NEXTW

EC-01M
EtherCAT Master Controller

Description

EC-01M is an EtherCAT Master
controller developed by NEXTW Technology
Company. Host chips or devices can
communicate with EC-01M by SPI or USB
interface. EC-01M provides an easy way to
migrate the EtherCAT master functions to
the precise motion control applications.

Feature

EtherCAT

e  Supports maximum 40 EtherCAT
Slaves*

e  Supports minimum 0.25ms DC cycle
time

e Supports DCM Master Shift mode

Ethernet MAC Controller
e 100 Mbps data transmission
e  Supports RMII interface

SPI Interface

e  Supports full duplex slave mode
e MSB first transfer fashion

e Clock frequency up to 24 MHz

USB Interface

e USB 2.0 with on-chip transceiver

e Implements USB HID class

GPIO

e 6 general purpose TTL inputs

e 6 general purpose push-pull outputs

Temperature
e Operating Temperature -40°C ~ +105°C

Application
PLC/CNC
Robot
Automation

*Standard CANopen over EtherCAT(CoE) servo drives, NEXTW EtherCAT slaves. (Refer

the support list)
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EtherCAT Master Controller

Siinal Descriition

1 | BUSY O | System busy indicator pin.

2 | REFCLK I EMAC RMII reference clock input pin.

3 |ETH RXDO | EMAC RMII receive data bus bit 0.

4 | ETH RXD1 I EMAC RMII receive data bus bit 1.

5 |ETH CRSDV | EMAC RMII carrier sense/receive data input pin.

6 |ETH RXERR I EMAC RMII receive data error input pin.

7 | RESERVE

8 | GPIO I General purpose digital input pin0.

9 | GPI1 I General purpose digital input pin1.

10 | GPI2 I General purpose digital input pin2.

11 | GPI3 I General purpose digital input pin3.

12 | GPl4 I General purpose digital input pin4.

13 VDD P Power supply for 1/O ports and LDO source for
internal PLL and digital circuit.

14 | X32K IN I External 32.768 kHz crystal input pin.

15 [ X32K OUT @) External 32.768 kHz crystal output pin.

16 | X12M IN | External 12 MHz crystal input pin.

17 | X12M OUT ©) External 12 MHz crystal output pin.

18 | CONFIGO | Configuration pin O.

19 | CONFIG1 I Configuration pin 1.

20 | RESERVE

21 | RESERVE

22 | VSS P Ground pin for digital circuit.

23 VDD P Power supply for 1/O ports and LDO source for
internal PLL and digital circuit.

24 [ LDOCAPO P LDO output pin.

25 | GPI5 I General purpose digital input pin5.

26 | GPOO ©) General purpose digital output pinO.

27 | GPO1 O | General purpose digital output pin1.

28 | LEDO O | LED output pinO.

29 [ GPO2 O | General purpose digital output pin2.

30 [GPO3 O [ General purpose digital output pin3.

31 | vDDIO P Power suiili for I/O iorts

RESETN External reset input: active LOW, with an internal

32 I e D
pull-up. Set this pin low reset to initial state.

33 | RESERVE

34 | RESERVE

35 | RESERVE

36 | RESERVE

37 | SPI SS | SPI slave select pin.
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38 [SPI CLK I SPI serial clock pin.

39 | SPI MISO ©) SPI MISO (Master In, Slave Out) pin.

40 | SPI MOSI I SPI MOSI (Master Out, Slave In) pin.

41 [USB VRES A USB module reference resister

42 [USB VDD33 P Power supply for USB

43 |USB VBUS P USB power supply from USB host or HUB.

44 [USB D- A | USB differential signal D-.

45 |USB VSS P Ground pin for USB.

46 [USB D+ A | USB differential signal D+.

HSUSB_VDD12_CAP USB Internal power regulator output 1.2V decoupling
in.
4t P ﬁlote: This pin needs to be connected with a 1uF
capacitor.

48 [USB ID I USB identification.

49 [VSS P Ground pin for digital circuit.

50 |LDO CAP P LDO output pin.

51 VDD P Power supply for 1/O ports and LDO source for

internal PLL and digital circuit.

52 | CONFIG2 I Configuration pin 2.

53 | CONFIG3 I Configuration pin 3.

54 [ GPO4 O [ General purpose digital output pin4.

55 | GPO5 ©) General purpose digital output pin5.

56 [LED1 O | LED output pin1.

57 | AvDD P Power supply for internal analog circuit.

58 | RESERVE

59 [AVSS P Ground iin for analoi circuit.

60 |ETH MDC ©) EMAC RMII PHY Management Clock output pin.
61 | ETH MDIO /O | EMAC RMIlI PHY Management Data pin.

62 | ETH TXDO O | EMAC RMII Transmit Data bus bit O.

63 | ETH TXD1 O | EMAC RMII Transmit Data bus bit 1.

64 |ETH TX EN O EMAC RMII Transmit Enable output pin.
FUNCTIONAL DESCRIPTION
Reset

A reset signal by pulling low RESETN pin can be used to reset system at any time.
When the RESETN voltage is lower than 0.2VDD and the state keeps longer than 32 us,
the EC-01M will be reset. It will be in reset state until the RESETN voltage rises above
0.7VDD and the state keeps longer than 32 us.
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RESETN ; |
\ } :
0.7VDD ‘/ I
i / 32us i
0.2VDD ) v t
i i « 5 |
| 32us | ,
Reset | : P—
D))
C(
BUSY

While EC-01M is initializing or handling the data over the SPI interface, the level of
BUSY pin will be HIGH. Host should NOT do SPI data exchanging while the BUSY pin
outputs HIGH.

CONFIGJ[0:3]

EC-01M has four confiiuration iins as follows.

CONFIGO Host interface selection
CONFIG1 Test mode enable
CONFIG2 PDO size selection
CONFIG3 FIFO abandon enable

When the CONFIGO is set to LOW, the USB will be available for host interface. When
the CONFIGO is set to HIGH, the SPI will be the host interface.

L | Host interface is set as USB
CONFIGO | x

H
X: Floating, L: Low, H: High

Host interface is set as SPI (Default)

When the CONFIG1 is set to HIGH, EC-01M enter test mode. If NEXTW 16-ch digital
inputs and 16-ch digital outputs slaves are connected with EC-01M, the slaves will enter
operational state automatically. All output LEDs will light for 2 seconds, and then the output
LEDs will be blinking sequentially. If the users set the values for the outputs by the host
interface, the digital output LEDs will stop blinking and will be set to the values which users
assign.

X
CONFIG1T | L

H | Test mode
X: Floating, L: Low, H: High

Normal mode (Default)

When the CONFIG2 is set to LOW, the data size of each slave will be 12 Bytes. When
the CONFIG2 is set to HIGH, the data size of each slave will be 16 Bytes.
5
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Data size of each slave is 12 Bytes
CONFIG2 | L | (Default)

H | Data size of each slave is 16 Bytes

X: Floating, L: Low, H: High

When the CONFIG3 is set to LOW, the BUSY pin will be HIGH to wait the complete
data exchanging finished. When the CONFIG3 is set to HIGH, the commands in the FIFO
will be abandoned if the data do not received completely by EC-01M in the 100 EtherCAT
communication cycle time.

L | FIFO abandon disable
CONFIG3 | X

H

FIFO abandon enable (Default)

X: Floating, L: Low, H: High

Pl

EC-01M supports full duplex transfer in the slave mode with the 4-wire bi-direction
interface.

SPI_CLK |#—— SPI_CLK

EC-01M SPI_MISQ ———— = SPI_MISO
SPI Slave SPI Master

SPILMOSIl@—— |sPI_MOSI

SP|_SSl#—— SPI_SS

EC-01M transmits/receives data with the most-significant bit (MSB) first. The edge of
SPI clock to transmit/receive is shown below.

SPI_SS —\ /—
se VNSNS SN

SPI_MISO—E'm TX[6] )G\ E*«[ﬂl X TIX[7] Eqsl )GH_ XE;?[E] x
SPI_MOSI X o | R )G\ X RX[0] X RX(7] )( RX[E] X}\ X (0]

Complete SPI transmit/receive data should be 504 or 512 bytes depend on CONFIG2
pin. The data size of SPI transmit/receive for each slave will be 12 bytes if the CONFIG2
pin has pull-low, and the maximum 40 slaves will be control.
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EtherCAT Master Controller

12 Bytes 12 Bytes
Master Ctrl Slavel Slave2 | ------- Slaved0 SDO Data
~ cMDID Datat Data? Data3
(2Bytes) (2Bytes) (4Bytes) (4Bytes)

The data size of SPI transmit/receive for each slave will be 16 bytes if the CONFIG2
pin has pull-high, and the maximum 30 slaves will be control. For the detail definition of the
data, please refer to the “ECM-SK Quick Start Guide”

16 Bytes 16 Bytes
Master Ctrl Slavel Slave2 | ------- Slave30 SDO Data
CMD ID Datal Data2 Data3 Dataf-l_ -
(2Bytes) (2Bytes) (4Bytes) (4Bytes) (4Bytes)

The busy pin is HIGH while SPI data is exchanging. The next data exchange will be
accepted while the busy pin is LOW. While the CONFIG3 pin has pull-high, the commands
in the FIFO will be abandoned if the complete data do not be exchanged in the 100
EtherCAT communication cycle time. After abandoning the incompletely data, the following
data transfer can work normally.

Busy
304,512 504/512
SPI_MOSI Bytes Bytes
SP' MISO 504,512 504,512
- Bytes Bytes
USB

The Interrupt IN and the Interrupt OUT with the fixed 512 bytes packet size are
supported for the USB communication. If the CONFIG2 pin has pull-low, only the front 504
bytes are useful. The data structure is same as the SPI communication. For the detailed
operation of the USB Human Interface Device (HID) of NEXTW EC-01M, please refer to the
“‘ECM-SK Quick Start Guide”

Ethernet MA ntroller

The EMAC controller of EC-01M supports Reduced MIl (RMII) interface to connect
with external Ethernet PHY and provides TX/RX data transfer to the EtherCAT controller
internally.
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EtherCAT
Centroller

EtherCAT

EC-01M

FIFO

MAC RX

Controller

RMII

Flow Control

> TX

MAC TX
Controller

"

MDIO

RDIO
Interface

Ethernet
PHY

EC-01M provides fixed PDO mappings for the EtherCAT CoE servo drives, the
EtherCAT 16-ch digital input and 16-ch digital output slaves, and the NEXTW HSP slaves.
Users can access PDO data through the host interface.

The RxPDO and the TxPDO for the EtherCAT 16-ch digital inputs and 16-ch digital
outputs slave are defined as follows

Digital Outputs
RxPDO (2bytes)

Digital Inputs
TxPDO (2bytes)

The RxPDOs and the TxPDO in CSP, CSV, and CST mode for the EtherCAT CoE
servo drives show as follows.
CSP(Cyclic Sync Paosition)

Controlword Target Position

RxPDO (6040h/2bytes) (607Ah/4bytes)
CSV(Cyclic Sync Velocity)

Controlword Target Velocity

RxPDO (6040h/2bytes) (60FFh/4bytes)

CST(Cyclic Sync Torque)

Controlword Targe[ TD[C]L.IB
AXPDO (6040h/2bytes) (6071h/2bytes)
CSP&CSVACST
TXPDO Statusword Position Actual Value Torque Actual Value Error Code
(6041h/2bytes) (6064h/4bytes) (6077h/2bytes) (603Fh/2bytes)

The RxPDOs and the TxPDO in CSP and CSV mode for the NEXTW HSP slaves are

as follows.
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CSP(Cyclic Sync Position)
RxPDO Controlword Target Position Digital Outputs Controlword Target Position Digital Outputs
(6040h/2bytes) (607 Ah/dbytes) (60FENh/4bytes) (6840h/2bytes) (687Ah/4bytes) (68FEh/4bytes)
C3V(Cyclic Sync Velocity)
RxPDO Controlword Target Velocity Digital Qutputs Controlword Target Position Digital Qutputs
X (6040h/2bytes) (6OFFh/4bytes) (60FEh/4bytes) (6840h/2bytes) (68FFh/4bytes) (68FEh/4bytes)
CSP&CSV
TxPDO Statusword Position Actual Value Digital Inputs Statusword Position Actual Value Digital Inputs
(6041h/2bytes) (6064h/4bytes) (60FDh/4bytes) (6841h/2bytes) (6864h/4bytes) (68FDh/4bytes)

The RxPDOs and the TxPDO in CSP and CSV mode for the Stepping motor slaves (no
torque related PDO) are as follows.

CSP(Cyclic Sync Position)
Controlword Target Position
N (6040h/2bytes) (607Ah/4bytes)
CSV(Cyclic Sync Velocity)
Controlword Target Velocity
AxXPDO (6040h/2bytes) | (6OFFh/4bytes)
CSP&CSV&CST
TxPDO Statusword Position Actual Value
(6041h/2bytes) (6064h/4bytes)
GPIO

EC-01M has 6 general purpose push-pull output pins. Users can control the LOW or
HIGH level outputs by the host interface. EC-01M also has 6 general purpose TTL input
pins with high impendence. When input signals are LOW or HIGH level, users can get the

values through the host interface

Port Latch

VDD

Data

[>o

h

u—D Output pin

Input Datas

oG]

D Input pin
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LED Indicator
The LED Indicators can show the state of EtherCAT slaves.

Slaves are not in Safe-Operational state
Slaves are in Safe-Operational state

LEDO

Slaves are not in Operational state
LED1 , -
Slaves are in Operational state

Iir|xT|—

L: Low, H: High

APPLICATION CIRCUIT

PWR e ] 20pF
: S — L L i AVDD X12M_IN #{
; : 12MHz £
P L [ I s
: : X12M_OUT
AVSS s
P oL=30z  1UF+0.1uF=0.01uF !
38 oS8 6 VDD 3 posaisie
{30z :
T I
: —‘T«J*n.wFP ?uFF
A H vas
=307 :
= 100F | 0.1F VDD
s ST .. 3sclose o LDO CAR as possible
: : LDOCAP 10K Reset
H RESETN
220F : J_
T 10uF
i - vSSs
L2l
ag close to VDDIQ as possible SPLSS I
=3 : SPLCLKI—| o,
o : — SPI_MISool—
s L : - SPI_MOSIo—]
0.1uF : BUSYI
. 1
' L1} 0 V55 VDD
vss L=30Z
............................ s
?7 CONFIG[D:3]
s-MTm
L=30z DD
OMHz, USB_VDD33 —
50MH REFCLK | ) 3
USB_V12CAP
USB_VRES
200
Transformer T
USE_VSS == i
1ul ul =3
MDIO L=30s ?{7’
 ——
MDC
RXDO _ RXD1 USB_D+ [—
PHY \/l-ITXDD ;EB' II> use
TXEN usB_D- \—
CRSDV
RXERR
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ELECTRICAL CHARACTERISTICS
Voltage Characteristics

VDD Operation voltage 1.8 3.3 3.6
AVDD Analog operation voltage VDD Vv
VDDIO Power supply for GPIO 1.8 3.3 3.6
LDO CAP | LDO output voltage 1.08 1.2 1.32

Current Characteristics

IDD Maximum current into VDD 200
IDDIO Maximum current into VDDIO 100 mA
ISS Maximum current out of VSS 100

PIN DC Characteristics

GPIO

Input Low voltage 0.8 V VDD =VDDIO =3.6V
Input High voltage 2 \ VDD =VDDIO =3.6V
Qutput source current -18 mA |VDD =VDDIO=3.3V
Output sink current 17 mA | VDD =VDDIO=3.3V
RESETN

Negative going threshold 0.3 Vv VDD = 3.3V

(Schmitt input), VDD

Positive going threshold 0.7 VDD = 3.3V

(Schmitt Input) VDD

I_nternz_al RESETN in_put filtered 50 KQ
time pin pull up resistor
RESETN input filtered time 32 us
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SPI Dinamic Characteristics

toin Clock output High time Tspicik/2
toi Clock output Low time Tepici /2
Tes Slave select setup time Tspicik X 2
Tsh Slave select hold time Tspicik ns
Tos Data input setup time 0
Ton Data input hold time 2
Ty Data output valid time 8
SPISS 'rl—tss—bl — ey —
| | r
| L
| |
: |<_tG_KH_>|<_t{1KL_’( : L :
N R U A U B U
SPI Clock i ! | | ! !
v,
1 | I | 1
SPI data output ] . T
(SPI_MISO) 4{ Data Valid X t Data ".l"alldI X - }—
PE—'J%— tom —
SPI data input Data Valid X | Data "-.-'alild X T
(SPI_MOSI) L

USB Characteristics

Input Low voltage VDD =VDDIO=3.6V
Input High voltage VDD =VDDIO = 3.6 V
Output source current -18 mA VDD =VDDIO =3.3V

RMII Interface Timin

Te rMII REFCLK RMIl_REFCLK Period 20.0 +/- 50
ppm
T4 Rmi REFCLK RMIl REFCLK High Time 8.0 10.0 12.0
T, swn ReFCIK RMII REFCLK Low Time 8.0 10.0 12.0
T oLy rRMI TX RMII_REFCLK Rising to Valid ns
RMII_TXEN, RMII_TXDATAO and 10
RMII_ TXDATA1 Delay
T su Rl RX RMII_CRSDV, RMII_RXDATAO and
RMII_RXDATA1 Setup Time to 5
RMIlI REFCLK Rising

12
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T HD RMIlI RX

RMII_CRSDV, RMII_RXDATAO and
RMII_RXDATA1 Hold Time
from RMII REFCLK Rising

2

RMIlx_REFCLK

RMIIx_TXEN
RMIIx_TXDATAD
RMIIx_TXDATA1

RMIlx_CRSDV
RMIIx_RXDATAD
RMIIx_RXDATA1

, ;
I ]
—Tr ru REFCLK—P‘:
i f

=Ty mwi_rerc—P =T _rui_reroLk
|

1

1

1
— Toiy rmi_Tx
1

1
1
1
4— Tup_mmi_rx
1

Ethernet PHY Manaiement Interface Timini

Te rRmil MDC RMIlI MDC Period 400
| Ty rvu mpc RMII MDC High Time 200
T, rmi MDC RMIlI MDC Low Time 200
T oLy RMII MDIOWR RMII_MDC Falling to Valid 10
RMIlI MDIO Delay ns
T su rRMI MDIORD RMII_MDIO Setup Time to 10
RMIlI MDC Rising
T 4o RMII MDIORD RMII_MDIO Hold Time from 10
RMIlI MDC Rising

13



i

EC-01M
EtherCAT Master Controller

TL_?MII MD

— i —

TD_RI'\:'III MDC

TI—_RMII MDC

1 ‘

«—

RMIlx_MDC

NEXTW

&

&8

TDLY_RMII MDIOWR

(Write)
(Read)

RMIlx_MDIO
RMIlx_MDIO

HD_RMII_MDIORD
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Recommendable Reflow Soldering Profile

TEMPERATURE(C)
300—
250 . J— MAX 260°C
— Ty
] MAX 3°C /sec ‘—L over 255°C >30sec
— «—150~200C — over 217°C 60~150sec
200—
— MAX 6°C/sec
150—]
— 3 cycles
100—] )
B Pre-heat Zone Soak Zone
50 —|
-
«— 60~120sec — «——60~130sec — TIME(sec)
MAX 8min

Average ramp-up rate(217°C to peak)

3°C/sec. max

Preheat temperature 150°C~200°C

60 sec. to 120 sec.

Temperature maintained above 217°C

60 sec. to 150 sec.

Time with 5°C of actual peak temperature > 30 sec.
Peak temperature range 260°C
Ramp-down rate 6°C/sec. max
Time 25°C to peak temperature 8 min. max

* According to J-STD-020C

15
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Package Dimensions

LQFP 84L (Tx7x1.4 mm?3 footprint 2.0 mm}
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REVISION HISTORY

Data Revision | Description

2019.04.23 |1.00 First release

2020.01.30 |[1.10 Add stepping motor slaves description
2020.04.15 |1.20 Add reflow soldering profile

2020.12.08 ]1.30 Modify application circuit and PIN13 definition
2021.05.14 |1.40 Modify Tss Characteristic

2021.09.28 |1.50 Modify Pinout Diagram.
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