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1. System and bus architecture

1.1.

1.2.

Bus architecture

The bus architecture of ESC is shown in the following figure. The AHB matri x based
5 AHMBTE i sl ayewmul AHB8nalwheéeshparall el access paths
and multiple slaves in the system. One masters
the PDI Wrapper. The AHB decoder consists of fiwv
AHB t o APB Bri RgcdJ, GPI O and
The AHB connects with the AHB -@pPeB ibprhiedrgaelss wihnicclhu d
full synchronous connections between the AHB de
APB buses connect with all the TAMERp ERNPITEC al s,
Figure 1-1. Bus architecture of ESC
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section wil!/
ma@pSciilel ow.

i ntr odQDxSCatsh es hnodwemb tin di st r i bu:
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Table 1-1. Memory map of GDSCN

Pre-defined Address Peripherals
Regions
EtherCAT 0x0000 Type
0x0001 Revision
0x0002 - 0x0003 Build
0x0004 FMMUs Supported
0x0005 SyncManagers Supported
0x0006 RAM Size
0x0007 Port Descriptor

0x0008 - 0x0009

ESC Features Supported

0x0010 - 0x0011

Configured Station Address

0x0012 - 0x0013

Configured Station Alias

0x0013 - 0x001F

Reserved

0x0020 Write Register Enable
0x0021 Write Register Protection
0x0022 - 0x002F Reserved
0x0030 ESC Write Enable
0x0031 ESC Write Protection
0x0032 - 0x003F Reserved
0x0040 ESC Reset ECAT
0x0041 ESC Reset PDI

0x0042 - OXOFF

Reserved

0x0100 - 0x0103

ESC DL Control

0x0104 - 0x0107

Reserved

0x0108 - 0x0109

Physical Read/Write Offset

0x0110 - 0x0111

ESC DL Status

0x0112 - 0x011F Reserved
0x0120 - 0x0121 AL Control
0x0122 - 0x012F Reserved
0x0130 - 0x0131 AL Status
0x0132 - 0x0133 Reserved

0x0134 - 0x0135

AL Status Code

0x0136 - 0x0137

Reserved

0x0138 RUN LED Override
0x0139 Reserved
0x0140 PDI Control
0x0141 ESC Configuration

0x0142 - 0x0143

ASIC Configuration

0x0144 - 0x0145

RESERVED Register

0x0146 - 0x014F

Reserved

0x0150

PDI Configuration

0x0151

Sync/Latch PDI Configuration

13



GigaDevice

GDS C N 8 3Wsxexr

Manua

Pre-defined

Regions

Address

Peripherals

0x0152 - 0x0153

Extended PDI Configuration

0x0154 - Ox01FF

Reserved

0x0200 - 0x0201

ECAT Event Mask

0x0202 - 0x0203

Reserved

0x0204 - 0x0207

PDI AL Event Mask

0x0208 - 0x0209 Reserved
0x0210 - 0x0211 ECAT Event Request
0x0212 - 0x021F Reserved

0x0220 - 0x0223

AL Event Request

0x0223 - 0x022F

Reserved

0x0300 - 0x0307

RX Error Counter

0x0308 - 0x030B

Forwarded RX Error Counter

0x030C ECAT Processing Unit Error Counter
0x030D PDI Error Counter

0x030E PDI Error Code

0x030F Reserved

0x0310 - 0x0313

Lost Link Counter

0x0314 - OXO3FF

Reserved

0x0400 - 0x0401

Watchdog Divider

0x0410 - 0x0411

Watchdog Time PDI

0x0420 - 0x0421

Watchdog Time Process Data

0x0440 - 0x0441

Watchdog Status Process Data

0x0442 Watchdog Counter Process Data

0x0443 Watchdog Counter PDI
0x0444 - OxX04FF Reserved

0x0500 EEPROM Configuration

0x0501 EEPROM PDI Access State

0x0502 - 0x0503

EEPROM Control/Status

0x0504 - 0x0507

EEPROM Address

0x0508 - 0x050B

EEPROM Data

0x050C- 0x050F

Reserved

0x0510 - 0x0511

MII Management Control/Status

0x0512 PHY Address

0x0513 PHY Register Address
0x0514 - 0x0515 PHY DATA

0x0516 MIl Management ECAT Access State

0x0517 MIl Management PDI Access State

0x0518 - 0x051B

PHY Port Status

0x051C - OxO5FF Reserved
0x0600 - 0x06FF FMMU
0x0700 - OxO07FF Reserved

14
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Pre-defined Address Peripherals
Regions
0x0800 - Ox087F SyncManager
0x0880 - OX08FF Reserved
0x0900 - Ox09FF Distributed Clocks (DC)
0x0A00 - OXOAFF Reserved
0xOEO0O - OXOEQ7 Product ID
0XxOEO08 - OXOEOF Vendor ID
0XOE10 - OXOEFF Reserved
0x0FO0O0 - OxOF03 Digital 1/0 Output Data
0x0F04 - OxOFOF Reserved
0x0F10 - Ox0F17 General Purpose Outputs
Ox0F18 - OxOF1F General Purpose Inputs
0x0F20 - OXxOF7F Reserved
0xOF80 - OXOFFF User RAM
0x1000 - Ox2FFF Process Data RAM
Peripheral 0x3300 - 0x33FF AHB20OPB Bridge
0x3400 - 0x34FF RCU
0x3500 - 0x35FF GPIO
0x3700 - Ox37FF PMU
0x3800 - 0x38FF TIMER
0x3900 - 0x39FF SYSCFG
0x3A00 - Ox3AFF INTC
1.3. AHB direct/indirect access
GDSCi&Nan directly/ iWGliegectley saanessoEe PRAM t hr ot
bridge three waysSCrdpiretelyg, acods38@bdrees Eacc
registers, and i nSGcroecet | YR AaMt. ¢ eTshsel b rei deEge pr ovi d
interface towardandh®©PBpshteamasiedet owards t he
ESCcore, where the upstream AHB side i fSeCst er t
core, and the c¢clocks are synchronous phase,
1.3.1. Direct AHB trads&€medi atceress E
Direct access to ESC registers is used for tran:
of ESC r e gAHB elrwss. aMhceens stehse t he a@xXO0EBB, rang
single register read/write operation the ESC
in the ESC_CCTL_CMD register. At the start of
ESC_CCTL_CMD segitse eXx, issnd at the end the rea
to O, all owing val data to be read n the A
CCTL_BUSY t is set to 1, valid dat a s writte
the ICCAUSY bit is cleared, and the val dat a i
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1.3.2. I ndirect tranrnfsChotr eacegsstEr
GDSCN can access the ESC core registers indir
ESC_CCTL_CMD registers. When headiohd oavh nGS Gt e
required: First, set the CCTL_STOP bit in the
CCTL_BUSY bit; set the CCTL_RW bit in the ES(
address of the register to be adccwersisteed tihnet on ut
of bytes to be read into the CCTL_SIZE field,
the CCTL_BUSY bit is cleared, data can be rea
When writing data to the ESC cor d rreadgi stiersd,,
the CCTL_STOP bit in the ESC_CCTL_CMD registe
clear the CCTL_RW bit in the ESC_CCTL_CMD reg
to be accessed into the CCTL_ADDR beewdj t apd
into the CCTL_SI ZE field, then set the CCTL _E
be written into the ESC_CCTL_CMD register at
is indicated by the CCTL_BUSY bit being clear
I n the abdowve treaoaperations, the valid data is
t heSCCCTL_DATA e valid data can be referred to
Table 1-2. Alignment of valid data
CCTL_SIZE ESC CCTL_ADDR[1:0] ESC CCTL_DATA valid bytes
1 00/01/10/11 [7:0)/ [15:8]/ [23:16)/ [31:24]/
2 00/10 [15:0)/[31:16]
4 00 [31:0]
1.3.3. I ndirect tranSsChhbtr eaRAds E

When initiating read operation to core PRAM
address and ESLPRIAM AILLIR tregi st er, PRAM_BUSY _F
the module starts to initiate multiple OPB
and writthee tTX FI FO. Al OPB read operations a

is cleared. When dat St rter ams ftehrer eTdX fFridnO,t he
l ength PRAM_LEN_READ =and the PRAM read addr
updated to show t ke prhec esad.i dDétydgrersi mf t he fi

to the start address. Determines the valid by
address and operation |l ength. I f necessary, t
t h ESCPRAM_CR[ PRARAMREROD] bit to 1. I f the OPB
stop command takes effect after the current
command takes effect, data in the TX FIFO i s

When writing to the PRAM throagh AH#HBresa$tand)
|l engt hESGPRAK_ALW register, write 1 to the PF
ESCPRAM_CW register, the module initiates mu
read from the RX FIFO and written tomst@eecor
compl et e. PRAM_BUSY_WRITE is cleared Write o]
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1.4.

1.5.

PRAM_BUSY_ WRITE bit is set to 1, but when RX

i mmedi ately initiate OPB transfer opendtiison,
operation. After each OPB ACK response, it wi
is empty, it owi || enter the waiting state an

there is data. When data is transf @RAMId wri o m
l ength PRAM_LEN_WRITE and the PRAM write adc

updated to show the process. Determines the v
to the start address. Based on the st arhtei ng a
valid bytes of the | ast data write.

I f necessary, the write command can be stoppe
to 1. | f the OPB write cycle starts, the stop

is complete. After théestopdadtmmanmdthaek®&X FI F

Register protection in B USY state

| f the BUSY related register bits, such as
PRAM_BUSY_WRI TE, are set to 1, you can set th
rewriting. When CCTLESBWUGOTL _SDESLICCTb_AMD i s
protected frAMmBrewriéi ogpebgti ons. When PRAM_B
ESCPRAM_ALR i s protected from rewriting by
PRAM_BUSY_WRI TEESEPRAM_®AaWlis protected from
by AHB write operations

When the BRP biwhems tsted BWSY rel ated register
AHB write operation to the corresponding regi
ESCOPB_CS register is set to 1, and the inter
is set to 1.

Whenhe BRP bit is set to 0, when the BUSY rel
AHB write operation t o t he corresponding r
transmi ssion error, EHE@Q@PB h@S WEdg if d taggr iins tdet
intewruptbe triggered when the WEIE bit is se
as possible to avoid more errors.

OPB transmission timeout function

The OPB transmission timeout function can be

ESCOPB_CS rteogils.t efrhe ti meout interval can be
in EBEOPB_CS register. When the counter exce
val ue, the TEBSCOPBgCEnNnr eéfhiester i s set to 1.
ESCOPB_CS registertimecet itmtedrrupt i's gener

response processing:

1. IBES@CGEL direct read/ write mode is used, w
17
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interrupt response occur s. Terminate the trat
occupi ed.

2. IESAKR&L is used in indirect read/write
ti meout interrupt response occurs. YoRSCcan st
CCTL_STOP bit.

3. When the PRAM is used in indigetctafrteard/ a
ti meout interrupt response occur s. You can
PRAM_STOP_WRITE/ PRAM_STOP_READ bit.

1.6. ESC core controller (ESC_CCTL)
The main purpSSGeseotobBR8E€GLCTE)Y &re the foll owi
A Configuring indirecES@omamsmiegi a¢eess of the
A Configuring indirecES@omames MRAMaccess of the
1.7. ESC core controller register definition
ESC@ore control r eglxs3t3e0r0 base address:
1.7.1. ESCCTL data BESQGCGTLlrDATA)
Address offset: 0x00
Reset value: 0x0000 0000
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CCTL_DATA[31:16]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCTL_DATA[15: 0]
Bits Fields Descriptions
310 CCTL_DATA[31:0] ESC CCTL data

This field indicate the value read from or written to the ESC Core. Reading or
writing depends on the ESC_CCTL_CMD[CCTL_RWI] bit. If the CCTL_RW bit is 1,
this value is the data read from the ESC Core; If the CCTL_RW bit is 0, this value
is the data written to the ESC Core.

The low bit of this filed always indicates the valid data written or read.

18
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1.7.2. ESCCTL command ESE€LICslItLe rC MD )

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CCTL | CCTL _
CCTL _ Reserved CCTL_SI ZE[ 2
usy oP
rw rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CCTL_ADDR[ 15: 0]

rw

Bits Fields Descriptions
31 CCTL_BUSY CCTL Busy. There is no effect if the bit is written to zero
0: No read/write (according to CCTL_RW) operation is being performed.

1: Read/write operation is being performed.

Note: When the read/write operation is complete, this bit will be cleared. Then the
valid data is available for the HOST to read from ESC_CCTL_DATA or write to
ESC_CCTL_DATA register. It is required that ESC_CCTL_CMD and
ESC_CCTL_DATA registers are modified R when this bit is 0.

30 Read operation or write operation
CCTL_RW 0: Write operation

1: Read operation

29 CCTL_STOP Stop read operation or write operation. There is no effect if the bit is written to zero
0: No effect
1: Stop the ESC core register reading or writing operation
Note: When the CCTL_BUSY is cleared, the CCTL_STOP will be cleared

28:19 Reserved Must be kept at reset value.

18:16 CCTL_SIZE[2:0] This field specifies the ESC CCTL size (byte). 1, 2 and 4 are valid, other values
are invalid. More details refer to Table 1-2. Alignment of valid data

15:0 CCTL_ADDR[15:0] This field specifies the addresses of ESC core registers that will be accessed
1.7.3. ES®PRAM FIFO data E®S@ERAMgFISF®r DR)

Address offset: 0x10
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PRAM_FI FO_DATA_READ[31:16]

rw
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PRAM_FI FO_DATA_READ[15: 0]

rw

Bits Fields Descriptions
31.0 PRAM_FIFO_DATA_ Data read from ESC PRAM.
READ[31:0] The valid value of data is determined according to the start address and the

transfer length.

1.7.4. ES®PRAM address and | erEfStChP RrAeva dALIRegi st er

Address offset: 0x14
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PRAM_LEN_REOD]

rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PRAM_ADDR_READ [15: 0]

rw

Bits Fields Descriptions
31:16 PRAM_LEN_READI[1 Data length read from ESC PRAM in bytes. This field is decremented as data is
5:0] read into the FIFO.

Note: When PRAM_BUSY_READ is 1, this field cannot be modified.

15:0 PRAM_ADDR_READ ESC PRAM data read address. This field is incremented as data is read into the
[15:0] FIFO.
Note: When PRAM_BUSY_READ is 1, this field cannot be modified.

1.7.5. ES®PRAM command reB8CPRAEMsCR)y (

Address offset: 0x18
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PRAM |
PRAM_
USY_H Reserved
OP_ RE
AD
rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRAM_
Resed ve PRAM_VALI D_CNT_READ] Reserved
LI D_R

20



r r
Bits Fields Descriptions
31 PRAM_BUSY_READ Whether the PRAM is being read. There is no effect if the bit is written to zero

0: No PRAM read operation
1: PRAM is being read

Note: This bit is cleared when the read operation is complete.

30 PRAM_STOP_READ Stop PRAM read operation. There is no effect if the bit is written to zero
0: No effect
1: Stop the PRAM reading operation
Note: After this bit is set to 1, the PRAM_BUSY_READ is cleared, and the RX
FIFO is reset. Then this bit will self-clear.

29:13 Reserved Must be kept at reset value.
12:8 PRAM_DATA_CNT_ PRAM data read valid count
READI[4:0] This count increases as data is read from the PRAM to the RX FIFO and

decreases as data of the entire DWORD size is read from the RX FIFO

7:1 Reserved Must be kept at reset value.
0 PRAM_VALID_DATA PRAM valid data read
_READ

0: There is no valid data to be read.
1: There is valid data to be read.

1.7.6. ES®RAM FIFO data BWBBCPRAMe§i §0De DW]|

Address offset: 0x20
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PRAM_FI FO_DATA_WRI TE[ 31:16]

rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PRAMFRO_DATA_WRI TE[15: 0]

rw

Bits Fields Descriptions
31:.0 PRAM_FIFO_DATA__ Data write to ESC PRAM.
WRITE[31:0] The valid value of data is determined according to the start address and the

transfer length.

1.7.7. ES®RAM address and | engSGQPRAN tALW)egi st e

Address offset: 0x24
21
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Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PRAM_LEN_WRITE[15: 0]

rw

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PRAM_ADDR_WRI TE[ 15: 0]

rw
Bits Fields Descriptions
31:16 PRAM_LEN_WRITE[ Data length written to ESC PRAM in bytes. This field is decremented as data is
15: 0] written into the FIFO.

Note: When PRAM_BUSY_WRITE is 1, this field cannot be modified.

15:0 PRAM_ADDR_WRIT ESC PRAM data write address. This field is incremented as data is read from the
E[15:0] FIFO.
Note: When PRAM_BUSY_ WRITE is 1, this field cannot be modified.

1.7.8. ES®PRAM command wr ESEPRAM LW r (

Address offset: 0x28
Reset value: 0x0000 1001

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PRAM_PRAM_

USY_WOP_ WR| Reserved
I TE
rw rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PRAM_
Resed ve PRAM_VALI D_CNT_WRITE Reserved LI D_
E
r r
Bits Fields Descriptions
31 PRAM_BUSY_WRIT Whether the PRAM is being written. There is no effect if the bit is written to zero
E 0: No PRAM write operation

1: PRAM is being writing

Note: This bit is cleared when the write operation is complete.

30 PRAM_STOP_WRIT Stop PRAM write operation. There is no effect if the bit is written to zero
E 0: No effect
1: Stop the PRAM writing operation
Note: After this bit is set to 1, the PRAM_BUSY_WRITE is cleared, and the TX

22



GDS C N 8 3Wsxexr Manua

GigaDevice
FIFO is reset. Then this bit will self-clear.
29:13 Reserved Must be kept at reset value.
12:8 PRAM_VALID_CNT_ PRAM data write valid count
WRITE[4:0] This count increases as data is read from the TX FIFO to PRAM and decreases as
data of the entire DWORD size is written to the PRAM
7:1 Reserved Must be kept at reset value.
0 PRAM_VALID_DATA PRAM valid data write
WRITE . . . .
- 0: There is no valid data to be written
1: There is valid data to be written.
1.7.9. ES®OPB control and (BSGQORB_C®)gi ster
Address offset: 0x30
Reset value: 0x0000 04A0
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RAAF| RAAI WDLF| WDL I TOF TOIlI ff WEF WEI E[ ESC ESC
Reserved
CCTLIlCCTLI
rc_w rw rc_w rw rc_w rw rc_w rw rc_w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reaserved ‘ BRP‘ TO_CNT[8:0] ’TOEN‘
rw rw rw
Bits Fields Descriptions
31 RAAF Reserved address access flag. This flag will be triggered when the access address
is a reserved address segment. This flag can be cleared by writing 1.
0: The access address is a valid address segment
1: The access address is a reserved address segment
30 RAAIE Reserved address access interrupt enable
0: Interrupt is inhibited
1: An interrupt will occur whenever the RAAF bit is set
29 WDLF Write data lost flag. when BRP enable, AHB write operation will cause data lose
when the busy bit is high, this flag will be triggered. This flag can be cleared by
writing 1.
0: No data lost
1: The data in this transmission is lost
28 WDLIE Write data lost interrupt enable

0: Interrupt is inhibited
1: An interrupt will occur whenever the RAAF bit is set

23
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27 TOF Time out flag, when single transmission time exceeds the programmed value, this
flag will be triggered. This flag can be cleared by writing 1.
0: No ESC core timeout transmission occurred

1: An ESC core timeout transmission occurred

26 TOIE Timer out interrupt enable
0: Interrupt is inhibited
1: An interrupt will occur whenever the RAAF bit is set

25 WEF write error flag. when BRP disable, AHB write operation will cause current OPB
transmission error when the busy bit is high, this flag will be triggered. This flag can

be cleared by writing 1.

24 WEIE Write error interrupt enable.
0: Interrupt is inhibited
1: An interrupt will occur whenever the WEF bit is set

23 ESC CCTLIVF CCTL_SIZE & CCTL_ADDR illegal value flag. The CCTL_SIZE and CCTL_ADDR
value written to the register does not meet the requirement, causing this transfer to
not occur, this flag will be triggered. This flag can be cleared by writing 1.

22 ESC CCTLIVIE CCTL_SIZE & CCTL_ADDR lllegal value interrupt enable.
0: Interrupt is inhibited
1: An interrupt will occur whenever the IESC CCTLVF bit is set

21:11 Reserved Must be kept at reset value.

10 BRP When busy bit is high, prevent register change
1: the protection takes effect

0: the protection does not take effect

9:1 TO_CNTI[8:0] Time Out counter
This field indicates the transmission timeout in bits during which no ACK response
was received; The programmer data cannot be less than the minimum value

recommended the manual(60).

0 TOEN Time Out enable
This field indicates that whether the function is effect
1: Timeout feature enabled

0: Timeout feature disabled.

1.8. System configuration controller (SYSCFG)

The main purposes of the system configuration controller (SYSCFG) are the following:

A Configuring MCU HCLK frequency ratio
A Configuring SPI extend mode
A Providing Chip I D and version
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1.9. System configuration register  definition
SYSCFG base addpeses: 0x000O0

1.9.1. System configuration register 0 (SYSCFG.

Address offset: 0x00
Reset value: 0x001F 0000

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved MCUFREQ[4:0]
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI EX
Reserved Reserve
oD
rw
Bits Fields Descriptions
31: 21 Reserved Must be kept.at reset value

20:16 MCUFREQ[ 4: MCU HCLK frequency ratio
00000: MCU_HCLK_FREQ >=100MHZ
00001: 100MHZ/ 2 <= MCU_HCLK_FREQ < 10
00010: 100MHZ/ 3 <= MCU_HCLK_FREQ < 10

11111: 100 MICAU/_HZLK= FREQ < 100MHZ/ 31

1 53: Reserved Must be kept.at reset value
2 SPI EXTMOD PDI type combined with SPI
0: GPI O
1: MI 1 (OSPIl: without clk_25m output;
1:0 Reserved Must be kept.at reset value
1.9.2. SYSCFG chip (8YS€@gGs€CdIrPI D)

Address offset: 0x90
Reset value: 0x0000 0000

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CHIPID[15:0]
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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‘ Reserved ‘

Bits Fields Descriptions

31:16 CHIPID[15:Chip ID

15:0 Reserved Must be kept at reset value

1.9.3. SYSCFG chip version register (SYSCFG_CHI

Address offset: 0x94
Reset value: 0x0000 0000

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved CHIPVERJ[7:0] ‘

r
Bits Fields Descriptions
31:8 Reserved Must be kept.at reset value
7: 0 CHI PVER[ 7: Chip version
1.9.4. SYSCFG reservedY$SegGsRESERVED)

Address offset: OxFO
Reset value: 0x0000 0000

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ RESERVED ‘
w
Bits Fields Descriptions
31: 16 Reserved Mu sbe kept at reset value.

15:0 RESERVED Reserved register
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2. Power management unit (PMU)

2.1.

2.2.

2.3.

2.3.1.

Overview

The power consumption is regarded as one of the
ESGeries. Power management uni t (PMU) provides
types of module | evel power saving modgsMODeyi ce
MOD1, MOD2 and MODS3, modul e | evel power saving
management, PHY power management and the LED pir
reduce the power consumption and allow the appl
the conflicting demands of device operating tim
supports wake up event detection and power maha

Characteristics

> >

> >

>

EtherCAT clock management.

PHY power management, including PHY A and B energy detect(ED) power down
management and common power down management.

LED pins power down management.

Four types of device level power saving modes, including MODO, MOD1, MOD2 and
MOD3.

PHY wake up event detection, including PHY ED powered wake up and PHY LAN magic
packet wake up.

Interrupt wake up notification.

Function overview

Device ready

he bit RDY in PMU_CTLO register, can indicate
rocessor can read this bit to obtain the ready

After power on, Et her CAT device reset or digi!t
the device has successfully read the <content
according to the read contents.

Setti nEgSRtSHTe bi t i n ther &ReLiUs tReSIT CWiGl | reset t he
which will cause t hree alt hehreC AATE PCcROOM atnod rreeconf i
to the configuration content. During this pro
to a low | evel

When the devicgaenbhgr siopesseMOD1, MoOD2, or MOD
transition to a |l ow | evel. On c es atvhi en gd envoidcee biasc

into the MODO, and after the PLL becomes stab
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2.3.2.

2.3.3.

2.3.4.

|l evel

NoteThe deviizevoaelutpppe detection. The RDY bit can
reaches a predetermined value.

PHY wake up event detection

—

he device supports -tmwoevgpesdefePHiYowake

b

PHY ED powered wake up event.
PHY LAN magic packet wake up.

b

PME kv@ up notification

The | atches of bit EDWOLASTAT and EDWOLBSTAT i n
the PME Reflat eftiog @thde ME i nterrupd peddiagand t he
PME interrupt cont EDWOLBENEDWOSAEN when energy
happened on port A Poirt B nPHYnttehrer PpMEsS 8t at us r egi s

When PMWUPCFG is set, PME events can automatic
devileeel power saving modes.

Figure 2-1. PME interrupt pending

EDWOLAEN PMWUPCFG
) \/\—’ - PME wake u
PHY interrupt EDWOLASTAT N p

EDWOLBEN
PHY interrupt > EDWOLBSTAT ) > PMEIF

Modul e | evsealvipnogweno de s

—

he device supports three types of module | evel

>

The ECATCLKDIS bit in PMU_CTLO register can u

A PHY power management
K PHY A and B ED power down management, suppo
K Common power down management.

A LEDs output management

K The LEDOUTDIS bit in PMU_CTLO register can
K The LEDMODCFG bi't in PMU_CTLO register can
mode (take effect only when LEDOUTDI S is se
K The LEDIbNACT n PMU_CTLO register can use to
when LEDs werud Ii mopdwesh take effect only when
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2.3.5. Device | evel power saving modes
After a device | evel reset, the deviaceéeioper &ces
can achieve | ower power consumption through gat
Besi des, four device | evel power saving modes &

consumption, they are MODO, MOD1, MOD2 and MOD3

MODO

After e ldewedlc reset, the device works in MODO ar
are active.

MOD1

When in MODL1, device wil!/ di sabl e all cl ocks de
or externally, the network cl ®tk remainseenbbkd
mode can be exited either manually or automati c,;
This mode is applicable to the PHY's common pow
on LAN) mode, and PHY's ED power down managemen:
MOD?2

When in MOD2, deviaek sviddr idi sca bflreom|Itithe | PLL cl oc

or externally, the network clock remains enabl e
di sabled if both PHYs are in ED or common power
remain enabl ecda.n Tbhei se xmadeed ei t her manually or au
This mode is applicable to the PHY's common pow:
on LAN) mode, and PHY's ED power down managemen:
MOD 3

When in MOD3, device will disalloe kal ITheel dPdls ider
The external net work clocks are turned off. The
only be exited manually.

This mode is applicable to the PHY's common pow

Before setting thi s pdoewse rc es tsahtoeu,| dt hsee tmaPsGVWE R D O WN

Table 2-1. Power saving mode summary

Mo d e PLL System cl Net wor k cl ¢ XTAL
MODO ON ON usable ON
MOD 1 ON OFF usable ON
MOD 2 OFF OFF usabl e ON
MOD 3 OFF OFF OFF OFF
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2.3.6. Entering device | evel power saving mode:
To transition from MODO to MODL1, MOD2, or MOD3,
1. Configure PMWUPCFG bit.
Configure PHY wake up detection, alPdivt wRHY wak
up evleamt ecti on
3. Configure PHY wake up notification, aPbMEIt PHY
wke up notification
4, ensure that the device has been able to enter
is no need to sreedeidwdras paickallse d
5. Set PMSLPEN bit.
Not e
A Afteemrt ering power saving mode, the RDY bit in
l evel
A After entering power saving mode, the master
2.3.7. Exiting device | evel power saving modes
The device | evel power savi ngalnoyd eosr caaunt obnea teixciatl

I f PMWUPCFG bit is set, the PME wake up is enabl
About PME wake RME ckeen urpe fneort.itfoi cat i on

The master can manually wake up device by:

A Perform EXMC write operations on the device.

unt i |l the device is woken up and a read oper
indicate tdaewrPiMUe PtDd REFVAL register. No attemp
any other address until the device has been w

A Perform SPI/ SQI cycles on the device (CS |l ow
write operations ar e waokneor eudp ,untthd mahset edre vs hcoeu
to wake up the device by reading the PMU_PDIR
made to read and write any other address unti

Not e

A The wor ki ng state of t hedentaesrtneirneidntbeyr f aeadi
PMU_PDI REFVAL register. Once the correct val ue

the ready state. Then the RDY bit will indica
A After automatic or manual w aekt e uopnsc, e tthhee ddeevviicc
returned to MODO andsttahbei IFLzLe ch,a st lhee emMMM@DCF G a
bits or bit wildl be cleared (set to 0).
A 1f all is well, the device wake up time shoul
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2.4. Register definition
PMU base d0068s3700

2.4.1. Control register 0O (PMU_CTLO)

Address offset: 0x00
Reset value: 0x0000 C000.

This register can blkitarcessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PMWUPC |LEDOUTD| LEDMOD | LEDINAC ECATCLK EDWOLB | EDWOLA
PMMODCFGJ1:0] Reserved Reserved Reserved
FG IS CFG T DIS STAT STAT
w w w w w w r_wil r_wil
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

EDWOLB | EDWOLA
Reserved RDY
EN EN

w w r

Bits Fields Descriptions

31:30 PMMODCFG[1:0] Power management mode configuration bits
When PMSLPEN is set, these bits can be used to configure the power
management mode These bits are cleared when the device wakes up.
00: MODO
01: MOD1
10: MOD2
11: MOD3

29:28 Reserved Must be kept at reset value

27 PMWUPCFG Power management wake up mode configuration bit
0: Wake up by master
1: Wake up by PME or master

26 LEDOUTDIS LEDs output disabled bit
When this bit is set, the output of LEDs will be disabled. When work in open-drain /
open-source mode LEDs will not be driven, when LEDs work in push-pull mode
LEDs will still be driven but the status of LEDs are inactive.
0: LEDs output are enabled
1: LEDs output are disabled

25 LEDMODCFG LEDs working mode configuration bit (take effect only when LEDOUTDIS i$ se
0: The working mode of LEDs is open-drain / open-source
1: The working mode of LEDs is push-pull

24 LEDINACT Push-pull mode LEDs inactive state configuration bit (take effect only when
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LEDOUTDIS is pet
0: 0 is inactive state

1: 1 is inactive state

23:22 Reserved Must be kept at reset value
21 ECATCLKDIS EtherCAT core clock disable bit
EtherCAT core clock will disable if ECATCLKDIS is set. To set this bit need write 1
twice in a row. Writing 0 will clear the count.
0: Enable EtherCAT core clock
1: Disable EtherCAT core clock

20:18 Reserved Must be kept at reset value

17 EDWOLBSTAT Energy detect / WoL port B status bit
To clear this bit, the events on the PHY need to clear first.
0: No energy detect / WoL event happened on port B PHY
1: energy detect / WoL event happened on port B PHY

16 EDWOLASTAT Energy detect / WoL port A status bit
To clear this bit, the events on the PHY need to clear first.
0: No energy detect / WoL event happened on port A PHY
1: energy detect / WoL event happened on port A PHY

15 EDWOLBEN Energy detect / WoL port B enable bit
When energy detect / WoL event happened on port B PHY and this bit is enabled,
the PMEIF bit in interrupt status register will be set.
0: Disable energy detect / WoL port B
1: Enable energy detect / WoL port B

14 EDWOLAEN Energy detect / WoL port A enable bit
When energy detect / WoL event happened on port A PHY and this bit is enabled,
the PMEIF bit in interrupt status register will be set.
0: Disable energy detect / WoL port A
1: Enable energy detect / WoL port A

13:1 Reserved Must be kept at reset value

0 RDY Device ready bit
This bit indicates whether the device is ready. The master processor can read this
bit to obtain the ready status of the device, after power on, EtherCAT device reset,
module reset, digital reset or leave from power savings mode.
0: Device is not ready
1: Device is ready
NOTE:

A The rising edge of this bit will set the READYIF bit in INTC_FLAG register,

and can trigger an interrupt.

p=2)

When this bit is clear read access to any internal resource is prohibited
except for the PMU_CTL, PMU_PDIVAL, and RCU_RSTCFG registers.
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A Before this bit is set, write operations to any address are invalid.
2.4.2. Control and status register (PMU_CTL1)
Address offset: 0x04
Reset value: 0x0000 0000
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘PMSLPEN‘
w
Bits Fields Descriptions
311 Reserved Must be kept at reset value
0 PMSLPEN Power management sleep mode enable bit
When PMSLPEN is set, the device will enter the power management mode which
is configured by PMMODCEFG bits.
0: Disable power management sleep mode
1: Enable power management sleep mode
NOTE
A This bit will be cleared when the device wakes up.
A When PMMODCFG is 0b00 should not set this bit, Although the hardware
won't prevent it.
2.4.3. Process datmefatentaceal ue register
Address offset: 0x1C
Reset value: 0x7654 3210
This register can blkitarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PDIVAL[31:16] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PDIVAL [15:0] ‘
r
Bits Fields Descriptions
31.0 PDIVAL[31:0] When process data interface(PDI) is ready, reading this register returns the reset

value, otherwise, other invalid values are returned (not reset value). Used for PDI
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interface testing.
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3. Reset and clock unit (RCU)
3.1. Reset control unit (RCTL)
3.1.1. Overview
GDSCINeset control unit includes the control of t
reset. System regetreésnel udPORPOWeKT)Ne ramall Ep ihre r rCeAs
system resetcanwheéeset all circuits in the device
PHY reset and Et her CAT core reset, which can re:
3.1.2. Characteristics
A System reset, reset all <circuits in the devic
A Mutknioidul e r esedi,girteasletcitrhceui t except PHY.
A Singlbedule reset, reset Ether CAT core and exte
3.1.3. Function overview

System reset

System reset can reset the entire device, incl u
(RSTIN and Ether CAT sgessem bededsrfeclelt ows:

Powem reset-onArpewér occurs when the device has
the power is disconnected and reapplied to the

RSTNMin reset :RSDrNnvpiuntg ptihne t o | ow i nitiates an ex

Et heT CAystem reset: Et her CAT system reset is in
separate consecutive frames/ commands.

Modul e reset

A modul e reset affects one or more modul es and c¢
as described bel ow:

Mu kntoid|l e reset : Performs a digital reset by set
register (RCU_RSTCFG) . A digital reset resets
Et hernet PHY.

Singeul e resenoduA esirreglee resets onlYi-mmdeel €epeci

reset does not | atch configuration pins and inc
Et her CAT controller reset.
The single module reset is described as foll ows
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3.2.

3.2.1.

Port A PHY reset is performedrbgesetbnhggtuhat PH]
(RCU_RSTCFG) or MR_MAIN_REST bit in the PHY con
port A PHY is reset, the PHYARST bit and soft r
modul es of the device a.r eTheotc camipfleecttieadn boyf tthhes R
A can be determined by whether the PHYARST bit
(RCU_RSTCFG) or the MR_MAIN_REST bit in the PHY
cleared.

Port B PHY resescseitsipgrtboem@tHYBRST bit in the r
(RCU_RSTCFG) or MR_MAI N_REST bit in the PHY con
the PHY of port B is reset, the PHYBRST bit and
ot her modaldkesviode tshr e not affected by this resef
on port B can be determined by whether the PHYB
register (RCU_RSTCFG) or t he MR_MAI N_REST bit
(PHY_MI|l _@3dakedis cl

An individual reset of the Ether CAES®R®BMt rbaoltl @rn
the configuration register (RCU_RSTCFG). This wi

Clock control unit (CCTL)

Overview

The EtherCAT clock control unit consists primarily of an external High Speed crystal oscillator
(HXTAL) and a phase-locked loop (PLL). This clock is usually provided by the OSCIN and
OSCOUT of the passive 25MHz crystal oscillator or by the OSCIN pin of the single-ended
25MHz clock source driver.
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Figure 3-1.Cl ock tree

CK_PHY_25M

PHYO/1

CK_PHY_20M_OCC
—_——

MDCJ:LK?

CK_100M

CK_CORE_100M
enable

25 MHz 200 MHz max CK_50M
HXTAL PLLDIV —— PLLN DIiv CK_CORE_50M _D_> CORE
enable

CK_25M

CK_CORE_25M
enable

25 MHz max

CK_EFUSE
EFUSE enable

25 MHz
S max CK_TIMER
TIMER enable

CK_TIMER_FREERUN
25 MHz max

100 MHz max HCLK
AHB enable :I ) to AHB bus, EXMC_NOR,

SPISLAVE, EFUSE,
RCU,GPIO

100 MHz max

PCLK
APB enable to APBbus,
TIMER,PMU,SYSCFG,IRQ

100 MHz max OPB_CLK
OPBenable I:: to GDH20PB

3.2.2. Characteristics

A 25 MHz High speed crystal oscillator (HXTAL).
A Aphase locked loop (PLL).

3.2.3. Function overview

Hi gh speedsciystaalor (HXTAL)

The device requires a fixed frequency 25 MHz clock source for use by the internal clock
oscillator and PLL. This is usually provided by connecting the 25 MHz crystal oscillator to the
OSCIN and OSCOUT pins of the chip. This clock can also be provided by using a single-
ended 25 MHz clock source driven OSCIN input pin. If a single-ended source is selected, the
clock input must run continuously for the device to function properly. Power-saving mode
allows the oscillator or external clock input to pause.
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Crystal
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The HXTALSTB flag in clock configuration register (RCU_CLKCFG) indicates if the high-
speed external crystal oscillator is stable. When the HXTAL is powered up, it will not be
released for use until this HXTALSTB bit is set by the hardware. This specific delay period is
known as the <@a@aopcitliimetdbor Ai St drits point the HXTAL
the PLL input clock.
Phase | ocked |l oop (PLL)
The PLL input is a 256MHz HXTAL clock, and after PLLN (8) frequency doubling, CK_PLL
(200MHz) is obtained. The CK_PLL clock is divided 2 / 4/ 8 by PLLDIV to obtain 100MHz,
50MHz, 25MHz clocks for EtherCAT kernel, and corresponding clocks can be turned on in
the core enable register (RCU_COREEN). The clock of the corresponding module can be
enabled in the AHB enable register (RCU_AHBEN), APB enable register (RCU_APBEN) and
core enable register (RCU_COREEN).
3.3. Register definition
RCU base address: 0x3400
3.3.1. AHB enable register (RCU_AHBEN)

Address offset: 0x00
Reset value: 0x0000 000F

This register can blkitarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ GPIOEN ’ OPBEN ‘
w rw
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
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1 GPIOEN GPIO clock enable
This bit is set and reset by software.
0: Disabled GPIO clock
1: Enabled GPIO clock
0 OPBEN OPB clock enable
This bit is set and reset by software.
0: Disabled OPB clock
1: Enabled OPB clock
3.3.2. APB enable register (RCU_APBEN)
Address offset: 0x04
Reset value: 0x0000 0077
This register can blkitarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIMERFU SYSCFG
Reserved TIMEREN| PMUEN | Reserved IRQEN | Reserved
NEN EN
w w w w w
Bits Fields Descriptions
317 Reserved Must be kept at reset value.
6 Tl MERF UN E N TIMER function clock enable
This bit is set and reset by software.
0: Disabled TIMER function clock
1: Enabled TIMER function clock
5 TI MEREN TIMER clock enable
This bit is set and reset by software.
0: Disabled TIMER clock
1: Enabled TIMER clock (CK_TIMER)
4 PMUEN PMU clock enable
This bit is set and reset by software.
0: Disabled PMU clock
1: Enabled PMU clock
3 Reserved Must be kept at reset value.
2 SYSCFGEN SYSCFG clock enable

This bit is set and reset by software.
0: Disabled SYSCFG clock

40



GigaDevice GDS CN 8 3Wwsxexr Manua

1: Enabled SYSCFG clock

1 | RQEN IRQ clock enable
This bit is set and reset by software.
0: Disabled IRQ clock
1: Enabled IRQ clock

0 Reserved Must be kept at reset value.

3.3.3. Core enable register (RCU_COREEN)

Address offset: 0x08
Reset value: 0x0000 0007

This regiaceessad blgi word( 32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CORE10 | CORE50 | CORE25
Reserved
OMEN MEN MEN

w w w

Bits Fields Descriptions

31:3 Reserved Must be kept at reset value.

2 CORE 10 0 ME N EtherCAT core 100M clock enable
This bit is set and reset by software.
0: Disabled CK_CORE_100M clock
1: Enabled CK_CORE_100M clock

1 CORES5 0 MEN EtherCAT core 50M clock enable
This bit is set and reset by software.
0: Disabled CK_CORE_50M clock
1: Enabled CK_CORE_50M clock

0 CORE25 MEN EtherCAT core 25M clock enable
This bit is set and reset by software.
0: Disabled CK_CORE_25M clock
1: Enabled CK_CORE_25M clock

3.3.4. Clock configuration register (RCU_CLKCF!

Address offset: 0x0C
Reset value: 0x0528 0400

Note: PLLBWCTL, PLLN and PLLDIV can only be read and written when PLL_CFG_KEY =
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1.

This register can blkitarcessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved PLLBWCTL[3:0] | Reserved | PLLN[5:0] ‘
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HXTALST
Reserved PLLDIV[2:0] Reserved PLLSTB | Reserved Reserved
B
rw r r
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27:24 PLLBWCTBD PLL band width control signal
23:22 Reserved Mustképt at reset value.
21:16 PLLN[5:0] PLL clock multiplication factor

This bit is set and reset by software.
000000: Reserved

000001: Reserved

é

000110: Reserved

000111: Reserved

001000: Multiplication factor is 8
001001: Multiplication factor is 9
001010: Multiplication factor is 10
é

111110: Multiplication factor is 62

111111: Multiplication factor is 63
15:11 Reserved Must be kept at reset value.

10:8 PLLDIV[2:0] PLL ¢ | ofregkency division factor
This bit is set and reset by software.
000: Division factor is 1
001: Division factor is 2
é
110: Division factor is 7

111: Division factor is 8
7:6 Reserved Must be kept at reset value.

5 PLLSTB PLL clock stabilization flag
Set by hardware to indicate if the PLL output clock is stable and ready for use.
0: PLL is not stable
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1: PLL is stable

4 Reserved Must be kept at reset value.

3 HXTALSTB High speed crystal oscillator (HXTAL) clock stabilization flag
Set by hardware to indicate if the HXTAL oscillator is stable and ready for use.
0: HXTAL oscillator is not stable
1: HXTAL oscillator is stable

2:0 Reserved Must be kept at reset value.

3.3.5. Reset configuration register (RCU_RSTCEF!

Address offset: 0x10
Reset value: 0x0000 0000

This register can blkitarcessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘PHYBREL‘PHYAREL Reserved ESCRST‘ Reserved ‘PHYBRST‘PHYARST‘ DRST ‘
rw 1\ w rw w rw
Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
9 PHYBREL Port B PHY release

0: Port B PHY remains in the reset state
1: Port B PHY releases from reset

Note: This bit is valid when phyrst_mode = 1

8 PHYAREL Port A PHY release
0: Port A PHY remains in the reset state
1: Port A PHY releases from reset
Note: This bit is valid when phyrst_mode = 1

7 Reserved Must be kept at reset value.

6 ESCRST EtherCAT reset
Setting this bit to 1 will reset the EtherCAT core. When the EtherCAT core is
released from the reset state, this bit is automatically cleared by the hardware.
When this bit is set, all writes to this bit are ignored.

5:3 Reserved Must be kept at reset value.

2 PHYBRST Port B PHY reset
4 3



Setting this bit to 1 will reset the port B PHY. When port B PHY is released from the
reset state, this bit is automatically cleared by the hardware. When the bit is set, all
writes to that bit are ignored.
1 PHYARST Port A PHY reset
Setting this bit to 1 will reset the port A PHY. When port A PHY is released from the
reset state, this bit is automatically cleared by the hardware. When the bit is set, all
writes to that bit are ignored.
0 DRST Digital reset
Setting this bit to 1 will reset the entire chip (except for the PLL, port B PHY and port
A PHY). When the chip is released from the reset state, this bit is automatically
cleared by the hardware. When this bit is set, all writes to this bit are ignored.
3.3.6. PLL configuration key register (RCU_PLL.
Address offset: 0x14
Reset value: 0x0000 0000
Thiregi ster can be altictessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL_CFG
Reserved
_KEY
rw
Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 PLL_CFG_KEY When the register is written to 0x78b465al, the bitis 1 and PLLBWCTL, PLLN and
PLLDIV bits in RCU_CLKCFG register can be read and written.
3.3.7. Pin reset flag register (RCU_PRSTF)
Address offset: 0x18
Reset value: 0x0000 0002
This reghestecceaned-bby )wor d( 32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
’ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved ‘ PRSTF ’ PRSTC ‘
r rw
Bits Fields Descriptions
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31:2 Reserved Must be kept at reset value.
1 PRSTF Pin reset flag

This bit is set when pin reset occurs and cleared when PRSTC is set.
0: No pin reset occurs
1: Pin reset occurs

0 PRSTC Pin reset flag clear
Write 1 by software to reset the PRSTF flag
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4. Interrupt controller (INTC)
4.1. Overview

The multi-layer interrupt structure of the device is programmable and controlled by the
interrupt controller (INTC). Interrupt events are generated internally by individual submodules
and can be configured to output a single external host interrupt via the IRQ pin.

4.2. Charteec i sti cs

>

The IRQ interrupt buffer mode, polarity, and de-assertion interval can be modified.

>

The IRQ interrupt can be set the output mode to open-drain, enabling multiple devices
to share the interrupt.

All internal interrupts can be masked and trigger the IRQ interrupt.
The device supports the following 8 types interrupts:

Software interrupt.

Device ready interrupt.

Ethernet PHY interrupt.

Timer interrupt.

PME interrupt.

AHB2OPB bridge interrupt.

EtherCAT interrupt.

Clock output test mode.

> >

XXX XX XX

4.3. |l nterrupts function overview

The interrupt of the device can be divided into the following two types according to whether
the interrupt source is enabled and cleared in the register of the submodule:

A The first type includes software, device ready, and timer interrupts that are directly
accessed and configured (including monitored, enabled / disabled, and cleared) through
INTC_FLAG register and INTC_EN register.

A  The second type includes Ethernet PHY, power management, AHB2OPB bridge, and
EtherCAT interrupts. INTC_FLAG register can provide indications of these interrupt
events, but has no specific information of interrupt source. Software needs to poll an
submodule interrupt register of the to determine the interrupt source. INTC_FLAG
register can be cleared only after the interrupt has been processed and the interrupt
source cleared.

Interrupt events can trigger external IRQ interrupt pin output. By configuring INTC_CTL
register, user can enable / disable IRQ interrupt pin output and configure IRQ interrupt buffer
mode, polarity and de-assertion interval. DEAS field of INTC_CTL register is used to configure
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the interrupt request de-assertion interval, which guarantees that the minimum IRQ interrupt
output de-assertion interval period, and that de-assertion interval always starts when IRQ pin
is set to de-assertion. The relationship between interrupt register and interrupt source control
register, as shown in Figure 4-1. Block diagram of interrupt

Figure 4-1. Block diagram of interrupt

Bit 27(PHYBIF) of

INTC_FLAG register
INT_STS
INT_MASK
Bit 26(PHYBIF) of
INTC_FLAG register
INT_STS
INT_MASK :
Interrupt registers
Bit 17(PMEIF) of INTC_CTL
INTC_FLAG register
PMU_CTLO > NTC_FLAG
Bit 14(AHB20OPBIF) of
INTC_FLAG register INTC_FLAG
ETHC_OPB_CS
Bit O(ECATIF) of
ESC_AL_EVENT_ INTC_FLAG register
ROST
4.3.1. Software interrupt

Interrupt controller provides control over a general purpose software interrupt. When SWIE
bit of INTC_EN register is switched from 0 to 1, SWIF bit of INTC_FLAG register is set. This
interrupt provides a relatively simple method of generating interrupts in software and is used
in conventional software design.

In order for a software interrupt event to trigger the external IRQ interrupt pin, IRQ output
must be enabled by setting IRQEN bit of INTC_CTL register to 1.

4.3.2. Device ready interrupt

Interrupt controller provides control over a device ready interrupt. When READYIE bit of
INTC_EN register is switched from 0 to 1, READYIF bit of INTC_FLAG register is used to
indicate that the device is ready for access after power-on or reset condition.

In order for a device ready interrupt event to trigger the external IRQ interrupt pin, IRQ output
must be enabled by setting IRQEN bit of INTC_CTL register to 1.

4.3.3. Et hernet PHY interrupt

Interrupt controller provides control over a ethernet PHY interrupt. When PHYAIE bit of
INTC_EN register is switched from 0 to 1, PHYAIF and PHYBIF bits of INTC_FLAG register
are used to indicate interrupt events from the Ethernet PHY. For more information about

Ethernet PHY interrupt sources, refer to the Ethernet PHYS.
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In order for a ethernet PHY interrupt event to trigger the external IRQ interrupt pin, IRQ output
must be enabled by setting IRQEN bit of INTC_CTL register to 1.

4.3.4. Ti mer interrupt

Interrupt controller provides control over a timer interrupt. This interrupt is generated when
the value of timer count register changes from 0 to OxFFFF. When TIMIE bit of INTC_EN
register is switched from 0 to 1, TIMIF bit of INTC_FLAG register is used to indicate interrupt
events from the timer.

In order for a timer interrupt event to trigger the external IRQ interrupt pin, IRQ output must
be enabled by setting IRQEN bit of INTC_CTL register to 1.

4.3.5. PMEBE nterrupt

Interrupt controller provides control over a PME interrupt. When PMEIE bit of INTC_EN
register is switched from 0 to 1, PMEIF bit of INTC_FLAG register is used to indicate interrupt
events from the PMU. For more information about PMU interrupt sources, refer to the Power
management unit (PMU) .

In order for a power management interrupt event to trigger the external IRQ interrupt pin, IRQ
output must be enabled by setting IRQEN bit of INTC_CTL register to 1.

4.3.6. AHB2OPB bridge interrupt

Interrupt controller provides control over a AHB2OPB bridge interrupt. When AHB2OPBIE bit
of INTC_EN register is switched from 0 to 1, AHB2OPBIF bit of INTC_FLAG register is used
to indicate the AHB2OPB bridge interrupt event from the BUS. For more information about
SYS interrupt sources, refer to the System and _bus_architecture .

In order for a AHB20OPB bridge interrupt event to trigger the external IRQ interrupt pin, IRQ
output must be enabled by setting IRQEN bit of INTC_CTL register to 1.

4.3.7. Et her @GAEBrirupt

Interrupt controller provides control over a EtherCAT interrupt. When ECATIE bit of INTC_EN
register is switched from 0 to 1, ECATIF bit of INTC_FLAG register is used to indicate interrupt
events from the EtherCAT. For more information about EtherCAT interrupt sources, refer to
the EtherCAT .

In order for a EtherCAT interrupt event to trigger the external IRQ interrupt pin, IRQ output
must be enabled by setting IRQEN bit of INTC_CTL register to 1.

4.3.8. Clock output test mode

In order to debug system and observe the clock, the IRQ pin output crystal oscillator clock
can be realized by setting IRQCKOUT bit of INTC_CTL register to 1. At this point, the IRQ
pin must be configured in push-pull output mode (IRQMODE=1) for best results.

48



GigaDevice GDS CN 8 3Wwsxexr Manua

4.4. Register definition
I NTC base address: O0x3A00

4.4.1. Control regi dt)er (I NTC_CT

Address offset: 0x00
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DEASJ[7:0] ‘ Reserved
w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DEASST IRQCKO | IRQMOD
Reserved | DEASC IRQSTAT Reserved IRQEN Reserved IRQPOL Reserved
AT ut E
w r r A I\ w w
Bits Fields Descriptions
31:24 DEAS[7:0] Interrupt de-assertion interval

These bits are used to configure the de-assertion interval, uints in 10us.
When setting these bits to 0, which disables the DEAS interval, reset the interval
counter, and send any pending interrupts. If these bits are set to a non-zero value,

any subsequent interrupts will follow this setting.
23:15 Reserved Must be kept at reset value.

14 DEASC Interrupt de-assertion interval clear
When setting this bit is to 1, the de-assertion interval counter will be cleared and a
new de-assertion interval count will be enabled (regardless of whether the de-
assertion interval is currently active or not). This bit is automatically cleared by
hardware. This bit is not reset when a software reset occurs on the device.
0: No effect
1: Clear the de-assertion interval counter

13 DEASSTAT Interrupt de-assertion interval status
This bit is used to indicate the status of the interrupt de-assertion interval.
0: Not in de-assertion interval (interrupts will be sent to the IRQ pin)

1: In de-assertion interval (interrupts will not be sent to the IRQ pin)

12 IRQSTAT Internal IRQ line status
This bit is used to indicate the status of the internal IRQ line and is not affected by
the setting of the IRQEN bit.
0: None of the enabled interrupts active
1: At least one enabled interrupt active
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11:9

8

75

3.2

4.4.2.

31 30

Reserved Must be kept at reset value.

IRQEN IRQ pin output enable

This bit controls the interrupt output function of the IRQ pin.

0: Disable IRQ pin output

1: Enable IRQ pin output
Reserved Must be kept at reset value.

IRQPOL IRQ pin output polarity

This bit is not reset when a digital reset occurs on the device. This bit is reset when

a system reset occurs on the device, such as power-on reset, pin reset and

EtherCAT system reset.
0: IRQ pin output activation level is low
1: IRQ pin output activation level is high

Note: When IRQ pin is set to output open-drain mode (IRQMODE=0), this bit is

ignored and the IRQ pin output activation level is always low.

Reserved Must be kept at reset value.

IRQCKOUT IRQ clock output

0: No clock output

1: IRQ pin output crystal oscillator clock (Used for system debugging, observing the

clock)

Note: When this bit is set to 1, the IRQ pin must be set to push-pull output mode

(IRQMODE=1).

IRQMODE IRQ pin output mode

This bit is not reset when a digital reset occurs on the device.This bit is reset when

a system reset occurs on the device, such as power-on reset, pin reset and

EtherCAT system reset.
0: Output open-drain mode
1: Output push-pull mode

Fl ag register (I NTC_FLAG)

Address offset: 0x04
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).

29 28 27 26 25 24 23 22 21 20 19

18 17

16

‘ SWIF ‘READYIF‘

Reserved ‘ PHYBIF ‘ PHYAIF ‘ Reserved

’ TIMIF

Reserved

PMEIF

Reserved

rc_wl rc_wl

15 14

r r

13 12 11 10 9 8 7 6 5 4 3

rc_wl

rc_wl

2 1

AHB20OP
Reserved
BIF

Reserved

ECATIF

r
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Bits Fields Descriptions
31 SWIF Software interrupt flag

This interrupt is generated when SWIE bit in INTC_EN register is 1.

The software can clear it by writing 1.

30 READYIF Device ready interrupt flag
This interrupt is used to indicate that the device is ready for access after power-on
or reset condition.

The software can clear it by writing 1.
29:28 Reserved Must be kept at reset value.

27 PHYBIF Ethernet PHY B interrupt flag
This bit indicates an Ethernet PHY B interrupt event.

26 PHYAIF Ethernet PHY A interrupt flag
This bit indicates an Ethernet PHY A interrupt event.

25:20 Reserved Must be kept at reset value.

19 TIMIF Timer interrupt flag
This interrupt is generated when the timer counter register changes from 0 to
OXFFFF.
The software can clear it by writing 1.

18 Reserved Must be kept at reset value.

17 PMEIF PME interrupt flag
This interrupt is generated when the PMU detects a power management event
configured in the PMU_CTL register.
The software can clear it by writing 1.
Note: Interrupt de-assertion interval does not apply to PMU interrupt.

16:15 Reserved Must be kept at reset value.

14 AHB20OPBIF AHB2OPB bridge interrupt flag
This bit indicates an AHB2OPB bridge interrupt event from the BUS.

13:1 Reserved Must be kept at reset value.

0 ECATIF EtherCAT interrupt flag
This bit indicates an interrupt event from EtherCAT.

4.4.3. Enable register (I NTC_EN)

Address offset: 0x08
Reset value: 0x0000 0000

This register has to be accessed by word (32-bit).
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ SWIE ‘READYIE‘ Reserved ‘ PHYBIE ‘ PHYAIE ‘ Reserved ‘ TIMIE |Reserved| PMEIE |Reserved
w w w w w rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
AHB20OP
Reserved Reserved ECATIE
BIE
w w
Bits Fields Descriptions
31 SWIE Software interrupt enable

0: Disable software interrupt

1: Enable software interrupt

30 READYIE Device ready interrupt enable
0: Disable device ready interrupt
1: Enable device ready interrupt

29:28 Reserved Must be kept at reset value.

27 PHYBIE Ethernet PHY B interrupt enable
0: Disable ethernet PHY B interrupt
1: Enable ethernet PHY B interrupt

26 PHYAIE Ethernet PHY A interrupt enable
0: Disable ethernet PHY A interrupt
1: Enable ethernet PHY A interrupt

25:20 Reserved Must be kept at reset value.

19 TIMIE Timer interrupt enable
0: Disable timer interrupt

1: Enable timer interrupt
18 Reserved Must be kept at reset value.

17 PMEIE PME interrupt enable
0: Disable power management interrupt
1: Enable power management interrupt

16:15 Reserved Must be kept at reset value.

14 AHB20OPBIE AHB20PB bridge interrupt enable
0: Disable AHB20OPB bridge interrupt
1: Enable AHB2OPB bridge interrupt

13:1 Reserved Must be kept at reset value.

0 ECATIE EtherCAT interrupt enable
0: Disable EtherCAT interrupt
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1: Enable EtherCAT interrupt
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5. General -purpose 1/Os (GPIO)

5.1. Overview
There are up to 35 gener al purpose | /O pins (G
current capabilities of that port based on the
i nput/ output modes. Each of the G®pOpplwins ocan
floatiWwhgen the pin is in output mode putthHe dpiamnc
open/ source open drain output.

5.2. Characteristics
A Each pin weak pull-up/pull-down function.
A Output push-pull/open-drain enable control.
A Configures the function of the selected pin according to the chip mode.

5.3. Function overview

5.3.1. GPI O pin configuration
When is the reset, Al the GPI O ports are confi
di sabl ed auipt(hPogu-d opwunl (1P D) rAd dtielsd oclsi.p i s reset,
EEPROM to |l oad. When the | oading is complete, de
chip is resetSCADcoTYPEBDheoid ERQEH a l to O0x04 select
mod&heRDI TYPE equal tlo MxBeD crel EXMC SRPo d e .
The GPI O pin is controlled as input or output s
Al GPI O pins have-ugpn aindt everaadin puggd & omuuhéeé GPI O p
is configured as an out put vpei nmo dietp udpauns o o rdfriag unr e
drain and source Thrpemodvhaimodmodcdend out put mo d e
support writing via EXMC or SPI communi cati on.

5.3.2. External Jiewteeatr dpmhes

Only one external interruftheoumpet riupttemfudpati <

determined by thet HmtoerRaa;mtaledrcloekmhitsl(eRGaU)
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5.4. Reset control unit (RCTL)
5.4.1. Overview
GDSCINeset control unit includes the control of t
reset. System rescsetresnel udBPORp o wWeXT)Ne ramall Ep ihre r rCeAS
system relsetanwheéeset all circuits in the device
PHY reset and Et her CAT core reset, which can re:
5.4.2. Characteristics
A System reset, reset all circuits in the devic
A Mutknioidul e r esedi,girteasletcitrhceui t except PHY.
A Singlobedule reset, reset Ether CAT core and exte
5.4.3. Function overview

System reset

System reset can reset the entire device, inclu
(RSTIN and Ether CAT sgssem bededsrfeclelt ows:

Powem reset-onArpewér occurs when the device has
the power is disconnected and reapplied to the

RSTNMin reset :RSDrNnvpiuntg ptihne to | ow i nitiates an ex

Et heT CAystem reset: Et her CAT system reset is in
separate consecutive frames/ commands.

Modul e reset

A modul e reset affects one or more modul es and c¢
as described bel ow:

Mu kntoid | e reset : Performs a digital reset by set
register (RCU_RSTCFG) . A digital reset resets
Et hernet PHY.

Singqoedul e resentoduA esirregled resets onlSi-mapdeel €peci

reset does not |l atch configuration pins and inc
Et her CAT controller reset.

The single module reset is described as foll ows
Port A PHY reset is performedrbgesetbnhgguhat PH]
(RCU_RSTCFG) or MR_MAI N_REST bit in the PHY con
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5.5.

5.5.1.

port A PHY is reset, the PHYARST bit and soft r
modul es of the device a.r eTheotc camipfleecttieadn boyf tthhes R
A can be determined by whether the PHYARST bit
(RCU_RSTCFG) or the MR_MAIN_REST bit in the PHY
cleared.

Port B PHY resescseitsipgrtboem@tHYBRST bit in the r
(RCU_RSTCFG) or MR_MAIN_REST bit in the PHY con
the PHY of port B is reset, the PHYBRST bit and
ot her modaldkesviode tshr e not affected by this resef
on port B can be determined by whether the PHYB
register (RCU_RSTCFG) or t he MR_MAI N_REST bit
(PHY_MI|l _@3akedis cl

An individual reset of the Ether CAES®R®SMt rbaoltl a@rn
the configuration register (RCU_RSTCFG). This wi

Clock control unit (CCTL)

Overview

The EtherCAT clock control unit consists primarily of an external High Speed crystal oscillator
(HXTAL) and a phase-locked loop (PLL). This clock is usually provided by the OSCIN and
OSCOUT of the passive 25MHz crystal oscillator or by the OSCIN pin of the single-ended
25MHz clock source driver.
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Figure 3-1.Cl ock tree

CK_PHY_25M

PHYO/1

CK_PHY_20M_OCC
—_——

MDCJ:LK?

CK_100M

CK_CORE_100M
enable

25 MHz 200 MHz max CK_50M
HXTAL PLLDIV —— PLLN DIiv CK_CORE_50M _D_> CORE
enable

CK_25M

CK_CORE_25M
enable

25 MHz max

CK_EFUSE
EFUSE enable

25 MHz
S max CK_TIMER
TIMER enable

CK_TIMER_FREERUN
25 MHz max

100 MHz max HCLK
AHB enable :I ) to AHB bus, EXMC_NOR,

SPISLAVE, EFUSE,
RCU,GPIO

100 MHz max

PCLK
APB enable to APBbus,
TIMER,PMU,SYSCFG,IRQ

100 MHz max OPB_CLK
OPBenable I:: to GDH20PB

55.2. Characteristics

A 25 MHz High speed crystal oscillator (HXTAL).
A Aphase locked loop (PLL).

55.3. Function overview

Hi gh speedsciystaalor (HXTAL)

The device requires a fixed frequency 25 MHz clock source for use by the internal clock
oscillator and PLL. This is usually provided by connecting the 25 MHz crystal oscillator to the
OSCIN and OSCOUT pins of the chip. This clock can also be provided by using a single-
ended 25 MHz clock source driven OSCIN input pin. If a single-ended source is selected, the
clock input must run continuously for the device to function properly. Power-saving mode
allows the oscillator or external clock input to pause.
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Crystal
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The HXTALSTB flag in clock configuration register (RCU_CLKCFG) indicates if the high-
speed external crystal oscillator is stable. When the HXTAL is powered up, it will not be
released for use until this HXTALSTB bit is set by the hardware. This specific delay period is
known as the <@a@aopcitliimetdbor Ai St drits point the HXTAL
the PLL input clock.
Phase | ocked |l oop (PLL)
The PLL input is a 256MHz HXTAL clock, and after PLLN (8) frequency doubling, CK_PLL
(200MHz) is obtained. The CK_PLL clock is divided 2 / 4/ 8 by PLLDIV to obtain 100MHz,
50MHz, 25MHz clocks for EtherCAT kernel, and corresponding clocks can be turned on in
the core enable register (RCU_COREEN). The clock of the corresponding module can be
enabled in the AHB enable register (RCU_AHBEN), APB enable register (RCU_APBEN) and
core enable register (RCU_COREEN).
5.6. Register definition
RCU base address: 0x3400
5.6.1. AHB enable register (RCU_AHBEN)

Address offset: 0x00
Reset value: 0x0000 000F

This register can blkitarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved ‘GPIOEN’OPBEN‘
w rw
Bits Fields Descriptions
31:2 Reserved Must be kept at reset value.
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1 GPIOEN GPIO clock enable
This bit is set and reset by software.
0: Disabled GPIO clock
1: Enabled GPIO clock
0 OPBEN OPB clock enable
This bit is set and reset by software.
0: Disabled OPB clock
1: Enabled OPB clock
5.6.2. APB enable register (RCU_APBEN)
Address offset: 0x04
Reset value: 0x0000 0077
This register can blkitarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TIMERFU SYSCFG
Reserved TIMEREN| PMUEN | Reserved IRQEN | Reserved
NEN EN
w w w w w
Bits Fields Descriptions
317 Reserved Must be kept at reset value.
6 Tl MERF UN E N TIMER function clock enable
This bit is set and reset by software.
0: Disabled TIMER function clock
1: Enabled TIMER function clock
5 TI MEREN TIMER clock enable
This bit is set and reset by software.
0: Disabled TIMER clock
1: Enabled TIMER clock (CK_TIMER)
4 PMUEN PMU clock enable
This bit is set and reset by software.
0: Disabled PMU clock
1: Enabled PMU clock
3 Reserved Must be kept at reset value.
2 SYSCFGEN SYSCFG clock enable

This bit is set and reset by software.
0: Disabled SYSCFG clock
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1: Enabled SYSCFG clock

1 | RQEN IRQ clock enable
This bit is set and reset by software.
0: Disabled IRQ clock
1: Enabled IRQ clock

0 Reserved Must be kept at reset value.

5.6.3. Core enable register (RCU_COREEN)

Address offset: 0x08
Reset value: 0x0000 0007

This regiaceessad blgi word( 32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Reserved

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CORE10 | CORE50 | CORE25
Reserved
OMEN MEN MEN

w w w

Bits Fields Descriptions

31:3 Reserved Must be kept at reset value.

2 CORE 10 0 ME N EtherCAT core 100M clock enable
This bit is set and reset by software.
0: Disabled CK_CORE_100M clock
1: Enabled CK_CORE_100M clock

1 CORES5 0 MEN EtherCAT core 50M clock enable
This bit is set and reset by software.
0: Disabled CK_CORE_50M clock
1: Enabled CK_CORE_50M clock

0 CORE25 MEN EtherCAT core 25M clock enable
This bit is set and reset by software.
0: Disabled CK_CORE_25M clock
1: Enabled CK_CORE_25M clock

5.6.4. Clock configuration register (RCU_CLKCF!

Address offset: 0x0C
Reset value: 0x0528 0400

Note: PLLBWCTL, PLLN and PLLDIV can only be read and written when PLL_CFG_KEY =

60



GigaDevice GDS CN 8 3Wwsxexr Manua

1.

This register can blkitarcessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved PLLBWCTL[3:0] | Reserved | PLLN[5:0] ‘
w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HXTALST
Reserved PLLDIV[2:0] Reserved PLLSTB | Reserved Reserved
B
rw r r
Bits Fields Descriptions
31:28 Reserved Must be kept at reset value.
27:24 PLLBWCTBD PLL band width control signal
23:22 Reserved Mustképt at reset value.
21:16 PLLN[5:0] PLL clock multiplication factor

This bit is set and reset by software.
000000: Reserved

000001: Reserved

é

000110: Reserved

000111: Reserved

001000: Multiplication factor is 8
001001: Multiplication factor is 9
001010: Multiplication factor is 10
é

111110: Multiplication factor is 62

111111: Multiplication factor is 63
15:11 Reserved Must be kept at reset value.

10:8 PLLDIV[2:0] PLL ¢ | ofregkency division factor
This bit is set and reset by software.
000: Division factor is 1
001: Division factor is 2
é
110: Division factor is 7

111: Division factor is 8
7:6 Reserved Must be kept at reset value.

5 PLLSTB PLL clock stabilization flag
Set by hardware to indicate if the PLL output clock is stable and ready for use.
0: PLL is not stable
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1: PLL is stable

4 Reserved Must be kept at reset value.

3 HXTALSTB High speed crystal oscillator (HXTAL) clock stabilization flag
Set by hardware to indicate if the HXTAL oscillator is stable and ready for use.
0: HXTAL oscillator is not stable
1: HXTAL oscillator is stable

2:0 Reserved Must be kept at reset value.

5.6.5. Reset configuration register (RCU_RSTCEF!

Address offset: 0x10
Reset value: 0x0000 0000

This register can blkitarcessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved ‘PHYBREL‘PHYAREL Reserved ESCRST‘ Reserved ‘PHYBRST‘PHYARST‘ DRST ‘
rw 1\ w rw w rw
Bits Fields Descriptions
31:10 Reserved Must be kept at reset value.
9 PHYBREL Port B PHY release

0: Port B PHY remains in the reset state
1: Port B PHY releases from reset

Note: This bit is valid when phyrst_mode = 1

8 PHYAREL Port A PHY release
0: Port A PHY remains in the reset state
1: Port A PHY releases from reset
Note: This bit is valid when phyrst_mode = 1

7 Reserved Must be kept at reset value.

6 ESCRST EtherCAT reset
Setting this bit to 1 will reset the EtherCAT core. When the EtherCAT core is
released from the reset state, this bit is automatically cleared by the hardware.
When this bit is set, all writes to this bit are ignored.

5:3 Reserved Must be kept at reset value.

2 PHYBRST Port B PHY reset
6 2



Setting this bit to 1 will reset the port B PHY. When port B PHY is released from the
reset state, this bit is automatically cleared by the hardware. When the bit is set, all
writes to that bit are ignored.
1 PHYARST Port A PHY reset
Setting this bit to 1 will reset the port A PHY. When port A PHY is released from the
reset state, this bit is automatically cleared by the hardware. When the bit is set, all
writes to that bit are ignored.
0 DRST Digital reset
Setting this bit to 1 will reset the entire chip (except for the PLL, port B PHY and port
A PHY). When the chip is released from the reset state, this bit is automatically
cleared by the hardware. When this bit is set, all writes to this bit are ignored.
5.6.6. PLL configuration key register (RCU_PLL.
Address offset: 0x14
Reset value: 0x0000 0000
Thiregi ster can be altictessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLL_CFG
Reserved
_KEY
rw
Bits Fields Descriptions
311 Reserved Must be kept at reset value.
0 PLL_CFG_KEY When the register is written to 0x78b465al, the bitis 1 and PLLBWCTL, PLLN and
PLLDIV bits in RCU_CLKCFG register can be read and written.
5.6.7. Pin reset flag register (RCU_PRSTF)
Address offset: 0x18
Reset value: 0x0000 0002
This reghestecceaned-bby )wor d( 32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
’ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
’ Reserved ‘ PRSTF ’ PRSTC ‘
r rw
Bits Fields Descriptions

63



GigaDevice GDSCNS8 3Wsxexr Manua
31:2 Reserved Must be kept at reset value.
1 PRSTF Pin reset flag

This bit is set when pin reset occurs and cleared when PRSTC is set.
0: No pin reset occurs
1: Pin reset occurs

0 PRSTC Pin reset flag clear
Write 1 by software to reset the PRSTF flag
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|l nterrupt condnb ahe @lipu( IMNTC) ai s
internal bit.

5.6.8. Al ternate functions (AF)

When the chip is in different modes, each pin h:
Digital WhGhAbDddel:'YPE AFIOQ0i4ds adjusted to digital

EXMC mavihemRDI T¥P®PES8O0 tahred pM@U oRDI _FIY.PEAFI O is adju
to EXMC mode.

SPI mwWideBDI TYPE equal to MEBOPBDhdatyP&l pad 6f AF
iadjusted t.o SPlI mode

Table 5-1. GPIO configuration table

Mode name Register/signal Description

) ) pdi_type == 0x80;
pdi_type / mcu_pdi_type / )
EXMC ) mcu_pdi _type == 1
sip_mode

(@)
o
~

sip_mode == 1
pdi_type == 0x04;

DIO pdi_type / sip_mode sip mode == 16b(
pdi_type == 0x80;

pdi_type / mcu_pdi_type / mcu_pdi _type == 1

spi8w_gpio spi_ext_mode / sip_mode / sip_mode == 16b0

line_mode l'ine_mode == 208b

LINKACT_LED1 Pin must be externally drop-down
pdi_type == 0x80;

) ) mcu_pdi _type == 1
pdi_type / mcu_pdi_type / ] .
) . ] ] sip_mode == 16b0
spidw_mii_down spi_ext_mode / sip_mode . N
) ] l'ine_mode == 206b
/ line_mode / chip_mode ] .
chip_mode == 206b

LINKACT_LED1 Pin must be externally pull-up
pdi_type == 0x80;
mcu_pdi_type == 1®0;
sip_mode == 1®0;
line_mode == 2M10;
chip_mode == 2®11;
LINKACT_LED1 Pin must be externally pull-up

pdi_type / mcu_pdi_type /
spidw_mii_up spi_ext_mode / sip_mode /
line_mode / chip_mode

I'n additi 8RRl /4@ ewiia) +NMhi pamfmdd®He i s not equal
Et her CAT port O is connected to the internal PH

When chip_mode [1:0] is equal to O0x11, the Ethei
2 is conneicntteedr ntaol tPHY A.

When chip_mode [1:0] is equal to Ox10b, the Eth
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When chip_mode [1:0d]n ithiesqualset,o th»0®,utput of
affected, and the MIIl signal is not output in S

Fiugr 1. Port | ine PHYS

00: Two-end mode

PHY A |«MI0 Milly! pHy B

10: Three-terminal
downlink mode

PHY A |«MI0 Milly! pHy B

lMIIZ

11: Three-terminal
uplink mode

PHY A |« M2 MII1 o PHY B

iM..o

Not e:

1. Some pins are | ocoknedr edsuerti ngr pwhvem RST# i s se
automatically switch after being |l ocked.

2. The MI Il _LI NKHQ@LU cshiegdn aalf tiesr reset to deter mine
pin. I f MIIl _LI NKPOL equals 0, it indicates th

t hat a 100duMbdpes flilnlk has been established. [
indicatesl It hat NK hpi ™ i s active highupdiegnilfiyikr
has been established.

SYNC1 LATCH1/ SYNCO_LATCHO pad omode / io0o_en is
register.

The following |l atch signals must dteg baen dp wlaln nuj
be set to the X state.

(1) épi _exti_smoaeual i hphy kkysgaessgsual chop Omodeéeélfel: O
must be -dewn dstoapt e.

(2). ThieOpeudstofbe confi gprerdswbipet ptkl
(3). ThEEPkLh@AMEDtt be configprerdswbipst ptkl
(47he pa®lndufst be conf i gduorven aasn-d ohden odgrtoapt e

B) Whennphy biyspaesgsuahet peill, olf | NMkuPBsQL be sefp t he ¢
or ddroow:nt at e.
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PDI _TYRHE er ekt bhetr€dil £5@RDI Control register (ESC PDI CTL)
l ine_mode: The SPIl output to GIPAdgtriwsctdiedrer mi ned
spi _extRanfoelreence to System SysterhgomfiguraBobregster r e gi st e
O (SYSCFG CFGO)Bi t 2
chip_mode[1:0]: paldl MKACTINKBCTIL&EDdHed after resce
i nphy byprasgilsittlhirce onf i gured dbynrdatctwe ymesaitf it od .0,
5.6.9. Analoagnfigurati on

5.6.10.

When GPI O pin is used as analog configuration:

>

The weaukp paunldl opvinl Ir esi stors are disabl ed.

A The output buffer is disabled.
A The schmitt t raicgtgievratiendp.ut i s de
A Read access to the port input status register

Figure 5-2. Basic structure of Analog configuration shows the analog configuration of the
GPIO pin.

Figure 5-2. Basic structure of Analog configuration

ESD
protection

Analog ( Input / Output) I/O pin
-

Alternate function (AF) configuration

To suit for different device packages, the GPI O
some other pins by software.

When be configured as alternate function:

A The outpuénbdbf édrdirhasonpepmu |l pusionfi guration.

A The output buffer is driven by the peripheral
A The schmitt trigger input is activated.

A The weaukp paunldl opvinl Ir esi stors could be chosen.

Figure 5-3. Basic_structure of Alternate function configuration shows the alternate
function configuration of the GPIO pin.
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Figure 5-3. Basic structure of Alternate function configuration

Alternate Function Output Output driver

<
a
a

ESD
protect

1/0 pin

‘”7/_,:,7&4‘

<
»
7]

Alternate Function Input

Input driver

Not e:

In OSPI mode, pdi_gpiol5 cannot be used in OSPI+GPIO mode due to the large number of
SPI pins occupied. MIl_CLK25 cannot be used in OSPI+MIl mode.

5.7. Register definition
GPlI O lalsle ess: 0x3500

5.7.1. Port output mode register0O0 (GPI O0_OMODE!

Address offset: 0x00
Reset value: 0O0x0000 0O0OOO

This register can bleitakrcessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ OMO15[1:0] | OMO014[1:0] ‘ OMO13[1:0] ‘ OMO012[1:0] ‘ OMO011[1:0] ‘ OMO010[1:0] | Reserved I OMO008[1:0] ‘
w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ OMO07[1:0] l OMO06[1:0] ‘ OMO05[1:0] ‘ OMO004[1:0] ‘ Reserved ‘ OM002[1:0] ‘ OMO01[1:0] | OMO00[1:0] ‘
w w w w w 2 w
Bits Fields Descriptions
31:30 OMO015[1:0] Pin 1011 output mode bit

These bits are set and cleared by software.
Refer to OMO00O[1:0] description

29:28 OMO014[1:0] Pin OE_EXT output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

27:26 OMO013[1:0] Pin 104 output mode bit
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25:24

23:22

21:20

19:18

17:16

15:14

13:12

11:10

9:8

7:6

5:4

3.2

1:0

OMO012[1:0]

OMO11[1:0]

OMO010[1:0]

Reserved

OMO008[1:0]

OMO007[1:0]

OMO06[1:0]

OMO005[1:0]

OMO04[1:0]

Reserved

OMO002[1:0]

OMO001[1:0]

OMO00[1:0]

These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin 105 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin 106 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin LATCH_IN output mode bit
These bits are set and cleared by software.
Refer to OM0O00[1:0] description

Must be kept at reset value.

Pin WD_STATE output mode bit
These bits are set and cleared by software.
Refer to OM0O00[1:0] description

Pin 107 output mode bit
These bits are set and cleared by software.
Refer to OMO00O0[1:0] description

Pin 108 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin EOF output mode bit
These bits are set and cleared by software.
Refer to OMO00O0[1:0] description

Pin SOF output mode bit
These bits are set and cleared by software.
Refer to OMO0O0O[1:0] description

Must be kept at reset value

Pin 1018 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin 1017 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin 1016 output mode bit
These bits are set and cleared by software.
00: Output push-pull mode (reset value)

01: Output open-drain mode
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10: Output open-source mod
11: Reserved
5.7.2. Port output mode registerl (GPI OO0O_OMODE:
Address offset: 0x04
Reset value: 0x0000 00O00O
This register can blkiarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved OMO017[1:0] OMO016[1:0] ‘
rw w
Bits Fields Descriptions
314 Reserved Must be kept at reset value
3:2 OMO017[1:0] Pin 1013 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description
1:0 OMO016[1:0] Pin 1012 output mode bit
These bits are set and cleared by software.
Refer to OMO0O[1:0] description
5.7.3. Port output mode register2 (GPI O1_OMODO]
Address offset: 0x08
Reset ®x0Q0@0 0000
This register can blkitarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ OM115 OM114 ‘ OM113 ‘ Reserved ‘ OoM111 ‘ OM110 ‘ Reserved | OoM108 ‘
w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ om107 OM106 ‘ OM105 ‘ Reserved ‘ OM103 ‘ OoM102 ‘ om101 ‘ OM100 ‘
rw rw w w w 2 w
Bits Fields Descriptions
31:30 OM115[1:0] Pin LINKACTLEDO output mode bit

These bits are set and cleared by software.
Refer to OMO00O[1:0] description

70



GigaDevice

GDS C N 8 3Wsxexr

Manua

29:28

27:26

25:24

23:22

21:20

19:18

17:16

15:14

13:12

11:10

9:8

7:6

5:4

3:2

1.0

OM114[1:0]

OM113[1:0]

Reserved

OM111[1:0]

OM110[1:0]

Reserved

OM108[1:0]

OM107[1:0]

OM106[1:0]

OM105[1:0]

Reserved

OM103[1:0]

OM102[1:0]

OM101[1:0]

OM100[1:0]

Pin LINKACTLED?1 output mode bit
These bits are set and cleared by software.
Refer to OMO000[1:0] description

Pin EESIZE output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Must be kept at reset value.

Pin EESCL output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin EESDA output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Must be kept at reset value.

Pin 102 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin 101 output mode bit
These bits are set and cleared by software.
Refer to OM0O00[1:0] description

Pin 100 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin WD_TRIG output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Must be kept at reset value.

Pin 109 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin 1015 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin 1014 output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description

Pin 1010 output mode bit
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These bits are set and cleared by software.
Refer to OMO00O[1:0] description
5.7.4. Port output mode register3 (GPI O1_OMOD1]
Address offset 0x0C
Reset value: 0x0000 00O00O
This register can blkiarcessed by word(32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ Reserved oM117 OM116 ‘
rw w
Bits Fields Descriptions
314 Reserved Must be kept at reset value.
3:2 OM117[1:0] Pin OUTVALID output mode bit
These bits are set and cleared by software.
Refer to OMO00O[1:0] description
1:0 OM116[1:0] Pin 103 output mode bit
These bits are set and cleared by software.
Refer to OMO0O0O[1:0] description
5.7.5. Port -upuldlown registerO0O (GPI OO0O_PUDO)
Address offset O0x10
Reset value: 0x0000 00O00O
This register cwor d-eBRArcessed by
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PUDO015[1:0] ‘ PUDO014[1:0] ‘ PUDO013[1:0] ‘ PUD012[1:0] ‘ PUD011[1:0] ‘ PUDO010[1:0] ‘ PUDO09[1:0] I PUDO08[1:0] ‘
w w w w w w 2 2
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PUDO007[1:0] ‘ PUDO006[1:0] ‘ PUDO005[1:0] ‘ PUDO004[1:0] ‘ Reserved ‘ PUD002[1:0] ‘ PUDO001[1:0] ‘ PUDO000[1:0] ‘
w rw w w w 2 2
Bits Fields Descriptions
31:30 PUDO015[1:0] Pin 1011 pull-up or pull-down bits

These bits are set and cleared by software.
Refer to PUDOO0O[1:0] description
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29:28

27:26

25:24

23:22

21:20

19:18

17:16

15:14

13:12

11:10

9:8

7:6

5:4

3:2

PUDO14[1:0]

PUDO013[1:0]

PUDO012[1:0]

PUDO011[1:0]

PUDO10[1:0]

PUDO009[1:0]

PUDO08[1:0]

PUDO07[1:0]

PUDO06[1:0]

PUDOO5[1:0]

PUDO004[1:0]

Reserved

PUDO002[1:0]

PUDOO1[1:0]

Pin OE_EXT pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO0O0O[1:0] description

Pin 104 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD0O0O[1:0] description

Pin 105 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO0O0O[1:0] description

Pin 106 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO0O[1:0] description

Pin LATCH_IN pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD0O0O[1:0] description

Pin SYNC1_LATCH?1 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO0O[1:0] description

Pin WD_STATE pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD0O0O[1:0] description

Pin 107 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO0O0O[1:0] description

Pin 108 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO0O0O[1:0] description

Pin EOF pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO0O0O[1:0] description

Pin SOF pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO0O00[1:0] description

Must be kept at reset value

Pin 1018 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD0O0O[1:0] description

Pin 1017 pull-up or pull-down bits
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These bits are set and cleared by software.
Refer to PUDOO0O[1:0] description

1.0 PUDO0O0O0[1:0] Pin 1016 pull-up or pull-down bits
These bits are set and cleared by software.
00: Floating mode, no pull-up and pull-down (reset value)
01: With pull-up mode
10: With pull-down mode

11: analog mode

5.7.6. Pormptudulp/ down registerl (GPI OO0 _PUD1)

Address offset: Ox14
Reset val ue: Ox0000 O0OOO

This register can blkitarcessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved PUDO017[1:0] PUDO016[1:0] ‘

12 12

Bits Fields Descriptions

31:4 Reserved Must be kept at reset value.

3:2 PUDO017[1:0] Pin 1013 pull-up or pull-down bits

These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

1.0 PUDO016[1:0] Pin 1012 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

5.7.7. Port -upuldlown register2 (GPI O1_PUDO)

Address offset: O0x18
Reset value: 0O0x0000 0O0OOO

This register cwor BBRBrcessed by

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ PUD115[1:0] ‘ PUD114[1:0] ‘ PUD113[1:0] ‘ PUD112[1:0] ‘ PUD111[1:0] ‘ PUD110[1:0] ’ PUD109[1:0] ’ PUD108[1:0] ‘
w rw rw w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ PUD107[1:0] ‘ PUD106[1:0] ‘ PUD105[1:0] ‘ PUD104[1:0] ‘ PUD103[1:0] ‘ PUD102[1:0] ’ PUD101[1:0] ’ PUD100[1:0] ‘
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Bits

Fields

Descriptions

31:30

29:28

27:26

25:24

23:22

21:20

19:18

17:16

15:14

13:12

11:10

9:8

PUD115[1:0]

PUD114[1:0]

PUD113[1:0]

PUD112[1:0]

PUD111[1:0]

PUD110[1:0]

PUD109[1:0]

PUD108[1:0]

PUD107[1:0]

PUD106[1:0]

PUD105[1:0]

PUD104[1:0]

Pin LINKACTLEDO pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

Pin LINKACTLED1 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD000[1:0] description

Pin EESIZE pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

Pin IRQ pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO0O[1:0] description

Pin EESCL pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

Pin EESDA pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

Pin TESTMODE pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

Pin 102 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

Pin 101 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

Pin 100 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD00O[1:0] description

Pin WD_TRIG pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD00O0[1:0] description

Pin SYNCO_LATCHO pull-up or pull-down bits

These bits are set and cleared by software.
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Refer to PUDO00O[1:0] description

7:6 PUD103[1:0] Pin 109 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD000[1:0] description

5:4 PUD102[1:0] Pin 1015 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD100[1:0] description

3:2 PUD101[1:0] Pin 1014 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUD000[1:0] description

1.0 PUD100[1:0] Pin 1010 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

5.7.8. Port -upJvldlown register3 (GPI O1_PUD1)

Address offset: Ox1C
Reset value: 0O0x0000 0O0OOO

This register can bleitarcessed by word(32

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

‘ Reserved ‘
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ Reserved PUD117[1:0] PUD116[1:0] ‘

rw rw

Bits Fields Descriptions

31:4 Reserved Must be kept at reset value.

3:2 PUD117[1:0] Pin OUTVALID pull-up or pull-down bits

These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

1.0 PUD116[1:0] Pin 103 pull-up or pull-down bits
These bits are set and cleared by software.
Refer to PUDO00O[1:0] description

5.7.9. EXMC contr ol regidster (EXMC_C

Address offset: 0x20
Reset val ue: Ox0000 0O0OO04
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This regiaceesscsad blgi word( 32
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXMCTY
Reserved EXMCHSIZE[1:0]
PE
w w
Bits Fields Descriptions
31:3 Reserved Must be kept at reset value
2:1 EXMCHSIZE[1:0] EXMC hsize
00: 8-bit
01:16-bit
10:32-bit
11: reserved
0 EXMCTYPE EXMC TYPE
0: 8-bit EXMC
1: 16-bit EXMC
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6. TIMER

6.1. Basic Timer

6.1.1. Overview

The basic timer module has a 16-bit counter that can be used as an unsigned counter. The
basic timer can be configured to generate interrupts. The resolution of basic timer is 100 ¢s.

6.1.2. Characteristics
A Counter width: 16 bits.
A Source of count clock is internal clock only.
A Counter mode: count down.
A Resolution: 100 ¢s.
A Auto-reload function.
A Interrupt output: update event.
6.1.3. Bl ock diagram

Figure 6-1. Basic timer block diagram _ provides details on the internal configuration of the
basic timer.

Figure 6-1. Basic timer block diagram

CNT
(16-bit)
A
CK_TIMER Prescaler PSC_CLK Down- Interrupt
— = 2500) > Counter ——»
25MHz ' 10kHz (16-bit)
A
! ~| CARL
E\f_wg‘é> Register g
(Register set)
6.1.4. Function overview

Cl ock source

The basic timer can only be clocked by the 25MHz internal timer clock, which is from the
source named CK_TIMER in RCU.

The CK_TIMER will be divided by 2500 to generate the 10kHz counter clock (PSC_CLK).
The resolution of the counter is 100 €s.
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Down counting mode

When the CEN bit in TIMERx_CTLO register is set, The basic timer loads the TIMER_CNT
register with a reload value in the CARL bit-filed of TIMER_CTLO register. A new reload value
can be written to the CARL bit-filed by software at any time. If the CEN bit is set, the
TIMER_CNT register will be immediately loaded to the new reload value and continue to
count down from that value.

If a chip-level reset occurs or the CEN bit in TIMER_CTLO register is converted from 1 to 0,
The CARL bit-filed is initialized to OXFFFF. The CNT bit-filed is initialized to OXFFFF on reset.

When the CEN bitin TIMER_CTLO register is set, the counter counts down continuously from
the counter reload value to 0. Once the counter reaches 0, the counter wraps around to
OxFFFF and the TIMIF bit in INTC_FLAG register is set. If TIMIE bit in INTC_EN register is
set, basic timer generates the interrupt. The counter continues to count down from the reload
value of CARL bit-filed. If the TIMIF bit in INTC_FLAG register is set, it can only be cleared
by writing a 1 to the bit.

The following figure shows an example of the counter behavior when CARL bit-filed is
converted from 0x63 to 0x07.

Figure 6-2.Ti mi ng cdovenrcduntiogfmode

100¢es

PSC_CK _| —|_|_|_
CARL 6 | o7
S OO000000LCOCLEEEH
6.1.5. Registers definition

Basic Timer base address: 0x0000 3800

Conroégi 6Té MER L)

Address offset: 0x00
Reset value: 0x0000 FFFF

This register has to be accessed by word (32-bit).
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved ‘ CEN ‘ Reserved
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CARL[15:0]
w
Bits Fields Descriptions
31:30 Reserved Must be kept at reset value.
29 CEN Counter enable
0: Counter disable
1: Counter enable
28:16 Reserved Must be kept at reset value.
15:0 CARL[15:0] Counter auto reload value
This bit-filed specifies the auto reload value of the counter.
When the CEN bit is set, the counter counts down from this value.
Note: When the CEN bit is converted from 1 to 0, this bit-filed wil be converted to
OXFFFF.
Counter rTelgMBRNT) (
Address offset: 0x04
Reset value: 0x0000 FFFF
This register has to be accessed by word (32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CNT[15:0]
r
Bits Fields Descriptions
31:16 Reserved Must be kept at reset value.
15:0 CNT[15:0] This bit-filed indicates the current counter value.
6.2. Free-Running Counter (FRC)
6.2.1. Overview

The Free-Running Counter has a 32-bit counter that can be used as an unsigned counter.The

counter clock is 25MHz.
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6.2.2. Characteristics

A Counter width: 32 bits.

A Source of count clock is internal clock only.

A Counter mode: count up.
6.2.3. Bl ock diagram

Figure 6-3. FRC block diagram provides details on the internal configuration of the FRC.

Figure 6-3. FRC block diagram

CNT
(32-bit)

CK_TIMER_FREERUN
_ - > Up-Counter

25MHz (32-bit)

6.2.4. Function overview

Cl ock source

The FRC can only be clocked by the 25MHz internal timer clock, which is from the source
named CK_TIMER_FREERUN in RCU.

Up counting mode

The counter counts up continuously from 0 to OxFFFFFFFF and the counter frequency is
25MHz. Once the counter reaches the maximum, the counter recounts from 0. The FRC does
not generate interrupts. If a chip-level reset occurs, the counter is initialized to 0.

The current count value can be read from FRC_CNT register.

The counter can take up to 160 ns to clear after a reset event.

6.2.5. Registers definition

Free-Running Counter base address: 0x0000 3808

CounRegi RRCGCNT)

Address offset: 0x00
Reset value: 0x0000 0000

This register can be accessed by word(32-bit).
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GigaDevice
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ CNT [31:16] ‘
r
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CNT [15:0] ‘
r
Bits Fields Descriptions
31.0 CNT[31:0] This bit-filed indicates the current counter value.

If a chip-level reset occurs, the bit-filed is initialized to 0 and the counter counts up

from O.
Once the counter reaches the maximum, the bit-filed is converted to 0 and the

counter continues to count up from O.
Note: The counter can take up to 160 ns to clear after a reset event.
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7. PDI Wrapper

In the GD EtherCAT, EXMC and SPI SLAVE are packaged into a wrapper for system
integration. The PDI wrapper Used for data selection between SPI and EXMC. Internal
integration of two asynchronous FIFOs, both 16X32bit. The SPI SLAVE and EXMC have only
one work at the same time, which is selected by the pad of MCU_PDITYPE.

Figure 7-1. Block diagram of PDI wrapper

HCLK
> PDI wrapper
RCU PDI_CLK
mcu_pditype
-
AHB AHB master SPI BUS
SPI —
BUS - SLAVE
-
mcu_pdity
BRI 20 ASYNC ] < >
WRFIFO EXMC_BUS
OPB <——| EXMC |
RDdata ASYNC |
RDFIFO -
mcu_pdit?pe |mcu_pditype

Only one of SPI SLAVE and EXMC is valid at the same time. SPI SLAVE or EXMC accesses
registers through AHB channel and accesses CORE ram data through ASYNC RDFIFO and
ASYNC WRFIFO. EXMC also has the same data path as SPI SLAVE.

The pad of MCU_PDITYPE select the working access interface module. When the pad of
MCU_PDITYPE is 0, only the SPI SLAVE can access internal data. When the pad of
MCU_PDITYPE is 1, only EXMC can access internal data.

PDI_CLK provides the clock for SPI_SLAVE, EXMC, and ASYNC_FIFO. When the pad of
MCU_PDITYPE is 0, PDI_CLK comes from SPI_SCK. When the pad of MCU_PDITYPE is 1,
PDI_CLK comes from EXMC_CLK. HCLK is a 100MHz system clock that provides clocks for
ASYNC_FIFO, SPI_SLAVE, and EXMC.

7.1. SPI1/ QSPI/ OSPI slave

7.1.1. Overview

The EtherCAT support SPI/ QSPI / OSPI slave module.
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7.1.2. Characteristics
A Supports a maximum SPI clock rate of 100Mhz.
A Only support slave mode.
A All samples are sampled along the rising edge.
A Supports FIFO buffer access.

7.1.3. Bl ock diagram

The block diagr amEiod wid& IBliosc ks hdoiweng rianm of SPI

Fi gw2e Bl ock diagram of SPI

J SYSCH&

|
| | SPIQSPI slave
| A 4

|
|

|
| . SCk————
| AHB BUS{<—> neReRd T T 3onits cs——
I | AHB  [Addess— shift H(ico——>
: } master Wrdata— OO —p
| o>——p
——————— ! Rddatg—#  TXRX control :
_______ 10—
{ ! —
| WRFIFO = |
L ; S
T
| RDFIFO |
L i

7.1.4. SPI signal description

Pin description

The SPI/ QSPI slave module contain 2 kinds of pin mode: 4-wire mode and 6-wire mode. All
modes contain common pins, SCK and CS.

Tab¥?7-E4wi re mode

Pin name Description
SCK SPI CLK
CS Slave select signal

I Input pin, receive SPI / QSPI master data

Output pin, transmit data to SPI / QSPI master

o
data
Tab7-26-wi re mode
Pin name Description
SCK SPI/ QSPI clock
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CS Slave select signal
SI00 Inout pin, receive SPI / QSPI master data and
transmit data to SPI / QSPI master data
sio1 Inout pin, receive SPI / QSPI master data and
transmit data to SPI / QSPI master data
si02 Inout pin, receive SPI / QSPI master data and
transmit data to SPI / QSPI master data
S103 Inout pin, receive SPI / QSPI master data and
transmit data to SPI / QSPI master data
Tab?7-20SP8l i ne mode
Pin name Description
SCK SPI / QSPI clock
CS Slave select signal
Inout pin, receive SPI / QSPI master data and
SI00 transmit data to SPI / QSPI master data
Inout pin, receive SPI / QSPI master data and
SIO1 transmit data to SPI/ QSPI master data
Inout pin, receive SPI/ QSPI master data and
S102 transmit data to SPI / QSPI master data
Inout pin, receive SPI / QSPI master data and
SIO3 transmit data to SPI1/ QSPI master data
Inout pin, receive SPI / QSPI master data and
S04 transmit data to SPI1/ QSPI master data
SI05 Inout pin, receive SPI / QSPI master data and
transmit data to SPI1/ QSPI master data
Inout pin, receive SPI / QSPI master data and
SI06 transmit data to SPI1/ QSPI master data
Inout pin, receive SPI / QSPI master data and
SI07 transmit data to SPI1/ QSPI master data
7.15. SPI/ QSPI/ O8BPhtsbhler

Function overview

The SPI slave interface can access registers and FIFOs with fewer pins. Single, Dual and

Quad bit lanes are supported in SPI mode with a clock rate of up to 100 MHz. QSPI mode
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always uses four bit lanes and also operates at up to 80 MHz.OSPI mode always uses eight
bit lanes and also operates at up to 80MHz.

Function adrescripti

The following is an overview of the functions provided by the SPI/ QSPI/OSPI Client:

A Fast Raade 4cl ock, select, data in and dat a
command, address and data. Dummy byte(s)efror f
reads with incrementing, decrementing or stat

A Dual / Quad Outwiurte Reamldac kK, ogeléect, data in /
Seri al command and address, parall el dat a. Du
multiple register reads with incrementing, de

A Dual / Quad | MO rrRedgdc:!l o£kgr s@&l ect , data in [
Seri al command, parall el address and dat a. Du
multiple register reads with incrementing, de

A QSPReadwi e (clock, select, data in / out) wri
address and data. Dummy byte(s) for first acce
incrementing, decrementing or static addressi

A OSPI Reavdrel(Qcéotck, dated in / out) writes at
command, address and data. Dummy byte(s) for f
reads with incrementing, decrementing or stat

A Writwiird (clock, selecttesaata um Bond8@daMidz ou$ e
address and data. Single and multiple registert
static addressing.

A Dual |/ Quad Dawiar arf{tlkock, oselbect, data in |/
Seri al comndadrde sand par al |l el dat a. Single and
incrementing, decrementing or static addressi

A Dual / Quad Addressvi/reDdtcd oWrki,t es;cel 4 cdr, &ata i
80 MHz. Serial command, ®ianraqlld ednd dmduletsisp laen dr ¢

with incrementing, decrementing or static add
A QSPI Weniitree: (6cl ock, select, data in / out) wri
address and data. Single and mulde il eme rtgii ¢ ea

static addressing.

A OSPI Wr-wtee @6l ock, select, data in [/ out) wri
address and data. Single and multiple registert
static addressing.

Operation mescriptio

Il nput data on the 10O [7:0] pins is sampled on t
data is sourced on the IO [7:0] pins with the f
can be either an active high pudSsecharp asnelacctti vie
high, the 10 [7:0] inputs are ignored and the |

I n SPI molkdiet, itrhset rBucti on i s started on the first
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goes active. The instryconoh [ sl @0ways input sel
For read and write instructions, two address by
the instruction, the address bytes are input ei:t

registers are accessed alsd DWOROensither eadlda elsywt €
and 14 of the address fi el ddescpreanefniteesd t(hladth) a do
incremented (01b) for continuous accesses. (if
i gnored)

For all readummys thwtcad i oynsl,esd foll ow the address
drive the outputs during the dummy byte cycl es.
or 2 or 4 or 8 bits per clock. The data is inpu
For mead write instructhiotnsdatoa ef iogl dsorfeol320w t |
present, else they follow the address bytes). Tt

per c¢cl ock.

QSPI mode is entered from SPIl) wind$it @nheee iEHoma.bQ SP 1Q
mode, al | further command, addresses, dummy byt
QSPI mode can be exited using the Reset Quad |/

OSPI mode is entered from SPI wi tiho nt. h eOnkErea bilne OC

mode, al | further command, addresses, dummy byt
OSPI mode can be exited using the Reset Octa I/
Al | instructions, addresses amd ghatfa céams b jbrians
bit (msd) or nibble (msn) firsts=siAddrfdxsaams aryd et
first. Data is tranghiefiredanwi bhwt ¢eheLEBrarstirst (]I
The SPlI interface supportsxoapptbon: 100r MHhei QBB
the number of accessed data bytes is 4 with 10C(
bytes, master could use | ower speed (|l ess than
The SPI interface supports a minimemcbmmands$ 6
mi ni mum CS inactive time of 50 ns).

The instructions supporteldabii. SPRI imesdg u@bBlohsgs

instructions Tabéré. IQSsPtledi nisfahlgd.i QP | instructic
Unsupported instructions are must not be wused.
TabV7-4£SPI i nstructions
; o Bit Inst Addr Dummy Data Max
Instruction Description .
width code Bytes Bytes bytes Freq
Configuration
100Mh
EQIO Enable QSPI 1-0-0 38h 0 0 0
z
100Mh
EOIO Enable OSPI 1-0-0 3Ah 0 0 0
4
RSTIO Reset SPI 1-0-0 FFh 0 0 0 100Mh
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1 T T T T
Read
100Mh
READ Read 1-1-1 0Bh 2 1 4 t(
z
100Mh
SDOR SPI Dual Output Read | 1-1-2 3Bh 2 1 4 t
z
100Mh
SDIOR SPI Dual I/O Read 1-2-2 BBh 2 2 4 t (
z
SPI Quad Output 100Mh
SQOR 1-1-4 6Bh 2 1 4 t (
Read z
100Mh
SQIOR SPI Quad I/O Read 1-4-4 EBh 2 4 4 t (
z
Write
100Mh
WRITE Write 1-1-1 02h 2 0 4 t (
z
. 100Mh
SDDW SPI Dual Data Write 1-1-2 32h 2 0 4 t q
z
SPI Dual Address / 100Mh
SDADW ] 1-2-2 B2h 2 0 4 t(
Data Write z
. 100Mh
SQDW SPI Quad Data Write 1-1-4 62h 2 0 4 t g
z
SPI Quad Address / 100Mh
SQADW ] 1-4-4 E2h 2 0 4 t(
Data Write z
Tab7-2QSPI instruction
; - Bit Inst Addr Dummy Data Max
Instruction Description .
width code Bytes Bytes bytes Freq
Configuration
RSTQIO | ResetQsPl | 400 | Ffh | o [ o [ 4 t o 1200mnz
Read
READ | Read | 444 | oBn | 2 [ 3 [ 4 tof100mnz
Write
WRITE | write | 444 | oon | 2 | o |4 tof100mnz
TabT7-&@OSPI instruction
; o Bit Inst Addr Dummy Data Max
Instruction Description .
width code Bytes Bytes bytes Freq
Configuration
RSTOIO | ResetosPl | 800 | Ffh | o | o [ 4 t of 100mnz
Read
READ | Read | ses | oBn | 2 [ 8 [ 4 tof100mnz
Write
WRITE | write | 888 | o2n | 2 | o [ 4 tof100mnz

Note: The bit width format is: command bit width, address / dummy bit width, data bit width.
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For example, 1-2-4 means command uses 1 line, address/dummy uses 2 lines, data uses 4
lines.

SPI configuration commands

Enabl e QSPI

The enabliems@8%RBicti on changes the mode of operat
supported in SPI bus protocol only with c¢clock f
not supported in QSPI bus protocol

The SPI client interfaceacsivebeThedB8Oyi histsuchi
is input into the | [/ 10 [O0] pin one bit per cl
the cycl e.

Fi gw+s3.e Enabl ibustres fhd Enable QSPI instruction.

Fi gwi3e Enabl e QSPI

CSs

SCK(active X X
low) "] 1 2 3 4 5 6 7 8 L]
SCK(active | Y
high) 1 2| |3 4| |s 6| |7| |8 [X

Instruction

st [ X| o o 1 1 1 o o o |X

SO z
Enabl e OSPI
The Enabl e OSPI instruction changesi ntsheg umade®no
supported in SPI bus protocol only with clock f
not supported in OSPI bus protocol
The SPI client interface is sebettEOI Dyi hstsuchi

i s ingtt ilntfol O[ 0] pin one bit per clock. The C
cycl e.

Fi guwi#e Enabl ibustrQes the Enable OSPI instruction.
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Fi gue

Enabl e OSPI

!
|
cs |
|
|

SCK(active
low) 1 2 3 4 5 6 7 8
|
SCK(active |
hi(gh] | 1 2 3 4 5 6 7 8

T

I

I

I

S 0 0 1 1 1 ol1]0 :
—|—

| |

SO : |

| }

I

| !
Reset QSPI

The Rese/tOS@EPIli nstruction changes the
support e/SIPHOSFPAI bus pr

otocols with c¢clock

mode of op

freque

The BH@EPAIOSPI client interface is sel ectbheidt by
instruction, FFh, i's input imdade téhred Ii ntd
the 1 O[ 3: 0] pins, four
conclude the cycl e.

RSTQI O

Fi guis.e

SPI MODE Rlkststeslthe 8Bd3dt SPI instruction for SPI mode.

Fi gu6fe QSPI

Fi guw+.e OSPI

Fi gube

bits per clock,

SPI MODE RESET SPI

SCK(active
low) 1 2 3 4 5 6 7 8
Scﬁgﬁt"’e i 12l 3] 4] |s| |e| |7| |8

SO

1 1 1 1 1 1 1

I
I
I
I
I
Sl I
I
I
I
I
I
I

in QSPI

MO D E Rilst&et thaR8sRt QSPI instruction for QSPI mode.

MOD E Rilkssr&tes thedr8sEt IOSPI instruction for OSPI mode.
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Fi gu#e QSPlI MODE RESET QSPI

CS

SCK(active
low) 1 2
]
|
SCK(active |

SIO[3:0]

T
T

Fi guwirte OSPI MODE RESET OSPI
I

CS

SCK(active
low) 1

SCK(active
high)

I

F

SI0[7:0]

SPI READ COMMANDS

Vari ousommadds are support by the SPI [/ QSPI cli
commands.

MULTI PLE READS

Additional reads, beyond the first, are perform
active. The wupper two dDutdmwmcoemeheiadd(asdsdreps¢il
autdecrementing (address[15:14]=10b) . The inter|
decremented, or maintained based on these bits.
for register polling.

READ

The Riemgltruction inputs the instruction code an
per c¢clock and outputs the data one bit per cloc
address and dummy bytes are input fouritbhsi tperper
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clock. This instruction is supported in SPI and
to 80 MHz.

The SPI/QSPI/ OSPI c¢client int€6dcatcievd.s Berl e2RIle dmd
8bit READ instruction,/ I @BA, piisn,i Mfpdtl oiwetdo btyh & hle
and 1 dummy byte. Fhbirt QBRSTRBAR,i nhter Blc®iBo®]i s i
pins, followed by the two address bytes and 3
BYTE address wi EFhrnOSRE thédéc FIAIBEREAD instructi
intbhled7:0] pins, followed by the two address by
bytes specify a BYTE address within the device.

On the falling clock edge faolummowimigt ther rinishimige )
[1] pin is driven starting with the msb of the
[ 3: 0] are driven starting with the msn of the L
[ 7: 0] are drivenmsbhapofindewilLtSIB toH the selected
register bits are shifted out on subsequent fall

The CS input is brought inactive to cowstlavted t h
at this time.

Fi gw+#8.e S Pl _ileskEateba typical single and multiple register fast read for SPI mode.

Fi guQe OSPI _ilestateda typical single and multiple register fast read for QSPI
mode.

Fi gws#ld OSSPl il&stateda typical single and multiple register fast read for OSPI

mode.

Fi gw#e SPI READ

1 —

1

|
SCK(act
,é;ﬁ've 1 of |1o| [1a] |12| [13] |14 |15] |16] | W- 32| [s3| [sa] | |62 |63 [64
! |
Scﬁ&““’e} 1| 2| [3| |4] [s| [e| |7] [8] [o]| |wo| [a| k2| hs| |14 fs| |k 24 |25 1 32| h3 | 62 6% 64
X

1
1 1 ’ dec I e x ‘ 3 ’ x
T T T |
Instruction Address |

1 dummy byte |

]

[N
w
IN
o
o
~
©

sl A3 | A2 | A | A0 | o [ A8 | A7 | || A0 | X X

o
o
o
o
[
o

(%]

D26 | D25

|
|
|
|

o |
|
+ D24
|

‘ o7 | D6

SPI Read Single Register

gzt [ AL LA AR FLAL LA TR AT UL

|
|
|
|
Il
|
LT 1ML e W W U

sl 1 1 ’decl e | A || a0 X x| F x x x || X X x

o
o
o
o
=
o

T T |
Address 1 dummy byte |
¥ 3

(%]

0

p24 | o7 | D6 D26 | D25

|

|

|

| T

| Instruction
|

T D24
|

‘D‘/

T T T
Data 1 Datam Datam+1 Datan

SPI Read Multiple Register
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Fi guw©e QSPI READ

SCK(active
low)
SCK(active |
hlgh
S|0[320] 0 B H1 L1 HO Lo X X X X X X HO LO
T
T

| T
| Instruction Address
|

|
3 dummy bytes Data |
|
|

QSPI Read Single Register

a2 ;

SCK(active

low) I-
SCK(active |

hlgh) ; |

SI0[3:0] 0 B H1 L1 HO Lo x x x x x x HO | L3 HO |
T
| - T T [ s ;|—/
| Instruction Address 3 dummy bytes Data 1 Datam Data

|

Datan :

| m+1 |
|

QSPI Read Multiple Register

Fi gwil® OSPI READ

Cs

SCK(active
low)

|
Scr'fi;aﬁ:“"e: 1| (2| |3] 4| |s| |s| |7| |8| |o] [0 1| h2 \13 14 |15

S|O[3ZO] oB B1 BO X X X X X X X X BO B1 B2 B3

:\_l_l\l/ I ;|—/l|

Instduction ~ Address 8 dummy bytes Data I
! |
|

OSPI Read Single Register
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I
! |
cs | I
: |
! T
|
SCK(active
|0(W) 1| 121 3| [a] |s| 6| [7] |8| [o| |10 [12] |12| |13| [14] [1s] | —I_I_I_I_I_I_I_I_I_r
o
Scﬁi(gahd"’e : 1| 12| |3| |4| |s| |e| |7| |8| |9| |10 [a| 2| p3| |a I

0B

B1

BO

X X X

X X X X BO B1 B2 B3

BO Bl B2

X

I.
[ — , ~—F

Instr:uction Address 8 dummy bytes Data 1 Datam |

! OSPI Read Multiple Register :

SI0[3:0] B3

Dual Output Read

The SPI Dual Output Read instruction inputs the
bytes one bit per c¢clock and outimwttg utche odatias tsw
in SPI bus protocol only with clock frequencies
i n QSPI bus protocol

The SPI client interface is sel-btte®@DPR fnestub
3Bh, is timutOiphd®lo pin, foll owed by the two add
address bytes specify a BYTE address within the
On the falling clock edge foll owbhihg, thleer i ®i ht:
are driven stastiofhgtWwiet hSBhefmshe selected regi
dbits are shifted out on subsequent falling clo
The CS input is brought inactive to cothatladeatth

this time.

Fi gurild SPI DUAL OU TiwtthfEs aRyRical3ingle and multiple register
dual output read.

Fi guwilda SPI DUAL OUTPUT READ

= =

|

| |

l 1
Sloo |0 0 1 1 1 M 1 1 ’ ﬂecl n‘c

|ns1rd|ction Add‘rss

A13

AL2

ALL

A10

A9

A8

A7

A0

T
1 dummy byte |

D6

D4

D28

D26

D24

slo1

|
|
|
+
|

SPI Dual Output Read Single Register
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1 1
| |
“l I
| |
SI00 }0 0 1 1 1 M 1 1 ’®6| n'c a3 | | A0 x ‘| ’ x D6 D4 |- D24 | D6 D4 I D28 | D26 | D24
Slo1 i Inslr&clion AddL&ss 1 dumllny byte }
T ‘m os | | o5 [ o7 | os | | D29 | D27 | D25
Dala 1 Datam Data lm—l Dat‘a n
SPI Dual Output Read Multiple Register
QUAD Output Read
The SPI Quad Out put Read instruction inputs th
dummy bytes one bit tpree addtox kf anrd iuttpupesr <cl oc
supported in SPI bus protocol only with clock f
not supported in QSPI bus protocol
The SPI client interface is sel-bcQO bwnwsfirusti b
6 Bh, is input into the 10 [0] pin, foll owed by
address bytes specify a BYTE address within the
On the falling clock edge following the arriesi ng
driven starting with the msn of the LSB of the s
are shifted out.
The CS input is brought inactive to cothatladeatth
this time.
Fi gufle S P QUAD OU Tikstthies aRypidalsingle and multiple register

quad output read.

SPI

QUAD OUTPUT READ

Fi gune
|

—

1

SCK(active
low)

6 |7| |8| |9 [t |1a| [12| |13| |14 [15| [16] | |24 |25| | |32 |33 |[34 |-mr

i

I
sc:g?we\ 1| |2| 3] [4| |s] |s| |7 |8| |o| po| [1| h2| hs| [4] hs 1GI-WI' 32| [33 I 38 |39 |40
h

— -
~
w
N
o

38 |39 |40

1 ’““In‘c

x ‘ ’ x o4 | oo [ | p20

D28 | Dp2a

Data

D22

D30

D26

T
Data

|
|
siloo 1 0 1 1 0 1 0 1 A3 | A2 [ A1 | A0 | A9 [ A8 | A7 A0
| instrlcti T T
sio1 } nstruction Address 1 dummy byte
t
|
SIo3
[
Slo4

SPI Quad Output Read Single Register

03

023

D31

p27

T
Data
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‘ 1
|
| |
ol I
cannnnhithhhEt St e e
sogon [ LR FLFLFL LR BB R R LRRL LS L
|
SI00 }0 0 11 1 M 1 1 ’de I A ||| 0| x ‘| ’ o4 | oo | | p24 | pa | oo | | D16 | D28 | D24
sio1 i instrletion Adcress 1 cummy byte |
T {DB oy | | p2s | os | o1 | | p17 | p2o | p2s
sma} [ ‘
; |D5 o2 || o2 | o6 | b2 | | D18 | D30 | D26
| |
S|o4} [ !
T ‘m o3 | | oz | o7 | b3 | | p1o | par | b2z
! N S ]
Datal Datam Datam+1 Datan |
SPI Quad Output Read Multiple Register
Dual I/ O Read
The SPI Dual I/ O Read instruction inputs the i
address and dummy dlydels damwd duttputpert he data tw
instruction is supported in SPI bus protocol o]
instruction is not supported in QSPI bus protoc:
The SPI client intebfraangiing £&8l-mictt e ¥Rb@R hiem 8t r u
BBh, i's input into the 1 O [ 0] pin, foll owed by
the 10 [1:0] pins. The address bytes specify a
On the falling ctlhoec kr iesdigneg feod gl eo webfinigt, h & hlea dtO d umi
are driven starting with the msbs of the LSB of
dbits are shifted out on subsequent falling clo
The CS input is broeghthei cyctieve The dstnatileidd Jatpi
this time.
Fi gui#l8 SPI D UA L illusttates aRygidalBingle and multiple register dual 1/0
read.
Fi gwil8e SPI DUAL I/ O READ

cs ‘ \
\
T
|

Sc}g\,av?lve 10 11! 12 14 15 16 17| 18 | w 38| 39 40
W@jUUUUUUUUmﬂﬂﬂﬂﬂﬂﬂﬁﬁﬂﬂfIHHF
N anE

Inslr&clion
T+ [
T

J I
2 dummy bytes Data |
'

A2

A10

A8

A6

D6

D4

D28

D26

D24
T

L
D25

[
‘dec

A13

ALL

A9

A7

D29

D27

o7 | bs

T
Address

SPI Dual I/0 Read Read Single Register
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] n

i

Sc};,(?vc)we 9| |10 |11| |12 |[13| |14 |15 |[16] |27] [18[ | 24 |25 |26 |w

scﬁga,? e‘ 5 o |0 1| k| h3| |4 hs| |1g [17] [8) M w

smuluuu )y I
I

L] \ \ \ \ oL [ L)y D]

D28

D26 | D24

B

Address 2 dummy bytes Data 1 Datam

SPI Dual I/0 Read Multiple Register

Quad I/ O Read

The SPI Quad 1/ 0O Read instruction inputs the i
address and dummy bytes four bits per c¢clock and
instruction is supported in SPI bus protocol on
instruction is not supported in QSPI bus protoc:

The SPI clcieents isretleercftaed by f i r sbti thrSQIgdR1 g nGS rauc
EBh, i's input into the 1 O [ 0] pin, foll owed by
the 10 [3:0] pins. The address bytes specify a |

On thregfaldék edge following the rising edge of
are driven starting with the msn of the LSB of
ni bbles are shifted out on subsequent falling c!

The CS inmguwt isnalktdowe to conclude t hestcaytcelde.atTh
this time.

Fi gurrled S P QUA D _illustrédes &tipikdD single and multiple register dual
output read.

Fi gwiled SPI QUAD I/ O READ

ol

\
SCI%\,aV(;tWe 9 10| |11| (12| |13 14 (15 |16 17| |18[ [19] |20 |21| [22] | 26( (27| |28
SCK(active ‘ 9 10 [11 14| [5 1 17| |18] 190 [20] |21
high
HEREEBRE ! | \ \

3E E
HH!IIII\'
I\HIIIHIII\Q\
L]

Do

5 D17 | D29 | D25

|
|
|

1K

%—/ %—/\
Address 4 dummy bytes Data |
SPI Quad I/0 Read Read Single
Register
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|
|
cs }
1
|

|
|
T
|

SIO0 1 1

A4

D16

D28

D24

Ins(ruclion

slo1 D17 | D29

D25

D18 | D30

D26

D19 | D31

|
|
|
|
|
T
|
|
|
I
|
|
|
!

\ aE
xMHIII
JEEE aE
| aE

D27

T
4 dummy bytes Datal

SPI Quad /0 Read Multiple Register

%—/ i

Datam

—

SCK(acti
Ich?vj e 10| |11| (12 14 (15| |16 17} |18| |19 20 |21 |22 w
I
|
Scﬁ(garf“ve } 10| [11 14( Q5 17| |18] 19 [20 |21 mr

SPI WRI'TE COMMANDS

Mul tiple write commands

commands.

MULTI PLE WRI TES

Mul tiple reads are performed by continuing the
The upper two bits of-ihnbeemddtieng épddiregsplubonl
dercementi ng (address[15:14]=10b) . The nternal
decremented, or maintained based on these bits.
useful forbargimsderombother repeated writes.
Write

The Wrnistteruction inputs the instruction code and
I n QSPI mod e, the instruction code and the addr
clock. This instruction is supportedquendciPés auwmp
to 80 MHz.

The SPI/QSPI <client interface is selectelditby fi
WRI TE instruction, 02h, is input into the | [ |
QSPI modebi tt WRISTE DAktrustioaput into the 10 [ 3:
two address bytes. -biotr VWOSIPTE mordst, r u dtei 8n, 02h,
pins, followed by the two address bytes. The ad
the device.

Theta@aafoll ows the address bytes. For SPI mod e,
starting with the msb of the LSB. For QSPI mo d e
starting with the msn of the LSB. Fosi Ob PIl O mod:ef
starting with the msn of the LSB. The remaining
clock edges. The data write-btiot st haer er eignipsutte.r lonc cti
32bits are not written WhenheharC8&ei §srebansnddr |
register is not affected.

ateesttppdhe byplloai 881 A
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The CS input is brought inactive to conclude th
Figwilé SPI1_ WWRrtdsh typical single and multiple register write for SPI mode.

Fi gurfle OSPI
mode.

i&rhtéls & typical single and multiple register write for QSPI

Fi gurfler OSPI
mode.

iN8tratés & typical single and multiple register write for OSPI

SPI WRI TE

h 10 h1 14| 115 I
} 1
sl 1o 0 ) 0 ol 1 0 ’ d I o | A | a2 | A | Ao | oas | as | a7 [ || a0 ‘ I x | o7 | o || D26 | D25 | D24
+
| Insts ‘Cl ‘ ‘ ‘
. } nstruction Address 1 dummy byte Data
+
|

SPI Write Single Register

et [ FLFLFLFLALRLFLFLRL LR R LR

\
|
|
|
\
[
Scﬁfﬁ've 1| 12| 3] lal |s] |e] |7] |8] [o] [w0| | F |24 [2s| I |32 |s3| [s4] | |62 |e3] [64| I
LALA UL U

A0 D6

I I
— ; , I

|
Datam Datam+1 Datan |

p24 | b7 | D6 D26 | D25 | D24

x ‘ | x D7
T T T
Address 1 dummy byte Data 1

T
Instruction

I

I

I

I

! i
Sl 10 0 0 0 0 0f 1 | 0 |dc]|

T

I

I

I

T

I

SPI Write Multiple Register

Fi gwilée QSPI WRITE

SCK(acti

I0(“;"‘,)""3123456789101112131415
o

SCEi(gf“"e' 1|l 12| 13| 4] |s| [e| |7| |8| [9| [0 Q1| p2| (3| |14 s

| |
»

T T |
Address Data |
|

I

HO LO H1 L1

QSPI Write Single Register
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|
! I
scs# || ! T
=] |
! |
G LWL W UL UL
low) }
mmxﬂ&ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂf?ﬂf?ﬂf
|
S|O[3ZO] ) 2 H1 L1 HO Lo HO Lo H1 L1 H3 L3 H2 L3
P x x
} Address Data 1 Datam Datam+1 Datan ‘
|
| |
QSPI Write Multiple Register
Fi guwilg OSPI WRI TE
| |
| |
cs |, |
| |
T
! |
SCK(active
low) 1| |2| 3] |4]| |5| |6 7|
I
|
Scﬁ(ga'ft: Vel ol 12l |3 |a| [s] |e ' 7
|
B1 BO BO B1 B2 B3
e T :
Instriluction Address Data |
| I
OSPI Write Single Register
| |
| |
cs , |r
|
T
|
SCK(active
low)
SCK(actlve |
hlgh I
S|O[7 0] 0B B1 BO BO Bl B2 B3 BO I
| T T T T
Instr‘luction Address Data 1 Datam Datam+l
! OSPI Write Multiple Register '
Dual Data Read
ThE8PI Dual Data Write instruction inputs the 1in:¢
clock and inputs the data two bits per clock. T

only with clock frequencies wup

protocol

The SPI client interface is sel-bcte8DbW
32h, is input into the | O [0] pin, fol
a BYTE address wi tdhaitna tfhoel Idoewsi cteh.e Tahdedr e s s

the 10 [1:0] pins
subsequent <c¢cl ock

starting with-bthbhe
edges. The dat a
the evedndbi thaare not written when the

invalid and the register is not

The CS input is brought inactive to

t mr t8e0d MHz .

vbri it tse atrce

QSTFIi sl

Fnsstud

owed by

bytes

mebsshfiftée

ti mep urt

CS is ret
affected.
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Fi gwi@le8d SPI DUAL Dihustrates\d Rpical Bingle and multiple register dual

data write.

Fi guwil8 SPI DUAL DATA WRI TE

“| .
%ﬁUUUUUUUUUIﬂﬂHﬂHﬂTIﬂf1ﬂﬂf
WM

SCI K(actl ve

I
|
|
|
|
SI00 |0 0 1 1 0 0 1 0
T T
| T |
! |
|
T
|

dec A13 | A12 [ A1 | A0 | A9 A0 [ D6 D28 | D26 | D24

i
nc

T . T
Instruction Address Data

DW !

Slo1

Data

SPI Dual Data Write Single Register

|
|
|
Cs |
|
|
SCK(active
meﬂﬂlﬂﬂﬂﬂﬂﬂILIﬂfiﬂﬂI*UUUL
SCK(acnve| ‘
high
I
Sloo | O 1 0 0 1 | 0 |dec

T
Instruction

D24

D6

D4

A13

A0

D6

D24 D7 D4

i
nc

T T T T
Address Data 1 Datam Datam+1 |

D7 D5

I
I
sio1
f
I

o7 || | D25

D25

D7

DS

T T T
Data 1 Datam Datam+1

SPI Dual Data Write Multiple Register

Quad Data Read

The SPI Quad Data Write instruction inputs the
per clock and inputs the data four bits per cl
protocol onl y nwiitehs culpo ctko f8&OegMiHez. Thi s instruct.i

bus protocol

The SPI slave interface is selebitedSOQRPWfinstr be
62h, is input into the 10[0] pin, followedi foyy t |
a BYTE address within the device.

The data follows the address bytes. The data is
msn of the LSB. The remaining nibbles are shift
write to the tregi sbhietrs3 dacrceu risn pauft . -blinn st lae ee neont wtr
when the CS is returned high, the write is cons
The CS input is brought inactive to conclude th

Figws#® SPI OQUAD DifuEtratesd R pical Bingle and multiple register quad
data write.
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SPI QUAD DATA WRITE

SCK(active
|0(W) 1 2 3 4 5 6 7 8 9 10 (11 12 13! 1 15 16 |- 24 25 |26 |- 38 |39 40|
I
SCK(acti I
hi(gahcwe|1234567891012314516 24) |25 I 38| |39 [40
|
|
sSio0 | 0 1 1 0 0 1 0 dec A13 | A12 | A11 | A0 | A9 A8 A7 |- A0 D4 DO | p20 | p2s | p2a
| T T T
{ |
so1 : Instruction Address o |
L)t
os | o1 | | p2t | 02 | D25
i
|
Data |
Slo2 I
— o7 | o2 | | p22 | b3 | D26
|
SI03 Data |
jl o7 | o3 | | F23| D31 | D27
|

Data

SPI Quad Output Write Single Register

ol i

| |
| |
=l 1
I 1
| |
SCK(active
low)
SCK(aClIVEl I
high
SI00 :0 0 0 1 0 dec

nc A13

A0 D28 | D24

Inslrlljction

SIOl: Address | |

t le ot | | pzs | ps | b1 | | D17 | D29 | D25

|

| |
slo2 |

. le 02 || p26 | o6 | D2 | | p1s | D30 | D26

|

| i
SI03

E Im o3 | | p27 | o7 | b3 | | p1o | D1 | D27

| N~ T !

Data 1 Datam Datam+1 Datan :
SPI Quad Output Write Multiple Register

Dual Address |/ Data Write
The SPI Dual Address [/ Data Write instruction i
and t he adddarteas sbyatheds t wo bits per clock. This i
protocol only with c¢clock frequencies up to 80 M
bus protocol
The SPIlI client interface is selbeicDABWbiynsftirruscat ibc
B2h, is input into the O[ 0] pin, followed by t
address bytes specify a BYTE address within the
The data follows the address bytes. Thehdaha is
msbs of the LSB.-biTthe arenashihgedi i n on subseque
write to the regisbtietrs ocacrceurisn pauftt.elrli nt ftelne3e2e neont wtr
when the CS is returned hiigh,andet ve integi St €ronis:
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The CS input is brought inactive to conclude th

Figuw2é® SPI DUAL A DDRE S Silustrateb styipisal Siliéld aimdEnultiple
register dual address / data write.

Fi gw® SPI DUAL ADDRESS / DATA WRITE
|
cs_l :,_
low)

SCK(active |
high
SIo0 |11 0 1 1 0 0 1 1
|

|

| InstrLIJction |
SI01— dec
| [
|

i
nc

A12

A10

A8

A6

A4

A2

A0

D6

D4

D28

D26

D24

D29 D27

Al13 All A9 A7 A5 A3 Al D7 D5

T
Address Data

SPI Dual Address / Data Write Single Register

=] r

i
| |
L

SCK(active |
high

sioo |11 0 1 1 0 0 1 1 ’ "‘E A2 | A0 | A8 26 A4 A2 A0 | D6 o4 || p24 | D6 o4 | | D28 | D26 | D24
} T
T
| Instruction [
SIO1— l dec | A13 | ALL [ A9 AT AS A3 [ | o7 [ D5 | D25 | b7 | DS | D29 | D27 | D25

|
|
| T T T T |
Address Data 1 Datam Data |
m+1 '

SPI Dual Address / Data Write Multiple Register

Quad Address [/ Data Write

The SPI Quad Address |/ Data Write instruction i
and the address and data bytes four bmntSPpebusl
protocol only with c¢clock frequencies up to 80 M
bus protocol

The SPI client interface i s selbeictt eIQADW fiinrssttr ubc
E2h, is input intobyhehée O{f@d addresovl|l bptved i nto
address bytes specify a BYTE address within the

The data follows the address bytes. The data is
msn of the LSB. The remaomisgbanéedbeérts alrecls hedgdg
write to the regisbtietrs ocacrceurisn pauftt.elrli nt ftelne3e2e neont witr
when the CS is returned high, the write is cons

The CS bmpughitsi nactive to conclude the cycle.

Fi gwRd SPI QUAD ADDRE S Silludtratds atypfal $ivBlé ahdEmultiple
register quad address / data write.
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Fi gurd

SPI

QUAD ADDRESS

[/ DATA WRI TE

—

SCK(active ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ ﬂ l—‘
Io(w) 1 2 3 4 5 6 7 8 9 10| (11] (12 13 1 15( |16 17 (18 19 20
o
Scﬁg?f“"e : 1| 2| 3] [4| |s| [s| |7| |8| |o| |wo| 1| h2| |3| |14 [s| [1d [27] |28 [29 J20

Sloo (11 1 1 0 0 0 l|0
|

A12 A8 A4 A0 D4 Do D12 D8 D20 D16 D28 D24

|
|

SIO1 — |A13 A9 A5 AL D5 D1 | D13 | D9 | D21 | D17 | D29 | D25
| T
| |
| -

SI00—T I n'c A0 | A6 A2 D6 | D2 | D14 | D10 | D22 | D18 | D30 | D26
| T
| | |

SIo1 : | dec | A1l | A7 A3 D7 D3 | D15 | D11 | D23 | D19 | D31 | D27

T
T |

Address Data

SPI Quad I/0 Read Read Single Register

= In

\
SCK(active
|0(W) 9 10 |11 |12 13 14 (15| |16 17( |18| (19 20| |21] (22 | w
SCK(acIlve ‘ 9 10| |11 2 3 14| {5 1 17| 18] 190 [20| |21 mr
A8 A4 Al

SI00 }1 1 1|0 0 0 1 0’A12| ‘ ‘u D4 | Do | D12 [ D8 | D20 | D16 I ‘I D16 | D28 | D24
! Instr&mlon
SIOI% %A3 AB‘AS‘AI o5 | b1 DJ.ZIDBIDZiI D29 | D25 I ‘| ’ I ‘ “
|
smo% {ml\\\ \ | |\|m|m\ ’m|m|27‘
|
SIOl} %dec‘ AlL ‘ A7‘ A3 o7 D3 | D15 | b1 | D23 | D19 | D31 | D27 D7 ‘ ’ I I ‘
~——— T %_/}
Address Data1 Datam Datam+1
SPI Quad Address/Data Write Multiple Register
SPI WAKE UP SYSTEM
When Chip has entered Low Power mode,r elgsiesrt ecrant o
exit Low Power Mode by SPI/QSPI/ OSPI.
To determine when the host interface is function
should be polled. Once the correct pattern i s rE€
At t hi se phpeiwitc,e ttheady ( READY) register can be po
is fully awake.
SPI ACCESS FI FO
SPI/ QSPI / OSPI supports access to registers and
users need to ensure that FI HO garaec creosts, o wtt heefr wt
|l oss will occur.
The BUS modul e provi des S 0ome FI FO Count reg
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PRAM_WR_AVAI L _ CNT, which can be read out t hr ou
TXFI FO, the number of read datRRAsM oRuD dAVMAd LI _e€NsT.
When the wuser writes RXFI FO, the number of wri
PRAM_WR_AVAI L_CNT.
When reading TXFIFO, it is recommended to read P
PRAM_RD_AVAIL_CNT data in TXFI FO.
When wmRIXtFil iF@, it is recommended to read PRAM_W
PRAM_WR_AVAIL_CNT data to RXFI FO.

7.2. External memory controller (EXMC)

7.2.1. Overview
The EXMC module provides an interface to connec
ESGubontroll er. It can convert the signal of E>
data transmissi onE®»@t ween MCU and

7.2.2. Characteristics
A Convert the EXMC signal to the AHB signal to access the ESC CCTL
A Convert EXMC signals into FIFO read and write signals to access ESC kernel PDRAM.
A support EXMC multiplexing mode:8-bit and 16-bit; AHB: 8-bit, 16-bit and 32-bit.
A Support host MCU clock up to 200M and sub ESC clock up to 80M.
A Support manual device wake-up via EXMC.
A Support access PDRAM

7.2.3. Functoivoenr vi ew

Bl ock diagram

EXMC is the combination of five modules: The AHB bus interface, EXMC configuration
registers, NOR/PSRAM controller and external device interface. AHB clock (HCLK) is the
reference clock.
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Fi guwR2e&The

EXMC bl

ock diagram

EXMC_CLK

_EXM C_NWAIT

A4

EXMC_NE

EXMC_NL(NADV)

\4

EXMC_NWE

A4

EXMC_NOE

\4

EXMC_A

EXMC_Din

A4

P EXMC_Dout

\4

EXMC signal
process

AHB interface

A\ 4

7S

A 4

FIFO interface

y
addr \

7S

EXMC_NOR

Basic trans mi

Ssion

EXMC_NOR supports both async and sync modes. Async mode is used to access the ESC
CCTL, sync mode is used to access the asynchronous FIFO. The EXMC_NOR module
samples the address sent by the MCU and determines whether the current transmission is

asynchronous or synchronous based on the address range.

Async mode

In async mode, all EXMC inputs change at the rising edge of the host MCU's HCLK, and ESC
synchronizes these signals with the system clock. Therefore, the host needs to hold these
signals for enough time to ensure that the sampling is correct.

The async mode is used to access core ESC CCTL and system ESC CCTL. Each EXMC
transfer can be 8-bit or 16-bit, and supports conversion to 8-bit, 16-bit, 32-bit AHB transfer.
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TabV-2EXM@iand description

Pin name Description
EXMC_NE Chip enable. It needs to be low during EXMC
transmission.
EXMC_NL(NADV) Address enable. Indicates that the address sent is
valid.
EXMC_NOE Output enable. Indicates that data sent by ESC to
MCU is valid.
EXMC_NWE Write enable. Indicates that the data written by the
MCU to ESC is valid.
EXMC_Din Input data. Indicates the address during address
sending and the data written to ESC during data
write.
EXMC_Dout Output data. Indicates the data sent by ESC to
MCU

The host MCU will send address and data to ESC through EXMC. The address establishment
time ASET and data establishment time DSET are four slave system clock periods, and the
address hold time AHLD is one slave system clock period to ensure correct address and data
sampling. An AHB transfer is initiated when the address and data are sampled. In GPIO,
EXMCTYPE and EXMCHSIZE can be configured to determine the data bit width of EXMC
and AHB. EXMCTYPE=1 is the 16-bit mode of EXMC, and EXMCTYPE=0 is the 8-bit mode.
HSIZE is configured in the SYSCFG module. hsize=00, 01, and 10 correspond to AHBS, 16,
and 32 bits respectively.

EXMC_NOR automatically determines when to convert the AHB transmission based on the
bit width of EXMC and AHB, for example

When initiating a ®wWXMC®@& YPOE aannsdmiAskbB bans BB2MEBE NOR wi
compl ete the AHB signal conversion after the f ol

Wh e nEXd@MCT Y=POE AHFoB t32r ead itnriansafteerd,i ss he data is r
bus when the first EXMC transfer i s initiated,
EXMC_NOR host in each of the four transactions.

Fi gu7k2e3  Asynchronous wr istheo wisr-bBan sInBESXMICo nwr i t € o0 p ¢
convertetditoABBl@&rite operation. When EXMC_NOR
host, pull down bhéehBWARTter gmragtee r stnhge thhoes td aMGU
sampl e the NWAIT signal to maintain the waiting
EXMC_NOR rel eases NWAI T. After NWAI T is releas
function EXMC_NWE is enabled fem ttchomedk hedtease
select signal EXMC_NE is enabl ed.
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Fi gwR28 Asynchronous

wr

ite transmission

EXMC_D[15:0] addr [15:0]
!

data[15:0]

EXMC_NE

EXMC_NL(NADV)

EXMC_NOE

EXMC_NWE

EXMC_NWAIT

Address Setup Time

(ASET HCLK)

Address Hold Time
(AHLD HCLK )

\
|
|
\

\
!
|
\
\
\
\
|
!
|
/

/.
\
\

Data Setup Time
(DSET HCLK)

Figw2d Asynchronous

r ealdo ws atntseni tsismiomg

di agram

and DSE-

er nawit

read transmission. The nwai't mechani sm

When nwalieéediwsppddri ng the creat EONWMEnf| Feaxt dadat
system clock of the host by 4 hosts aft

DSET.

Fi gw2ed Asynchronous read transmission

EXMC_D[15:0] addr [15:0]

| f
>< >< data[15:0]
| |

EXMC_NE

EXMC_NL(NADV)

ot

EXMC_NOE \
t
|
EXMC_NWE }
|
I
EXMC_NWAIT | ‘Z
| /. 4 HCLK
| |
Address Setup Time | Address Hold Time | Data Setup Time
(ASET HCLK) (AHLD HCLK) (DSET HCLK)
Fi g u7r2es b#dekack transfers wishowwatbthakclt uamslf er
with nwai.t included
Fi guw2éd baekack transfers with nwait included
| | | | | | |
S A ) 1 1
ﬂ—\l\ | | | | /‘/—
i i i i i | l
EXMC_NWATT 1 I ! ! ! /r cLk i
i i i o e i Al i i i i
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Sync mode

EXMC_NOR wutilizes sync mode to access tE&Casynch
core. I'n sync mode, al |l signals sent by the M
EXMC_CLK provided by the MCU. When the FilFgO is
used to hold the MCU signal, so that the signal

Figw2é Write transmi s ssihoonvé en wvsryintce ntordeen s mi ssi on
EXMC write data is sampled 5 cycles after the a
are spliced into a 32bit data, and FIFO writes

Figwi2éé Write transmission in sync mode

EXMC_CLK
+ + | t t
i EXMC EXMC EXMC EXMC EXMC EXMC
EXMC_D[15:0] }< addt(15:0] >< ><dala 1[15: D]><dala 2[15: u]>< ><dava 3[15: 0]><daia 4[15: O]><da!a flis: O]><dala pl15:0]

I T T T T
| |
|
|
|
|
|
l
|
|
|
|
|
|
f
|
|
|
|
|
l

EXMC_NEX

EXMC_NOE

|
|
|
|
|
|
I
|
I
|
|
|
|
f
t
EXMC_NWAIT |
|
|

5 EXMC_CLK

Burstiwrite of six half -words

T T
| | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
! I I ! I

| | | | | |
I I I I I I
! ! | | ! !
| | | | | |
| | | | | |
EXMC_NWE | | | | | |
f f f f f f
| t t t

| | | | | |
| | | | | |
L | | | | |
| | | | | |
| | | | | |
| | | | | |

FigwrR2gd Read transmi ssisohnowisn tshyencr enaodd e r ans mi ssi
When the address is sampl ed, the host MCU start
|l ater-bitnmb@e, the read dattawoobl e acddt &1 FOnt sssEd
froKIME_NOR

Fi gw2& Read transmission in sync mode

EXMC_CLK

EXMC_D[15:0]

EXMC_NEX

EXMC_NL(NADV)

EXMC_NOE

EXMC_NWE

EXMC_NWAIT

6 EXMC_CLK

Usage process

Bef ore wusing EXMC_NOR Procgse datarintedade treferengeoalle
register (PMU PDIREFVAL) t o check whether EXMC_NOR is avail

is 0x7654B83XMC_NOR can be used normally. Then pol
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When the bit is set rteaadly, ftolre uesret.i re device 1is

Wake up function

WheBS@&nter-powew mol2H Ddr, D3, EXMC_NOR can be wus
wake wup the device by initiating a write oper.
EXMC_NOR interface. The AHLD ofo BXMC snte eMGU tsoy st
clocks during this operation. oAS tcearn sdeentdei rnngi nteh ew
EXMC_NOR and the entire dePRrdcesedatainterface vraferdngeb| e by
value reqgister (PMU PDIREFVAL) a n &ontrol reqgister 0 (PMU CTL0O) BiOti rJsage

process .
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8. Ethernet PHYS

8.1. Overview
GDSCdlont ai ns PHYst [2A menidd eBnt i calThééHY ui cctd mmead ti st
the Ether CATh@drYt BOcomnZ.cts t o EtPHersCAT tpearfta cle.
their respective MAC viBhenPHYhs ecompl| yMIwi timtteh d
Physical Layer for Twisted Pair Et heXrG®Et Mlamd c
(100BABE Ethernet operagtiisetr.rhsAlfloHEPEHWS 0t2. 3 speci
management register set and are fully configura

8.2. Characteristics

A Fully IEEE 802.3 100 Base-TX compliant and supports EEE

A Auto negotiation and parallel detection capability for automatic speed and duplex
selection

A Supports MIl interfaces

A Auto polarity correction in 10Base-T

A Supports Auto-MDIX function for Plug-n-Play

A Programmable loopback mode for diagnostic

A Supports programmable LED output for different applications power on LED Self-Test

A Supports WOL(Wake-On-Lan) functionality
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Fi gwBilePHYunct bboak diagram
To External Port X Ethernet Pins
V
Auto MDIX
MDIO
f;r;necl EtherCAT : L PHYAFE
10/100TX
Mil
MITRMII (K> crenr vae
10/100RX
PLL
Clock/Re LED
set
H
System
8.3. Functional Overview
8.3.1. Oper aMbda

1 0 0 B ATSXE: I'n the transmitter, the dat aesnncoelamd, fr o
serialized, scrambl ed, and coded with a MLTS3
t he medi um i s recovered, decoded from MLTS3,

decodedbi ntdata.

When thenroe data to be tmainmsfrartmse di,t st hlei nsky sgeaer t ne

Il dle (LPI) signaling andsatvhienng emotdeer. tQna ntshnei tottehre
receiving the LPI signal from the I|-sakipgr mode,.
Only periodi ualedsitgonkleiepgtihe | ink alive.

8.3.2. MI'l I nterface
The Media I ndependent I nterface (MIIl) 1is

MAC and PHY. The c¢clock rate is equal to 2.
100Mbps tr ambseni MAC othg aas dhi recei vers dat a
and RXCLK which are generated by PHY.

TXEN is asserted, TXD[3:0] is accepted for

synchr

TXEN is asserted indicates transmit -as@rnegderr

TXER asserted, and TXD[3:0] equal to 0001

state. TXEN, TXER and TXD[3:0] are synchronousl

When RXDV is asserted, RXD[ 3: 0] transfer
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Assieoan of RXER indicates a recei veasesrerrotred,T hRXEF
asserted, and RXD[3:0RB dddalcltien@0qXk aiyn fMArChs tihta
in the | ow power state. CRS is asserntge.d GuMhlLe ni st
asserted when the PHY detects a collision. R XD\
RXCLK.

8.3.3. S Ml I nterface
The Serial Management I nterface (SMI) can be use
bet ween the Station MaPddyemdlser §STAN amdot ae c e s
register settings of the PHY with SMI. The MDI O
of command (r/w) field and data field, and sync
pul-updwhem® trheerderrnali.ng sig

8.3.4. Aut omatic MDI/ MDI X and Polarity Confi gul
Aut omatic MDI/ MDI X configuration is intended to
cables between two devices. PHY can do MDI / MDI
transmission andnorrentael pityi.onT hveor MDI / MDI X confi gu
determined by setting the register manuall y.
PHY can correct the polarity errors on the pair !

8.3.5. Loopback Modes
The | oopback mode provides a diagmnostiaandf uerctipo i
so it can tests the transmit and receive data p:

8.3.6. Wa k-&nL AN
Wa k-@nLAN is i mplemented using a speci al net wor k
magi c packet contains the MAC address owWaitthe de:
for a | egal magi c packet addresseagp tpog oictedamde .t hi
When Wadkean function is enabl ed, the PHY wil!/ S
packet is received.

8.3.7. LED Modes

There are 3 LEDciomttaroflade&Dusdadattucs for | ink stat
indicating.

There are two LED cantniewe i-amtditvyep,wE § bhaBwgehd L ED
connect died prwam
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FigwBi2e LED connect diagram
_ _ 4@——? LED interface
High -active
Low-active |
: (E |> LED interface
Once |l ed interfaceacsicenngpeéedthe hngérface PH
tied to zero.
Once ilngderface is @annecect dd paes Itdve i nterface PH’®
tied to one.
The LED status information is defined as bel ow:
A Link LED:
K on: Linkis up
K  off: Link is down
K  flush: Data transmission
A Speed LED:
K on: 100M
K  off: 10M
K flush: N/A
A Duplex LED:
K on: Full duplex
K off: Half duplex
K flush: Collision
The flush period of LED is 33 milliseconds.
8.3.8. LPI Signaling

When the LPI client issues a LPI request, the P
partner that the leoa¢calr PHY Ll goeitmagetoThe PHY
transmitting Sleep symbol s. During the LPI st s
periodically. When the LPI client requests to |

symbols to aslkrtheupwiafkder pfaurtt her transmission.

When receiving the Sleep symbols from its |ink
is going to enter the LPI state. After the remo
turn off some wiercuiDusinhng ¢ &eelLPd state, the PH
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update its filter coefficients and adjust ti mi
partner, the PHY goes back to nor mal operation
ti me.
Fi gwBB3e 100-BXAskPI
! « Acti
Active Sleep Refresh Refresh N Refres Wake ce
time
For 100BASE -TX, LPI
Tr:200~230us < >
Tqg:20~22us
< >l >
Tq Tr
8.4. PHY Register definition
8.4.1. Page 0O Registers
PHY ontReagli sPdY _ I 1) CTL
Address offset: 0x00
Reset value: 0x3100
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FORCE_S MR_REST] FORCE_S|UNIDIREC
MR_MAI |[LOOPBAC| MR_AUTO|POWERD FORCE_D|COL_TES
PEED(LS Re s e r|ART_AUT PEED(MS [TIONAL_E| Reserved
N_REST K_EN NEG_EN OWN UPLEX T
B) ONEG B) N
w w w w w w w w w w
Bits Fields Descriptions
15 MR_MAIN_REST Main Reset
Reset the status and control register of PHY to their default values and self-
clearing
1: Reset
0: Normal
14 LOOPBACK_EN Loopback Enable
When in loopback mode, the duplex will set to full duplex mode and Auto-
Negotiation capability will be disabled automatically
13 FORCE_SPEED(LSB) Force Speed LSB

Bit 13 and 6 combines the speed selection. It is only valid when
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MR_AUTONEG_EN = 0. When fiber mode is enable, internal speed will be
set to 100M automatically and ignores this field setting.
00: 10M
01: 100M
1X: Reserved

12 MR_AUTONEG_EN Auto Negotiation Enable
Result of this Dbit shoul d b e¢o d@drniire
internal final Auto-Negotiation enable signal (Auto negotiation will be
disabled in Fiber mode). Please also note that when LOOPBACK_EN is set
tol

11 POWERDOWN Power Down Mode
Active high to program the PHY into power down (power down analog TX
analog RX, analog AD)

10 Reserved Must be kept at reset value.

9 MR_RESTART_AUTONEG Re-Start Auto Negotiation
This bit will be self-cleared by the PHY after programming1 6 b1 t o
Writing 16b0 to this bit has no ef
1: Restart Auto-Negotiation

0: Normal

8 FORCE_DUPLEX Force Duplex Mode
This bit is only valid when bfRhisAt
should be OROG6ed with L OOiRt&ralClidal d@uipex
capability
1: Full Duplex (Default)
0: Half Duplex

7 COL_TEST Collision Test

When this bit is assert, the PHY will assert COL signal within 512 BT in
response to assertion of TX_EN and will de-assert the COL signal within 4
BT when connected to Ml or 16 BT when connected to GMII in response to
the de-assertion of TX_EN

6 FORCE_SPEED(MSB) Force Speed MSB
Please refer to bit 13

5 UNIDIRECTIONAL_EN Unidirectional Enable
Enable the ability to encode and transmit data from the MIl / GMII interface
regardless of whether the PHY has determined that a valid link has been
established. This ability is only valid when Auto-Negotiation is disabled and

duplex mode is full

4:0 Reserved Must be kept at reset value.
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PHY t atRegi sRHY_MI | _9TATUS

Address offset: 0x01
Reset value: 0x79C9

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
100BASE-|100BASE-| 10BASE- | 10BASE- | 100BASE |LOOBASE_|EXTENDE[UNIDIREC MR_AUTO
100BASE MF_PRB_ REMOTE_| AUTONE [LINK_STA|JABBER_ [EXTENDE
X_FULL_ [X_HALF_[T_FULL _D|T_HALF_| T2 FULL[T2_HALF_|D_STATU|TIONAL_A| NEG_CPL
_T4 SUP FAULT | G_ABLT TUS DETECT | D_CAP
DPX DPX PX DPX _DPX DPX S BLT T
r r r r r r r r r r r r r rc_r r r
Bits Fields Descriptions
15 100BASE_T4 100BASE T4 Capability

Not Supported. Will be 0 all the time

14 100BASE-X_FULL_DPX 100BASE TX Full Duplex Capable
1: PHY is 100BASE-X full duplex capable
0: PHY is not 100BASE-X full duplex capable

13 100BASE-X_HALF_DPX  100BASE TX Half Duplex Capable
1: PHY is 100BASE-X half duplex capable
0: PHY is not 100BASE-X half duplex capable

12 10BASE-T_FULL_DPX 10BASE-T Full Duplex Capable
1: PHY is 10BASE-T full duplex capable
0: PHY is not 10BASE-T full duplex capable

11 10BASE-T_HALF_DPX 10BASE-T Half Duplex Capable
1: PHY is 10BASE-T half duplex capable
0: PHY is not 10BASE-T half duplex capable

10 100BASE _T2_FULL_DPX 100BASE T2 Full Duplex Capable
Not Supported. Will be 0 all the time

9 100BASE_T2_HALF_DPX 100BASE T2 Half Duplex Capable
Not Supported. Will be 0 all the time

8 EXTENDED_STATUS Extended Status
1: Extended status information in register 15
0: No extended status information in register 15

7 UNIDIRECTIONAL_ABLT Unidirectional Ability
1: PHY able to transmit from MII/GMII regardless of whether the PHY has
determined that a valid link has been established
0: PHY able to transmit from MIlI/GMII only when the PHY has determined that

a valid link has been established

6 MF_PRB_SUP Preamble Suppression Capability
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1: PHY can accept management frames with preamble suppression

0: PHY cannot accept management frames with preamble suppression

5 MR_AUTONEG_CPLT Auto Negotiation Complete
1: Auto-negotiate completed
0: Auto-negotiate incomplete

4 REMOTE_FAULT Remote Fault Detection
1: Remote Fault
0: Normal

3 AUTONEG_ABLT Auto Negotiation Ability

1: PHY can Auto-Negotiate
0: PHY can not Auto-Negotiate

2 LINK_STATUS Link Status
1: Link is up
0: Link is down
Note: When the PHY is programmed into loopback mode,PHYX ont r ol
Regi sPEHY KI NBCTL4 (LOOPBACK_ E NheiPHY vslle
be forced linkup. Link Status should updated according in this bit to make MAC

work properly. This bit is implemented with a latching high function, such that
the occurrence of a link failure condition will cause this bit to become cleared

and remain cleared until it is read.

1 JABBER_DETECT Jabber Condition Detected
1: Jabber RX and TX condition detected
0: Normal

0 EXTENDED_CAP Extended Register Capability

1: Extended register capabilities
0: Basic register set capabilities only

PHY I dentifier Register (PHY_ | D_REG)

Address offset: 0x02
Reset value: 0x0044

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PHY_ID [15:0]

Bits Fields Descriptions
15:0 PHY_ID [15:0] PHY ID bit [31-16]
OUI (bits 3-18). OUI =00-11-05
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Address offset: 0x03
Reset value: 0x1400
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PHY_ID[5:0] PHY_MANF[5:0] PHY_REV_NO[3:0]
r r r
Bits Fields Descriptions
15:10 PHY_ID[5:0] PHY ID bit [5-0]
OUI bits 19-24
9:4 PHY_MANF[5:0] Manufacturerdés Model Number
Manufacturer 6s Mo@ eHere [$:4]m brehitectréoversian 5
3.0 PHY_REV_NOJ[3:0] Revision Number (bits3-0) Register 3, bit 0 is LS bit of PHY Identifier
AutMdegotiation Adver tHBY mMelhTONE® ishDVer (
Address offset: 0x04
Reset value: 0x0101
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
REMOT|IEXTEN 100BA100BA10BAS10BAY
NEXT_ ASYM_ 100BA
Reser|[FAULT|_NEXT, PAUSH TX_FU[TX_HAT_FUL|T_HAL SLCT_FLD[ 4:0]
GE_E USE T4
- N AGE DP X _DPX P X DPX
w w w w w r w w w w r
Bits Fields Descriptions
15 NEXT_PAGE_EN Next Page Enable
1: Set to use Next Page
0: Not to use Next Page
14 Reserved Must be kept at reset value
13 REMOTE_FAULT_EN Remote Fault Detection Enable
1: Auto Negotiation Fault Detected
0: No Remote Fault
12 EXTENED_NEXT_PAGE Extended Next Page
Not supported in the PHY. Should be wrote 0 all the time
11 ASYM_PAUSE Asymmetric Pause Capability

Technology Ability A6
1: Asymmetric Pause capable

0: Asymmetric Pause non-capable
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10 PAUSE Pause Capability
Technology Ability A5
1: Pause capable
0: Pause non-capable
9 100BASE_T4 100BASE-T4 Capable
Not supported in the PHY. Should be wrote 0 all the time
8 100BASETX_FULL_DPX 100BASE-X Full Duplex Capable
1: Capable of Full Duplex
0: Not Capable
Note: When Auto-Negotiation is disabled, value on this bit will reflected the value
programmed in PHYcontrRelgi strRHY ¥I 1) BIT6L. BIT13
(FORCE_SPEED) and BI T8( FORCE_DUPLEX)
and FORCE_DUPLEXi s 16bl, then thisvesat wil
7 100BASETX_HALF_DPX 100BASE-X Half Duplex Capable
1: Capable of Half Duplex
0: Not Capable
Note: When Auto-Negotiation is disabled, value on this bit will reflected the value
programmed in PHY cont rRelgi strRHY ¥I 1) BIT6. BIT13
(FORCE_SPEED) and BIT8 (FORCE_DUPLEX).when FORCE_SPE
and FORCE_DUPLEX is 16b0, then verdai s bi i
6 10BASE-T_FULL_DPX  10BASE-T Full Duplex Capable
1: Capable of Full Duplex
0: Not Capable
Note: When Auto-Negotiation is disabled, value on this bit will reflected the value
programmed in PHY cont rRelgi stRHY I 1) BIT6lL BIT13
(FORCE_SPEED)and Bl T8 (FORCE_DUPLEX). Whe
and FORCE_DUPLEXis16b1l, then this bit wildl
5 10BASE-T_HALF_DPX 10BASE-T Half Duplex Capable
1: Capable of Half Duplex
0: Not Capable
Note: When Auto-Negotiation is disabled, value on this bit will reflected the value
programmed in PHY cont rRelgi stRHY I 1) BIT6L BIT13
( FORCE_SPEED) and BI T8 (FORCE_DUPLEX
and FORCE_DUPLEX is 16b0, then this
4:0 SLCT_FLD[4:0] Identifies Type of Message

AutMdegoti

Address offset: 0x05
Reset value: 0x0000

Forced to 56h01 alll the ti me

ation Link PartnRHYLIPB_ _ABILITY
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This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTEN 100BA100BA10BAS10BAS
NEXT_|[ACKNOREMOT ASYM_ 100BA
_NEXT| PAUSH TX_FU[TX_HAT_FUL|T_HAL SELECTOR_FI ELD[ 4:0
GE LEDG| FAUL USE T4
AGE DP X _DPX P X DP X
r r r r r r r r r r r r
Bits Fields Descriptions
15 NEXT_PAGE Link Partner Next Page Request

1: Link Partner is requesting Next Page function
0: Base Page is requested

14 ACKNOWLEDGE Link Partner ACKNOWLEDGE Received
1: Link partner acknowledge Received Successfully
0: Not Received

13 REMOTE_FAULT Link Partner Detects Remote Fault
1: Auto Negotiation Fault Detected
0: No Remote Fault

12 EXTENED_NEXT_PAGE Extended Next Page

11 ASYM_PAUSE Link Partner Asymmetric Pause Capable
Technology Ability A6
1: Asymmetric Pause capable
0: Asymmetric Pause non-capable

10 PAUSE Link Partner Symmetric Pause Capable
Technology Ability A5
1: Symmetric Pause capable
0: Symmetric Pause non-capable

9 100BASET4 Technology Ability A4
Link Partner 100BASE-T4 Capable

8 100BASETX_FULL_DPX Link Partner 100BASE-X Full Duplex Capable
1: Capable of Full Duplex
0: Not Capable
Note: When Auto-Negotiation is disable,v al ue on t hi s bit
time
7 100BASETX_HALF_DPX Link Partner 100BASE-X Half Duplex Capable
1: Capable of Half Duplex
0: Not Capable
Note: When Auto-Negotiation is disable,v al ue on t hi s bit

time

6 10BASE-T_FULL_DPX  Link Partner 10BASE-T Full Duplex Capable
1: Capable of Full Duplex
0: Not Capable
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4.0

15

14

10BASE-T_HALF_DPX

SELECTOR_FIELD[4:0]

Note: When Auto-Negotiation is disable,v al ue on t hi s

time

Link Partner 10BASE-T Half Duplex Capable

1: Capable of Half Duplex

0: Not Capable

Note: When Auto-Negotiation is disable,v al ue on t hi s

time

Link Partner Identifies Type of Message
Should be 56h01

AutMdegotiBxpaoamsRiegn sRHEY_ AUTONEG EXP

Address offset: 0x06
Reset value: 0x0064

This register can be accessed by half-word(16-bit).

13 12 11

10 9 8 7 6 5 4 3 2

bit

bit

0

Reserved

NXT_PAG|NXT_PAG LNK_PTN

E_LOC_A|E_STO_L ER_NP_A

BLE ocC BLE

PARA_DE MR_NP_A|PAGE_RE

T_FAULT BLE CEIVED

LNK_PTN

ER_AN_A

BLE

Bits

Fields

r r r r r

Descriptions

r

15:7

Reserved

NXT_PAGE_LOC_ABLE

NXT_PAGE_STO_LOC

PARA_DET_FAULT

LNK_PTNER_NP_ABLE

MR_NP_ABLE

Must be kept at reset value

Received Next Page Location Able
1: Received Next Page storage location is specified by bit 5

0: Received Next Page storage location is not specified by bit 5

Received Next Page Storage Location
1: Link Partner next page are storedinAut-Mbegoti ati on

Ne x t

Regi sRHY AUTONEG NEXT PAGE_RECEI VE

0: Link Partner next page are stored in AutMhegoti ati on L

Ability REWikEPeAB(LITY

Parallel Detect Fault
1: Local Device Parallel Detection Fault

0: No fault detected

Link Partner Next Page Capable
1: Link Partner is Next Page Able
0: Link Partner is not Next Page Able

Next Page Capable
1: Local device is Next Page Able

0: Local device is not Next Page Able
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1 PAGE_RECEIVED New Page Received
1: A New Page has been received

0: A New Page has not been received

0 LNK_PTNER_AN_ABLE Link Partner Auto Negotiation Able
1: Link Partner is Auto-negotiation able
0: Link Partner is not Auto-negotiation able

Authegoti ati on Next Page Trans mi
(PHY_AUTONEG_NEXT_PAGE_TRANSMI T)

Address offset: 0x07
Reset value: 0x2001

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NEXT_P MESSAG |ACKNOW
Reserved TOGGLE MSG_UFMT_CODE_FIELD[10:0]
AGE E_PAGE | LEDGE2
w w w r w
Bits Fields Descriptions
15 NEXT_PAGE The INext Page
I ndi cated whether this is the | a:
1: Additional next page will foll
0: This is the |l ast next page
14 Reserved Must be kept at reset value.
13 MESSAGE_PAGE Message Page or Unformatted Page
I ndicated this is the message pa
1: Message Page

0: Unformatted Page

12 ACKNOWLEDGE?2 The Ability to Comply with the M:e
Wi | | comply with the message
0: Can not comply with the messai
11 TOGGLE Toggl e

The toggtal butawetdl by hardware ai

10:0 MSG_UFMT_CODE_FIMessage/ Unformatted Code Field

Authegoti ati on Next Page Receive
(PHY_ _AUTONEG_NEXT_PAGE_RECEI VE

Address offset: 0x08
Reset value: 0x0000
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This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

NP_RX[15:0]

r

Bits Fields Descriptions

15:0 NP_RX[15:0] Next Page Received from Link Partner

MMD Access Control Regi ster (MMD_CTL)

Address offset: 0x0D
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
FUN[1:0] Reserved DEVAD[4:0]
w w
Bits Fields Descriptions
15:14 FUN[1:0] Function
00: address

01: data, no post increment

10: data, post increment on reads and writes

11: data, post increment on writes only
13:5 Reserved Must be kept at reset value.
4:0 DEVAD[4:0] Device Address

MMD Access Data Address Register (MMD_ADDR_

Address offset: OXOE
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ADDR_DATA[15:0]

rw

Bits Fields Descriptions
15:0 ADDR_DATA[15:0] Address Data
When bit 13.15:14==0, address register

PH¥YEXxtended Status Register (PHY_EXTENDED_ST

Address offset: OxOF
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Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

1000BAS [1000BASE|1000BASE|1000BASE]

E-
Reserved
X_FULL_[X_HALF_|T_HALF_|T_HALF_

DPX DPX DPX DPX
r r r r
Bits Fields Descriptions
15 1000BAXSEFULL_D1000BASE TX Fulll Dupl ex Capable
1: PHY i s -X OfOWIBIASEupl ex capabl e
0: PHY is net fuddoORBRADH ex capabl e
14 1000BXSHALF_D1000BASE TX Full Dupl ex Capabl e
1: PHY i s -XOfOWIBIASEup!| ex capabl e
0: PHY is net fwuddoORBASHE ex capable
13 1000BASHALF_D1000BASEFuUIl I Dupl ex Capable
1: PHY i s -TL OfOWIBIASEup!| ex capabl e
0: PHY1090BASEuUull duplex capabl e
12 1000BASHALF_D1000OBASHal f Dupl ex Capable
1: PHY i s -TLOWaOIBIASEupl ex capabl e
0: PHY is nelt hadGORBRADHE ex capabl e
11:0 Reserved Must be kept at reset value.

Il nterrupt Status Register (I NT_STS)

Address offset: 0x10
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LNK_STS
MGC_PKT|TX_LPI_R|RX_LPI_R
_CHG_IN Reserved
| DET_INT| CV_INT | CV_INT
T

rc_wl rc_wl rc_wl rc_wl

Bits Fields Descriptions

15 LNK_STS_CHLink Status Change | NT
0: Nor mal
1: Link status change

14 MGC_PKT_DEMagic Packet Detect | NT
0: Nor mal
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1: Magic packet detected
13 TX_LPI _RCVTX LPI Received | NT
0: Nor mal
1: TX LPI received
12 RX_LPI _RCVRX LPI Received | NT Mask
0: Nor mal
1: RX LPI recei ved
11.0 Reserved Must be kept at reset value.
I nterrupt Mask Register (I NT_MASK)
Address offset: 0x11
Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LNK_STS|MGC_PKT|TX_LPI_R|RX_LPI_R
_CHG_IN |_DET_INT| CV_INT_ [CV_INT_M| Reserved
T_MSK _MSK MSK SK
w w w w
Bits Fields Descriptions
15 LNK_STS_CHG_lILink Status Change | NT Mask
When set LIIONKL SalnsSd CHG_I NT bit in | N’
1, the interface I NT_SMI | NT_N/EXT_
active) to indicate that a magic pa
1: Nor mal
0: Interrupt is masked
14 MGC_PKT_DET_I IMagiacklet Detect | NT Mask
When set to 1 and MGC_PKT_DET_I NT b
1, the interface | NT_SMI _I NT_N/EXT_
active) to indicate that a magic pa
1: Nor mal
0: I nt maskpd i s
13 TX_LPI _RCV_INTX LPI Received I NT Mask
When set to 1 and TX_LPI _RCV_I NT bi
the interface I NT_SMI | NT_N/EXT_SMI
to indicate that a T&ct®tedeceived
1: Nor mal
0: I nterrupt is masked
12 RX_LPI _RCV_I NRX LPI Received | NT Mask
When set to 1 and RX_LPI _RCV_INT bi
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the interface | NT_SMI _I NT_N/EXT_SMI
to indicRX eLRIhartecei ved interrupt i
1: Nor mal
0: I nterrupt is masked
11.0 Reserved Must be kept at reset value.
Loopback Cont rPoHY _ReBg)CsTtLer (
Address offset: 0x12
Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
RG_LB_X RG_LB_P|RG_LB_P|RG_LB_A|RG_LB_E RG_LB_M
Reserved Reserved Reserved
MII2MAC CS2MAC | MA2MAC | FE2MAC | PG2EPC MII2PHY
w w w w w w w
Bits Fields Descriptions
15 RG_LB_XMII XMII 2MAC Loopback Enabl e
14 Reserved Must be kept at reset value.
13 RG_LB_PCS2 PCS2MAC Loopback Enabl e
12 RG_LB_PMA2 PMA2MAC Loopback Enabl e
11 RG_LB_AFE2 AFE2MAC Loopback Enabl e
10 RG_LB_EPG2 EPG2EPC Loopback Enabl e
9:8 Reserved Must be kept at reset value.
7 RG_LB_MMII RMII 2PHY Loopback Enabl e
Only valid when internal EPHY wused.
6:0 Reserved Must be kept at reset value.
PHY Global ConfiguPHYi GhORARIgi GONFEI G)
Address offset: 0x13
Reset value: 0x0102
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
RG_WOL_|
XMII_TXC|XMII_RXC FORCE_LIIRG_WOL |
Reserved EN_FX |EN_WOL CHK_PS Reserved MDI_MDI[1:0]
_INV _INV NK RCV_BC
WD
rw rw w w w w w 2

127




Bits Fields Descriptions
15:14 Reserved Must be kept at reset value.
13 XMl _TXC_I NVXMIl TXCLK I nversed
0: No inverse about TXCLK on the XM
1: Il nverse TXCLK on the XMII interf a:
12 XMI'l _RXC_I NVXMI I RXCLK I nversed
0: No inverse about RXCLK on the XMl
1: Il nverse RXCLK on the XMII interfa
11 EN_FX Fiber Enable
This bit wildl be OR6ed with EPHY_FXE

Bel ow shows the dredswlitti on for ORG6ed
1: Fiber Mode

0: Twisted Pair Mode

Note:When EPHY is progr ammedvDInX os hFoiubl edr
automatically mmdleforce to MDI

10 EN_WOL Wa k-@nLan Enabl e
Enabl e Magic Packet Detect Function

9 FORCE_LI NK Force Link Up
l1Force both 10/100M Module I ink up
0: Force Link or not depends upon FO

in 10/100M Configuration Register, riu
Note: FORCE LI NK works only when oPHYrice
mode. When PHY i tsaptognagmeédaitmon mo
this bit lfad ndisfbedt i s programmed

isnabl ed, it should be disabled auto

8 RG_WOL_RCV_BEnable Receive Broadcast Packet in W
l1Enable receive broadcast magic pack
0: Otherwise

7 RG_WOL_ CHK_PEnable SecureOn Password Check in WO
1: Enabl e SecureOn password check

0: Ot her wi s e

6:2 Reserved Must be kept at reset value.

1:0 MDI _MD[ 1: 0] MDI/ MDI X Mode
Val ueBUP@OLLED and RXER wil/ be Il atcht
power on reset and stored in these t°

00: Force MDI Mo d e

01: Force MDI X Mode

10: Auto MDI/ MDI X Detection (Default]

11: Reserved

MDI / MDI X mode wil I be set to O6Force
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eirheoopback or Fiber mode

MAC Address Register 0 (RG_MAC_AADR_0)

Address offset: 0x16
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAC_ADDR_BYTEO[7:0] ‘ MAC_ADDR_BYTE1[7:0]
w w
Bits Fields Descriptions
15:8 MAC_ADDR_BYTEOQ[7:0] MAC Address Byte 0 in Transmission Order
7:0 MAC_ADDR_BYTEL[7:0] MAC Address Byte 1 in Transmission Order

MAC Address Register 1 (RG_MAC_AADR_1)

Address offset: 0x17
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAC_ADDR_BYTE2[7:0] ‘ MAC_ADDR_BYTE3[7:0]
w w
Bits Fields Descriptions
15:8 MAC_ADDR_BYTEZ2[7:0] MAC Address Byte 2 in Transmission Order
7:0 MAC_ADDR_BYTE3[7:0] MAC Address Byte 3 in Transmission Order

MAC Address Register 2 (RG_MAC_AADR_2)

Address offset: 0x18
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MAC_ADDR_BYTE4[7:0] ‘ MAC_ADDR_BYTE5([7:0]
w w
Bits Fields Descriptions
15:8 MAC_ADDR_BYTEA4[7:0] MAC Address Byte 4 in Transmission Order
7:0 MAC_ADDR_BYTE5[7:0] MAC Address Byte 5 in Transmission Order
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PHY Status Register (PHY_STATUS)
Address offset: 0x19
Reset value: 0x8800
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MR_AUTO|
LINE_NO A_TXSAV |A_TXSAV [JABTX_S [ MDIX_ST [mac_addr | POLARIT [FINAL_PA|FINAL_PA|FINAL_DU FINAL_LI
Reserved NEG_CPL FINAL_SPEED[1:0]
SIG E80 E50 TATUS ATUS _byte5 Y_REV [USE_OUT| USE_IN PLEX NK
T
r r r r r r r r r r r r r
Bits Fields Descriptions
15 LINE_NOSIG No Signal on the Medium
0: Signal detected in the medium
1: No signal detected in the medium
14:13 Reserved Must be kept at reset value.
12 MR_AUTONEG_Auto Negotiation Complete
1: Complete
0: Not Complete
11 A_TXSAVE80 10M Transmit 80% Amplitude Status
1: 80% TX Amplitude
0: Normal Amplitude
10 A_TXSAVE50 10M Transmit 50% Amplitude Status
150% TX Amplitude
0: Normal Amplitude
9 JABRX_STATUReal Time RX Jabber Status
1: RX Jabber
0: No RX Jabber
8 JABTX_ STATUReal Time TX Jabber Status
1: TX Jabber
0: No TX Jabber
7 MDI X _STATUS MDI X STATUS
1: MDI X
0: MD |
6 POLARI TY_REPOI| aStiatyus
1: Reversed
0: Nor mal
5 FI NAL_PAUSEPause Out Capability
When auto negotiation is enakhutéddbgot h
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Advertisement PHYe gAUBTTGNE G (BAIDIV. [ 11: 1Aut-
Negotiation Link PartnePHYLRPR)P ABRIBLIT{TYW

after link up. When auto negotiation
1: With Pause Out capability
0: Without Pause Out capability

4 FI NAL_PAUSEPause I n Capability
When auto negotiati ond e tse renmiarke tedkhgyo t h
Advertisement PHREegAWBTTEGNEG(BAIDIY 11: 10]Ausb
Negotiation Link PartnePHYLRP)P ABRIBLITTYL
after | i nakutuop.neWhoetni ati on i s dada sladbhl Cet da,
1: With Pause I n capability
0: Without Pause I n capability

3 FI NAL_DUPLEDupl ex Status
Before |link up, S/W should ignore the

meaningl ess
1: Ful | Dupl ex
0: Hal f Dupl ex

2:1 FI NAL_SPEEDSpeed Status
Before |link up, S/W should ignore the
1: 100M
0: 10M

0 FI NAL_LI NK Link Status

1: Link Up
0: Link Down

Wa k-&nLan SecureOn Password Register 0 (RG_W

Address offset: Ox1A
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RG_WOL_PASSWORD_BYTEO[7:0] ‘ RG_WOL_PASSWORD_BYTE1[7:0]
w w
Bits Fields Descriptions
15:8 RG_WOL_PASSWORD_BYTEOQ[7:0] SecureON Password Byte 0 in Transmission Order
7:0 RG_WOL_PASSWORD_BYTE1[7:0] SecureON Password Byte 1 in Transmission Order

Wa k-&nLan SecureOn Password Register 1 (RG_W

Address offset: 0x1B

Reset value: 0x0000
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This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RG_WOL_PASSWORD_BYTE2[7:0] ‘ RG_WOL_PASSWORD_BYTE3[7:0]
w w
Bits Fields Descriptions
15:8 RG_WOL_PASSWORD_BYTEZ2[7:0] SecureON Password Byte 2 in Transmission Order
7:0 RG_WOL_PASSWORD_BYTE3[7:0] SecureON Password Byte 3 in Transmission Order
Wa k-&nLan SecureOn Password Register 2
Address offset: Ox1C
Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RG_WOL_PASSWORD_BYTE4[7:0] ‘ RG_WOL_PASSWORD_BYTES5[7:0]
w w
Bits Fields Descriptions
15:8 RG_WOL_PASSWORD_BYTEA4[7:0] SecureON Password Byte 4 in Transmission Order
7:0 RG_WOL_PASSWORD_BYTE5[7:0] SecureON Password Byte 5 in Transmission Order
Page Selection Register (PHY_PAGE_SEL)
Address offset: Ox1F
Reset value: 0x003D
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved PAGE_SEL[4:0] ‘ Reserved
w
Bits Fields Descriptions
15:13 Reserved Must be kept at reset value.
12:8 PAGE_SEL[4:0] MII Register Page Selection
7:0 Reserved Must be kept at reset value.
8.4.2. Page 1 Registers

EEE Conf i

Address offset: 0x17

gur e

Regi ster

(EEE_CFG)
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Reset value: 0x0033

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IEEE_ENA|
Reserved Reserved

BLE
w

Bits Fields Descriptions

15:4 Reserved Must be kept at reset value.

3 IEEE_ENABLE Intelligent EEE Enable

Enable EPHY TX enter LPI state automatically when no data transmission

2:0 Reserved Must be kept at reset value.

8.4.3. Page 2 Registers

10M Power Save Control Register (PHY_10M_PW

Address offset: 0x17
Reset value: 0x04C8

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BYPASS [BYPASS_
TEST_TX|TEST_TX SAVE_80_| TX10SAV
_TXSAVE | TXSAVE5 LINKPULSE_DLY_TH[3:0] Reserved SAVE_ON_DLY_TH[4:0]
SAVES80 | SAVE50 PERCENT| E_MODE
80 0
rw w rw w w w w w
Bits Fields Descriptions
15 BYPASS_TXSAVE8MBypass Nor mal Power Saving 80 Perc
14 BYPASS_TXSAVES0 Bypass Normal Power Saving 50 Percent Path
13 TEST_TXSAVES0 Power saving 80 percent Test Input
Valid only when BYPASS_TXSAVESO is enabled
12 TEST_TXSAVES50 Power saving 50 percent Test I nput
Valid only when BYPASS_TXSAVESO is enabled
11:8 LI NKPULSE_DLY_'Link Pul se Delay Generate Threshol
The threshold to delay transmissio
value programmed x 2 cycles, where
The default value set here is to d
7 SAVE_80_PERCENPower Saving 80 Percent

1: Enabl e
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0: Di sabl e
6 TX10SAVE_MODE 10M Power Saving Mode
1: 10M Power Saving mode enabl e
0: Nor mal mode without power savin
5 Reserved Must be kept at reset value.
4:0 SAVE_ON_DLY_TH|Power SabDélhay ofRhhreshol d
Anal og Transmit Data Test and Control Regi s

Address offset: 0x18
Reset value: 0x1000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

BYPASS_|BYPASS_
TEST_TX_100_DATA|

Reserved FIR_10_SEL[2:0] Reserved ITX_10_DA[TX_10_DA| Reserved TEST_TX_10_DATA [4:0]
[1:0]
TA TA
w w w w w
Bits Fields Descriptions
15 Reserved Must be kept at reset value.
14:12 FIR_10_SEL[2:0] 10M TX Filter Selection
11:10 Reserved Must batkepstet value.
9 BYPASS_TX_100_Bypass 100M Transmit dat a
1: bypass nor mal 100M data to ana
anal og
0: Nor mal 100M data sent to analog
8 BYPASS_TX_10_DBypass 10M Transmit dat a
1: bypass normalnaloly ddada foboce TE
anal og
0: Nor mal 10M data sent to anal og
7:6 TEST_TX_100_DA100M Test Dat a

Fed into analog block when BYPASS_
5 Reserved Must be kept at reset value.

4:0 TEST_TX_10_DAT.,10M Test Dat a
Fed into analog block when BYPASS_
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8.4.4. Page 3 Registers
DSPSM Control Regi ster (PHY_DSPSM_CTRL)
Address offset: Ox11
Reset value: 0x8510
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
BYPASS_
BYPASS_ TEST_BO
Reserved Reserved INI_100_AGCSEL[2:0] Reserved BOOSTEN Reserved
AGCSELD OSTEND
D
rw rw I\ rw
Bits Fields Descriptions
15:13 Reserved Must be kept at reset value.
12 BYPASS_AGCSELD Bypass AGCSEL
1: Bypass normal agcselD
0: Nor mal
11 Reserved Must be kept at reset value.
10:8 I NI _100_AGCSEL100M Mode AGCSEL initial Value
Function of these Acbotdi ngr et odi
BYPASS_AGCSELD BYPASS AGCSELD = 1:
I NI _100_AGCSEL BYPASS AGCSELD = 0
|l oaded during DSPRST and internal
change when i nitserlnoaw. blchoesrteefrmor e, D&
AGCSEL] for the range of [0,000] a
74 Reserved Must be kept at reset value.
3 BYPASS_BOOSTENIBoostenD BypassMode
I nternal BoostenD wil/l be skipped
control for debugging purpose
1: Bypass mode
0 Nor mal mo d e
2 TEST_BOOSTEND BoostenD Test Il nput
Force boostenD to this value when
1.0 Reserved Must be kept at reset value.
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8.4.5. Page 6 Registers
Anal og ADC Cont( PHllY ROECi LtTdr
Address offset: 0x10
Reset value: 0x5563
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
A_CLKTX
Reserved Reserved
RXSEL
I\
Bits Fields Descriptions
15:8 Reserved Must be kewal wmed. reset
7 A_CLKTXRXSEL Bypass RXCLK125 to TXCLK125
1: Internal RXCLK125 selects TXCLK125
0: I nternal RXCLK125 selects RXCLK
6:0 Reserved Must be kept at reset value.
Anal ogGairre and PLL ConfigRHAtPGRLIRe@QTIs)Y er
Address offset: 0x12
Reset value: 0x0D00
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SELCKAD
Reserved Reserved
T
rw
Bits Fields Descriptions
15 Reserved Must be kept at reset value.
14 SELCKADT Test Mode ADC Clock Select
This bit is only available when PHY is in AFE test mode,
other than AFE test mode, writing value to this bit has no effect
1: Select CKADTEST as ADC input clock
0: Select RXCLK125 as ADC input <cl ock
13:0 Reserved Must be kept at reset value.
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8.4.6. Pag®Regi sters
Embedded Packet Generator and Checker
Address offset: 0x10
Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RG_EPG_[RG_EPG_ RG_EPG_
RG_EPG RG_EPC_| RG_EPC_|RG_EPG_|RG_EPG_[RG_EPG_|
RG_EPG_DATA_TYPE[2:0] [IPG_LEN_|DASA_FIX|RG_EPG_MODE[1:0]|LPI_INDIC Reserved
_EN LOC CLR_CNT|CLR_CNT| PAUSE GO
FIXED ED ATION
rw rw rw rw w rw rw rw I\ I\ rw rw w
Bits Fields Descriptions
15 RG_EPG_EN Embedded Packet Generator Enable
This bit is used to enable embedded packet generator for debugging
purpose. When it is asserted, internal tx data path will be switched to the
embedded packet generator
14:12 RG_EPG_DATA _TYPE[2:0] Embedded Packet Generator Mode
36b00O0: al | zer os;
36b001: al | ones;
36b010: al | 5s;
36b011: al | As ;
36b100: byte I ncrement;
36b101: random;
30b110: byte decrement
11 RG_EPG_IPG_LEN_FIXED Inter-Packet-Gap Length Fixed
1: Inter-Packet-Gap length fixed and determined by RG_EPG_IPG_LEN
0: Inter-Packet-Gap length randomized by hardware
10 RG_EPG_DASA_FIXED DA/SA Fixed
1: DA fixed to 00-01-02-03-04-05 and SA fixed to 0Oa-0b-0c-0d-0e-0f
0: DA/SA is configured by RG_EPG_DATA_TYPE
9:8 RG_EPG_MODE[1:0] Embedded Packet Generator Mode
26b00: single mode;
26b01: burst mode;
26blx: continue Mode
7 RG_EPG_LPI_INDICATION  TX LPI indication
1: Transmit LPI
0: Normal
6 RG_EPC_LOC EPC Location
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1: EPC is located at TX path
0: EPC is located at RX path

5:4 Reserved Must be kept at reset value.

3 RG_EPC_CLR_CNT Embedded Packet Checker Counter Clear
High active to clear rx packet checker statistic counter, include total packet
number counter and crc error counter, it is self-cleared

2 RG_EPG_CLR_CNT Embedded Packet Generator Counter
Clear High active to clear tx packet generator statistic counter, include total
packet generated counter, it is self-cleared

1 RG_EPG_PAUSE Embedded Packet Generator Packet Generation Pause Combined with
RG_EPG_GO to control packet generator, { RG_EPG_PAUSE,
RG_EPG_GO} =
26b01: start,;
26b11: pause;
26b00: stop
Note: In single mode(RG_EPG_MODE[1:0]=26 b0 ) , o rcommand h
is valid. The other two commands will not work In burst
mode(RG_EPG_MODE[1:0]=26 b 0 1) , al | t haee validh thes ¢
pause command will pause packet generation, internal burst packet number
counter will hold, and followed start command will continue the current burst
generation. In continue mode(RG_EPG_MODE[10]=26 b 10) , al
commands are valid, and the pause command behavior will be the same
with the stop command.

0 RG_EPG_GO Embedded Packet Generator Packet Generation Go

Embedded

Address offset: Ox11
Reset value: 0x0000

Combined with RG_EPG_PAUSE to control packet generator, please refer
to RG_EPG_PAUSE for the control command definition.

Note: When in single mode and continue mode, this bit will be self-cleared
when generation task is finished. When in continue mode, only write zero to

this bit can clear it.

Packet Generator Packet Length

This register can be accessed by byte(8-bit), half-word(16-bit) and word(32-bit)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RG_EPG_|
Reserved PKT_LEN RG_EPG_PKT_LEN[10:0]
_FIXED
w w
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Bits Fields Descriptions
15:12 Reserved Must be kept at reset value.
11 RG_EPG_PKT_LEN_FIXED Packet Length Fixed Enable

1: Packet length fixed and determined by rg_epg_pkt_len
0: Packet length randomized by hardware

10:0 RG_EPG_PKT_LEIPacket Length
Packet tot al l engt h, include the D
rg_epg_pkt _len_fixed is 186bl, count

randomi zed by hardware

Embadkcd Packet GedRarc&®kap (eperipg_cfg)

Address offset: 0x12
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RG_EPG_IPG_LEN [15:0]

rw

Bits Fields Descriptions
15:0 RG_EPG_IPG_LEN [15:0] Inter-Packet-Gap Length
Embedded Packet Generator Bur st Num

(EPG_BURST_PKT_NUM_CFG_HI GH)

Address offset: 0x13
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RG_EPG_BURST_PKT_NUMBER_HIGH [15:0]

rw

Bits Fields Descriptions
15:0 RG_EPG_BURST_PKT_NUMBER_HIGH [15:0] Packet Number of a Burst High Data Only valid in burst
mode (RG_EPG MODE==26b 10)
Embedded Packet Generator Bur st Num

(EPG_BURST_PKT_NUM_CFG_LOW)

Address offset: 0x14
Reset value: 0x0000
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This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RG_EPG_BURST_PKT_NUMBER_LOW [15: 0]

w

Bits Fields Descriptions
15:0 RG_EPG_BURST_PKT_NUMBER_LOW [15:0] Packet Number of a Burst Low Data Only valid in burst
mode (RG_EPG MODE==206b 10)

TX Byte Counter High Data (TX_BYTE_CNT_HI GH

Address offset: 0x15
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TX_BYTE_CNT_HIGH[15: 0]

r

Bits Fields Descriptions

15:0 TX_BYTE_CNT_HIGH[15:0] Embedded Packet Generator Packet Generation Byte
Counter High Data(bit 31:16)
This counter will be cleared by asserting RG_EPG_CLR_CNT

TX Byte Count dX_ BYWEDENI (L OW

Address offset: 0x16
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TX_BYTE_CNT_LOW[15: 0]

r

Bits Fields Descriptions

15:0 TX_BYTE_CNT_LOWI[15:0] Embedded Packet Generator Packet Generation Byte
Counter High Data(bit 15:0)
This counter will be cleared by asserting RG_EPG_CLR_CNT

TX Tot al Packet CoaXnP&T_BNJhHD&Ha (

Address offset: 0x17
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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‘ TX_PKT_CNT_HI GH[ 15: 0] ‘

r

Bits Fields Descriptions

15:0 TX_PKT_CNT_HIGH[15:0] Embedded Packet Generator Total Packet Generation
Counter High Data(bit 31:16)
This counter will be cleared by asserting RG_EPG_CLR_CNT

TX Tot al Packet Counter Low Data (TX_PKT_CN

Address offset: 0x18
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TX_PKT_CNT_LOW[ 15: 0]
r
Bits Fields Descriptions
15:0 TX_PKT_CNT_LOWI[15:0] Embedded Packet Generator Total Packet Generation

Counter Low Data(bit 15:0)
This counter will be cleared by asserting RG_EPG_CLR_CNT

RX Byte Counter High Data (RX_BYTE_CNT_HI GH

Address offset: 0x19
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RX_BYTE_CNT_HIGH[15: 0]

r

Bits Fields Descriptions
15:0 RX_BYTE_CNT_HIGH[15:0] Packet Received Byte Counter High Data(bit 31:16)
This counter will be cleared by asserting RG_EPC_CLR_CNT

RX Byte Packet Counter Low Data (RX_BYTE_CN

Address offset: Ox1A
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RX_BYTE_CNT_LOW[15: 0]

r
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Bits Fields Descriptions
15:0 RX_BYTE_CNT_LOWI[15:0] Packet Received Byte Counter Low Data(bit 15:0)

This counter will be cleared by asserting RG_EPC_CLR_CNT

RX Tot al Packet Counter High Data (RX_PKT_C

Address offset: 0x1B
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RX_PKT_CNT_HI GH[ 15: 0]

r

Bits Fields Descriptions
15:0 RX_PKT_CNT_HIGH[15:0] Total Packet Received Counter High Data(bit 31:16)
This counter will be cleared by asserting RG_EPC_CLR_CNT

RX Tot al Packet Counter Low Data (RX_PKT_CN

Address offset: 0x1C
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RX_PKT_CNT_LOW[15: 0]

r

Bits Fields Descriptions
15:0 RX_PKT_CNT_LOWI[15:0] Total Packet Received Counter Low Data(bit 15:0)
This counter will be cleared by asserting RG_EPC_CLR_CNT

RX CRC Error Packet (QRoXunCtReCr_ EHRIRg CNOatHd GH)

Address offset: Ox1D
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RX_CRC_ERR_CNT_HIGH [15:0]

r

Bits Fields Descriptions
15:0 RX_CRC_ERR_CNT_HIGHJ[15:0] CRC Error Packet Received Counter High Data(bit 31:16)
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This counter will be cleared by asserting RG_EPC_CLR_CNT

RX CRC Error Packet Counter Low Data (RX_CR

Address offset: OX1E
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RX_PKT_CNT_LOW[15: 0]

r

Bits Fields Descriptions
15:0 RX_CRC_ERR_CNT_LOWI[15:0] CRC Error Packet Received Counter Low Data(bit 15:0)
This counter will be cleared by asserting RG_EPC_CLR_CNT

8.4.7. MDI O Regi sters

PCS Control 1 Register (PCS_CTL_ 1)

Device Address: 0x3
Address offset: 0x00
Reset value: 0x0400

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PCS_RS CLOCK_S
Reserved Reserved
T TOP_EN
w w
Bits Fields Descriptions
15 PCS_RST PCS Reset

Reset the AN and PCS MMD registers to their default value and also

cause a software reset in the PHY, it will be selfclearing after reset is

finished
14:11 Reserved Must be kept at reset value.
10 CLOCK_STOP_EN XMII Receive Clock Stop Enable

Set to 1 to stop the receive xMll clock while it is signaling LPI otherwise

it will keep the clock active

9:0 Reserved Must be kewal wmed. reset

PCS Status 1 Register (PCS_STS 1)

Device Address: 0x3
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Address offset: 0x01
Reset value: 0x0040

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TX_LPI_R|RX_LPI_R[TX_LPI_IN| RX_LPI_lI CLOCK_S
Reserved Reserved Reserved
EC EC T NT TOP_CAP
r r r r r
Bits Fields Descriptions
15:12 Reserved Must be kept at reset value.
11 TX_LPI_REC TX PCS has Received LPI
It is implemented with a Il atchiri
signaling ctbhaskescomeé sométand r e me
1: TX PCS has received LPI
0: LPI not received
10 RX_LPI_REC RX PCS has Received LPI

It is implemented with a latching high function, such that the RX LPI
signaling causes this bit to become one and remain one until it is read.
1: RX PCS has received LPI

0O: LPI not received
9 TX_LPI_INT TX PCS Receiving LPI Indication

1: TX PCS is currently receiving LPI

0: PCS is not currently receivini
8 RX_LPI_INT RX PCS Receiving LPI Indication

1: RX PCS is currently receiving LPI

0: PCS is not currently receivini
7 Reserved Must be kept at reset value.
6 CLOCK_STOP_CAP Transmit xMII Clock Stop Capable

1: RS may stop the transmit xMII clock during LPI

O0: Transmit xMII c¢clock not stopp:
5:0 Reserved Must be kept at reset value.

PCS Device RASHD fier (

Device Address: 0x3
Address offset: 0x02
Reset value: 0x0044

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PHY_I D[15:0]
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r
Bits Fields Descriptions
15:0 PHY_ID[15:0] PHY ID bit[31-16]
OUl (4BHs.®DWE5=00
PCS Device Version Register (PCS_VER)
Device Address: 0x3
Address offset: 0x03
Reset value: 0x1400
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PHY_I D[5:0] PHY_MAN_MODEL[5:0] PHY_REV_NO[3:0]
r r r
Bits Fields Descriptions
15:10 PHY_ID[5:0] PHY ID bit[15-10]
Oul bi2tds 19
9:4 PHY_MAN_MODEL[5:0] Manufacturerdéds Model Number
Manufacturer 6s Mo d-@ ) Whenber [ §b4d]
ver sion
3:0 PHY_REV_NOJ3:0] Revision Number (bits3-0)
PCS Devi ce PR@S Nibifofs LEhit of PHY Identifier
PCS Package Register 0 (PCS_PKG_0)
Device Address: 0x3
Address offset: 0x05
Reset value: 0x0089
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CLAUSS2
DTE_XS_ [PHY_XS_ PMD/PMA
Reserved AN_PST | TC_PST PCS_PST|WIS_PST 2 REG_P
PST PST _PST
ST
r r r r r r r r
Bits Fields Descriptions
15:8 Reserved Must be kept at reset value.
7 AN_PST Auto-Negotiation Present In Package
Always 1
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6 TC_PST TC Present In Package
Always 0
5 DTE_XS_PST DTE XS Present In Package
Always 0
4 PHY_XS_PST PHY XS Present In Package
Always 0
3 PCS_PST PCS Present In Package
Always 0
2 WIS_PST WIS Present In Package
Always 0
1 PMD/PMA_PST PMD/PMA Present In Package
Always 0
0 CLAUSS22_REG_PST Auto-Negotiation Present In Package
Always 1
PCS Package Register 1 (PCS_PKG_1)
Device Address: 0x3
Address offset: 0x06
Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VENDER
VENDER_
_SPEC_ CL22_EXT|
SPEC_DE Reserved
DEV2_PS _PST
V1_PST
T
r r r
Bits Fields Descriptions
15 VENDER_SPEC_DEV2_PST Vender Specific Device 2 Present in Package
Always 0
14 VENDER_SPEC DEV1 PST Vender Specific Device 1 Present in Package
Always 0
13 CL22_EXT_PST Clause 22 Extension Present in Package
Always 0
12:0 Reserved Must be kept at reset value.
EEE Capability Register (EEE_CAP)

Device Address: 0x3
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Address offset: 0x14
Reset value: 0x0002
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
10GBASE
10GBASE 1000BASE|10GBASE [1000BASE|100BASE_|
Reserved _KX4_EE Reserved
_KR_EEE _KX_EEE| _T_EEE | _T_EEE | TX_EEE
E
r r r r r w
Bits Fields Descriptions
15:7 Reserved Must be kept at reset value.
6 10GBASE_KR_EEE 10GBAKE EEE
Not support, always 0
5 10GBASE_KX4_EEE 10GBAKE EEE
Not support, always 0
4 1000BASE_KX_EEE 10GBAKE EEE
Not support, always 0
3 10GBASE_T_EEE 10GBAKE EEE
Not support, always 0
2 1000BASE_T_EEE 1000B&SsSEEE
1: EEE is suppor-ted for 1000BASE
0: EEE is not supforted for 1000
1 100BASE_TX_EEE 100BdxXe EEE
1: EEE is suppo+TtXed for 100BASE
0: EEEsupponoted f-BX 100BASE
0 Reserved Must be kept at reset value.
EEE Wake Error Counter (EEE_WAKE_ _ERR_CNT)
Device Address: 0x3
Address offset: 0x16
Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EEE_WAKE_ERR_CNT[15:0]
r
Bits Fields Descriptions
15:0 EEE_WAKE_ERR_CNT[15:0] EEE Wake Error Counter
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Used to count wake time faults wl
nor mal wake sequence within the
type.s Ictl eared when it is read

AN Control ARegilrst er (

Device Address: 0x7
Address offset: 0x00
Reset value: 0x1000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RESTART

AN_RST | Reserved [XNP_CTL| AN_EN Reserved _ AUTONE Reserved
G

rw r w rw

Bits Fields Descriptions

15 AN_RST AN Reset
Reset the AN and PCS MMD registe
cause a software reset in the P}
finished

14 Reserved Must be kept at reset value.

13 XNP_CTL Extended Next Page Control
Not support and reserved O

12 AN_EN AutNeegoti ation Enabl e
I't is a copPkWYwmintRdoli sIRREW nMl 1) CTL
1: A\etgooti ation Enabl e
O0: ANetgooti ati on Disabl e

11:10 Reserved Must be kept at reset value.

9 RESTART_AUTONEG Rest ar-Nedaotioati on
I't is a colH/Y¥ ot Reolti s® Ei¥n KMl 1) TGT Ls
setfearing
1: Rest-BHegoAunabi on
0: Nor mal operation

8.0 Reserved Must be kewal wmed. reset

AN Status Register (AN_STS)

Device Address: 0x7
Address offset: 0x01
Reset value: 0x0008
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This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PAGE_RE|AN_COM | AN_ABILI [ AN_ABILI [LINK_STA LP_AN_A
Reserved Reserved
CEIVED | PLETE TY TY TUS BILITY
r r r r r r
Bits Fields Descriptions
15:7 Reserved Must be kept at reset value.
6 PAGE_RECEI VED Page Received
Setlttw indicate that a new | iawrkd c

storedamnnl phenpegbstE®Bhtg Page rece
reseont oa read of t heotAlNe sNeag aitsi a
expanseginst brt Thi a cApiNeogfothiiatt il
ExpandsReagn sREY AUTONEG EXP

1: A new |link codeword has been
0: No |ink codeword has been rec:
5 AN_COMPLETE AutNeegoti ation Complete

Set to one to i nNdgamttiea ttihcato rtpHsettbh
will roebennNagotiation is di s almIN
Control ReNgy iCsiitle r - (

4 AN_ABI LI TY Remote Faul't
Set to one to indicate that a rel
A remote fault-Eingfaddfti rwdronhef iiFserre
i smpl emented with a $ackhi magt hi lgd
a remote faul4 tauBesomdhesdi tand
cleared.rdgebwintda bead ofr ¢ diesrAdirh
Status Register i(RPHYIit S tRegidspyerof

(PHY MI | QTATUS

3 AN_ABILITY AutNeegoti ation Ability
Al ways set t opainre mmde wtios tiRdddhi acsa t
ability toNpgofoami Aadfo lliPtH33t & trous
Regi sRHY MIIT 9STATUS

2 LI NK_STATUS Link Status
Set toipomdecabe that a valid wiilnk
i mpl emented with a | atcthhegod owr d
link fail conditiontecahhseesme hel ¢4

remain cleared unbply DiIfRHYBtBnBad.

Regi sRHY MI | STATUS
1 Reserved Must be kept at reset value.
0 LP_AN_ABILITY Link Par-NegotAatoon Ability
Set to one to indicate that the |
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AutNeegoti ation function
Autdwegotiation Device I dentifier (AN_I1D)
Device Address: 0x7
Address offset: 0x02
Reset value: 0x0044
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PHY_ID [15:0]
r
Bits Fields Descriptions
15:0 PHY_ID[15:0] PHY ID bit[31-16]

OUI (bits 3-18). OUI =00-11-05

AutMMegotiation Device Version Regi st

Device Address: 0x7
Address offset: 0x03
Reset value: 0x1400

This register can be accessed by half-word(16-bit).

er

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PHY_ID[5:0] PHY_MAN_MODEJ5:0] PHY_REV_NOI[3:0]
r r r
Bits Fields Descriptions
15:10 PHY_ID[5:0] PHY ID bit [15-10]
OUI bits 19-24
9:4 PHY_MAN_MODE[5:0] Manuf acturerds Model Number
Manufacturer 6s Mo@ weHere [$:4]m brehitectfréoversian 5
3:0

15

14

PHY_REV_NOJ3:0] Revision Number (bits3-0)
PCS Devi ce RA@S nlbibofsLIebit of PHY Identifier

AN Package Register 0 (AN_PKG_0)

Device Address: 0x7
Address offset: 0x05
Reset value: 0x0089

This register can be accessed by half-word(16-bit).

13 12 11 10 9 8 7 6 5 4 3 2 1
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CLAUSS2
DTE_XS_[PHY_XS_ PMD/PMA
Reserved AN_PST | TC_PST PCS_PST|WIS_PST 2_REG_P
PST PST _PST
ST
r r r r r r r r

Bits Fields Descriptions
15:8 Reserved Must be kept at reset value.
7 AN_PST Auto-Negotiation Present In Package

Always 1
6 TC_PST TC Present In Package

Always 0
5 DTE_XS_PST DTE XS Present In Package

Always 0
4 PHY_XS PST PHY XS Present In Package

Always 0
3 PCS_PST PCS Present In Package

Always 0
2 WIS_PST PMD/PMA Present In Package

Always 0
1 PMD/PMA_PST PMD/PMA Present In Package

Always 0
0 CLAUSS22_REG_PST Auto-Negotiation Present In Package

Always 1

AN Package Register 1 (AN_PKG_1)

Device Address: 0x7
Address offset: 0x06
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
VENDER
VENDER_
_SPEC_ CL22_EXT|
SPEC_DE Reserved
DEV2_PS _PST
V1_PST
T
r r r
Bits Fields Descriptions
15 VENDER_SPEC DEV2 PST Vender Specific Device 2 Present in Package
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Always 0

14 VENDER_SPEC_DEV1_PST Vender Specific Device 1 Present in Package
Always 0

13 CL22_EXT_PST Clause 22 Extension Present in Package
Always 0

12:0 Reserved Must be kept at reset value.

AutMdegotiation Device |l dentifier (AN_I1D)

Device Address: 0x7
Address offset: OXOE
Reset value: 0x0044

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PHY_ID [15:0]
r
Bits Fields Descriptions
15:0 PHY_ID[15:0] PHY ID bit[31-16]

OUI (bits 3-18). OUI =00-11-05

Authdegoti ation Device Version Register (AN

Device Address: 0x7
Address offset: OxOF
Reset value: 0x1400

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PHY_ID[5:0] PHY_MAN_MODEI5:0] PHY_REV_NOJ[3:0]
r r r
Bits Fields Descriptions
15:10 PHY_ID[5:0] PHY ID bit [15-10]
OUI bits 19-24
9:4 PHY_MAN_MODE[5:0] Manuf acturerds Model Number

Manufacturer 6s Mo@ wHere [$:4]m brehitectréoversian 5

3:0 PHY_REV_NOJ[3:0] Revision Number (bits3-0) Register 3, bit O is LS bit of PHY Identifier

AutMdegotiation Advertisement Register (AN_A
Device Address: 0x7
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Address offset: 0x10
Reset value: 0x0101
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 2 1 0
REMOTIEXTEN 100BA100BA10BAS10BAf§
NEXT ASYM 100BA
“|Reser|[FAULT|_NEXT “| PAUSH TX_FUITX_HAT_FUL|T_HAL SLCT_FLD[4:0]
GE_E USE T4
B N AGE DP X _DPX P X DP X
w w w w w r w w w w r
Bits Fields Descriptions
15 NEXT_PAGE_EN Next Page Enable
1: Set to use Next Page
0: Not to use Next Page
14 Reserved Must be kept at reset value
13 REMOTE_FAULT_EN Remote Fault Detection Enable
1: Auto Negotiation Fault Detected
0: No Remote Fault
12 EXTENED_NEXT_PAGE Extended Next Page
Not supported in the PHY. Should be wrote 0 all the time
11 ASYM_PAUSE Asymmetric Pause Capability
Technology Ability A6
1: Asymmetric Pause capable
0: Asymmetric Pause non-capable
10 PAUSE Pause Capability
Technology Ability A5
1: Pause capable
0: Pause non-capable
9 100BASE_T4 100BASE-T4 Capable
Not supported in the PHY. Should be wrote 0 all the time
8 100BASETX_FULL_DPX 100BASE-X Full Duplex Capable
1: Capable of Full Duplex
0: Not Capable
Note: When Auto-Negotiation is disabled, value on this bit will reflected the value
programmed in PHYcont rRelgi stRHY KI |I) BIT6L BIT13
(FORCE_SPEED) and BIT8(FORCE_DUPLEX), when FORCE_SPEED is
26b01 and
FORCE_DUPLEX is 16b1, then versdai s bit
7 100BASETX_HALF_DPX 100BASE-X Half Duplex Capable

1: Capable of Half Duplex

0: Not Capable

Note: When Auto-Negotiation is disabled, value on this bit will reflected the value
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programmed in PHYcont rRelgi stRHY KI 1) BIT6L BIT13
(FORCE_SPEED) and BIT8 (FORCE_DUPLEX). when FORCE_SPEED is
26b01F@QRAGE_DUPLEX is 16b0, t hen verdai s

6 10BASE-T_FULL_DPX 10BASE-T Full Duplex Capable
1: Capable of Full Duplex
0: Not Capable
Note: When Auto-Negotiation is disabled, value on this bit will reflected the value
programmed in PHYcont rRelgi stRHY KI 1) BTEL BIT13
(FORCE_SPEED) and BIT8 (FORCE_DUPLEX). When FORCE_SPEED is
26b00 and FORCE_DUPLEX is 16b1, ther

5 10BASE-T_HALF_DPX  10BASE-T Half Duplex Capable
1: Capable of Half Duplex
0: Not Capable
Note: When Auto-Negotiation is disabled, value on this bit will reflected the value
programmed in PHYcont rRelgi stRHY KI |I) BIT6L BIT13
(FORCE_SPEED) and BIT8 (FORCE_DUPLEX). when FORCE_SPEED is
26b00 and FORCE_DUPLEX is 16b0, ther

4:0 SLCT_FLDI[4:0] Identifies Type of Message
Forced to 56h01 all the ti me
AutMMegotiation Link Partner Ability Registe

Device Address: 0x7
Address offset: 0x13
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EXTEN 100BA100BA10BAS10BAY
NEXT_[ACKNOREMOT ASYM 100BA
- _NEXT| “| PAUSH TX_FU[TX_HAT_FUL|T_HAL SELECTOR_FI ELD[ 4:0
GE LEDG| FAUL USE T4
AGE DP X _DPX P X DP X
r r r r r r r r r r r r
Bits Fields Descriptions
15 NEXT_PAGE Link Partner Next Page Request

1: Link Partner is requesting Next Page function

0: Base Page is requested

14 ACKNOWLEDGE Link Partner ACKNOWLEDGE Received
1: Link partner acknowledge Received Successfully
0: Not Received

13 REMOTE_FAULT Link Partner Detects Remote Fault
1: Auto Negotiation Fault Detected
0: No Remote Fault
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12 EXTENED_NEXT_PAGE Extended Next Page
11 ASYM_PAUSE Link Partner Asymmetric Pause Capable

Technology Ability A6
1: Asymmetric Pause capable
0: Asymmetric Pause non-capable

10 PAUSE Link Partner Symmetric Pause Capable
Technology Ability A5
1: Symmetric Pause capable

0: Symmetric Pause non-capable

9 100BASET4 Technology Ability A4
Link Partner 100BASE-T4 Capable

8 100BASETX_FULL_DPX Link Partner 100BASE-X Full Duplex Capable
1: Capable of Full Duplex
0: Not Capable
Note: When Auto-Negotiation is disable,v al ue on t hi s bit
the time

7 100BASETX_HALF_DPX Link Partner L00BASE-X Half Duplex Capable
1: Capable of Half Duplex
0: Not Capable
Note: When Auto-Negotiation is disable,v al ue on t hi s bit
the time

6 10BASE-T_FULL_DPX Link Partner 10BASE-T Full Duplex Capable
1: Capable of Full Duplex
0: Not Capable
Note: When Auto-Negotiation is disable,v al ue on t hi s bit
the time

5 10BASE-T_HALF_DPX Link Partner 10BASE-T Half Duplex Capable
1: Capable of Half Duplex
0: Not Capable
Note: When Auto-Negotiation is disable,v al ue on thi s bit

the time

4:0 SELECTOR_FIELDI[4:0] Link Partner Identifies Type of Message Shoul d be 56h01

AutMegotiation XNP Transmit Register (AN_XN|

Device Address: 0x7
Address offset: 0x16
Reset value: 0x2001

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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NEXT_P MESSAG |ACKNOW
Reserved TOGGLE MSG_UFMT_CODE_FIELD[10:0]
AGE E_PAGE | LEDGE2
w rw rw r rw
Bits Fields Descriptions
15 NEXT_PAGE The Last Next Page
I ndicated whether this is the | a:
1: Additional next page will foll
0: This is the |l ast next page
14 Reserved Must be kept at reset value.
13 MESSAGE _PAGE Message Pageromatted Page
I ndicated this is the message pai
1: Message Page
0: Unformatted Page
12 ACKNOWLEDGE?2 The Ability to Comply with the Mt
Will comply with the message
0: Can not comply with the messai
11 TOGGLE Toggl e
Theoggle bit will calculated by |
10:0 MSG_UFMT_CODE_FIMessage/ Unformatted Code Field
AutMegotiation Link Partner XNP Abi ity Reg
Device Address: 0x7
Address offset: 0x19
Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
NP_RX[15:0]
r
Bits Fields Descriptions
15 NP_RX[15:0] Next Page Received from Link Partner
Mas t&lrave Contr ol Register (MS_CTL)

15

14

Device Address: 0x7
Address offset: 0x20
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

13 12 11 10 9 8 7 6 5 4
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MS_MAU
MS_MAU_|PORT_TY
_CFG_E Reserved
CFG_VAL PE
N
rw w w
Bits Fields Descriptions
15 MS_MAU_CFG_EN Master-Slave Manual Config Enable

1: Enable MASTER-SLAVE manual configuration
0: Disable MASTER-SLAVE manual configuration

14 MS_MAU_CFG_VAL Master-Slave Manual Config Value
1: Configure PHY as MASTER
0: Configure PHY as SLAVE
13 PORT_TYPE Port Type
1: Multi-port device
0: Single-port device
12:0 Reserved Must be kept at reset value.
Mas tS*lrave Resolution Register (MS_STS)
Device Address: 0x7
Address offset: 0x21
Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
MS_CFG [MS_CFG_|
Reserved
_FAULT RES
r r
Bits Fields Descriptions
15 MS_CFG_FAULT Master-Slave Config Fault
1: MASTER-SLAVE configuration fault detected
0: No MASTER-SLAVE configuration fault detected
14 MS_CFG_RES Master-Slave Config Resolution
1: Local configuration resolved to MASTER
0: Local configuration resolved to SLAVE
13:0 Reserved Must be kept at reset value.
EEE Advertisement Register (EEE_ADYV)

Device Address: 0x7
Address offset: 0x3C
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Reset value: 0x0002

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
10GBASE
10GBASE 1000BASE|10GBASE [1000BASE[100BASE _|
Reserved _KX4_EE Reserved
_KR_EEE _KX_EEE| _T_EEE | _T_EEE | TX_EEE
E
r r r r 12 12
Bits Fields Descriptions
15:7 Reserved Must be kept at reset value.
6 10GBASE_KR_EEE 10GBASE-KR EEE

Not support, always 0

5 10GBASE_KX4_EEE 10GBASE-KR EEE

Not support, always 0

4 1000BASE_KX_EEE 10GBASE-KR EEE
Not support, always 0

3 10GBASE_T_EEE 10GBASE-KR EEE

Not support, always 0

2 1000BASE_T_EEE 1000Base-T EEE
1: Advertise that the 1000BASE-T has EEE capability
0: Do not advertise that the 1000BASE-T has EEE capability

1 100BASE_TX_EEE 100Base-TX EEE
1: Advertise that the 100BASE-TX has EEE capability
0: Do not advertise that the 100BASE-TX has EEE capability

0 Reserved Must be kept at reset value.

EEE Link Partner Ability Register (EEE_LP_

Device Address: 0x7
Address offset: 0x3D
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
10GBASE
10GBASE 1000BASE|10GBASE [1000BASE|100BASE_|
Reserved _KX4_EE Reserved
_KR_EEE _KX_EEE| _T_EEE | _T_EEE | TX_EEE
E
r r r r r r
Bits Fields Descriptions
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15:7 Reserved Must be kept at reset value.
6 10GBASE_KR_EEE 10GBASE-KR EEE

1: Link Partner is advertising EEE capability for 10GBASE-KR
0: Link Partner is not advertising EEE capability for 10GBASEKR EEE

5 10GBASE_KX4_EEE 10GBASE-KX4 EEE
1: Link Partner is advertising EEE capability for 10GBASEKX4
0: Link Partner is not advertising EEE capability for L0OGBASEKX4 EEE

4 1000BASE_KX_EEE 1000BASE-KX EEE
1: Link Partner is advertising EEE capability for 1000BASE-KX
0: Link Partner is not advertising EEE capability for 1000BASE-KX EEE

3 10GBASE_T_EEE 10GBASE-T EEE
1: Link Partner is advertising EEE capability for 10GBASE-T
0: Link Partner is not advertising EEE capability for LOGBASET EEE

2 1000BASE_T_EEE 1000BASE-T EEE
1: Link Partner is advertising EEE capability for 1000BASE-T
0: Link Partner is not advertising EEE capability for 1000BASE-T EEE

1 100BASE_TX_EEE 100BASE-TX EEE
1: Link Partner is advertising EEE capability for 100BASE-TX
0: Link Partner is not advertising EEE capability for L00BASE-TX EEE

0 Reserved Must be kept at reset value.
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0. EtherCAT
9.1. Overview

The GDSCN is an EtherCAT SubDevice Controller (ESC). It takes care of the EtherCAT
communication as an interface between the EtherCAT fieldbus and the sub application, The
GDSCN supports a wide range of applications. The EtherCAT controller has 8K bytes of
Process Data RAM(PDRAM) and 8 Fieldbus memory management units (FMMUSs), each of
which performs the task of mapping logical addresses to physical addresses. The EtherCAT
SubDevice controller also includes 8 SyncManagers that allow data exchange between the
EtherCAT and the native application. The orientation and mode of operation of each
SyncManager is configured by the EtherCAT main device. Two working modes are available:
buffer mode and mailbox mode. In buffered mode, the ¢ Co n t ramd|Ether@CAT main can
write devices simultaneously. The buffer in GDSCN always contains the latest data. If the
new data arrives before the old data can be read, the old data will be lost. In mailbox mode,
the ¢ Co nt randl Ether€AT main access the buffer by shaking hands, ensuring that no

data is lost.
9.2. Characteristics
A Port support: 2 internal phy port and 1 external M.
A 8 Fieldbus Memory Management Units (FMMUSs).
A 8KB PDRAM.
A Distributed clock 64-bit, support allows synchronization with other EtherCAT devices.
A 8 Syncmanager entities.
A DC synchronization less than 1us.
9.2.1. Bl ock diagram

The function ®0Gidsulseh dowrg WOirhe EECHA TS vst em bl ock diag!
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Fi gwile E€CMATBSYystem bl ock diagram

Ml Port
i i i % On- Chip bus / Digltal l/o
PHY MI ‘ Aut&Forward+L00pback‘ PDI

A X A

PHY Management i

FMMU

| SyncManager |
ECAT

A
Processing ’
Unit X Y Y
ESC address space
Reset :
Reset Registers User RAM Process RAM
Distributed Clocks EEPROM Status
Monitoring
|t ‘ |
' ,, !
SYNC LATCH 12C EEPROM LEDs
9.2.2. Et her&ADODe Viiocng rol |l er Function Bl ocks

A EtherCAT Interfaces

The EtherCAT interfaces or ports connect the ESC to other EtherCAT sub and the main. The
MAC layer is integral part of the ESC. The physical layer may be Ethernet. For Ethernet ports,
internal Ethernet PHYs connect to the Ml ports of the ESC. Transmission speed for EtherCAT
is fixed to 100 Mbit/s with Full Duplex communication. Link state and communication status
are reported to the Monitoring device. GDSCN uses three ports, port 0/1/2.

A EtherCAT Processing Unit

The EtherCAT Processing Unit (EPU) receives, analyses, and processes the EtherCAT data
stream. It is logically located between port 0 and port 3. The main purpose of the EtherCAT
Processing unit is to enable and coordinate access to the internal registers and the memory
space of the ESC, which can be addressed both from the EtherCAT main and from the local
application via the PDI. Data exchange between main and sub application is comparable to
a dual-ported memory (process memory), enhanced by special functions e.g. for consistency
checking (SyncManager) and data mapping (FMMU). The EtherCAT Processing Units
contains the main function blocks of EtherCAT subs besides Auto-Forwarding, Loop-back
function, and PDI.

A Auto-Forwarder

The Auto-Forwarder receives the Ethernet frames, performs frame checking and forwards it
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to the Loop-back function. Time stamps of received frames are generated by the Auto-
Forwarder.

A Loop-back function

The Loop-back function forwards Ethernet frames to the next logical port if there is either no
link at a port, or if the port is not available, or if the loop is closed for that port. The Loop-back
function of port 0 forwards the frames to the EtherCAT Processing Unit. The loop settings can
be controlled by the EtherCAT main.

A FMMU

Fieldbus Memory Management Units are used for bitwise mapping of logical addresses to
physical addresses of the ESC.

A SyncManager

SyncManagers are responsible for consistent data exchange and mailbox communication
between EtherCAT main and subs. The communication direction can be configured for each
SyncManager. Read or write transactions may generate events for the EtherCAT main and
an attached e€Controller respectivel y. Th
difference between and ESC and a dual-ported memory, because they map addresses to
different buffers and block accesses depending on the SyncManager state. This is also a
fundamental reason for bandwidth restrictions of the PDI.

A Monitoring

The Monitoring unit contains error counters and watchdogs. The watchdogs are used for
observing communication and returning to a safe state in case of an error. Error counters are
used for error detection and analysis.

A PHY Management

The PHY Management unit communicates with Ethernet PHYs via the MIl management
interface. This is either used by the main or by the sub. The MIl management interface is
used by the ESC itself for optionally restarting auto negotiation after receive errors with the
enhanced link detection mechanism, and for the optional Ml link detection and configuration
feature.

A Distributed Clock

Distributed Clocks (DC) allow for precisely synchronized generation of output signals and
input sampling, as well as time stamp generation of events. The synchronization may span
the entire EtherCAT network.

A EEPROM

One non-volatile memory is needed for EtherCAT SubDevice Information (ESI) storage,
typically an 1€ EEPROM.

A Status/ LEDs

16
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The Status block provides ESC and application status information. It controls external LEDs
like the application RUN LED/ERR LED and port Link/Activity LEDs.

9.3. Function overview

9.3.1. Process Data Interface (PDI)

The Process Data Interface (PDI) realizes the connection between sub application and ESC.

Several types of PDIs are defined serial and parall el eController in
interfaces. Due to the high dependency between EtherCAT and PDI accesses to memory,

registers, and especially SyncManagers, the internal PDI interface can achieve a maximum

throughput of approx 12.5 Mbyte/s.

Tab9-EPDIl s tfthher EAT

PDI number (PDI Control register 0x0140) PDI name
0 Interface deactivated
4 Digital 110
128 On-chip bus
PDI Selection and Configuration

Typically, the PDI selection and configuration is part of the ESC Configuration Area of the SlI
EEPROM. The ESC has the PDI selected and configured at power-on time. In this case, the
ESC Configuration Area should reflect the actual settings, although it is not evaluated by the
ESC itself. The PDI is active after reset is released, which enables EEPROM emulation by a
eController. Take care of Digital Output signals and DC SyncSignals while the EEPROM is
not loaded to achieve proper output behavior.

PDI register function acknowledge by write

Some ESC functions are triggered by writing or reading individual byte addresses,
SyncManager buffer change or AL event request acknowledge. With an increasing data bus
width of the eControllers, this can | ead to res:

Since most eControllers are using byte enabl e
restrict i on for functions which are triggered by wr
byte enable signals for read accesses, they expect to get a whole data bus width of read data.

Reading individual bytes is not possible. This can lead to problems especially by accidentally

reading byte addresses which trigger certain ESC functions. Consider a SyncManager buffer

area from 0x1000-0 x 10 05. A 32 bit eController awiglicatioc
The first access to 0x1000 would open the buffer, and it would also read 0x1001-0x1003. The

second access would read 0x1001, and also 0x1000/0x1002-0x1003. The problem occurs

when address 0x1004 is to be read, because this would also read 0x1005. The data of 0x1005

is discarded, but the buffer is closed. When t he e€C reads O0x1G0ahe, it ow
data seems to be corrupted. A similar issue occurs for DC SyncSignal acknowledging
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(registers

0O0x098E

and

0X098F). A 32

SYNC1 at the same time, it is not possible to acknowledge them separately.

eContr ol

This problem can be overcome by enabling PDI register function acknowledge by write. In
this mode, all functions which are originally triggered by read access are now triggered by
corresponding write accesses i which use byte enables and thus can be restricted to certain

bytes.

This feature is enabled by IP Core configuration. The current status has to be checked by the

eControl

er application in PDI informati

on

This feature affects reading of SyncManager buffers and reading of certain registers from PDI

side. There is no change to the EtherCAT main side at all. Referto Sy nc Man®mger

SyncManager behavior. The following registers are affected by the PDI register function

acknowledge by write feature:

Tab92Regi sters

affected by PDI

register

Address

name

Trigger function

any

SyncManager buffer end
address

Read SyncManager buffer, then
write to buffer end address to
acknowledge buffer reading.

0x0120:0x0121

AL Control

Read 0x0120:0x0121 after AL
Control changes, then write to
0x0120 to acknowledge reading.

0x0440

Watchdog Status Process
Data

Read 0x0440, then write to 0x0440
to clear AL event request
0x0220[6]

0x0806+X*16

SyncManager Activate

Read 0x0806+X*16, then write to
0x0806 (SyncManager 0) only to
clear AL event request 0x0220[4]

for all SyncManagers

0x098E

SYNCO Status

Read 0x098E, then write to 0x098E
to acknowledge DC SyncO Status
0x098E[0]

0x098F

SYNC1 Status

Read 0x098E, then write to 0x098E
to acknowledge DC Syncl Status
0x098F[0]

0x09B0:0x09B7

LatchO Time Positive Edge

Read 0x09B0:0x09B7, then write to
0x09BO to clear DC LatchO Status
0x09AE][0]

0x09B8:0x09BF

LatchO Time Negative Edge

Read 0x09B8:0x09BF, then write
to 0x09B8 to clear DC LatchO
Status OX09AE[1]

0x09C0:0x09C7

Latchl Time Positive Edge

Read 0x09C0:0x09C7, then write
to 0x09CO to clear DC Latchl
Status 0X09AF[0]

functi
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0x09C8:0x09CF Latchl Time Negative Edge Read 0x09C8:0x09CF, then write
to 0x09CS8 to clear DC Latchl
Status OX09AF[1]

9.3.2. FMMU
Fieldbus Memory Management Units (FMMU) convert logical addresses into physical
addresses by the means of internal address mapping. Thus, FMMUs allow to use logical
addressing for data segments that span several sub devices: one datagram addresses data
within several arbitrarily distributed EtherCAT. Each FMMU channel maps one continuous
logical address space to one continuous physical address space of the sub. The access type
supported by an FMMU is configurable to be either read, write, or read/write.
A Restrictions on FMMU Settings
The FMMUs of ESCs are subject to restrictions. The logical address ranges of two FMMUs
of the same direction (read or write) in one ESC must be separated by at least 3 logical bytes
not configured by any FMMU of the same type, if one of the FMMUs or both use bit-wise
mapping (logicalst art bit | 0, logical stop bit [ 7,
A Additional FMMU Characteristics

K  Each logical address byte can at most be mapped either by one FMMU(read) plus
one FMMU(write), or by one FMMU(read/write). If two or more FMMUs (with the
same direction i read or write) are configured for the same logical byte, the FMMU
with the lower number (lower configuration address space) is used, the other ones
are ignored.

K One or more FMMUs may point to the same physical memory, all of them are used.
Collisions cannot occur.

K Itis the same to use one read/write FMMU or two FMMUs i one read, the other one
write T for the same logical address.

K A read/write FMMU cannot be used together with SyncManagers, since
independent read and write SyncManagers cannot be configured to use the same
(or overlapping) physical address range.

K  Bit-wise reading is supported at any address. Bits which are not mapped to logical
addresses are not changed in the EtherCAT datagram. E.g., this allows for mapping
bits from several ESCs into the same logical byte.

K  Aframe/datagram addressing a logical address space which is not configured in the
ESC will not change data in the ESC, and no data from the ESC is placed in the
frame/datagram.

9.3.3. SyncManager

The memory of an ESC can be used for exchanging data between the EtherCAT main and a

|l ocal application (on a e€Controller attached

memory for communication like this has some drawbacks which are addressed by the
SyncManagers inside the ESCs:
165
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A Data consistency is not guaranteed. Semaphores have to be implemented in software
for exchanging data in a coordinated way.

A Data security is not guaranteed. Security mechanisms have to be implemented in
software.

A Both EtherCAT main and application have to poll the memory in order to find out when
the access of the other side has finished.

SyncManagers enable consistent and secure data exchange between the EtherCAT main
and the local application, and they generate interrupts to inform both sides of changes.

SyncManagers are configured by the EtherCAT main. The communication direction is
configurable, as well as the communication mode (Buffered Mode and Mailbox Mode).
SyncManagers use a buffer located in the memory area for exchanging data. Access to this
buffer is controlled by the hardware of the SyncManagers.

A buffer has to be accessed beginning with the start address, otherwise the access is denied.
After accessing the start address, the whole buffer can be accessed, even the start address
again, either as a whole or in several strokes. A buffer access finishes by accessing the end
address, the buffer state changes afterwards and an interrupt or a watchdog trigger pulse is
generated (if configured). The end address cannot be accessed twice inside a frame.

Two communication modes are supported by SyncManagers:

A Buffered Mode
K  The buffered mode allows both sides, EtherCAT main and local application, to
access the communication buffer at any time. The consumer always gets the latest
consistent buffer which was written by the producer, and the producer can always
update the content of the buffer. If the buffer is written faster than it is read out, old
data will be dropped.
K  The buffered mode is typically used for cyclic process data.

A Mailbox Mode

K The mailbox mode implements a handshake mechanism for data exchange, so that
no data will be lost. Each side, EtherCAT main or local application, will get access
to the buffer only after the other side has finished its access. At first, the producer
writes to the buffer. Then, the buffer is locked for writing until the consumer has read
it out. Afterwards, the producer has write access again, while the buffer is locked for
the consumer.

K The mailbox mode is typically used for application layer protocols.

The SyncManagers accept buffer changes caused by the main only if the FCS of the frame
is correct, thus, buffer changes take effect shortly after the end of the frame.

The configuration registers for SyncManagers are located beginning at register address
0x0800.
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9.3.4. Di stributed CIl ocks

The Distributed Clocks (DC) unit of EtherCAT SubDevice controllers supports the following
features:

>

Clock synchronization between the subs (and the main)

A Generation of synchronous output signals (SyncSignals)
A Precise time stamping of input events (LatchSignals)
A Generation of synchronous interrupts

A Synchronous Digital Output updates

A Synchronous Digital Input sampling
The device supports 64-bit distributed clocks as detailed in the following sub-sections.

The EtherCAT provides two input pins (SYNC and LATCH) which are used for time stamping
of external events. Both rising edge and falling edge time stamps are recorded. These pins
are shared with the SYNCO and LATCHO output pins, respectively, which are used to indicate
the occurrence of time events. The functions of the SYNC/ SYNCO and LATCH /LATCHO pins
are determined by the SYNCO/LATCHO Configuration and SYNC/LATCH Configuration bits
of the Sync/Latch PDI Configuration Register, respectively.

When set for SYNCO/LATCHO functionality, the output type (Push-Pull vs. Open Drain/Source)
and output polarity are determined by the SYNCO Output Driver/Polarity and LATCHO Output
Driver/Polarity bits of the Sync/Latch PDI Configuration Register.

9.3.5. Et hher CAT State Machine

The EtherCAT State machine (ESM) is responsible for the coordination of main and sub

applications at start up and during operation. State changes are typically initiated by requests
of the main. They are acknowledged by the local application after the associated operations
have been executed. Unsolicited state changes of the local application are also possible.

There are four states an EtherCAT SubDevice shall support, plus one optional state:

A Init (state after Reset)
A Pre-Operational

A Safe-Operational

A Operational

A Bootstrap (optional)

The states and the allowed state changesareshowninEi g B#2.e Et her CAT St at e Me
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Fi gwke Et her CAT State Machine

Init
A A A
v i
Pre-Operational Bootstrap
(optional)
1 (PS)l T(SP)

Safe-Operational

(OP)

(D)

(SO) (G9)

Operational

NOTE: Not al | state changes are possible, the tral
the following sequence: Init -> Pre-Operational -> Save-Operational -> Operational.

Each state defines required services. Before a state change is confirmed by the sub all
services required for the requested state have to be provided or stopped respectively.

9.3.6. EEPROM

EtherCAT SubDevice controllers use a mandatory RAM (typically a serial EEPROM with 1€
interface) to store EtherCAT SubDevice Information (ESI). EEPROM sizes from 1 Kbit up to
4 Mbit are supported, depending on the ESC.

The EEPROM structure is shown in Ei g u¥3e EEPROM | theyEsluuses word
addressing.
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Word

0

EtherCAT SubDevice CONTROLLER Configuration Area
8
Vendorld ProductCode RevisionNo SerialNo
16
Hardware Delays Bootstrap Mailbox Config
24
Mailbox Sync Man Config
Reserved
64

Additional Information(Subdivided in Categories)...

Category Strings

Category Generals

Category FMMU

Category SyncManager

Category Tx -/ RxPDO for each PDO

The following registers are configurable via EEPROM

At least the information stored in the address range from word 0 to 63 (0x00 to Ox3F) is
mandatory, as well as the general category (absolute minimum EEPROM size is 2Kbit,
complex devices with many categories should be equipped with 32 Kbit EEPROMSs or larger).
The ESC Configuration area is used by the ESC for configuration. All other parts are used by
the main or the local application.

9.3.7. RESET

The EtherCAT module provides two registers, ESC  Res et (E2Qi RIS rFaGdAT
ESC Reset POESC eRS B)iwhizh can be accessed by the EtherCAT main
station and sub station respectively

To trigger a reset request.

9.3.8. I nterrupts
EtherCATsupport two types of interrupts: AL Event I
EtherCAT event requests targeted at the EtherCAT main. Additionally, the Distributed Clocks
SyncSignalscanbeused as interrupts for a e€Controller a

AL Event RROQuelsthnterrupt)

AL Event Requests can be signaled to a e€Control
(IRQ/SPI_IRQ, etc.). for IRQ generation, the AL Event Request register (0x0220:0x0223) is
combined with the AL Event Mask register (0x0204:0x0207) using a logical AND operation,
then all resulting bits are combined (logical OR) into one interrupt signal. The output driver
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characteristics of the IRQ signal are configurable using the SYNC/LATCH PDI configuration
register (0x0151). The AL Event Mask register allows for selecting the interrupts which are

relevant for the ¢€Conapplicdidner and handl ed by

Fi gwide PDI I nterrupt Masking and interrupt
Oth AL Event [
InterrS:)t 32 Req_ueSt E eController
sources Register
(0x0220:0x0223)
e 122 1o R | 1ReA
AL Event 25MHz
Mask ﬁ
Register
DC (0x0204:0x0207) L
SYNCO | } SYNCO }-—4 IRQ_B ‘
100MHz
SYNC1 ! SYNCL }-—4 IRQ_C ‘
SYNC/Latch
PDI Config.
Register 8
0x0151
The DC SyncSignals can be used for interrupt generation in two ways:
A The DC SYNC signals are mapped into the AL Event Request Register (configured with
SYNC/LATCH PDI Configuration register 0x0151.3/7). In this case, all interrupts from the
ESC to the e€Controller are combined into

LATCHO/1 inputs can still be used. The IRQ signal has a jitter of ~40 ns.

A The DC SyncSignals ar e directly connected

¢ C o ollerrcan react on DC SyncSignal interrupts faster (without reading AL Request
register), but it needs more interrupt inputs. The jitter of the SyncSignals is ~12 ns. The
DC Latch functions are only available for one Latch input or not at all (if both DC SYNC
outputs are used).

ECAT Event Request (ECAT Interrupt)

ECAT event requests are used to inform the EtherCAT main of sub events. ECAT events
make use of the IRQ field inside EtherCAT datagrams. The ECAT Event Request register
(0x0210:0x0211) is combined with the ECAT Event Mask register (0x0200:0x0201) using a
logical AND operation. The resulting interrupt bits are combined with the incoming ECAT IRQ
field using a logical OR operation, and written into the outgoing ECAT IRQ field. The ECAT
Event Mask register allows for selecting the interrupts which are relevant for the EtherCAT
main and handled by the main application.

NOTE: The main cannot distinguish which sub (or even more than one) was the origin of an
interrupt.

170

S

t

he

gne

one

t



GDS C N 8 3Wsxexr Manua

GigaDevice
Fi gwbe Et her CAT Interrupt Masking
ECAT Event Requset
Register
(0x0210:0x0211) 16
¢ 16
>=1 iTransmitted ECAT
Event
16
ECAT Event Mask 16
Register Recevied ECAT | |
Event
(0x0200:0x0201)
Clearing Interrupts Accidentally
Event request registers and register actions which clear interrupts are intended to be
accessed independently, i.e., with separate EtherCAT frames or separate PDI accesses.
Otherwise it may happen that interrupts and/or data are missed.
9.3.9. LED
EtherCAT SubDevice controllers support LED(RUNLED) regarding link state and AL status.
The LED output of an ESC is controlled by the AL status register (0x0130) and supports the
following states, which are automatically translated into blink codes.
The EtherCAT Core configuration provides for direct control of the RUN LED via the RUN
LED Override Register.
9.4. ESC Register definition
9.4.1. ESOype reES5€tEYPE
Addr ess OXD000 s et :
Reset value: OxBC
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
TYPE[7:0] ‘
r(ECAT)
r(PDI)
Bits Fields Descriptions
7:0 TYPE[7:0] Type of EtherCAT controller

0xBC: GDSCN
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9.4.2. ESQRevision (EQi REVINSI ON
Addr ess 0OXD00L s et :
Reset value: 0x0000
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
REVISION[7:0] ‘
r(ECAT)
r(PDI)
Bits Fields Descriptions
7:0 REVISION[7:0] Revision of EtherCAT controller.
9.4.3. ES@Build rESCsBu)¢ LD
Address Offset: 0x0002
Reset value: 0x0000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
PATCHBUILD[7:0] ‘ MINVY[3:0] MAINVZ[3:0]
r(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
15:8 PATCHBUILD[7:0]  patch level / development build:
0x00: original release
0x01-0xO0F: patch level of original release
0x10-0OxFF: development build
74 MINVY[3:0] minor version Y
3:0 MAINVZ[3:0] maintenance version Z
9.4.4. ESECGMMU Number s(ES€qg iF vBYdr

Address Offset: 0x0004
Reset value: 0x08

This register can be accessed by byte(8-bit).

5 4 3 2 1 0

FMMU[7:0] ‘

r(ECAT)

r(PDI)
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Bits Fields Descriptions
7:0 FMMUI7:0] This field details the number of supported FMMU channels (or

entities) of the EtherCAT SubDevice controller. The device provides 8.

9.4.5. ESGyncManager s NumESICs SIYANEIMSt er

Address Offset: 0x0005
Reset value: 0x08

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
SM [7:0] ‘
r(ECAT)
r(PDI)
Bits Fields Descriptions
7:0 SM[7:0] Number of supported SyncManager entities, The device provides 8.
9.4.6. ESRAM sreaegi ESCr RAMPI ZE

Address Offset: 0x0006
Reset value: 0x08

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
RAMSIZE[7:0] ‘
r(ECAT)
r(PDI)
Bits Fields Descriptions
7:0 RAMSIZE[7:0] Process Data RAM size supported in 8Kbyte
9.4.7. ES®ormtescri pto(ESEGgARGRTerNDESC

Address Offset: 0x0007
Reset value: Ox3F

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Port3[1:0] Port2[1:0] Port1[1:0] Port0[1:0] ‘
r(ECAT) r(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI) r(PDI)
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Bits Fields Descriptions
7:6 Port3[1:0] Port 3 Configuration

This field details the Port 3 configuration.
00: Not implemented

01: Not configured

10: Reserved

11: Ml

5:4 Port2[1:0] Port 2 Configuration
This field details the Port 2configuration.
00: Not implemented
01: Not configured
10: Reserved
11: Ml

3:2 Port1[1:0] Port 1 Configuration
This field details the Port 1 configuration.
00: Not implemented
01: Not configured
10: Reserved
11: Ml

1:0 Port0[1:0] Port 0 Configuration
This field details the Port O configuration.
00: Not implemented
01: Not configured
10: Reserved
11: Ml

9.4.8. ESGCeatures suppaqeSE@rFEATPURE er

Address Offset: 0x0008
Reset value: 0x01CC

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘ FS11 ‘ FS10 ‘ FS9 ‘ FS8 ‘ FS7 ‘ FS6 ’ Reserve FS3 ’ FS2 ‘ FS1 ’ FSO ‘
'(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT) r(ECAT) I(ECAT) r(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
15:12 Reserved Must be kept at reset value.
11 FS11 Fixed FMMU/SyncManager configuration:

0: Variable configuration
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1: Fixed configuration

10 FS10 EtherCAT read/write command support (BRW, APRW, FPRW):
0: Supported
1: Not supported

9 FS9 EtherCAT LRW command support:
0: Supported
1: Not supported

8 FS8 Enhanced DC SYNC Activation:
0: Not available
1: Available NOTE: This feature refers to registers ESCRegi st er /
regi stteSCREG AXTand ESC Activation S
(ESC ACT )STAT

7 FS7 Separate Handling of FCS Errors:
0: Not supported
1: Supported, frames with wrong FCS and additional nibble will be counted
separately in Forwarded RX Error Counter

6 FS6 Enhanced Link Detection MII:
0: Not available
1: Available

5:4 Reserved Must be kept at reset value.

3 FS3 Distributed Clocks (width):
0: 32 hit
1: 64 bit

2 FS2 Distributed Clocks:
0: Not available
1: Available

1 FS1 Unused register access:
0: allowed

1: not supported

0 FSO FMMU Operation
0: Bit oriented
1: Byte oriented

9.4.9. ESConfigured stati onfESQ dI TeAsTsl ONe gAiDsDtRe r

Address Offset: 0x0010
Reset value: 0x0

This register can be accessed by half-word(16-bit).

175



GDS C N 8 3Wsxexr Manua

GigaDevice
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ CSAD[15:0] ‘
rw(ECAT)
r(PDI)
Bits Fields Descriptions
15:0 CSADJ[15:0] Address used for node addressing (FPRD/FPWR/FPRW/FRMW commands).

9.4.10. ESConfigured stati@SCAISITATSI OBNgAESBer

Address Offset: 0x0012
Reset value: 0x0

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CSAL[15:0]
r(ECAT)
rw(PDI)
Bits Fields Descriptions
15:0 CSAL[15:0] Alias Address used for node addressing (FPRD/FPWR/FPRW/FRMW commands).

The use of this alias is activated by Register ESC DL Cont r
(ESC DL _)8if24].

NOTE: EEPROM value is only transferred into this register at first EEPROM load

after power-on or reset.

9.4.11. Write Enabl(ESC eRBMENeTr

Address Offset: 0x0020
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Reserved ‘ WEN ‘
rw(ECAT)
r(PDI)
Bits Fields Descriptions
7:1 Reserved Must be kept at reset value.
0 WEN If register write protection is enabled, this register has to be written in the same

Ethernet frame (value does not matter) before other writes to this station are

allowed. This bit is self-clearing at the beginning of the next frame (SOF), or if
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Register Write Protection is disabled.
9.4.12. ESGVrite Protec(EISCREGWRI ster
Address Offset: 0x0021
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Resrved ‘ WPR ‘
rw(ECAT)
r(PDI)
Bits Fields Descriptions
7:1 Reserved Musbhte kept at reset value.
0 WPR Register write protection:
0: Protection disabled
1: Protection enabled
Registers 0x0000:0x0F7F are write-protected, except for 0x0020 and 0x0030.
9.4.13. ESC Write EnalBBEE€_WEDNIi ster

Address Offset: 0x0030
Reset value: 0x0

This register can be accessed by byte(8-bit).

5 4 3 2 1 0

Bits

Resrved ‘ EWEN ‘
rw(ECAT)

r(PDI)

Fields Descriptions

7:1

9.4.14.

Reserved Must be kept at reset value.

EWEN If ESC write protection is enabled, this register has to be written in the same

E S GNr

Ethernet frame (value does not matter) before other writes to this station are
allowed. This bit is self-clearing at the beginning of the next frame (SOF), or if ESC

Write Protection is disabled.

ite Protec(ESCn WPegi ster

Address Offset: 0x0031
Reset value: 0x0
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This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Resrved ‘ EWPR ‘
rw(ECAT)
r(PDI)
Bits Fields Descriptions
71 Reserved Must be kept at reset value.
0 EWPR Write protect:
0: Protection disabled
1: Protection enabled
All areas are write-protected, except for 0x0030.
9.4.15. ESC Reset (BSQiRITrECAT

Address Offset: 0x0040
Reset value: 0x0

This register can be accessed by byte(8-bit).

Write :
7 5 4 3 2 1 0
RESET_ECAT[7:0] ‘
W(ECAT)
r(PDI)
Bits Fields Descriptions
7:0 RESET_ECAT[70] Areset is asserted after writing the
(6S0d) in this register with consec
continue the sequence by writing the next expected value will cancel the reset
procedure.
Read:
7 5 4 3 2 1 0
Reserved RESET_ECAT[1:0]
rw(ECAT)
r(PDI)
Bits Fields Descriptions
7:2 Reserved Must be kept at reset value.
1.0 RESET_ECAT[1:0] Progress of the reset procedure:

00: initial/reset state

01: after writing 0x52 (6RO),
10: after writing O0x45 (O6E6),

when pr
when pr
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11: after writing 0x53 (6S6), when pr
This value must not be observed because the ESC enters reset when this state is

reached, resulting in state 00.

9.4.16. ESC Reset PMEHSG eRgI T tRDI

Address Offset: 0x0041
Reset value: 0x0

This register can be accessed by byte(8-bit).

Write :
7 6 5 4 3 2 1 0
RESET_PDI[7:0] ‘
r(ECAT)
rw(PDI)
Bits Fields Descriptions
7:0 RESET_PDI[7:0] A reset is asserted after writing the
(6S6) in this register with 3 consecu
not continue the sequence by writing the next expected value will cancel the reset
procedure.
Read:
7 6 5 4 3 2 1 0
Reserved RESET_PDI[1:0]
r(ECAT)
rw(PDI)
Bits Fields Descriptions
7:2 Reserved Must be kept at reset value.
1.0 RESET_PDI[1:0] Progress of the reset procedure:

00: initial/reset state

01: after writing 0x52 (6R6), when pr
10: after writing Ox45 (O0EO6), when pr
11: after writing 0x53 (6S6), when pr
This value must not be observed because the ESC enters reset when this state is

reached, resulting in state 00.

9.417. ESC DL Contr@&SCregi)ETer

Address Offset: 0x0100
Reset value: 0x7C001
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31 30

This register can be accessed by word(32-bit).

29 28 27

26 25 24 23 22 21 20 19 18 17 16

Reserved

‘ ALIAS ‘ Reserved ‘ FIFO_REDUCTION[2:0]

15 14

13 12 11

rw(ECAT) rw(ECAT)

r(PDI) r(PDI)

10 9 8 7 6 5 4 3 2 1 0

LOOP_P3[1:0]

LOOP_P2[1:0] LOOP_P1[1:0] LOOP_PO[1:0] Reserved ‘ USE ‘FRAME‘

rw(ECAT)

r(PDI)

Bits

'W(ECAT) rw(ECAT)

r(PDI) r(PDI)

Fields

W(ECAT) 'W(ECAT) rw(ECAT)

r(PDI) r(PDl)  r(PDI)

Descriptions

31:25

24

23:19

18:16

15:14

12:13

11:10

Reserved

ALIAS

Reserved

FIFO_REDUCTION][2:0]

LOOP_P3[1:0]

LOOP_P2[1:0]

LOOP_P1[1:0]

Must be kept at reset value.

Station alias:

0: Ignore Station Alias

1: Alias can be used for all configured address command types (FPRD,
FPWR, &)

Must be kept at reset value.

RX FIFO Size (ESC delays start of forwarding until FIFO is at least half full). RX
FIFO Size/RX delay reduction:

Value: MII:

-40 ns (-80 ns)

-40 ns (-80 ns)

-40 ns

-40 ns

no change

no change

no change

No a A e R o

default
NOTE: EEPROM value is only taken over at first EEPROM load after power-on

or reset

Loop Port 3:
00: Auto

01: Auto Close
10: Open

11: Closed

Loop Port 2:
00: Auto

01: Auto Close
10: Open

11: Closed

Loop Port 1:
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00: Auto

01: Auto Close
10: Open

11: Closed

9:8 LOOP_POQ[1:0] Loop Port 0:
00: Auto
01: Auto Close
10: Open
11: Closed

NOTE: Loop open means sending/receiving over this port is enabled, loop
closed means sending/receiving is disabled and frames are forwarded to the
next open port internally.

Auto: loop closed at link down, opened at link up

Auto Close: loop closed at link down, opened with writing 01 again after link up
(or receiving a valid Ethernet frame at the closed port)

Open: loop open regardless of link state

Closed: loop closed regardless of link state

7:2 Reserved Must be kept at reset value.

1 USE Temporary use of settings in 0x0100:0x0103[8:15]:
0: permanent use

1: use for about 1 second, then revert to previous settings

0 FRAME Forwarding rule:
0: Forward non-EtherCAT frames: EtherCAT frames are processed, non-
EtherCAT frames are forwarded without processing or modification. The source
MAC address is not changed for any frame.
1: Destroy non-EtherCAT frames: EtherCAT frames are processed, non-
EtherCAT frames are destroyed. The source MAC address is changed by the
Processing Unit for every frame (SOURCE_MACI1] is set to 1 i locally

administered address).

9.4.18. ES®hysical read/ wr i(ES2C oFHYRItKCWGHF SSE Te r

Address Offset; 0x0108
Reset value: 0x0

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RW_OFFSET[15:0]

TW(ECAT)

r(PDI)

Bits Fields Descriptions
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15:0 RW_OFFSET[15:0] This register is used for ReadWrite commands in Device Addressing mode (FPRW,
APRW, BRW). The internal read address is directly taken from the offset address
field of the EtherCAT datagram header, while the internal write address is calculated
by adding the Physical Read/Write Offset value to the offset address field. Internal
read address = ADR, internal write address = ADR + R/W-Offset

9.4.19. ESC ®Status rE3C sDlerSTAT

Address Offset: 0x0110
Reset value: 0x0
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DL_STAT |DL_STAT |DL_STAT |DL_STAT |DL_STAT |DL_STAT [DL_STAT |DL_STAT |DL_STAT |DL_STAT |DL_STAT | DL_STAT DL_STAT|DL_STAT |DL_STAT

Reserved
Us15 usi14 Us13 usi12 us1® US10 us9 uss us7 use us5 us4 us2 us1 Uso
r(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI)

Bits Fields Descriptions

15 DL _STATUS1 Communication on Port 3:

0: No stable communication

1: Communication established
14 DL_STATUS14 Loop Port 3:

0: Open

1: Closed
13 DL_STATUS13 Communication on Port 2:

0: No stable communication

1: Communication established
12 DL_STATUSI12 Loop Port 2:

0: Open

1: Closed
11 DL_STATUS11 Communication on Port 1:

0: No stable communication

1: Communication established
10 DL_STATUS10 Loop Port 1:

0: Open

1: Closed
9 DL_STATUS9 Communication on Port O:

0: No stable communication

1: Communication established
8 DL_STATUSS8 Loop Port O:
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0: Open
1: Closed

7 DL_STATUS7 Physical link on Port 3
0: No link

1: Link detected

6 DL_STATUSG6 Physical link on Port 2
0: No link
1: Link detected

5 DL_STATUSS Physical link on Port 1
0: No link
1: Link detected

4 DL_STATUS4 Physical link on Port O:
0: No link
1: Link detected

3 Reserved Must be kept at reset value.

2 DL_STATUS2 Enhanced Link detection:
0: Deactivated for all ports
1: Activated for at least one port NOTE: EEPROM value is only transferred into this
register at first EEPROM load after power-on or reset

1 DL_STATUS1 PDI Watchdog Status:
0: Watchdog expired
1: Watchdog reloaded

0 DL_STATUSO PDI operational/EEPROM loaded correctly:
0: EEPROM not loaded, PDI not operational (no access to Process Data RAM)
1: EEPROM loaded correctly, PDI operational (access to Process Data RAM)

9.4.20. ESC AL Contr@&@sSCragi)smer

Address Offset: 0x0120
Reset value: 0x1

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved ‘REQUEST’ ACK ‘ STATE[3:0]
rW(ECAT) rw(ECAT) rw(ECAT)
rw(PDI)  rw(PDI) rw(PDI)
Bits Fields Descriptions
15:6 Reserved Must be kept at reset value.
5 REQUEST Device Identification:
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GigaDevice
0: No request
1: Device ldentification request
4 ACK Error Ind Ack:
0: No Ack of Error Ind in AL status register
1: Ack of Error Ind in AL status register
3:0 STATE[3:0] Initiate State Transition of the Device State Machine:
1: Request Init State
3: Request Bootstrap State
2: Request Pre-Operational State
4: Request Safe-Operational State
8: Request Operational State
Note: PDI register function acknowledge by Write command is disabled: Reading
AL Control from PDI clears AL Event Request 0x0220[0]. Writing to this register
from PDI is not possible. PDI register function acknowledge by Write command is
enabled: Writing AL Control from PDI clears AL Event Request 0x0220[0]. Writing
to this register from PDI is possible; write value is ignored (write 0).
NOTE: AL Control register behaves like a mailbox if Device Emulation is off (0x0141[0]=0):
The PDI has to read/write* the AL Control register after ECAT has written it. Otherwise ECAT
cannot write again to the AL Control register. After Reset, AL Control register can be written
by ECAT. (Regarding mailbox functionality, both low and high byte of the AL Control register
trigger read/write functions, e.g., reading 0x0121 is sufficient to make this register writable
again) If Device Emulation is on, the AL Control register can always be written, its content is
copied to the AL Status register.
9.4.21. ESC AL Stat (B5SC eAgli SBTeAT
Address Offset: 0x0130
Reset value: 0x1
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 2 1 0
ERROR_|
Reserved IDENTI AL_STATE[3:0]
ND
r(ECAT) r(ECAT) r(ECAT)
rw(PDI)  rw(PDI) rw(PDI)
Bits Fields Descriptions
15:6 Reserved Must be kept at reset val
5 IDENTI Device Identification:
0: Device Identification not valid
1: Device ldentification | oaded
4 ERROR_IND Error Ind:
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0: Device is in State as requested or Flag cleared by command
1: Device has not entered requested
action
3.0 AL_STATEJ[3:0] Actual State of the Device State Machine:
1: Init State

3: Bootstrap State

2: Pre-Operational State

4: Safe-Operational State

8: Operational St at e

NOTE: AL Status register is only writable from PDI if Device Emulation is off (0x0141[0]=0),
otherwise AL Status register will reflect AL Control register values. Avoid reading AL Status
register from PDI.

9.4.22. ESC AL Status (Ed&Sde ArLe SiTAMe CODE

Address Offset: 0x0134
Reset value: 0x0

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

AL_STATUS_CODE[15:0]

r(ECAT)

rw(PDI)

Bits Fields Descriptions
15:0 AL_STATUS_CODE[15:0] AL Status Code

9.4.23. ESC RUN LED Over(E$S@eRUNQIOEIRN®OT

Address Offset: 0x0138
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Reserved OVERRID LED_CODE[3:0]
EN
rw(ECAT) rw(ECAT)
rw(PDI) rw(PDI)
Bits Fields Descriptions
75 Reserved Must be kept at reset value.
4 OVERRIDEN Enable Override:
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0: Override disabled
1: Ovemmibded
3.0 LED_CODEJ3:0] LED code: AL Status:
0x0: Off Init 1
0x1: Flash 1x
0x2-0xC: Flash 2x T 12x SafeOp 4
0xD: Blinking PreOp 2
OXE: Flickering Bootstrap 3
OxF: On Operational 8

NOTE: Changes to AL Status register (0x0130) with valid values will disable RUN LED
Override (0x0138[4]=0). The value read in this register always reflects current LED output.

9424, ESC ERR LED OverESQTEeERR gIOBMRB

Address Offset: 0x0139
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Reserved OVERRID LED_CODE[3:0]
‘ EN
rw(ECAT) rw(ECAT)
rw(PDI) rw(PDI)
Bits Fields Descriptions
7:5 Reserved Must be kept at reset value.
4 OVERRIDEN Enable Override:
0: Override disabled
1: Override enabled
3:0 LED_CODE[3:0] LED code:
0x0: Off
0x1-0xC: Flash 1x i 12x
0xD: Blinking

OXE: Flickering
Ox F: On

NOTE: New error conditions will disable ERR LED Override (0x0139[4]=0). The value read
in this register always reflects current LED output.
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Address Offset: 0x0140
Reset value: depends on configuration
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
PDI_CTL[7:0] ’
r(ECAT)
r(PDI)
Bits Fields Descriptions
7:0 PDI_CTL[7:0] Process data interface:
0x04: Digital I/O
0x80: PDI Select SPI or EXMC, When the pad of MCU_PDI_TYPE is 1, select
EXMC; When the pad of MCU_PDI_TYPE is 0, select SPI.
Ot hers: Reserved
9.4.26. ESConfigurati@®SCr €FiGst er
Address Offset: 0x0141
Reset value: depends on configuration
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
EH_LINK_|EH_LINK_|EH_LINK_|EH_LINK_| CLK_LAT |CLK_SYN|EH_LINK_[CTL_AL_S
P3 P2 P1 PO CH_EN C_EN ALL TATUS
r(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
7 EH_LINK_P3 Enhanced Link port 3(default 1, later EEPROM word 0):
0: disabled (if bit 1=0)
1: enabl ed
6 EH_LINK_P2 Enhanced Link port 2(default 1, later EEPROM word 0):
0: disabled (if bit 1=0)
1: enabl ed
5 EH_LINK_P1 Enhanced Link port 1(default 1, later EEPROM word 0):
0: disabled (if bit 1=0)
1: enabl ed
4 EH_LINK_PO Enhanced Link port O(default 1, later EEPROM word 0):

0: disabled (if bit 1=0)
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1: enabl ed
3 CLK_LATCH_EN Distributed Clocks Latch In Unit:
0: disabled (power saving)
1: enabled
2 CLK_SYNC_EN Distributed Clocks SYNC Out Unit:
0: disabled (power saving)
1: enabled
1 EH_LINK_ALL Enhanced Link detection all ports(default 1, later EEPROM word 0):

0: disabled (if bits [7:4]=0)
1: enabled at all ports (overrides bits [7:4])

0 CTL_AL_STATUS Device emulation (control of AL status) (default 0)
0: AL status register has to be set by PDI
1: AL status register will be set to value written to AL control register
NOTE: Reset value is 1 with Digital I/O PDI'  On-chip bus Others: 0A

NOTE: EEPROM values of bits 1, 4, 5, 6, and 7 are only transferred into this register at first
EEPROM load after power-on or reset.

9.4.27. ESC PDI I nf or métSiCo rP Dri@)d iNsFt e r

Address Offset: 0OX014E
Reset value: depends on configuration

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CONFIGU|ACTIVE_E PDI_WRE
Reserved LOAD_EN
RE_EN N N

r(ECAT) r(ECAT) r(ECAT) r(ECAT)

r(PDI) r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
15:4 Reserved Must be kept at reset value.
3 CONFIGURE_EN PDI confi gu(dauliOpn invalid
0: PDI configuration ok
1: PDI configuration invalid
2 ACTIVE_EN PDI a(defailtw)e
0: PDI not active
1: PDI active
1 LOAD_EN ESC configuration area loaded from EEPROM(default 0):
0: not loaded
1: | oaded
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0 PDI_WREN PDI function acknowledge by write:
0: Disabled
1: Enabl ed

N o t Reset value depends on configuration

9.4.28. ESC PDI configufBSEDIKFEegi ster

Address Offset: 0x0150
Reset value: depends on configuration

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

OUT_DATA[1:0] IN_DATA[1:0] WATCHD| MODE |OUTVALI|POLARIT

0OG D_MOD Y

r(ECAT) 1(ECAT)

r(PDI) r(PDI)

Bits Fields

r(ECAT)

r(PDI)

f(ECAT) r(ECAT) r(ECAT)

r(PDI)  «(PDI)  r(PDI)

Descriptions

7:6 OUT_DATA[1:0]

5:4 IN_DATA[1:0]

3 WATCHDOG

2 MODE

1 OUTVALID_MOD

0 POLARITY

Output DATA is updated at
00: End of Frame

01: reserved

10: DC SYNCO event

11: DC SYNC1 event

If 0x0150[1] =1,
(0x0150[ 7: 6]

DATA i s

ignored)

out put updat €

ar e

Input DATA is sampled at

00: Start of Frame2

01: Rising edge of LATCH_IN
10: DC SYNCO event

11: DC SYNC1 event

Watchdog behavior(default 0):
0: Outputs are reset immediately after watchdog expires
1: OQutputs are reset with

next output

Unidirectional/Bidirectional mode(default 0):
0: Unidirectional mode: input/output direction of pins configured individually

1: Bidirectional mode: all /0 pins are bidirectional, direction configuration is ignored

OUTVALID mode(default 0):

0: Output event signaling

1: Process Data Watchdog trigger (WD_TRIG) signaling on OUTVALID pin (see
SyncManager). Output data is updated if watchdog is triggered. Overrides
0x0150[7:6]

OUTVALID polarity(default 0):
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0: Active high

1: Active low

NOTE: all the bit can be configured via EEPROM.

9.4.29. ESC Sync/ Latch conf(iguG aSL ohFG)egi ster

Address Offset: 0x0151
Reset value: depends on configuration

This register can be accessed by byte(8-bit).

7 6

5 4 3

2 1 0

SYNC1_M

AP

r(ECAT)

r(PDI)

Bits

SL1_CON|SYNC1_POLARITY[O:

FIG

r(ECAT)

r(PDI)

SYNCO_M

1] AP

r(ECAT) r(ECAT)

r(PDI) r(PDI)

Fields

SLO_CON
FIG
r(ECAT)

r(PDI)

ISYNC1_POLARITYI[1:

0]

r(ECAT)

r(PDI)

Descriptions

7

5:4

1.0

SYNC1_MAP

SL1_CONFIG

SYNC1_POLARITY[0:1]

SYNCO_MAP

SLO_CONFIG

SYNC1_POLARITY[1:0]

SYNC1 mapped to AL Event Request Register 0x0220[3]:
0: Disabled
1: Enabl ed

SYNC1/LATCH1 Configuration(default 1):

0: LATCH1 Input

1: SYNC1 Output

NOTE: The ESC has concurrent SYNC[1:0] outputs and LATCHJ[1:0] inputs,
independent of this configuration

SYNC1 Output Driver/Polarity(default 10):
00: Push-Pull (Active Low)

01: Open Drain (Active Low)

10: Push-Pull (Active High)

11: Open Source (Active High)

SYNCO mapped to AL Event Request Register 0x0220[2]:
0: Disabled
1: Enabled

SYNCO/LATCHO Configuration(default 1):

0: LATCHO Input

1: SYNCO Output

NOTE: The ESC has concurrent SYNC[1:0] outputs and LATCH[1:0] inputs,

independent of this configuration

SYNCO Output Driver/Polarity(default 10):
00: Push-Pull (Active Low)
01: Open Drain (Active Low)
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10: Push-Pull (Active High)
11: Open Source (Active High)

9.4.30. ESC PDI extended con(fESREBDFrEBXT o@QFG)egi st er

Address Offset: 0x0152
Reset value: depends on configuration

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

‘ DIR15 ‘ DIR15 ‘ DIR15 ‘ DIR15 ‘ DIR15 ‘ DIR15 ‘ DIR15 ‘ DIR8 ‘ DIR7 ‘ DIR6 ‘ DIRS ‘ DIR4 ‘ DIR3 ‘ DIR2 ‘ DIR1 ‘ DIRO ‘

r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) rECAT) r(ECAT) r(ECAT)

r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
15 DI R15 Direction of 1/0[31:30] configured in pairs as inputs or outputs:

Refer to DIRO description

14 DIR14 Direction of 1/0[29:28] configured in pairs as inputs or outputs:
Refer to DIRO description

13 DIR13 Direction of I/O[27:26] configured in pairs as inputs or outputs:
Refer to DIRO description

12 DIR12 Direction of 1/0[25:24] configured in pairs as inputs or outputs:
Refer to DIRO description

11 DIR11 Direction of 1/0[23:22] configured in pairs as inputs or outputs:
Refer to DIRO description

10 DIR10 Direction of 1/0[21:20] configured in pairs as inputs or outputs:
Refer to DIRO description

9 DIR9 Direction of 1/0[19:18] configured in pairs as inputs or outputs:
Refer to DIRO description

8 DIR8 Direction of I/O[17:16] configured in pairs as inputs or outputs:
Refer to DIRO description

7 DIR7 Direction of I/0[15:14] configured in pairs as inputs or outputs:
Refer to DIRO description

6 DIR6 Direction of 1/0O[13:12] configured in pairs as inputs or outputs:
Refer to DIRO description

5 DIR5 Direction of I/0O[11:10] configured in pairs as inputs or outputs:
Refer to DIRO description

4 DIR4 Direction of 1/0[9:8] configured in pairs as inputs or outputs:
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Refer to DIRO description

3 DIR3 Direction of I/O[7:6] configured in pairs as inputs or outputs:
Refer to DIRO description

2 DIR2 Direction of 1/0[5:4] configured in pairs as inputs or outputs:
Refer to DIRO description

1 DIR1 Direction of 1/0O[3:2] configured in pairs as inputs or outputs:
Refer to DIRO description

0 DIRO Direction of 1/0[1:0] configured in pairs as inputs or outputs:

0: Input
1: Output

NOTE: Reserved in bidirectional mode, set to 0. Configuration bits for unavailable

1/Os are reserved, set EEPROM value to 0.

9.431. ESC Event Ma ¢EkS O eEgViTs tMSIK

Address Offset: 0x0200
Reset value: 0x0

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EVENT_REQ[15:0]
W(ECAT)
r(PDI)
Bits Fields Descriptions
15:0 EVENT_REQ[15:0] ECAT Event masking of the ECAT Event Request Events for mapping into ECAT

event field of EtherCAT frames:
0: Corresponding ECAT Event Request register bit is not mapped
1: Corresponding ECAT Event Request register bit is mapped

9432. ES®DI AL Even(ESCEPeDyi sALeEVT

Address Offset: 0x0204
Reset value: OxOOFFFFOF

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AL_EVENT_REQ[31:16]
r(ECAT)
rw(PDI)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

AL_EVENT_REQ[15:0]
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r(ECAT)
rw(PDI)
Bits Fields Descriptions
31.0 AL_EVENT_REQ[31:0] AL Event masking of the AL Event Request register Events for mapping to PDI
IRQ signal:
0: Corresponding AL Event Request register bit is not mapped
1: Corresponding AL Event Request register bit is mapped
9.4.33. ESC Event RequESC_EY¥YHQRt er
Address Offset: 0x0210
Reset value: 0x0
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CHANNEL |CHANNEL |CHANNEL [CHANNEL [CHANNEL [CHANNEL [CHANNEL|CHANNEL| AL_STAT | DL_STAT DC_LATC
Reserved Reserved
7 6 5 4 3 2 1 0 us us H
r(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
15:12 Reserved Must be kept at reset value.
11 CHANNEL?7 Mirrors values of each SyncManager St
0: No Sync Channel 7 event
Sync Champreeaeldi hgevent
10 CHANNELG Mirrors values of each SyncManager St
0: No Sync Channel 6 event
Sync Channel 6 event pending
9 CHANNELS Mi rrors values of each SyncManager St
0: No Sync Channel 5 event
Sync Channel 5 event pending
8 CHANNEL4 Mirrors values of each SyncManager St
0: No Sync Channel 4 event
Sync Channel 4 event pending
7 CHANNEL3 Mirrors values of each SyncManager St
0: No Sync Channel 3 event
Sync Channel 3 event pending
6 CHANNEL 2 Mirrors valSyes Mahagach St at us:
0: No Sync Channel 2 event
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1: Sync Channel 2 event pending
5 CHANNEL1 Mirrors values of each SyncManager St
0: No Sync Channel 1 event
1: Sync Channel 1 event pending
4 CHANNELO Mi rrors values of each SyncManager St
0: SNywnc Channel 0 event
Sync Channel 0 event pending
3 AL_STATUS AL Status event:
0: No change in AL Status
1: AL Status change
(Bit is cleared by reading out AL St a
2 DL_STATUS DL Status event:
0: No change in DL Status
1: DL Status change
(Bit is cleared by reading out DL St a
Reserved Must be kept at reset value.
DC_LATCH DC Latch event:
0: No change on DC Latch Inputs
1: At | east one ¢thanmgs on DC Latch
(Bit is cleared by reading DC Leatocnh r
Latch Units, so that Latch 0/1 Status
9.4.34. ESC AL Event Re ¢euSeC tALr eEd®Qs tRe r
Address Offset: 0x0220
Reset value: 0x0
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SYNC15_I[SYNC14_l|SYNC13_I[SYNC12_I|SYNC11_l|SYNC10_I[SYNCO_IN|SYNCS8_IN
Reserved
NT NT NT NT NT NT T T
r(ECAT) r(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYNC7_I | SYNC6_I [SYNC5_IN| SYNC4_I [ SYNC3_| [SYNC2_IN| SYNC1_| [ SYNCO_I SYNC_CH| DC_SYN |DC_SYNC| DC_LAT [AL_CONT
Reserved | PDATA |EEPROM
NT NT T NT NT T NT NT ANGE C1 0 CH ROL
r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) Tr(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
31:24 Reserved Must be kept at reset value.
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23

22

21

20

19

18

17

16

15

14

13

12

11

SYNC15_INT

SYNC14_INT

SYNC13_INT

SYNC12_INT

SYNC11_INT

SYNC10_INT

SYNCO_INT

SYNCS8_INT

SYNC7_INT

SYNCG6_INT

SYNC5_INT

SYNC4_INT

SYNC3_INT

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 15 interrupt
1: SyncManager 15 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 14 interrupt
1: SyncManager 14 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 13 interrupt
1: SyncManager 13 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 12 interrupt
1: SyncManager 12 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 11 interrupt
1: SyncManager 11 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 10 interrupt
1: SyncManager 10 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 9 interrupt
1: SyncManager 9 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 8 interrupt
1: SyncManager 8 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 7 interrupt
1: SyncManager 7 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 6 interrupt
1: SyncManager 6 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 5 interrupt
1: SyncManager 5 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 4 interrupt
1: SyncManager 4 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):

0: No SyncManager 3 interrupt
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10

SYNC2_INT

SYNC1_INT

SYNCO_INT

Reserved

PDATA

EEPROM

SYNC_CHANGE

DC_SYNC1

DC_SYNCO

DC_LATCH

AL_CONTROL

1: SyncManager 3 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):
0: No SyncManager 2 interrupt
1: SyncManager 2 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):
0: No SyncManager 1 interrupt
1: SyncManager 1 interrupt pending

SyncManager interrupts (SyncManager register offset 0x5, bit [0] or [1]):
0: No SyncManager 0 interrupt
1: SyncManager 0 interrupt pending

Must be kept at reset value.

Watchdog Process Data:

0: Has not expired

1: Has expired

(Bit is cleared by reading Watchdog Status Process Data 0x0440 from PDI)

EEPROM Emulation:

0: No command pending

1: EEPROM command pending

(Bit is cleared by acknowledging the command in EEPROM Control/Status register
0x0502:0x0503[10:8] from PDI)

SyncManager activation register (SyncManager register offset 0x6) changed:
0: No change in any SyncManager
1: At least one SyncManager changed

(Bit is cleared by reading SyncManager Activation registers 0x0806 etc. from PDI)

State of DC SYNC1 (if register 0x0151[7]=1):
(Bit is cleared by reading of SYNC1 status 0x098F from PDI, use only in

Acknowledge mode)

State of DC SYNCO (if register 0x0151[3]=1):
(Bit is cleared by reading SYNCO status 0x098E from PDI, use only in Acknowledge

mode)

DC Latch event:

0: No change on DC Latch Inputs

1: At least one change on DC Latch Inputs

(Bit is cleared by reading DC Latch event times from PDI, so that Latch 0/1 Status
O0X09AE:0x09AF indicates no event. Available if Latch Unit is PDI-controlled)

AL Control event:
0: No AL Control Register change
1: AL Control Register has been written(AL control event is only generated if PDI
emulation is turned off (ESC Configuration 0O register 0x0141[0]=0))
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(Bit is cleared by reading AL Control register 0x0120:0x0121 from PDI)

9.4.35. RX ErProartr e i RIXCIORTERR(X = 0,1, 2, 3)

Address Offset: 0x0300 + X * 2
Reset value: 0x0

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EEOR_PORTX[7:0] ‘ INVALID_PORTX[7:0]
rwc(ECAT) rwc(ECAT)
r(PDI) r(PDI)
Bits Fields Descriptions
15:8 EEOR_PORT X[ Port X RX Error Counter

RX Error counter of Port X (counting is stopped when OxFF is reached).

7:0 INVALID_PORTX][7:0] Port X Invalid Frame Counter
Invalid frame counter of Port X (counting is stopped when OxFF is reached).

NOTE: Error Counters 0x0300-0x030B are cleared if one of the implemented RX Error
counters 0x0300-0x030B is written (preferably 0x0300). Write value is ignored (write 0).
Errors are only counted if the loop of the port is open.

9.4.36. Forwarded RX Erro(F WDoPtORY Xn@ERiRst@r1, 2, 3)

Address Offset: 0x0308 + X
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

F_ERROR_PORTX[7:0] ‘
rwc(ECAT)

r(PDI)

Bits Fields Descriptions

7:0 F_ERROR_PORTX[7:0] Forwarded error counter of Port X (counting is stopped when OxFF is reached).

NOTE: Error Counters 0x0300-0x030B are cleared if one of the implemented RX Error
counters 0x0300-0x030B is written (preferably 0x0300). Write value is ignored (write 0).
Errors are only counted if the loop of the port is open.

9.4.37. ESC Processing Un(EtSCERPUo)ERMRegi ster

Address Offset: 0x030C
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Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
PU_ERROR([7:0] ’
rwc(ECAT)
r(PDI)

Bits Fields Descriptions
7:0 PU_ERROR[7:0] ECAT Processing Unit error counter (counting is stopped when OxFF is reached).

Counts errors of frames passing the Processing Unit.

NOTE: Error Counter 0x030C is cleared if error counter 0x030C is written. Write value is
ignored (write 0).

9438. ESC PDI Error C¢uWSnCt ePrDIrneERiIRst er

Address Offset: 0x030D
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
PDI_ERROR([7:0] ‘
rwc(ECAT)
r(PDI)
Bits Fields Descriptions
7:0 PDI_ERROR[7:0] PDI Error counter (counting is stopped when OxFF is reached). Counts if a PDI

access has an interface error.

NOTE: Error Counter 0x030D and Error Code 0x030E:0x030F are cleared if error counter
0x030D is written. Write value is ignored (write 0).

9439. ESC PORT X Legt (EISCRORTKOST L XK= 0,1, 2,

Address Offset: 0x0310 + X
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

LOST_LINK[7:0] ‘
rwc(ECAT)

r(PDI)

Bits Fields Descriptions
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7:0 LOST_LINK][7:0] Lost Link counter of Port X (counting is stopped when 0xff is reached). Counts only

if port is open and loop is Auto.

NOTE: Lost Link Counters 0x0310-0x0313 are cleared if one of the implemented Lost Link
Counters 0x0310-0x0313 is written (preferably 0x0310). Write value is ignored (write 0).

9.4.40. ESC Watchdog Di (EiSdCe D@ r2)gV¥ st er

Address Offset: 0x0400
Reset value: 0x09C2

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WATCHDOG_DIV[15:0]

rw(ECAT)
r(PDI)
Bits Fields Descriptions
15:0 WATCHDOG_DIV[15:0] Watchdog divider: Number of 25 MHz tics (minus 2) that represent the basic
watchdog increment. (Default value i

9.4.41. ESGWatchdog Ti me (EBC _DEBelgli MEP B I

Address Offset: 0x0410
Reset value: OxO3ES8

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WATCHDOG_TIME[15:0]

rw(ECAT)
r(PDI)

Bits Fields Descriptions

15:0 WATCHDOG_TIME[15:0] Watchdog Time PDI: number of basic watchdog increments (Default value

with Watchdog divider 100&es means

NOTE: Watchdog is disabled if Watchdog time is set to 0x0000. Watchdog starts counting
again with every PDI access.

9.4.42. ESC Watchdog Ti me Pr o(E8€sDUDAME_ PEORNITAL er

Address Offset; 0x0420
Reset value: OxO3ES8

This register can be accessed by half-word(16-bit).
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

WATCHDOG_TPD[15:0] ‘

rw(ECAT)
r(PDI)
Bits Fields Descriptions
15:0 WATCHDOG_TPD[15:0] Watchdog Time Process Data: number of basic watchdog increments (Default

value with Watchdog divider 100&s n

9.4.43. ESGWat chdog Status Pr o¢(EeSCs DA a3 "RAPrDeAJTiIAs t er

Address Offset: 0x0440
Reset value: 0x0

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
WATCHD
Reserved

OG_STA
r(ECAT)
rw(PDI)

Bits Fields Descriptions

15:1 Reserved Must be kept at reset value.

0 WATCHDOG_STA  Watchdog Status of Process Data (triggered by SyncManagers)

0: Watchdog Process Data expired

1: Watchdog Process Data is active or disabled

NOTE: PDI register function acknowledge by Write command is disabled: Reading
this register from PDI clears AL Event Request 0x0220[6]. Writing to this register
from PDI is not possible. PDI register function acknowledge by Write command is
enabled: Writing this register from PDI clears AL Event Request 0x0220[6]. Writing
to this register from PDI is possible; write value is ignored (write 0).

9.4.44. ESC Watchdog Counter P((ESCebB® @MRBtRADAegi st

Address Offset: 0x0442
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

WATCHDOG_CPD[7:0] ‘
rwc(ECAT)

r(PDI)
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Bits Fields Descriptions
7:0 WATCHDOG_CPD[7:0] Wat chdog Counter Process Data (rceoanh
Counts if Process Data Watchdog expi

9.4.45. ESC Watchdog Count(E$C DBl QTePghist er

Address Offset: 0x0443
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

WATCHDOG_PDIC[7:0] ‘
rwc(ECAT)

r(PDI)

Bits Fields Descriptions
7:0 WATCHDOG_PDIC[7:0] Wat chdog PDI counter (counting is s
PDI Watchdog expires.

NOTE: Watchdog Counters 0x0442-0x0443 are cleared if one of the Watchdog Counters
0x0442-0x0443 is written. Write value is ignored (write 0).

9.446. ESC EEPOM Conf i gu (EsStCi_dErE PrReOM _sCtFeGr

Address Offset: 0x0500
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

EEPROM_|

CAT

Reserved FORCE_E
CTL

TW(ECAT) rw(ECAT)

r(PDI) r(PDI)
Bits Fields Descriptions
7:2 Reserved Must be kept at reset value.
1 FORCE_ECAT Force ECAT access:

0: Do not change Bit 0x0501[0]
1: Re sOext0O 5Bilt[ 0] to O

0 EEPROM_CTL EEPROM control is offered to PDI:
0: no
lyes (PDI has EEPROM control)
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9.4.47. ESC EEPOM PDI Ac(ESLTs EEPCRIRBE er
Address Offset: 0x0501
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved ACCESS_
EEPROM
r(ECAT)
rw(PDI)
Bits Fields Descriptions
7:1 Reserved Must be kept at reset value.
0 ACCESS_EEPROM Access to EEPROM:
0: PDI releases EEPROM access
1: PDI takes EEPROM access (PDI has EEPROM control)
NOTE: write access is only possible if (0x0500[0]=1 or 0x0501[0]=1) and 0x0500[1]=0.
9.4.48. ESC EEPOM Contorl /(B3SQtEEPR®MiGter
Address Offset: 0x0502
Reset value: depends on configuration
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
EEPROM | ERROR_ |ERROR_A|EEPROM_|CHECKSU READ_BY|[EEPROM_|
COMMANDJ[2:0] SELECT Reserved ECAT_EN
_IF WEN CK STA M TES EMU
r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) rw(ECAT) r(ECAT) r(ECAT) r(ECAT) rw(ECAT)
r(PDI) r(PDI) rw(PDI) r(PDI) rw(PDI) rw(PDI) r(PDI) r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
15 EEPROM_IF Busy(default 0):
0: EEPROM Interface is idle
1: EEPROM Interface is busy
14 ERROR_WEN Error Write Enable(default 0):
0: No error
1: Write Command without Write enable
NOTE: Error bits are cleared by writ.i
Register Bits [10:8].
13 ERROR_ACK Error Acknowledge/Command(default 0):
0: No error
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1: Missing EEPROM acknowledge or invalid command

EEPROM emulation only: PDI writes 1 if a temporary failure has occurred.
NOTE: Error bits are cleared by writ.i
Register Bits [10:8].

12 EEPROM_STA EEPROM loading status(default 0):
0: EEPROM loaded, device information ok
1. EEPROM not loaded, device information not available (EEPROM loading in
progress or finished with a failure)

11 CHECKSUM Checksum Error in ESC Configuration Area(default 0):
0: Checksum ok
1: Checksum error
EEPROM emulation for ESC only: PDI writes 1 if a CRC failure has occurred for a

reload command.

10:8 COMMANDI2:0] Command register(default 0):
Write: Initiate command.
Read: Currently executed command
Commands:
000: No command/EEPROM idle (clear error bits)
001: Read
010: Write
100: Reload
Others: Reserved/invalid commands (do not issue)
EEPROM emulation only: after execution, PDI writes command value to indicate
operation is ready.
NOTE: Write Enable bit 0 is self-clearing at the SOF of the next frame, Command
bits [10:8] are self-clearing after the command is executed (EEPROM Busy ends).
Writing A0000 to the command register

bits [10:8] are ignored if Error Acknowledge/Command is pending (bit 13).

7 SELECT Selected EEPROM Algorithm:
0: 1 address byte (1Kbit i 16Kbit EEPROMS)
1: 2 address bytes (32Kbit i 4 Mbit EEPROMS)

6 READ_BYTES Supported number of EEPROM read bytes(default 0):
0: 4 Bytes
1: 8 Bytes

5 EEPROM_EMU EEPROM emulation:

0: Normal operation (I€ interface used)
1: PDI emulates EEPROM (I€ not used)

4:1 Reserved Must be kept at reset value.

0 ECAT_EN ECAT write enable(default 0):
0: Write requests are disabled

203



Manua

GigaDevice G D S CN 8 3lesxexr
1: Write requests are enabled
This bit is always 1 if PDI has EEPROM control.
NOTE: Write Enable bit O is self-clearing at the SOF of the next frame, Command
bits [10:8] are self-clearing after the command is executed (EEPROM Busy ends).
Writing A0000 to the command register
bits [10:8] are ignored if Error Acknowledge/Command is pending (bit 13).
9.4.49. ESC EEPROM Addr ¢5SC rEeEgRi QM YADDR
Address Offset: 0x0504
Reset value: 0x0
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
EEPROM_ADDR[31:0]
wW(ECAT)
w(PDI)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EEPROM_ADDR[31:0]
wW(ECAT)
w(PDI)
Bits Fields Descriptions
31:0 EEPROM_ADDR[31:0] EEPROM Address
0: First word (= 16 bit)
1: Second word é
Actually used EEPROM Address bits:
[9:0]: EEPROM size up to 16 Kbit
[17:0]: EEPROM size 32 Kbit i 4 Mbit
[31:0]: EEPROM Emulation
NOTE: write access depends upon the assignment of the EEPROM interface (ECAT/PDI).
Write access is blocked if EEPROM interface is busy (0x0502[15]=1).
9.4.50. ESC EEPROM eya t&SeCr EEPROM) DATA
Address Offset: 0x0508
Reset value: 0x0
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
EEPROM_READ[15:0]
r(ECAT)
rw(PDI)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
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EERPOM_WRITE[15:0]
rw(ECAT)
rw(PDI)
Bits Fields Descriptions
31:16 EEPROM_READJ[15:0] EEPROM Read data (data read from EEPROM, higher bytes)
15:0 EERPOM_WRITE[15:0] EEPROM Write data (data to be written to EEPROM) or EEPROM Read data

(data read from EEPROM, lower bytes)

9.4.51. ESC MI | Management Coni{ESocU_MINGt §g85us

Address Offset: 0x0510
Reset value: 0x0

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

COMMAN |READ_EE MII_CONF WRITE_E

MII_IF Reserved COMMANDI1:0] PHY_ADDRPO[4:0] PDI_CTL
D_ERROR OR IG N

r(ECAT) r(ECAT) rw(ECAT) rw(ECAT) r(ECAT) r(ECAT) r(ECAT) rw(ECAT)

r(PDI) r(PDI)  rw(PDI) rw(PDI) r(PDI) r(PDI) r(PDI) r(PDI)

Bits Fields Descriptions

15 MII_IF Busy:

0: MIl Management Interface is idle

1: MIl Management Interface is busy

14 COMMAND_ERROR Command error:
0: Last Command was successful
1: Invalid command or write command without Write Enable
Cleared by executing a valid command
[9:8].

13 READ_EEOR Read error:
0: No read error
1: Read error occurred (PHY or register not available)

Cleared by writing to register 0x0511.
12:10 Reserved Must be kept at reset value.

8:9 COMMANDI1:0] Command register:
Write: Initiate command.
Read: Currently executed command
00: No command/MI idle (clear error bits)
01: Read
10: Write

Others: Reserved/invalid command (do not issue)
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NOTE: Write enable bit 0 is self-clearing at the SOF of the next frame, Command
bits [10:8] areself-c | ear i ng after the command i s
to the command register will also clear the error bits [14:13]. The Command bits are
cleared after the command is executed.
7:3 PHY_ADDRPOQ[4:0] PHY address of port 0
(this is equal to the PHY address offset, if the PHY addresses are consecutive)
IP Core since V3.0.0/3.00c: Translation 0x0512[7] =0:
Register 0x0510[7:3] shows PHY address of port 0
Translation 0x0512[7] =1: Register 0x0510[7:3] shows the PHY address which will
be used for port 0-3 as requested by 0x0512[4:0] (valid values 0-3)
2 MII_CONFIG MII link detection and configuration:
0: Disabled for all ports
1: Enabled for at least one Ml port, refer to PHY Port Status (0x0518 ff.) for details
1 PDI_CTL Management Interface can be controlled by PDI (registers 0x0516-0x0517):
0: Only ECAT control
1: PDI control possible
0 WRITE_EN Write enable:
0: Write disabled
1: Write enabled
This bit is always 1 if PDI has MI control.
NOTE: Write enable bit 0 is self-clearing at the SOF of the next frame, Command
bits [10:8] areself-c | ear i ng after the command i s
to the command register will also clear the error bits [14:13]. The Command bits are
cleared after the command is executed.
9.4.52. ESC®HWddr ersesgi EtSeCPHYADDR
Address Offset: 0x0512
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
PHY_ADD Reserved TARGET_PHY[4:0]
B
rw(ECAT) rwW(ECAT)
rw(PDI) rw(PDI)
Bits Fields Descriptions
7 PHY_ADDR Target PHY Address translation:
0: Enabled
1: Disabled

Refer to 0x0512[4:0] and 0x0510[7:3] for details.

206



Manua

6:5 Reserved Must be kept at reset value.
4:0 TARGET_PHY[4:0] Target PHY Address
Translation 0x0512[7]=0:
0-3: Target PHY Addresses 0-3 are used to access the PHYs at port 0-3, when the
PHY addresses are properly configured
4-31: The configured PHY address of port 0 (PHY address offset) is added to the
Target PHY Address values 4-31 when accessing a PHY
Translation 0x0512[7]=1:
0-31: Target PHY Addresses is used when accessing a PHY without translation
NOTE: write access depends on assignment of Ml (ECAT/PDI). Write access is blocked if
Management interface is busy (0x0510[15]=1).
9.4.53. ESC PHY Regi ster AAING ePSHSEGRDDRst er
Address Offset: 0x0513
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved PHY_RADDR[4:0] ‘
rw(ECAT)
rw(PDI)
Bits Fields Descriptions
7:5 Reserved Must be kept at reset value.
4:0 PHY_RADDRI[4:0] Address of PHY Register that shall be read/written
9.4.54. ESC PHartrae gi EtSECPHY DATA
Address Offset: 0x0514
Reset value: 0x0
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 0
PHY_RWADDR[15:0]
rw(ECAT)
rw(PDI)
Bits Fields Descriptions
15:0 PHY_RWADDRJ[15:0] PHY Read/Write Data
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9.4.55. MI | Management ECAT Ac(MMSEBECARGEGCETATegi st ¢

Address Offset: 0x0516
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Reserved MII_ACCE
SS
rw(ECAT)
r(PDI)
Bits Fields Descriptions
7:1 Reserved Must be kept at reset value.
0 MII_ACCESS Access to MIl management:

0: ECAT enables PDI takeover of MIl management interface
1: ECAT claims exclusive access to MIl management interface

NOTE: write access is only possible if 0x0517[0]=0.

9.4.56. MI | Management ECAT Ac(MMSBDIRAICLCEE@ AT egi st ¢

Address Offset: 0x0517
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

Reserved PDI_ACC |MII_ACCE

ESS SS

TW(ECAT) r(ECAT)

r(PDI) rw(PDI)
Bits Fields Descriptions
7:2 Reserved Must be kept at reset value.
1 PDI_ACCESS Force PDI Access State:

0: Do not change Bit 0x0517[0]
1: Reset Bit 0x0517[0] to O

0 MII_ACCESS Access to MIl management:
0: ECAT has access to MIl management

1: PDI has access to MIl management
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ok F)

Address Offset: 0x0600 + X * 0x10
Reset value: 0x0

GigaDevice
9.4.57. PHY Port X St@HYPORIFKIHE¢XEr= 0,1, 2, 3)
Address Offset: 0x0518 + X
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved PHY_UPD|PARTNER|READ_ER|STATUS_ [LINK_STA| PHYLINK
ATE _ERROR ROR ERROR TUS
rwc(ECAT) r(ECAT) r(ECAT) rwc(ECAT) r(ECAT) r(ECAT)
rwc(PDI) r(PDI) r(PDI)  rwc(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
7:6 Reserved Must be kept at reset value.
5 PHY_UPDATE PHY configuration updated:
0: No update
1: PHY configuration was updated
Cleared by writing any value to at least one of the PHY Port X Status registers.
4 PARTNER_ERROR Link partner error:
0: No error detected
1: Link partner error
3 READ_ERROR Read error:
0: No read error occurred
1: A read error has occurred
Cleared by writing any value to at least one of the PHY Port X Status registers.
2 STATUS_ERROR Link status error:
0: No error
1: Link error, link inhibited
1 LINK_STATUS Link status (100 Mbit/s, Full Duplex, Auto negotiation):
0: No link
1: Link detected
0 PHYLINK Physical link status:
0: No physical link
1: Physical link detected
9.4.58. Logi cal St art addaerge EMMHUWMOG IXCDDR(X =
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This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

LOGIC_ADDR[31:16]

rw(ECAT)
r(PDI)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LOGIC_ADDR[15:0]

rw(ECAT)
r(PDI)
Bits Fields Descriptions
31.0 LOGIC_ADDR[31:0] Logical start address within the EtherCAT Address Space.

9459. Length FMMU (KRMM&J i ENGIMN = FP

Address Offset: 0x0604 + X * 0x10
Reset value: 0x0

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LENGTH_FMMUI[15:0]

rw(ECAT)
r(PDI)
Bits Fields Descriptions
15:0 LENGTH_FMMUI[15:0] Offset from the first logical FMMU byte to the last FMMU byte + 1 (e.g., if two

bytes are used, then this parameter shall contain 2)

9.4.60. Start bit FMMU X in Logi dRrRNMMMM 8TRRA eBI)sT s p a
X 4 Fb

Address Offset: 0x0606 + X * 0x10
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Reserved START_BIT[2:0] ‘
rw(ECAT)
r(PDI)
Bits Fields Descriptions
7:3 Reserved Must be kept at reset value.
2:0 START_BIT[2:0] Logical starting bit that shall be mapped (bits are counted from least significant bit
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0 to most significant bit 7)

9.4.61. Stop bit FMMU X in Logi cdAMMMEDORSEl)TSpac:
X =+ Fp

Address Offset: 0x0607 + X * 0x10
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Reserved STOP_BIT[2:0] ’
rw(ECAT)
r(PDI)
Bits Fields Descriptions
7:3 Reserved Must be kept at reset value.
2:0 STOP_BIT[2:0] Last logical bit that shall be mapped (bits are counted from least significant bit 0 to

most significant bit 7)

9.4.62. Physical Start addr ésMMFEAMIR) (X KEBE)@i st er

Address Offset: 0x0608 + X * 0x10
Reset value: 0x0

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

START_ADDR([15:0]

rw(ECAT)
r(PDI)

Bits Fields Descriptions

15:0 START_ADDR[15:0] Physical Start Address (mapped to logical Start address)

9.4.63. Physical Start bi(FEMMMIRAEBIXTX @g-) st er

Address Offset: 0OXx060A + X * 0x10
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Reserved PSTART_BIT[2:0] ‘
rw(ECAT)

r(PDI)
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Bits Fields Descriptions
7:3 Reserved Must be kept at reset value.
2:0 PSTART_BIT[2:0] Physical starting bit as target of logical start bit mapping (bits are counted from least
significant bit O to most significant bit 7)
9.4.64. Type FMMU X(FMMiTsYtPEEr X Ol=F)
Address Offset: 0x060B + X * 0x10
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved MAP_WRI|MAP_REA
TE D
rw(ECAT) rw(ECAT)
r(PDI) r(PDI)
Bits Fields Descriptions
7:2 Reserved Must be kept at reset value.
1 MAP_WRITE 0: Ignore mapping for write accesses
1: Use mapping for write accesses
0 MAP_READ 0: Ignore mapping for read accesses
1: Use mapping for read accesses
9465. Active FMMU (XKMMM¥ ACTt)YE Ol=F)
Address Offset: 0x060C + X * 0x10
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved ACTIVE_F
MMU
rw(ECAT)
r(PDI)
Bits Fields Descriptions
7:1 Reserved Must be kept at reset value.
0 ACTIVE_FMMU 0: FMMU deactivated

1: FMMU activated. FMMU checks logically addressed blocks to be mapped
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according to configured mapping
9.4.66. Physical Sté&ynhcMWMddhagmeg(SM 8TARALDR) X
= }OF)
Address Offset: 0x0800 + X * 8
Reset value: 0x0
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
SMSTART_ADDR[15:0]
rw(ECAT)
r(PDI)
Bits Fields Descriptions
15:0 SMSTART_ADDR[15:0] First byte that will be handled by SyncManager
9.4.67. Length SyncManadSNKL¥E NGIJHXsIlE=R)
Address Offset: 0x0802 + X * 8
Reset value: 0x0
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0
LENGTH_SM[15:0]
rw(ECAT)
r(PDI)
Bits Fields Descriptions
15:0 LENGTH_SM[15:0] Number of bytes assigned to SyncManager (shall be greater than 1, otherwise
SyncManager is not activated. If set to 1, only Watchdog Trigger is generated if
configured)
9.4.68. Control Register Syn@GMarCadgexr I=K)0r egi ster
Address Offset: 0x0804 + X * 8
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved [TRIGGER|AL_EVEN |ECAT_EV DIR[1:0] OPERA_MODE([1:0]
T_INT |ENT_INT
rw(ECAT) rw(ECAT) rw(ECAT) rw(ECAT) rw(ECAT)
r(PDI) r(PDI) r(PDI) r(PDI) r(PDI)
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Bits Fields Descriptions
7 Reserved Must be kept at reset value.
6 TRIGGER Watchdog Trigger Enable:
0: Disabled
1: Enabled
5 AL_EVENT_INT Interrupt in AL Event Request Register:
0: Disabled
1: Enabled
4 ECAT_EVENT_INT Interrupt in ECAT Event Request Register:
0: Disabled
1: Enabled
3:2 DIR[1:0] Direction:
00: Read: ECAT read access, PDI write access.
01: Write: ECAT write access, PDI read access.
10: Reserved
11: Reserved
1:0 OPERA_MODEJ[1:0] Operation Mode:

00: Buffered (3 buffer mode)
01: Reserved
10: Mailbox (Single buffer mode)

11: Reserved

9.4.69. Status Register SyndMXnagrrX ¥Fiegi ster

Address Offset: 0x0805 + X * 8
Reset value: 0x30

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
WRITE_B|READ_BU|BUFFER_STATUS[1:| MAILBOX | Reserved | READ_IN (WRITE_IN
UFFER FFER 0] _STATUS T T
r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI) r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
7 WRITE_BUFFER Write buffer in use (opened)
6 READ_BUFFER Read buffer in use (opened)
5:4 BUFFER_STATUS[1:0] Buffered mode: buffer status (last written buffer):

00: 1st buffer
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9.4.70.

7 6

MAILBOX_STATUS

Reserved

READ_INT

WRITE_INT

Activate

01: 2nd buffer
10: 3rd buffer
11: (no buffer written)

Mailbox mode: reserved

Mailbox mode: mailbox status:
0: Mailbox empty

1: Mailbox full

Buffered mode: reserved

Must be kept at reset value.

Interrupt Read:
1: Interrupt after buffer was completely and successfully read
0: Interrupt cleared after first byte of buffer was written

NOTE: This interrupt is signalled to the writing side if enabled in the SM Control

register.

Interrupt Write:
1: Interrupt after buffer was completely and successfully written
0: Interrupt cleared after first byte of buffer was read

NOTE: This interrupt is signalled to the reading side if enabled in the SM Control

register.

Sync Man@de rACX ivég i=FB 0 e r

Address Offset: 0x0806 + X * 8

Reset value: 0x0

This register can be accessed by byte(8-bit).

5 4 3

2 1 0

LATCH_P|LATCH_E

DI CAT
TW(ECAT) rw(ECAT)

r(PDl)  r(PDI)

Bits

Reserved

REQUEST| SM_EN

W(ECAT) r(ECAT)

r(PDl)  rw(PDI)

Fields Descriptions

7

5:2

LATCH_PDI Latch Event PDI:
0: No

1: Generate Latch events when PDI issues a buffer exchange or when PDI

accesses buffer start address

LATCH_ECAT Latch Event ECAT:
0: No

1: Generate Latch event when EtherCAT main issues a buffer exchange

Reserved Must be kept at reset value.
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1 REQUEST Repeat Request:
A toggle of Repeat Request means that a mailbox retry is needed (primarily used in
conjunction with ECAT Read Mailbox)

0 SM_EN SyncManager Enable/Disable:
0: Disable: Access to Memory without SyncManager control
1: Enable: SyncManager is active and controls Memory area set in configuration
NOTE: PDI register function acknowledge by Write command is disabled: Reading
this register from PDI in all SyncManagers which have changed activation clears AL
Event Request 0x0220[4]. Writing to this register from PDI is not possible.

9.4.71. PDI Co®%ymoManager EMRDICTLE(exXx I=F)0

Address Offset: 0x0807 + X * 8
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

Reserved ACK |DEACTIV

E_SM
r(ECAT)  r(ECAT)

rw(PDI)  rw(PDI)

Bits Fields Descriptions
7:2 Reserved Must be kept at reset value.
1 ACK Repeat Ack:

If this is set to the same value as that set by Repeat Request, the PDI acknowledges

the execution of a previous set Repeat request.

0 DEACTIVE_SM Deactivate SyncManager:
Read:
0: Normal operation, SyncManager activated.
1: SyncManager deactivated and reset. SyncManager locks access to Memory
area.
Write:
0: Activate SyncManager
1: Request SyncManager deactivation

NOTE: Writing 1 is delayed until the end of the frame, which is currently processed.

9.4.72. ESC Receive Ti me (EFSCr_tRCWV _rTd gMEsPtOe r

Address Offset: 0x0900
Reset value: Undefined

This register can be accessed by half-word(16-bit).
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
‘ LOCAL_TIMEP0[23:0] ‘
r(ECAT)
r(PDI)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RWLOCAL_TIME[7:0]
rw(ECAT)
r(PDI)
Bits Fields Descriptions
31:8 LOCAL_TIMEPO[23:0] Local time at the beginning of the last receive frame containing a write access to
register 0x0900.
7:0 RWLOCAL_TIME[7:0] Write: A write access to register 0x0900 with BWR or FPWR latches the local time

at the beginning of the receive frame (start first bit of preamble) at each port.

Read: Local time at the beginning of the last receive frame containing a write

access to this register.

NOTE: FPWR requires an address match for accessing this register like any

FPWR command. All write commands with address match will increment the

working counter (e.g., APWR), but they will not trigger receive time latching.

NOTE: The time stamps cannot be read in the same frame in which this register was written.

9473. ESC Receive Tiemé EBer tRCIV_T) MEP 1

Address Offset: 0x0904
Reset value: Undefined

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

16

LOCAL_TIMEP1[31:16]

r(ECAT)
r(PDI)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

LOCAL_TIMEP1[15:0]

r(ECAT)
r(PDI)
Bits Fields Descriptions
31.0 LOCAL_TIMEP1[31:0] Local time at the beginning of a frame (start first bit of preamble) received at port

1 containing a BWR or FPWR to register 0x0900.
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9.4.74. ESC Receive Tiemeé EBer tRCV _T) MEP?2
Address Offset: 0x0908
Reset value: Undefined
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LOCAL_TIMEP2[31:16]
r(ECAT)
r(PDI)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LOCAL_TIMEP2[15:0]
r(ECAT)
r(PDI)
Bits Fields Descriptions
31.0 LOCAL_TIMEP2[31:0] Local time at the beginning of a frame (start first bit of preamble) received at port
2 containing a BWR or FPWR to register 0x0900.
9.4.75. ESC System Ti@@&8Cr 8YSs)Té ME
Address Offset: 0x0910
Reset value: 0x0
This register can be accessed by word(32-bit).
63 31 . . . . . . 0
READ_ACESS|[31:0] ‘ WRITE_ACESS[31:0]
r(ECAT) W(ECAT)
r(PDI) w(PDI)
Bits Fields Descriptions
63:0 READ_ACESS[63:0] ECAT read access:
Local copy of the System Time when the frame passed the reference clock (i.e.,
including System Time Delay). Time latched at beginning of the frame (Ethernet
SOF delimiter)
PDI read access:
Local copy of the System Time. Time latched when reading first byte (0x0910)
31:.0 WRITE_ACESS[31:0] Write access:

Written value will be compared with the local copy of the System time. The result
is an input to the time control loop.
NOTE: written value will be compared at the end of the frame with the latched

(SOF) local copy of the System time if at least the first byte (0x0910) was written.

NOTE: Write access to this register depends upon ESC configuration (System Time PDI-
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controlled off=ECAT/ on=PDI; ECAT control is common).

9.4.76. ESC Rediemer eECAT Processi(E@® CURICMNTIAETQ)iPsUt e r

Address Offset: 0x0918
Reset value: Undefined

This register can be accessed by word(32-bit).

63 . . . . . . . 31 . . . . . . 0

RECVE_TIME[63:0]

r(ECAT)

r(PDI)

Bits Fields Descriptions

63:0 RECVE_TIME[63:0] Local time at the beginning of a frame (start first bit of preamble) received at the
ECAT Processing Unit containing a write access to register 0x0900
NOTE: if port O is open, this register reflects the Receive Time Port 0 as a 64 Bit
value. Any valid EtherCAT write access to register 0x0900 triggers latching, not only
BWR/FPWR commands as with register 0x0900.

9477. ESGystBimme Of éd gieEtSCEYSTI MEFFSET

Address Offset: 0x0920
Reset value: 0x0

This register can be accessed by word(32-bit).

63 . . . . . . . 31 . . . . . . 0

OFFSET_TIME[63:0]

rw(ECAT)
rw(PDI)
Bits Fields Descriptions
63:0 OFFSET_TIME[63:0] Difference between local time and System Time. Offset is added to the local time.

9.4.78. ESC System Ti me (BSCRAWS TTleMHEES A¥ 1

Address Offset: 0x0928
Reset value: 0x0

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

DELAY_TIME[31:0]

rW(ECAT)

rw(PDI)
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15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
‘ DELAY_TIME[31:0]
rw(ECAT)
rw(PDI)
Bits Fields Descriptions
31.0 DELAY_TIME[31:0] Delay between Reference Clock and the ESC
9.4.79. ESC System Ti me Di(EFSCEE8TleMBE&JFI st er
Address Offset: 0x092C
Reset value: 0x0
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIME_CO
DIFF_TIME[30:0]
MPARE
r(ECAT) r(ECAT)
r(PDI) r(PDI)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DIFF_TIME[30:0]
r(ECAT)
r(PDI)
Bits Fields Descriptions
31 TIME_COMPARE 0: Local copy of System Time less than received System Time
1: Local copy of System Time greater than or equal to received System Time
30:0 DIFF_TIME[30:0] Mean difference between local copy of System Time and received System Time
values
Difference = Received System Time i local copy of System Time
NOTE: Register bits [31:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value.
9.4.80. ESC Speed Count erESGSDENT e§GTARET
Address Offset: 0x0930
Reset value: 0x1000
This register can be accessed by half-word(16-bit).
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Reserved BWIDTH[14:0]
rw(ECAT)
rw(PDI)
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Bits Fields Descriptions
15 Reserved Must be kept at reset value.
14:0 BWIDTH[14:0] Bandwidth for adjustment of local copy of System Time (larger values -> smaller

bandwidth and smoother adjustment)
A write access resets System Time Difference (0x092C:0x092F) and Speed
Counter Diff (0x0932:0x0933). Valid values: 0x0080 to Ox3FFF

NOTE: Write access to this register depends upon ESC configuration (System Time PDI-
controlled off=ECAT / on=PDI; ECAT control is common).

9.4.81. ESC Speed Count e(ESOIHDOCNITe )N FtFer

Address Offset: 0x0932
Reset value: 0x0000

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DIFF_CLOCK[15:0]

r(ECAT)

r(PDI)

Bits Fields Descriptions
15:0 DIFF_CLOCK[15:0] Representation of the deviation betwe
clockperod( r epresentation: twob6s compl eme|

Range: +(Speed Counter Start i Ox7F)
NOTE: The clock deviation after System Time Difference has settled at a low value can be
calculated as follows:

Deviation = Speed Counter Diff / 5(Speed Counter Start + Speed Counter Diff + 2)(Speed
Counter Start - Speed Counter Diff + 2)

9.4.82. ESC System Ti me Di fference Filtel
(ESCSYSTI| ME_DIFPF

Address Offset: 0x0934
Reset value: 0x04

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

Reserved FILTER_DAPTH[3:0] ‘
rw(ECAT)

rw(PDI)
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Bits Fields Descriptions
74 Reserved Must be kept at reset value.
3.0 FILTER_DAPTHI3:0] Filter depth for averaging the received System Time deviation

NOTE: Write access to this register depends upon ESC configuration (System Time PDI-
controlled off=ECAT/ on=PDI; ECAT control is common).

9.4.83. ESC Speed Counter FIi(ESE@rSPBp&M®MTregi ster

Address Offset: 0x0935
Reset value: 0x12

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Reserved FILTER_DAPTH[3:0] ‘
rw(ECAT)
rw(PDI)
Bits Fields Descriptions
7:4 Reserved Must be kept at reset value.
3.0 FILTER_DAPTHI[3:0] Filter depth for averaging the clock period deviation

NOTE: Write access to this register depends upon ESC configuration (System Time PDI-
controlled off=ECAT/ on=PDI; ECAT control is common).

9484, ESC Cyclic Unit (EBGAYQUINI Te)LiTdt er

Address Offset: 0x0980
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0

Reserved LATCH_U|LATCH_U Reserved UNIT_CTL]|

NIT1

NITO

rw(ECAT) rw(ECAT) rw(ECAT)
r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
7:6 Reserved Must be kept at reset value.
5 LATCH_UNIT1 Latch In unit 1:

0: ECAT-controlled
1: PDI-controlled
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NOTE: Latch interrupt is routed to ECAT/PDI depending on this setting
4 LATCH_UNITO Latch In unit O:
0: ECAT-controlled
1: PDI-controlled
NOTE: Latch interrupt is routed to ECAT/PDI depending on this setting. Always 1
(PDI-controlled) if System Time is PDI-controlled.
31 Reserved Must be kept at reset value.
0 UNIT_CTL Cyclic Unit and SYNCO out unit control:
0: ECAT-controlled
1: PDI-controlled
9.4.85. ESQRegi st er Acetgii VEHSEGREG _ ACT
Address Offset: 0x0981
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
SYNCSIG| CONFIG |START_TI[ EXTEN [AUTO_AC| SYNC1 SYNCO |SYNC_OU
NAL ME TIVE T

r'W(ECAT) rw(ECAT) rw(ECAT) rw(ECAT) rw(ECAT) rw(ECAT) rw(ECAT) rw(ECAT)
rw(PDI)  rw(PDI) rw(PDI) rw(PDI) rw(PDI) rw(PDI) rw(PDI) rw(PDI)
Bits

Fields Descriptions

7 SYNCSIGNAL

6 CONFIG

5 START_TIME

4 EXTEN

SyncSignal debug pulse (Vasily bit):

0: Deactivated

1: Immediately generate one ping only on SYNCO-1 according to 0x0981[2:1 for
debugging

This bit is self-clearing, always read O.

All pulses are generated at the same time, the cycle time is ignored. The configured

pulse length is used.

Near future configuration (approx.):
0: ¥ DC width future (23! ns or 2% ns)
1: ~2.1 sec. future (23 ns)

Start Time plausibility check:

0: Disabled. SyncSignal generation if Start Time is reached.

1: Immediate SyncSignal generation if Start Time is outside near future (see
0x0981[6])

Extension of Start Time Cyclic Operation (0x0990:0x0993):
0: No extension
1: Extend 32 bit written Start Time to 64 bit
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3 AUTO_ACTIVE Auto-activation by writing Start Time Cyclic Operation (0x0990:0x0997):
0: Disabled

1: Auto-activation enabled. 0x0981[0] is set automatically after Start Time is written.

2 SYNC1 SYNC1 generation:
0: Deactivated
1: SYNC1 pulse is generated

1 SYNCO SYNCO generation:
0: Deactivated

1: SYNCO pulse is generated

0 SYNC_OUT Sync Out Unit activation:
0: Deactivated
1: Activated

NOTE: Write to this register depends upon setting of 0x0980[0]

9.4.86. ESC Pul se Length of SENCBESENSM s regi st el

Address Offset: 0x0982
Reset value: depends on configuration

This register can be accessed by half-word(16-bit).

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PLEN_SM[15:0]
[(ECAT)
r(PDI)
Bits Fields Descriptions
15:0 PLEN_SM[15:0] Pulse length of SyncSignals (in Units of 10ns)

0: Acknowledge mode: SyncSignal will be cleared by reading SYNC[1:0] Status
register

9.4.87. ESC Activation (ES&€t ASTr)SadAster

Address Offset: 0x0984
Reset value: 0x0

This register can be accessed by byte(8-bit).

7 6 5 4 3 2 1 0
Reserved START_TI[SYNC1_A|SYNCO_A
ME CTIVE | CTIVE

f(ECAT) r(ECAT) r(ECAT)

r(PDl)  (PDI)  r(PDI)
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Bits Fields Descriptions
7:3 Reserved Must be kept at reset value.
2 START_TIME Start Time Cyclic Operation (0x0990:0x0997) plausibility check result when Sync
Out Unit was activated:
0: Start Time was within near future
1: Start Time was out of near future (0x0981[6])
1 SYNC1_ACTIVE SYNC1 activation state:
0: First SYNC1 pulse is not pending
1: First SYNCL1 pulse is pending
0 SYNCO_ACTIVE SYNCO activation state:
0: First SYNCO pulse is not pending
1: First SYNCO pulse is pending
9.4.88. ESC SYNCO St ati$C reYNG)eSTAT
Address Offset: 0x098E
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved SYNCO_S
TATE
r(ECAT)
rw(PDI)
Bits Fields Descriptions
7:1 Reserved Must be kept at reset value.
0 SYNCO_STATE SYNCO state for Acknowledge mode.
SYNCO in Acknowledge mode is cleared by reading this register from PDI, use only
in Acknowledge mode
NOTE: PDI register function acknowledge by Write command is disabled: Reading
this register from PDI clears AL Event Request 0x0220[2]. Writing to this register
from PDI is not possible.
PDI register function acknowledge by Write command is enabled: Writing this
register from PDI clears AL Event Request 0x0220[2]. Writing to this register from
PDI is possible; write value is ignored (write 0).
9.4.89. ESC SYNC1 St atu$C reWYNG1L)eSTAT

Address Offset: 0x098F

Reset value: 0x0
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63

This register can be accessed by byte(8-bit).
7 5 4 3 2 1 0
Reserved SYNC1_S
TATE
r(ECAT)
rw(PDI)
Bits Fields Descriptions
71 Reserved Must be kept at reset value.
0 SYNC1_STATE SYNCI1 state for Acknowledge mode.
SYNC1 in Acknowledge mode is cleared by reading this register from PDI, use only
in Acknowledge mode
NOTE: PDI register function acknowledge by Write command is disabled: Reading
this register from PDI clears AL Event Request 0x0220[3]. Writing to this register
from PDI is not possible.
PDI register function acknowledge by Write command is enabled: Writing this
register from PDI clears AL Event Request 0x0220[3]. Writing to this register from
PDI is possible; write value is ignored (write 0).
9.4.90. ESC Start Time Cycli(ESOpSTARTOGDMEgi st el
Address Offset: 0x0990
Reset value: 0x0
This register can be accessed by half-word(16-bit).
63 31 . . . . . . 0
START_TIME[63:0]
rw(ECAT)
rw(PDI)
Bits Fields Descriptions
63:0 START_TIME[63:0] Write: Start time (System time) of cyclic operation in ns
Read: System time of next SYNCO pulse in ns
NOTE: Register bits [63:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value.
9.4.91. ESC Next SYNC1 RESGeNEXTyiSPMEBE

Address Offset: 0x0998
Reset value: 0x0

This register can be accessed by word(32-bit).

31 . . . . . . 0
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‘ NEXT_SYNC1[63:0] ‘
r(ECAT)
r(PDI)
Bits Fields Descriptions
63:0 NEXT_SYNC1[63:0] System time of next SYNC1 pulse in ns
NOTE: Register bits [63:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value.
9.4.92. ESC SYNCO Cycle (HS@MeSYNQO STEIYEE
Address Offset: 0x09A0
Reset value: 0x0
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SYNCO_CYCLE[31:16]
rw(ECAT)
rw(PDI)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SYNCO_CYCLE[15:0]
rw(ECAT)
rw(PDI)
Bits Fields Descriptions
31.0 SYNCO_CYCLE[31:0] Time between two consecutive SYNCO pulses in ns.
0: Single shot mode, generate only one SYNCO pulse.
NOTE: Write to this register depends upon setting of 0x0980[0]. Minimum value
for cyclic operation: 60 [ns].
9.4.93. ESC SYNC1 Cycle (H$S@MeSYNQ1 STEIYEE

31

30

Address Offset: 0x09A4
Reset value: 0x0

This register can be accessed by word(32-bit).

29 28 27 26 25 24 23 22 21 20 19 18

17

16

SYNC1_CYCLE[31:16]

15

14

rW(ECAT)
rw(PDI)

13 12 11 10 9 8 7 6 5 4 3 2

SYNC1_CYCLE [15:0]

rW(ECAT)

rw(PDI)
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Bits Fields Descriptions
31.0 SYNC1_CYCLE[31:0] Time between SYNCO pulse and SYNC1 pulse in ns
NOTE: Write to this register depends upon setting of 0x0980[0].
9.4.94. ESCatchO0 CemtirSCL ATCHO )CTL
Address Offset: 0x09A8
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved LATCHO_ |LATCHO_
NEGATIV |POSITIVE
E
rw(ECAT) rw(ECAT)
rw(PDI)  rw(PDI)
Bits Fields Descriptions
7:2 Reserved Must be kept at reset value.
1 LATCHO_NEGATIVE LatchO negative edge:
0: Continuous Latch active
1: Single event (only first event active)
0 LATCHO_POSITIVE LatchO positive edge:
0: Continuous Latch active
1: Single event (only first event active)
NOTE: Write access depends upon setting of 0x0980[4].
9.4.95. ESC LaCaemtrol ESEIi $AFCH)L CTL
Address Offset: 0x09A9
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved LATCH1_[LATCH1_
NEGATIV [POSITIVE
E
rw(ECAT) rw(ECAT)
rw(PDI)  rw(PDlI)
Bits Fields Descriptions
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7:2 Reserved Must be kept at reset value.
1 LATCH1_NEGATIVE Latchl negative edge:
0: Continuous Latch active
1: Single event (only first event active)
0 LATCH1_POSITIVE Latchl positive edge:
0: Continuous Latch active
1: Single event (only first event active)
NOTE: Write access depends upon setting of 0x0980[5].
9.4.96. ESCQatchO0O StatG&SCredT€HOr STAT
Address Offset: 0X09AE
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
Reserved LOPIN_ST|ELATCHO|ELATCHO
ATE _NEGATI |_POSITIV
VE E
r(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
7:3 Reserved Must be kept at reset value.
2 LOPIN_STATE LatchO pin state
1 ELATCHO_NEGATIVE Event LatchO negative edge.
0: Negative edge not detected or continuous mode
1: Negative edge detected in single event mode only.
Flag cleared by reading out LatchO Time Negative Edge.
0 ELATCHO_POSITIVE Event LatchO positive edge.
0: Positive edge not detected or continuous mode
1: Positive edge detected in single event mode only.
Flag cleared by reading out LatchO Time Positive Edge.
9.4.97. ESC Latch1l St §SuC_LrAeTgCiHsl) eSITAT
Address Offset: OX09AF
Reset value: 0x0
This register can be accessed by byte(8-bit).
7 6 5 4 3 2 1 0
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Reserved L1PIN_ST|ELATCH1 |ELATCH1
ATE _NEGATI |_POSITIV
VE E
r(ECAT) r(ECAT) r(ECAT)
r(PDI) r(PDI) r(PDI)
Bits Fields Descriptions
7:3 Reserved Must be kept at reset value.
2 L1PIN_STATE Latchl pin state
1 ELATCH1_NEGATIVE Event Latchl negative edge.
0: Negative edge not detected or continuous mode
1: Negative edge detected in single event mode only.
Flag cleared by reading out Latchl Time Negative Edge.
0 ELATCH1_POSITIVE Event Latchl positive edge.
0: Positive edge not detected or continuous mode
1: Positive edge detected in single event mode only.
Flag cleared by reading out Latchl Time Positive Edge.
9.4.98. ESC LatchO Ti me (BPPSCLIATICH®S MNEH e
Address Offset: 0x09B0
Reset value: 0x0
This register can be accessed by word(32-bit).
63 31 . . . . . . 0
LO_POSITIVE[63:0]
r(ECAT)
rw(PDI)
Bits Fields Descriptions
63:0 LO_POSITIVE[63:0] System time at the positive edge of the LatchO signal.

NOTE: PDI register function acknowledge by Write command is disabled: Reading
this register from PDI if 0x0980[4]=1 clears Latch0 Status 0XO9AE[Q]. Writing to this
register from PDI is not possible.

PDI register function acknowledge by Write command is enabled: Writing this
register from PDI if 0x0980[4]=1 clears LatchO Status 0x09AE[0]. Writing to this

register from PDI is possible; write value is ignored (write 0).

NOTE: Register bits [63:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value. Reading this register from ECAT

clears LatchO Statu
possible.

s Ox09AE[Q] if 0x0980[4]=0. Writing to this register from ECAT is not
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9499, ESC LatchO Time (NE6GaLAVEH®HEFe

Address Offset: 0x09B8
Reset value: 0x0

This register can be accessed by word(32-bit).

63 . . . . . . . 31

LO_NEGATIVE[63:0]

r(ECAT)

rw(PDI)
Bits Fields Descriptions
63:0 LO_NEGATIVE[63:0] System time at the negative edge of the LatchO signal.

NOTE: PDI register function acknowledge by Write command is disabled: Reading
this register from PDI if 0x0980[4]=1 clears Latch0 Status OX09AE[1]. Writing to this
register from PDI is not possible.

PDI register function acknowledge by Write command is enabled: Writing this
register from PDI if 0x0980[4]=1 clears LatchO Status Ox09AE[1]. Writing to this

register from PDI is possible; write value is ignored (write 0).

NOTE: Register bits [63:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value. Reading this register from ECAT
clears LatchO Status Ox09AE[1] if 0x0980[4]=0. Writing to this register from ECAT is not
possible.

9.4.100. ESC Latchl1l Ti me (EPS)G_i LtATVCléIHLEE_I:_d_gI%E
Address Offset: 0x09CO
Reset value: 0x0

This register can be accessed by word(32-bit).

63 . . . . . . . 31

L1_POSITIVE[63:0]

r(ECAT)

rw(PDI)
Bits Fields Descriptions
63:0 L1 POSITIVE[63:0] System time at the positive edge of the Latch1 signal.

NOTE: PDI register function acknowledge by Write command is disabled: Reading
this register from PDI if 0x0980[5]=1 clears LatchO Status OX09AF[0]. Writing to this
register from PDI is not possible.

PDI register function acknowledge by Write command is enabled: Writing this
register from PDI if 0x0980[5]=1 clears LatchO Status Ox09AF[0]. Writing to this

register from PDI is possible; write value is ignored (write 0).
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NOTE: Register bits [63:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value. Reading this register from ECAT
clears LatchQ Status Ox09AF[Q] if 0x0980[5]=0. Writing to this register from ECAT is not
possible.

9.4.101. ESC Latchl Time (E6Gat AVE&H®ENIE

Address Offset: 0x09C8
Reset value: 0x0

This register can be accessed by word(32-bit).

63 . . . . . . . 31 . . . . . . 0

‘ ‘ L1_NEGATIVE[63:0]

r(ECAT)

rw(PDI)

Bits Fields Descriptions

63:0 L1_NEGATIVE[63:0] System time at the negative edge of the Latchl signal.
NOTE: PDI register function acknowledge by Write command is disabled: Reading
this register from PDI if 0x0980[5]=1 clears LatchO Status 0x09AF[1]. Writing to this
register from PDI is not possible.
PDI register function acknowledge by Write command is enabled: Writing this
register from PDI if 0x0980[5]=1 clears LatchO Status 0x09AF[1]. Writing to this

register from PDI is possible; write value is ignored (write 0).

NOTE: Register bits [63:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value. Reading this register from ECAT
clears LatchO Status Ox09AF[1] if 0x0980[5]=0. Writing to this register from ECAT is not
possible.

9.4102. ESCBuffer Changer &€yie@&tSe«CEHUMeCET

Address Offset: 0x09F0
Reset value: 0x0

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

EVENT_TIME[31:16]

r(ECAT)
r(PDI)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

EVENT_TIME[15:0]

r(ECAT)

r(PDI)
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Bits Fields Descriptions
310 EVENT_TIME[31:0] Local time at the beginning of the frame which causes at least one SyncManager

to assert an ECAT event

NOTE: Register bits [31:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value.

9.4103. ES®DI Buffer St aretgi EBtSHOPD IBTUFMeS)E T

Address Offset: 0x09F8
Reset value: 0x0

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

SEVENT_TIME[31:16]

r(ECAT)
r(PDI)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SEVENT_TIME[15:0]

r(ECAT)

r(PDI)

Bits Fields Descriptions
31.0 PDI_SEVENT_TIME[ Local time when at least one SyncManager asserts a PDI buffer start event
31:0]

NOTE: Register bits [31:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value.

94104. ESC PDI Buffer Change (EBWCEDBUFI_@ETr egi st ¢

Address Offset: 0XO9FC
Reset value: 0x0

This register can be accessed by word(32-bit).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

CEVENT_TIME[31:16]

r(ECAT)
r(PDI)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CEVENT_TIME[15:0]

r(ECAT)

r(PDI)

Bits Fields Descriptions
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31.0 PDI_CEVENT_TIME][ Local time when at least one SyncManager asserts a PDI buffer change event
31:0]

NOTE: Register bits [31:8] are internally latched (ECAT/PDI independently) when bits [7:0]
are read, which guarantees reading a consistent value.

94105, ESC Product (EBCrPBOPUET _ I D

Address Offset: 0OXOEOO
Reset value: 0x0

This register can be accessed by word(32-bit).

63 . . . . . . . 31 . . . . . . 0

PRODUCT_ID[63:0]

r(ECAT)

r(PDI)

Bits Fields Descriptions
63:0 PRODUCT_ID[63:0] Product ID

94106 ESC Vendor I(BDOSC eWwEND@R_1 D

Address Offset: 0OXOE08
Reset value: 0x0

This register can be accessed by word(32-bit).

63 . . . . . . . 31 . . . . . . 0
Reserved ‘ VENDOR_ID[31:0]
r(ECAT)
r(PDI)
Bits Fields Descriptions
63:32 Reserved Must be kept at reset value.
31.0 VENDOR_ID[31:0] Vendor ID:

[23:0] Company
[31:24] Department
NOTE: Test Vendor IDs have [31:28]=0xE

9.4107. ESC Digital |/ O O(EDULDIDBRIBATIAGi St er

Address Offset: 0xOF00
Reset value: 0x0

This register can be accessed by word(32-bit).
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17

16

OUTPUT_DATA[31:0]

rw(ECAT)
r(PDI)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

OUTPUT_DATA[31:0]

rw(ECAT)

r(PDI)

Bits Fields Descriptions

31:0 OUTPUT_DATA[31:0] Output Data

NOTE: Register size depends on PDI setting and/or device configuration. This register is bit-

writable (using Logical addressing).

9.4108. ESC Gener al Purpose(ESCt pRt OUT PUYITst er

Address Offset: 0xOF10
Reset value: 0x0

This register can be accessed by word(32-bit).

63 . . . . . . . 31

GP_OUTPUT[63:0]

rw(ECAT)

rw(PDI)
Bits Fields Descriptions
63:0 GP_OUTPUT [63:0] General Purpose Output Data

NOTE: Register size depends on PDI setting and/or device configuration

9.4109. ESC Gener al Pur @ 9 s EtS&€n Pt ) NPUT

Address Offset: 0xOF18
Reset value: 0x0

This register can be accessed by word(32-bit).

63 . . . . . . . 31 0
GP_INPUT[63:0]
r(ECAT)
r(PDI)
Bits Fields Descriptions
63:0 GP_INPUT[63:0] General Purpose Input Data
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NOTE: Register size depends on PDI setting and/or device configuration
9.4.110. ESC User RANESGQIQUSHER)YRAM
Address Offset: 0OxOF80
This register can be accessed by word(32-bit).
1023 0
USER_RAM [1023: 0]
rw(ECAT)
rw(PDI)
Bits Fields Descriptions
USER_RAM [1023:0] Application-specific information(128 Bytes)
9.4.111. ESC M®DIgi t hhpuf ODat 4 SCe gPiDslt EDXATA
Address Offset: 0x1000
Reset value: undefined
This register can be accessed by word(32-bit).
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
INPUT_DATA[31:16]
rw(ECAT)
rw(PDI)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
INPUT_DATA[15:0]
rw(ECAT)
rw(PDI)
Bits Fields Descriptions
31.0 INPUT_DATA[31:0] Input Data
NOTE: Process Data RAM is only accessible if EEPROM was correctly loaded (register
0x0110[0] = 1).
Input Data size depends on PDI setting and/or device configuration. Digital I/O Input Data is
written into the Process Data RAM at these addresses if a Digital I/O PDI with inputs is
configured.
94112, ESC Process Dat aERGPNRAMgiI st er

Address Offset: 0x1000
Reset value: undefined
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This register can be accessed by word(32-bit).
65535 0
PDRASIL 9 D]
rw(ECAT)
rw(PDI)
Bits Fields Descriptions

PDRAM [8191:0] Process Data RAM

NOTE: Process Data RAM is only accessible if EEPROM was correctly loaded (register

0x0110[0] = 1).
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This

document, including any product of the Company described

according to the |l aws of the Peopleds Republic of Chi
under such laws and no Intellectual Property Rights are transferred (either wholly or partially) or licensed by the
Company (either expressly or impliedly) herein. The names and brands of third party referred thereto (if any) are the
property of their respective owner and referred to for identification purposes only.

To the maximum extent permitted by applicable law, the Company makes no representations or warranties of any
kind, express or implied, with regard to the merchantability and the fitness for a particular purpose of the Product, nor
does the Company assume any liability arising out of the application or use of any Product. Any information provided in
this document is provided only for reference purposes. It is the sole responsibility of the user of this document to
determine whether the Product is suitable and fit for its applications and products planned, and properly design, program,
and test the functionality and safety of its applications and products planned using the Product. The Product is designed,
developed, and/or manufactured for ordinary business, industrial, personal, and/or household applications only, and the
Product is not designed or intended for use in (i) safety critical applications such as weapons systems, nuclear facilities,
atomic energy controller, combustion controller, aeronautic or aerospace applications, traffic signal instruments,
pollution control or hazardous substance management; (ii) life-support systems, other medical equipment or systems
(including life support equipment and surgical implants); (iii) automotive applications or environments, including but not
limited to applications for active and passive safety of automobiles (regardless of front market or aftermarket), for
example, EPS, braking, ADAS (camera/fusion), EMS, TCU, BMS, BSG, TPMS, Airbag, Suspension, DMS, ICMS,
Domain, ESC, DCDC, e-clutch, advanced-lighting, etc.. Automobile herein means a vehicle propelled by a self-
contained motor, engine or the like, such as, without limitation, cars, trucks, motorcycles, electric cars, and other
transportation devices; and/or (iv) other uses where the failure of the device or the Product can reasonably be expected
to result in personal injury, death, or severe property or environmental damage (collectively "Unintended Uses").
Customers shall take any and all actions to ensure the Product meets the applicable laws and regulations. The Company
is not liable for, in whole or in part, and customers shall hereby release the Company as well as its suppliers and/or
distributors from, any claim, damage, or other liability arising from or related to all Unintended Uses of the Product.
Customers shall indemnify and hold the Company, and its officers, employees, subsidiaries, affiliates as well as its
suppliers and/or distributors harmless from and against all claims, costs, damages, and other liabilities, including claims
for personal injury or death, arising from or related to any Unintended Uses of the Product.

Information in this document is provided solely in connection with the Product. The Company reserves the right to
make changes, corrections, modifications or improvements to this document and the Product described herein at any
time without notice. The Company shall have no responsibility whatsoever for conflicts or incompatibilities arising from
future changes to them. Information in this document supersedes and replaces information previously supplied in any

prior versions of this document.

© 2025 GigaDevice Semiconductor Inc. i All rights reserved
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