




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.



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



ESI: EtherCAT Slave Information
ENI: EtherCAT Network Information



Reference: ETG.2000 ,EtherCAT Slave Information “

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



Reference: ETG.2100 “ EtherCAT Network Information ”

Configuration Tool: EtherCAT Knowledge Base



NIC : Network Interface Controller





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



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



Flexible Topology

Up to 65.535 devices within one EtherCAT network







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





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





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



Reference: ESC Hardware Data Sheet



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



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





Cmd: datagram type

Idx : set by master to identify lost or duplicated datagrams



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



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



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



A fixed 16-bit address is assigned to each slave (written by master into ADO 0x0010)

? Independent from slave position

? Written by master during start-up

? Fixed address lost after power loss

Offset addresses local Address Space of device



Read data are logic OR of single register values



Slave reads/writes the logical process image of master
More slaves can share the same memory interval











The SyncManager configuration registers start at ADO 0x0800
SM0:
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

...





Read access to an empty SyncManager failes



Read access to a not complete written SyncManager failes 



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



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.





Data ,C “  is provided for read access because itis the latest complete available data
Data ,B “  is overwrittenby data ,D “





Bit-wise configuration of the memory section possible
FMMU configuration registers start at ADO 0x0600

FMMU0:

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
0x60A : Physical Start bit
0x60B : Type (including direction)

0x60C : Activate

0x60D:0x60F : Reserved

FMMU1:

0x610:0x613 : Logical Start Address

⋯.



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





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



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



DC operation consists of 2 phases:
Initialization : initially independent clocks are adjusted to the System Time definition

Drift Compensation : following deviations are corrected in order to keep synchronization



Latch is activated by write access to ADO0x0900
? 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 ADO (0x0900+4*X)

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



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



Whenever ADO 0x0910 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

















Init = Initialization
PreOP = Pre-Operational

SafeOP = Safe-Operational

OP = Operational
Boot = Bootstrap















AL Status Codes are specified in ETG.1020.





















TCP/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).





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

























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







6 services defined:
WRQ : Write request with “ file name ”
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)





IDN = Ident Number





Example based on Profile 5001 (Modular Device Profile MDP) refer to Device Profiles





















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



Configuration Tools shall provide interface to change process data configuration





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, ⋯)

? Each channel represents a “module”











csp = Cyclic Synchronous Position
csv = Cyclic Synchronous Velocity





Synchronization modes, together with CoE objects 0x1C32/33 are specified in ETG.1020.



































Specified in ETG.2010 























These specifications can be found on the ETG Website 
http://www.ethercat.org/en/publications.html#members_area
































