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Abbreviations in This Document

Alist of abbreviationsused in this document.

Abbreviation Definition

ASCII American Standard Code for Information Interchange

BSP Board Sypport Packagéhe Ia}yer of software containing hardwaspecific drivers antibrariesto function
in a particular hardware environment

CXU Composable Extension Unit

CDT C/C++ Development Tools

CLINT Core Local Interruptor

CNN Convolutional Neural Network

CPU Central Processing Unit

DUT Design Under Test

GUI Graphical User Interface

XIP Execute in Place

FDSOI Fully-DepletedSiliconOnInsulator

FMC FPGA Mezzanine Card

FPGA Field Programmable Gate Array

FreeRTOS A marketleading RTOfr microcontrollers and small microprocessors

F1DI Future Technology Devices Intl.Ltd

GPTIMER GeneralPurpose Timer

GRUB Grand Unified Bootloader

HDL HardwareDescriptionLanguage

HPC High Pin Connector

IBIS Input Output Buffer Information System

IDE Integrated Development Environment

12C Inter-Integrated Circuit

P Intellectual Property

ISR Interrupt Service Routine

JEDEC Joint Electron Device Engineering Council

JTAG Joint Test Action Group

MCU Micro-Controller Unit

MSIP MachineMode Software Interrupt

OCD On-ChipDebugging

OEM Original Equipment Manufacturer

OpenOCD Open OrRChip Debugger

(O] Operation System

PC Personal Computer

PIC Programmable Interrupt Controller

PLIC PlatformLevel Interrupt Controller

PMOD Peripheral Module

QEMU A generic an@pen-sourcemachine emulator and virtualizer

RAM RandomAccess Memory

RISO/ Reduced Inst_ruction_Set ComputeérA free and open instruc_tion set architecture (ISA) enabling a new
of processor innovation through open standard collaboration.

RIS&/ MC Lattice RIS® for MicraController Soft IP

RIS&/ RX Lattice RIS® for RTOS Soft IP

RIS&/ SM Lattice RIS® for StateMachine Soft IP

RTOS Real Time Operating System
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Abbreviation Definition

RX RIS&/ for RTOS applications

SDK Software Development KiA§et of software development tools that allows the creation of applications
software packagen the Lattice embeddegdlatform.

SHA Secure Hash Algorithm

SoC Systemon-Chip. An integrated circuit that integrates all components of a computer or other electronig
systems

SPI SerialPeripheralnterface

SRAM Static Random Access Memory

UART Universal Asynchronous Receiver/Transmitter

UFM User Flash Memory

ul User Interface

VHDL VeryHighSpeed Integrated Circuit Hardware Description Language

WDT Watch Dog Timer
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1. Introduction

Lattice Propet design environmenis a complete set of graphical and commatide tools to create, analyze, compile,
and debug both FPGBased hardwee and software processor systems.

1.1. Purpose

Embedded system solutisiplayan important rolein FPGA system desigallowingyouto develop softwardor a
processolin anFPGA device. It providése flexibility foryouto control various peripherals from a system bus.
To develop an embedded system anFPGAyou need to design theystemon-Chip (SoCyvith anembedded
processor and develop system software on the processor. L&ticpelhelpsyou developyour system witha RIS©&/
processor peripheral IPand a sebf tools.

The purpose of this document is to introduce LattRr@pelSDK toohnd flowto helpyou quicklyget startedto build a
small demo system. You can firetcommended flowsf using LatticdPropelSDKin this document as well.

1.2. Audience

The intended audience for this document includes embedded system desigmeiembedded softwardevelopes
usingLatticeFPGA deviceThe complete list of supported devices can be foumdattice Propel Release Not8he
technical guidelines assume readers have expertise in the embedded system area and FPGA technologies.
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2. LatticePropelDevelopment Suite

LatticePropeldevelopment site includes:

1 an integrated development environment (ID&hich is the framework ahe LatticePropeldesign suite
1 Lattice Propel Buildewhich is for SoC design;

1 Lattice Propel SDWhich is for system software development.

2.1. Eclipse IDE

Eclipse IDE providéhe LatticePropeldevelopment site a platform to managéhe SoC project anthe Embedded
QU C++Project inthe same workspace.

TheSoC project, whichxtendsfrom the LatticePropelBuilder project, provides easy interactianith other Lattice
design toolssuch aghe Lattice Diamong softwarewithin LatticePropeldesign environment

TheEmbedded {C++Project provides platform for developingor debugging application code within Eclipse.ITHie
projectcanbe creatad directly fromthe SoC project witla pre-setBoard Support Packa@BSkand applicationdy
usingthe LatticePropeldevelopment site.

2.2. LatticePropelBuilder

LatticePropelBuilder allows/outo assemble the larger functional blockstbé design hierarchyLatticePropelBuilder
enables you tanstantiatemodules and IP frorthe IP Catalog in a schematic vieamd caneasily connect the modules.
LatticePropel Buildealsohelpsyou customize address spacesthin modules such asa processorln the Lattice
Propeldevelopment site, LatticePropelBuilder is used to createraicroprocessointegratedplatform for both
hardware and software development.

Refer toLattice Propel Builde2025.2User Guide (FPGEAG02243) for more detaied information.

2.3. LatticePropelSDK

LatticePropelSDK idased orEclipse Embedded C/C++ Development T@EIXT) It dlowsyouto create, buildand
debugsoftware applicatiorprojectsthat drivethe platformwithin the Eclipse framework.

The main features are:
1 Qeate, build, debug or manage embedded applicatiofisr Lattice RIS& CPlbr SoCsolution.
91 Provide extra build steps to gendeathe binaryand memory files required for deployment

9 Build using the latest industry standangen-sourcecomponents and tools for RISCfirmware development and
debugging

1 SupportPicolibcfor RIS&/ and providdightweight standard library implementation

1 Providefully-configurable toolchain definitions
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3. LatticePropelTool Flows

TheLatticePropeltool flows including SoC project design flodC&+project design flow, system simulation flpand
programming and O«€hipDebugging (OCBIpw, are discussed in detail in the following sections

3.1. LatticePropel Environment

3.1.1. Running Lattice Propel

After installingthe Lattice Propesoftware, you carlaunchLatticePropelSDKrom the desktop shortcuiconor from
the WindowsStartmenu.WhenLatticePropelSDKs invoked a dialog Figure3.1) pops up. ¥u can browse taselect
whereto locatethe workspae. For normal needssimplyclick Launchto pick the default location andontinue running
LatticePropelSDK

g Lattice Propel Launcher d

Select a directory as workspace

Lattice Propel uses the workspace directory to store its preferences and development artifacts.

Workspace: | w Browse...

[] Use this as the default and do not ask again

b Recent Workspaces

Figure3.1. Select Workspace Dialog

After the workspace location is chosen, a singt@kbench window is displayagsingdefault LatticePropel SDK
perspective The defaultLatticePropel SDigerspective containthe followingfive functionalareas(Figure3.2).

Note: A perspective iagroup of views and editors in the Workbench winddwworkspace is the directory where

stores your work and it is used as the default content area for your projects as well as for holding any required

metadata. A workbench is the desktop development environment in Eclipse IDE platform.

1. Menu bar and Toolbar, includingilemenu, Editmenu, Sourcemenu, Refactormenu, Navigatemenu,
Searchmenu, Projectmenu, Runmenu, LatticeTools mend/Vindowmenu, and Helpmenu

2. t N22SO0 IRMBRZNBREOLBE 25004 Ay GKS 62N] &Ll OSo

3. ORAG2WINDPBSRSE OF LI oAfAGe 2F SRAGAY3 a2dz2NDS FAfSao

4. hdzit A WEA 3ANtSIge a |y 2dzif AyS 2F | FAES GKFEG A& OdzNNByidf @
5. [ 23 | NBH KOG takdGoaf SY GAS6T ¢l d1a OASHYRERYAFEE OASHD
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https://help.eclipse.org/2022-06/topic/org.eclipse.cdt.doc.user/reference/cdt_u_m_search.htm?cp=9_4_2_5
https://help.eclipse.org/2022-06/topic/org.eclipse.platform.doc.user/reference/ref-59.htm?cp=0_4_3_5_3
https://help.eclipse.org/2022-06/topic/org.eclipse.cdt.doc.user/reference/cdt_u_m_run.htm?cp=9_4_2_7
https://help.eclipse.org/2022-06/topic/org.eclipse.cdt.doc.user/reference/cdt_u_m_window.htm?cp=9_4_2_8
https://help.eclipse.org/2022-06/topic/org.eclipse.platform.doc.user/reference/ref-61.htm?cp=0_4_3_5_5
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Q workspace - Lattice Propel

- O X

File Edit 5Scurce Refactor MNavigate Search Project Run  LatticeTools Window Help

N HEI S K- @S- -G % -0-QUdEF- i HE 1 0LORIRIH-F- GG

Q iE|E
= O

I
There is no active editor that
provides an outline.

There are no projects in your workspace.
To add a project:

Create a new Lattice 5oC Design
Project
Q Create a new Lattice C/C++ Project
rﬁ Create a project...
Ex3 lmport projects...

2

# Problems || Tasks | & Console 2 [T Properties | & Terminal = =

o consoles to display at this time.

Figure3.2. Lattice Propel Workbench Window

3.1.2. Importing Lattice So@esignProjects

In LatticePropel SDK,0u can use the Import Wizard to impdrattice SoC design projedigo workspaceExistingSoC
design projects created sither LatticePropel SDK dratticePropel Builder caalsobe importedinto Workspaceby
choosingLattice Propel > Lattice SoC Design Projects

1. From Lattice PropeDK chooseFile>L Y LJ2.NJi X
TheSelectwizard opensKigure3.3).

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal
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£ Import O X

Select

Import Lattice SoC Design projects into the workspace. Iﬁ

Select an import wizard:

| type filter text |

5 = General

y = CfC++

v [= Git

5 [ Install

w [ Lattice Propel
ﬁ Lattice C/C++ Projects into Workspace
4 Lattice SoC Design Projects into Workspace

» [= Oomph

» = Run/Debug

» = SVEditor

5 = Team

v = XML

® < Back Mext = Finish Cancel

Figure3.3. SelectWizard¢ Import Lattice SoC Design Projects

2. SelectLattice Propel stattice SoC Design Projects into Worksp. Gick Next.
TheSelectwizard switctesto Import Lattice SoC Design Projeatézard pageKigure3.4).

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal
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£t Import O >

Import Lattice SoC Design Projects

Select a directory to search for existing Eclipse projects.

Select root directory | D0 w Browse...
Projects:
SoC_demo (D\50C_demao) Select All
Deselect All
Refresh

@' < Back Mext = Cancel

Figure3.4. Import Latice SoC Design Projects Wizard

3. Locate the directory containing the projedyy clicking theBrowsebutton.
4. InProjectsarea,select the SoC design project or projects yanito import.
5. ClickFinishto start theimporting process.

3.1.3. Importing LatticeC/C++Projects
In LatticePropel SDK, you can use the Import Wizard to impxigting LatticeC/C++projectscreated bylLatticePropel
SDK 2023.2 or latémto workspaceby choosind.-attice Propel > Lattic€/C++Projects

1. From Lattice Propel SDK, chodsie>L Y LJ2.NJi X
TheSelectwizard opensKigure3.5).

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal
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7 Import O X

Select

Import Lattice C/C++ projects into the workspace. | E‘\“ 5 I

Select an import wizard:

| type filter text |

= General

= C/C++

= Git

= Install

w = Lattice Propel

g Lattice C/C++ Projects into Workspace
o, Lattice 50C Design Praojects into Workspace

= Cemph

= Run/Debug

= SVEditor

= Team

= XML

® < Back Finish Cancel

Figure3.5. SelectWizard¢ Import Lattice C/C++ Projects

2. SelectLattice Propel >tattice C/C++Projects into Workspce. ClickNext.
TheSelectwizard switches tdhe Import Lattice C/C++Projectswizard pageKigure3.6).

% Import O *
Import Lattice C/C++ projects 1
; /
Select a directory to search for existing Lattice C/C++ projects. A
Select root directory: | Di\riscv_mc_helloworld w | | Browse... |
Projects:
riscv_mc_helloworld (D:\riscv_mc_helloworld) Select All
Deselect All
Refresh
@ < Back Mext » Finish Cancel

Figure3.6. Import Lattice C/C++ Projects Wizard
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3.1.4. Creaing CustomizedC/C++Templates

In LatticePropel SDK, yotan select a Lattice C/C++ projecthie current workspace to create aserapplication

template for creating new Lattice C/C++ project

Note: Youmustuse this template management function datticePropel SDK 2022 or later.

1. From Lattice Propel SD$elect a C/C++ project armbooseProject> Create Lattice Application TempletThe
Create Application TemplatevizardopensFigure3.7.

o =
- {7t Create Application Templat O x
i} Create ication Template
File Edit Source Refactor Mavigate 5 e i i
il | B-R-@ D% Application Template Configuration [ —1
y "
- - = = | s Create an Application Template for new Lattice C/C++ Project. 9 k3
7| Project Explorer = 8 8
=G 7§ General Toolchain P Settings
9 Example_50C v W src [£] FreeRTOSConfig.h "
=] Example_SoC1 ~ (W] = FreeRTOS-Kernel [€] board.c
B; E.Xamp|EMC50C [®] &= include [¢] board.h
== riscv_me_hellowerld v @& portable 18] device info
= riscv_rtos_freertos_pmp_blinky w W] (= GCC B -_info.
= riscy_rtos_geoov [\ RISC-V hooks.c
= riscy_rtos_gprof [ & MemMang O Ellnk.er.ld
125 riscv_rtos_helloworld @ main.c
5 riscv_rtos_spi [gosc
=2 spike_gemu_helloworld [S] 0sA5M.5 b
General
Export Source |riscv_rtos_freertos_pmp_blinky w
Template Name | My_Application_Template
Customer Template Function
Description
Project Type | C/C++ Project ~ =
8
-
|~
| W
= riscv_rtos_freertos_pmp_blinky

Figure3.7. Create Application Template General

2., 202Ny LEBNILX | ( BSEONBRIB A SEIWFR TN SE FVPER A2 FRTFAGCES OTi2 NJ
ONBFiAY® (SYLX GS
Notes:

1 Under theGeneral tab(Figure3.7), select project code filesll files exeptlinker.ldare checkedlt is
recommended to keep these selectiotsavoid potentialerrors in building.

1 Under thelP Settings talfFigure3.8), Propel SDK generata filter according to your setting$his means if
you createa C/C++ projectisingthis C/C++ template, the corresponding SoC project should include the
versions of IPshown in the IP Settings taBe carefulvhen modifying the [ffelated settings under this talt
these settings are not set properly, you migirtcountererrors whenusingthese templaten other versions
of Lattice Propel SDK.

3. / t COYIR &K
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7% Create Application Template m} *
Application Template Configuration ';:—_l—
/ y
Setting the IP requirements for application template. -
General Toolchain |P Settings
IP Requirement
ID IP Name Current Version Minimum Version Maximum Version
0 riscv_rtos 2.6.0 2.6.0 2.6.0
1 gpio 1.7.0 0.0.0 1.7.0
2 i2c_controller 220 0.0.0 2.20
3 i2c_target 23.0 0.0.0 23.0
4 octal_spi_controller 1.2.0 1.2.0 1.2.0
5 system_memory 2.3.1 0.0.0 23.1
& system_memory 231 0.0.0 231
7 localbus_tem 1.5.2 0.0.0 1.5.2
g uart 1.3.0 0.0.0 13.0

Figure3.8. Create Application Template IP Settings

3.1.5. Exporing and Deployng Customized C/C++ Template

In LatticePropel SDK, yotanexport custonized C/C++itemplates into a single ZIP archive thatéadyfor deployment

in other dza SLefEicePropel SDknvironments
Note: Youmustuse this template management function on Propel SDK 2024later.
1. From Lattice Propel SDK, chodske>ExporiX.

TheSelectwizard opensKigure3.9).

2 Export [m| X
Select ,ﬂ
Export Application Templates to an archive file, E y E |

Select an export wizard:

type filker text |

(= General

[= CfC++

= Install

w [= Lattice Propel
S Lattice Application Ternplates

(= Run/Debug

(= Team

(= XML

@ < Back Finish Cancel

Figure3.9. SelectWizardfor Lattice Application Templates

2. SelectLattice Propel *attice Application TemplatesClickNext.
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TheSelectwizard switches tahe ExportLattice Application Templatewizard pageKigure3.10).

8 Export Lattice Application Templates

Export Lattice Application Templates

Export the selected Application Templates to an archive file on the local file system.

] X

Application Name
H¥all My Application_Template

Al L?r’L
Description Resource

~ ChUsers\ppan'PropelEmbeddedSWlocal\\My_App ~
board.c
board.h
device_info.h
FreeRTOS-Kernel
FreeRTOSConfig.h

hooks.c

main.c

0s.C

0sASM.S

osmacro.h

wnladm s i &7

< >
Select All Deselect All

To archive file: | Divmy_template.zip o Browse...
@ < Back Mext > Cancel

Figure3.10. ExportLattice Application Templates Wizard

3. You carocate thedestinationdirectoryby clicking theBrowsebutton.
4. Inthe Application Namearea, select thapplicationtemplatesyou want toexport

5. ClickFinishto start theexportingprocess.

Theexportedzip archive filds ready to be deliveretb other LatticePropel SDK users

6. With this zip archivdile, extractit to the Application Templatesinstall Path in the use@ environment Select
Window > Preferences> Propel Settingo find this setting(Figure3.11).

o
ii Preferences

type filter text Propel Setting

General

C/C++ Radiant Location

Context |

| Browse...

Help
Install/Update

LiClipse Diamond Location

MCU |

| Browse...

Oomph
Propel Setting
Remote Development

SoC Templates Install Path

Run/Debug

| C:/Users/swang01/PropelTemplatelocal

SVEditor
SWTChart Extensions

Terminal

Application Templates Install Path

Validation

| Ch\Users\swang01\PropelEmbedded5WLocal

Version Contrel (Team)

AML

Restore Defaults Apply

PQua® @

Apply and Close

Cancel

Figure3.11. LatticePropel Setting Page
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3.2. SoC Project Design Flow

A new SoC design project includinbaticePropel Buildedesign can be started frothe LatticePropelsets.Follow
steps below to create a new SoC design project.

Note: The SoC project templatese graduallybeingmigrated to the new scalable SoC project templatest are only
available from_atice Propel Builder. If the followinfiow for aeatingan SoCdesignproject is unreachable, create it
from LatticePropel BuilderSee Lattice Propel Builde2025.2User Guide (FPGEAG02243) for more detalils.

3.2.1. Creatingan SoCDesignProject(Deprecated
To start aLatticeSoQdesignproject from LatticePropelSDK
1. Ly [FGGpK D2rBosSe Y[ GGA0S {2/058aA3y t N22SOi
¢ KISNB{ AtN2 3 Ofi NRC 2 Rafeptll v /ONGSF GS {2XAT E NR2S®#Fdz Ol y &LISOA

02FNR F2NJ I ¢SYLIX 4GS {2/ LINR2SOG®
T ¢2 aLISOATe I RSOAOS T2N) e2dz2NR¥ &Y ¥ Sy ddi fRESSa B0 (RN

AYT2NYEA Y@ NRROSEEHYBE IR 0D | ISS R/ 2R RPGA 2 ff L &3 (290
t NE28DO® YLIG & t INPY2LIBISiE B ¥ Eth iR BrNSD

7% SoC Project O >

Create SoC Project —

Create SoC project of selected template

Project name: | ExampleSoC

Use default location

Cihlscchpropeh2024.2\workspace\ExampleSoC Browse...
default

Language: | Verilog -
] Beard
Device Select
Processon | RISC-V MC ~ | Family: Machx 03D ~
Device: LCMXO3D-8400HC v | Speed: 5 ~
Package: ~CABGAZ536 ~ | Conditicn:  Commercial ~

Ternplate Design

RISC-V MC IP based SOC Project.

RISC-V MC 50C Project

Components included:
a) Processor - RISC-V MC wy/ PIC/TIMER
b) GPIO
c) ASRAM - Asynchronous SRAM
d) UART - Serial port

Figure3.12. Specify a Device for Template SoC Project
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ALISOATE k

02FNR F2NJ.I2INRSGESYAdNBDS { 2/

T hNE G2
b28y 2dz Oly OK223a S KO pIEMIBAT 23 Ay

$ SoC Project

Create SoC Project

Create SoC project of selected template

Project name: | ExampleSoC

Use default location

3,

Ci\lscc\propen2024.2\workspacel ExampleSoC

default

Language: | Verilog w

Board

Board Select

Avant-E Evaluation Processor: | RISC-V MC
Certus-MNX Versa Evaluation

CertusPro-MNX Evaluation

CrossLink-MX Evaluation

ECP5-5G Versa

Lattice Sentry Demo Board for Mach-NX (256)

Lattice Sentry Demo Board for Mach-NX (434)

MachX 02 Breakout

MachX 23D PFR Demo

Template Design

Browse...

RISC-W MC IP based 50C Project.

Components included:
a) Processor - RISC-V MC w/ PIC/TIMER
b) GPIO
c) ASRAM - Asynchronous SRAM
d) UART - Serial port

Emgﬂ Project

Cancel

Figure3.13. Specify a Board for Template SoC Project

2. CNRY. 8 KBR HNEIISO@® St SO
3. 9yGSNI I LINR2SOd ylYSo

Note: Do notincludeperiods, colons, or spac@sthe project name
4. OhLIiA2ylLf0o ¢2 /

/I K22aS | FAtS aeadsSvyo

6. / £ CHVI & K

TheSoQdesignprojectis created irthe workbench andits design is opened and displayed_eiticePropel Builder

(Figure3.16).

i KSi RS KNI PN B | ANBRER & dzOK |
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3.2.2. Opering an SoCDesign inLattice Propel Builder
Within an SoQproject, there is d.atticePropelBuilder design.
To openLatticePropel Buildefor an SoQoroject:
1. Ly tieS2 SO OR E4E IZANBNEDESOG @
2. hLISy GKS AZYySLRAER 2GS sl ¥ 2 b NEEY
1 /I K22328§0AGS0REBBAAFTYt NB LIGTA Jabkis RS NJ

LatticeTools | Window  Help

4. Open Design in Propel Builder

#  Generate and Open Diamond Project
Generate and Open Radiant Project
Lattice Sentry Toels for MachX03D >
Lattice Sentry Tools for Mach-NX >

Figure3.14. LatticeTools Menu

T EAOT FGKADEISE A Ouzw2 RSINKS (22 6 NI

1T wABKBEKER/ LRNBRBEDPRSOUY Kémﬂsml\ﬁléﬁé%fwzm\ﬁf FN&ENE R

LI2Ad) Y& drakiND

Restore from Local History...

Open Design In >I 4. Propel Builder
Team » = Diamond
Compare With > Radiant

Figure3.15. Project Explorer Pojup Menu

3. ¢K{S2/ 5S5aA3y Aa 2 LISlyBRNDIS RAGHKBINR Ay

& Propel Builder [D:/propel-workspace/Example_SoC/Example_SoC/Example_SoC.sbx] Device: LIFCL-40-88G400C Board: CrossLink-NX Evaluation -
Fle Edit View Design Tools Window Help
= - o~ uo = ™ .
s-EHA 9 & Ll=e Qe @ o QQaa @w
Design View o [ schematic R nddress _, Summary &, Start Page
9 LIFCL-40-28G400C
~ 1 Example_SoC &

+ ¥ Instances

b F ahblo_inst

v I} ahbl2apb0_inst
v I} apb0_inst

s IF cputinst

> fF epr 0 inst

b+ I} gpiol_inst

» £F oscOinst

» £ pliojnst

v I} systemOinst
v IF uart0_inst

» = pors

b Nets

+ [#] Components

Properties
Name: Example_SoC

Tpe: Instance

Path: Exemple_SoC

VLNV latticessystembuilderExample_SoC:1.0
Location:  Dipropel-workspace\Example SoC\E

LT ETD 3 rrreret oot = S
“ y

IP Catalog Design View 0
Tel Console
% sbp_desion save
¢ sbp_design genezate
INFO <2359189> - Start: sbp_design generate.
INFO <23591 Finished successfully: sbp_design gemerate.
+ sbp_design pge sge -1 (D:\propel-workspace\Example SoC\Example SoC/Example SoC.sbx} -o (D:/propsl-workspace/Example SoC/Example SoC/../} -nc

B

. View Setting {GF

Figure3.16. Lattice Propel BuildedWindow

&
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Note: You can onlycreatean SoGdesignusingthe EmptyProjecttemplateinsidelLatticePropel BuilderReferto
Lattice PropeR025.2Builder User Guide (FP@&A502243) for more details on how to creatan SoGdesignusing

the EmptyProjecttemplate

3.2.3. Operning aDesign inLattice FPGA Design Software

Within an SoQproject, you cancreate al attice FPGA desigmoject includinga LatticePropel Buildedesign andthen
openthe FPGA desigprojectin anappropriatesoftware There are two FPGA Desapftware availablethe Lattice
Diamondsoftwareand Lattice Radiant software Dependngon thedevice familyused in the SoC projeabnly one of
the FPGA Design software can be selected filarUserInterface(Ul), andthe otheris grayedout. If the MachXO3D
or Machu-NXdevice family is usedhe Lattice Diamondoftwarerelated menu items are active frothe Lattice
Propel Ul. Ithe CrossLink-NXor Certust-NXdevice family is usedhe Lattice Radiargoftwarerelated menu items

are active fronthe LatticePropel Ul.

To openFPGA Design Softwdia an SoQorojectfrom LatticePropelSDK

1. ohLWA2YVFadAOSiCct D! RSaA3dy
{50y FTAYR (GKS LINRPLISNI [IGGAOS cCt D!
0KS t/ & |, 2dz O ¥yaACEASEHNE S A

ChoosaWNindow > Preferences ThePreferencedlialog opensKigure3.17).

a2 i i SXowa (i R § F + dzth 83 806
N

2Ol

RS&EA3y az2Fist

T2ttt 20

SelectPropel Settingrom the left pane Click theBrowsebutton to pick up the installation location ¢iie Lattice
Diamondsoftwareor LatticeRadiantsoftware Or, leave theRadiant Locatiorand Diamond Locatiorfieldsblank,

as defaultLatticePropelSDKcanfind the location atomatically.

oo
i: Preferences

type filter text | Propel Setting

General

C/C++ Radiant Location

Context |

| Browse...

Help
Install/Update

LiClipse Diamond Location

MCU
Oomph |

| Browse...

Propel Setting

Remaote Development SoC Ternplates Install Path

Run/Debug

. | C:/Users/swang01/PropelTemplateLocal
SVEditor

SWTChart Extensions

Terminal Application Termplates Install Path

Validation | C:\Users\swang01\PropelEmbeddedSWLocal

Version Control (Team)
XML

= (T

'/?:' W @) ()

Restore Defaults

Apply and Close

Apply

Cancel

Figure3.17. Lattice Propel Preference®ialog

2. Ly tiN®S2 SOG IR & AR YNG KEND IS D NY LK O ¢t
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I YHRISWE RAMNF 816 O

T /EAO( IGKAOT2FRIBONYR2 NK[SI G Wwh RBIZVHI WO F NEIKS (122f 0 NI

T wA BK Ry RUINE 2 S GiKiSHRE §O (0 REIIISNG NI SN TN YER OK224 S

hLISy 5SmAdlyRAWMMRIEYY (ROE6A QR IKEY dzod
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# Lattice Dismond - Start Page - 0 X
File Edit View Project Design Process Tools Window Help

Br-B-Ha Sinwa Hm:@E B R CIHE
ZEMGEHECESCEEGA=Us VB FEHNEEG

Process B X| (} start Page [ Reports s %
v 2 Synthesize Design
- )
Synplify Pro -
. T"’ "’lpgy Project: Release Notes FPGA Design Guide
ranslate Design
- i 9 [ open... Lattice Diamond Software 3.12 Release Notes Design Flanning
& Map Design
[ 2 MapTrace fanew... User Guides HDL Coding Guidelines
[J & Verilog Simulation File [ Import ispLEVER Project... Lattice Diamond 3.12 Release Motes Timing Closure
[ 2 VHDL Simulation File Recent Projects: Lattice Diamond 3.12 User Guide Other Tool Guides
v 2 Place & Route Design ] Example_SoC1 Lattice Synthesis Engine for Diamond User Guide  ModelSim Users Manual
= %
O : Place & Route Trace ] Example_SoC1 Lattice Diamond 3.12 Platform Designer User Guide ModelSim GUI Reference Manual
E e '1{: “”‘:"‘: A‘"E‘Y"‘ o - Clarity Designer User Guide ModelSim Command Reference Manual
= nermalAndlysis Lattice Diamond 3.12 Programming Tools User Guid  ModelSim Tutorial
~ & ExportFiles [5 XO30BrTest1 ) .
O 2 1815 Mode Reveal User Guide synplify Pro User Guide
- . )
0 2 Verilog Simulation File Reveal Troubleshooting Guide synplify Pro Reference Manual
] 2 VHDL Simulation File Lattice Diamond 3.12 Installation Guide for Windows Synplify Pro Language Support Reference Manual
2 Bitstream File Lattice Diamond 3.12 Installation Guide for Linux  Tel/Tk
-
¥ JEDECFile Reference Guides Lattice on the Web
Diamond 3.12 FPGA Libraries (HTML version) Lattice Semiconductor
Diamond 3.12 FPGA Libraries (PDF version) Answer Database
Help Lattice Solutions
Lattice Diamond 3.12 Help (HTML version) Intellectual Praparty
Software Update Center - Lattice Diamond 3.12 Help (PDF Version)
Currently running Lattice Diamond software version: Tutorials
3.12.0.240.2 Lattice Diamond 3.12 Tutorial
Getting update information from Lattice Server Lattice Synthesis Engine Tuterial
v
< >
Flelist  Process  Hierarchy
Td Console B x
> source "D:/propel-workspace/Example SoCl/diamond setup template.tcl®
>
TdConsole  Output  Eror  Warning®  Info*
Ready Mem Usage: 179,640 K

Figure3.18. Lattice Diamond Software Project
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Lattice Radiant Software -[D:/propel-workspace/Example_SoC/Example_SoC.rdf] - Report Browser

File Edit View Broject Tools

o 5- A
» n Synthesize Design

Window  Help

n Map Design

» i} Example SoC(Example_SoC_inst) - Example SoC.v

O FileList [E] Source Template 2] IP Catalog

Qe Find Text... 2 x
v [El Example_SoC =
£ UFcL-20-886200C
~ [ Strategies
] Area
] Timing
i7 Strategyl
~ [72 impl_1 (Synplify Pro)
- [ Input Files
~ [ Example_SoC/libflatticesemi.com/module/plio/1.9.
» [ RIL Files
» 1 Constraint Files
» (7] Testbench Files
pllD.cig
v [} Example_SoC/libflatticesemi.com/module/ahbl2apt
» 1 RIL Files
¥ [ Testbench Files
ahbl2apbi.cfg
~ [ Example_SoC/libflatticesemi.com/ip/uart0/1.3.0/uat
» 1 RIL Files -
< >
~ 1} Example_SoC_Top - Example_SoC_Top.v x

QQaa E

n Place & Route Design

3

~

2 COrNEENMER S
n Export Files

Report Browser

) Start Page
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Part Number:
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Map Reports Timing Erors:
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Place & Route Reports =

Implementation Location
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Synthesis:
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pLL
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AP Interconnect latticesemi.com

AHB Lite Interconnect Iatticesemi.com
System Memory Iatticesemi.com

0SC for CRE latticesemi.com

T @O BERsBoE

impl 1
LIFCL-40-8BGADOC

Strategy Name: Strategyl

Performance Grade: 2 High-Performance 1.0

Synplify Bro Top Module Example S0 Top
1P Number: 9
Di/propel-workspace/Example_SoC/Example_SoC.rdf

Di/propel-workspace/Example SoC/impl 1

10 Buffers:
EBR:

0 Post Synthesis: o
0 Place & Route: 0

1P Module Name Version License Feature License Status

plio 191

ahbl2aph0 112

uartd 130

cpud 280

gpiod 170

apb0 121

ahbl0 133

system 231

0 140

N

1

Figure3.19.

Lattice RadiantSoftwareProject
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# Lattice Diamond - Start Page - u] X
File Edit View Project Design Process Jools Window Help
A-E-Ha Bina g Hh
ECHEEE2EG O G
Process 5 %
25
& Synthesize Design
-
Synplify Pro .
- ‘T" yl'tp[:y Project: ~ Release Notes FPGA Design Guide ~
ranslate Design ; ]
.o Man D 9 H open... Lattice Diamond Software 3.12 Release Notes Design Planning
2 Map Design
[ & Map Trace EeNew... User Guides HDL Coding Guidelines
[1 2 Verilog Simulation File [ Import ispl EVER Project... Lattice Diamond 3.12 Release Notes Timing Closure
[1 2 VHDL Simulation File Recent Projects: Lattice Diamond 3.12 User Guide Other Tool Guides
v & Place & Route Design ] Example_SoC 1 Lattice Synthesis Engine for Diamond User Guide  ModelSim Users Manual
= X
O bt Place & Route Trace ] Eyample SoC1 © Lattice Diamond 3.12 Platform Designer User Guide ModelSim GUT Reference Manual
[ & 170 Timing Analysis Clarity Designer User Guide ModelSim Command Reference Manual
-
Thermal Anal
. E "rtF‘ rmal Analysts o Update Cent . Lattice Diamond 3.12 Programming Tools User Guid ModelSim Tutarial
- port Files tware late nter
Reveal User Guide Synplify Pro User Guide
O & 18IS Model Currently running Lattice Diamand software version: | roubledhoi ” i : |
[0 2 Verllog Simulation File S 12.0.290.2 Reveal Troubleshooting Guide Synplify Pro Reference Manua
2 VHDL Simulation File Geting update information from Latice Server Latice Diamond 3.12 Installation Guide for Synplify Pro Language Support Reference Manual
indows
= Bitstream File v . | e Tel/ Tk
- Lattice Diamond 3.12 Installation Guide for Linux
+ JEDECFile g 2 Lattice an the Weh 0
Fielist  Process  Hierarchy
output 8 X
ARARAR A AR KRR AR KA AAR KA AAK KRR AR AARRARAARK AR AARAARAAAR AR
“*  Synplify Pro o
AR KRR AR KA A KA A KRR AA A KKK AR KA A KA A KA R Ak
synpwrap -msq -prj "Example_SoCl_impll_synplify.tcl” -log "Example_SeCl_impll.srf"
Copyright (C) 1892-2020 Lattice Semiconductor Corporation. All rights reserved.
Lattice Diamond Version 3.12.0.240.2
INFO - Synplify synthesis engine is launched. v
TdConsole  Output  Emor  Wamning  Info*
Start: Synplify Pro Mem Usage: 353,160 K

Figure3.20. Generate Programming Filia Lattice DiamondSoftware

In LatticeRadiant softwarefrom the ProcessToolbar, clickExport FilegFigure3.21).

Lattice Radiant Software -[D:/propel-workspace/Example_SoC/Example_SoC.rdf] - Report Browser

File Edit Project Toals
¢~ =- H - QQaaaq
o O rousr

View Window Help

tLO0@0NEEERY
n Export Files

u Place & Route Design

Q- Find Text.. 2 x 2 Start Page
~ B Example_SoC = Reports C Synthesize Design
1 LIFCL-20-8BG400C C Synplify Pro immary
= Post-Synthesis Simulation File
=] Area ) LIFCL-40-886400C Performance Grade:
=] Timing 4 Synthesis Reports Map Design
[/ Strategyl Map Timing Analysis Synplify Pro Top Module:
e 3 Map Reports Place & Route Design P—
. - Place & Route Timing Analysis
v [ Input Files Di/propel-workspace/Example_SoC/Example_SoC.rdf

Place & Route Reports 10 Timing Analysis

~ |y} Example_SoC/lib/latticesemni.com/module/pll0/1.9.”

= Dy/propel- e/Example SoCfimpl 1
3 RTL Files -
5 S 3 Export Reports Bitstream File
© x IBIS Model
N v Misc Reports Gate-Level Simulation File
10 Buffers:
L

EBR:

Constraints Dropped Summary

Synthesis: 0 Post Synthesis:
Map: 0 Place & Route:
IP Summary

> source "D:/propel-workspace/Example SoC/radiant_setup template.tcl®
> pri_run Export —impl impl 1

[ File List =] Source Template =] IP Catalog Tel Console = Output E® Message

T

Strategyl
8 High-Performance 1.0V
Example S0C Top

0

M
x

Figure3.21. Generate Programming File in Latti€adiantSoftware

The Programming file is generatéthe programming filean be used in Programmer.

Note: Programmer is ool that canprogramLattice FPGARAM and external SPI Fldstough varioudnterfaces

such as JTAG, S&id12C
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3.2.4. GeneratingSystem Environment bfuilding Project

System environment packagecluding thesystem environment file anthe BSRbackages required for the embedded
QU C++project.

To generate system environment packdgen LatticePropelSDK
2. | K228 BS@LE R ot N22S O
3. /| KSO1 KNS DadEISRY a2Af 854 3 alaNdB

e O X

El Conscle X 3@%'%-..”_‘5@'@@'45’::?':'5
<terminated> sge [SDP Builder] D:\lsccpropeh2025. 1\ tools\python38_embed\python.exe (Terminated Apr 25, 2025, 4:41:34 PM] [pid: 53464]

WARNING - (PGE SoCDesign) cpu@_inst_TIMER_IRQ M@ remains unconnected
INFO - (PGE} Finished: sge generated

Figure3.22. Build Result of SoC Project

3.2.5. About SoC Design Project

TheSdC projectcreating starts witha functionalready SoC design arddefault simulation environmentn the Project
Explorerview, openan Sooroject folder and alits sub-folders. The projectontainsbut is not limited tothe following
files (Figure3.23), some ofwhichmay vary upon opengthe SoC design projett the LatticeDiamond or Radiant
software

<proj_name>: folder contairing a LatticePropel Buildedesign includinghe .sbx file.
<proj_name>/application folder containng functionatready embedded application source codes.
impl1:folder contairing the implementation othe LatticeDiamondor Radiantproject.

sge folder containng generated package necessary for creatr@C++project.

verification:folder containingthe SoC verification project.

1
1
1
1
1
1 verification/sim:folder contairing the simulation environment.
1 <proj_namev.Idf: LatticeDiamond project file

1 <proj_name-.Ipf: LatticeDiamond project logical preference file

1 <proj_name-.df: LatticeRadiant project file.

1 <proj_name-.pdc:LatticeRadiant project possynthesis constraints.
1

<proj_namev.txt: description filefrom the template
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=
(- Project Explorer

v =% ExampleSoC

v = ExampleSoC
= lib
ExampleSoC_tmplyv
Vi ExampleSoC_tmplvhd
Example5SoC_Top.v
Example5oC.layout
7| ExampleSoC.sbx
Example5SoCwv
= impll
v = sge
= bsp
= soc_svd
fai) cpulyaml
ﬁ sys_env.xml
w = verification
= lib
jsen Example5oC_v.json
7| ExampleboC_v.sbx
diamond_setup_template.tcl
[] ExampleSoC.Idf
Example5oC.Ipf
ExampleSoC. bt

Figure3.23. Contents of SoC Project

3.3. JC++Project Design Flow

3.3.1. Creating d_atticeGC++Project
To start aLatticeGC++Projectfrom LatticePropelSDK

1. / K2 DRBB S HEI[ | G fiki/CeSBl2 @ S O

CKE /B 2SO0

g AT SR HEREIS § & {HLi GORS\ 3 laNdB
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£} C/C++ Project O X
Load System and BSP —
Load lattice system envirenment file and BSP package |
Select system environment file and BSP package
System env: | Di\propel-workspace\Example_SoC\sge\sys_envaeml - Browse...
Select processor core to create C/C++ Project
Core selected: | cpul_inst ~
Project type: | C ~
System information
Device Family CPU Mame Instance Name
LIFCL riscv_mec cpul_inst
Select Example Application
Hello World Project Example-HelloWerld-blink-uart ~
Mtimer Project
Hardware Interrupt Project 1.Led blink.
The corresponding SoC project sheuld include gpio instance,
2.Uart print.
There are two ways to support uart print:
a) The corresponding SoC project should include uart instance or local uart.
b} Enable Semihosting(System Library) when creating this project.
3.Support IP register access test,
Mlnte: v
Project name: |}iscv_mc_hel|uwur|d
Use default location
D:\propel-workspace\riscy_mc_helloworld Browse...
default
[] Build the project
Create a debug launch configuration for | OpenOCD
® < Back Finish Cancel

Figure3.24. Load System and B$Rge 1
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S C/C++ Project [m| X

Load System and BSP —

Load lattice system environment file and BSP package

Select system environment file and BSP package

SR RDIEHIOEMU RISC-V Virtual 50C System |v| Browse...

D\ propel-workspace\Example_SoCh\sgelsys_env.xml

QEMU RISC-V Virtual 50C System

Browse for System Environment XML

Core selected: | spike ~

Select procey

Projecttype: | C ~

System information

Machine Name CPU Mame
spike

Select Exarnple Application

QEMU_hellowerld Project Example_GEMU_helloworld

1.0EMU test.
2.5emihost print.

Note:
1.Please select Semihesting(System Library) when creating this project.

Project name: | spike_gemu_helloworld

Use default location
D:\propel-workspace\spike_gemu_helloworld Browse..
default

[JBuild the project
Create a debug launch cenfiguration for  QEMU

@ < Back FEinish Cancel

Figure3.25. Load System and B¥rage 2
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01 C/C++ Project O *

Lattice Toolchain Setting

Configuraticn: | Debug ~

Lib Setting  C/C++ Compiler C/C++ Linker

(") Mo default libraries (-nodefaultlibs)
(O Newlib

() Newlib-nano (--specs=nano.specs)
(®) Picolibc (--specs=picolibc.specs)

Printf Level
(®) Integer only printf (-DPICOLIBC_INTEGER_PRIMTF_SCANF)

() Float printf (-DPICOLIBC_FLOAT_PRINTF_SCANF)
() Full printf (-DPICOLIEC_DOUBLE_PRINTF_SCANF)

System Library
(@) Default

) Semihosting (--oslib=semihost)
(O Dummyhosting (--oslib=dummyhost)

'?3' < Back lext = Cancel

Figure3.26. Lattice Toolchain Settin@ialog1
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3.3.2. Updating a Lattice (C++Project

When you make changéo an SoQoroject, sometimes you want to synchronize the chaaggan existing_attice

QU C++project instead of creating a nelatticeQC++project. In this casgyou can use the update/C++project
feature.

Note: This feature overwritethe corresponding fileor settings of your existingdC++project. Be sure to backip your
QU C++project before usinghis feature

Toupdatea Lattice @C++Project fromLatticePropelSDK

1.

DSy SNJ{UISl Si@isS ¥ Sy JANBY YSyY i i KIBSY I NSt &l Y2 NR/MMBEYE Sy o 6 @
tNR2SOUAZ2Y O

Ly tiNeS2 SO0 0D EaX 2 XBEMBIRE SIO i/

ChooseProject> Update Lattice @C++t NB 2.5 O G X

The @C++Project wizard openfor updating system andBSHFigure3.27).

73 C/C++ Project - O X

Update System and BSP

Select systern environment file and BSP package

Current System enw: |b:/propel—workspace}’riscv_mc_helIoworld/srcfsys_env.xmI |

New System env: | D:/propel-workspace/Example_SoC/sge/sys_envaml | Browse...

[[]Re-generate toolchain parameters and linker script
[JUpdate BSP package

Update BSP Driver Information

Driver Name Current IP Version (Driver Version) Mew IP Version (Driver Yersion)
fSCV_mc 2.8.0 (2.8.0) 2.8.0 (2.8.0)
gpio 1.7.0 (1.6.2) 1.7.0(1.6.2)
uart 13.0 1.3.0
Update Cancel

Figure3.27. Update System and BSP Dialog

Browse to the SoC project folder and select the system environment file sys_env.xml.

Selectthe checkboxor what you can update

1 wBSYSNIGS 22t 0KHAY LU NIKGD S NEK ABY B LEMRYS N2 8IDRR KIF &
YSY2NE AYyOUKS aeadusy

9 ' LREGEF Ol DK SO NKA&2 & LAHREW [{iR2 FIRIR Lt O02Y®@RyYySyida Ay

ClickUpdateto make changefor the selected @C++project.

ClickYes(Figure3.28).
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This feature overwrites the corresponding files or settings of
your existing C/C+= project. Be sure to back up your 5/C++
project befare using this feature. Do you want to continue?

Yes Mo

Figure3.28. Update System and BSP Confirm Dialog

3.3.3. Building aLattice QC++Project

To build aLatticeQC++projectin LatticePropelSDK

1. Ly tieS2 SO OR E4E R NBEWBRE SOG ©

2. C2tf2g aitSLA oSt 2¢ IAGIORBSE2RGT AYMdzND 20 ACKT y3IS GKS

a. Choose N2 2S00 B . dzAit R / 2 @kicltdeNdnfigiratiohi@on &7 om theyfdolBag X

b. TheManage Configurationslialog opengFigure3.29) for choosingactive configuration. By defaul, Debug
configuration creates executables contaigadditional debug information that lets the debugger make direct
associations between theource code and the binary filgenerated from the original sourc&Release
configuration provides the tools with options $ieflg to create an application with the best performance.

Q Exarnple: Manage Configurations X
Configuration Description Status
Debug Active
Release
Set Active Mew... Delete Rename...

Figure3.29. Manage Configurations Dialog

3 /K22 BSOET R o NEADIAERES 2y GKS G22€0F ND
4. ¢CKS NBadz Ga 27 IiNGS RoAGIHL O BR/CHERKT B35y FautbNiB

|2 Problems | ] Tasks | Bl Console &2 [ Properties | &= Terminal 4L qp <_E|>| =i mi = | = BE-~-= 0
CDT Build Console [Example]

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "Example.elf”
text data bss dec hex filename
1262 B 2728 3998 f96 Example.elf
Finished building: Example.siz

Invoking: Lattice Create Memory Deployment
riscv-none-embed-objcopy -0 binary --gap-fill @ "Example.elf” "Example.bin®™; srec_cat "Example.bin”

-Binary -byte-swap 4 -DISable Header -Output "Example.mem™ -MEM 32
Finished building: Example.mem

15:58:18 Build Finished. @ errors, @ warnings. (toock 5s5.21ms)

Figure3.30. Build Result of C++Project
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3.3.4. About Lattice @C++Project

The Lattice (C++project starts withsource codeln the Project Exploreniew, opena GC++project folder and alits
subfolders. The projectontains

f
il

=A =4 =4 A 4

src/bsp/driver:folder contairing driver codes from the IP in the platform.

src/bsp/sys_platform.hheader file that defines DEVICE_FAMILY (the Lattice FPGA), address mapping, and any IP
parameters that can be used by the drivers.

src/main.c:sourcefile contairingthe main routing which is the entrypoint of a @C++program
src/cpu.svdsystem viewdescription file usedor peripherals registers vieat debugperspective.
src/cpu.yamlprocessor description file usathendebugging.

src/linker.ld:linker scripffile.

src/sys_env.xmbystem environment file describing aspects of the platfosach as memory spaces.

After buildng theproject, the build outputcan be found ireach build configuration foldethe Debugfolder or the
Releasdolder (Figure3.31). The Debug or Releasalder contains

1

f
f
f
f
f

<proj_name>.elf: executablefile used in orchip debuging.

<proj_name>.bin:binary file used in deploying the application to flash memory.
<proj_name-.Ist:extended isting file generated byool objdump.
<proj_name>.map:linker map file.

<proj_name-.mem: Lattice system memory initialization file usethia SystemMemory IP
<proj_name-launch Debuglaunchconfiguration

Note: Some of the files listed iRigure3.31 are intermediate files that you do not need to take care of.
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57 Project Explorer = 0

v = Example
q-,ff Binaries
[t Includes
w 2 src

v (& bsp
(= driver
[n] riscv_errors.h
[n] sys_platform.h

[ main.c

[ utils.c

[H] utils.h

£ cpu.svd

cpuyaml

E linker.ld

ﬁ sys_env.xml
w = Debug

[ src

%5 Example.elf - [riscv/le]

|=| Example.bin

Example.lst

Exarnple.map

Example.mem

| @ makefile

| @ objects.mk
| @ sources.mk
|%] Examplelaunch
2% ExampleSoC

Figure3.31. Contentsof JC++Project

3.3.5. Assistingn Developing Code

Lattice PropeEDKs based on Eclipse IDE. You caibempplication coddollowingthe process and @geof the same
tools as anyn Eclipse IDEYou can get mordetailed informationregarding Eclipse IDE from thatticePropel online
help.

For writing codel.atticePropel SDIgrovidestwo extra aids:

1 LatticeSystemPlatform An overview of the processor platforwan bedisplayed(Figure3.32).

1 LinkerEditor. An overview of the memory regionsf linker scriptcan be displayedYou cammodify key linker
parametersthroughthe graphical interfac€Figure3.33).
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e [m| X
% Lattice Platform X = g
General
Vendor: | lattice
Library: | Propel
MName: |Examp|e_SoC
Version: [2025.1

SysiD: [0

Selected Core: |cpu0_inst

|
|
|
|
DeviceFamily: |LIFCL |
|
|
|

JTAG Channel: [ 14

component ipMame ipVersion driverVersion vendor baseAddress range irg
riscv_mc 2.80 2.8.0 latticesemi.com
PIC_Timer_Registers O FFFFO000 (0000000
system_memory 2.3.1 latticesemi.com (00000000 (00008000
gpiol_inst gpic 1.7.0 1.6.2 latticesemi.com (40000000 (00000400 IRQ_S0
uartl_inst uart 1.3.0 latticesemi.com (540004000 500000400 IRC_51

Overview | sys_envxml

Figure3.32. Lattice System Platform

o

& O X
ol Linker = g8

Linker Script: linker.ld
Available Memory Regions

Name Attributes  Base Address Size
systemO_inst Wi 0x0 (8000

STACK and HEAP Size

HEAP_SIZE: [0x0100 |

STACK_SIZE: | 0x0400 |

Section to Memory Region Mapping

CODE: | system0_inst ~

DATA: | system(linst

Section Mame Memory Region
text system{_inst
.ctors systemO_inst
Jdtors system{_inst
.rodata system{_inst
.data systeml_inst
bss system{_inst
.heap systemO_inst
stack system_inst

Overview  linker.d

Figure3.33. Linker Editor

3.3.6. AdvancedTool ChainSetting

Follow the process below tmodify the tool chain settingjof a GC++project.

To changeool chain setting in Project PropertigsLatticePropelSDK

1. Ly tieS2SOGop g gt 8 NARERY 3 6tk8 @BIE 2S00 o

2. | K2 2 A8 &S 0E LISINKINPALIS Nifi KCBIANING2YND  LIKCRPAT®ENG 2 LISy a

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificaiitfesraation herein are subject to change without notice

FPGAUG022441.0 37


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK

mLATTICE

User Guide

3. { St{SAOMiAH KISk / bb Ol dz6HRNE (KS f STE2RBy 8MyqaSt SO0 GKS
£ Properties for Example O X
type filter text Settings oo - E

Rescurce
Builders
w C/C++ Build
Build Variables
Environment
Legging
Settings
Tool Chain Editar
C/C++ General
MCU
Project Matures
Project References
Run/Debug Settings
SystemVerilog Project Properties
Task Repesitory
Task Tags
Validation

Configuration: |Debug [ Active ]

i Tool Settings %) Toolchains B Devices # Build Steps

@ Target Processor
@ Optimization
(# Warnings
# Debugging
w 3 GMU RISC-V Cross Assembler
(2 Preprocessor
@ Includes
@ Warnings
(2 Miscellaneous
~ B GNURISC-Y Cross C Compiler
@ Preprocessor
(2 Includes
(#2 Optimization
@ Warnings
(2 Miscellaneous
~ i3 GNURISC-Y Cross C Linker
@ General
(2 Libraries
(# Miscellaneous
w 83 GMU RISC-V Cross Create Listing
(2 General
~ [ GNU RISC-V Cross Print Size
@ General
~ I3 Lattice Create Memory Deployment
(2 General

Architecture

I Multiply extension (RVIM)
[] Atomic extension (RVA)

Build Artifact Binary Parsers @ |4 |*

RV32l (-march=rv32i*) -

~ | | Manage Cenfigurations...

Floating point None ~
Compressed extension (RVC)

Integer ABI ILP32 (-mabi=ilp32*¥) ~
Floating point ABl | None ~
Tuning Teolchain default ~
Code model Teolchain default ~
Small data imit | 8

Align Toolchain default (-mtune) w

[ 5mall prolegue/epilegue (-msave-restore)

Force string eperations to

call library functions (-mmemcpy)

Other target flags |

Restore Defaults Apply
Apply and Close Cancel

4,

5.

/dza i 2YAT S

iKS

Figure3.34. Properties of C/C++ Project

G202 1 & 1 yeR diNgD 2303421 BB
{ SGOUINPIASNH ASKS GodeA t R O2y TA AN BLIBIR FS Q@& ameSRR RYAR vy 3

Note: The ®tting for each configuratiorDebugor Releaseis independent.

/£ AOLX &

YR AKGASGKS OKEy3So

AR yO2 Y FAGRERN] (A2Y

Note: You may need to cleahe project to make the new settirggake effectfor the whole project

3.4. System Simulatiorrlow

The SoC Project created from template has a default simulation environfioreyduto set upand start functional
simulation. Itis generatedautomaticallyalong withthe SoQproject creation.Youcan use it as a start point and
customize accordingly.
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The default simulation environmetig with thefollowing features:

1 Provides mnilar user experience as reabardlevel debuggingsuch ador Hello WorldSoC, key components
includingRIS&/ MG SystemMemory, andUART

1 Smulates usermodified template 8C with extended HDL designs

1 SYmulatesthe whole system using realC++projects as stimulus witthe necessary modificatioandwith all the
details for debugging

1 Supportsuser extension with a friendly and flexible approach

3.4.1. Launchng Smulation

To launctsimulation

1. LY GONPBISt deIRNIFEENE RS2 ASWT 0f S aA®wdzZ | GA2y TSI GdzNBa
Enablethe checkboxXor Initialize Memoryfor the System Memorynodule fromthe Initialization areaof the
Generaltab. Then, setthe Initialization Filegenerated fromthe corresponding C++project (Figure3.35).

. Module/IP Block Wizard X

Configure Component from Module system_memory Version 2.3.0
Set the following parameters to configure this component.

Diagram sysmemd Configure IP
General Port 50 Settings Port 51 Settings
Property Value
¥ General
Sysmemo Interface AHBL
~ ~ Memory Address Depth [1 - 106496] 8192
Data Bus Width(bits) 32
A Memory Type EBR
= i ‘H BL—SO Port Count 2
ECC Enable
— +AH BL_S]- Enable Arbiter
¥ Data Streamer
— ahbl_hC”(_l Enable Data Streamer
—ahbl_hresetn_i

\. J * Initialization

system_memory

Initialize Memory

Initializatien File Format hex

Initialization File

User Guide Mo DRC issues are found.

Generate Cancel

Figure3.35. Configuing System MemoryModule 1

2. It N@BsAhOlley GKS G22ft0b N BT REMKIN o FR6 § FYA IGHGER T A OF A

3. L FGSNI GKS {2/ R)@{é%?&)NJKFéN@&WSL}RSM}ﬁQﬁE ISySNIiGS GKS
SAYdA b GA2Y [ SAEPSNEY TR y (i DT RS E § Adbyd
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4. Propel Builder [D:/propel-werkspace/ExampleMCSoC/verification/ExampleMCSoC_v.sbx] Device: LIFCL-40-88G400C Board: NA

Flle Edit View Design Jools Window Help
— = Y
3 & y o BB Q- @Q@@I
Design View a [& Schematic 9 Address 151 Summary &%, Start Page
I LIFCL-40-8BGA00C =
~ {1 ExampleMCSoC_v G
v {¥ Instances
- ZF dutinst sysclk_rst_gen1_inst uart_model1_inst
+ ¥ Instances
v I ahbld inst dut_clk_of— uvart_rx_data_debug[7:0]
v I ahbl2apb0_inst
+ IF apbO_inst dut_rst_i  dut_rst_o— uart_tx_data_debug[7:0]
» IF cpuinst dut_clk_i th_clk_ Ik uart_rx_break_debug|
v I expr0inst
1% gpio0inst th_rst_t stn uart_rx_valid_debug
P - hs
. —— uart_rxd uart_tx_busy_debug|
Properties
Name: uart_tx_en_debug|
Type  Instance uart_txd|
Path:  ExampleMCSoC_v/dut_inst/cpu_inst
VLNV:  latticesemi.comip:cpu:2.8.0

View Setting {5 ~

IP Vinv: |atticesemi.comip:riscv me:2.8.0

IP Catalog Design View a
Tel Console
Finisned: "sbp_design closs"

% sbp_design open -nams ExanplsMCSoC v -path {D:/propsl-workspace/ExampleMCSoC/verification/ExampleMCSoC_v.sbxi
INFC <2359992> - The following interface port bus width do not match:

'PADDR' in 'apb0 inst.APB M0O' and 'uarcO_inst.APB 50'

'PADDR' in 'apb0_inst.APB MO1' and 'gpio0_inst.APB_S0'

%

SéL]Ne{
NRA FAO

Q<
(/))Q.

Figure3.36. SoC Verification Project

fYI- dzy OKSR Nlizy y Ay 3
2Ry 0 KSRPRSOGA

AAYdA FGAZY F2NJ (K
3 KT8 FeNIBNE SB10 10 K 3 61 &

KS {2
ézy

[# Quests Lattice OEM
File  Edit

View Compile

Edition-64 2024.2

Simulate  Add  Structure Tools Layout Bookmarks Window Help

O X

- H-

By W\@m&JwJ———m‘

3|

&y fE]- § dm ]

100 zs-4] [EL S (5 B £ )&JJ%T"H St

.58

Layout [Simlate vl |

ColumnLayout |Al 1Columns

||a-a-2 Hrrr

[~ as

[

Search: liﬁgﬁ&% [ J g

r

Wave - Default

H A x|

‘ sysclk_rst_gen...

=

e sacoTe

o

| & sim - Default + & x|
T|Instance
‘=g ExampleMCSoC_v E
1 Bl GSR_INST i
+ ‘ dut_inst 3

uart_model...
ol #anonb...
:If_}—‘ i_uart_r...
+F g i_uart_t..
& #AsSIG...
& #ASSIG...
& #AsSIG...
@ #ASSIG...
& #ASSIG...
& #ASSIG...
& #ASSIG...

4, uart_|
Py 4 uart,
a ,‘ . ;’ExampleM o
[ExampleMC:
JExampleMC

= uart_ -
!Ek.:mpI:M CSoC.

L
L

L

L

L lﬁ scesses (Active)
= "’|Name
L

L

L

1

[ExampleMC
!Ek.:mpl:MC
[ExampleMC:
[ExampleM
[ExampleMCSoC_
[ExampleMCSoC

‘oC

(5
[l

Memory List l @ sim

Jabol| | 5

F l Transcript

# Started!
#

VSIM 2=

# Testbench cleock frequency set to 50.000000 Mhz, clock perlc:::l set to 20.000000 ns

-

Mow: 1ms Delta: 2

| FExampleMCsoC _v/dut_inst/ahbld_inst_AHBL_MOO_interconnect_HPROT |

993939992230 fs to 9999999398 L
|

Figure3.37. Questa Simulation GUI
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3.4.2. Smulation Details

The default simulation environment is locatatithe generatedsim folderinsidethe SoCverificationproject inLattice
PropelSDKIt contains:

+--- [ sim] -- Generated simulation environment folder

| + [hdl_header]

| | + ---  s0C_regs.v -- Register definitions of all the components in DUT/SOC

| | + ---  sys_platform.v -- Base address, user settings of all the components in DUT/SOC
| + [misc]

| ] +o-- X -- Al the mem, hex, txt files are copied here

| + --—- flistf -~ File list for HDLs

| + flist _sim.f - File list for all files used in simulation

| + gsim.do -- Do script for simulator,

gsim.do : QuestaSm. |

This file compiles project and invokes simulator with
| some default settings using the generated testbench.
| + -- wave.do -- Do script for adding signals in waveform window
| + --—- <project_name> _v.sv --  Top testbench, it is SystemVerilog based.

Youcan extend more verification featurestime top testbench.

3.5. Programming and Oi€ChipDebugging Flow

This section describes the procesgasiting and debugging application code on the actual hardware including the
Lattice FPGA with the hardware design installed. DebugginghaititePropel SDKollows the same process andass
of the same toolsn Eclipse IDE.

Before debugging, download the hardware desigeated fromthe LatticeDiamondor RadiantProgrammerRefer to
the UserGuide of the specificevaluation boardor more details o the evaluation board

3.5.1. Creating abebugLaunchConfiguration

To debug a prograpa debug launch configuration must be created. Most of the settings for a debug launch

configuration can bautomatically enteredOnlya fewsettingsneedto be manually configured.

To create a debulunchconfiguration:

1. Ly tieS2S OG0 oR & it 8 NABBEY 4 Stkk3 @deie 00 @

2. .dZAf R GKS LINR2SO0 | yR Sy adINKING &R §IEISIOAl Ge3ite S STONiRASS yA &F |
RSGFIAf&Aa 2y G(KS LINROSaao

3. | K2 waH5S06dzaA /2y FRIdzNF A2y &EX
¢ KBS0dzaA / 2y RAH dzRIFC » AGBEGED
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£ Debug Configurations O *

Create, manage, and run configurations

s =] x| ST Name:|ExampIeDebug |

|t}"pEfi|tEI'tE><t | [E] Main . [Z] CableConn| %5 Debugger| = Startup| & Source| [] Common| &, SVD Path
[E] C/C++ Application

Project:
[E] C/C++ Attach to Application !
[E] C/C++ Postmortem Debugger | Bxample Browse...
[E] C/C++ Remote Application C/C++ Application:

Cif C/C++ Unit
[©] GDE Hardware Debugging
v [£] GDB OpenQCD Debugging Variables... Search Project... Browse...
¢ | Example Debug
[ GDE QEMU Debugging
R Launch Group Build Cenfiguration: | Select Automatically ~
= Launch Greup (Deprecated)

| Debug\Example.elf

Build (if required) before launching

(Z) Enable auto build () Disable auto build
(®) Use workspace settings Configure Workspace Settings...

. i Revert Apply
Filter matched 11 of 11 items

Figure3.38. Debug Configuration®ialogl
4, 52dz20 HB] hLISyh/5023S0KBHEAEIL ySg 1 dzy OK O2y FAIdzNI GA 2y
I Yoef @A LI 3S A dalRMB DI BEKEBORCKENBIRE 6S FA{ESR Ay gA0GK
YR f ®0FiAz2Yy

5. { St SOk o ISEI120/AyBalbNfRPK A & G 6 Syl ofSa @&2dz (2 aSt SO0 | &LIS«
/ t HE&HSESO00 delid@iyS OU G KS aLISOA T R BNERIZDsYS. BLIZNE®P | FALROYE GUKKSS
FgFAflIofS Omaeas ale BV SKw! { .

/It NEEOI Yy BHIHABYFSOl (KS LI CBITARNRISHY OBA RBBY df (= (KS 7
I g Afl of 6 KBSICAISS RAYDI a §6S 008 RR ©

{StSOwr 0BRSS Yy St yd&WSISINyRAGEEGY tAal® . &8 RSTHAAGE OKSYHSF
Gl tfdzS +'da GKSOPLINROSaa2N LINBaS

YSSEIKS 0f S&aLI8 KR (dzadSRRES O dgft & @f 201 RADGARSNI

b2¥2dz YySSR (2S5 INSQIE YROKIKSZEBABO R 2dz KI gS LI dzZZ33ISR 2 NJ dzy L
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Create, manage, and run configurations

ﬁ ¥ = X | = - MName: | Example Debug
|t5-'pefi|tertext | [E] Main | [£] CableConn| % Debugger| = Startup | B Source | [C] Common | &, SVD Path
[E] C/C++ Application Cable Settings
[E] C/C++ Attach to Application Port: | FTUSB-1,USB2,Dual RS232-HS A Location 0001 v || Detect Cable
[E] C/C++ Postrnortem Debugger
[E] C/C++ Remote Application Device Settings
Cif C/C++ Unit
LCMXO3D-9400HC:0x 21283043 ~ Scan Device

[©] GDB Hardware Debugging Device:
w [&] GDB OpenOCD Debugging
[t ] Example Debug
[C] GDB QEMU Debugging Channel: | 14 -
& Launch Group

JTAG Channel Setting

Speed Settings
(®) Use Default Clock Divider
() Use Custom Clock Divider

Revert Appl
Filter matched 10 of 10 items Eve R

Figure3.39. CableConn Tab of Debug Configurations

~oAsA

6. { StPHBIE 0 dzH IS NN & ONA G X QlYIF ABKAAISTIRR SO y il Aya GKS O2 NI
2LJiA2ya (G2 6S LI aaSR (G2 hLSyh/ 50
-c "set port${PORT}is requiredfor the selection connectedb the Lattice cable Thevalue ofthe variable
oB{PORE}comes from the cable settings tife CableConrab.
-c "settarget ${DEVICE is required for the selectionf aspecific device on the Lattice cable. The valuthef
@ NR ${DEVISE cdmes from the device settings 6bleConriab.
-c éset channel ${CHANNEIs required for settinghe JTAG channel. The valuetlé variable¢${CHANNEL}
comes from the jtag channel setting thfe CableConnab.

-c "set tck ${TCKDIM¥'required for settinghe clock divider of the Lattice cabl&he value othe variable
OB{TCKDI¥¢)comes from the speed setting tife CableConrtab.
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£ Debug Configurations O *
Create, , and run configurati
O I—;ﬁ <0 x' =) Tf‘ M Mame: ‘ Exarnple
| type filter text | Main CableContIﬁ Debuizel!b Startup| E_/ Source| ] Cemmon | %_ VD Path|
w [£] GDB OpenOCD Debugging OpenOCD Setup ~
[c] Example Start OpenOCD locally
[t] GDB QEMU Debugging :
& Launch Group Executable path: ‘ S{openccd_path}/8{openocd_executable} | | Browse... | |Var|ab|5... |
Actual executable: ‘ Chlscc\propel2024.2\sdk\eclipse\/../openccd/bin/openocd.exe |
(to change it use the global or workspace preferences pages or the project properties page)
Telnet port:
Tel port:
Config options: || _¢ 'echo "DEBUG_ENABLE=${DEBUGENABLE}" -c "set target S{DEVICE}" -c "set tck S{TCKDIV}"
-c "set port S{PORT}" -c "set channel S{CHAMNMEL}" -c "set cmdlength S{CMDLENGTH}" -c
"set loc S{LOCATION}" -f interface/lattice-cable.cfg -c "set RISCV_SMALL_YAML
{8{PrajDirPath}/src/cpuyaml}” -f target/riscv-small.cfg
Allocate console for OpenOCD Allocate console for the telnet connection
GDE Client Setup .
Filter matched 4 of 10 items et Apply
@ | Debug | | Close
Figure3.40. Debugger Tab of Debug Configurations
Oh LI XN DI5OG YY A YO A JaaNiRK $ | OFH[ e O 2 LIFA2 Y Aa aSt SOGSR
iKS RSO0dza 1 dzyOK O2yFAIdzNI GA2Yy (2 68 &1 OSSR Ayiz
C2dz OF yHEGSS G ¥ BK{SE OF AISE R NBIRY Th KBRS sR&GTdA | dA DK D
Aviz Ky RINREREENE 28 &b 0o At A G &

Q Debug Cenfigurations

Create, manage, and run configurations

] rﬁ o [l2 X | = ? h Name:lExampIeDebug |
| type filter text | I Main | CableConn | ﬁ‘a Debugger| = Startup | T:E/ SourceE Cnmmml E._ VD Path| ]
~ [£] GDB OpenOCD Debugging Save as
[¢] Example Debug O Local file
[£] GDB QEMU Debugging )
L Launch Group © Shared file: | \Example | | Browse... |
Display in favorites menu Encaoding
[ 45 Debug (@) Default - inherited (UTF-8)
[ @ Run O Other | 150-8859-1
Standard Input and Qutput
[ Allocate console (necessary for input) v
Revert A
Filter matched 4 of 10 items | | | PPl |
@ | Debug | | Close |

Figure3.41. Common Tab of Debug Configurations
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8. WSYIFAyYy aSiidrme3y2ia OREWIBHEERSE 320 32/ 4 dRyEES NRidk YR 6Kl G S
iKSasS 9UKbN®$AH

9. /tAQEER 1SSL) GKS OdzNNByid aSitiiay3aao

10./ f A Oma S

b2 ¥SRS$ T Ki/Zh hJLI AD I by ! G OKY €2 bbLILIR & OdcR MEME/Yb 5 SvoSY2 3G S

D LILX ASDR BB VWREG | F NRéI NENBS&KAzZRREY A2y dzNKSA B BadAl AGSFTRA

dza S G KSYRA 2uf HENI OKSO1 SR | diy Ot y FA I dzNI GA2Yy (@ LJSa

7% Preferences O Pt
|t;-'pEfi|tEl'tE><t | Launch Configurations L v 8
General
C/Ce+ Launch Configuration Filters
Context Filter configurations in closed projects
Help Filter configurations in deleted or missing projects
Install/Update [ Apply window working set(s)
LiClipse Filter checked launch configuration types:
g typ
MCU
Oomph EC;’C++ Application ol
Propel Setting [E|C/C++ Attach to Application
Remote Development | |C/C++ Postmortern Debugger
w Run/Debug [E]C/C++ Remote Application
Console Cif C/C++ Unit
~ Launching [C]GDB Hardware Debugging
Default Launchers [ [€]GDB OpenOCD Debugging
Launch Configurations [ [€]GDB QEMU Debugging
MCU Peripherals Views O 1 Launch Group v
Perspectives
String Substitution [[] Delete configurations when associated resource is deleted
View Management Migration
Vi.ew Performance Search for, select, and upgrade launch configurations te be compatible
SVEditor with current tooling.
SWTChart Extensions .
. Migrate...
Terminal
Validation
Version Control (Team)
XML Restore Defaults Apply
'/?3' |\_‘_ 12| (_:' Apply and Close Cancel

Figure3.42. Launch Configurations

3.5.2. Starting a Debug Session

Before starting a debug session, be sure that:

1 TheLattice cable is connected to the computer.

1 The target device is powed ON

1 The hardware desighas a debug enabled processor module atrdadyprogrammedinto the target device.

With the above steps completed properfgllow steps belowo start the debug sessioinom LatticePropd SDK
1. /| K2 a5 Sodza / 2y Fa IdzNI GA2YyaX

2. IF ySOS&aal NBX. SELIB YR/ 5 BSBHzAAI I A y 3

3. {StSYBMBBAYSR O@YyTFTAIdzNI GAZY

4. | f A 085 S dikdB( &2\ yA albNiSD
ltdSNy L GABStes F ,zsrﬁj{dﬂabqti%ewuajﬁﬁagag@mﬂ-@@@q@@m@p@ & RZ
Of A0l G(KSo R2MBSHoMER ¢{ St SOG (KS RSaAFWRRRRISKEHAYS P azy T A 3 dzi
& A JataNgB
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-0 -@-®& 5 -
[c| 1Example Debug
Debug As ¥
Debug Configurations...

Organize Faverites...

Figure3.43. Debug Icon on Toolbar

5. 2 AL THEINIAIE@2 iR (1 RKO dz3  BIS NHEKSO BASANIIS iR @ KySy SNNESG/TEN I
dKS 3IRo Of A S IRIBYNR2MEWFRNA RSodzZA@dAyYy I aSaarzy
6. CKISI GLNDBISYR26 RN IIKIZCHHFGANEKS SESOdziA2y aG2L1 NARIKIDG
YIAVdeyg OGA2Y D
0 warkspace - Example/src/main.c - Lattice Propel - m} X

File Edit Source Refactor MNavigate Search Project Bun  LatticeTools Window Help

Hmiig |8 iw|m [ S . T3 EAI GRS E BRI RS N= R IR S TR AR NS N
Q E| B4
#5 Debug 2 “_[{) Project Explorer = B ||[€] maine £ = 0 |[w=v 52 % B|6LE|F P| = 8

i» 8 || 35 // LATTICE DOES NOT WARRANT OR REPRESENT THAT THIS FILE, ITS COI a — o 3

] I 2 N - _ K o oo - 3| CI 8
_ 3 USE THER ON THIRD PARTIES' INTELLECTUAL

v [£] Example Debug [GDE OpenOCD Debugging] 3 RIGHTS, IN ATENT. IT IS THE USER'S RESPONSIBILIT' Name Type

v i Example.lf 3 THE USER S N ONSISTENCY AND FUNCTIONALITY Th 60 ik wints

v o Thread #1 (Suspended : Signal : 0:Signal 0) 39 DATION METHODS.
= main{} at main.c:46 Ox4dc 4
» openocd.exe

s riscv-none-embed-gdb

LE #include "utils.h"|

int main{void) {
static uint8 t didx = @;
DEBUG_PRINTF("Hello RISC-V world!\rin");
LED SET(ALL_OFF);

while (true) {
LED SET(LED ON({idx));

£ >
if (++idx == LED_COUNT) { Name : idx "
idx = @; Details:@ '\@'
) Default:e "\@'
Decimal:@
if (RTL_SIM Hex:@x0
(.Jn1?.,nca1i:. v Rinaru:-@ v
< >
B Consele | i1} Registers | &) Terminal |[2] Problems (3 Executables | B} Debugger Console 2 0 Memory mE~=0
Example Debug [GDE OpenQCD Debugging] ¥ cross_prefix jgdb${ cross_suffix} (277)
~
Program stopped. o
e S
Writable Smart Insert 42:19: 2503 : 165M of 334M y'TI|' :

Figure3.44. Debug Perspectivé

Note: If youneedto do Reveal andatticePropelOnChipDebugjingconcurrently, it is recommendei launchLattice
PropelSDKON-ChipDebugyingfirst before launching Reveal

3.5.3. Peripherals RegistarView

ThePeripherals registers view provides an e&syse interface for examiningr modifying the values of peripheral
registers duringa debug session

To use peripheralregisters view inLatticePropelSDKFigure3.45):

1. al 1S & dzNIR Sloyzdl GiEXIRGR? ViKY 60 KS RSo6dz3 LISNELISOGA GBS @

PPN NS

2. CAYR SINGSLRB 8Bt aKAOK Aa B G &SSNIaH gvISSEA A BRR@HEN | y& NBI

AFKA S WAB 6F 2eBRENINS Y RE{ K 2 6 BIASNAR LIK S NI £ &

l.:.l

a z

¢ KISSNRA LSSt 6Aata Fff LISNALKSNIfa | OFAfl ofk3 bAyR 20SKCH @b &
3. { SEASKHI LIS NRA LIKISHNEIK LIAY DHIRERASY2NEYy Al RINGIF WIASR (2 (KS O2NNB

LISNALIKSNIf YSY2ZNE | NBIF o
4, 2dz SEHWIAWE Y2 RATE (LESNAAIKISHEM A5 BNGTR &E S 6 ©

B
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Q workspace - Example/src/main.c - Lattice Propel - O >
File Edit Source Refactor MNavigate Search Project Run  LatticeTools Window Help
Iuhe BEH=EN N RS PR RN IR R R AT, WO s ElvtaGayD e
g A
7},'iFDebu = 55 Proje = O [€] main.c & = O ||= Variables | ®o Breakpoints ":“:Expresswons ?‘L Peripherals & = O
B | i § || 49 // cmrmmrmmommomommmsoseosososooooooooooooooo " =
v [£] Bxample Debug [GDB OpenOCD #include "utils.h™ Peripheral Address Description
v i Example.cf _ ‘ L M, cpulinst OxFFFFO00D
~ o Thread #1 (Suspended : Si int m:]:?vnlr‘,i)té - ) &1, gpiol_inst 000002000
= main{) at main.c46 Oxd| & static uintd t idx = @; :
SR DEBUG_PRINTE ("Hello RISC-V world!\rin"); [0 sysmem0_inst  0x00000000
v openoce: LED_SET(ALL_OFF); 1%, uartd inst (x00002400
po riscv-nene-embed-gdb = - ’
while (true) {
LED SET(LED ON(idx));
< >
if (++idx == LED_COUNT) {
idx = @;
1
w
< >
B Console | i Registers | & Terminal [ Problems [ {3 Executables A Debugger Console. [1 Memory &2 = B8
g 1010 e = TR
Meniters &= % & 2. gpiol_inst: 0xB000 &3 . = New Renderings...
@ cpullinst Register Address Value &
) el v . gpiol_inst DxDODDADD0
@ uart_inst ~ 108 RD_DATA_REG Dx00008000 0x00008000
& rd_data [7:0] 0x0
1% WR_DATA_REG 0x 00008004 Ox 00008004
» 4§ SET_DATA_REG x00008008 Ox00008008
» iff CLEAR_DATA _REG (x0000800C Ox0000800C
194 DIRECTION_REG 0x 00008010 0x 00008010
< > 1018 |MT TVPF REG M NNNNANTA M NINNNANTA v
119M of 334M m:

Figure3.45. Peripherals View in Debug Perspective

3.5.4. Serial Terminal Toat Windows

Serial portcommunication is frequently usedliring microcontrollerdebuggingLatticePropel SDigrovides a
built-in terminal toolincluding serial suppoffor debugging

To launch a serial terminal:

+A 84

1. CAY R SINGSD ¥ 6 6 S K 8 /i KySaCRAt S5 ® A 13 T YA (B 6T 2aiyIRFENINS v RB{ K 2 6
He S NIA v | €
2. Ly WSOV EyE6s BEISP] I § K GEMM Sl tdzy OK RS NI 2 BE & LdfinG
3. / K2FZBJR £ | oySNIVORYYT FASNENE A (LA P NI G S
7% Launch Terminal O *
Choose terminal: | Serial Terminal w
Settings
Serial port: | COM1 v
Baud rate: | 113200 “
Data size: |8 v
Parity: Maone ~
Stop bits: |1 v
Encoding: | Default (150-8853-1) w
Figure3.46. Launch Terminal Dialot
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4. | £ R @Oy y SDIDIINE &
5. 6 h LI N ZyAIOM B TiXKISS / 2 YYOW RF RYaJdiiy SRA G dorFaNg® Sy G SNJ G SE

& Console | & Terminal 22 . [2] Problems| {3 Executables 2 | o ,'3_:]| B &= 8
& comi 2
|

Figure3.47. Terminal View

3.5.5. Serial Terminal Toat Linux

In Linux, the VCP driver and D2XX driver are incompatible with each Btitenore etails, referto FTDI Drivers
Installation Guide for Linux
Lattice Propel SDR025.2provides a Linux terminal totd fix thiscompatibilitylimitation, basedon PyRdi.

To launch a serial terminal:

1. CAYRSINVIY S 6 vy SalBRAGENEHSHKE T 0 KA & 2A85/6 MYy HWERIR2H2 diB% N
Bt SNYa y I f

2. Ly GKS ¢SNNAWILISyOA S a® Emainidzf @6 RS NI 2 #C 2 AdnRo

3. /1 K222 ¢ YN AKISY @3 R Aewzn

Launch Terminal X
Choose terminal: | Local Terminal ~
Settings
Encoding: | UTF-8 ~

° e EED

Figure3.48. Launch Terminabialog 2

4. | £t RE | [ AGFEYRKRB (BN R G
Ly Lig#s2t ft 26Ay @ O2YYIl YR

$cd < Propel SDK install Location>
$./terminal_cli

¢CKSYy MKIIRS ook @S AMZARSBE (I SRCA Pl S GG SNXYAYIL £ 0o

9ESOWM KA B RSOKA watA (REOA Hapiid

b2 (aSy] § (&ASNEBS Ol (LS LO R @S IatNgs h (i K & MBKAAALS SR &ndBray T2+ O\d dzNJ
I Yy R yeS2SdNBil2dzy D&t NDBISE {5Y®
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B Terminal x _ B i 3 G RA

m & -0

& perry@perry-virtual-machine: ~/lscc/propel/2025.1 X |

perry@perry-virtual-machine:~$ cd 1scc/propel/2825.1/
perry@perry-virtual-machine:~/1scc/propel/2825.1$ ./terminal_cli
Find 2 ftdi devices:

1: ftdi://ftdi:2232:FT9IG4P2/1 (FT2232H device)

2: ftdi://ftdi:2232:FT9IG4P2/2 (FT2232H device)

Choose the correct terminal device, input the device index (1~2):
2
Choose ftdi://ftdi:2232:FT9IG4P2/2

Entering minicom mode @ baudrate:115280 realbaud:115385

Figure3.49. Terminalcli

workspace_2501 - riscv_rtos_helloworld/src/main.c - Lattice Propel - o x
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
BvER @ @iw OB R BPIER SI0&$ kv OV QvidFViIeiD i Lo ot Q8 S %
45 Debug x . iy Project Explorer = g l@main.c x [Eloxess = B |%B x il = g

140

141 #ifdef RISCV_RX_DRV_VER

142 /*If driver support, set global interrupt-enable bit to 1.%/
143 plic_enable_global interrupts(1);
144 #endif

145 }

146

147

148=1int main(veid) {

149 static uint8 t idx = ©;

150 static uint8 t pin state = OxFF;

M
~ [riscv_rtos_helloworld [GDB OpenOCD Debugging]
~ &riscv_rtos_helloworld.elf
+ openocd
o riscv-none-embed-gdb

152 bsp init();
154 printf("Started!\nHello RISC-V world!\n");

156 while (true) {

157 #ifdef LED GPIO INST BASE ADDR

158 gpio output write(&led gpio inst, idx, pin state);
159 #else

160 printf("ex%02X\n", (pin_state ~ (l<<idx)));

161 #endif

163 if (++1idx == LED COUNT) {
164 idx = 9;
165 . pin_state = ~pin state;

@ .# [Function: main] [type
© main.c [line: 54]
© main.c [line: 195]

& Console | @ Terminal X N\ Registers |[f] Pmblems} @ Executables | B Debugger Console} i] Memory‘

2 i B BE 2@ =0

& perry@perry-virtual-machine: ~/lscc/propel/2025.1 X |

perry@perry-virtual-machine:~$ cd lscc/propel/2025.1/
perry@perry-virtual-machine:~/1lscc/propel/2025.1$ ./terminal_cli
Find 2 ftdi devices:

1: ftdi://ftdi:2232:FT9IG4P2/1 (FT2232H device)

2: ftdi://ftdi:2232:FT9IG4P2/2 (FT2232H device)

Choose the correct terminal device, input the device index (1~2):

2

Choose ftdi://ftdi:2232:FT9IG4P2/2

Entering minicom mode @ baudrate:115200 realbaud:115385
Started!

Hello RISC-V world!

IConnected - Encoding: UTF-8

Figure3.50. On-Chip Debug with UARutput
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4. How to Start withLattice FPGMBoard

Thischapter is a tutoriabn how to runa program ora Lattice FPGA board
This tutorial use€ertusPreNX Evaluation Boarfdr example.
All LatticePropelrelated productscan be found froniattice Propel Design Environment

4.1. BoardIntroduction
The CertusPrdX Evaluation Board features the CertusRd FPGA in the LFG672 packagdrchis built on Lattice

Nexust FPGA platform using low power 28 nm$0I technology. The board expartlde usability othe CertusPreNX
FPGA with FMC HPC connector, PMOD, Raspberry PI, along with access to 8x SerDes channels.

Easyto-use board resources of the jumper, LED indicator, push button and switch are available fdefised

applicationsRefer toCertusPreNXEvaluation Boartser GuideRPGAEB02046 for more details of this board
Figure4.1 shows the top view of th€ertusPreNX Evaluation Board

 £204460
?ML 85 94V-0
il we

Figure4.1. CertusPreNX Evaluation Board

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswatetatiicesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificaiioiosraation herein are subject to change without notice

FPGAUG022441.0 50


http://www.latticesemi.com/legal
https://www.latticesemi.com/Products/DesignSoftwareAndIP/FPGAandLDS/LatticePropel
https://www.latticesemi.com/view_document?document_id=53406

Lattice Propel 2025.2 SDK .'.'LATTICE

User Guide

4.2. Creaing anSoCProject

The first steps to Qreate an SoC projectTheSoC project ithe hardware environment foa program.Fordetailed flow
for creating arSoQproject, refer to Lattice Propel Builde2025.2User Guide (FPGAG02243).

FromLatticePropel Builderyou can create scalable Sp@bjectsand other speial SoC projects-{gure4.2).
Note: In this document, most ahe guided flow is based orscalable SoC projext

Inthe SelectDeviceGUI, selecthe correspondingoard Figure4.3). In thisexample CertusPreNX EvaluatioBoard is
selected

4. Propel Create Project had

Select Template
Select a template by name and version from the list of templates,

Template Info:
Name Processor Vers  This is scalable SOC design entry that allows
) user to customize a SOC in a dynamic way
Scalable RISC-V SoC Project  RISC-V RXRISC-V MC,RISC-V SM,RISC-V NANO Mone
Supported Boards:
Avant-E Evaluation(D),

LOW POWER Project RISC-V RX None Certus-NX Versa Evaluation(B),
CertusPro-MX Evaluation(A),

Lattice Sentry RoT Project RISC-V MC Mone CrossLink-NX Evaluation(B),
ECP3 Verza Evaluation(B),
Lattice Sentry RoT Project (256) RISC-V MC None ECP5-3G Versa(B),
MachX(02 Breakout(A),
Lattice Sentry RoT Project (484) RISC-V MC MNone MachX 03D Breakout(A),
iCE40 UltraPlus Breakout Board(A)

Empty Project RISC-V MC,RISC-V SM,RISC-V RX RISC-V MNANO Mone

RISC-V MC Dual Processor Project | RISC-V MC Mone
Supported Devices:
RISC-V MC Multi Processor Project | RISC-V MC Maone ECP5U,

) ECP5UM,

SHA-3 CEU Project RISC-V RX MNone ECP5UMSG,
LAV-AT,
LFCPMX,
LFD2MX,
LFMX0OS5,
LIFCL,
LN2-CT,
LM2-MH,
LatticeECP3,

[ k MachX02,

Template Manager Machi 030 » T

< Back Mext = Cancel

Figure4.2. Select Template GUI
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4. Propel Create Project X
Select Device
Select a device or board for current template.
Board Device Information:
Name Device Version Part Number: LFCPNX-100-9LFG672C

Avant-E Evaluzation LAY-AT-ET0B-3LFG1156C D Logic Cells: 96000
LUTs: 79872

Certus-MX Versa Evaluation | LFD2MNX-40-8BG256C B X

- - Registers: 79872

CertusPro-MX Evaluation ELFCPNX-‘IDD-QLFGE?ZC A EER Blocks: 208

CrossLink-NX Evaluation  LIFCL-40-8BG400C B LRAM: 7
DSP (1818 Multiplier): 156
ADC Blocks: 1
PLLs: 4
DLLs: 2
PCSs: 2
AlLUs: 1
DPHYs: 0
PIO Cells: 299
PIO Pins: 299

< Back Next = Cancel

Figure4.3. Select Device GUI

4.3. Creaing adC++Project

The second stefs tocreatea GC++project.

Refer tothe C/C++ Project Design Fleectionfor details of creating a C/C++ project
Different C project templates neatifferent types of SoC project.

4.4. Memory Initialization (Optional)

The third stefs toinitialize thememory filefor the SoC project.

This step is optionalf youneed the boardo run after poweron, you need toexecutethis step.
Refer to theMemory Initialization to SoC Projes¢ction formemory initializatiordetails

4.5. Generatng and Programng a Bit File
Thefourth stepis togeneratea bit file and progranit to board.

Save the SoC projecteated in stepsbove Launchthe Lattice Rdiantsoftwareor Lattice Damondsoftwareto
generatethe bit file, as shown in th®pering aDesign irLattice FPGA Design Softwaeztion.

When the bit fileis generated correctly, program it tbe board. Refer to the corresponding board user guide for
details of programming the bit file. In this example, refeCertusPreNXEvaluation Boartser Guide
(FPGAEB02046.

4.6. On-Chip Debuging

The last stefs onchip debugging. Yotan referto the Programming and O€hipDebugging Flowection
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5. GeneralApplication Templats

5.1. Template List and Requirements

Generalapplicationtemplatesprovidereference code folRIS©/ processos.
These general templatedepend onscalable RIS€ SoC projects
For the project flow refer tothe How to Start withLattice FPGRoardsection

Table5.1 lists all the generatemplates anddisplayshe requirementsfor every template

Table5.1. Templatelist

mLATTICE

ProcessoRequirement

TemplateName el ST Ve Required IP | Other Requirement | Default Soc Project
RSGVRX(V2.2.0) Scalable RIS SoC

Hello World Proiect RIS6&/MC(V2.4.0) UART, T Project(RIS&/ RXRIS&/

) RIS6/SM(V1.4.0) GPIO MC, RIS¥ SM, RISE
RISE/ Nano(V1.0.0) Nang
FreeRTOSTMinimal Scalable RISC SoC
Project RISG/RX (v2.2.0) UART T Project (RIS® RX)
FreeRTOSTS UART, Scalable RISC SoC
PMRBIlinky Project RISO/RX (v2.2.0) GPIO T Project (RIS® RX)
. Scalable RISC SoC
RIS6/ RX Demo Project RIS&/RX (V2.2.0) UART T Project (RIS¥ RX)
Forthe connecion of
12C Communication 12C Target, pins refer to the Scalable RIS SoC
Project RISO/RX(v2.6.0) I12C Cotroller | 12CCommunication | Project (RIS® RX)
Projectsection.
. Octal I Scalable RISC SoC
SPI Controller Project | RIS&/RX(V2.6.0) Controller T Project (RIS® RX)
Hardware Interrupt Scalable RISC SoC
Project(PIC) RIS©/MC(V28.0) UART Enable PIC Project (RIS® MC)
Hardware Interrupt Scalable RISC SoC
Project(PLIC) RISG/ RX(V2.6.0) UART Enable PLIC Project (RIS RX)
Scalable RISCSoC
Mtimer Project i:zg l\sﬂl\(j(\\//lzgg) UART Enable Mtimer Project (RIS¥ MC,
(V1.8.0) RISG/ SM)

. . Scalable RISZ SoC
Real Timer Project RIS©/RX(V2.6.0) UART Enable CLINT Project (RIS® RX)
Software Interrupt Scalable RISZ SoC
Project RISG/RX(V2.6.0) UART Enable CLINT Project (RIS® RX)
Watchdog Timer Project| RISG/RX(V2.6.0) UART Enable CLINT Scalable RISE SoC

Project (RIS¥ RX)

Code Coverage Project

RISE/RX (V2.0)

Enable Semihost
128kB memory
range

Scalable RISZ SoC
Project (RIS¥ RX)

Timing Profiling Project

RISE/RX (V21.0)

Enable Semihost
128kB memory
range

Scalable RISZ SoC
Project (RIS¥ RX)

5.2. Hello World

ThisHello WorldCproject supportsall the scalable RISZ So(rojects
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It requiresUART IP for terminal prisgut (Figure5.1) and GPIO IP for LED display.

@3 m] X
4B Terminal =2 | EM Eﬂ‘ B&=0
B comi2 x

Started!

Helle RISC-V world!

Figure5.1. Hello World ProjecfTerminal

5.3. RTOS

FreeRTOSTMinimal Project, FreeRTASS PMBIinky Projectand RIS® RX Demo Project are RTapplication
templates.

These templates neetthe ScalableRIS6/ SoQoroject, RealTime Operation SysteRIS&/ RX)as shown irFigure5.2.

. Propel Create Project X

System Application Level

(choose an application)

This template enables RTOS level application. The SOC is based This template enables bare metal level application. The SOC is

on RISC-V RX and uses AX| as main system bus based on RISC-V MC and uses AHBL as main system bus.
Considering RISC-V MC is highly configurable, this template is
suitable for almost all the available devices

Real-Time Cperation System(RISC-V RX) General Micro Controller{RISC-V MC)
This template enables bare metal level application. The SOC is This template enables bare metal level application. The SOC is
based on RISC-V SM and uses AHBL as main system bus. RISC-V based on RISC-V MANO and uses AHBL as main system bus.
SM is recommended for resoruce constrained devices RISC-V MANO is recommended for certain use cases that

resouce usage is highly sensitive

General State Machine{RISC-V SM) Glue Logic(RISC-V Nana)

< Back Mext = Cancel

Figure5.2. Scalable SoC Proje¢tReatTime Operation SystentRIS&/ RX)

TheFreeRTOETS PMiBIlinky Projectemplate shows how to creatisks timer, and running tasksVhenthe project
runscorrectly,the terminal printout is shown inFigureb.3.
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HE: O x

o
A& Terminal X

B comz x

FreeRTOS 262216.81 LTS on RISC-V.
the granularity of pmp is 4.

pmp entry@: mode=8x81, perm=8x87, addr 25d3(*4) 974c, locked=@
pmp entryl: mode=8x81, per , addr 25d4(*4) 9758, locked=1
pmp entry2: mode=@x@l, per , addr 5d7(*4) 75c, locked=g
pmp entry3: mode=@x@1, perm=8x87, addr=@x3fffffff(*4)=@ufffffffc, locked=a

@ pmp test begin:
@ sstatus-8xBeeealea:
@ mstatus=BxBEBBE1ES:

@ write/read secured region in task:

@ expectation(locked): write/read @x@800974c will fail

@ write/read @x@@ee974c begin, in=8x@eee1234
* enter store access fault exception handler, mepc=8x8@864f12
* exception ignered

@ write/read @x@880974c done, out-0xB2000000

@ expectation(m-mode): write/read exeeee9756 will succeed
@ write/read @x@@00975@ begin, in=8xB80085678
@ write/read @x@8009758 done, out-0xBBER5E7S
@ write/read secured region with sys-call:
@ expectation: write/read 8x@8889758 will succeed
@ write/read 8xB@@@9758 begin, in=éxBBBadefa
@ write/read exeeees75e done, out=@xeeeedefe

@ pmp test end

TX task 31472 is running 1, send ex7f

soft timer, receive @x7f

TX task 31472 is running 2, send @x37

soft timer, receive @x87

TX task 31472 is running 3, send 8x7d

soft timer, receive @x7d

TX task 31472 is running 4, send @x78

soft timer, receive Bx78 w

Figure5.3. FreeRTOSTS PMmBIlinky ProjectTerminal Printout

5.4. SingleFunction

Single function here refers tihe corresponding module of each RI8@rocessarThe singldunction template refers
G2 SIOK LINPOS&a2N) Y2RdzZ SQa NBFSNByOS O2RSo
For details okachRIS&/ processor and theorrespondingnodule, refer toits IP user guidéTable5.2).

Table5.2. RIS€V Processor User Guide

RIS&/ RX RIS&/ RX CPIP Core
RIS&/ MC RIS&/ MC CPU IP Core
RIS&/ SM RIS&/ SM CPU IP Core
RIS&/ Nano RIS&/ Nano CPU IP Core

5.4.1. Hardware Interrupt Project (PIC)
This templateshowshow to usethe RIS/ MCLINE O S Brdégeamdsble Interrupt ControlléPIQ module
This templataequiresthe Scalable RISZ So®roject, General Micro Controll§RISE&/ MC), as shown irFigure5.4.

Whenthis project is running, you can puse button mentionedin the correspondingcode. Ten, you carseethe
terminal piint-out (Figure 5.%and LED display

Note: This templatesupportsonly three boardsby default CertusPreNX Evaluation Boay&€ertusNX Versa Evaluation
Board and CrossLiniNX Evaluation Board
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4. Propel Create Project *

System Application Level

(choose an application)

This template enables RTOS level application. The SOC is based This template enables bare metal level application. The SOC is

on RISC-V RX and uses AX| as main system bus based on RISC-V MC and uses AHBL as main system bus.
Considering RISC-V MC is highly configurable, this template is
suitable for almost all the available devices

Real-Time Operation System(RISC-V RX) General Micro Controller(RISC-V MC)
This template enables bare metal level application. The SOCis This template enables bare metal level application. The SOC is
based on RISC-V M and uses AHBL as main system bus. RISC-V based on RISC-V NANO and uses AHBEL as main system bus.
SM is recommended for resoruce constrained devices RISC-V NANO is recommended for certain use cases that

resouce usage is highly sensitive

General State Machine(RISC-V SM) Glue Logic(RISC-V Nano)

< Back MNext = Cancel

Figure5.4. Scalable SoC ProjegiGeneral Micro Controlle(RIS€&/ MC)

3 O X
4B Terminal % =) | EN Eﬁ| E&S =08
B come

Start PIC test!
Try to push the mentioned button in annotation!

Enter external button interrupt @
Enter external button interrupt 1
Enter external button interrupt @
Enter external button interrupt 1

Figure5.5. Hardware Interrupt Project (PI@rojectTerminal Printout

5.4.2. Mtimer Project
This templateshowshow to use RIS& MCprocessotand RISY SMprocessof) Bitimer module

This templataequiresthe Scalable RISZ SoC ProjecGeneral Micro Controller (RISCMC)shown inFigure5.4, or
the Scalable RISZ SoC ProjecGeneral Micro Controller (RISCSM) shown inFigure5.6.

This project uses mtimer for delay functiand providesthe mdelay()function usingthe timer cycle counter anthe
irg_mdelay()ffunctionusingthe timer interrupt. The erminal printout is shown irFigure5.7.
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4. Propel Create Project

System Application Level

(choose an application)

This template enables RTOS level application. The SOC is based
on RISC-V RX and uses AXI as main system bus

Real-Time Operation System{RISC-V RX)

This template enables bare metal level application. The SOC is
based on RISC-V SM and uses AHBL as main system bus. RISC-V
SM is recommended for resoruce constrained devices

General State Machine(RISC-V SM)

This template enables bare metal level application. The SOC is
based on RISC-V MC and uses AHBL as main system bus.
Considering RISC-V MC is highly configurable, this template is
suitable for almost all the available devices

General Micro Controller(RISC-V MC)

This template enables bare metal level application. The SOC is
based on RISC-V NANO and uses AHBL as main system bus.
RISC-V NANO is recommended for certain use cases that
resouce usage is highly sensitive

Glue Logic(RISC-V Nano)

< Back MNext =

Cancel

Figure5.6. Scalable SoC ProjegtGeneral State Machin€RIS&/ SM)

o1
w5
@T&rminal s
B COME

Start mtimer test!

Use mtimer cycle count to delay l@@eéms.

Use mtimer interrupt to delay 1@@éms for LED running.

[m} >
= 8

Figure5.7. Mtimer Project

5.4.3. Hardware Interrupt Project (PLIC)

This templateshowshow to usethe RIS/ RX.INE O S Blatf@rmyevel Interrupt ControllerRLI¢module.
Thistemplaterequiresthe Scalable RISZ SoC ProjecRealTime Operation System (RIS X)as shown in

Figureb.2.

When this project is running, you can push the buttoantioned in the corresponding cod&en, you carsee the

terminal printout (Figure5.8) and LED display.

Note: This templatesupportsonly four boardsby default CertusPreNX Evaluation Boay@ertusNX Versa Evaluation
Board CrossLiiNX Evaluation Boaydnd AvantE Evaluation Board

FPGAUG022441.0
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3 | *®
A8 Terminal =2 | ® E;E| B&-0
B comi2 x

Start PLIC test!
Try to push the menticned butten in annotation!

Enter external button interrupt @
Enter external button interrupt 1
Enter external button interrupt @
Enter external button interrupt 1

Figure5.8. Hardware Interrupt Project (PLI®rojectTerminal Printout

5.4.4. Real Timer Project

This templateshowshow to usethe RIS&/ RXprocesso® CLINTmtimer module This timer is a realime clockof
32kHz.

RTOS projestalwaysusethis reattime clockto generate tick.

Thistemplaterequiresthe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown in
Figureb.2. This project usgthe real timerto generate asimple stopwatchTheterminal printout is shown in
Figure 5.9

i

e O d
A8 Terminal X = 0
B comiz x

Start real timer test!

Start a stopwatch by real timer!

ecffez: 86

Figure5.9. Real TimefProject

5.4.5. Software Interrupt Project
This templateshowshow to usethe RIS&/ RXprocesso® CLINIMSIPmodule

Thistemplaterequiresthe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown in
Figureb.2. This project use€LINIMSIPto generate asimpletask schedulenvhich act as multi-thread program The
terminal printout is shown irFigure 5.10
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o
R

& Terminal

B comiz x

Start task schedule!

I'm task 1.
Enter software interrupt!
I'm task 2.
Enter software
I'm task 3.
Enter software
I'm task 1.
Enter software
I'm task 2.
Enter software
I'm task 3.
Enter software
I'm task 1.
Enter software
I'm task 2.
Enter software
I'm task 3.
Enter software
I'm task 1.
Enter software
I'm task 2.

Sstart software interrupt test!

Create a simple task scheduler by software interrupt

interrupt!
interrupt!
interrupt!
interrupt!
interrupt!
interrupt!
interrupt!
interrupt!

interrupt!

Figure5.10. Software InterruptProject

5.4.6. Watchdog Timer Project

This templateshowshow to usethe RIS&/ RXprocesso®watchdog timenWDT)

Thistemplate needthe Scalable RISZ SoC ProjecRealTime Operation System (RISQRX)as shown irFigureb.2.
This WDT is a softwakl®DT It generates a system reset signal when the program goes into endlessdadpgamot

feedthe WDTin time.

Watchdog Timer ®ject sets a main loopnd feed WDT in everpigcycle Thereisa simulation busgtatus whichis
setbythe set_busy for_demg function andget bythe get_busy_status_for_demr{dfunction. This busy statusslikea
peripherd &tdtus andhe program should check its status before using it

The terminal printout is shown irFigure 5.11

7o
]

Star

feed
feed
feed
feed
feed
feed
feed
feed
feed
feed
Got
Got
Got
Got
Got
Got
Got
Got
Got
Got
Got

ted!

watchdog here...
watchdog here...
watchdog here...
watchdog here...
watchdog here...
watchdog here...
watchdog here...
watchdog here...
watchdog here...
watchdog here...

busy
busy
busy
busy
busy
busy
busy
busy
busy
busy
busy

& Terminal X

B comi2 x

(== BN R T R R EVR S

status, wait
status, wait
status, wait
status, wait
status, wait
status, wait
status, wait
status, wait
status, wait
status, wait
status, wait

a

here.
here.
here.
here.
here.
here.
here.
here.
here.
here.
here.

e B |

m
BE& =0

Figure5.11. Watchdog TimetProject
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5.5. IPUsageReference

5.5.1. [2CCommunication Project

Thistemplate needthe Scalable RISZ SoC ProjecRealTime Operation System (RIS@RX)as shown irFigures.2.
This SoC project includeani2C controlleiinstanceand 12C targeinstance

This projectrequiresconnecing pinsaccording to theannotationin the main()function.

When communicating successfully, the terminal pianit is shown inFigure 5.1212Ccontroller can sendo or get
messagdrom the exigingtarget at the address Ox31@mmunicaton fails with an invalidtarget at address 0x32This
isexpeced uponthe currentdesign.

i O 4
B Terminal % El | u of IEN =
2 comi2 x

Set I2C control to 7bit mode.
Set I2C target addr 8x31, 7bit mode.

I2C test Started...

Test with existing target @x31:

Send msg to target @x31.=======3

I2C target get message "I'M Control™, feed back!i=======

Got feedback "I'm Target 8x31", communicate with target 8x31 success!

Test with invalid target 8x32:
Send msg to target @x32,=======:

Target has no response!

I2C test done!l

Figure5.12. I2CCommunication Project

5.5.2. SPIController Project

Thistemplaterequiresthe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown in
Figureb.2. This SoC project inclugdgheOctal SPI Controllénstance The Octal SPI Controllés designedo be
connectedwith an SPINORflash

This projecshowshow to usean SPI controller to readr write an SPINORflash.

This project can be creatad two forms: read or write betweena RAManda flash read or write betweenafile anda
flash.The differentforms depend orthe System Library selectiontime C projectreating flow.

1 Reador write betweena RAMandaflash

Inthe Cproject creating flow, under theLattice Toolchain Settingage,select Default foSystem Library
(Figureb5.13). The terminal printout is shown irFigure5.14.

The program logic is designed fatlows:

a. Matchthe flash IDandgetthe flash size

b. Write data to theend ofthe flash.

c. Read backhe datafrom the end ofthe flash.
d. Gomparethe dataandthe report.
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08 CfC++ Project [m| X
Lattice Toolchain Setting
Configuration: | Debug [ Active ] ~
Lib Setting  C/C++ Compiler C/C++ Linker
(O Mo default libraries (-nodefaultlibs)
O Newlib
() Mewlib-nano (--specs=nano.specs)
(®) Picolibe (--specs=picolibc.specs)
Printf Level
(®) Integer only printf (-DPICOLIBC_INTEGER_PRINTF_SCANF)
(O Float printf (-DPICOLIBC_FLOAT_PRINTF_SCANF)
(O Full printf {-DPICOLIBC_DOUBLE_PRINTF_SCANF)
Systern Library
(®):Default
(@) Semihosting (--oslib=semihost)
(O Dummyhosting (--oslib=dummyhost)
'(?;' < Back Next = Cancel
Figure5.13. Selecing Default for System Library
& o X
|

A Terminal X

B comi2 x

Start SPI test!

Find flash MT25QU128, SPI,Nor,16MB!
Write to:@xeéeffffce.

éé;alback from:exeeffffce.

éead data:"IT's SPI WR Test!™

Read back the same data, test success!

End!

Figureb5.14. Reador Write betweenthe RAMandthe Hash

1 Reador write betweenafile anda Hash
Inthe Cproject creaingflow, under theLattice Toolchain Settingage,select Semihosting fddystem Library
(Figureb.15).

The printout messagehowsin the consok window (Figure5.16).
The program logic is designed as follows:
a. Matchthe flash IDandgetthe flash size.

b. Readdata fromthe start ofthe flashand save itnto the file flash_use2write.bin

c. Write the file flash_use2write.birto the end ofthe flash.
d. Read backhe data from the end of flashnd save itnto the file flash_readback.bin

Whenthe programfinishesrunning you can findthe two files, flash_use2write.birandflash_readback.biim the
projectfolder (Figure5.17). Compare these two files twerify if the reador write operationis correct
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08 CfC++ Project [m| X

Lattice Toolchain Setting

Configuration: | Debug [ Active ] ~

Lib Setting  C/C++ Compiler C/C++ Linker

(O Mo default libraries (-nodefaultlibs)
(O Newlib

() Mewlib-nano (--specs=nano.specs)
(®) Picolibe (--specs=picolibc.specs)

Printf Level
(®) Integer only printf (-DPICOLIBC_INTEGER_PRINTF_SCANF)

) Flozt printf (-DPICOLIBC_FLOAT_PRINTF_SCANF)
(O Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF)

System Library
() Default

Semihosting (--oslib=semihost):

(O Dummyhosting (--oslib=dummyhost)

® Next = | Finish | | Cancel

Figureb.15. Selecting Semihostin§ystem Library

& O X
& Console X ﬁx|a£ﬂ@ﬁ@|ﬂa‘rﬁ'mﬁ
riscv_rtos_spi_semihost [GDE OpenOCD Debugging]

(3138) time (/32) A

(3139) instret (/32)
(3265) cycleh (/32)
(3266) timeh (/32)
(3267) instreth (/32)
(3922) mvendorid (/32)
(3923) marchid (/32)
(3924) mimpid (/32)

Start SPI test!

Find flash MT25QU128, SPI,Nor,16MB!

Start read flash data to flash_use2write.bin, offset: , length: 23451
Read completed!

Write file flash_use2write.bin to flash, offset @x@affdcbb!

Write completed!

Start read flash data to flash_readback.bin, offset:@x@@ffdchb, length:exeeeaz34s!

Read completed!

Can find file flash_use2write.bin and flash_readback.bin in this project folder!

End!

Figureb5.16. Reador Write between Fle and Hash
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| = | riscv_rtos_spi - o x
Home Share View ™ e
« v P <« Mew Volume (D:) » propel-workspace » riscv_rtos_spi » v O O Search riscv_rtos_spi
~
~ Name Date medified Type Size
7 Quick access
B Desktop - .settings File folder
Debug File folder
{ Downloads -+
src File folder
Documents * ] .cproject CPROJECT File 43KB
[&] Pictures » project PROJECT File 1 KB
doc flash_readback.bin BIN File SKB
freertos_minimal flash_use2write.bin BIN File 9 KB
freertos_pmp_blinky | | riscv_rtos_spilaunch LAUMCH File 7KB
sge v
8 iterns =

Figureb.17. Project Folder

5.5.3. I3C Communication Project

Thistemplate needthe Scalable RISZ SoC ProjecRealTime Operation System (RIS@QRX)as shown irFigure5.2.

This SoC project includes &CIcontrollerinstanceand BC targetinstance
This project requires connecting piascording to theannotationin the main()function.

When communicating successfully, the terminal piintt is shown inFigure5.18. 13Ccontroller can sendo or get
messagdrom at the address 0x09.

IE) Console | & Terminal X . (2! Problems| {2 Executables| G} Debugger Console

& comie X

[main] Hello I3C demo

[i3c_target] set target DCR: @x@@

[i3c_target] set target PID: @3 1E @0 01 10 €0
[i3c_target] set BCR: @x27

Target Init

[i3c_master] initialization is start!
Bys clk register: @ :
Ppen drain timer register: 4 ContrO”er |n|t

[i3c_master] initialization is success
i3c_master ibi Init->I3C MASTER INTR STAl = @

li3c_master_daa()...

[3C master DAA is success

[i3c_master] target bcr = 27 Contl’OHer DDA 0X09
[i3c_master] target dcr = @

[i3c_master] target pid = 9x0000000000003c4e

[i3c_master] I3C master DAA is success

oxas 1arget Check DDA: 0X09

[i3c_target] Dynamic Address:

ex11

" Write FIFO
rie
[i3c_master] Write successful!

i3c_master] Controller private write, value 1
[i3c_master] Controller private write, value 2

[i3c_app][target] interrupt_2 raw = 8x40, RXFIFO_NOTEMPTY = 1

[i3c_target] Read target RX FIFO, value 1 = 0x11

Check FIFO

[i3c_target] Read target RX FIFO, value 2 = @xAA

main] Cleanup
[main] End!

Figure5.18. I3C Communication
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5.5.4. GeneratPurpose Timer Project
This templateshowshow to usethe generalpurpose timer (GPTIMER) peripheral.
Thistemplate need the Scalable RISZ SoC ProjecReaiTime Operation System (RISQRX)as shown irFigure5.2.

It demonstrates how to initialize, configure, and use a hardware timer to generate periodic interrupts, and how to
handle those interrupts in softwar&unning timeesultis shown inFigure5.19.

Key features:

=A =4 =4 -4 -4 =4

Initializes the platform, including the Platforbrevel Interrupt Controlle¢PLIG and trapor exception handlers.
Configures a generglurpose timer to generate an interrupt every 1 ms.

Registers the timer interrupt with the PLIC and enables it.

Provides an interrupt service routine (ISR) for the timer, which sets a flag and prints debug information.

The main loop waits for the timer interrupt flag and handles it, printing a message each time the timer expires.
Youcan ®t Period Value(msh main() to determine théime duration forgeneral purposdimer to overflow

Configurable Parameters:

il

Timer Period (period_valug)

Adjussint period_value = 1; in main.c to define the interval between timer events in milliseconds
Prescaler Value

The pscaler parameter within gp_timer_config() influences the timer's resolution and counting frequency
Timer Mode

Sesthe continuous parameter in gp_timer_config().

 /2yliAyd2dzakt SNA2RAO a2RS 602y (Aydzzdzarl 4 NHzSO Y
¢CKS GAYSNI Fdzi2YFGAOFffte NBf2BRENFGER2OAYNVRAIOR yAIA Y diS &I
GKSNBoeé 3ISYySNIGAYy3dI AyliSNNHzZIia NBLSIFGSRteo

T hy®K2G a2RS 002yiAydz2zdaAarfrtasoy
¢CKS GAYSN aliz2Lla 2H0SNF iiKS FANRES (ARBQKzZIYF & NBadzZ G A
GNRAIISNAYy IO

Interrupt Priority.

The priority parameter in plic_int_register() determines the timer interrupt's priority level

Callback Functian

Youcan define custom logic to be executed upon a timer interrupt by modifying the function pointer provided to
gp_timer_start()

System Clock (sys_clk)
The timer's fundamental clock source can be specified in gp_timer_init() to align with the specific hardware setup

ConfigurationExamplgFunction:gptimer_irg_init_and_stai):
1 Determine Counting Direction

Configure for Countdown operation, where the timer decrements from the reload value to 0
Obtain Prescaler Ratio

Determinesthe actual prescaler ratio by referencing the value of pscaler_ratio[7:0] in the COMa@€er, as
described in Table 2.1@rescaler Ratio Tabtd the Timer/Counter IP User Guide (FRIRPAIG02139)

Calculate Time per Count

Time per count = Prescaler Ratio x System clock period
Calculate Total Time

Total time = (Reload Value + 1) x Time per count

The practice of adding 1 to the reload value ensures a minimum delay guarantee, preventing the actual delay time
from having a lower bound of.0
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In this demo:
1 pscaler = 0; // Results in an actual prescaler ratio of 2 ( prescaler = (2 << pscaler))

1 With a target period = ins and sys_clock = B0Hz, the calculated reload_value is 25,000is value can also be
read from the timer

1 The timer counts down from the reload value to 0
9 Time per count = Prescaler Ratio x System clock period
1 Thus, Total timeout = (Reload Value + 1) x Time per counts: 1

B com16 X
[main] Started! General Purpose Timer Demo
[gptimer] ======== Timer START

[gptimer] timer callback ENTER

[gptimer] reload_value: 25000

|[gptimer] prescaler: 2

[gptimer] sys_clk: 50000000Hz

‘[gptimer] duration = ((reload_value + 1) * prescaler) / (sys_clk / 1000000))
[gptimer] ======== Timer STOP after 1000 us

[main] timer_flag handled

Figure5.19. General PurposdimerProject

5.6. Profiling Tool

5.6.1. Code Coverage Project

Code coverage is about validating the number of lines of code executed under a test process. This, in turn, helps in
analyzing how well and comprehensively a software application is being tested. In other words, it is the quantitative
measurement of the peentage or degree of executed source code of software application during testing. Code
coverage enables you to gauge the completeness of your test cases more accurately.

Refer togcow a Test Coverage Progrdor moredetails

Thistemplaterequiresthe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown in
Figure5.2. Asthis templatehasmore code andargermemory size, the correspondi®RSE&/ RXproject createdneeds
to havel128kB Memory Rangé-igure 522).

In the C project creating flonsomedefaultselectons are differenfrom those ofother templates Keep thesedefault
selections.

The printout logis shown irFigure5.20. Then you can find the coverage files Broject Explorer shown in
Figureb.21. Doubleclickone of the coverage files and cliCckK(Figure5.22).

Wait for a few seconds, the coverage information is displg¥églure5.23).
Fordetailed usage of code coverage, refeHelp- Eclipse Platfornand enterGcovViewin the Search box.
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ot
e

[m] X

& Consale

X k| &EREE vB-m-= 0O

riscv_rtos_gcov [GDB OpenOCD Debugging]

(92@) mtval (/32)
(981) mip (/32)
(1985) mtohost (/32)
( mfromhost (/32)
(1987) mreset (/32)
(1988) mipi (/32)
(1989) miocbase (/32)
(3137) cycle (/32)
(3138) time (/32)
(
(
(
(
(
(
(

-
=)
a0
&

3139) instret (/32)
3265) cycleh (/32)
3266) timeh (/32)
3267) instreth (/32)
3922) mvendorid (/32)
3923) marchid (/32)
3924) mimpid (/32)

Start!

Do coverage data dump .. done!

Please double click cne of the .gecda/.gcno files(found from Debug/src) te see the report.

-

Figure5.20. Code CoveragProject

oL
s

E"_j Project Explorer <
S

BES Y § © 0O

w oS riscv_rtos_goov
» ﬁ'} Binaries
» Includes
> &8 s
w = Debug
W[ SIC
» [= bsp
» [&= gcov
» [= samples
> board.o - [riscv/le]
> main.o - [riscv/1e]
> timer.o - [riscv/le]
board.d

& board.gcda
board.gcne
& g

main.d

% main.gcda
& main.gcno

@& subdir.mk

timer.d

& timer.gcda

& timer.gcno

» %}'} riscv_rtos_geov.elf - [risov/le]

[&. makefile
| & objectsmk
riscv_rtos_gcov.bin
riscv_rtas_gcov.lst
riscv_rtas_gcov.map
riscv_rtos_gcov.mem

Figure5.21. CodeCoverage Files
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P
i/ Goov - Open coverage results... >

Binary File

Please enter here the binary file which produced the coverage data.

| D:\propel-workspace\riscv_rtos_gcoviDebug\risov_rtos_geov.elf Workspace... | | File Systemn...

Cowverage result
() Show coverage details for board.c enly.
(®) Show coverage for the whole selected binary file

Figure5.22. Open Coverage Results

O X
[ mainc = 8
~
60- int main(void)
static uint32_t ms_delay = 58@;
extern char _ftext[];
const char *startptr = _ftext + OFFSET;
gcov_prepare();
memcpy(srcptr, startptr, TMPSIZE);
bsp_init();
printf("\nstart!\n");
my_memcpy_char(dstptr, srcptr, TMPSIZE, OP_TIMES);
my_memcpy_int(dstptr, srcptr, TMPSIZE, OP_TIMES);
timer_delay(ms_delay);
goov_out();
while (1)
timer_delay(ms_delay);
}
v
& geov X EE®LE &N e =0
program runs = 0
program file : Chlsec\propel2024.2\workspace\riscv_rtos_gcoviDebughrisev_rtos_geov.elf
timestamp : 9/29/24, 2:48 PM
P type filter text
Mame Total Lines Instrumented ...  Executed Lines Cuvaragva % *
w Summary 3,780 T2 194 - 25.13%
> main.c a4 " 10 _— 50.91%
» clint.c 130 37 29 . 78.38%
» Iscc_geovie 61 9 7 _— 77.78%
» riscvh 332 24 12 I 75.0%
> timer.c 105 38 26 _— 63.42%
> trap.c 125 22 13 I 52.18%
» riscvh 332 18 12 W 66.67%
» iob.c 85 l 5 . 45.45% e

Figure5.23. Code Coverage Information
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. Propel Create Project X
1. Choose from below . . .
2 Then click 'Confirm' 3. Choose number of Peripherals after click 'Confirm’
System App Level
=== Peripheral ===
rtos
GPIO 1
Processor:
UART 1
System Memary : 12C Controller 1

Octal SPI Controller 1
Memory Range (KB) :
128

12C Target 1

System Clock (MHz) :

Pre-defined Base Ini:

Confirm

< Back Mext > Cancel

Figureb.24. Scalable RIS SoC Projeat RealTime Operation System (RISCRX)Confirm Page

5.6.2. How to AddCode CoverageFunctionto an Existing CProject
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Q Properties for riscv_rtos_redemo_default

O X
|typefilter text Settings . -8
» Resource
Builders
w C/C++ Build Configuration: |Debug [ Active ]

~ | | Manage Configurations...
Build Variables

Environment

Logging B Tool Settings 58 Toolchains

Settings

Tool Chain Editor
5 C/C++ General

 Devices & Build Steps Build Artifact Binary Parsers (4 | %

@ Target Processor

[ Do net search systemn directories (-nostding)
o A
(2 Optimization

[JPreprocess only (-E)

» MCU (% Warnings - — -
8 Defined symbels (-0) [ ER SRR K
Project Natures (# Debugging il

Project References « %3 GNU RISC-V Cross Assembler

Run/Debug Settings
SystemVerilog Project Prope
Task Tags

(% Preprocessor
(2 Includes
(%2 Warnings

g

» Validation (% Miscellaneous
~ B3 GNU RISC-V Cross C Compiler
(# Preprocessor
#5 Includes
(#5 Optimization
2 Warnings
# Miscellaneous

Figure5.25. LSCC_COVERAGE Symbol

s Properties for riscv_rtos_cdemo_default O X
> Resource
Builders
+ CfC++ Build Configuration: Debug [ Active ] ~ | | Manage Configurations...
Build Variables
Envirenment
Logging 85 Tool Settings 5% Toolchains i Devices & Build Steps Build Artifact Binary Parsers @ Error Parsers
Settings
Tool Chain Editor (& Target Processor [ Generate assembler listing (-Wa,-adhlns="S@.lst")
5 C/C++ General (& Optimization [[] Save temporary files (--save-temps Use with caution!)
5 MCU (£ Warnings [ Verbose (-v)
Project Natures (2 Deaugging Other compiler flags [ picolib “DPICOLIBC_INTEGER PRINTF_SCAN| |-tprofile-arcs -ftest- a
Project References ~ B3 GNU RISC-V Cross Assembler priertiags | preoibe.specs = = = w
Run/Debug Settings (# Preprocessor
SystemVerilog Project Prope (2 Includes
Task Tags (£ Warnings
5 Validation (£ Miscellaneous
~ B3 GNU RISC-V Cross C Compiler
(£ Preprocessor
2 Includes
(£ Optimization
(£ Warnings
(£ Miscellaneous
~ B3 GNU RISC-V Cross C Linker
(22 General

Figureb5.26. -fprofile-arcs-ftest-coverageCompiler Flag
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Q Properties for riscv_rtos_mcdemo_default O *
type filter text Settings

> Resource
Builders
w C/C++ Build
Build Variables
Environment
Logging
Settings
Tool Chain Editor
» C/C++ General
» MCU
Project Matures
Project References
Run/Debug Settings
SystemVerilog Project Props
Task Tags
» Validation

Configuration: | Debug [ Active ]

~

Manage Configurations...

& Tool Settings &) Toolchains [ Devices . Build Steps Build Artifact Binary Parsers €3 Error Parsers

(22 Target Processor
@ Optimization
@ Warnings
@ Debugging
w B3 GMURISC-V Cross Assembler
(%2 Preprocessor
2 Includes
(2 Warnings
(# Miscellaneous
w B8 GMU RISC-V Cross C Compiler
@ Preprocessor
@ Includes
@ Optimization
(2 Warnings
(2 Miscellaneous
~ B3 GMU RISC-V Cross C Linker
(2 General
@ Libraries
@ Miscellaneous
w B3 GMU RISC-V Cross Create Listing

Libraries (-1} € 5 85 &

Library search path (-1)

848 8 4l ¢

Figure5.27. smallgcovLibrary

G Properties for riscv_rtos_mdemo_default

Build Variables
Environment
Logging
Settings

m} X
type filter text Settings S §
> Resource

Builders
~ C/C++ Build Configuration: |Debug [ Active ]

& Tool Settings % Toolchains M Devices . Build Steps

~ | | Manage Configurations...

Build Artifact

Binary Parsers @ Error Parsers

Tool Chain Editor

» C/C++ General

> MCU
Project Matures
Project References
Run/Debug Settings
SystemVerilog Project Prope
Task Tags

» Validation

v®

v i@

v

(22 Target Processor
(2 Optimization
# Warnings
@ Debugging
~ B3 GNU RISC-V Cross Assembler

@ General
(22 Libraries
(2 Miscellaneous

Linker flags (-Xlinker [eption])

€& 8 5L

(22 Preprocessor
2 Includes
(2 Warnings
# Miscellaneous
GNU RISC-V Cross C Compiler
(% Preprocessor
(2 Includes
(2 Optimization
(2 Warnings
# Miscellaneous
GMNU RISC-V Cross C Linker

Other objects

a0 8§

GMNU RISC-V Cross Create Listing

Figureb.28. --defsym=_HEAP_SIZE=0x1Q0tker Flag
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$ Properties for riscv_rtos_nedemo_default [m] e
type filter text Settings - - 8
Resource
Builders
~ C/C++ Build Configuration: | Debug [ Active] ~ | | Manage Configurations...

Build Variables
Environment

Logging ) Tool Settings % Toolchains M Devices # Build Steps Build Artifact Binary Parsers @ Error Parsers
Settings
Teol Chain Editor (£ Target Processor Linker flags (-Xlinker [option]) 28 8
C/C++ General (£ Optimization _
MCU (% Warnings
Project Natures (£ Debugging
Project References ~ 5 GMU RISC-V Cross Assembler
Run/Debug Settings (2 Preprocessor
SystemVerilog Project Propt (2 Includes
Task Tags (2 Warnings
Validation (£ Miscellaneous

~ ) GMU RISC-V Cross C Compiler
(¥ Preprocessor
(2 Includes
(2 Optimization
(5 Warnings
(£ Miscellaneous
~ 5 GMU RISC-V Cross C Linker
% General
(& Libraries
(2 Miscellaneous
~ [ GNU RISC-V Cross Create Listing
(& General
~ B GNU RISC-V Crass Print Size Generate map |“S{BuiIdAmfactFiIEBaseName}.map”
(£ General [[] Cross reference (-Xlinker --cref)

~ ) Lattice Create Memory Deployment | [ Print link map {-Xlinker —print-map)
(% General

Other objects &

[J Use newlib-nanc (--specs=nano.specs)

[J Use float with nanc printf {-u _printf_float)

[[] Use float with nane scanf (-u_scanf float)

[ De not use syscalls (--specs=nosys.specs)

[ verbose (-v) ;

Other linker flags |--5pecs:pico|ibc.spacs-DPICOLIEC_INTEGER_PRINTF_SCAN\ --oslib=semihost
L

Figure5.29. --oslib=semihostLinker Flag

5.6.3. Timing Profiling Project

Timing profiling is an important aspect of software programming. Through profiiingcan determine the parts in
program code that are time consuming and need to bevridten. This helps make user program execution faster,
which is always desired.

Refer tothe GNU gprofiocumentfor more details.

Thistemplaterequiresthe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown in
Figure5.2. As this template has more code and larger memory size, the correspoRtB®Y RXproject created needs
to have 128 kB Memory Randedureb.24).

In this C project creating flogpmedefaultselecions are differenfrom other templates Keep thesedefault
selections.

The printout logis shown irFigure5.30. Then you can findthe gmon.outfile in Project Explorershown inFigure5.31.
Doubleclick this file(Figure5.31). ClickOK

Wait for a few minutes. The gprof Viewer opdRgyure 5.3)D

You can click the icons in the gprof Viewer to change the dispy#; suchassort samples perfunction (Figure 5.3
You can also click the title of every column to gBigure 5.30

For detailed usage of gprof Viewer, referHelp- Eclipse Platfornand type inGProf Viewn the Search box.
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o
=

d s

El Console

BX k| EERSESE r2-85-=0

riscv_rtos_gprof [GDB OpenQCD Debugging]

(1985
(1986)
(1987)
(1988)
{1989)
(3137)
{3138)
(3139)
{3265)
(32686)
{3267)
(3922)
{3923)
(3924)

Timing

mtohost (/32)
mfromhost (/32)
mreset (/32)
mipi (/32)
miobase (/32)
cycle (/32)
time (/32)
instret (/32)
cycleh (/32)
timeh (/32)
instreth (/32)
mvendorid (/32)
marchid (/32)
mimpid (/32)

profiling test start, sampling period: Ims.

Test success! file "gmon.out™ has been generated.

Figure5.30. Timing ProfilingProject

8 propel-workspace - riscv_rtos_gprof/src/main.c - Lattice Propel — m} has
File Edit Source Refactor Navigate Search Project Run  LatticeTools Window  Help
BB @2 % s oz |S0ReRi-0- Q- @4
Brfrovero-o Q im| ok
+5 Debug [Fa) Project Ex * = B || [ mainc (R Linker (E (3546 (@ main.c x = =y X % Bq‘gx‘f EW & PW = 8
memc srcptr, startptr, IMPSLLE);
CoR|IBEBT E PY(STERET, Srarepers i wEEE |t ¢
riscv_rtas_gprof ret = bsp init(); Mame Type
> &', Binaries if(ret)
> Includes
S B3 sre /*bsp init fail, project need CLINT and timer suppc
printf("Architecture can't support this project.\n"
> (2 Debug while(1)
[ gmon.out = I
it Gmon File Viewer: binary file.., >
| nscv_rtos_gprof.launch
Binary File
Please enter here the binary file which produced the profile data.
D:\propel-workspace\riscv_rtos_gprof\| ‘Wolkspace...| |File9yslem...
< >
timer_delay(ms_delay);
}
return @;
}
< >

& Console X ith Reglster’smg| Termmaq Iﬂ Prob\ems} (¥} E)(ecl..rtabls} E Debugger Console] i] Memorﬂ W gccw] = 8

riscv_rtos_gprof [GDB OpenOCD Debugging]

X% BKEREE -9

(3924) mimpid (/32)
Timing profiling test start, sampling period: 1ms.

Test success! file “"gmon.out™ has been generated.
<

ES

& riscv_rtos_gprof/gmon.out

| Writable | smart Insert | 89:12: 309

Figure5.31. gmon Fle Viewer
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©o
p)
i gprof X RN ] BRI i s
grmen file: D:\propel-workspacelriscv_rtos_gprofigmon.cut
pregram file: D:/propel-workspace/riscv_rtos_gprof/Debug/riscv_rtos_gprof.elf
timestarmp: 5/9/23, 10:48 AM
2 bytes per bucket, each sample counts as 1.000ms
A type filter text
MName (location) Samples Calls Time/Call % Time ~
~ Summary 233 . 100.0%
timer_delay 500 1 500.000ms I 56.63%
my_memcpy_char 302 1 302.000ms - 34.2%
my_memcpy_int a0 1 80.000ms _— 9.06%
w_mstatus 1 5 200.000us . 0.11%
w_mtvec 0 1 Ons  0.0%
w_mscratch 0 1 Ons  0.0%
w_mie 0 3 Ons . 0.0%
w_mie 0 1770 Ons  0.0%
uart_init o 1 Ons  0.0%
trap_init 0 1 Ons  0.0%
trap_handler 0 0  0.0%
timer_stop 0 1 Ons _— 0.0%
timer_start 0 1 Ons . 0.0%
timer_reload 0 283 Ons  0.0% W

Figure5.32. gprof Viewer

5.6.4. How to AddTiming ProfilingFunction toan Existing CProject
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7% Properties for riscv_rtos_gprof O X
|t)rpefiltertext Settings G v 8
» Resource
Builders
s CfC++ Build Cenfiguration: |Debug [ Active ] ~

Manage Ceonfigurations...
Build Variables

Environment

Logging & Tool Settings 8 Toolchains ! Devices .ﬁ' Build Steps Build Artifact Binary Parsers (|4 | *
Settings
Tool Chain Editor (22 Target Processor Debug level Maximum (-g3) v
> C/C++ General # Optimization .
. MCU @ Warnings Debug format Toolchain default ~
Project Natures @ Debugging Q Generate prof information (-p)
Project References v B8 GNU RISC-V Cross Assembler r Generate gprof information (-pg) l
: Hp
Run/Debug Settings g feprocessar Other debugging flags |
SysternVerilog Project Properties (22 Includes
Task Tags (2 Warnings
» Validation (2 Miscellaneous

~ B85 GNU RISC-V Cross C Compiler
(22 Preprocessor
@ Includes
@ COptimization
(2 Warnings
@ Miscellanecus
~ B85 GNU RISC-V Cross C Linker
@ General
@ Libraries
@ Miscellanecus
~ B85 GNU RISC-V Cross Create Listing
@ General
~ B8 GNU RISC-V Cross Print Size
@ General
~ I8y Lattice Create Memory Deployment
@ General

Restore Defaults Apply

@ Apply and Close Cancel

Figureb5.33. Generategprof Information Checkbox
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8 Properties for riscv_rtos_gprof

|typefi|ter text

» Resource
Builders
~w C/C++ Build
Build Variables
Environment
Legging
Settings
Tool Chain Editor
3 C/C++ General
» MCU
Project Matures
Project References
Run/Debug Settings
SystemVerilog Project Properties
Task Tags
» Validation

Settings

Cenfiguration: |Debug [ Active ]

V| | Manage Cenfigurations... |

B Tool Settings % Toolchains M Devices & Build Steps

(% Target Processor
@ Optimization
@ Warnings
(%2 Debugging
~ %3 GMU RISC-V Cross Assembler
(2 Preprocessor
(22 Includes
@ Warnings
(22 Miscellaneous
~ %3 GMU RISC-V Cross C Compiler
(22 Preprocessor
(22 Includes
@ Optimization
(22 Warnings
(£ Miscellaneous
~ B85 GMU RISC-V Cross C Linker
(2 General
@ Libraries
(22 Miscellaneous
~ 3 GMU RISC-V Cross Create Listing
2 General
~ B3 GMNU RISC-V Cross Print Size
@ General
~ % Lattice Create Memory Deployment
2 General

[[]Do not search system directories (-nostdinc)

O Preprocess only (-E)

Build Artifact Binary Parsers ll:l:‘

Defined symbols (-D)

& & 8§ L

Undefined symbols (-U)

88 3§l &

| Restore Qefauhsl | Apply |

|Appl}'and Closel | Cancel |

Figure5.34. LSCGGPROKBymbol
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3 Properties for riscv_rtos_gprof

|t}rpefilter text

» Resource
Builders
w C/C++ Build
Build Variables
Environment
Logging
Settings
Tool Chain Editor
» C/C++ General
> MCU
Project Matures
Project References
Run/Debug Settings
SystemVerilog Project Properties
Task Tags
> Validation

Settings

Cenfiguration: |Dehug [ Active ]

V| | Manage Configulations...l

B Tool Settings &) Toolchains

evices & Build Steps

Build Artifact BinaryParsers llIlI‘

(# Target Processor
(# Optimization
# Warnings
@ Debugging
w B8 GNU RISC-V Cross Assembler
(2 Preprocessor
2 Includes
@ Warnings
(2 Miscellaneous
~ 3 GMU RISC-V Cross C Compiler
(% Preprocessor
@ Includes
(# Optimization
(2 Warnings
(# Miscellaneous
~ B3 GMU RISC-V Cross C Linker
(# General
@ Libraries
(# Miscellaneous
~ B3 GMNU RISC-V Cross Create Listing
(# General
~ 8 GMU RISC-V Cross Print Size
# General
~ 3 Lattice Create Memory Deployment
(# General

Libraries (-1}

& 858

Library search path (-L)

84 8 35 &

| Restore Qe{auhsl | Apply |

|Apply and Closel |

Cancel |

Figureb5.35. smallgorof Link Libray
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Q Properties for riscv_rtos_gprof

| type filter text Settings

1
4
I
4
000

> Resource
Builders
~ C/C++ Build
Build Variables
Environment
Legging
Settings
Teol Chain Editor
» C/C++ General
> MCU
Project Matures

(& Debugging

w B85 GNURISC-V Cross Assembler
(& Preprocessor
(2 Includes
(£ Warnings
(£ Miscellaneous

~ 3 GNU RISC-V Cross C Compiler
(& Preprocessor
(2 Includes
(& Optimization
(£ Warnings
(£ Miscellaneous

~ &3 GNU RISC-V Cross C Linker
(2 General
(5 Libraries
@ Miscellaneous

~ B8 GNU RISC-V Cross Create Listing
@ General

~ B8 GNU RISC-V Cross Print Size
@ General

w B8 Lattice Create Memory Deployment
@ General

Project References
Run/Debug Settings
SystemVerilog Project Properties
Task Tags

> Validation

Other objects

8a 8 %l &

Generate map | "${BuildArtifactFileBaseName}.map"

[[] Cross reference (-Klinker --cref)

[ Print link map (-Xlinker --print-map)
[[JUse newlib-nano (--specs=nano.specs)
[ Use float with nano printf (-u _printf_float)
[ Use float with nane scanf (-u _scanf_float)
[]Do not use syscalls (--specs=nosys.specs)
[ Verbose (-v)

Other linker flags | --specs=picolibc.specs -DPICOLIEC_\NTEGER_PRINTF_SCANFl-o;lib:sermho;t I

| Restore Qefauﬂs| | Apply | v

|Appt',' and Closel | Cancel |

Figureb.36. --oslib=semihost_inker Flag

o
R

el Linker

2
JENTRY (_start)
4

7
2 MEMORY]
91
1@ tem@_inst (rwx)
11}
12
13 SECTIONS

5 _HEAP_SIZE = DEFINED(_HEAP_SIZE) ?I_HEAP_SIZE :
& _STACK_SIZE = DEFINED(_STACK_SIZE) 7  GTACK GIZE

1/* Lattice Generated linker script, for normal executables */

Bx7eea; I
TAea

torg = 8x@, len = @x20008

Overview |linker.Id |

Figure5.37. _HEAP_SIZE Linker Script File

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificaiiviosraation herein are subject to change without notice.

FPGAUG022441.0

77


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK .'.'LATTICE

User Guide

6. LatticePropel Tutorialg HelloWorld

Followingthis tutorial, you caneasily createa hardware and software projecffter that you can unthe projecton
your evaluationboard

The tutorial usest MachXO3BreakoutBoard for demonstration. It usethe RS232 UART function. To enable RS232
UART function on the MachXO8&akoutBoard, the following reworks on the board are required.

For more details of this board, refer tidachXO3D Breakout Board User Guide (FBGA2084)
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Figure6.1. MachXO3D Breakout Board

2. / 2y FAIANBE G K S 851 SNREOH 0SS WREKEC Fdzy OGA2y ®
Connect the MachXO3BreakoutBoard tothe hostPC and poweon the board
Openthe FT_Prog software. SeldoEVICES Program
Make sure Port B is configured as RS232 UART in Hardware and Virtual COM Port in DRigrresee
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SelectDEVICESProgramfrom the FT_Prog software agaifrom theopenedProgram Devicedialog, click

Program

Device Tree

Property

Value

=& Device: 0 [Loc ID:0x0]

S=» FT EEPROM
f=b Chip Details
i=) USB Device Descriptor
i=) USB Config Descriptor
i=) USB String Descriptors
== Hardware Specific

-=p Suspend DBUST

-=p TPRDRY

=y Port A

= Port B

- [

H=p Driver

[+H=p 10 Pins

RS232 UART
245 FIFO
CPU FIFO
OPTO Isolate

Device Tree

Property

Value

=& Device: 0 [Loc ID:0x0]

S=» FT EEPROM
= Chip Details
i=) USB Device Descriptor
i=) USB Config Descriptor
i=) USB String Descriptors
== Hardware Specific

-=p Suspend DBUST

-=p TPRDRY

=y Port A

= Port B

'=> Hardware

o B

FH=p 1O Pins

D2XX Direct
Vitual COM Port

3. Tt

iKS

Figure6.2. Configuing the FTDI Device

NB ¢ 2 N aNF 12N HZKREE2 & LD (S (i S dRB3D

6.1. Creatingan SoCDesignProject and Preparing Hardware Design

TheMachXO3BreakoutBoard includes a minimalolume FPGAwhich cannotsupportan RX SoC projedtence, an
MC SoC projeés created in this tutorial

We need to launcHh. atticePropel Builder to creatthe MC SoC project

Follow steps below for d@raple So@reating flow If you encounter errors, refer toattice Propel Builde2025.2User
Guide (FPGANG02243) if meet errors

LaunchLatticePropelBuilder.

1. | K2 ZaBbS ¢ 23 Sa®mIBIS a VT2 NIV 2 6 2 P $S T 1iBA Hatbid

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal

All other brand or product names are trademarks or registered trademarks of their respective holders. The specificaiitfesraation herein are subject to change without notice

FPGAUG022441.0

79


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK ...'LATTICE

User Guide

4. Propel Create Project X

Design Information
Enter a name for your design and specify a directary where the design files will be stored.

Project:

Language: | Verilog =

Name: MySoCl

Location: | Dn/SoCProject ¥ | | Browse...

Create Project at D:/50CProject/My5oC

MNext = Cancel
Figure6.3. Design Information Settings
2. /| t hOBA2 288 t | o S{ /L {d& NAERD {
4. Propel Create Project X

Select Template
Select a template by name and version from the list of templates.

Template Info:

Name Processor Version This is scalable SOC design entry that allows
user to custornize a 50C in a dynamic way

alable RISC-V 50C Project

ISC-V RX RISC-W MC,RISC-V SM,RISC-V NANO  Mone

Supported Boards:

Empty Project RISC-V MC,RISC-V SM,RISC-V R RISC-V NANO  Mone Avant-E Evaluation(D),
LOW POWER Project RISC-V RX Mone Certus-MNX Versa Evaluation(B),
CertusPro-MX Evaluation(4),
Lattice Sentry RoT Project RISC-V MC None CrossLink-MX Evaluation(B),
ECP3 Versa Evaluation(B),
Lattice Sentry RoT Project (256) RISC-V MC None ECP5-5G Versa(B),
MachX02 Breakout(A),
Lattice Sentry RoT Project (484) RISC-V MC Mone MachX 03D Breakout(4),
ICE4D UltraPlus Breakout Board(A)
RISC-V MC Dual Processor Project | RISC-V MC MNene
Supported Devices:
RISC-V MC Multi Processor Project | RISC-V MC MNene ECP5U
. ECP5UM,
SHA-3 CXU Project RISC-V RX MNene ECPSUMSG,
LAV-AT,
LFCPMX,
LFD2MEK,
Template Manager LFMXO5, -

< Back MNext » Cancel

Figure6.4. Select Templatdage

3. /1t hOBA22BSY SNI f  a A QNP // #/AGIERMS S NJ
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. Propel Create Project X

System Application Level

(choose an application)

This template enables RTOS level application. The SOC is based on This template enables bare metal level application. The SOC is based
RISC-V RX and uses AX| as main system bus on RISC-V MC and uses AHBL as main system bus. Considering RISC-
VMC is highly configurable, this template is suitable for almost all
the available devices

[ ) Real-Time Operation System(RISC-V RX) (@) General Micro Controller(RISC-V MC)
This template enables bare metal level application. The SOC is based This template enables bare metal level application. The SOC is based
on RISC-V SM and uses AHBL as main system bus, RISC-V SM is on RISC-V NANO and uses AHBL as main system bus., RISC-V NANO
recommended for resoruce constrained devices is recommended for certain use cases that resouce usage is highly
sensitive
[ ) General State Machine(RISC-V SM) () Glue Logic(RISC-V Nano)

< Back Next > Cancel

Figure6.5. SelectingGeneral Micro ControlleRIS©/ MCfor System Application Level

4. | t hOBABKSRZ I NRE YyRE8I SO0 al OK -dhioSceNS | | 2 dzi

4. Propel Create Project x
Select Device
Select a device or board for current template.
Device Information:
Device Version Part Number: LCMX03D-8400HC- SBG256C
Certus-NX Versa Evaluation | LFD2NX-40-8BG256C B LUT: 9400
Registers: G400
CertusPro-NX Evaluation LFCPMX-100-8LFGET2C A X
EBR Bits: 432K
CrossLink-NX Evaluation LIFCL-40-8BGAD0C B EBR Blocks: 48
ECP3 Versa Evaluation LFE3-35EA-BFNA24C B LEERERE TEELD
DSPs: -
ECP35-5G Versa Evaluation | LFESUM-45F-8BG381C B
PLLs: 2
MachX02 Breakout LCMXO2-7000HE-4TG144C A PLLs: 2
Lcmxoan-mm-saﬂzsac A Dis: 0
PCs: =
PIO Cells:
DLLs: 0
APIO: =
PIO Pins: 207
Online Data Sheet for Device -
< Back Mext > Cancel

Figure6.6. Selecting MachXO3D Breakout Board

5 / t hOEY R A/GRlY FE NF dzMS ¢ o7
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4. Propel Create Project

1. Choose from below
2. Then click 'Confirm'

3. Choose number of Peripherals after click 'Confirm':

System App Level:

[ me

<

Processor :

= |
System Memory :

| system0 |

Memory Range (KB) :
E

System Clock (MHz) :
IEX;

<

Pre-defined Base Ini :

| Jini_soc/scalable_base_mc.ini |

<>

< Back Next >

Cancel

’

Figure6.7. Confirm Page

6. / t BORY GKS | N KA BoGMHzNS

4. Propel Create Project

RISC-V

ahbl bus O@E38MHz
=

S

apb_bus 0@3

MHz

gpioQ

uart
0x4000a000

< Back Mext >

Cancel

7. 1 t hOGER® OASH

z P

uKS

Figure6.8. Architecture Page

LI S&wds Ay F2NXEGA2Y O
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. Propel Create Project X
Project Information
Generate new project with the following specifications.
Project Name: MySeC
Project Location: D:/SoCProject
Language: Verilog
Device PartMumber: LCMRO3D-9400HC-3BG236C
Speed:5
Template Mame: Scalable RISC-V 50C Project
< Back Einish Cancel
~ é T v A £ X o
8. /| QKA yaiyd RUINE 2 @RS BisS Ra K £ & Fciehdl
&, Propel Builder [Dy/SeCProject/MySoC/MySoC/MySoC sbx] Device: LCMXO3D-G400HC-5BG256C Board: MachXO3D Breakout - o x
File Edit View Design Tools Window Help
= s ] T ) 3 ol
- H 9 oA BE G » 3 QQQQ MW
Design View o [B Schematic R Address 21 Summary &, Start Page
3 LCMXO3D-9400HC-3BG256C View Setting &
BT ) View Setting O
v [#] Components
system0_inst
FEAHEL S0
cpAHEL ST
cpub_inst ahbl0_inst I Lhelk_i
RQ_SO AHBL_MO_INSTR{ HFAHBL_S00 ahbl2apb0_inst fresetn.!
I EERHEL AHBL_MOOTT] i
CEIRQ_ST AHBL_M1_DATA] ——{ahbl_hresetn_i AHB{’“,“;:‘
i[> i TIMER_IRQ_MO] I Lhelk_i = ol bLinst oinst
rstn > s apbo ins gpiot.ins
] Heso INTRE ]
- -
iy 9PI0 O
! uart_inst
1APE_S0
i INT_MOCE)
Properties —frstni ted_o——{
Name: MySoC el 001 .
Type: Instance
Path: MySoC
VLNV: lattice:systembuilder:MySoC:1
Location:
User Wrapper N /S0 Proiact MuSnC M@oY
« >
IP Catalog Design View q o
Tel Console a
% sbp design open -name {My3oC} -path {D:/3oCProject/MySoC/MySoC/MySoC.sbx}
INFO <235%332> - The following interface port bus width do not match:
'PADDR' in 'apbO_inst.APB M0O' and 'uartO_inst.APB 50"
'PADDR' in 'apb0_inst.APB_MO1' and 'gpio0_inst.APB_S0°
x

Figure6.10. ProjectWorkbench

6.2. Creatinga Hello World C Project

Creatinga C project requires a system environment framSoC project as input.

1. Ly {2/ LINEZ2& DHdesE N2 BHERITY S BD § %S NBNS/! (19N2 2 SV8yY NS Ij dzi NF
TG K2 5538 pAdey t NB 6Bl HKG I NBDBISE {5Y D
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ez LATTICE

Ly t NELISfRASR Bl sl
/£ »OE (/G MyDKB/RLINE aééﬁ

ok~ w DN

/| KSO1 GKS

| K22 N8 S@it R ot N22SO04
0 dzA £ Ry MBEEEHK 1 dZNBI2 ¥ P MK S

LINR ©BIB 6 LdlA m mms

Aa ONBWGS

(/))
‘&
.%( Q)X

u

£ C/C++ Project a
Load System and BSP
Load lattice systemn environment file and BSP package
Select system environment file and BSP package
System enwv: | Dv/SoCProject/MySoC/MySoC/../sge/sys_env.axml ~ Browse...
Select processor core to create C/C++ Project
Core selected: | cpul_inst
Projecttype: | C
System information
Device Family CPU Mame Instance Mame
MachX03D riscyv_mc cpul_inst
Select Example Application
Hello Werld Project Example-HelloWorld-blink-uart
Mtimer Project
Hardware Interrupt Project 1.Led blink.
The corresponding 5oC project should include gpio instance,
2.Mart print.
There are two ways to support uart print:
a) The corresponding SoC project should include uart instance or local uart.
b) Enable Semihosting(System Library) when creating this project.
3.5upport IP register access test.
Mlrte
Project name: | riscv_mc_helloworld
Use default location
Location: | D\propel-workspace\riscv_mc_helloworld Browse...
Choose file systern: |default
[ Build the project
Create a debug launch configuration for | OpenOCD
® < Back Finish Cancel

Figure6.11. Creatng a C/C++ Project

o
iF

) Console %

XL oS ERE I BSE #B-5r= B

CDT Build Console [riscv_mc_helloworld1]

Finished building: riscv_mc_helloworldl.lst

Invoking: GNU RISC-V Cross Print Size

riscv-none-embed-size --format=berkeley
text data bss dec
3664 24 3316 Toad

Finished building: riscv_mc_helloworldl,sizl

Invoking: Lattice Create Memory Deployment
riscv-none-embed-objcopy -0 binary --gap-fill @
"riscv_mc_helloworldl.bin” -Binary -byte-swap 4
Finished building: riscv_mc_helloworldl.mem

17:28:01 Build Finished. @ errors, @ warnings.

"riscv_mc_helloworldl.elf”
hex filename
1bSc riscv_mc_helloworldl.elf

"riscv_mc_helloworldl.elf" "riscv_mc_helloworldl.bin"; srec_cat
-DISable Header -Output “riscv_mc_helloworldl.mem” -MEM 32

(took 11s.871ms)

Figure6.12. Bu

ild Result of HelloWorld Project
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6.3. Memory Initialization (Optional)

Inthe SoC project workbencfirigure6.10), update the SoC design st the preloaded softwareéEnable thdnitialize
Memory checkboxor the SystemMemoryIPinstancefrom the Initialization area of theGeneraltab. Set Initialization
File (Figure6.13) generated from the corresponding Hello World C project inGheatinga Hello World C Project
section.ClickGenerate(Figure6.13).

Inthe SoC project workbencffrigure6.10), chooseDesign> Generate> Generate

“%, Module/IP Block Wizard X
Configure Component from Module system_memory Version 2.3.1
Set the following parameters to configure this component.
Diagram system( Configure [P
2 General Port 50 Settings Port 51 Settings
Property Value
~ General
Interface AHBL
SyStemO Memory Address Depth [1 - 13824] 8192
Data Bus Width(bits) 32
—HBL_SO Memory Type EER
Port Count 2
_HBL S‘I Enable Arbiter
N ~ Data Streamer
—{ahbl_hclk_i
—ahbl_hresetn_i
+ Initializati
Initialize Memory
System_memory Initialization File Format hex
Initialization File |
User Guide Mo DRC issues are found.
Generate Cancel
Figure6.13. Configuing System MemoryModule 2
6.4. Launching Lattice Diamon8oftware
Launchthe Lattice Diamondaoftwarefrom the created SoC projeciio do that:
1. LUYKS2/ LINR2SOLA 8 azNEIo BmEse Hddey 5AD YREYRIGAOS 5AFY2YR LINRC
FYR 2LISYSR Fdzi2YlFGAOFtte& Ay GKS [FGGAOS 5AFY2YyR az27¥Fi¢
2. { 620 OKSNR@S\SYy RIF(IGKISERINRS SO § yHIINSI NEMWYS5 SRABSIOE SR Ay

(i KOSE L2 NBA S O EAEHHzN® ¢ dmn
3. / K22 &aN® Gylwvaday 2T 2ND 3 S ¢ RIENRAIANGIY YA Yy I T RMdS O dfd G884 7 dzf NS y
0 STEANDBK adzO@Fak BdeSRe LIN2 OS&a o
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“ Lattice Diamond - Start Page - ml X
File Edit Yiew Project Design Process JTools Window Help
BrE-Ha 8| @ ¥ 0o BRAAG [ =]
GREdyYeoMaY BEE Q@
rocess B x | [ Start Page [0 8 x
~ & Synthesize Design
-
-y Symplify P_m Project: ~ Release Notes FPGA Design Guide ~
2 Translate Design o - :
v Map Design pen... Lattice Diamond Seftware 3.14 Release Notes Design Planning
- o
[0 2 MapTrece Bnen... User Guides HDL Coding Guidelines
[0 2 Verileg Simulaticn File @ImportispLEVER Project... Lattice Diamond 3.14 User Guide Timing Closure
O 2 VHDL Simulation File R jects: Lattice Synthesis Engine for Diamond User Other Tool Guid
v 2 P\a:e‘& Route Design n Pro . Guide Qua::as;: Us:rI I‘:asnual
MySoC
2 B s Lattice Diamend 3.14 Platform Designer User
[] & Place & Route Trace f |
D 3 vom Al ] Example SoC1 v Guide QuestaSim GUI Reference Manua
- iming Analysis
O : Thermal Analysis Clarity Designer User Guide QuestaSim Command Reference Manual
v 2 ExportFiles Software Update Center ® Lattice Diamond 3.14 Programming Tools User QUEstaSim Tutarial
o Guide Synplify Pro User Guide
[0 & IBIS Model Currently running Lattice Dismond software versic
[0 & Verilog Simulation File 213.0.75.0 Reveal User Guide Synplify Pro Reference Manual
[J 2 VHDL Simulation File o updates avalable Reveal Troubleshooting Guide I\S‘lynphfly Pro Language Support Reference
anual
2 Bitstream File Last check time: Mon May 12 14:27:24 2025 “ Latt:jce Diamond 3.14 Installation Guide for
& JEDEC File < Windows Tel/Tk "
File List Process Hierarchy
leyee & x
> source "D:/SeCProject/MySoC/diamond setup_template.tcl”
>
TdConsole ~ Output  Error  Wamning®  Info*
Ready Mem Usage: 181,582 K
Figure6.14. Generaing the Programming File
# Lattice Diamond - Start Page - O *
File Edit View Project Design Process Tools Window Help
BA-E-Ha 8 i@ ¥ B %S S
csnsEflsove | FimeE @
([ Start Page [ Reports []  %uf  Programmer -impllxcf* [ a %
v %L Synthesize Design
UL synplify Pro -
. L Synplify Project: 0 Release Notes FPGA Design Guide ~
" Translate Design @ o
o ?‘; Map Design pen... Lat‘tlce Diamond Software 3.14 Design Planning
Release Notes . P
New... HDL Coding Guidelines
O : Map Trace @
[0 & Verilog Simulation File [ Import ispLEVER Project... User Guides Timing Closure
[ 2 VHDL Simulation File nt Pro . Lattice Diamend 3.14 User Guide Other Tool Guides
v % Place & Route Design @ MySoC bastet:_c(e;j;dlgthesls Engine for Dizmond QuestaSim User Manual
[ 2 Place & Route Trace X X "
0O :: VO Analysi @Example_sacl w Lattice Diameond 3.14 Flatform QuestaSim GUI Reference Manual
:: iming Analysis Designer User Guide QuestaSim Command Reference
- E - ;'Terma\ Analysis Clarity Designer User Guide Manual
v ort Files -
- Dp,-.- BIS Model Software Update Center Lattice Diamond 3.14 Programming 2U=staSim Tutorial
odel : . .
0 : Verilog Simulation Fil Currently running Lattice Diamond software versic Tools User Guide Synplify Pro User Guide
eveal User Guide ynplify Pro Reference Manua
0 prd V;’I'J‘Egs_ |qu 3 '°"::“ < 2.13.0.75.0 Reveal User Guid Synplify Pro Ref Manual
imulation File "
& Bitst Fil Mo updates available Reveal Troubleshooting Guide Synplify Pro Language Support
ream bile - ., : n 4 I Reference Manual
2 JEDEC File Last check time: Mon Mav 12 14:27:24 2025 Lat_téCEfDIBW!Dg 3.14 Installation
< Guide for Windows Tel/ Tk [
Fil... Pro... Hierarchy---Post Map Resou..
Output A x
Starting: "prj_run Export -impl impll -task Jedecgen™
Nothing is executed for the "Export — Jedecgen™ process
Td Console Output Error Warning Info
Ready Mem Usage: 257,680 K

Figure6.15. Generatng the Programming Fil&Succeshully

6.5. Programmingthe

Target Device

Oncethe programming file is exported successfullythie last sectionFigure 6.1% you canprogram the target device.
Make sure the evaluation board is power@Nand conneatd correctly tothe host PC beforgerforming thefollowing

procedure

1. /1t A0 N&&SIIAYOEMnh K S

(22t @K S [ | Gt (INRORSE FHRAKD AY 2 dZNEB

cdmp
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2. ¢ KtSNE 3 NJ Y & iNavy IR A il 2NTi GLR23L JaNdBd AL d¥wj ¢

i, Programmer: Getting Started ? X

Select an Action

@ Create a new project from a JTAG scan

Cable: |HW-USBN-2B (FTDI) Detect Cable

TCK Divider Setting (0-30x):

(O) Create a new blank project

¥ | Port: FTUSB-0 v

(O Open an existing programmer project

C:fworkspace,X03Dtest/impl 1/impl 1. xcf

Import file to currentimplementation

D:/SoCProjectMySoC/impl 1/impl 1. xcf

Cancel

Figure6.16. Programmer Getting Started Dialog

3. wS@AS®%S @KGSHE SIOHDIEENII V@AY ISYSY tHE S NI YVY SN AGAWNSER 6c dm T

“ Lattice Diamond - Programmer - impl1.xcf * - O e
File Edit View Project Design Process JTools Window Help
B-E-rHde payihn @& ReQe  EE 5
PECEHBEESCUEEG AEUSSoNMEY BENEM:@
Process 8 X| (F startrage [ Reports (1] .} Programmer - impli.xcf * [£] & x
~ % Synthesize Design : f 5 | % | [BF
E %
L oty o == =
2{ Translate Design Enable Status  Device Family Device Operation File Name ®) Use default Clock Divider @
~ % Map Design 1 MachX03D LCMXO03D-9400HC  SRAM Fast Configuration  D/SoCPraject/MySoC/impl1/MySoC_impl1.bit O use custom Clock Divider
O & Map Trace
O & Verilog Simulation File TCK Divider Setting (0-30x): | 1 B
[1 2 VHDL Simulatien File
~ % Place & Route Design 1/0 Settings
- a
0 & Place & Route Trace 2 @ Use defauit 1/ settings
[ & /0 Timing Analysis £
[0 2 Thermal Analysis o O Use custom 1/0 settings
~ 2 ExportFil =
+ Dpf'_, ‘g:MD " E INITN pin connected
< »
O & Verilog Simulation File 8 L EmnmEEsl
[1 2 VHDL Simulaticn File TRST pin connected
% Bitstream File
%/ JEDEC File Set TRST high
Set TRST low
Fil. Pro. Hierarchy-—Post Map Resou < PROGRAMN pin connected v
Output B X
Starting: "prj_run Export -impl impll -task Jedecgen®
Nothing is executed for the "Export - Jedeegen™ process
TdConsole  Qutput ~ Eror  Waming  Info
Ready Mem Usage: 258,064 K

4./ f G@BNR IND ) (12 R2 diyKeS?2 HENR INI YYA Y 3

Figure6.17. Programmer Window

6.6. Running @mo onthe MachXO3D BreakouBoard

1. {6AGOAT I i % NBBIS t

{ 5Y 3% 20N Sd5/y ABNE 2 SO i

R G I

[N
R
2}

FAES G2

Ly tiNeS2 SO0 R EaX 2 NSNS ONR di&EBY ¥ O YR 2ISDEZNI R

/| K2 avaA5 S o dz3

[ 2y F@AdzNI GA2yaX

2

3
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2 A0 F2NI M 2F Swo 2a000R2Sy RS 6 dz3 LISNRALISOGA GBS adl NIAx WHSHKS
RSOAOS:T adINIAy3 GKS IR0 OfiAKSABWMIN INIIRyY fi2K- SR AR/SDH daF3IK yI- A JLat
b2WSKA& RSY2 dzaSa GKS RSTFldzZ G RSo6dzA O2y FAIdAz2NI GA2y 2L

6. LR NRgI NBE NBg2NJ ad 2y aRDPKOMPp®S B NBEIS 2 di 620 2BNIRE B2 S >
OF y & KIiSS/NJIV A y HifKISNBYWAIS Y Saal 3S o
Refer toSerial Terminal ToglWindowsor Serial Terminal To@lLinux

7 Debug Configurations O s

Create, ge, and run

O o B x‘ =R Name: |nscv_mc_hel|oworld |

|type filter text
w | | GDB OpenOCD Debugging
c | nsow_mec_helloworld
> c ebugaing |n;cv7mc7he||oworld Browse...
R Launch Greup

Mainl CabIaConn‘ k<3 Debugger| [ Startup| b Source| =] Common‘ 2, SVD Path

Project:

C/C++ Application:

| Debughriscv_me_helloworld.elf

Variables... Search Project... Browse...
Build (if required) before launching
Build Configuration: | Select Automatically ~
() Enable auto build () Disable auto build
(®) Use workspace settings Configure Workspace Settings...
] Revert Apply
Filter matched 5 of 11 items

)

Figure6.18. Debug Configuration®ialog2

7. It AOW Ede6OPr2y (I KSOKI® 24 SMIND £ (ASANMKR Moty cibis( LIdzi

$ 0401 - riscv_me_hellowerld/src/main.c - Lattice Propel - [} *

File Edit Source Refactor Mavigate Search Project Run  LatticeTools Window Help

G- R rnEMec|Bs2S6iq 4 -0 -Q@-® A

Myl G| Q B S

4F Debug X EjProjectExW = B [[T] (gdbl1].proc[42000].threadGrouplillgdb[1].proc[42 (@ main.c ¥ = 8 |[m=v[z=rD x E._p] », =5

B % |3 g B

~ [E] riscv_mc_helloworld [GDE OpenQCD D

w (F riscv_mc_helloworld.elf

& Thread #1 (Running: User Reques
w | openocd.exe

51 Tt e e - |Enter\ocation here VH
52 bsp_init();
53 &ty [Blk o1 =
54 printf("started!\nHelle RISC-V world!n"); §

56 while (true) { 152 bsp_init(); ~

s fiscv-none-embed-gdb 57 #ifdef LED_GPIO_INST_BASE_ADDR 2BRea6CH: jal = @x6Se <bsp,
58 gpio_output_write(&led gpic_inst, idx, pin_state); 154 printf("started!
59 #else BeBBB6C2 : Iui a5,8x1
G0 printf("ex%e2x\n", (pin_state ~ (1l<<idx)}); Geee86ca: addi a@,a5,-472
61 #endif BEBBBECE: jal Bx33@ <put:
62 158 gpio_output s
63 if (++idx == LED_COUNT) { PEBERGECa: 1bu a5,-2828(g;
G54 idx = 8; BeeaRECe: mv at,as
65 pin_state = ~pin_state; @BRea6da; lui as,8xl
66 3 0e8e06d2:  lbu as,-484(a5’
&7 [¥] BeeaREde: myv a2,as W
< > < >
(E Console ﬁféf Registers ﬂ:: Problems (0 Executables (ﬁ Debugger Console (@ Terminal i] Memor_ﬂ = g 1
EIRTEEEY &
B COM6 |
Started!

Hello RISC-V world!

£

Connected - Encoding: windows-1252

Figure6.19. Run Resulbf Hello World Project
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7. LatticePropel Tutorialg CXU Demo

ComposabléxtensionUnit (CXUJs supported inversion 2.5.0 of th&@XCPUP. A CXUs a light-weight, customized
arithmetic accelerator. With the support tfie CXU hardwareyou can add custonnstructionsto deploy GU
according tahe actualsoftware demand.

This tutorial uses agttusPreNXEvaluationBoard withthe Secure Hash Algorithm SKA3) CXU SoQoroject for
demonstration.

SHA3 XU SoC Projedemplateincludesa correspondingC projet. This C projectioessoftwareor CXU SHA256
operationand software/XU Convolutional Neural NetworfCNN convolutionoperation. Then, it displays the
performanceresults.

This C projecalsosupportstiming profilingand code coveragtinctions Youcanenable these functionmanually
Note: It is recommended thathese two functionsare notenabledat the same time.

7.1. Prepaing the Hardware and Programming the Target Devic€XU Demo
This section introduces how to prepare the hardware and program the target device for the CXU demo project.

Note: The SoC project templatese graduallybeingmigrated to the new scalable SoC project templatext are only

available fronmLétice Propel Builder. If the followinfjow for aeatingan SoGdesignproject is unreachable, creatbe

projectfrom LatticePropel BuilderSeelLattice Propel Builde2025.2User Guide (FPGE4G02243) for more details.

1. / NBH{GISb -y { 282 2 S OUiK/SEMNT i fiza t MBI f dzl G A 2END 2 € NgO P K

2. { StISNRIHS OV SWI G S

3. DSYSN}GS GKS LINPINIYAY3I FAES 0@ LNBBYRWENKEQI200GA O0S wlk RAL
{2/ tNR2SO&GSPOBARIYTENRRSGIAfSR adGSLiao

4, t NEPANI Y GKS LINPINFYAY3I TFabf-S 9@ fidk Si Al2ryNB S0 NFSWA OSz / SN

G SoC Project m] X

Create SoC Project —

Create SoC project of selected template

Project name: | ExampleCXUSed]

Use default location

Ci\lscch\propel2024.2\workspace\ExampleCXUSoC Browse...
default
Language:  Verilog v
Board
Board Select
Avant-E Evaluation Processor: RISC-V RX hd

Cerus-MY Wersa Fualuation

LrOSSLINK-NA Evaluation

ECP5-5G Versa

Lattice Sentry Demo Board for Mach-NX (256)
Lattice Sentry Demo Beard for Mach-NX (434)
MachX02 Breakout

MachX03D Breakout

MachX03D PFR Derno

Template Design

Empty Project ‘ RISC-V RX IP and three kinds of SHA IP based SOC Projectto =~
BISC AV RY Car” Droisct demonstrate and evaluate SHA3_CXU,
Components included:
a) Processor - RISC-V RX with CXU-LI, TCMs, PLIC, CLINT
and watchdog
b) Lattice SHA Development IP Kits
1.5HA3_CXU IP
2 CREID n7
@

Figure7.1. Create SoC Projetizard
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7.2. Creatinga CXU CProject

1. The Timing Profiling C project can be created through_tied System and B$Rage C A IdaNB

2. LUKSRalSYASEROKERR aGSY SYdANRyNSy2/ TallE: T dRéy INSIH SR
3. /IKSO1/ LI SOG yI YSo

4. | £t hOBH COYM & K

03 CfC++ Project O X

Load System and BSP —

Load lattice system envirenment file and BSP package

Select system environment file and B5P package

System env:|| Cllscc\propel\2024. 2\workspace\ExampleCXUSoC\sge\sys_envaml ~ Browse...

Select processor core to create C/C++ Project

Core selected: | cpul_inst ~

Project type: |C ~

System information

Device Family CPU Name Instance Name

LFCPMX riscv_rtos cpul_inst

Project name: riscv_rtos_CXU

Use default location
Cihlscc\propel2024.2\workspace\riscv_rtos_CXU Browse...

default

[]Build the project
Create a debug launch configuration for | OpenOCD

@' < Back Finish Cancel

Figure7.2. Load System and BSP P&je

7.3. Compiling and Running DenmpCXU Demo

7.3.1. Compiling C Projeat CXU Demo
1. Ly tiNeS2 SO oD EaF 2 NSNS ONR & By i 28NR 2SO0G =

2. { STISNEIBS@ET R ¢ NB 28O
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7.3.2. Running Dema; CXU Demo

1. Ly tieS2 S OGP E 6T 2 NSNS ONRA i KBy wli 23N 2SO =

2. { StvdHE So6dza /2y FTAIdzNI GA2y & X

3. { SINIOFIOGYMNIPSBa ¢ h LISy h/ 5 5 SadelsBa A y 3

4, | t A0 Saiok®i G2y
2 A0 F2NI MG 2F Swo 2a000RSy RS 0 dz3 LISNRARLISOGA GBS adl NIx WHSHKS
RSOAOS: adINIAy3 GKS IR0 OB INIIRyY fi2K- SR AR/SDH daF3IA yI- A JILat

b2 %SKAa RSY2 dzaSa GKS RSFlLdzZ &G RSo0dA O2y FAIdzNY A2y 2L

£t Debug Configurations O X

Create, manage, and run configurations

ﬁ ¥ = xl ST Mame: |ri5cv_rtos_CXU |

|t}-‘pEfi|tEl'tE><t | [] Main | [£] CableConn | %5 Debugger| = Startup | & Source| [[] Common | &, SVD Path
v [E] GDB OpenOCD Debugging

Project:
© | riscv_rtos CXU o
[£] riscv_rtos_freertos_pmp_blinky | risev_rtos_CXU Browse...
[] riscv_rtos_gcov C/C++ Application:

[E] riscv_rtos_gprof

E riscv_rtos_helloworld
[€] GDB QEMU Debugging Variables... Search Project... Browse...
@ Launch Group

| Debughriscv_rtos_CXU.elf

Build (if required] before launching

Build Configuration: |Select Automatically ~
O Enable auto build (O Disable auto build
(®) Use workspace settings Configure Workspace Settings...

Revert Apply

Filter matched 8 of 14 items

Figure7.3. Debug Configuratioa Dialog3
5 CAYRISINWIIY 66 vy SANBRIENSHIWKE F (KA & 2AISSH Ry WERR 252 A% N
Bt SN¥Ya& y I §
6. Ly CSKNOY@yE6> BEISPL ( kDA y I ¢
7./ K2 2 aBSNKISt | tySRNIVOR2YY FASINGENE A (LB2EXRI O NI G S
Refer toSerial Terminal ToaglWindowsor Serial Terminal To@|Linux
Note: The serial port number depends on the specific PC.
8. /th@® ! ASNAIE O2yySOGA2Yy O02YYdzyAOFGAYy3I GAGK | ! we¢ Aa
9. It AOWSEKSEPr2y GKS (22f 0 NI ¢ KNSHzyaySANGEA SFoBbEBINY A v | £ 2 dzii Lidzd
2 AG F2N g FdoO Kys yRAASBIFR NN I2y8@3S (| KIS A0a#SINENRBY |-
10. { St vBdAt S NIV Aly2 (851 2 L) NHzy y Ay 3 @
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b O ¥
B Terminal 3¢ = 8
Bl coMi2 x

Start CXU demonstrate!

JEFEEEREREXRERREFRGUAS IGE ctgpt | FERFFEEERERERERREEE
*kkkkkkkkkkkk Rk kRkER dkkkkkkkkkk bk kR kkk

/ SHA3 Partl !

Executing SHA3-256 pure software code, data length 2848 Bytes ... done!

Digest result :
498cd3cc87a77b987debb761a2e6f59ed9edeasTc 74T 2c9c5c5T3b62T64c4aal

f:xt:11111111111111115HA3 part?xx:x::x:xx:xx:x::xx;
Executing SHA3-256 CXU extension code, data length 2848 Bytes ... done!

Digest result :
498cd3cc87a77b9@7debb761a2e6T59ed9%edeaefc74f2c0c5c5F3ba2f64c4aal

f********************SH&Z Partl*******************;
Executing SHA2-256 CRE(hardware) code, data length 2848 Bytes ... done!

Digest result :
lafc3c51al52e98e5b90319b601d92ccf37290eT53c35FF92507687d8a911a08

JEEFEEFECNN convolution operation demonstration start!®Fs**sss
f********************c”” convolution Partl*************a*****;

Executing convolution operation software cede ... done!

JEEEEEREEEEEERRR e eL L L 0NN convolution Part2*Essesssssesserss

Executing convolution operation CXU extension code ... done!

f***3**3**3**3*33*3**SwamRY***$$$$$$$$$$$$$$$$f

Executing SHA3-256(data length 2848 Bytes) pure software code cost 34.8 ms.
Executing SHA3-256(data length 2848 Bytes) CXU extension code cost 1.25 ms.
Executing SHA2-256(data length 2848 Bytes) CRE(hardware) code cost 2.98 ms.
CNN convelution operation software code cost 18522 ms.

CNN convoelution operation CXU extension code cost 5128 ms.

End!

Figure7.4. TerminalLogs

7.4. Usingthe Timing ProfilingFunction

For te details of timing profilingfunction, youcanrefer to the How to AddTiming Profiling-unction toan Existing C

Project section

1. Ly tieS2 SOG P & 6F 2 afEENSEIIN KB & O@ X NI 2 & ¢

2. { StISNRIHS BB LISNIKN $ H{ 84 d Ry 34 o

3. {St SBDJAAKFGORBSY SNI (S ILINERS QX ABWOKIB G A 2 v

4, { StmWOG wlL {/NPaa Ht NBIINBHRSENGFESNE R Y H A /D't yw (CG I mibNiB

5. { SIHBWOWLE/ / NP A {R[AANI NG NARSRL (0 & ¥ | LONGETN H uhb s

6. { SIBWOMLE/ / NP &A§RaSNIOSt © ¥ 83 arh dzff RIGKNS TFif B 6dSNE ¢ by 5§ RIS T & ldAB
0KS A yZAuSiND oflt & ¥R K 2 dl B8NS S R

7. /tAOX @& R /248

8. |/ 2 V\Lf.] S' I YR NXizy 0 KS /RSWILIAE A yAaT alKy2Ry/yw tkyyFRBKIBCESBYRS O2y a2t S
2 dz( LidziC A 3 &k

9. Doubleclick thefile gmon.out todisplay the gpro¥iewer. Refer tothe Timing Profiling Projecection

10.t I SE®S FLINRGA WU NI 0
11. wS a WiXNE &4 5 NBAX BEA ( 61
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o
o} O X
B Console % m X EEE@E@L'!EVFS'DE
riscv_rtes_CXU [GDB OpenOCD Debugging]
(3267) instreth (/32) ~
(3922) mvendorid (/32)
(3923) marchid (/32)
(3924) mimpid (/32)
Start CXU democnstrate!
Do timing profiling parsing, sampling period: lms.
Output timing profiling data file ... success! File "gmon.out" has been generated.
f‘ttt‘ttt¥¥¥¥¥¥¥¥¥¥¥tSmR\(¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥‘f
Executing SHA3Z-256(data length 2848 Bytes) pure software code cost 52.8 ms.
Executing SHA3-256(data length 2848 Bytes) CXU extension code cost 3.47 ms.
Executing SHA2-256(data length 2848 Bytes) CRE(hardware) code cost 8.91 ms.
CNN cenvolution operation software code cost 18672 ms.
CNN cenvolution operatien CXU extension code cost 5219 ms.
End!
v
£ >
Figure7.5. ConsoleLogs1
& o X
& gprof X SERTA:TEE ] SRR

timestamp: 11/3/24, %:34 AM

2 bytes per bucket, each sample counts as 1.000ms

gmon file: Chlscc\propel 2024, 2\workspacelriscv_rtos_ CXUhgmon.out
program file: Ci/lscc/propel/2024.2/workspace/riscv_rtos_CXU/Debug/riscv_rtos_CXU.elf

P type filter text

Mame (location) Samples Calls Time/Call %Tlmev ~
w Summary 15955 I 100.0%
» cnn_convolution 10672 1 10,672 . 56.89%
» cnn_cenvolution_cxu 5219 1 5.219s - 2271%
» fputc 17 - 0.11%
» ROTL 1 11136 987ns  0.07%
» theta ] 384 20.833us  0.05%
» _mcount_internal 6 _ (.04%
» chi 5 384 13.020us  0.03%
» memset 4 . (0.03%
s opi 3 384 T.812us  0.02%
» rho 3 384 T.812us  0.02%
» _mcleanup 3 — 0.02%
» _riscv_save_0 2 _ 0.01%
5 w_mstatus 1 5 200.000us _ (0.01%
> memcpy 1  0.01%
SHA3 0 1 Ons  0.0%
SHA3_Final 0 1 Ons  0.0%
SHA3Z Final_cxu 0 1 Ons _ (0.0%
SHA3 Init 0 1 Ons  0.0%
SHAS Init_cxu 0 1 Ons  (.0%
SHA3_PrepareScheduleWerd 0 16 Ons I 0.0%
SHA3_PrepareScheduleWord_cxu 0 16 Ons  (.0%
SHA3Z ProcessBlock 0 18 Ons _ (0.0%
SHA3 ProcessBlock_cxu 0 16 Ons - (.0%
SHA3 Update 0 1 Ons _ (.0%
SHA3_Update_cxu 0 1 Ons _ (.0%
SHAS exu 0 1 Ons _ (.0%
chi_cxu 0 384 Ons _ (.0%
clint_init 0 1 Ons - (.0%
clint_reload_timer 0 154952 Ons  (.0% W
Figure7.6. gprof Viewer
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7.5. Usingthe Code CoveragBunction

For the details of the timing profiling function refer tosectionHow to AddCode CoverageFunctionto an Existing C

Project.

1. Ly tieS2 S OGP & aE 2 afENS QA INIE & Oy NI 2 & @

2. | K22 AN SN LISNIkY 3 p{ S0 d Ry 3a @

3. { StBWG wL{/NPaa bht NBIYNPERSENFEGSNERY YH Xt/ / ¢/ h H0AWAmENTD

4, { StBWOG wL{/NRP&ZEd Hai20FNOISINRRdzE KS @ RINBRINAPHIED 7@ I NE >3 S
&C A IphNGS

5. { SIHWOML%E/ / NP A {B[ANI NG NARSR: (i & $ f KCEACHRuBNEES

6. { SIBWOMLE/ / NP AFRaSANIOS Tt @ ¥ 83 ar dzff RIGKNS Tif B 6dSHNE € by 5§ NIST & ldAD
G0KS A yiZASiINA oFf & SEA K 2 @zl JBEENGS S R

7. /A0 e TR /f24a8

8. / 2YILBAYR (MUY RSY253 (IKE2 XKRR B Y Y AY | yV R/ wizy gEYRRESyRS O2yaz2ft S
2 dzi LidziC A & &8

9. 52dzDff 3§ O1 2023952 IRR & Bt SS+ABHENIORIVERS 1 KS OGS NI STRP At2NR 2 S O i

10. t | SBK © 2NIS LIZ NJH ol B
11. wS & (BN A y Dd ax B mr G S LI

{:} O *

B Console ] |'_5be @I@@l:‘avﬁvzﬁ
riscv_rtos_CXU [GDB OpenOCD Debugging]

(1988) mipi (/32) "

{1989) micbase (/32)
(3137) cycle (/32)
(3138) time (/32)
(3139) instret (/32)
(3265) cycleh (/32)
(3266) timeh (/32)
(3267) instreth (/32)
(3922) mvendorid (/32)
(3923) marchid (/32)
(3924) mimpid (/32)

Start CXU demonstrate!
Do code coverage parsing!

Output code coverage data files ... done
End!

£ >

Figure7.7. ConsoleLogs?2
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HE O X
[ sha3.c x = B8

67 #define SHA3_PADDING_CSK1 exg4 ~

68

50 #define SHA3 PADDING CSK2 BEGIN @xB4

76 #define SHAS PADDING CS5K2 END  ©x38 =

71

72 /* ROTate Left (circular left shift) */

?3-—-*

L return (<< shifey | o> (68 - shafid);

75

;g line executed 11136 times

782 int64_t A[5][5])

79

30 uint32 t %, y;

81 uintsd4 t Ap[5][5];

82 vints4_t C[5], D[5];

83

84 memset(C, @, sizeof(C});

85 memset(D, @, sizeof(D)});

86 memset(Ap, @, sizeof(Ap));

879 /*

88 for (x=8; x<5; x++)

89 {

98 Clx1 = AI@TMx]1 ~ ATLTI=xT ™~ AT21Tx1 ~ A[310x]1 ™~ Al417x1: v
® geov X BEE®wE| &2 &~ 0
program runs = 0
program file : C:\Iscch\propel2024.2\workspace\riscv_rtos_CXU\Debughriscv_rtos_CxU.elf
timestamp : 11/5/24, %:48 AM
P type filter text
Name Total Lines Instrumented ...  Executed Lines Coveragve % 2
v Summary 8,557 2,843 878 I 30.28%

» cxuh 212 3 3 I 100.0%

» clint.c 132 32 33 . 26.84%

5 enn_cove 204 E1l 39 . 72.34%

» risev.h 332 30 21 — 70.0%

» main.c 349 1 T . 59.37%

3 shad.c 760 3 208 . 59.1%

» trap.c 125 22 15 . 63.18%

» risev.h 332 18 12 . 66.67%

» shad_ocxu.c 958 566 343 - 60.6%

» timer.c 120 42 21 I 50.0%

» iob.c 85 1 5 . 45.45%

» local_uart.c 282 a1 35 - 43.21%

» gpio.c 114 29 a I 77.50%

» interrupt.c 133 42 9 I 13.75%

» exception.c 101 18 3 . 16.67%

» Crec 1,023 411 26 - 5.33%

» sha3dsoft.c 673 260 0 . 0.0% .

Figure7.8. gcovViewer
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8. LatticePropel Tutorialc QEMU

QEMU is a generic and opsnurce machine emulator and virt

ualizer.

For the detailed manual @EMJ, refer toQEMU  System EmulatiarLatticePropelSDKincludes eRIS6/ QEMU

simulatorwith no hardware required and QEMU _helloworld t

8.1. CreatingQEMU Hello WorldC Project
1. {SICNHOSHEI[ F GGAOS /&/ bb
CKE/mBR2S00 oAl MBI RIF &

emplate fatemonstration

t N22SOi

{1 B2 (RSN TRty t

% C/C++ Project O x
Load System and BSP —
Load lattice system environment file and BSP package
Select system environment file and BSP package
SoC 5 Browse...
Core selected: |spike v
Projecttype: |C ~
System information
Machine Name CPU Name
spike
Select Example Application
QEMU helloworld Project ~
1.QEMU test,
2.5emihost print.
Note:
1.Please select Semihosting(System Library) when
creating this project.
v
Project name: | spike_gemu_helloworld
Use default location
Chlscc\propel2024.1\workspace\spike_gemu_helloworld Browse...
default
[]Build the project
Create a debug launch configuration for | QEMLU
@' < Back Finizh Cancel

Figure8.1. Load System and BSP Pape

2. { St\8L4l!
3. {StS8SO00 vo9a! YKStf2s2NI R t
4. /f@ééss‘zu 0KS RSH g8 i (8IS
2 dzi ®@Jdzi
¢ KISINE 2SO0 A a

L&A NI dzl € dzd Ry B NRBSGYHF {8380 S T A & B ydbd

NE2SOG FyR OKSOl GKS LINR2sOi
(ACR2E OKE £ Y A K S&G AT G2RLEERRY (TR NJ

ONXR MIKSR g2y oRSAY3OLKE | &8 SR
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5. Ly tiNES2 SOGORERE 2 NSNS OG0 ( K 52 LA LINRPSOdM redifafiz ONBI B SRY
6. / KQZ&\I.@@S&IKH R &t Ne2SOi

7. 1 KSO1 GKS o0dzAf Ry MES8# tde DR ¥ G KS

HE O X

hery

&) Consale x Rl@'ﬁﬁ)|§u§ :EKEW':"E'F?'DEI
COT Build Console [spike_gemu_helloworld]

TLNLSEW UULIIULllg Lal gEL. SPIRC_LCiib_ I LLUWUT Lu. oL

Invoking: GNU RISC-V Cross Create Listing

riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide “spike_gemu_helloworld.elf” >
"spike_gemu_helloworld.lst™

Finished building: spike_gemu_helloworld.lst

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley “spike_gemu_helloworld.elf™

text data bss dec hex filename

2163 28 63157448 68159628 418a385c spike_gemu_helloworld.elf
Finished building: spike_gemu_helloworld.siz

Invoking: Lattice Create Memory Deployment

riscv-none-embed-ocbjcopy -0 binary --gap-fill @ "spike gemu_helloworld.elf” “spike gemu_helloworld.bin™;
srec_cat "spike_gemu_helloworld.bin™ -Binary -byte-swap 4 -DISable Header -Output "spike_ gemu_helloworld.mem™
-MEM 32

Finished building: spike_gemu_helloworld.mem

sh D:\lscc\propel)2e24.1\sdk\eclipse\/../tools/bin/ipl32f_2_ipl32.sh spike_gemu_helloworld.elf
1+8 records in
1+8 records out

11:@9:44 Build Finished. @ errors, 8 warnings. (tock 7s.291ms)

Figure8.2. Build Console

8.2. Running QEMU C Project

1.

1.
2.
3

Ly tieS2 SO OR EHE 2ANENS Ol (i K Sa LA LIRS Odrpy reSifatiz ONSBI B SR =

| K2 &aA5So0dz3 / 2y FAIdzNF GA2Yy & X

| K2HAB 1SyYljSYdzay 5S¢ 0 2ap S 6HRE A F\dhilBD

/ £t A0 Saiokdiiz2y o

2FAG F2NI I-,['J ZTélééﬁzéﬁﬁfﬁeé[ﬁ%SVO dz3 LJSAN\ﬁ,LJSC“)VG)\QJSZ adt N\Iﬁi)l-,y\l\EAéﬂi']KS
RSGAOS: &Gl NIAy3d GKS 3ARo0 Ot ASyidz R2éyt2FRAYy3I G(KS | LILX
b2 ¥WSKA&d RSY2 dzaSa GKS RSTFldZ G RSo6dzAaA O2y FAIdzNI A2y 2 LI

IfEAOWSEMSEPr2ay (GKS (22101 N ¢KS /CoAy33eediBS 2 dzil Lidzii &  NHzy Y Ay
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% Debug Configurations O X
Create, ge, and run fig
CEeEX B 7~ Name: | spike_gemu_helloworld
‘t)’F'EﬁltE"tEXt ‘ Main} 35 Debugger‘ g Startupl Ep Sour:e‘ i=| Commonl 5, SvD Pathl
» [£] GDB OpenOCD Debugging Project
|;p\ka_qemu_he\\uworld | ‘ Browse... ‘
C/C++ Application:
| Debug\spike_gemu_helloworld.elf |
Variables... | |Sealch Plaje:l...‘ ‘ Browse... ‘
Build (if required) before launching
Build Configuration: | Select A ically ~
() Enable auto build () Disable auto build
(®) Use workspace settings Configure Workspace Settings...
Revert Appl
Filter matched 6 of 12 items e EEY
® | Debug I ‘ Close
Figure8.3. Debug Configuration®ialog4
11 workspace - spike_qemu_helloworld/src/main.c - Lattice Propel - O X

File Edit Source Refactor MNavigate Search Project Run  LatticeTools Window Help
Cr-rHR RBia|mnm e @S| Si0ReRis-0- % i® g

§ o
- B v*\‘;.c:;@-.:vv|g
47 Debug > [y Project xplorer| = O |[£03 Lattice Platform  [[€10x0 | (6l mainc | [6] mainc X = 8 |ftry X
| i B #include <stdio.h> A
« [£] spike_gemu_helloworld [GDB GEMU Debug #include "utils.h Name
v spike_gemu_helloworld.elf [1]
& Thread #1 1 (CPU20 [running]) (Runni »int main(void) {
v gemu-system-riscv32.exe uintd_t idx = 85
3 risev-none-embed-gdb
printf("\n\nHello QEMU RISC-V world!\n\n");
< >
while (1) {
for (int i =7; i >=8 ; i--)
{ e .- e
< >

1

&5 Registers ﬂ.:: Problems (0 Executables r Debugger Co (I] Memory rE Console X [ gpmf]@'Termmaq = 0
Xk BMREE ra-0-

spike_gemu_hellowerld [GDB QEMU Debugging]
Invalid read at addr @x@, size 2, region '(null)', reason: rejected
Invalid read at addr @x@, size 2, region '(null)', reason: rejected

Hello QEMU RISC-V world!

36000804
BaBaEEA1
Pa8a2a1a
Be8e0a11
36002184
dasaalal

Figure8.4. QUMU C ProjecRunning Windows
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9. LatticePropel Tutorialg Bootloader

A bootloader is a small program that runs immediately aftelevice powes on or resets and is responsible for loading
and starting the main operating system or firmware.

PurposeThe purpose of a bootloader is boitialize minimal hardwargncludingCPU, clocks, memory controlleasd
minimal peripheralsAnother purpose is ttocate the O%r firmware image, optionally verify its integrignd
authenticity, and transfer executiato it.

Examples: WBoot, coreboot, GRUBr PG, MCU buikin bootloaders or small vendor boot ROMElse cases range
from tiny microcontrollerssuch assinglestageandsimple flash loadey,to complex systembke multi-stage
bootloaders that support network boot, encryption, and advanced update mechanisms

These bootloadetemplates are reference desigsfor alattice SoC proje¢twhose purpose it initializea soft IP,

locate the firmware, verify itsntegrity, and thentransfer executiosto it (Figure9.1).

Thereare two modedor youto select the Bootloader for RAM mode and Bootloader fexecute in PlacgXIP mode.

BSP INIT

Prepare environment for next stage

XIP Mode RAM Mode

A 4
Jump to next stage

Figure9.1. Bootloader Purpose

Thesetemplates requirethe Scalable RISZ SoC ProjecRealTime Operation System (RESGRX)as shown in
Figureb.2.

9.1. Bootloader for RAMMode

9.1.1. Preparethe SoCProject

LaunchLatticePropel Builder to creata Scalable RISZ SoC ProjecthooseRealTime Operation System (RISGRX)
shownin Figure5.2. Complete creatinghe projectandrun the Lattice Rdiantsoftwareto generatethe bit file and
programfor the corresponding device board.

¢CKA& {2/ LINE 2 ShoivfidFigred.D RhinieB@yispaNds shadwd irFigure9.3.
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DATAINSTR
| TCM

DATAINSTR|  Other
CPU Memory
A
DATAINSTR SPI B N External
» Controller[* » SPI Flash
N J
Figure9.2. SoC Architecture
0x00000000
0X0000FFF
0x0020000
systen®_inst/ AXI O
0x00207FFF
0x0400000
spi_controller0_inst/ AX#_SUB
OXO7FFFFFE

Figure9.3. SoC Memory Space

9.1.2. Preparethe Frmware for RAMMode

UponFigure9.3, runthe firmware codeon systemO_instwithin the address space 0x002000@00x00207FFF
LaunchLatticePropel SDK and creatd attice C projecfFigure9.4). AHelloWorld projecis createdfor
demonstration.

After finishing the creating flow, review the project filesthe workspace explorelfouneed to changehe linker.ld
file. Change the memory regions to systemO _ifiSigure9.5).

Selecthis project, rightclick andselectPropertiesto enter settings, enabl€reate firmware for lattice bootloaderas
shown inFigure9.6. LatticePropel SDK provides this utility to generatérmware bin file forthe Lattice bootloader.

Build this projectjn the Debug folderyoucan find fileLSCC_FW_binfile.bfRigure9.7). Program this file tahe flash
Asthis flash also includgthe bit file, you must progranthe firmware tothe free spaceHere the offset valueis set to
0x30000Q(Figure9.8). Afterthe prograring is completeducceshuilly, the firmware is ready.
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£33 C/C++ Project

Load System and BSP

Load lattice system environment file and BSP package

Select system environment file and BSP package

System env: | D:\propel-workspace\workspace\D1_RX\sge\sys_envxml

Select processor core to create C/C++ Project

Core selected: cpull_inst

Projecttype:  C

System information

a *
—
=

Browsze...

Device Family CPU Name

LFCPNX riscv_rtos

Instance Name

cpul inst

Select Example Application

Bootloader Launch Firmware from SPI Flash Project
Bootloader Launch Firmware in XIP mode Project
FreeRTOS-LTS minimal Project

FreeRTOS-LTS PMP-Blinky Project

Code Coverage Project

Timing Profiling Project

General Purpose Timer Project

12C Communication Project
13C Cor ication Proiect

Example-HelloWorld-blink-uart

1.Led blink.
The corresponding SoC project should include gpio instance.
2.Uart print.
There are two ways to support uart print:
a) The corresponding 5oC project should include uart instance or local uart.
b) Enable Semihosting(System Library) when creating this project.
3.Support IP register access test.
Rirter

Project name: riscy_rtos_helloworld

B Use default location

Choose file systern: - default

() Build the project

B Create a debug launch configuration for

Location: D:\propel-workspace\workspace\riscv.rtos_helloworld

Open0CD

< Back Mext >

Finish

Cancel

Figure9.4. Createthe Frmware for RAM Modeg List

& [m] X
Tl Linker ¢ = 8

Linker Script: linker.Id
Available Memory Regions

Name Attributes  Base Address Size
W 0D (10000
system@_inst W (200000 (%3000

STACK and HEAP Size

HEAP_SIZE:  (0x0100

STACK_SIZE: (x0ADD

Section to Memory Region Mapping

CODE:  system{_inst

DATA:  systemD_inst

Section Name Memory Region
text system{)_jinst
.ctors system0_inst
.dtors. systemD_inst
rodata systemi_inst
.data system{_inst
.bss system_inst
heap systemi_inst
stack systemD_inst

OvarwewJ Imkar.ld‘

Figure9.5. Createthe Frmware for RAM Modeg linker.Id
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type filter text

> Resource
Builders
w C/C++ Build
Build Variables
Envirenment
Logging
Teol Chain Editor
» C/C++ General
Coverage
> MCU
Project Matures
Project References
Run/Debug Settings

Q Properties for riscv_mc_hellowerld1

[m] x
Settings Qv §
Configuration: Debug [ Active ] ~  Manage Configurations...

) Tool Settings

MName:
Architecture:
Prefia

Suffine

C compiler:

C++ compiler
Archiver:
Hex/Bin converter:
Listing generator:
Size command:
Build command:

Remove command:

Toolchain path:

Build tools path:

Devices .ﬁ'BuiIdSteps Build Artifact BinaryParsers a|)*

|GNU MCU RISC-V GCC (riscv-none-embed-gec) e

|R|sc-v v|

riscv-none-embed-

gcc

g++

ar

objcopy

objdump

size

make

rm

${eclipse_home},."..,."riscv—none-embed-gcc.."bin

(to change it use the global or workspace preferences pages or the project properties page)
Sleclipse_home}/../build_tools/bin

(to change it use the global or workspace preferences pages or the project properties page)

[ Create memory file

[ Create multiple memory files

reate firmware for Lattice bootloader:

18 Create extended listing
B Print size

Restore Defaults Apply

Apply and Close Cancel

Figure9.6. Createthe Hrmware ¢ Settings
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&
B

[m} X

() Project Explorer X

BES%Y § -0

> &% D1RX
v 5 riscy._rtos_helloworld
> 4 Binaries
> @) Includes
v @ st
> = bsp
> [n] device_info.h
> [€] main.c
> [h] platform_inith
> [g terminal.c
> [h terminalh
> € utils.c
> [ utilsh
B cpusvd
cpuyaml
T linkerd
0% sys_envaml
~ (= Debug
5 @ sre
> 35 riscy_rtos_helloworld.ef - [riscv/le]

LSCC_FW_binfile.mem
L@ makefile

| @ objects.mk
riscv_rtos_helloworld.Ist
riscv_rtos_helloworld.map

|4 sources.mk
[¥] riscv_rtos_helloworld.launch

Figure9.7. Createthe Frmware for RAM Mode¢ Frmware Fle

General Device Information
Device Operation
Target Memory:
Port Interface:
Access Mode:

Operation:

Programming Opticns

u LFCPNX - LFCPMX-100 - Device Properties

External SPI Flash Memory (SPI FLASH)
ITAG2SPI
Direct Programming

Erase,Program, Verify

|| Programming file: scv_ttos_helloworid/Debug/LSCC_FW_binfilebin .. 0340 |

SPI Flash Options

Family: SPI Serial Flash ~
Vendor: Micron ~
Device: MT25QU128 =
Package: 8-pin 50P2 -
SPI Programming
Data file size (Bytes): 148380 Load from File
Start address (Hex): 0x00300000 ~
End address (Hex): 000310000 v

[ Tum off addresses aute updating
(] Erase SPI part on pregramming error

() Secure SPI flash golden pattern sectors

Figure9.8. Createthe Frmware for RAM Modeg Program Bin File
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9.1.3. Createthe Bootloader Project for RAMMode

Bootloader is the first codthat runsafter a devicepowers on or reses, soyou mustplace thebootloaderat the reset
vector addressThedefault reset vector ofhe processor is Ox@yhich isthe tcm0_instshownin Figure9.3.
LauncelatticePropel SDK and creatd_attice C projectSelecBootloader Launch Firmware from SPI Flash Project
(Figure9.9) andclickNext to finish.

03 C/C++ Project m] X
Load System and BSP —
Load lattice system environment file and BSP package [
Select system environment file and BSP package
System env: | D:\propel-workspace\workspace\D1_RX\sgelsys_envaml ~ Browse..,
Select processor core to create C/C++ Project
Core selected:  cpul_inst ~
Project type: € -
System information
Device Family CPU Name Instance Name
LFCPNX riscv_rtos cpul_inst
Select Example Application
Bootloader Launch Firmware from SPI Flash Project| Example-Bootloader-Launch-Firmware-from-FLASH-to-RAM &

Bootloader Launch Firmware in XIP mode Project
FreeRTOS-LTS minimal Project

FreeRTOS-LTS PMP-Blinky Project

Code Coverage Project

Timing Profiling Project

General Purpose Timer Project

Hello World Project

12C Communication Project

13C Communication Project

Hardware Interrupt Project

Dimal Timme Dmioms

1.bootloader find firmware from flash then launch.
Init 5P flash.
Search LSCC firmware in flash.
Copy firmware to target memory space.
Launch firmware.
Note:
1.5hould include octal_spi_contraoller IP, base version is V1.3.0.
2Please estimate and set a sufficient system memory size in the corresponding SoC project. Otherwise it will cause “region
overflowed" error. .

Project name: risc_ttos_bootloader _flasharam

B Use default location

Location: D:\propel-workspaceiwerkspace\risev._rtos_bootloader flash2ram Browse...
Chaose file systern: default
[ Build the project
8 Create  debug launch configuration for  Open0OCD
@ < Back Next > Finish Cancel
Figure9.9. Bootloader forRAMMode ¢ List
Then build this project and do ochip debugTheterminal logis shown irFigure9.10.
& m] X
{!‘Terminal * El 5‘~?| 5 Eﬁ| @ = B8
B comiz x
r

Start Bootloader!
Find flash MT25QU128, SPI,Nor,1GMB! bootloader
et LSCC firmware in @x380088
code addr: @x280008, code length: 184e@, data addr:@x2828a8, data length:384
code crc:@x12344287, data crc:@x8bcfs55f5 firmware information
Jump to LSCC Tirmware(@x200600 ).
Started! firmware log
Hello RISC-V world!

v

Figure9.10. Bootloader forRAMMode ¢ Log
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9.2. Bootloader for XIPMode

9.2.1. Preparethe SoCProject

The SoC project creating flowtie sameas the one shown in thBreparethe SoCProject section This template only
supports Winbond SPI Nor flashdthe AvantE Evaluatiomoard useshe Winbond flashby default Therefore, the
AvantE Evaluation Boaiig selectedn the SoC creating flonCompletethe creatingflow and runthe LatticeRadiant
softwareto generatethe bit file and progranit to the corresponding device board.

9.2.2. Preparethe Frmware for XIPMode

TheXIP modallowsrunningthe program directly irthe flash Upon thememory spaceshown inFigure9.3, the codeis
put in spi_controller0_instwithin the address rangéx480000000 0x4BFFFFFRith a offset valueln the bootloader
for XIP mode, the default offset value is 0x3080000, thedirmware bin fileincludesa header witha size 0Dx1000,
so the total offset value is 0x308100he code address is 0x48000000x3081000= 0x4B081000The ditais stored
in the systemO_insat addresse®x20000Qto 0x207FFF.

LaunchLatticePropel SDK and creadd_attice C projecfFigure9.11). AFreeRTOS projeis createdfor demamstration.
After finishing the creating flow, review the project filiethe workspace exploretyou needo edit linker.Id file

Switch to the edit mode, addan spi_inst memory regioras shown irFigure9.12 line 12 Savethe file and reopenit.
Then,selectdifferent memory regios for thecode and datas plannedFigure9.13).

Selecthis project, rightclick andselectPropertiesto enter settings Enable Create firmware for lattice bootloaderas
shown inFigure9.6. LatticePropel SDK provides this utility to generatérmware bin file forLattice bootloader.

Build this projectin the Debug folderyou can findthe file LSCC_FW_binfile.bjRigure9.14). Program this file tahe
flash This firmware is fothe XIP modeYou must program it to the corresponding flash address as planmbdoffset
must beOx308000QFigure9.15). After the programning is completedgucceshilly, the firmware is ready.

£} C/C++ Project [m] x

Load System and BSP —

Load lattice system envirenment file and BSP package

Select system environment file and BSP package

System env: | D\propel-workspace\workspace\D1_RX\sgelsys_envml ~ Browse...

Select processor core to create C/C++ Project

Core selected:  cpul_inst v

Projecttyper  C ~

System information

Device Family CPU Name Instance Name
LFCPNX riscv_rtos cpull_inst

Select Example Application

Bootloader Launch Firmware from 5P| Flash Project Example-FreeRTOS-LT5-PMP-blink
Bootloader Launch Firmware in XIP mode Project

FreeRTOS-LTS minimal Project Base on FreeRTOS 202210.01 LTS.

Code Coverage Project 1.FreeRTOS Kernel V10.5.1 with sample of tasks, queues and soft timer:
Timing Profiling Project Task 1, task status print.

General Purpose Timer Project Task 2, PMP tect and queue data send.

Hello World Project Soft timer, receive queue data then do LED blink.

12C Communication Project 2.Use heap_4 for default memory management.
13C Communication Proiect 2 Sunnn et ID renicter arrece tect

Project name: riscv_rtos freertos_ pmp_blinky

Use default location
D:\propel-workspace\workspace\riscv_rtos_freertos_pmp_blinky
default

[ Build the project

Create a debug launch configuration for  0pen0CD

f'_?:- < Bac Next > Finish Cancel

Figure9.11. Createthe Frmware for XIPMode ¢ List
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HS [m] 4
Tl Linker 3 = B

1/* Lattice Generated linker script, for normal executables */

2

2 ENTRY (_start)

4

5 _HEAP_SIZE = DEFINED(_HEAP_SIZE) ? _HEAP SIZE : Bx2088;

& _STACK_SIZE = DEFINED{_STACK_SIZE) ? _STACK STZE : @x8AR@;

7

8 MEMORY

ER

18

11

12

12}

14

15 SECTIONS

16 {

17 /* CODE */

15 .text : ALIGN(4)

19

28 _frext = .;

21 PROVIDE (_sprof = .};

22 KEEP (*(SORT(.crt*)))

23 *(.text .text.* .gnu.linkonce.t.¥)

24 KEEP (*(.init))

25 KEEP (*(.fini))

26 . = ALIGN(4);

27 _etext = .;

4 »

Overview |linker.ld |

Figure9.12. Createthe Firmware for XIP Mode linker.ld 1

o
s

[m] *

Tl Linker

= O

Linker Script: linker.ld
Available Memory Regions

Mame Attributes  Base Address Size
tem0_inst wx (1] 010000
system{_inst wx (x200000 (%8000
spi_inst £ (4B021000 (20000

STACK and HEAP Size

HEAP_SIZE:  Dx2000

STACK_SIZE:  DwQADD

Section to Memory Region Mapping

CODE:  spi_inst o

DATA:

Section Name Memory Region
text spi_inst

.ctors spi_inst

dtors spi_inst

rodata systemO_inst
.data system{_inst
.bss system_inst
heap system(_inst

Overview | linkerld

Figure9.13. Createthe Firmware for XIP Modg linker.ld 2
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& o x
[ Project Explorer X BE%T 8 =0
> 23 D1_RX

~ [5 riscv_rtos_freertos_pmp_blinky_XIP_firmware
> t-." Binaries
> [l Includes
~ 3 sre
> [z bsp
5 (= FreeRTOS-Kemel
5 [§ board.c
> [# boardh
> [0 device_info.h
> [n] FreeRTOSConfig.h
> €] hooks.c
> €] main.c
> [g osc
5 [§ osASM.S
5> [B osmacro.h
> [0 platform_inith
> [8 vectors
[ epusvd
cpuyaml
) linkerld
% sys_envol
~ (= Debug
> (= sre
> 'i'} riscv_rtos_freertos_pmp_blinky_XIP_firmware.elf - [riscv/lg]
SCC_FW_binfile.mem
[ & makefile

(% objectsmk
riscv_rtos_freertos_pmp_blinky_XIP_firmware.lst
riscy_rtos_fresrtos_pmp_blinky_XIP_firmware.map
| @ seurces.mk

%] riscv_rtos_freertos_pmp_blinky_XIP_firmware.launch

Figure9.14. Createthe Firmware for XIP Mode Firmware File

Figure9.15. Createthe Frmware for XIPMode ¢ Program Bin File
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