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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

ESD Electrostatic Discharge

FPGA Field-Programmable Gate Array
I’C Inter-Integrated Circuit

SEC Soft Error Correction

SED Soft Error Detection

SEI Soft Error Injection

SEU Single Event Upset

SPI Serial Peripheral Interface
SRAM Static Random-Access Memory
usB Universial Serial Bus

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

1. Introduction

This document provides technical information and instructions for using the Single Event Upset (SEU) demo design
from Lattice Semiconductor. This demo demonstrates the functionality of Soft Error Detection (SED) and Soft Error
Correction (SEC) using the MachXO3LF starter kit. The MachXO3LF development kit includes the MachXO3LF starter kit
board, a USB cable, power supply, and demo files. This document provides a description of the demo design as well as
instructions for running the demo.

The demo design makes use of Lattice Diamond® software feature of Soft Error Injection (SEI) to induce an SRAM bit-
flip error. This error is then detected by the FPGA SED feature running on the board. Finally, the demonstration shows
the MachXO3LF device’s ability to correct the inserted error (SEC feature) without interruption of the user function.

2. Demo Package

The demo package includes the following:

e Verilog source code for the demo logic design

e Lattice Diamond® Project file and preference file for the demo project
e SEU demo bitstream

e  SEl bitstream for soft error injection

3. Hardware Requirements
Beside the MachXO3LF starter kit, a USB cable is required for programming the MachXO3LF device.

Note: Static electricity can severely shorten the lifespan of electronic components. Be careful when handling the
MachXO3LF starter kit as to not damage it from electrostatic discharge (ESD).

4. Software Requirements

The following software programs are available at www.latticesemi.com/en/Products/DesignSoftwareAndIP

The software programs are available for download only if you log in at www.latticesemi.com

e Lattice Diamond Design Software, version 3.7 or later
e MachXO3LF specific SEl enabled license feature
e lattice Programmer® Software for bitstream downloading

5. Demo Design Overview

This demo design consists of two major parts:
e  SED module — Performs read and error detection of SRAM content.
e  User logic — Includes soft error indication and a function block that rotates the LEDs on board.

The status of the demo is indicated with onboard LEDs. A SEI bitstream is used to induce a single SRAM error into the
SEU demo. This SEI bitstream is generated with SEI editor under Tools tab in Lattice Diamond software.

Figure 5.1 on the next page shows the top side of the MachXO3LF starter kit.

www.latticesemi.com/legal
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Figure 5.1. MachXO3LF Starter Kit (Top View)

Figure 5.2 shows the block diagram of SEU Demo design.

MachXO3LF FPGA

A 4

Switch User Logic » SED Module

A

LEDs

\ 4

Figure 5.2. SEU Demo Design Block Diagram

© 2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
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6. Port Assignments and Descriptions

Table 6.1. FPGA Demo Design Ports

Port Name Direction Description
clk Input Clock for user logic
reset_n Input GSRN button on board. Asynchronous reset for FPGA
sw[1:0] Input DIP switch on board
led[6:0] Output LEDs on board
sed_err Output SED error indication

Table 6.2. DIP Switch Definitions

SW2 on Board Position Definition Description
#1 1% switch next to SW1 SED Enable
#2 2" switch next to 1% switch SED Start
Table 6.3. LED Definitions
LED on Board Description

D9, D8, D7, D6, D5, D4, D3

Rotating from D9 to D3. Indicate user logic is running

D2

Indicate SED error

7. Demo Package Directory Structure

The demo bitstreams are located at the following path:

SEU_XO3LF_Demo\bistream

The Diamond project is located at the following path:

SEU_XO3LF_Demo\SED\impl

SEU_XO3LF_Demo
bistream

doc

4 SED

impl

source

Figure 7.1. SEU Demo Package Directory Structure
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8. Running the Demo

There are three processes involved in running the demo:
1. Loading and running SEU demo
2. Loading SEl and detecting the Inserted Error

3. Refreshing the image and confirming that the error has been corrected (SEC)

8.1. Loading and Running SEU Demo

To load and run the SEU demo:

1. Before the board is powered on, set all positions of DIP Switch SW2 to DOWN (all OFF).
2. Power on the board by connecting it to the PC via the USB cable.

3. Launch the Diamond Programmer Software.

Select an Action

(@) Create a new project from a JTAG scan

Cable: [HW-USBN-28 (FTDT) ~| Port: [FTUSB-0 v||  Detect cable

(") Create a new blank project

(") Open an existing programmer project

Figure 8.1. Getting Started

4. When the scanning of the device is completed, the device present on the board is detected as shown in Figure 8.2.

File Edit View Design Help
I ET I )

Enable  Status Device Family Device Operation File Name File Date/Time  Checksum  USERCODE o
Cable Settings
1 MachXO3LF LCMXO3LF-6900C  FLASH Erase,Program,Verify

Custom port:

Frogramming Speed Settings

(@) Use default Clock Divider

Cable and 10 Settings

(©) use custom Clock Divider

TCK Divider Setting (0-10x)

V0 Settings
Output Info™ & x
Lattice VM Drivers detected (HV/-DLN-3C (Farallel), HW-USBN-2B (FTDT)) D Message
Programmer device database loaded
INFO - Scanning USB2 Port FTUSE-O... &) 2342002 INFO - Scanning USB2 Port FTUSB-0...
INFO - Scan completed successfully. :
) 2342003 INFO - Scan completed successfully.
Output | Tdl Console Error | Warning | Info™

Figure 8.2. Selecting the Device

5. The device selected appears as LCMXO3LF-6900C. Click on the Device line so its gets highlighted in blue as shown
in Figure 8.3.

6. Click Edit, and then Device Properties.

© 2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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(.. Diamond Progr

File IEdit View Design Help

= Copy Ctrl+C
E Paste Ctrl+V
v Add Device

Remove Device

8O

Device Properties...
Edit [/O State...
Custom Devices...

Settings...

Device Operation

. LCMXO3LF-6900C |FLASH Erase Program,\erify _

File Name

Figure 8.3. Device Properties

7. Select Flash Programming Mode from the Access mode dropdown list, and FLASH Erase, Program, Verify from the
Operation dropdown list as shown in Figure 8.4.

8. In Programming Options section select the original bitstream file
SEU_XO3LF_Demo\bistream\SEU_XO3LF_demo_SEU_XO3LF_demo.jed to be programmed.

9. Click OK.

file Edit View Design Help

SeEg SR 2B
Enable  Status Device Family Device Operation File Name File Date/Time Chacksum USERCODE i
Cable Settings
H MachXO3LF LCMXO3LF-6900C  FLASH Erase,Program,Verify

Detect Cable

{4 MachXO3LF - LCMXO3LF-6900C - Device Properties

L ]| o

HW-USBN-28 (FTD) ~| |=

General | Device

Device Operation

Access mode: [Flash Mode -

Operation: [FLASH Erase, Program, Verify -

Programming Options

Programming file: |LF_demo/SEU_X03LF_demo_SEU_X03LF_demo.jed D

Device Options

Output

| [] Reinitialize part on program error

Lattice VM Drivers detected (HW-DLN-3C (Farallel), HW-USBN-28 (FTDI))
Programmer device database loaded

INFO - Scanning USB2 Port FTUSBE-0...

INFO - Scan completed successfully.

Port: FTUSB-0 -

Custom port:

Programming Speed Settings

@) Use default Clock Divider

Cable and 1/O Settings

(©) use custom Clock Divider

TCK Divider Setting (0-10x) |1

/O Settings

| ax

Message
|'$B2 Port FTUSB-O.

ted successfully.

Output | Tcl Console

Error | Warning | Info*

Figure 8.4. Access Mode — Flash Programming Mode

10. On the menu bar, click Design, and on the dropdown menu click Program to initiate programming of FPGA as

shown in Figure 8.5.

© 2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

UG115-1.0


http://www.latticesemi.com/legal

.I.ILATTICE SEU Demo for MachXO3LF Starter Kit

User Guide

File Edit View | Design| Help

BEE |22 mAG Scan
Enable Status | {0 Check XCF Project Device Operation File Name File Date/Time

3 Cable Settings
- &% Program 6900C | FLASH Erase,Program,Verify .0/SEU_XO3LF_demo_SEU_X03LF_demo.jed  |02/17/16 16:04:03

el Detect Cable
Log

Cable: HW-USBN-28 (FTDT) v | |

Custom port:

»

2 Clear Log File

Utilities 4

BSCAN Configuration...

Programming Speed Settings

Cable and /O Settings

(@) Use default Clock Divider

(7)) use custom Clock Divider

TCK Divider Setting (0-10x) |1

< 1 | v 1100 Car =
output Info* 3 x
Lattice VM Drivers detected (HW-DLN-3C (Parallel), HW-USBN-28 (FTDI)) D Message

Programmer device database loaded —

INFO - Scanning USB2 Part FTUSB-0... &) 2342002 INFO - Scanning USB2 Port FTUSB-0.

INFO - Scan completed successfully. .
&) 2342003 INFO - Scan completed successfully.

Output Tcl Console Error Warning Info*

Figure 8.5. Launching the Program Step

When programming is done, rotating LEDs from D9 to D3 are seen on the board as well as Operation: Successful
message is displayed in the Output console window as shown in Figure 8.6.

" Diomond Progam

File Edit View Design Help
OEd 2 RE8 K’ 8

>

Enable Status Device Family Device Operation File Name File Date/Time

Cable Settings
PASS | MachXO3LF LCMXO3LF-6900C | FLASH Erase,Program Verify .0/SEU_XO3LF_demo_SEU_X03LF_demojed  |02/17/16 16:04:03

Port: FTUSB-0 v

Custom port:

Programming Speed Settings

Cable and If0 Settings

(@) Use default Clock Divider

(7) use custom Clock Divider

TCK Divider Setting (0-10x) |1

< T | ¥ I 2

output Info* 8 x
INFO - Devicel LCMXO3LF-6900C: FLASH Erase,Program,Verify - D Message -
INFO - Operation Done. Ho errors. ® 2342002 INFO - Scanning USB2 Port FTUSB-0... =
INFO - Elapsed time: 00 min : 30 sec & 2342003 INFO - Scan completed successfully.

NFO - Operation: successful. 85021074 INFO - Check configuration setup: Start.

Output Tel Consale Error Warning Info™

4w ]

Figure 8.6. Program Operation Successful

11. For SW2, first set switch #1 position UP (ON) and then switch #2 position UP (ON). There should be no SED error
indication (LED D2 is not lit).

12. Set SW2, switch #1 and switch #2 positions DOWN (OFF). The LED (D2) will remain off.

8.2. Loading SEl and Detecting the Inserted Error
To insert an error in the SRAM array (load the SEI bit file):
1. Click on the Device line so its gets highlighted in blue as shown in Figure 8.7.

2. Click Edit, and then Device Properties.

© 2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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File | Edit | View Design Help

9 @ Copy Ctrl+C
Er f‘j Paste Ctrl+V Device Operation File Name File Date/Time =
5 Cable Settings
F. 4 Add Device LCMXO3LF-6900C  |FLASH Erase Pragram,Verify ..0/SEU_XO3LF_demo_SEU_X03LF_demo.jed 02/17/16 16:04:03
3 Remove Device
{7} Device Properties. Cable: 1
o
i <
Edit /O State.. ] Port: FTUSE-0 -
Custom Devices... 2
) o Custom port:
Settings... =
o
5 Programming Speed Settings
Y
K] @) Use default Clock Divider
() Use custom Clock Divider
TCK Divider Setting (0-10x) |1
< 1 J C 110 ot =
Output Info™ 8 %
INFO - Devicel LCMXO3LF-6900C: FLASH Erase,Program, Verify - D Message -
INFO - Operation Done. No errors. 3 2342002 INFO - Scanning USB2 Port FTUSB-O0. u
INFO - Elapsed time: 00 min : 33 sec & 2342003 INFQ - Scan completed successfully.
INFO - Operation: successful. D ® 85021074 INFO - Check configuration setup: Start.

Output Tcl Console Error ‘Warning Info*

Figure 8.7. Device Properties Window

3. Select Static RAM Cell Background Mode in the Access mode option and XSRAM SEI Fast Program in Operation as
shown in Figure 8.8.

4. In Programming Options section select the SEI bitstream file
SEU_XO3LF_Demo\bistream\SEU_XO3LF_demo_sei_0.bit to be programmed.

5. Click OK.

File Edit View Design Help
SEE R e B &
Enable  Status Device Family Device Operation File Name File Date/Time ~ Checksum  USERCODE =
Cable Settings
|T| MachXO3LF LCMXO3LF-6900C  FLASH Erase,Program,Verify .._demo/SEU_XO3LF_demo_SEU_XO3LF_demo jed ..7/16 16:04:03  0x10DA  0x00000000
Detect Cable
.} MachXO3LF - LCMXO3LF-6900C - Device Properties === Cable: W-UsBN-z8 (oD <] =
[ General | Detce information | g
2 Custom port:
Device Operation o b
=
Access mode: [Stat\c RAM Cell Background Mode v] 2 Programming Speed Settings
5
Operation: [xSRaM SEI Fast Program - 2 (@) Use default Clock Divider
8
< (©) Use custom Clock Divider
Programming Options =
TCK Divider Setting (0-10x) |1
Programming file: sign/SEU_XO3LF_demo/SEU_XO3LF_demo_sei_0.bit Q
/0 Settings
Device Options - n
output [ Reinitialize part on program error 8 x
Lattice VIM Drivers detected (HW-DLN-3C (Parallel), HW-USBN-28 (FTDI) Message
Programmer device database loaded
INFO - Scanning USB2 Port FTUSB-0... |'BB2 Port FTUSB-0.
INFO - Scan completed successfuly.
o ™S successfully.
Output | Tcl Console Error | Warning | Info*
=

Figure 8.8. Access Mode — Static RAM Cell Background Mode

6. Toinsert the error into the SRAM array, on the menu bar, click Design, and on the dropdown menu click Program
to insert the error bit into the SRAM array through background reconfiguration.

© 2016 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal. All other brand or product names are
trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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Programming Speed Settings

L
File Edit View | Design | Help
P E | 82|82 TAG Scan
Enable  Status @! Check XCF Project Device Operation File Name File Date/Time =l
oy Cable Settings
Gl 0 Program 6I00C | XSRAM SEI Fast Program ._XO3LF_demo/SEU_XO3LF demo_sel 0.6t |02/17/16 16:38:54
ol
= Log =
2 Clear Log File w Cable:
2 g . [Frusea -]
Utilities 3 E Port: FTUSB-0
o Custom port:
BSCAN Configuration... =
E
o
=1
]
[&

(@) Use default Clock Divider

() Use custom Clock Divider

TCK Divider Setting (0-10x) |1

< ] P I — ad
Output Info* g
INFO - Devicel LCMXO3LF-6900C: FLASH Erase,Program, Verify - D Message -
INFO - Operation Done. No errors. & 2342002 INFO - Scanning USB2 Port FTUSB-0... =
INFO - Elapsed time: 00 min : 30 sec | | ®© 2342003 INFO - Scan completed successfully.

85021074 INFO - Check configuration setup: Start.

il

INFO - Operation: successful.

1
1

Output Tcl Console Error Warning Infa™

Figure 8.9. Launching the Program Step

When error insertion is completed, Operation: Successful message is displayed in the Output console window as shown
in Figure 8.10.

File Edit View Design Help
fEd S BRE 83

Enable Status Device Family Device Operation File Name File Date/Time [
Cable Settings

PASS |MachXO3LF LCMXO3LF-6900C | XSRAM SEI Fast Program . XO3LF_demo/SEU_XO3LF_demo_sei 0.6t |02/17/16 16:38:54

Port: FTUSB-0 A

Custom port:

Programming Speed Settings

(@) Use default Clock Divider

Cable and 1/0 Settings

( : ! Use custom Clock Divider

TCK Divider Setting (0-10x) |1

< i | L3 S e

Output Tnfo™ 8 %
INFO - Devicel LCMXO3LF-6900C: XSRAM SEI Fast Program - D Message i
INFO - Operation Done. Ho errors. &) 2342002 INFO - Scanning USB2 Port FTUSB-0... u
INFO - Elapsed time: 00 min : 02 sec 3 2342003 INFO - Scan completed successfully.

INFO - Operation: successful. 85021074 INFO - Check configuration setup: Start.

2

Output Tcl Console Error Warning Info™

Figure 8.10. SEI Operation Successful

LEDs from D9 to D3 should keep rotating when the SEI bitstream is being programmed. This indicates that there is no

interruption to the currently running bitstream on the device. For this demo the DONE pin is enabled. Probing DONE

pin may be helpful to observe the FPGA device configuration status.

7. For SW2, first set switch #1 postion UP (ON) and then set switch #2 position UP (ON). The LED D2 will light in
response to the SED.

8. Set SW2, switch #1 and switch #2 positions DOWN (OFF). The LED D2 will remain on.
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8.3. Refreshing the Image and Confirming that Error has been Corrected (SEC)

The Lattice MachX03 device supports multiple methods to refresh the SRAM array and correct any detected soft error:
e By providing the original bitstream in the background via an external sysConfig slave port (for example JTAG or IZC).

e By transferring the original bitstream from internal or external Flash memory, initiated via sysConfig REFRESH
command.

e By transferring the original bitstream from internal or external Flash memory, initiated via external PROGRAMN
pin assertion.

This demo design supports the first two methods as described below. To refresh the SRAM array with the original
bitstream via the JTAG port:

1. Click on the Device line so it gets highlighted as shown in Figure 8.11.
2. Click Edit, and then Device Properties.

o r—
File [ Edit| View Design Help
1 EEI Copy Ctrl+C
£ [Ty Paste Ctri+V Device Operation File Name File Date/Time |l
= R Cable Settings
1 v Add Device LCMXO3LF-6900C  |FLASH Erase,Program Verify ...0fSEU_XO3LF_demo_SEU_XO3LF_demo.jed 02/17/16 16:04:03
{2 Device Properties.. Cable: T
o
i &
Faoste.
Custom Devices... a —
. o Custom port:
Settings... =
]
5 Programming Speed Settings
@
8 (@) use default Clock Divider
() use custom Clock Divider
TCK Divider Setting (0-10x) |1
< I | D tis S =
Output Info™ g X
INFO - Devicel LCMXO3LF-6900C: FLASH Erase,Program, Verify - D Message -
: (o
INFO - Operation Done. No errors. & 2342002 INFO - Scanning USB2 Port FTUSB-0... m
INFO - Elapsed time: 00 min : 33 sec 3 2342003 INFO - Scan completed successfully.
INFO - Operation: successful. m 5] 85021074 INFO - Check configuration setup: Start.
Output Tl Console Error Warning Info™
X =t

Figure 8.11. Device Properties Selection

3. Select Static RAM Cell Background Mode from the Access mode dropdown list, and XSRAM SEI Fast Program from
the Operation dropdown list as shown in Figure 8.12.

4. In Programming Options section select the original bitstream file
SEU_XO3LF_Demo\bistream\SEU_XO3LF_demo_SEU_XO3LF_demo.bit to be programmed.

5. Click OK.
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t v Design  Help
fEd BBE B E
Enable Status Device Family Device Operation File Name File Date/Time kS
Cable Settings
m MachXO3LF LCMXO3LF-6900C  FLASH Erase,Program,Verify
: ~
£ MachXO3LF - LCMXO3LF-6900C - Device Properties (5 =
Cable: HW-USBN-28 (FTDI) +
@
&
General Device Information 1—§ Port:
@
o
Device Operation 2 Custom port:
Access mode: [Static RAM Call Background Mode - E Programming Speed Settings
@
Operation: [xsRAm SET Fast Program -] B|  © use default clock Dwvder
Programming Options () Use custom Clock Divider
Programming file: .[b\srream/sEu,xoaLF,demojEu,xmLF,demn.b\dB TCK Divider Setting (0-10x) |1
< n » . -
Device Options B—
Output [ B x
| part on program errar
Lattice VM Drivers detected (HW-DLN-3C (Parallel), HW-USBN-28 (FT] | Message
Programmer device database loaded
INFO - Scanning USB2 Port FTUSB-0... /jning USB2 Port FTUSB-0...
INFO - Scan completed successfully.
fcompleted successfully.
Output Tel Console Error Warning Info™
=

Figure 8.12. Background Programming File Loading

Alternatively, refresh the SRAM array from the internal flash using the REFRESH command:

1. Click on the Device line so it gets highlighted.

2. Click Edit, and then Device Properties.

3. Select Static RAM Cell Background Mode from the Access Mode dropdown list, and XSRAM Refresh from the
Operation dropdown list as shown in Figure 8.13.

4. Click OK.

File Edit View Design Help
fEd | 2 a8 8
Enable Status Device Family Device Operation File Name File Date/Time i
Cable Settings
FI PASS  MachXO3LF LCMXO3LF-6900C  XSRAM SEI Fast Program ...0/SEU_XO03LF_demo_SEU_XO03LF_demo.bit 02/17/16 16:04:07
s 5 L
{.} MachXO3LF - LCMXO3LF-6900C - Device Properties 2 . 3
@
&
General Device Information 5 Port: fTUse0
I}
Cust rt:
Device Operation g R
=
Access mode: [Stanc RAM Cell Background Mode v] 5 Programming Speed Settings
]
Operation: XSRAM Refresh b E’ (@) Use default Clock Divider
() Use custem Clock Divider
TCK Divider Setting (0-10%) |1
< | T 3 s -
Output Info™ a x
INFO - Devicel LCMXO3LF-6900C: XSRAM SEI Fast Program N o Message -
INFO - Operation Done. Ho errors. 3 2342002 INFO - Scanning USB2 Port FTUSB-0... =
INFO - Elapsed time: 00 min : 01 sec & 2342003 INFO - Scan completed successfully.
INFO - Operation: successful. E_ 85021074 INFO - Check configuration setup: Start.
Output Tel Console Error Wwarning Info* J

Figure 8.13. Background Refresh Command

To refresh the SRAM array by the method chosen above:
1. Onthe menu bar, click Design and on the dropdown menu click Program to configure the FPGA with the original

bitstream as shown in Figure 8.14.
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Programming Speed Settings

(@) Use defautt Clock Divider

e e ' JTAG Scan
Enable Status @ Check XCF Project Device Operation File Name File Date/Time i
Fon Cable Settings
45 Program 6900C | XSRAM SEI Fast Program .o/SEU_XO3LF_demo_SEU_XO3LE_demolbt  |02/17/16 16:04:07
E .
= LOg =
2 Clear Log File P Gl
) £ e
Utilities , gl .
4 Custom port:
BSCAN Configuration... =
z
o
o
2
(8]

(7)) Use custom Clock Divider

TCK Divider Setting (0-10x) |1

< | 1 | » I <
Output Info™ & X
INFO - Devicel LCMXO3LF-6900C: XSRAM SEI Fast Program - D Message -
INFO - Operation Done. No errors. &) 2342002 INFO - Scanning USB2 Port FTUSB-0... D
INFO - Elapsed time: 00 min : 01 sec 3 2342003 INFO - Scan completed successfully.
INFO - Operation: successful. o 85021074 INFO - Check configuration setup: Start.

- -

Output Tcl Console Error Warning Info™

Figure 8.14. Program Option

When the FPGA is configured correctly, the Operation: Successful message is displayed in the Output console window
as shown in Figure 8.15.

|,/ Diamond Progr
File Edit View Design Help
fed B v 8

Enable Status Device Family Device Operation File Name File Date/Time

Cable Settings
PASS | MachXO3LF LCMXO3LF-6900C | XSRAM SEL Fast Program .ofSEU_XO3LF._demo_SEU_XO3LF_demo.bit | 02/17/16 16:04:07

Port: FTUSB-0 >

Custom port:

Programming Speed Settings

Cable and /O Settings

(@) Use default Clock Divider

(7)) Use custom Clock Divider

TCK Divider Setting (0-10x) |1

4| 1 | » i s -
Output Info* 8 x
INFO - Devicel LCMXO3LF-6900C: XSRAM SEI Fast Program - D Message -
INFO - Operation Done. No errors. & 2342002 INFO - Scanning USB2 Port FTUSB-0... J
INFO - Elapsed time: 00 min : 01 sec 3 2342003 INFO - Scan completed successfully.
INFO - Operation: successful. D O] 85021074 INFO - Check configuration setup: Start.

= -

Output Tel Console Error Warning Info™

Figure 8.15. Original Bitstream Successful Programming

LEDs from D9 to D3 should keep rotating when the original bitstream is being programmed.

2. For SW2, first set the switch #1 position UP (ON) and set switch #2 position UP (ON). The LED D2 will extinguish to
confirm Soft Error is corrected (SEC).

3. Set SW2, switch #1 and switch #2 positions DOWN (OFF).
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9. Diamond SEIl Generation Tool

Diamond Software has SEI editor utility which is used to generate an SRAM error bit for this demo. To use this SEl
editor utility in Lattice Diamond Design Software, version 3.7 a special license is required. To get the license for this
utility please contact www.latticesemi.com/techsupport. No license is required for Lattice Diamond Design Software,

version 3.8 or later.

After installation, the tool can be accessed through the Tools menu option of Lattice Diamond Programmer as shown in

Figure 9.1.

+. Lattice Diamon

File Edit View Project Design Process [Ic:-ols Window Help

AvBE-HI B w ey Do
YECEELSEsCcEEG
File List g
4 [[4 SEU_XO3LF_demo
Il LCMXO3LF-6900C-5BG256C
4 | Strategies

E¥ Area

E¥ /O Assistant

B Quick

B Timing

4 |, Input Files
¥, ../source/LED.v
. Synthesis Constraint Files
4 |, LPF Constraint Files
[ SEU_XO3LF_demo.lpf
. Debug Files
. Script Files
. Analysis Files
4 | Programming Files
SEU_XO3LF_demo/SEU_XO3LF

Spreadsheet View
Package View
Device View
Netlist Analyzer
Netlist View

NCD View

ol oE S

B

[Pexpress

Reveal Inserter

B8 &

Reveal Analyzer

[EH

Floorplan View

=21e
1537

Physical View

Timing Analysis View
Power Calculator
ECO Editor

Programmer

WE D

[ £

SEI Editor
€N Partition Manager

Synplify Pro for Lattice
Active-HDL Lattice Edition

Run Manager

Mg 80

Simulation Wizard
Clear Tool Memory

Options...

=1

(B & <)

E B | @ Spreadsheet View | | ..} Programmer - SEU_XO3LF
amily Device Operation

LCMXO3LF-6900C  XSRAM SEI Fast Program

1

Figure 9.1. Diamond Software — SEI Editor Utility

Figure 9.2 on the next page shows the SEI Editor utility in Lattice Diamond project window.

In the SEI Editor tool, there are options to Run, Add and Remove the SEI error bit as shown in Figure 9.3.
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E it iew Project Design Process Tools Window Help
BrE-Ha B padfh @ERRQGAQ E:EE R
ZECHBSESCEEQA=0YQocBRY BENEME @

File List 8 X | [ StartFage [ | Reports [ | i} Programmer - SEU_XO3LF_demo.xcf * [ | ] sEx Editor E) =]
4 [y SEU_XO3LF_demo -
i LCMXO3LF-6900C-5BG256C & Enable D SEI File Name Method Block Site Frame Bit In Frame
4 | Strategies g 1B 0 SEU_XO3LF_demo_sei 0 Unused PFU
¥ Area : '
[ 1/0 Assistant
[ Quick
[ Timing

Strategyl
4 [iH SEU_XO3LF_demo
4 | Input Files
¥i ../source/LED.v
. Synthesis Constraint Files
LPF Constraint Files
[ SEU_XO3LF_demo.lpf
Debug Files
Script Files
Analysis Files
Programming Files
SEU_XO3LF demo/SEU_XO3LF de

< T ] 3

File .. | Proc.. | Hierarchy-—Fost Map Resour.. |
output 5 x
The flipped bit: data Erame 85, bit 1867 A

Category: PFU

Site: R3C3B

Saving bit stream in

"C:/Users/rkoche/Desktop/Apps_2/MachX03LF/SED_SEC_SEI_for XO3LF/XO3LF_SEU_Demo/Design_files_to_be_sent/SEU _XO3LF_Demo/SED/impl/SEU XO3LF_demo/SEU_XO3LF_demc_sei_l.bit

Soft Error Injection - Done. U
| Tdconsole | output | Error | Waming | mnfor |

||Ready Mem Usage: 203616 K .
=

Figure 9.2. SEI Editor Utility in Diamond Project Window

To generate the error bit:

1. Inthe Enable tab, select the checkbox to select the row. See Figure 9.3.

2. Click the Runicon & to generate the error bit.

[5]sagaor

Run—— % 7
3 Enable D SEIFile Name Method Block Site Frame Bit In Frame
Add =——s
Remove B ! D o SEU_XO3LF_demo_sei 0 Unused PFU

Figure 9.3. SEI Editor Tool

When the error bit is generated the tool shows which bit has been changed as shown in Figure 9.4.
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SEI File Name Method Block Site Frame Bit In Frame
SEU_XO3LF_demo_sei_0 Unused PFU R25C27B data frame 720 bit 713

gkl

Summary: 1 /770 have inserted the soft error to trigger the SED/SEC based 1 of SEI patterns

Figure 9.4. SEIl Editor showing Error Bit in Frame

When the generation of this SEI bit is successful, a *.bit file is generated which has the error bit that is used to inject
error in the design.
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10. Developer Notes

To develop your own FPGA design to make use of the SEI flow:

1. The SED module primitive needs to be instantiated in the FPGA design. This is a hard IP module, and does not
consume any user logic.

2. When a bitstream is generated, BACKGROUND_RECONFIG should be set to ON in Diamond Programmer to support
the SEl and SEC features.

3. The SEI bitstream generation feature in Diamond Programmer software is enabled with an XO3 SEI specific
software license feature. Visit www.latticesemi.com/techsupport to request this feature from the Lattice license
admistrator.
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References

For more information, refer to:

e DS1047, MachX03 Family Data Sheet

e TN1292, MachXO3 SED Usage Guide

e TN1279, MachX0O3 Programming and Configuration Usage Guide

Technical Support

For assistance, submit a technical support case at www.latticesemi.com/techsupport.
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