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This reference design demonstrates how to connect an EtherCAT ET1100 slave controller to a C2000
Delfino™ MCU. The interface supports both de-multiplexed address/data busses for maximum bandwidth
and minimum latency, and a serial peripheral interface (SPI) mode for low pin-count EtherCAT
communication. The slave controller offloads the processing of 100 Mbps Ethernet-based fieldbus
communication, thereby, eliminating CPU overhead for these tasks.
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1 Introduction
1.1 Features

High-Performance Real-Time Control MCU Paired With Low-Latency Ethernet-Based Communication

» High-Bandwidth, Low-Latency Interface to Beckhoff ET1100 EtherCAT Slave Controller
» Supports Both Asynchronous Parallel and SPI Connections

* Glueless Interface

e Eliminates CPU Overhead for EtherCAT Frame Processing

1.2 Applications
» Industrial Drives
» Servo Motor Drives
» Manufacturing Robotics
e CNC Machinery
* Remote I/O
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Figure 1. TMDSECATCNCD379D Block Diagram
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Figure 2. TMDSECATCNCD379D Adapter Board

1.3 DesignDRIVE
For more information on DesignDRIVE technology for industrial drive applications, see the following links:
* http://www.ti.com/c2000drives
» http://training.ti.com/c2000-designdrive
* http://www.ti.com/tool/designdrive

2 System Overview

2.1 System Description
The TMDSECATCNCD reference design is an adapter board for TI F2837x control CARDs. When coupled
with a C2000 MCU, it uses a Beckhoff ET1100 EtherCAT Slave Controller (ESC) and Tl Ethernet PHYs to
enable the creation of EtherCAT slave nodes. The adapter board format uses a 60-pin high-density
connector that can support both asynchronous parallel and SPI interfaces.
This user's guide illustrates how to set up the EtherCAT adapter board module, initialize the ET1100
subsystem for first use, and install and configure the Beckhoff TwinCAT 3 software for use as an
EtherCAT master in a test setup. Example code is provided to configure both SPI and external memory
interface (EMIF) interfaces and run simple read and write tests across an EtherCAT network.

4
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Figure 3. TMDSECATCNCD379D controlCARD and Adapter Board

2.2 Key System Specifications

Table 1. EMIF Configuration and Timing Settings for ET1100 PDI

PARAMETER DESCRIPTION VALUE DELAY @
TA Read-to-Write Turnaround time 1 5ns
RHOLD Address and CSn hold after OEn LH edge 1 5ns
RSTROBE Read Strobe time in units of EMIF Clocks 64 320 ns
RSETUP Address and CSn to OEn assertion delay 1 5ns
WHOLD Write Hold time after WE deassertion 1 5ns
WSTROBE Write Strobe (WE) width 2 10 ns
WSETUP Address and CSn setup time to WE assertion 1 5ns
EW Extended Wait Mode ENABLE -

SS Strobe Select Mode DISABLE -

(1) F2837x system with Fsysclk = 200 MHz.

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

EM1CS2n | | | |
EM1A:0] X X X b
EM1D[15:0] X X X X
——WSETUP— “—WHOLD—
EM1WEn J———wsTrROBE———)
4—RSETUP—» 4+—RHOLD—!
EM10En J————RsTROBE——)
Figure 4. EMIF PDI Timing Diagram
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2.3 Block Diagram
Figure 6 shows the block diagram of the SPI and EMIF interfaces. In both configurations, the F2837x runs
the EtherCAT slave stack while the ET1100 is used to offload the EtherCAT Slave Controller (ESC) frame
processing, FMMU, and SyncManager operations.
Certain pins on the ET1100 are used on both the SPI and asynchronous interfaces, which requires the
SN74CBTLV3257 mux and SN74CBTLV3245 buffer to steer these signals to the appropriate GPIO on the
F2837x MCU.
The EtherCAT adapter board features an on-board DC-DC 5V-3.3V converter, which allows the 3.3V VDD
to be either sourced from the C2000 controlCARD or generated locally from an off-board 5V source.
TMS320F2837x
A
e
| ! DC/DC !
| |:I\/|‘ux 5/3.3V |
| : ¥ |
: Beckhoff ET1100 [
| |
' |
[ [ [ |
| |os3s22 DPg3822 | |
' |
' |
' |
[
- T
. I
' |
I L] L] |
: RJ45 RJ45 |
___________________ |
Figure 5. Block Diagram
|TMS320F28379D controlcaRD | | EtherCAT Adapter Board |
| [tms320r2837x | | e Beckhoff — . !
I || 7aceTLva2es ET1100 Mil - :
l i “ HIE|
| NEERE "| ESC ||
: Lo = [
: : i T M DP83822 ' i
| w = |
| | |
[ b o
I Ext
: | : 13 J;—EVIV_B.BV :
| : I 3.3v T Int |
| | v TPS62063 |
: : | DC/DC 5/3.3V [
- ] !
Figure 6. F2837x SPI and EMIF Connections to the EtherCAT Slave Controller
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2.4 Highlighted Products
2.4.1 TMS320F28379D
The Delfino TMS320F2837x is a powerful 32-bit floating-point microcontroller unit (MCU) designed for
advanced closed-loop control applications such as industrial drives and servo motor control; solar
inverters and converters; digital power; transportation; and power line communications. Complete
development packages for digital power and industrial drives are available as part of the powerSUITE and
DesignDRIVE initiatives. The F2837x supports a new dual-core C28x architecture that significantly boosts
system performance while integrated analog and control peripherals allow designers to consolidate control
architectures and eliminate multiprocessor use in high-end systems.
In the TMDSECATCNCD379D design, the F2837x receives EtherCAT data from the ET1100 through
either a serial (SPI) interface or an asynchronous parallel memory interface (EMIF). Figure 7 shows the
use of EMIF2, but either EMIF can be used to interface to the ET1100. Note that GPIOs 93 and 94 are for
future expansion to address a larger memory space. They are not used in the example code.
C2000 Beckhoff
TMS320F2837x ET1100
EM2CS2n 1 CSn
GPIO94 b .l ADR[15]
GPIO93 |— . mlADR[14]
EM2A[11:0],EM2BA1 »| ADR[13:1]
L ADR([0]
P BHE
EM20En | RD
EM2WEn | WR
EM2D[15:0] |- p-| DATA[15:0]
EM2WAITL |- BUSY
GPIO136 | iRQ
GPIO119 |- EEPROM_Loaded
GPIOSS |- | SYNC/LATO
GPIOS0 |- | SYNC/LAT1
Figure 7. EMIF Interface to ET1100 EtherCAT Slave Controller
C2000 Beckhoff
TMS320F2837x ET1100
SPI Master SPI Slave
SPISTEx » RD
SPICLKx » WR
SPISIMOx |- p-{ DATA[15:0]
SPISOMIx |- BUSY
GPIO136 |- IRQ
GPIO119 |- EEPROM_Loaded
Figure 8. SPI Interface to ET1100 EtherCAT Slave Controller
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24.2

243

24.4

245

2.4.6

246.1

DP83822

The DP83822 is a low power single-port 10/100 Mbps Ethernet PHY. It provides all physical layer
functions needed to transmit and receive data over both standard twisted-pair cables or connect to an
external fiber optic transceiver. Additionally, the DP83822 provides flexibility to connect to a MAC through
a standard MiIl, RMIl or RGMII interface.

TPS62063

The TPS6206x is a family of highly efficient synchronous step-down DC-DC converters. They provide up
to 1.6-A output current. With an input voltage range of 2.7-V to 6-V, the device is a perfect fit for power
conversion from 5-V or 3.3-V system supply rails. The TPS6206x operates at 3-MHz fixed frequency and
enters power save mode operation at light load currents to maintain high efficiency over the entire load
current range. The power save mode is optimized for low-output voltage ripple. For low noise applications,
the device can be forced into fixed frequency PWM mode by pulling the MODE pin high.

In this reference design, the converter enables power to be supplied from either the controlCARD or an
external 5-V source.

SN74LVC1G07

This single buffer/driver is designed for 1.65-V to 5.5-V V. operation. The output of the SN74LVC1G07
device is open drain and can be connected to other open-drain outputs to implement active-low wired-OR
or active-high wired-AND functions. The maximum sink current is 32 mA.

In this design, the open-drain buffer connects a GPIO from the F28379D controlCARD to the ET1100
EtherCAT slave controller reset pin, thereby, enabling independent reset of both devices.

SN74CBTLV3245A

The SN74CBTLV3245A provides eight bits of high-speed bus switching in a standard '245 device pinout.
The low on-state resistance of the switch allows connections to be made with minimal propagation delay.
The device is organized as one 8-bit switch. When output enable (OE) is low, the 8-bit bus switch is on,
and port A is connected to port B. When OE is high, the switch is open and the high-impedance state
exists between the two ports.

In this TI Design, the bus switch isolates selected ET1100 outputs from the F28379D control CARD GPIOs
when the EMIF interface is not used (SPI mode). Note that the bus switches are optional in a design using
only a single interface type.

SN74CBTLV3257

The SN74CBTLV3257 device is a 4-bit 1-of-2 high-speed FET multiplexer/demultiplexer. The low on-state
resistance of the switch allows connections to be made with minimal propagation delay. The select (S)
input controls the data flow. The FET multiplexers/demultiplexers are disabled when the output-enable
(OE) input is high.

This multiplexer connects selected GPIOs to the ET1100 depending on the interface mode (EMIF or SPI).
Note that the multiplexer is optional in a design using only a single interface type.

Beckhoff ET1100 EtherCAT Slave Controller (ESC)

The ET1100 device is an EtherCAT Slave Controller (ESC). It handles all communications between the
EtherCAT fieldbus and the F2837x interface (either SPI or EMIF).

For more information, see http://www.beckhoff.com.
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2.4.7 TMS320F2837xD Delfino Microcontroller Functional Diagram
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Figure 9. TMS320F2837xD Functional Diagram

SPRUIF9—-August 2017 EtherCAT® Interface for High-Performance C2000™ MCU 9
Submit Documentation Feedback

Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUIF9

13 TEXAS

INSTRUMENTS
System Overview www.ti.com
248 Ethernet PHY Functional Diagram
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Figure 10. DP83822 Functional Diagram
2.4.9 SN74CBTLV3245A Functional Diagram
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Figure 11. SN74CBTLV3245A Functional Diagram
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2.4.10 SN74CBTLV3257 Functional Diagram
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Figure 12. SN74CBTLV3257 Functional Diagram

2.4.11 ET1100 Functional Diagram

Bechoff data sheet: http://download.beckhoff.com/download/document/io/ethercat-development-
products/ethercat_et1100_datasheet v1i9.pdf.
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3 Getting Started (Hardware)

This document describes an F28379D control CARD adapter board. The adapter board can support either
an EMIF or an SPI interface.

EtherCAT Master
(PC + TwinCAT 3)

TMDSECATCNCD379D
controlCARD and Adapter Board
with Docking Station

EtherCAT Slave MCU
(PC + CCS)

Figure 14. EtherCAT Test Setup
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3.1 EtherCAT Master Configuration Using TwinCAT3

3.11 Download and Install TwinCAT3 From the Beckhoff website

The TwinCAT3 software is available from the Beckhoff website at http://www.beckhoff.com. Follow the left
sidebar to Download — Software — TwinCAT 3 — TE1xxx | Engineering. As of this writing, the most
recent version of this software is TWinCAT 3.1 — eXtended Automation Engineering (XAE) v 3.1.4022.0.

3.1.2 Verify the TwinCAT Runtime is Active

1. Check for the EtherCAT icon in the notification panel in the lower-right corner as shown in Figure 15. If
this is absent, open the notification panel and check in the popup window for the TCSwitchRuntime.
Right click on this icon and select Tools — TCSwitchRuntime.

« [B'7 % @& ¢ F 10:00AM

Figure 15. TwinCAT Runtime Icon in Windows Toolbar

2. Verify that the TCSwitch Runtime is active. The “Deactivate” button should be showing as illustrated in
Figure 16. If this button reads “Activate”, click that button to start the TCSwitchRuntime.

_ﬂ TcSwitchRuntime - &

Version 1.11
TwinCAT 3.1 Build 4018 is active
[ —— v
[ Save Log ][ Clear Log ]
MDPUA-Server Service does not exist, -

Starting TF3300 Scope Server...

TF3300 Scope Server service enabled successfully,
Service start pending...

TF3300 Scope Server started successfully,

Starting TcAdsSerialCommServer. ..
TrAdsSerialCommServer Service does not exist,

Starting TcAdsWofHost. ..

Service start type is Manual and hence could not be started,
=DONE=* A

1

Figure 16. TwinCAT Runtime Dialog Box

3. If the TCSwitchRuntime is not found in steps 1 and 2 above, then locate the runtime in the file system.
A typical location is: “C:\TwinCAT\TcSwitchRuntime\TcSwitchRuntime.exe”. Note that it is NOT
commonly found in the Start Menu.

SPRUIF9-August 2017 EtherCAT® Interface for High-Performance C2000™ MCU 13
Submit Documentation Feedback
Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUIF9
http://www.beckhoff.com

Getting Started (Hardware)

13 TEXAS
INSTRUMENTS

www.ti.com

3.2 Start TwinCAT3 and Verify That TwinCAT is Running in Visual Studio
1. Locate the TwWinCAT XAE, which can be found in one of three places:
(a) Start menu — under Beckhoff — TwinCAT3 — TwinCAT XAE (VS 2010).
(b) Desktop icon is shown in Figure 17.

Figure 17. TwinCAT3 XAE Desktop Icon

(c) Natification panel icon — right click and select TwinCAT XAE (VS 2010).

I

Figure 18. TwinCAT3 Icon in Toolbar

2. Verify that TwinCAT is running under Visual Studio. “TwinCAT” and “PLC” should both appear in the
main toolbar as shown in 1. If these menu items are not shown, then the TC3 runtime is NOT running.

Go back to step Figure 19 to restart the TC3 runtime.

00 Start Page - Microsoft Visual Studio (Administrator) |0 i |

File Edit View GitExt Debug | TwinCAT PLC ITrJoIs Scope Window Help
E-éﬂ'_‘l'ﬁdﬂlfa—Jz ':fl;||>

HE L i ARG || =l
ploa

Solution Explorer Ml Start Page <
Figure 19. Visual Studio Menus for TwinCAT3

3. Open a new EtherCAT project.
(a) File — New — Project.

New Praject (8] =
Recent Templates NET Framework 4 * Sortby: | Default NE D Search Installed Template: Pl
Installed Templates 3

Type: TwinCAT Project
.i TwinCAT XAE Praject (XML format) TWInCAT Project el d

Other Project Types TwinCAT XAE SystemManager

TWInCAT Measurement Configuration

TWInCAT Project
Online Templates
Name: TwinCAT Praject
Lacation: CAUsershoxox x \Documents\Wisual Studio 2010\Projects - Browse.
Solution name: TwinCAT Project J| Create directory for solution

oK Cancel

Figure 20. TwinCAT3 New Project Dialog
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4. Verify that a Realtime Ethernet Adapter is installed.

(a) TWinCAT — Show Realtime Ethernet Compatible Devices
If no RT adapter is installed, select one from the list of Compatible devices and click “Install”, then
exit this popup.

- Ethernet Adapiters [

= K Installed and ready (o use devices{reattime capable)
o+ ocal Area Connection - TwinCGAT- Intel PCIEthermet Adapter (Gigahit) heiital
5' Instadled and ready to use devioesiior demo use only) ;
K¢ Compatitle deviens P

= & Incompatible devices
B Wireless Network Connection - DW1520 Wirelees-N WLAN Half-Mini Card
&: Dizabled devices Uinibing

e e e e—

Figure 21. TwinCAT3 EtherNet Adapter Dialog

5. Scan for the newly installed Realtime adapter by clicking TwWinCAT — Scan.
(a) A popup indicating TwinCAT has found the adapter that should appear (see Figure 22).

s e G K 3 e e ] kesea L T
IGa L.l [ w gl atesm SFal Sloe.le aiagEwdiers i,

Sechstacen laphorey % [T
2 Soskomen: ' PandAT ot [ ity
o ol TwweAT Proges

s

TN

L1t

i SAAETY

B
« B

S Dandaim

o o e UerCAT

o Do o Bt PATL o o i, i B T it ]

PSS
e i

Figure 22. TwinCAT3 Discovery of Ethernet Adapter
(b) Click “OK”, then click “Yes” to the following two popups (see Figure 23).

P
i
'@ Scan for boxes

Figure 23. TwinCAT3 Master Scan for Slaves and Free Run Activation
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(c) The screen view shown in Figure 24 should now be visible in TwinCAT3, indicating that the Master
and Slave are connected and prepared for use. Note that “Box 1” appears at the bottom of the
image, indicating that TwinCAT has discovered the EtherCAT slave. If this is the first time that the
slave has been connected and the EEPROM has not yet been programmed, the “Box n ()" label (for
example, “TI_C2KESC") will not be visible.

©® TwinCAT Project - Microsoft Visual Studi rat )‘
File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

iG-S % a9 - - S-E ] b [Release ~| | TwinCAT RT (x64) -| | 2 [status R B E -

QB |3) #d|=(5=0|awE| D0 [ AlA2RE@|6 7 [ -

Solution Explorer X [MEstelsled ~ Properties >y B x

=) Device 2 (EtherCAT) EtherCAT Master
I o ; =RiE
4 Solution ‘TwinCAT Project’ (1 project) e
7
+ ull TwinCAT Project R Device 2 (EtherCAT)
@ SYSTEM ( lamE) evice ert
Disabled SMDS_NOT DISABLED
MOTION
G ItemType 2
& PathName THD*Device 2 (EtherCAT)
[ SAFETY ,
B SavelnOwnFile False
4 @yo
4 “Z Devices
4 = Device 2 (EtherCAT)
% Image
%% Image-Info
2 SyncUnits
Inputs
& Outputs
@ InfoData -
® Box 1 (TLC2KESC) =
&% Mappings

Error List ¥ I X Output
@ 0Erors | i\ 0Wamings | (i) 0 Messages | Clear Show output from: | TwinCAT 112 @3 %=

Description Line. Colu.. Project

Creating project TwinCAT Project'... project creation successful.
e

Figure 24. TwinCAT Solution Explorer Showing EtherCAT Master (Device 2) and Slave (Box1, TI_C2kESC)

6. The EtherCAT Master is now ready for communication with the Slave device.
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3.3 Configuring the EtherCAT Adapter Board Interface for EMIF or SPI Operation

The EtherCAT adapter board must be configured prior to power-up to select between the EMIF or SPI
interface from the C28x to the ET1100 slave controller. Options for power source and interface type are
available through jumpers and/or DIP switches as described in Figure 25 and Table 2.

o TEE-TP16% a s e 8 8TP6 - MCU006-A

= W Tous
— INSTRUMENTS

‘% (@) TPS
CR =

Port 1 (out)

e <

N

—

T2 ©-TPL

ST

Port 2 (in)

Figure 25. EtherCAT Adapter Board LED and Switch Locations

Table 2. EtherCAT LED and Switch Usage Descriptions

NAME | OPTIONS | DESCRIPTION

Switches/Jumpers

Swi L — SPI Selects between EMIF and SPI Interface
R - EMIF Modes

J3 1-2 off-board Off-board: 3.3 V is provided directly from
2-3 on-board attached control CARD

On-board: 3.3 V is generated by the on-
board regulator from a separate 5 V

supply.

LEDs

RUN LED State Machine Status Off: ET1100 Device is in INIT state.
On: ET1100 Device is in Operational
state.

DS2/PWR LED 3.3V Power ON indicates 3.3 V is being supplied to
the board. For details, see the schematics
in Figure 38.

(1) Additional RUN LED states provided in the ET1100 Digital /0O Signals table of the ET1100 data sheet, which is located at:
http://download.beckhoff.com/download/document/io/ethercat-development-products/ethercat_et1100_datasheet_v1i9.pdf.
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3.4 Preparing the Adapter Board for EtherCAT Communcation Using TwinCAT3

After installing the TwinCAT3 software in the previous section and verifying connectivity between the
EtherCAT Master and the slave node, the ESC EEPROM must be programmed to enable communication
to the C28x device over either the EMIF or SPI PDI. The following procedure writes the binary file
associated with the selected PDI type into the EEPROM:

1. After starting up the TwinCAT software in Section 3.1, the screen should look something like Figure 26.
Double clicking the EtherCAT slave (labelled “Box 1" in the figure) brings up the EtherCAT properties
window on the right. Click “Advanced Settings”.

File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
P - S A K a9 - - S-E] b [Release ~| [TwinCAT RT (x64) || | status -]
i B | | r mg|o=2(Z22=0 | B | OB BLSNE|d 7 ||

Solution Explorer X [M[slellsTe3 TwinCAT Project v 31X

General EtherCAT | DC | Process Data | Startup | CoE - Online | 0nhne|

- Solution TwinCAT Project’ (1 project) E4 Type: TI_C2KESC
4wl TwinCAT Project
. @ SYSTEM Product/Revision: 1414070274118
MOTION Auto Inc Addr: 0 =
PLC EtherCAT Addr: |:| 1001 Advanced Settings...
[ SAFETY
B Cc+t 0
« @10 Previous Port: Master N M
4 "% Devices E
4 = Device 2 (EtherCAT)
*%Image
*¥ Image-Info B
© @ SyncUnits ' Name Online Type Size >A.. In/.. Us.. Linkedto |6 ]
Inputs | # Switch 1 0 BT 01 390 Inp.. O L
et g |+ Switch 2 0 BT 01 391 Inp.. 0
Mol ~ f = switch 3 0 BIT 01 392 Inp. O -

* ® Box 1 (TLC2KESC) — 5
s | TwinCAT Project B Properties

Error List v I X Output v X
& 0 Errors | I\ 0 Warnings | i) 0 Messages | Clear

Description File Line Colu... Project

Figure 26. TwinCAT Project EtherCAT Tab
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2. In the advanced settings popup windows, select “Smart View” to bring up detailed information about
the EtherCAT Slave PDI. Click “Write E2PROM”. Note that, prior to initialization, this view shows a
“blank” configuration.

Advanced Settings

~ General L
-B‘ehavwor . Config Data (evaluated from ESC) Device |dentity (hex)
Timeout Settin —_—
TertReainn E?PROM Size (Byte). |128 ) Vendor Id: 0x00000000
FMMU / SM PDI Type: 0 x) Product Code: 0x00000000
i Init Command || Device Emulation (state machine emulation) Revison No. 0x00000000
 Mailbox
 Distributed Clock SPI/8/ 16 C Interface Serial No: x00000000
L ESC Access [BUSY OpenDrain  [|BUSY High Active
= E2PROM |INT Open Drain |INT High Active EvodOct Rewsion:
Configured
- Enhanced Li 32 Bit Interface N
[T]WD OpenDrain [ ]WD High Active [1coE SoE  [[IEeE |FoE
Hex Editor I |Input Latch [lacE
FPGA Bootstrap Configuration
Memory Sync Signal Configuration Out StartLength 0 0
[]sYNCOOpenDrain [ | SYNCO High Active
0. & In Start/Length: 0 0
|| SYNCO Enabled | SYNCO to PDI IRQ
| SYNC1 Open Drain | SYNC1 High Active
) Standard Configuration
| |SYNC1 Enabled |SYNC1 to PDI IRQ
Out Start/Length (1] 0
Impulse Length (pis): 0
In Start/Length: 0 0
[ witeEPROM.. | | | ReadE*PROM..
< [om b

Figure 27. TwinCAT "Smart View" Slave Properties Window Showing Blank Slave

3. Click “Browse” to find the desired EEPROM binary associated with either the SPI or EMIF interface in
the TMDSECATCNCD379D_PDI_HAL_API directory downloaded from the project site.

(a) pdi_test_app_spi.bin — for SPI interface
(b) pdi_test_app_emif.bin — for EMIF interface
(c) Click “OK”.

Available EEPROM D iptit || Show Hidden Devices 0K

#5 Beckhoff Automation GmbH & Co. KG

£ ® Vendor with ID 00000590h m

[~ @ Tl C2K SP| ESlaves
L 1> TI_C2KESC (1414070274 / 18)|

Browse...

Figure 28. TwinCAT3 EEPROM File Dialog

SPRUIF9—-August 2017 EtherCAT® Interface for High-Performance C2000™ MCU 19
Submit Documentation Feedback
Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPRUIF9

13 TEXAS
INSTRUMENTS

Getting Started (Hardware) www.ti.com

4. After TWinCAT writes the EEPROM (in this case for the SPI), the following “Smart View” window
showing a valid configuration with PDI Type = “SPI slave” should appear (see Figure 29).

- Advanced Settings

_ General Smart View
i Mailbox
Distributed Clock
EI ESC Access
E| E2PROM PDI Type: ISPl slave Product Code: 0x54490002
: Configured

Enhanced Li

SERERE edare Seral No- 0x02000000
Hex Editor BUSY Open Drain BUSY High Active

L EPGA ["]INT Open Drain ["]INT High Active Product Revision:

Config Data (evaluated from ESC) Device Identity (hex)

E*PROM Size (Byte): |2048 Vendor Id: 0x0000059D

[ | Device Emulation (state machine emulation) Revison No.: 0x00000012

32 orf; Mailbo:
Bit Interface Hoox

WD Open Drain WD High Active e D S

[]input Latch [ Aok
Bootstrap Configuration

Syne Signal Configuration Out Start/Length:
[ ]SYNCO Open Drain [ | SYNCO High Active

SYNCO Enabled SYNCO to PDI IRQ
[ ]sYNC1 Open Drain [ | SYNC1 High Active
SYNC1 Enabled SYNC1to PDI IRQ

In Start/Length:

Standard Configuration

Out Start/Length:

Impulse Length (us): 0.100 e E
n Start/Length:

Wite EPROM.. | | Read E-PROM...

Figure 29. TwinCat "Smart View" Slave Properties Window Showing Programmed EEPROM

5. The EtherCAT Slave controller is now prepared for communication with the MCU.
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3.5 EEPROM Configuration Values

The first 15 bytes of the EEPROM hold MCU-related configuration. This is readable via several ESC
register addresses. The options used in these demonstrations are:

Table 3. EEPROM MCU Configuration

ESC Register Address|Bit] |Va|ue ‘ Description
Common Settings
0x140 0x05 — SPI PDI type

0x08 — EMIF
0x141[0] Off Device emulation
0x141[1] All Ports On Enhanced Link Detection
0x141[3:2] DC Latch + Sync Unit DC Units power saving
ASYNC16 Settings
0x150[1:0] Push-pull active high BUSY output driver/polarity
0x150[3:2] Push-pull active low IRQ output driver/polarity
0x150[4] Active low BHE polarity
0x150[7] Active low RD polarity
0x152[0] Normal delay Read BUSY delay
0x151[2] LATCH input SYNCO/LATCHO
0x151[3] On Map to AL Event Request
0x151[6] LATCH input SYNC1/LATCH1
0x151[7] On Map to AL Event Request
SPI Settings
0x150[1:0] Mode 3 SPI mode
0x150[3:2] Push-pull active low SPI_IRQ output driver/polarity
0x150[4] Active low SPI_SEL polarity
0x150[5] Normal sample Data Out sample mode
0x151[1:0] Push-pull active low Output driver/polarity
0x151[2] SYNC output SYNCO/LATCHO
0x151[3] On Map to AL Event Request
0x151[5:4] Push-pull active low Output driver/polarity
0x151[6] SYNC output SYNC1/LATCH1
0x151[7] On Map to AL Event Request

4 Getting Started (Firmware)

= v A « development_kits » TMDSECATCMNCD3ITIDKIT =

Generated_55C

S5CToolC28xPatch
TMDSECATCMCD3TID_EchoBack_Derno
TMDSECATCNCDITID_EtherCAT Selution_Ref
TMDSECATCNCDITID_PDI_HAL_API

Figure 30. TMDSECATCNCD379DKIT controlSUITE Folders
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The firmware package for this kit consists of a Process Data Interface (PDI) demo using the hardware
abstraction layer (HAL), C2000 patches for the Beckhoff slave stack code (SSC), a reference project for
the SSC, and a precompiled echo-back demo that uses the patched SSC. All of this software is designed
for C2000 F2837x MCUs. Each demo has build configurations for SPI and EMIF. To change between
these interfaces, set both of the switches in switch block SW1 (Figure 25) on the adapter board
accordingly.

The PDI demo sets up and tests basic communication between the EtherCAT master and the EtherCAT
slave controller. The echo-back demo shows an example of higher-level communication between the
master and slave.

NOTE: For EtherCat Developers: The EtherCAT Technology Group (ETG) recommends
membership for parties implementing EtherCAT in a machine or machine line. For additional
information about EtherCAT and ETG membership, see the following links:

e EtherCAT FAQs: https://www.ethercat.org/en/fag.html
«  EtherCAT Technology Group site: https://www.ethercat.org

4.1 PDIHAL Test Demo
The PDI test application contains a hardware abstraction layer (HAL) that handles all of the configuration
details for the EMIF or SPI interface. This Code Composer Studio™ (CCS) 7.x project also performs some
simple read/write tests to verify correct functioning of communication with the ET1100 slave controller.
The CCS project files for pdi_hal_test_app can be downloaded from the design directory at
http://www.ti.com/tool/ TMDSECATCNCD379D. The files install into the
C:\TI\controlSUITE\development_kits\TMDSECATCNCD379DKIT directory. Once downloaded, import this
project into CCS 7.0 or later using the procedure below:
1. File — Import... (an “Import” popup window appears).
2. Select “Code Composer Studio” — CCS Projects. Click “Next".
3. Use “Select search-directory” and click “Browse” to find the pdi_hal_test_app source directory.
4. Select pdi_hal_test _app from the list of Discovered projects:
(a) Leave the “Automatically import referenced projects” box checked.
(b) Checking the box for “Copy projects into workspace” is optional.
(c) Click “Finish”. The CCS project will appear in the project explorer window.
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4.1.1 Test Setup

The main purpose of this test is to demonstrate the usage of the PDI between the C28x processor and the
ET1100 EtherCAT Slave Controller.

EtherCAT Master
(PC + TwinCAT 3)

TMDSECATCNCD379D
controlCARD and Adapter Board
with Docking Station

EtherCAT Slave MCU
(PC+ CCS)

Figure 31. EtherCAT Test Setup

The test setup in Figure 31 shows a C2000 F28379D controlCARD with attached EtherCAT adapter board
and two PCs. The left PC connects to the adapter board through a standard Ethernet cable connected to
Port 0, and runs TwinCAT 3 software, which provides EtherCAT Master functionality. The right PC
connects to the controlCARD directly through the USB connector and runs the EtherCAT Hardware
abstraction layer (HAL) software on the CCS 7.x development environment. The HAL software in this
example performs the following functions:

» Initialize the C28x hardware and the selected PDI interface (SPI or EMIF)
* Execute reads/writes to the ET1100 User RAM
» Execute reads from ET1100 register space

The intent of this project is to demonstrate the usage of the PDI. Therefore, no EtherCAT stack is included
in this demo.

Note that the HAL software supports both the SPI and EMIF as PDI interfaces. The user must choose the
proper settings when building the project. Correct jumper settings on the adapter board are also required
for proper operation. These settings are described in Section 3.3.
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4.1.1.1  Running Simple ESC Interface Test on C28x

After downloading the software from the project directory at http://www.ti.com/tool/TIDM-DELFINO-
ETHERCAT and importing the project into CCS, perform the following steps to exercise the PDI HAL:

1. Open the example project pdi_hal_test_app in CCS. The file pdi_test_appl.c has the main routine. The
following code is of interest:

ESC_HWInit() Initializes the C28x MCU and the PDI

ESC_setupPDITestInterface() Set-up PDI interface and initialize test variables and ET1100 RAM over PDI

ESC_debugUpdateESCRegLogs() Keep updating ET1100 registers in a loop. User can add to the list of registers to
read in the escRegs data structure.

22 void main()

81 {

a2

83 ESC_HWInit();

84

a5

86 ESC_setupPDITestInterface();
88 while(1)

29 7

o8

a1 ESC_debugUpdateESCReglLogs();
92 DELAY US(100@ * 500);
93 }

94

a5 }

Figure 32. CCS Example Project: pdi_hal_test_app

2. Right click on the project and set the desired active build configuration. Figure 33 shows the available
configurations, which provides options for program storage (flash and RAM) and interface type (EMIF,
SPI-C):
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[ Project Explorer &3 = q,::{,s = = 0
v = pdi_hal_test_app [Active - 4 F2837xD_CCARD_SPIC_RAM]
g:;? Binaries
[l Includes .
= _1_F2837D_CCARD_EMIF_FLASH Build
= _2_F2837xD_CCARD_EMIF_RAM configurations
= _3_F2837xD_CCARD_SPIC_FLASH &
= _4 F2837xD_CCARD_SPIC_RAM
v = app
[€] pdi_test_appl.c
[R| pdi_test_applh
v [= cmd
g 2837 RAM_Ink_cpul_big.crmd
,ﬁ 283Tx_FLASH_Ink_cpul.cmd
v = hal
@ etherCAT _slave_c28x_hal.c
E| etherCAT_slave_c28x_hal.h
[S] F2837xD_CodeStartBranch.asm
[ F2837xD_CpuTimers.c
[€] F2837xD_DefaultlSR.c
[ F2837xD_device.h
[€] F2837xD_Emif.c
(£ F2837xD_GlobalVariableDefs.c
[€] F2837xD_Gpio.c
[€] F2837xD_PieCtrl.c
[£] F2837xD_PieVect.c
[€] F2837xD_Spi.c
[€] F2837xD_SysCtrl.c
[§] F2837xD_usDelay.asm
[ F28x_Project.h

Figure 33. EtherCAT HW Abstraction Layer Project
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For this example, choose build configuration (4_F2837xD_CCARD_SPIC_RAM) by right clicking on the
project name and selecting “Build Configuration” — Set Active — (4_F2837xD_CCARD_SPIC_RAM).

Start TwinCAT3 on the EtherCAT Master PC as described in Section 3.2. Note that double clicking the
EtherCAT slave node (“Box 2" in Figure 34) opens up a properties windows, from which the “Advanced
Settings window” can be opened. This is used later in the demo.

FEM
FION

ETY

evices
F Device 2 (EtherCAT)

2% Image

*® Image-Info

2 SyncUnits

Inputs

W Outputs

@ InfoData

® Box 2 (PO0000001 RO3160001)
appings

(‘Advanced settings

General Memory
Behavior
Timeout Settings | StertOffset 0
Identification Length 0400
FML 7 EM Working Counter 1
Init Commands

& Distributed Clock

ESC Access Auto Reload Reload

% EZPROM Compact View
FPGA
Memory Use Fixed Adar

EtherCAT Slave Controlier Type

Unspecified
EsC10/20
1Peore

QETII00

ETI200

PDI Type
Unspecified @ 16C (8 &)
Digiel (4) 8pC (9. 8)
SAIE) 1BpC(0s)
Bridge (7) BUC(11. 5

Offs Dec | Hex Char =
0000 ESCRev/Type |27 0011
0002 ESCBuild | 3 0003 .
0004 SM/FMMU Cnt 2056 loss |
0006 Ports/DPRAM 3848 0108 .
0008 Features | 252 00fc
000a .D 0000
000c 0 0000
000e 0 0000
0010 Phys Addr .D 0000
0012 Configured Statio. | 0 0000
0014 | 0 0000
Bits Name Value Enum
0-7 FMMU ent B |
8-15 SM ¢nt 8
[ ok [ conce |

Figure 34. TwinCAT3 Advanced Settings Dialog

3. Start the debugger and open the memory browser window as shown in Figure 35. The “escRegs” data
array contains a list of ET1100 register addresses and values. These get updated in the
ESC_debugUpdateESCRegLogs() function.

e pm test_appl.c

kg ethercat_slave_c28x halc &

ESC_debugAddESCRegsAddress (0x100
ESC_debugAddESCRegsAddress (0x102
ESC_debugAddESCRegsAddress (8x110
ESC_debugAddESCRegsAddress (8x310
ESC_debugAddESCRegsAddress (0x312
ESC_debugAddESCRegsAddress (OxEQ0
ESC_debugAddESCRegsAddress(8x518 |
ESC_debugAddESCRegsAddress (0x512 /
ESC_debugAddESCRegsAddress (8x514 /*

06 #else

aded and PDI is either EM 16 bit) or SPI. = @x8001228E

ite tests; On ET1100 RAM being at 9x1000 and can go up to @xFFF I Ax000122A3

[ - 0x20012288
ut 3 0x000122(D 0600 0800 6060 60

i Data I

x200121C2
0x200121C2)
0x00012107
0x000121EA

0x000121EA

ESC_debugAddESCRegsAddress (@x51i Bx800121EC
ESC_debugAddESCRegsAddress (@x51, @x800121EC
ESC_debugAddESCRegsAddress (0x51A | Ox000121EF
ESC_debugAddESCRegsAddress (0x1000 /* , 115, @x800121EE
@xee121F8

@x@00121F0

/1 wait till EEPROM is loaded 9x80012200
do 9x00012200
{ 020012208
pdi_control = ESC_readWordNonISR(@x0148 /*“ESC_PDI_CONTROL_OFFSET*/); 0x20012208
ifdef INTERFACE_SPI 0x20012210
} while (((pdi_control & BxFF) != @x@5)); //SPI PDL 0x00012210
0x@0012225

} while (((pdi_control & @xFF) != @x@8)); //EMIF PDI Ox0001223A
x8001224F

@x80012264

0x20012279

O 0 Memory Browser &

escRegs

Dataix121c2 - (00121C2 <Memory Rendering 1
16 Bit Hex - Tl Style =

_unlock

£ Disassembly

escRegs

FFFF 0002 FFFF 0004 FFFF 0008 FFFF 0100 FFFF 102 FFFF 0110 FFFF 0310 FFFF 0312 FFFF QE0@ FFFF 0510
FFFF @512 FFFF @514 FFFF @516 FFFF @518 FFFF @51A FFFF 1000 FFFF FFFF FFFF FFFF FFFF FFFF FFFF
__TI_cleanup_ptr

0000 pooe

__TI_dtors_ptr

0600 0000

_lock

9184 0000

9184 0@00 600 0000 600 G008 GO0 PO DAGE DA BEDE HORG BR0A BAGD BOGD BEGG

CpuTimerl

(08 Pe0s 0000 8000 60D BE0E BOBO 000D

CpuTimer2

9010 0800 000 0000 020V B00A 000 00D

CpuTimer®

(00 0600 000 0000 0000 000 BOB BAOD VOGO DEOE BORE 0BV 0000 B0 BOLE BABD V0RO DBOR DOOO A0V 000D
0600 PA00 0000 00A0 B0 G20 AOGY HOAD DGR KAOA BODE 0RO G20 BACA ARA0 DA PAGA PBOO AOAD BBRO 000
10000 0200 0000 0000 0G0 GO0 BARY BAA0 0O DB0E BEOE 0000 G200 BO0O BAGD B0 DBRV PBOO BORO BOBE 0000
9890 0800 0000 0009 0800 000 8000 0EV 0AA DE0E BO0E 000V 020V 8000 8000 BV PEOE DE0Y BOOD 0000 0000
9000 0A00 BOBA A0R0 GO0 BOGR BAGH PEAG BEGE DA BEBE A0 BRGA BAGD BAGE PR DRGA PO PEAE HORG RBA
19000 0000 000A 0000 0E0A 000 000 KOAE DOAA DA B0A 00BY 020A AA0A A0V B0 POAA DA BO0E 00V 00D
9660 0800 0600 0000 0BEY 2000 080 00EE PEA DE0A BODE 00EY 080V 0000 060 60ED DORE DEDY BD0O 0000 08D
0000 PE00 BOBA V0RO 0RO BOGE GO0 HBAO BEGE DA BEDE HORO BR0A BAGD BOGE BRI BBGE PO DEBE V0RO BEBE
0000 0000 000 000V 20V BO0A BOAV KO DO BV BOOR GBEB 0000 600 BAGO BOA KOO0 OGO B0BO 00RO 0ABO

Figure 35. Device Debug Memory Window at INIT Time

NOTE: The ESC RUN LED will NOT be on during the memory tests, which is described in the
following sections. For more information, see the ET1100 data sheet.

ESC RAM READ TEST
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4. Open up the “advanced settings” window in TwinCAT3 and go to the memory browser at ESC Access
— Memory and view Start Offset = 1000h as shown in Figure 36.

5.

Advanced! Settings E
[ General Memory - — —
| Behavior d
Timeout Settings | Start Offset: 1000 | sig Dec
| -Identfication Length 0400 000 4660
FMMU / SM - Qffs Dec I Hex Char =
Tnit Commands : e 213 3
{f Distributed Clock 1002 0 1000 4660 1234 4,
E1ESC Access [T Auto Reload Reload 1006 r
& E?PROM [ Compact Viiew iite e 1002 22136 5678 w
FPGA - 1008 0
Use Fixed Addh
Memory | Use Fined Addr i = ) 1004 0 0000 )
EtherCAT Slave Controller Type: 100c 0 L
* Unspecified T % 1006 0 0000
BESC10720 1010 0 0000
1P core
& er1100 1012 0 0000
o ETI200 1014 o 0000
e " anmA ¥
PDI Type
“Unspecified @ 154C(. &) s plems Veluc i | Enum
Digitel (4 U028
2 SPI(5) D6 UC(10.5)
| Bricige (7) BUC(I1.S)
ok | [ cancel

Figure 36. TwinCAT3 Memory Read Window

In CCS, view the Expressions window and add “escRegs” as a watched expression. Note that, as data
is entered into the window in TwinCAT, the values read on the CCS side are identical.

(0 Memory Browser 2 Disassembly ¢ Expressions &2

1127
1128
1129
1130
1131
1132
1133
1134
1135

Expression Type Value Address
ld pdi_test applc  [@ ethercat_slave_c28x hal.c 2 = 8 [ 0 Memory Brf a
1121 77 which is equivalent to 0x2800 to OX2FFF of the C28x EMIF2 address space. + | expression (# escRegs struct esc_et1100_re.. 0x000121C2@Data  0x000121C2@Da...
2 //please refer to ET1100 datasheet for more deta escRegs .
;‘ux o (‘test_a;;:es: =F;éé_gn;:;;:lsi;nTimu;E;siu;;;;, test_address <= ESC_PDI_RAM_END i.ﬂxﬁ( - test_address unmgned Iong 0x00001000 (Hex) (0x0000040A@Da...
1124 #endif e il -
e t g o dtest data unsigned long 0x56781234 (Hex) 0x00000408@Da...

dtest_data = ESC_readDuordlionISR( test_address);
ESC_uriteDiord(8xBAADFORD, test address);

dtest_data = ESC_readDWordNonISR(test address):

{ dtest_data =
asm(" ESTOPA™)
while(1);

% Add new expression

ESC_readDWordNonISR(test_address);

ESC_writeDWord(@xBAADF@OD, test address);
dtest_data = ESC_readDWordNonISR(test_address);;

o] if(dtest_data != (uint32_t)@xBAADFO@D)

if(dtest_data 1= (u| {
g
asm(" ESTOPO™)
while(1);

asm("” ESTOPOQ");
while(1);

Figure 37. EtherCAT Write to Memory From CCS Project
ESC RAM WRITE TEST
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6. Figure 38 shows program control after execution of the first 32-bit write and 32-bit read from PDI to
ET100 address 0x1000.

0 Memory Browser = Disassembly ¢ Expressions &2
Expression Type Value Address
B pl s sppi.c 2 . e[ vemoveong |, (B escRegs struct esc_et1100_re.. 0x000121C2@Data  0x000121C2@Da.
1 hic x f the C28x EMIF2 address space = Expression
to ET1100 for more details S escRegs (9= test_address unsigned long 0x00001000 (Hex) 0x0000040A@Da...
123 for (test_address = ESC_PDI_RAM_START_ADDRESS_OFFSET; test_address <= ESC_PDI_RAM_END 0= test_addre:
e — waetan) G dtest data unsigned long 0xBAADFOOD (Hex)  0x00000408@Da..
TTe St otem[SC_readUiior dHon TSR (st _address); 5 Add new expression
ESC_writeDiord (8x] est_address);
dtest_data = ESC_readDWordNonI! — £35)i;
if(dtest_data |= (uint32_t)0xBAADFO@D)
s dtest_data = ESC_readDWordNonISR(test_address);
ile(1); *
>\‘\ ESC_writeDWord(@xBAADFOOD, test_address);

dtest_data = ESC_readDWordNonISR(test_address);;
if(dtest_data != (uint32_t)@xBAADF@ED)
{

Figure 38. CCS Project Write to EtherCAT Slave

7. The TwinCAT Master view of the ESC memory address showing the results of the write from CCS.

[Advanced Settings =3
= General Memory
Behavior
Timeout Settings | Start Offeet 1000 Offs Offs Dec He)( Char I
Identification Length 0400 1000
FMMU /SM =
it Commangs | WerdnaCaunter. 1 100z 1000 61453 f00d
+-Distributed Clock 1004
]
ESC ;Access Auto Reload Reload 1006 1002 47789 baad
+ E'PROM [[] Compact View Miite
FPGA 1008
Yo Use Fixed Addr 100a 1004 0 0000
EtherCAT Slave Contraller Type 100¢
e | 1006 0 0000
ESC10/20 1010 = e
IP core
S ETI 1012 0 0000
ET1200 1014 0 0000
anE o nAnnn &
FDI Type
Unspecified @ 16UC (8 5) Bits Name .Va\ue Enurm
Digital (4) BpC(9. &)
SPI(B) 16)C(10, 5)
Bridge (7) BpC(11.5)
oK | concen
I

Figure 39. TwinCAT3 Master Read of Data Written to EtherCAT Slave

41.1.2 TwinCAT3 Troubleshooting

Common issues in TwinCAT3 usage:
* Problem: EtherCAT network fails to initialize

— Other Descriptions: “Reload Devices” fails, “Scan” for devices fails, “Restart EtherCAT in config
mode” fails.

» Solutions:
— Power-cycle the controlCARD

— Check to make sure a RealTime Ethernet Driver is available.
TwinCAT — “Show RealTime Ethernet Compatible Devices”. This opens a popup window below.

» Look for the first line “Installed and ready to use devices (realtime capable)”.

In this example, there are NO adapters installed!
» Select a compatible device; here it is “Local Area Connection — Intel ....” and click “Install”.
» Close the window by clicking “X” in the upper right corner.
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Installation of TwinCAT RT-Ethernet Adapters

 Ethernet Adapters

Update List

2 Installed and ready to use devices(realtime capahle) q
¥ Installed and ready to use devices(for demo use only) Install
=-E¥ Compatible devices
. L& Local Area Connection - Intel(R) Ethemet Connection (3) 1218-LM #3 Uprlaiz
-2 Incompatible devices -
: l_-? Wireless Metwork Connection - Intel(R) Dual Band YWireless-AC 7265 Bind
. Disahled devices

Unkind

Enahle

Dizakle

[~ Show Bindings

Figure 40. TwinCAT3 Ethernet Adapter Installation
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41.2 Other Interfaces

It is possible to use EMIF1, SPI-A, or SPI-B to communicate with the ET1100, although the F28379D
controlCARD and adapter board hardware do not support this directly. This functionality is implemented in
the software and can be used on a custom board.

To use EMIF1, select one of the EMIF build configurations (_1_F2837xD_CCARD_EMIF_FLASH or
_2 F2837xD_CCARD_EMIF_RAM). Uncomment the #define for USE_EMIF1 on line 526 of
etherCAT_slave_c¢28x_hal.h:

525
526
527 W= Uncomment
528 #ifdef CONTROLCARD
529
538 #ifdef INTERFACE SPI
531 #ifdef USE EMIF1
532 #error "user cannot use EMIF1l with SPI Configurations of project™
533 #endif
534 extern void ESC_SPIInit(wvoid);
535 extern void ESC_SPIRead(uintl6_t offset_addr,uintlé_t numbytes, uintle_t* buffer);
536 extern void ESC_SPIWrite(uintl6_t offset_addr,uintl6_t *wrdata, uintl6é_t numwords) ;
i
538 #tdefine ESC_SPI_INT_GPIO 136
539
5448
541 #define ESC_PDI_RAM_START_ADDRESS_OFFSET e
542 #tdefine ESC_PDI_RAM_END_ADDRESS OFFSET ax2FFF
543
544 #define ESC_SYNC® GPIO 113
545 #define ESC_SYNC1 _GPIO 114
546 #tdefine ESC_RESET_ET1168 GPIO 137
547 #tdefine ESC_EEPROM_LOADED GPIO 119
548
549 #else
558
551 extern void setup_emifl_pinmux_async_16bit(Uintls cpu_sel);
552 extern void ESC_EMIF2SetupPinmuxAsyncl6Bit(Uintls cpu_sel);
553 extern void ESC_EMIF2WriteBlock({uint16_t* pData, uwintl6_t offset_addr,uint16_t numwords);
554
555 #ifdef USE_EMIF1
556
557 #define ESC_PDI_RAM_START_ADDRESS_OFFSET (=l e
558 #tdefine ESC_PDI_RAM_END_ADDRESS_OFFSET @x2FFF
559 #define ESC_EMIF_INT_GPIO 1a7
568 #define ESC_SYNC@® _GPIO a6
561 #define ESC_SYNC1 _GPIO a7
562 #define ESC_RESET_ET1188 GPIO 1&8
563 #define ESC_EEPROM_LOADED_GPIO 52
S54
565 #elsze
Figure 41. Code Change for Using EMIF1
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To use another SPI module, select one of the SPI build configurations
(_3_F2837xD_CCARD_SPIC_FLASH or _4 F2837xD_CCARD_SPIC_RAM). Add USE_SPIA or
USE_SPIB to the predefined symbols list in the project build options. Remove USE_SPIC from the list:

General
w Build
~ (2000 Compiler Configuration: | _4 F2837xD_CCARD_SPIC_RAM [ Active ]
Processor Options
Optirization
Include Options

Performance Advisor Pre-define NAME (--define, -D)

Predefined Symbols CPUT
. PDI_HAL TEST Remove USE_SPIC, add
Advanced Options INTEREACE <P *
C2000 Linker CONTROLCARD USE_SPIA or USE_SPIB
C2000 Hex Utility [Disabled] USE_SPIC

Figure 42. Project Configuration Change for Using SPI-A or SPI-B

This change affects the code in etherCAT_slave_c¢28x_hal.c:

ka2

#ifdef INTERFACE_SPI
Define USE_SPIA or

SPI_XmitInProgress=@; USE_SPIB in the project
build options

= =
o

-

3 #tifdef USE_SPIA
SpixRegs = &SpiaRegs;
ESC_SPIAGpioInit();

1 #elif USE_SPIC

SpixRegs = &SpicRegs;
ESC_SPICGpioInit();
44 #else

SpixRegs = &SpibRegs;
ESC_SPIBGpioInit();

7 #endif
ESC_SPIInitFIFO();

4]

=
[sx il

S N N WY I T I Y R W R WY I W WY R T

=
[V I R E R N

J

Lo I s T T s O O s T T s O I Y v

i o

[=4]

Figure 43. SPI Selection and GPIO Configuration Code
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4.2

42.1

4.2.2

EchoBack Demo

The EchoBack demo is a precompiled demonstration of the slave stack code. It emulates a bank of
switches (inputs) and LEDs (outputs). The master controls the LEDs. The slave loops back the virtual LED
signals into the virtual switches, so the master can read back the output state.

went_kits » TMDSECATCNCDITIDKIT » TMDSECATCMCDI79D_EchoBack_Dermno

Mew folder

Mame Date

W

|| expressions_window_inputsCQuputs.bd 6/2¢
& TMDSECATCMNCD379D EtherCAT slave (ASYMCLE).xml 7728
=] TMDSECATCMNCD3T9D EtherCAT slave (SPI).xml 1i2s
|| TMDSECATCMCD379D_EchoBack_Demo_ASYNC16_FLASH.out 8/9/
|| TMDSECATCMCD379D_EchoBack_Demo_SPI_FLASH.out 8/9/
| TMDSECATCMCD3790_EchoBackDernc_Manifest.bt 1725

Figure 44. EchoBack Demo Files

Slave Setup

On the slave side, simply load the .out file for the chosen interface (ASYNC16 or SPI) using the CCS
debugger. Run the program. To observe the variables, right-click in the Expressions window and choose
Import. Select the expressions_window_inputsOutputs.txt file from the EchoBack demo directory, which is
shown above.

Master Setup

The first step on the master side is to program the ET1100's EEPROM using TwinCAT. Unlike the PDI
demao, this time the EEPROM is programmed using provided XML files, which can be seen in the directory
listing above. Copy these XML files into the C:\TwinCAT\3.1\Config\lo\EtherCAT directory. Follow the
same procedure as for the PDI demo (described in the Getting Started (Hardware) section of this
document), but instead of clicking on Browse to select a binary EEPROM file, choose the appropriate Tl
option from the Available EEPROM Descriptions.
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Wirite EEPROM [
Awailable EEPROM Descriptionz: [7] Show Hidden Devices oK.

% Beckhoff Automation GmbH & Co. K
EI. Texaz Instruments [ncorporated
=TI Tl C28wx Slave Devices

----- TI TMDSECATCMCD3?AD EtherCAT slave [A5YMNCI1E] (268433809 /1)
LTl TMDSECATCHED 379D EtherCAT slave [SPI] (268433810 /1)

Browsze...

Figure 45. EchoBack EEPROM Configurations

Once the EEPROM is programmed, scan for devices again. If you've previously used another EtherCAT
configuration such as the PDI demo, you will be prompted to overwrite the box description. To do so, click
on Copy All, then OK.
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.

Check Configuration

=)

Found [tems:

Dizable »

Configured Items:

~-Tl Bow 2 [TMDSECATCHCD 373D EtherCAT slave [ASYHCTE])

4

UL 3

[T] Extended Infarmation

Ignore »

Delete »

» Copy Before »

» Copy After >

1R

» Change ko »

»x Copyall »

Ok

Cancel

-y Box 1 [FOO0000DOT RO316E0001]

Figure 46. Overwriting Box Information

If the demo is running on the slave slide, a TwinCAT master can be used to toggle the LEDs and read the
switch states. To toggle an LED, expand the box in the Solution Explorer pane. Click on "LEDs process
data mapping" to see a list of the LEDs. Right-click on an LED and choose one of the Online Write options
to set the LED value. The written value should appear immediately in the list.
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Solution Explore 3 e - <
G&l -0 F = Mame Online Type Size =Addr.. In/Out UserID Linked to
Search Solution Explorer (Ctrl+;) » - §) & LEDL 0 BIT 0.1 38.0 Output 0
E oLC N &~ LED2 0 BIT 01 391 Output 0
| SAFETY - LED3 0 BIT 01 39.2 Output 0
E Cox - LED4 1 BIT 01 39.3 Output 0
4 o &~ LEDS 0 BIT 01 394 Output 0
%2 Devices &/ LED6 0 BIT 01 395 Output 0
4 == Device ? (FtherCAT) - LEDT 0 BIT 01 296 Output 0
+8 Image | EDE 1] ] 0 19 0
+B Image-Info M Change Link...
2 SyncUnits Clear Link(s)
b Inputs Goto Link Variable
b [ Outputs
b [ InfoData Take Mame Owver from linked Variable
4 Tl Box2 (TMDSECATCMCD379L Delete Del
P switches process data me
. Move Address...
#1 Switchl
#1 Switch2 Online Write '0'
#1 Switch3 Online Write '1'
F1 Switchd +3  Online Write...
#1 SwitchS Online For
F1 Switchs nline Force...
1 Switch? Release Force
#1 Switchd 12 Addto Watch
P Input mapping 1 Remove from Watch
4 [ LEDS process data mappi
B~ LED1

Figure 47. Writing to the LEDs

The LED values are looped back to the switches. The switches can be viewed by clicking on "switches
process data mapping". Their values should match the LED values seen in "LEDs process data mapping".
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Solution Explorer
@& o-a| s =
Search Solution Explorer (Ctrl+;) P

28 Image
*8 Image-Info
b 2 SyncUnits
b Inputs
b [ Outputs
I [E InfoData
4 Tl Box2 (TMDSECATCNCD379(
Ty
#1 Switchl
#1 Switch2
#1 Switch3
#1 Switchd
#1 Switch
#1 Switchb
#1 Switch?
#1 Switch8
4 Input mapping 1
%1 DataToMaster
#| ModeResponse
# SpeedPosFbk
4 [ LEDS process data mappi
I~ LED1
I~ LED2
&~ LED3

4 == Device 2 (EtherCAT) o

TwinCAT Project2 & X
N

L3
L3
L3
&
&
&
&
&

ame
Switchl
Switch2
Switch3
Switchd
Switch5
Switchg
Switch?
Switch8

Online

oo o o R oo o

Type
BIT
BIT
BIT
BIT
BIT
BIT
BIT
BIT

Size
01
01
01
01
01
01
01
01

= Addr...
39.0
391
39.2
393
394
395
39.6
39.7

In/Out  UserIlD Linked to
Input
Input
Input
Input
Input
Input
Input

[T R R R T R e T

Input

Figure 48. Reading the Switches

This shows that full loopback has been achieved. The master can both read from and write to the slave.

4.3 Slave Stack Code

For information on the slave stack code patches as well as build and debugging instructions, see the
TMDSECATCNCD379D EtherCAT Solution Reference Guide (SPRUIGY9).
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STANDARD TERMS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, and/or
documentation which may be provided together or separately (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance
with the terms set forth herein. User's acceptance of the EVM is expressly subject to the following terms.

11

1.2

EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms that accompany such Software

EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

21

2.2

2.3

These terms do not apply to Software. The warranty, if any, for Software is covered in the applicable Software License
Agreement.

Tl warrants that the TI EVM will conform to TI's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for a nonconforming EVM if (a) the nonconformity was caused by
neglect, misuse or mistreatment by an entity other than TI, including improper installation or testing, or for any EVMs that have
been altered or modified in any way by an entity other than TI, (b) the nonconformity resulted from User's design, specifications
or instructions for such EVMs or improper system design, or (¢) User has not paid on time. Testing and other quality control
technigues are used to the extent Tl deems necessary. Tl does not test all parameters of each EVM.
User's claims against Tl under this Section 2 are void if User fails to notify Tl of any apparent defects in the EVMs within ten (10)
business days after delivery, or of any hidden defects with ten (10) business days after the defect has been detected.

TI's sole liability shall be at its option to repair or replace EVMs that fail to conform to the warranty set forth above, or credit
User's account for such EVM. TI's liability under this warranty shall be limited to EVMs that are returned during the warranty
period to the address designated by Tl and that are determined by TI not to conform to such warranty. If Tl elects to repair or
replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall be
warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

Regulatory Notices:

3.1

United States
3.1.1 Notice applicable to EVMs not FCC-Approved:

FCC NOTICE: This kit is designed to allow product developers to evaluate electronic components, circuitry, or software
associated with the kit to determine whether to incorporate such items in a finished product and software developers to write
software applications for use with the end product. This kit is not a finished product and when assembled may not be resold or
otherwise marketed unless all required FCC equipment authorizations are first obtained. Operation is subject to the condition
that this product not cause harmful interference to licensed radio stations and that this product accept harmful interference.
Unless the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must
operate under the authority of an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.1.2 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not
cause harmful interference, and (2) this device must accept any interference received, including interference that may cause
undesired operation.

Changes or madifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the equipment is
operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case the user will be required to
correct the interference at his own expense.
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FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

« Reorient or relocate the receiving antenna.

« Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
« Consult the dealer or an experienced radio/TV technician for help.

Canada
3.2.1 For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210 or RSS-247
Concerning EVMs Including Radio Transmitters:
This device complies with Industry Canada license-exempt RSSs. Operation is subject to the following two conditions:

(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal (ou inférieur) approuvé pour I'‘émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage
radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope
rayonnée équivalente (p.i.r.e.) ne dépasse pas lintensité nécessaire a I'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de
I'émetteur

Japan

3.3.1 Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page BAEMAIZ
BAEShZFHMEAFY M. R—RICOVTR., KOEZREIBILEETL,
http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required to follow the
instructions set forth by Radio Law of Japan, which includes, but is not limited to, the instructions below with respect to EVMs
(which for the avoidance of doubt are stated strictly for convenience and should be verified by User):

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’'s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.
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3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page
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Iwww . tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

3.4 European Union
3.4.1 For EVMs subject to EU Directive 2014/30/EU (Electromagnetic Compatibility Directive):

This is a class A product intended for use in environments other than domestic environments that are connected to a
low-voltage power-supply network that supplies buildings used for domestic purposes. In a domestic environment this
product may cause radio interference in which case the user may be required to take adequate measures.

4  EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by TI, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user guide prior to connecting any
load to the EVM output. If there is uncertainty as to the load specification, please contact a Tl field representative.
During normal operation, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.
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6.

10.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY MATERIALS PROVIDED WITH THE EVM (INCLUDING, BUT NOT
LIMITED TO, REFERENCE DESIGNS AND THE DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS" AND "WITH ALL
FAULTS." Tl DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT
NOT LIMITED TO ANY EPIDEMIC FAILURE WARRANTY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADE
SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS SHALL BE
CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR
INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD PARTY, TO USE THE
EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY INVENTION, DISCOVERY OR
IMPROVEMENT, REGARDLESS OF WHEN MADE, CONCEIVED OR ACQUIRED.

USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS. THIS OBLIGATION SHALL APPLY
WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY OTHER LEGAL
THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.

Limitations on Damages and Liability:

8.1 General Limitations. IN NO EVENT SHALL TI BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS OR THE USE OF THE EVMS , REGARDLESS OF WHETHER Tl HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED TO, COST OF REMOVAL OR
REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, RETESTING,
OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS, LOSS OF SAVINGS, LOSS OF
USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL BE BROUGHT AGAINST TI
MORE THAN TWELVE (12) MONTHS AFTER THE EVENT THAT GAVE RISE TO THE CAUSE OF ACTION HAS
OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY USE OF AN EVM PROVIDED
HEREUNDER, INCLUDING FROM ANY WARRANTY, INDEMITY OR OTHER OBLIGATION ARISING OUT OF OR IN
CONNECTION WITH THESE TERMS, , EXCEED THE TOTAL AMOUNT PAID TO Tl BY USER FOR THE PARTICULAR
EVM(S) AT ISSUE DURING THE PRIOR TWELVE (12) MONTHS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE
CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)
will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and Tl may seek injunctive relief
in any United States or foreign court.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated



IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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