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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition
BSP Board Support Package, the layer of software containing hardapeeific drivers antibrariesto function
in a particular hardware environment
DUT Design Under Test
Embedded System Design and DevelopA&et of software development tools that allows the creation ¢
SDK - .
applications for software packaga the Lattice embeddeplatform.
IDE Integrated Development Environment
OEM Original Equipment Manufacturer
The directory where stores yowork, it is used as the default content area for your projects as well as
Workspace . .
holding any required metadata.
Workbench Refers to the desktop development environmentEclipse IDE platform
A tool camprogramLattice FPGARAM and external SHashthrough variousdnterfaces such as JTAG, SH
Programmer
andleC
Perspective A group of views and editors in the Workbench window.
RISO/ Afree and openinstruction set architecture (IS&pabling a new era of processor innovation through op
standard collaboration.
RIS&/ MC Lattice RIS®@ for MicroController Soft IP
SoC System on ChipAn integrated circuit that integrates all components of a computer or other electronic
systems
SRAM Static Random Access Memory
UFM User FlasiMemory.
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1. Introduction

Lattice Propet isacomplete set of graphical and commatide tools to create, analyze, compile, and debug both
FPGAbased hardwee and software processor systems.

1.1. Purpose

Embedded system solutisiplayan important rolein FPGA system desigfiowingyouto develop softwardor a
processoiin anFPGA device. It provides flexibility jauto control various peripherals from a system bus.

To develop an embedded system anFPGAyou need to design th&ystemon-Chip (SoCyvith anembedded
processor and develop system software on the processor. L&ticpelhelpsyou developyour system witha RIS©&/
processor peripheral IPand a sebf tools.

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

1.2. Audience

The intended audience for this document includes embedded system desigmeiembedded softwardevelopes
usingLatticeFPGA deviceThe complete list of supported devices can be found at Lattice Propel Release THates.
technical guidelines assume readers have expertise in the embedded system area and FPGA technologies.

winnetatticesemi.com/legal


http://www.latticesemi.com/legal

mLATTICE

2. Latice PropelDevelopment Suite

LatticePropeldevelopment site includes:

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

1 Lattice Propel SDMhich is for system software delopment.

2.1. Eclipse IDE

Eclipse IDE providéhe Propeldevelopment site a platform to managehe SoC project anthe Embedded (C++
Project inthe same workspace.

TheSoC project, whicbxtend§from the PropelBuilder project, provides easy interactiaith other Lattice design
tools, such as Lattice DiamoRNavithin Propel

TheEmbedded {£++Project provides platform for developingor debugging application code within Eclipse.ITie
projectcanbe creatad directly fromthe SoC project witla pre-setBoard Support PackagBSPand applicationdy
usingPropeldevelopment site.

2.2. LatticePropelBuilder

LatticePropelBuilder allows/outo assemble the larger functional blockstbé design hierarchyPropelBuilder
enables you tanstantiatemodules and IP frorthe IP Catalog in a schematic vieamd caneasily connect the modules.
Propel Buildealsohelpsyou customize address spacegthin modules such as processorln Propeldevelopment
suite, PropelBuilder is used to createraicroprocessointegratedplatform for both hardware and software
development.

Refer toLattice PropeP.1 Builder User Guide (FP&/A502143) for more detaikd information.

2.3. LatticePropelSDK

LatticePropelSDK idased orkEclipse Embedded CDT (C/C++ Development Tta®ws youto create, buildand
debugsoftwareapplicationprojectsthat drivethe platformwithin the Eclipse framework.

The main features are:
1 Create, build, debug ormanage embedded applicatiofsr Lattice RIS®& CPU/So6lution.
1 Provide extra build steps to genéecthe binaryand memoryfiles required for deployment

9 Build using the latest industry standard open source components and tools folVRi®@vare development and
debugging

1 SupportPicolibcfor RIS€/, and providelightweight standard library implementation
1 Providefully-configurable toolchain definitions

winnetatticesemi.com/legal
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3. LatticePropelTool Flows

ThePropeltool flows including SoC project design flodC&+project design flow, system simulation flpand
programming and O«€hipDebugging (OCOiebuggindglow, are discussed in detail indtollowing sections

3.1. Propel Environment

3.1.1. Running Lattice Propel

After installing Lattice Propel, you claunchPropel fromthe desktop shortcuiconor from the WindowsStartmenu.
When Propel isnvoked a dialog Figure3.1) pops up. ¥u can browse teselect whereo locatethe workspae. For
normal needs, justlick Launchto pick the default location andontinue running Propel.

Q Lattice Propel Launcher ¥

Select a directory as workspace

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

Workspace: | w Browse...

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

» Recent Workspaces

Figure3.1. Select Workspace Dialog

After the workspace location is chosen, a singtakbench window is displayadsingdefault Propel SDigerspective
The defaultPropel SDigerspective contains followinfijve functionalareas(Figure3.2).

1. aSydzl IRA2 0 I NI

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

3. ORAUG2WINDPERSA OF LI oAfAGE 2F SRAGAY3I &a2dz2NOS TAfSao

4. hdzlitf A YWFBA 3ANtSIége & |y 2dzif AyS 2F | FAES GKIFG Aa OdzZNNByidf @
5. [ 23 | NBH KRG takdGoaf SY GAS6T ¢l d1a OASHYRERYAFEE OASHD
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| £t workspace - Lattice Propel - O * |

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

Br-lR ®S-&-g-@8-F-F-H6-0- Q- i®O ¢~ ﬂ%E%cﬂi@E%-# RERE TR A CRCR AR e ]

Project Explorer &2

BESYT &

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

There is no active editor that
provides an outline.

Create a new Lattice 5oC Design
Project

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

[T Properties | & Terminal

Mo consoles to display at this time.

Figure3.2. Propel Workbench Window

3.1.2. Importing GeneralProjects

In Propel SDKpy can use the impoitig projectwizard to import existingprojectsinto workspacesxcept for Lattice
SoC design created by Lattice Propel Builder

Note: You can only import projects whiddre created or managed by Propel SBchoosingseneral > Existing Project
into Workspacein Propel SDK.

1. In Lattice PropglSDK)chooseFile>L Y LJ2. NI X
TheSelectwizard opensKigure3.3).

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswatetatticesemi.com/legal
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£ Import O >

Select

Create new projects from an archive file or directory. Iﬁ

Select an import wizard:

| type filter text |

w = General ~
& Archive File
1= Existing Projects into Workspace
[ File System
[T Preferences
[ Projects from Folder or Archive
» [= CfC++ v

®

Figure3.3. Import Projects Wizard; General

2. SelectGeneral > Existing Project into Workspadaick Next.
The Import wizard switdsto Import Projects wizard Eigure3.4).

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal
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2 Import O X
Import Projects o
Select a directory to search for existing Eclipse projects. { /
|
(®) Select root directory: | D:\J V| Browse...
() Select archive file: Browse...
Projects:
test (D:\test) Select All
Deselect All
Refresh
Options
[]5earch for nested projects
I Copy projects into workspace I
[]Close newly imported projects upon completion
[ Hide projects that already exist in the workspace
Working sets
[] Add project to working sets MNew...
Select...
@' < Back Mext » Cancel

Figure3.4. Import Existing Projects Wizard

3. Choose eitheBelect root directoryor Select archive filedickingthe associatedrowsebutton to locate the
directoryor file containing the project

4. Select the project or projects yowantto import in the Projectsarea

5. Be sure to checthe Copy projects into wokspaceoption so that your originaprojects do not get updated.
6. ClickFinishto start theimporting process

3.1.3. Importing Lattice So@esignProjects

In Propel SDKpy can use the Import Wizard to impdrattice SoC design projedtéo workspaceExistingSoC design
projects created byither Propel SDK d&tropel Builder caalsobe importedinto Workspaceby choosing attice

Propel > Lattice SoC

Design Projects

1. From Lattice PropeDK chooseFile>L Y LJ2.NJi X

TheSelectwizard

opensKigure3.5).

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswatetatticesemi.com/legal
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2 Import O X

Select

Import Lattice SoC Design projects into the workspace. Iﬁ

Select an import wizard:

| type filter text |

= General ~
= C/C++
= Git
= Install
~ (= Lattice Propel
o Lattice SoC Design Projects into Worksapce
= Oomph
= Run/Debug v

® < Back Finish Cancel

Figure3.5. Import Projects Wizard; Lattice Propel

2. SelectLattice Propeb Lattice SoC Design Projects into Worksp. dick Next.
TheSelectwizard switclesto Import Lattice SoC Design Projeatizard pageKigure3.6).

7% Import O d

Import Lattice SoC Design Projects
Select a directory to search for existing Eclipse projects.

Select root directory | D ~ Browse...
Projects:
SoC_dema (D:N\SoC_demo) Select All
Deselect All
Refresh

® < Back MNext = Cancel

Figure3.6. Import Latice SoC Design Projects Wizard

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

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal
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3.2. SoC Project Design Flow

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

3.2.1. Creating a SoC Desigmoject
To start aLatticeSoC Design Projeitom Propei

1. In Lattice Propel,lmoseFile>New > “+ Lattice SoC Design ProjedtheCreateSoCProject wizard opens
(Figure3.7).

7% SoC Project O x

Create SoC Project —

Create SoC project of selected template

Project name: | ExampleSoC

Use default location
Chlscchpropel\,  \workspace\ExampleSoC Browse...
default

Template selection

Processor: | RISC-V MC ~ | Family: MachXO3D ~
Device: LCMXO3D-9400HC ~ | Performance: 5 ~
Package: |CABGA236 ~ | Condition: Commercial ~

Board: MachXO3D Breakout ~

Template Design

Empty Project Hello World Project. Components included:
a) Processor - RISC-Y MC w/ PIC/TIMER
b} GPIO

c) ASRAM - Asynchronous SRAM

d) UART - Serial port

Figure3.7. Create SoC Project Wizard

2. Enter a project name.
Note: Do notincludeperiods, colons, or spacésthe project name

3. (Optional) To change the default locatiariear theUse default locatioroption, then browse to another location.
Choose a file system.

4. Select alesiredplatform templatedesign In particular, selecempty projectfor building system from scratch
5. ClickFinish

TheSoQdesignprojectis created in workbencghandits design is opened and displayediropel Builder
(Figure3.10).

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswatetatticesemi.com/legal
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3.2.2. Opena SoMesign inPropel Builder

Within a SoC project, there is a Propel builder design.

To openPropel Buildefor a SoC project:

1. IntheProjectExplorerview, select a SoC project.

2. Open the SoC projeat one of the followinghree waysfrom Propel

1 /K232380AGSvRREBBAAFTY t NP LISIA JapEws RS NJ

LatticeTools = Window Help

4, Open Design in Propel Builder

#  Generate and Open Diamond Progjct
Generate and Open Radiant Progjct
Lattice Sentry Tools for MachXO3D >
Lattice Sentry Tools for Mach-NX >

Figure3.8. LatticeToolsMenu

1 /EAOY NEKBt A Oaye RSHUKS G220 NI

1 WABKB RS2/ LRNRERBREPRSOlY %émfﬁ.ﬁl\g@l\ﬁléﬁa%ﬂwzu_xst FNENT REKISI LI2 L

Y 8 yaA 3 i

Restore from Local History...

Open Design In * 4. Propel Builder
Team »  »  Diamond
Compare With » Radiant

Figure3.9. Project Explorer Popup Menu

3. SoC Design is opened and displayefrimpel Builde(Figure3.10).

. Propel Builder [C\lscc\propel\2.0hworkspace\ExampleSoC\ExampleSoC/ExampleSoC.sbx] Device: LCMX03D-8400HC-5BG256C - [m] *
File Edit View Design Window Help

s A dBExOoHR 2SS QQQAQ
Design View (m]
~ 1} ExampleSoC

» @ Instances

3 2 Ports

v Nets “:::m = il st
M Components 4] L -

[ cpu0:1.0.0 - A .
@ gpio0:1.2.0 o ] 1 . —> qse 70
@ sysmem0:1.0.0 L

Schematic Address Start Page

LaR]

Properties

Name:

Type: Instance i
Path: ExampleSoC
VLNV: lattice:systembuilder:Examp

4 3

1P Catal... Design Vi... F

Tel Console [m|
%

Figure3.10. Propel BuildetWindow
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4. (Optional) Modifythe design inPropel Buildeas desired. Most of the templates includdéunctionatready SoC
design
Note: You can onlycreatean SoC designsingEmptyProjecttemplateinsidethe Propel BuilderReferto
Lattice Propel Builde2.1 User Guide (FPGAG02143 for more details on how to create an SoC desigimg
EmptyProject emplate.

3.2.3. Open Design ihattice FPGA Design Software

Within an SoC projecyou cancreate alLattice FPGA desigmoject includinga Propel Buildedesign andthen open

the FPGA desigprojectin appropriatesoftware There are two FPGA Desfgoftware availabld_atticeDiamondand
Lattice Radiant. Depends on thedevice familyused in the SoC projeabnly one othe FPGA Design software can be
selected fronthe user interface, the otheis grayedout. If MachXO3D or LFMNdé¢vice family is ugk the Lattice
Diamond related menu items are active from Propel Ul. If LIFCL or LEBZiRX family is usedhe Lattice Radiant
related menu items are active from Propel Ul.

To openFPGA Design Softwdia an SoC projectrom Propel

1. (Optional) Setattice FPGA design software installation location from ProgafeBault, Propel can find the proper
Lattice FPGA design software installation location, usually the latest version installed on the PC. You can overwrite
it following stepsbelow.

ChooseéWindows > Preferences ThePreferences dialog openBiQure3.11).

SelectPropel Settingrom the left pane Click theBrowsebutton to pick up he installation location of Diamond or
Radiant. Orleave theRadiant Locatiorarea and Diamond Locatiorarea blank, as defaulBropelcanfind the
location atomically.

{71 Preferences O >

type filter text | Propel Setting =T ~ §

General A
C/C++ Radiant Location
Help |
Install/Update
LiClipse

MCU Diamand Location
Mylyn |

| Browse...

| Browse...

Oomph

Propel Setting
Remote Development
Run/Debug

SVEditor

Tearmn

Terminal

Validation - Restore Defaults Apply

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

Figure3.11. Propel Preference®ialog

2. IntheProject Explorenviewfrom the Propel main GUselect a SoC project.
3. Open the SoC project oneof the following ways:

T /1 K22aS 0410522y SINIGREY5 A I YRINWRESOKNE [ OK 8 2 D .22y SINIBRS
2LISIyw | R ALBIE @S O

T /EAOBAGNEPLY 2 KK RMIG/LL, TNEIXKS (22¢06 N
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5SaABy WYRAFINRIY GROSA QR AKEY dzd
4. 5AF YRWIRRWNB YN & ISy SMNIOG ST B/ Rdzy KR SRENGS A I aliNBSD

* Lattice Diamond - Start Page - O *
File Edit View Project Design Process Tools Window Help
BrE-Had ey DD E Kaaqa =]
H = & gl (T == vl =
PECHECHSCEHEGA=USSSVMBY BENEHE G
File List & X i} start Page [ Reports [ 2 x
v @ ExampleSoC
LCMXO3D-9400HC-5BG256C -
o o Strateai Project: Release Notes FPGA Design Guide ~
rategies . . . .
Fz’ AS @DDE”--- Lattice Diamend Software 3.12 Release Notes Design Planning
27 Area
1/0 Assistant @ MNew... User Guides HOL Ceding Guidelines
Quick [ Import ispLEVER Project... Lattice Diamond 3.12 Release Notes Timing Closure
Timing Recent Projects: Lattice Diamond 3.12 User Guide Other Tool Guides
Strategyl 8 Examplesor Lattice Synthesis Engine for Diamond User ModelSim Users Manual
pit 4 socz GLHl.jE . . ModelSim GUI Reference Manual
Input Files Lattice Diamond 3.12 Platform Designer User ModelSim Command Reference Manual
¥ ExampleSoC/ExampleSoC_ {3 soc Guide Modelsim Tororia
M ExampleSoC/ExampleSoCy [ hello Clarity Designer User Guide geeisim fuena
: : Synplify Pro User Guide
Synthesis Constraint Files Lattice Diamoend 3.12 Programming Tools User
v LPF Constraint Files Guid Synplify Pro Reference Manual
[ ExampleSoClpf Software Update Center Reveal User Guide Synplify Pro Language Support Reference
Debug Files Currently running Lattice Diamond software version: Reveal Troubleshooting Guide Manual
Script Files 3.12.0.240.2 Lattice Diamond 3.12 Installation Guide for TelfTk
Analysis Files No updates available Windows Lattice on the Web
Programming Files Last check ime: Thu Mar 13 13:46:39 2021 tattlc:e Diamond 3.12 Installation Guide for Lattice Semiconductor
inux
< > Answer Datahase ¥
File List Process Hierarchy
ITd Console g X
» source "C:/lscc/propel/2.0/workspace/ExampleSol/diamond setup_template.tcl”
>
Td Console Cutput Error Warning® Info*
Ready Mem Usage: 127,628 K

Figure3.12. Diamond Prgect
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Lattice Radiant Software - Reports - O Pad
File Edit View Project Tools Window Help
o= 5 M = B 7 G
"= H Qeee I Al ocNEEEBE 3308
’ u Synthesize Design u Map Design u Place & Route Design n Export Files 4
« [E ExampleSoC A x 1Y startPage | Reports A
8 LFCL-40-9BG400! £
< Strategies
[5=] Area Reports ExampleSoC Project Summary
t=| Timing Implementation Name: impl_1 Performance Grade
"‘_",4 Strategy1
- 'ﬁ impl_1 (Synplify Pro) Strategy Name: Strategy 1 Operating Conditior
T [Dputlbile ) Part Number: LIFCL-40-8BG4001 Synthesis:
.| BampleSoC/ExampleSoC.v * |=] Synthesis Reports
v Pre-Synthesis Constraint Files Family: LIFCL Timing Errors
Lattice LSE v (5 Map Reports Device: LIFCL-40 Project Created
Synplify Pro
- Post-Synthesis Constraint Files Package CABGA400 Project Updated:
»
ExampleSoC.pdc RlacelSROUIElREpHS Project File C/Iscoipropel/2 0fworkspace/ExampleSoC/ExampleSoC n
Debug Files |
Script Files Implementation Location: C:flsco/propeli2. 0fworkspace/ExampleSoCimpl 1
+ |=1 Export Reports
Analysis Files
Programming Files
N Misc Reports Resource Usage
~ 1} ExampleSoC - ExampleSoC.v x® LUT4 ] 10 Buffers
» 1 F uartD{uartd_inst) - vartl.v )
3 D sysmemO(sysmem0_inst) - sysme.., FALEDSEE g (=
v 1F osch{oscO_inst) - osclv o
v I gpic0(gpiol_inst) - gpiol.w d — L
y IF cpul({cpul_inst) - cpulav > source "C:/lscc/propel/2.0/workspace/ExampleSoC/radiant_setup_template.tcl” o=
3 D apb0(apb0_inst) - apb0.v
. Starting: parse design source files
L3 -
o ahbl2aphl{ahbl2aphl inst) - ahbl2 (VERI-1482) Analyzing Verilog file 'C:/lscc/radiant/3.0/cae library/synthesis/verilog/lifcl.v'
v 1} ahbl0(zhbl0_inst] - ahblox - -
O AleList [ Source Template 2] 1P Catalog Td Consale = output E’ Message

Figure3.13. Radiant Project

5. 6 h LJ0 ACINRIYICH K 5 A[SMiakEERF I YR WIRRA 2 ¥ || NB
f Y2RAKS 1 Si240 witlp 2gpyii¢ce3orgy (2 YIFIGOK GKS {2/ RSaiadaysz LA
G§KSNB mA%g$t Gwed) FAEERNAY &2dzNJ { 2/ aA3yT
1 ONBIIiZBLSIZSt WwWNE 2TRI¢®Iord0 (2 Y OKT GKKSS {{22/ REBIHATIY A a
9YLIiée tNRP2SOIKSNELELEBSE R TAES Ay @2dzNJ {2/ RSardayo
6. 6 h LJi /a2 RIGR® & ( NJ LANEI2 JhyA ¥WE® @ Byt iR 2 Y (0 OK SKieKSdz {RH ORSaA Iy

Y2RATASRSGRI y{@2 /
b2 ¥RA4a &0 FdraKESARSAAIY (Kl G 9N¥VAL BRBSEG G GTNE Vv

z PN v A

Sda G(GKS RSaimaIwt REAVE y[il GGAOS 5AFY2YR
LAl Y& YR ANBIKNRI@GSY 2F CRSauNmBP §SO0Om dzNE H ESLala2iRSt XA
3 a0NBI
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{AYdzZ FGA2y CAtST 15[ fAARY@KHE

~
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# Lattice Diamond - Start Page - O s
File Edit View Project Design Process Tools Window Help
A-g-rHa8ra b @ERRIQAQ Y i
= & gd @ F73 — o nn
CHES2EG T @ @ oM B Y EER
& age Reports [ gl
& X ([ start P ports [
3 Synthesize Design
-
Synplify Pro -
- : T'tp;y i Project: Release Notes FPGA Design Guide "
ranslate Design
v o Man D 9 {7 Open... Lattice Diamond Software 3.12 Release Notes Design Planning
+ Map Design . -
02 MapTrece i Mew... User Guides HDL Coding Guidelines
[ & Verilog Simulation File [ Import ispLEVER Project... Lattice Diamond 3.12 Release Notes Timing Closure
[ & VHDL Simulation File t Projects: Lattice Diamond 3.12 User Guide Other Tool Guides
v Recent Projects: ; .
+ Place & Route Design 778 ExampleSoc Lattice Synthesis Engine for Diamond User ModelSim Users Manual
-
] * Place & Route Trace 8 socz Guide . . ModelSim GUI Reference Manual
ModelSim Command Reference Manual
S : 1/0 Timing Analysis oo I(-Eautltn;:: Diamend 3.12 Platform Designer User el o Ref |
Thermal Analysis =
-
~ 2 Export Files 8 hello Clarity Designer User Guide Modelsim Tuterial
[0 & 18IS Madel Lattice Diamond 3.12 Programming Teols User Synplify Pro User Guide
0] 2 Verilog Simulation File Guid Synplify Pro Reference Manual
O : VHDL Simulation File Software Update Center Reveal User Guide Svnplifiv Pro Language Support Reference
2 Bitstream File Currently running Lattice Diamond software version: Reveal Troubleshooting Guide Manual
2 JEDECFile 3.12.0.240.2 Lattice Diamond 3.12 Installation Guide for 19/ 1K
Mo updates available Wmdﬂws. . Lattice on the Web
Last check time: Thu Mar 18 13:46:39 2021 Il:_attu:e Diamend 3.12 Installation Guide for | stice Semiconductor
inux
Answer Datahase b
File List Process Hierarchy
Output 8 x
synpurap -msg -prj "Example5oC_impll_synplify.tcl” -log "ExampleSoC_impll.srf™ ~
Copyright (C) 1992-2020 Lattice Semiconductor Corporation. All rights reserwved.
Lattice Diamond Version 3.12.0.240.2
INFO - Synplify synthesis engine is launched. v
Td Console Qutput Error Warning Info=
Start: Synplify Pro Mem Usage: 313,848 K
Figure3.14. Generate Programming Filia Lattice Diamond
-~ “ 7 ~ L =A A _ ~ < " - A
Ly wl RA yFiNERYRSNE @SRRI 56 | INELIZONIE D AtnNGSe
Lattice Radiant Software - Reports - [m} *

File Edit View Project Tools Window Help

=- A o =
e aQaaa BE
o (W] u Map Design n Place & Route Design u Export Files B

~ [E ExampleSoC Eag 1Y Start Page [ Reports
I3 LIFCL-40-9BG4001

GIE]

. L\ Synthesize Design
= Strategies
- = Argea R rts L\ Synplify Pro
r:—\ Tirmin epo = Post-Synthesis Timing Analysis
':? St a‘g 1 Post-Synthesis Simulation File Performance Grade
*4l Strategy .
v % impl_1 (Synplify Pro) Map Design ] ] Operating Conditior
* [ Input Files ] Map Timing Analysis
. ExampleSoC/ExampleSoCv » [Z] Synthesis Reports Place & Route Design o400 LIRS
- E Pre-Synthesis Constraint Files = Place & Route Timing Analysis Timing Errors:
£ Lattice LSE 1/0 Timing Analysis
& S;n:\:'-y . *» 5l Map Reports Export Files Project Created:
Bitst: Fil .
v [ Post-Synthesis Constraint Files = ! II::I:!I ':I Project Updated:
» odel
&b bh":'lp'em"'k HREEDG FETIE (REEE B - Gate Level Simulation File 212, Diworkspace/ExampleSoG/ExampleSoC. i
ebug Files i
7 Script Files N Export Reporls 212 0/workspace/ExampleSoCimpl 1
EI Analysis Files
1 Programming Files
- " *» 5 Misc Reports
LUT4: 0 10 Buffers
PFU Register: 0 EBR:
1 - 3
> source "C:/lscc/propel/2.0/workspace/ExampleSoC/radiant setup template.tcl” [Ea x "

Starting: parse design source files
(VERI-1482) Analyzing Verilog file 'C:/lscc/radiant/3.0/cae_library/synthesis/verilog/lifcl.v'
> prj_run Synthesis —impl impl 1

Td Console = OQutput E1 Message

O File st [E source Template Elr Catalog

Figure3.15. Generate Programming File in Lattié&adiant

The Programming file is generatéithe generated programming fiten be used in the Programmer.

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal
All other brand or prduct names are trademarks or registered trademarks of their respective holders. The specifications and information hsuijeetréo change without notice.

FPGAUG021421.0 19


http://www.latticesemi.com/legal

mLATTICE

3.2.4. GeneratingSystem Environment bjuilding Project

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

To generate system environment packdgan Propel

1. IntheProject Exploreview, select a SAC project.

2. ChooseProject>Build Project

3. Check the builthg resultin the Consoleview (Figure3.16).

{2 Problems |4 Tasks | B Console 2 1 Properties | @@ Terminal = B8

X% HEzEE -
<terminated> sge [SDP Builder] C\lscc\propel\d.0hvtools\python38_embed\python.exe
Warning - Unconnectien: cpu® inst TIMER_IRQ M@ remains unconnected
INFO - Finished: sge generated

Figure3.16. Build Result of SoC Project

3.2.5. About SoC Design Project

TheSdC projectcreating starts witha functionalready SoC design arddefault simulation environmentn the Project
Explorerview, openan SaCproject folder and alits sub-folders. The projectontainsthe following files but not limited
to the following fileqFigure3.17), some ofwhichmay vary upon youopeningthe SoC design projeit Diamond or
Radiant software

1 <proj_name>: Folder contains Bropel Buildedesign includinghe .sbx file.
<proj_name>/application Foldercontainsfunctionatready embedded application source codes.
impl1: Folder contains the implementation of DiamdRdiantproject.

sge Folder contains generated package necessary for creatitg#project.
verification: Blder contains the SoC verification project.

verification/sim: Folder contains the simulation environment.
<proj_name>.ldf: Diamond project file

<proj_name>.Ipf: Diamond project logical preference file
<proj_name-.rdf: Radiant project file.

<proj_name-.pdc: Radiant project posgynthesis constraints.
<proj_name>.txt: Description filefrom the template

winnetatticesemi.com/legal
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I

f|ﬁ.'1"‘_‘| Project Explorer 2

)
i’y
=]

w = ExampleSoC
w = ExampleSoC
» [= application
» = lib
ExampleSoC_tmply
Vi ExampleSoC_tmplvhd
ExampleSeC_Top.v
ExampleSoC.shx
ExampleSoCwv
» = impll
v [= sge
» [ application
» = bsp
% [= soc_svd
fu) cpul.yaml
ﬂ sys_env.xml
w = verification
» [= lib
% = sim
json ExampleSoC_v.json
Example5SoC_v.shx
diamond_setup_template.tcl
[€] ExampleSoC.ldf
ExampleSoC.lpf
ExampleSoC.tt

soo | O

Figure3.17. Contents of SoC Project
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3.3. JC++Project Design Flow

3.3.1. Creating d_atticeCC++Project
To start aLatticeC++Projectfrom Propel
1. Chooséfle >New> €] Lattice GC++Project
The @C++Project wizard opens witthe LoadSystem andBSPpage(Figure3.18).

0} C/C++ Project a X

Load System and BSP ——

Correct system environment file and get toolchain parameter

Select system environment file and bsp package

System env: | C:\Iscc\propel\2.0\workspace\ExampleSoC\sge\sys_env.xml Browse...

Select processor core to create C/C++ Project

Core selected: | cpu0_inst v
Project type: | C v

System information

Device Family CPU Name Instance Name
MachX03D riscv_mc cpul_inst
‘,\?)' < Back Next > Finish Cancel

Figure3.18. Load Systm and BSHialog

2. Browse to the SoC project folder and seldw system environmentile sys_env.xml

All system environmeriles available inthe current workspacean be selectedfom the System envdrop-down
menu.

3. If the platform has more than one processor, choose core.
4. Choosehe project type, C or C++.
5. ClickNext.
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TheJC++Projectdialogopens(Figure3.19).

S C/C++ Project

|
C/C++ Project —
Create C/C++ project of selected type '
Project name: | Example
Use default location
Chlscchpropelh2.0hworkspace\Example Browse...
default
Project type: Toolchains:
= GNU Autotools RISC-V Cross GCC
v = Executable
& Empty Project
® Lattice C/C++ Project
& Hello World RISC-V C Project
& Hello World AMSI C Project
(z= Shared Library
(7= Static Library
= Makefile project
Show project types and teolchains only if they are supported on the platform
?\ < Back Finish Cancel

Figure3.19. Create @C++ProjectDialog

Enter a project namesSuggest notising periods, colons, or spac@s your project nameThoughspaces are

allowed, theymay cause certain issu&ith some tools.

By defaultthe Use default location optiois checked. The default file system is selected automatically. Suggest

usingthe default location, unless you hawpecial need to apecial location.

Select a project typeSelect doolchain. Normathoice id attice ¢C++Projectand RIS€V Cross GCC

ClickNext.
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ThelLattice Toolchain Stting dialogopens(Figure3.20).

01 C/C++ Project O X

Lattice Toolchain Setting

Configuration: | Debug ~

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

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

(O Newlib-nane (--nano.specs)

(®) Picolibe (--specs=picolibc.specs)

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

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

'? < Back MNext > Cancel

Figure3.20. Lattice Toolchain Settin@ialog

10. By default, o toolchain configuratiormodes, Debugand Release can be chosen from the Configuration
drop-down menu.
1 5S6006AY TAIGME IANRE SESQdEERRA BA2 ORY IREYdza AYF2NXEGAZ2Y (K|
RANBOG | &a2 QK i ARYENIDSS 1GRFAE WERNII KSR 0 ANBEWI G KS 2NAIAY |
1 wSt Q28SFAIdzNI GA2Yy LINE GA RBAY A KENHI2RS al yo AlOLELA BALAI AlRAy2ay  &6SA(]
LISNF2NXI yOSo
You camrmodify frequently-usedlibrary, compiler, and linker optiorfsr each configurationFora complete
toolchain seting, go toproject properties after creating the projedRefer to theAdvancedloolChainSetting
section.
1 LYAo {{S@IEN WRIEANFNI/WE 6 S NBORYHIAAPIINR NA Sa F2NI { Wl £ £ SNI 9
Ad aSft SOGISRRIO ea dR I TAINGNG \S@SIEINR v (
1 Lyk/ BRBYLBESBSNI 2LIAYAT I GA20 §SBSt NEF@RAY B8 DRNBR2D DK Ay
O2YFAIdzNY A2y @
1 Lyk/ pthyd IS@8I2 08 dzy dnsis GRAady & M3 R S T3 IdNAir F@ ND2f t SOGA2Y
O2RS®
11. QickFinish

TheLatticeGC++project is created ands displayed using th@ropel SDigerspective. A perspective is a collection
of tool views for a particular purpose. TReopel SDigerspective is for creatingatticeGC++programs.
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3.3.2. Updating a Lattice (C++Project

When you make changé¢o an SoC projecsometimes you want to synchrare the changgto an existing_attice
QU C++project instead of creating a nelatticeQC++project. In this casgyou can use the update/C++project
feature.

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

Toupdatea Lattice @C++Project from Propel:

1. DSy SNIGIS0 &akiss ¥ Sy @A NBY YSy (i KIS/ 3 Nl AYRY2 NIV ABANEGE S v
tNR 28S0Qit A 2 Y @

2. Ly tiNeS2 SO oD E6F 2 B MWBIRE SIO (/D

3. ChooseProject>Update Lattice @C++t NB 2.5 O X
The @C++Project wizard openor updating sysem andBSHFigure3.21).

i} CfC++ Project - O *

Update System and BSP

Select system environment file and bsp package

System enwv: | k:,a‘Iscce'plopel.:’E.U/wmkspacefE:ampleSo(,f'sgaf'sys_env.xml Browse...

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

Cancel

Figure3.21. Update System and BSP Dialog

4. Browse to the SoC project folder and select the system environfilerstys_env.xml
5. Selectthe checkboxor what you can update

0@

T wE8SYSNIGS 22t OKIAY 1Y MIKSS] S NBK ABY B LE MRS N2 8D IR KIF BE

GKS agaiasSy
T P LIRS{1) Olyr DK SO1 NKA&AZ & LAIREW {iR2 FIRIR Lt O02Y®RYSyia

6. ClickUpdateto make changefor the selected @C++project.

3.3.3. Building aLattice QC++Project

To build a_atticeGC++projectin Propel

1. Ly tieS2 SO OR EHE 2 NBEMBRE SOG ©

2. C2tft2g aidSLA o0Sft 2¢ IAGIORES2 RET AYyMMdzND 20 ACKT y3IS GKS
a. Choosea NE 280G B . dzAt R / 2 @rfcicatieNdnfigiraighigon & om theyfdolBa8 X

b. The Manage Configurations dialog opéRiyure3.22) for choosingactive configuration. By defaulh, Debug
configuration creates executables contaigadditional debug information that lets the debugger make direct
associations between theource code and the binary filgenerated from the original sourc&Release
configuration provides the tools with options $i@ig to create an application witthe best performance.
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Q Exarnple: Manage Configurations X
Configuration Description Status
Debug Active
Release
Set Active Mew... Delete Rename...

Figure3.22. Manage Configrations Dialog

3 /K22 NE BSOSO R MNDE 3 DYME @ES 2y GKS G22€0F NI
4 OKS NBadz G& 27T FINGS RoAEELO0 IR @y Faiand

[2] Problems | ] Tasks | & Console 2 . [ Properties| & Terminal 4L q4p {_5|;| B &l -Ea| L= Il B R
CDT Build Conscle [Example]

A
Invoking: GNU RISC-V Cross Print Size

riscv-none-embed-size --format=berkeley "Example.elf”
text data bss dec hex filename
1262 =] 2723 3996 f96 Example.elf
Finished building: Example.siz

Invoking: Lattice Create Memory Deployment

riscv-none-embed-cbjcopy -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. @ erreors, 8 warnings. (took 5s5.21ms)

Figure3.23. Build Result of (C++Project

3.3.4. About Lattice @C++Project

The Lattice (C++project starts withsource codeln the Project Explorer view, openGC++project folder and alits
subfolders. The projectontains

1 src/bsp/driver:Foldercontainsdriver codes from the IP in the platform.

1 src/bsp/sys_platirm.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:Sourcefile containsthe main routing which is the entrypoint of a @C++program
src/cpu0.svdSystem vievdescription file usedor peripherals registers vieat debugperspective.
src/cpu0.yaml: Processor description file used at debugging time.

src/linker.ld:Linker scripffile.

=A =4 =4 4 =4

src/sys_env.xmiSystem environment file describingpests of the platformsuch as memory spaces.

After buildng theproject, the build outputtan be found ireach build configuration foldethe Debugfolder or the
Releasdolder (Figure3.24). The Debug or Releasalder contains

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

<proj_name>.bin: Binary file used in deploying the application to flash memory.
<proj_name>lIst: Extendedikting file generated byool objdump.
<proj_name>.map:Linker map file.

=A =4 =4 4 =4

<proj_name>.mem: Lattice system memory initialization file use&ystem_Memory P
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Note: Some of the files listed fRigure3.24 are intermediate files that you do not need to take care of.

0
a

5 Project Explorer &3

v (== Example
;:;P" Binaries
i Includes
w [ sre

v (& bsp
[= driver
[h| sys_platform.h

[ main.c

[ utils.c
[H utils.h

[ cpub.svd

cpulyaml

el linker.ld

ﬁ sys_env.xml
w = Debug

[= src

%5 Example.elf - [none/le]

|=| Examplebin

Examplelst

Example.rnap

Example.mern

| & makefile

| @ objects.mk

| @ sources.mk
=% ExampleSoC

Figure3.24. Contentsof JC++Project

3.3.5. Writing Code

Latice Propel is based on Eclipse IDE. You c#de application coddollowingthe process and @geof the sameools
as anyin Eclipse IDEYou can get mordetailed informationregarding Eclipse IDE from the Propel online help

For writing codel atticePropel SDigrovidestwo extra aids:
1 LatticeSystenPlatform An overview of the processor platforman bedisplayed(Figure3.25).

1 LinkerEditor. An overview of the memory regionaf linker scriptcan be displayedYou caimmodify key linker
parametersviathe graphical interfacéFigure3.26).
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DeviceFamily: | MachX03D

i Lattice Platform 53 = 8
General
Vendor: | attice |
Library: | Propel |
Name: | ExampleSoC |
Version: [20 |
|
|

Bsplocation: | bsp

component ipnarme version  vendor basefAddress  range irg
cpull_inst riscV_mc 1.0.0 latticesemi.com D FEFFODD0 200
sysmem0_inst  system_memory  1.0.0 latticesemi.com  OxD 03000

gpiod_inst gpic 120 latticesemi.com  Dx3000 400 IRQ_S1
uart(_inst uart 1.0.1 latticesemi.com D 8400 400 IRQ_50

Owverview | sys_envaxml |

Figure3.25. Lattice System Platform

% Lattice Platform rﬁ Linker 2 = g

Linker Script: linker.ld

Available Memory Regions
MNarme Attributes  Base Address Size
sysmermn{_inst rwx Ox0 03000

STACK and HEAP Size

HEAP_SIZE: | 0xD |

STACK_SIZE: | 0xA0D |

Section to Memory Region Mapping

Section Mame Memaory Region 2
sysmermn{_inst

«ctors sysmem{_inst

dtors sysmermn{_inst

rodata sysmem{_inst

data sysmermn{_inst

bss sysmem{_inst W

Overview | linker.d |

Figure3.26. Linker Editor
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3.3.6. AdvancedT ool ChainSetting
Follow the process below tmodify the tool chain settingjof a GC++project.
To changeool chain setting in Project Properti@s Propel
1. IntheProject Exploreriew of Prope] selecta GC++project.
2. ChooseProject> Properties TheProperties for current project oper(§igure3.27).
3. SelectSettingsof C/C++ Buildtategoryfrom the left pane. Select th&ool Settingstab.
£ Properties for Example O X
type filter text Settings = - B
Resource
Builders
v CfC++ Build Configuration: |Debug [ Active ] ~ | | Manage Configurations...
Build Variables
Environment
Logging %) Tool Settings I3 Toolchains M Devices . Build Steps Build Artifact Binary Parsers @ |4 |
Settings
Tool Chain Editer (% Target Processor Architecture RV32| (-march=rv32i%) v
f ix] imizati
C/Cor+ General (=2 Optimization (] Multiply extensien (RVM)
MCU @ Warnings [ Atomic extension (RVA
Project Matures @ Debugging omic extension (RVA)
Project References ~ 133 GNURISC-V Cross Assembler Floating point Mene w
Run/Debug Settings (2 Preprocessor Compressed extension (RVC)
SystemVerilog Project Properties (% Includes —
Task Repository @ Warnings Integer ABI ILP32 (-mabi=ilp32*) ~
Task Tags (# Miscellaneous Floating point ABl | None v
Validation w 3 GMU RISC-V Cross C Compiler
@ Preprocessar Tuning Teolchain default ~
@ Includes Code model Teolchain default ~
@ Optimization
(& Warnings Small data limit | 8
@ Miscellaneous Align Toolchain default (-mtune) ~
w 83 GMU RISC-V Cross C Linker )
@ General [[]Small prologue/epilogue (-msave-restore)
@ Libraries Force string eperations to call library functions (-mmemcpy)
(# Miscellaneous Other target flags |
~ I35 GNU RISC-V Cross Create Listing
(#2 General
w 83 GMU RISC-V Cross Print Size
@ General
~ I3 Lattice Create Memery Deployment
@ General
Restore Defaults Apply

Figure3.27. Properties of GC++Project

4. Qustomize the tools and tool optiond\ll your customizationanbe resultedin the build configurationin the Tool
Settingsproperties tab The build configuration is used during yod€€&+project building.

Note: Setting for each configuratigiebugor Releaseis independent.
5. ClickApply and Clos¢o save the change.
Note: You may need to cleghe project to make the new setting take effefctr the whole project.

© 2021 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asWatetatticesemi.com/legal
All other brand or prduct names are trademarks or registered trademarks of their respective holders. The specifications and information heujeetréo change without notice.

FPGAUG021421.0 29


http://www.latticesemi.com/legal

Lattice Propel 2.1 SDK ....LATTICE

User Guide

3.4. System SimulatiorFlow

The SoC Project created from template has a default simulation environfioreydu to setup and start functional
simulation. Itis geneated automaticallyalong withthe SoQproject creation.Youcan use it as a start point and
customize accordingly.

The default simulation environmetig with thefollowing features:

ll

il

Provides Bnilar user experience as reabardlevel debuggingsuch ador Hello WorldSoC, key components
includingRISE&/ MG System memoryand UART

Smulates usermodified template 8C with extended HDL designs

Smulatesthe whole system using realC++projects as stimulus witthe necessary modificatioand with all the
details for debugging

Qupports user extension with a friendly and flexible approach

3.4.1. LaunchSmulation
To launchsimulation

1.

In Propel Builderupdatethe SoGdesignto enable simulation features

1 9yl 6KBKSOFHBEYdzf | (1 E2 ¥ ¥V RRREK S OF 6860 dzI 9 SNt/ S/t
Y 2 R defif KBS vy & N\BEHA 3 ataNgB

%, Module/IP Block Wizard e

Configure Component from IP riscv_mc Version 1.2.0
Set the following parameters to configure this component.

Diagram cpul Configure IP
| Property Value
~* General
Simulation Mode [v]
Debug Enable
Compressed Instruction Extension [~
PIC Enable ]
CpUU Timer Enable =
PIC and Timer Base Address (32'h00D000000 ~ 32'hFFFFFFFF) | 32'hFFFFODDD
- IRQ_SOAHBL_MU_INSTFE - Mumber of Interrupt Requests [2 - 8] 2
—HHIRQ_S1 AHBL_M1_DATA4~
—{dk_i TIMER_IRQ_MOH—
—rst_n_i system_resetn_o—
riscv_mc
4 » Mo DRC issues are found.
Generate Cancel

Figure3.28. Configure ModuleRIS€&/ MC

30
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1 9y OKBKSOFAREA (AL f AHBNAGTFNES V¥ AR dif KBSy X KR V- NGB i KiSk 2 y
DSy QiNIotZ LYyRGABEG ABY &N SHESR N ¥ Liz/y RSB &S\ (HiaNiB

., Module/IP Block Wizard =

Configure Component from Module system_memory Version 1.0.2
Set the following parameters to configure this component.

Diagram sysmem0 Configure IP
General Port 50 Settings Port 51 Settings
Property Value

Memory Address Depth [1 - 32768] | 8192

sysme moO Data Bus Width(bits) £
- ~, Memory Type EER
Port Count [1-2] 2
AHBL_SO0
Enable Arbiter
AHBL_S1 vAFOSweamer
Enable FIFO Streamer

—ahbl_hclk_i

—ahbl_hresetn_i

Initialize Memory

M v, Initialization File Format
Sys te m m e mo ry ——l —— o fE)(amplefDebung)(amplemem
4 4 Mo DR.C issues are found.

Generate Cancel

Figure3.29. Configure ModuleSystem Memory

Clickthe Switchicon on the toolbar to switch betwee®oC design and SoC verification pro{€cjure3.30).
3. After the SoC design is switchedain SdC verification poject, clickthe Generateicon'-igﬂJ to generate the
simulation environment foOEMModelSm. Aickthe Launch Simulatioricon . (Figure3.30).
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Figure3.30. SoC Verification Project

4. ModelSim is launchedinning simulation for the SoC verification project. The corresponding waveform of the SoC
verification projectfor the Hello World projecis shown(Figure3.31). Check the waveform

Figure3.31. Waveform of Hello World Project

3.4.2. 9Smulation Details

The default simulation environment is locatatithe generatedsim folderinsidethe SoCverification project in Propel
It contains:

[sim] -- generated simulation environment

[hdl_heade}
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

[misd
*x --all the mem, hex, txt files will be copied here

flist.f --file list forHDLs

msim.do --do script for simulator, it can be gsim for Questasim

wave.do -- do script for adding signals in waveform window

<project_name>.sv --top testbench, SystemVerilog based

Youcan extend more verification featurestine top testbench.
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