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LEGAL NOTICE

Trademarks

Beckhoff®, TwinCAT®, EtherCAT®, Safety over EtherCAT®, TWinSAFE® and
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Patent Pending
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registrations in various other countries.

Disclaimer

The documentation has been prepared with care. The products described are,
however, constantly under development. For that reason the documentation is not in
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right to make alterations at any time and without warning. No claims for the
modification of products that have already been supplied may be made on the basis
of the data, diagrams and descriptions in this documentation.

Copyright
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SM
SPI
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Distributed Clocks

Electrically Erasable Programmable Read Only Memory

Input/Output
In Circuit Debugger
Integrated Development Environment

Network Interface Card
Operating System

Process Data Interface
Peripheral Interface Controller
PIC Compiler

Process Data Object

Real Time

Service Data Object

Slave Information Interface
Sync Manager

Serial Peripheral Interface
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1 GENERAL NOTES

This document is a guideline to start working with the EL9800 EtherCAT Evaluation board. Workshops
and Trainings referred to the Slave Development and Slave Stack Code are listed in the event section
on ETG website (http://www.ethercat.org).

The software and hardware used to create this manual are listed in Table 1 and Table 2.

Table 1: Used Software

Software Name Version(2009.03.06) Comment
Code Beckhoff EtherCAT Slave Code 4.10 Beckhoff ftp server
(please see SSC Update
mail)
Compiler HI-TECH PICC-18 STD 9.51PL2 http://www.htsoft.com
Compiler Microchip C30 3.02 http://www.microchip.com
Compiler HI-TECH Universal Toolsuite 1.31 http://www.htsoft.com
plugin for MPLAB
IDE MPLAB IDE 8.20 http://www.microchip.com
oS Microsoft Windows XP SP3
EtherCAT TwinCAT 2.10 Build 1334 http://www.beckhoff.com
Master

Table 2: Used Hardware

Hardware Name Version(2009.03.06) Comment
Evaluation board EL9800 2 (PIC18) http://www.beckhoff.com
Evauation board EL9800 4A (PIC24) http://www.beckhoff.com

EtherCAT piggyback controller FB1111- - http://www.beckhoff.com
0142
EtherCAT piggyback adapter EL9803 - http://www.beckhoff.com

—h ) )
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2 EL9800 revisions

The actual revision EL9800_4A is available (Figure 1: EL9800_4A EtherCAT Evaluation board). The
type of the board is also printed in the lower right corner. In general this document is dealing with this
revision.

BECKHOFF ..
EthercAT =

DOy

RGP R —p—
O e o Wi e

Figure 1: EL9800_4A EtherCAT Evaluation board

A detailed description and pinout of the board is available in the EL9800 datasheet.

The former revision of the board (EL9800_2) (Figure 2: EL9800_2 EtherCAT Evaluation board) is no
longer available.

: ——h
EtherCAT. ™
=

Figure 2: EL9800_2 EtherCAT Evaluation board
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3  TwinCAT Setup

This chapter describes how to install and use TwinCAT for EtherCAT networks.

3.1 Install the software

a. A 30 days trial version is available on evaluation Kit CD or can be downloaded from

http://www.beckhoff.com/english/twincat/tcatdow.htm?id=34792042844

b. Run the setup and Cgespredactlevéd Twi nCAT PL

TwinCAT Setup

Select Installation Level '\

‘You can choose one of the following product levels:

O TwinCAT CP - Driver for Control Panels.
O TwinCAT 10 - 170 Driver

() TwinCAT PLC - IEC 61131-3 PLC System
O TwinCAT NC PTP - PTP Motion Control.
) TwinCAT NC | - Interpolation

[ <Back J Mewt> | [ cConcel |

Figure 3: TwinCAT installation level

c. To register the TwWinCAT installation, please contact sales@beckhoff.com.

—h ) )
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3.2 Install the Ethernet real-time driver

a. Start TwinCAT System Manager

% About TwinCAT...

e

= Log View

. » System Manager

PLC Control

Realtime Settings

Router

Systemn
10
PLC

44 Properties
Bl Prope:

Figure 4: Start TwinCAT System Manager

b. Open [OptionsfA [ Show Real Ti me Ethernet Compatible Devic

B Unbenannt - TwinCAT System Manager
File Edit Actions View Options Help

Dwd & Language 'R ABRE®
# B SYSTEM - Configurd
B nC - Configuration
B PLC - Configuration
=] - 1fO - Configuration
B 1/ Devices
i’% Mappings

Add Yariable Type... |ce

Check PLC Project Changes
Open Logger Automatically
Open Last Used File

Select Last Tree Element
Generate BAK-File

Auto Save to Target

Show Full document path

Show Real Time Ethernet Compatible Devices. ..

Figure 5: Real time driver

c. All available network cards are listed

Installation of TwinCAT RT-Ethernet Adapters

Ethernet Adapters Update List

(= E8 Installed and ready to use devices
H8 Intel - card - TwinCAT-Intel PCI Ethernet Adapter
H8 Compatible devices
(= E8 Incompatible devices
H8 USB-Ethemet - ASIX 4X88172 USB2 to Fast Ethernet Adapter #5
H8 Loopback adapter - Microsoft Loopbackadapter
E8 Dellwireless - Dell Wireless 1390 WLAN Mini-Card [[] Show Bindings
E8 Broadcom - Broadcom NefXtreme 57xx Gigabit Controller
H8 Disabled devices

E

Figure 6: Real time driver installation menu

EthercAT~ Application Note EL9800 -9
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NOTE:

Al nstalled and ready to use deviceso
NI Cs for which -Ehkeefifevi niCATe Rfedi ate drivero* or
drivero* was installed

AfiCompati ble deviceso

NICswhicharecompati bl e to the o0Beckhoff Ethernet driver

ilncompati ble deviceso
NI'Cs which are not install ed vy eHtheraatidtermediatee ssi bl e b
drivero*.
Only NICs which are shown wit hi ncanbk usedtfonEtHel€AT and r eady
purpose. To add a NIC to the Alnstalled and ready to
Ainstall o.
*The ABeckhoff Ethernet driverod shall be used for high

NICs are listed on
http://infosys.beckhoff.com/english.php?content=content/1033/tcsystemmanager/reference/ethercat/ht

ml/ethercat_supnetworkcontroller.htm

The ATwi FEGATermTet i ntermediate drivero provides al so
real time behaviour. This driver is sufficient for basic EtherCAT functionality.

F o Y

\ Some applications/services (e.g. firewalls) may disturb access to the real time driver
' ' interface. In first place disable all applications/services which access the selected network
z ° 5 card

—h ) )
I-10 EtherCAT. ™ Application Note EL9800


http://infosys.beckhoff.com/english.php?content=content/1033/tcsystemmanager/reference/ethercat/html/ethercat_supnetworkcontroller.htm
http://infosys.beckhoff.com/english.php?content=content/1033/tcsystemmanager/reference/ethercat/html/ethercat_supnetworkcontroller.htm

BECKHOFF New Automation Technology

3.3 Additional Basics

For a step-by-step instruction of a slave configuration proceed with chapter 4.
The following described TwinCAT basics are required to perform the steps which are required to
configure an EtherCAT slave/network.

3.3.1 Setup an EtherCAT network

a. Verify tiNeaporheofi the Et hedvihitie nstwokead (WhEhic onnec't
configured in 0).
b. Perform automatic device scan: right mouse click on [I/O Devices]A [ Scan Devi ces é]

B4 Unbenannt - TwinCAT System Manager
File Edit Actions Yiew Options Help
Dwd &6 FP =258 A8 5 aavdHFE ABRN® 2 2Q2

# Bl SYSTEM - Configuration Number | Device Type
B nC - Configuration

B PLC - Configuration
= [ 1/0 - Configuration
B 1/0 Devicar
&8 Mappings ®ax Append Device...

[&@* Import Device...
s Scan Devices, ..

B paste Ctrl+v
7 Paste with Links Alt+Ctrl4+y

Figure 7: Perform device scan

c. Adevice window is shown. Select only the device which is connected to the EL9800 evaluation
board(l abel | ed a¢Ethé&rCAd)o R clek [RK]

d. Acknowledge scan for Boxes message with [YES]

e. To start unsynchronised process data communicationact i vat e AFree Runo

. -
! Untitled - TwinCAT System Manager

— W —
File Edit Actions Wiew Options Help
DS w M | A= FR B E || B

=B SYSTEM - Configuration
- NC - Configuration
! PLC - Configuration
E|l I/0 - Configuration
2Bl /O Devics EtherCAT Master Type: EtherCAT

Device 1 (EtherCAT)

==

General | Adapter | EtherCAT | Online | CoE - Online |

Name: Device 1 (EtherCAT)

Comment:

..=f= Device 1-Image-Info
| - % Inputs

- §l Outputs
G- EtherCAT Slave

-5 Box1 (FB1111 Dig. In/Out)

[ Disabled

Figure 8: Successful device scan

3.3.2 EEPROM programming

Depending on the EEPROM content (Sll) an EtherCAT slave can be identified unique. The following
steps describe how to program the EtherCAT slave EEPROM.

a. Scan the network (chapter 3.3.1)

b. Select the EtherCAT slave

c. Select t he-tahikthérights®HAT 0

d Open the fiAdvanced Settingso dialog

EthercAT~ Application Note EL9800 I-11
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_ -
I i - Twecar sy Mg G e N e

File Edit Actions View Options Help

D@ e |6 %R0 = e a2 Qs € 2

BB SYSTEM - Configuration

B NC - Configuration
-5 PLC - Configuration
- /O - Configuration

- B /O Devices

-5 Device 1 (EtherCAT)

=4 Device 1-Image
i=f= Device 1-Image-Info
(- T Inputs
vl Outputs
&l |Box1 (FB1111 Dig. In/OuE)
S8 M=

P ———
[General| EtheCAT [BC [ Process Data|
——

Previous Port Master

Type: € FBI11116Ch. Dig. In/Outout Ml

Product/Revision:  FB1111-0142-0100 (04570862 / 0064008¢)

Ao Inc Addr 0 d i
BiherCAT Adar: (] 1001 E € Advanced Settings. D

Identification Value: |0 = —

Figure 9: EtherCAT Slave Advanced Settings

Sel
Open

ect the

node WPRDMIAGSMAT I Vi
i iR R @ MDialBg

Select the device description to be written to the EEPROM.

NOTE: I f the
restart the System Manager.

Device is not

NTiviaGAB\ID\EtGetCARO .t hen E S |

Cl i c k to étaptKviting this configuration to the EEPROM of the device (When using the

EL9800, ensure the PDI sele

ctor to be set to position 0)

Write EEPROM
|
Advanced Settings I Available EEPROM Descriptions:

- General
Distributed Clock
= ESC Access
= E'PROM
-~ Configured Statio

Ei"lm Link De
Hex bditor e

L FPGA
.. Memory

Smart View

Corfig Data (eval
E?PROM Size (B

PDI Type
[¥] Device
SP1/8/16
[7]BUSY Opg
[C1INT Open

32 Bit Interfacy

[ Show Hidden Devices

=] £t Beckhoff Automation GmbH

S System Teminals
li Swstem Couplers
M Customer specific Terminals
B EtherCAT PC card
q EtherCAT Pigguback contraller boards [FBT30)

EECH

E! £t Beckhoff dutomation GmbH - Development Products

S5C_Device

- alion 48 BEYTIT7 1041)
ELIB00_44 (Ci402 Sample] VSi0 (642265170 / 529)
BB EtheiCAT PC card

Browise.

Figure 10: Program EEPROM

-12
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3.3.3 Distributed Clocks

I f the slave supports DC the master rThigcoudbeas a fAsync
simple task (chapter3.3.4) or a PLC projectbes®he tfos yilAattoaskdardhalaln
an EtherCAT slave.

I f the Async tasko i s mi sGPiStag. Thishsettingnaendbled by defauitai ns i n F
Select [Device xx (EtherCAT)] A tab [EtherCAT]A [ Advanced Settingsé]

Advanced Settings @

=) State Machine [ [E%
Slave Settings Startup State Run-Time Behaviour
:%‘ C}"C"F Frames O'INIT Log Topology Changes
kd [E)'osénsb::;:rflods © PRE-OP' Log CRC Counters
# Redundancy O 'SAFE-OP' [] Log Error Counters (only for testing)
[ Emergency Relnit after Communication Error
(¥ Diagnosis [[] Show Input Toggle Information

Stay at 'PRE-OP" until

Sync Task started

Infa Data

Enable
Include Device Id
Include Ads Netld
Include Cfg Slave Count

Figure 11: Master startup behaviour

3.3.4 Append an Additional Task
a. Expand [System i configuration] A right mouse click on [Additional Task] A [Append Task]

B4 Unbenannt - TwinCAT System Manager
File Edit Actions View Options Help

D@ S0 LR R Ad = e R RN ® R 2Qe2 6% ¢
= BB SYSTEM - Configuration

2. ) :

[B% —

%% Route Setti 8 Append Task...

B nC - Configurat

B PLC - Configura W Import Task.:.

= A 10 - Configural gy poy, Chrl+v
ER- Bils) Dewceﬁ @ A |
=) =% Device | Paste with Links Alt+Ctrl+Y

== Device 3-Image
=} Device 3-Image-Info
- §1 Inputs
- @l outputs
#-§ InfoData
& Box 2 (EL9B00-5PI)
i’ﬁ Mappings

Figure 12: Append task

b. Insert an output variable to the task: right mouse click on [Outputs] A [Insert Variable]

EthercAT~ Application Note EL9800 I-13
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. Unbenannt - TwinCAT System Manager
File Edit Actions VYiew Options Help

Dl &6 + 222 A Bl avdd <@ 2 |2Q82
= B 5YSTEM - Configuration Name Online Type
@ Real-Time Settings
= [B% additional Tasks
= Task 1
<fa Task 1-Image
1 Inputs
§! Outei= ‘
¥ Route Settin ®aic Insert Variable. ..
! MC - Configurat
B pic- Configura} Recalc Adresses
= - 1/O - Configuration
=B 1/0 Devices
(=} === Device 3 (EtherCAT)
=}a Device 3-Image
=} Device 3-Image-Info
- § Inputs
® .l QOutputs
#-§ InfoData
#-&¥ Box 1 (EL9800-5PI)
&8 Mappings

3|

Figure 13: Insert variable

c. Select variable a type, e.g. fi B |, ana click [OK]

Insert Variable
i
Name: ar 44 Multiple: 1
© [cewel ]
Comment:
Start Address: Byte: 0 (3] Bit 0 B
Variable Type Sort by
i BIT 01 .Ai' O Name
BIT2 02 = )
(BIT3 s @ Size
|BITARR4 0.4 O Type
|BIT4 0.4
|BITS 05
|BITE 06
o 27

Figure 14: Variable type

d. Create a connection with the new variable and one of the digital outputs of the device.
(Double click on the new variable and select LED 1)

Attach Variable Yar 44 (Output) @

= £ 1/0 - Configuration Show Variables
= #% 1/0 Devices @ Unused
=% Device 1 [EtherCAT) O Used and unused
=% Box 1 (EL3800SPI) [ Exclude disabled

Exclude other Devices
Exclude same Image
[%] Show Tooltips

O/ LED2 > GX261,BIT[0.1]
Ol LED3 > OX262BIT[01]
Ol LED4 > GX263.BIT[0.1]

Show Variable Types
["] Matching Type
Matching Size
[C] &0 Types

Aray Mode
Dffsets

[] Continuous
[[] Show Dialog

Wariable Name

[]Hand over
[ Take over

Cancel l 0K

Figure 15: Link new variable

e. Select the new task and activatethein Aut o cletklaor t O

—h 3 ;
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B unb t - TwinCAT System M.

as

File Edit Actions View Options Help

Dwd &[4 & 2543

=S avHE L@ [2Q]

= B SYSTEM - Configuration
@, Real-Time Settings
= [B% additional Tasks
= [B3 Task 1
<} Task 1-Image
1 Inputs
=@l outputs
Pl var 44
%% Route Settings
B NC - Configuration
B rLC - Configuration
= [ 1/0 - Configuration
=B 1/0 Devices
(=l === Device 3 (EtherCAT)
=fa Device 3-Image
== Device 3-Image-Info
-1 Inputs
- @l outputs
# @ InfoData
# ¥ Box 1 (EL9800-SPI)
@5 Mappings

Task | Online

Name: Task 1 Pot: 301
] Auto Priority Management
Cycleticks: 10 5

Options
1140 at task begin

[[] Disable

[[] Create symbols

[] Separate input update
Hele []Extem sync
[ Warning by exceeding

[ Start tick (modulo} nelude extema

<]

Figure 16: Enable Auto start

f. Reload device to apply changes:

[Actions] A [Reload Devices]

B Unbenannt - TwinCAT System Manager

Chrl+t
Crl+H

a}‘ @ Activate Configuration. .. Ctrl+Shift-F4
=]

T @ @; Set/Reset TwinCAT to Run Mode...  Ctrl+F4
(=]

= B svi  Check Configuration

Q‘ SetjReset TwinCAT to Config Mode. .. Shift-F4
23 Reload Devices F4

Q Choose Target System... Fa
Read Target Server Versions...

- ] NG
B
= A 11C

ER-: | Access Bus Coupler/IP Link Register...
=] Update EtherCAT FPGA via LPTx...

Update Bus Coupler/IP Link Firmware...

Ctr+E
Import XML Description... Chri+I

Export XML Description...

Check Variable Links

CHCEFBox T(ELYSO0-SPLY
= &5 Mappings
B8 Task 1 - Device 3 (EtherCAT)

) ea v F &

LB K@% (2)Qelelue € 2

General | Adapter | EtherCAT ] Online | CoE - Online |

No Addr | Name State
| 1001  Box 1 (EL9800-SPI) oP

CRC

Actual State: oP Counter Cyclic

T | MBann ) [€afanal [ nn | | SendFrames 17925

Figure 17: Reload Devices

+

Queued
21068
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4  Slave Configuration

This chapter describes how to create an EtherCAT slave configuration using TwinCAT and the
EL9800 Evaluation board.

4.1 Digital I/O Slave

The ET1100 and ET1200 provide the possibility to handle up to 32 (ET1100) digital signals without a
connected local uController (and slave software). These are called simple devices. This chapter
describes how to configure such an EtherCAT slave.

NOTE: Only the piggyback board FB1111-0142 shall be used in this configuration.

a. Power off the EL9800 Evaluation board
b. Set PDI selector to position 0

c. Power on the EL9800 Evaluation board
d. Start the TwWinCAT System Manager

e. Scan the network (chapter 3.3.1)

f

Write the Device Description for 16 Bit Digital I/O to the EEPROM (Figure 18: 16Bit Digital I/0O
Device Description).
How to write the EEPROM is described in chapter 3.3.2).

Available EEPROM Descriptions: [ Show Hidden Devices oK
=-2E¥ Beckhoff Automation GrbH
“HOFF
2% 550 Release -_Cancel

H System Teminals

System Couplers

- Customer spacific Teminals

e B EtherCAT PC card

[ B- w EtherCAT Figgyback controller boards [FB1:%94)

I = "IFE1111 16 Ch. Dig. In-/Output 221l FB1711-0142-0100 (04570862 / D040
----- - FB1111 32 Ch. Dig Input 2sMIl [FB1111-0142-0400 (04570862 / 0130008¢])
----- - FB1111 32 Ch. Dig. Output 2:hIl [FB1111-0142-0500 (04570862 / 0114008x])
----- - E FB1111 SPI-Slave 21l (FB1111-0141-0600 (04570862 / 0255008d))

----- - FB1111 MCI8 DC 26MIl (FB1111-0140-0800 (04570862 / 0320008¢))

----- . E FB1111 MCI16 DT 2+MIl (FB1111-0140-1000 (04570862 / 03=8008c])
[H-feer Beckhoff Automation GmbH - Development Products

E|"

Browse...

Figure 18: 16Bit Digital 1/O Device Description

After writing and verification was successful <clo
h. Power off the EL9800 evaluation board
i. Set PDI selector to position 4
j- Power on the EL9800 evaluation board
k. Rescan for Ether CAT sl aves xx(r(i gthht esrn®iAsis)aonc Bo& ke s 6 n
. I'f a AConfiguration changedo dialog is shown clic
iOKO.
m. Activate fAFree Runo (AFree RwmQGri+kK5a n al so be activ

n. Process data communication is now running.
Outputs can be set by right mouse click on the variable and selectingfi On |l i ne wr it eo.

—h ) )
I-16 EtherCAT. ™ Application Note EL9800
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4.2 Standard Slave

The standard EtherCAT slave includes an uController connected to the ESC which handles the

EtherCAT related software stack. In this example the Slave Stack Code is used as the EtherCAT
slave software. In this example the stack supports 8Digital I/O and one Analog Input.
The Slave Stack Code is free of charge a can be downloaded here.

To get a quick startup only the already compiled binary is programmed in the uController. If the

software should be compiled in DEBUG configuration or under debugger control please refer to

chapter 6.

For this configuration the piggyback board FB1111-0142 and FB1111-0141 can be used. For the
FB1111-0141 the jumper J1202 needs to be set (see EL9800 datasheet for further information).

a. Download and install MPLAB IDE (chapter 5.1)
Power off the EL9800 Evaluation board

Set PDI selector to position

0

APl C Programmero

Switch on PIC Programmer (SW600)

Power on the EL9800 Evaluation board

b
c
d Connect the
e
f

s Qe

Copy the ESI

\SlaveStackCode\VX.XX\esi\0

Restart the TwinCAT Syste

Install the MPLAB ICD2 driver (chapter 5.5).

(Sl aveStackCode.
t GWIMfCATAIO\Et her CATO

m Manager

j-  Scan the network (chapter 3.3.1)

k. Downloadt he devi

ce description

via USB with the P

xml) from

AEL9800_4A

See chapter 3.3.2 for detailed information about EEPROM programming.

Write EEPROM

Auvailable EEPROM Descriptions:

Show Hidden Devices

QK

i

-2 Beckhoff Automation GrmbH
@M System Teminals

o @l System Couplers

=B Customer specific Terminals

| -B® EtherCAT PC card

. -8 EtherCAT Piggyback controller
= :Eﬁ: Beckhoff Autamation GmbH - Devel

—-g8 55C_Device

]

= s EL3200_44 [PIC24) V"
B8 Testdpplication [ELE0

+- BB EtherCAT PC card

B EL3300_2 (PIC18) VG0 [E42265170/ 257)
43965170 7 273

boards [FB1::4)
lopraent Praducts

0 4] V5O (542265170 / 1041
B EL9800_44 [Ci402 Sample] VS0 (542265170 / 529)

Cancel

Browse...

Figure 19: EL9800_4A (PIC24)_VXiXX Device Description

I.  Power off the EL9800 Evaluation board

m. Set PDI selector to position

7 (position 5 for EL9800_2).

n. Power on the EL9800 evaluation board.
0. Open MPLAB IDE (installation is described in chapter 5.1)

p. Select ICD2 Programmer

o AProgrammié8el ect

P¥ ogMRIMANR rl0CD2 0

the AELDY

(Pl C24) _\

EthercAT~ Application Note EL9800
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o Select the following options when ICD Wizard starts
A Target has own power supply
A Deselect automatic connection
A Select automatic download operation system
g. Select device type
o AConfigufredl ect Deviceo
0 Sel ePCRAHH128GP3060
r. Connect to Programmer
o AProgramm@€odnnect o
o Acknowledge download operating system (wait until download finished)
s. Import binary file
o AFi->Pedl mporto
o The binaries are | oc at\YadeStackColielVKigX3dhex@® Pr oduct
t. Download binary
o iProgramm@Poogr amo
o Acknowledge Al CDWARN 00460 with OK
o Wait until program is finished
u. Power off PIC Programmer (SW600)

—h ) )
I-18 EtherCAT. ™ Application Note EL9800
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5 Slave Stack Code IDE Software

This chapter contains the installation instructions of the MPLAB IDE which is used to create and run a
local slave application using the Slave Stack Code.
5.1 MPLAB IDE 8

Download the latest MPLAB IDE 8.x from www.microchip.com
a. Runthe Setup

Jmplab__v820

Datei Bearbeiten Ansicht Favoriten Extras 7

@Zuru‘.‘]ck - & ‘? - Suchen Ordner v

Adresse |[2) Z:\mplab__v820

[~ 0x0409.ini

Datei- und Ordneraufgaben 2 U Datal.cab
Install_MPLAB_v820.exe
ginstmsia.exe
ginstmsiw,exe

li'm Datei umbenennen
Ay Datei verschieben

D Datei kopieren [}]ISSetup.dlI
6 Datei im Web verdffentlichen QEJMPLAB Tools v8.20.msi
() Dateiin E-Mail versenden lﬂﬂmplabcert‘bmp
¥ Dateiloschen “setup.ini
Thumbs.db
Andere Orte N

Figure 20: Execute Installation file

b. Select the iCompletedsetup type

(To handle the SSC not all components from the MPLAB IDE are required but in the first
movei t 6 s r eaddormstalthd complete package.)

MPLAB® Tools
Setup Type o
Select the setup type to install. @ MICROCH'P

Please select a setup type.
(%) Complete

ﬁ All program features will be installed. (Requires the most disk space.)
o

O Custom
Select which program features you want installed. Recommended for
o advanced users.

[ < Back ][ Next > I[ Cancel

Figure 21: Select setup type

Donibnstall t hpoo9BOCRS501& ompil er

Question

D) The HI-TECH C installer is in an external executable
\-/ provided by HI-TECH Software,
1t is not controlled by this installer.
It will not be uninstalled if you uninstall MPLAB IDE.
Do you want to run the HI-TECH C installer now? If not, you can find it at
C:\ProgrammeiMicrochip{HCPICP-pro-9.60PLS, exe

Figure 22: Compiler installation

EthercAT~ Application Note EL9800 I-19
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5.2

HI-TECH PICC-18 STD compiler

This step is only required if the revision EL9800_2 is used. Otherwise go to chapter 5.4.

a. Execute nHNBCPIETIBL2. ex
b. Ensure that internet connection is available

eo

c. Select fAActivate demo with 45 day evaluation |
Installing HI-TECH PICC-18 STD
18™
PICC'®STD
A N S | c cC O M P | L E R
Use oft oftware requires a licence and activation
Enter the serial number supplied with your licence; if you do not have a serial number, a
45 day evaluation licence may be requested
An activation key will be automatically obtained via the Internet
If your computer is not connected to the Intermet or cannot transparently access the web,
check "Off-line" to request an off-line activation
O Activate serial number: HCPIC1 8-|:|
(&) Activate demo with 45 day evaluation licence
[] Oft-ine
Ondine help
Ordering Information I Bk ][ et J l Sancdl I
Figure 23: Installation type
I f the terms of |license agreement are accepted the
Activation @
. Activation successful,
\1) Licensed for evaluation purposes only.
This licence will expire on Sun, 26 Apr 2009,
Figure 24: Activation successful
d Uncheckl BHII ntegrated Devel opment Environmento
Instalting HI-TECH PICC-18 STD
1.8™
PICC'®STD
A N S | c cC oM P L 3 R
eas nponents to install, and choose the installation folder, then click Next to
complete the installation
Compaonents marked with * will be downloaded from the website.
[C1* HI-TIDE Integrated Development Environment
C:\Programme’HI-TECH Software\PICC-18\5TDAI.51
Space required: 37.1 MB Space available: 61616 MB
Online help
Ordering Information I Slack ” B | [ Cages! ]
Figure 25: Additional software
—h ) )
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5.3 HI-TECH Universal Toolsuite plugin for MPLAB (optional)

The Toolsuite is recommended if the MPLAB IDE is used with several compilers. (Ifthei HCPI-C1 8
pro-9 6 0 P campiler was installed within the MPLAB IDE installation the HI-TECH Toolsuite shall be
installed)

5.4  Microchip C30 compiler
This compiler is required for the PIC24 mounted on the EL9800_4A EtherCAT Evaluation board.

a. Download the Microchip C30 compiler from the Microchip homepage
b. Execute the setup (the installation routine is self-explanatory)

5.5 MPLAB ICD2 driver

a. Connect the USB-cable with the evaluation board and the PC

b. Set SW600 (>= EL9800.4) or SW800 (<= EL9800.2) to enable the onboard debugger
interface

Power on the evaluation board

A new device is detected on the PC

e. Select fi Atomaticoinstallation

oo

Assistent fiir das Suchen neuer Hardware

5

Mit diesem Assistenten kionnen Sie Software fur die folgende
Hardwarekomponente installieren:

Microchip MPLAB ICD 2 Firmware Client

") Falls die Hardwarekomponente mit einer CD
A oder Diskette geliefert wurde, legen Sie diese
jetzt ein.

Wie mochten Sie vorgehen?

(%) Software automatisch installieren (empfohlen)

() Software von einer Liste oder bestimmten Quelle
installieren [fiir fortgeschrittene Benutzer)

Klicken Sie auf "weiter", um den Vorgang fortzusetzen.

[ < Zuriick “ Weiter > l [Abblechen]

Figure 26: Driver installation

f.  If the driver was not successfully installed please reinstall the driver.
Dri ver IctPoogram Fdes\Micrdthip\MPLAB IDE\ICD2\Drivers\o

EthercAT~ Application Note EL9800 I-21



BECKHOFF New Automation Technology

6 Slave Stack Code Project

This chapter introduces how to create, download and run a local slave application using the Slave
Stack Code and the MPLAB IDE.

6.1 Create Project

a. Copy the source files from the SPI folder on CD delivered with the EtherCAT evaluation board
EL8900 to a folder on the hard disk (e.g. c:\MySlave\)
b. Openthe MPLAB and click [Projectf A[ Newé] i n menu bar.

lﬂ “MPLAB IDE v8.20

File Edit View Project Debugger Programmer Tools C

‘ 0O ‘ Project Wizard.., ?
'5Untl‘tldd W Open...

Close 4

Set Active Project »

Quickbuild (no asm file)

Figure 27: Create a new Project

c. Enter a name and the path where you want to store the project file and all other created files.
Then press the [OK] button.

New Project &d

Project Name
Slave Sample Code Y410

Project Directory

CASSC_410\SPISAC | [ Browse...
0K Cancel

Figure 28: Project Details

d. If the project manager is not already displayed in MPLAB choose [View] A [Project] in menu
bar.

Slave Sample Code V410 - MPLAB IDE
File Edit Wiew Project Debugger Programmer

O Dﬁ-i_’ Praject o 3
QOutput

Toolbars

CPUR

Disassembly Listing
EEPROM

File Reqisters
Flash Data
Hardware Stack
LCD Pixel

Locals

Memory

Program Memory

SFR | Peripherals

Special Function Registers
‘Watch

1 Memory Usage Gauge

Figure 29: Activate Project Manager

—h 3 ;
[-22 EtherCAT. ™ Application Note EL9800
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e. To add the SSC source files select [Projectf A[ Add Files to Projecteé]

Slave Sample Code V410 - MPLAB IDE v8.20 - Untitled
File Edit View Project Debugger Programmer Tools Configure
‘ NE W ’ Project Wizard...

MNew. .,
Istave Sam|  open..
| Close »
= [ slave Set Active Project 4
5, ickbuild (no .asr )
(0 Heg e e ASTTE)
[Jobj Packagein .zip
[ Libn  Clean
~[Joth Buid F10
Rebuild Ctrl+F10
HI-TECH C Manual F11
Build Configuration »
Build Options... 4

Save Project
Save Project As
. Add Files to Project...
Add New File to Project. ..
Remove File From Project 4

Select Language Toolsuite. ..
Set Language Tool Locations. ..
Version Control. ..

Figure 30: Add source files

f. Selectall *.c and *.h files. Then press [Open] button.

T T S =
Add Files to Project )
Lookin:  J) SRC Q2@
i | aoeappl.c (] ecatsiv.h | spihw.c
Lf_'] aoeappl.h || ecatsoe.c \ﬂ spihw.h
_ bootmode.c [n] ecatsoe.h
1] bootmode.h | €l9800.c
| cia402appl.c (1] el9800.h
(] cia402appl.h |emcy.c
| coeappl.c (0] emcy.h
@ coeappl.h || eoeappl.c
4ﬂ ecat_def.h L'l] eoeappl.h
| ecatace.c (0] esch
|h] ecatace.h || foeappl.c
| ecatappl.c 1] foeappl.h
[ ecatappl.h | mailbox.c
| ecatcoe.c |h] mailbox.h
] ecatcoeh | mcihw.c
| ecateoce.c [n] mcihw.h
] ecatece.h || objdef.c
| ecatfoe.c 1] objdef.h
|n) ecatfoe.h || sdoserv.c
| ecatshv.c (] sdoserv.h
< | m »
Fies of type: Al Source And Header Fies (*s:".c:"h:inc) ) [ Cancel ]
Jump to: [oniecl Directory V]
[T Remember this setting
@ Auto: Let MPLAB IDE guess
(7 User: File[s) were created especially for this project, use relative path
() System: File{s) are extemal to project, use absolute path

Figure 31: Select source files

EthercAT~ Application Note EL9800 -23
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6.2

Project settings

a. To select the compiler, linker and assembler choose [Project] A [Select Language
Tool suiteé] in menu bar

m Slave Sample Code V410 - MPLAB IDE v8.20 - Untitle
File Edit View Project Debugger Programmer Tools Configur

DE i ‘ Project Wizard...

— New..,
—ISlave SamJ Open...
Close >
= [ slave! set active Project >
(13 5ol
[ Hes °
[Jobj Packagein .zip
[Jtibr  Clean
[CJuink  Export Makefile
([Jow Buidal Ctr+F10
Make F10
Build Configuration >
Build Options... >

Save Project

Save Project As..,

Add Files to Project...

Add MNew File to Project...

Remove File From Project >

Select Language Toolsuite. ..
Set Language Tool Locations. ..
Version Contral...

18
Figure 32: Select tools

b. Choose the corresponding Toolsuite
- <=EL9800_2:fi HTECHPICC-18 Too | s
- >z EL98004A:fiMi crochip C3
c. If necessary correct the path in the location field.

© <

Select Language Toolsuite

Active Toolsuite: HI-TECH Universal ToolSuite [

Toolsuite Contents B Knudsen Data CC5X
B Knudsen Data CC8E

" HITECH NSI | Byte Craft Assembler & C Compiler
CCS C Compiler for PIC10/12/14/16/18/24/dsPIC30/dsPIC33
HI-TECH Universal ToolSuite

I4R PIC18
= IR Systems Midrange
Er 2l Microchip ASM30 Toolsuite
C:\Programme’HI-] Microchip C17 Toalsuite
Microchip C18 Toolsuite
- | Microchip C30 Toolsuite
Microchip MPASHM Toolsuite

Microchip PIC32 C-Compiler Toolsuite
e o

Figure 33: HI-TECH Toolsuite

a. Select the corresponding PIC for the EtherCAT slave platform. Therefore click [Configure] A
[ Sel ect Deviceé].
For evaluation boards up to and including version EL9800_2 select fPIC18F4520 .

For evalwuation boards f r oRiC24H8128GP3060 EL 9800 _4 A

[-24

—h 3 ;
EtherCAT. ™ Application Note EL9800
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Select Device

Device: Device Family:
| PiC1BF452] [v] AL vl
Microchip Tool Support
Programmers
(@ PICSTART Plus D MPLAB REALICE @ PICKit1
@ PROMATEIl @ MPLABICD 2 @ PICKit2
@ MPLAB PM3 @ MPLABICD 3 @ PICKit3
Language and Design Tools
@ ASSEMBLER @ COMPILER @ VDI
v3.90 v2.40
Dehuggers
@ MPLAB SIM @ MPLABICD 2 @ PICKit2
@ MPLABREALICE & MPLABICD3 @ PICKit3
MPLAB ICE 2000 MPLAB ICE 4000 ICE/ICD Headers
@PCM18XC1 [~ | @PMF1BWCD | @No Header
@PCM18XHD [ | @PumF1awc
{DPCM18XH2 ‘VH @ PMF18WC2
[ ok | [ cancet | [ Hep |

Figure 34: Selection of the controller

6.2.1 Compiler/PIC specific settings
1  Microchip C30 compiler (PIC24):
Define a head size (e.g. 4096 bytes) (Project-> 0 Bu i | d ->Bnojéct->0 ntsadbb A MPL AB
‘Build Options For Project "$SC.mcp" B
Diectories | CustomBuild |  Trace | ASM30/C30 Sute |
MPLAB ASM30 I MPLAB C30 } MPLAB LINK30
Categories: ‘rﬁ;‘;&? i 777771—‘7[
Generate Command Line:
Heap size: I"—‘UE bytes [] &llow overlapped sections
Min Stack Size: ‘ bytes
Symbol Definitions
Add...
$SElmap” -report-mem -o"${BINDIR_)${TARGETBASE) ${TARGETSUFFIX)"
[ Use Altenate Settings
\
Figure 35: Heap setting for Microchip C30 compiler
— . .
EthercAT.~ Application Note EL9800 1-25
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)l

HI-TECH PICC-18 STD compiler (PIC18):
Increment the i i

A [Project] A [Compiler] tab).

dent i

f

ier lengtho > 60[PajetA Buld@pldng code op

Build Options For Project “SSC_SPl.mcp”

Directories | Custom Buid | Trace | Driver | Compiler | Linker | Global

Define macros

Undefine macros

Preprocess assembler Identifier length

Optipizatiasettings Messages
[ Global [[Jverbose
[VTereveritler

Waming level | nf%]

a. Confimt hat t he

Figure 36: Compiler Settings

corr ectThased eCr idneefsi naeroe dlesod csabeé d hion

For EL9800 hardware up to version 2 select _PIC18.

It is not possible to get full feature setup for the PIC18 in addition to other reasons caused by limited
program memory. So it is necessary to check which features are required for the desired EtherCAT
corresponding defines are | ocated in
For EL9800 hardware from version 4 select _PIC24.

s |

ave.

4 D0 B

The

£
\brief
*s
f#define

£
\brief

#define

/
\brief
*f
gdefine
PEa]

*/

fdefine

£

i

f#define

el

shall be set if the MCI of the ESC is connected

MCI_HU 0

shall be set if the SPI of the ESC is connected

SPI_HW 1

PIC18 EV

_PIC18 0

_PIC24 1

NIOSII_CPU O

ation board (Hardware wersion up to EL3S800_2)

uation board {(Hardware version till )Specific code for ELS800 up to Hardware wvers:

\brief the software for the NIOSII-CPU in combination with the ESC IP-Core and the
DEC2C20-Eva-Board is

used (www.devboards.de fro more information to this Eva-Board)

Figure 37: PIC define

I-26

—h ) )
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b. To compile the SSC select [Project] A [Rebuild] in menu bar.
(Since MPLABver sion 8. 46 fARebuildodo is renamed to

Slave Sample Code V410 - MPLAB IDE v8.20 - Slave Sa
File Edit View Project Debugger Programmer Tools Configure

\ D& W ‘_ Prqjgct Wizard...
MNew. .,

Open...

Close

Set Active Project

il
El
u
2

P N 8 [ SRR -
Quickbuild (no .asm file)

Package in .zip

Clean

Build F10
Rebuild Ctri+F10
HI-TECH C Manual Fi1

Build Configuration

Build Options...

Save Project

Save Project As..,

Add Files to Project...
Add New File to Project...
Remove File From Project

Select Language Toolsuite. ..
Set Language Tool Locations...
Version Control. ..

ader Files ‘ ” I

Figure 38: Rebuild Project

3 ) ) I 0 13 1 ) )R T 13 T ) ) )

Q

——EI

An output window with further information appears. The *.hex and *.cof (for debugging) files are
created in the project folder.

L =% . ]
—1Output
Buid l\o"elsion Contral | Find in Files |
Advisory[1234] = Writes to flash must target opposite side of 4000h boundary
Hemory Summary:
Program space used 7960h ( 31072) of 8000h bytes ( 94.8%)
Data space used S3Fh { 1343) of 600h bytes ( 87.4%)
EEFPROM space used Oh 0) of 100h bytes 00
External data memory None available
ID Location space used Oh 0) of 8h nibbles { 0.0%)
Configuration bits used 4h 4) of 7h words { 57.1%)|
Loaded CASSC_4104SPASRCSlave Sample Code Y410.cof.
pessssess Build successfull
.SJ 1l |
T T TFles T & 3¥ymouisT s |

Figure 39: Build succeed output
6.3 Download binary

6.3.1 Debugger

The Evaluation Kit from hardware version 4 supports two PIC debugger interfaces.The first one is
fixed connected to onboard ICD 2 debugger (communication channel 3) and the second one is
connectedtotheiopend i nt er (Eommumicabian charhdl 2).5The In-Circuit Debugger
register need to be configured depending on the desired interface.

The register is setin ecatappl.c. ( Sel ect ab | EXThbDEBUGER INMERFACEO )

- fixed connected debugger: _FICD(ICS_PGD3 & JTAGEN_OFF);
- f o p énterdace: _FICD(ICS_PGD2 & JTAGEN_OFF);

EthercAT~ Application Note EL9800 -27
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The following instructions refer to the fixed connected onboard ICD 2 debugger.

a. Enable the on board debugger interface. Set dipswitch SW600 (>= EL9800.4) or SW800
(<=EL9800. 2) to fAono

b. Select MPLAB ICD2 Debugger (All EL9800 EtherCAT development boards contain a MPLAB
ICD 2 onboard debugger)

B4 Stave Sample Code V410 - MPLAB IDE v8.20
File Edit View Project »lﬁugger Rrogrammer Tools Configure Windo

DE ¥ 9@1 Select Todl )[ v None
) Clear Memory »/ 1 MPLABICD 2

—ISlave vample Code V4 = J\E] ‘ SEIE
—! 3 MPLAEB ICE 4000
= Source Files (&) ; mt:g Isér 2000
<] aceappl.c
PP | BREALICE
coeappl.c 7 PICKit 2
C
ecataoe.c 8 MPLAB ICD 3
ecatappl.c 9 PIC32Z Starte
ecatcoe.c
@ ecateoe.c H T
= ‘

Figure 40: Select "MPLAB ICD 2"

c. The MPLAB ICD2 setup wizard start up

MPLAB ICD 2 Setup Wizard

. Welcome!

This wizard helps you set up the MPLAB ICD 2.

To continue, click Next.

[Weiter> | [ Abbechen | [ Hife |

Figure 41: ICD 2 setup wizard

d Sel ect AUSBO

o
MPLAB ICD 2 Setup Wizard
Communications r“
Select a communications method. Ef

2

ComPort Baud Rate

use [+ J

[ <zuiick ][ weiter> | [ Abbechen | [ Hife |

Figure 42: Communication interface selection

e. Select ATarget has own power suppl yh

—h ) )
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f.

o
MPLAB ICD 2 Setup Wizard

Power

B
Select target power source. Ef{é}

() Target has own power supply
(O Power target from the MPLAB ICD 2

Note: If you wish to power your application from the MPLAB ICD 2, then the MPLAB ICD 2

must be powered with an independent power supply. [MPLAB ICD 2 can not draw enough
power from the USB cable to program the target.)

See the MPLAB ICD 2 Users Manual for more details.

[ <zuiick |[ weiter> | [ Abbechen | [ Hite |

Figure 43: Power supply selection

D o nabdck automatic connection

MPLAB ICD 2 Setup Wizard

Connection

B
Enable auto-connection. Ef@

‘Would you like MPLAB IDE to automatically connect to the MPLAB ICD 2 on start up?
If enabled, MPLAB IDE conveniently connects to the MPLAB ICD 2 at project startup.

If disabled, MPLAB IDE waits until the user initiates a connect operation before attempting
to communicate with the MPLAB ICD 2.

Note: The potential downside to enabling auto connection is that MPLAB IDE will always
attempt to communicate with the MPLAB ICD 2 on project startup. If there is a device
other than the MPLAB ICD 2 on the selected communications channel it might be
damaged by this attempted communication.

[IiMPLAE IDE automatically connects to the MPLAB ICD 2

[ <zwiick |[ weier> | [ Abbrechen | [ Hife |

Figure 44: Auto connect

g. Check automatic download operating system

o
MPLAB ICD 2 Setup Wizard
Download r\
Enable auto-download of operating systems. %f{@}

‘Would you like MPLAB IDE to automatically download (without prompting) MPLAB ICD 2
operating systems when needed?

The MPLAB ICD 2 uses different operating systems for different target families.

If enabled, MPLAB ICD 2 will automatically download the appropriate operating system
whenever it detects that the operating system currently residing within the MPLAB ICD 2 is
not the correct one for the selected target device, or whenever MPLAB IDE detects a
newer version of the operating system on the users computer.

If disabled, MPLAB ICD 2 will prompt the user for permission to download before actually
downloading.

MPLAB ICD 2 automatically downloads the required operating system

[ <Zuiick [ weiter> | [ Abbrechen | [ Hife |

Figure 45: Download OS
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h. Connect to debugger

File Edit ‘iew Project L
J D& W ’ % m Select Tool
Clear Memory
| HWBP [1]Used
Animate
"I Slave Sample Codq
5 Into
=3 Source Files
T
- [£] coeappl.d  Reset
; ecataoe. Braakpon:
i [9 sl .rtlaa oints... o
Advanced Breakpoints. ..
i Ig ecatcoe,
@ ecateoe,  MPLAB ICD 2 Setup Wizard...
@ ecatfoe, o
Program
E] ecatstv.c
[ ecatsoet ey peprom
: lg emcy.c
: E] eoeappl.
i E] foeappl.c
; E] mailbox.c
: 5] objappl.c )
‘ E obidef:c Settings...
T | |

Figure 46: Connect to debugger

Acknowledge the download warning with [OK]

PLAB ICD 2 Warning

|ICDWam0030: MPLAB ICD2 is about to download a new operating system.
If MPLAB IDE is just starting, it will appear to "hang" at the splash screen.
Please be patient. MPLAB IDE will finish it's initialization after the 05 is
downloaded. [Note: You may wish to select ta ignore this waring in the

["] Don't display this warning again

future.)

(

] [ Cancel ]

Figure 47: Download warning

j-  Output if connection succeeds

Output.

| Build | Version Control | Find in Files | MPLABICD 2 |

Connecting to MPLAB ICD 2
..Connected
Setting Vdd source to target

...Reading ICD Product ID

Running ICD Self Test

..Passed

MPLAB ICD 2 ready for next operation

Auto-connect not enabled - Not connecting (Try enabling auto-connect on the ICD2 settings pages.)

Target Device PIC18F452 found, revision = c0

& i ' T

oL ___________________________________________________________|]

Figure 48: Output window: connection successful
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k. Download the binary file

File Edt View Project Debugger Programmer Tools Configure Wine
Tool
J 0DE ’ 4 Select Too
Clear Memory
| HWBP [1]Used

Run
Animate
Halt

Step Into
=13 source Files Step Over
5] aveapply e o
- [E] coeapple  Reset

"I Stave Sample Cods

E;] ecataoe, _
reakpoints...
ecatappl.
[9 2 Advanced Breakpoints. ..
i @ ecatcoe.
[5] ecateoe.|  MPLAB ICD 2 Setup Wizard...
B [y T Y em—
E tsl (L Pragra
ecatshv.cl pood
5] ecatsoed  poageeprOM
@ emcy.c

E eoeappl, Abort Operation
[£] foeappl.c  connect
L @ mailbox.d  Download ICD2 Operating System

: [£] obiappl.c )
: [9 objdefi Settings...
i @ sdoserv.c | I

Figure 49: Program PIC memory

Output if programming succeeds
output

Build || Version Control | Find in Filesll MPLAB ICD 2

o

...Debug Executive

...Debug Vector

.. Werify Succeeded
Programming Configuration Bits
.. Config Memaory

erifying configuration memony...
. Merify Succeeded

Connecting to debug executive
...Programming succeeded
09-Mar-2009, 10:44:21

MPLAB ICD 2 ready for next operation

Figure 50: Output window: Programming successful
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I.  Select [Debugger] A [Run]

Figure 51: Run binary
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