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BECKHOFF New Automation Technology Overview
1 Overview
This application note provides an overview of the features and available registers of the following Beckhoff EtherCAT Slave Controllers:
e ET1200-0002
e [ET1100-0002
e EtherCAT IP Core for Altera® FPGAs (up to V2.4.0)
e EtherCAT IP Core for Xilinx® FPGAs (up to V2.04a)
e ESC20 (Build 22)
Refer to the ESC data sheets for further information. The ESC data sheets are available from the Beckhoff homepage (http://www.beckhoff.com).
Table 1: ESC Main Features
Feature ET1200 ET1100 IP Core (latest) ESC20
Ports 2-3 (each EBUS/MII, 2-4 (each EBUS/MII) 1-3 Ml or 2 Mil
max. 1xMll) 1-2 RMII
FMMUs 3 8 0-8 4
SyncManagers 4 8 0-8 4
RAM [KByte] 1 8 1-60 4
Distributed Clocks 64 bit 64 bit 32/64 bit 32 bit
Digital I/O 16 bit 32 hit 8-32 hit 32 bit
SPI Slave Yes Yes Yes Yes
8/16 bit uController - Async/Sync Async Async
On-chip bus - - Avalon®/PLB/OPB -
EthercAT~ Slave Controller — Application Note 1
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2 ESC Features

Table 2: ESC Features

ET1200 ET1100 IP Core Iil?eorrae IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core
Feature 0002 0002 Altera® V2.3.1/ Altera Altera Altera Altera Altera Altera Altera Xilinx® Xilinx Xilinx Xilinx Xilinx Xilinx Xilinx ESC20
: : V2.4.0 V232 V2.3.0 V2.2.1 V2.2.0 Vv2.0.0 V111 V1.1.0 V1.0.0 V2.04a V2.03d V2.03b/c V2.03a V2.02a V2.00a V1.01b
EtherCAT Ports 2-3 2-4 1-3 1-3 1-3 2-3 2-3 2 2 2 2 1-3 1-3 1-3 1-3 2-3 2 2 2
Permanent ports 2 2-4 1-3 1-3 1-3 2-3 2-3 2 2 2 2 1-3 1-3 1-3 1-3 2-3 2 2 2
Optional Bridge port 3 @ : R R } : : B } : : B ; : R ; : B }
(EBUS or MII)
EBUS ports 1-3 0-4 - - - - - - - - - - - - - - - - -
MIl ports 0-1 0-4 0/1/2/3 0/1/2/3 0/1/2/3 0/2/3 0/2/3 0/2 0/2 0/2 0/2 0/1/2/3 0/1/2/3 0/1/2/13 0/1/2/3 0/2/3 0/2 0/2 2
RMII ports - - 0/1/2 0/1/2 0/1/2 0/2 0/2 0/2 0/2 0/2 0/2 0/1/2 0/1/2 0/1/2 0/1/2 0/2 0/2 0/2 -
Port 0 = = X X X = = = = = = X X X X = = = =
Ports 0, 1 X X X X X X X X X X X X X X X X X X X
Ports 0, 1, 2 = X X X X X X = > = = X X X X X - - -
Ports 0, 1, 3 X X - - - - - - - - - - - - - - - - -
Ports 0, 1, 2, 3 - X - - - - - - - - - - - - - - - - -
EtherCAT mode Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct Direct
Slave Category Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave Full Slave
Position addressing X X X X X X X X X X X X X X X X X X X
Node addressing X X X X X X X X X X X X X X X X X X X
Logical addressing X X X X X X X X X X X X X X X X X X X
Broadcast addressing X X X X X X X X X X X X X X X X X X X
Physical Layer General Features
FIFO Size configurable
(0X0100[18:16)) X X X ® © c c ® c c c X ® c c ® c c X
Auto-Forwarder checks CRC
X X X X X X X X X X X X X X X X X X -
and SOF
Forwarded RX Error
indication, detection and X X X X X X X X X X X X X X X X X X -
Counter (0x0308:0x030B)
Lost Link Counter
(0x0310:0x0313) X X ® ® c c c ® c c c ® ® c c ® c c X
Prevention of circulating
X X X X X X X X X X X X X X X X X X X
frames
Fallback: Port 0 opens if all
ports are closed X X X X X X X X X X X X X X X X X X X
VLAN Tag and IP/UDP
X X X X X X X X X X X X X X X X X X X
support
Enhanced Link Detection per } : . 7 7 3 . B : : : 57 57 . 3 . ; R }
port configurable
EBUS Features
Low Jitter X X
Enhanced Link Detection R R
supported
Enhanced Link Detection } :
compatible
EBUS signal validation X X
LVDS Transceiver internal X X
LVDS sample rate [MHz] 1,000 1,000
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ET1200 ET1100 IP Core Iilf’e(i;e IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core
Feature 0002 0002 Altera® | Altera Altera Altera Altera Altera Altera Altera Xilinx® Xilinx Xilinx Xilinx Xilinx Xilinx Xilinx ESC20
: : V2.4.0 \\//Zz?éjé V2.3.0 V2.2.1 V2.2.0 V2.0.0 V111 V1.1.0 V1.0.0 V2.04a V2.03d V2.03b/c V2.03a V2.02a V2.00a V1.01b

General Ethernet Features

(MI/RMIT)
MIl Management Interface
(0X0510:0x051F) X X c c c c c ® c c ® c c c c c c c X
gl;fzz?srted IFRNY RGeS 0/16 0/16 any any any any any any 0/16 0/16 0/16 any any any any any any 0/16 0
Link Polarity configurable - X User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic -
Enhanced Link Detection X X X X X X X X - - - X X X X X X - -
Link detection using PHY . . . . . . . . . . . . . . . . . . .
signal (LED)
Ml link status and : : @ @ & & & @ } : : & & & & & & R :
configuration
MI controllable by PDI
(0X0516:0x0517) - - x X X x x X - - - X X X x X X - -
Ml read error (0x0510.13) - - X X X X X X - - - X X X X X X - -
MI PHY configuration update R R . . 7 . . ~ R R R . . . . 7 R ~ R
status (0x0518.5)
MI preamble suppression - - X X X - - - - - - X X X X - - - -
Additional MCLK - - X X - - - - - - - X X X - - - - -
Gigabit PHY configuration - - X - - - - - - - - X X - - - - - -
Transparent Mode - X - - - - - - - - - - - - - - - - -

MIl Features
SC(I)_J(rg(SEOUT aslEhiclock X X User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic -
Bootstrap TX Shift settings X X ® @ © ® ® G User logic User logic User logic G G € ® G G - -
Automatic TX Shift setting
(with TX_CLK) - - ® ® © c c G - - - @ @ c ® G © - -
TX Shift not necessary (PHY } : R R } : : R : ; : R ) : R ) : R .
TX_CLK as clock source)

PDI General Features
Extended PDI Configuration
(0x0152:0x0153) X X X X X X X X X X X X X X X X X X X
PDI Error Counter (0x030D) - X ® ® © c c c c c c ® ® c c ® c c -
PDI Error Code (0x030E) - - c @ € - - - - - - G G © ® - - - -
EAPHLZJ)*CLK output (10, 20, 25 X X User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic User logic -
SOF, EOF, WD_TRIG and
WD_STATE independent of = = X X X X X X = = = X X X X X X - -
PDI
Available PDIs and PDI
features depending on port X X = = = e e = = = e = = = = = = = =
configuration
PDI selection at run-time (Sl . . R R } : : B } : : B ; : R ; : B .
EEPROM)
PDI active immediately (Sl } : 7 . 7 3 3 . - 2 3 . . 2 3 7 52 3 }

EEPROM settings ignored)
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ESC Features

Feature

Digital I/O PDI

Digital /0 width [bits]

PDI Control register value
(0x0140:0x0141)

Control/Status signals:
LATCH_IN
SOF
OUTVALID
WD_TRIG
OE_CONF
OE_EXT

EEPROM_
Loaded

WD_STATE
EOF

Granularity of direction
configuration [bits]

Bidirectional mode

Output high-Z if WD expired
Output 0 if WD expired
Output with EOF

Output with DC SyncSignals
Input with SOF

Input with DC SyncSignals

SPI Slave PDI

Max. SPI clock [MHz]
SPI modes configurable
(0x0150[1:0])

SPI_IRQ driver configurable
(0x0150[3:2])

SPI_SEL polarity
configurable (0x0150.4)

Data out sample mode
configurable (0x0150.5)

Busy signaling
Wait State byte(s)

Number of address
extension byte(s)

2/4 Byte SPI master support

Extended error detection
(read busy violation)

SPI_IRQ delay
Status indication

EEPROM_
Loaded signal

8/16 bit asynchronous pController

PDI

Extended uC configuration
bits 0x0150[7:4],
0x0152:0x0153

ADR([15:13] available (000, if
not available)

EEPROM_Loaded signal

RD polarity configurable
(0x0150.7)

Read BUSY delay
(0x0152.0)

Write after first edge
(0x0152.2)

8/16 bit synchronous pController

PDI

EEPROM_
Loaded signal

ET1200
-0002

8/16

2/0*?

X

X
6-20 (SPI
mode dep.)

X

ET1100
-0002

X
8/16/24/32
4

710

X X x X x

x

20

IP Core
Altera®
V2.4.0

X
8/16/24/32

4

X X x ~

8

- (User logic)

User logic

X X X X

x

30

IP Core
Altera

Vv2.3.1/
V2.3.2

X
8/16/24/32

4

X X X ~

8

- (User logic)

User logic

X X X X

x

30

! Shared control/status signals: LATCH_IN/SOF and OUT_VALID/WD_TRIGGER
2 Availability depending on port configuration

IP Core
Altera
V2.3.0

X
8/16/24/32

4

X X x ~

8

- (User logic)

User logic

X X X X

x

30

IP Core
Altera
V2.2.1

X
8/16/24/32

4

x x x ~

8

- (User logic)

User logic

X X x X

x

<

30

IP Core
Altera
V2.2.0

X
8/16/24/32

4

x X x ~

8

- (User logic)

User logic

X X x X

x

<

30

IP Core
Altera
V2.0.0

X
8/16/24/32

4

X X x ~

8

- (User logic)

User logic

X X X X

x

30

IP Core
Altera
V111

X
8/16/24/32

4

X X X O

8

- (User logic)

User logic

X X X X

xX X

IP Core
Altera
V1.1.0

X
8/16/24/32

4

X X X X U

8

- (User logic)

User logic

X X X X

xX X

IP Core
Altera
V1.0.0

X
8/16/24/32

4

X xX x o

8

- (User logic)

User logic

X X x X

X

X
6-20 (SPI
mode dep.)

X

IP Core
Xilinx®
V2.04a
X
8/16/24/32

4

X X X ~

8

- (User logic)

User logic

X X X X

x

x

IP Core
Xilinx
Vv2.03d
X
8/16/24/32

4

X X X ~

8

- (User logic)

User logic

X X X X

x

x

30

IP Core
Xilinx
V2.03b/c
X
8/16/24/32

4

X X X N

x

8

- (User logic)

User logic

X X X X

X X

IP Core
Xilinx
V2.03a
X
8/16/24/32

4

x X x ~

8

- (User logic)

User logic

X X x X

x

30

IP Core
Xilinx
V2.02a
X
8/16/24/32

4

X X x ~

8

- (User logic)

User logic

X X X X

x

30

IP Core
Xilinx
V2.00a
X
8/16/24/32

4

X X X X =

8

- (User logic)

User logic

X X X X

xX X

IP Core
Xilinx
V1.01b
X
8/16/24/32

4

X X x o

8

- (User logic)

User logic

X X x X

x

x

30

ESC20

32

16-20
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ET1200 ET1100 IP Core Iil?ecirae IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core
Feature 0002 0002 Altera® | Altera Altera Altera Altera Altera Altera Altera Xilinx® Xilinx Xilinx Xilinx Xilinx Xilinx Xilinx ESC20
: : V2.4.0 \\//Zz?éjé V2.3.0 V2.2.1 V2.2.0 V2.0.0 V111 V1.1.0 V1.0.0 V2.04a V2.03d V2.03b/c V2.03a V2.02a V2.00a V1.01b
On-Chip Bus PDI - - X X X X X X X X X X X X X X X X -
Avalon® X X X X X X X X X - - - - - - -
OPB = = = e e = = = e X X X X X X X
PLB v4.6 = = = = = = = = = X X X X - - -
Bus clock [MHz] (N=1,2,3,...) N*25 N*25 N*25 N*25 N*25 N*25 N*25 N*25 25 N*25 N*25 N*25 N*25 N*25 N*25 N*25
My (9 Wil (EresiEizt 12/ 1/2/4 12/4 12/ 12/ 1/2/4 12/4 4 4 12/4(OPB)  1/2/4(OPB)  1/2/4 (OPB)  1/2/4 (OPB 12/4 12/4 4
bytes) [Bytes]
DC SyncSignals available . . . . . . ) : : . . . . 7 . .
directly and as IRQ
Bus clock multiplier in . . . . . . . . : . . . . . . .
register 0x0150([6:0]
EtherCAT Bridge (port 3, 57 : B B } : : R } a : R ) : R ) : R )
EBUS/MII)
General Purpose I/O X X X X X X X X - - - X X X X X X - -
GPO bits 0-12 0-16 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/
32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64
GPI bits R 0-16 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/ 0/8/16/
32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64 32/64
GPIO available independent
of PDI or port configuration : x X X x x X X X X x X X
Concurrent access to GPO 7 . . . 7 . . . . . . . 7 .
by ECAT and PDI
ESC Information
(E::)i%g(;gfg;n(;ggg)n X X X X X X X X X X X X X X X X X X X
Port Descriptor (0x0007) X X X X X X X X X X X X X X X X X X -
E)igozggél;ge(;sogglpported X X X X X X X X X X X X X X X X X X X
Extended IP Core
Configuration in User RAM - - X X X X X X X X - X X X X X X X -
(OXOF80 ff.)
Write Protection (0x0020:0x0031) X X ® ® © c c c c c c ® c c c [ [ c X
Data Link Layer Features
ECAT Reset (0x0040) X X @ @ c c © - - - - @ @ c c © - - -
PDI Reset (0x0041) - - @ @ c c © - - - - @ @ c c © - - -
Ei&%t-gfﬁ?s') byt 4 4 4 24 204 214 214 24 204 24 2 4 24 204 24 24 204 24 4
I(E(;QSESOA‘(I;)onIy ede X X X X X X X X X X X X X X X X X X X
z’emporar))/ feapp @@l X X X X X X X X X X X X X X X X X X -
0x0100.1
gi&g(l)z[f;(llgﬂgurable X X X c c c c c ® ® c X c c c c ® c X
Configured Station Address . . . . . . . . . . . . . . 7 . . 7 .
(0x0010:0x0011)
Configured Station Alias
(0x0100.24, 0x0012:0x0013) X x x ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ x ¢ ¢ ¢ ¢ ¢ ¢ X
Physical Read/Write Offset - . & & & & & @ & 3 & @ @ 3 & @ & & -

(0x0108:0x0109)
Application Layer Features

Extended AL Control/Status
bits (0x0120[15:5], X X X - - - - - - - o X o o o o - - -
0x0130[15:5])

AL Status Emulation

(0x0140.8) X X X X X X X X X * X ) * * X * * g )
AL Status Code . . @ c c c c c c c = c c c G @ c c X
(0x0134:0x0135)

Interrupts
ECAT Event Mask
(0x0200:0%0201) x X X ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ * ¢ ¢ ¢ ¢ ¢ ¢ *
AL Event Mask . o c c c c c c c c c c c c [ ® c c X
(0x0204:0x0207)
ECAT Event Request
(0x0210:0x0211) x X X X X X X X X X X X X X X g * g *
AL Event Request < e X X x X X X X X X X X X X X X X X
(0x0220:0x0223)
SyncManager activation R - - =
changed (0x0220.4) B X X X X X X X X X * X . g *
SyncManager watchdog R R 5 X X R R R - - o X X X X - - = S

expiration (0x0220.6)

EthercAT~ Slave Controller — Application Note 5
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ESC Features

Feature 200
-0002
Error Counters
RX Error Counter 57
(0x0300:0x0307)
Forwarded RX Error Counter 7
(0x0308:0x030B)
ECAT Processing Unit Error )
Counter (0x030C)
PDI Error Counter (0x030D) -
Lost Link Counter .
(0x0310:0x0313)
Watchdog
Watchdog Divider
configurable X
(0x0400:0x0401)
Watchdog Process Data X
Watchdog PDI X
Watchdog Counter Process 7
Data (0x0442)
Watchdog Counter PDI .
(0x0443)
SII EEPROM Interface
(0x0500:0x050F)
. 1 KB-
EEPROM sizes supported 4 Mbyte
EEPROM size reflected in 7
0x0502.7
EEPROM controllable by .
PDI
EEPROM Emulation by PDI =
Read data bytes (0x0502.6) 8
Internal Pull-Ups for
EEPROM_CLK and X
EEPROM_DATA
FMMUs 3
Bit-oriented operation X
SyncManagers 4

Watchdog trigger generation
for 1 Byte Mailbox
configuration independent of
reading access

SyncManager Event Times
(+0x8[7:6])

Buffer state (+0x5[7:6]) -

ET1100
-0002

1 KB-
4 Mbyte

X

IP Core
Altera®
V2.4.0

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Altera

Vv2.3.1/
V2.3.2

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Altera
V2.3.0

1KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Altera
V2.2.1

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Altera
V2.2.0

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Altera
V2.0.0

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Altera
V111

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Altera
V1.1.0

16 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Altera
V1.0.0

16 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Xilinx®
V2.04a

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Xilinx
Vv2.03d

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Xilinx
V2.03b/c

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Xilinx
V2.03a

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Xilinx
V2.02a

1 KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Xilinx
V2.00a

1KB-
4 Mbyte

User logic

0-8
X
0-8

IP Core
Xilinx
V1.01b

1 KB-
4 Mbyte

User logic

0-8
X
0-8

ESC20

16 KB-
4 Mbyte
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ET1200 ET1100 IP Core Iilf’e(i;e IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core IP Core
Feature 0002 0002 Altera® | Altera Altera Altera Altera Altera Altera Altera Xilinx® Xilinx Xilinx Xilinx Xilinx Xilinx Xilinx ESC20
: : V2.4.0 \\//Zz?éjé V2.3.0 V2.2.1 V2.2.0 V2.0.0 V111 V1.1.0 V1.0.0 V2.04a V2.03d V2.03b/c V2.03a V2.02a V2.00a V1.01b
Distributed Clocks X X ® c c @ @ c c c @ c c c @ c c ® X
Width 64 64 32/64 32/64 32/64 32/64 32/64 32 32 32 32 32/64 32/64 32/64 32/64 32/64 32 32 32
4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
(2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync- (2 Sync-
Sync/Latch signals 1-2° 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 Signals, 2 2
Latch- Latch- Latch- Latch- Latch- Latch- Latch- Latch- Latch- Latch- Latch- Latch- Latch- Latch- Latch- Latch-
Signals) Signals) Signals) Signals) Signals) Signals) Signals) Signals) Signals) Signals) Signals) Signals) Signals) Signals) Signals) Signals)
SyncManager Event Times } . & & & & & & & & : & & & & @ & & }
(0x09F0:0x09FF)
DC Receive Times X X ® @ c c c if DC on if DC on if DC on if DC on @ @ c c © if DC on if DC on X
DC Time Loop Control } : @ @ & . . . : : : @ @ & . @ c R }
controllable by PDI
DC activation by EEPROM . B B } : : R } a : R ) : R ) : R )
(0x0140[11:10])
Propagation delay
'{éﬁ;;ﬁ;ﬁ ;t (‘)';'(';%gamc - X X X X X X X X X X X X X X X X X -
detected at each port)
LatchSignal state in Latch
Status register = X X X X X X X X X X X X X X X X X -
(OX09AE:0x09AF)
(Soy;rz)%%lgr;?l Auto-Activation } ; 52 2 X X X - - o o X X X X X ° g g
SyncSignal 32 or 64 bit Start : . . . . . R : ; : . . . . . : R }
Time (0x0981.4)
SyncSignal Late Activation R R - R - - - = =
(0x0981[6:5]) X X X X X X X X X X
(S());(rz)cg%lgr;?l debuojpule - - X X X X X - - - - X X X X X - - -
g:ggggnal Activation State B _ X X X X X - - = = X X X X X - - -
Reset filters after writing filter
depth - X X X X X - - - - X X X X X - - -
ESC Specific Registers
(OxOE00:0x0EFF)
Product and Vendor ID - - X X X X X X X X X X X X X X X X -
POR Values X X - - - - - - - - - - - - - - - - -
FPGA Update (online) - - - - - - - - - - - - - - - - - - X
Process RAM and User RAM
PITEESS (ALY (@ ETDii) 1 8 1-60 1-60 1-60 1-60 1-60 1-60 1-60 1-60 1-60 1-60 1-60 1-60 1-60 1-60 1-60 1-60 4
[KByte]
User RAM (0x0F80:0x0FFF) X X X X X X X X X X X X X X X X X X X
Extended IP Core
- - X X X X X X X X - X X X X X X X -

Configuration in User RAM
Additional EEPROMs 1 1 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 1-2 2
c (EEPROM  c(EEPROM  c(EEPROM  c(EEPROM ¢ (EEPROM  c (EEPROM c(EEPROM  c(EEPROM  c(EEPROM  c(EEPROM ¢ (EEPROM ¢ (EEPROM

2,
SUEERRQNI(EE) B X of iCused)  ofuCused)  of pCused)  of pCused)  ofpCused)  of uC used) X X B of iCused)  ofpuCused)  ofuCused)  of pCused)  of pCused)  of uC used) B X
A configuralion - - X X X X X X X X X X X X X X X X X
EEPROM
LED Signals

RUN LED X X ® ® c ® ® ® c ® ® ® ® ® ® c c ® X
RUN LED override - - ® ® c - - - - - - © © ® ® - - - -
Link/Activity(x) LED per port X X X X X X X X X X X X X X X X X X X
PERR(x) LED per port X X - - - - - - - - - - - - - - - - -
Device ERR LED - - ® ® @ - - - - - - ® ® c ® - - - -
STATE_RUN LED - - G ® © - - - - - - ® ® c ® - - - -

3 SYNC/LATCHI[1] available if no MII port is used.
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ESC Features

Feature

Optional LED states
RUN LED: Bootstrap
RUN LED: Booting

RUN LED: Device
identification

Error LED: SIl EEPROM
loading error

Error LED: Invalid hardware
configuration

Error LED: Process data
watchdog timeout

Error LED: PDI watchdog
timeout

Link/Activity: port closed

Link/Activity: local auto-
negotiation error

Link/Activity: remote auto-
negotiation error

Link/Activity: unknown PHY
auto-negotiation error

Indicator test
Clock supply

Crystal

Crystal oscillator

TX_CLK from PHY

25ppm clock source
accuracy

Internal PLL
Power Supply Voltages
1/0 Voltage

3.3V

3.3V/ 5V tolerant

5V
Core Voltage
Internal LDOs

LDO supply voltage

Core Voltage

1/0 Voltage
Package

Size [mm?]
Original Release date

Configuration and Pinout
calculator (XLS)

Register Configuration
Complete IP Core evaluation

Reference designs/
pre-synthesized time-limited
evaluation core included

FB1120 Digital /O
FB1120 SPI

FB1122 Digital /O
FB1122 SPI
DBC2C20 Digital I/O
DBC2C20 NIOS®
DBC3C40 Digital /O
DBC3C40 NIOS
DBCA4CES55 NIOS
DE2-115 NIOS
FB1130 Digital /O
FB1130 SPI

FB1130 PLB®
FB1130 OPB®
FB1130 PLB20PB
LX150T PLB2AXI®

ET1200 ET1100
-0002 -0002
X X
X X
X X
X X
X X
X X
1-3 1-2
X X
) ®
2.5V 2.5V
2 1
3.3v/5V 3.3V/5V
X X
X -
QFN48 BGA128

X7 10x10
11/2006 3/2007
X X
fixed fixed

IP Core
Altera®
V2.4.0

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

3/2011

individual

X

5/3

IP Core
Altera

Vv2.3.1/
V2.3.2

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

2/2010

individual

X

713

IP Core
Altera
V2.3.0

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

12/2009

individual

X

713

IP Core
Altera
V2.2.1

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

6/2009

individual

X

713

IP Core
Altera
V2.2.0

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

6/2008

individual

X

713

IP Core
Altera
V2.0.0

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

8/2007

individual

X

4-

IP Core
Altera
V111

X

User logic
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.
1/2007

3 sets (s/m/l)

X

4-

IP Core
Altera
V1.1.0

X

User logic
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.
11/2006

3 sets (s/m/l)

X

4)-

IP Core
Altera
V1.0.0

X

User logic
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.
7/2006

3 sets (s/m/l)

2k

IP Core
Xilinx®
V2.04a

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

3/2011

individual

X

4/1

IP Core
Xilinx
Vv2.03d

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

6/2010

individual

X

3/1

IP Core
Xilinx
V2.03b/c

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

2/2010

individual

X

3/1

IP Core
Xilinx
V2.03a

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

12/2009

individual

X

3/1

IP Core
Xilinx
V2.02a

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

6/2008

individual

4/1

IP Core
Xilinx
V2.00a

X

User logic

FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.

8/2007

individual

3/-

IP Core
Xilinx
V1.01b

X

User logic
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.
FPGA dep.

FPGA dep.
FPGA dep.
1/2007

3 sets (s/m/l)

3/-

ESC20

BGA256
17x17
7/2005

fixed

EthercAT~ Slave Controller — Application Note
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Table 3: ESC Feature Legend

Symbol Description

X available
- not available
c configurable
User logic  Functionality can be added by user logic inside the FPGA
red Feature changed in this version
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ESC Reqgisters

3

ESC Registers

Address

0x0000
0x0001
0x0002:0x0003
0x0004
0x0005
0x0006
0x0007
0x0008:0x0009
0x0010:0x0011
0x0012:0x0013
0x0020
0x0021
0x0030
0x0031
0x0040
0x0041
0x0100:0x0101
0x0102:0x0103
0x0108:0x0109
0x0110:0x0111
0x0120

0x0120:0x0121
0x0130

0x0130:0x0131
0x0134:0x0135
0x0138
0x0139
0x0140
0x0141
0x0142:0x0143
0x0150:0x0153
0x0152:0x0153
0x0200:0x0201
0x0204:0x0207
0x0210:0x0211
0x0220:0x0223

Length
(Byte)

N NNRPRRPRRPRRERPRRPRRENNNRRRRPERNERR

N

5 bits
[4:0]

5 bits
[4:0]

BN ANNMBNRRPRERNDN

Description

Type

Revision

Build

FMMUs supported
SyncManagers supported
RAM Size

Port Descriptor

ESC Features supported
Configured Station Address
Configured Station Alias
Write Register Enable
Write Register Protection
ESC Write Enable

ESC Write Protection
ESC Reset ECAT

ESC Reset PDI

ESC DL Control

Extended ESC DL Control
Physical Read/Write Offset
ESC DL Status

AL Control

AL Control
AL Status

AL Status

AL Status Code

RUN LED Override

ERR LED Override

PDI Control

ESC Configuration
Extended ESC Configuration
PDI Configuration

Extended PDI Configuration
ECAT Event Mask

AL Event Mask

ECAT Event Request

AL Event Request

ET1200

X X X X X X X X X X X X X X X

X X X X X

xX X

X X X X X X

ET1100

X X X X X X X X X X X X X X X

X X X X X

xX X X

X X X X X X

Table 4: ESC Registers

IP Core
V2.4.0/
V2.04a

Register set

S

X X O X X O 0O 0 O O 0O X X X X X X X X X X

X X O 0 o X

xX X X

r/c

M

X X O X X O 0O 0o 0 0 O X X X X X X X X X X

X X O o X X

X X X X X X

—

X X X X X O 0 X X X X X X X X X X X X X X

X X O 0o X X

X X X X X X

IP Core

V2.3.0-vV2.3.2/
V2.03a-V2.03d

Register set

S

X O O O O 0o O O X X X X X X X X X

,
® | &

X X O O 0O

O X X

r/c

M

X O O O O O O 0O X X X X X X X X X

o0 9=
(¢}

X X O o X

X X X O X X

—

X X X X X O 0 X X X X X X X X X X X X X X

X X o o X

X X X X X X

IP Core

V2.2.1/vV2.2.0/

V2.02a

Register set

S

X O O O O O O 0O X X X X X X X X X

r/c

(@]

xX X

O X X

r/c

M

X O 0O O O O O O X X X X X X X X X

=
© a8

xX X

X X X O X X

L

X X X X X O 0 X X X X X X X X X X X X X X

xX X

X X X X X X

IP Core

V2.0.0/V2.00a

Register set

S

O o o o 0o X X X X X X X X X

r/c

xX X

o X X

r/c

M

O O o0 o 0O X X X X X X X X X

r/c

xX X

X X X O X X

L

X X X X X X X X X X X X X X

X X X X X

xX X

X X X X X X

IP Core

V1.1.1/V1.01b

Register set

S

X X X X X X X X X

X X

xX X

M

X X X X X X X X X

xX X

xX X

xX X X

X X X X X X X X X X X X X X

X X X X X

xX X

X X X X X X

L

IP Core
V1.1.0

Register set

S

X X X X X X X X X

xX X

xX X

M

X X X X X X X X X

xX X

xX X

X X X

L

X X X X X X X X X X X X X X

X X X X X

xX X

X X X X X X

IP Core
V1.0.0

Register set

S

X X X X X X X X X

xX X

xX X

M

X X X X X X X X X

xX X

xX X

X X X

—

X X X X X X X X X X X X X X

xX X

X X X X X X

ESC20

X X X X X X X X X X X X X X X X X X

X X

X X X X X X

EthercAT~ Slave Controller — Application Note
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ESC Reqgisters

Address

0x0300:0x0307
0x0308:0x030B

0x030C

0x030D

0x030E
0x0310:0x0313
0x0400:0x0401
0x0410:0x0411
0x0420:0x0421
0x0440:0x0441

0x0442

0x0443
0x0500:0x050F
0x0510:0x0515
0x0516:0x0517
0x0518:0x051B
0x0600:0x06FC

0x0800:0x087F

0x0900:0x090F
0x0910:0x0917
0x0918:0x091F
0x0920:0x0935
0x0980
0x0981:0x0983
0x0984
0x098E:0x09A7

0x09A8:0x09A9
OX09AE:0x09CF

0x09F0:0x09F3
Ox09F8:0x09FF

OxXOEO00:0xO0EFF

0xOF00:0x0F03
O0xOF10:0x0F17

OxOF18:0x0F1F

Length
(Byte)

4x2
4x1

4x1

P N DNDNDN

16x13

16x8

4x4

12

256

Description

Rx Error Counter[3:0]

Forwarded Rx Error
counter[3:0]

ECAT Processing Unit Error
Counter

PDI Error Counter

PDI Error Code

Lost Link Counter[3:0]
Watchdog Divider

Watchdog Time PDI

Watchdog Time Process Data
Watchdog Status Process Data

Watchdog Counter Process
Data

Watchdog Counter PDI

Sl EEPROM Interface

MIl Management Interface

MIl Management Access State
PHY Port Status[3:0]
FMMUJ[15:0]

SyncManager[15:0]

DC — Receive Times[3:0]

DC — System Time

DC — Receive Time EPU

DC — Time Loop Control Unit
DC - Cyclic Unit Control

DC — SYNC Out Unit

DC — Activation Status

DC — SYNC Out Unit

DC — Latch In Unit

DC - SyncManager Event
Times

ESC specific registers (e.qg.,
Power-On Values / Product and
Vendor ID)

Digital /0O Output Data
General Purpose Outputs [Byte]

General Purpose Inputs [Byte]

ET1200

X X X X X X

X X X

X X X X X X

ET1100

X X X X X X

X X X

s/l
s/
s/l

IP Core
V2.4.0/
V2.04a

Register set

S

(9]

r/c

O X X O

WP 0P o o o X o

O O O O 9O 9O 9 Q9 =
O O O O o o o o —

8

M
X
X

O X X X X X O 0

0P 0P o o o X o

Q O Q QO Q Q Q Q =
O O O 0O o0 o o o —

8

L

X X X X X X X X

0P 0P 0o o o x X

Q O O QO QO 9O 9 Q =
O O O 0O o o o o —

o
o

8

IP Core

V2.3.0-V2.3.2/
V2.03a-Vv2.03d

Register set

S

(9]

r/c

O X X O

WP 0P o o o X o

SN IO IO ION IO IS KON O =
O O O 0O O o0 o0 o —

8

M
X
X

O X X X X X O 0

0P 0P o o o X o

Q O O Q9 QO 9 9 Q =
O O O 0O O o o o —

8

L

X X X X X X X X

WP 0P o o o X X

O O O O 9O 9O 9 Q9 =
O O O 0O O o o o —

o
9]

8

IP Core

V2.2.1/vV2.2.0/

V2.02a

Register set

S

r/c

O X X 0O

0P 0P o o o X o

Q O O 9O QO 9 9 Q =
O O O 0O 0O o o o

8

M
X
X

O X X X X X

0P 0P o o o X o

QO O O 9 9 9 9 Q9 =
O O O o o o o o -~

8

L

X X X X X X

0P 0P o o o x X

Q QO QO Q Q Q Q9 Q S
O O O 0O 0O O O o

o
(¢}

8

IP Core

V2.0.0/V2.00a

Register set

S

r/c

O X X 0O

0P 0P o o o X o

QO O 9 Q9 Q9 o
O O O O O O

dc
dc

8

M
X
X

O X X X X X

WP 0P o o o X o

Q O Q Q9 Q Q
O O O O O O

dc
dc

8

L

X X X X X X

0P 0P o o o x X

QO O QO Q9 Q9 O
O O O O O O

dc
dc

dc

8

IP Core

V1.1.1/V1.01b

Register set

S

8

M
X
X

8

L
X

X X X X X X

X X X

0-

0-

dc
dc
dc
dc
dc
dc

dc
dc

dc

8

IP Core
V1.1.0

Register set

S

8

M
X
X

8

L
X

X X X X X X

X X X

0-

0-

dc
dc
dc
dc
dc
dc

dc
dc

dc

8

IP Core
V1.0.0

Register set

S

8

M
X
X

8

L

X X X X X X

X X X

0-

0-

dc
dc
dc
dc
dc
dc

dc
dc

dc

8

ESC20

x

X X X X X X

x
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BECKHOFF New Automation Technology ESC Registers

Address Length  Description IP Core IP Core IP Core IP Core IP Core IP Core IP Core
(Byte) S S V2.4.0/ V2.3.0-v2.3.2/ V2.2.1/V2.2.0/ V2.0.0/V2.00a V1.1.1/V1.01b V1.1.0 V1.0.0 °
S S V2.04a V2.03a-V2.03d V2.02a 2

i -
— — A
u u Register set Register set Register set Register set Register set Register set Register set -
S M L S M L S M L S M L S M L S M L S M L

OxO0F80:0x0FFF 128 User RAM X X X X X X X X X X X X X X X X X X X X X X X X
0x1000:0x1003 4 Digital /0 Input Data io o 0o o 0o 0o o 0o 0o o io o o o o o o 0o 0o o o o io io
0x1000 ff. Process Data RAM [Kbyte] 1 8 - - 21- 2- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 4

60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60 60

Table 5: ESC Register Legend

Symbol Description

X Available

- Not available

r Read only

c Configurable
dc Avalilable if Distributed Clocks are enabled

rt Available if Receive Times or Distributed Clocks

are enabled (always available for 3-4 ports)
s Available if DC SYNC Out Unit enabled

(Register 0x0140.10=1)

| Available if DC Latch In Unit enabled
(Register 0x0140.11=1)

s/l Available if DC SYNC Out Unit enabled and/or
DC Latch In Unit enabled
(Register 0x0140.10=1 and/or 0x0140.11=1)

io Available if Digital I/O PDI is selected
red Register changed in this version
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FPGA design tool compatibility

4 FPGA design tool compatibility

IP Core
version

1.0.0
11.0
111
2.0.0
2.1.0
2.2.0
221
2.3.0
23.1
2.3.2
2.4.0

IP Core

version

1.01b
2.00a
2.01a
2.02a
2.03a
2.03b
2.03c
2.03d
2.04a

Table 6: EtherCAT IP Core for Altera FPGAs compatibility with Altera Quartus Il / NIOS EDS

Altera Quartus Il / NIOS EDS version

51 6.1 7.0 7.1 7.2 8.0 9.0 9.1 10.0 10.1
SP2 SP1 SP2 SP1
[ ]
[ ]
[ [ [ ] [ ]
[ [ [ ] [ ]
[ ] [ ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] [ ] [ ]
- - - - - - °
- - - - - - - °
- - - - - - - °
= = = = - - - ° ° °
- - - - - - - - - °
Table 7: EtherCAT IP Core for Xilinx FPGAs compatibility with Xilinx ISE / EDK
Xilinx ISE / EDK version
ISE 8.2.3 ISE9.2.4 10.1.1 11.4 12.1 12.2 12.3 12.4 131
EDK 8.2.2 EDK 9.2.2
[ ] [ ]
[ ] (]
[ (]
[ ] (] [ ]
- - - °
- - - °
- - - °
o = o o [ ] [ ] [ ] O o
= = = = = = = [ ] ([ ]
Table 8: Version compatibility legend
Symbol Description
° Compatible

Synthesis possible, issues with some reference designs
Incompatible

11.0

13.2

11.1

13.3

EthercAT~ Slave Controller — Application Note
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Appendix

5 Appendix

5.1 Support and Service

Beckhoff and their partners around the world offer comprehensive support and service, making available fast and competent assistance with all questions related to Beckhoff products and system solutions.

5.1.1 Beckhoff’s branch offices and representatives

Please contact your Beckhoff branch office or representative for local support and service on Beckhoff products!

The addresses of Beckhoff's branch offices and representatives round the world can be found on her internet pages: http://www.beckhoff.com

You will also find further documentation for Beckhoff components there.

5.2 Beckhoff Headquarters

Beckhoff Automation GmbH
Eiserstr. 5

33415 Verl

Germany

phone: + 49 (0) 5246/963-0
fax: + 49 (0) 5246/963-198

e-mail: info@beckhoff.com

web: www.beckhoff.com

Beckhoff Support

Support offers you comprehensive technical assistance, helping you not only with the application of individual Beckhoff products, but also with other, wide-ranging services:

e world-wide support
e design, programming and commissioning of complex automation systems
e and extensive training program for Beckhoff system components

hotline: + 49 (0) 5246/963-157
fax: + 49 (0) 5246/963-9157

e-mail: support@beckhoff.com

Beckhoff Service

The Beckhoff Service Center supports you in all matters of after-sales service:

on-site service
repair service
spare parts service
hotline service

hotline: + 49 (0) 5246/963-460
fax: + 49 (0) 5246/963-479

e-mail: service@beckhoff.com
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