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What is EtherCAT?

ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer

Processing

DPRAM

Frame Struchure

Addrescing & Commands

Synchlanagers

FRAMLs

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Aok

Fok

SoE
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
Hdmplementation

Plant Level

Fieldbus Level

EtherCAT Device Protocol processed .on the fly"
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EtherCAT Device Protocol (EtherCAT fieldbus): master-slave communication between
real-time controllers and field devices (I/Os, servodrives, sensors, actuators, ).

EtherCAT Automation Protocol (EAP): communication between controllers, or between
controllers and MES/ERP systems, on standard factory networks.



EthercAT™  Functional Principle: Ethernet “on the fly”

|

« Data extracted and inserted on

the fly EtherCAT +~

« Cyclic and acyclic communication

Cyclic data size can range from 1 Bit to 60 kByte (by using several frames if needed)



EthercAEY.  EtherCAT Network (Device Protocol)
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(optional, ENI “Config tool™) (ESI)
EtherCAT Master g s

PL: Physical Layer
DL: Data Link Layer

Frame Structure ’
Addressing & Commands ;7
SyncManagers l F 7
FRAMLUs I
Distributed Clocks I
AL: Application Layer v ¢
EtherCAT State Machine =
]
(|

-

Fok {Soft-)PLC. EtherCAT
SoE Master (NIC)
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ESI: EtherCAT Slave Information
ENI: EtherCAT Network Information



Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Struchure
Addressing & Commands
SynchManagers
FRAMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CoE
Aok
Fok
Sof
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Information Interface

EtherCAT Slave Information (ESI)

ESI file contains information about:
- Vendor
— Device (several devices can be described in one file)
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Reference: ETG.2000 ,EtherCAT Slave Information

ESI file can be edited in Conformance Test Tool, as well as with any XML editor.




ethercAT ™ EtherCAT Configuration Tool

Introduction
ESIE: Device Description

EtherCAT Master

PL: Physical Layer

DL: Data Link Layer
Processing

DPRAM

Frame Struchure
Addressing & Commands
SyncManagers . . .
FMMUS » Reads Device Descriptions (ESI)
Distributed Clocks

AL: Application Layer

EtherCAT State Machine

"E-:ﬂ « Enables the configuration of the network

o - Topology, parameters, process data, ...

FoE

SoE
Process Data s .
e Can be a standalone tool or part of a software suite
MDOP

D5402

Synchranization Modes » Export network description (ENI)

Diagnosis
Standards
Sdmplementation
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Reference: ETG.2100 “  EtherCAT Network Information "

Configuration Tool: EtherCAT Knowledge Base



EthercAT Y EtherCAT Master

e e
PL: Physical Layer

i
£St: Device Description i
Configuration Tool !

i
i
Processing "EtherCAT Segment” |

| EtherCAT Master
e

Frame Structure

Addrescing & Commands

SynchManagers . g
FMMUs « Reads ENI file or uses own Config Tool
Distributed Clocks

AL: Application Layer

EtherCAT State Machine

g « Handles network interface (NIC)
CoE

Aok

FoE

Sot » Operates the network

Process Data _ . .
oipspupgna il Send cyclic and acyclic telegrams

MDP - State Machine

D&402

Synchronization Modes

Slave Information Interface _ "

Diagnosis « Provides interface to PLC
Standards

Edmplementation

b ther Al |echnoioy oug

NIC : Network Interface Controller



EthercATY.  PL | EtherCAT

Sl
-

] “’l ocess Data Interfac l-_'] 3

magrnetics mag nalics
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Ether¢ATY.  PL | EtherCAT P

PDI (Process Data Interface) 3

magnetcs g raiics

EtherCAT - ExtherCAT
P Circuitry P Circuitry

- =
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Further information: https://www.ethercat.org/p




EthercAT ™ Physical Layer

----------

Configuration Tool
EtherCAT Master
| PL: Physical Layer ™
DL: Data Link Layer
f". !IIIIIIIIIl :_L_H_D_S_
Frame Structure ;
Addressing & Commands Py 4
Synchlanagers
FMLIs #
EoE 1
CoE K
Aok .
a Device £
Fok
Sof = Physics Y ,_uplokn !IIII“III"
Process Data ‘ - )
DS402
Synchronization Modes
Siave Informationinterface - Any number of physical layer changes possible.

ESE: Device Description Physical signal variants of EtherCAT:

Processing

DPRAM

Distributed Clocks e i O
EtherCAT State Machine 2"
Mailbox #
Device Profiles () Name 24 Cb

MD#
Standards
HAlmplementation

kLRl A echnolagy o ug

100 BASE-TX (copper cable up to 100 m between 2 nodes)
? Most popular physical layer for Fast Ethernet
? Shielded twisted pair (STP) with 2 pairs of wires
? Cable categories CAT5, 6, 7 can be used
? RJ45 connector standard, M12 connector for IP67

100 BASE-FX (fiber optic up to 20 km between 2 nodes)
? All media options possible
? Requirements for TX-to-FX converter, e.g.
- Link Lost Forwarding
- No store-and-forward

LVDS (backplane connection for modular devices)
? Interface for low cost backplane applications

? Not intended for connections over cable
? according to ANSI/TIA/EIA-644



Eﬂierﬂ‘:_ PL | Topology
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Flexible Topology

Up to 65.535 devices within one EtherCAT network
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PDI (Process Data Interface) 3




Ether AT

Introduction

ESI: Device Description
Configuration Tool
EtherCAT Master

PL: Physical Layer

| DL:Datalink Layer

Processing

DPRAM

Frame Structure

Addressing & Commands

symchanagers

FMMLUs

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

Coé

Aok

FoE

Sok
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Slave Infarmation Interface

Purpose of EtherCAT Slave Controller (ESC)

ESC overtakes the low-level, hard real-time tasks in an
EtherCAT slave device

Access to Physical Medium & Link Handling

Frame Routing

Addressing & On-the-fly processing

Configuration of ESC building blocks

Hardware support to Distributed Clocks synchronization

Set up AL State Machine interactions




PDI (Process Data Interface) 3

EtherCAT Processing Unit

Port 0 (in) . Port 1 (oun Port 2 (out) Port 3 (oul

Port 0 is the upstream port and always leads to the master (IN port). This port supports
special functions:

? Port 0 automatically opens when all ports are closed, acting as recovery port for the
slave

? Port 0 enables to detect and drop frames circulating on the network



Detail

- exchange




EtherATY

ESIE: Device Description
Configuration Tool
EtherCAT Master

PL: Physical Layer

DL: Data Link Layer

Frame Structure
Addressing & Commands
SynchManagers
FMMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine

£ [eherl AT Technciogy (eroup

PL | Cable Redundancy

Only a second Ethernet port is needed on the master —
possible with all EtherCAT Slave devices

MASTER

On slave side, cable redundancy is automatically supported by ESCs: no additional features

needed.
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Register

Process Data RAM




EthercAT ™ DL | DPRAM

ESI: Device Description The DPRAM consists of two ranges: Registers and Process
e Data RAM.
PL: Physical Layer

Processing
r-ﬂm_ IN
Frame Structure
Addressing & Commands
FRAMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine apo OXOFFF

Mallbox " |ProcessData RAM | #00 0x1000
EpE
CoE

Ak
Fok
(data exchange
o 1..60 kByte | between master and

Device Profiles (depends on ESC) slave application)
MDP

DS402
Synchronization Modes
Slave Information Interface -

Standards ESC apo OXnnnn

anc 00000

Registers contain low-level ESC settings and diagnostic information.

Process Data RAM is a free memory available for master and slave application to
exchange data.

Write Access:
? Shadow registers for all registers integrated

? DPRAM write shall be controlled by SyncManagers



EthercAT ™ Registers
I —
ESk: Device Description « Contain basic ESC settings/information
Configuration Tool L. )
EtherCAT Master » Structure is identical for all ESCs
mwm Teal  Sheew ] D]DNNN | BN Dgelet VU0 R0 Aselong Wpedt WO | TDheleal] Sl Page
FI'II!IE'EII‘Q S| o ot S P BT e, admnarey e hlidenia -
— —
Frame Structure - il [ S Bl Bl FTT
Addressing & Commands 4 PO et A i ESC type, revision, etc.
S'yﬂl:h.lan.ﬂm = T e T— ) e
FhAMALs B T rregr— (T BT T Et‘I'E‘I"CAT addF-E'ES
Mhtﬂdmﬁh #  Corgored Sisicn Ay (gt £F et
AL: Application Layer s P T
EtherCAT State Machine = O ik L Pe——— k]
Mailbox ¥ FECD Comte ) e P e T request nrpmi’dcrse ports
:.: ¥ RO meroaers  CUMent port status
Aok - Ayt Layw T T ]
FoE * A o i’ request new slave state
Sof * AL 0 cumrent slave state
m“ &l e e . P T
Device Profiles PR TTI L S e— b 10 e 1
MDP i AN I
DS402 + b Conamiem sasmsaws ik losses, corrupted frames, etc.
Synchronization Modes PR — ———
Slave Information Interface P L T — S} e Indwect access 1o Sl EEPROM
m B W] el i, | (] P,
Standards @ el AN} ]
Edmplementation PR —
# Dt Chosien )
£ [eherC AT Technoiongy g =

Reference: ESC Hardware Data Sheet
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Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAN
ﬂ"Frm!'lrucmre R

Ethernet / EtherCAT Frame Structure

EtherCAT uses standard Ethernet IEEE 802.3 frames:

Ethernet Frame: 64 - 1518 Byte

e o e S e T B o S e e e 2 o

L]

Addrescing & Commands

synchlanagers

FMMLs

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

> I T

€ byte 6 byte 2 byte
= T
O Biad

Fok
SoE
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Information Interface

20 byte 8 byte

CheIBO0

UDP Dest, Port (n88ad

EtherCAT Data

2 byte
EtherCAT Header

2 byle
EtherCAT Header

4 byte

44 -1498 byte

16 -1470 byte

1. EtherCAT Datagrams are carried by raw Ethernet frames

? Default case, always possible when the EtherCAT segment is connected to the

master directly (EtherCAT Direct Mode)

2. EtherCAT Datagrams are encapsulated into UDP/IP protocol

? Mandatory when the EtherCAT segment is connected to the master through a

standard switch (EtherCAT Open Mode)

? Also possible in Direct Mode, e.g. if the master uses the standard OS driver to send

frames



EthercATY.  EtherCAT Frame Header

ESI: Device Description The EtherCAT header contain the information about the
e EtherCAT type carried by the frame:

PL: Physical Layer

DL: Data Link Layer

Processing o GtheCATHesder
11 bit 1 bit 4 bit

FMMUSs
Distributed Clocks

AL: Application Layer PPl -
EtherCAT State Machine ~___.-=~

-
-
- -
-
-

Aok 0 Reserved

Sof 1 EtherCAT Device Communication

Process Data The that is evaluated
Device Profiles b Esﬂalltipﬁ I by

DS402 23 Reserved

Slove information interfiscs 4 EAP Process Data Communication
Diagnosis 5 EAP Mailbox Communication
Edmplementation 6-15 Reserved

€ [theelAT Technology roup

EAP: EtherCAT Automation Protocol
Types 4 and 5: Master-Master Communication



Ether¢cATY.  EtherCAT Datagrams

ESk Device Description The payload of an EtherCAT frame (with Type = 1) consists

e of a variable number of EtherCAT Datagrams.

PL: Physical Layer
DL: Data Link Layer

e oeneive [N < |
DPRAM

wam ,:,.ffjf_,..fjsfﬂf{_,.:,
e s (G - R

Distributed Clocks
AL: Application Layer

AnE *add 1-32 padding bytes if Ethernet lrame is less than b4 Dytes

© [eheelAT Technolagy roup




EthercAT - EtherCAT Datagram Header
===,

Intreduction
ESI: Device Description Each EtherCAT Datagram consists of a Header, a Data field

. and a Working Counter (WKCQ).
PL: Physical Layer
DL: Data Link Layer
Pocesing S ewammgm
DPRAM : :
rame = ! E

Addressing & Commands 10 byte '

SyncManagers '

o CTIN — .
Eh"“dm Working Counter
EtherCAT State Machine

Mailbox 1 16bit |
EoE

cat -ﬂ““ﬂlﬂ-

Ak
Fok
SoE

Process Data More EtherCAT Datagrams following —--‘:
Device Profiles

Circulating Datagram ---"

£ [herCAT Technciogy Group

Cmd: datagram type

ldx : set by master to identify lost or duplicated datagrams



EthercAF ™ EtherCAT Commands Overview
T —
Introduction

ESl: Device Description The master can access the DPRAM of EtherCAT slave(s) by
i using different addressing mechanisms:

PL: Physical Layer

R T Auto A specific position in the network is addressed

DPRAM Increment (e.g. topology discovery).
n-:;E::.;E; L_ Addressing Command abbreviation: APxx

Synchlanagers

FMMLs

”D__‘W'h“l:a“'ﬁ Fixed A slave with a specific configured address is
i a—— Physical addressed (e.g. mailbox communication).
"'::“ GERIEELEN  Command abbreviation - FPxx

CoE

Aok

FoE S All network slaves are addressed

o o (e.g. state machine monitoring).

Addressing

“:';"’"““ Command abbreviation : Bxx

D5402

Synchronization Modes

Slave Information interface Logical A subset of slaves is addressed through a logical
Dlagnosis UlCe

g Addretsing address space (e.g. process data exchange).
Smpiamentution Command abbreviation : Lxx

Each addressing mode is combined with the command (Cmd):
xXRD (Read) - addressed slave(s) write content into the datagram
xXWR  (Write) — addressed slave(s) read content out of the datagram

xXRW (ReadWrite) - addressed slave(s) read, and thereafter write content into the same
datagram

xXRMW = (ReadMultipleWrite ) — the addressed slave writes content into the datagram, all
other slaves read it out of the same datagram



EthercAT ™ Address Field
=

Introduction

ESI: Device Description

Configuration Tool |

EtherCAT Master |

PL: Physical Layer |

DL: Data Link Layer i
Processing

8 bit 8 bt 32 bit 11 bit 3 1 1 16 Bit

- BTN - v v w
e =3 mm Auto Increment Addressing
rfa:::mgm “ m Fmed Physical Addressing
muﬂr:::-ﬂ_ “ m Broadcast Addressing
Mailbox '
CoE
.AI:'E . a . "
Fok Address field in each datagram is 32-bit
e - Higher 16 bits address the device (65.535 devices possible)
MODP and lower 16 bits specify an offset in DPRAM (max. 64 kByte)

é L 16 Bt 16 Bit
Frame Structure :
Distributed Clocks
Eok _ Lc:glcal Addressing
S50E
ainios of addressed device

Diagnosis or
EImplementation - 32 bits used for logical addressing

ADP = Address Position - which slave is addressed
ADO = Address Offset - which DPRAM location is accessed



EthercAT ™ Auto Increment Addressing

DL: Data Link Layer
Processing
CokE

Aok

DPRAM
Frame Struciure

Fof Data into DPRAM
Sof ADO 0x0010

| Addressing & Commands
SyncManagers
FMMUSs
Process Data
e oxt000 32 00902
MDP

Introduction
Distributed Clocks
v
DS402
Synchronization Modes L —
Slave Information Interface

ESI: Device Description ADO AP

Configuration Tool ] Jexoorofenrrrn] Jarwnl our¥7D) (0wt
AL: Application Layer

Diagnosis

= - W

PL: Physical Layer
Mailbox

EoE
EAlmplementation

b fEherl Al Technoiey g

Master writes a negative Auto Increment address (16 bit) into ADP depending on position
? Slave which receives ADP == 0x0000 is addressed

? Each slave increments ADP by 1

Offset addresses local Address Space of device



EthercAT ™ Fixed Physical Addressing

Introduction

ESI: Device Description i s
Conlfiguratien Tos) s IEDEDE
EtherCAT Master

PL: Physical Layer

DL: Data Link Layer
Processing MASTER
DPRAM
1001

Frame Structure -
| Addressing & Commands 1002 1003 004

SyncManagers

FMMUs

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Aok
Fok Data from DPRAM

SoE ADO 0x1080

Process Data
Device Profiles
MDP

D&402
Synchronization Modes L—
Slave Information Interface

Diagnosis
Standard 1011 102 1013
HAlmplementation

b therLal lechciogy roug

A fixed 16-bit address is assigned to each slave (written by master into ano 0x0010)
? Independent from slave position
? Written by master during start-up

? Fixed address lost after power loss

Offset addresses local Address Space of device



ESI: Device Description
Configuration Tool
EtherCAT Master

Ether¢cATY.  Broadcast Addressing

ADD ADP
LB ocene] exsoco] | ao |

PL: Physical Layer

DL: Data Link Layer
Processing
DPRAM

-M-R- NN

Frame Structure
|~ Addressing & Commands T
SyncManagers
FMMLs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine

b Ltherlal lechnciogy roup

Data from DPRAM
ADO O0x0130

—a-aE

Read data are logic OR of single register values



EthercATY.  Logical Addressing

Introduction ot A
ESE: Device Description '
Configuration Tool | TR | sccescs || e |
EtherCAT Master 1

PL: Physical Layer

DL: Data Link Layer
Processing MASTER
DPRAM

Frame Structure
| Addressing & Commands " om
SyncManagers
FRARALIs J
Distributed Clocks Master logical Data to and from
AL: Application Layer address space slave(s) DPRAM
EtherCAT State Machine 0
Mailbox
EoE
CoE
Aok
Fok
Sof
Process Data
Device Profiles
MDE
D5402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
SAlmplementation

Ohe1 000000

£ [therl AT Nechwnciegy Group

Slave reads/writes the logical process image of master

More slaves can share the same memory interval



EthercATY.  EtherCAT Datagram Working Counter

ESI: Device Description
Configuration Tool

owcre (I e 2R
PL: Physical Layer
DL: Data Link Layer

Procesing - _ 4 -
A

Frame Structure
[~ Addressing & Commands T
SyncManagers

e ____
Distributed Clocks

AL: Application Layer
EtherCAT State Machine 10 byte 2 byte

Mailbox

CoE )
Aok Worlang Counter
Fok
Sof

Process Data

Device Profiles

. FETTTEETY

—
]

e T e L T

o

“add 1-32 padding bytes if Ethernet frame is less than 64 bytes

€ [theelaAT Technology (roup




Eﬂnrm Working Counter (WKC)
I mm——,

Introduction

ESI: Device Description e 1
—— « WEKC is incremented after each successful access

EtherCAT Master 3 .
L Pysical Lager Increment depends on the command:
DL: Data Link Layer

Processing

DPRAM
Frame Structure

N AOresSing & Commanc I Read YXRD +1
FMMUS Write xxWR +1

AL: Application Layer Read Write xxRW
EtherCAT State Machine — Read

Eof - Write +2

Process Data * The returning WKC value is compared by master with
MOP the expected value

synchronizastionmodes  *  IN case of invalid WKC, input data carried by the
Dlagrosls corresponding datagram are discarded

b [t Al Technology oug




EthercATY.  Working Counter Example (LRD)

PL: Physical Layer Command: LRD .lnp-ut: N inpast: Dutpust: Input:
' 3 WKC +1 = WKC +1 3 > 3 WKC +1
1 1 WiC=2 (SO
MASTER o
: 5
— e —
Distributed Clocks | Expected WKC =3
AL: Application Layer 5 . N =
EtherCAT State Machine | Mecelvedhe-2 valid data (forwarded to control application)
Mailbox
Eok
Cok ;
Aok | Command: LRD Input nput: Output: Fault input: |
Fof i 3 7 S

Slave Information Interface Bpected WL= 3
m“""" | Mevehved WKC =2 ﬁ invalid data (discarded)

£ [therC AT Techwnciagy Group




EthercATY. DL | SyncManager

PDI (Process Data Interface) 3

€ [theelAT Technolagy roup il




EthercAT ™ SyncManagers | Overview

anmmm SyncManagers protect a Process Data RAM interval from

2o simultaneous access = data consistency
Up to 16 independent SyncManager channels

L]

PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addrescing & Commands
Synchlanagers
FMMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine S MinSre = MaxSage = DrisunSiee = Sarthddress = Comiroliyle S Eeable S Deol
Mailbox 1 sl FaBD FaiD 1000 s 1 LE Bt
EoE 1 Enld Exi F e Rl #ull 1 W

CoE 3 a LR Bt i L N ]
' [ e 143 il 1 Pt d

Aok

Fok

S50E
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Slave Information Interface
Diagnosis

Standards
Edmplementation

The SyncManager configuration registers startat 5o 0X0800
SMO:

0x800:0x801 : Physical Start Address

0x802:0x803 : Length (in Byte)

0x804 : Control Register (including type and direction)

0x805 : Status

0x806 : Activate

0x807 : PDI Control

SM1.:
0x808:0x809 : Physical Start Address



Eﬂmm SyncManagers | Types
=
£SE: Device Description « Mailbox (1-buffer) Type
e e o - 1 buffer SyncManager supports handshake
e - Data overflow protection
e — Writing side must write before reading side can read
{yrmisaioe S — Reading side must read before writing side can write
| SimcManagers T again

FMMLIS " .

Distributed Clocks — Used for non-process data communication
AL: Application Layer
EtherCAT State Machine
allbox + Buffered (3-buffer) Type

o - 3 buffer SyncManager guarantees consistent data

Fok delivery and access to the newest data any time
Proms B - Always a free buffer to write
T e - Always a consistent buffer to read (except before the
o odes first writing)
Slave Information Interface — Used for process data communication
Diagnosis
Standards
Fdimplementation




EthercAT ™ Mailbox Type (1-buffer) Read Example
===,

Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer |
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
FRAMLUs
Distributed Clocks bx1080
AL: Application Layer
EtherCAT State Machine
Mailbox
Eok SyncManager n

CokE

Aok
FoE
Sof

Process Data
Device Profiles

WMDP
Frame Header WKC
e s IS 000000 000000000000 00000000 00000000 cc... [T
0

Wm Cl'l"bd: H.E'ad
ADO: 0x1080

Read access to an empty SyncManager  failes



Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Struchure
Addressing & Commands

mweﬂr—

FRAMLUs

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Ak

Fok

Sof
Process Data
Device Profiles

MDe

EthercAT ™ Mailbox Type (1-buffer) Read Example
T III——,

Wrte to Ox 1080

B0 B0 BE BB BB B BE BB BE BB BE BR
BB BB BE Bb BE BB BB BB BB BO BB BB
BoBBBE BB BB BEES ..

SyncManager n

\

T CT ssssmssonmsansosoo (73 I
0

Cmd: Read
ADQ: 0x1080
Length: 128

Read access to a not complete written SyncManager

failes




EthercAT Y Mailbox Type (1-buffer) Read Example
===,

Introduction
ESIk: Dewice Description Write to (x1080
Configuration Tool

EtherCAT Master

PL: Physical Layer

DL: Data Link Layer
Processing
DPRAM

Frame Structure &6 B6 BB B0 B8 B8 68 BE 66 BE B8 BB BB BB BB BB BB
Aﬂdrgﬁrq&mm BB BEBE BREEBEEE BB BE BB BB BE BE BA BB BB BB

mr— BEBEBEPRPEBPEEEBRBPRRBEBEBE BB RB BE BB
' BB BB BB BS BB BE BB BB BB BE BB BE BB BB BB B8 B8

FhARALIs BE BB BE BB BB BB BB BE BB BB BB BB BE BE BB BB BE
Distributed Clocks bx1080

AL: Application Layer
EtherCAT State Machine
Mailbox

Eok SyncManager n

CoE

Aok

Fok

SoE
Process Data
Device Profiles

osucz LIl wennsnnunsnssnses. 73 E20
ADQ: 0x1080
Stamdards Length: 128

& [therl &l |echclogy g

Read access to a full SyncManager is valid
Write acceess to a full or not complete read SyncManager fails



Eﬂmergr; Buffered Type (3-buffer) Write Example
==,

Introduction

ESIk: Device Description Read from
Configuration Tool 0x1100
EtherCAT Master

PL: Physical Layer I 1

DL: Data Link Layer
Processing
DPRAM

FrmSIIrucmre EB BE BE BB AR AR AR AR
Addrescing & Commands BB EEBE BB AA AA AA AA

|~ SyncManages T BE BEBE BB AA AA AR AA

EMMLS BE BEBE BE AR AA AR AR
Distributed Clocks 1160
AL: Application Layer
EtherCAT State Machine \
Mailbox
EoE SyncManager n
CoE
Aok
Fok
50E
Process Data
Device Profiles

= fnsie] overemis JEELTELTRLTEETEEEEY wee [
Synchronization Modes Cmd: Write 1

ADQ: 0x1100

Stamdards Length: 16

To exchange n data bytes, 3*n memory bytes required

Mechanism handled by SyncManager (ECAT and PDI always use start address), shall be taken
into account when determining Start Address of next SyncManager.



Eﬂnrgr_: Buffered Type (3-buffer) Write Example
===,

Introduction
ESI: Device Description Read from
Configuration Tool b
EtherCAT Master

PL: Physical Layer I

DL: Data Link Layer
Processing
DPRAM

Frame Sfmﬂufﬂ' BB BB BB BB A AR AR AR CCOCCCCC
Addressing & Commands EB EEBE BB AAAAAA AA CCCCCCCC

| Simehianagers T BBBEBBBE | AAAAAAAA | cccccccc

FMMUSs BB BB BE BB AA AAAA AA CCCCCCCC
Distributed Clocks bx1100

AL: Application Layer
EtherCAT State Machine ’
Mailbox

EoE SyncManager n

CoE

Apk

Fok

SoE
Process Data
Device Profiles

WMDP
Datagram H WK FCS
e Fametiesder] osagramn. JULELLILEL DI wie | S
1

Synchronization Modes « Wi
. o Cmd: Wnite

— ADQ: 0x1100
Standards Length: 16
Almplementation

b Itherl Al |echnology oug




el

Introduction
ESl: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands

| Symetianagers T

FRAMLUs

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Ak

Fok

SoE
Process Data
Device Profiles

MDP

Buffered Type (3-buffer) Write Example

I“ﬁ.ﬁiﬁ“
N\

DDDDDDDD | AAAAAAAA CCoCcccc
DD DO DD DD AA AA AA AA CCCCCCCC
DDDDDDDD | AAAAAAAA CCoCcccc
DDDDDDDD | AAAAAAAA CCoCcccc

N

SyncManager n

s (22T 00000000 000000000000 sooooosoce [ I
1

Cmd: Write
ADQ: 0x1100
Length: 16

Data ,C “ is provided for read access because its the latest complete available data

Data , B “ is overwrittey data ,D



EthercATY. DL | FMMU

|EEFRUM
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PDI (Process Data Interface) 3
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EtherATY

Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Erame Struclure
Addrescing & Commands

Synchlanagers

« FMMUs (Fieldbus Memory Management Units) map a

» Up to 16 independent FMMU channels

FMMLEs

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EOE

Lok

Aok

Fok

S50E
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Clave Information Interface
Diagnosis

Standards
Edmplementation

FMMU | Overview

DPRAM interval into the global address space of master
and vice versa

& Firrimu
B Tt
1 Outputs
2 mpuls
3 MBoxSiate

Bit-wise configuration of the memory section possible

FMMU configuration registers start at ano 0X0600

FMMUO:

0x600:0x603 : Logical Start Address

0x604 : 0x605 : Length (number of all concerned Bytes)
0x606 : Logical Start bit (within the first byte)

0x607 : Logical Stop bit (within the last byte)
0x608:0x609 : Physical Start Address

O0x60A : Physical Start bit

0x60B : Type (including direction)

0x60C : Activate

0x60D:0x60F : Reserved

FMMUL1:

0x610:0x613 : Logical Start Address

.



EthercAT T FMMUs | Why?

Addr, 1001 Addr. 1002 Addr. 1003

OUT: Zbyte

OUT: 2byte OUT: 2byte
SyncMarsgerd o000 1800 Synchlansger] oo del BOO SyncMansgel oo OnilB8
IN:  2byte IN:  Zbyte IN: 2byte

SyncMaragerd . 0n1C00 SyncManager] . oo0x] 8O0 SyrcMansgerd  ooc0nl008
FMMU 0: FMMU 1: FMMU 0: FMMU 1: FMMU 0: FMMU 1:
Loge 10000 Log: 10000 Loge 10002 Log: 10002 Log: 10004 Log: 10004
Dir: Write Der: Read Dir: Write Dir: Read Dir: Write Dir: Read
Len:2 Len: 2 Len:2 Len:2 Lenc2 Len: 2

PHy- apa0x1800  Phy: upal 100 PhY- a000X1500  Phy: 400X 1800 Phy: 10001000 Phy: 4002000

Node addressing (no FMML)
ADP 1001 ADP 1001 ADFP 1002 ADP 1002 ADP 1003 ADP 1003
ADO Ox1800 ADO 0x1C00 ADO 0x1500 ADO 0x1800 ADO 0x1€00 ADO 0x2000
Logical addressing (FMMU)

cme

L1 2

Without FMMUs (APxx, FPxx): each slave needs to be addressed with a single Datagram (10
bytes header, 2 bytes WKC). Each communication direction needs a seperate Datagram

(x2).

With FMMUSs (Lxx): each slave reads and writes its data in the same position. Multiple
slaves can share the same Datagram.



EthercAT T SyncManager & FMMU | Assignment

Introduction _
ESk: Device Description « Standard assignment
Configuration Tool

EtherCAT Master

PL: Physical Layer - With mailbox support
DL: Data Link Layer

Processing « SMO: Mailbox output
A « SM1: Mailbox input

Frame Structure

Addressing & Commands « SM2: Process data outputs = FMMUO
e + SM3: Process data inputs = FMMU1

Distributed Clocks

. el - Without mailbox support

Mailbox « SMO: Process data outputs - FMMUO

‘E; (or inputs if no outputs available)

Aok » SM1: Process data inputs = FMMU1

Fok

Sok
Process Data « Process data always fits exactly into a SyncManager
Device Profiles

MDP

D5402
Synchronization Modes
Slave Information Interface




EthercAT ™ SyncManager & FMMU | Operation

Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPFEAM
Frame Structure
Addressing & Commands 1100 x1400
Synchlanagers SM 2 (Process data out) SM 2 (Process data in)
s
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CoE
Aok
Fok
Sof
Process Data
Device Profiles

- o
D402
Synchronization Modes Cmd: LRW
Slave Information Interface Address. Ox 1000000

Diagnosis Length: 14
Standards O0x 1000000 0x1000007 0x100000D

E
[

Addresses and Range for the SyncManager are defined by the ESI file



EthercAT ™ Distributed Clocks

Introduction
ESIk: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
SynchManagers
FRIMLIs
|~ Distributed Clocks T
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
Cok
Aok
Fok
SoE
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
fadmplementation

b ftherl Al Technoiogy Faug

Enable precise synchronization (<< 1 ps) of EtherCAT
devices.

System Time : time shared by all DC-synchronous devices.
? Beginning: January, 1 st 2000 at 0:00h
? Base unit: 1 ns
? Format: 64-bit value

Reference Clock

. EtherCAT device holding System Time.

First DC-synchronized slave encountered by frames

DC synchronization relies on ESC hardware features:
Latch of local time value on each port when triggered by master
Adjustment of local clock speed based on an external set-point



chachT

Introduction

ESl: Device Description

Configuration Tool

EtherCAT Master

PL: Physical Layer

DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
SyncManagers
FRAMLUs

AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Aok

Fok

Sof
Process Data
Device Profiles

MDE

D&402

Synchronization Modes

Diagnosis
Standards

Hdmplementation

b e Al Technoloy Wog

|~ Distributed Clodks T

Slave Information Interface

DC | Operation

Local

Clock Drift Compensation

Initialization

Value

System r

Tome

" .: - ;. -..;... .;..T-.: L

-.--.--.-.-.-1-.
. ' '

P s

-ll—'i-ll-iI

Synchronization
Accuracy

DC operation consists of 2 phases:

Initialization

Drift Compensation

- initially independent clocks are adjusted to the System Time definition

. following deviations are corrected in order to keep synchronization




Eﬂnlﬂ; DC | Initialization & Drift Compensation

es:DeviceDescripion ~ * | he master triggers slaves to latch their local time values

- mmmbeg when a standard command is received on each port.

PL: Physical Layer
DL: Data Link Layer
Processing
g [ B | soovojesseca] | swn
Frame Structure
Addrescing & Commands

srtansger . [
AL Application Layer — | (-

EtherCAT State Machine
Mailbox
EoE
Cok
Aok
Fok
Sof O Timestamp based on 1% slave local clock
Process Data
ﬂ:n*:l'mﬂl- @ Timestamp based on 2™ slave local clock
DS402
Synchronization Modes
Slave Information Interface

Latch is activated by write access to  5po0x0900
? Local time at port X is latched at SOF (Start of Frame)
? At EOF (End of Frame) latched time at port X is copied into  Apo(0X0900+4*X)

Apo(0x0900+4*X) is in local clock units (at this stage, the local clock in each slave is
still uncorrelated from others)



EthercAF - DC | Initialization & Drift Compensation

Introduction R
ESI: Device Description » The master reads time values latched from each slave,

P and calculates an offset and a delay for each DC device.

PL: Physical Layer
DL: Data Link Layer
hvnprr [ BE_ N [ows0] ace | Jarwn)

DPRAM
Frame Structure .-.m.m
Addressing & Commands
SyncManagers
FRAMLUs
|~ Distributed Clodks T
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Aok

Fok

Sof
Process Data
Device Profiles

_——
-

R |-|:-."I"I_-|rﬂ, =T

Offset : absolute difference between the local clock of slave N and the standard definition
of System Time

Delay : propagation time of frames between the reference clock and slave N



e

DC | Initialization & Drift Compensation

estDeviceDescription ~ * Residual misalignments between local clocks are by
M‘“'"'"T'__,m‘" triggering slaves to adjust clock speed multiple times.
PL: Physical Layer

DL: Data Link Layer

Processing

S l- ] owomtofaer cloc] fromsen

Frame Structure

= " mm oww gy pm gho
|~ Distributed Gocks T 4. [E o
AL: Application Layer GO -

EtherCAT State Machine Reference
Mailbox Clock

EoE

CoE

Aok ) 00910 g
foE « As local clocks could drift @_-\ 6
SoE
Process Data away from the System Time

Device Profles during operation (different

05402 e quartz oscillators, thermal

Stave Information Interface effects, ageing), the master GH
o adds the xRMW command

Sdmplementation to the cyclic frames.

Whenever ,500x0910 is written, slave compares received System Time with its local time
(corrected with Delay and Offset:

(Local Clock + Offset) — (Received System Time + Delay) >0 — Local Clock decelerates
(Local Clock + Offset) — (Received System Time + Delay) <0 - Local Clock accelerates



EthercAT™  Sync Events

ESI: Device Description « Digital outputs for the ESC: are set when the System Time

Configuration Tool
e reaches predefined values.

PL: Physical Layer
DL: Data Link Layer
R SYNCO SYNC1
DPRAM
Frame Structure
Addressing & Commands
symchanagers
FMMLUSs

|~ Distributed CGlocks 77777
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Aok

FoE

Sof « (Can be used as:
Device Profiles — Direct digital outputs (simple devices)
DS402 - Interrupt sources for pC (complex devices)

b ltherl Al Technolagy raup




Introduction

ESI: Device Description

Configuration Tool

EtherCAT Master

PL: Physical Layer

DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
Synchanagers
FMMLUs

|~ Distributed Clocks T
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

Cok

Aok

Fok

SoE
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Slave Information Interface

EthercAT ™ Sync Signal Generation Modes

Four operation modes are supported for SYNC signals
(configured via dedicated registers).

Start Timme SYMNCD o DuDS 000907
f

J Cycle Time SYNCD , . 0x09A0-0x00A3
- w

v T
Cyclic Generation
SYMCD i
Single Shot :

: ; Aic ke nomwled
SYMNCD - r
Cyclic Acknowledge

' Acknowledge

SYNCO ' |
Single Shot Acknowledge

Second sync event (SYNC1) has a multiple integer period
and optionally an offset with respect to SYNCO event.




e

Intreduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
symchanagers
FMMLIS

|~ Distributed Clocks T2
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Aok

FoE

Latch Events

« Digital inputs for the ESC: when a positive and/or
negative edge is detected, the corresponding System
Time value is stored.

* The Latch Time registers (,po0x09B0:0x09CF) contain the
stored time stamps

- (Can be cyclically read by the master as process data

» Single or continuous latch configurable
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PDI (Process Data Interface) 3
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EthercAT ™ Purpose of Application Layer (AL)
B S

Introduction .
ESI: Device Description « EtherCAT State Machine
m*ru-:“ - Boot-up of device
::.’:‘L:*"::" - Error handling

b « Mailbox communication

::E:f;’[;“ - - Access parameters of an EtherCAT slave
e - Asynchronous transfer

Distributed Clocks -~ Mailbox protocols
EThesCAT State Mackine * Ethernet over EtherCAT (EoE)
"'E':ﬂ « CAN application protocol over EtherCAT (CoE)
Cok + File transfer over EtherCAT (FoE)

e « Servo Drive over EtherCAT (SoE)

Sof + ADS over EtherCAT (AcE)

Process Data .

Dwve rofies « Process data handling

D540.2

Synchronization Modes

Slave Information Interface

Diagnosis

Standards

Edmplementation




EthercATY. AL | EtherCAT State Machine (ESM)
I mmmm——

PDI (Process Data Interface) 3
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EthercAT ™ Purpose of EtherCAT State Machine
]

Introduction . . .
ES1: Device Description « Defines general communication states of EtherCAT slave

et devices

el « Specifies the initialization and error handling of EtherCAT

Procasing slave devices = Boot-up of the network

Frame Structure . . — s
Addresion & Commends | ° States correspond to the communication relationship
Synchianagers between master and slave

FiIMLIs
mhf:_ « Requested and current state of a slave device are
|EhercaTsiatemachinerny  reflected in the AL Control and AL Status registers
Mailbox

EoE

CoE

AnE

Fok

ok

Process Data

Device Profiles

MO

D5402

Synchronization Modes

Slave Infarmation Interface

Diagnosis

Standards

Fdimplementation

b ItherL Al Technoiogy Lug




EthercATY

Introduction

ESI: Device Description
Configuration Tool

EtherCAT State Machine

EtherCAT Master
PL: Physical Layer

Init

DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
Symchanagers
FIMLIS
Distributed Clocks
AL: Application Layer
| EtherCAT State Machine
Mailbox
Eok {D |}
Lok
Ank
Fok
S0k
Process Data
Device Profiles
MDP
D5402

(IP) I (PI) I (SI)

(OP) (PS) J (SP) ‘

: 4
B i (@i

R S

(optional)

SafeOP

(50) l (O9) l

Synchronization Modes
Slave Information Interface
Dlagnosis

opP

Standards
Fdimplementation

Init = Initialization

PreOP = Pre-Operational
SafeOP = Safe-Operational

OP = Operational

Boot = Bootstrap



EthercAT ™ State: INIT

Introduction

£S1: Device Description « Init State
Configuration Tool o
EtherCAT Master - No communication on the

:m'-':" Application Layer

Processing — Master has access to the
DPRLAM

Feame Struchue DL-Information registers
Addressing & Commands

Symchanagers

FMMLs

Distributed Clocks

[ Ethercat ciatemamina = *  Yransition to PreOP

T:H - Master configures register, at least:

Cok « EtherCAT Fixed Address (,;00x0010)
’::: « Mailbox SyncManagers
Sok

Process Data )

Device Profiles - Master requested PreOperational state

:;; « sets AL Control register

Synchronization Modes « wait for AL Status register confirmation
Slave Information Interface

Diagnosis
Standards
Fdlmplementation

i

|

—
e

E It Al Technolay Loug




Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
Synchanagers
FMMLUs
Distributed Clocks
AL: Application Layer
| EtherCAT State Machine

Mailbox

EoE

Cok

Aok

FoE

Sok
Process Data
Device Profiles

MDe

D5402
Synchronization Modes
Slave Information Interface

EthercAT ™ State: PREOP

PreOP State -
- Mailbox communication on the
Application Layer
— No Process Data communication —

Operational

Transition to SafeOP

- Master configures application parameters using the Mailbox
« e.g.. process data mapping, application-specific settings
- Master configures DL Register

« Process Data SyncManagers
« FMMUs

— Master requested SafeOperational state
« sets AL Control register
« wait for AL Status register confirmation




Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
synchanagers
FMMLUs
Distributed Clocks

AL: Application Layer

| EtherCAT State Machine

Mailbox

EoE

Cok

Aok

FoE

SoE
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Slave Information Interface

EthercAT ™ State: SAFE-OP

SafeOP State -
- Mailbox communication on the 1 1
Application Layer i
- Process Data communication,
but only Inputs are evaluated -
Outputs in 'Safe’ state r——

Transition to OP
- Master sends valid Outputs

- Master requests Operational state
« sets AL Control register
« wait for AL Status register confirmation




Intreduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
symchanagers
FMMLIS
Distributed Clocks

AL: Application Layer

| EtherCAT State Machine

Mailbox

EoE

Cok

Aok

Fok

SoE
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
fadmplementation

b el Al |echnoiagy g

EthercAT ™ State: OP

OP State

- Inputs and Qutputs are valid




Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
symchanagers
FMMLUs
Distributed Clocks

AL: Application Layer

| EtherCAT State Machine

Mailbox

EoE

Cok

Aok

FoE

SoE
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
Almplementation

b IEher Al |echnoiay g

« Boot State

EthercAT ™ State: BOOT

v |

Boot State is optional -

Pre (peiatonal

but recommended if firmware
updates necessary

State changes only from

[ ¢

-
1

|

and to ‘Init’

Operational

No Process Data communication

Communication via Mailbox on Application Layer

Special mailbox configuration possible,
e.g. larger mailbox size

Only FoE protocol (file transfer) available




tthercAT ™ EtherCAT State Machine: Control and Status
———————

ESE Device Description * Registers for EtherCAT State Machine (ESM)
Configuration Tool

T ~ AL Control (;,,0x0120)

DL Data Link Layer « Master requests a new state to the slave
Processing

DPRAM « Master acknowledges state machine errors
Frame Structure

e ~ AL Status (,,,0x0130)

FMMLUS - :
R et Slave reports its current state

AL: Application Layer « Slave indicates state machine errors
| EtherCAT State Machine
s ~ AL Status Code (;,,0x0134)

i: + In case of error (e.g. rejecting) an error code is set

FoE
Sok
Process Data
Device Profiles
MO
D5402
Synchronization Modes
Slave Information Interface




EthercAT Y EtherCAT State Machine: Control and Status
T —

troduction ioien | MaSter | | Slave |

Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
Synchanagers
FRAMLUs
Distributed Clocks
AL: Application Layer
Mailbox
EoE
CoE
Aok
Fok
Sof
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Information Interface

AL Control | AL Status | AL Status Code
Ox01 0x01 Ox0000

Settings for Ip

-— . .

Request |p

AL Control | AL Status | AL Status Code 3

Ox0D2 0x01 Ox0000 Check utﬁngg

for IP
AL Control | AL Status | AL StatusCode oK

ip successful Ox02 0x02 Ox0000 P

Settings for ps
Request ps

I r'""f""'""""'T"'[""""'

AL Control | AL Status | AL Status Code |

004 0x02 0x0000 Check settings
for PS
AL Control | AL Status | AL Status Code NOT OK

004 0x12 Error Code |

ps failed

| U N SUNRN AU A

AL Status Codes are specified in ETG.1020.



EthercATY. AL | Mailbox

SN
|EEFRUM
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EtherCAT Processing Unit
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EthercAF - Mailbox Transfer (acyclic communication)
[
ESI: Device Description Mailbox transfer (e.g. parameter data)
Configuration Tool
EtherCAT Master Communication in both directions
PL: Physical Layer
Processing
DPRAM =1
Frame Structure
e JHTHHH ]
p— @ﬂ—ﬂ_l
FRAMLUs
Distributed Clocks
soohetr Y %
| Mallbox T
EoE
CoE
o + Available from state PreOperational
o + 2 dedicated SyncManagers
":n':"""‘" — SMO ("MBoxQut"): Master to Slave
,,D:'f._ﬁ.,..... - SM1 ("MBoxIn"): Slave to Master
— « Multiple protocols defined
Sdmplementation + Simple |O-Device (no parameter) < no Mailbox necessary




EthercAT ™ Mailbox Transfer
L IIIImmm—

Introduction

ESIE: Device Description
Configuration Tool
EtherCAT Master

PL: Physical Layer

DL: Data Link Layer

Processing

DPRAM

Frame Structure ﬁﬂﬂ ﬂﬂﬁ

Addressing & Commands AA AA AA AA AA AA ]

o o AA AA AA AA AA AA

FMMUs
Distributed Cloch AN AN AN AA AA AA

mw Layer Ot 1000 1080
EtherCAT State Machine SMO (Mailbox Out) r SM1 (Mailbox In)
EoE
Cok
Ak
FoE
Sof

Process Data i
Device Profiles Protocol specific request data

MDP
Frame Header WELC FCS
s e BEEET maraamanaamnanaamanaamamas... [CF (T
1

Stave Information Interface ADO: 0x1000

Edmplementation

b el Al |echnoloy Foug




EthercAT ™ Mailbox Transfer
s

Introduction

ESI: Device Description

Configuration Tool

EtherCAT Master

PL: Physical Layer

DL: Data Link Layer
Processing

DPFRAM
et 38 88 89 80 80 88 BB
Addressing & Commands

- B8 BB BB BB BB BB BB

A BB BB BB B6 BB BB BB

FMMLIs
Distributed Clocks BB BB BB Bb BB BB BB

mw Layer O ) DO Ou 1080
EtherCAT State Machine SMO (Mailbox Out) SM1 (Mailbox In)

EoE
CoE
Aok
Fok
Sof

Process Data )
Device Profiles Protocol specific response data

MDP
Frame Header WKL FCS
- Fameiesde] owagamn. JULLULT DL DTD LTS wee |RsH
1

Y ssisar Cmd : Read
Slave Information Interface ADO: 0x1080

Standards Length: 128

SAlmplementation

¢ [herCAT Technoiogy eoup




EthercATY.  Mailbox Interface Datagram

ESI: Device Description
Configuration Tool

ey S s mecow SR
DL: Data Link Layer

OPAM [ .V
oA ) 77777

Frame Structure - SRR '--_________,

Addressing & Commands
SyncManagers

e FEMCATOmgae  FGMCMOwgam . GhCTOwge
Distributed Clocks

AL: Application Layer
EtherCAT State Machine

[Maitbor
B ——

Cok
Aok
Fok

SoE
- .

Device Profiles | |

|
DS402 Mallbox Meader Protocol specific data

L T L |

“add 1-32 padding bytes if Ethernet frame is less than 64 bytes

& [theelAT Technolagy roup




EthercAT ™ Mailbox Header
I mmm——,
Introduction 48 Bit
rtorh Rl ot e Lttt ] s
PL: Physical Layer : I
DL: Data Link Layer 16 bit 16 bit Gbit  2bit  4bit  3bit  1bit
Processing
DPRAM Length Address Channel  Prio. Type Cnt Res.
Frame Structure
Addressing & Commands
SyncManagers Length Length of following data in byte
Eim Clocks Address Fixed address of source slave (S -> M)
AL: Application Layer Fixed address of the destination slave (M-35)
EtherCAT State Machine
[Mallbox ™ Channel reserved for future use
E: Priority reserved for future use l
‘:‘:: Type Mailbox Type, Protocol identifier for following data
SoF 0 Mailbox Error
Prscass Dats 1 AcE (ADS over EtherCAT)
Device Profiles 2 Eof (Ethernet ower EtherCAT)
MDP 3 Cof (CAN application protocol over EtherCAT)
DS402 4 Fot (File Access over EtherCAT)
Synchronization Modes 5 Sof (Servo Drive over EtherCAT)
Slave Information Interface 15 Vol (Vendor spedific profile over EtherCAT)
Diagnosis
Stamdards cnt Sequence number
Eimplementation Iterates from 1-7 with every new mailbox service
£ [ehiel AT Technocdogy (o




EthercAT ™ Mailbox Protocol Types
s

for becevescription * Ethernet over EtherCAT (EoE)

Configuration Tool - Tunnels standard Ethernet communication (e.g. TCP/IP) over
ﬁ*‘“m EtherCAT

D Dota ik e

Processing « CAN application protocol over EtherCAT (CoE)

DPRAM

— Access of a CANopen ® object dictionary

Frame Structure
Addrescing & Commands

SynchManagers « ADS over EtherCAT (AoE)
Eﬁlﬂ,m - Routes data to subordinated or cascaded systems
AL: Application Layer )
ethercaTStatemachine  «  File Access over EtherCAT (FoE)
ﬂ = — Download and upload files (e.g. firmware download)
CoE
ot « Servo Drive over EtherCAT (SoE)
. - Access the Servo Profile Identifier (IDN)
Process Data
Device Profiles « Vendor specific Profile over EtherCAT (VoE)
DS402 - Vendor specific protocol tunneled over EtherCAT
Synchronization Modes
Slave Information Interface
Diagnosis
Standards

Edmplementation

ItheeL AT lechnclagy eoug
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EthercAT Y. Ethernet over EtherCAT (EoF)
==

Introeduction . '
ESI: Device Description « Tunnels Ethernet communication over EtherCAT
Configuration Tool , .
EtherCAT Master - Tunneling allows the master to optimize Ethernet
PL: Piyysical Layer communication without affecting the process data
DL: Data Link Layer

Processing exchange.

DPRAM

Frame Structure
Aﬂdreuirq& Commancds

Two types of devices supporting EoE

SyncManagers
Eﬁmm - Devices with locally running TCP/IP-based applications (e.qg.
H.:Hpﬂ:ﬂm-ll:; Web Server)
- - Infrastructure devices (Switchports) providing connection
poe— for external TCP/IP-based devices.
Ank
Fok
S outs » EtherCAT mgster supporting EoE behaves as 'Virtual
T:nﬂl- Ethernet Switch’ (Layer 2)
DS402 - If communication with other LAN networks shall be
St taormation bt possible, IP routing in OS/Master needed.
Diagnosis
Standards

Edmplementation

E (therl &l el Liaug




EthercAT™  EoF Architecture

» TCP/IP end points are connected transparently

Virtual Ethernet
Swatch
Functionality

- # - ‘ ‘
'}
P
TCPUDP
Apphcabon
Other
networks

EtherCAT
EoE LAN

TCPI/IP traffic can be routed both within the EtherCAT EoE LAN and to/from other networks

(in this case, IP Routing in master device is needed).




Ether AT Y.
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EoE Switchport: Any Ethernet Protocol

 Interface to any Ethernet Device or Network

» Ethernet Frames are inserted into EtherCAT Protocol:
— 'Ethernet over EtherCAT’




ESI: Device Description
Configuration Tool
EtherCAT Master

PL: Physical Layer

DL: Data Link Layer

€ [theelAT Technolagy roup

Recommended protocol for service data access
? Configuration of communication parameter
? Configuration of device specific parameter

Easy migration path from CANopen? Devices to EtherCAT device supporting CoE
protocol Stacks can be re-used



EthercAEY.  Object Dictionary (OD)

Introduction X .
ESk: Device Description « Table of variables, addressed by Index and Subindex
Configuration Tool o )

EtherCAT Master « Part of the Application Layer, i.e. part of stack

PL: Physical Layer

DL: Data Link Layer

Processing

DPFRAM

Frame structure 0 1 2 3 4 .. 265 Subindex
Addressing & Commands - - - -

SyncManagers 0x0000
FRMLs

Distributed Clocks

AL: Application

MTMHL:II ﬂx1ﬂDEl
Mailbox

EoE

| L3 ——

= |nx1-:11a oooz 2342 o001 | cooo |Array, Record
Fok

SoE

Process Data OxFFFF

Device Profiles

MDE

D&402

Synchronization Modes

Slave Information Interface

Diagnosis =7 . :l
e >~ “Read value from 0x1000: U
Edmplementation

vanable (int, string, ...}

- “Writevalue xyz to Ox1018:4"

E ftherL Al |echnoiogy Foup




EthercATY.  Object Dictionary (OD)
e —

Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure 0 1 2 3 4 . 255 Subindex
Addressing & Commands ' ' '
symchanagers ﬂm
FMMUS
Distributed Clocks S
EiharCAT State Mackine [DI‘IUDH 5'“:_3
Mailbox
EoE -
| — [ﬂx‘llHE 4 0002 2342 | 0001 } 0000
AnE :
Fok
Sok

Device Profiles

MDP Index
D5402

= i s value C] “Object”

Diagnosis

Standards o Does not exist “‘Object entry”

1

& [thaerl Al |-|;-.‘|l1|_-|r;_,|-. =T




Eﬂmrg!:, Object Dictionary Structure

Introduction

eskDeviceDescription  Specified areas within the object dictionary

Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Struchure
Addressing & Commands
SyncManagers
FRAMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
| S ——
Aok
Fok
Sof
Process Data
Device Profiles

b lthel Al Technoiagy Foug

Index
0x0000 - OxOFFF

0x1000 - Ox1FFF

| 0X2000 — OXSFFF

0x6000 - OxFFFF

Use
Data type area

Examples: O0x0001 - Boolean
Ox0008 = Real32

Communication area
Examples: Ox1008 - Device Name
O0x1018 - |dentity Object (Vendor ID, S/N,

Manufacturer specific area

Examples: Parameters and process data of the device

Profile Epa-l:l‘l'il: area
Examples: Parameters and process data of the device,
specified in a profile (e.g. servo drive)

|




EthercAEY.  Object Dictionary in ES|

£ [therl AT echnciagy Group

= Charewlinis -

= [ata Types
= Clgercts

£} insiex
1 i 00
T w1001
3 #1008
4 #1009
B oEai00k
L " LL-LE |
T B=10FY
§ Ei0FE
W i
L L
oA
A i AST
13 B=1080
vl w1 C0F
LI ALk
L Sil="
i s=1CAd
Nl kb
Lt
W R
HoEbi3d
et bd
B if g

) Mamer

B bype

Errnr regmhee
DE e name
Fiardv B vEsr g
LERw R VRS

Errnr Seflnga
Trwsismp Dbt
D0 B ®T-lag
Tl Par pemetas

0 TwPDD-mp

A1 TP A

Ty maARps bl
R magr:
TafLo sangn

Sl ool pararaERT
Sl npedt e BTERET
£ inpesin.

&l mpus

DO Dutpsity

L) Eettr gy

Noduew [evace Bep e
Wgdyig Py L

YsegeEs g sER "D

L

OD is described in element Profile of ESI file.

} susaze () win

= inlo
* inln
= inln
= inlo
= inlo
= inln
* Indo

= i
= info
= nlo
= ndo
= info
= info
= o
= it
= info
= o
* inln
= info
= lo
* i
- il

™
= Isgs
= Flags
= Fisgs
= Fimgs
= Fisgn

= Fiaga




EthercATY.  SDO & PDO
T III———,

Intreduction
ESI: Device Description Service Data Qbject
Configuration Tool
EtherCAT Master
PL: Physical Layer . . . : :
DSt Lisk Layer + Access to an Object acyclically using Mailbox services
g

DPRAM » Used for parameters, diagnostics, ...

Frame Structure

Addressing & Commands

SyncManagers

FMLs i
e Process Data Object

AL: Application Layer
EtherCAT State Machine

Mallbox » CANopen®: Access to objects cyclically as process data,

e S —— but EtherCAT does not use Mailbox communication for

Aok

Fok process data
50E

Process Data

Device Profiles = PDO: "application data package, intended to be

MDP + + .
DS402 transmitted cyclically as process data
Synchronization Modes

Slave Information Interface




EthercAT ™ CoF Services: SDO Down-/Upload

Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
SyncManagers
FRAMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE

ETI_

Aok
FoE

uuru 11

LA

__

SDO _ _ Write value to OD
Download “Activate Filter of a specific device
SDO Read value from OD

Upload |*..DiagMessage’ _ | of a specific device




Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPFEAM
Frame Structure
Addressing & Commands
SynchManagers
FMLIs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
| el S —
Aok
FoE
SoE
Process Data
Device Profiles
MDE
D&402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
Edmplementation

b feherL Al |echnoiogy o ug

EthercAT ™ CoF Services: SDO Information

“\CLD StrucluLE//

Information about OD
- Available objects (list of indexes)

Description of an Object
- Name
- Code (Variable, Array, Record)

Description of an Object Entry
- Name
- Access rights




chacaT>

Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPFRAN
Frame Structure
Addressing & Commands
SyncManagers
FMMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
| S
Aok
FoE
SoE
Process Data
Device Profiles
MDE
D5402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
Admplementation

b fthel Al Technciagy Foug

Example: SDO Download (Request)

Addr = 1 Addr = 2 Addr = 3
‘ 0x6091

Example:
Change “Gear Ratio Motor

Revolutions”™ from 3 to 4

Specified Object:

Ox6091: Gear Ratio
Sl 0: Subindexes supported
S| 1: Motor Revolutions
Sl 2: Shaft Revolutions

I A 1
ECAT
o B e peedone ] ] ] | ]| [
FPWHR 3 T Type=3 T oaD6097 1 4 1
{Cok) T

apo 01000 Download Req.

SDO Request




o

Introduction
ESIE: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPFRAN
Frame Structure
Addressing & Commands
SynchManagers
FMMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
| el ——
Aok
FoE
SoE
Process Data
Device Profiles
MDE
D&402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
Elmplementation

& (Eherl Al |1'-."H'I:-||‘.,||. L]

Example: SDO Download (Response)

Addr=1  Addr=2 Addr = 3
' 4 |
MASTER |M oD 0 L 2
0x6091 2 4 10

Example:
Change "Gear Ratio Motor
Revolutions”™ from 3 to 4

Specified Object:

Ox6091: Gear Ratio
Sl 0: Subindexes supported
S| 1: Motor Revolutions
S| 2: Shaft Revolutions

ECAT Add
Con e oo befoned ] ] ] | | [l
FPRD 3

T Type=3 T ordix6091 1 1
{CoE)
a1 DBO Dowenload Res

500 Response




EthercATY.  CoE | Object Dictionary (example)
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thercAT ™ AoF | Client-Server Relationship

Introduction

ESk Device Description AoE (ADS over EtherCAT) is a client-server protocol:
Configuration Tool

EtherCAT Master

PL: Physical Layer

DL: Data Link Layer AoE

Processing '
5 Client

Frame Structure .

Addressing & Commands

symchanagers

FIMLIS AoE

ﬁﬁ';ﬁ:‘:_ TUHHEI Server
EtherCAT State Machine

Mailbox

o + Provides tunneling and routing mechanisms through
b EtherCAT, yet requiring no TCP/IP stack (# EoE)

Process Dete « |dentifies messages uniquely, enabling transfer of
Device Profiles parallel services (# CoE)

D5402

Synchronization Modes « Can map other Mailbox protocols as payload

Slave Information Interface

—rmrd « Standard for acyclic data transfer on EAP

Fdimplementation

5 services defined:

Read: Read data from AoE server

Write Write data to AoE server

ReadWrite : Write data to, and read data from AoE server
WriteControl Change state of AoE server or its sub-device

Fragmentation Fragmentation of one of previous AoE services



EthercATY.  AOE | User Case: Gateways

Introduction
ESIk: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
Symchanagers
FMMLS
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
Cok
T S —
Fok
SoE
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
fdmplementation

b ltherl Al |echnolagy Foup

MASTER

=]

Subordinated fieldbus slaves are
often complex devices providing
parameter interfaces

Through routing and transparent
tunneling, Aok enables the control
application to access individual
entries in these interfaces.

Fieldbus specific ™~
w

I
Parameters channel 1 ¢
Parameters channel 2
Parameters channel 3
Parameters channel 4
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Emerm File Access over EtherCAT (FoE)

R « Similar to TFTP (Trivial File Transfer Protocol, RFC 1350)

Coniguration Tool » Lean stack implementation, suitable for bootstrap loaders
Pl Pl Loy « Special mailbox configuration for bootstrap mode

i possible

DPRAM

Frame Strnucture

:ﬂd*:::e:mmm « Best Practice for implementation: ETG.5003 Part 2 “FW
<Py Update” specification

Distributed Clocks

AL: Application Layer

EtherCAT State Machine

Mailbox

EpE

Lok

Aok

Fok

S50E
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Slave Information Interface
Diagnosis

Standards
Edmplementation

6 services defined:

WRQ: Write request with “ file name 7

RRQ: Read request with “ file name

DATA . Data block (full mailbox size used)

ACK: Acknowledgment of DATA and WRQ requests

ERR: Error notification with predefined error codes

BUSY: Busy notification in case of longer procedures, extension to TFTP (e.g. erasing

of flash modules)



EthercATY. AL | SoF

SN
|EEFRUM
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EtherCAT Processing Unit

Fort 2




Eﬂnlm Servo Drive over EtherCAT (SoE)
e

Introduction

ESE: Device Description * |Implements Service Channel

Configuration Tool

EtherCAT Master — Read / Write to several elements of an IDN
PL: Physical Layer

DL: Data Link Layer - Support of Procedure Commands

Process|

nmmng - S|EUE |I"Ifﬂ

Frame Structure
Aﬂdrasirq& Commancds

SyncManagers
- « The mapping of the IEC 61800-7-1 Annex D (SERCOS™)
mwm Layer on EtherCAT is described in IEC 61800-7-3 Annex D
EtherCAT State Machine

Mailbox

EoE

CoE

Aok

Fok

rm_

Process Data

Device Profiles

MDE

D5402

Synchronization Modes

Slave Information Interface

Diagnosis

Standards

Sdmplementation

ithierl &l | clagy Lo U

IDN = ldent Number



EthercATY.  Process Data (cyclically, no Mailbox)

s

|EEFRCM
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EthercATY

Introduction
ESk: Davice Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
symchanagers
FMIMLIS
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
Eok
Lot
Aok
Fok
Sok

Process Data

Device Profiles

MDP

05402
Synchronization Modes
Slave Information Interface
Diagnosis

Standards
Fdlmplementation

Process Data Handling | Example (EVA Kit)

uC Application:

olololololololo] 8 LEDs (digital outputs)

' 1 potentiometer (analog input)

8 Switches (digital inputs)

Example based on Profile 5001 (Modular Device Profile MDP)

refer to Device Profiles



oA

Introduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addrescing & Commands
Synchlanagers
FRAMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CoE
Aok
Fok
SoE
Process Data

Device Profiles

MDE

D5402
Synchronization Modes
Llave Information Interface
Diagnosis
Standards
Elmplementation

E [therl Al |echnclogy iU

Process Data Handling | Data Exchange

lolojojofolo

Mapping?

1100
SM 2 (Process data out)

Direction: Write
Logic Address ; Ox 1000007
Lan : 2 Byte

Physical Address : Ox1100

Cmd: LRW
Address: Ox1000000
Len: 14 Byte

FMMU 1

[Ox1400

SM 3 (Process data in)

Direction: Read

Logic Address : 0x1000007
Len : 4 Byte

Physical Address : Ox1400

e v
3




e

Intreduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
symchanagers
FMMLS
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CoE
Aok
FoE
SoE

Device Profiles

MDP

05402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
Fimplementation

b Itherl Al |echnclagy o up

PDO Mapping | Application Structure

Channel 1
/s m\
BOOL  Switch 1
BOOL Switch 2
BOOL Switch 3
BOOL  Switch 4
BOOL  Switch 5
BOOL  Switch 6
BOOL  Switch 7
BOOL  Switch 8
8 bit Padding
15t TxPDO
Digital Inputs

\_ 2 Byte J

Channel 2

flddolulolnlolnl

BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL LED 7
BOOL LED 8
8 bit Padding

1t RxPDO
Digital Outputs

\_ 2 Byte

LED 1
LED 2
LED 3
LED 4
LED 5
LED 6

N\

/

Channel 3
e I
BOOL Underrange
BOOL Overrange
BIT2 Limit 1
BIT2 Limit 2
8 bit Padding
BOOL IxPdoState
BOOL TxPdoToggle
INT Analog Input
2™ TxPDO
Analog Inputs
\_ 4 Byte J




EhechT

Intreduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
symchanagers
FMMLS
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CoE
AnE
FoE
SoE
Device Profiles
MDP

b ItherL Al |echnclagy Foup

PDO Mapping | Object Structure
———

O0x0000

O0x1600 -
Ox17FF

Ox1A00 -
Ox1BFF

H}rPDD Mapphg Objects: Area in OD for Output “Packages”

ne PO for each ohanin

TIPEH'J Hlppmg {}bpch" Area in OD fur Input 'F'ldl:agﬁ

sne PDO for each channe

Area for Input wuhlﬁ

iiset U 10 obpects tor each channe

Area for Qutput variables

offset = 0x10 (16 objects for each channel

255
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Introduction
ESl: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer

Processing

DPRAM

Frame Structure

Addressing & Commands

Synchlanagers

FRAMLUs

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Ak

Fok

Sof
Iw
Device Profiles

MDP

PDO Mapping | Process Data Objects

BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL
BOOL

Switch 1
Switch 2
Switch 3
Switch 4
Switch 5
Switch 6
Switch 7
Switch 8

'Channel1:

= Describe variables at
0x6000-0x600F




Eﬂnlﬂr_: PDO Mapping | Process Data Objects
|
Introduction
ESk Device Description
Configuration Too! olololojololo
EtherCAT Master |
D Dota ik bayr BOOL  LED] Channel 2:
= BOOL LED?2 _ _
DPRAM BOOL [ED 3 > Describe variables at
Frame Struclure
-~ BOOL [FD A4 se— Ox7010-0x701F
S " BOOL  LEDS
naak BOOL [ED6
i |
Applicatie BOOL LED7
?Iutﬂm :.:;u BOOL LED 8
Mailbox
EpE
CoE
AnE
I oD 0 1 2 3 a 8
[ProcessData Ox0000
Device Profiles
MEF wim
D5402
Synchrenisation Modes Ll r? HFII : |1 2 ﬂ ; +q-.'. ; |F'U| -
Slave Information Interface : ihinden
Diagnosis
Standards -
HAlmplementation
OXFEFF




Eﬂmg!:, PDO Mapping | Process Data Objects
| —
Introduction <
ESI: Device Description
Configuration Tool
EtherCAT Master |
:m,h’“u:;" BOOL Underrange Channel 3:
Processing BOOL  Overrange : .
DPRAM BIT2 Limit 1 -> Describe variables at
E Structu I -
A;T;.E&rf snde BIT2 Limit 2 g 0x6020-0x602F
SyncManagers BOOL IxPdoState
FMMUS BOOL IxPdoToggle
Distributed Clocks .
AL Application Layer INT Analog Input
EtherCAT State Machine
Mailbox
EokE
CoE
Aok R
Fok oD 0 1 2 3 4 - 8
Sof —
[ProcessData 0x0000
Device Profiles
MD# e
DS402
Slave Information Interface = b — NG —
Diagnosis
Standards "
HAlmplementation
OxFFFF
§ [therC AT Technoiogy (roug




EthercAT™  PDO Mapping | Rx/TxPDOs in OD
=

ESE: Device Description PDO Mapping Object defines the “Container” (PDO)

Configuration Tool ) . .

eyt « SI0: Highest available Subindex

ey « SI1-255: reference to process data written as XXXXYYZZ
OPRAM - XXXX: Object of referenced variable

Frame Structure

Addressing & Commands - YY: Subindex of referenced variable

f".:.h:“gm Y & Bitsize of referenced variable

Distributed Clocks ' i
AL: Application Layer |“j' 0 1 2 3 4 e 9
EtherCAT State Machine

. Ox1601 : - 70100101 | 70100201 | 70100301 | 70100401 L‘”“*":"I-"ﬂﬁ
e rmmmannn Subindes ' Entry 2°° Entry 3= Entry 4" Entry padding
Fok

SoE . |

. povnaee
[ProcessData — Ox1A00 . 60000101 | 60000201 | 60000301 | 60000401 ey

Device Profiles Highe st S et : e e , - 8hb
- 2 Entry 2 Entry 3 Ent 4% Ervin,
MDP -~~~ .- S ” ' ’ = padding

DS402 Ox1A01 Second channad has no Inpuis = PDO mapping ohject doas not exst
Synchronization Modes _
Slave Information Interface Ox1A02 9

60200101 | 60200201 | 60200302 | 60200402
: <0

it E iy 2o Z—r.r-.,-' 3™ Ervbry "4 oty

ﬁm:l e0201116

ng, 3 :'l-....lr.




EthercAT T SM PDO Assign | Assign Objects
o mmmm——

Introduction

Configuration Tool . . .
mﬂ_{wﬂm v" Define structure of variables of application
: Layer
0L Dot Uk Laye v Place the variables on the OD
ocessing
DPRAM v Define PDOs in the PDO Mapping Objects

Frame Structure
Addre-m'rq& Commancds

SyncManagers

FMMUSs .
Distributed Clocks Tﬂdﬂ.

Audpplaonisver — «  Assign PDOs to SyncManagers (cyclic process data)
Mailbox

Eok - SyncManager PDO Assign Object

Cok
Aok oD 0 1 2

Fok

SoE -

Device prfies B | iy | i
MDP

D5402

Synchronization Modes

Slave Information Interface

Diagnosis Example: SM2 (outputs) = SM PDO Assign Object = 0x1C12

Standards
Sdmplementation SM3 (inputs) = SM PDO Assign Object = 0x1C13

E EherLAl |echncics

L 1]




Introduction
ESI: Device Description oD
Configuration Tool
EtherCAT Master was
PL: Physical Layer
OL: Data Link Layer 0x1C12
Processing
DPRAM
Frame Structure 0x1C13

Addrescing & Commands

SynchManagers

FMLIs

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

CoE

Aok

Fok

S0E
Iw
Device Profiles

MDP

DS402
Synchronization Modes
Slave Information Interface
Diagnosis
Standards
Elmplementation

EthercAF ™ SM PDO Assign | Example (EVA Kit)

1% RaPDX Assign Object for SM2 (outputs)

1ADO 1AD2

1601

Assign Object for SM3 (inputs)

S ...

FMMU 0 FMMU 1




EthercAF T Process data configuration

Introduction

ESI: Device Description

Configuration Tool . Cok (OD) not needed . |
EtherCAT Master Fixed Process Data Mapping in ESI -
PL: Physical Layer

DL: Data Link Layer

Processing

DPRAM

Frame Structure

Addressing & Commands -~ rrrrr

SyncManagers
FMMLUs
Distributed Clocks Master reads conhguration from
AL: Application Layer PDO oD
EtherCAT State Machine - 5M Assignment
Mailbox - plﬂad - PDO Mapping
EoE - Process Data Objects
CokE
Aok
Fok
S0E
Process Data
Device Profiles -
MDP
D5402 Master writes configuration to
Synchronization Modes F”D D oD
Siave [nformation Inberface SM Assignment
Diagnosis Download - PDO Mapping
Standards - Process Data Objects
Eddmplementation

ke [herl AT | echnoloy roug

Fixed process data
? No upload/download of process data configuration needed
? Defined in device description (ESI/SII)

PDO upload (PdoUpload)

? Process data configuration defined in the slave
(e.g. via serial cable and vendor specific software, gateway to another fieldbus,

? EtherCAT configuration tool reads the process data configuration from the slave via
SDO upload service

PDO download (PdoAssign/PdoConfig)
? Process data configuration defined by user in the EtherCAT configuration tool
? Configuration is written to the slave via SDO download



EthercAT Y Process data configuration (example)
Introduction
ESIk: Device Description
mmfﬂ i (P EEFHLIM Pl u .I'I_hl Wi bpum L g _ o, Lisllavel R ] LM
EtherCAT Master - — -
PL: Physical Layer M Tee A See  Siwtiddess Cotrolls  Emabled [ Cownicad PO Assgn
DL: Data Link Layer 3 Ouipus G893 e300 ted Tasm [] Dewnisast POO Ciarikg
Py ing 1 rpus OO @ O 00 (%) Tase i
DPRAM
Frame Structure
Addressing & Commands
SyncManagers FOD Jemgreant 3u 2 e
FMMUs nden Dwmcton ndes  Soe  Mame Fusd SM  5U  Modmoy Vel Soume
Distributed Clocks B e A Gl 20 DOOupss T 2 0 Tam Fame ESi
# Ta T e T Tam | | Tos b e ESI
”—lﬁﬂ‘rmlwl = Ta WA AP A el Tam 3 [} Toa F g ES
Mailbox
EoE
El:i L 4 ¥ L ¥
Aonk
FoE Pdo Content: - - * #
SoE ndex  Sbindes S (et Mams Tiow
&0 1 o ae LEDY BOCL
Device Prafiles S0 2 an L WD E et
Xnd 3 i i DY EOy
Hm =00 £ 0.1 03 LEO &8 B
DS402 (% o1 04 DY OO
spovonsstenmods |ITL
Clave Information Interface T I 0.1 a7 D B
m 2000 £ 18 1
Standards
Almplementation
& [nherCAT 'I-:-.‘rl_-l:,ugl. FOUE

Configuration Tools shall provide interface to change process data configuration



EthercAT™  Process Data Structure in ES|
Intreduction L
ESk: Device Description ESI| uses elements TxPDO and TxPDO similar to OD
Configuration Tool
PL: Physical Layer = Bade = Tubde
DL: DataLink Layer S Fusd we = Fmed e
Processing ::"_":“ ::'-"':"
DPRAM Dntex  mithi () imdes  mwians
Frame Structure (Yliame OO RO lae () Same O3 TePOO e

- ]
Addressing & Commands . 0 mten () Subinten () Bomen (Jusme () DutaType = O mdes () Susinces () Bmian () mame () DotaType
SyncManagers T L. | Y B Y mamg08 ' Ry Bon,
s e e — = e —
Distributed Clocks e I i ue & BOOL L ' Swich 4 B
AL Applcation Ly e T — T
it " R = S —— -

a Tulfgds
i: e
Fof {-}::- :-uu
£ maim. s TlPCali lebiig
Sof & Emiry
O indes €) Sutincten () Bmion () Mume () Dutatype
Device Profiles - .
MDE ) ) L 1 1]
osa02 (o ——
mm e B Samin
Slave Information Interface :-1:: : ' TAPDO Tegpe ﬂ
| A el ir i Srmeg et NT

Standards
Edmplementation
E eherL Al |echnoiogy oug




tthercAF ™ Device Profiles | Motivation
estpeviceDescription~ * Modeling of standardized data structures within a device
Mt - Object dictionary build up according the profile
s Piyysical Layer specification
DL: Data Link Layer

D + Usable for a large number of devices from very simple
frame Stiucture one to complex sub-structured

Addrescing & Commands ) .

Yrciaagn « Easy way for master and configuration tools to handle
Distributed Clocks the device
ehacatsmtemanne | * Specified in ETG.5001
Mailbox

o Fieldbus Gateways

| I ‘ I\ Maodule Devi

::: y ! oduie Vevices
ns:fl-n‘. ) Local bus —
s = 2 HE = o
DS402 . i
mlm.n:.::u e Modular Devices
Standards
Edmplementation >

Fieldbus Gateways
? Gateways to other fieldbus networks
? Each connected fieldbus device represents “ module”

Modular Devices
? with physical connectable modules and/or functional modules
? Each connected module represents a “ module”

Module Devices
? EtherCAT device which consists of several channels (e.g. analog input, analog
output, 1)
? Each channel represents a “ module”



MDP | OD Structure

£ [eherl AT Technciogy Group
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EthercATY.  MDP | modular device (example)

Ox 1600

O0x1A00 ox1A0 Ox1AD2

0x 6000 0x6010 0x6020
510,1-4 sl0, 1-2

0% 7000
Device Terminal 2 Terminal 3
Coupler Dig. Out. 8 ch, Stepper 2 ch,

2= 1 E D N

BK1120 + DI 4 + DO 8 + STEPPER 2




EthercAEY.  MDP | fieldbus gateway (example)

Ox 1600

Ox1ADD x1A0 Ox1AD2 Ox1A03

Ox 6000 0x6010 Ox5020 Ox6030
S0, 1-4 510, 1-3 510, 1-2

O 7000
mm




EthercAT™  CiA402 Drive Profile
I

eskDeviceDescription ~~ *  Implementation Guideline ETG.6010 for the CiA402 Drive
an- v Profile
EtherCAT Master
st ol - Specify a common behavior of EtherCAT CiA402 servo
Processing drives according to IEC 61800-7
DPRAM

Frame Structure
Addressing & Commands ~ ®  SCOpe€

o — EtherCAT CiA402 Servo Drives

m:. - No frequency converter
EtherCAT State Machine
. « Contents
- - Clarifications of the state machine
::Ié - Modes of operation
Process Data ~ Function Groups (FG)
T « FG Position, FG Velocity, FG Torque
JLESNE S— « FG Torque Limiting, FG Homing, FG Touch Probe
Slave Information Interface - Endless Positioning
Diagnosis
Standards




CiA402 | servodrive (example)

hﬁ ‘1 Statu .'|I'||.lr ] u'HE 'l|1 St atus l"'ill.' I'Cl
Oxt 64 Actual Posihion Owh 64 Actual Position

(csv) (csp)

S B

€ [theeC AT Technolagy roup {106

csp = Cyclic Synchronous Position
csv = Cyclic Synchronous Velocity



Introduction
ESk: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
SyncManagers
FRAMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CoE
Aok
Fok
Sof
Process Data
Device Profiles
MDP

b e Al Technoley Log

EthercAT*  Synchronization Modes
e

Define a time relationship between the cyclic process
data update on master and on slave side.

master application | Control task

' Time relationship defined

slave application by synchronization mode

Available synchronization modes for a slave:
- Free Run
- SM-Synchronous (synchronized to cyclic frames)
- DC-Synchronous (synchronized to SYNC interrupts)




EthercAF ™ Synchronization Modes
Introduction h -
istDeviceDescription ~ *  Synchronization modes supported by a slave and
M""""'T'___m"" corresponding parameters are described in ESI file:
PL: Physical Layer
DL: Data Link Layer

Processing

DPRAM - Dc

Frame Structure ~ OpMode

Addrescing & Commands () name Synchron
SyncManagers {) Desc SM-Synchron
Eﬁlﬂﬂuh ' —r Sple —
PRI 1° {) Name oC
_hTm - () Desc DC-Synchron

Eok () AssignActivate #2300

CoE * CycleTime Syncl " 2

Aok ) = = CycleTimeSynct * 1

Fok

Sof
Process Data

ey » Synchronization relevant information is described in

H"Efmmm—-. CoE objects 0x1C32 (outputs) and 0x1C33 (inputs).

Slave Information Interface !

Diagnosis

Standards

Edmplementation

Synchronization modes, together with CoE objects 0x1C32/33 are specified in ETG.1020.
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Ee=r
HEHEH8 a8

Free Run

Grous

5




Free Run

Local Timer

£ [theelAT Technolagy roup




SM-Synchronous

Grous

5




SM-Synchronous
SM Event

€ [theelAT Technolagy roup {128




Eﬂ}em SM-Synchronous

SM Event (Shift of Input Latch via 0x1C33:03)

F'I::It}ﬂt Frame iler
f

| Frame | Peawee

SMI(5MI)

SM2(5M)

Local Events




Ethe

DC-Synchronous
- h
m

= |
“_L
SR
N L

i

P i i

| @ aEnE o




Ethem DC-Synchronous

SM Event, SyncO Event

' a2

igd
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o

F'I:l!}tl‘ Frame biler

DC-Synchronous
SyncO Event (Shift of Outputs Valid and/or Input Latch via 0x1C3x:03)

| Frame | Frame
1 la-ym:l IROs
Slave
Application
(Imput Latch |
= |dlatima |
Mimimasm Cycle Time e1C1305) il u: 2 vocalEvants
|
Cyche Tiene (81013 00




chachT

Foasibie Frame Jer

DC-Synchronous

-

SyncO Event (Shift of Outputs Valid and/or Input Latch via 0x1C3x:03)

Local Events
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DC-Synchronous
Sync0 Event, Sync1 Event

e
v

SIS

1)




chaeaT>

F'I:ﬂ;tl‘ Frame biler

aM2

DC-Synchronous
SM Event, SyncO Event (Shift of Input Latch via Sync1 Event)

Laeal Events




DC-Synchronous
SyncO Event (Shift of Input Latch via Sync1 Event)

e,
==
7

€ [aherCAT Tehnociogy roup (1T




Eﬂmﬂ: DC-Synchronous

SM Event, Sync1 Event (subordinated cycles via Sync 0)

Possbie Frame Mier
i
Frame
Synci Synci IRs
sM2 | Syncd lﬂrn:ﬂ Syncl lﬂ:m:ﬂ Synchd
i . ' . ' . Slave
L BF| | Bi7N LEE] Rogiication
¥
-
:
Outputaialid | Ot Valid|
m_ Local Everts
- CK ) . G 05)
Cycha Timns mu1C32:02) -

Possible Output Valid /
Input Latch

fasns




Eﬂ,e,gr_: DC-Synchronous

Sync1 Event (subordinated cycles via Sync 0)

FI::I!}H'FTM'IEHT

e

rame

Sync1 Synct IRQs
Byncl ! Syncl | Sync0 |ﬂ=]'11t-|:| Synch

' # L] 1 Slave
RE : L EE| !'H - Application
........... i v o (]
Symcl) Ml riimurn
Cycle Time Cyele Time Local Events
- i e WG 12 05)
- Cycle Time pic 12 02) - B

" Possible Output Valid /
v Input Latch




EthercAEY.  SII | Slave Information Interface
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EthercAT Y- SlI | Slave Information Interface
I mmm—m—,

ESI: Device Description + Contains basic configuration information (mandatory)

e « Physical:  EEPROM up to 4 Mbit

PL: Physical Layer * Emulated: ESC related
DL: Data Link Layer
b + Configurable with converted ESI-file
Frame Structure & Eeprom
Addressing & Commands Qoo Ot
Smckscogens Word | S — - '
Lis
Distributed Clocks 0x00
AL: Application Layer Ox8
EtherCAT State Machine Vendorid ProductCode | RevisionNo | SerialNo

Mailbox 0x10
-~ Hardware Delays Bootstrap Mailbox Config Mandatory

o e Mailbox SM Config information

FoE Reserved
So Ox40
Procass Dals Additional Information (Subdivided in Categories)
DeviceProfiles [ T Lo TTTTTTmmmm
MDP e A e
DS402 Gernerals Additional
SynchronizationModes = [ ----mmeeeeeeesmeeeeee e eeeemeceseesseeesseeaseees ! :
| Slave information interface ~ FMMU information
L s ———
Elmplementation Tx-/RxPDO for each PDO

Loaded on
power-on / reset

& (Shaerl Al "-|:-.‘||r'|'_-||:_,|-. FEIUE

Specified in ETG.2010



EthercAT ™ EtherCAT Diagnosis Features

ESI: Device Description EtherCAT provides extensive diagnostic information both

m“"""',".._w at hardware and at software level.

PL: Physical Layer

DL: Data Link Layer
Processing
DPRAM *

Frame Structure - -
Addressing & Commands Cyclic
synchanagers

FMMLUS

AL: Application Layer
EtherCAT State Machine
Mailbox

EoE

Cok

Aok

Fok

Sok
Process Data
Device Profiles

MDP

D5402 :
Synchronization Modes : »
Slave Information Interface Hardware | Software
Standards
falmplementation

Cyclic

Acyclic

* Diagnosis History Object

b therl Al Technolagy oup




EthercAT Y EtherCAT Diagnosis Features

ESt: Device Description Hardware Diagnostics (Physical + Datalink Layer)
Configuration Tool

EtherCAT Master _ -
= Poguical Layer Link Lost Counters

t;;:“ﬂ“ — incremented every time a port loses the physical link
DPRAM .
Frame Structure * Invalid Frame Counters

‘;’:;’:Ef‘,f”"“m — incremented every time a port detects a corrupted frame

FMMLIS

Distributed Clocks

AlL: " - ¥ .

e ““"“"'"‘cm_"’_;_ Software Diagnostics (Application Layer)
Mailbox

EoE State Machine Errors
CoE

Ao — are triggered in case of EtherCAT generic software errors

Fok
Sok

b Diagnosis History Object

Device Profiles — enables slave to report application specific errors
MDP

D5402

Synchronization Modes
Slave Information Interface




oA

Introduction
ESI: Device Description
Cenfiguration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commancds
synchManagers
FRAMLUs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CoE
Aok
Fok
SoE
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Information Interface

EtherCAT Diagnosis Features

Additional information about EtherCAT diagnostic features
is available in the “EtherCAT Diagnosis for Users” document,
available in different languages on the ETG website:

EtherCAT Diagnosis for Users

Thiz sikde =i iriends o provide an overview over he dagnosie capabiilies proviced by EtherCAT. It containe a descripbon of the basic
dlagrosis funcionaiilies and e mosl ypecal ernod scenanos within an EihesCAT retaecrk.

F is primariy infiended for end users and plant operaiors, as well as lor machine bulders and sysiem . For addiional | nfiormation
aboul EtherCAT diagnostics -inclhuding mone Oetalied enor scenanos -which could be of interesl lor EferCAT master and slove manulacheens,
please reder to side set "FiheCAT Disgross For Deveopers®

For commenis reganding the slides please conrtact

T AT [Degmyrrsrs e ALH EM 16 Sop 21 20T | %l R
P A TR ) i 1l ian 12, 200 1. 5% MIEY

ANty E B LA T [N Ui ES LW ap 21, oI 1,58 BIES
RS FaeA ToR LN il g Jun 30 AT 1, S NI
CTherlaA Uit W Arvweeais o PF Sep 21, 2T 1,56 MB
a | ke 7 ety 1| W G M O T 1 B WA




EthercATY  Monitoring of EtherCAT Communication

Introduction

ESt: Device Description EtherCAT traffic can be traced via freely available software
Configuration Tool . "
EtherCAT Master tools like Wireshark.
:MLH:L.I.
Processing e NET“:‘Drk
DPRAM Monitor*

Frame Structure

S
SyncManagers
FMMLIs :

Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox

EoE
CokE

=-E-E.

A « Masters sends an EtherCAT Frame (broadcast)
- |
o€ - Monitor gets the 1% copy (unprocessed)
ke Prefitn «  Frame returns from EtherCAT Slave Devices
- d
B - Monitor gets the 2" copy (processed)
Slave Information Interface
*Attention: At low cycle times order of frames might be mixed because of
Standards

timing restnchons within NDIS protocol dirver.




Intreduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
Symchanagers
FMMLIS
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CoE
Ank
FoE
SoE
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Infarmation Interface

EthercAT Y Monitoring of EtherCAT Communication

Ethernet
Probe

Masters sends an EtherCAT Frame (broadcast)

- Monitor gets the 1*' copy (unprocessed) w/ Timestamp
Frame returns from EtherCAT Slave Devices

- Monitor gets the 2" copy (processed) w/ Timestamp

M Real-time performance is not affected (no jitter, no
delay)




EthercATY.  Monitoring of EtherCAT Communication
e I (N M s I
Configuration Tool . T -
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer

Processing

DPFRAM

Frame Structure

Addressing & Commands

SynchManagers

FRMLUs

Distributed Clocks . Frase 14338: 120 bytes on wire (968 bits), 120 bytes captured (968 biTs) on Interface @ .
AL: Application Layer - Ethernet 11, Sec: MS-NLB-PhysServer-@1_85:0f:f2:04 (02:01:05:0F:f2:d4), Dst: Beckhoff 01:00:00 (01:01:05:01:00:00)
EtherCAT State Machine + IRArCEE Srans handes

v Frmee(AT datagram{u): 5 Cmdu, Sumien J8, "NOP°...
Mailbox » EtherCAT datagram: Cmd: "NOP' (@), Len: &, Adp @w@, Ado @x999, Cnt @

EoE . EtherCAT datagres: Cmd: “ARM" (13), Len: 4, Adp @x2, Ado @x@@, Cat 3

CoE v EtherCAT datagram: Omd: "LRN' (12), Len: 6, Addr @x1000009, Crt 3

Aok ['v Header

i : 13 (Logical ReadWrite)

Fok Imdaw: Bl —_—

SoE Log Addr: @xD1000000
Process Data Length b (k) - Mo Rourdirip - More Follows...

Imterrupt: Sl
R Pt Data: BESHGROBNE

MDP L Working Cnt: 3

D5402 o ErherCAT datagres: Cmd: “LAD' (10), Len: 12, Addr @x1000800, (et 1
Synchronization Modes . EtherCAT datagres: Cmd: "BRD' (7), Len: 2, Adp @x), Ado 8x13, Cnt 3
Slave Information Interfage | ['7oCAT Sdich Link

i
Standards r 1
Edmplementation
D T
£ [eherC AT Techwnciogy (roip 141




EthercAT ™ Standards and References
IR R,

ESk: Device Description « Specification of EtherCAT is done in the EtherCAT

Configuration Tool

EtherCAT Master Technology Group (ETG)
b ._.....L'f.','.. » Specifications available at www.ethercat.org/download

Process| . i "
DR » International standardization
Frame Structure
Addressing & Commands
SyncManagers
FMMUS
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CoE
Aok
Fok
SoE
Process Data
Device Profiles
MDP
Ds402
Synchronization Modes
Slave Information Interface
Diagnosis

Slmplementation ‘
b therl Al |echnoiogy o ug




EthercATY.  Standards and References

+ EtherCAT Knowledge Base
www.ethercat.org/kb

- Glossary to find documentation

- Technical descriptions which explain or
supplement the technical specification

- How-To's and answers

+ EtherCAT Developers Forum —
www.ethercat.org/forum e - -

- Crossroad of EtherCAT experts and beginners K
~ Multiple topics covering all EtherCAT aspects____ —_— ——

+ Please help us to keep response times short —
check our online information first

£ [eherC Al Technciogy Faug




EthercAT ™ IEC 61158 / ETG.1000
T —

ESt: Device Description « Digital data communication for measurement and control

o e ~ Fieldbus for use in industrial control systems

PL: Physical Layer
DL: Data Link Layer
Processi = .
i « The communication standard
Frame Structure
Addressing & Commands
smchanagers

FMMUS « EtherCAT is named Type 12 in IEC 61158

Pl B (no brand names allowed)
EtherCAT State Machine
Mailbox

EoE . . '
Cok * Transformation of the communication protocol to a

i common model

Sok
Process Data

":;‘;'m" « ETG document with same content: ETG.1000

DS5402
Synchronization Modes
Slave Information Interface




EtherCATr v

Intreduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
symchanagers
FMLIS
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
Coé
AnkE
FoE
SoE
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Infarmation Interface

Standards
wm-:

b ltherl Al lechmolay o up

IEC 61158 — DL/AL services and protocols

Users Implementers
AL Services AL Protocol
Part 5 in IEC 61158 Part 6 in IEC 61158
+ Model and Conc * Sywiex definiion and Coding
- u-_mm-:: 2 ENRIRINN B
B s e + Stato Machines
*  Communicabon Management
DL Services DL Protocol
Part 3 in IEC 61158 Part 4 in IEC 61158
* Model and Concepts + Coding
+  Senice descriphion +  Medium Access
* Register Descripion « Sate Machines

(DL obyects)




EthercAF ™ Further EtherCAT standards

ESI: Device Description Additional important specifications are:
Configuration Tool
EtherCAT Master

PL: Physical Layer
DL: Data Link Layer

o ETG.1300 Indicator and Labeling specification

DPRAM - defines the implementation of indicators signaling the

3 Structu . . .
A';:Em'.;c& S EtherCAT communication state, errors and the link status.

e - the location, labeling and blink codes of the indicators are
Distributed Clocks defined
Mhrigwimtimlaer - defines the labeling of the EtherCAT Ports
Mailbox
EoE
. « ETG.9001 Marking Rules
:,f,i - specifies the marking rules for products and the
Process Data corresponding documentation using the EtherCAT
Device Profiles technology
MDP A
"—
o rdes - Use of trademarks and logo ~ EtherCAT.
Slave Information Interface
Diagnosis
w T
Sdmplementation

These specifications cambe foundon the ETG Website s/t ¢
http://lWwww.ethercat.org/en/publications. html#members:rarea s area



Introduction

ESI: Device Description
Configuration Tool
EtherCAT Master

PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
Symchanagers
FEAMLIS
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
Eot
Lok
Ant
FoE
S0k
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Information Interface

Diagnosis

|[ Standards
Fdmplementation

tther¢cAT ™ EtherCAT P | Related documentation - ETG

Specifications: 14 -:1 E__ -

ETG.1030 3 ?*“ q Em=
EtherCAT P -

ETG.1000.2P o
Physical Layer Overview in:

ETG.1030.1 EtherCAT and
EtherCAT P Connector EtherCAT P

ETG.2000 Implementation
EtherCAT Slave Information Guide (ETG.2200)

* ESI Schema ,f'

ETG.9001 ,"I SO
Marking Rules i_- ~ —

+ Landing site: www.ethercat.org/p | S




Ether AT EtherCAT Technology Group
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EtherCAT Vendor ID




EthercATY.  Vendor ID in IEC 61158-6-12 (EtherCAT Standard)
Introduction
ESI: Device Description
Configuration Yool 5.6.7.4.6 Identity Object
i, T. tity Obj
PL: Physical Layer The Identity Object dictionary entry (index 0x1018) is specified in Table 72
DL: Data Link Layer
Processing Table 72 - Identity Object
DPRAM
Frame Structure Sub- Description Data type MIQIC | Access PDO Valus
Addressing & Commands ndex | | | | Mapping |
SyncManagers [ Number of entries | UNSIGNEDE | M [ Mo 4
FMMLUS 1 Vendor ID UNSIGNED3Z | M = No Assigned uniquely by ETG
Distributed Clocks 2| Produect Code UNSIGNED3Z | M R e T Assigned uniquely by
AL: Application Layer Vendor
EtherCAT State Machine 3 Revision Number | UNSIGNED3Z | M R No Assigned uniquely by
Mailbox Vendar
EoE Bit 0-1% Mnor Rewvision
CoE Mumber of the device
Aok Bit 16-31: Major Revision
FoE Number of the device
ok 4 Senal Numiber UNSIGNED3Z M R Mo Agsigned uniguely for this
p Dat device by Vendor
m.m- O if there is nd SErial
number given
MDE L
D5402
Synchronization Modes
Slave Infarmation Interface
Diagnosis
Fdmplementation -
b theL AT lechnology roup 148




Ether AT Vendor ID Principles
=,
£SE: Device Description « End users do not have to be ETG member and do not
N need an ETG vendor ID - even though they are welcome

PL: Plysical Layer to join ETG and also may get a vendor ID.

DL: Data Link Layer

Processing » Each vendor of an EtherCAT Device shall be an ETG

frame Structure member and shall obtain and maintain a Vendor ID from

g ® cemmands the EtherCAT Technology Group.

Pt Clodie « The Vendor ID is free of charge.
chacatstemane  *  The vendor shall implement the Vendor ID in each
Mallbox EtherCAT Device prior to making it available on the

o market.

e « Manufacturers of Communication Devices shall distribute
Process Data those Communication Devices using their Secondary
Device profles Vendor ID (range 0xE0000000:0xEFFFFFFF). Optionally

05402 they may also use their Vendor ID, e.g. for conformance
Clove mformation batace testing. Use of a Secondary Vendor ID in an Automation
= — Device is prohibited.

ﬂ&lmﬂmu




Intreduction
ESl: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
SyncManagers
FiMLs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
CokE
AnE
Fok
SoE
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Information Interface

Diagnosis

Edmplementation -
€ [eherl AT Technciogy Graup

EthercAT ™ How to obtain an EtherCAT Vendor ID?
T —

hitps://www.ethercat.org/memberarea/vendorid/

HUUEIE

Nk b oaied
03 et g e
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EthercAT Y EtherCAT Vendor ID Agreement
mmm——

Intreduction
ESI: Device Description ,
Configuration Tool « Applicants for an EtherCAT Vendor » o
reyrarirryud ID have to accept the Vendor ID " Errmsasrimmmsan
DL: DataLink Layer Agreement EEEEESLE
Processing | EESERSTETT T T T
LIPRAM | EEESTETEEEERESE
Haneﬁfmth.ure RS S oEato oz
Setorescommat -« The Vendor ID Agreement: B e
e » Demands Conformance for | ';:f_;jg_:—:____jg‘i;__,;f
AL Application Layer EtherCAT products « BESmEERETTmr————-
EtherCAT State Machine .
Wailbox « Governs the use of the EtherCAT . eSS
_ _ = e
Cok Trademarks ( including reference to | ' ===
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Eﬂmm Conformance Test Tool (CTT)
T —

Intreduction
ESI: Device Description
Configuration Tool
EtherCAT Master
PL: Physical Layer
DL: Data Link Layer
Processing
DPRAM
Frame Structure
Addressing & Commands
symchanagers
FMMLIs
Distributed Clocks
AL: Application Layer
EtherCAT State Machine
Mailbox
EoE
Coé
Aok
FoE
Sok
Process Data
Device Profiles
MDP
D5402
Synchronization Modes
Slave Infarmation Interface

Diagnosis

Standards

Fimplementation

ﬂ
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* Test Tool
— Validates conformity for protocol layer
— Helps to find errors during development due to detailed error
description

— Helps to improve support: detailed information saved with CTT
project file

« | am an EtherCAT device vendor. Do | have to license the
conformance test tool?
— Yes. The ETG takes conformance very seriously, and the
availability of the conformance test tool at each and every

device vendors R&D lab is an important cornerstone in this
process




EthercAT™  Conformance Test Tool (CTT)
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Configuration Tool
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AL: Application Layer
EtherCAT State Machine
Mailbox
Eof
CoE
Aok
FoE
SofE
Process Data
Device Profiles
MDP
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EthercAT ™ Frequently Asked Questions (1)
I

Introduction

ESI: Device Description * Do | have to submit my EtherCAT device to the EtherCAT

o s Test Center for testing?

EtherCAT Master g!

g . ol - No. Conformance Testing with the Test Tool ,at home” is
Processing sufficient to meet the minimum requirements of the Vendor
DPRAM

ID agreement.

Frame Structure
Addrescing & Commands

Synchanagers
AR « Can | get a Conformance Certificate based on the test
AL: Application Layer results obtained in my R&D lab?
EtherCAT State Machine
Mailbox - No. The Conformance Certificate can only be issued after
. successfully passing the test at an accredited EtherCAT Test
Aok Center.
Fok
Sof
sl « Does the test in the EtherCAT Test Center exceed the test
il done with the Conformance Test Tool (at home)?
o) - Yes. The test in the EtherCAT Test Center also includes an
gt interoperability test, checking for conformance regarding

[[H-H-ﬁ T the indicator and labeling spec, the marking rules etc.




EthercAF ™ Frequently Asked Questions (II)
s
Introduction . .

ESt: Device Description * Does the Certificate expire?

e - No. The Certificate confirms that a device of a certain
:m":" release has passed the current test version in the EtherCAT
Processing Test Center. Of course the Certificate can neither confirm
fl:':"mm that all future releases of the device will also pass, nor that
Addressing & Commands the current device release will pass all future enhancements

e of the EtherCAT Conformance Test.

Distributed Clocks ® " H "

Asoaliation Lover Do | have to submit my device again once | released a
NGRSt newer version?

Ma

Eof - No. However, according to the Vendor ID agreement, you

i: will have to test future releases of your product against the

Fok conformance test tool in your R&D lab. Of course you may

S outs also submit your device again to the EtherCAT Test Center
Device Profiles and obtain a new certificate!

MDP

D540.2

Synchronization Modes

Slave Information Interface

Diagnosis

m T
ﬂmmtﬂu




tthercAT ™ Conformance Testing Procedure
e
£St: Device Description « Vendor contacts ETG office if he wants EtherCAT CT
Configuration Tool .

EtherCAT Master « ETG checks Vendor ID and provides Test Contract -

S L.,.,L".:., which also allows one to select the EtherCAT

ey T Conformance Test Center (ETC).

;;*:r";"";‘;m ... ° Based on choice of vendor, ETG office forwards request

Distributed Clocks « ETC provides formal offer to vendor (ETG is not involved
AL: Application Layer . : .

EtherCAT State Machine in any financial transaction)

= « ETC provides checklist to vendor (how to prepare, what

- to send, etc)

;ﬂi « Vendor sends device to ETC (or brings it there) .
Snimtrelie . ETC tests device.

i « ETC sends Test Report to Vendor and to ETG office.

Siave mformationimtertace * | test was passed successfully, ETG provides Certificate.
!‘M T

Flmplementation




EthercAT ™ Conformance Test Mark
I mmmmmmmmmm——

estDeviceDescription ~ *  Devices that have passed the ETC Conformance Test may

o carry the official conformance test mark

el « End users are encouraged to include the availability of

Processing the conformance test mark in their vendor and device

frame Structure selection process.
Addressing & Commands

symchanagers

FivIMLs

- —
AL:Applcaton Layer EtherCAT.
EtherCAT State Machine Conformance tested

Mailbox

EoE

Cok

Ank

FoE

Sok
Process Data
Device Profiles

MDP

D5402
Synchronization Modes
Slave Information Interface
Diagnosis
w T
ﬂ Flmplementation
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Savage, MN
EtherCAT Test Conter
Becldhof Automation LLC
—— 111 30 Dakota Ave

Savage, MN 55378, USA
Tel:

+1952-428-T399

'

Nuremberg

EtherCAT Test Center

Beckhoff Automation GmbH

stendstrafle 196

90482 Muremberg,
Tel:+49911) 540 56 20
Fanc =49 (911) 540 56 29
gtc@beckhoff com

Germany

EthercAT Y Official Conformance Test Centers

Beijing

EtherC AT Test Center
Beihang University
Laboratory of Numerical Control
and Automation [LNC)

1T Xueyuan Road Haidian District
100191 Beijing China
Tel; 861082339717

‘T.

Ll

EtherCAT Test Center

ASTEMRI

134 Chudaji Minami-machi, Shimogyo,
Kyolto &00-8813 Japan

Tel: =81 (75) 366 0143

Faoc +81(75) 325 3024
etctestiab astem orip







