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Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its
products for any particular purpose. All information herein is provided AS IS, with all faults, and all associated risk is the responsibility entirely of the
Buyer. The information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise
rendered inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by
Lattice have been subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test
and verify the same. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL
SYSTEMS, HAZARDOUS ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN
WHICH THE FAILURE OF THE PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL
HARM (COLLECTIVELY, "HIGH-RISK USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES,
INCLUDING PROVIDING APPROPRIATE REDUNDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS
ANY EXPRESS OR IMPLIED WARRANTY OF FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. The information provided in this document
is proprietary to Lattice Semiconductor, and Lattice reserves the right to make any changes to the information in this document or to any products at
any time without notice.

Inclusive Language

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language in underlying tools and
other items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878 for a cross reference of terms. Note in some cases
such as register names and state names it has been necessary to continue to utilize older terminology for compatibility.
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Abbreviations in This Document

A list of abbreviations used in this document.
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Abbreviation

Definition

ASCII

American Standard Code for Information Interchange

Board Support Package. The layer of software containing hardware-specific drivers and libraries to function

BSP 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

FD-SOI Fully-Depleted Silicon On Insulator

FMC FPGA Mezzanine Card

FPGA Field Programmable Gate Array

FreeRTOS A market-leading RTOS for microcontrollers and small microprocessors

FTDI Future Technology Devices Intl.Ltd

GPTIMER General-Purpose 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

IP Intellectual Property

ISR Interrupt Service Routine

JEDEC Joint Electron Device Engineering Council

JTAG Joint Test Action Group

MCU Micro-Controller Unit

MSIP Machine-Mode Software Interrupt

oCD On-Chip-Debugging

OEM Original Equipment Manufacturer

OpenOCD Open On-Chip Debugger

(6N Operation System

PC Personal Computer

PIC Programmable Interrupt Controller

PLIC Platform-Level Interrupt Controller

PMOD Peripheral Module

QEMU A generic and open-source machine emulator and virtualizer

RAM Random-Access Memory

RISC.V Reduced Instruction Set Computer-V. A free and open instruction set architecture (ISA) enabling a new era
of processor innovation through open standard collaboration.

RISC-V MC Lattice RISC-V for Micro-Controller Soft IP

RISC-V RX Lattice RISC-V for RTOS Soft IP

RISC-V SM Lattice RISC-V for State-Machine Soft IP

RTOS Real Time Operating System
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Abbreviation Definition

RX RISC-V for RTOS applications

SDK Software Development Kit. A set of software development tools that allows the creation of applications for
software package on the Lattice embedded platform.

SHA Secure Hash Algorithm

SoC System-on-Chip. An integrated circuit that integrates all components of a computer or other electronic
systems.

SPI Serial Peripheral Interface

SRAM Static Random Access Memory

UART Universal Asynchronous Receiver/Transmitter

UFM User Flash Memory

ul User Interface

VHDL Very-High-Speed Integrated Circuit Hardware Description Language

WDT Watch Dog Timer

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-UG-02244-1.0 10


http://www.latticesemi.com/legal

mLATTICE

1. Introduction

Lattice Propel™ design environment is a complete set of graphical and command-line tools to create, analyze, compile,
and debug both FPGA-based 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 device. It provides 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 System-on-Chip (SoC) with an embedded
processor and develop system software on the processor. Lattice Propel helps you develop your system with a RISC-V
processor, peripheral IP, and a set of tools.

The purpose of this document is to introduce Lattice Propel SDK tool and flow to help you quickly get started to build a
small demo system. You can find recommended flows of using Lattice Propel SDK 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 readers have expertise in the embedded system area and FPGA technologies.
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2. Lattice Propel Development Suite

Lattice Propel development suite includes:
e anintegrated development environment (IDE), which is the framework of the Lattice Propel design suite;
e Lattice Propel Builder, which is for SoC design;

e 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 Diamond™ software within Lattice Propel design environment.

The Embedded C/C++ Project provides a platform for developing or debugging application code within Eclipse IDE. The
project can be created directly from the SoC project with a pre-set Board Support Package (BSP) and applications by
using the Lattice Propel development suite.

2.2. Lattice Propel Builder

Lattice Propel Builder allows 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 modules.
Lattice Propel Builder also helps you customize address spaces within modules, such as a processor. In the Lattice
Propel development suite, Lattice Propel Builder is used to create a microprocessor integrated platform for both
hardware and software development.

Refer to Lattice Propel Builder 2025.2 User Guide (FPGA-UG-02243) for more detailed information.

2.3. Lattice Propel SDK

Lattice Propel SDK 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 features are:
e Create, build, debug, or manage embedded applications for Lattice RISC-V CPU or SoC solution.
e  Provide extra build steps to generate the binary and memory files required for deployment.

e  Build using the latest industry standard open-source components and tools for RISC-V firmware development and
debugging.

e  Support Picolibc for RISC-V and provide lightweight standard library implementation.

e  Provide fully-configurable toolchain definitions.
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3. Lattice Propel Tool Flows

The Lattice Propel tool flows including SoC project design flow, C/C++ project design flow, system simulation flow, and
programming and On-Chip-Debugging (OCD) flow, are discussed in detail in the following sections.

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 Start menu. When Lattice Propel SDK is invoked, a dialog (Figure 3.1) pops up. You can browse to select
where to locate the workspace. For normal needs, simply click Launch to 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

Figure 3.1. 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 functional areas (Figure 3.2).
Note: A perspective is a group of views and editors in the Workbench window. A workspace is the directory where
stores your work and it is used as the default content area for your projects as well as for holding any required
metadata. A workbench is the desktop development environment in Eclipse IDE platform.
1. Menu bar and Toolbar, including: File menu, Edit menu, Source menu, Refactor menu, Navigate menu,

Search menu, Project menu, Run menu, LatticeTools menu, Window menu, and Help menu.

Project Explorer view: displays projects in the workspace.
Editor view: provides capability of editing source files.
Outline view: displays an outline of a file that is currently open in the editor area.

vk W

Log area includes these views: Problem view, Tasks view, Console view, Properties view, and Terminal view.
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File Edit 5Scurce Refactor MNavigate Search Project Run  LatticeTools Window Help
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Q iE|E
= O

I
There is no active editor that
provides an outline.

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

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

2

# Problems | Tasks | & Consele 52 . [ Properties | & Terminal =B~y = 0
o consoles to display at this time.

Figure 3.2. 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 projects into workspace. Existing SoC
design projects created by either Lattice Propel SDK or Lattice Propel Builder can also be imported into Workspace by
choosing Lattice Propel > Lattice SoC Design Projects.

1. From Lattice Propel SDK, choose File > Import....
The Select wizard opens (Figure 3.3).

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-UG-02244-1.0 14


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK ....LATTICE

User Guide

£ Import O X

Select

Import Lattice SoC Design projects into the workspace. @

Select an import wizard:

| type filter text |

= General

= CfC++

= Git

= Install

w [ Lattice Propel

ﬁ Lattice C/C++ Projects into Workspace
4 Lattice SoC Design Projects into Workspace

= Oomph

= Run/Debug

= SVWEditor

= Team

= XML

® < Back Mext = Finish Cancel

Figure 3.3. Select Wizard — Import Lattice SoC Design Projects

2. Select Lattice Propel > Lattice SoC Design Projects into Workspace. Click Next.
The Select wizard switches to Import Lattice SoC Design Projects wizard page (Figure 3.4).
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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

Figure 3.4. Import Lattice SoC Design Projects Wizard

3. Locate the directory containing the projects by clicking the Browse button.
4. In Projects area, select the SoC design project or projects you want to import.
5. Click Finish to start the importing process.

3.1.3. Importing Lattice C/C++ Projects
In Lattice Propel SDK, you can use the Import Wizard to import existing Lattice C/C++ projects created by Lattice Propel
SDK 2023.2 or later into workspace by choosing Lattice Propel > Lattice C/C++ Projects.

1. From Lattice Propel SDK, choose File > Import....
The Select wizard opens (Figure 3.5).
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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

Figure 3.5. Select Wizard — Import Lattice C/C++ Projects

2. Select Lattice Propel > Lattice C/C++ Projects into Workspace. Click Next.

The Select wizard switches to the Import Lattice C/C++ Projects wizard page (Figure 3.6).

% Import O *

Import Lattice C/C++ projects E:‘__]_

/
Select a directory to search for existing Lattice C/C++ projects. ;
|
Select root directory: | Di\riscv_mc_helloworld V| | Browse... |
Projects:
riscv_mc_helloworld (D:\riscv_mc_helloworld) Select All
Deselect All
Refresh
® < Back Mext » Finish Cancel

Figure 3.6. Import Lattice C/C++ Projects Wizard
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3.1.4. Creating Customized C/C++ Templates

In Lattice Propel SDK, you can select a Lattice C/C++ project in the current workspace to create a user application
template for creating new Lattice C/C++ project.

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

1. From Lattice Propel SDK, select a C/C++ project and choose Project > Create Lattice Application Template. The
Create Application Template wizard opens Figure 3.7.

o =
& X
) ) ) % Create Application Template ] x
File Edit Source Refactor Mavigate 5
il | B-R-@ D% Application Template Configuration e
/ /
- - 1 ! = = | s Create an Application Template for new Lattice C/C++ Project. 9 k3
7| Project Explorer = 8 8
B S Y 8 General Toolchain P Settings
9 Example_50C v W src [£] FreeRTOSConfig.h "
=] Example_SoC1 ~ (W] = FreeRTOS-Kernel [€] board.c
Lé; ExampleMCSaC [®] &= include [¢] board.h
riscv_mc_helloworld -
S riscv_r‘tos_ freertos_pmp_blinky Ve VFIDI'tEb|E [8) device.info.h
< o CEmES v W= GCC @hooks.c
1= riscv_rtos_goov [m] &= RISC-V i
- [ & linker.ld
= riscv_rtos_gprof [m] = MemMang :
125 riscv_rtos_helloworld @ main.c
5 riscv_rtos_spi [gosc
=2 spike_gemu_helloworld [S] 0sA5M.5 b
General
Export Source |riscv_rtos_freertos_pmp_blinky w
Template Name | My_Application_Template
Customer Template Function
Description
Project Type | C/C++ Project ~ =
8
-
|~
I w
= riscv_rtos_freertos_pmp_blinky

Figure 3.7. Create Application Template — General

2. You can input Template name, Description, Toolchain Configurations, IP Settings, and so on, and select files for
creating template.

Notes:

e Under the General tab (Figure 3.7), select project code files, all files except linker.Id are checked. It is
recommended to keep these selections to avoid potential errors in building.

e Under the IP Settings tab (Figure 3.8), Propel SDK 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 careful when modifying the IP-related settings under this tab. If
these settings are not set properly, you might encounter errors when using these templates on other versions
of Lattice Propel SDK.

3. Click Finish.
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7% Create Application Template m} *
Application Template Configuration 'f-:—__
/ /
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

Figure 3.8. Create Application Template — IP Settings

3.1.5. Exporting and Deploying Customized C/C++ Templates

In Lattice Propel SDK, you can export customized C/C++ templates into a single ZIP archive that is ready for deployment
in other users’ Lattice Propel SDK environments.

Note: You must use this template management function on Propel SDK 2024.2 or later.
1. From Lattice Propel SDK, choose File > Export....

The Select wizard opens (Figure 3.9).

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

Select an export wizard:

type filker text |

(= General

[= CfC++

= Install

w [= Lattice Propel
S Lattice Application Ternplates

(= Run/Debug

(= Team

(= XML

@' < Back Finish Cancel

Figure 3.9. Select Wizard for Lattice Application Templates

2. Select Lattice Propel > Lattice Application Templates. Click Next.
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The Select wizard switches to the Export Lattice Application Templates wizard page (Figure 3.10).

8 Export Lattice Application Templates

Export Lattice Application Templates

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

] X

Application Name
H¥all My Application_Template

Al L?r’L
Description Resource

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

hooks.c

main.c

0s.C

0sASM.S

osmacro.h

wnladm s i &7

< >
Select All Deselect All

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

Figure 3.10. Export Lattice Application Templates Wizard

3. You can locate the destination directory by clicking the Browse button.

In the Application Name area, select the application templates you want to export.

Click Finish to start the exporting process.

The exported zip archive file is ready to be delivered to other Lattice Propel SDK users.

6. With this zip archive file, extract it to the Application Templates Install Path in the user’s environment. Select
Window > Preferences > Propel Setting to find this setting (Figure 3.11).

o
ii Preferences

type filter text Propel Setting

General

C/C++ Radiant Location

Context |

| Browse...

Help
Install/Update

LiClipse Diamond Location

MCU
Oomph |

| Browse...

Propel Setting
Remote Development

SoC Templates Install Path

Run/Debug

| C:/Users/swang01/PropelTemplatelocal

SVEditor
SWTChart Extensions

Terminal

Application Templates Install Path

Validation

| Ch\Users\swang01\PropelEmbedded5WLocal

Version Contrel (Team)

AML

Restore Defaults Apply

PQua® @

Cancel

Apply and Close

Figure 3.11. Lattice Propel 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 Lattice Propel sets. Follow
steps below to create a new SoC design project.

Note: The SoC project templates are gradually being migrated to the new scalable SoC project templates that are only
available from Lattice Propel Builder. If the following flow for creating an SoC design project is unreachable, create it
from Lattice Propel Builder. See Lattice Propel Builder 2025.2 User Guide (FPGA-UG-02243) for more details.

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

1. In Lattice Propel SDK, choose File > New > *n Lattice SoC Design Project.
The Create SoC Project wizard opens (Figure 3.12). In the Create SoC Project wizard, you can specify a device or a
board for a Template SoC project.

e To specify a device for your new Template SoC project, use the drop-down menu to select the desired device
information, including Processor, Family, Device, Package, Speed, and Condition. Also, select RISC-V SoC
Project or Empty Project in the Template Design field (Figure 3.12).

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

Figure 3.12. Specify a Device for Template SoC Project
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e  Or, to specify a board for a new Template SoC project, check the Board checkbox (Figure 3.13).

Note: You can choose VHDL/Verilog in the Language field.

$ SoC Project

Create SoC Project

Create SoC project of selected template

Project name: | ExampleSoC

Use default location

3,

Ci\lscc\propen2024.2\workspacel ExampleSoC
default
Language: | Verilog w

Board

Board Select

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

Avant-E Evaluation Processor:

Browse...

RISC-V MC ~

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

Emsa Project RISC-W MC IP based 50C Project.

Figure 3.13. Specify a Board for Template SoC Project

From the Board Select area, select the desired board, such as the MachXO3D™ Breakout Board.

Enter a project name.

Note: Do not include periods, colons, or spaces in the project name.

4. (Optional) To change the default location, clear the Use default location option, then browse for another location.
Choose a file system.

Select a desired platform template design. In particular, select Empty Project for building system from scratch.

Click Finish.

The SoC design project is created in the workbench, and its design is opened and displayed in Lattice Propel Builder
(Figure 3.16).

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-UG-02244-1.0

22


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK ....LATTICE

User Guide

3.2.2. Opening an SoC Design in Lattice Propel Builder

Within an SoC project, there is a Lattice Propel Builder design.

To open Lattice Propel Builder for an SoC project:

1. Inthe Project Explorer view, select an SoC project.

2. Open the SoC project in one of the following ways from Lattice Propel SDK:

e  Choose LatticeTools > . Open Design in Propel Builder (Figure 3.14).

LatticeTools | Window  Help

4. Open Design in Propel Builder

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

Figure 3.14. LatticeTools Menu

e  Click the Lattice Propel Builder icon e on the toolbar.

e Right-click the SoC project from Project Explorer. Choose Open Design In > . Propel Builder from the

pop-up menu (Figure 3.15).

Restore from Local History...

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

Figure 3.15. Project Explorer Pop-up Menu

3. The SoC Design is opened and displayed in Lattice Propel Builder (Figure 3.16).

&, Propel Builder [D:/propel-workspace/Example_SoC/Example_SoC/Example_SoC.sbx] Device: LIFCL-40-88G400C Board: CrossLink-NX Evaluation

Fle Edit View Design Tools Window Help
o-EH HNCMNE S REE- NG H= & QQQQQ #»n

Design View o [ schematic B Address 2| summary &, start Page
9 LIFCL-40-28G400C
~ 1F EBxample_SoC @b
+ ¥ Instances
» I ahbl_inst
v I} ahbl2apb0_inst
» £ apbbinst
» £ cpuoinst
> fF epr 0 inst
b+ I} gpiol_inst
» £F oscOinst
» £ pliojnst
»
»

IF systemQ_inst
T vartd_inst
» 2= Ports

View Setting {GF

b Nets

+ [#] Components
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Figure 3.16. Lattice Propel Builder Window
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4. (Optional) Modify the design in Lattice Propel Builder as desired. Most of the templates include a functional-ready
SoC design.
Note: You can only create an SoC design using the Empty Project template inside Lattice Propel Builder. Refer to
Lattice Propel 2025.2 Builder User Guide (FPGA-UG-02243) for more details on how to create an SoC design using
the Empty Project template.

3.2.3. Opening a Design 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 project in an appropriate software. There are two FPGA Design software available, the Lattice
Diamond software and Lattice Radiant™ software. 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 MachX03D
or Mach™-NX device family is used, the Lattice Diamond software related menu items are active from the Lattice
Propel UL If the CrossLink™-NX or Certus™-NX device family is used, the Lattice Radiant software related menu items
are active from the Lattice Propel Ul.

To open FPGA Design Software for an SoC project from Lattice Propel SDK:

1. (Optional) Set Lattice FPGA design software installation location from Lattice Propel SDK. By default, Lattice Propel
SDK can find the proper Lattice FPGA design software installation location, usually the latest version installed on
the PC. You can overwrite it following steps below.

Choose Window > Preferences. The Preferences dialog opens (Figure 3.17).

Select Propel Setting from the left pane. Click the Browse button to pick up the installation location of the Lattice
Diamond software or Lattice Radiant software. Or, leave the Radiant Location and Diamond Location fields blank,
as default. Lattice Propel SDK can find the location automatically.

71 Preferences O x

T
4
4

000

type filter text | Propel Setting

General

C/C++ Radiant Location
Context |

| Browse...

Help
Install/Update
LiClipse Diamond Location
MCU

Oomph |
Propel Setting
Remote Development SoC Templates Install Path
Run/Debug

SVEditor

SWTChart Extensions
Terminal Application Templates Install Path

Validation | C:\Users\swang01\PropelEmbeddedSWLocal |
Version Control (Team)
EML

| Browse...

| C:/Users/swang01/PropelTemplateLocal |

Restore Defaults Apply

'/?:' I\_‘, i) '/é\z' 'f;' Apply and Close Cancel

Figure 3.17. Lattice Propel Preferences Dialog

2. Inthe Project Explorer view from the Lattice Propel main Graphical User Interface (GUI), select an SoC project.

3. Open the SoC project in one of the following ways:
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e Choose LatticeTools > * Generate and Open Diamond Project. Or, choose LatticeTools > Generate

and Open Radiant Project.

\ 9
e Click the Lattice Diamond software icon = or the Lattice Radiant software icon from the toolbar.

Yo’
e Right-click an SoC project from the Project Explorer. Choose Open Design In > "~ Diamond. Or, choose
Open Design In > Radiant from the right-click menu.

4. The Lattice Diamond or Radiant project for SoC is generated at background and is launched (Figure 3.18/

Figure 3.19).

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

O 2 1BIS Model

-~
v o=

[0 & VHDL Simulation File
& Bitstream File
2 JEDEC File
Fielist  Process  Hierarchy
Tl Console

[ 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
v

< >

# Lattice Dismond - Start Page - O %
File Edit View Project Design Process Tools Window Help
A-@-Hasiea e RAA_} (] & B
< < = =] (e ~
PESEHECES OEE G E HEEEE:@
Process B X ([ start Page [0 eports (2] a2 %
v 2 Synthesize Design
- -
Synplify P -
P ify Pro Project: Release Notes FPGA Design Guide
2 Tanslate Design o
v 2 Map Design pen... Lattice Diamond Software 3.12 Release Notes Design Planning
- Enew... User Guides HDL Coding Guidelines

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

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

g X

>

> source "D:/propel-workspace/Example SoCl/diamond setup template.tcl®

TdConsole  Output  Eror  Warning®  Info*

Ready

Mem Usage: 179,640 K

Figure 3.18. Lattice Diamond Software Project
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Figure 3.19. Lattice Radiant Software Project

5. (Optional) From the File List view of the Lattice Diamond or Radiant software:

e modify the top-level RTL file (<proj_name>_Top.v) to match the SoC design, presupposition of which is
that there is a top-level RTL file in your SoC design; or

e create a top-level RTL file (<proj_name>_Top.v) to match the SoC design, if the SoC design is created from
an Empty Project template and there is no top-level RTL file in your SoC design.

6. (Optional) Modify constraint file (<proj_name>.lpf/<proj_name>.pdc) to match the SoC design, if you have
modified the SoC design.

Note: This step is a must for the SoC design created from the Empty Project template.

7. Process the design in the Lattice Diamond or Radiant software.

In the Lattice Diamond software, switch to the Process view of the project (Figure 3.20). Make sure at least one file,
IBIS Model, Verilog Simulation File, VHDL Simulation File, Bitstream File, or JEDEC file, is checked in the Export Files

section for programming. Choose Process > I Run.
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Figure 3.20. Generate Programming File in Lattice Diamond Software
In Lattice Radiant software, from the Process Toolbar, click Export Files (Figure 3.21).
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Figure 3.21. Generate Programming File in Lattice Radiant Software

The Programming file is generated. The programming file can be used in Programmer.

Note: Programmer is a tool that can program Lattice FPGA SRAM and external SPI Flash through various interfaces,
such as JTAG, SPI, and 12C.
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3.2.4. Generating System Environment by Building Project

System environment package including the system environment file and the BSP package is required for the embedded
C/C++ project.

To generate system environment package from Lattice Propel SDK:
1. Inthe Project Explorer view, select an SoC project.

2. Choose Project > Build Project.

3. Check the building result in the Console view (Figure 3.22).

e O X

El Conscle X R%lisktjalﬁﬁlﬂﬂvﬁvmﬁ
<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

Figure 3.22. Build Result of SoC Project

3.2.5. About SoC Design Project

The SoC project creating starts with a functional-ready SoC design and a default simulation environment. In the Project
Explorer view, open an SoC project folder and all its sub-folders. The project contains but is not limited to the following
files (Figure 3.23), some of which may vary upon opening the SoC design project in the Lattice Diamond or Radiant
software:

e <proj_name>: folder containing a Lattice Propel Builder design including the .sbx file.

e <proj_name>/application: folder containing functional-ready embedded application source codes.
e impll: folder containing the implementation of the Lattice Diamond or Radiant project.

e sge: folder containing generated package necessary for creating a C/C++ project.

e verification: folder containing the SoC verification project.

e verification/sim: folder containing the simulation environment.

e <proj_name>.ldf: Lattice Diamond project file.

e <proj_name>.lpf: Lattice Diamond project logical preference file.

e <proj_name>.rdf: Lattice Radiant project file.

e <proj_name>.pdc: Lattice Radiant project post-synthesis constraints.

e <proj name>.txt: description file from the template.
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Figure 3.23. 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:

Choose File > New > 5| Lattice C/C++ Project.

The C/C++ Project wizard opens with the Load System and BSP page (Figure 3.24).
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£} C/C++ Project O
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

All system environment files available in the current workspace can be selected from the System env drop-down
menu. If you select or enter QEMU RISC-V Virtual SoC System, you can select the QEMU application template to

create a project (Figure 3.25).

Figure 3.24. Load System and BSP Page 1

Browse to the SoC project folder and select the system environment file sys_env.xml.
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o vk~ w

S C/C++ Project [m|
Load System and BSP —
Load lattice system environment file and BSP package |
Select system environment file and BSP package
System env: | (@1 VL o TV T € |v| Browse...
D\ propel-workspace\Example_SoCh\sgesys_envml
SElecEpInEE Browse for System Environment XML
Core selected: | spike
Projecttype: | C
System information
Machine Name CPU Mame
spike
Select Exarnple Application
QEMU_helloworld Project Example_GEMU_helloworld
1.0EMU test.
2.5emihost print.
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1.Please select Semihesting(System Library) when creating this project.
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D:\propel-workspace\spike_gemu_helloworld Browse...
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® < Back Finish Cancel

Figure 3.25. Load System and BSP Page 2

If the platform has more than one processor, choose one core.
Select the project type, C or C++.
Select the application from the Example application list.

There is a default project name. You need to check it. Suggest not using periods, colons, or spaces in your project
name. Though space is allowed, they may cause certain issues with some tools.

By default, the Use default location option is checked. The default file system is selected automatically. Suggest

using the default location unless you have special need to a special location.

The Build the project option is unchecked by default. If you want to build the project automatically, you can check

the option.

By default, the Create a debug launch configuration for option is checked and a default launch configuration is

created accordingly.

10. Click Next. The Lattice Toolchain Setting dialog opens (Figure 3.26).
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Figure 3.26. Lattice Toolchain Setting Dialog 1

11. By default, two toolchain configuration modes, Debug and Release, can be chosen from the Configuration
drop-down menu.

o Debug configuration 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 source.

e Release configuration provides the tools with options setting to create an application with the best
performance.

You can modify frequently-used library, compiler, and linker options for each configuration. For a complete
toolchain setting, go to project properties after creating the project. Refer to the Advanced Tool Chain Setting
section.

e Inthe Lib Setting tab, standard C library can be reconfigured. Picolibc (C Libraries for Smaller Embedded
Systems) is selected by default and it supports different printf levels.

e Inthe C/C++ Compiler tab, optimization level and debug level can be reconfigured for each toolchain
configuration.

e Inthe C/C++ Linker tab, Remove unused code (--gc-sections) is checked by default for garbage collection
of unused code.
12. Click Finish.
The Lattice C/C++ project is created and is displayed using the Lattice Propel SDK perspective. A perspective is a

collection of tool views for a particular purpose. The Lattice Propel SDK perspective is for creating Lattice C/C++
programs.
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3.3.2. Updating a Lattice C/C++ Project

When you make changes to an SoC 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. Generate the latest system environment package according to the Generating System Environment by Building

Project section.

In the Project Explorer view, select a C/C++ project.

Choose Project > Update Lattice C/C++ Project....

The C/C++ Project wizard opens for updating system and BSP (Figure 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:J'propel—workspace."Example_Son'sge.fsys_env.me 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 1.3.0 1.3.0
Update Cancel

Figure 3.27. Update System and BSP Dialog

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

Select the checkbox for what you can update:

e Re-generate toolchain parameters and linker script: check this option if you want to modify CPU or

memory in the system.

e Update BSP package: check this option if you want to add additional IP components into the system.

Click Update to make changes for the selected C/C++ project.
Click Yes (Figure 3.28).

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal

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

FPGA-UG-02244-1.0

33


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK ....LATTICE

User Guide

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

Figure 3.28. Update System and BSP Confirm Dialog

3.3.3. Building a Lattice C/C++ Project

To build a Lattice C/C++ project in Lattice Propel SDK:

1. Inthe Project Explorer view, select a C/C++ project.

2. Follow steps below if you want to change the active build configuration:

Choose Project > Build Configurations > Manage.... Or, click the Configuration icon % on the toolbar.

b. The Manage Configurations dialog opens (Figure 3.29) for choosing active configuration. By default, a Debug
configuration 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 source. A Release
configuration provides the tools with options setting to create an application with the best performance.

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

Figure 3.29. Manage Configurations Dialog

3. Choose Project > Build Project. Or, click the Build icon ‘% on the toolbar.

4. The results of the build command are displayed in the Console view (Figure 3.30).

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

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

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

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

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

Figure 3.30. Build Result of C/C++ Project
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3.3.4. About Lattice C/C++ Project

The Lattice C/C++ project starts with source code. In the Project Explorer view, open a C/C++ project folder and all its
sub-folders. The project contains:

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 entry-point 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 folder, the Debug folder or the
Release folder (Figure 3.31). The Debug or Release folder contains:

<proj_name>.elf: executable file used in on-chip 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 System Memory IP.

<proj_name>.launch: Debug launch configuration.

Note: Some of the files listed in Figure 3.31 are intermediate files that you do not need to take care of.
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57 Project Explorer

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
el 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

Figure 3.31. 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:

e Lattice System Platform: An overview of the processor platform can be displayed (Figure 3.32).

e Linker Editor: An overview of the memory regions of linker script can be displayed. You can modify key linker

parameters through the graphical interface (Figure 3.33).
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oy

e [m| X
% Lattice Platform X = g
General
Vendor: | lattice
Library: | Propel
MName: |Examp|e_SoC

DeviceFamily: |LIFCL

SysiD: [0

Selected Core: |cpu0_inst

|
|
|
Version: [2025.1 |
|
|
|
JTAG Channel: [ 14 |

component ipMame ipVersion driverVersion vendor baseAddress range irg
i riscv_mc 2.80 2.8.0 latticesemi.com
pic_timer_mem_map  PIC_Timer_Registers O FFFFO000 (0000000
system{_inst 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

Figure 3.32. Lattice System Platform

o

& O X
ol Linker = g8

Linker Script: linker.ld
Available Memory Regions

Name Attributes  Base Address Size
systemO_inst Wi 0x0 (8000

STACK and HEAP Size

HEAP_SIZE: [0x0100 |

STACK_SIZE: | 0x0400 |

Section to Memory Region Mapping

CODE: | system0_inst ~

DATA: | system(linst

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

Overview  linker.d

Figure 3.33. Linker Editor

3.3.6. Advanced Tool Chain Setting

Follow the process below to modify the tool chain settings of a C/C++ project.

To change tool chain setting in Project Properties in Lattice Propel SDK:

1. Inthe Project Explorer view of Lattice Propel SDK, select a C/C++ project.

2. Choose Project > Properties. The Properties for the current project opens (Figure 3.34).
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3. Select Settings of the C/C++ Build category from the left pane. Select the Tool Settings tab.

$ Properties for Example

type filter text

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

Settings

Configuration: |Debug [ Active ]

i Tool Settings %) Toolchains B Devices # Build Steps

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

~ | | Manage Cenfigurations...

Architecture

Build Artifact Binary Parsers @

Ll

RV32| (-march=rv32i*) ~
I Multiply extension (RVIM)
[] Atomic extension (RVA)
Floating point None ~
Compressed extension (RVC)
Integer ABI ILP32 (-mabi=ilp32*¥) ~
Floating point ABl | None ~
Tuning Teolchain default ~
Code model Teolchain default ~
Small data imit | 8
Align Toolchain default (-mtune) w

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

Force string eperations to call library functions (-mmemcpy)

Other target flags |

Restore Defaults

Apply and Close

Apply

Cancel

4. Customize the tools and tool options. All your customization can be made in the build configuration in the Tool

Figure 3.34. Properties of C/C++ Project

Settings properties tab. The build configuration is used during your C/C++ project building.

Note: The setting for each configuration, Debug or Release, is independent.

5. Click Apply and Close to save the change.

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

3.4. System Simulation Flow

The SoC Project created from template has a default simulation environment for you to set up and start functional
simulation. It is generated automatically along with the SoC project creation. You can use it as a start point and

customize accordingly.
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e  Provides similar user experience as real board-level debugging, such as for Hello World SoC, key components
including RISC-V MC, System Memory, and UART.

e Simulates user-modified template SoC with extended HDL designs.

e Simulates the whole system using real C/C++ projects as stimulus with the necessary modification and with all the

details for debugging.

e Supports user extension with a friendly and flexible approach.

3.4.1. Launching Simulation

To launch simulation:

1. In Lattice Propel Builder, update the SoC design to enable simulation features.

Enable the checkbox for Initialize Memory for the System Memory module from the Initialization area of the
General tab. Then, set the Initialization File generated from the corresponding C/C++ project (Figure 3.35).

“v Module/IP Block Wizard

Set the following parameters to configure this component.

Diagram sysmemd

sysmem0Q

e 2
—{[H-AHBL_S0
—[H-HBL_S1
—{ahbl_hclk_i

—ahbl_hresetn_i

(N /
system_memory

Configure Component from Module system_memory Version 2.3.0

Configure IP
General Port 50 Settings
Property
~ General
Interface
Memory Address Depth [1 - 106496]
Data Bus Width(bits)
Memory Type
Port Count
ECC Enable
Enable Arbiter
¥ Data Streamer

Enable Data Streamer

+ Initialization
Initialize Memory
Initializatien File Format

Initialization File

Mo DRC issues are found,

Value

AHBL
8192
32
EBR

Port 51 Settings

Generate Cancel

Figure 3.35. Configuring System Memory Module 1

2. Click the Switch icon on the toolbar to switch between SoC design and SoC verification project (Figure 3.36).

3. After the SoC design is switched to an SoC verification project, click the Generate icon & to generate the

rm
simulation environment. Click the Launch Simulation icon LB (Figure 3.36).
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IP Vinv: |atticesemi.comip:riscv me:2.8.0

IP Catalog Design View

Tel Console
Finisned: "sbp_design closs"

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

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

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

5

&

4. Propel Builder [D:/propel-werkspace/ExampleMCSoC/verification/ExampleMCSoC_v.sbx] Device: LIFCL-40-88G400C Board: NA o x
Flle Edit View Design Tools Window Help
. = = Y . an]
3 & ) o« MBS @Q@@I
Design View a [& Schematic 9 Address 151 Summary &%, Start Page
I LIFCL-40-8BGA00C = e st
o View Setting
~ {1 ExampleMCSoC_v G
v {¥ Instances
v F dutinst sysclk_rst_gen1_inst uart_model1_inst
+ ¥ Instances
v I ahbld inst dut_clk_of— uvart_rx_data_debug[7:0]
v I ahbl2apb0_inst
+ T apbOinst dut_rst_i  dut_rst_of— uart_tx_data_debug[7:0]
» IF cpuinst dut_clk_i th_clk_ Ik uart_rx_break_debug|
v I expr0inst
v 1F gpioliinst th_rst_ stn uart_rx_valid_debug
P - -
. —— uart_rxd uart_tx_busy_debug|
Properties
Name: i uart_tx_en_debug|
Type:  Instance ; uart_txd|
Path:  ExampleMCSoC_v/dut_inst/cpu_inst
VLNV:  |atticesemi.com:ip:cpul:2.8.0

Figure 3.36. SoC Verification Project

4. QuestaSim is launched running simulation for the SoC verification project. The corresponding waveform of the SoC

verification project for the Hello World project is shown (Figure 3.37). Check the waveform.

. Questa Lattice OEM Edition-64 2024.2 — O ™
File Edit View Compile Simulate Add Structure Tools Layout Bookmarks Window Help
B-sd &l imBEL0-AF||w  As 3 |
B4 e B[ 00 o ELEERAS | )&ZJJ@"H St eetmene o
ColumnLayout [211Columns vl J Ef - B - &} H |— |— |— J K ﬁ @
H D v Search:,iﬁ‘g%&% # J §
|@§“'Dﬂ'ﬂlt + & x| Wave - Default + A %
*|Instance [
‘=g ExampleMCSoC_v E
Bl GSR_INST 4
+} ‘ dut_inst 3
‘ aysdk_rst_gen... ¢ 4, uart_|
| = 44 uart_s o
=} gl uart_model... v 4, uart_s fB.:mpl:M _°
ol #anonb...1 [ExampleMCSo
:If_}—‘ i_uart_r...1 [ExampleMCSoC
+ ol iuart_t..u [ExampleMCSol
& HASSIG... 1 lﬁ)cesses (Active) [ExampleMCSoC
@ #A551G... 1 — | ¥[Name [ExampleMCSoC
o #ASSIG... 1 JExampleMC L“‘oC
& #ASSIG... 1 JExampleM
@ #ASSIG.. 1 JExampleMCSoC_
o #ASSIG.. 1 JExampleMCSoC
@ #ASSIG... 1
2 ceerm ]
| ]
EMernoryList l@mm rﬂﬁl < | 5

f=] Transcript Ha x|
# Testbench cleock frequency set to 50.000000 Mhz, clock perlc:::l set to 20.000000 ns -

# Started!

#

VSIM 2= -

Mow: 1ms Delta: 2 |fExampIeMCSoC_vfdut_inst,.fahblo_inst_AHBL_MOO_inhermnnect_HPROT | 999999992230 fs to 9999999998 A

Figure 3.37. Questa Simulation GUI
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3.4.2. Simulation Details

The default simulation environment is located at the generated sim folder inside the SoC verification project in Lattice
Propel SDK. It contains:

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

|  +--- [hdl_header]

| | +--- soc_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]

| | - k% -- All the mem, hex, txt files are copied here

| +--- flist.f -- 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 extend more verification features in the top testbench.

3.5. Programming and On-Chip Debugging Flow

This section describes the process of testing and debugging application code on the actual hardware including the
Lattice FPGA with the hardware design installed. Debugging with Lattice Propel SDK follows the same process and uses
of the same tools in Eclipse IDE.

Before debugging, download the hardware design created from the Lattice Diamond or Radiant Programmer. Refer to
the User Guide of the specific evaluation board for more details on the evaluation board.

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 be automatically entered. Only a few settings need to be manually configured.

To create a debug launch configuration:
1. Inthe Project Explorer view of Lattice Propel SDK, select a C/C++ project.

2. Build the project and ensure the executable file is available. Refer to the Building a Lattice C/C++ Project section for
details on the process.

3. Choose Run > Debug Configurations....

The Debug Configurations dialog opens (Figure 3.39).
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£ Debug Configurations O *

Create, manage, and run configurations

I ¥ fo B x| =T Name:|Examp|eDebug |

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

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

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

| Debug\Example.elf

Build (if required) before launching

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

. i Revert Apply
Filter matched 11 of 11 items

Figure 3.38. Debug Configurations Dialog 1

Double-click GDB OpenOCD Debugging to create a new launch configuration.

A multi-tab page is displayed. The Main tab should already be filled in with the project name, application file name,
and location.

Select the CableConn tab (Figure 3.39). This tab enables you to select a specific device on a specific cable port.

Click the Detect Cable button. Select the specific cable port from the Port drop-down list. By default, the first
available cable port: FTUSB-0 is selected.

Click the Scan Device button. Select the specific device from the Device drop-down list. By default, the first
available device on the selected cable port is selected.

Select the JTAG channel number from the Channel drop-down list. By default, channel 14 is selected with the same
value as the processor preset.

Keep the cable speed so that you can use the default clock divider.
Note: You need to repeat the Detect Cable and Scan Device steps if you have plugged or unplugged the cable.
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Create, manage, and run configurations

G = | = - Marme: | Example Debug |
|t5-'pefi|tertext | [E] Main | [£] CableConn| % Debugger| = Startup | B Source | [C] Common | &, SVD Path
[E] C/C++ Application Cable Settings
[E] C/C++ Atach to Application Port | FTUSB-1,USB2 Dual RS232-HS A Location 0001 +| [ Detect Cable
[E] C/C++ Postrnortem Debugger
[E] C/C++ Remote Application Device Settings
Cii C/C++ Unit
Device: | LCMXO3D-9400HC: 02123043 - Scan Device

[©] GDB Hardware Debugging

v [E] GDB Open0OCD Debugging
[t ] Example Debug

[£] GDB QEMU Debugging Channel: 14 ¥

& Launch Group

JTAG Channel Setting

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

Revert Appl
Filter matched 10 of 10 items Eve R

Figure 3.39. CableConn Tab of Debug Configurations

6. Select the Debugger tab (Figure 3.40). It is critical that the Config options field contains the correct command line
options to be passed to OpenOCD.
-c "set port S{PORT}" is required for the selection connected to the Lattice cable. The value of the variable
“S{PORT}” comes from the cable settings of the CableConn tab.
-c "set target S{DEVICE}" is required for the selection of a specific device on the Lattice cable. The value of the
variable “S{DEVICE}” comes from the device settings of CableConn tab.
-c “set channel S{CHANNEL}” is required for setting the JTAG channel. The value of the variable “S{CHANNEL}”
comes from the jtag channel setting of the CableConn tab.

-c "set tck S{TCKDIV}" is required for setting the clock divider of the Lattice cable. The value of the variable
“S{TCKDIV}” comes from the speed setting of the CableConn tab.
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8 Debug Configurations

Create,  and run confi

CReEX BT~

Mame: ‘ Example

| type filter text

w [£] GDB OpenOCD Debugging
[c] Example
[t] GDB QEMU Debugging
i Launch Group

Filter matched 4 of 10 iterns

Main CableContIﬁ Debﬁl!ﬁ Startup| E_/ Source| [C] Common | %_ VD Path|

OpenOCD Setup
Start OpenQCD locally

Executable path: ‘ S{openccd_path}/8{openocd_executable} | | Browse... | |Variab|5... |

Actual executable: ‘ Chlscc\propel2024.2\sdk\eclipse\/../openccd/bin/openocd.exe |

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

GDB port: 3333
Telnet port:
Tel port:

Config options: -c 'echo "DEBUG_ENABLE=${DEBUGENABLE}" -c "set target S{DEVICE}" - "set tck S{TCKDIV}"
-c "set port S{PORT}" -c "set channel S{CHAMNMEL}" -c "set cmdlength S{CMDLENGTH}" -c
"set loc S{LOCATION}" -f interface/lattice-cable.cfg -c "set RISCV_SMALL_YAML

{8{PrajDirPath}/src/cpuyaml}” -f target/riscv-small.cfg

Allocate console for OpenOCD Allocate console for the telnet connection

GDE Client Setup

Revert Apply

@

Debug | | Close

Figure 3.40. Debugger Tab of Debug Configurations

7. (Optional) Select the Common tab (Figure 3.41). The Save as > Local file option is selected by default. This causes

the debug launch configuration to be saved into the workspace.

You can change the setting of the Save as field to Shared file. In this way, the debug launch configuration is saved

into the project and this aids the project portability.

Q Debug Cenfigurations

Create, manage, and run configurations

CEPEREX BT~

MName: | Example Debug

| type filter text

~ [£] GDB OpenOCD Debugging

I Main | CableConn | ﬁ‘a Debugger| " 3 Startup|7::/ SourceE Cammml E._ VD Path|

Save as

[¢] Example Debug O Local file
[£] GDB QEMU Debugging )
L Launch Group © Shared file: | \Example | | Browse... |
Display in favorites menu Encaoding
[ 45 Debug (@) Default - inherited (UTF-8)
[ @ Run O Other | 150-8859-1
Standard Input and Qutput
Allocate console (necessary for input)
Revert A
Filter matched 4 of 10 items | | | PPl
@ | Debug | | Close

Figure 3.41. Common Tab of Debug Configurations
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8. Remain settings as default. Do not change the settings unless necessary, or unless you understand what effect
these changes may bring.

9. Click Apply to keep the current settings.
10. Click Close.

Note: By default, C/C++ Application, C/C++ Attach to Application, C/C++ Postmortem Debugger, C/C++ Remote
Application, C/C++ Unit, and GDB Hardware Debugging are hidden on the Debug Configurations page. If you want to
use them, you can disable Filter checked launch configuration types (Figure 3.42).

7% Preferences O Pt
| type filter text | Launch Configurations L v 8
General
C/Ce+ Launch Configuration Filters
Context Filter configurations in closed projects
Help Filter configurations in deleted or missing projects
Install/Update [ Apply window working set(s)
LiClipse Filter checked launch configuration types:
MCU
Oomph [E]C/C++ Application A
Propel Setting [E]C/C++ Attach to Application
Remote Development [E]C/C++ Postmortem Debugger
w Run/Debug [E]C/C++ Remote Application
Console CHC/Cr+ Unit
~ Launching [C]GDB Hardware Debugging
Default Launchers [ [€]GDB OpenOCD Debugging
Launch Configurations [ [€]GDB QEMU Debugging
MCU Peripherals Views O 1 Launch Group v
Perspectives
String Substitution [[] Delete configurations when associated resource is deleted
View Management Migration
View Performance Search for, select, and upgrade launch configurations te be compatible
. P9 9 P
SVEditor with current toeling.
SWTChart Extensions .
. Migrate...
Terminal
Validation
Version Control (Team)
XML Restore Defaults Apply
'i?;' |\£‘. 12| @ Apply and Close Cancel

Figure 3.42. Launch Configurations

3.5.2. Starting a Debug Session

Before starting a debug session, be sure that:

e The Lattice cable is connected to the computer.
e The target device is powered ON.

e The hardware design has a debug enabled processor module and already programmed into the target device.

With the above steps completed properly, follow steps below to start the debug session from Lattice Propel SDK.
1. Choose Run > Debug Configurations....
2. If necessary, expand the GDB OpenOCD Debugging group.
3. Select the newly-defined configuration.
4. Click the Debug button (Figure 3.41).
Alternatively, for later sessions, use the Debug icon 7’:5: on the toolbar. Do not click the Debug icon directly. Instead,

click the down arrow beside the Debug icon. Select the desired debug configuration from the drop-down menu
(Figure 3.43).
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-0 -@-®& 5 -
[c| 1Example Debug
Debug As ¥
Debug Configurations...

Organize Faverites...

Figure 3.43. Debug Icon on Toolbar

5. Wait for a few seconds to switch to debug perspective, starting the server, connecting to the target device, starting
the gdb client, downloading the application, and starting the debugging session.

6. The Lattice Propel Window displays, as shown in Figure 3.44. The execution stops right at the beginning of the

main() function.

0 warkspace - Example/src/main.c - Lattice Propel - m} X
File Edit Source Refactor MNavigate Search Project Bun  LatticeTools Window Help
[l |E@iCiw|mwmm s 3 = o+ SRS -0 -QUi@E F-{Heil-f-oE-
Q E| S
#5 Debug 2 “_[{) Project Explorer = B ||[€] maine £ = 0 |[w=v 52 % B|6LE|F P| = 8
B | i E ?\5 _;J.ITICE DOES N?T |.';5.RRPNI OR EEPRESEHT TH%T T}jI? FILE, {TS [‘C‘l,\ + E|| L=<J} = E
3 USE THER DOES NOT INFRINGE ON THIRD PARTIES' I ECTUAL
~ [£] Example Debug [GDB OpenOCD Debugging] 3 RIGHTS, INCLUDING ANY PATENT. IT IS THE USER'S RESPONSIBILIT Name Type
v i Example.lf 3 IARE DESIGN FOR CONSISTENCY AND FUNCTIONALITY T 9= idk Lints t
v o Thread #1 (Suspended : Signal : 0:Signal 0) 3 WARE VALIDATIOR DS . N
= main{} at main.c:46 Ox4dc j
L openocd.exe 22 #include "utils.h"|
g fiscv-none-embed-gdb
int main{void) {
static uint8 t didx = @;
DEBUG_PRINTF("Hello RISC-V world!\rin");
LED_SET(ALL_OFF};
while {true)
LED SET(LED ON({idx)); < 5
if (++idx == LED_COUNT) { Name : idx "
idx = 8; Details:@ "\@'
' Default:e "\@'
Decimal:@
if (RTL_SIM Hex:@x@
(.J.JT.,-M;«P e Rinar @ e
< >
B Console | 111 Registers | & Terminal |[2] Problems | (3 Executables | B3 Debugger Console 2 [ Memory B~=0
Example Debug [GDE OpenQCD Debugging] ¥ cross_prefix jgdb${ cross_suffix} (277)
~
Program stopped. o
madn £A ak e dmede sans
Writable Smart Insert 42:19: 2503 165M of 334M o:

Figure 3.44. Debug Perspective 1

Note: If you need to do Reveal and Lattice Propel On-Chip Debugging concurrently, it is recommended to launch Lattice
Propel SDK On-Chip Debugging first before launching Reveal.

3.5.3. Peripherals Registers View

The Peripherals registers view provides an easy-to-use interface for examining or modifying the values of peripheral
registers during a debug session.

To use peripherals registers view in Lattice Propel SDK (Figure 3.45):
1. Make sure an active debug session is run and shown in the debug perspective.

2. Find the Peripherals view which is in the same window with the Variables and Breakpoints views. For any reason,
if this view is not found, re-open it from Window > Show View > Peripherals.

The Peripherals view lists all peripherals available in the system view description svd file within the C/C++ Project.

3. Selecting a peripheral in the Peripherals view can open a Memory Monitor that is mapped to the corresponding
peripheral memory area.

4. You can examine and modify the value of the peripherals register in the Memory view.
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File Edit Source Refactor MNavigate Search Project Run  LatticeTools Window Help
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B k| 8 ﬁ --------------------------------- ~ LB 8
v [£] Bxample Debug [GDB OpenOCD 42 #include "utils.h™ Peripheral Address Description
v i Example.elf 43 A2, cpullinst 0xFFFFO000
~ o Thread #1 (Suspended : Sig = int main{void) { P12 gpioc_inst %00002000
= main() at main.c:46 0xd: 5 static uintd t idx - @; o I
B openocd.cxe 6 DEBUG_PRINTF("Hello RISC-V world!\rin"); 05 sysmem0_inst  0x000000CO
- oF ) 7 LED_SET(ALL_OFF); 17, vartD_inst 0%00008400
po riscv-nene-embed-gdb P = -
9 while (true)
] LED_SET(LED ON(idx));
1 < >
2 if (++idx == LED_COUNT) {
3 idx = @;
4 1
5 W
< >
& Console ﬂm Registers (@' Terminal ﬂi Problems [G Executables (ﬂ Debugger COH50|EI [1 Memory ml\ = B8
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@ uartd_inst ~ 1819 RD_DATA_REG 0%00008000 Ox00008000
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Figure 3.45. Peripherals View in Debug Perspective

3.5.4. Serial Terminal Tool — 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.
> Terminal.

2.
3.

Choose Serial Terminal and configure the Serial port with Baud rate.

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

@

Figure 3.46. Launch Terminal Dialog 1

Find the Terminal view nested to the Console view. If this view is not found, re-open it from Window > Show View

In the Terminal view, click the Open a Terminal icon 2 . The Launch Terminal dialog opens (Figure 3.46).
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4. Click OK. A connection opens.
5. (Optional) Click the Toggle Command Input icon that adds an edit box to enter text (Figure 3.47).

& Console | & Terminal 22 . [2] Problems| {3 Executables 2 | o ,'3];]| B&S =0
& comi 2

I ke

3

Figure 3.47. Terminal View

3.5.5. Serial Terminal Tool — Linux

In Linux, the VCP driver and D2XX driver are incompatible with each other. For more details, refer to FTDI Drivers

Installation Guide for Linux.
Lattice Propel SDK 2025.2 provides a Linux terminal tool to fix this compatibility limitation, based on PyFtdi.

To launch a serial terminal:

1. Find the Terminal view nested to the Console view. If this view is not found, re-open it from Window > Show View
> Terminal.

In the Terminal view, click the Open a Terminal icon E The Launch Terminal dialog opens (Figure 3.48).

Choose Local Terminal and the default encoding UTF-8.

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

Figure 3.48. Launch Terminal Dialog 2

4. Click OK. A Linux shell command window opens.

Input the following command.

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

Then input the device index, as suggested in the terminal (Figure 3.49).
Execute on-chip debug with the UART output (Figure 3.50).

Note: Make sure to select the correct FTDI device shown in Figure 3.49. Otherwise, on-chip debug failure can occur
and you need to re-launch Lattice Propel SDK.
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&5 Terminal x B i Ex RH & = 8
& 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://ftdi1:2232:FT91G4P2/1 (FT2232H device)
2: ftdi://ftdi:2232:FT91G4P2/2 (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
Figure 3.49. Terminal cli
workspace_2501 - riscv_rtos_helloworld/src/main.c - Lattice Propel x
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
(= Bi8iw OB BPER SI0IK S FrOvQvi® k Lt eva o Q @
4¢ Debug x . [ Project Explorer = B ||[@ mainc x . [E]0xe86 = B |%B x = g
R 140
S % E 0 itder RISCV_RX_DRV_VER X%k & B v
~ [Eriscv_rtos_helloworld [GDB OpenOCD Debugging]|| 142 /';f driver support, set global interrupt-enable bit to 1.*/ 8
~ @riscy._rtos_helloworld.elF %:3 #endg]f.lc_enable_glubal_lnterrupts(1): 4 [Function: main] [type]
e e
» openocd %32 © main.c [line: 195]
s riscv-none-embed-gdb 14;}7 int main(void) {
149 static uint8 t idx = ©;
150 static uints t pin state = OXFF;
151
152 bsp init();
153
154 printf("Started!\nHello RISC-V world!\n");
155
1;; 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
162
163 if (++idx == LED COUNT) {
164 idx = 9;
165 . pin_state = ~pin state;
B console | @ Terminal x i Registers|[fl Problems | ) Executables| G Debugger Console [J Memory 2 & Ex BE = g
B perry@perry-virtual-machine: ~/lscc/propel/2025.1 %
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:FT91G4P2/1 (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

Figure 3.50. On-Chip Debug with UART Output
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4. How to Start with Lattice FPGA Board

This chapter is a tutorial on how to run a program on a Lattice FPGA board.
This tutorial uses CertusPro-NX Evaluation Board for example.

All Lattice Propel related products can be found from Lattice Propel Design Environment.

4.1. Board Introduction
The CertusPro-NX Evaluation Board features the CertusPro-NX FPGA in the LFG672 package, which is built on Lattice

Nexus™ FPGA platform using low power 28 nm FD-SOI technology. The board expands the usability of the CertusPro-NX
FPGA with FMC HPC connector, PMOD, Raspberry PI, along with access to 8x SerDes channels.

Easy-to-use board resources of the jumper, LED indicator, push button and switch are available for user-defined

applications. Refer to CertusPro-NX Evaluation Board User Guide (FPGA-EB-02046) for more details of this board.
Figure 4.1 shows the top view of the CertusPro-NX Evaluation Board.

.Oooooooooooooo
L% eeccccee

Figure 4.1. CertusPro-NX Evaluation Board
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4.2. Creating an SoC Project

The first step is to Create an SoC project. The SoC project is the hardware environment for a program. For detailed flow
for creating an SoC project, refer to Lattice Propel Builder 2025.2 User Guide (FPGA-UG-02243).

From Lattice Propel Builder, you can create scalable SoC projects and other special SoC projects (Figure 4.2).
Note: In this document, most of the guided flow is based on scalable SoC projects.

In the Select Device GUI, select the corresponding board (Figure 4.3). In this example, CertusPro-NX 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

Figure 4.2. Select Template GUI
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4. Propel Create Project

Select Device
Select a device or board for current template.

Board -

Name Device Version
Avant-E Evaluation LAV-AT-E70B-3LFG1156C D
Certus-MX Versa Evaluation  LFD2MNX-40-8BG256C B
CertusPro-MX Evaluation éLFCPNX-‘IDD-QLFGE?ZC A

CrossLink-NX Evaluation LIFCL-40-8BG400C B

Device Information:

Part Mumber:
Logic Cells:
LUTs:
Registers:
EBR Blocks:
LRAM:

DSP (1818 Multiplier):

ADC Blocks:
PLLs:

DLLs:

PCSs:
AlLUs:
DPHYs:

PIO Cells:
PIO Pins:

< Back Next = Cancel

LFCPNX-100-9LFG&72C
S6000

79872

79872

208

Figure 4.3. Select Device GUI

4.3. Creating a C/C++ Project

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

Refer to the C/C++ Project Design Flow section for details of creating a C/C++ project.

Different C project templates need different types of SoC project.

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 power-on, you need to execute this step.

Refer to the Memory Initialization to SoC Project section for memory initialization details.

4.5. Generating and Programing a Bit File

The fourth step is to generate a bit file and program it to board.

Save the SoC project created in steps above. Launch the Lattice Radiant software or Lattice Diamond software to
generate the bit file, as shown in the Opening a Design in Lattice FPGA Design Software section.

When the bit file is generated correctly, program it to the board. Refer to the corresponding board user guide for
details of programming the bit file. In this example, refer to CertusPro-NX Evaluation Board User Guide

(FPGA-EB-02046).

4.6. On-Chip Debugging

The last step is on-chip debugging. You can refer to the Programming and On-Chip Debugging Flow section.
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5. General Application Templates

5.1. Template List and Requirements

General application templates provide reference code for RISC-V processors.

These general templates depend on scalable RISC-V SoC projects.

For the project flow, refer to the How to Start with Lattice FPGA Board section.

Table 5.1 lists all the general templates and displays the requirements for every template.

Table 5.1. Template List

Processor Requirement

Project

RISC-V RX (V2.6.0)

12C Controller

12C Communication
Project section.

Template Name . . Required IP Other Requirement Default Soc Project
(Minimal Supported Version)
RISC-V RX (V2.2.0), Scalable RISC-V SoC
Hello World Proiect RISC-V MC (v2.4.0), UART, . Project (RISC-V RX, RISC-V
J RISC-V SM (V1.4.0), GPIO MC, RISC-V SM, RISC-V
RISC-V Nano (V1.0.0) Nano)
FreeRTOS-LTS Minimal Scalable RISC-V SoC
Project RISC-VRX (v2.2.0) UART - Project (RISC-V RX)
FreeRTOS-LTS UART, Scalable RISC-V SoC
PMP-Blinky Project RISC-VRX (v2.2.0) GPIO Project (RISC-V RX)
. Scalable RISC-V SoC
RISC-V RX Demo Project RISC-V RX (V2.2.0) UART — Project (RISC-V RX)
For the connection of
12C Communication 12C Target, pins, refer to the Scalable RISC-V SoC

Project (RISC-V RX)

. Octal SPI Scalable RISC-V SoC

SPI Controller Project RISC-V RX (V2.6.0) Controller Project (RISC-V RX)

Hardware Interrupt Scalable RISC-V SoC

RISC-V MC (V2.8. ART E le PI

Project (PIC) SCVMC (v2.8.0) v nable PIC Project (RISC-V MC)

Hardware Interrupt Scalable RISC-V SoC
RISC-V RX (V2.6. ART E le PLI

Project (PLIC) SCVRX(v2.6.0) v nable PLIC Project (RISC-V RX)

' . RISC-V MC (V2.8.0), . Sca!able RISC-V SoC

Mtimer Project RISC-V SM (V1.8.0 UART Enable Mtimer Project (RISC-V MC,

: (V18.0) RISC-V SM)

. . Scalable RISC-V SoC

Real Timer Project RISC-V RX (V2.6.0) UART Enable CLINT Project (RISC-V RX)

Software Interrupt Scalable RISC-V SoC

Project RISC-V RX (V2.6.0) UART Enable CLINT Project (RISC-V RX)

Watchdog Timer Project | RISC-V RX (V2.6.0) UART Enable CLINT Scalable RISC-V SoC

Project (RISC-V RX)

Code Coverage Project

RISC-V RX (V2.4.0)

Enable Semihost
128 kB memory
range

Scalable RISC-V SoC
Project (RISC-V RX)

Timing Profiling Project

RISC-V RX (V2.4.0)

Enable Semihost
128 kB memory
range

Scalable RISC-V SoC
Project (RISC-V RX)

5.2. Hello World

This Hello World C project supports all the scalable RISC-V SoC projects.
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It requires UART IP for terminal print-out (Figure 5.1) and GPIO IP for LED display.

& o x|

&
4B Terminal =2 | EM Eﬂ‘ B&=0
B comi2 x

Started!

Helle RISC-V world!

Figure 5.1. Hello World Project Terminal

5.3. RTOS

FreeRTOS-LTS Minimal Project, FreeRTOS-LTS PMP-Blinky Project, and RISC-V RX Demo Project are RTOS application
templates.

These templates need the Scalable RISC-V SoC project, Real-Time Operation System (RISC-V RX), as shown in Figure 5.2.

. 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

Figure 5.2. Scalable SoC Project — Real-Time Operation System (RISC-V RX)

The FreeRTOS-LTS PMP-Blinky Project template shows how to create tasks, timer, and running tasks. When the project
runs correctly, the terminal print-out is shown in Figure 5.3.
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o
s

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,
pmp entryl: mode=8x81, per , addr 25d4(*4) 9758,
pmp entry2: mode=@x@l, per , addr 5d7(*4) 75c,
pmp entry3: mode=@x@1, perm=8x87, addr=@x3ffffiff(*4)=auffffffic,

locked=@
locked=1
locked=#
locked=2

@ 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

Figure 5.3. FreeRTOS-LTS PMP-Blinky Project Terminal Print-out

5.4. Single Function

Single function here refers to the corresponding module of each RISC-V processor. The single-function template refers

to each processor module’s reference code.

For details of each RISC-V processor and the corresponding module, refer to its IP user guide (Table 5.2).

Table 5.2. RISC-V Processor User Guide

RISC-V RX RISC-V RX CPU IP Core
RISC-V MC RISC-V MC CPU IP Core
RISC-V SM RISC-V SM CPU IP Core
RISC-V Nano RISC-V Nano CPU IP Core

5.4.1. Hardware Interrupt Project (PIC)

This template shows how to use the RISC-V MC processor’s Programmable Interrupt Controller (PIC) module.
This template requires the Scalable RISC-V SoC project, General Micro Controller (RISC-V MC), as shown in Figure 5.4.

When this project is running, you can push the button mentioned in the corresponding code. Then, you can see the

terminal print-out (Figure 5.5) and LED display.

Note: This template supports only three boards by default: CertusPro-NX Evaluation Board, Certus-NX Versa Evaluation

Board, and CrossLink-NX Evaluation Board.
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4. Propel Create Project *
System Application Level
(choose an application)
This template enables RTOS level application. The SOC is based This template enables bare metal level application. The SOC is
on RISC-V RX and uses AX| as main system bus based on RISC-V MC and uses AHBL as main system bus.
Considering RISC-V MC is highly configurable, this template is
suitable for almost all the available devices
Real-Time Operation System(RISC-V RX) General Micro Controller(RISC-V MC)
This template enables bare metal level application. The SOCis This template enables bare metal level application. The SOC is
based on RISC-V M and uses AHBL as main system bus. RISC-V based on RISC-V NANO and uses AHBEL as main system bus.
SM is recommended for resoruce constrained devices RISC-V NANO is recommended for certain use cases that
resouce usage is highly sensitive
General State Machine(RISC-V SM) Glue Logic(RISC-V Nano)
< Back MNext = Cancel

Figure 5.4. Scalable SoC Project — General Micro Controller (RISC-V MC)

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

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

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

Figure 5.5. Hardware Interrupt Project (PIC) Project Terminal Print-out

5.4.2. Mtimer Project

This template shows how to use RISC-V MC processor and RISC-V SM processor’s Mtimer module.

This template requires the Scalable RISC-V SoC Project, General Micro Controller (RISC-V MC) shown in Figure 5.4, or
the Scalable RISC-V SoC Project, General Micro Controller (RISC-V SM) shown in Figure 5.6.

This project uses mtimer for delay function and provides the mdelay() function using the timer cycle counter and the
irg_mdelay() function using the timer interrupt. The terminal print-out is shown in Figure 5.7.
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4. Propel Create Project

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)

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 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

Figure 5.6. Scalable SoC Project — General State Machine (RISC-V SM)

o1
w5
@T&rminal s
B COME

Start mtimer test!

Use mtimer cycle count to delay l@@eéms.

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

[m} >
= 8

Figure 5.7. Mtimer Project

5.4.3. Hardware Interrupt Project (PLIC)

This template shows how to use the RISC-V RX processor’s Platform-Level Interrupt Controller (PLIC) module.

This template requires the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in

Figure 5.2.

When this project is running, you can push the button mentioned in the corresponding code. Then, you can see the

terminal print-out (Figure 5.8) and LED display.

Note: This template supports only four boards by default: CertusPro-NX Evaluation Board, Certus-NX Versa Evaluation

Board, CrossLink-NX Evaluation Board, and Avant-E Evaluation Board.
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o
wE

A8 Terminal

& 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

Eu BA |

o x
B O

Figure 5.8. Hardware Interrupt Project (PLIC) Project Terminal Print-out

5.4.4. Real Timer Project

This template shows how to use the RISC-V RX processor’s CLINT-mtimer module. This timer is a real-time clock of

32 kHz.
RTOS projects always use this real-time clock to generate ticks.

This template requires the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in
Figure 5.2. This project uses the real timer to generate a simple stopwatch. The terminal print-out is shown in

Figure 5.9.

o
oo

A8 Terminal X

B comiz
Start real timer test!

Start a stopwatch by real timer!

ecffez: 86

Figure 5.9. Real Timer Project

5.4.5. Software Interrupt Project

This template shows how to use the RISC-V RX processor’s CLINT-MSIP module.
This template requires the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in

Figure 5.2. This project uses CLINT-MSIP to generate a simple task scheduler, which act as a multi-thread program. The

terminal print-out is shown in Figure 5.10.
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o
R

& Terminal

B comiz x

Start task schedule!

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

Sstart software interrupt test!

Create a simple task scheduler by software interrupt

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

interrupt!

Figure 5.10. Software Interrupt Project

5.4.6. Watchdog Timer Project
This template shows how to use the RISC-V RX processor’s watchdog timer (WDT).
This template needs the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in Figure 5.2.

This WDT is a software WDT. It generates a system reset signal when the program goes into endless loop and cannot

feed the WDT in time.

Watchdog Timer Project 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 and get by the get_busy_status_for_demo() function. This busy status is like a
peripheral’s status and the program should check its status before using it.

The terminal print-out is shown in Figure 5.11.

7o
]

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

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

busy
busy
busy
busy
busy
busy
busy
busy
busy
busy
busy

& Terminal X

B comiz x
Started!

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

(== BN R T R R EVR S

B | i3 B BE|

2]

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

O

EH=B

bes

Figure 5.11. Watchdog Timer Project
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5.5. IP Usage Reference

5.5.1. 12C Communication Project

This template needs the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in Figure 5.2.
This SoC project includes an 12C controller instance and 12C target instance.

This project requires connecting pins according to the annotation in the main() function.

When communicating successfully, the terminal print-out is shown in Figure 5.12. 12C controller can send to or get
message from the existing target at the address 0x31. Communication fails with an invalid target at address 0x32. This
is expected upon 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 @x3l.=======>

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

Figure 5.12. 12C Communication Project

5.5.2. SPI Controller Project

This template requires the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in
Figure 5.2. This SoC project includes the Octal SPI Controller instance. The Octal SPI Controller is designed to be
connected with 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 forms: read or write between a RAM and a flash; read or write between a file and a
flash. The different forms depend on the System Library selection in the C project creating flow.

e Read or write between a RAM and a flash

In the C project creating flow, under the Lattice Toolchain Setting page, select Default for System Library
(Figure 5.13). The terminal print-out is shown in Figure 5.14.

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.

o

Compare the data and the report.
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3 C/C++ Project

Lattice Toolchain Setting

Configuration: | Debug [ Active ]

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

(O Mo default libraries (-nodefaultlibs)
O Newlib

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

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

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

Systern Library
(@) Default

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

@' < Back

Next =

Cancel

Figure 5.13. Selecting Default for System Library

7o
o

A Terminal X

B com2 x

Start SPI test!

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

éé;alback from:exeeffffce.

éead data:"IT's SPI WR Test!™

Read back the same data, test success!

End!

Figure 5.14. Read or Write between the RAM and the Flash

e Read or write between a file and a Flash

In the C project creating flow, under the Lattice Toolchain Setting page, select Semihosting for System Library,

(Figure 5.15).

The print-out message shows in the console window (Figure 5.16).

The program logic is designed as follows:
a. Match the flash ID and get the flash size.

b. Read data from the start of the flash and save it into the file flash_use2write.bin.

c. Write the file flash_use2write.bin to the end of the flash.

d. Read back the data from the end of flash and save it into the file flash_readback.bin.

When the program finishes running, you can find the two files, flash_use2write.bin and flash_readback.bin in the
project folder (Figure 5.17). Compare these two files to verify if the read or write operation is correct.
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08 CfC++ Project [m| X

Lattice Toolchain Setting

Configuration: | Debug [ Active ] ~

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

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

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

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

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

System Library
() Default

Semihosting (--oslib=semihost):

(O Dummyhosting (--oslib=dummyhost)

® Next = | Finish | | Cancel

Figure 5.15. Selecting Semihosting System Library

& O X
& Console X %h|ﬁ£ﬂl§9@@|ﬂa‘rﬁ'mﬁ
riscv_rtos_spi_semihost [GDE OpenOCD Debugging]

(3138) time (/32) A

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

Start SPI test!

Find flash MT25QU128, SPI,Nor,16MB!

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

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

Write completed!

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

Read completed!

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

End!

Figure 5.16. Read or Write between File and Flash
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| = | riscv_rtos_spi - o x
Home Share View ™ e
« v P <« Mew Volume (D:) » propel-workspace » riscv_rtos_spi » v O O Search riscv_rtos_spi
~
~ Name Date medified Type Size
7 Quick access
B Desktop - .settings File folder
Debug File folder
{ Downloads -+
src File folder
Documents * ] .cproject CPROJECT File 43KB
[&] Pictures » project PROJECT File 1 KB
doc flash_readback.bin BIN File SKB
freertos_minimal flash_use2write.bin BIN File 9 KB
freertos_pmp_blinky | | riscv_rtos_spilaunch LAUMCH File 7KB
sge v
8 iterns =

Figure 5.17. Project Folder

5.5.3. I13C Communication Project

This template needs the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in Figure 5.2.

This SoC project includes an I3C controller instance and 13C target instance.

This project requires co

nnecting pins according to the annotation in the main() function.

When communicating successfully, the terminal print-out is shown in Figure 5.18. 13C controller can send to or get

message from at the ad

dress 0x09.

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

& comie X

[main] Hello I3C demo

[i3c_target] set target DCR: @x@@

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

Target Init

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

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

li3c_master_daa()...

[3C master DAA is success

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

[i3c_master] target pid = 9x0000000000003c4e

[i3c_master] I3C master DAA is success

[i3c_target] Dynamic Address: 0x@9 Target CheCk DDA Oxog

i3c_master] Controller private write, value 1 = @x11

[i3c_master] Controller private write, value 2 = @xAA §
Write FIFO
[i3c_master] Write successful!

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

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

Check FIFO

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

main] Cleanup

[main] End!

Figure 5.18. I3C Communication
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5.5.4. General-Purpose Timer Project
This template shows how to use the general-purpose timer (GPTIMER) peripheral.
This template needs the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in Figure 5.2.

It demonstrates how to initialize, configure, and use a hardware timer to generate periodic interrupts, and how to
handle those interrupts in software. Running time result is shown in Figure 5.19.

Key features:

Initializes the platform, including the Platform-Level Interrupt Controller (PLIC) and trap or exception handlers.
Configures a general-purpose 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.

You can set Period Value(ms) in main() to determine the time duration for general purpose timer to overflow.

Configurable Parameters:

Timer Period (period_value):

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

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

Sets the continuous parameter in gp_timer_config().

e  Continuous/Periodic Mode (continuous=true):
The timer automatically reloads its initial value after each timeout or overflow and continues counting,
thereby generating interrupts repeatedly.

e  One-shot Mode (continuous=false):
The timer stops after the first timeout or overflow event, which may result in intermittent or no interrupt
triggering.

Interrupt Priority:

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

Callback Function:

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

gp_timer_start().

System Clock (sys_clk):

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

Configuration Example (Function: gptimer_irq_init_and_start()):

Determine Counting Direction:
Configures for Count-down operation, where the timer decrements from the reload value to 0.
Obtain Prescaler Ratio:

Determines the actual prescaler ratio by referencing the value of pscaler_ratio[7:0] in the CONTROL register, as
described in Table 2.14 Prescaler Ratio Table of the Timer/Counter IP User Guide (FPGA-IPUG-02139).

Calculate Time per Count:

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

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

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

e 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.

e  The timer counts down from the reload value to 0.
e Time per count = Prescaler Ratio x System clock period.

e Thus, Total timeout = (Reload Value + 1) x Time per count = 1 ms.

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

[gptimer] timer callback ENTER

[gptimer] reload_value: 25000

i[gptimer] prescaler: 2

[gptimer] sys_clk: 50000000Hz

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

[main] timer_flag handled

Figure 5.19. General Purpose Timer Project

5.6. Profiling Tool

5.6.1. Code Coverage Project

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

Refer to gcov—a Test Coverage Program for more details.

This template requires the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in
Figure 5.2. As this template has more code and larger memory size, the corresponding RISC-V RX project created needs
to have 128 kB Memory Range (Figure 5.22).

In the C project creating flow, some default selections are different from those of other templates. Keep these default
selections.

The print-out log is shown in Figure 5.20. Then, you can find the coverage files in Project Explorer shown in
Figure 5.21. Double click one of the coverage files and click OK (Figure 5.22).

Wait for a few seconds, the coverage information is displayed (Figure 5.23).

For detailed usage of code coverage, refer to Help - Eclipse Platform and 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)
(981) mip (/32)
(1985) mtohost (/32)
( mfromhost (/32)
(1987) mreset (/32)
(1988) mipi (/32)
(1989) miocbase (/32)
(3137) cycle (/32)
(3138) time (/32)
(
(
(
(
(
(
(

-
=)
a0
&

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

Start!

Do coverage data dump .. done!

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

-

Figure 5.20. Code Coverage Project

oL

=

O x

E:‘_j Project Explorer <
S

BES Y § © 0O

w oS riscv_rtos_goov
» ﬁ'} Binaries
S Includes

w = Debug
W[ SIC
» [= bsp
» [&= gcov
» [= samples
> board.o - [riscv/le]
> main.o - [riscv/1e]
> timer.o - [riscv/le]
board.d
& board.gcda
main.d
% main.gcda
@& subdir.mk
timer.d
& timer.gcda
& timer.gcno
» %}'} riscv_rtos_geov.elf - [risov/le]
[&. makefile
| & objectsmk
2| riscv_rtos_gcov.bin
riscv_rtas_gcov.lst
riscv_rtas_gcov.map

riscv_rtos_gcov.mem

~

Figure 5.21. Code Coverage Files
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e
i/ Goov - Open coverage results... >
Binary File
Please enter here the binary file which produced the coverage data.
|D:\propel-workspace\riscv_rtos_gcov\Debug\riscv_rtos_gcov.elf Workspace... | | File Systemn...
Cowverage result
() Show coverage details for board.c enly.
(®) Show coverage for the whole selected binary file
Figure 5.22. Open Coverage Results
O X
[ mainc = 8
59 ~
2= int main(void)
1
2 static uint32_t ms_delay = 58@;
3 extern char _ftext[];
4 const char *startptr = _ftext + OFFSET;
5
6 gcov_prepare();
7
8 memcpy(srcptr, startptr, TMPSIZE);
]
@ bsp_init();
1
2 printf("\nstart!\n");
3
4 my_memcpy_char(dstptr, srcptr, TMPSIZE, OP_TIMES);
5 my_memcpy_int(dstptr, srcptr, TMPSIZE, OP_TIMES);
&
7 timer_delay(ms_delay);
H
9 goov_out();
@
1 while (1)
2
3 timer_delay(ms_delay);
4
5 v

Tg:cw M

B E®aE|&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 28 . 78.38%
» Iscc_geovie 61 9 7 _— 77.78%
» riscwh 332 24 18 I 75.0%
> timer.c 105 38 26 _— 63.42%
> trap.c 125 22 13 I 52.18%
» riscwh 332 18 12 W 66.67%
» iob.c 83 n 5 . 45.45%

Figure 5.23. Code Coverage Information
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. Propel Create Project X

1. Choose from below . i .
2 Then click 'Confirm' 3. Choose number of Peripherals after click ‘Confirm

System App Level

=== Peripheral ===
rtos
GPIO 1
Processor:
UART 1
System Memary : 12C Controller 1
Octal SPI Controller 1
Memory Range (KB) : 12€ Target 1

128

System Clock (MHz) :

Pre-defined Base Ini:

Confirm

< Back Mext > Cancel

Figure 5.24. Scalable RISC-V SoC Project — Real-Time Operation System (RISC-V RX) Confirm Page

5.6.2. How to Add Code Coverage Function to an Existing C Project

1.

2.
3.
4

g

In the Project Explorer view, select the existing C project.

Choose Project > Properties > C/C++ Build > Settings.

Select GNU RISC-V Cross C Compiler > Preprocessor. Add the defined symbol, LSCC_COVERAGE (Figure 5.25).
Select GNU RISC-V Cross C Compiler > Miscellaneous. Add the compiler flag, -fprofile-arcs -ftest-coverage
(Figure 5.26).

Select GNU RISC-V Cross C Linker > Libraries. Add the library, smallgcov (Figure 5.27).

Select GNU RISC-V Cross C Linker > Miscellaneous. Add the linker flag, --defsym=_HEAP_SIZE=0x1000 (Figure 5.28).
Note: 0x1000 is a suggested value and it can be changed to a proper value if necessary.

Select GNU RISC-V Cross C Linker > Miscellaneous. Check link flags under the label, Other linker flags. Make sure
the linker flag, --oslib=semihost, is supported (Figure 5.29).

Click Apply and Close.

Add the line scoverage_init(); to the head of the code section. Add the line scoverage_dump(); to the
end of the code section. You can refer to the sample template.

10. Rebuild this C project.
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|type filker text

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
SystemVerilog Project Prope
Task Tags
Validation

Q Properties for riscv_rtos_redemo_default

Settings

Configuration:

&5 Tool Settings ¥ Toolchains

Debug [ Active ]

L

B Devices # Build Steps

@ Target P

(2 Warn

@ Optimization
@ Warnings
@ Debugging
« %3 GNU RISC-V Cross Assembler
(% Preprocessor
(2 Includes

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

rocessor
[JPreprocess only (-E)
Defined symbels (-0)

ings

Build Artifact Binary Parsers (4 | %

[ Do net search systemn directories (-nostding)

e

Manage Configurations...

&8 8 W ¥

Figu

re 5.25. LSCC_COVERAGE Symbol

s Properties for riscv_rtos_edemo_default

Build Variables
Envirenment
Logging
Settings

i® Tool Settings 13 Toolchains

m} X
type filter text Settings - + &
Resource
Builders
~ CfC++ Build Configuration: Debug [ Active ]

‘M Devices & Build Steps Build Artifact Binary Parsers @ Error Parsers

Tool Chain Editor
C/C++ General
MCU
Project Natures
Project References
Run/Debug Settings
SystemVerilog Project Prope
Task Tags
Validation

v

(& Target Processor
(& Optimization
(2 Warnings
(&2 Debugging
~ B3 GNU RISC-V Cross Assembler

(£ Preprocessor
@ Includes

@ Warnings

@ Miscellaneous

~ B3 GNU RISC-V Cross C Compiler

(£ Preprocessor
2 Includes
(£ Optimization

(£ Warnings
@ Miscellaneous

GMNU RISC-V Cross C Linker

@ General

[[] Generate assembler listing (-Wa,-adhlns="8@.lst")
[[] Save temporary files (--save-temps Use with caution!)

[ verbose (-v)

~

Manage Configurations...

o |
Other compiler flags | picolibc.specs -DPICOLIBC_INTEGER_PRINTF_SCANI-fprufiIE-arcs -f‘test-cuveragdl

Figure 5.26. -fprofile-arcs -ftest-coverage Compiler Flag
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Q Properties for riscv_rtos_ncdemo_default

type filter text

Settings

> Resource
Builders
w C/C++ Build
Build Variables
Environment
Logging
Settings

» C/C++ General

» MCU
Project Matures
Project References

Task Tags
> Validation

Tool Chain Editor

Run/Debug Settings
SystemVerilog Project Props

Configuration: | Debug [

¥ Tool Settings 2 Toolchains

Active ] ~ | | Manage Cenfigurations...

Devices # Build Steps Build Artifact Binary Parsers 3 Error Parsers

(22 Target Processor
@ Optimization
@ Warnings

@ Debugging

(%2 Preprocessor

2 Includes

(2 Warnings

(# Miscellaneous
~ B3 GMU RISC-V Cros

@ Preprocessor

@ Includes

@ Optimization

(2 Warnings

(2 Miscellaneous

(2 General
@ Libraries
@ Miscellaneous

w B3 GMURISC-V Cross Assembler

~ B3 GMU RISC-V Cross C Linker

w B3 GMU RISC-V Cross Create Listing

Libraries (-1} € 5 85 &

= C Compiler

Library search path (-1)

848 8 4l ¢

Figure 5.27. smallgcov Library

type filter text

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

G Properties for riscv_rtos_mdemo_default

Settings

Configuration:

Debug [ Active ]

& Tool Settings i Toolchains M Devices

~ | | Manage Configurations...

# Build Steps Build Artifact

Binary Parsers @ Error Parsers

(22 Target Processor
(2 Optimization
# Warnings
@ Debugging
~ B3 GNU RISC-V Cross Assembler
(22 Preprocessor
2 Includes
(2 Warnings
# Miscellaneous
~ B GNU RISC-V Cross C Compiler
(% Preprocessor
(2 Includes
(2 Optimization
(2 Warnings
# Miscellaneous
w %% GNU RISC-V Cross C Linker
@ General
(22 Libraries
(2 Miscellaneous

~ % GNU RISC-V Cross Create Listing

Linker flags (-Xlinker [eption])

€& 8 5L

Other objects

a0 8§

Figure 5.28. --defsym=_HEAP_SIZE=0x1000 Linker Flag
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$ Properties for riscv_rtos_nedemo_default [m] e
type filter text Settings - - 8
Resource
Builders
~ C/C++ Build Configuration: | Debug [ Active] ~ | | Manage Configurations...

Build Variables
Environment
Logging ) Tool Settings % Toolchains M Devices # Build Steps Build Artifact Binary Parsers @ Error Parsers
Settings
Tool Chain Editor @ Target Processar Linker flags (-Xlinker [option]) 28 8
C/C++ General (£ Optimization _
MCU (% Warnings
Project Natures (£ Debugging
Project References ~ 5 GMU RISC-V Cross Assembler
Run/Debug Settings (2 Preprocessor
SystemVerilog Project Propt (2 Includes
Task Tags (2 Warnings
Validation (£ Miscellaneous
« & GNU RISC-V Cross C Compiler
(¥ Preprocessor
(2 Includes
(2 Optimization
(5 Warnings
(£ Miscellaneous
~ 5 GMU RISC-V Cross C Linker
% General
(& Libraries
(2 Miscellaneous
~ [ GNU RISC-V Cross Create Listing
(& General
~ 83 GNU RISC-V Cross Print Size Generate map |“S{BuiIdAmfactFiIEBaseName}.map”
(£ General [ Cross reference (-Xlinker --cref)

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

Other objects &

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

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

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

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

[ verbose (-v) ;

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

Figure 5.29. --oslib=semihost Linker Flag

5.6.3. Timing Profiling Project

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

Refer to the GNU gprof document for more details.

This template requires the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in
Figure 5.2. As this template has more code and larger memory size, the corresponding RISC-V RX project created needs
to have 128 kB Memory Range (Figure 5.24).

In this C project creating flow, some default selections are different from other templates. Keep these default
selections.

The print-out log is shown in Figure 5.30. Then, you can find the gmon.out file in Project Explorer shown in Figure 5.31.
Double-click this file (Figure 5.31). Click OK.

Wait for a few minutes. The gprof Viewer opens (Figure 5.30).

You can click the icons in the gprof Viewer to change the display style, such as sort samples per function (Figure 5.30).
You can also click the title of every column to sort (Figure 5.30).

For detailed usage of gprof Viewer, refer to Help - Eclipse Platform and type in GProf View in the Search box.
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o
=

O

et

El Console

BX k| EERSESE r2-85-=0

riscv_rtos_gprof [GDB OpenQCD Debugging]

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

Timing

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

profiling test start, sampling period: Ims.

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

Figure 5.30. Timing Profiling Project

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

B Console Bt

Reglster’smg| Termmaq Iﬂ Prob\ems} Qo E)(ecl..rtabls} E Debugger Console] 0 Memorﬂ W gccw] = 0

riscv_rtos_gprof [GDB OpenOCD Debugging]

X% BKEREE -9

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

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

ES

& riscv_rtos_gprof/gmon.out

| Writable | smart Insert | 89:12: 309

Figure 5.31. gmon File Viewer
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©o
p)
i gprof X RN ] BRI i s
grmen file: D:\propel-workspacelriscv_rtos_gprofigmon.cut
pregram file: D:/propel-workspace/riscv_rtos_gprof/Debug/riscv_rtos_gprof.elf
timestarmp: 5/9/23, 10:48 AM
2 bytes per bucket, each sample counts as 1.000ms
A type filter text
MName (location) Samples Calls Time/Call % Time ~
~ Summary 233 . 100.0%
timer_delay 500 1 500.000ms I 56.63%
my_memcpy_char 302 1 302.000ms - 34.2%
my_memcpy_int a0 1 80.000ms _— 9.06%
w_mstatus 1 5 200.000us . 0.11%
w_mtvec 0 1 Ons  0.0%
w_mscratch 0 1 Ons  0.0%
w_mie 0 3 Ons . 0.0%
w_mie 0 1770 Ons  0.0%
uart_init o 1 Ons  0.0%
trap_init 0 1 Ons  0.0%
trap_handler 0 0  0.0%
timer_stop 0 1 Ons _— 0.0%
timer_start 0 1 Ons . 0.0%
timer_reload 0 283 Ons  0.0% W

Figure 5.32. gprof Viewer

5.6.4. How to Add Timing Profiling Function to an Existing C Project

o vk wN R

~

10.
11.

12.
13.

In the Project Explorer view, select the existing C project.

Select Project > Properties > C/C++ Build > Settings.

Select Debugging. Enable the Generate gprof information checkbox (Figure 5.33).

Select GNU RISC-V Cross C Compiler > Preprocessor. Add the defined symbol, LSCC_GPROF (Figure 5.34).
Select GNU RISC-V Cross C Linker > Libraries. Add the library, smallgprof (Figure 5.35).

Select GNU RISC-V Cross C Linker > Miscellaneous. Check link flags in the label, Other linker flags. Make sure the
linker flag, --oslib=semihost, is supported (Figure 5.36).

Click Apply and Close.
Open file linker.ld in the src folder. Set an enough value for _HEAP_SIZE (Figure 3.35).

Note: HEAP_SIZE is the size of heap memory, used for malloc. Timing profiling function requires additional heap
memory. The size is approximately 125%/175% of .text size.

Copy gprof.c and gprof.h to the src folder. These files can be found in the Timing Profiling Project.
Enable a hard timer. Add the profile_handler() function into timer handle. Refer to Timing Profiling Project.

Add the line gprof_init(); to the line where the profiling starts. Add the line gmon_out () ; to the line where
the profiling stops.

Refer to Timing Profiling Project and make sure the code is correct.
Rebuild this C project.
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7% Properties for riscv_rtos_gprof O X
|t)rpefiltertext Settings Gy
» Resource
Builders
s CfC++ Build Cenfiguration: |Debug [ Active ] ~

Manage Ceonfigurations...
Build Variables

Environment

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

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

Restore Defaults Apply

@ Apply and Close Cancel

Figure 5.33. Generate gprof Information Checkbox
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8 Properties for riscv_rtos_gprof

|typefi|ter text

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

Settings

Cenfiguration: |Debug [ Active ]

V| | Manage Cenfigurations... |

B Tool Settings % Toolchains M Devices & Build Steps

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

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

O Preprocess only (-E)

Build Artifact Binary Parsers ll:l:‘

Defined symbols (-D)

& & 8§ L

Undefined symbols (-U)

88 3§l &

| Restore Qefauhsl | Apply |

|Appl}'and Closel | Cancel |

Figure 5.34. LSCC_GPROF Symbol
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3 Properties for riscv_rtos_gprof

|t}rpefilter text

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

Cenfiguration: |Dehug [ Active ]

V| | Manage Configulations...l

B Tool Settings &) Toolchains
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Build Artifact BinaryParsers llIlI‘

(# Target Processor
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@ Debugging
w B8 GNU RISC-V Cross Assembler
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@ Warnings
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~ 3 GMU RISC-V Cross C Compiler
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Figure 5.35. smallgprof Link Library
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Q Properties for riscv_rtos_gprof

| type filter text Settings

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

(& Debugging

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

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

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

~ B8 GNU RISC-V Cross Create Listing
@ General

~ B8 GNU RISC-V Cross Print Size
@ General

w B8 Lattice Create Memory Deployment
@ General

w oW

.

Other ohjects &880 8 58

| "${BuildArtifactFileBaseName}.map"
[[] Cross reference (-Klinker --cref)
[ Print link map (-Xlinker --print-map)

Generate map

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

[ Use float with nano printf (-u _printf_float)

[ Use float with nane scanf (-u _scanf_float)

[]Do not use syscalls (--specs=nosys.specs)

[ Verbose (-v) " .

Other linker flags | --specs=picolibc.specs -DPICOLIBC_\NTEGER_PRINTF_SCANFl-osli semihost I

Restore Defaults

Apply v

Apply and Close

Cancel

Figure 5.36. --oslib=semihost Linker Flag

o
R

el Linker

2
JENTRY (_start)
4

7
2 MEMORY]
99

11}
12
13 SECTIONS

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

5 _HEAP_SIZE = DEFINED(_HEAP SIZE) JI P_SIZE : 8x7808; I
£ _STACK_SIZE = DEFINED(_STACK SIZE) - K SIZE ¢ oxhoo;

1@ tom@_inst (rwx) @ org = 8x@, len = @x200800

Overview | linker.ld

Figure 5.37. _HEAP_SIZE in Linker Script File
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6. Lattice Propel Tutorial — Hello World

Following this tutorial, you can easily create a hardware and software project. After that, you can run the project on
your evaluation board.

The tutorial uses a MachX03D Breakout Board for demonstration. It uses the R5232 UART function. To enable RS232
UART function on the MachXO3D Breakout Board, the following reworks on the board are required.

For more details of this board, refer to MachXO3D Breakout Board User Guide (FPGA-UG-02084).
1. Perform hardware reworks on the MachXO3D Breakout Board.
Short R14 and R15 using 0 Q resistors, as shown in Figure 6.1.
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Figure 6.1. MachX03D Breakout Board

2. Configure the FTDI device with the FT_Prog software to enable the UART function.
Connect the MachXO3D Breakout Board to the host PC and power on the board.
Open the FT_Prog software. Select DEVICES > Program.
Make sure Port B is configured as RS232 UART in Hardware and Virtual COM Port in Driver. See Figure 6.2.
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Select DEVICES > Program from the FT_Prog software again. From the opened Program Devices dialog, click

Program.

Device Tree

Property

Value

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

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

-=p Suspend DBUST

-=p TPRDRY

=y Port A

= Port B

- [

H=p Driver

[+H=p 10 Pins

RS232 UART
245 FIFO
CPU FIFO
OPTO Isolate

Device Tree

Property

Value

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

S=» FT EEPROM
= Chip Details
i=) USB Device Descriptor
i=) USB Config Descriptor
i=) USB String Descriptors
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=y Port A

= Port B

'=> Hardware

o B

FH=p 1O Pins

D2XX Direct
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Figure 6.2. Configuring the FTDI Device

All the reworks for the MachXO3D Breakout Board are completed.

6.1. Creating an SoC Design Project and Preparing Hardware Design

The MachX03D Breakout Board includes a minimal volume FPGA, which cannot support an RX SoC project. Hence, an
MC SoC project is created in this tutorial.

We need to launch Lattice Propel Builder to create the MC SoC project.

Follow steps below for a simple SoC creating flow. If you encounter errors, refer to Lattice Propel Builder 2025.2 User
Guide (FPGA-UG-02243) if meet errors.

Launch Lattice Propel Builder:

1.

Choose File > New SoC Design. set Design Information or leave it as default (Figure 6.3).
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4. Propel Create Project X
Design Information
Enter a name for your design and specify a directary where the design files will be stored.
Project:
Language: | Verilog =
Name: MySoCl
Location: | Dn/SoCProject ¥ | | Browse...
Create Project at D:/50CProject/My5oC
Mext > Cancel

Figure 6.3. Design Information Settings

2. Click Next. Choose Scalable RISC-V SoC Project (Figure 6.4).
% Propel Create Project X
Select Template
Select a template by name and version from the list of templates.
Template Info:
Name Processor Version This is scalable SOC design entry that allows
: user to custornize a 50C in a dynamic way
alable RISC-V SoC Project ISC-V RX RISC-V MC,RISC-V SM,RISC-V NANO Mone

Empty Project RISC-V MC,RISC-V SM,RISC-V RX,RISC-V NANO | None S‘ﬂ;ﬂ’:ﬁ:;‘;z;’;’m -

LOW POWER Project RISC-V RX Mone Certus-NX Versa Evalu.ation(B),
CertusPro-MX Evaluation(4),

Lattice Sentry RoT Project RISC-V MC None CrossLink-MX Evaluation(B),
ECP3 Versa Evaluation(B),

Lattice Sentry RoT Project (256) RISC-V MC None ECP5-5G Versa(B),
MachX02 Breakout(A),

Lattice Sentry RoT Project (484) RISC-V MC Mone MachX 03D Breakout(4),
ICE4D UltraPlus Breakout Board(A)

RISC-V MC Dual Processor Project | RISC-V MC MNene

Supported Devices:
RISC-V MC Multi Processor Project | RISC-V MC MNene ECP5U,
. ECP5UM,

SHA-3 CXU Project RISC-V RX MNene ECPSUMSG
LAV-AT,
LFCPMX,
LFD2MEK,

Template Manager !—!:_M’:‘(OS- =
< Back MNext » Cancel
Figure 6.4. Select Template Page
3. Click Next. Choose General Micro Controller RISC-V MC (Figure 6.5).
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. Propel Create Project X
System Application Level
(choose an application)
This template enables RTOS level application. The SOC is based on This template enables bare metal level application. The SOC is based
RISC-V RX and uses AX| as main system bus on RISC-V MC and uses AHBL as main system bus. Considering RISC-
VMC is highly configurable, this template is suitable for almost all
the available devices
[ ) Real-Time Operation System(RISC-V RX) (@) General Micro Controller(RISC-V MC)
This template enables bare metal level application. The SOC is based This template enables bare metal level application. The SOC is based
on RISC-V SM and uses AHBL as main system bus, RISC-V SM is on RISC-V NANO and uses AHBL as main system bus., RISC-V NANO
recommended for resoruce constrained devices is recommended for certain use cases that resouce usage is highly
sensitive
() General State Machine(RISC-V SM) () Glue Logic(RISC-V Nano)
|'
< Back Next > Cancel
Figure 6.5. Selecting General Micro Controller RISC-V MC for System Application Level
4. Click Next. Use the Board filter and select MachXO3D Breakout (Figure 6.6).
4. Propel Create Project x
Select Device
Select a device or board for current template.
Device Information:
Device Version Part Number: LCMX03D-8400HC- SBG256C
Certus-NX Versa Evaluation | LFD2NX-40-8BG256C B LUT: 9400
Registers: G400
CertusPro-NX Evaluation LFCPMX-100-8LFGET2C A X
EER Bits: 432K
CrossLink-NX Evaluation LIFCL-40-8BGAD0C B EBR Blocks: 48
ECP3 Versa Evaluation LFE3-35EA-BFNA24C B LEERERE TEELD
DSPs: -
ECP3-5G Versa Evaluation | LFESUM-45F-8BG381C B
PLLs: 2
MachX02 Breakout LCMXO2-7000HE-4TG144C A PLLs: 2
Lcmxoan-mm-saﬂzsac A Dis: 0
PCS: =
PIO Cells:
DlLs: 0
API: =
PIO Pins: 207
Online Data Sheet for Device -
< Back Mext > Cancel

Figure 6.6. Selecting MachXO3D Breakout Board

5. Click Next and click Confirm (Figure 6.7).
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6.

7.

4. Propel Create Project

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

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

System App Level:

[ me

<

Processor :

|MC

System Memory :

| system0

Memory Range (KB) :

E

<

System Clock (MHz) :

| clic

Pre-defined Base Ini :

| Jini_soc/scalable_base_mc.ini |

<>

< Back

Next >

Cancel

Figure 6.7. Confirm Page

Click Next on the architecture page (Figure 6.8).

4. Propel Create Project

RISC-V

ahbl_bus O@38MHz

apb_bus 0@ 38MHz

gpioQ
0x40000000

uart
0x4000a000

< Back

Mext >

Cancel

Figure 6.8. Architecture Page

Click Next to view the project information (Figure 6.9).
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8.

4. Propel Create Project

Project Information

Generate new project with the following specifications.

Project Name: MySeC
Language: Verilog

Speed:5

Project Location: D:/SoCProject

Device PartMumber: LCMRO3D-9400HC-3BG236C

Template Mame: Scalable RISC-V 50C Project

< Back

Einish Cancel

Figure 6.9. Project Information

Click Finish. An SoC project is created, as shown in Figure 6.10.

File Edit View Design Tools Window Help

Design View
3 LCMXO3D-9400HC-3BG256C
v iF MySoC &r
v [#] Components

Properties
Name MySoC
Type: Instance

Path: MySoC

VLNV: lattice:systembuilder:MySoC:1

Location:  D:/SoCProject/ C/MySoC

UserWrapper . ooy yines
“«

P Catalog
Tel Console

Design View q

z

o-ERA DHC O N
o [B Schematic

cli i[>
rstni[>

xd.00.i>

= IR

P Address

& @ 2

[ Summary

.

%, Propel Builder [D:/SoCProject/MySoC/MySoC/MySoC.shx] Device: LCMXO3D-G400HC-58G256C Board: MachX03D Breakout

o QQQa @

&, Start Page

View Setting &

system0_inst

FRAHBL SO

CAHBL 51

| cpud_inst
QS0 AHBL_MO_INSTRY

ahbl0_inst

I Lhelk_i

FFAHBL_S00
ahb_hresetn i
Lhelk_i

AHBL_M00;
AHBL_MOTE

ahblzapb0_inst

apbo_inst

_pak_i

2P
b_presetn_i

| hresetn_i

gpiot_inst

£134PE_S0

uart_inst

T13PE SO
i INT_MOCF
st ni ted_o——{

% sbp_design open -name {My3oC} -path {D:/SoCProject/My3oC/MySoC/MySoC.sbx}
INFO <2355552> - The following interface port bus width do not match:
'PADDR' in 'apb0_inst.APB MO0 and 'uart(_inst.APB_SO'

'PEDDR' in 'apb0_inst.APB MO1' and 'gpio_inst.APB_S0'

Figure 6.10. Project Workbench

6.2. Creating a Hello World C Project

Creating a C project requires a system environment from an SoC project as input.
In SoC project workbench (Figure 6.10), Choose Design > Generate > Generate to create C project requirement

1.

files. Choose Design > Run Propel to switch to Lattice Propel SDK.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-UG-02244-1.0

83


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK
User Guide

mLATTICE

LA

In Propel SDK, set the workspace. In the C/C++ project creating page (Figure 6.11), select Hello World Project.
Click Next, Click Finish. The C project is created and displayed on the workbench.
Choose Project > Build Project.
Check the build result from the Console view (Figure 6.12).
£ C/C++ Project a X
Load System and BSP
Load lattice systemn environment file and BSP package
Select system environment file and BSP package
System enwv: | Dv/SoCProject/MySoC/MySoC/../sge/sys_env.axml ~ Browse...
Select processor core to create C/C++ Project
Core selected: | cpul_inst w
Projecttype: | C v
System information
Device Family CPU Mame Instance Mame
MachX03D riscyv_mc cpul_inst
Select Example Application
Example-HelloWorld-blink- uart -
Mtimer Project
Hardware Interrupt Project 1.Led blink.
The corresponding 5oC project should include gpio instance,
2.Mart print.
There are two ways to support uart print:
a) The corresponding SoC project should include uart instance or local uart.
b) Enable Semihosting(System Library) when creating this project.
3.5upport IP register access test.
Nnte: w
Project name: | riscv_mc_helloworld
Use default location
Browse...

Location: | D\propel-workspace\riscv_mc_helloworld

Choose file systern: |default

[ Build the project

Create a debug launch configuration for | OpenOCD

Finish Cancel

Figure 6.11. Creating a C/C++ Project

o
iF

[m} >

& Console xI@ﬁ}%I"EEﬁ

&S #B-8-= 8

CDT Build Console [riscv_mc_helloworld1]

Finished building: riscv_mc_helloworldl.lst

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "riscv_mc_helloworldl.elf”
text data bss dec hex filename
3664 24 3316 e84 1bSc riscv_mc_helloworldl.elf
Finished building: riscv_mc_helloworldl,sizl

Invoking: Lattice Create Memory Deployment

riscv-none-embed-objcopy -0 binary --gap-fill @ "riscv_mc_helloworldl.elf" "riscv_mc_helloworldl.bin"; srec_cat
"riscv_mc_helloworldl.bin” -Binary -byte-swap 4 -DISable Header -Output "riscv_mc_helloworldl.mem™ -MEM 32

Finished building: riscv_mc_helloworldl.mem

17:28:01 Build Finished. @ errors, @ warnings. (tock 11s.871ms)

Figure 6.12. Build Result of HelloWorld C Project
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6.3. Memory Initialization (Optional)

In the SoC project workbench (Figure 6.10), update the SoC design to set the preloaded software. Enable the Initialize
Memory checkbox for the System Memory IP instance from the Initialization area of the General tab. Set Initialization
File (Figure 6.13) generated from the corresponding Hello World C project in the Creating a Hello World C Project
section. Click Generate (Figure 6.13).

In the SoC project workbench (Figure 6.10), choose Design > Generate > Generate.

%, Module/IP Block Wizard >

Configure Component from Module system_memory Version 2.3.1
Set the following parameters to configure this component.

Diagram system( Configure [P
2 General Port 50 Settings Port 51 Settings
Property Value
~ General
Interf: AHBL
systemO niertace
Memory Address Depth [1 - 13824] 8192
Data Bus Width(bits) 32
_ H BL SO Memory Type EBR
- Port Count 2
_ H BL S‘I Enable Arbiter
N ~ Data Streamer
—lahbl_hclk_i
—ahbl_hresetn_i
~ Initialization
Initialize Memory [ ]
System memory Initialization File Format hex
Initialization Fil= world/Debug/riscy_me_helloworld.mem[ [
4 »
User Guide Mo DRC issues are found.

Generate Cancel

Figure 6.13. Configuring System Memory Module 2

6.4. Launching Lattice Diamond Software
Launch the Lattice Diamond software from the created SoC project. To do that:

1. Inthe SoC project workbench (Figure 6.10), choose Design > Run Diamond. A Lattice Diamond project is created
and opened automatically in the Lattice Diamond software.

2. Switch to the Process view of the Lattice Diamond project and make sure Bitstream File or JEDEC File is checked in
the Export Files section (Figure 6.14) .

3. Choose Process > I Run. Wait for generating the programming file successfully. You can see a green checkmark
before each successfully completed process.
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“ Lattice Diamond - Start Page - ml X
File Edit Yiew Project Design Process JTools Window Help
BrE-Ha 8| @ ¥ 0o BRAAG =]
GRE=QroNMsY MTARNEE 0
[ start Page [0 a x
~ & Synthesize Design
-
Synplify P _
-y ynplify e Project: ~ Release Notes FPGA Design Guide ~
2 Translate Design - ;
v 2 MapD {7 Open... Lattice Diamond Software 3.14 Release Notes Design Planning
& Map Design .
[0 2 MapTrece Bnen... User Guides HDL Coding Guidelines
[0 & Verilog Simulation File [ 1mport ispLEVER Project.., Lattice Diamond 3.14 User Guids Timing Closure
[0 2 VHDL Simulatien File Recent Projects: Lattice Synthesis Engine for Diamond User Other Tool Guides
v & Place & Route Design % MySoC Guide QuestasSim User Manual
[] 2 Place & Route Trace Lattice Diamend 3.14 Platform Designer User tasim GUI Ref M I
D 5 /0 Tiring Analyss ] Example SoC1 v Guide QuestaSim eference Manual
D 2 Thermal s Clarity Designer User Guide QuestaSim Command Reference Manual
v 2 ExportFiles Software Update Center ® Eatt‘iﬂce Diamond 3.14 Programming Tools userS”ESIt:S‘: T:'th'a'G .
uide
[0 2 18IS Model Currently running Lattice Diamond software versic YNy Pro Hser Guide
[0 & Verilog Simulation File 213.0.75.0 Reveal User Guide Synplify Pro Reference Manual
[ 2 VHDL Simulation File No updates avaisble Reveal Troubleshooting Guide aynphfly Pro Language Suppert Reference
anual
2 Bitstream File Last check time: Mon May 12 14:27:24 2025 “ \\ﬁtt:jce Diamond 3.14 Installation Guide for -
> i : o indows Tl
+ JEDEC File < v
File List Process Hierarchy
oCseE & x
> source "D:/SoCProject/MySol/diamond_setup_template.tcl™
>
TdConsole  Output  Error  Warning®  Info®
Ready Mem Usage: 181,582 K
Figure 6.14. Generating the Programming File
# Lattice Diamond - Start Page - O *
File Edit View Project Design Process Tools Window Help
BA-E-Ha 8 i@ ¥ B %S S [ =)
3 — e onn
csnsEflsove | FimeE @
([ Start Page [ Reports []  %uf  Programmer -impllxcf* [ a %
v %L Synthesize Design
UL synplify Pro -
. L Synplify Project: 0 Release Notes FPGA Design Guide ~
" Translate Design o
Y . @ pen... Lattice Diamond Software 3.14 Design Planning
¥ " Map Design Hrew Relesse Notes HDL Coding Guidelines
[0 & Wap Trace
[0 & Verilog Simulation File [ Import ispLEVER Project... User Guides Timing Closure
[ 2 VHDL Simulation File nt Pro . Lattice Diamend 3.14 User Guide Other Tool Guides
v % Place & Route Design @ MySoC bastet:_c(e;j;dlgthesls Engine for Dizmond QuestaSim User Manual
[ 2 Place & Route Trace X X "
0O :: VO Analysi @Example_sacl w Lattice Diamond 3.14 Flatform QuestaSim GUI Reference Manual
:: iming Analysis Designer User Guide QuestaSim Command Reference
- E - ;'Terma\Analysls Clarity Designer User Guide Manual
v ort Files -
- Dp,-.- BIS Model Software Update Center Lattice Diamond 3.14 Programming 2U=staSim Tutorial
odel : . .
0 : Verilog Simulation Fil Currently running Lattice Diamond software versic Tools User Guide Synplify Pro User Guide
w Venlog simulation File 3.13.0.75.0 Reveal User Guide Synplify Pro Reference Manual
[] 2 VHDL Simulation File Bt )
Q Ti=reem F s Mo updates available Reveal Troubleshooting Guide Synplify Pro Language Support
2/ JEDEC Fil Last check time: Mon Mav 12 14:27:24 2025 ™ Lattice Diamond 3.14 Instsllation ~ ~eference Manual
“ ne < Guide for Windows Tel/Tk v
Fil... Pro... Hierarchy---Post Map Resou..
Output A x
Starting: "prj_run Export -impl impll -task Jedecgen™
Nothing is executed for the "Export — Jedecgen™ process
Td Console Output Error Warning Info
Ready Mem Usage: 257,680 K

Figure 6.15. Generating the Programming File Successfully

6.5. Programming the Target Device

Once the programming file is exported successfully in the last section (Figure 6.15), you can program the target device.
Make sure the evaluation board is powered ON and connected correctly to the host PC before performing the following
procedure.

1. Click the Programmer icon b on the toolbar of the Lattice Diamond Project Explorer (Figure 6.15).
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2.

The Programmer: Getting Started dialog pops up (Figure 6.16). Click OK.

i, Programmer: Getting Started

Select an Action

@ Create a new project from a JTAG scan

Cable: |HW-USBN-2B (FTDI) FTUSE-0

TCK Divider Setting (0-30x):

(O) Create a new blank project

¥ | Port:

(O Open an existing programmer project

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

< Detect Cable

Import file to currentimplementation

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

Cancel

Figure 6.16. Programmer Getting Started Dialog

Review the Device Family, Device, Operation, and File Name in the Programmer window (Figure 6.17).

“ Lattice Diamond - Programmer - impl1.xcf * - O e
File Edit View Project Design Process JTools Window Help
B-E-rHde payihn @& ReQe  EE 5
ZPEGCEHBEFNSCEEGASUSISNMBY BEEEE A
Process 8 X| (F startrage [ Reports (1] .} Programmer - impli.xcf * [£] & x
~ % Synthesize Design ﬁ { = | 3
Y Synplify Pro
2{ Translate Design Enable Status  Device Family Device Operation File Name ®) Use default Clock Divider @
~ % Map Design 1 MachX03D LCMXO03D-9400HC  SRAM Fast Configuration  D/SoCPraject/MySoC/impl1/MySoC_impl1.bit O use custom Clock Divider
O & Map Trace
O & Verilog Simulation File TCK Divider Setting (0-30x): | 1 B
[1 2 VHDL Simulatien File
~ % Place & Route Design 1/0 Settings
Ol 2 Place &Route Trace Bl @ Use default1/0 settngs
[ & 170 Timing Analysis b=
[0 2 Thermal Analysis o O Use custom 1/0 settings
~ 2 Export Files =
012 Bi5Mode % INITN pin connected
O & Verilog Simulation File 8 L EmnmEEsl
[1 2 VHDL Simulaticn File TRST pin connected
% Bitstream File
%/ JEDEC File Set TRST high
Set TRST low
Fil. Pro. Hierarchy-—Post Map Resou < > PROGRAMN pin connected v
Output B X
Starting: "prj_run Export -impl impll -task Jedecgen®
Nothing is executed for the "Export - Jedeegen™ process
TdConsole  Qutput ~ Eror  Waming  Info
Ready Mem Usage: 258,064 K

Figure 6.17. Programmer Window

4 ik
Click the Program icon “~* to download the programming data file to the device.

6.6. Running Demo on the MachX03D Breakout Board

1.

vk v

Switch back to Lattice Propel SDK, the C project workbench.

In the Project Explorer view, select the C project, riscv_mc_helloworld.

Choose Run > Debug Configurations....
Choose riscv_mc_helloworld item (Figure 6.18).
Click the Debug button.
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Wait for a few seconds to switch to the debug perspective, starting the server, allowing it to connect to the target
device, starting the gdb client, downloading the application, and then starting the debugging session.

Note: This demo uses the default debug configuration options.

6. If hardware reworks on MachXO3D breakout board described in Lattice Propel Tutorial — Hello World are done, you
can open the terminal to see the print-out message.

Refer to Serial Terminal Tool — Windows or Serial Terminal Tool — Linux.

7 Debug Configurations O s

Create and run fi

FFeEX DT~ MName: [ riscv_me_helloworld
|type filter text
w | | GDB OpenOCD Debugging

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

Project:
c | nsow_mec_helloworld
> c ebugaing |n;cv7mc7he||oworld || Browse... |
g Launch Group C/C++ Application:

|DEbug\riscvimcihellowor\d‘elf |

Variables... | |Search Prcuect...‘ | Browse... |
Build (if required) before launching
Build Configuration: | Select Automatically V|
() Enable auto build () Disable auto build
(®) Use workspace settings Configure Workspace Settings...
Revert Apply

Filter matched 5 of 11 items

@ Debug | | Close

Figure 6.18. Debug Configurations Dialog 2

7. Click the Resume icon % on the toolbar. The serial terminal output is shown in Figure 6.19.

$ 04071 - riscv_mc_helloworld/src/main.c - Lattice Propel - O X
File Edit Source Refactor Mavigate Search Project Run  LatticeTools Window Help
R B DB eBERS0ReR -0 -Gi® i
i H-FHrog oo Q B S
4F Debug X ProjectExW = B [[T] (gdbl1].proc[42000].threadGrouplillgdb[1].proc[42 (@ main.c ¥ = B |[ev[ED xR p] », =5
Fl % | i+ § 51 T T T 2 |Enter\ocation here v||
i 52 bsp_init();
v [T rlsqr_mc_helloworld[GDB OpenQOCD D . 2 (05 & m 4:5 @| g
w (72 riscv_mc_helloworld.elf . " " =
= 54 printf("started!\nHelle RISC-V world!n");
& Thread #1 (Running : User Reques 55 §
5! openocd.exe 56 while (true) { 152 bsp_init(); ~
o riscv-none-embed-gdb 57 #ifdef LED_GPIO_INST_BASE_ADDR 2BRea6CH: jal = @x6Se <bsp,
58 gpio_output_write(&led gpic_inst, idx, pin_state); 154 printf("started!
59 #else BeREREC2: Iui a5,8x1
G0 printf("ex%e2x\n", (pin_state ~ (1l<<idx)}); Geee86ca: addi a@,a5,-472
51 #endif BBBERECE: jal Bx338 <put:
62 158 gpio_output s
63 if (++idx == LED_COUNT) { PEBERGECa: 1bu a5,-2828(g;
G54 idx = 8; BeeaRECe: mv at,as
65 pin_state = ~pin_state; @BRea6da; lui as,8xl
66 1 200006d2:  lbu as, -484(as’
&7 [¥] BeeaREde: myv a2,as W
< > < >
(E Conso\eﬂﬂ? Registers ﬂ:: Problems (0 Executables (ﬁ Debugger Console (@ Terminal i] Memor_ﬂ = g 1
ER ARSI S
B COM6 |
Started!
Hello RISC-V world!
<
Connected - Encoding: windows-1252

Figure 6.19. Run Result of Hello World Project
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7. Lattice Propel Tutorial - CXU Demo

Composable Extension Unit (CXU) is supported in version 2.5.0 of the RX CPU IP. A CXU is a light-weight, customized
arithmetic accelerator. With the support of the CXU hardware, you can add custom instructions to deploy CXU
according to the actual software demand.

This tutorial uses a CertusPro-NX Evaluation Board with the Secure Hash Algorithm 3 (SHA-3) CXU SoC project for
demonstration.

SHA-3 CXU SoC Project template includes a corresponding C project. This C project does software or CXU SHA3-256
operation and software/CXU Convolutional Neural Network (CNN) convolution operation. Then, it displays the
performance results.

This C project also supports timing profiling and code coverage functions. You can enable these functions manually.

Note: It is recommended that these two functions are not enabled at the same time.

7.1. Preparing the Hardware and Programming the Target Device — CXU Demo
This section introduces how to prepare the hardware and program the target device for the CXU demo project.

Note: The SoC project templates are gradually being migrated to the new scalable SoC project templates that are only
available from Lattice Propel Builder. If the following flow for creating an SoC design project is unreachable, create the
project from Lattice Propel Builder. See Lattice Propel Builder 2025.2 User Guide (FPGA-UG-02243) for more details.

1. Create a SHA-3 CXU SoC project with the CertusPro-NX Evaluation Board (Figure 7.1). Click Finish.
2. Select Project > Generate.

3. Generate the programing file by running Lattice Radiant software in this SoC project. Refer to the
SoC Project Design Flow section for detailed steps.

4. Program the programing file to the target device, CertusPro-NX Evaluation Board.

G SoC Project m] X

Create SoC Project —

Create SoC project of selected template

Project name: | ExampleCXUSed]

Use default location

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

Cerus-MY Wersa Fualuation

LrOSSLINK-NA Evaluation

ECP5-5G Versa

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

MachX03D Breakout

MachX03D PFR Derno

Template Design

Ernpty Project RISC-V RX IP and three kinds of SHA IP based SOC Projectto =~
BISC ALY Sal Droiect demonstrate and evaluate SHA3_CXU.
SHA-3 CXU Project

Components included:
a) Processor - RISC-V RX with CXU-LI, TCMs, PLIC, CLINT

and watchdog
b) Lattice SHA Development IP Kits
1.5HA3_CXU IP
2 CREID v
@

Figure 7.1. Create SoC Project Wizard
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7.2. Creating a CXU C Project

1. The Timing Profiling C project can be created through the Load System and BSP page (Figure 7.2).

2. Inthe System env field, select the system environment file from the CXU SoC project just generated.
3. Check the C project name.

4. Click Next. Click Finish.

03 CfC++ Project O X

Load System and BSP [

Load lattice system envirenment file and BSP package

Select system environment file and B5P package

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

Select processor core to create C/C++ Project

Core selected: | cpul_inst ~

Project type: |C ~

System information

Device Family CPU Name Instance Name

LFCPMX riscv_rtos cpul_inst

Project name: riscv_rtos_CXU

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

default

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

@' < Back Finish Cancel

Figure 7.2. Load System and BSP Page 3

7.3. Compiling and Running Demo — CXU Demo

7.3.1. Compiling C Project — CXU Demo

1. Inthe Project Explorer view, select the C project, riscv_rtos_CXU.
2. Select Project > Build Project.
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7.3.2. Running Demo — CXU Demo

In the Project Explorer view, select the C project, riscv_rtos_CXU.

2. Select Run > Debug Configurations....
3. Select riscv_rtos_CXU in GDB OpenOCD Debugging (Figure 7.3).
4. Click the Debug button.

Wait for a few seconds to switch to the debug perspective, starting the server, allowing it to connect to the target
device, starting the gdb client, downloading the application, and then starting the debugging session.

Note: This demo uses the default debug configuration options.

£t Debug Configurations O X

Create, manage, and run configurations

G = | ST MNarne: |ri5cv_rtos_CXU
|t}-‘pEfi|tEl'tE><t | [] Main | [£] CableConn | %5 Debugger| = Startup | & Source| [[] Common | &, SVD Path
v [E] GDB OpenOCD Debugging
© | riscv_rtos CXU
[c] riscv_rtos_freertos_pmp_blinky
[E] riscv_rtos_gcov C/C++ Application:

% v tos.gpol [Debughriscv_rtos. CXU.el
[€] GDB QEMU Debugging Variables... Search Project... Browse...

@ Launch Group

Project:

| riscv_rtos_CXU Browse...

Build (if required] before launching

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

Revert Apply

Filter matched 8 of 14 items

@ Close

Figure 7.3. Debug Configurations Dialog 3

5. Find the Terminal view nested to the Console view. If this view is not found, re-open it from Window > Show View
> Terminal.
In the Terminal view, click the Open a Terminal icon E.
Choose the Serial Terminal and configure the Serial port with Baud rate.
Refer to Serial Terminal Tool — Windows or Serial Terminal Tool — Linux.
Note: The serial port number depends on the specific PC.
8. Click OK. A serial connection communicating with UART is ready.
9. Click the Resume icon % on the toolbar. The serial terminal outputs running logs (Figure 7.4).
Wait for a few minutes. You can see the performance result logs in the terminal (Figure 7.4).

10. Select Run > Terminate to stop running.
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o
i

B Terminal 3¢

B comiz x

Start CXU demonstrate!

JEFEEEREREXRERREFRGUAS IGE ctgpt | FERFFEEERERERERREEE
*kkkkkkkkkkkk Rk kRkER dkkkkkkkkkk bk kR kkk
/ SHA3 Partl !
Executing SHA3-256 pure software code, data length 2848 Bytes ... done!

Digest result :
498cd3cc87a77b987debb761a2e6f59ed9edeasTc 74T 2c9c5c5T3b62T64c4aal

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

Digest result :
498cd3cc87a77b9@7debb761a2e6T59ed9%edeaefc74f2c0c5c5F3ba2f64c4aal

frEER Rk Rk Rk kkkkkkkRRgUAD Paprp]REdEkE ks ek kb

Executing SHA2-256 CRE(hardware) code, data length 2848 Bytes ... done!

Digest result :
lafc3c51al52e98e5b90319b601d92ccf37290eT53c35FF92507687d8a911a08

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

Executing convolution operation software cede ... done!

JEEEEEREEEEEERRR e eL L L 0NN convolution Part2*Essesssssesserss

Executing convolution operation CXU extension code ... done!

JrEEEEREEERRER Rk LR LR IPARYEEF R RS R R R Rk Rk ke

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

CNN convelution operation software code cost 18522 ms.
CNN convoelution operation CXU extension code cost 5128 ms.

End!

Figure 7.4. Terminal Logs

7.4. Using the Timing Profiling Function

For the details of timing profiling function, you can refer to the How to Add Timing Profiling Function to an Existing C
Project section.

o vk wnN R

In the Project Explorer view, select the existing C project, riscv_rtos_CXU.
Select Project > Properties > C/C++ Build > Settings.

Select Debugging. Check the Generate gprof information checkbox (Figure 5.33).

Select GNU RISC-V Cross C Compiler > Preprocessor. Add the defined symbol, LSCC_GPROF (Figure 5.34).

Select GNU RISC-V Cross C Linker > Libraries. Add the library, smallgprof (Figure 5.35).

Select GNU RISC-V Cross C Linker > Miscellaneous. Check link flags under the label, Other linker flags. Make sure

the linker flag, --oslib=semihost, is supported (Figure 5.36).

.

Click Apply and Close.

Compile and run the demo, as shown in the Compiling and Running Demo — CXU Demo section. Then, the console
output logs (Figure 7.5).
9. Double-click the file gmon.out to display the gprof Viewer. Refer to the Timing Profiling Project section.

10. Parse the gprof report (Figure 7.6).

11. Restore the settings from step 3 to step 6.
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o} O X
B Console % m X EEE@E@L'!EVFS'DE
riscv_rtes_CXU [GDB OpenOCD Debugging]
(3267) instreth (/32) ~
(3922) mvendorid (/32)
(3923) marchid (/32)
(3924) mimpid (/32)
Start CXU democnstrate!
Do timing profiling parsing, sampling period: lms.
Output timing profiling data file ... success! File "gmon.out" has been generated.
‘Iftttt¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥tSmR\(tt¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥‘f
Executing SHA3Z-256(data length 2848 Bytes) pure software code cost 52.8 ms.
Executing SHA3-256(data length 2848 Bytes) CXU extension code cost 3.47 ms.
Executing SHA2-256(data length 2848 Bytes) CRE(hardware) code cost 8.91 ms.
CNN cenvolution operation software code cost 18672 ms.
CNN cenvolution operatien CXU extension code cost 5219 ms.
End!
v
£ >
Figure 7.5. Console Logs 1
& o X
& gprof X SERTA:TEE ] SRR

gmon file: Chlscc\propel 2024, 2\workspacelriscv_rtos_ CXUhgmon.out

program file: Ci/lscc/propel/2024.2/workspace/riscv_rtos_CXU/Debug/riscv_rtos_CXU.elf
timestamp: 11/3/24, %:34 AM

2 bytes per bucket, each sample counts as 1.000ms

P type filter text

Mame (location) Samples Calls Time/Call
w Summary 15955

» cnn_convolution 10672 1 10,672

» cnn_cenvolution_cxu 5219 1 5.219s

» fputc 17

» ROTL 1 11136 987ns

» theta ] 384 20.833us

» _mcount_internal 6

» chi 5 384 13.020us

> memset 4

> pi 3 384 T7.812us

» rho 3 324 7.812us

» _mcleanup 3

» _riscv_save_0 2

5 w_mstatus 1 5 200.000us

> memcpy 1
SHA3 0 1 Ons
SHA3 Final 0 1 Ons
SHA3Z Final_cxu 0 1 Ons
SHA3 Init 0 1 Ons
SHAS Init_cxu 0 1 Ons
SHA3_PrepareScheduleWerd 0 16 Ons
SHA3_PrepareScheduleWord_cxu 0 16 Ons
SHA3Z ProcessBlock 0 18 Ons
SHA3 ProcessBlock_cxu 0 16 Ons
SHA3 Update 0 1 Ons
SHA3_Update_cxu 0 1 Ons
SHAS exu 0 1 Ons
chi_cxu 0 384 Ons
clint_init 0 1 Ons
clint_reload_timer 0 154952 Ons

%Tlmev

— 100.0%
. £6.39%
I 32.71%
- 0.11%
— 0.07%
 0.05%
_— 0.04%
_— 0.03%
_ 0.03%
I 0.02%
_— 0.02%
— 0.02%
 0.01%
- 0.01%
I 0.01%
_— 0.0%
— 0.0%
_— 0.0%
_— 0.0%
_— 0.0%
_— 0.0%
— 0.0%
_— 0.0%
_— 0.0%
_— 0.0%
_— 0.0%
_— 0.0%
_— 0.0%
_— 0.0%
— 0.0%

Figure 7.6. gprof Viewer
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7.5. Using the Code Coverage Function

For the details of the timing profiling function, refer to section How to Add Code Coverage Function to an Existing C
Project.

1. Inthe Project Explorer view, select the existing C project, riscv_rtos_CXU.

2. Choose Project > Properties > C/C++ Build > Settings.

3. Select GNU RISC-V Cross C Compiler > Preprocessor. Add the defined symbol, LSCC_COVERAGE (Figure 5.25).
4

Select GNU RISC-V Cross C Compiler > Miscellaneous. Add the compiler flag, -fprofile-arcs -ftest-coverage
(Figure 5.26).

Select GNU RISC-V Cross C Linker > Libraries. Add the library, smallgcov (Figure 5.27).

Select GNU RISC-V Cross C Linker > Miscellaneous. Check link flags under the label, Other linker flags. Make sure
the linker flag, --oslib=semihost, is supported (Figure 5.29).

v

Click Apply and Close.

Compile and run the demo, as shown in the Compiling and Running Demo — CXU Demo section. Then, the console
output logs (Figure 7.7).

9. Double-click one of the coverage files to display the gcov Viewer, refer to the Code Coverage Project section.
10. Parse the gcov report (Figure 7.8).
11. Restore settings in step 3 to step 6.

$ O *
El Console = ] |?xbﬂ=@§|@|="a'ﬁv=ﬁ
riscv_rtos_CXU [GDB OpenOCD Debugging]

(1988) mipi (/32) "

ot

{1989) micbase (/32)
(3137) cycle (/32)
(3138) time (/32)
(3139) instret (/32)
(3265) cycleh (/32)

ey

(3266) timeh (/32)
(3267) instreth (/32)
(3922) mvendorid (/32)
) marchid (/32)
) mimpid (/32)

-
Fa

Start CXU demonstrate!
Do code coverage parsing!

Output code coverage data files ... done
End!
W
£ >
Figure 7.7. Console Logs 2
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=
Hed O *
[ sha3.c x = B8
67 #define SHA3Z_PADDING_CSK1 Bxed ~
68
69 #define SHA3Z_PADDING CSK2 BEGIN @x84
70 #define SHA3 PADDING CSK2_END  ©x38 -
71

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

" Static uintee_t ROTL(uints4_t x, uinta_t shift)
74

75 _

;g line executed 11136 times

788 int64 t A[5][5])

79 {

ae uint32 t %, y;

81 uintsd4 t Ap[5][5];

82 uinte4 t C[5], D[5];

83

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

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

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

870 /=%

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

89 {

98 Clxl = AT@1l=x1 ™ ATLTIx] ~ AT210x] ~ A[3TMx] ~ AT411x1: h
& geov X BE®aE | &eE| =8

program runs = 0

program file : C:\Iscch\propel2024.2\workspace\riscv_rtos_CXU\Debughriscv_rtos_CxU.elf
timestamp : 11/5/24, %:48 AM

P type filter text

Name Total Lines Instrumented ...  Executed Lines Coveragve % 2

v Summary 8,557 2,843 878 I 30.28%
» cxuh 212 3 3 I 100.0%
» clint.c 132 32 33 . 26.84%
5 enn_cove 204 E1l 39 . 72.34%
» risev.h 332 30 21 — 70.0%
» main.c 349 1 T . 59.37%
3 shad.c 760 3 208 . 59.1%
» trap.c 125 22 15 . 63.18%
» risev.h 332 18 12 . 66.67%
» shad_ocxu.c 958 566 343 - 60.6%
» timerc 120 42 21 I 50.0%
» iob.c 35 " 5 . 45.45%
» local_uart.c 282 a1 35 - 43.21%
» gpio.c 114 29 a I 77.50%
» interrupt.c 133 42 9 I 13.75%
» exception.c 101 18 3 . 16.67%
» CIe.C 1,023 411 26 - 5.33%
» sha3dsoft.c 673 260 0 . 0.0%

e

Figure 7.8. gcov Viewer
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8. Lattice Propel Tutorial - QEMU

QEMU is a generic and open-source machine emulator and virtualizer.

For the detailed manual of QEMU, refer to QEMU — System Emulation. Lattice Propel SDK includes a RISC-V QEMU

simulator with no hardware required and a QEMU_helloworld template for demonstration.

8.1. Creating QEMU Hello World C Project

1. Select File > New > @ Lattice C/C++ Project.

The C/C++ Project wizard opens with the Load System and BSP page (Figure 8.1).

3 C/C++ Project

Load System and BSP

Load lattice system environment file and BSP package

Select system environment file and BSP package

Core selected: |spike

Projecttype: |C

System information

Browse...

Machine Mame CPU Name

spike

Select Example Application

QEMU hellowerld Project
1.QOEMU test.
2.5emihost print.

MNote:

1.Please select Semihosting(System Library) when
creating this project.

Project name: | spike_gemu_helloworld

Use default location

default

[]Build the project
Create a debug launch configuration for  QEMU

@' < Back

Chlscc\propel2024.1\workspace\spike_gemu_helloworld

Finizh

Browse...

Cancel

Figure 8.1. Load System and BSP Page 4

Select QEMU RISC-V Virtual SoC System using the drop-down menu of the System env field (Figure 8.1).

Select QEMU_helloworld Project and check the project name.

Click Next. Keep the default settings in the Lattice Toolchain Setting page, as Semihosting is required for the printf

output.
The C project is created and displayed on the workbench.
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5.
6.
7.

In the Project Explorer view, select the C project just created, spike_gemu_helloworld.
Choose Project > Build Project.

Check the build result from the Console view (Figure 8.2).

e ] X

&) Consale x Rl@G%IEUE 3&@|=‘E'ﬁ":‘ﬁ
COT Build Console [spike_gemu_helloworld]

TLNLSEW UULIIULllg Lal gEL. SPIRC_LCiib_ I LLUWUT Lu. oL

Invoking: GNU RISC-V Cross Create Listing

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

Finished building: spike_gemu_helloworld.lst

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

text data bss dec hex filename

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

Invoking: Lattice Create Memory Deployment

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

Finished building: spike_gemu_helloworld.mem

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

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

Figure 8.2. Build Console

8.2. Running QEMU C Project

1.

1.
2.
3

In the Project Explorer view, select the C project just created, spike_gemu_helloworld.
Choose Run > Debug Configurations....

Choose spike_gemu_helloworld in GDB QEMU Debugging (Figure 8.3).

Click the Debug button.

Wait for a few seconds to switch to the debug perspective, starting the server, allowing it to connect to the target

device, starting the gdb client, downloading the application, and then starting the debugging session.

Note: This demo uses the default debug configuration options.

Click the Resume icon P on the toolbar. The Console outputs running logs (Figure 8.4).
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% Debug Configurations O X
Create, ge, and run fig
CEeEX B 7~ Name: | spike_gemu_helloworld
‘t)’F'EﬁltE"tEXt ‘ Main} 35 Debugger‘ g Startupl Ep Sour:e‘ i=| Commonl 5, SvD Pathl
» [£] GDB OpenOCD Debugging Project
|;p\ka_qemu_he\\uworld | ‘ Browse... ‘
C/C++ Application:
| Debug\spike_gemu_helloworld.elf |
Variables... | |Sealch Plaje:l...‘ ‘ Browse... ‘
Build (if required) before launching
Build Configuration: |Select A ically ~
() Enable auto build () Disable auto build
(®) Use workspace settings Configure Workspace Settings...
Filter matched 6 of 12 items B Apply

® | Debug I ‘ Close

Figure 8.3. Debug Configurations Dialog 4

11 workspace - spike_qemu_helloworld/src/main.c - Lattice Propel - O X

File Edit Source Refactor MNavigate Search Project Run  LatticeTools Window Help

B D B D EE s g BS | SO RSO i® i A

R TR N R RS R QB &

4% Debug X . [{5 Project Etplorer} = 8 |$ Lattice Platform (E 0x0 (@ main.c (@ main.c = B |[[x=v x DW Y = B8
i 8 #include <stdio.h> ~ e |t 8

« [£] spike_gemu_helloworld [GDB GEMU Debug #include "utils.h

Name Type
v spike_gemu_helloworld.elf [1]
& Thread #1 1 (CPU20 [running]) (Runni »int main(void) {
v gemu-system-riscv32.exe uints_t idx = @;
3 risev-none-embed-gdb
printf("\n\nHello QEMU RISC-V world!\n\n");
< >
while (1) {
for (int i =7; i >=8 ; i--)
{ e . e
< >

1m0

| Problems (0 Executables r Debugger Co (I] Memory rE Console X [ gpmf]g'Termmaq = 0
X% BEREEH 2=

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

Hello QEMU RISC-V world!

36000804
BaBaEEA1
Pa8a2a1a
Be8e0a11
36002184
dasaalal

Figure 8.4. QUMU C Project Running Windows
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9. Lattice Propel Tutorial — Bootloader

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

Purpose: The purpose of a bootloader is to Initialize minimal hardware, including CPU, clocks, memory controllers, and
minimal peripherals. Another purpose is to locate the OS or firmware image, optionally verify its integrity and
authenticity, and transfer executions to it.

Examples: U-Boot, coreboot, GRUB for PCs, MCU built-in bootloaders, or small vendor boot ROMs. Use cases range
from tiny micro-controllers such as single-stage and simple flash loaders, to complex systems like multi-stage
bootloaders that support network boot, encryption, and advanced update mechanisms.

These bootloader templates are reference designs for a lattice SoC project, whose purpose is to initialize a soft IP,
locate the firmware, verify its integrity, and then transfer executions to it (Figure 9.1).

There are two modes for you to select: the Bootloader for RAM mode and Bootloader for Execute in Place (XIP) mode.

BSP INIT

Prepare environment for next stage

XIP Mode RAM Mode

A 4

Jump to next stage

Figure 9.1. Bootloader Purpose

These templates require the Scalable RISC-V SoC Project, Real-Time Operation System (RISC-V RX), as shown in
Figure 5.2.

9.1. Bootloader for RAM Mode

9.1.1. Prepare the SoC Project

Launch Lattice Propel Builder to create a Scalable RISC-V SoC Project, choose Real-Time Operation System (RISC-V RX)
shown in Figure 5.2. Complete creating the project and run the Lattice Radiant software to generate the bit file and
program for the corresponding device board.

This SoC project’s architecture is shown in Figure 9.2. The memory space is shown in Figure 9.3.
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DATA/INSTR
Yl TCM
v
DATA/INSTR Other
CPU Memory
7'y
DATA/INSTR | SPI B - External
» Controller [€ ™ SPI Flash
N J/

Figure 9.2. SoC Architecture

0x00000000

0x0000FFFF

0x00200000
systemO_inst/AXI_SO
0x00207FFF

0x04000000

spi_controller0_inst/AXI4_SUB

OXO7FFFFFF

Figure 9.3. SoC Memory Space

9.1.2. Prepare the Firmware for RAM Mode
Upon Figure 9.3, run the firmware code on system0O_inst, within the address space 0x00200000 to 0x00207FFF.

Launch Lattice Propel SDK and create a Lattice C project (Figure 9.4). A HelloWorld project is created for
demonstration.

After finishing the creating flow, review the project files in the workspace explorer. You need to change the linker.Id
file. Change the memory regions to systemO_inst (Figure 9.5).

Select this project, right-click and select Properties to enter settings, enable Create firmware for lattice bootloader, as
shown in Figure 9.6. Lattice Propel SDK provides this utility to generate a firmware bin file for the Lattice bootloader.

Build this project, in the Debug folder, you can find file LSCC_FW _binfile.bin (Figure 9.7). Program this file to the flash.
As this flash also includes the bit file, you must program the firmware to the free space. Here the offset value is set to
0x300000 (Figure 9.8). After the programing is completed successfully, the firmware is ready.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice

FPGA-UG-02244-1.0 100


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK
User Guide

ez LATTICE

£33 C/C++ Project

Load System and BSP

Load lattice system environment file and BSP package

Select system environment file and BSP package

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

Select processor core to create C/C++ Project

Core selected: cpull_inst

Projecttype:  C

System information

a *
—
=

Browsze...

Device Family CPU Name
LFCPNX riscv_rtos

Instance Name

cpul inst

Select Example Application

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

FreeRTOS-LTS PMP-Blinky Project

Code Coverage Project

Timing Profiling Project

General Purpose Timer Project

12C Communication Project
13C Cor ication Proiect

Example-HelloWorld-blink-uart

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

Project name: riscy_rtos_helloworld

B Use default location

Choose file systern: - default

() Build the project

Location: DApropel-workspace\workspacelrisey.rtos_helloworld

B Create a debug launch configuration for Open0CD

< Back Mext >

Finish

Cancel

Figure 9.4. Create the Firmware for RAM Mode - List

& [m] X
Tl Linker ¢ = 8

Linker Script: linker.Id
Available Memory Regions

Name Attributes
! WX
systemD_inst rwx

Base Address

0D
(200000

Size

(10000
(%3000

STACK and HEAP Size

HEAP_SIZE:  (0x0100

STACK_SIZE: (x0ADD

CODE:  system{_inst

DATA:  systemD_inst

Section to Memory Region Mapping

Section Name
text

ctors

.dtors

.rodata

.data

«bss

heap

.stack

Memory Region
systemi)_inst
system0_inst
systemD_inst
systemi_inst
system{_inst
system_inst
systemi_inst
systemD_inst

OvarwewJ Imkar.ld‘

Figure 9.5. Create the Firmware for RAM Mode - linker.Id
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Q Properties for riscv_mc_hellowerld1 O b4

type filter text Settings Gow v §
> Resource
Builders

~ C/C++ Build Configuration: Debug [ Active ] ~ | Manage Configurations...

Build Variables
Envirenment

Logging & Tool Settings

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

Tool Chain Editor MName: |GNU MCU RISC-V GCC (riscv-none-embed-gec) w
» C/Cer General Architecture: [RisC-v ~]
Coverage
» MCU Prefix: riscv-none-embed-
PFOJ.ECt Matures Suffic
Project References
Run/Debug Settings C compiler: gcc
C++ compiler: g++
Archiver: ar

Hex/Bin converter:  objcopy

Listing generator:  objdump

Size command: size

Build command: make

Remove command: rm

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

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

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

[ Create memory file

[ Create multiple memory files

reate firmware for Lattice bootloader:
18 Create extended listing
B Print size

Restore Defaults Apply

® Apply and Close Cancel

Figure 9.6. Create the Firmware — Settings
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&
B

[m} X

{1 Project Explorer X

ESY § =0

> &% D1RX
v 1% riscy_rtos_helloworld
> 4 Binaries
5 &)l Includes
v B s
> = bsp
> [n] device_info.h
> [ mainc
> [h] platform_inith
> [g terminal.c
> [h terminalh
> € utils.c
> [ utilsh
[ cpusvd
cpuyaml
) linkerld
0% sys_envaml
~ (= Debug
5 = sre
> %5 riscv_rtos_helloworld.eff - [riscv/le]
SCC_FW_binfile.mem
L@ makefile
| @ objects.mk
riscv_rtos_helloworld.Ist
riscv_rtos_helloworld.map
[ 4 sources.mk
%] riscv_rtos_helloworld.launch

Figure 9.7. Create the Firmware for RAM Mode — Firmware File

u LFCPNX - LFCPMX-100 - Device Properties

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

Operation:

Programming Opticns

External SPI Flash Memory (SPI FLASH)

JTAG2SPI -
Direct Programming “
Erase,Program, Verify “

|| Programming file: scv_ttos_helloworid/Debug/LSCC_FW_binfilebin .. 0340 |
SPI Flash Options
Farmily: 5Pl Serial Flash -
Vendor: Micron -
Device: MT25QU128 ~
Package: 8-pin 50P2 -~

SPI Programming

Data file size (Bytes): 148380

Load from File

Start address (Hex):

End address (Hex):

0x0030000C -

(00310000 ~

[ Tum off addresses aute updating

(] Erase SPI part on pregramming error

() Secure SPI flash golden pattern sectors

Figure 9.8. Create the Firmware for RAM Mode — Program Bin File
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9.1.3. Create the Bootloader Project for RAM Mode

Bootloader is the first code that runs after a device powers on or resets, so you must place the bootloader at the reset
vector address. The default reset vector of the processor is 0x0, which is the tcm0_inst shown in Figure 9.3.

Launce Lattice Propel SDK and create a Lattice C project. Select Bootloader Launch Firmware from SPI Flash Project

(Figure 9.9) and click Next to finish.

03 C/C++ Project m] X

Load System and BSP —
Load lattice system environment file and BSP package

Select system environment file and BSP package

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

Select processor core to create C/C++ Project

Core selected:  cpul_inst

Project type:  C

System information

Device Family CPU Name Instance Name
LFCPNX riscv_rtos cpul_inst

Select Example Application

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

FreeRTOS-LTS PMP-Blinky Project

Code Coverage Project

Timing Profiling Project

General Purpose Timer Project

Hello World Project

12C Communication Project

13C Communication Project

Hardware Interrupt Project

Dimal Timme Dmioms

Example-Bootloader-Launch-Firmware-from-FLASH-to-RAM a

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

Project name: risc_ttos_bootloader _flasharam

@ Use default location
Location: D:\propel-workspace\werkspace\riscv_rtos_beotloader flash2ram Browse..
Chaose file systern:  default

[ Build the project
8 Create » debug launch configuration for  Open0CD

@ < Back Next > Finish Cancel

Figure 9.9. Bootloader for RAM Mode - List

Then, build this project and do on-chip debug. The terminal log is shown in Figure 9.10.

Start Bootloader!

Find flash MT25QU128, SPI,Nor,l1GMB! bootloader

Q (] *
{!‘Terminal * = | | 5 Eﬁ| @ = B8
B comiz x

et LSCC firmware in @x380088
code addr: @x280008, code length: 184e@, data addr:@x2828a8, data length:384

code crc:@x12344287, data crc:@x8bcfs55f5 firmware information

Jump to LSCC Tirmware(@x200600 ).

Started! firmware log
Hello RISC-V world!

Figure 9.10. Bootloader for RAM Mode - Log
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9.2. Bootloader for XIP Mode

9.2.1. Prepare the SoC Project

The SoC project creating flow is the same as the one shown in the Prepare the SoC Project section. This template only
supports Winbond SPI Nor flash and the Avant-E Evaluation Board uses the Winbond flash by default. Therefore, the
Avant-E Evaluation Board is selected in the SoC creating flow. Complete the creating flow and run the Lattice Radiant
software to generate the bit file and program it to the corresponding device board.

9.2.2. Prepare the Firmware for XIP Mode

The XIP mode allows running the program directly in the flash. Upon the memory space shown in Figure 9.3, the code is
put in spi_controller0_inst, within the address range 0x48000000 to Ox4BFFFFFF, with a offset value. In the bootloader
for XIP mode, the default offset value is 0x3080000, and the firmware bin file includes a header with a size of 0x1000,
so the total offset value is 0x3081000. The code address is 0x48000000 + 0x3081000 = 0x4B081000. The data is stored
in the systemO_inst at addresses 0x200000 to 0x207FFF.

Launch Lattice Propel SDK and create a Lattice C project (Figure 9.11). A FreeRTOS project is created for demonstration.
After finishing the creating flow, review the project files in the workspace explorer. You need to edit linker.ld file.

Switch to the edit mode, add an spi_inst memory region, as shown in Figure 9.12 line 12. Save the file and reopen it.
Then, select different memory regions for the code and data as planned (Figure 9.13).

Select this project, right-click and select Properties to enter settings. Enable Create firmware for lattice bootloader, as
shown in Figure 9.6. Lattice Propel SDK provides this utility to generate a firmware bin file for Lattice bootloader.

Build this project. In the Debug folder, you can find the file LSCC_FW _binfile.bin (Figure 9.14). Program this file to the
flash. This firmware is for the XIP mode. You must program it to the corresponding flash address as planned. The offset
must be 0x3080000 (Figure 9.15). After the programing is completed successfully, the firmware is ready.

£} C/C++ Project [m] x

Load System and BSP —_—

Load lattice system envirenment file and BSP package

Select system environment file and BSP package

System env: | D\propel-workspace\workspace\D1_RX\sgelsys_envml ~ Browse...
Select processor core to create C/C++ Project

Core selected:  cpul_inst v
Projecttyper  C ~

System information

Device Family CPU Name Instance Name

LFCPNX riscv_rtos cpul_inst

Select Example Application

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

Bootloader Launch Firmware in XIP mode Project

FreeRTOS-LTS minimal Project Base on FreeRTOS 202210.01 LTS.

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

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

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

12C Communication Project 2.Use heap_4 for default memory management.

13C Communication Proiect 2 Sunnn et ID renicter arrece tect

Project name: riscv_rtos freertos_ pmp_blinky

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

[ Build the project

Create a debug launch configuration for  0pen0CD

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

Figure 9.11. Create the Firmware for XIP Mode - List
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=
e o X
Tl Linker 3 = B
1/* Lattice Generated linker script, for normal executables */
2
2 ENTRY (_start)
4
5 _HEAP_SIZE = DEFINED(_HEAP_SIZE) ? _HEAP SIZE : Bx2088;
& _STACK_SIZE = DEFINED{_STACK_SIZE) ? _STACK STZE : @x8AR@;
7
8 MEMORY
ER
18 teom@_inst (rwx) : org = @x@, len = @xleeea
11 @x288008, len Bxseee
12
12}
14
15 SECTIONS
16 {
17 /* CODE */
15 .text : ALIGN(4)
19
28 _frext = .;
21 PROVIDE (_sprof = .};
22 KEEP (*(SORT(.crt*)))
23 *(.text .text.* .gnu.linkonce.t.¥)
24 KEEP (*(.init))
25 KEEP (*(.fini))
26 . = ALIGN(4);
27 _etext = .;
« »
Overview |linker.ld |
Figure 9.12. Create the Firmware for XIP Mode - linker.ld 1
<
O a *
Tl Linker X = 0

Linker Script: linker.ld
Available Memory Regions

Mame Attributes
tem0_inst wx
system{_inst wx
spi_inst £

Base Address Size

5] 10000
(200000 %8000
(4B021000 (20000

STACK and HEAP Size

HEAP_SIZE:  Dx2000

STACK_SIZE:  DwQADD

CODE:  spi_inst o

Section to Memory Region Mapping

Section Name

tet
.ctors

Jdtors
rodata
.data
.bss
heap

Memory Region
spi_inst

spi_inst

spi_inst
systemO_inst
system{_inst
system_inst
system(_inst

Overview | linkerld

Figure 9.13. Create the Firmware for XIP Mode - linker.Id 2
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&
=5

[} Project Explorer ¥ B %

> 23 D1_RX
~ [5 riscv_rtos_freertos_pmp_blinky_XIP_firmware
> 44, Binaries
> [al Includes
~ 3 src
> = bsp
5 (2 FreeRTOS-Kemel
5> [£ board.c
> [0 board.h
> [n] device_info.h
> [n] FreeRTOSConfig.h
> €] hooks.c
> €] main.c
> [€ osc
> [8) osASM.S
5> [B osmacro.h
> [0 platform_inith
> [8 vectors
[ epusvd
) cpuyaml
) linkerld
% sys_envol
~ (= Debug
> = sre
> 'i'} riscv_rtos_freertos_pmp_blinky_XIP_firmware.elf - [riscv/lg]
LSCC |
1 LSCC_FW_binfile.mem
[ & makefile

(% objectsmk

riscv_rtos _freertos_pmp_blinky_XIP_firmware.lst

riscy_rtos_fresrtos_pmp_blinky_XIP_firmware.map
| @ seurces.mk
%] riscv_rtos_freertos_pmp_blinky_XIP_firmware.launch

Figure 9.14. Create the Firmware for XIP Mode - Firmware File

B3 LFCPNX - LFCPNX-100 - Device Properties = a
General Device Information
Device Operation
Target Memory: External 5P| Flash Memory (SPI FLASH] ~
Port Interface: JTAG25PI ~
Access Mode: Direct Programming ~
Operation: Erase,Program, Verify ~
Programming Options
Proegramming file: Iinky_XIP_firmwarE‘/DEbUgfLSCC_FW_binfila.bm | DeAADT
5PI Flash Options
Family: 5P Serial Flash ~
Vendor: ‘WinBond ~
Device: W250512v e
Package: 8-pad WSON R
5PI Programming
Data file size (Bytes): 41580 Load from File
Start address (Hex): 03080000 ~
End address (Hex): 03090000 e
() Turn off addresses auto updating
[ Erase SPI part on programming error
Secure 5P| flash golden pattern sectors

Figure 9.15. Create the Firmware for XIP Mode — Program Bin File
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9.2.3. Create the Bootloader Project for XIP mode

Bootloader is the first code that runs after a device powers on or resets, so you must place the bootloader at the reset

vector address. The default reset vector of the processor is 0x0, which is tcm0_inst in Figure 9.3.

Launce Propel SDK and create a Lattice C project (Figure 9.16). Select Bootloader Launch Firmware in XIP mode
Project, click Next to finish. Then, build this project and do on-chip debug. The terminal log is shown in Figure 9.17.

£} C/C++ Project

Load System and BSP

Select systern environment file and BSP package

Load lattice system environment file and BSP package

System env: | D:\propel-workspace\workspace\D1_RX\sge\sys_env.m

Select processor core to create CfC++ Project
Core selected: cpul_inst

Projecttype:  C

System information

Device Family CPU Name
LFCPMX riscv_rtos

Instance Name

cpul_inst

Select Example Application

Bootloader Launch Firmware from SPI Flash Project
FreeRTOS-LTS minimal Project

FreeRTOS-LTS PMP-Blinky Project

Code Coverage Project

Timing Profiling Praject

General Purpose Timer Project

Hello World Project

12C Communication Project

13C Communication Project

Hardware Interrupt Project
Peal Timnar Draiart

Example-Bootloader-Launch-Firmware-by-XIP-Mode

1.bootloader find firmware from flash then launch as XIP mode.

Init SPI flash.
Search LSCC firmware in flash,
Switch flash to XIP mode.
Jump to XIP firmware,
Mote:

1.5hould include octal_spi_controller IP, base version is V1.3.0.

2.Please estimate and set a sufficient system memory size in the corresponding SoC project. Otherwise it will cause "region overflowed"

Errar.

Project name: riscv_rtos_bootloader_flash2xip

B Use default location

default

[ Build the project

B Create a debug launch configuration for  Open0CD

D:\propel-workspace\workspace\riscv_rtos_bootloader_flash2xip

Finish

Cancel

Figure 9.16. Bootloader for XIP Mode — List
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2 O bed
|@Tetminal * =] $“~?| = G Eﬁ| e @ = B
B coms x

Start Bootloader!

Find flash W25Q5123v-IM, SPI,Nor,G4MB! bootloader

et LSCC firmware in @x4b@seess
code addr: @x4b881886, code length: 27832, data _addr:exzw, da_ta length:2888
code crc:@xdl58abfe, data crc:8x78b9367a firmware information

Jump to LSCC firmware(@x4b@3leea).

FreeRT0> 282218.81 LTS on RISC-V.
he granularity of pmp is 4.

firmware: FreeRTOS

pmp entry@: mode=8x81, perm=8x87, addr=8x08@38ceS5(*4)=0x00283394, locked=@
pmp entryl: mode=8x81, per , addr=8: e6(*4)=0x808283398, locked=1
pmp entry?: mode=8x81, per , addr=8: ed(*4)=0x802833a4, locked=8
pmp entry3: mode=8x81, perm=8x87, addr=@x3fffffff(*4)=0xfffffffc, locked=@

pmp test begin:
sstatus=axéaaaalen:
mstatus=axeaeealss:

Figure 9.17. Bootloader for XIP Mode - Log
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Appendix A. Linker Script and System Memory Deployment

Introduction

During the Lattice C/C++ Project creation, Lattice Propel SDK generates a linker script file, linker.ld, within the project.
This linker script file contains a memory region list parsing from the corresponding SoC design.

Note: lllegal memory regions are not imported to linker script. A memory region is considered illegal if it has any of the
following conditions:

e No connection to CPU
e Address space conflict

Each memory region has a list of attributes to specify whether or not using a particular memory region for an input
section (Figure A.1).

e r:Read-only section.
e w: Read/Write section indicating the memory region is connected to the data port of CPU.

e x: Executable section indicating the memory region is connected to the instruction port of CPU.

Linker Script: linker.ld

Available Memaory Regions

Mame Attributes | Base Address Size
sysmermi_inst I 000000000 000008000
sysmeml_inst w 000010000 000008000

Figure A.1. Memory Regions in Linker Script

The generated linker script contains a mapping table of section pointing to the memory region (Figure A.2). Depending
on the attributes of each memory region, code section and data section can point to the same or different memory
regions.

Section to Memory Region Mapping

CODE: |sysmem0_inst =
DATA: |sysmeml_inst =

Section Mame Memory Region i
text sysmem{_inst 2
«ctors sysmermn_inst

dtors sysmermn_inst il

Overview | linker.ld

Figure A.2. Section to Memory Region Mapping

During the Lattice C/C++ Project building, Lattice Propel SDK generates Lattice system memory initialization files.
Depending on the number of the memory regions used, it generates single memory initialization file or multiple
memory initialization files. The following picture (Figure A.3) shows an example of multiple memory files being
generated, separated for code and data segments.
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» [ src

4 (= Debug Section to Memory Region Mapping

= src
- ¥5 Bxample.elf - [none/le]
Example_Code.mem
Example Data.mem

|Z| Example.bin

=] Bample st Section Name Memory Regicn &
2 Examp'lemap et sysmemi_inst E
;nba':?::emk .ctors sysmermf_inst

sc-ilrcesl.mk .dtors sysmem(_inst i

=| tmp

Overview | linker.ld

Figure A.3. Linker Script and Generated Memory Files

If you modify the linker script manually after the Lattice C/C++ project creation, especially changing the number of the
used memory regions, the number of memory files generated during project building cannot be changed automatically.
You can re-configure the generation of memory files in Lattice Propel SDK through the following ways:

1.
2.
3.

In the Project Explorer view of Lattice Propel SDK, select a C/C++ project.
Choose Project > Properties. The Properties dialog opens showing the properties of the current project.
Select the Settings of C/C++ Build category from the left pane. Select the Toolchains tab (Figure A.4).

Check Create memory file, if you point the code and data segments to the same memory region. Or, check Create
multiple memory files, if you point the code and data segments to separate memory regions.

Click Apply.
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% Properties for HelloWarld O x

|t}rpeﬁltertext Settings Y M
> Resource
Builders

w C/C++ Build Configuration:  Debug [ Active ] ~ | | Manage Configurations...

Build Variables
Envirenment

Logging %3 Tool Settings 89 Toolchains ' I Devices # Build Steps Build Artifact Binary Parsers | * | *
Settings
Tool Chain Editor Mame: | GMU MCU RISC-V GCC (riscv-none-embed-gec) ~
» C/C++ General )
. mcu Architecture: | RISC-V V]
Project Natures Prefix: | riscv-none-embed- |
Project Referen c.es Suffic | |
Run/Debug Settings
SystemVerilog Project Properties C compiler: | gec |
Task Repository C++ compiler | gee |
Task Tags
s Validation Archiven ar

Hex/Bin converter: | objcopy

Listing generator: | ohjdump

Build command: | make

Size command: | size |

Remove command: | rm

Teolchain path: | ${eclipse_homel}/../riscv-none-embed-gcc/bin

(to change it use the global or workspace preferences pages or the project properties page
| ${eclipse_home}/../build_tools/bin

Build tools path:

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

[] Create memory file

Create multiple memory files
Create extended listing
[ Print size

Restore Defaults Apply
@ Apply and Close Cancel

Figure A.4. Toolchains Tab of C/C++ Build Settings

5. Go back to the Tool Settings tab. The relevant Lattice memory deployment tools can be found (Figure A.5).
Customize the tool options as needed.

6. Click Apply and Close to save the change.
Note: The setting for each configuration, Debug or Release, is independent.
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i Tool Settings &3 Toolchains B Devices # Build Steps Build Artifact Binary Parsers | * | *

(% Target Processor LIFill gaps in the data
(# Optimization Dats Walue 0

# Warnings
(# Debugging

w 83 GNU RISC-V Cross Assembler
(# Preprocessor
2 Includes
# Warnings
(# Miscellaneous

~ 33 GNU RISC-V Cross C Compiler
(# Preprocessor
2 Includes
(# Optimization
# Warnings
(# Miscellaneous

~ 83 GNU RISC-V Cross C Linker
# General
(2 Libraries
(# Miscellaneous

w B GMNU RISC-V Cross Create Listing
@ General

w B GMU RISC-V Cross Print Size
¥ General

w B8 Lattice Create Memory Deployment
@ General

w B8 Lattice Multi Memory Deployment (CODE SEGMENT)
@ General

w B8 Lattice Multi Memory Deployment (DATA SEGMENT)
¥ General

Address Range | 0xB8000

Restore Defaults Apply

Figure A.5. Tool Settings Tab of C/C++ Build Settings

How to Fix the Region Overflowed Error

If you add too many code to your C project, it might cause the build error shown in the Figure A.6 error log.

HE: O

& Console X|@{?<f:>|'—ﬁ55 :;EKE|.'".E'ﬁ':E

CDT Build Console [riscv_rtos_freertos_pmp_blinky]

.fsrcfbspfdriver/riscv_rtos/entry.o ./src/bsp/driver/riscv_rtos/exception.o ./src/bsp/driver/riscv_rtos/exit.o
.fsrefbsp/driver/riscv_rtos/interrupt.o ./src/bsp/driver/riscv_rtos/iob.o ./src/bsp/driver/riscv_rtos/led.o
./srefbsp/driver/riscv_rtos/local_uart.o ./src/bsp/driver/riscv_rtos/plic.o ./src/bsp/driver/riscv_rtos/pmp.o
./srefbsp/driver/riscv_rtos/reg_access.o ./src/bsp/driver/riscv_rtos/start.e ./src/bsp/driver/riscv_rtos/trap.c
./srefbsp/driver/riscv_rtos/util.o ./src/bsp/driver/riscv_rtos/watchdog_timer.c ./src/bsp/driver/gpio/gpic.c ./src/bsp/reg_test.c
./src/FreeRT0S-Kernel/portable/MemMang/heap_4.0 ./src/FreeRT0S-Kernel/portable/GCC/RISC-V/port.o ./src/FreeRTOS-
Kernel/portable/GCC/RISC-V/portASM.o . /src/FreeRTOS-Kernel/croutine.o ./src/FreeRT0S-Kernel/event_groups.o ./src/FreeRTOS-
Kernel/list.o ./src/FreeRT0S-Kernel/queue.o ./src/FreeRTOS-Kernel/stream_buffer.o ./src/FreeRT0S-Kernel/tasks.o ./src/FreeRT0OS-
Kernel/timers.o ./src/board.o ./src/hocks.o ./src/main.o ./srcfos.o ./srcfosASM.o ./src/vector.o -lsmallgcow
d:/1scc/propel/2824.2/sdk/riscv-none-embed-gec/bin/. . /1ib/gcc/riscv-none-embed/18.2.8/../../../. . /riscv-none-embed/bin/1d.exe:
riscv_rtos_freertos_pmp_blinky.elf section ~.text' will not fit in region “tcm@_inst’

“tem@_inst' by 63696 bytes
collect2.exe: error: ld returned 1 exit status

make: *** [makefile:68: riscv_rtos_freertos_pmp_blinky.elf] Error 1
"make all” terminated with exit code 2. Build might be incomplete.

16:45:59 Build Failed. 3 errors, @ warnings. (teck 275.575ms)

d:/1scc/propel/2824.2/sdk/riscv-none-embed-gcc/bin/. . /1ib/gec/riscv-none-embed/18.2.8/../../../../riscv-none-embed/bin/1ld.exe: region

Figure A.6. Build Project Console 1
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You can find the max size you can use from the linker script file linker.ld, as shown in Figure A.7.

In this example project, the max size is 0x10000, which is your C project target file’s max size.

The error shown in Figure A.6 means the additional space size needed for this project is 63696 bytes, which is 0xF8DO
in hexadecimal. Therefore, the total space size needed is 0x1F8DO0 bytes.

e m| ot
Tl Linker = 0

Linker Script: linker.ld

Available Memory Regions

Mame Attributes  Base Address Size
tcml_inst WX (o (oc 10000

Cherview | linker.ld

Figure A.7. Linker Script

You cannot modify the linker script file directly. This kind of modification can fix the C project build error. However, the
corresponding SoC does not have more code space. The program cannot run on your board.

We can fix this error correctly by the following steps:

Note: This tutorial just uses single memory IP. If the project has more than one memory IP, you should check every
section’s size in corresponding storage spaces.

1.
2.

Switch to the corresponding SoC project, as shown in Figure A.8.

Double-click the tcmO0_inst IP. The Port SO address depth settings and the Port S1 address depth settings are shown
in the Module/Block IP Wizard GUI (Figure A.9 and Figure A.10).

Set the Port SO and Port S1 address depth to an adequate value. In the error shown in Figure A.6, we need 0x1F8DO
bytes, which needs to be 1k aligned. Consequently, the minimum size needed is 0x1FCOO0 bytes, equivalent to
0x7FO0 DWORDs or 32512 in decimal. Refer to Figure A.11 and Figure A.12 for the settings described in this step.
click Generate.

Re-generate this SoC project.

Run the Lattice Radiant software or Lattice Diamond software to generate the bit file, program the bit file to the
device board. This process is important.

Switch back to the C project by selecting Project > Update Lattice C/C++ Project.... Check the checkbox for
Re-generate toolchain parameters and linker script, click Update (Figure A.13). Choose Yes in the Confirm box.

Check the linker script file linker.Id (Figure A.14). The region size is changed to 0x1FC00 automatically.
Re-build the C project. You can see the correct build log (Figure A.15).
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4 Propel Builder [C:/Iscc/propel/2024.2/workspace/ExampleSoC/ExampleSoC/ExampleSoC.sby] Device: LFCPNX-100-9LFGET2C Board: CertusPra-NX Evaluation - m] x
File Edit ¥iew Design Tools Window Help
- = ™ < o S 4 be s .
o~ T & BEaE o QQaa
Design View m] Schematic Address &, Summary 4, Start Page
B LFCPNX-100-0LFGET2C e
+ 1 ExampleSoC Bk .
- f—;E Instances
v 1} axi2aph0_inst zEmd ns
v i axiapbl_inst
» ﬂ axi_intercon_inst
3 D cpul_inst :
» D equation_module_inst
v IF oscliinst
v IF plio_inst
v 1} s0_aph_gpio_inst
Properties
Name: tem0_inst
Type: Instance
Path: ExampleSoC/tem0_inst
VLNV: latticesemi. com:ip:tem0: 1.5.0
IP Vinw: latticesemi.com:ip:localbus tem::
Component Location: C!
4 4
IP Catalog Design View 1
Tel Console
INFO — Port Bus width does not match for port 'AWID' in interface 'axi_intercon_inst.AXT MO1l' and interface 'axiZapbO_inst.AXI4_5°' -
INFC — Port Bus width does not match for port 'BID' in interface 'axi . inst.RAXT MO1' and interface 'axiZapb0 inst.RXT4 S5'
INFO — Port Bus width does not match for port 'RID' in interface 'axi_. _inst.AXI_MO1' and interface 'axiZapb0_inst.RXI4_5'
INFO — Port Bus width does not match for port 'ARID' in interface 'cpu0_inst.AXI M DATA' and interface 'axi_intercon_ inst.AXI S00'
INFO — Port Bus width does not match for port 'AWID' in interface 'cpul_inst.AXI M DATA" and interface 'axi_intercon inst.RXT_ S5S00'
INFC — Port Bus width does not match for port 'BID' in interface 'cpul_inst.AXTI M DRTA' and interface 'axi intercon inst.RXI S00°
INFO — Port Bus width does not match for port 'RID' in interface 'cpul_inst.RXI M DATA' and interface 'axi_intercon inst.AXI_500°
k]
-

Figure A.8. Corresponding SoC Project

4, Module/IP Block Wizard x
Configure Component from Module localbus_tcm Version 1.5.0
Set the following parameters to configure this component.
Diagram tcm Configure IP
General Port 50 Settings Port 51 Settings
Property Value
Port 50: Data Width [1- 64] 32
Port 50: Address Depth [2 - 106496]
tCmO Read Port : Enable Output Register (50)
Byte Enable for Port 50 =
OCAL BUS DATA Reset behavior for Port 50 sync
OCAL_BUS_INSTR Edit Address Range Port 50
—sys_clk
—sys_rst_n
localbus_tcm
-
1 )
User Guide No DRC issues are found.
Generate Cancel

Figure A.9. tcmO_inst Port SO Address Depth Settings
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., Module/IP Block Wizard x
Configure Component from Module localbus_tcm Version 1.5.0
Set the following parameters to configure this compenent.
Diagram tcm Configure IP
General Port S0 Settings Port 51 Settings
Property Value
Port 51: Data Width [1 - 64] 32
Port 51: Address Depth [2 - 106496] 16384
tCmO Read Port : Enable Output Register (51)
Byte Enable for Port 51
_._OCAL BUS DATA Reset behavior for Port 51 sync
—(4-LOCAL_BUS_INSTR Edit Address Range Port 51
—sys_clk
—isys_rst_n
localbus_tcm
-
1 [
User Guide Mo DRC issues are found.
Generate Cancel
Figure A.10. tcmO_inst Port S1 Address Depth Settings
4, Module/IP Block Wizard hat
Configure Component from Module localbus_tcm Version 1.5.0
Set the following parameters to configure this component.
Diagram tcm0 Configure IP
General Port 50 Settings Port 51 Settings
Property Value
Port 50: Data Width [1- 64] 32
Port 50: Address Depth [2 - 106496] I3?_512 I
tCITIO Read Port : Enable Output Register (50)
Byte Enable for Port 50
_OCAL BUS DATA Reset behavior for Port 50 sync
—[4HLOCAL BUS INSTR Edit Address Range Port SO
—sys_clk
—{sys_rst_n
localbus_tcm
-
L] 3
User Guide No DRC issues are found,
Generate Cancel

Figure A.11. Modifying tcmO_inst Port SO Address Depth Settings
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., Module/IP Block Wizard x

Configure Component from Module localbus_tcm Version 1.5.0
Set the following parameters to configure this compenent.

Diagram tcm Configure IP
General Port S0 Settings Port 51 Settings
Property Value
Port 51: Data Width [1- 64] 32

Port 51 Address Depth [2 - 106496] 32512

tcmo Read Port : Enable Output Register (51)
Byte Enable for Port 51
— OCAL BUS DATA Reset behavior for Port 51 sync
—(4-LOCAL_BUS_INSTR Edit Address Range Port 51
—sys_clk
—isys_rst_n

localbus_tcm

4 3
User Guide Mo DRC issues are found.

Generate Cancel

Figure A.12. Modifying tcmO_inst Port S1 Address Depth Settings

71 C/C++ Project - O X

Update System and BSP

Select system environment file and B5P package

Current System enwv: |C:!Isccfpropel!E‘DEd.ijorkspacejriscv_rtos_freertos_pmp_blinky!srcfsys_env.xm|

New Systermn env: | Ci/flscc/propel/2024.2/workspace/ExampleSoC/sge/sys_envaxml | Browse...

[“IRe-generate tooichain parameters and linker script
[JUpdate BSP package

Update BSP Driver Information

Driver Mame Current [P Version (Driver Version) Mew IP Version (Driver Version)
riscv_rtos 24.0(24.00 24.0(24.00
gpio 1.6.2 (1.6.2) 1.6.2 (1.6.2)
uart 1.3.0 130
Update Cancel

Figure A.13. Updating System and BSP
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s | X
el Linker ¢ = O

Linker Script: linker.ld

Available Memory Regions

Mame Attributes  Base Address Size
i Ox0 Ox 100

tom0_inst

Chverview | linker.ld

Figure A.14. Updated Linker Script

@ O X
B Careoe X X ¢ B EEFaErE-0-= 10

CDT Build Consele [riscv_rtos_freertos_pmp_blinky]

.fsrc/bspfdriver/riscv_rtos/exception.o ./src/bsp/driver/riscv_rtos/exit.o A
./src/bspfdriver/riscv_rtos/interrupt.o ./src/bsp/driver/riscv_rtos/icb.o
./src/bsp/driver/risev_rtos/led.o ./src/bsp/driver/riscv_rtos/local_uart.o
./src/bsp/driver/risev_rtos/plic.o ./src/bsp/driver/riscv_rtos/pmp.o
.fsrc/bsp/driver/riscv_rtos/reg_access.o ./src/bsp/driver/riscv_rtos/start.o
Jfsrc/bspfdriver/riscv_rtos/trap.o ./src/bsp/driver/riscv_rtos/util.o
./src/bsp/driver/riscv_rtos/watchdog_timer.o ./src/bsp/driver/gpio/gpio.o
fsrc/bspfreg_test.o . /src/FreeRTOS-Kernel/portable/MemMang/heap_4.0 ./src/FreeRT05-
Kernel/portable/GCC/RISC-V/port.o ./src/FreeRT05-Kernel/portable/GCC/RISC-V/ portASM.o
.fsrc/FreeRTOS-Kernel/croutine.o ./src/FreeRTOS-Kernel/event_groups.o ./src/FreeRT0S-
Kernel/list.o ./src/FreeRTO5-Kernel/queue.o ./src/FreeRTOS-Kernel/stream_buffer.o
./src/FreeRTOS-Kernel/tasks.o ./src/FreeRTOS-Kernel/timers.c ./src/board.o ./src/hocks.o
.fsrc/main.o ./srcfos.o ./srcfosASM.o ./src/vector.o -lsmallgcov

Finished building target: riscv_rtos_freertos_pmp_blinky.elf

Invoking: GNU RISC-V Cross Create Listing

riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide
"riscv_rtos_freertos_pmp_blinky.elf" > “riscv_rtos_freertos_pmp_blinky.lst"
Finished building: riscv_rtos_freertos_pmp_blinky.lst

Inveoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "riscv_rtos_freertos_pmp_blinky.elf”
text data bss dec hex filename
81748 18336 37136 129228 1f8c4 riscv_rtos_freertos_pmp_blinky.elf
Finished building: riscwv_rtos_freertos_pmp_blinky.siz

Invoking: Lattice Create Memory Deployment

riscv-none-embed-objcopy -0 binary --gap-fill @ "riscv_rtos_freertos_pmp_blinky.elf"
"riscv_rtos_freertos_pmp_blinky.bin™; srec_cat "riscv_rtos_freertos_pmp_blinky.bin™ -
Binary -byte-swap 4 -DISable Header -Output “riscv_rtos_freertos_pmp_blinky.mem™ -MEM 32
Finished building: riscv_rtos_freertos_pmp_blinky.mem

14:38:57 Build Finished. @ errors, @ warnings. (tock 55.555ms)

Figure A.15. Build Project Console 2
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Appendix B. Standard C Library Support

Lattice Propel SDK bundles Picolibc as the standard library support (https://keithp.com/picolibc/). Picolibc is a set of
standard C libraries, both libc and libm, designed for smaller embedded systems with limited ROM and RAM. Picolibc
includes code from Newlib (https://sourceware.org/newlib/) and AVR Libc (https://www.nongnu.org/avr-libc/).

Printf and Scanf Levels in Lattice Propel SDK

Lattice Propel SDK provides three levels of printf support with the support of Picolibc, which can be selected when
creating a Lattice C/C++ project (Figure B.1), or be modified in the toolchain settings in the project properties after the
project is created, noting that the options in both compiler and linker need to be set (Figure B.2 and Figure B.3).

e Integer only printf (-DPICOLIBC_INTEGER_PRINTF_SCANF). This is the default selection in Lattice Propel SDK, which
removes the support for all float and double conversions to save code size.

e  Float only printf (-DPICOLIBC_FLOAT_PRINTF_SCANF). It requires a special macro for float values: “printf_float™. To
make it easier to switch between that and other two levels, that macro should also be correctly defined for the
other two levels.

Here is a sample program to demonstrate the usage:

#include <stdio.h>

void main(void) {

printf(" 2761 = %11d, Pi = %.17g\n", 111 << 61,
printf float(3.141592653589793));
}

e  Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF). This offers full printf functionality, including both float and
double conversions.

System Library Interfaces Used in Lattice Propel SDK

Lattice Propel SDK provides three system library for stdio support with the help of Picolibc, which can be selected when
creating a Lattice C/C++ project (Figure B.1), or be modified in the toolchain settings in the project properties after the
project is created, noting that only the option in linker needs to be set (Figure B.3. ).

e Default. Use the default system library interface (UART) in BSP, this requires a UART instance inside the SoC design.
The default library is implemented in the processor driver code and no additional linker options are required.

e Semihosting (--oslib=semihost). Semihosting is a mechanism that enables code running on the target to
communicate with and use the 1/O of the host computer. Lattice Propel SDK provides semihosting support in
On-Chip-Debugging flow. It allows printing messages to the debugger console without relying on the UART
instance, and it also supports file 1/0.

e  Dummyhosting (--oslib=dummyhost). Dummy stdio hooks. This allows programs to link without requiring any
system-dependent functions. This is only used if the program does not provide its own version of stdin, stdout, and
stderr.

www.latticesemi.com/legal


http://www.latticesemi.com/legal
https://keithp.com/picolibc/
https://www.nongnu.org/avr-libc/

Lattice Propel 2025.2 SDK

User Guide

mLATTICE

0% C/Cr+ Project

Lattice Toolchain Setting

Configuration: | Debug

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

() Mo default libraries (-nodefaultlibs)
() Newlib
() Mewlib-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 (-DPICOLIBC_DOUBLE_PRINTF_SCANF)

Systern Library
(®) Default

8] Semihosting (--oslib=semihost)
() Dummyhosting (--oslib=dummyhost)

)

Mext »

Cancel

Figure B.1. Lattice Toolchain Setting Dialog 2

8 Properties for Example

type filter text

> Resource
Builders
w C/C++ Build
Build Variables
Environment
Legging
Settings
Tool Chain Editor
C/C++ General
MCU
Project Natures
Project References
Run/Debug Settings
SysternVerilog Project Properties
Task Repository
Task Tags
Validation

v

v

Settings

Configuration: |Debug [ Active ]

& Tool Settings % Toolchains M Devices #° Build Steps

(% Target Processor
(# Optimization
(# Warnings
(& Debugging
~ B8y GMNU RISC-V Cross Assembler
(2 Preprocessor
(2 Includes
(# Warnings
@ Miscellaneous
~ B3 GMU RISC-V Cross C Compiler
(2 Preprocessor
2 Includes
# Optimization
@ Warnings
(% Miscellaneous
~ 3 GMURISC-V Cross C Linker

[] Generate assembler listing (-Wa,-adhlns="5@.Ist")

[ 5ave temporary files (--save-temps Use with caution!)

[ verbose (-v)

Build Artifact Binary Parsers @ Error Parsers

~ | | Manage Configurations...

Other compiler flags | --specs=picolibc.specs —DPICOLIBC_INTEGER_PRINTF_SCANFI

Apply and Close Cancel

Figure B.2. Properties of C/C++ Project — Compiler Options
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3 Properties for Example

| type filter text
> Resource
Builders
w C/C++ Build
Build Variables
Discovery Options
Environment
Logging
Settings
Tool Chain Editor
C/C++ General
MCU
Project Natures
Project References
Run/Debug Settings
SystemVerilog Projec
Task Repository
Task Tags
Validation

Vo

~

Settings

Configuration: Debug [ Active |

# Tool Settings % Toolchains M Devices # Build Steps

~ | Manage Configurations...

Build Artifact [sib Binary Parsers @ Emror Parsers

(& Target Processor
(% Optimization
(& Warnings
(= Debugging
~ % GNU RISC-V Cross Assembler
¢ Preprocessor
& Includes
¢ Warnings
& Miscellaneous
w % GNU RISC-V Cross C Compiler
& Preprocessor
& Includes
(& Optimization
& Wamings
(& Miscellaneous
~ % GNU RISC-V Cross C Linker
& General
(& Libraries
(% Miscellaneous
w % GNU RISC-V Cross Create Listing
(= General
~ ® GNU RISC-V Cross Print Size
(& General
~ ® Lattice Create Memory Deployment
(& General

Linker flags (-Xlinker [option])

Other objects

Generate map  |"$(BuildArtifactFileBaseName).map™
[ Cross reference (-Xlinker --cref)

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

[J use newlib-nano (--specs=nano.specs)

[ Use float with nano printf (-u _printf_float)

[ use float with nano scanf (-u_scanf_float)

[] Do not use syscalls (--specs=nosys.specs)

Other linker flags |--specs=picolibc.specs -DPICOLIBC_INTEGER_PRINTF_SCANF --oslib=dummyhost |

Restore Defaults Apply
[osbmitos] ool

Figure B.3. Properties of C/C++ Project — Linker Options
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Appendix C. Third-party Command-line Tools in Lattice Propel
SDK

Lattice Propel SDK integrates with a number of third-party command-line tools, which can be used with Lattice Propel
User Interface or as stand-alone command-line tools. You can find these command-line tools and their documentation
according to the following list.

1. Windows Build tools
Version: 4.2.1-1
Binaries Location: <Propel Installation Location>\sdk\build_tools\bin

Documents Location: <Propel Installation Location>\sdk\build_tools\share

2. OpenOCD
Version: 0.10.0
Binaries Location: <Propel Installation Location>\sdk\openocd\bin

Documents Location: <Propel Installation Location>\sdk\openocd\doc

3. GNU RISC-V Embedded GCC
Version: 10.2.0-1.2
Binaries Location: <Propel Installation Location>\sdk\riscv-none-embed-gcc\bin

Documents Location: <Propel Installation Location>\sdk\riscv-none-embed-gcc\share\doc

4. Picolibc
Version: 1.7.4

Binaries Location: <Propel Installation Location>\sdk\riscv-none-embed-gcc\riscv-none-embed\picolibc\riscv-none-
embed\lib

Documents Location: <Propel Installation Location>\sdk\riscv-none-embed-gcc\doc

5. SRecord
Version: 1.6.4
Binaries Location: <Propel Installation Location>\sdk\tools\bin

Documents Location: <Propel Installation Location>\sdk\tools\bin

6. QEMU RISC-V
Version: 7.2.5
Binaries Location: <Propel Installation Location>\sdk\gemu-riscv\bin

Documents Location: <Propel Installation Location>\sdk\gemu-riscv\bin
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Appendix D. Command-Line Environment Setting Script in Lattice
Propel SDK

Lattice Propel SDK provides a script to set necessary environment variables for running all Lattice Propel SDK command
line tools. It enables you to fast get up to using command line tools, especially for Lattice specific tools.

To use the script:

1. Run the script propel_commandline.cmd (Windows) or propel_commandline.sh (Linux) under <Propel Installation
Location>.

The message Lattice Propel Commandline is printed, and it lets you go to a new command line interface.

2. All command line tools in the Propel SDK can be run from this command line interface without any special
configuration.

Here are examples of using the command line tools within this script.

Example A: Build a C project under command line.

$ cd <C project Location>/Debug
$ make

Example B: Launching openocd under command line.

$ cd <C project Location>

$ openocd -c "gdb_port 3333" -c "set target 0" -c "set tck 1" -c "set port
FTUSB-0" -c "set channel 14" -c "set cmdlength 0" -c "set RISCV_SMALL_YAML
src/cpu.yaml” -f interface/lattice-cable.cfg -f target/riscv-small.cfg

You can find the channel value and cmdlength value from the C project environment (Figure D.1).

£ Properties for riscy_rtos_hellowarld O x
type filter text Environment LT v 8
Resource
Builders
w C/C++ Build Configuration: |Debug [ Active] ~ | | Manage Configurations...
Build Variables
Environment
Log-glng Environment variables to set Add
Settings
in Edi Variabl Val Origi ()
Tool Chain Editor anable alue ngin Select...
C/C++ General CHANMEL 14 USER: COMNFIG
Mcu CMDLENGTH 0 USER: CONFIG
Project Natures CWD Di\propel-workspace\2..  BUILD SYSTEM -
Project References DEBUGENABLE True USER: CONFIG -
Run/Debug Settings DEVICE 0 USER: CONFIG Undefine
Systemerilag Project Propt HEAPSIZE 0x0100 USER: CONFIG
Task Tags JTAG_CHANNEL 14 USER: CONFIG
Validation . - e e h
(®) Append variables to native environment
() Replace native environment with specified one
" 5 Restore Defaults Apply
I”'_?\I A
L) pply and Close Cancel

Figure D.1. Project Environment
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Example C: Launching gdb under command line.

$ cd <C project Location>/Debug

$ riscv-none-embed-gdb <C project name>.elf
(gdb)target extended-remote localhost:3333
(gdb)monitor reset init

(gdb)monitor arm semihosting enable
(gdb)monitor reset halt

(gdb)...

3.  Run debug flow with the command line. Below is an example flow.
a. Start openocd.

Run propel_commandline.cmd (Windows) or propel_commandline.sh (Linux) to launch the command line
window (Figure D.2).

B C\Windows\system32\cmd.exe - openocd -c "gdb_port 3333" - "set target 0" - "set tck 1" - "set port FTUSE-0" - "set channel 14" -¢ "set emdlengt...

Figure D.2. Launching openOCD

b. Start GDB.

Run propel_commandline.cmd (Windows) or propel_commandline.sh (Linux) to launch another command line
window (Figure D.3).
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ER C\Windows\systern32\cmd.exe - riscv-none-embed-gdb riscv_rtos_helloworld.elf - m} x

gl Commandline

h for the

Figure D.3. Launching GDB

c. Start debugging.

Input GDB command in the GDB window (Figure D.4). You can refer to GDB Tutorial for GDB commands.

EX C\Windows\systern32\cmd.exe - riscv-none-embed-gdb riscv_rtos_helloworld. elf - [m] X

Figure D.4. GDB Debugging Window
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Appendix E. Debugging with Attach to Running Target

The Attach to running target function means to do on-chip debugging on a running board, without resetting CPU and
reloading the .elf file to the board.

This function is particularly useful when debugging a system whose CPU runs software from a preloaded memory.

The debugger is used to check CPU registers for narrowing down software problems.

Memory Initialization to SoC Project
Open the corresponding SoC Project of the debugging C project.

2. Set Memory Initialization file (Figure E.1). Use the C project memory file. Refer to Appendix A on how to create
memory files.

Re-generate the programing file by running Lattice Radiant software in this SoC Project.
Program the programing file into the target device board.

5. The board can now run itself after power on. Keep it running.

4, Module/IP Block Wizard x
Configure Component from Module localbus_tcm Version 1.4.0
Set the following parameters to configure this component.
Diagram tcmO Configure IP
General Port 50 Settings Port 51 Settings
Property Value
~ General
Enable GSR =
Memaory Type EBR
tcmO
ECC Enable
—OCAL BUS DATA Access Type for Part 50 RAW
- - Access Type for Port 51 RAW
—OCAL_BUS_INSTR ATOMIC =
|k ~ FIFO_Streamer
| sys—c Enable FIFO Streamer
—sys rst_ n
~ Memory
Iocalbus_tcm Memory Initialization Memory File
Memory File = i
Memory File Format hex
-
A 3
Document Mo DRC issues are found.
Generate Cancel

Figure E.1. Setting Memory Initialization File

Attach to Running Target

1. Inthe Project Explorer view, select the corresponding C project.
2. Select Run > Debug Configurations.... Select the corresponding item (Figure E.2).
3. Select Startup tab. Check the Attach to running target checkbox (Figure E.2). Click Apply. Click Debug.
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Q Debug Configurations

Create, manage, and run configurations

I_l Ellﬁ © =B ® | =] ? M MName: |riscv_rtos_freertos_pmp_blinky

|t}rpefilter text | Main CableConn | %5 Debugger [ StartuplEE/ Source| [ Common | L, SVD Path
v [C] GDB Open0CD Debugging ttach to runni = ~
[€] riscv_rtos_freertos_pmp_blinky
> [£] GDB QEMU Debugging
L Launch Group

Initialization Commands

Initial Reset. Type: init

Enable Arm semihosting

Load Symbols and Executable

Load symbols
(®) Use project binary: riscv_rtos_freertos_pmp_blinky.elf
() Use file:

Workspace... File Systemn...
Symbols offset (hex): l:l
Load executable
Use project binary:  riscv_rtos_freertos_pmp_blinky.elf
Use file: Workspace... File Systern...
Executable offset (hex):
Runtime Nntinns ¥
Revert Appl
Filter matched 5 of 11 items = BB

©)

Figure E.2. Debug Configurations Dialog 5

4. Wait for a few seconds for switching to the debug perspective, as shown in Figure E.3. Click View Disassembly to
display assembly code or C code.

Note: The C project should correspond to the memory file on the running board. If you modify the code, the C project
should be re-built and you need to go through steps in Set Memory Initialization to SoC Project again. If the memory

file in the running board does not correspond to the C project, it causes misalignment in running line and symbol table
and you get error information.
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w [ riscv_rtos_freertos_pmp_blinky.elf

~ f# Thread 1 (Suspended : User Request)
Ohedc22
prvidleTask() at tasks.c:3,487 (x3cet
00
5 openccd.exe

5 riscv-none-embed-gdb

Configure when this editor is shown

: workspace - Source not found. - Lattice Propel — O *
File Edit Mavigate Search Project Run LatticeTools Window Help
C-HR @il @NqeRpPISR[(SO0RSR B -0-Q-if-H-F- oG-
Q E|GH
H5 Debug % {5 Project Explorer} B |[£2 Lattice Platfor (@ Orede22 [£] main.c 1 [€] main.c 1 = 8 [[x=v X\ % BT g2 D} e = g
;4 i § Break at address "0x4c22" with no debug information available, or outside of £ |28 | F‘j ) §
~ [E] riscv_rtos_freertos_pmp_blinky [GDB OpenQ|| program cade. Mame Type

()= xFreeHeapSpace
(9= xMinimumEverFreeHea volatile size_t

volatile size_t

i1 Registers ﬂ_.'_\ Problems (0 Executables (ﬁ Debugger Co (n Memory (E Console

I gproﬂ o Terminaq

=

]

riscv_rtos_freertos_pmp_blinky [GDB OpenOCD Debugging]

X% BEERSEE 285

(66) fflags (/32)
(67) frm (/32)

(68) fesr (/32)
(69) uie (/32)

(7@) utvec (/32)
(129) uscratch (/32)
(13@) uepc (/32)
(131} ucause (/32)
(132) utval (/32)
(133) uip (/32)
(833) mstatus (/32)
(834) misa (/32)
(835) medeleg (/32)
£

Figure E.3. Debug Perspective 2

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-UG-02244-1.0

128


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK
User Guide

mLATTICE

Switching Back to Default Mode

If checking and unchecking the Attach to running target function several times, the configuration might become
incorrect. The suggested operation is to click Restore default (Figure E.4).

G Debug Configurations

Create, manage, and run configurations

CEeEX BY-

Marme: | riscv_rtos_freertos_pmp_blinky

|t_',.rpefilter text

~ [£] GDB Open0CD Debugging
[T ] risev_rtos_freertos_prmp_blinky
[E] risev_rtos_gprof
+ [£] GDB QEMU Debugging
[] spike_gemu_helloworld
& Launch Group

Filter matched 6 of 12 items

| Main | CableConn | 15 Debugger[ﬁv Startup] Yo Source| S| Common| 2, SVD Path

Load Symbols and Executable
Load symbols
(®) Use project binary: riscv_rtos_freertos_pmp_blinky.elf

Executable offset (hex): l:l

Runtime Options
[] Debug in RAM

Run/Restart Commands

Pre-run/Restart reset Type: (always executed at Restart)

(O Use file: Workspace... File System...
Symbols offset (hex): l:l
Load executable

(®) Use project binary:  riscv_rtos_freertos_pmp_blinky.elf

() Use file: Workspace... File System...

[ 56t program counter at (hex):
Set breakpoint at:
Continue

main

Restore defaultsh

Revert Apply

@

Figure E.4. Restore Defaults Operation
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Appendix F. Register Access Test

The register access test is to test the accessibility of the design by accessing the assessable registers of some testable IP
instances. It might affect the environment during testing.

Note: Approach this test with caution, as it is designed to do connectivity check for the SoC project. Make sure to
disable the test while developing the application firmware.

Generating Test Code

1. Create an SoC project. Refer to the Creating an SoC Design Project (Deprecated) section for more details.

2. Build this SoC project by Lattice Propel SDK or Builder. Then, you can find the test files shown in Figure F.1. If you
enable register access test, the code shown in Figure F.2 is used. This code is generated automatically and do not
edit it. Lattice Propel SDK collects testable register address from used IP, tries to write and read back, and compares
these data to get the result of this test.

3. Create a corresponding C project. Choose an application template that Supports IP register access test (Figure F.3).

@ o X
7 Project Explorer [y | = <‘§|> ? g = g

2% ExampleCFUSoC
v (2 ExampleSoC
= ExampleSoC
v [= sge
v [= bsp
(= driver
reg_test.c
Il reg_test.h
I5| riscv_errars.h
I| sys_platform.h
= soc_svd
cpul.yaml
G sys_env.xml
= verification
ExampleSoC.pdc
RISC_V_RX_SoC_Project.txt
=5 riscv_rtos_CFU
=% riscv_rtos_freertos_pmp_blinky
= riscv_rtos_goov
= riscv_rtos_gprof

Figure F.1. Project Explorer
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© o X
[¢] reg_test.c = 7
1 #include "stdie.h" A
2 #include "stdint.h”
3 #include "reg_access.h”
4 #include "reg_test.h"
5 #include "sys_platform.h"
6
7 #if REG_TEST_ENABLE
8= uintd_t access_detect(uint32_t reg addr,uint32_t offset,uint32_t mask, char *inst_name, char *reg_name)
99
1@ uintd_t access_success = @;
11 uint32_t reg_32b _value = @;
12
13 reg_32b_write( reg_addr + offset, @x5A5A5ASA & mask);
14 reg_32b_read(reg_addr + offset, &reg 32b_wvalue);
15
16 if( reg 32b value == (BxSASASASA & mask))
17
18 reg_32b_write( reg_addr + offset, @xASASASAS & mask);
19 reg_32b_read(reg_addr + offset, &reg 32b_value);
28 if( reg_32b_value (@xASASASAS & mask))
21 access_success = 13
22 1
23 else
24
25 access_success = @;
26 printf("access_detect fail, inst: ¥s, register: %s, @x¥lx\n", inst_name, reg_name, (reg addr + offset));
27 }
28 return access_success;
29}

uintd_t ret = 1;
#ifdef I2C_CONTROLLER®_INST_BASE_ADDR

ret *= access_detect(I2C_CONTROLLER® INST_BASE_ADDR, OFFSET_I2C CONTROLLER® INST_TARGET_ADDRL_REG, MASK_I2C CONTROLLER@_INST_TARGE1
#endif

#ifdef I2C_TARGETB_INST_BASE_ADDR

ret *= access_detect(I2C_TARGET@_INST_BASE_ADDR, OFFSET_I2C_TARGET@_INST_TARGET_ADDRL_REG, MASK_I2C_TARGET®_INST_TARGET_ADDRL_REG,
#endif

#ifdef UARTE_INST_BASE_ADDR

ret *= access_detect(UART@ INST_BASE ADDR, OFFSET_UART® INST_IER, MASK UART@_INST_IER, "uart@_inst", "IER");
#endif

return ret;

#endif

Figure F.2. Register Test Code
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$ C/C++ Project

Load System and BSP

Load lattice system environment file and BSP package |

Select system environment file and BSP package

System env: | Chlscc\propel2024. 2\workspace\ExampleSoChsgelsys_envacml v| Browse...

Select processor core to create C/C++ Project

Core selected: | cpul_inst

Project type: | C

System information

Device Family CPU Name Instance Mame

LFCPMX nscv_rtos cpul_inst

Select Example Application

FreeRTOS-LTS minirmal Project

FreeRTOS-LTS PMP-Blinky Project
Code Coverage Project 1.Led blink.
Tirning Profiling Project

Example-HelloWorld-blink-uart

The corresponding 5oC project should include gpio
instance,

2.Uart print.
There are two ways to support uart print:

a) The corresponding 5oC project should include
uart instance or local uart.

b) Enable Semihosting(System Library) when
creating this project.

RISC-V RX Demo Project

3.5upport IP register access test.

Project name: | riscv_rtos_helloworld

Use default location
Location: | Chlscchpropelh2024.2\workspacéeriscv_rtos_helloworld Browse...

Choose file systern: |defaulk

[] Build the project

Create a debug launch configuration for | OpenOCD

@ = Back Finish Cancel

Figure F.3. Load System and BSP Page 5
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Enabling Test Code

This function is disabled by default. You need to enable this function manually.
1. Find the test entrance from the C project just created (Figure F.4).

2. Setdefine REG_TEST_ENABLE to 1 in the file sys_platform.h (Figure F.5).

s workspace - riscv_rtos_helloworld/src/main.c - Lattice Propel — O X
Eile Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
C-ER -4 -& GRS G- B -G -0~ R @Y RE G oD oD
Q gl
5 Project Explorer X = B ||| maine = [ sys_platform.h 1 = B8 ||x = B8
) P & 184 ~ a
- @ | SR 5= static void bsp_init(void) eBEER
5 2% ExampleCFUSoC 5 g = oo ¥
> 125 BxampleSoC 7 #if (defined UART_INST_BASE_ADDR) H
5 25 riscv_rtos_CFU o #ifndef _UART_NO_INTERRUPTS_ .
> 125 riscv_rtos_freertos_pmp_blinky 9 /{SEE“E uart IRQ - N
+ S riscv.rtos. geov ) pic_init(CPU@_INST_PICTIMER_START_ADDR); C | Utll_i-h
- - 1 uart_core_uart.intrlevel = UART® INST_IRQ; H stdioh
» e riscv_rtos_gprof 2 uart_core_uart.intrAvail = true; U sys_plath
v T% riscv_rtos_helloworld 3 /fpic_isr_register (UART@_INST_IRQ, uart_isr, (void *)&uart_core_uart); ] risc_v errd
> il Includes 4 #endif -
-8 s 5 y reg_test.|
s G bsp 6 //initialize UART o uarth
g 7 uart_init(&uart_core_uart, UART_TNST_BASE_ADDR, UART TNST_SYS_CLK * 1668088, UART & pich
> ] main.c 3 #elif (defined LOCAL_UART_INST_BASE_ADDR) 1 gpich
» [€] utils. 9 local_uart_init(&local_uart_core, LOCAL_UART_INST_BASE_ADDR, CPUB_INST_SYS_CLOCK_I ® io inst
> [B) utilsh o #endif gpie-
B cpusud 1 iob_init(lscc_uart_putc, lscc_uart_getc, lscc_uart flush); @ uart_core
) cpuyaml 2 trap_init(); ys local_uar
3 3 ® * Iscc_uart
§ linker.ld 2| \#if REG_TEST_ENABLE 0 lece_vart
ii sys_envxml 5 /* Used for register access test, If not sure how to use, disable it. */ o 5 Iscc uart
|K] riscv_rtos_hellowerld.launch 6 reg_test_assert(mem_access_test()); 5 T
7 printf("\nmem_access_test success!\n\n"); ©° bsp_init(
8 | #endif @ main(voi
9
o #ifdef GPIO_INST_BASE_ADDR
1 //initialize GPIO
2 gpio_inst.instance_name = GPIO_INST_NAME;
3 gpio_init(&gpio_inst, GPTO_TNST_BASE_ADDR, GPTO_TNST_LTNES_NUM, GPTO_TNST_GPTO_DTF
4 #endif
5}
136
137
1382 int main(void) {
139 static uintd_t idx = @;
148 static uintd_t pin_state = @xFF;
141
142 bsp initi): v
< > < >
I_.'j Problems |+=] Tasks | & Consale =] Propertieq@Terminaq (T 4 5&‘ Bk BE R | & @| = d~§~= 08
<terminated> sge [SDP Builder] D:\Iscc\prope/\2024. 2\tools\python38_embed\python.exe (Terminated Oct 8, 2024, 3:04:06 PM) [pid: 27448]
TaeA Frer etT_ef s % ml . _21_L7- a_t.__ E__ T-__aL._ +__
| Writable | Smart Insert [ 127:45: 2502

Figure F.4. Test Entrance
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G workspace - riscv_rtos_hellowerld/src/bsp/sys_platform.h - Lattice Propel - m} X
File Edit Source Refactor Mavigate Search Project Run  LatticeTocls Window Help
B-HR ®-&-RiBiSi0K 4 EreE-E- @i -0~ G- @S- BE [ Ao orD
Q @
[ Project Explorer X = B | [¢ mainc (@ sys platform.h 3 = 8 |[x = B8
SO R | BS T E ;; #define UART_INST BASE_ADDR 51_APE_UART_INST BASE_ADDR ~ »EEw
» [ ExampleCFUSoC 79 #define SYSTEMB_INST_NAME "systemd_inst" oo ¥
» & ExampleSoC 80 #define SYSTEM@ INST BASE_ADDR 9x200000 8
» 25 riscv_rtos_CFU 81 # OSYS P e
» T£% riscv_rtos_freertos_pmp_blinky 82 #define TCMP_INST_TCM_MEM_MAP_DATA NAME "tcm@_inst_tcm_mem_map_data" -
e N 53 #define TCM@ INST TCM MEM MAP DATA BASE ADDR Bx@ # INST_
_rtos_gcov
e 84 # INST_
» I riscy_ttos_gprof 85 #define TCMB_INST_TCM MEM_MAP_TNSTR_NAME "tcm@_inst_tcm mem_map_instr” # INST,
IS riscy_rtos helloworld 26 #define TCM@ INST TCM MEM MAP INSTR BASE ADDR @x@ o risev
> [l Includes a7 # DE\«’IE
w (B sre 882 /* register test (reg_test.c) is to test the accessibility of the design by accessing
v = bsp 89 testable register of each IP instance, it might affect the environment during test. # CPUO
. 98 Treat this with care, it's expected to be done only once when the SOC is generated on # CPUD
> (- driver 91 i it when developing the application firmware. */ # CPUD
) 8 reg testc B o s | o s
5 [H reg_testh 93 # GPIo
94 /* cpul_inst parameters */ |
95 #define CPUB_INST_AXI_DATA BASE_ADDR Bx@0200800 # SOAF
96 #define CPUB_INST_AXI_DATA_BASE_ADDR_INPUT 88280808 # GPIO.
: 97 #define CPU®_INST_AXI_ID NUM_DATA @ # SLAF
> [ wtils.c 98 #define CPU@_INST_AXI_ID_NUM_INSTR @ # SIAF
s [H] utils.h 99 #define CPUG_TNST_AXT_TD _WIDTH 4 % UART
B cpusvd 106 #define CPU® INST AXI REG TYPE @ oySTE
cpuyarnl 181 #define CPU@_INST_A_EXT True #
102 #define CPUB_INST_BAUD RATE 115288 # SYSTE
;ﬁg’ linker.d 105 #define CPU® INST BAUD RATE TYPE @ # TCMO
3 sys_envxml 164 #define CPUB_INST_CACHE_ENABLE True # TCMO
%] riscv_rtos_helloworld.launch 165 #define CPU@_INST_CACHE_ENV True # TCMO
106 #define CPU® INST CDC 510 False
167 #define CPUB_INST_CDC_511 False # TCMO
165 #define CPUB_INST_CDC_512 False # PREG]
100 #define CPU® INST CDC 513 False # CPUO
116 #define CPUB_INST_CDC_514 False # CPUD
111 #define CPUB_TNST_CDC_515 False & CPuD
112 #define CPU@_INST_CDC_S16 False
113 #define CPUB_INST_CDC_517 False # CPUD
114 #define CPU®_INST_CDC_S18 False # CPUD
115 #dafina rDIn_TM(T_rT\r_('ID Falza < - DI 4
> < >
L"A Problems | ] Tasks | B Console X is] Proper‘t\es]@‘Termmaq = X sﬁ| 1S Eﬁ B & @| = E0~-ff-= 0
<terminated> sge [SDP Builder] D:\lscc\propel\2024. \tools\python38_embed\python.exe (Terminated Oct 8, 2024, 3:04:06 PM) [pid: 27448]
| Writable | Smart Insert | 02:26: 4130

Running Test

Generate the bit file from the corresponding SoC project just created. Then, program the bit file to the

corresponding board.

Figure F.5. Enabling Test Code

Build the C project just created.

Run on-chip debug. Check the terminal print-out log.

Success log (Figure F.6) or failure log (Figure F.7) is shown.

Note: This function is an advance option. The code changes the register value, and it may cause some IP error after
running the test code. Consequently, it is recommended to disable this function after the test.

S O *
é;i—'Terminal 4 =] *L*T| Eﬁl @ =
B com10

Started!

mem_access_test success!

Hello RISC-V world!

Figure F.6. Success Log
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HE m| X

PE—— B ke EERSD
B coM1D %

access_detect fail, inst: s1_apb_uart_inst, register: IER, Bx48881884
ofsro/main.cil26

Figure F.7. Failure Log
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Appendix G. Stack Overflowed Check

Introduction

In the example C project shown below, the file linker.ld defines the size of memory stack (Figure G.1).

& O X
Tl Linker = 8

Linker Script: linker.ld
Available Memory Regions

MName Attributes  Base Address Size
tem_inst WK 0x0 020000
STACK and HEAP Size

HEAP_SIZE: [0x0100
|| stack size: | tx0a00 |

Section to Memory Region Mapping

CODE: |tcml_inst ~

DATA: | tem0linst

Section Mame Memory Region &
text tem0inst

.ctors temO_inst w
< >

Ovenview | linkerld |

Figure G.1. linker.ld 1

In Figure G.1, STACK_SIZE is set to 0xA00, which means this C project’s stack size is 0xA00 (2560) bytes. If you define a
larger data array in some functions and use them, as shown in Figure G.2, some hard-to-detect errors might occur.

a2 Py W L N e P S S PP L R

& X
[¢] maine 8

136 //initiali » U

137 led_gpio_inst.instance_name = LED_GPIO_INST_MAME;

138 gpio init(&led gpio inst, LED GPIO INST BASE ADDR, LED GPIO INST LINES NUM, LED GPIO INST GPIO DIRS);

139 #endif

148

141 #ifdef RISCV_RX_DRV_VER

142 /*If driver support, set global interrupt-enable bit to 1.%/

143 plic_enable_global_interrupts(l);

144 #endif

145 ¥

145

147

145= int main(void) {

149 static uintd_t idx = 8;

158 static uintd t pin state = @xFF;

51 KRR

152

153 bsp_init();

154

155 printf("Started!\nHello RISC-V world!\n");

156

157 while (true) {

158 #ifdef LED_GPIO_INST_BASE_ADDR

159 gpic_cutput_write(fled gpio_inst, idx, pin_state);

160 #else o

Figure G.2. C Code

To avoid these errors, Lattice Propel SDK provides an additional warning flag (Figure G.3).
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> Resource
Builders
w C/C++ Build
Build Variables
Environment
Legging
Settings
Tool Chain Editor
5 C/C++ General
> MCU
Project Matures
Project References
Run/Debug Settings

Task Tags
> Validation

Q Properties for riscv_rtos_helloworld

Settings

SystemVerilog Project Prop:

Configuration: |Debug [ Active |

i Tool Settings ) Toolchains M Devices # Build Steps

~ | | Manage Configurations...

Build Artifact Binary Parsers @ ErrorF ¢ | *

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

[ Check syntax only (-fsyntax-only)

[[] Pedantic (-pedantic)

[] Pedantic warnings as errors (-pedantic-errors)

[ Inhibit all warnings (-w)

[[] Warmn on various unused elements (-Wunused)

[ Warn on uninitialized variables (-Wuninitialised)
[JEnable all commen warnings (-Wall)

[] Enable extra warnings (-Wextra)

[ Warn on undeclared global function (-Wmissing-declaration)
[Iwarm on implicit conversions (-Wconversion)
[CwWarmn if pointer arithmetic (-Wpointer-arith)
[JWarn if padding is included (-Wpadded)

[ Warmn if shadowed variable (-Wshadow)

[[] Warn if suspicious logical ops (-Wlegical-op)
[J'wWarn if struct is returned (-Wagreggate-return)
[I'Warn if floats are compared as equal (-Wfloat-equal)

[] Generate errors instead of warnings (-Werror)

her warning flags |-Wframe-|arger-than:?_560 I

Apply and Close

Cancel

Figure G.3. Warnings Settings 1

Then we can find a warning message when building this project, Figure G.4.

b
e

O

X

B Console

XL 4G HEEBE rE-8-=0

CDT Build Console [riscv_rtos_helloworld]

84 | #pragma message (DEVICE_INFO)
| A,

177 | }
»

Finished building: ../src/main.c

..fsrc/main.c: In function ‘main’:
../src/main.c:177:1: warning: the frame size of 2576 bytes is larger than 2568 bytes [-Wframe-larger-than=]

Building target: riscv_rtes_helloworld.elf
Tnwakine: GHII RTSC-V Crass £ linker

Figure G.4. Warning Message

How to Enable the Stack Overflowed Check Function

e  For general templates shown in Table 5.1, their stack size is fixed and cannot be modified. During the C project
creating flow, in the Lattice Toolchain Setting GUI (Figure G.5), the Warn for stack frame larger than item cannot
be edit to make sure the template code runs correctly.
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08 CfC++ Project [m|

Lattice Toolchain Setting

Configuration: | Debug [ Active ]

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

[JEnabie all commen warnings (-Wall};
Enable vart function (-DLSCC_STDIO_UART_APE)
[Jverbose (-v)

Generate gcov information (-ftest-coverage -fprofile-arcs)

Generate gprof informatien (-pg)

Optimization level MNone(-00) ~

Debug level Maximum(-g3) ~

lWarn for stack frame larger than(decimal) Dx0ADD l

@ < Back Next » Cancel

Figure G.5. Toolchain Setting GUI 1

e  For solution templates and special templates, such as the CXU template, the Warn for stack frame larger than
item in the Lattice Toolchain Setting GUI can be enabled. To enable this stack overflowed check function, fill in a
decimal number in the text box for this item (Figure G.6). If you leave it as default, this function is disabled.
Note: The number filled in must be equal to STACK_SIZE in the linker.ld file.

Q C/C++ Project [m]

Lattice Toolchain Setting

Configuration: | Debug [ Active ]

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

[1Enable all commen warnings (-Wall)
Enable uart function (-DLSCC_STDIO_UART_APEB)
[Jverbose (-v)

Generate goov information (-ftest-coverage -fprofile-arcs)

Generate gprof information (-pg)

Optimization level MNone(-00) w
Debug level Maximum(-g3) ~
lWamer stack frame larger than(decimal) |2560 l

@ < Back Next = Cancel

Figure G.6. Toolchain Setting GUI 2
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e  For Warning Settings (Figure G.3), you can edit the warning flag manually. Keep the value in decimal format, as
shown in Figure G.7.

Note: If you change this value, set STACK_SIZE in the linker.ld file to the same value (Figure G.8).

7% Properties for CXU_C m} x
|t)rpefi|tertext Settings SR A
> Resource
~
Builders
v C/C++ Build Configuration: | Debug [ Active ] ~ | Manage Configurations...

Build Variables
Environment

Logging i) Tool Settings & Toolchains M Devices # Build Steps Build Artifact Binary Parsers @ |4 "
Settings
Tool Chain Editer (22 Target Processor [ Check syntax only (-fsyntax-only)
C/C++ General ; ptimization edantic (-pedantic
> (22 Optimizat [ Pedantic (-pedantic)
> MCU @ Warnings [] Pedantic warnings as errors (-pedantic-errors)
. 5 i
Project Natures g Debugging [ Inhibit all warnings (-w)
Project References ~ B3 GNU RISC-V Cross Assembler .
Run/Debug Setti @ Preprocessor [JWarn en various unused elements (-Wunused)
un/Debu ings
System\f’erﬁog Projgect Prope @ Includes [[JWarn en uninitialized variables (-Wuninitialised)
Task Tags = Warnings [JEnable all common warnings {-Wall)
> Validation @ Miscellaneous [[JEnable extra warnings (-Wextra)

~ B3 GNU RISC-V Cross C Compiler
@ Preprocessor
2 Includes
# Optimization

[JWarn on undeclared global function (-Wmissing-declaration)
[CJwarn en implicit conversions (-Wconversion)

[wam if pointer arithmetic (-Wpointer-arith)

@ Warnings ] Warn if padding is included (-Wpadded)
@ Miscellaneous [] Warn if shadowed variable (-Wshadow)
w 83 GNU RISC-V Cross C Linker [ Warn if suspicious logical ops (-Wlogical-op)

@ General
(22 Libraries
@ Miscellaneous

[J'Warn if struct is retumned (-Wagreggate-return)
[J'Warn if floats are compared as equal (-Wfloat-equal)

« 5 GNU RISC-V Cross Create Listing [] Generate errors instead of warnings (-Werror)
@ General Other warning flags -Wframe-larger-than:-mgﬂ

~ 5 GNU RISC-V Cross Print Size
@ General

~ [# Lattice Create Memory Deployment
5 General

Cancel

Figure G.7. Warnings Settings 2

e m] b
Tl Linker > = B

Linker Script: linker.Id

Available Memory Regions
MName Attributes  Base Address Size
tem_inst i [ 0x20000

STACK and HEAP Size

HEAP_SIZE: |0x0100

l STACK_SIZE: | Dx 1000

Overview | linker.d

Figure G.8. linker.ld 2
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Appendix H. Breakpoint and Watchpoint Introduction

We can use GDB commands to add and use breakpoints and watchpoints. Refer to GDB Tutorial for related tutorials.

How to Use Breakpoint

Lattice software processors have two hardware breakpoints. You can add only two hardware breakpoints and others

must be of software types.

1. Create a C/C++ project, build it, and execute on-chip debugging. Here a HelloWorld project is taken as an example

(Figure H.1).

2. Switch to Debugger Console, which is the GDB command line window.

{3 propel-workspace - riscv_rtos_hellowerld/src/main.c - Lattice Propel - [m] X
File Edit Source Refactor Mavigate Search Project Run  LatticeTools Window Help
i |®iBie|nmEMd i & & 8 H-0- @~ ®@ 5~
MRl ey Q || &
45 Deb i Proj = 8 || g maine x =8  » = 8
g2 bsp_1n1Ti); -
= |1={> 8 P_ w ~ t
v [] riscv_rtos_helloworld Debug [GL printf(“started!\nHello RISC-V world!\n"); = |
w2 riscv_rtos_helloworld.elf "
~w f# Thread #1 (Suspended: Si . uwhile (true) { i
= " = #ifdef LED_GPTO_INST_BASE_ADDR g
_ == misin (et he gpio output_write(&led_gpic_inst, idx, pin_state); o
b openocd.exe #else MName
g riscv-none-embed-gdb printf("exi&e2x\n", (pin_state ~ (1<<idx))); #0- idk
#endif -
)= pin_s
if (++idx == LED_COUNT) {
idx = @;
pin_state = ~pin_state;
¥
< >
if (RTL_SIM) {
delay(1); =
T else {
delay(5@8@); v
£ >
i1 Registers & Console 2 Terminal L Problems | (3 Executables EDebugger Console > i Memaory = 8
2 -
riscy_rtos_helloworld Debug [GDB OpenOCD Debugging] ${cross_prefix jgdb3{cross_suffix} (777)
L L s
Type "apropos word" to search for commands related to "word”. 2
Program stopped.
main () at ../src/main.c:15]|
151 bsp_init();
Num Type Disp Enb Address What
1 breakpoint del y  @xeeepedfc in main at ../src/main.c:151
Hardware assisted breakpoint 2 at @xe®6: file ../src/main.c, line 157.
Breakpoint 3 at @xe28: file ../src/main.c, line 162.
Num Type Disp Enb Address What
1 breakpoint del y  @x@eeeddfc in main at ../src/main.c:151
2 hw breakpoint keep y  @x@B888eRE in main at ../ src/main.c:157
3 breakpoint keep y  @x@@08Be2@ in main at ../src/main.c:l62
Num Type Disp Enb Address What
1 breakpoint del y  @x@@e@Rdfc in main at ../src/main.c:151
2 hw breakpoint keep y  @x@@@88c@6 in main at ../src/main.c:157
[
Continuing.
Program stopped.
main () at ../src/main.c:157
157 gpio_output_write(&led_gpic_inst, idx, pin_state);
v
£ >

Figure H.1. GDB Console 1
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3. Input the following commands in sequence in the Debugger Console shown in Figure H.1.

info b //display all of breakpoints

hb 157 //add a hardware breakpoint in line 157

b main.c:162 //add a software breakpoint in lime 162
info b //display all of breakpoints

d 3 //delect breakpoint by index

info b //display and check breakpoint list

c //let program run and find breakpoint works.

How to Use Watchpoint
Watchpoint is a special kind of breakpoint.

Lattice software processor does not have any hardware watchpoint. If you need to use a watchpoint, set it as a

software watchpoint.

1. Create a C/C++ project, build it, and execute on-chip debugging. A HelloWorld project is used as an example, as

shown in Figure H.2.
2. Switch to Debugger Console, which is the GDB command line window.

Input the following commands in sequence in the GDB command line window shown in Figure H.2.

info b //display all of breakpoints

b 157 //add a breakpoint in line 157

C //let program run to line 157

watch idx //add watchpoint for idx

d //let program run and find watchpoint works.
info b //display all of breakpoints

Limitation of Software Watchpoint

If you enable a software watchpoint, the processor checks this watchpoint’s status in every instruction cycle,
decreasing the program’s efficiency. The most noticeable effect is that the program runs more slowly.

In Figure H.2, line 170 originally includes billions of instruction cycle, and this line is commented out to avoid making

the program running too slowly.

Note: It is not recommended to use software watchpoints to analyze code.
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Q propel-workspace - riscv_rtos_helloworld/src/main.c - Lattice Propel - O *
File Edit Source Refactor Mavigate Search Project Run  LatticeTools Window Help
- E @il @22 RS RSO0 RS-0 Qi@ A
R AR = Q im| G
#De # E?jprw = O [ mainc E(gdb[13].proc[42000].threadGroup[i1],gdb[18].proc[42000].05thread[1]].thread 1 =8 % = B8
B % | i 147= int main(void) { A e
- .h ”“ 1d D E 148 static uint8_t idx = @; x S& &
v [E] riscv_rtos_helloworld Debu| | 1,g static uintd t pin_state = @xFF; 1w |
w 2 riscv_rtos_helloworld.elf| | 15 -
~ o Thread #1 (Suspende| || 151 bsp_init(); <:==€I>
= main() at main.c:1 152 §
. " | R Py .
o8 openocd.exe i;i printf("Started!\nHello RISC-V world!\n™); H5 [
,a riscv-none-embed-gdb 155 while (true) { & [fu
156 #ifdef LED_GPIO_INST_BASE_ADDR .2 mai
157 gpic_output_write(&led_gpio_inst, idx, pin_state);
158 #else
159 printf("ex&e2x\n", (pin_state * (l<<idx)));
168 #endif
161
162 if (++idx == LED_COUNT) {
163 idx = 8;
164 pin_state = ~pin_state;
165 3
166
167 if (RTL_SIM) {
168 delay(1); S v
169 } else { .
Mo details to
132 //delay(508); = || display for
the current
172 ¥ selection.
173
174 return @; b
£ >
1819 pegi (E [ = O = H
oot Registers Console | & Terminal [# Problems (3 Executables [ Debugger Console % 0 Memory
L=
riscv_rtos_helloworld Debug [GDB OpenCQCD Debugging] ${cross_prefixlgdb${cross_suffix} (777)
Type "show configuration™ for configuration details. ~
For bug reporting instructions, please see:
<https://github.com/sifive/freedom-tools/issues/>.
Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.
For help, type "help"”.
Type “apropos word” to search for commands related to "word”.
Program stopped.
main () at ../src/main.c:151
151 bsp_init();
info b
Num Type Disp Enb Address wWhat
1 breakpoint del y  ex@eeeedfc in main at ../src/main.c:151
b 157
Breakpoint 2 at @xe@6: file ../src/main.c, line 157.
c
Continuing.
Program stopped.
main () at ../src/main.c:157
157 gpio_output write(&led_gpio_inst, idx, pin_state);
watch idx
Watchpoint 3: idx
c
Continuing.
Watchpoint 3: idx
0ld value = @ '\@@8"
New value = 1 '\@@l’
main () at ../src/main.c:162
162 if (++idx == LED_COUNT) {
info b
Num Type Disp Enb Address wWhat
1 breakpoint del y  exeeseedfc in main at ../src/main.c:151
2 breakpoint keep y  @x@@8@2e86 in main at ../src/main.c:157
3 watchpoint keep y idx
breakpoint already hit 1 time
v
£
i

Figure H.2. GDB Console 2
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Tips for Using Breakpoint or Watchpoint

Use software breakpoints or watchpoints as sparingly as possible.

Every software breakpoint or watchpoint needs the debugging tool to check its status in every instruction cycle,

this causes the program to run more slowly. With more breakpoints or watchpoints added, the program gets even
slower.

Clear breakpoints or watchpoints before debugging.

Lattice Propel SDK workspace is usually used to manage projects. This workspace provides a project explorer to

review all projects files. The breakpoints or watchpoints created for one project are also visible to the rest of the
projects in the workspace.

Therefore, if you debug a project, you might see some useless pending breakpoints or watchpoints in the
breakpoint list and some error messages in the GDB console (Figure H.3).

i
e O *
G Debugger Console % B~-=0
riscv_rtos_freertos_pmp_blinky [GDB OpenOCD Debugging] 5 cross_prefix}gdb${cross_suffix} (777)
For bug reporting instructions, please see:
<https://github.com/sifive/freedom-tools/issues/>.
Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.
For help, type “help”.
Type "apropos word” to search for commands related to "word™.
Function "idx" not deTined.
No source file named D:\\propel-workspace\\spike_gemu_helloworld\\src\\main.c.
No source file named D:\\propel-workspace\\riscv_rtos_helloworld\\src\\main.c.
No source file named D:\\propel-workspace\\riscv_rtos_helloworld\\src\\main.c.
Program stopped.
main (argc=38828, argv=ex19@@ <xPortStartScheduler+6@>) at ../src/main.c:254
254 int ret = @;
Num Type Disp Enb Address What
1 breakpoint del v @x@88853d4 in main at ../src/main.c:254
2 breakpoint keep y  <PENDING> 1dx
3 breakpoint keep y  <PENDING> D:\\propel-workspace‘\\spike_gemu_helloworld\\src\\main.c:57
4 breakpoint keep y  <PENDING> D:‘\\propel-workspace‘\\riscv_rtos_helloworld\\src\\main.c:162
5 hw _breaknoint keep v <PENDING: D:\%nropel-workspace\\riscv rtos helloworld\\srcc\\main,c:157
[ breakpoint del y  @x@88853d4 in main at ../src/main.c:254

Figure H.3. GDB Console 3

There are two ways to clear these pending breakpoints:

Select the debugging project, right click and select Close Unrelated Project (Figure H.4). Then, re-debug.

In this way, breakpoints are cleared temporarily for this debugging project, while pending watchpoints are

still visible. If you open a project in the Propel SDK workspace again, the breakpoints are still there.

Select Run > Remove All Breakpoints from the menu to delete all breakpoints in the current workspace.
Then, re-debug. If you want to keep these breakpoints, do not clear them in this way.
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[}

s

oW

wooooogsmooo

v

I &

Project Explorer >

BESY E~8

Example_SoC

Example_SoC1

ExampleMCSoC
riscv_me_helloworld
riscv_rtos_freertos, nemn hlinlae
riscv_rtos_goowv New
riscv_rtos_gprof Go Into
riscv_rtos_hellowa
riscv_rtos_real_tim
riscv_rtos_spi Show In

spike_gernu_hello Show in Local Terminal

Copy
Paste
3 Delete

2 Remove from Context

Open in New Window

Source
Move...

Rename...

Import...

G E

Export...

Build Project
Clean Project
Refresh

L;i;

Close Project
Close Unrelated Projects
Build Configurations

Build Targets

Index
Run As

Debug As
Profile As

# O

Restore from Local History...

w Run C/C++ Code Analysis
Team
Compare With
Configure
Source
Rebuild SV Index
| Validate

Properties

Alt+Shift+W

Ctrl+C
Ctrl+V
Delete
Ctrl+ Alt+ Shift+ Down

F2

F5

Close Unrelated Projects

Alt+Enter

»

»

Figure H.4. Closing Unrelated Projects

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.

FPGA-UG-02244-1.0

144


http://www.latticesemi.com/legal

Lattice Propel 2025.2 SDK ....LATTICE

User Guide

References
e Lattice Propel 2025.2 Release Notes (FPGA-AN-02104)

e Lattice Propel 2025.2 Installation for Windows User Guide (FPGA-AN-02106)
e Lattice Propel 2025.2 Installation for Linux User Guide (FPGA-AN-02105)

e Lattice Propel Builder 2025.2 User Guide (FPGA-UG-02243)

e [P Packager 2025.2 User Guide (FPGA-UG-02242)

e Lattice Propel Revision Control User Guide (FPGA-UG-02241)

e MachX03D Family Data Sheet (FPGA-DS-02026)

e  MachX03D Programming and Configuration Usage Guide (FPGA-TN-02069)

e  MachX03D Breakout Board User Guide (FPGA-UG-02084)

e  CertusPro-NX Evaluation Board User Guide (FPGA-EB-02046)
e Timer/Counter IP User Guide (FPGA-IPUG-02139)

For more information, refer to:

e Lattice Propel Design Environment Web Page

e Lattice Radiant Software Web Page

e Lattice Diamond Software Web Page

e Lattice Insights for Training Series and Learning Plans
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Technical Support Assistance

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

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