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Design Overview Design Features

This reference design demonstrates how to connect e High-Performance Real-time Control MCU
an EtherCAT® ET1100 Slave Controller to a paired with low-latency Ethernet-based
C2000™ Delfino MCU. The interface supports both communication

demultiplexed address/data busses for maximum ¢ High-bandwidth, low-latency interface to
bandwidth and minimum latency and a SPI mode for Beckhoff ET1100 EtherCAT Slave Controller
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eliminating CPU overhead for these tasks. e Eliminates CPU overhead for EtherCAT
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1 System Description

The TIDM-DELFINO-ETHERCAT is an add-on card that incorporates a Beckhoff ET1100 EtherCAT™ Slave
Controller (ESC) and Tl Ethernet PHYs that allows the creation of EtherCAT slave nodes when coupled
with a C2000 MCU. Multiple board and interface options are supported, which includes asynchronous
parallel and SPI interfaces for both Tl F2837x ControlCARDs and C2000 LaunchPad Development Kits.

This Tl Design illustrates how to set up the EtherCAT BoosterPack™ Plug-in module and/or ControlCARD
add-on board, 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 EMIF interfaces and run simple read/write tests across an EtherCAT network.

Figure 1. TIDM-DELFINO-ETHERCAT BoosterPack Plug-in Module and C2000 Launchpad
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1.1 TMS320F28377D

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 TIDM-DELFINO-ETHERCAT design, the F2837x receives EtherCAT data from the ET1100 through
either a serial (SPI) interface or an asynchronous parallel memory interface (EMIF). The figure below
shows the use of EMIF2, but either EMIF can be used to interface to the ET1100. Note that GP1093,94
are for future expansion to address a larger memory space. They are not used in the example code.

C2000 Beckhoff
TMS320F28377D ET1100
EM2CS2n P CSn
GPIO94 —— .l ADR[15]
GPIO93 ——————p»{ ADR[14]

EM2A[11:0],EM2BA1 ADR[13:1]

ADRI[0]

L
_r>
r}BHE

» RD

-

-

EM20En R
EM2WEn WR
EM2D[15:0] | DATA[15:0]
EM2WAITL |« BUSY
GPIO136 | RQ
GPIO119 |t EEPROM_Loaded
GPIO89 | »-{ SYNC/LATO
GPIO90 |« p| SYNC/LAT1

Figure 2. TMS320F2837x EMIF interface to ET1100 EtherCAT Slave Controller

C2000 Beckhoff
TMS320F28377D ET1100 ESC
SPI Master SPI Slave
SPISTEx | SPI_SEL
SPICLKx | SPI_CLK
SPISIMOx | SPI_DI
SPISOMIx |- SPI_DO
GPIO136 [ SPI_IRQ
GPIO119 [ EEPROM_LOADED

Figure 3. Delfino SPI as EtherCAT PDI
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1.2 TLK105

The TLK10x is a single-port Ethernet PHY for 10Base-T and 100Base TX signaling. This device integrates all
the physical-layer functions needed to transmit and receive data on standard twisted-pair cables. The
TLK10x supports the standard Media Independent Interface (MIl) and Reduced Media Independent
Interface (RMII) for direct connection to a Media Access Controller (MAC).

1.3 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 Tl Design, the converter enables power to be supplied from either the C2000 LaunchPad,
controlCARD, or from an external 5V source.

1.4 SN74LVC1GO07

This single buffer/driver is designed for 1.65-V to 5.5-V Vcc 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 F2837x LaunchPad or controlCARD to the
ET1100 EtherCAT slave controller reset pin, thereby enabling independent reset of both devices.

1.5 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 Tl Design, the bus switch isolates selected ET1100 outputs from the F2837x controlCARD 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.
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1.6 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.

1.6.1 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).

See the Beckhoff website for more details. http://www.beckhoff.com
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2 Block Diagram

Figure 4 shows the block diagram of thd SPI](for the C2000 LaunchPad) and|EMIF|(for the C2000
ControlCARD) 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 thus requires
the ‘74CBTLV3257 mux and ‘74CBTLV3245 buffer to steer these signals to the appropriate GPIO on the
‘F2837x MCU.

The EtherCAT BoosterPack and Add-on cards feature an on-board DC-DC 5V-3.3v converter, which allows
the 3.3v Vcc to be sourced from either the C2000 LaunchPad/ControlCARD, or generated locally from an
off-board 5V source.

TMS320F2837x Launchpad EtherCAT BoosterPack |

|
|
| or ControICard: : or Add-on Card |
| | TMS320F2837x I———— ' Beckhoff TLK105 :
| 74CBTLV3245 ET1100 Mil
' | m:
! SPI fe— x o &
| x T ESC Ji
|
| EMIF | ¢ = : L. |
I
|
| : : v | TEK205 B
| GPIO |—! 74Lvc1G07 1 Resn P :
' i &
: I |
| A Ext I
| : : 13 Z—EVM_3‘3V '
| 3.3V I | ? Int :
|
||
5V TPS62 |
: T $62063 |
I il DC/DC 5/3.3V |
- S L |

Figure 4. ‘F2837x SPI and EMIF connections to the EtherCAT Slave Controller
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2.1.1 TMS320F2837x Delfino Microcontroller Functional Diagram
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Figure 5. TMS320F2837x Functional Diagram

Ref: TMS320F2837x Datasheet, Figure 1-1.

R —
TIDUBQG - April 2016 EtherCAT® Interface for High Performance C2000™ MCU 7

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com/lit/sprs880

13 TEXAS
INSTRUMENTS
www.ti.com

2.1.2 TLK105 Ethernet PHY Functional Diagram
Ref: TLK105 Datasheet, http://www.ti.com/lit/ds/symlink/tlk105.pdf, Figure 1-1.
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Figure 6. TLK105L Functional Diagram
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2.1.3 SN74CBTLV3245A Functional Diagram

Ref: SN74CBTLV3245A datasheet, http://www.ti.com/lit/ds/symlink/sn74cbtlv3245a.pdf, Logic Diagram
(Positive Logic)

A1 [ SwW l B1
. T
[ ] [ ]
L ] [ ]

9 ﬁ 1
A8 sSwW B8
i{l
19
OE

Figure 7. SN74CBTLV3245A Functional Diagram

2.1.4 SN74CBTLV3257 Functional Diagram

Ref: SN74CBTLV3257 functional diagram,

http://www.ti.com/general/docs/datasheetdiagram.tsp?genericPartNumber=SN74CBTLV3257&diagraml
d=SCDS040K , fbd_scds040k.gif
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Figure 8. SN74CBTLV3257 Functional Diagram

2.1.5 ET1100 Functional Diagram

Diagram available on the Beckhoff website: http://www.beckhoff.com

http://download.beckhoff.com/download/document/io/ethercat-development-
products/ethercat et1100 datasheet v1i9.pdf
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3 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 -

* For the given 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

EM1CLK

EM1CS2n
EM1A[:0] X X X X
EM1D[15:0] X X X X
——WSETUP— “—WHOLD—:
EM1IWEn WSTROBE:
4——RSETUP—! 4—RHOLD—
EM10OEn J———rsTRoBE—-

Figure 9. EMIF PDI Timing Diagram
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4 Getting Started Hardware

This TI-Design describes two configurations for the EtherCAT Add-on board: a BoosterPack form factor
compatible with Tl LaunchPad Development kit, and an add-on card for F2837x ControlCARDs. The
hardware setup described below is identical for both configurations in terms of EtherCAT connectivity
and slave operation. The available Process Data Interfaces (PDIs) differs between the two boards, in that
the LaunchPad has only enough pins ofr a SPI connection, whereas the controlCARD Addon has sufficient
pins for either an EMIF or SPI interface. For the sake of simplicity, only the C2000 LaunchPad +
BoosterPack configuration is covered here.

EtherCAT
BoosterPack

€2000
Launchpad

EtherCAT Master

- (PC + TwinCAT3)

Figure 11. EtherCAT Test Setup

4.1 EtherCAT Master Configuration using TwWinCAT3

4.1.1 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. The most recent version of
this software as of this writing is TwinCAT 3.1 — eXtended Automation Engineering (XAE) v 3.1.4018.26.
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4.1.2 Verify the TwinCAT Runtime is active

1. Check for the EtherCAT icon in the notification panel in the lower-right corner as shown

below. If this is absent, open the notification panel and check in the popup window for the
TCSwitchRuntime. Right-Click this icon and select Tools->TCSwitchRuntime

~ [B '3 # @ ¢ B 10:09 AM

Figure 12. TwinCAT Runtime icon in Windows Toolbar

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

the TCSwitchRuntime.
Version 1.11
TwinCAT 3.1 Build 4018 iz active
[ —— 7]

[ 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. ..
TcAdsSerialCommServer Service does not exist,

Starting TcAdsWefHost. ..

Service start type is Manual and hence could not be started. |
=DONE** |

Figure 13. TwinCAT Runtime Dialog box.

3. If the TCSwitchRuntime is not found in step (a,b) 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.
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4.1.3 Start TwinCAT3 and verify that TwinCAT is running in Visual Studio

1. Locate the TwinCAT XAE, which can be found in 1 of 3 places
a. Start menu — under Beckhoff-> TwinCAT3 — TwinCAT XAE (VS 2010)
b. Desktop icon -

Figure 14. TwinCAT3 XAE Desktop icon
c. Notification panel icon — Rt-click and select TwinCAT XAE (VS 2010)

]
= &g

Figure 15. TwinCAT3 icon in toolbar

2. Verify that TwinCAT is running under Visual Studio. “TwinCAT” and “PLC” should both appear in the
main toolbar (circled below). If these menu items are not shown, then the TC3 runtime is NOT
running- Go back to step 1 to restart the TC3 runntime.

60 Start Page - Microsoft Visual Studiu (Adrministrator) (s

File Edit View GitBxt Debug ] TwinCAT PLC JTools Scope Window Help
S dd 4D "B

i Esin A A2RXE|6r || -] <l
E Sy L i{b;

Start Page

Figure 16. Visual Studio Menus for TwinCAT3
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3. Open a new EtherCAT project
a. File-> New ->Project

New Project 2] % |
Installed Templates i
Type: TwinCAT Project
; a TwinCAT XAE Project (XML format) TwinCAT Project ypes: Tun ?

Other Project Types TwinCAT XAE SystemManager

TwinCAT Measurement Configuration

TwinCAT Project
Name: TwinCAT Project
Location: C:\Users\xx x x x x\Documents\Visual Studio 2010\Projects v | Browse.. \
Solution name: TwinCAT Project |/| Create directory for solution

oK Cancel

Figure 17. TwinCAT3 New Project Dialog

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.

Installation o}f[ inCAT RT-Ethern

Ethernet Adapters Update List |
(= & Installed and ready to use devices(realtime capable)
& | ocal Area Connection - TwinCAT-Intel PCI Ethernet Adapter (Gigabit) Install l
& Installed and ready to use devices(for demo use only)
= y i Update ‘
&+ Compatible devices
= & Incompatible devices Bind I
- B¢ Wireless Network Connection - DW1520 Wireless-N WLAN Half-Mini Card
& Disabled devices Unbind ‘
Enable l
Disable l

Figure 18. TwinCAT3 EtherNet Adapter Dialog
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5. Scan for the newly installed Realtime adapter by clicking TwinCAT -> Scan
a. A popup indicating TwinCAT has found the adapter should appear

0 TwinCAT Project - Microsoft Visual Studio |\ [\
file Edit View Project Build Debug TwinCAT PIC Tools Scope Window Help

-l e 4 09 - DO B [Release | [TwincATRT 6 -] [ starus S5 E
Hel= R [y s g3 =0|awus|0O0 | in@ ALRE| 6 |[<a>

Solution Explorer X [RLseet ~ Properties

>
3 Solution TwinCAT Project’ (1 project)
+ @ TWinCAT Project

Wl SYSTEM

@ MOTION S .

mPLC Local Area Cannection (Intel(R) 82577LM GiqabitNetl | OK

& SAFETY ‘ =

M+

« @yo
4 °% Devices ‘ Select All
4 ™ Device 2 (EtherCAT) —
. | Unsetect Al
Image

8 lmana.lnfn

Figure 19. TwinCAT3 Discovery of Ethernet Adapter

b. Click “OK”, then click “Yes” to the following two popups

Figure 20. TwinCAT3 Master Scan for Slaves and Free Run Activation
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c. The screen view below should now be visible in TwinCAT3, indicating that the Master and Slave
are connected and prepared for use. Note that “Box 1 (TI_C2kESC)” 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
(i.e. “TI_C2KESC”) will not be visible.

50 TwinCAT Project - Microsoft Visual Stucio | —

File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help

Pl e (S e | # a0 - - G- EL| b [Release -] [TwinCAT RT (64) || | status
| BBl - |2 > m =220 |aw& |00 i B BLRE|6 .
=

-4 Solution "TwinCAT Project’ (1 project)
4 il TwinCAT Project
@ SYSTEM
= MOTION
PLC
& SAFETY
M Cc++
« @10
4 % Devices
4 = Device 2 (EtherCAT)
*® Image
%% Image-Info
2 SyncUnits
Inputs
& Outputs
@ InfoData
@ Box 1 (TLC2KESC)
&% Mappings

Figure 21. TwinCAT solution Explorer showing EtherCAT Master (Device 2) and Slave (Box1, TI_C2kESC)

The EtherCAT Master is now ready for communication with the Slave Device.
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4.2 Configuring the EtherCAT BoosterPack interface for EMIF or SPI operation

The EtherCAT BoosterPack board must be configured prior to powerup 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 the Figure and Table below.

mC3 RJZ =

:!I
( "-(')
rrs

e \jpoGNDD -

BORTO-IK & = (2000-£3140

0

Figure 22. EtherCAT BoosterPack LED and Switch Locations

Table 2 . EtherCAT BoosterPack LED and Switch Usage Descriptions

Name | Options Description
Switches/ Jumpers
SwW1 L—SPI Selects between EMIF and SPI Interface Modes
R —EMIF
J3 1-2 Off-board Off-board: 3.3v is provided directly from attached LaunchPad or
ControlCARD
2-3 On-board On-board: 3.3v is generated by the on-board regulator from a separate
5V supply.
J10 VCC_5V source:

1-2 On-board On-board: 5V provided by LaunchPad or ControlCARD
2-3 Off-board Off-board: 5V provided externally through header J9.

LEDs
RUN LED | State Machine | Off: ET1100 Device is in INIT state.
Status* On: ET1100 Device is in Operational state.
DS2/PWR 3.3v Power ON indicates 3.3v is being supplied to the board.
LED See the schematics in Figure 38 for details.

* Reference: Additional RUN LED States given in Table 54 of the ET1100 datasheet at:
http://download.beckhoff.com/download/document/io/ethercat-development-

products/ethercat et1100 datasheet v1i9.pdf
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4.3 Preparing the Addon 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 (Process Data Interface). The procedure given below
writes the binary file associated with the selected PDI type into the EEPROM:

1. After starting up the TwinCAT software in section 4.1, the screen should look something like the
screenshot shown below. Double-clicking the EtherCAT slave (labelled “Box 1” in the figure)
brings up the EtherCAT properties window on the right. Click “Advanced Settings”.

O TwinCAT Project - Microsoft Visual Studio

File Edit View Project Build Debug TwinCAT PLC Tools Scope Window Help
>§¢U'<_¢J'VJAH| $ B9 - - SI-E b [Release -\ [twincATRT(64)  ~|| (B [status 7 11
(6 S| | r mg|z2(22=0 | & U0 iw B ASRE|6 7 |

Solution Explorer X [felel[eo)4 Al TwinCAT Project v o x

= General EtherCAT" DC I Process Data I Startup I CoE - Online I Onlme‘ —

-4 Solution 'TwinCAT Project’ (1 project) ~ Type: TI_C2KESC
4 ull TwinCAT Project
@ SYSTEM Product/Revision: 1414070274 /18
MOTION Auto Inc Addr: 0 C
PLC EtherCAT Addr: [ | 1001 = [ Advanced Settings...
I&] SAFETY
C++ i :
« @10 Previous Port: Master 4
4 % Devices -
« = Device 2 (EtherCAT)
¥ Image
%% Image-Info i
2 SyncUnits Name Online Type Size >A.. In/.. Us.. Linked to =
Inputs # Switch 1 0 BIT 01 390 Inp.. 0 =
W OpUTS # Switch 2 0 BIT 01 391 Inp.. 0
@ InfoData T

# Switch 3 0 BIT 01 392
? LNl & Properties

o
1

® Box 1 (TI.C2KESC)

Error List ¥ I X Output
o 0 Errors I _AOWarnings | i) 0 Messages Clear

Description File Line Colu...  Project

Figure 23. TwinCAT Project EtherCAT Tab
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2. Inthe advanced settings popup windows, select “Smart View” to bring up detailed information
about the EtherCAT Slave PDI. Click “Write EEPROM”. Note that, prior to initialization, this view
shows a “blank” configuration.

= General Suanew
Behavi
F avioF 2 Config Data (evaluated from ESC) Device |dentity (hex)
Timeout Settin
Identification E?PROM Size (Byte): (128 Vendor Id 0x00000000
FMMU / SM PDI Type: 0 Product Code 0x00000000
lr;:: Command || Device Emulation (state machine emulation) Revison No. 0x00000000
+ Mailbox
# Distributed Clocy| ~ SP1/8/164Clnterface Serial No- 0x00000000
1 ESC Access BUSY Open Drain | BUSY High Active
~ E2PROM INT Open Drain |INT High Active Product Revision:
Configured Mailbox
Enhanced Li 32 Bit Interface
[ |WDOpenDrain [ |WD High Active []coE S0E o ok
Hex Editor [ lInput Latch Elaoe
FPGA Bootstrap Configuration
Memory Sync Signal Configuration Out Start/Length 0 0
[ SYNCO Open Drain [ | SYNCO High Active
- & In Start/Length: 0 0
SYNCO Enabled SYNCO to PDI IRQ
SYNC1 Open Drain SYNC1 High Active
Standard Configuration
SYNC1 Enabled SYNC1to PDI IRQ
Out Start/Length 0 0
Impuise Length (us). 0
In Start/Length 0 0
[ witeEPROM.. | | [ Read EPROM..
ST
OK | cancel

Figure 24. 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 sw/master_files directory downloaded from the project site.
a. pdi_test_app_spi.bin - for SPl interface
b. pdi_test_app_emif.bin — for EMIF interface
c. Click “OK”.

Available EEPROM Descriptions:

# i Beckhoff Automation GmbH & Co. KG
— @ Vendor with ID 0000059Dh
[~ @ Tl C2K SPI ESlaves
L]> TI_C2KESC (1414070274 /18)

" Show Hidden Devices

Browse...

Figure 25. TwinCAT3 EEPROM File Dialog
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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.

| Advanced S, tings

'Smart View

[ General
[+ Mai
= Hiadhox Config Data (evaluated from ESC) Device Identity (hex)
[ Distributed Clock
21 ESC Access E2PROM Size (Byte): [2048 '] Vendor Id: 0x0000059D
= E?PROM PDI Type: [SPI slave '] Product Code: 0x54490002
Configured E] Device Emulation (state machine emulation) Revison No.: 0x00000012
-Enhanced Li
SP1/8/16 pC Interface Serial No.- 0x02000000
HeEditaE [V]BUSY Open Drain  [¥|BUSY High Active
_EPGA []INTOpenDrain [ ]INT High Active Product Revision:
~Memory -
32 Bit Interface Mailbox
[ WD Open Drain [V] WD High Active V]coE [soe  [EoE []FoE
[ linput Latch [ AoE
Bootstrap Configuration
Sync Signal Configuration Out Start/Length: 4096 128
["]SYNCO Open Drain || SYNCO High Active
In Start/Length: 5120 128
[V]SYNCO Enabled [V]SYNCO to PDI IRQ
[T]SsYNC10penDrain [ |SYNC1 High Active
a Standard Configuration
[¥] SYNC1 Enabled [V]SYNC1 to PDI IRQ
Out Start/Length: 4096 128
Impulse Length (ps): 0.100
In Start/Length: 5120 128
Wite PROM.. | [ Read EPROM...
«[ m | »
[ ok || camcel |

Figure 26. TwWinCAT "Smart View" Slave properties Window showing programmed EEPROM

The EtherCAT Slave controller is now prepared for communication to the MCU.
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5 Getting Started Firmware

A software package (project pdi_hal_test_app) is included with this Tl Design that contains a Code
Composer Studio (CCS) project designed for the ‘F2837x. The project should be imported into CCS v6.0 or
later for building and uploading to the target board. Six build configurations are provided to enable use
of RAM or Flash-based designs with two board types (ControlCARD and LaunchPad) and two PDI types
(EMIF and SPI).

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

e EtherCAT FAQs: https://www.ethercat.org/en/fag.html

e EtherCAT Technology Group site: https://www.ethercat.org

5.1 PDI Test project CCS setup (project import)

The PDI test application contains a Hardware Abstraction Layer (HAL) which handles all of the
configuration details for the EMIF or SPI interface. This CCS6.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/TIDM-DELFINO-ETHERCAT. Once downloaded, import this project into CCS 6.0
or later using the procedure below:

File -> Import... (an “Import” popup window appears)
Select “Code Composer Studio” -> CCS Projects. Click “Next”.
Use “Select search-directory” and click “Browse” to find the pdi_hal_test_app source directory.
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.

Ll e
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6 Test Setup

The main purpose of this test is to demonstrate the usage of the PDI (Process Data Interface) between
the C28x processor and the ET1100 EtherCAT Slave Controller. The EtherCAT board is available as both a
piggyback board for the F2837x controlCARD and a BoosterPack for use with Tl LaunchPads. Both boards
have identical hardware and differ only in the connectors used to attach them to their respective
proccessor board.

EtherCAT
BoosterPack ~

C2000
Launchpad

EtherCAT Master

- (PC + TwinCAT3)

Figure 27. EtherCAT BoosterPack Test Setup

The test setup in Figure 27 shows a C2000 LaunchPad with attached EtherCAT BoosterPack and two PCs.
The left PC connects to the BoosterPack 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
LaunchPad directly through the USB connector and runs the EtherCAT Hardware abstraction layer (HAL)
software on the CCS6.x development environment. The HAL software in this example performs the
following functions:

1. Initialize the C28x hardware and the selected PDI interface (SPI or EMIF)
2. Execute read/writes to the ET1100 User RAM
3. Execute reads from ET1100 register space.

The intent of this project is to demonstrate the usage of the PDI (Process Data Interface). 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 BoosterPack are also required
for proper operation. These settings are described in section 4.2
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6.1 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 Hardware
Abstraction Layer.

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_HWiInit() Initializes the C28x MCU and the PDI
ESC_setupPDITestInterface() Set-up PDl 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.

4 & > pdi_hal_test_app [Active - _2_CCARD_EMIF_RAM]

& Binari
% Binaries Build
» Includes .
& - 1.ccarn emr rask AP Configs 771/
& > _2_CCARD_EMIF_RAM 78 // Main
&% » _3_CCARD_SPIC_FLASH 79//
G+ > _4_CCARD_SPIC RAM 80 void main()
G > _5_LAUNCHPAD_SPIA_FLASH 81{
G+ > _6_LAUNCHPAD_SPIA_RAM 82 //Intialize C28x MCU and HAL interface
& > _7.LAUNCHPAD_SPIC_RAM 83 ESC_HWInit();
G > _8 LAUNCHPAD_SPIC_FLASH P4
@ > _9_LAUNCHPAD_EMIF1_RAM i B i o e
G > ALAUNCHPAD_EMIFL FLASH Zi ESC_setupPDITestInterface();
AR 88 while(1)
l% pdi_test_appl.c 89 {
i) pdi_test_applh 90 //Keep updating local RAM with ET1100 registers for debug
4 G hal 91 ESC_debugUpdateESCReglogs();
|5 ethercat_slave_c28x_hal.c 92 DELAY_US(1000 * 500);
[} ethercat_slave_c28x_hal.h 93 }
1S F2837xD_CodeStartBranch.asm 94
[ F2837xD_CpuTimers.c 95}
[} F2837xD_DefaultiSR.c 96

I F2837xD_Emif.c

L5 F2837xD_GlobalVariableDefs.c

lsj F2837xD_Gpio.c

I F2837xD_Ipcc

[% F2837xD_PieCtrl.c

|5 F2837xD_PieVect.c

L5y F2837xD_Spi.c

Ly F2837xD_SysCtrl.c

|5 F2837xD_usDelay.asm
4 2837xD_RAM _Ink_cpul_big.cmd
# 2837xD_Generic_FLASH_Inkcmd

Figure 28. CCS example project: pdi_hal_test_app
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2. Right click on the project and set the desired active build configuration. The figure belows shows
the available configurations, which provide options for both LaunchPad and controlCARD board
types, FLASH and RAM program storage, as well as interface types (EMIF, SPIA,SPIC) .

4 &5 > pdi_hal_test_app [Active - _2_CCARD_EMIF_RAM]

¥ Binaries ;
! Includes Build
s > _1_CCARD_EMIF_FLASH ’ Configs
# = _2_CCARD_EMIF_RAM
%z > _3_CCARD_SPIC_FLASH

> 2 = _4_CCARD_SPIC_RAM
s > _5_LAUNCHPAD_SPIA_FLASH
3 > _6_LAUNCHPAD_SPIA_RAM

» &% > _7_LAUNCHPAD_SPIC_RAM
&> > _8_LAUNCHPAD_SPIC_FLASH
¢z > _9_LAUNCHPAD_EMIF1_RAM
z» > _A_LAUNCHPAD_EMIF1_FLASH

4 [z app
v [ pdi_test_appl.c

[% pdi_test_appl.h
4 % hal

Figure 29. EtherCAT HW abstraction Layer project.

For this example, choose build configuration (6_LAUNCHPAD_SPIA_RAM) by right-clicking on the
project name and selecting “Build Configuration” -> Set Active -> (6_LAUNCHPAD_SPIA_RAM)
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CCS E
File Edit

Ol

KR Pitsvifw ' -

[ Project Explorer 2

& Binarig  New

) Includ Add Files...
Copy
Paste
Delete
Refactor
Source
Move
Rename...

Import
Export...

& ALA T
Gy app

Gy hal

4 2837x

Show Build Settings...
Build Project
Clean Project
37x Rebuild Project
&) Refresh
Close Project

Build Configurations

Make Targets

Index

Debug As

Team

Compare With

Replace With

Restore from Local History...

Properties

[File Edit View Navigate Project Run Scripts Window Help

4 /(% > pdi_hal tact ann [Activa -2 CCARD EMIE RAM

Ctri+C
Ctrl+V
Delete

Alt+Enter

Quick Access | 3 |[Bccs Edit)

»

»

» Manage... |
4 Set Active » 1 1 CCARD EMIF FLASH (C2000 EtherCAT software runnina from FLASH on C2000 controlCARD talkina to ET1100 over EMIF2)
> Build All 2 _2_CCARD_EMIF_RAM (C2000 EtherCAT software running from RAM on C2000 controlCARD talking to ET1100 over EMIF2)

b Clean All 3 _3_CCARD_SPIC_FLASH (C2000 EtherCAT software running from FLASH on C2000 controlCARD talking to ET1100 over SPIC)

N Build Selected... 4 _4_CCARD_SPIC_RAM (C2000 EtherCAT software running from RAM on C2000 controlCARD talking to ET1100 over SPIC)

> 5 _5_LAUNCHPAD_SPIA_FLASH (C2000 EtherCAT software running from FLASH on C2000 LaunchPAD talking to ET1100 over SPIA)

. | Ao T T T —
7 _7_LAUNCHPAD_SPIC_RAM (C2000 EtherCAT software running from RAM on C2000 LaunchPAD talking to ET1100 over SPIC)

8 _8_ LAUNCHPAD_SPIC_FLASH (C2000 EtherCAT software running from FLASH on C2000 LaunchPAD talking to ET1100 over SPIC)

9 _9_LAUNCHPAD_EMIF1_RAM (C2000 EtherCAT software running from RAM on C2000 LaunchPAD talking to ET1100 over EMIF1)

blems 2
5, 1 warning, 0 others

TIDUBQG - April 2016

T

s 2 10 _A_LAUNCHPAD_EMIF1_FLASH (C2000 EtherCAT software running from FLASH on C2000 LaunchPAD talking to ET1100 over EMIF1)
% Warnings (1 item)

Figure 30. CCS Project Build Configuration management
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Start TwinCAT3 on the EtherCAT Master PC as described in section 4.1.3. Note that double-
clicking the EtherCAT slave node (“Box 2” in this figure) opens up a properties windows, from
which the “Advanced Settings window” can be opened. This will be used later in the demo.

=
fem Advanced Settings ===
fioN
General Memory
ETY Behavior
Timeout Settings | StertOffset 0 offs Dec [Hex Char -
Identification Length 0400 0000 ESC Rev/Type 17 0011
FMMU / SM
cres ! Werking Couster: |1 0002 ESCBuild 3 0003
b Device 2 (EthercAT) Init Commands
s? Image # Distributed Clock 0004 SM/FMMU Cnt 2056 0808 .
n 1nt Auto Reload Reload
Image-Info FSC Access ) 0006 Ports/DPRAM 3848 008
2 SyncUnits & EPROM Compact View T
Inputs FPGA 0008 Features 252 00fc
Fo
& Outputs Memory Ve Foedder 000a 0 0000
@ InfoData EtherCAT Slave Controller Type 000¢ 0 0000
® Box 2 (P00000001 RO3160001)
sppings Unspecified 000e 0 0000
Eacilz 0010 Phys Addr 0 0000
1Peore -
@00 0012 Configured Statio.. |0 0000
ETI200 0014 0 0000
POIType
Unepecied @ 164CE. Bits Name Value [ Emum |
Digital (4) Buc(9.8) 0-7 FMMU cnt 8
SPI(5) 16UC(10.5) 8-15 SM cnt 8
et
OK Cancel

Figure 31. TwinCAT3 Advanced settings Dialog

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

k€ pdi_test_appl.c (€ ethercat_slave_c28x_hal.c &2 =0 g Memory Browser 2
ESC_debugAddESCRegsAddress(@x100 ]
ESC_debugAddESCRegsAddress(0x102
ESC_debugAddESCRegsAddress(8x118 /
ESC_debugAddESCRegsAddress(8x316 /*,
ESC_debugAddESCRegsAddress(@x312 /*,
ESC_debugAddESCRegsAddress(@xEQB /*
ESC_debugAddESCRegsAddress(0x510 /*,
ESC_debugAddES(RegsAddress(8x512 /*, "ph
ESC_debugAddES(RegsAddress(8x514 /
ESC_debugAddES(RegsAddress(@x516
ESC_debugAddESCRegsAddress(9x518 /
ESC_debugAddESCRegsAddress (Ox51A
ESC_debugAddESCRegsAddress(9x1000

= Disassembly o=

“ | Data v escRegs
Data0x121c2 - 0x000121C2 <Memory Rendering 1> &
| &t v |
0x000121C2 escRegs
[T FFFF @002 FFFF 0004 FFFF 0008 FFFF 0100 FFFF 0102 FFFF 0110 FFFF 8310 FFFF 8312 FFFF OEGD FFFF 0510
0x00012107 FFFF 0512 FFFF 8514 FFFF 8516 FEFF 0518 FFFF 0514 FFFF 1000 FFFF FFFF FEFF FFFF FFFF FFFF FEFF
0x000121EA _ TI_cleanup_ptr
exeBO121EA 0O 0000
0x009121EC __TI_dtors_ptr
0x000121EC 0000 0000
portl”, 5%/); @xP00121EE _lock
» "RAM address”, 11%/}); 0x000121EE 9184 0000
0x000121F0 _unlock
@xepo121F0 91BA4 9GPG 0G0 GOEBE BOA HAGE ACRC BOAE DOOY VBV EBAO 0AGE 6069 DAO PIRE GOGD

//Mow wait till EEPROM is loaded 0x00012208 CpuTimerl
do 2x00012200 0COS 0000 0GR BOBD 0009 BAGN BAE 0000
{ 0x00012208 CpuTimer2
pdi_control = ESC_readWordNonISR(9x0148 /*ESC_PDI_CONTROL_OFFSET*/); 0x00012208 0C10 900 BOOA BOBA BAGO HOGA GOV PEED
104 #ifdef INTERFACE_SPI 0x00012218 CpuTimerd
} while (((pdi_control & OxFF) != 0x@5)); //SPI PDI 0x00012210 0COA 0000 060 BOOD 0ADA HAGE DIOO BOAA ARG ADAA POO 0AAD BAR GO0 BOGA DEGO BARD BAOR BOBD 0ACE EED
1196 #else 2xe0a12225 00N VGO0 ABAE BOBY 0AA HAGR BIAE B0AD DAY VB0 BEAR BAGD 0OA HADA IAA BOGD BARY VA0 BORD ABE 0P00
1107 } while (((pdi_control & @xFF) != 0x08)); //EMIF PDI 0x0001223A 0000 0600 G600 BOGY GOBA BABD BIOO BOOA VAAE B0A PO 0BAA KEBY GAVH BOGA HAGA VER0 A0 BORE B00E BEAD
1108 #endif 0x0001224F 0090 VGO0 ABAE B0BY 6000 BHGH AIAE BBAE HOGP VAV ABAE 6360 6060 0A0H BIAE 0G0 BABY VAR DIRO AAGE 6000
1109 0x00A12264 0AOA BG0G ABAR HOBO GABA BAG BAEE AR HER ABBA HBAR HAGE 0O BABH ABRE GOGD BARG GAG PBRE HALE 0E00
1110 0x00012279 BA0A AGB0 ABAA BOBD 0ABA BAG BAAE AV HABE ABAA HBAR 6AGE BA6A GOV A3AG GOG0 BARY 0BG BOBD AACE 0000
1111 nd PDI is either EMIF (16 bit) or SPI. S| exeeo1228E 0OO 0300 G0GA BOBO 0000 BAGO BAGA BBA0 DAY ABAA BBAA BAR0 B0 KAGN BIAA BBAD GO0 VA0 BBRE AARE 0000
1112 l ite tests; On ET110@ RAM being at @x100@ and can go up to @xFFFF 0x000122A3 0000 0000 0A00 00B0 B0GA BAG BA0 KOAO B00E B0 KB0G 000 HOGA GO0 BAGO DOG0 000 BGH VBB 0800 00BO
ws - 6x00012288 0000 0000 0G0 BOBD 00O BAGA BIAE H0AO HAGP VAV ABAO HAG0 0000 0A0 KIAE B0G0 HABY VA0 DBAE HAGE 0000
4 I » Bx00a122(D

Figure 32. Device Debug memory window at INIT time.

NOTE: The ESC RUN LED will NOT be on during the memory tests described in the following sections. See
the ET1100 datasheet
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ESC RAM READ TEST

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 the figure below.

Figure 33. TwinCAT3 Memory Read Window

Advanced Settings g
=l General Memory
Behavior
Timeout Settings | StartOffset 1000 Iou; Dec
Identification Length 0400 1000 4660
MU/ M Working Counter: 1 | Offs Dec I Hex Char =
Init Commands. 9 1002 22135 =
i) Distributed Clock 1004 0 1000 4660 1234 4,
ESC Access | Auto Reload [ Reload | ooe 5
# E?PROM | Compact View s 1002 22136 5678 XV
FPGA 1008 0
|Use Fixed Add 1
Memory AESHRSCOS 100a 0 L 1004 0 0000 -»
EtherCAT Slave Controller Type 100c 0 ||
) Unspecified 100e 0 1006 0 0000
Sah 1010 0 0000
)P core 1
@ETI00 1012 0 0000
ET1200 1014 0 0000
[z la anna =
PDI Type
Unspecified @ 164C(0. &) Bits Name Value Enum
Digital (4) 8uC(3.8)
SPI(E) 16uC(10.5)
Bidge?)  ()8pCc(ILs)
oK | Cancel

5. 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 = Disassembly ¢ Expressions &2

Expression Type Value Address
L pdi_test_appl.c |9 ethercat_slave_c28x hal.c =2 = O |'0 Memory Bi]
121 // which Jent to 0x28 Ox2FFF \ o pacee A | Eovesion (# escRegs struct esc_et1100_re.. 0x000121C2@Data  0x000121C2@Da...
‘ o é‘testjddres; \=rl;éi;n;jlg;\jYARY:;«D;)RESSﬁOFFSé;; test_address <= ESC_PDI_RAM_END :::C:z: - test_address unsigned long 0x00001000 (Hex) 0x0000040A@Da...
#endif - dtest_dd .
om0 dtest_data unsigned long 0x56781234 (Hex)  0x00000408@Da...
e % Add new expression
o dtest_data = ESE_readWordNonXSR test address);
1131 ¢ | dtest _data = ESC_readDWordNonISR(test_address);
1133 el ESC_writeDWord(@xBAADFOOD, test_address);
¥ dtest_data = ESC_readDWordNonISR(test_address);;
sscoritiordoool  §f(dtest_data != (uint32_t)@xBAADFOOD)
if(dtest_data 1= (y| {
zen(” E5T000") asm(" ESTOPQ");
WA while(1);
}
Wendif //#ifdef DEBUG
fi147) -
Figure 34. EtherCAT write to Memory From CCS Project
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ESC RAM WRITE TEST

6. The following figure shows program control after execution of the first 32-bit write and 32-bit
read from PDI to ET100 address 0x1000.

Jtes ~LSC_readOWordNonISR(test_address); |

ESC_writeDhord (0N est_address);
dtest_data = ESC_readDhordhion -

5555

Expression
0 Memorysrowll |, (@ o] Regs
Expression
® escRegs 9= test_address
9 test_addre:
waescaall K- dtest_data
4 Add new e =

& Add new expression

0 Memory Browser 2 Disassembly & Expressions £
Type
struct esc_et1100_re...
unsigned long
unsigned long

0x000121C2@Data
0x00001000 (Hex)
OxBAADFOOD (Hex)

Address

0x000121C2@Da...
0x0000040A@Da...
0x00000408@Da...

1f(dtest_data I= (uint32_t) )

{
asa(" ESTOPOT);
}

dtest_data = ESC_readDWordNonISR(test_address);
ESC_writeDWord(0xBAADFO@D, test_address);

dtest_data =
if(dtest_data != (uint32 t)@xBAADFOED)

{

ESC_readDWordNonISR(test_address);;

Figure 35. CCS Project Write to EtherCAT Slave

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

Lo

Cancel

Figure 36. TwinCAT3 Master read of data written to EtherCAT slave

Advanced Settings
= General Memory B
Behavior
Timeout Settings | Stant Offset 1000 Offs Offs Dec | Hex Char I
Identification Length: 0400 1000
FMMU / SM
el B [T w0z 11000 61453 f00d
# Distributed Clock 1004
5 al
ESC Access Auto Reload Reload 1005 §1002 47789 baad
i E*PROM Il Compact View Niite
s Use Fixed Add) i
Memory £RheR : 100a 1004 0 0000
EtherCAT Slave Controller Type 100c
© Unepociod wee 1006 0 0000
(CESC10/20 1010 T T
IP core
@ ETI00 1012 0 0000
TETI200 1014 0 0000
=— 1me o Anna
® Unspecified @16 uC (8. &) Bits Name Value Enum
() Digital (4) 8pc(@. a)
@sPiE) 16pC(10,5)
) Bridge (7) 8UC(11.5)

TIDUBQG - April 2016

EtherCAT® Interface for High Performance C2000™ MCU

Copyright © 2016, Texas Instruments Incorporated

28



13 TEXAS
INSTRUMENTS
www.ti.com

6.2 TwinCAT3 Troubleshooting

Common issues in TwinCAT3 usage
1. Problem: EtherCAT network fails to initialize
e Other Descriptions: “Reload Devices” fails, “Scan” for devices fails,
“Restart EtherCAT in config mode” fails.
e Solutions:
a) Power Cycle the LaunchPad
b) Check to make sure a RealTime Ethernet Driver is available:
TwinCAT-> “Show RealTime Ethernet Compatible Devices”. This will open a popup
window below.
- Look for the 1*' line “Installed and ready to use devices (realtime capable)”.
In this example there are NO adapters installed!
- Select a compatible device, which here is “Local Area Connection — Intel ...."”
and click “Install”
- Close the window by clicking “X” in the upper right corner.

Installation of TwinCAT RT-Ethemnet Adapters- 3 | |

2 Installed and ready to use devices(realtime capahle) 49
Installed and ready to use devices(for demo use only)
Compatible devices
¥ | ocal Area Connection - Intel(R) Ethernet Connection (3) 1218-Lk #3
- Incompatible devices
H 2 Yireless Matwork Connection - Intal{R) Dual Band Wirelags-AC 7265
L. Disabled devices

Ethernet Adapters

[ Show Bindings

Figure 37. TwinCAT3 Ethernet Adapter installation
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7 Design Files

7.1 Schematics

To download the Schematics for each board, see the design files at http://www.ti.com/tool/TIDM-DELFINO-ETHERCAT.
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Figure 38. LaunchPad and Hi-Density Connector schematics.
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Figure 41. Ethernet PHY schematics- Port 1
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7.2 Bill of Materials

To download the Bill of Materials for each board, see the design files at http://www.ti.com/tool/TIDM-DELFINO-ETHERCAT

Table 3: Bill of Materials for EtherCAT Adapter Board

. Manufacturer .
Item | Qty [Reference Value Part Description Manufacturer PCB Footprint
Part Number

1 1 PWB,C2000-ET1100 ADAPTER BOARD

2 1 LOGIC,C2000-ET1100 ADAPTER BOARD
IC,BGA128,.8mm,ETHERCAT SLAVE

3 1 U5 CONTROLLER Beckhoff ET1100 bgal28-8mm
IC,QFN32,SINGLE PORT 10/100Mbs ETHERNET

4 2 U3, U6 PHY TRANSCEIVER,LOW POWER Texas Instruments TLK105LRHBR QFN32_202SQ
IC,QSOP16,LOW VOLTAGE,QUAD 2:1

5 1 u7 MULTIPLEXER/DEMULTIPLEXER Texas Instruments SN74CBTLV3257PWR tssopl16-14x70

6 1 U2 1C,QSOP20,LOW VOLTAGE,QUICK SWITCH Texas Instruments SN74CBTLV3245ADBQR dbq20-14x70

7 1 Ul IC,505,SINGLE BUFFER/DRIVER Texas Instruments SN74LVC1GO7DCKR dck-5

8 1 U4 16k IC,SO8,SERIAL EEPROM, 16K-BIT Catalyst Semiconductor CAT24C16WI-GT3 s08-25x75-295
IC,SON8,STEP-DOWN DC-DC

9 1 us8 3.3v,1.6A | CONVERTER,1.6A,3.3V Texas Instruments TPS62063DSGT dsg8-11x20

10 1 Y1 25MHz | CRYSTAL,SMT,4 PIN,25MHz ECS ECS-250-20-33-TR xtal4-47x51-ecx32

11 2 DS1, DS2 Green |LED,SMT 1206,GREEN LITEON LTST-C150GKT led1206-59x59

12 1 L2 1uH INDUCTOR,SMT,1uH Murata Electronics LQH44PN1RONPOL ind-LQH44p

13 1 L1 2200hm | FERRITE BEAD,SMT 0603,220 OHM Murata Electronics BLM18AG221SN1D 1603-35x45
CAP,CER,SMT 1206,4700pF,200V,+10/-

14 2 C41, C83 4700pF | 10%,X7R AVX Corporation 12062C472KAT2A C1206-40X70

15 2 C4, Co 22uF CAP,CER,SMT 1206,22uF,10V Taiyo Yuden LMK316F226ZL-T C1206-40X70

C12, C14, C15, C33,
16 8 C55, C58, C77, C82 1uF CAP,CER,SMT 0603,1uF,6.3V,X5R,+/-10% Murata Electronics GRM188R60J105KA01D c603-35x45
17 8 C22, C26,C34, C38, 10uF CAP,CER,SMT 0603,10uF,6.3V,X5R,+/-20% Murata Electronics GRM188R60J106 ME47D c603-35x45
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C44, C74, C78, C80

18 15

C2,C27, C28, C30, C31,
C43, C46, C49, C52,
C57, C63, C64, C66,
C67,C81

220pF

CAP,CER,SMT 0402,220pF,50V,NPO

Panasonic

ECJ-0EC1H221)

c402-25

19 2

C3,C7

15pF

CAP,CER,SMT 0402,15pF,50V,NPO

Yageo

CCO0402JRNPO9BN150

c402-25

20 2

C1, C37

100pF

CAP,CER,SMT 0402,100pF,50V,+/-5%,NPO

Kemet Electronics Corporation

C0402C101J5GAC

c402-25

21 5

C8, C25,C32,C73,C76

1000pF

CAP,CER,SMT 0402,1000pF,50V,+/-5%,NPO

TDK Corporation

CGJ2B2C0G1H102)

c402-25

22 35

G5, C9, C10, C11, C13,
C1se, C17, C19, C20,
C21, C23, C29, C35,
C36, C39, C40, C42,
C45, C47, C48, C50,
C51, C53, C54, C56,
€59, C60, C62, C65,
€68, €69, C70, C71,
C75,C79

0.1uF, 16V

CAP,CER,SMT 0402,.1uF,16V,+/-
10%,X7R,AUTOMOTIVE

Murata Electronics

GCM155R71C104KA55

c402-25

23 4

C18, C24, C61, C72

0.01uF

CAP,CER,SMT 0402,.01uF,16V,+/-10%,X7R

Kemet Electronics Corporation

C0402C103K4RAC

c402-25

24 18

R15, R16, R17, R22,
R30, R32, R36, R37,
R41, R48, R49, R50,
R52, R54, R57, R62,
R63, R69

2.2kohm

RES,SMT 0201,2.2K OHM,5%,1/20 WATT

Yageo

RC0201JR-072K2L

r201-6p6spc

25 2

RJ1,RJ2

0 ohm

RES,SMT 0402,0 OHM,1/16 WATT

Yageo

RC0402JR-070RL

r402-25

26 2

R1, R8

10kohm

RES,SMT 0402,10K,1%,1/16 WATT

Yageo

RCO402FR-0710KL

r402-25

27 1

R19

11kohm

RES,SMT 0402,11K OHM,1%,1/16 WATT

Panasonic

ERJ-2RKF1102X

r402-25

28 20

R13, R18, R20, R24,
R25, R26, R27, R28,
R33, R34, R42, R44,
R45, R46, R47, R59,
R66, R67, R68, R73

4.7kohm

RES,SMT 0402,4.7K,1%,1/16 WATT

Vishay Intertechnology

CRCW04024K70FKED

r402-25

29 2

R40, R65

4.87kohm

RES,SMT 0402,4.87K,1%,1/16 WATT

Panasonic

ERJ-2RKF4871X

r402-25

TIDUBQSG - April 2016
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R2, R3, R4, R5, R6, R7,
R9, R10, R11, R12, R39,
30 14 R58, R70, R71 49.90hm | RES,SMT 0402,49.9 OHM,1%,1/16 WATT Panasonic ERJ-2RKF49R9X r402-25
R14, R43,R51, R72,
31 6 R74, R75 4700hm | RES,SMT 0603,470 OHM,5%,1/16 WATT Panasonic ERJ-3GEYJ471V r603-35X45
32 1 SW1 SWITCH,DIP,SMT,HALF-PITCH,2 POS. C&K/Unimax, Inc. TDAO2HOSB1R sw2-30x50-tda
CONN,SMT,RECEPTACLE,60 POS.,.4mm
33 1 J6 SPC.,4mm STACKING HEIGHT Hirose Electric, Inc. DF40HC-(4.0)60DS-0.4V df40c_60ds
CONN,JACK,RJ45,INTEGRATED MAGNETICS
34 2 P1, PO AND LED'S,8 CONTACTS,SHIELDED Pulse Engineering J1011FO1PNL RJ45-PULSE_J1-SHLD
35 2 J3,J10 HEADER,3 X 1,VERTICAL,2mm Harwin M22-2510305 hdrix3-6040-2mm
36 1 TP15 TEST POINT,SMT,MINIATURE Keystone Electronics Corp. 5015 TP1-70X135
TP2, TP3, TP4, TPS,
TP6, TP7, TP9, TP11,
37 10 TP13,TP14 ( NO-POP ) TEST POINT,SMT,.03" DIA. tp30
R23, R29, R31, R35,
R38, R53, R55, R56,
38 10 R61, R64 r201-6p6spc
39 2 R21, R60 r402-25
TP1, TP8, TP10, TP12,
40 5 TP16
41 1 J9 CONN,HEADER,SHROUDED,2 POS JST Corporation B2B-EH-A(LF)(SN conn2-eh
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7.2.1 Layout Prints
To download the Layout Prints for each board, seTIDM-DELFINO-ETHERCATe the design files at

http://www.ti.com/tool/TIDM-DELFINO-ETHERCAT
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Figure 42: Layout-Top Silkscreen

TOP SOLDER MASK

Figure 43: Layout- Top Solder Mask
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Figure 44: Layout- Top
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Figure 45: Layout- Ground Plane L2
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Figure 46: Layout- Bottom layer
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Figure 47: Layout- Bottom solder mask
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Figure 48: Layout- Bottom Silkscreen
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Figure 49: Layout- Physical Dimensions
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7.3 Orcad Project

To download the Orcad project files for each board, see the design files at http://www.ti.com/tool/TIDM-
DELFINO-ETHERCAT

7.4 Gerber files

To download the Gerber files for each board, see the design files at http://www.ti.com/tool/TIDM-DELFINO-
ETHERCAT

7.5 Assembly Drawings

To download the Assembly Drawings for each board, see the design files at http://www.ti.com/tool/TIDM-
DELFINO-ETHERCAT

8 Software Files

To download the software files for this reference design, please see the link at http://www.ti.com/tool/TIDM-
DELFINO-ETHERCAT

9 References

LAUNCHXL-F28377S — C2000 Delfino MCU F28377S LaunchPad Development kit
TMDXDOCK28377D — F28377D Delfino MCU Experimenter Kit

Code Composer Studio (CCS) Integrated Development Environment (IDE)

Texas Instruments E2E™ online community, http://e2e.ti.com/

PwnNPE

10 Terminology

e EMIF: External Memory Interface

e ESC: EtherCAT Slave Controller

e ETG™: EtherCAT Technology Group

e lLaunchPad: An easy-to-use development tool intended for MCU-based applications.
e MCU: MicroController

e PDI: Process Data Interface

e  SPI: Serial Peripheral Interface
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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