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Abbreviations in This Document

A list of abbreviations used in this document.

Abbreviation Definition

FPGA Field Programmable Gate Array

IP Intellectual Property

LED Light-Emitting Diode

LMMI Lattice Memory Mapped Interface
RTL Register Transfer Level

SPI Serial Peripheral Interface

uUsB Universal Serial Bus
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1. Introduction

This reference design showcases the Multi-Boot mode supported in Nexus devices. The Multi-Boot mode supports
booting from up to six patterns that reside in an external SPI flash device, up to three patterns for MachXO5-NX
internal flash memory. The patterns include a primary pattern, a golden pattern, and up to four alternate patterns,
designated as Alternate Pattern 1 to Alternate Pattern 4.

The device boots by loading the primary pattern from the internal or external flash, depending on the device family. In
static mode, when a toggling of the PROGRAMN pin or receiving a REFRESH command, Alternate Pattern 1 is always
loaded. Subsequent PROGRAMN/REFRESH event loads the next pattern defined in the Multi-Boot configuration. If
loading of the primary pattern or any alternate pattern fails, the device attempts to load the golden pattern. The
bitstream pattern sequence, target address of the golden pattern, and target addresses of the alternate patterns are
defined during the Multi-Boot configuration process in the Lattice Radiant™ Deployment Tool.

By using the MULTIBOOT primitive, it allows the device to operate in dynamic mode. It allows the system to
dynamically switch to any of the alternate patterns after the device boots up from the primary pattern while still being
protected by a golden pattern. This reference design implements the dynamic mode, which allows the system to
dynamically switch between two to three bitstream patterns using the MULTIBOOT primitive. By using Multi-Boot
mode, you can combine all the bitstream patterns into a single bitstream image and store it in a single external SPI
flash device. This solution decreases cost, reduces board space, and simplifies field upgrades. Note that this reference
design is developed using the CrossLink™-NX device, but the design can be ported to other Nexus devices.

Refer to Multi-Boot User Guide for Nexus Platform (FPGA-TN-02145) for more information.

1.1. Quick Facts
Download the reference design files from the Lattice reference design web page.

Table 1.1. Summary of the Reference Design

Target Devices CrossLink-NX (LIFCL-40-8BG400C)
General :
Source code format Verilog
Functional simulation Not performed
. X Timing simulation Not performed
Simulation -
Test bench Not available
Test bench format Not available
. Software tool and version 2023.2 SP1
Software Requirements — -
IP version (if applicable) 0SC1.4.0
X Board CrossLink-NX Evaluation Board
Hardware Requirements — -
Cable USB-A to Mini-B Programming Cable

1.2. Features

Key features of the Multi-Boot reference design is it allows the system to dynamically switch between two and up to
three bitstream patterns using the MULTIBOOT primitive while still being protected with a golden pattern.

1.3. Naming Conventions

1.3.1. Nomenclature

The nomenclature used in this document is based on Verilog HDL.

1.3.2. Signal Names

e _nare active low, asserted when value is logic 0.
e _jareinput signals.

e o areoutput signals.
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2. Directory Structure and Files

Figure 2.1 shows the directory structure.

Created by Radiant (Primary/Alternate Pattern 1)

Created by Radiant (Alternate Pattern 2)

Created by Radiant (Alternate Pattern 3)

Created by Radiant (Golden Pattern)

Created by Radiant (Internal Oscillator IP)

>

<« Created by Radiant

Created by the user (storing multiboot programming file)

Created by Radiant (containing RTL source code for four

impl_1 <

impl_2 <

impl_3
impl_4

INtOSC
Immi2mspi_tcr.dir
mcs <

source «

design implementations)

Figure 2.1. Directory Structure

Table 2.1 shows the list of files included in the reference design package.

Table 2.1. File List

Attribute

Description

<Component name>.ipx

This file contains the information on the files associated with the generated IP.

<Component name>.cfg

This file contains the parameter values used in IP configuration.

component.xml

Contains the ipxact: component information of the IP.

design.xml

Documents the configuration parameters of the IP in IP-XACT 2014 format.

rtl/<Component name>.v

This file provides an example RTL top file that instantiates the module.

rtl/<Component name>_bb.v

This file provides the synthesis closed box.

misc/<Component name>_tmpl.v
misc /<Component name>_tmpl.vhd

These files provide instance templates for the module.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

3. Functional Description

Figure 3.1 shows the top-level block diagram of the reference design. The blocks shown in Figure 3.1 are the
fundamental blocks that appear in all the four design implementations for Multi-Boot operations.

3.1.

JTAG

Top-Level

A

- R -
Register SW1-Alt1
app_image[19:0] Reveal Analyzer/ SW2-Alt2 [ \ LEDPIO_OUTI 0
| LED Blinking Module
P

»
» _
> Controller SW3-Alt3 $ LEDPIO_OUT2_o
» LEDPIO_OUT3_ o
L2 4 v » LEDPIO_OUT4 o
refresh_inst

syc_clk|

Reset Release resetn Immi_clk cefresh | boot addr MULTIBOOT
. B efres L
Counter intosc_inst Immi_rst Controller CONFIG_LMMI Primitive

4

4

Figure 3.1. Reference Design Block Diagram

Design Components

The Nexus Multi-Boot reference design includes the following blocks:

Reset Release Counter: Implements a 16-bit counter to control the reset of intosc_inst and refresh_inst blocks. It

holds the intosc_inst and refresh_inst blocks in reset after the device is configured. Then, it releases these blocks

from reset after the counter value reaches 32768.

intosc_inst: This is an oscillator module. It generates clock sources (sys_clk and Immi_clk) to the refresh controller

and CONFIG_LMMI blocks in the refresh_inst block and the LED blinking module. Both sys_clk and Immi_clk clocks

are running at 12.1622 MHz. Refer to Nexus OSC Module - Lattice Radiant Software (FPGA-IPUG-02065) for more
information.

LED blinking module: Implements a counter to blink the four LEDs on board once the device is configured

successfully.

refresh_inst: Consists of refresh controller and CONFIG_LMMI blocks.

e CONFIG_LMMI: LMMI (Lattice Memory Mapped Interface) interface to the configuration block. Refer to the
CONFIG_LMMI page in Lattice Radiant Software Help for more information.

e Refresh controller: Implements a state machine controller to send the necessary commands to the
CONFIG_LMMI block, and boot address to the MULTIBOOT primitive to boot the desired alternate pattern
stored in an external SPI flash. The refresh controller performs the following sequences and refer to Figure 3.2
for more details.

Send 32-bit boot address to MULTIBOOT primitive.

Execute ISC_ENABLE_X — Similar to ISC_ENABLE. However, this command puts the device into the
transparent mode. Executing this command is essential to enable the device to execute the next
command, which is the LSC_PROG_CNTRLO command.

Execute LSC_PROG_CNTRLO —Set the SPIM bit in Control Register 0 to 1. When this bit is set to 1 and once
the REFRESH command is executed, it enables the device to boot from the image stored in an external SPI
flash according to the boot address sent to the MULTIBOOT primitive.

Execute ISC_DISABLE — Exit Transparent mode.

Execute LSC_REFRESH — Equivalent to toggling the PROGRAMN pin. Once this command is executed, the
device starts to load the desired alternate pattern from the external SPI flash according to the boot
address sent to the MULTIBOOT primitive. If loading of the image fails, the device falls back to load the
golden pattern.
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start_ read i=1 start, readJ 1 start_| read k=1
boot_addr= boot_addr= boot_addr=
0x001E_0000 0x004B_0000 0x005A_0000
ready 1
ready=1 # ready =1
ready 1

LSC_PROG_

CNTRLO

ready=1

ISC_DISABLE

ready =1

=

Load the desired Alternate
Pattern. Otherwise,
fall back to Golden Pattern.

Figure 3.2. State Diagram of Refresh Controller Instance

e MULTIBOOT primitive: A wrapper for the interface to perform the Multi-Boot functionality. It enables the booting
to load the desired alternate pattern through sending the REFRESH command to the CONFIG_LMMI block. The
AUTOREBOOT port is an unused input port and is recommended to tie it to 0. Refer to the MULTIBOOT primitive
page in Lattice Radiant Software Help for more information.

e Reveal Analyzer/Controller: Reveal Analyzer is used to determine which alternate pattern is running on the device.
Reveal Controller is used to implement three virtual switches (Figure 3.3). You can load the desired alternate
pattern by toggling the virtual switch. Refer to the following for more details.

e SWI1-Altl: To load Alternate Pattern 1 from address 0x001E_0000
e SW2-Alt2: To load Alternate Pattern 2 from address 0x004B_0000
e SW3-AIlt3: To load Alternate Pattern 3 from address 0x005A_0000

Virtual Switch (0x80000000)
Data: 0x0 Direct Mode Reset Apply

[=) =)
i1 SW2-AI2 SWI-AI3

Cu T

]

SWi-

=

Figure 3.3 Three Virtual Switches
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4. Reference Design Parameter Description

The Multi-Boot reference design includes the parameters shown in Table 4.1. You can modify the parameters defined in

top.v file.

Table 4.1. Parameters in <FILE NAME>
Parameter Default Value Description
boot_addr_1 32’h001E_0000 Boot address for Alternate Pattern 1
boot_addr_2 32’h004B_0000 Boot address for Alternate Pattern 2
boot_addr_3 32’h005A_0000 Boot address for Alternate Pattern 3

© 2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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5. Signal Description

The input/output interface signals for the top.v are shown in Table 5.1.

Table 5.1. Primary 1/0

Port Name 1/0 Width Description

LEDPIO_OUT1_o Out 1 Output to blink LED D3
LEDPIO_OUT2_o Out 1 Output to blink LED D4
LEDPIO_OUT3 o Out 1 Output to blink LED D5
LEDPIO_OUT4_o Out 1 Output to blink LED D6

© 2024 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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6. Running the Reference Design

This section describes how to run the Multi-Boot reference design using the Lattice Radiant software. For more details
on the Lattice Radiant software, refer to the Lattice Radiant Software User Guide.

The project consisted of four design implementations that can be used to distinguish the pattern running on the device.
They differ in a unique 20-bit apps_image register value and the output port(s) to blink LED(s) on board. Below are the
apps_image value for each design implementation.

e impl_1: apps_image=0xcafel and output port to blink one LED (D3)

e impl_2: apps_image=0xcafe2 and output ports to blink two LEDs (D3 and D4)

e impl_3: apps_image=0xcafe3 and output ports to blink three LEDs (D3, D4, and D5)

e impl_4: apps_image=0xcafed and output ports to blink four LEDs (D3, D4, D5, and D6)

6.1. Compiling the Reference Design

The reference design file includes the pre-compiled files and bitstreams (.bit and .mcs files) for you to start quickly.
However, you can recompile the reference design in newer Radiant version or after adding/modifying the user logics if
you choose to do so. To do that, you can set the design implementation as active implementation, make the desired
changes, and recompile the design through the standard compilation flow.

Note: mcs. files are the data record files that are in the format commonly known as Intel Hex, Motorola Hex, or
Extended Tektronix Hex. They are also known as addressed record files. The advantages include its small size, that it is
printable, and thus good for record-keeping. This type of file is not directly consumable by the utilities supporting it.

6.2. Generating the Bitstream File

This section provides the procedure of creating your FPGA bitstream file using the Lattice Radiant Software.
To create the FPGA bitstream file, follow the steps below.

1. Open the Lattice Radiant software, as shown in Figure 6.1.

ftware - Start Page - a X
dit yect Tools Window Help
z o cerE - 2 S M
7)) Start Page
l___________________________________4
LATTICE
RADIANT
Welcome Back
Project
Recent Project List
New Project Open Project Open Example
Information Center
.Y
Getting Started Tutorials User Guides Support Center
HLATTICE

Figure 6.1. Lattice Radiant Software
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2. Click File > Open Project and from the project database, browse to the reference design project, the multiboot

folder, and open the Radiant p

roject file (Immi2mspi.rdf), as shown in Figure 6.2.

File Edit View Project Tools Window Help
1Y start Page [t
— Gpen reject x|
« vt s ThisPC > Windows (C) > project > multiboot » CLNX > multiboot > multiboot v O | Sear )
Organize > New folder - m @
LATTIC
Reference_Design A Name Date modified Type
DESIGN SOFTWA
Simulation_Madel impl1 me Back
Specifications impl.2
toals impl 3
Project Training impl4
vmware intose roject List
I mes
hi
“ multiboot_ter.dir
& B30 Objects source ot
u 8 Deshinp multiboot gl /4720 RDF File
% Dacuments b
New Project & Downloads KB
b Music dified: 8/4/2024 455 PM
A
&= Pictures
" 1 vieos
Information Center
sax Boards (\\latticesemi.com\Data\LPG\Department\ LPG_Apps) (B) p
£ Windows (C)
== W AN -eahAIT) Fb & >
File name: | |Project Fites (eun v
Open Cancel
Getling Started Tutorials User Guides Support Center

Figure 6.2. Open Project File

3. Click Export Files to generate the bit file (Figure 6.3). View the log message in the Export Reports folder for the
generated bitstream. Once the compilation is successful, the generated bit file is in project implementation folder,
for example, multiboot\impl_1\multiboot_impl_1.bit. Repeat this step for others design implementation if you

need to recompile the design.

= [ intosc/intoscipx

v [ RTLFiles
» [ Constraint Files
v [ Testbench Files
intosc.cfg
= [ Pre-Synthesis Constraint Files
Synplify Pro
top.sdc
= [ Post-Synthesis Constraint Files
top.pde

= [ Debug Files
) multibootsva [multibootrvi]
¥ multiboot.rvi

= 1 top-t0py x
{3 refreshrefresh_inst) - refresh.y
+ I intascintosc_ins{) - intoscy

O Ale st [ source Template & 10 Catalog

Lattice Radiant Software - C:/project/multiboot/CLNX/mattiboot/multibootaf] - Reports

File Edit View Project Tools Window Help
&2 B O QQea X 2L OODNEDER 1 YORERABS
Ll - | :
Qr N ox 2 Strt Page Reports
~ [l multiboot M
BB LIFCL-40-88G400C Reports Multiboot Project Summary
~ [ Strategies Implementation Mame impl_1 Performance Grade:
] Area
+ Timing
3 Siratagyt Parnt Number LIFCL-40-88G400C e
:a_‘ = + | Synthesis Reparis
= [Z Impl1 Gynpify Pro) Family LIFCL
= [ Input Files
1) source/impl_1/top.v ¥ [l Map Reports Device LIFCL-40
') sourcefimpl_1/refreshv Package CABGA400 Project Updated

,
Place & Route Reparts. Project Fie GiprojectimultibootCLNX/multibootmultiboot rdf

mplementation Location C./nroiectimulibootGLNX/mullibootimal_1
+ ) Export Reports
Resource Usa
* ') Misc Reports g€
LUT4 1062
PFL er 893 R
.
Creating bit map.
~ Bitstream Status: Final Version 10.0.
Saving bit stream in "Ci/project/multiboot/CLNX/multibost/impl_L/maltibost_impl_l.bit".
Bitstream gensration completa!
Note: Found debugger inserted in the design
Total CPU Time: 12 secs
Total REAL Time: 1
Esak Memory Usage: 622 MB
Thank you for using Radiant. Total CPU/Elapsed time: 0 secs /13 secs

Done: cempleted successfully

& 7ol console = output |F Find Resuts =¥ Message

M

8_High-Performance_1.0V
coM

Synpiify Pro

Place & Route, 0 (Setup), 0 (Hold)
2024104108 14.01:32

2024104/19 142428
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x |-

Figure 6.3. Generated Bitstream Log
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6.3. Generating Initial Multi-Boot Programming File

This section describes how to generate the intial Multi-Boot programming file.
Note: You can use the provided Multi-Boot programming file located in
\Desktop\Multi Boot Tutorial\mcs\multiboot.mcs directory and skip these steps.

Follow steps below to generate the single Multi-Boot programing file(.mcs).

1. Launch the Radiant Deployment Tool from Radiant Programmer by clicking Tools > Deployment Tool (Figure 6.4).

u Radiant Programmer - Untitled.xcf *
File Edit View Run Tools Help
bl = {3 42 1% Deployment ool
cnable  Status I Download Debugger
1 DONE LEc “  Programming Eile Utility

< (Custom Flash Device...

Figure 6.4. Launch Radiant Deployment Tool from Radiant Programmer

2. Inthe Radiant Deployment Tool window, select External Memory for Function Type and Advanced SPI Flash for
Output File Type. Click OK (Figure 6.5).

E Radiant Deployment Tool - Getting Started ? >

(@ Create New Deployment

Function Type:  External Memory >
Output File Typ¢ | Advanced SFPI Flash ™
() Open an Existing Deployment

Recent Files: C:/project/RCS/RCS_Projects/RCS_v2/RCS/impl_1/projectl.ddt

oK Close

Figure 6.5. Radiant Deployment Tool — Getting Started

3. A four-step wizard opens, showing: External Memory: Advanced SPI Flash.

a. InStep 1 of 4: Select Input File(s), select a .bit file for File Name and click Next (Figure 6.6). This is the Primary
Image.
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B Radiant Deployment Tool- projectl.ddt*
File Edit Help
N H EDEE D E £ E

External Memory: Advanced SPI Flash
Step 1 of 4: Select Input Fie(s)
File Name (*.bit *.rbt *.bin *.hex) Device Family
10 L impl_1bit - LIFCL

UFCL-40

Device

Previous Hest

Figure 6.6. Step 1 of 4: Select Input File(s)

b. In Step 2 of 4: Advanced SPI Flash Option (Options tab), select the following options (Figure 6.7):

e  Output Format: Intel Hex
e  SPI Flash Size(Mb): 128

e SPI Flash Read Mode: Standard Read

B Radiant Deployment Tool- project0.ddt*
File Edit Help

s Ehn EEDEoR 2B

External Memory: Advanced SPIFlash
Step 2 of 4: Advanced SP1 Flash Options
Optons  User Data Fdes  Multile Boat
Output Format Inkel Hex -
SPIFlash Size (Mb): 128+
SPI Flash Read Mode: | Standard Read -
[ 8yte wide Bit Mirrar
[] Retain Bitstream Header
L] Optimize Memry Space
[ Eneryption

‘ane:  AES2S6-CBC

[[] ECOSA Authentication

ECDSA-256

[] HMAC Authenbeation

Edit Key

Load

Load

Load

Erevious [

Figure 6.7. Options Tab of Step 2 of 4: Advanced SPI Flash Option
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c. InStep 2 of 4: Advanced SPI Flash Option (Multiple Boot tab), select the following options (Figure 6.8):

Check Multiple Boot.

Golden Pattern:

Select the multiboot_impl_4.bit file in the multiboot/impl_4 folder.

Starting Address: 0x000F0000.

Number of Alternate Patterns: 3 — to program 3 alternative images in the external SPI flash.

Alternate Pattern 1:

Select the multiboot_impl_1.bit file in the multiboot/impl_1 folder.

Starting Address: 0x001E0000 — make sure the value is the same as the value defined for parameter
boot_addr_1 in top.v.

Next Alternate Pattern to Configure: Alternate Pattern 2

Note: You can simply select any available option because it no longer affects the next pattern to load once
the MULTIBOOT primitive is instantiated in your design.

Alternate Pattern 2:

Select the multiboot_impl_2.bit file in the multiboot/impl_2 folder.

Starting Address: 0x004B0000 — make sure the value is the same as the value defined for parameter
boot_addr_2 in top.v.

Next Alternate Pattern to Configure: Alternate Pattern 3

Note: You can simply select any available option because it no longer affects the next pattern to load once
multiboot primitive is instantiated in your design.

Alternate Pattern 3:

Select the multiboot_impl_3.bit file in the multiboot/impl_3 folder.

Starting Address: 0x005A0000 — make sure the value is the same as the value defined for parameter
boot_addr_3 in top.v.

Next Alternate Pattern to Configure: Primary Pattern

Note: You can simply select any available option because it no longer affects the next pattern to load once
the MULTIBOOT primitive is instantiated in your design.

Click Next.

B3 Radiant Deployment Tool
Eile Edit Help

projectD ddt* - a X

{1 B SRR Qe £E

External Memory: Advanced SPI Flash

Step 2 of 4: Advanced SPI flash Options

Options  User Data Files
[#] Multiple Boot

Golden Pattern: |C:/p

Muitiple Baot

Starting Address:

] Protect Golden Sector

Humber of Alternate Patterns:

Starting Address:

o fimpl_4/multibaot_impl_4.bit

0X000FO000

Cifpraj U {_1/mutiboot_impl_1.bit

OX001E0000

Next Alternate Patiern to Configure: Alternate Pattern 2

Aiternate Pattern 2:

Starting Address:

C:fpraject/multibact/CLA/multiboot/multiboot/impl_3/multiboot,_impl_2.bit

000480000 ~

ext Alternate Pattern to Configure: Alternate Pattem 3

Alternate Pattem 3:

Starting Address:

Next Altemate Pattern to

Anernate Pattem 4:

Starting Address:

C:fproj i ! it impl_3/multiboot_impl_3.bit
0X005A0000

configure: Primary Pattern

Next Altermate Pattern to Configure:

Previous next

Figure 6.8. Multiple Boot Tab of Step 2 of 4: Advanced SPI Flash Option
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d. In Step 3 of 4: Select Output File(s)
Browse to the location to store the .mcs file in the Output Filel field and click Next (Figure 6.9).

| Radiant Deplayment Tool- prajectO.ddt - o x

File Edit Help
A EH EDDEDE £B
External Memory: Advanced SPI Flash
Step 3 of 4: Select Output File(s)

Output Filel: | C: i >

Erevious Next

Figure 6.9. Step 3 of 4: Select Output File (s)

e. InStep 4 of 4: Generate Deployment
Click Generate to generate the .mcs file. You can close the window when the Deployment Tool prompts
Lattice Deployment Tool has exited successfully (Figure 6.10).

File Edit Help
P H e DEoE 28
External Memory: Advanced SPI Flash

Step 4 af 4: Generate Deployment

Deployment Tool Summary ~
Input File: Ci/project/multiboot/CLNX/multiboct/multiboct/ispl 1/multiboot imgl 1.bit

opriona:
Cutput Format: Intel Mex
SPI Flash Size (Mp): 128
SPI Flash Read Mode:  STARGAXd Read
Byte Wide Bit Mizror: Off

Betain Bitstream ex: Gff
Optimize Memory Space:  Off

Hultiple Boot: OFf

Golden pattern:  On

Geldens Stasting Mddcess:  Ci/preject/miltibect/Cls 1 /impl_/maltiboct impl 4.bit
Protect Gelden Secter: 00000

Fumper of Alternate pauems
Alternate Fattern l:
Addreas:  Ci/project/maltiboot/CLMX/multiboct/multiboot/impl 1/mulziboot_impl 1.bit
Con 601 EAGNA

B Radiant Deployment Tool- project.ddte - a %

Comma
"C:/lscciradiant/2023.2(progremmar/bin/nt64/ ddtcmd -oft -advanced -dev "LIFCL-40" - "C:/project/multibooty CLAXmultiboot/multiboot/mpl_L/multiboat_impl_1.bi" -format int -flashsiza 128 -galden "C:/projectimultboot/ CLAX muliboat/multiboot/impl_4/multibact_impl_4.bit" -goldanadd GxD00FO00 -mutt 3 -altile C:/
oo/ L mulohooy oy mpl_ oot rmpl P -adiress 0o 10000 -t o2 -8l c/propecy kbt Lo e ookl _4mkicon, 2. - 10400m0e - ok skl "Cpracmiecy/ gt/ mibou 3 mikiboolimpl3.bx -ddress
DOBSA0000 -next prim -of

Reading Alternote Pattern Fia: C:\projectimuliboot|CLIX multibootimultibactiimplL_Y\multboot_impl_3.bit
Frocessing file C:\projectimitibeot| CLIDK multiboot\ multbootimpl_3\mutiboot_impl_3.bi ..
File C:\projectimultboot\CLIOXmultiboat\multiboat\impl_3\mutiboot_impl_3.bil pracssed successfully.

Succesehaly genarate fie(s)
C:\projectimuliboot\CLIEX multibootimaltibaotimpl_3\multiboot_impl_3_tmg.ba

Format: Intel Hex

Qutput File: C: 1

‘Sector (001E0000: C:\projectymutboot\CLIDA multibaatt mufibootimpl_1\muitboot_impl_1_tmp.bi
‘Secior Ix00480000: C:\projectymuitiboot\CLIX multibootimultiboot\impl_2\multhoot_impl_2_tmp.bit.
Sector (0540000 Ci\projectimutiboot\CLAX\multboot\mutibootimp_3\mutiboat_impl_3_tmp. bit.
Start generton,

Generating Tntel Hex PROM File....

Successfuly generate file(s)

< u

Lattice Radiant Degloyment Tool has exted suceessfully. v

Previous. Generate.

Figure 6.10. Step 4 of 4: Generate Deployment
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7. Implementing the Reference Design on Board

7.1. Hardware Requirements
e  CrossLink-NX Evaluation Board
e  USB-A to mini-B Programming Cable

7.2. Programming .mcs into External SPI Flash
1. Launch Radiant Programmer and select Edit > Device Properties.
2. Select the device properties settings, as shown in Figure 7.1. Click OK.

3. Click Program Device to start programming the board.

B B
inable Statis  Device Family Device file Name file Date/Time  Checksum USERCODE Cable Setup 8 x
1  pass UFCL LIFCL-40 Erase,Program,Veri Cfproject! @ LIFCL - LIFCL-40 - Device Properties 2 X 04/08/24 15:52:29 On6BIE Cable Settings
Detect Cabla
Genaral  Device Information
cable: HW-USBN-28 (FTDT)
Davics Oparation
& Foart: FTUSE-0
Target Memary: External Pl Flach Memory (SF1 FLASH)
Port Interface: TaG2SPL
Frogramming Speed Setings
Access Mode: Direct Programming o 9 5p: o
aperation Erase Frogram,Verify e
@ Use custom Clack Divider
TCK Dwider Sattng (0-30%): (3 =
Programming fle: {/multbost/multboot/mcs/mutbootmcs ..
10 setongs
51 Flash Options @ Use defeult YO sattings
() Use custom /O settings
Famiy 71 Serial Flash
Vendor: Macrono < bd
Output Device: MO25L128456 | 5 x
Initalzing Package: 8-contact WSON ~
IDCoda Checking 571 Frogramming
Enabling. (Bytes): 16777030 Load from Fée
Eraising.. 000000000
Disabiing.. 000FFo000
Enabling.
Secure SPI flash golden pattern sectors
Lol om
INFD <85021373> - Operation: successful,

Figure 7.1. Device Properties Window

7.3. Running the Design

7.3.1. Performing Multi-Boot — without Corrupted Pattern

1. The device is configured with Primary Image after the device is powered on and LED D3 is blinking once the device
is configured successfully. To confirm this:

a. Open the multiboot.rdf project located in the multiboot project directory in the Lattice Radiant software.

b. Launch and run Reveal Analyzer by double-clicking the multiboot.rva file (Figure 7.2).
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A I:I multiboot
I3 UFCL-40-8BG400C
- Strategies
i=| Area
== Timing
2| Strategy1
~ [ impl_1 (Synplify Pro)
- Input Files
i3 sourcefimpl_1/top.v
ts source/impl_1/refresh.v

> |l intosc/intoscipx

4 FTL Files
k Constraint Files
k Testbench Files
intosc.cfg
- Pre-Synthesis Constraint Files
Synplify Pro
top.sdc

- Post-Synthesis Constraint Files
top.pdc
A Debug Files
1 multiboot.rva [multiboot.ne]
1 multiboot.rvl
Script Files

Analysis Files

Figure 7.2. multiboot.rva File

c. Open the waveform tab and apps_image displays CAFE1 indicating that Primary Image is running on the device

(Figure 7.3).
{2} Start Page Reports 4 to... 4 refresh.v [E] pevice Constraint Editor 43 Reveal Analyzer/Contro... 4 Reveal Inserter I
Completed = [ top_tao [ top_controller | top_LAO -
Bus/Signal Bala 0:16 032 048 064 0:80 0:96 0112 0128 0144 0:160 0:176 0192 0208 0224 O
| | | | | I | | | | | | I | |
e

Figure 7.3. apps_image Showing CAFE1

2. Reboot the device with Alternate Pattern 1: Launch the Reveal Controller by selecting the top_Controller from the
drop-down menu (Figure 7.4).

fo¥ Start Page Reports # top.v ““3 Reveal Analyzer/Controller *

B top_tao [ top_controller | top_LAD -
LAG

B

Completed

0:96 0:112 0:128 0:144 0:160
1 | | | |

Bus/SHnal Pata 0:16 0:32 0:48
1 | |

Figure 7.4. Select top_Controller

3. Toggle the switches in Reveal Controller to reboot/reconfigure the device with the desired image. Check the Direct
Mode box before toggling the switches (Figure 7.5).
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Y Start Page Reports 4 top.v 743 Reveal Analyzer/Controller *
Ready [ T 2 top_Lao [ top_Controller | top_Controller +
[Ea
Virtual Switch (0x80000000)
Data: Direct Mode
=) =) =)
SW1-Altl SW2-Alt2 SW3-Alt3

Figure 7.5. Toggle Switches in Reveal Controller

4. Toggle SW-AIt1 (Figure 7.6).

Y Start Page Reports i top.v “*2 Reveal Analyzer/Controller *
Ready = [ top_La0 [ top_Controller | top_Controller +
B

Virtual Switch (0x80000000)

Data: [ Direct Mode
) | A

l-.Esl -.E.-
SW1-Altl SW2-Alt2 SW3-Al3

Figure 7.6. Toggle SW-Alt1

5. Run Reveal Analyzer by clicking the I button and return to the waveform tab. The apps_image still displays CAFE1
and LED D3 is blinking indicates that Alternate Pattern 1 is running on the device (Figure 7.3).
Note: You are seeing the same output as before because the Alternate Pattern 1 is set as the primary pattern.

6. Reboot the device with Alternate Pattern 2:
a. Toggle SW-AIt2 in top_controller (Figure 7.7).

”ﬁ" Start Page Reports A top.v “4 Reveal Analyzer/Controller *
Ready = T B top_1A0 [ top_Controller | top_Controller +
e

Virtual Switch (0x80000000)

Data: & pirect Mode
[ () ]
=) | =)

SW1-Altl SW2-Alt2 SW3-Alt3

Figure 7.7. Toggle SW-AIt2

b. Run Reveal Analyzer and the apps_image displays CAFE2. LED D3 and D4 are blinking indicating that the
Alternate Pattern 2 is currently running on the board (Figure 7.8).
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] ]
2% Start Page Reports 4 top.v

Completed

‘:"Q Reveal Analyzer/Controller *
A top_LA0 [ top_Controller | top LAD

-

Bus/Signal Data

0:16 0:32

0:48
»

Tu

0:64 0:80

0:96 0:112 0:128 0:144 0:160 0:176 0:192 0:208 0:224 0:2:
1 | | | | | 1 | | | | | 1 | |

Figure 7.8. apps_image Showing CAFE2
Reboot the device with Alternate Pattern 3:
a.

7.

Toggle SW-AIt3 in top_controller (Figure 7.9).

2 Start Page

Reports 4l top.v 3 Reveal Analyzer/Controller *
Ready = 2 top A0 [ top_Controller | top Controller ~
B

Virtual Switch (0x80000000)
Data:

»

[ pirect Mode
A A E
=) =) |
SW1-AltL SW2-Al2

SW3-AI3

Figure 7.9. Toggle SW-AIt3
b.

Alternate Pattern 3 is currently running on the board (Figure 7.10).
Y start Page

Run Reveal Analyzer and the apps_image displays CAFE3. LED D3, D4, and D5 are blinking indicating that the

Reports 4l top.v “d Reveal Analyzer/Controller *
Completed = [ top_La0 [ top_Controller | top_LAD

Bus/Signal Data

0:48

T

064‘ 0:80
» apps_image | CAFE3

0:96 0:112 0:128 0:144 0:160 0:176 0:192 0:208 0:224 0:2:
1 ] Il ] Il ] 1 Il Il ] Il ] 1 Il Il
- e
|

Figure 7.10. apps_image Showing CAFE3
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7.3.2. Performing Multi-Boot — with Corrupted Pattern

To test the fallback to golden pattern function, reprogram Alternate Pattern 3 with a corrupted pattern and then boot
the board with the corrupted pattern.

1. Close Reveal Analyzer/Controller and open Radiant Programmer.

2. Reprogram a corrupted image (multiboot/impl_3/multiboot_impl_3_corrupted.bit) at Start Address: 0x005A0000
using Background Programming mode (Figure 7.11).

@ LIFCL - LIFCL-40 - Device Properties ? X

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH)
Port Interface: JTAG2SPI w
Access Mode: Background Programming >
Operation: Erase,Program,Verify 0

Programming Options

Programming file: tj\mpIjlmu\titlnntﬁimpljicnrrupted.hit‘... 0xCD68

SPI Flash Options

Family: SPI Serial Flash ~
Vendor: Macronix M
Device: MX25L12845G b
Package: 8-contact WSON ~

SPI Programming

Data file size (Bytes): |810803 Load from File
Start address (Hex): 0x005A0000 ~
End address (Hex): 0x00660000 ~

D Turn off addresses auto updating
D Erase SFPI part on programming error

D Secure SPIflash golden pattern sectors

Figure 7.11. Reprogram Corrupted Image

a. After SPI flash programming is completed, run the Reveal Analyzer/Controller.
b. Toggle SW-AIt3 in top_controller to boot using Alternate Pattern 3 (Figure 7.9).

c. Run Reveal Analyzer and now the apps_image displays CAFE4 (Figure 7.12). LED D3, D4, D5, and D6 are

blinking, indicating that the device fails to boot from the corrupted Alternate Pattern 3 and falls back to
Golden Pattern.

Bus/Signal Data 0:16 0:32 048 0:64 0:80 0:96 0:112 0:128 0:144 0160 0:176 0:192 0:208 0:224 02

! | 1 | | | | |
» apps_image | CAFE4 V! CAFE4

Figure 7.12. apps_image Showing CAFE4
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, please refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.
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