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6 IP Core Signals 
Depending on the configuration a set of signals is generated. 

6.1 Overview 

6.1.1 Signal Overview 

Table 10: Signal Overview 

Signal Type Dir. Description 
CLK100 Clock I Clock input 100 MHz 
CLK25 Clock I Clock input 25 MHz 
CLK50 RMII I RMII reference clock 
DEV_STATE LED O RUN LED 
LATCH_IN[1:0] DC I Distributed Clocks LatchSignal input 
LINK_ACT [1:0] LED O Link/Activity LED 
MCLK MII/RMII O PHY signal indicating a link 
MDIO MII/RMII BD PHY Management Interface data 
MDIO_DATA_ENA MII/RMII O PHY Management Interface data output enable 
MDIO_DATA_IN MII/RMII I PHY Management Interface data input 
MDIO_DATA_OUT MII/RMII O PHY Management Interface data output 
MII_RX_CLK0 MII I MII receive clock 
MII_RX_DATA0[3:0] MII I MII receive data 
MII_RX_DV0 MII I MII receive data valid 
MII_RX_ERR0 MII I MII receive error 
MII_TX_DATA0[3:0] MII O MII transmit data 
MII_TX_ENA0 MII O MII transmit enable 
nMII_LINK0 MII I MII PHY signal indicating a link 
nRESET General I Reset Input 
nRMII_LINK0 RMII I RMII  PHY signal indicating a link 
PHY_OFFSET MII/RMII I Ethernet PHY Address Offset 
PROM_CLK EEPROM O EEPROM I2C Clock 
PROM_DATA EEPROM BD EEPROM I2C Data 
PROM_DATA_ENA EEPROM O EEPROM I2C Data enable 
PROM_DATA_IN EEPROM I EEPROM I2C Data input 
PROM_DATA_OUT EEPROM O EEPROM I2C Data output 
PROM_SIZE EEPROM I EEPROM size configuration 
RMII_RX_DATA0[1:0] RMII I RMII receive data 
RMII_RX_DV0 RMII I RMII carrier sense/receive data valid 
RMII_RX_ERR0 RMII I RMII receive error 
RMII_TX_DATA0[1:0] RMII O RMII transmit data 
RMII_TX_ENA0 RMII O RMII transmit data enable 
SYNC_OUT0[1:0 DC O Distributed Clocks SyncSignal output 
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6.1.2 PDI Signal Overview 

Table 11: PDI signal overview 

PDI Signal Dir. Description 
PDI_DIGI_DATA_OUT0-3[7:0] O Output data 
PDI_DIGI_DATA_IN0-3[7:0] I Input data 
PDI_DIGI_DATA_ENA O Output data enable 
PDI_DIGI_SOF O Start of Frame 
PDI_DIGI_LATCH_IN I External data latch signal 
PDI_DIGI_OE_EXT I External output Enable 
PDI_DIGI_OUTVALID O Output data valid 

Digital I/O 

PDI_DIGI_WD_TRIG O Watchdog trigger 
PDI_EMULATION I PDI emulation enable 
PDI_SPI_CLK I SPI clock 
PDI_SPI_SEL I SPI chip select 
PDI_SPI_DI I SPI data MOSI 
PDI_SPI_IRQ O SPI interrupt 
PDI_SPI_DO BD SPI data MISO 
PDI_SPI_DO_OUT O SPI data MISO 

SPI 

PDI_SPI_DO_ENA O SPI data MISO enable 
PDI_EMULATION I PDI emulation enable 
PDI_uC_ADR[15:0] I Address bus 
PDI_uC_nBHE I Byte High Enable (16 bit µController interface only) 
PDI_uC_nRD I Read command 
PDI_uC_nWR I Write command 
PDI_uC_nCS I Chip select 
PDI_uC_IRQ O Interrupt 
PDI_uC_BUSY O EtherCAT IP Core is busy 
PDI_uC_8DATA [7:0] BD Data bus 8 bit 
PDI_uC_8DATA_IN [7:0] I Data bus 8 bit 
PDI_uC_8DATA_OUT [7:0] O Data bus 8 bit 
PDI_uC_DATA_ENA O Data bus enable 
PDI_uC_16DATA[15:0] BD Data bus 16 bit 
PDI_uC_16DATA_IN[15:0] I Data bus 16 bit 
PDI_uC_16DATA_OUT[15:0] O Data bus 16 bit 

µC async. 

PDI_uC_DATA_ENA  O Data bus enable 
C_BASEADDR G OPB base address 
C_HIGHADDR G OPB end address 
RESET_POL_ACT_HIGH G Reset polarity 
PDI_EMULATION I PDI emulation enable 
PDI_OPB_CLK I OPB bus clock 
PDI_OPB_ABUS[0:31] I Address bus 
PDI_OPB_DBUS[0:31] I Write data bus 
PDI_OPB_BE[0:3] I Byte Enable 
PDI_OPB_RNW I Read/write access 
PDI_OPB_SELECT I Chip select 
PDI_OPB_SEQADDR I Burst 
PDI_OPB_SL_DBUS[0:31] O Read data bus 
PDI_OPB_SL_ERRACK O Error acknowledge 
PDI_OPB_SL_RETRY O Retry 
PDI_OPB_SL_TOUTSUP O Timeout suppress 
PDI_OPB_SL_XFERACK O Acknowledge 

OPB 

PDI_OPB_IRQ O Interrupt 
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6.2 General Signals 

Table 12: General Signals 

Condition Name Direction Description 
 nRESET INPUT Resets all registers of the 

IP Core 
 CLK25 INPUT 25 MHz clock signal from 

PLL (rising edge 
synchronous with rising 
edge of CLK100) 

 CLK100 INPUT 100 MHz clock signal from 
PLL 

6.3 EEPROM Interface (SII) Signals 

Table 13: EEPROM Signals 

Condition Name Direction Description 
 PROM_SIZE INPUT Sets EEPROM size: 

0: up to 16 kbit EEPROM 
1: 32 kbit-4Mbit EEPROM 

 PROM_CLK OUTPUT EEPROM I²C Clock 
Tristate drivers inside 
core (EEPROM/MI) 

PROM_DATA BIDIR EEPROM I²C Data 

PROM_DATA_IN INPUT EEPROM I²C Data:  
EEPROM  IP Core 

PROM_DATA_OUT OUTPUT EEPROM I²C Data:  
IP Core  EEPROM 
(always 0) 

External tristate drivers 
for EEPROM/MI 

PROM_DATA_ENA OUTPUT 0: disable output driver for 
PROM_DATA_OUT 
1: enable output driver for 
PROM_DATA_OUT 

 

6.4 LED Signals 

Table 14 lists the signals used for the LEDs. The LED signals are active high. All LEDs should be 
green. 

Table 14: LED Signals 

Condition Name Direction Description 
 LINK_ACT [1:0] OUTPUT Link/activity LED for 

ethernet ports [1:0] 
 DEV_STATE OUTPUT RUN LED for device 

status (I, P, S, O) . 
Only with register set 
medium and full. With 
small register set the 
signal is always 0. 

NOTE: The application ERR LED is not supported by the IP Core, it has to be controlled by a µController if 
required. 
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6.5 Distributed Clocks SYNC/LATCH Signals 

Table 15 lists the signals used with Distributed Clocks. 

Table 15: DC SYNC/LATCH signals 

Condition Name Direction Description 
SYNC_OUT0 OUTPUT DC sync output 0 
SYNC_OUT1 OUTPUT DC sync output 1 
LATCH_IN0 INPUT DC latch input 0 

Distributed Clocks 
enabled 

LATCH_IN1 INPUT DC latch input 1 

NOTE: SYNC_OUT0/1 are active high/push-pull outputs. 
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6.6 Physical Layer Interface 

The IP Core is connected with Ethernet PHYs using MII or RMII interfaces.  

Table 16 lists the general PHY interface signals. 

Table 16: Physical Layer General 

Condition Name Direction Description 
 PHY_OFFSET INPUT 0: PHY address offset 0 

1: PHY address offset 16 
 MCLK OUTPUT PHY management clock 

Tristate drivers inside 
core (EEPROM/MII) 

MDIO BIDIR PHY management data 

MDIO_DATA_IN INPUT PHY management data: 
PHY  IP Core 

MDIO_DATA_OUT OUTPUT PHY management data: 
IP Core  PHY 

External tristate drivers 
for EEPROM/MI 

MDIO_DATA_ENA OUTPUT 0: disable output driver for 
MDIO_DATA_OUT 
1: enable output driver for 
MDIO_DATA_OUT 

NOTE: MDIO must have a pull-up resistor (4.7kΩ recommended for ESCs). 

 

6.6.1 MII Interface 

Table 17 lists the signals used with MII. The TX_CLK signal of the PHYs is not connected to the IP 
Core. 

Table 17: PHY Interface MII 

Condition Name Direction Description 
nMII_LINK0 INPUT 0:  100 Mbit/s (Full 

Duplex) link at port 0 
1:  no link at port 0 

MII_RX_CLK0 INPUT Receive clock port 0 
MII_RX_DV0 INPUT Receive data valid port 0 
MII_RX_DATA0[3:0] INPUT Receive data port 0 
MII_RX_ERR0 INPUT Receive error port 0 
MII_TX_ENA0 OUTPUT Transmit enable port 0 
MII_TX_DATA0[3:0] OUTPUT Transmit data port 0 
nMII_LINK1 INPUT 0:  100 Mbit/s (Full 

Duplex) link at port 1 
1:  no link at port 1 

MII_RX_CLK1 INPUT Receive clock port 1 
MII_RX_DV1 INPUT Receive data valid port 1 
MII_RX_DATA1[3:0] INPUT Receive data port 1 
MII_RX_ERR1 INPUT Receive error port 1 
MII_TX_ENA1 OUTPUT Transmit enable port 1 

Selected 
Communication 

interface Port0 / Port1 
= MII 

MII_TX_DATA1[3:0] OUTPUT Transmit data port 1 
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7 Ethernet Interface 
The IP Core is connected with Ethernet PHYs using MII or RMII interfaces. MII is recommended since 
the PHY delay (and delay jitter) is smaller in comparison to RMII. 

7.1 PHY Address Configuration 

The EtherCAT IP Core addresses Ethernet PHYs using logical port number (or PHY address register 
value) plus PHY address offset. Typically, the Ethernet PHY addresses should correspond with the 
logical port number, so PHY addresses 0 and 1 are used.  

A PHY address offset of 16 can be applied which moves the PHY addresses to 16-17. The IP Core 
expects logical port 0 to have PHY address 0 plus PHY address offset (and so on).  

7.2 MII Interface 

The MII interface of the IP Core is optimized for low processing/forwarding delays by omitting a 
transmit FIFO. To allow this, the IP Core has additional requirements to Ethernet PHYs, which are 
easily accomplished by several PHY vendors.  

 

Refer to “Section I – Technology” for Ethernet PHY requirements. 

 

Additional information regarding the IP Core: 

• The clock source of the PHYs is the same as for the FPGA (25 MHz quartz oscillator) 
• The signal polarity of nMII_LINK is not configurable inside the IP Core, nMII_LINK is active low. If 

necessary, the signal polarity must be swapped outside the IP Core. 
• The IP Core does not use the MII interface for link detection or link configuration. 
• The IP Core supports PHY address offset 0 and 16. 

For details about the ESC MII Interface refer to Section I.  
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7.2.1 MII Interface Signals 

The MII interface of the IP Core has the following signals: 

EtherCAT 
device

MII_RX_CLK

nMII_LINK

MII_RX_DV

MII_RX_ERR

MII_RX_DATA[3:0]

MII_TX_ENA

MCLK

MII_TX_DATA[3:0]

MDIO

PHY_OFFSET

 
Figure 33: MII Interface signals 

Table 25: MII Interface signals 

Signal Direction Description 
nMII_LINK IN Input signal provided by the PHY if a 100 Mbit/s (Full 

Duplex) link is established 
MII_RX_CLK IN Receive Clock 
MII_RX_DV IN Receive data valid 
MII_RX_DATA[3:0] IN Receive data (alias RXD) 
MII_RX_ERR IN Receive error (alias RX_ER) 
MII_TX_ENA OUT Transmit enable (alias TX_EN) 
MII_TX_DATA[3:0] OUT Transmit data (alias TXD) 
MCLK OUT Management Interface clock (alias MCLK) 
MDIO BIDIR Management Interface data (alias MDIO) 
PHY_OFFSET IN Configuration: PHY address offset (alias PHYAD_OFF) 

MDIO must have a pull-up resistor (4.7 kΩ recommended for ESCs), either integrated into the ESC or 
externally. MCLK is driven rail-to-rail, idle value is High. 

7.2.2 TX Shift Compensation 

Since IP Core and the Ethernet PHYs share the same clock source, TX_CLK from the PHY has a 
fixed phase relation to MII_TX_ENA/MII_TX_DATA from the IP Core. Thus, TX_CLK is not connected 
and the delay of a TX FIFO inside the IP Core is saved.  

In order to fulfill the setup/hold requirements of the PHY, the phase shift between TX_CLK and 
MII_TX_ENA/MII_TX_DATA has to be controlled. One solution is to specify/verify minimum and 
maximum clock-to-output times for MII_TX_ENA/MII_TX_DATA with respect to CLK_IN (PHY and PLL 
clock source). Another solution are additional delays for MII_TX_ENA/MII_TX_DATA of 10, 20, or 30 
ns. Such delays can be realized by adding 1-3 register stages for MII_TX_ENA and MII_TX_DATA, all 
clocked by CLK100. For guaranteed timings, maximum clock-to-output times for 
MII_TX_ENA/MII_TX_DATA should be applied, too. 

MII_TX_ENA and MII_TX_DATA are generated synchronous to CLK25. 
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CLK_IN

TX_CLK

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

MII_TX_ENA
MII_TX_DATA

tCLK25

10 ns

20 ns

30 ns

tTX_delay

tPHY_TX_holdtPHY_TX_setup

Wrong: Setup/Hold Timing violated

Good: Setup/Hold Timing met

tCLK25tPHY_TX_CLK

MII_TX_ENA, MII_TX_DATA

MII_TX_ENA, MII_TX_DATA
+10 ns additional delay

MII_TX_ENA, MII_TX_DATA
+20 ns additional delay

MII_TX_ENA, MII_TX_DATA
+30 ns additional delay

 
Figure 34: MII TX Timing Diagram 

 

Table 26: MII TX Timing characteristics 

Parameter Comment 
tCLK25 25 MHz quartz oscillator (CLK_IN) 
tTX_delay MII_TX_ENA/MII_TX_DATA[3:0] delay after rising edge of CLK_IN, 

depends on synthesis results 
tPHY_TX_CLK Delay between PHY clock source and TX_CLK output of the PHY, 

PHY dependent 
tPHY_TX_setup PHY setup requirement: TX_ENA/TX_DATA with respect to TX_CLK 

(PHY dependent, IEEE802.3 limit is 15 ns) 
tPHY_TX_hold PHY hold requirement: TX_ENA/TX_DATA with respect to TX_CLK 

(PHY dependent, IEEE802.3 limit is 0 ns) 

 

 
Figure 35: Phase shift compensation by optionally adding 1-3 register stages 

If the phase shift between CLK25 and TX_CLK should not be constant for a some special PHYs, 
additional FIFOs for MII_TX_ENA/MII_TX_DATA are necessary. The FIFO input uses CLK25, the 
FIFO output TX_CLK[0] or TX_CLK[1] respectively. 
NOTE: The phase shift can be adjusted by displaying TX_CLK of a PHY and MII_TX_ENA/MII_TX_DATA[3:0] on 
an oscilloscope. MII_TX_ENA/MII_TX_DATA[3:0] is allowed to change between 0 ns and 25 ns after a rising 
edge of TX_CLK (according to IEEE802.3 – check your PHY’s documentation). Setup phase shift so that 
MII_TX_ENA/MII_TX_DATA[3:0] change near the middle of this range. MII_TX_ENA/MII_TX_DATA[3:0] signals 
are generated at the same time. 
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7.2.3 MII Timing specifications 

Table 27: MII timing characteristics 

Parameter Min Typ Max Comment 
PRELIMINARY TIMING 

tRX_CLK 40 ns ± 100 ppm RX_CLK period (100 ppm with maximum FIFO 
Size only) 

tRX_setup x1   RX_DV/RX_DATA/RX_D[3:0] valid before rising 
edge of RX_CLK 

tRX_hold x1   RX_DV/RX_DATA/RX_D[3:0] valid after rising 
edge of RX_CLK 

 
NOTE: For MI timing diagrams refer to Section I. 

 

RX_DV
RX_D[3:0]
RX_ERR

RX_CLK

tRX_setup tRX_hold

RX signals valid

tRX_CLK

 
Figure 36: MII timing RX signals 

                                                      
1 EtherCAT IP Core: time depends on synthesis results 
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7.3 RMII Interface 

The IP Core support RMII. Nevertheless, MII is recommended since the PHY delay (and delay jitter) is 
smaller in comparison to RMII.  

The Beckhoff ESCs have additional requirements to Ethernet PHYs using RMII, which are easily 
accomplished by several PHY vendors. 

 

Refer to “Section I – Technology” for Ethernet PHY requirements. 

 

Additional information regarding the IP Core: 

• The clock source of the PHYs is the same as for the FPGA (25 MHz quartz oscillator) 
• The signal polarity of nRMII_LINK is not configurable inside the IP Core, nRMII_LINK is active low. 

If necessary, the signal polarity must be swapped outside the IP Core. 
• The IP Core does not use the MII interface for link detection or link configuration. 
• The IP Core supports PHY address offset 0 and 16. 

For details about the ESC RMII Interface refer to Section I.  

7.3.1 RMII Interface Signals 

The RMII interface of the IP Core has the following signals: 

EtherCAT 
device

nRMII_LINK

CLK50

RMII_RX_DV

RMII_RX_ERR

RMII_RX_DATA[1:0]

RMII_TX_ENA

MCLK

RMII_TX_DATA[1:0]

MDIO

PHY_OFFSET

 
Figure 37: RMII Interface signals 
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8.3 Asynchronous 8/16 bit µController Interface 

8.3.1 Interface 

The asynchronous µController interface uses demultiplexed address and data busses.  The 
bidirectional data bus can be either 8 bit or 16 bit wide. The signals of the asynchronous µController 
interface of EtherCAT devices are1: 

 
Figure 50: µController interconnection2 

Table 40: µController signals 

Signal 
async Direction Description Signal polarity 

CS IN (µC → ESC) Chip select Typical: act. low 
ADR[15:0] IN  (µC → ESC) Address bus Typical: act. high 
BHE IN  (µC → ESC) Byte High Enable (16 bit µController 

interface only) 
Typical: act. low 

RD IN  (µC → ESC) Read command Typical: act. low 
WR IN  (µC → ESC) Write command Typical: act. low 
DATA[15:0] BD (µC ↔ ESC) Data bus for 16 bit µController 

interface 
act. high 

DATA[7:0] BD (µC ↔ ESC) Data bus for 8 bit µController interface act. high 
BUSY OUT  (ESC → µC) EtherCAT device is busy Typical: act. low 
IRQ OUT  (ESC → µC) Interrupt Typical: act. low 

Some µControllers have a READY signal, this is the same as the BUSY signal, just with inverted 
polarity. 

                                                      
1 The prefix `PDI_uC_` or `PDI_uC_8` is added to the µController signals if the EtherCAT IP Core is used. 
2 All signals are denoted with typical polarity configuration. 
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8.3.7 Connection with 16 bit µControllers without byte addressing 

If the ESC is connected to 16 bit µControllers/DSPs which only support 16 bit (word) addressing, 
ADR[0] and BHE of the EtherCAT device have to be tied to GND, so the ESC will always perform 16 
bit accesses. All other signals are connected as usual. Please note that ESC addresses have to be 
divided by 2 in this case. 

 

CS CS

ADR[14:0]

RD

BUSY

DATA[15:0]

WR

ADR[15:1]

ADR[0]

RD

BUSY

DATA[15:0]

WR

16 bit µController, async, 
only 16 bit addressing

EtherCAT device

IRQ IRQ

BHE

General purpose input EEPROM_Loadedoptional
 

Figure 51: Connection with 16 bit µControllers without byte addressing 
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8.3.8 Connection with 8 bit µControllers 

If the ESC is connected to 8 bit µControllers, the BHE signal as well as the DATA[15:8] signals are not 
used.  

 

 
Figure 52: Connection with 8 bit µControllers (BHE and DATA[15:8] should not be left open) 

 



  PDI Description 
 

Slave Controller – IP Core for Xilinx FPGAs III-73 

tCS_RD_to_DATA_release

BHE

tADR_BHE_setup

CS

BHE

RD

WR

DATA

BUSY

DATA

ADRADR

tCS_to_BUSY

tread

tRD_to_BUSY

tRD_delay

tCS_delay

tBUSY_to_DATA_valid

tADR_BHE_to_DATA_invalid

tRD_to_DATA_driven

tCS_to_BUSY_release

BHE

ADR

 
Figure 53: Read access (without preceding write access) 

BHE1

CS

BHE

WR

RD

DATA

BUSY

ADR1ADR

tWR_active

tCS_delay

tWR_delay

tADR_BHE_DATA_hold

DATA1

tADR_BHE_DATA_setup

tCS_to_BUSY

(with preceding write access)

ADR2

BHE2

DATA2

tWR_to_BUSY

twrite

tCS_to_BUSYtCS_to_BUSY

tBUSY_to_WR

Internal 
state

Writing ADR1Idle Idle

 
Figure 54: Write access (without preceding write access) 
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Figure 55: Sequence of two write accesses and a read access 

Note: The first write access to ADR1 is performed after the first rising edge of WR. After that, the ESC is internally 
busy writing to ADR1. After CS is deasserted, BUSY is not driven any more, nevertheless, the ESC is still writing 
to ADR1.  

Hence, the second write access to ADR2 is delayed because the write access to ADR1 has to be completed first. 
So, the second rising edge of WR must not occur before BUSY is gone. After the second rising edge of WR, the 
ESC is busy writing to ADR2. This is reflected with the BUSY signal as long as CS is asserted. 

The third access in this example is a read access. The ESC is still busy writing to ADR2 while the falling edge of 
RD occurs. In this case, the write access to ADR2 is finished first, and afterwards, the read access to ADR3 is 
performed. The ESC signals BUSY during both write and read access. 
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8.4 OPB Slave Interface 

8.4.1 Interface 

The OPB Slave PDI is selected during the IP Core configuration. The signals of the OPB interface 
are1: 

 

  
Figure 56: OPB signals 

Table 44: OPB signals 

Signal Direction Description Signal polarity 
SELECT IN OPB Select act. high 
CLKOPB IN OPB bus clock (rising edge 

synchronous with rising edge of 
CLK25 of the IP Core) 

 

ABUS[0:31] IN OPB address bus  
DBUS[0:31] IN OPB data bus  
BE[0:3] IN OPB Byte Enable act. high 
RNW IN OPB Read/Write access 0: Write 

1: Read 
SEQADDR IN OPB sequential address act. high 
SL_DBUS[0:31] OUT Slave data bus  
SL_XFERACK OUT Slave transfer acknowledge act. high 
SL_TOUTSUP OUT Slave timeout suppress act. high 
SL_ERRACK OUT Slave error acknowledge (not used, 

always low) 
act. high 

SL_RETRY OUT Slave retry (not used, always low) act. high 
IRQ OUT Interrupt act. high 

 

Please refer to the On-Chip Peripheral Bus Architecture Specification from IBM (publication number 
SA-14-2528-02) for details about the OPB bus (http://www.ibm.com).  

                                                      
1 The prefix `PDI_OPB_` is added to the OPB interface signals for the IP Core interface. 

http://www.ibm.com/�
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Figure 57: OPB Read Access 
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Figure 58: OPB Write Access 

 



  Distributed Clocks SYNC/LATCH Signals 
 

Slave Controller – IP Core for Xilinx FPGAs III-79 

9 Distributed Clocks SYNC/LATCH Signals 
For details about the Distributed Clocks refer to Section I.  

9.1 Signals 

The Distributed Clocks unit of the IP Core has the following external signals (depending on the ESC 
configuration): 

EtherCAT 
device LATCH[1:0]

SYNC[1:0]

 
Figure 59: Distributed Clocks signals 

Table 46: Distributed Clocks signals 

Signal Direction Description 
SYNC[1:0] OUT SyncSignals (also named SYNC0/SYNC1) 
LATCH[1:0] IN LatchSignals (also named LATCH0/LATCH1) 

NOTE: SYNC_OUT0/1 are active high/push-pull outputs. 

 

9.2 Timing specifications 

Table 47: DC SYNC/LATCH timing characteristics IP Core 

Parameter Min Max Comment 
PRELIMINARY TIMING 

tDC_LATCH 12 ns + x1  Time between Latch0/1 events 
tDC_SYNC_Jitter  11 ns + x1 SYNC0/1 output jitter 

 
Figure 60: LatchSignal timing 

 
Figure 61: SyncSignal timing 

                                                      
1 EtherCAT IP Core: time depends on synthesis results 
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10 SII EEPROM Interface (I²C) 
For details about the ESC SII EEPROM Interface refer to Section I.  

10.1 Signals 

The EEPROM interface of the IP Core has the following signals: 

EtherCAT 
device

PROM_DATA

PROM_CLK

PROM_SIZE
 

Figure 62: I²C EEPROM signals 

Table 48: I²C EEPROM signals 

Signal Direction Description 
PROM_CLK OUT I²C clock (alias EEPROM_CLK) 
PROM_DATA BIDIR I²C data (alias EEPROM_DATA) 
PROM_SIZE IN EEPROM size configuration (alias 

EEPROM_SIZE) 

Both EEPROM_CLK and EEPROM_DATA must have a pull-up resistor (4.7 kΩ recommended for 
ESCs), either integrated into the ESC or externally. 

10.2 Timing specifications 

Table 49: EEPROM timing characteristics IP Core 

Typical Parameter 
Up to 16 kBit 32 kBit-4 MBit

Comment 

tClk ~ 6.72 µs EEPROM clock period (fClk ≈ 150 kHz) 
tWrite ~ 250 us ~ 310 µs Write access time (without errors) 
tRead a) ~ 440 µs 

b) ~ 1.16 ms 
a) ~ 500 µs 
b) ~ 1.22 ms 

Read access time (without errors): 
a) 2 words 
b) configuration (8 Words) 

tDelay ~ 60 µs Time until configuration loading begins after 
Reset is gone  
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11 Example Schematics 

11.1 Clock Adoption 

The accuracy of the EtherCAT IP clock source has to be 25ppm or better. 

 

CLK25

EtherCAT IP Core Ethernet 
PHY

MII
CLK25DCM

CLK_IN CLK25

CLK100 CLK100

Ethernet 
PHY

MII
CLK25

25 MHz

 
Figure 63: EtherCAT IP Core clock source (MII) 

 

CLK25

EtherCAT IP Core Ethernet 
PHY
RMII

REF_CLKDCM
CLK_IN CLK25

CLK100 CLK100

Ethernet 
PHY
RMII

REF_CLK

50 MHz

CLK50 CLK50

 
Figure 64: EtherCAT IP Core clock source (RMII) 
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11.2 PHY Connection 

Refer to chapter 6.5 for more information on special markings (!). MII only: take care of proper 
compensation of the TX_CLK phase shift. 
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MDIO
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Figure 65: PHY Connection (MII) 
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EtherCAT IP Core
Ethernet PHY

RMII_RX_DV

RMII_RX_DATA[1:0]

RMII_RX_ERR

RMII_TX_ENA

RMII_TX_DATA[1:0]

CRS_DV

RXD[1:0]

RX_ER

TX_EN

TXD[1:0]

REF_CLK

nRMII_LINK LINK_STATUS
!

CLK25

DCM
CLK_IN CLK25

CLK100 CLK100

50 MHz

CLK50 CLK50

MDIO

MCLK

MDIO

MDC

VCC I/O

 
Figure 66: PHY Connection (RMII) 
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Register 
Address1 

Length 
(Byte) 

Description small medium full 

0x0200:0x0201 2 ECAT Interrupt Mask - - x 
0x0204:0x0207 4 AL Event Mask - x x 
0x0210:0x0211 2 ECAT Interrupt Request x x x 
0x0220:0x0223 4 AL Event Request x x x 
0x0300:0x0303 2x2 RX Error Counter [1:0] x x x 
0x0304:0x0307 2x2 RX Error Counter [3:2] - - - 
0x0308:0x0309 2x1 Forwarded RX Error Counter[1:0] x x x 
0x030A:0x030B 2x1 Forwarded RX Error Counter[3:2] - - - 

0x030C 1 ECAT Processing Unit Error 
Counter 

- - x 

0x030D 1 PDI Error Counter - - x 
0x0310:0x0311 2x1 Lost Link Counter[1:0] - x x 
0x0312:0x0313 2x1 Lost Link Counter[3:2] - - - 
0x0400:0x0401 2 Watchdog Divider r x x 
0x0410:0x0411 2 Watchdog Time PDI - x x 
0x0420:0x0421 2 Watchdog Time Process Data x x x 
0x0440:0x0441 2 Watchdog Status Process Data x x x 

0x0442 1 Watchdog Counter Process Data - - x 
0x0443 1 Watchdog Counter PDI - - x 

0x0500:0x050F 16 EEPROM Interface x x x 
0x0510:0x0515 6 MII Management Interface - x x 
0x0600:0x067C 8x13(16) FMMU[7:0] x x x 
0x0800:0x083F 8x8 SyncManager[7:0] x x x 
0x0900:0x090F 4x4 DC – Receive times[3:0] d d d 
0x0910:0x0935 38 DC – Time loop control unit d d d 

0x0980 1 DC – Cyclic Unit Control d d d 
0x0981:0x0983 
0x098E:0x09A7 

29 DC – SYNC Out unit d d d 

0x09A8:0x09A9 
0x09AE:0x09CF 

36 DC – Latch In unit d d d 

0x09F0:0x09F3 
0x09F8:0x09FF 

12 DC – SyncManager Event Times - - d 

0x0E00:0x0E07 8 Product ID x x x 
0x0E08:0x0E0F 8 Vendor ID x x x 
0x0F00:0x0F03 4 Digital I/O Output Data i/o i/o i/o 
0x0F80:0x0FFF 128 User RAM x x x 
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The availability of the following functions is also depending on the register set: 

Table 52: Other functions depending on register set 

Function small medium full 
DEV_STATE LED logic - x x 
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12.1 Extended IP Core Features 

Table 53: Extended ESC Features (Reset values of User RAM – 0x0F80:0x0FFF) 

Bit Description small medium full 
7:0 Number of extended feature bits 31 

 IP Core extended features: 
 

0: Not available 
1: Available 

8 Extended DL Control Register (0x0102:0x0103) 0 0 1 
9 AL Status Code Register (0x0134:0x0135) 0 1 1 
10 ECAT Interrupt Mask (0x0200:0x0201) 0 0 1 
11 Configured Station Alias (0x0012:0x0013) 0 0 1 
12 General Purpose Inputs (0x0F18:0x0F1F) 0 0 0 
13 General Purpose Outputs (0x0F10:0x0F17) 0 0 0 
14 AL Event Mask (0x0204:0x0207) 0 1 1 
15 Physical Read/Write Offset (0x0108:0x0109) 0 0 1 
16 Watchdog divider writeable (0x0400:0x04001) and 

Watchdog PDI (0x0410:0x0f11) 
0 1 1 

17 Watchdog counters (0x0442:0x0443) 0 0 1 
18 Write Protection (0x0020:0x0031) 0 0 1 
19 Reserved 0 0 0 
20 Reserved 0 0 0 
21 DC SyncManager Event Times (0x09F0:0x09FF) 0 0 1 
22 ECAT Processing Unit/PDI Error Counter 

(0x030C:0x030D) 
0 0 1 

23 EEPROM Size configurable (0x0502.7): 
0: EEPROM Size fixed to sizes up to 16 Kbit 
1: EEPROM Size configurable 

1* 1* 1 

24 Reserved 1 1 1 
25 Reserved 0 0 0 
26 Reserved 0 0 0 
27 Lost Link Counter (0x0310:0x0313) 0 1 1 
28 MII Management Interface (0x0510:0x0515) 0 1 1 
29 Reserved 0 0 0 
30 Reserved 0 0 0 
31 Run LED (DEV_STATE LED) 0 1 1 
32 Link/Activity LED 1 1 1 
33 Reserved 0 0 0 
34 Reserved 1 1 1 
35 Reserved 1 1 1 
36 Reserved 0 0 0 
37 Reserved 1 1 1 
38 DC Time loop control assigned to PDI 0 0 0 

others Reserved 0 0 0 

* NOTE: Up to IP Core version 1.01b these bits are read as 0, although the feature is enabled. 
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13 IP Core Versions 
The IP Core version, denoted as X.Yz (e.g., 1.01b), consists of three values X, Y, and z. These values 
can be read out in registers 0x0001 and 0x0002. Value z is encoded like this: a=0, b=1, c=2. 

Table 54: Register Revision (0x0001) 

Bit Description ECAT PDI Reset Value 
7:0 IP Core major version X r/- r/- IP Core dep. 

 

Table 55: Register Build (0x0002:0x0003) 

Bit Description ECAT PDI Reset Value 
3:0 IP Core maintenance version z r/- r/- IP Core dep. 
7:4 IP Core minor version Y r/- r/- IP Core dep. 
15:8 Reserved r/- r/- 0 

 

Table 56: IP Core Xilinx Version History 

Version Release notes 
1.01b Initial release 

Known issues fixed in version 2.00a: 
• Watchdog counters (0x0442:0x0443) are not available, even in the full register set  
• SyncManager Changed Flag in AL Event Request register missing (0x0220.4) 
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14 Appendix 

14.1 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. 

14.1.1 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. 

14.2 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 no only with the application of 
individual Beckhoff products, but also with other, wide-ranging services: 

• world-wide support 
• design, programming and commissioning of complex automation systems 
• 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 

 

 

http://www.beckhoff.com/�
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