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Abbreviations in This Document

A list of abbreviations used in this document.

Abbreviation Definition

ASCII American Standard Code for Information Interchange

BSP Board Sypport Package. Thg layer of software containing hardsyaeific 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 Hardware Description Language

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 and opesource machine emulator and virtualizer

RAM RandomAccess Memory

RISO/ Reduced Inst_ruction_Set Computer Afree 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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User Guide

Abbreviation Definition

RVFI RIS©/ Formalnterface

RX RIS&/ for RTOS applications

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

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

TheLattice Propet design environment is a complete set of graphical and comnrtiaedtools to create, analyze,
compile, and debug both FP@ased hardware and software processor systems.

1.1. Purpose

Embedded system solutions play an important role in FPGA system design, allowing you to develop software for a
processor in an FPGA devitéese solutiongrovides the flexibility for you to control various peripherals from a

system bus.

To develop an embedded system on an FPGA, you need to design the Byship (SoC) with an embedded

processor and develop system software on the processor. Lattice Propel helps you develop your system with a RISC
processor, peripheral IP, and a setadls.

The purpose of this document is to introduite Lattice Propel SDK tool and flow to help you quickly get started to

build a small demo system. You can find recommended flows of trerigattice Propel SDigol in this document as

well.

1.2. Audience

The intended audience for this document includes embedded system designers and embedded software developers
using Lattice FPGA devices. The complete list of supported devices can be found in Lattice Propel Release Notes. The
technical guidelines assume &rs have expertise in the embedded system area and FPGA technologies.
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2. Lattice Propel Development Suite

Thelattice Propel development suite includes:

1 Anintegrated development environment (IDE), which is the framework of the Lattice Rtepelopmentsuite.
1 Lattice Propel Builder, which is for SoC design

1 Lattice Propel SDK, which is for system software development.

2.1. Eclipse IDE

Eclipse IDE provides the Lattice Propel development suite a platform to manage the SoC project and the Embedded
C/C++ Project in the same workspace.

The SoC project, which extends from the Lattice Propel Builder project, provides easy interaction with other Lattice
design tools, such as the Lattice Diamargbftware withinthe Lattice Propel design environment.

The Embedded C/Croject provides a platform for developing or debugging application code witi@clipse IDE.
The project can be created directly from the SoC project with esptdBoard Support Package (BSP) and applications
by using the Lattice Propel development suite.

2.2. Lattice Propel Builder

ThelLattice Propel Buildesoftwareallows you to assemble the larger functional blocks of the design hierarchy. Lattice
Propel Builder enables you to instantiate modules and IP from the IP Catalog in a schematic view, and can easily
connect the modulesTheLattice Propel Buildesoftwarealso helps you customize address spaces within modules,
such as a processor. In the Lattice Propel development sudtecan use théattice Propel Buildesoftwareto create a
microprocessor integrated platform for both hardware and software development.

Refer toLattice Propel Builder 2026.1 User Guide (FRG®2254)for more detailed information.

2.3. Lattice Propel SDK

Thelattice Propel SDi#§ol is based on Eclipse Embedded C/C++ Development Tools (CDT). It allows you to create,
build, and debug software application projects that drive the platform within the Eclipse framework.

The main featureiclude
i Creatng, building, debugying or manaing embedded applications fahe Lattice RIS& CPU or SoC solution.
1 Providlingextra build steps to generate the binary and memory files required for deployment.

91 Buildngwith the latestindustry-standard opersource components and tools ftre RISE/ firmware
development and debugging.

1 SupportngPicolibc for RISZ and proviihg alightweight standard library implementation.
91 Providngfully configurable toolchain definitions.
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3. Lattice Propel Tool Flows

Thefollowing sections discuss thettice Propel tool flows detail,including SoC project design flow, C/C++ project
design flow, system simulation flow, and programming andGdipDebugging (OCD) flow

3.1. Lattice Propel Environment

3.1.1. Running Lattice Propel

After installing the Lattice Propel software, you can launch Lattice Propel SDK from the desktop shortcut icon or from
the Windows Startmenu. When Lattice Propel SDK is invoked, a di&diggie3.1) pops up. You can browse to select
where to locate the workspac&or normal needs, clidkaunchto pick the default location and continue running

Lattice Propel SDK.

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 single workbench window is displayed using default Lattice Propel SDK
perspective. The default Lattice Propel SDK perspective contains the following five functionaFayess Q).

Note: A perspective is a group of views and editors in the Workbench window. A workspace is the directoryevhere
store your workand 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 environmeniéEclipse IDE platform.
1. aSydz 6l NJ I YR ¢@R{SINRBYIIZNBHNME ®¢SAT O NI ASHIdES Y Sy dz
{ S NOKt NBY Iy dzy S ¥[8ry{dil A OS2 RV R2 ¥SY Bab@# LI ay Sy dz
2. t N2P2SO0 9ELX 2NBNJ OASs6Y RAaALI I &a LINR2SOG& Ay (GKS 62N 3
3. 9RAG2NI oA GBS LIDNPAGMRISE 2F SRAGAY3I a2dz2NDOS FAfSao
4. hdzit AyS @ASé6Y RAALX Fea |y 2dzitfAayS 2F F FA{S GKFG A&
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G workspace - Lattice Propel

File Edit Source Refactor Mavigate Search Project Bun LatticeTools Window Help

Bl@ DR i@ -G -i%-0 Q- i®S§-WE 1D OIS BILF - CerD|m

Q |3
1 Project Explorer &<~ = o= Outline &% =
ES Y & O
There are ne projects in your workspace. There is no active editor that

To add a project: provides an outline,

Create a new Lattice 5oC Design
Project

‘:3 Create a new Lattice C/C++ Project

[ Createa project...
£ Import projects...

2

2 Problems ‘E TasksLE Console 23 . [ Properties| &% Terminal #B~-f~-° 0
o consoles to display at this time.

of261M |

Figure3.2. Lattice Propel Workbench Window

3.1.2. Importing Lattice SoC Design Projects

In Lattice Propel SDK, you can use the Import Wizard to import Lattice SoC design proje¢btsvimidkspace. Existing
SoC design projects created by either Lattice Propel SDK or Lattice Propel Builder can also be imptreed into
workspaceby choosingd attice Propel > Lattice SoC Design Projects

1. From Lattice Propel SDK, chodsie>L Y LJ2.NJi X
TheSelectwizard opensKigure3.3).

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asiatetatticesemi.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. Select Wizard, Import Lattice SoC Design Projects

2. SelectLattice Propel > Lattice SoC Design Projects into Worksp@tielkNext.
TheSelectwizard switches témport Lattice SoC Design Projeatézard pageKigure3.4).
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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 Lattice SoC Design Projects Wizard

3. Locate the directory containing the projects by clicking Bnewsebutton.
4. Inthe Projectsarea, select the SoC design project or projects you waimport.
5. ClickFinishto start theimporting process.

3.1.3. Importing Lattice C/C++ Projects

In Lattice Propel SDK, you can use the Import Wizard to inepisting Lattice C/C++ projects created by Lattice Propel
SDK 2023.2 or later intbe workspace by choosirlgattice Propel > Lattice C/C++ Projects

1. From Lattice Propel SDK, choésie>L Y LJ2.NJi X
TheSelectwizard opensKigure3.5).
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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. Select Wizard; Import Lattice C/C++ Projects

2. SelectLattice Propel > Lattice C/C++ Projects into WorkspackckNext.
TheSelectwizard switches to thémport Lattice C/C++ Projectsizard 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. CreatingCustomized C/C++ Template

In Lattice Propel SDK, you can select a Lattice C/C++ project in the current workspace touseedpplication

template for creatinganew Lattice C/C++ project.

Note: You must use this template management function on Lattice Propel SDK 2024.2 or later.

1. CNBY [FGOGAOS tNRBLISt {5YZ taARBEOBII0S/ f+EEHACOSE @ EIDH 310y R A
I NBIFGS | LI AX TGP MBAL & Sawii® | G S

o = c
o "4
] ) ) 0% Create Application Template O had
File Edit Source Refactor Mavigate S
milhg | %+~ & - [@ B %| Application Template Configuration —
/ /

- - - - | ! Create an Application Template for new Lattice C/C++ Project. 9 7{‘}

17 Project Explorer = a8 0

ER-SNTEE: General Toolchain P Settings

& Bxample SoC v W= s [£] FreeRTOSConfig.h ~
g Example_S0C1 w [H] = FreeRTOS-Kernel @ board.c
g; ExampleMCSol @] include I8 boardh
1= riscv_mc_helloworld vEE o
portable =]
= riscv_rtos_freertos_pmp_blinky v [@ & GCC %de\flce_lnfo‘h
122 riscv_rtos_gcov | &= RISC-Y I’Tooks.c
= riscv_rtos_gprof [H & MemMang O Ellnk.er.ld
=5 riscv_rtos_helloworld [ main.c
2 risev_rtos_spi @ 0s.C
=5 spike_gemu_helloworld [S] osASM.S v
General
Export Source |riscv_rtos_freertos_pmp_blinky ~

Termnplate Mame | My_Application_Template

Customer Template Function

Description
Project Type | C/C++ Project - =
3]
-
|~
I w

15 riscv_rtos_freerto s_pmp_blinky

Figure3.7. Create Application Template General

2. ,2dz OFy AyLdzi ¢SYLX F(GS yIYSS 5SaONYRIAZ2YZYEZ22HBKEABSY SC
ONB FHiBywaJ | G So
Notes:

1 Under the General tabHgure3.7), select project code file\l files except linker.ldre checked. It is
recommended to keep these selections to avoid potential errors in building.

1 Under the IP Settings talFigure3.8), The LatticdPropel SDKool generates a filter according to your settings.
This means if you create a C/C++ project using this C/C++ template, the corresponding SoC project should
include the versions of IPs shown in the IP Settings tab. Be catedul modifying the IRelated settings
under this tab. If these settings are not set properly, you méagtdountererrors whenusingthese templates
on other versions of Lattice Propel SDK.

3./t COVI &K
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3 Create Application Template

Application Template Configuration

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. Exporting and Deployin@ustomized C/C++ Template

In Lattice Propel SDK, you can export custehC/C+itemplates into a single ZIP archive that is ready for depkayt

in otherdza SLfc® Propel SDé&nvironments

Note: You must use this template management functionlaiticePropel SDK 2024.2 or later.

1. From Lattice Propel SDK, chodske>ExporiX.
TheSelectwizard opensKigure3.9).

S Export

Select

Select an export wizard:

Export Application Templates to an archive file,

type filker text

(= General
[= CfC++
= Install
w [= Lattice Propel

(= Run/Debug
(= Team
(= XML

S Lattice Application Ternplates

@ < Back

Finish

Cancel

Figure3.9. SelectWizardfor Lattice Application Templates

2. SelectLattice Propel > LatticApplication TemplatesClickNext.
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TheSelectwizard switches tahe ExportLattice Application Templatewizard pageKigure3.10).

8 Export Lattice Application Templates m} X
Export Lattice Application Templates =y
Export the selected Application Templates to an archive file on the local file system. - Lkb—‘

Application Name Description Resource

] My Application Template ~ C\Users\ppan'\PropelEmbeddedSWLocal\.\My_Ap; &
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 ~ Browse...
® < Back Mext » Cancel

Figure3.10. ExportLattice Application Templates Wizard

3. You candcate thedestinationdirectoryby clicking theBrowsebutton.

4. Inthe Application Namearea, select thapplication templateyou want toexport
5. ClickFinishto start theexportingprocess.
Theexportedziparchive file is ready to be delivered to other Lattice Propel SDK.users

6. BExtractthe zip archive filéo the Application Templates Install &h in the usef environment SelectWindow >
Preferences> Propel Settingo find this setting(Figure3.11).

0% Preferences (] X

type filter text | Propel Setting

» General

» CfC++

» Context ‘

> Help

» Install/Update

» LiClipse

» MCU

» Oomph ‘
Propel Setting

» Remote Development

Radiant Location

Diamond Location

SoC Templates Install Path

| Browse...

| Browse...

> Run/Debug
» SVEditor
SWTChart Extensions

‘ C:/Users/<user_name>/PropelTemplatelocal

» Terminal

Validation

Application Templates Install Path
‘ C:\Users\<user_name>\PropelEmbeddedSWLocal

Version Control (Team)

» XML

Restore Defaults

Apply and Close .

Apply

® @

Cancel

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

A new SoC design project including a Lattice Propel Builder design can be started from the LatticeuReopellow
the steps below to create a new SoC design project.

Note: The SoC project templatese graduallybeingmigrated to the new scalable SoC project templates that are only
available from_atice Propel Builder. If the following flow for creating &0C design project is unreachable, create it
from Lattice Propel Builder. Séattice Propel Builder 2026.1 User Guide (FRGA2254) for more details.

3.2.1. Creating @ SoC Design Project (Deprecated)
To start a Lattice SoC design project from Lattice Propel SDK:

1. Ly [FGGAOS t BRAEISIH 5[V (0K {2 /ov58aA3y t N22SOi
CKISNBIFGS {aAl it NRCBHMeMBED o/ WBIKS {2A1 t NR2S®Fdz Oy &aLISOATFeE
F2NJ I ¢SYLIX LGS {2/ LINR2SOGO
T ¢2 aLISOATe I RSOAOS T2N) e2dz2NR¥ &Y ¥ Sy ddi fRESSa B0 (RN
AYF2NNYE GA 2 W2 OSGIQYZNRIN AD 1 ISS R/ 2R RPIA 22T #a 2800 wlL {
t N22SO0 2N 9 YELE BLIKit INEE SEIITeHUSH K S

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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T 't 0SNFI GiROELIEOATE | 0621 NR FT2N L 2y QRS OFCo &N { 2/  LIN
b20(,2Ydz Oy ORABHEBt 2[BHS5RNIERBER

$ SoC Project O X

Create SoC Project —

Create SoC project of selected template

Project name: | ExampleSoC

Use default location

Ci\lscc\propen2024.2\workspacel ExampleSoC Browse...
default
Language: | Verilog w
Board
Board Select
Avant-E Evaluation Processor: |RISC-V MC b

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 03D Breakout

MachX 23D PFR Demo

Template Design

Emsﬁ Project 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

Figure3.13. Specify a Board for Template SoC Project

2. CNRY. 8 KBR HNEISO@®St SO0 (KS RSAANBRNBR| N&E a220KR®PE GKS
3. 9yGSNI I LINR2SOd ylYSo
Note: Do not include periods, colons, or spaces in the project name.
4. 6hLXiA2yFrto ¢2 OKIy3S (S RSTI dZLii A2y GIARSYE OONBSAaNS (KON,
/| K22&aS | FTA{S aeaidSvyo
5. { St 800 I RS&ANBR LUyl (LI 2NV SVSHEMERR AR FOEMAM A 3 48 40 &
6. /| t COYM aK

The SoC design project is createdhia workbench, and its design is opened and displayed in Lattice Propel Builder
(Figure3.16).

Y 7
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3.2.2. Opering an SoC Design ihattice Propel Builder

Within an SoC project, there islaatticePropel Builder design.

To open Lattice Propel Builder fan & C project:

1. Ly tiNeS2S OGP E6E yRNBNS QINRI2SOG @

2. hLSy GKS {2/ LINRB2SOG Ay 2yS 2F GKS TF2tf26A

1 /K22328§0GA05vREY HSaAIYy AGAHMREBISt . dZAf RSN

LatticeTools Window Help

4. Open Design in Propel Builder

»  Generate and Open Diamond Project
Generate and Open Radiant Project
Lattice Sentry Tools for MachXO3D >
Lattice Sentry Tools for Mach-NX >

Figure3.14. LatticeTools Menu

T /fAO] GtKNER LS (N0 EHER RSINKS (22 61 Nb

y 3
J

oI

e a

f wABK#RO]l GKS {tzMzammégﬁﬁmm&Ywéﬁé%ﬂwauéf FNENT R KIS

LI2tiAd) Y € draliNSD

Restore from Local History... ]

Open Design In )I &, Propel Builder
Team » «»  Diamond
Compare With » Radiant

Figure3.15. Project Explorer Pojup Menu

3. ¢KS {2/ 5SaA3dy A& 2LISYSR | yQRA RaeNildf | e SR Ay

& Propel Builder [Di/propel-workspace/Example_SoC/Example_So€/Example_SoC.sbx] Device: LIFCL-40-8BG400C Board: CrossLink-NX Evaluation -

Fle Edit View Design Tools Window Help
- B DCNES BEG NSO A T Qa0 @x

Design View o [ schematic R Address 2\ Summary &, Start Page
3 LIFCL-40-8BG400C

v 1F Example SoC @
= i Instances

v LF ahblo_inst

1k ahbl2apb0_inst

T} apb0_inst

TF cpullinst

TF expr_0_inst

I} gpio0_inst

ZF osclinst

IF pli0_inst

ZF system0_inst

»
3
3
»
»
3
3
»

v IF uart)_inst

b2 Pors

= View Setting & &

v Nets
» [ Components

Properties

Name: Example_SoC

Type: Instance

Path: Example_SoC

VLNV latticeisystembuildenExample_SoCi1.(
Location:  Di\propel-workspace\Example SoC\E

UserWropRetl 1 ot nrtcnace Examnta Socre]
“ v

IP Catalog Design View 3

Tel Console

% sbp design save

& sbp_design gensrate

INFO <2359189> - Start: sbp_design generate.

INFO <2359190> - Finisned successfully: sbp_design generate.
% sbp_desion pge sge -1 (D:\propsl-workspace\Example SoC\Example_SoC/Example_SoC.sbx} -0 (D:/propel-workspace/Example_SoC/Exemple_SoC/../} -nc

B

Figure3.16. Lattice Propel Builder Window
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4, OhLIiA2ylf0 a2RAFe (KS RSaA3day Ay [lFGGAOSHt RBZA/IEE K Rk f RS
{2/ RSaiAdlyod
Note: You can createraSoC desigonly byusing theEmpty Projectemplate inside Lattice Propel Builder. Refer
to Lattice Propel Builder 2026.1 User Guide (FRG®2254) for more details on how to createne50C design
using theEmpty Projectemplate.

3.2.3. Opering aDesign in Lattice FPGA Design Software

Within an SoC project, you can create a Lattice FPGA design project including a Lattice Propel Builder design, and then
open the FPGA design projecttive appropriate software. There are two FP@&signtools available, the Lattice

Diamond software and Lattice Radiarsoftware Depending on the device family used in the SoC project, only one of

the FPGA Design software can be selected from the User Interface (Ul), and the other is grayed out. If the MachXO3D
or Macht-NX device family is used, the Lattice Diamooftivgare-related menu items are active from the Lattice

Propel UL. If the CrossLinkNX or Certug-NX device family is used, the Lattice Radiant software related menu items

are active from the Lattice Propel Ul.

To open FPGA Design Software fioSaC project from Lattice Propel SDK:

1. ohLXWAz2ylFfo {SG4 [FGGAOS CctD! RSarAaly az2fiagl NB Ay
{5Y Oy FAYR GKS LINRPLISNI[lFIGGAOS CctD! RSaAdy az
GKS t/ & | 2hdz SOIAYi ZF@INENIAY I adaSLla oSt2g00
ChoosaWNindow > Preferences ThePreferencedlialog opensKigure3.17).

SelectPropel Settingrom the left pane. Click thBrowsebutton to specifythe installation location of the Lattice
Diamond software or Lattice Radiant software. Or, leaveRhdiant Locatiorand Diamond Locatiorfields blank,
by default. Lattice Propel SDK can find the location automatically.

i
B

N Can

Fft
gl N

H o

7% Preferences O *

type filter text | Propel Setting =R - 8

General
C/C++ Radiant Location
Context |

Help

Install/Update

LiClipse Diamond Location
MCU |
Oomph

| Browse...

| Browse...

Propel Setting
Remote Development SoC Templates Install Path
Run/Debug

SVEditor

SWTChart Extensicns
Terminal Application Templates Install Path

Validation | ChlUsers\<user_name=\PropelEmbeddedSWLocal |
Version Control (Team)

XML

| C:/Users/<user_name= PropelTernplateLocal |

Restore Defaults Apply

'/?3' I\_‘ = (@' (;' Apply and Close Cancel

Figure3.17. Lattice Propel Preferences Dialog

2. Ly tiNeS2 SO OP E6J ENBXI GKS [ FGGAOS t NR LISt YY{A2yl DNNPLIKNI df
3. hSy GKS {2/ LINRB2SOG Ay 2yS 2F GKS F2ft26Ay3a 6l &4Y
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# Lattice Diamond - Start Page

File Edit View Project Design Process Tools Window Help
A-B-HIE[vayPnie
PREOGEESCESTEE G A
Process g X
v 2 Synthesize Design
. = Synplify Pro Project:
2 Translate Design 7 open..
~ 2 Map Design
Bnew...

0 2 Map Trace
[J & Verilog Simulation File
[ 2 VHDL Simulation File
v 2 Place & Route Design
[] 2 Place & Route Trace
[ 2 10 Timing Analysis
O 2 Thermal Analysis
v 2 ExportFiles
O 2 1BIS Model

[ Import ispl EVER Project...
Recent Projects:

[ Example_S0C1

[ Example_S0C1

o

[5 XO30BrTest1

Software Update Center

Currently running Lattice Diamond software version:
3.12.0.240.2

Getting update information from Lattice Server

<

Release Notes
Lattice Diamond Software 3.12 Release Notes
User Guides

Lattice Diamond 3.12 Release Notes

Lattice Diamond 3.12 User Guide

Lattice Synthesis Engine for Diamond User Guide
Lattice Diamond 3.12 Flatform Designer User Guide
Clarity Designer User Guide

Lattice Diamond 3.12 Programming Tools User Guid
Reveal User Guide

Reveal Troubleshocting Guide

Lattice Diamond 3.12 Installation Guide for Windows
Lattice Diamond 3.12 Installation Guide for Linux
Reference Guides

Diamond 3.12 FPGA Libraries (HTML version)
Diamond 3.12 FPGA Libraries (PDF version)

Help

Lattice Diamond 3.12 Help (HTML version)

Lattice Diamond 3.12 Help (PDF Version)
Tutorials

Lattice Diamond 3.12 Tutorial

Lattice Synthesis Engine Tuterial

FPGA Design Guide
Design Flanning

HDL Coding Guidelines

Timing Closure

Other Tool Guides

ModelSim Users Manual

ModelSim GUI Reference Manual
ModelSim Command Reference Manual
ModelSim Tutorial

Synplify Pro User Guide

Synplify Pro Reference Manual
synplify Pro Language Support Reference Manual
Tel/Tk

Lattice on the Web

Lattice Semiconductor

Answer Database

Lattice Solutions

Intellectual Property

Flelist  Process  Hierarchy

Td Console

g 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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» n Synthesize Design

Edit View Project Tools Window Help

n Map Design

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

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

O FileList [E] Source Template 2] IP Catalog

aaQaa BH f

n Place & Route Design

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

~

n Export Files

) Start Page Report Browser

Reports

» Synthesis Reports
» Map Reports

Place & Route Reports
» Export Reports

» Misc Repotts

CONEBEENELRORERESH

Example SoC Project Summary
Implementation Name: impl 1
Part Number: LIFCL-40-88G400C
Synthesis: Synplify Pro
Timing Errors:
Project File:

Implementation Location
Resource Usage
LUT:

PFU Register:

Constraints Dropped Summary

Synthesis: 0

Map: 0

1P Summary

1P Name. 1P Module Name:

PLL plio

AHB Lite to APB Bridge Iatticesemi.com ahbl2aph0
UART Iatticesemi.com uartd
RISC-V MC latticesemi.com cpud
GPIO Iatticesemi.com gpiod
APB Interconnect Iatticesemi.com apb0

AHB Lite Interconnect Iatticesemi.com ahbl0

System Memory Iatticesemi.com

0SC for CRE latticesemi.com

Di/propel-workspace/Example_SoC/Example_SoC.rdf

Di/propel-workspace/Example SoC/impl 1

Bc@

N

Strategy Name: Strategyl

Performance Grade: 2 High-Performance 1.0
Top Module: Example SoC Top

1P Number: 9

10 Buffers:

EBR:

Post Synthesis 0

Place & Route: 0

Version License Feature License Status
121
112
120
280
170
121
133
231

140

Figure3.19

. Lattice RadiantSoftware Project
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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 File in Lattice DiamoS8dftware

In Lattice Radiant software, from thigrocessToolbar, clickExport FilegFigure3.21).

=] Area
=] Timing b Synthesis Reports
(i strategyl
~ (72 impl_1 (Synplify Pro) 4 Map Reports
~ [ Input Files

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

3 -
4 R Files S 3 Export Reports
- x

Misc Reports

[ File List =] Source Template =] IP Catalog Tel Console

Lattice Radiant Software -[D:/propel-workspace/Example_SaC/Example SoC.rdf] - Report Browser - o x
File Edit View Project Tools Window Help
- . & 3| o™ &
o-=-H QQaq H ol @@ BE WSy BERSBSH
° @  srthesizeDesign | n Map Design u Place & Route Design n Export Files
Q- Find Test.. [Ep 1) start Page 2
=Bl oo SoC « Repors ¢ Synthesize Design
1 LIFCL-20-8BG400C Synplify Pro | [mmany
~ (] Strategics Post-Synthesis Timing Analysis ) 4 Strategy Name: Strategyl

Place & Route Reports

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

& Output

Post-Synthesis Simulation File

LIFCL-40-8BGA400C Performance Grade: 8 High-Performance 1.0V

Map Design
Map Timing Analysis Synplify Pro Top Module: Example SoC Top
Place & Route Design P Number: A

Pl & Route Ti Anal
ace & Route liming Analysts D:/propel-workspace/Example_SoC/Example_SoC.rdf
1/0 Timing Analysis

Export Files D:/propel- e/Example SeC/impl 1
Bitstream File
IBIS Model
Gate-Level Simulaticn File
10 Buffers:
EBR:
Constraints Dropped Summary
Synthesis: 0 Post Synthesis: 0
Map: 0 Place & Route: 0
IP Summary

M
x

E® Message

Figure3.21. Generate Programming File in Lattice Radi&uftware

Theprogramming file is generated. Bprogramming file can be used in Programmer.
Note: Programmer is ool that canprogramLattice FPGA SRAM and external SP| Hashgh varioudnterfaces,

such as JTAG, S&id12C
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3.2.4. Generating System Environment by Building Project

The ystem environment packagecluding the system environment file and the BSP package is required for the
embedded C/C++ project.

To generatdhe system environment packadeom Lattice Propel SDK

1. Ly tieS2 SO0 oR E 68X FNBNS QINRIZS Ol @

2. | K228 BS@LE R ot N22S O

3. /1 KSO1 GKS odzAf Ry o SRS AmbfEd Ay G KS

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 the SoC Design Project

Creating he SoC project starts withfally functional SoC design amddefault simulation environmentn the

Project Explorewiew, open a SoC project folder and all its sfiddders. The project contains but is not limited to the
following files(Figure3.23), some of which may vary upon opening the SoC design project in the Lattice Diamond or
Radiant software:

1 <proj_name>: folder containing a Lattice Propel Builder design includingsttrefile.
<proj_name>/application: folder containinfully functional embedded application source code.
impl1: folder containing the implementation of tHeatticeDiamond or Radiant project.
sge: foldercontaining generated package necessary for creating a C/C++ project.
verification: folder containing the SoC verification project.

verification/sim: folder containing the simulation environment.

<proj_name>.|df: LatticeDiamond project file.

<proj_name>.Ipf: LatticeDiamond project logical preference file.

<proj_name>.rdf: LatticeRadiant project file.

<proj_name-.pdc:LatticeRadiant project possynthesis constraints.

<proj_name>.txt: description file from the template.
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=
(- Project Explorer = 0
2

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. C/C++ Project Design Flow

3.3.1. Creating a Lattice C/C++ Project
To start a Lattice C/C++ Project from Lattice Propel SDK:

1. | K2ZTABS EI[ I GGAOS

¢tKS /k/ bb

/&/ bb t N22SOi

t NE2SOG[ MR I NRA @ S.16 F08y TaianiK

idKS
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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
Location: | D:\propel-workspace\riscu_mc_helloworld Browse...
Choose file systern: [default
[] Build the project
Create a debug launch configuration for | OpenOCD
® < Back Finish Cancel

2. .NRrgasS G2 GKS {2/ LINR2SOG F2ftR

Figure3.24. Load System and B3fage 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 Finish 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 Setting Dialah
11.. 8 RSTFl dzf G Go2 (22 5C0KHMRSOIY DS FdzNISH OK2 aBYRITFNBY GKS |
RNRIRgY YSydzd
f 5S00AYTAIAzNI (GA2Y ()NJSI 1S54 SESOdzil of Sa O2yidlAyAy3a I RR
YI1S RANBOG |aa20AlGAz2 y 080G6SSy GKS a2dz2NDS O02RS Iy
f wSt Q2ySFAIdzNF A2y LINPGPARSE (G(KS (22fa8 6AGK 2LJiA2ya &

LISNF2NXYI yOSo
. 2dz Oy Y2RAHAZABRTINBONMBSNEERO2YLIATISNE YR fAY{SN 2LJiA2ya #
aSidAay3as 32 G2 LINRP2SO0 LINPLSNIRGRY OFR S 62 BEEKIARYIH 8§ KEA
f Ly [(AKeS {{SGoGsAa ya3G I yREFENR / tAONINEB OFy 6S NBO2YyFAIdzNBRA
{ealdsSyauv Aa DSYRBOKERAGBRIIRSHFEIREFFSNBY G LINAYIT f S@St

T LYy /ikkiSbb [/ @IYAREBINGAYATFGA2Y tS3St |y RSo6dzAa tS@St Ol
O2y FAIdzNF A2y @

1 Ly /Gk/Sbb ([lA0y>] SINBY 2 S ntlf 825 R2 Y@ RSAd OKSOISR o0& RSTI d
2F dzydz&aSR O2RSo®
12./ f COYM & K
¢KS [FGGAOS [/ k/bb LINRP2SO0 AatORBISHISRHBNGAGA DS RA B LIIS BB RIS
O2ttSOGA2Y 2F G(G22f OASsa tNBNISHIS NENIS OO dzid S NA BIdZRRIRE O MB b E
LINE INJ Y& o

winnetatticesemi.com/legal


http://www.latticesemi.com/legal

Lattice Propel 2026.1 SDK ....LATTICE

User Guide

3.3.2. Updating a Lattice C/C++ Project

When you make changes to &0C project, sometimes you want to synchronize the changes to an existing Lattice
C/C++ project instead of creating a new Lattice C/C++ project. In this case, you can use the update C/C++ project
feature.

Note: This feature overwrites the corresponding files or settings of your existing C/C++ project. Be sure to back up your
C/C++ project before using this feature.

To update a Lattice C/C++ Project from Lattice Propel SDK:

1.

2.
3.

»

DSYSNI (S elakiS vt ISlyS#AiNRay YSy (i LD O3 NEHSh A yO 2{NRAA Y Y (1Y AAKNR y Y
t N2aSOiliA2y @
Ly tieS2S OGP ERE 2AENS OG0 || / k/ bb LINR2SOGO®

| K22NEBSORI GS [GGAOS [/ k/bb t N22SOilX

The C/C++ Project wizard opens for updating system andFBie(3.27).

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
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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 a Lattice C/C++ Project
To build a Lattice C/C++ projectliatticePropel SDK:
1. Ly tieS2 SO0 OR EHE 28NS 00G + / k/ bb LINR2SOG®

2. C2fom®iSLia 0St2¢ AF e2dz ¢lyid G2 OKIy3S

a. Choose NB 2SO0l

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

Figure3.29. Manage Configurations Dialog

iKS

3 I K22NEBSMET R M MINES O A 0TS 8 KSGKBA 6 22 8 OB pib

4. ¢ KS NBadz Ga

[2! Problems | ] Tasks | & Console 2 . [C] Properties| & Terminal 4 1 <_E|>| =i mi

CDT Build Console [Example]

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "Example.elf”

text data bss
1262 =] 2728

dec hex filename
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/C++ Project

F OGABS

F . dzAf R / 2 @rFclicR theNdnfigdratiohi@on ¢ om theyfdolBag X

b. TheManage Configurationslialog opensKigure3.29) for choosinghe active configuration. By default, a
Debugconfiguration creates executables containing additional debug information that lets the debugger make

direct associations between the source code and the binary files generated from the original soReteasge
configuration provides the tools with option settistp create an application with the best performance.
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3.3.4. About Lattice C/C++ Project

The Lattice C/C++ project starts with source cod¢hérProject Exploreview, open a C/C++ project folder and all its
subfolders. The project contains:

f
il

=A =4 =4 A 4

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

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

src/main.c: source file containing the main routine, which is the eptiint of a C/C++ program.
src/cpu.svd: system view description file used for peripherals registers view at debug perspective.
src/cpu.yaml: processor description file used when debugging.

src/linker.ld: linker script file.

src/sys_env.xml: system environment file describing aspects of the platform, such as memory spaces.

After building the project, the build output can be found in each build configuration foldeD#tmigfolder or the
Releasdolder (Figure3.31). The Debug or Release folder contains:

1

f
f
f
f
f

<proj_name-.elf: executable file used in ezhip debugging.

<proj_name>.bin: binary file used in deploying the application to flash memory.
<proj_name-.Ist: extended listing file generated by tool objdump.

<proj_name>.map: linker map file.

<proj_name>.mem: Lattice system memory initialization file used in the Syatemory 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. Contents of C/C++ Project

3.3.5. Assisting in Developing Code

Lattice Propel SDK is based on Eclipse IDE. You can write application code following the process and usage of the same
tools as any in Eclipse IDE. You can get more detailed information regarding Eclipse IDE from the Lattice Propel online
help.

For writing code, Lattice Propel SDK provides two extra aids:

1 Lattice System Platform: An overview of the processor platform can be displeigede3.32).

1 Linker Editor: An overview of the memory regions of linker script can be displayed. You can modify key linker
parameters through the graphical interfadeiure3.33).

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asiatetatticesemi.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

FPGAUG022551.0 36


http://www.latticesemi.com/legal

Lattice Propel 2026.1 SDK

mLATTICE

User Guide
HE: ] *
% Lattice Platform X = g
General
Vendor: | lattice |
Library: | Propel |
MName: |Examp|e_SoC |
Version: [2025.1 |
DeviceFamily: |LIFCL |
SysiD: [0 |
Selected Core: |cpu0_inst |
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
5 m] ®
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. Advanced Toalhain Setting
Follow the process below to modify the toolchaiettings of a C/C++ project.
To change toolchain setting in Project Properties in Lattice Propel SDK:
1. Ly tieS2 SO OR E I ZHARABIBIStE {5Y3x &St SO0 /| kI bb LINR2SOG®

2. | K22 A8 BSHE LISNK 3 Sta P LISKEIANSIE v 1 2 NINPA KNS 2 LISy &

)
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3. { St{SDMiAH AEK/Sbb OF &zZ6HRNE FNRY (K622 6 FiSidayB®a { St SO0 G KS
2 Properties for Example m} X
type filter text Settings =1 4 v 8
Resource
Builders
v C/C++ Build Configuration: |Debug [ Active ] ~ | Manage Configurations...
Build Variables
Environment
Logging f ¥ Toolchains Ml Devices # Build Steps Build Artifact i) Binary Parsers @ | |*
Tool Chain Editor (2 Target Processor Architecture RV32| (-march=rv32i") v
C/C++ General 4 Optm?llﬂtlon [ Multiply extension (RVM)
MCU 2 Wamings [ Atomic extension (RVA)
o 2 omic extension
Project Natures (2 Debugging :
Project References v 83 GNURISC-V Cross Assembler Floating point None v
Run/Debug Settings C‘i}z Preprocessor [ Compressed extension (RVC)
SystemVerilog Project Properties (2 Includes | A8l 1LP32 bizilpa2"
5 - - ] .
Task Repository (£ Wamnings nteger Sk 5
Task Tags 3% Miscellaneous Floating point ABI None v
Validation v &) GNURISC-V Cross C Compiler
(% Preprocessor Tuning Toolchain default v
& Includes Code model Toolchain default v
(% Optimization
¥ Warnings Small data limit | 8
(2 Miscellaneous Align Toolchain default (-mtune) v
v 83 GNURISC-V Cross C Linker :
9 General [JSmall prologue/epilogue (-msave-restore)
e;.’a Libraries Force string operations to call library functions (-mmemcpy)
(2 Miscellaneous Other target flags
v & GNU RISC-V Cross Create Listing )
2 General
v 33 GNU RISC-V Cross Print Size
(% General
v & Lattice Create Memory Deployment
(2 General
Restore Defaults Apply
C)\ Apply and Close Cancel
Figure3.34. Properties of C/C++ Project
4. | dzau2YAI S 0OKS d422fa yR 022f 2LIWA2yad ! {ff eZ2&BIX Odzad 2 Y
{ SUUANRIAAS NI ASEa Ul o0od ¢KS O0daAf R O2yFAIdzZNI UA2Y A& dzaSR R
Note: The setting for each configuratioDebugor Releaseis independent.
5. /tAQLX & YR AKFESGKS OKFy3sSo

Note: You may need to clean the project to make the new setttaje effect for the whole project.

3.4. System Simulation Flow

The So@roject created fromatemplate has a default simulation environment for you to set up and sté&uhctional
simulation. It is generated automatically along with the SoC project creation. You can use it asgsvart and

customizeit accordingly.

The default simulation environmemtasthe following features:

1 Providesauser experiencsimilar toreal boardlevel debugging, such as for Hello World Sld@key components
of the simulation environmenincludesRIS&/ MC, Systeriviemory, and UART.
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Simulates usemodified template SoC with extended HDL designs.

Simulates the whole system using real C/C++ projects as stimulus with the necessary modification and with all the
details for debugging.

Supports user extension with a flexible approach.

3.4.1. Launching Simulation
To launch simulation

1.

2.
3.

LYFradadAoS t NRPLISE . dzAf RSNE dzLJRFEGS GKS {2/ RSaAdy G2 Syt
Selecthe checkbox fotnitialize Memoryfor the System Memorynodule from thelnitialization area of the
Generaltab. Then,set thelnitialization Filegenerated from the corresponding C/C++ projday(re3.35).

4, Module/IP Block Wizard >

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

Diagram sysmem(0 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
Memory Type EER
== -AH BL—SO Port Count 2
ECC Enable
- +AH BL_S]- Enable Arbiter
~ Data Streamer
b ahbl_hclk_l Enable Data Streamer
—ahbl_hresetn_i
\_ J ™ Initialization
Initialize Memory
SYStem—memory Initialization File Format hex
Initialization File
A 3 =

u] Mo DRC issues are found.

fic
(]
T

Generate Cancel

Figure3.35. Configuing System MemoryModule 1

/ f AC'){‘[Q’;?GKK('S,B)/ GKS G22ft 0l Ni &% /4 cRASEROKE yo I lydRS Jy2C/A J@ENSER T A O
PFASNI GKS {2/ RySa&a2v/3 yd SINR TAsOIHIGORRS/R S AN =8 D1 ASPENIOG S 1 KK S
AAYdA FGAZY Sy ORNEy ORY (i bOEY®E DI @EEG
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4 Propel Builder [D+/propel P MCSoC verificati

File Edit View Design Iools

-ERA 9
Design View [m]
18 UFCL-40-886400C &
* {F ExampleMCSoC_v 8
v ¥ Instances
~ 11 dutiinst
= ¥ Instances
» 1F ahbl0_inst
1 ahbl2aph0_inst
1} apbl_inst

Window Help

«%

Ll

[ schematic

3 (e~

P9 Address

sysclk_rst_gen1_inst

dut_rst_i

dut_clk_of—
dut_rst_ot—

[ Summary

SoC_v.sbx] Device: LIFCL-40-8BG400C Board: NA

aaaaa @

% Start Page

uart_model1_inst

vart_rx_data_debug[7:0}
uart_tx_data_debug[7:0]

dut_clk_i th_clk_

T expr_0_jnst

Ik uart_rx_break_debug|

»
»
» IF cpuliinst
»
»

th_rst_c

1% gpiolinst
-

Properties

Name:

Instance

Path:  ExampleMCSoC_v/dut_inst/cpul_inst
VLNV:  latticesemi.comip:cpu:2.8.0

1P Vinw: latticesemi.comipirisey me:2.8.0

Trpe

IP Catalog Design View

Tel Console

—— uart_rxd

stn uart_rx_valid_debug|
uart_tx_busy_debug
uart_tx_en_debug

uart_txd|

View Setting {8} =

dut_inst

]

uart_txd_00_t

Finished: "sbp_design close"

% sbp_design Dpe‘i —nams ExampleMCSoC v -path {D:/propel-workspace/ExampleMCSoC/verification/ExampleMCSol v.sbx}
INFO <235 > - The following interface port bus width do net match:

'PADDR' in 'apb0_inst.APB_M0O' and 'uartO_inst.APB_S0'

'PADDR' in 'apb0_inst.APB_M01' and 'gpioO_inst.APB_S0'

z

1

1

1
gpio_00_io[8: :0]:—

1

Figure3.36. SoC Verification Project

dzS a
2/

4. Né{ AY! lday B KISHEASY diE K SiA 2y F2NJ (K

e = ’ A

\%
{ GSNATFAOFGAZ2Y LINR2SO

S

€ 2 NdbliRdS /1K G2

{2/ @GSNAFAOIGAZ2Y LN

PRI R A SNER2aNSYON|

. Questa Lattice OEM Edition-64 2024.2

File Edit Simulate Add  Structure Tools Bookmarks

View Compile

Layout

Window Help

g5-=8

- By

@'M&

JHelplim‘ a@@‘

B[ e | EF[ 10 o ELEIEL S :&JJM tat

h A

+
eI

Layout [Simlate wl |

ColumnLayout |Al 1Columns

[~ as

|| a-=- 3 [ow
saarcmlimwa # | -

g1

H A x|

44 uart_rx_g

| &l sim - Default 3 + 7| x| Wave - Default
!’|Instance |[;
_,—1 ExampleMCSoC_v ot
& GSR_INST ( rstn P !Ek.:mpl:ML_‘oC .
+ ‘ dut_inst 3 £ uart_rxd .
£ [ExampleMCSoC
+ ‘ sysck_rst_gen... ¢ 4. uart_|

4. [ExampleM

aC

= o uart_model... v 4. uart_s H—: [ExampleMCSaC_s
Bl #anonb... 1 45 uart_rx_| 4+
+F ol i_uart ..t o
+- o i_uart_t..t [+
& =ASSIG... 1 #)oesses (Active) o’
D #45516... 1 — | ¥[Name -
o #ASSIG... 1 B
& =ASSIG... L B’
& =ASSIG... 1 I
@ HASSIG... 1
=
@ s i
o | o
| Memory List l@snm |-J_| ‘| | =

1 l Transcript

# Started!
#

VSIM 2=

# Testbench cleock frequency set to 50.000000 Mhz,

clock pericd 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. QuestaSim GUI
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3.4.2. Simulation Details

The default simulation environment is locatatthe generated sim folder inside the SoC verification project in Lattice
Propel SDK. It 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 -- All 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: QuestaSim. |
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.

You can extenthe top testbench withmore verification features.

3.5. Programming and Oi€Chip Debugging Flow

This section describes the procesgeasiting and debugging application code on the actual hardyiacduding the
Lattice FPGA with the hardware design installed. Debugging with Lattice Propel SDK follows the same process and uses
the same tools ithe Eclipse IDE.

Before debugging, download the hardware dedigithe device usinghe Lattice Diamond oratticeRadiant
Programmer. Refer to theserguide for the specificevaluation board for more details.

3.5.1. Creating a Debug Launch Configuration

To debug a program, a debug launch configuration must be created. Most of the settings for a debug launch
configuration can bautomatically enteredOnly a few settings need to be manually configured.

To create a debug launch configuration:
1. Ly tieS2 SOGoRm &6 2 NBNY GGAOS t NRLISE {5Y%=
0KS LINRP2SOiG I'yR SyadzNBi K &S t FEAS/Cdzil | of f | i SHEAG £ yAKSF 2t

2. . dzA f R
RSO Af

3.

¢ KBS 6 dz3

a 2y GKS LINROSaao

| K2 a5 Sodza / 2y TR AdzNI GA2yaX

I 2y RA I dzRIFGC RAGRBRD 0

ast SO0 I /k/bb
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{0} Debug Configurations a X

Create, manage, and run configurations @
e RX BY- Name: ‘ Example Debug 1
type filter text ‘ ) Main . [F] CableConn | %5 Debugger| = Startup| % Source | ] Common | &, SVD Path

[T] C/C++ Application

f— o Project:
|c | C/C++ Attach to Application
[€] C/C++ Postmortem Debugger | Example ‘ Browse...
[€] C/C++ Remote Application C/C++ Application:
Ci i
G C/Ce Unit | Debug\Example.elf

[c] GDB Hardware Debugging

~ [ELGDR OnenOCD Debugging Variables... Search Project... Browse...
c | Example Debug

[T ] GDB QEMU Debugging

i Launch Group Build Configuration: | Select Automatically v

B Launch Group (Deprecated)

Build (if required) before launching

(O Enable auto build (O Disable auto build

(®) Use workspace settings Configure Workspace Settings...

. 3 Revert Apply
Filter matched 11 of 11 items

@

Figure3.38. Debug ConfigurationBialogl

4, 52dz20f HB] hLISyh/5023S0KBHEAEIL ySg 1 dzy OK O2y FAIdzNI GA 2y
I Ydef @A LI 3S AdalRME b BKESRORCKENSFIRE 6S FTA{ESR Ay gAGK &

t20FGA2Yy ®
5. { St SO ol S I26/AyBabNgb® ¢ KAa Gl o SylofSa @&2dz G2 asStSoOid I a
/£ A09S lIK®G(I0 deli-iofySe { St SOG (KS B2BIRPYY OREATS® LIBNRSFNRN G
OI-()fSCtI:L{l:'mIXP&ﬁé aSt SOGSRO®
/I £ A010l uyKSESﬂM@S’CD { St SO uKsroéé@_mgér\)o fRASIAAD S. & NR ST [idktSh =
RSOAOS 2y GKS aStSOGSR OFo6ftS LI2NIL Aa aStSOiGSRo
{StS00 (GKS We! D OKIKY yRKERIPAZYo SNBATMR YRIRSTFIdzf G OKI yySt
GEfdzS Fa GKS LINRPOS&aaz2N) LINBaSihao
YSSLRERBUHDE S aLISSR a2 GKFiG @&2dz Oy dza$§S GKS RSTFrdzZA G Of 2
b2i2vz ySSR (2S5 INSQLIE YROKIKSEHABALIAS AT &2dz KIS LX dz33aSR 2NJ d
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Create, manage, and run configurations i @(

i FeERX| B Y- Name: I Example Debug |
type filter text | [£] Main [ [] CableConn| %5 Debugger | §» Startup | & Source| (=] Common | % SVD Path
E C/C++ Application Cable Settings

[] C/C++ Attach to Application

[e] C/C++ Postmortem Debugger

[€] C/C++ Remote Application Device Settings

Cii C/C++ Unit

[ ] GDB Hardware Debugging
v [£] GDB Open0OCD Debugging

[©] Example Debug
[€] GDB QEMU Debugging Channel: |14 7
@ Launch Group

Port: FTUSE-1,USB2,Dual RS232-HS A Location 0001 v | | Detect Cable

Device: | LCMXO3D-9400HC:0x212E3043 v || Scan Device

JTAG Channel Setting

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

Revert Appl
Filter matched 10 of 10 items eve i
@ Cloe

Figure3.39. CableConn Tab of Debug Configurations

6. { St SGEoWMI SNBaENBS LG Ad ONKEADFALSE R2 Y2 § K SV2yvay MyKIES 02 NI
2LJA2ya 02 0S LI aaSR U2 hLISyYyh/ 50
-c "set port ${PORT]S required for the selection connected to the Lattice cable. The value of the variable
"${PORT}comes from the cable settings of ti@ableConrab.
-c "set target ${DEVICE}'required for the selection of a specific device on the Lattice cable. The value of the
variable"${DEVICEkomes from the device settings tife CableConnab.
-c"set channel ${CHANNEILS required for setting thdTAG channel. The value of the varidBfgCHANNEL}
comes from thelTAGhannel setting of th&€ableConnab.
-c "set tck ${TCKDIME'required for setting the clock divider of the Lattice cable. The value of the variable
"${TCKDIVcomes from the speed setting of tligableConrab.
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2% Debug Configurations (m] X

Create, manage, and run configurations ﬁv

CRo@X BY~ Name: | Example ]
Itype filter text J | Bl Main H;L» Startup | &) Sourcel [T Common | 'Z, SVD Path|

v [€] GDB OpenOCD Debugging OpenOCD Setup A
[] Example [ Start OpenOCD locally
[T] GDB QEMU Debugging s e
& Launch Group Executable path: [ S{openocd_path}/${openocd_executable} | Browse...  Variables...

Actual executable: [ Ci\Iscc\propel\2024.2\sdk\eclipse\/../openocd/bin/openocd.exe

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

Tenepr
Tel port: 6666
Config options: | _¢ 'echo "DEBUG_ENABLE=S{DEBUGENABLE}" -c “set target S{DEVICE}" -c "set tck S{TCKDIV}"
-¢ “set port S{PORT}" -c “set channel S{CHANNEL}" -c “set cmdlength S{CMDLENGTH}" -c
"set loc S{LOCATION}" -f interface/lattice-cable.cfg -c "set RISCV_SMALL_YAML
{${ProjDirPath}/src/cpu.yaml}” -f target/riscv-small.cfg
Allocate console for OpenOCD Allocate console for the telnet connection

GDB Client Setup

Revert Apply

Filter matched 4 of 10 items

@ Close |

Figure3.40. Debugger Tab of Debug Configurations

7. 6hLIGA2Y L £/02 ¥ Yo YSEOBalNGS {CIKEH[ PO 2 LIFA2Y A& asSt SOGSR o6& R
GKS RSo60dA fIdzyOK O2yFAIdzNY GA2Y al @SR (2 GKS 62NJ] aLJ OF
. 2dz Oy OKIFy3IS{IBESGAISH Rt NBRYy T4 KBRS R8T dza | dzy OK O2y FA 3 dzd
0KS LINFRSOKAA ARA LINRP2SO0 LRNIlIoAftAGeED®
% Debug Cenfigurations [m] x

Create, manage, and run configurations

CRoEXIBEY-~ Name: | Example Debug |

| type filter text | Q Main | 2 CableConn [ﬁ Debugger | [ Startup | B SourceID Commq &, SVD Path| |
+ [t GDB OpenOCD Debugging Save as o |
[€] Example Debug O Local file
[T] GDB QEMU Debugging )
@ Launch Group ® Shared file: | \Example | Browse... |
Display in favorites menu Encoding
[ %5 Debug @) Default - inherited (UTF-8)
O Qrun O Other | 150-8350-1

Standard Input and Qutput
Allocate console (necessary for input)

Revert
Filter matched 4 of 10 items | | Apply

© T

Figure3.41. Common Tab of Debug Configurations
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8. YSSLE § K@y 6T ENIEE v 2 by3S GKS aSG0Ay3Ia doytf Saa ySC
STFFSOI GKSéé OKly3Sa YIe NJ\y o)
9. /tAORIER 1SSL) GKS OdaNNByid aStiAiy3lao
10./ f A Oma S
b2 SRS TAKI/ZH hILI AD KT BbDY ! G OKY €2 bbLILIR A OV E NEK/ YL tb Svd 3233 BNJI
D LILX ADIkid B2y 'IDBRI | F NRél NENBS&AzZRRSy 2y GKS 5S06dz3 / 2YTA:
G2 dzAS G(KSYICRRIUS KNI GKERORERt S dey O\ y FA I dzNI G A2y (@& LISa
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)
lI;i'I((:leinse Filter checked launch configuration types:
Oomph EC;CH Application A
Propel Setting & |C/C++ Attach to Application
Remote Development [E]C/C++ Postmortem Debugger
w Run/Debug [E]C/C++ Remote Application
Console Cif C/C++ Unit
~ Launching [C]GDEB 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
View Performance Search for, select, and upgrade launch configurations te be compatible
SVEditor with current toeling.
SWTChart Extensions Migrat
Terminal 2l
Validation
Version Control (Team)
XML Restore Defaults Apply
'/?3' I\_‘. ) (3' Cancel
Figure3.42. Launch Configurations
3.5.2. Starting a Debug Session
Before starting a debug session, be sure that:
1 The Lattice cable is connected to the computer.
I The target device is powered ON.
1 The hardware design hasdabugenabled processor module anslalready programmed into the target device.
After completingthe stepsabove followthe steps below to start the debug session frane Lattice Propel SDigol.
1. | K2 valA5 Sodza / 2y FR IdzNT G A2y &X
2. LT ySOSaal NB: SENNYRS5EKB dzd@I Ay 3
3. {StSOU BESAYSREO2YyTAIdzZNI A2y D
4. | t A OF S diok®Bi (T2 A alEiNiSDd
L f GSNY I GABSEes ?5&]0&11@% AUSKaS AlR2y2afs0 Hdm#S 5K S/ 20 Of AO] GKS
0KS R2g6Yy | NSBEdiRBEFPRESI KOG (KS RSaANBRRRS Y dzICS\{ERUEYNES 3 dzl

ot op

e tatticesemi.com/legal


http://www.latticesemi.com/legal

Lattice Propel 2026.1 SDK .'..LATTICE
User Guide

FJo-a- 56 7
[c| 1Example Debug
Debug As >

Debug Configurations...

Organize Favorites...

Figure3.43. Debug Icon on Toolbar

5 2 A0 F2N o 13d 03 D@00 MBDEBES o gy LIS NB A0KE AaBSINIA AN 6x2Sy vy S O
0F NBS(G RBEEBOSEA G NATRKSs ffLABIRA ORUK & YRS o gzRIAYEANESEZAAZ2Y D
A A X G4 - =1 Sx x S Ax A A, X ~ ~ A A —
6. ¢KS [ F (0 TR2t6NIRWSRILI | CAAGTIHENDGEK S KPESO daliyr 2y a2 LM Ao KS 6
Tdzy OliA2y o
S workspace - Example/sre/main.c - Lattice Propel - O X
File Edit Source Refactor Mavigate Search Project Run  LatticeTools Window Help
[wij = @i iw|mw ® s ® o S IRSEHB-0- G-I - Heil-FH-oero-(m
Q |G
45 Debug 52 i Project Explorer = B8 || [ mainc & = B |[x=v 5 % B|&LE|F P = 08
= | i E “ Jl'l_'TICE 5 LJ?T |'fRR)-HI OR SEERESENT TH%T leI? :I,E, {TS EC‘:IA % E| L=<J> = ?
6 // USE THER DOES NOT INFRINGE ON THIRD PARTIES' INTELLECTUAL
v [£] Bxample Debug [GDE OpenOCD Debugging] 7 // RIGHTS, INCLUDING ANY PATENT. IT IS THE USER'S RESPONSIBILIT Name Type
~ [ Example.clf // THE USER SOFTWARE DESIGN FOR CONSISTENCY AND FUNCTIONALITY Tt 0= ik Lintd
~ of® Thread #1 (Suspended : Signal : 0:Signal 0) // USE S RE VALIDATIO THODS . -
= main{) at main.c:46 Gxddc //
v openocd.exe #include "utils.h’|
b riscv-none-embed-gdb
=int main(void) {
static uintB_t idx = @;
DEBUG_PRINTF("Hello RISC-V world!\rin"});
LED_SET(ALL_OFF);
while (true) {
LED_SET(LED_ON{idx)); < 5
if (4++idx == LED_COUNT) { Name : idx ~
idx = @; Details:@ "\@’
} Default:@8 "\8'
Decimal:@
if P Hex:ex@
Fansm L v v
< >
& Console [ 113 Registers | & Terminal |'_ Problems | (3 Executables EDebuggerCunso\e B9 a Memory B~=0
Example Debug [GDE OpenQOCD Debugging] ${cross_prefixjgdb%{cross_suffix] (¥77)
Program stopped. :
N A P
Writable Smart Insert 42:19:2503 165M of 334M o:

Figure3.44. Debug Perspectivé

Note: If youneedto run RevealAnalyzerand Lattice Propel G&hip Debugging concurrently, it is recommended to
launch Lattice Propel SIX+Chip Debugging beforeinningRevealAnalyzer

3.5.3. Tracing CPU Signals with @hip Debugging

The RIS®¥ MC and RX process@®vide RIS&/ Formalnterface RVFI). It can be exported to the top level and be
traced by the Lattice Radiant Reveal tool for debugging.

To run Reveal and Gdhip Debugging:

1. 2KSy O2yTFAIdNAYI GKS a/ 2N w- /t! Byl &KEARIARY a A &S 8k |
dzaiSlao G2 SELI2 NI ChrkaSeNgBe CL Ay GiSNFFOS o

© 2026 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asiatetatticesemi.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

FPGAUG022551.0 46


http://www.latticesemi.com/legal

mLATTICE

4, Module/IP Block Wizard X

Configure Component from Module riscv_mc Version 2.8.1
Set the following parameters to cenfigure this component.

Diagram cpull

Configure [P

General Debug Interrupt Buses
Property Value
~ AHBL

Enable AHBL Data Output Register | [
~ Composable Extension Unit Logic Interface (CXU-LI)

[Hraso
[Hra s

clk_i

rst_n_i

CpUO Enable CXU Ports
AHBL MO | NSTE B - RISC-V Formal Interface (RVF)
AHEEL?MLDATPE— Enable RVFI
RVFHH -~

T|MER_\RQM[E—

system_resetn_or—

riscv_mc

Mo DRC issues are found.

Generate Cancel

3. ' RR |

(et

Figure3.45. Enabing RVFI for MC CPU IP

. o . ° o , ., b . . .
KS LINP2SOG FYR I dzyOKwS®S [ I LG & &R G RIS | v

S EFERB|LUOCOEERsBSHE

Figure3.46. Launcling Reveal Inserter through Lattice Radiant Software

&Y

fCKBRR FIGRISE 3vEEMID A A Ty | & CHAD NGl OB RS\ 33G/NIE 64
Sk &R Iyl o

Table3.1. RVFI Signals

Signal Name Description

i valid 1¢CPU ?s gxecz_utingxll other RVFﬁignaIQigted bgloware valid only when this signal is 1
- 0¢ CPU is ithe internal state.Other RVFsignaldisted belowmay not be updated.

rvfi_pc_wdata TheCPW@®next program countevalue

rvfi_insn The instructiorthat the CPU is executing.

i rs1 addr The adress of source register 1 (RS1). It shows the address from one read interface of
- = generatpurpose registers (GPRs)

rvfi_rsl rdata The data of RS1. It shows the data from one read interface of GPRs

rvfi_rs2_addr The aldress of source register 2 (RS2). It shows the address from another read interface of G

rvfi_rs2 rdata The data of RS2. It shows the data from another read interface of GPRs

rvfi_rd_addr The adress of destination register (RD). It shows the addrediseofrite interface of GPRs.

rvfi_rd_wdata The dhata of destination register (RD). It shows the datthefwrite interface of GPRs.
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@ Start Page = Report Browser % Reveal Inserter
§ A ?'23 Datasets
v B Tace
B Add core... N cpub_inst/refi_valid
v O cpul_inst/rvfi_pc_wdata
v O cpul_inst/nefi_insn
v Or cpul_inst/refi_rs1_addr
3 20 cpulL_inst/rvfi_mem_wdata[31:0] = v O cpul_inst/rvfi_rs1_rdata
3 gCl cpul_inst/rvfi_mem_wmask[3:0] v O cpul_inst/rvfi_rs2_addr
3 20 cpul_inst/refi_mode[1:0] v O cpul_inst/rvfi_rs2_rdata
3 gCl cpul_inst/rvfi_order[63:0] v <O cpul_inst/rvfi_rd_addr
3 20 cpul_inst/refi_pc_rdata[31:0] v O cpul_inst/rvfi_rd_wdata
» == cpul_inst/rvfi_pc_wdata[31:0]@Tc.Tg
=] cpul_inst/rvfi_rd_addr[4:0]@Tc
» == cpul_inst/rvfi_rd_wdata[31:0]@Tc
b =7 cpul_inst/rvfi_rs1_addr[4:0]@Tc
v == cpul_inst/rvfi_rs1_rdata[31:0]@Tc
b o7 cpul_inst/rvfi_rs2_addr[4:01@Tc
v == cpul_inst/rvfi_rs2_rdata[31:0]@Tc
T cpul_inst/rei_trap
T cpul_inst/rvfi_valid@Tc,Tg
71 cpul_inst/system_resetn_o
7 cpul_inst/timer_irg_o

» i:ﬁ gpic0_inst(gpie0_unig_1)
v 1E oscl_inst{osc0_unig_1)
¥ ﬂ plI0_inst(pll0_unig_1) 5 le Clock 0 i Il .
tati EBR - | 20 EBR:
v B system.inst(system0_uniq_1) ample Cloc| cpull_inst/clk_i mplementation s
o R .
r uar‘t{.’!_lnst(uarto_unlq_ﬂ Buffer Depth 2048 hd Timestamp -
[ rstn_i
[ uart_red_00_i Sample Enable Data Capture Mode
21 uart_ted_00_o Sample Enable ® Single Trigger Capture
» ™. ahbl0_inst_AHBL_MOD_interconnect_HADDR[31:0] -
b "L ahbl0_inst_AHBL_MO0_interconnect HBURST[2:0] Multiple Trigger Capture
1. zhbl0_inst_AHBL_MOD_interconnect HMASTLOCK
» "L ahbl0_inst_AHBL_MO0_interconnect HPROT[3:0] POR Debug M
» "La ahbl0_inst_AHBL_MO0_interconnect HRDATA[31:0] Trigger Enable
“1. ahbl0_inst_AHBL_MO00_interconnect HREADY - -
“L. ahbl0_inst_AHBL_MO0_interconnect HREADYOUT
“1. ahbl0_inst_AHBL_MOQO_interconnect HRESP .
1. zhbl0_inst_AHBL_MOD_interconnect_HSELx o Include trigger signals in trace data
Filter: Trace Signal Setup Trigger Signal Setup

Figure3.47. Adding New Logic Analyzer and RVFI Signals

4. {1 @S GKS OKI yoNG f 565/0RR3 (RN tulifigsp

ahbl2apb0.cfg
7 Pre-Synthesis Constraint Files
¥ [ Post-Synthesis Constraint Files
Reveal_Example/Reveal_Example.pdc
v (o Debug Files

' Reveal_Example.rvi
p!

Figure3.48. Adding .rvl File to Debug Files

5. wddyKS wl RRY RiGRZF p FHRy RNIAESRI NIKISY bl BRI

t A O S @XIst A@—;‘%‘l'éyﬂf@Nt—]RR Iy $6Civideliss o A ¥ B SIUEER v
FGSNI {GSLI) 1O

CeEBEEmBLRORERS B

Figure3.49. Adding a New Reveal Analyzer
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Ready = [ Reveal_Example LAD
Trigger Unit
Name Signals (MSB:LSB) Operator Radix Value
1 cpul_inst/rvfi_valid == ~ Bin v
U2 cpul_inst/nfi_pc_wdata[31:0] -= v Hex v Tae

Trigger Expression
Neme  Expression SequenceDepth  Max Sequence Depth  Max Event Counter

T e 1 2 1

Trigger Options Trigger Position: 128/2048

Enable T ORAI ~ ® Pre-selected: | Pre-Trigger
Samples Per Trigger - User-selected: ¢ 3
Number of Trigger: (max 1)

LA Trigger LA Waveform

Figure3.50. Ruming Reveal Analyzer to Trace CPU Signals

GKS / LINRE INICW TapNBKI2 @A QK St SELISLI S50 SSTF2NY | i

A e oF LR Y & 4 Rues 109

0116 0:120 0:124 0128 0132 0:136 0:140 0144 0:148 0:152 0156 0:160

_4/rfi_valid 1
» .i_pcowdata 00000460
b ..st/rvfiinsn |07850785
b .irsi_addr [OF
b ..irsi_rdata 00000003
P .irs2_addr (00
b .i_rs2_rdata | 00000000
» firdaddr |OF
»

wi_rd_wdata 00000004

Figure3.51. Example Waveform

3.5.4. Peripherals Registers View

The Peripherals registers view provides an gasyse interface for examining or modifying the values of peripheral

registers during a debug session.

To usethe peripherals registers view in Lattice Propel $BKure3.52):

1. al 1S adaNB 'y | Ol AySY frEK &I ya 3 Fa iKYy RSB oNIEYy LISNALISOUGABS O

2. CAYR SNOGLMBBIKADK Aad Ay B H &LIENAISY BB R SpE®d C2NI Fye N
GKAA GASE Aa y2& AWRBERZ o NERSENS VL IGASINTG T MR Y

CKISSNA LRSSt BAaGa Fff LISNALKSNIfa F@gFAflofS LAF2ERGDaRA

3. {StSOG I LIS NNWK JNE St 1 8¢ SIMRSNE  al2KyrAGG 2AND Y LILISR G2 GKS O+
LISNALIKSNIf YSY2NE | NBI @

4,  2dz Oy SEFYAYS YR Y2RATE aNK HIFRBERS 6DF (KS LISNA LK S NI
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{0} workspace - Example/src/main.c - Lattice Propel - [m] 4
File Edit Source Refactor MNavigate Search Project Run LatticeTools Window Help
i g |Bi0iw|mnmMa o s HCH T I D L R WA R -l
Q | D4
45 Debu 22~ [ Preje| = B |[[€ maine 2 = B |[t== Variables % Breakpoints & Expmsions = B8
= i § :" L ] A=
v EJE\;‘E"‘F‘! Debug [GDE OpenQCD || ) wipclude “utils.h" Peripheral Address Description
v i Bxample.eif |l . T cpul_inst OxFFFFODO0
el s o e S
= main| main.+ [+ nta_| =0; =
5 openocd.exe 45 DEBUG_PRINTF("Helle RISC-V world!\r\n"); ) 7, sysmemDinst  Gx00000000
e ) %-:T LED_SET{ALL_OFF); EAE, vand_inst 0000400
po fisev-none-embed-gdb %—'G = =
| 2] while (true) {
fse LED_SET{LED_ON(idx));
s < >
%5: if (++idx == LED_COUNT) {
£ idx = @;
s }
&
g5 v
< >
| & Console | 11! Registers | 4= Terminal |[%] Problems O Executables & Debugger Conwlel [ Memory ESI § = 8
g o | S| %~ 8
Menitors: & % % |5, gpiolinst 0xB000 i3 . < New Renderings...|
@ cpul_inst Register Address Value Gt
@ gpiol_inst « 5 gpicl_inst 0x00008000
@ uartdinst ~ 1) RD_DATA_REG 0x00008000 000008000
2 rd_data [7:0] (%]
1 WR_DATA_REG 0x00008004 Ox0000E004
> i} SET_DATA_REG 00002008 00002008
> Wil CLEAR_DATA_REG (x0000B00C (0000800C
¢ DIRECTION_REG 0x00008010 0x00008010
< > 1 |NT TVPF RFG N DNONRN 1A v DNONRN 1A il
R o 33 [

Figure3.52. Peripherals View in Debug Perspective

3.5.5. Serial Terminal Toat Windows

Serial port communication is frequently used during microcontroller debugging. Lattice Propel SDK provides a
built-in terminal tool including serial support for debugging.

To launch a serial terminal:

1. CAYR SNV ESH ySahSRKSaERASId LT

+ A HESNYA YL €

2. Ly €SOV EyE6s BEISP1 I G K SEA Iktdzy OK

3. /| K24 88| ¢

I oySRNIYORYYT FEASINGENE A (LB2ERI O NI 0 S

7% Launch Terminal O *

Choose terminal | Serial Terminal w
Settings
Serial port: | COM1 v
Baud rate: | 113200 “
Data size: 8 w
Parity: Maone ~
Stop bits: |1 v
Encoding: | Default (150-8853-1) w

@

Figure3.53. Launch Terminal Dialog
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4. 1t h@O !

&) Console | {® Terminal 53

B com 3z

{2 Problems | (3 Executables

O2yys80GAzy 2L8y4ao
5. 6hLIAZ2Y 62 3Af $01 2¥KOYR dL WLz RR&

2 i [[I5)s B8 |

Figure3.54. Terminal View

3.5.6. Serial Terminal Toat Linux
In Linux, the VCP driver and D2XX driver are incompatible with each Btranore details, refer tthe FTDI Drivers

Installation Guide for Linux

mLATTICE

P YCASIRENGSD 0 2 E (i 2

".)'—{i:lﬁ

Lattice Propel SDK 2026.1 provide®gFtdibasedLinux terminal toothat fixesthis compatibility limitation.

To launch a serial terminal:

1. CAYRISINYIY § 6y SaliBRaFNSGIK $ T

Bt SN¥Y®R y I ¢
2. Ly GKS
3. /1 K222DI ¢

4. | £ R @ !

[ Ay dzE

Launch Terminal X

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

N

Figure3.55. Launch TerminabDialog 2
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$./terminal_cli

$cd <Propel SDK install Location>

¢KSYy Ay Lidzi
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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

Figure3.56. Terminal cli

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

Figure3.57. On-Chip Debug with UARTutput
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4. How to Start witha Lattice FPGA Board

This chapter is a tutorial on how to run a program on a Lattice FPGA board.
This tutorial useshe CertusPra-NX Evaluation Boaraks anexample.
All LatticePropetrelated products can be founid the Lattice Propel Design Environmeméb page

4.1. Board Introduction

The CertusPrdX Evaluation Board features the CertusRd FPGA in the LFG672 package, which is buifiteon
LatticeNexust FPGA platform using low power 28 nm&0I technology. The board expands the usabilithef
CertusPreNX FPGA witan FMC HPC connector, PMOD, Raspbédrrgléng with access tax@SERDESannels.
Easyto-use board resources of the jumper, LED indicator, push bu#nd switch are available for usdefined
applications. Refer tthe CertusPreNXEvaluation Boartlser GuideRPGAEB02046 for more details of this board.
Figure4.1 shows the top view of the CertusRhX Evaluation Board.

oo /—  £204460
00000000 ?MLBSNVO
: i crelw

BRRRERRE w2

T

Figure4.1. CertusPreNX Evaluation Board
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4.2. Creaing anSoC Project

The first step is tereate an SoC project. The SoC project is the hardware environment for a prograime Betailed
flow of creating an SoC project, refer tattice Propel Builder 2026.1 User Guide (FRGE2254).

From Lattice Propel Builder, you can create scalable SoC projects and other special SoCHKipjest<].
Note: In this document, most of the guided flow is based on scalable SoC projects.

In the Select Devic& U, select the corresponding boakelgure4.3). In thisexample the CertusPreNX Evaluation
Board 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-100-9LFGET2C

Avant-E Evaluation LAV-AT-ETOB-3LFG1156C D Logic Cells: 96000
LUTs: 79872

Certus-MNX Versa Evaluation LFD2MNX-40-8BG256C B X
Registers: 79872

CertusPro-NX Evaluation  -LFCPNX-100-9LFGET2C : A EBR Blocks: 208

CrossLink-NX Evaluation  LIFCL-40-88G400C B LRAM: 7
DSP (18x18 Multiplier): 156
ADC Blocks: 1
PLLs: 4
DLLs: 2
PCSs: 2
AlUs: 1
DPHYs: 0
PIO Cells: 269
PIO Pins: 299

ne D eet for Device
< Back Mext > Cancel

Figure4.3. Select Device GUI

4.3. Creaing aC/C++ Project

The second step is to create a C/C++ project.

Refer to theC/C++ Project Design Flgectionfor details of creating a C/C++ project.
Different C project templates need different types of SoC pregject

4.4. Memory Initialization (Optional)

The third step is to initialize the memory file for the SoC project.

This step is optional. If you need the board to run after poaeryou need to execute this step.
Refer to theMemory Initialization for an SoRrojectsection formemory initializatiordetails

4.5. Generaing and Progranming a Bit File
The fourth stefs togeneratea bit file and progranit to the board.

Save the SoC projecteated inthe stepsabove Launchthe Lattice Rdiantsoftwareor Lattice Damondsoftwareto
generatethe bit file, as shown in th®©pening a Design in Lattice FPGA Design Softseat®n.

When the bit file is generated correctly, program itthee board. Refer to the corresponding board user guide for
details of programming the bit file. In this example, refethie CertusPreNXEvaluation Board)ser Guide
(FPGAEB02046.

4.6. On-Chip Debuging

The last stefis onchip debugging. Yotan referto the Programming and O&hip Debugging Flosection

© 2026 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

FPGAUG022551.0 55


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=53406
https://www.latticesemi.com/view_document?document_id=53406

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 to thélow to Start with a Lattice FP@#&ardsection.

Table5.1 listsall the generatemplates anddisplayshe requirementsfor every template.

Table5.1. Templatelist

mLATTICE

ProcessoRequirement

Project

RISG/ RXV2.6.0)

12C Controller

12C Communication
Projectsection.

Template Name e Ry Required IP | Other Requirement | Default Soc Project
RIS&/ RX (V2.2.0), Scalable RISC SoC
Hello World Proiect RIS&/ MC(V2.4.0) UART, T Project (RIS® RX, RISC
) RIS©/ SM(V1.4.0) GPIO MC, RIS¥ SM, RISE
RISE/ Nano(V1.0.0) Nano)
FreeRTOSTS Minimal Scalable RISC SoC
Project RIS&/RX (vV2.2.0) 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)
For the connection of
12C Communication 12C Target, pins, refer to the Scalable RIS SoC

Project (RIS® RX)

. Octal SPI Scalable RISC SoC

SPI Controller Project | RIS&/ RXV2.6.0) Controller T Project (RIS® RX)

Hardware Interrupt Scalable RISC SoC

Project (PIC) RIS&/ MC (VA&.0) UART Enable PIC Project (RIS® MC)

Hardware Interrupt Scalable RISC SoC

Project (PLIC) RIS&/ RXV2.6.0) UART Enable PLIC Project (RIS® RX)

Scalable RISCSoC

Mtimer Project i:zg ZI\C/I: (\\Z/?(())), UART Enable Mtimer Project (RIS¥ MC,
(\L.8.0) RISG/ SM)

. . Scalable RISZ SoC

Real Timer Project RIS©/ RXV2.6.0) UART Enable CLINT Project (RIS® RX)

Software Interrupt Scalable RISZ SoC

Project RIS©/ RXV2.6.0) UART Enable CLINT Project (RIS¥ RX)

Watchdog Timer Project| RISG/ RXV2.6.0) 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 (V2.0)

Enable Semihost
128kB memory

range

Scalable RISZ SoC
Project (RIS¥ RX)

5.2. Hello World

ThisHello World (oroject supportsall the scalable RISZ So(rojects
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It requiresa UART IP for terminal pristtut (Figure5.1) anda 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

FreeRTO&TS Minimal Project, FreeRTOSS PMBIinky Project, and RISCRX Demo Project are RTOS application
templates.

These templates need the Scalable RVS&C project, Redime Operation System (RISQRX), as shown ifigure5.2.

. 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 System (RISCRX)

The FreeRTGISTS PMiBIlinky Project template shows how to created runtasksandtimers. When the project runs
correctly,the terminal printout is shown irFigure5.3.
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O [m] x

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. Single Function

Th term @ngle function here refers to the corresponding module of each R18fcessor. The singfanction
template refers tathe reference code ofach processor module.

For details of each RISCprocessor and the corresponding module, refettte correspondindP user guide
(Tableb.2).

Table5.2. RIS&/ Processor User Guide

RIS&/ RX RIS&/ RX CPU IP 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 template shows how to use tligogrammable Interrupt Controller (PIC) module of RI&&/ MC processor.
This template requirethe Scalable RISZ So®roject, General Micro Controller (RESQVC), as shown iRigure5.4.

When this project is running, you can push the button mentioned incthreespondingcode. Then, you can see the
terminal printout (Figure 5.5 and LED display.

Note: This template supports ontree boardsby default CertusPreNX Evaluation Board, Certii Versa Evaluation
Board,and CrossLiniNX Evaluation Board.
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4. Propel Create Project

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

Real-Time Operation System(RISC-V RX)

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

General State Machine(RISC-V SM)

System Application Level

(choose an application)

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 AHBEL 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

Figure5.4. Scalable SoC ProjegiGeneral Micro Controller (RISCMC)

o
fs

@Terminal X
B come X

Start PIC test!

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

Try to push the mentioned button in annotation!

o x
BN EaEEREL"HO

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

5.4.2. Mtimer Project

This templateshowshow to usethe Mtimer module of theRIS6/ MC and RISC SM processer

This template requirethe Scalable RISZ So®roject, General Micro Controller (RISCMC)shown inFigure5.4, or

the Scalable RISZ SoC ProjecGeneralState MachindRIS&/ SM) shown inFigureb.6.

This project useMtimer for the delay function and providethe mdelay() function usinthe timer cycle counter and
the irg_mdelay() function usinthe timer interrupt. The £rminal 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 Machine (RISCSM)

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&  w -

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 template supports onfpur boardsby default CertusPreNX Evaluation Board, CerthiX Versa Evaluation
Board, CrossLiAKX Evaluation Boardnd Avanit-E Evaluation Board.

LINE O S a-Be2eNddeirupt Contrdlid@EModule.
This template requirethe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown in

FPGAUG022551.0
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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 CLINImtimer module of theRIS&/ RXprocessor This timer is a realime clockof
32kHz.

RTOS projesialways use this redime clockto generate ticks.

This template requirethe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown in
Figure5.2. This project uses the real timer to generate a simple stopwattieterminal 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&/ RX process@CLINIMSIP module.

This template requirethe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown in
Figureb.2. This project uses CLINISIP to generate task schedulenvhich act asa multithread program.The
terminal printout is shown irFigure 5.10
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e O x
& Terminal = 8
B comi2 x

Sstart software interrupt test!
Create a simple task scheduler by software interrupt.
Start task schedule!

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

Figure5.10. Software InterruptProject

5.4.6. Watchdog Timer Project
This templateshowshow to usethe watchdog timenfWDT)of the RIS&/ RXprocessor.
This template needthe Scalable RISZ So®roject, RealTime Operation System (RISGRX)as shown irFigureb.2.

This WDT is a software WDT. It generates a system reset signal when the program gaesiigiess loop and cannot
feed the WDin time.

TheWatchdog Timeproject sets a main loop and feeds WDT in every big cycle. There is a simulation busy status,
which is set by the set_busy_for_demo() function aettievedby the get_busy_status_for_demo() function. This busy
status is likehe status of geripheral and the program should check its status before using it.

The terminal printout is shown irFigure 5.11

i m] x
& Terminal X El | 5 BE | B8 = B
B comi2 x

Started!

feed watchdog here...
feed watchdog here...
feed watchdog here...
feed watchdog here...
feed watchdog here...
feed watchdog here...
feed watchdog here...
feed watchdog here...
feed watchdog here...
feed watchdog here...18

Got busy status, wait here.
Got busy status, wait here.
Got busy status, wait here.
Got busy status, wait here.
Got busy status, wait here.
Got busy status, wait here.
Got busy status, wait here.
Got busy status, wait here.
Got busy status, wait here.
Got busy status, wait here.
Got busy status, wait here.

(== BN R T R R EVR S

Figure5.11. Watchdog TimetProject
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5.5. IP Usage Reference

5.5.1. 12C Communication Project

This template needthe Scalable RISZ SoC ProjecRealTime Operation System (RIS@RX)as shown irFigures.2.
This SoC project includes an 12C contrafistanceandan I2C targetinstance

This project requires connecting piascording to theannotationin the main()function.

When communicatin succeeds Figure 5.1Zhowsthe terminal printout. Thel2Ccontroller can sendo or get
messagdrom the exisingtarget at the address Ox31@mmunicaton fails with an invalid targetit address 0x32This
is expectedn the current design.

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. 12C Communicatiofroject

5.5.2. SPI ControlleProject

This template requirethe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown in
Figureb.2. This SoC project includes tBetal SPI Controllénstance The Octal SPI Controllés designed to connedtb
an SPI NOR flash.

This project shows how to use an SPI controller to read or write an SPI NOR flash.

This project can be created in two formmead or write betweenRAMandflash read or write between a file and flash.
The different forms depend on the System Library selection irCtipeoject creation flow

1 Read or write betweeRAM and flash

In the C project creation flowunder thelLattice Toolchain Settingage, select Default fadystem Library
(Figure5.13). The terminal prinbut is shown irFigure5.14.

The program logic is designed as follows:

a. Match the flash ID and get the flash size.

b. Write data to the end of the flash.

c. Read back the data from the end of the flash.
d. Comparethe data andthe report.
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5 C/Co v Project

Lattice Toolchain Setting

Configuration:  Debug [ Active ]

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

() No default libraries (-nodefaultlibs)
() Newlib

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

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

() Float printf (-DPICOLIBC_FLOAT PRINTF_SCANF)
) Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF)

Systemn Library
(@) Detault

(@] Semihosting (--oslib=semihost)

(0 Dummyhosting (--oslib= dummyhost)

Cancel

Figureb5.13. Selecting Default foSystem Library

ey

He [m|
@T&rminal s

B comiz x

Start SPI test!

Find flash MT25QU128, SPI,MNor,16MB!

Write to:exeaffifce.

éééalback from:exeeffffce.

éead data:"IT's SPI WR Test!"

Read back the szame data, test success!

End!

=

hed
g

Figure5.14. Read or Write between the RAM and the Flash

1 Read or write between a file arfthsh

In the C project creation flowunder thelLattice Toolchain Settingage, select Semihosting fBystem Library

(Figureb.15).

The printout messagés shownin the console window(Figure5.16).
The program logic is designed as follows:

a. Match the flash ID and get the flash size.

b. Read data from the start afhe flashand save itnto the file flash_use2write.bin

c. Write thefile flash_use2write.birto the end ofthe flash.

d. Read back the data from the end of flaahd save iinto the file flash_readback.bin.

When the program finishes runningou can findthe two files, flash_use2write.birandflash_readback.birin the
projectfolder (Figure5.17). Compare these two files to verifithetherthe reador write operationis correct
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3 C/Cor Project

Lattice Toolchain Setting

Configuration: Debug [ Active ]

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

(O Mo default libraries (-nodefaultlibs)
O Newlib

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

Printf Level
@) Integer anly printf (-DPICOLIBC_INTEGER_PRINTF_SCANF)

() Float printf {-DPICOLIBC_FLOAT_PRINTF_SCANF)
) Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF)

System Library
(O Default

| (@) Semihosting (--oslib=semihost)

O Dummyhosting (--oslib=dummyhost)

® TR

Cancel

Figureb.15. Selecting Semihostin§ystem Library

=&
o

O

X

& Console X K 5

EpEREFE 2B-0-=0

riscv_rtos_spi_semihost [GDE OpenOCD Debugging]

(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 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!

Figure5.16. Read or Write between ife and Flash
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7 = | risev_rtos_spi - m} X
Home Share View 9

<« v 4 <« New Volume (D:) > propel-workspace > riscv_rtos_spi > v O Search riscv_rtos_spi
-~
A Name Date modified Type Size
> Quick access
.settings File folder
B Desktop v 9
Debug File folder
& Downloads - -~
src File folder
%] Documents o [ «cproject CPROJECT File 43K8
* PROJECT File 1KB
BIN File 9KB

BIN File 9KB
LAUNCH File 7KB

& Pictures Bl ovgiect
doc | flash_readback.bin
freertos_minimal | flash_use2write.bin

| niscv_rtos_spilaunch

freertos_pmp_blinky

sqe X

8 items |ﬁ S5
Figureb.17. Project Folder

5.5.3. I3C Communication Project

This template needthe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown irFigureb.2.
This SoC project includes &CIcontrollerinstanceandan I13C targetinstance

This project requires connecting piascording to theannotationin the main()function.

When communicating successfully, the terminal piinit is shown irFigure5.18. Thel3Ccontrollercan sendnessages
to or getmessagefrom the targetat address 0x09.

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

B com16 X

[main] Hello I3C demo

[i3c_target] set target DCR: @x0@

[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 Controller Init

[i3c_master] initialization is success
i3c_master ibi Init->I3C MASTER INTR STAl = @
i3c_master_daa()...

[3C master DAA is success

[i3c_master] target bcr = 27 ContrO”er DDA OXOg
[i3c_master] target dcr = @

[i3c_master] target pid = 9x0000000000003c4e

[i3c_master] I3C master DAA is success

oxos 1arget Check DDA: 0X09

ex11
OxAA )
Write FIFO
i3c_master] Write successful!

[i3c_app][target] interrupt_2 raw = @x48, RXFIFO_NOTEMPTY = 1

[i3c_target] Dynamic Address:
i3c_master] Controller private write, value 1
[i3c_master] Controller private write, value 2

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

[i3c_target] Read target RX FIFO, value 2 = OxAA CheCk FIFO
main] Cleanup

[main] End!

Figureb5.18. I3C Communication
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5.5.4. GeneratPurpose Timer Project
This templateshowshow to usethe generalpurpose timer (GPTIMER) peripheral.
This template needthe Scalable RISZ SoC ProjecRealTime Operation System (RISGRX)as shown irFigureb.2.

It demonstrates how to initialize, configure, and use a hardware timer to generate periodic interrupts, and how to
handle those interrupts in softwar@he unning timeresultis shown inFigureb.19.

Key features:
Initializes the platform, including the Platforbevel Interrupt Controller (PLIC) and trap or 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 Valuéms)in main() to determine théime duration forthe general purposdimer to overflow
Configurable Parameters:
1 Timer Period (period_valuge)

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

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

1 Prescaler Value

The pscaler parameter within gp_timer_config() influencesrdsolution and counting frequency of thieer.
1 Timer Mode

Sesthe continuous parameter in gp_timer_config().

 /2yliAyd2dzakt SNA2RAO a2RS 602y (Aydzzdzarl 4 NHzSO Y
¢CKS GAYSNI Fdzi2YFGAOFfEfte NBf2FIRa AG& AYyAGALE @ dzS |
GKSNBoeé 3ISYySNIGAYy3dI AyliSNNHzZIia NBLSIFGSRteo

T hy®K2G a2RS 002yiAydz2zdaAarfrtasoy
¢CKS GAYSNI ad2L3a FFAGSN) GKS FTANBG GAYS2dzi 2N 20SNFE 29
GNRAIISNAYy IO
1 Interrupt Priority.
The priority parameter in plic_int_register() determines fhrgority level of thetimer interrupt.
1 Callback Functian

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

1 System Clock (sys_clk)

The fundamental clock sourad the timercan 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 O.
1 Obtain Prescaler Ratio

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

I Calculate Time per Count

Time per count = Prescaler Ratio x Sys@wok Period
1 Calculate Total Time

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

In this demo:

1 pscaler = 0; // Results in an actual prescaler ratio of 2 (prescaler = (2 << pscaler))

1 With a target period = 1 ms and sys_clock = 50 MHz, the calculated reload_value is 25,000. This 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 count = 1 ms.

& comis 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 / 1060000))
[gptimer] ======== Timer STOP after 1000 us

[main] timer_flag handled

Figure5.19. General Purposd@imerProject

5.6. Profiling Tool

5.6.1. Code Coverage Project

Code coveragealidatesthe number of lines of code executeldiringa 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 percentage or degree of executed source codsaftware application during testing. Code
coverage enables you to gauge the completeness of your test cases more accurately.

Refer togcox a Test Coverage Progrdor more details.

This template requirethe Scalable RISZ SoC ProjecReaiTime Operation System (RIS@QRX)as shown in
Figure5.2. As this template has more code aathrger memory size, the corresponding RVERX project created
needs to have 128 kBBemoryrange Figure 522).

In the C project creation flonsomedefault selectons are differenfrom those ofother templates Keep thesedefault
selections.

The printout logis shown irFigure5.20. Then you can find the coverage files Project Exploreishown in
Figureb.21. Double-clickone of the coverage files and cli©K (Figureb.22).

Wait for a few secondghe coverage information is displayéeigure5.23).

Fordetailed usage of code coverage, referth@ help system othe Eclipse Platfornand enter Gcov View in 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)
(921) mip (/32)
(1985) mtohost (/32)
(1986) mfromhost (/32)
(1987) mreset (/32)
(1988) mipi (/32)
(1989) miocbase (/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!

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

g

% Project Explorer

v 25 riscv_rtos_gcov
> ¥ Binaries
> ) Includes

> & geov

» (= samples
5 |ap board.o - [riscv/le]
5 [ap main.o - [riscv/le]
> [aip timer.o - [riscv/le]
board.d

[i# board.gcda
i board.gcno

main.gcda
@ main.gcno

[0) timer.d
[ timer.gcda
[ timer.gecno
> # riscv_rtos_gcowv.elf - [riscv/le]
| & makefile
| & objects.mk
| riscv_rtos_gcov.bin
[0 riscv_rtos _gcov.lst
[0 riscv_rtos_gcov.map
[0 riscv_rtos_gcov.mem

Figureb.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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4. Propel Create Project

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

System App Level
ros

Processor:

System Memary :

Memory Range (KB) :
128

System Clock (MHz) :

Pre-defined Base Ini:

Confirm

3. Choose number of Peripherals after click 'Confirm’

=== Peripheral ===
GPIO 1

UART 1

12C Controller 1
Octal SPI Controller 1

12C Target 1

< Back Mext > Cancel

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

5.6.2. How to AddCode CoveragEunctionto an Existing C Project

1. Ly tieS2 SOG R & aF 2 afEENSOIINKEK ES Ol @

2. | K22 A8 BSRE LISNIkAN $H H{ 8 d Ry 3 a @

3. { SIBWG wL{{/NRPaa BHt NBRIYNPED SRR NDKS RSTAYSR &awmNsB>s [ {/ / g/
4, { SIBWOG wL{{/NPaa Hai22OINOISINRRJzZA KS 1 RINBRINKPHIED &7 S NE->3 S

C A IiaNGd

5. { StBWOG wlL {{ /NP & &B[/A O[NOYNIAESRI (1 KS f XOANHpbNEES & YI £ f 3020

6. { St v:L{//NEééba/)\vé[dg/glqﬁ;r\@éigdzfaKgﬁtéxagavgmlerg|-Em{xem@némnn
b2irSEymnnn A& I AR IAISHE ISRy @6 $ dSKFy3ISR (2 | LINRLISNI GBI f dz

7. { SIBWOG wL { /NP dapaA JOSAIGENIRS G f Ayl FElF3I& dzy RSNJ GKS 16
G§KS A yAGING oFt & SI¥A K2 Tk JpNg & dzLILI2 NI SR 06

8. /tAOX & R /f24a8

9. ! RR (i KcBverde ying(); 2 GKS KSI&RSQEFRBKSAsfRerage dump(); G2 GKS
SYRT (KBSORRBY Yy NBTSNI (12 GKS alyvyLwtsS GdSYLxt Il dSo

100wSodzaf R

0KAa

/I LIN22SOGe
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|typefi|tertext

» Resource
Builders
w C/C++ Build
Build Variables
Environment
Logging
Settings
Tool Chain Editor
C/C++ General
> MCU
Project Natures
Project References
Run/Debug Settings
System\Verilog Project Prope
Task Tags
Validation

W

W

::3 Properties for riscv_rtos_ncdemo_default

O X
Settings Py v §
Configuration: Debug [ Active ] V| . Manage Configurations... |

(% Target Processor

(# Optimization [IPreprocess only (-E)
(2 Warnings )
@ Debugging Defined symbols (-D)

® Tool Settings ) Toolchains M Devices # Build Steps ' Build Artifact Binary Parsers | * |’

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

aaay sl

v 3 GNU RISC-V Cross Assembler
(52 Preprocessor
(2 Includes
(= Warnings
(% Miscellaneous
v 3 GNU RISC-V Cross C Compiler
(22 Preprocessor
(% Includes
(& Optimization
(% Wamnings

(53 Miscellaneous

Figure5.25. LSCC_COVERAGE Symbol

':: Properties for riscv_rtos_ncdemo_default m} x
type filter text Settings - > §
» Resource
Builders: -
~ C/C++ Build Configuration: |Debug [ Active ] *| | Manage Configurations..
Build Variables
Environment
Legging B Tool Settings I Toolchains M Devices # Build Steps U Build Artifact i} Binary Parsers @ Error Parsers
Settings
Tool Chain Editor (2 Target Processor [] Generate assembler listing (-Wa,-adhlns="3@.Ist")
3 CfC++ General (%% Optimization [ 5ave temporary files (--save-ternps Use with caution!)
5 MCU (22 Wamings [ Verbose (-v)
Project Natures (2 Debugging ) —  —
Project References « 8 GNURISC-V Cross Assembler Other compiler flags [plcullhc.specs -DPICOLIBC_INTEGER_PRINTF_SCANN-fprofile-arcs -ftest-cmragd
Run/Debug Settings (3 Preprocessor
Systemerilog Project Props (2 Includes
Task Tags (8 Wamings
» Validation 3 Miscellaneous
~ i GNU RISC-V Cross C Compiler
(%% Preprocessor
(& Includes
(2 Optimization
(% Wamings
2 Miscellaneous
~ & GNU RISC-V Cross C Linker
(5 General

Figureb.26. -fprofile-arcs-ftest-coverage Compiler Flag
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3 Properties for riscv_rtos_rcdermo_default [m] X
type filter text SEﬁings = A = §
> Resource i
Builders :
v C/C++ Build Configuration: Debug [ Active] ~ | Manage Conﬁgumtions...|
Build Variables
Environment
Legging B Tool Settings &3 Toolchains . Devices .3 Build Steps Build Artifact @ Binary Parsers @ Error Parsers
Settings : .
Tool Chain Editor (% Target Processor Libraries (-I) & w5 85D
> C/C++ General (2 Optimization
S MCU (2 Warnings
Project Natures (%3 Debugging
Project References w B GNU RISC-V Cross Assembler
Run/Debug Settings (& Preprocessor
SystemVerilog Project Prope (22 Includes
Task Tags (£ Warnings
5 Validation (# Miscellaneous
~ B3 GNU RISC-V Cross C Compiler
(5 Preprocessor
( Includes
(22 Optimization
(5 Warnings
(% Miscellaneous
~ B3 GNU RISC-V Cross C Linker
@ General Library search path (-L) R AR & ,'J
(2 Libraries
@ Miscellanecus
~ B GNU RISC-V Cross Create Listing
Figure5.27. smallgcov Library
& Properties for riscv_rtos_ncdemo_default O >
[opereriot ] | Setings Pro- i
» Resource
Builders f
v CfC++ Build Configuration: |Debug [ Active ] ~| | Manage Configurations.
Build Variables !
Enviranment
Logging i Tool Settings %) Toolchains [ Devices & BuildSteps " Build Atifact |s} Binary Parsers €@ Error Parsers
Settings

Tool Chain Editor

(£ Target Processor

[ Linker flags (-Xlinker [option])

3 C/Ces General @ Optimization = p—
» MCU & Warnings W=
Project Matures & Debugging
Project References v BB GNURISC-V Cross Assembler
Run/Debug Settings (& Preprocessor
SystemVerilog Project Propt 2 Includes
Task Tags (& Warnings
3 Validation (2 Miscellaneous

®
&

w E GNU RISC-V Cross C Compiler
(5 Preprocessor
(5 Includes
(& Optimization
(5 Warnings
(5 Miscellaneous
~ B3 GNU RISC-V Cross C Linker
(5 General
(@ Libraries
(2% Miscellaneous
~ 3 GNU RISC-V Cross Create Listing

Other objects 20 P

Figureb.28. --defsym=_HEAP_SIZE=0x1000 Linker Flag
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ype filter text
Resource
Builders
C/Ca+ Build
Build Variables
Environment
Legging
Settings
Tool Chain Editor
C/C++ General
MU
Project Matures
Project References
Run/Debug Settings
SystemVerilog Project Prope
Task Tags
Validation

<

i : .t Properties for risov_rtos_ncderno_default

Settings

Configuration: | Debug [ Active |

) Tool Settings M Toolchains [l Devices # Build Steps

(1} Target Processor
(2} Optimization
(= Warnings
[ Debugging
~ B GNU RISC-V Cross Assembler
(@ Preprocesser
_EE Includes
(& Wamings
(& Miscellaneous
w B3 GNU RISC-V Cross C Compiler
(& Preprocessor
3 Includes
@ Optimization
(@ Wemings
22 Miscellaneous
~ 8 GNU RISC-V Cross C Linker
_:E General
(&5 Libraries
(£ Miscellaneous
w T8 GNURISC-V Cross Create Listing
(2 General
w B84 GNU RISC-V Cross Print Size
(2 General
w B Lattice Create Memory Deployment
(@ General

Build Artifact |s1} Binary Parsers €3 Emor Parsers

Linker flags {-Xlinker [option])

HEAP_SIZE=k 1000

Other abjects

~ | Manage Configurations...

= &

Generate map E S{BuildArtifactFileBaseName}.map”

[ Cross reference (-Xlinker --cref)

[ Print link map (-Xlinker --print-map)

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

I: Use float with nano printf (-u _printf_float)
E Use float with nano scanf (-u _scanf_float)
[] Do not use syscalls (--specs=nosys.specs)
[ verbose (-v)

Other linker flags [--specs=picolibc.specs -DPICOLIBC_INTEGER_PRINTF_SCA

bI--DsI-b:semihDstI

Figureb5.29. --oslib=semihost Linker Flah

5.6.3. Timing Profiling Project

Timing profiling is an important aspect of software programming. Through profiling, you can determine the pagts in
program code that aréme-consuming and need to be rewritten. This helps make user program execution faster,

which is always desired.
Refer to theGNU gproflocument for more details.

This template requirethe Scalable RISZ SoC ProjecReaiTime Operation System (RIS@QRX)as shown in
Figure5.2. As this template has more code aathrger memory size, the corresponding RVGRX project created

needs to have 128 kBBemoryrange Figureb.24).

In thisC project creation flonsomedefault selectons are differenin other templates Keep thesedefault selections.
The printout logis shown inFigure5.30. Then you can findthe gmon.outfile in the ProjectExplorer, asshown in

Figureb.31. Doubleclick this file. ClicOK

Wait for a few minutes. The gprof Viewer opeRigre5.32).

You can click the icons in the gprof Viewer to change the dispés;, suctasthe sort samples per functiowview
(Figureb.32).You can also click the title of every column to sort.

For detailed usage d@he gprof Viewer, refer tdhe help system ofhe Eclipse Platfornand type GProf View in the

Search box.
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a X
Xk ZEREE r8-5-=0
riscv_rtos_gprof [GDB OpenQCD Debugging]
(1985) mtohost (/32) ~
(1986) mfromhost (/32)
(1987) mreset (/32)
(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)
Timing profiling test start, sampling period: Ims.
Test success! file "gmon.out™ has been generated. A4
£ >
Figure5.30. Timing ProfilingProject
@ propel-workspace - riscv_rtos_gprof/sre/main.c - Lattice Propel O X
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
O 0% wlvcnomnsseitsilsdoelit-0-Q-i®dd~ide
Brfl-oB S~ Q B G
45 Debug [I(5 Project Bx X = 8 (B maine B inker 103946 | [&) mainc X =R X\ %8 |4fE|Zp| = 0O
CoR BBY § 1 :: memcpy(Srcptr, Startptr, IMPSLLE); = T EIRLE
riscv_rtos_gprof 66 ret = bsp_init(); Name Type
> 4 Binaries 9 if(ret)
> i) Includes 70 { o . . .
» (3 sre 71 /*bsp init fail, project need CLINT and timer suppc
72 printf("Architecture can't support this project.\n"®
73 while(1)
;‘; {01 Gmon File Viewer: binary file... X
76
77 Binary File
78|  Please enter here the binary file which produced the profile data.
79 - g
] I}'\prupel-wcl‘upace\rim_rtus_gpmf\] |Wod\spa¢e.‘. |l-'|le5yswm.
81 ' '
2
83
54
85 .
s e 115 »
87 N
58 timer_delay(ms_delay);
89
0
1 return @;
2}
93
94 W W
€ > < >

ECMM&Q\&H

riscv_rtos_gprof [GDB OpenOCD Debugging)]
(3924) mimpid (/32)

<

[ riscv_rtos_gprof/gmon.out | writable

Registers| 9 Terminal (2] Problems | £ Executables| G Debugger Console| () Memory| [ geov |

Timing profiling test start, sampling period: 1lms.

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

l Smart Insert

=|='
BX %k BEMEE ~0-3-

-

]39:14:3‘“9

Figure5.31. Opeming gprof File Viewer
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Ggprclx +—%‘_‘u[:l. ud [8] 2= of3 ﬁ.) =]
gmon file: D\propel-workspace\riscv_rtos_gprofigmon.out
program file: D:/propel-workspace/nscv_rtos_gprof/Debug/mnscy_rtos_gprof.elf
timestamp: 3/9/23 10:43 AM
2 bytes per bucket, each sample counts as 1.000ms
P type filter text
Mame (location) Samples Calls Time/Call % Time i
w Summary 833  100.0%
timer_delay 500 1 500.000ms . 56.63%
my_memcpy_char 302 1 302.000ms I 24.2%
my_memcpy_int 80 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 ] 3 Ons  0.0%
w_mie ] 1770 Ons  0.0%
uart_init ] 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 ] 1 Ons . 0.0%
timer_reload ] Ba3 Ons  0.0% W

Figure5.32. gprof ViewerWindow 1

5.6.4. How to AddTiming ProfilingFunction to an Existing C Project
Ly tiNeS2 SOG 0P & aX 2 aENSINLKHE ES Ol @
{ SttSNRIBHS BB LISPNIkAN S H{ 8 d Ry 3a o

1
2
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Figure5.33. Generategprof Information Checkbox
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Figure5.34. LSCGGPROKBymbol
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