in Init >
N

Figure ; o top Mailbox Communication in the Master
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10.1.3.3 Start Input Update
< Slave in Pre-Operational >
Write FMMU channels
no Slave supports Mailbox?
yes
Write Sync Manager channels Write Sync M r chanpel
0-(n-1) {?S\{ \
AN N\
SDO- nlo: rvices
no > no
slaveXo be\sen
) 4
yes
All slaves processed? (\ yes
v
Ny
Write SDO-Download-Request
yes
Start Process Data
ransmission /] Read SDO-Download -
¢ Response
N
Write AL Control (AL C n%\i
Safe-Operational
5'\/> < SDO-Download successful?
4 no
Read Aét;«ﬁ \
AL State = Safe-Operational n Maximum retries? no
OR Error_Flag = TRUE? ’

Error_Flag = TRUE?

no

i

< Slave in Safe-Operational >

A

Acknowledge State
Change

yes'4

C

y
Failure reaction >

Figure 72: Processing of Start Input Update in the Master
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< Slave is Safe-Operational >

A

Write AL Control (AL Control =
Pre-Operational)

l

Stop Input Update

PAS 62407 © IEC:2005(E)

N

STtop PTocess Data
transmission

»

flaximum retries?

<4—N

Read AL Status

Sl

ro

k\Weacnon > ( Slave in Pre-Operational >

ssjng of Stop Input Update in the Master

Error_Flag = TRUE?

yes
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10.1.3.5 Start Output Update

< Slave is Safe-Operational >

A
Transmit valid outputs fro
Slave with Process Data
service

A

VWrite AL Lontrol (/'\L control =
Operational)

no >
A

Read AL Status

. . AL State = Operational R
?
Naximum retries? <4—n Error_Flag = TRUEf ygs
Y Error_Flag = TRUE?
g
I f\ \)\/ no

’

k\\@}eactlon > < Slave in Operational

of Start Output Update in the Master
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10.1.3.6 Stop Output Update

< Slave is Operational >

Write AL Control (AL Control =
Safe-Operational)

no

A

Read AL Status

AL State = Safe-Operationa

Maximum retries? <4—n OR Error_Flag= TRUE?

b 4

\@u fed iorb ( Slave in Safe-Operationgl )
Fiiur Processing-af Stop Output Update in the Master
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C Acknowledge State Change >

Write AL Control (AL Control =
AL State, Acknowledge =
TRUE)

10.1.3.7 Acknowledge State Change

Read AL Status (-
/\

Maximum retries? <4—n

yes 3
) \J
~
( Failure reaction Cezc>owledged >
Figure 76: Processing of now tate Change in the Master

10.2 [Mailbox

10.2.1 General Mail

10.2.1.1 Codi

typedgf struct
WORI]
WORI]
unsjgned
unsjgned
unsjgned
uns 3 gng

} TMBXH

typedgf strudg

TMBYHEAPER MbxHeader;
BYTH Data[MBX_DATA SIZE];
} TMBY;

10.2.1.2 Description

The General Mailbox Header protocol is specified in Table 92.
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Table 92 — General Mailbox Header

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel unsigned:6 0x00 (Reserved for future)
Priority unsigned:2 0x00: lowest priority
0x03: highest priority
Type unsigned:4 0x01: ADS over EtherC
0x02: Ethernet over
0x03: CANopen ovenEth
0x04: File Accgss o
Reserved unsigned:4 0x00 /\\ \\ \ V
MailboXq Service Service Data BYTE[n] Maipexﬁ\e\‘i@ﬁ\}@ \\/

10.3

10.3.1
typedd

uns i
uns §
uns J
uns}
TCOH

typedd
TMBJ
TCOH

BYTH
} TCOH

10.3.2
The C

CANopen over EtherCAT

Coding

f struct

gned
gned
gned
gned
HEADER;

f struct Q

HEADER
HEADER

ZE-21;
MBX;

ANopen.ove erCAT protocol is specified

in Table 93.
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Table 93 — CANopen over EtherCAT

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel unsigned:6 0x00 (Reserved for future)
Priority unsigned:2 0x00: lowest priority
0x03: highest priority /‘\
Type unsigned:4 0x03: CANopen over EtMAT (COE\)\
Reserved unsigned:4 0x00 /\\ \\ \
CANopgen Header Number unsigned:9 Depending on trKCMobeKn\SQrvﬁ\
Reserved unsigned:3 0x00 < \\ \ \ >
. - >N 4
Service unsigned:4 :

10.3.3
10.3.3.1
10.3.3.11

10.3.3.1.1.1

typedgf strud
{

unsjgned 1;
unsjgned 1;
unsjgned RataSetSize: 2;
unsjgned ZompleteAccess: 1;
unsjigned Command: 3;
BYTH IndexLo;
BYTH IndexHi;
BYTE SubIndex;

} TINITSDOHEADER;

typedef struct

{
TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TINITSDOHEADER SdoHeader;
BYTE Datal[4];

} TINITSDODOWNLOADEXPREQMBX;

10.3.3.1.1.2

Description

The CANopen Initiate SDO Download Expedited Request protocol is specified in Table 94.
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Table 94 — CANopen Initiate SDO Download Expedited Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel unsigned:6 0x00 (Reserved for future)
Priority unsigned:2 0x00: lowest priority
UX03: highest priority
Type unsigned:4 0x03: CANopen over Etr}QI(CAT (\E)
Reserved unsigned:4 0x00 Q \
CANopgn Header Number unsigned:9 0x00 Q \\ \\ >
Reserved unsigned:3 0x00
Service unsigned:4 0x02: SWEJ{es\\ \ N
SDO Size Indicator unsigned:1 0x00:_size~of M1 A ified

01: SIZB in Daba Set Size specified

Transfer Type

unsigned:1 A

&xf)ﬁ%&pad't\rans

Data Set Size

ighed:

0x01: Initiate Download Request

Index of the Object

Subindex of the Object

Data of the Object,
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10.3.3.1.2

10.3.3.1.2.1 Coding

typedef struct

{
TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TINITSDOHEADER SdoHeader;

} TINITSDODOWNLOADEXPRESMBX;

- 185 -

Initiate SDO Download Expedited Response

10.3.3.1.2.2 Description
The Initiate SDO Download Expedited protocol is specified in Table 95.
Table 95 - Initiate SDO Download Expedite
Vo
Hrame part Data Field Data Type < \We&ri}t@n\)
Mailboy Header Length WORD 0x06: L%r@m\o\he@o&rvi}loata
Address WORD Statj ss of\the Wf a master is|client,
Stéation AddressCof the destination, if a slavelis
lien
I o
Channel unsigned:6 0 (y{es,éqed\quuture)
Priority nsigneds N\
Type u\Qsig ed:
ResQed ( \@Qnew \ (Q)O
CANopgen Header Wber N (1 unw/ 0x00
eserve unsigneck3 0x00
N\ F‘\ \(}\ \\{9
\ S&{ice u}*\ign 4 0x03: SDO Response
SDO A Si>e\\lﬁ31&€tor\\/\ fgned:1 0x00
< ?M\nsfe\\Ty\b\ Ainsigned:1 0x00
/\ bﬁta\Sgt& e unsigned:2 0x00
omplete unsigned:1 0x00
<\ Access
\ D Co and unsigned:3 0x03: Initiate Download Response
\gpecifier
/Index WORD Index of the Object
Subindex BYTE Subindex of the Object
10.3.3.2 Initiate SDO Download Normal
10.3.3.2.1 Initiate SDO Download Normal Request
10.3.3.2.1.1 Coding
typedef struct
{
TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TINITSDOHEADER SdoHeader;
DWORD CompleteSize;
BYTE Data[MBX DATA SIZE-10];

} TINITSDODOWNLOADNORMREQMBX;
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10.3.3.2.1.2 Description

The Initiate SDO Download Normal Request protocol is specified in Table 96.

Table 96 — Initiate SDO Download Normal Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n > 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destiratiqn, if a slavelis
client
Channel unsigned:6 0x00 (Reserved for fut(
Priority unsigned:2 0x00: lowest priori

S
0x03: highest

Type unsigned:4 0x03: C&p B(eMCA\f)(CoE)

Reserved unsigned:4 0)"( \\\\ \\/

CANopgen Header Number unsigned:9 Q (7 \
Reserved lyfs\gned% V/ /\ \
Service i : \xOZ.\?DO\T{edﬁést

SDO Size Indicator oy ~—

\G@O\sormal transfer

Transfer Type

Data/S’ét\Size/\ })\y

‘\E/OO. entry addressed with index and subindex will
be downloaded

Comp te
ceess (

0x01: complete object will be downloaded,

subindex shall be zero

ANORD Index of the Object

\/ \/\@ned:s 0x01: Initiate Download Request
A Spe fier N
N

Index
< S\%n\?}ex\> BYTE Subindex of the Object, shall be zero if Complete
A \ Access = 0x01
& Comatfte Size DWORD Complete Data Size of the Object
Ba\t/ BYTE[n-10] Ici;égLetngth-m) >= Complete Size): Data of tie
jec

If ((Length-10) < Complete Size): First Data part of
the Object, Download SDO Segment is folloying

10.3.3.2.2 Initiate SDO Download Normal Response
10.3.3.2.2.1 Coding

typedef struct
{

TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TINITSDOHEADER SdoHeader;

} TINITSDODOWNLOADNORMRESMBX;
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10.3.3.2.2.2 Description

The Initiate SDO Download Normal Response protocol is specified in Table 97.

Table 97 — Initiate SDO Download Normal Response

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD 0x06: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel unsigned:6 0x00 (Reserved for future)
Priority unsigned:2 0x00: lowest priority

0x03: highest priorl

Type unsigned:4 0x03: CANopéo\s\\E{he\QmCoﬁ

Reserved unsigned:4 0x00

O\ Y
CANopgn Header Number unsigned:9 0x00 \ \\ )

Reserved unsigned:3

00 N
Service unsigned:4 /s &kxo)#Dg\ReN\onse\/

SDO Size Indicator )ﬁg\ned}/\ >x00( (> ‘\>
Transfer Type Ngr%({\ \Q(OO \ }

Data Set Size U}as‘b‘ned:x\\Oxb\

Complete sigried® N)
Accey{\ o \

Com nd\( lh@i\ed}J ‘\0{03: Initiate Download Response

A Ila\dex\/\ \V%QD\ Index of the Object

& S index& B\K(E\\/ Subindex of the Object

10.3.3.3 2 DO:Segment
10.3.3.3 , d SDO Segment Request
10.3.3.3.1.

typedgqgf struet
{

unsjgned MoreFollows: 1;
unsjigned SegDataSize: 3;
unsigned Toggle: 5
unsigned Command: 3;
} TSDOSEGHEADER;
typedef struct
{
TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TSDOSEGHEADER SdoHeader;
BYTE Data[MBX DATA SIZE-3];

} TDOWNLOADSDOSEGREQMBX;

10.3.3.3.1.2 Description

The Download SDO Segment Request protocol is specified in Table 98.
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Table 98 — Download SDO Segment Request

Frame part Data Field Data Type Value/Description
Mailbox Header Length WORD n >= 0x0A: Length of the Mailbox Service Data
Address WORD Station Address of the source, if a master is client,
Station Address of the destination, if a slave is
client
Channel unsigned:6 0x00 (Reserved for future)
Priority unsigned:2 0x00: lowest priority
UX03: highest priority
Type unsigned:4 0x03: CANopen over Etr}gv(CAT (\{)
Reserved unsigned:4 0x00 Q \
CANopgn Header Number unsigned:9 0x00 Q \\ \\ >
Reserved unsigned:3 0x00 \ \ \
Service unsigned:4 0x02: Sﬂ\gép{es\\
SDO More Follows unsigned:1 0x00: enpis following
ng{:\h\ &Segment
SegData Size unsigned:3 ' how 'mbch (Mast 7 data bytes (which
besgnd) contain data:
NS byte Data
Q x03,/4 byte Data
\:&4: 3 byte Data
( 0x05: 2 byte Data
0x06: 1 byte Data
<\ \ 0x07: 0 byte Data
Toggle \/\Mned 1 Shall toggle with every Download SDO Segment
/\ Request, starting with 0x00
(\ \}%}(ﬂ\}\ /unS|gned:3 0x00: Download Segment Request
AN\ e Y BYTE[n-2] Data part of the Object
N\ \)
10.3.3.3.2~ " Downigad SDO Segment Response
10.3.3.3:2.1 Coding
typedef struct
{ TMBXHEADER MbxHeader;
TCOPHEADER CopHeader;
TSDOSEGHEADER SdoHeader;

} TDOWNLOADSDOSEGRESMBX;

10.3.3.3.2.2

Description

The Download SDO Segment Response protocol is specified in Table 99.
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