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Table 1: Cross Reference of Applicable Products

Product Name Manufacturer Part Number
Certus-NX-RT uUT24C407

Device Type
FPGA

1.0 Overview

This document details the process of creating a Certus-NX-RT SoC FPGA project using the Lattice Propel software tools.
For the purposes of this document, create a project named Hello_World_SoC and Hello_World using Propel Build tools
to include all the source modules required for a successful build. Using this template, projects are created using (a) the

preferred application source directory structures and (b) the directory structure for the Radiant-supplied files. Figure 1
shows the block diagram of the design.
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Figure 1: Example Design Block Diagram
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2.0 Lattice Propel: Software Development Tools

Lattice provides software development tools for system-on-chip (SoC) designs: Lattice Propel Development Suite, which
provides software build tools (SBT) for Eclipse. Eclipse is an integrated development environment (IDE) featuring:

e Creating and debugging applications.

* Using Lattice SBT, allows automatic creation of a board support package (BSP) for the given SoC.
* The BSP allows communication to the different peripherals in the SoC.

» The Lattice SBT automatically creates the make files for building the application.

» Lattice Propel for Eclipse software development kit (SDK) provides:

— a GUI for code editing, compiling, and debugging using the GNU toolchain, which provides the compiler, assembler
and linker, see Figure 2.

.} workspace - Hello_World_CNX/src/main.c - Lattice Propel - a X
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
EC - @O PIEN:ER PR SO0RIR O~ OBF~iSrilivfiv e |m Q B8k
4 Debug [(¢5 Project Explorer &3, 2% 7Y § ° 0|@mainc 2 [ utish | (gdb35].proc[42000] 11,9db[35].proc[420001.0Sthread[1] | & sys_platform.n = O |- Variabl 22 % Breakp |éf Express|= Disasse | Periphe| = O
v 15 Hello_World_CNX 49 static uint8_t idx = 0; ~ tBEe| s 8
> 4% Binaries 50 | Name Type Value
» i3 Inciades 51 uvart_init(&uart_core_uart, UART@_INST_BASE_ADDR, CPU_FREQUENCY, UARTO_INST_BAUD_RATE, 1, 8
g 52
v @ sic 53 #ifdef LSCC_STDIO_UART_APB
6 bsp 54 extern struct uart_instance *g_stdio_uart;
>[4 mainc 55 g_stdio_uart = &uart_core_uart;
> [ utils.c 56 #endif
> [ utish 57
B cpudsvd 58 printf("\r\nHello RISC-V world from CAES!\r\n");
Brcpuoyan ZZ LED_SET(ALL_OFF);
E""k‘”"d 61 while (true) {
3 sys_envaxml 62 LED_SET(LED_ON(idx));
> & Debug 63
> & Hello_World_SoC 64 if (++idx == LED_COUNT) { |
65 idx = @; =
66
67
63 if (RTL_SIM) {
69 delayMs(1);
70 } else {
7 delavis(500) i
< >
© Console &2 & Terminal | (2! Problems| © Executables| @ Debugger Console| 5 Search S B R re-8--0

CDT Build Console [Hello_World_CNX]

10:56:13 **** Incremental Build of configuration Debug for project Hello_World_CNX ****
make all

Invoking: GNU RISC-V Cross Print Size

riscv-none-embed-size --format=berkeley "Hello_World_CNX.elf"

text data bss dec hex filename

4240 20 2732 6992 1b50 Hello_World_CNX.elf

Finished building: Hello_World CNX.siz

10:56:15 Build Finished. @ errors, @ warnings. (took 1s.518ms)

i Hello_ World CNX Writable [ Smart Insert 82:33:2886 I agiMets0sM | )

Figure 2: Lattice Propel
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3.0 Lattice Propel Builder

Lattice Propel Builder allows for easy design of a SoC by simply dragging and dropping modules into a schematic view.
Propel Builder provides:

» GUI for designing a SoC system.
* Generate the SoC design.
* Integrate the SoC design with Lattice Radiant Software.

4. Propel Builder [C:\projects\Lattice\workspace\Hello_World_SoC\Hello_World_SoC/Hello_World_SoC:sbx] Device: LIFCL-40-9BG400C Board: CrossLink-NX Evaluation - o X
File Edit View Design Tools Window Help

sER OHYCTN A MEANOSEHAIRS QA
Desian View =} Schematic Address < Start Page
LIFCL-40-9BG400C
» £ Hello_World_SoC
~ [ Components
5] cpu0:2.1.0
9] gpio0:1.6.0
[ sysmem0:1.0.3
[ vart0:1.3.0
[ ahbl0:1.3.0
[ ahbl2apb0:1.1.0
(%] apb0:1.1.0
[ 0sc0:1.2.0
[ pl0:1.5.0

Properties
Name:
Type: Instance
Path:  Hello_World_SoC 2
‘« »
IP Catalog Design View 5 5

Tcl Console
%

Figure 3: Lattice Propel Builder

4.0 Lattice Propel: Creating a SoC Design Project

1. Launch Lattice Propel and choose the workspace directory, see Figure 4.

Lattice Propel

21 {55 Lantice Propel Launcher W

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

Workspace: | |

[l use this as the default and do not ask again
¢ Recent Workspaces

Launch Cancel

Figure 4: Setting a Workspsace Directory
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2. From the Project Explorer, select Create a new Lattice SoC Design Project, see Figure 5.

'\ workspace - Lattice Propel

Eile Edit Source Refactor Navigate Search Project Run LatticeTools Wi
iOrH@ e84 -0igiIGIRSNigveSvEvevif-
| Project Explorer & 887 § -0

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

| % Create a new Lattice SoC Design Project

{3 Create a new Lattice C/C++ Project
% Create a project...
i Import projects...

Figure 5: Creating a new Propel Design Project

3. Specify the project name as Hello_World_CNX_SoC and click Finish, see Figure 6.

01 SoC Project O X

Create SoC Project =

Create SoC project of selected template

Project name: | Hello_World_CNX_SoC |

Use default location
Location:  C\projects\Lattice\Certus-NX-RT\workspace\Hello_World_CNX_SoC Browse...

le system: [default s

Template selection

Pracessor: |RISC-V MC | Family: |LFD2NX (Certus-NX) v
Device: :I.FDZNX—4O ~ | Performance: 7 High-Performance_1.0V 4
Package: |CABGA256 v Condition: |Commercial v

Board: ' MachXO3D Breakout v

Template Design

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

c) ASRAM - Asynchronous SRAM
d) UART - Serial port
e) PLL

B Slia b ania it

®

Figure 6: Hello World Project Setup
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4. After clicking Finish, Propel Builder opens with a view of the template SoC design, see Figure 7.

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

B-HG®-R-RIDICIORINA- BB~ -0 - A @D P/ i BETIH-F-CorDdv|m
(i3 Project Explorer & B5Y 8 -0)
> & Hello_World_CNX_SoC
4. Propel Builder [C:\projects\Lattice\Certus-NX-RT\workspace\Hello_World_CNX_SoC\H..  — [u] %

File Edit View Design Tools Window Help

sE A MEa&E xS @l

IP Catalog =] Schematic Address . Start Page
o |
(5

&

1P on Local IP on Server Y
3 Module/IP on Local

Module

» [ Architecture_Modules

» £ Arithmetic_Modules

» 1 Memory_Modules
»
»

‘

{23 Processors_Controllers_and_
(23 Verification IP

f= wf

tl equation  split
i N -
TP Catalog Design View i g
Tl Console o

= — %
22 problen
No consols

1

Figure 7: Default Propel Builder View

5. Design View shows all the components for creating the template SoC design, see Figure 8.

. Prope! Builder [C:\projects)Lattice\Certus-NX-RT\workspace\Hello_World_SoC\Hello_World_SoC/Hello_World_SoCsbx] Device: LFD2NX-40-7BG256C Board: * - 8 X
File Edit View Design Tools Window Help
y - " 2%
sERA M A MEINOCEARES QA QQ
IP Catalog o ‘Schematic Address & Start Page
&
<
TP on Local TP on Server Y
= Module/IP on Local
~ Module

> B
v
, B

v

Architecture_Modules
Avithmetic Modules
Memory_Modules

1 Processors_Controllers_and_Peripherals

» [ Verification IP o
s =
~ £ Processors_Controllers_and_Peripherals o~
@ GPIo 160 77
@RISC-VMC 211 1
@ uART 130 17
1 w04
T2 s}
f= ws >
tl equation  split concat invert

Figure 8: Design View of SoC Design
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6. Forthe provided template, the default SoC design is sufficient; hit Generate [‘;.;1 to generate the different files
used by the software, see Figure 9.
NOTE: Depending on the Synthesis tool used, the PLL frequencies might need to be adjusted to compile the design.

File Edit View Design Tools Window Help

sERA HCHE MEANOBURNS @aaa
Desian View =] ‘Schematic Address & Start Page
8 LFD2NX-40-78G256C
~ 13 Hello_World CNX_SoC
» ¥ Instances
» S Ports
> Nets
~ (@ Components
0] cpu0:2.1.0
& gpio0:1.6.0
(0] sysmem0:1.0.3
9] vart0:1.3.0
(4] ahbl0:1.3.0
& ahbl2apb0:1.1.0
0] apb0:1.1.0
5] 05c0:1.2.0
(9] pll0:1.5.0

Properties

P Catolog _ Design View
el Console. o
: sbp_design generate.

lo_World CNX_SoC\Hello_World CNX_SoC/Hello_World CNX_SoC.sbx}) -o {C:/projects/Lattice,

proj Latti
rld_CNX_SoC/../} -nc
inst_TIMER_IRQ_MO remains unconnected

INFO - Finished: sge generated

Figure 9: Generating the Default SoC Design

7. Back in Lattice Propel, create a software project. From the File menu, select New > Lattice C/C++ Project and click
Next, see Figure 10.

[0 G =+ Progedt 0O by
Load Syztem and BSP —

Corract fyitirs anwircament Ble nd el Weoachiin parkmeter

Select systern enwiranment Tie and BSP patioge

Select procriser care 1o oeste DT =+ Progeet
Cowe seleched: opul_inst -
Pragen ity C e

Tyadtem AorTatan
Dawie Fasmily CFU MNams rrtance Mame
LD FEOW_T Epuil sl

o G | oo

Figure 10: Creating a New Software Project
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8. Name the project Hello_World and accept all defaults, click Next and Finish, see Figure 11.

33 C/C++ Project [m] X
C/C++ Project ?-Q
Create C/C++ project of selected type =

Project name: ‘ Hello_World_CN)d [

Use default location

Location:  C\projects\Lattice\Certus-NX-RT\workspace\Hello_World_CNX Browse...
:m; {default >
Project type:
> & GNU Autotools ~ || RISC-V Cross Gec

v & Executable
® Empty Project
® Lattice C/C++ Project
@ Hello World RISC-V C Project
® Hello World ANSI C Project
> = Shared Library
» & Static Library

e MAnlafila meminet

Show project types and toolchains only if they are supported on the platform

v

@ <Back | Net> | Finish Cancel

Figure 11: Naming the Project

9. The template creates the source code for the “Hello World” project and the BSP based on the RISC-V SoC design,
see Figure 12.

workspace - Hello_World_CNX/src/main.c - Lattice Propel
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

dnig |Bi@in | puEdecepIRS0ReRiE~-0vAvidB P vidoili-fi-O0ova
(% Debug (1) Project Explorer &5, 8% 7 § ° 0 |[@mainc % [ utiish | [ (gdb(35].proc(42000] i11,0b[35].proci420001.0" 1] | B sys platformh = a8 )(wn
~ & Hello_World_CNX g static uint8_t idx = 0; ~
> 42 Binaries 4 M
» & Includes s; uart_init(&uart_core_uart, UARTO_INST_BASE_ADDR, CPU_FREQUENCY, UART@_INST_BAUD_RATE, 1, 8
5
visto 53 #ifdef LSCC_STDIO_UART_APB
> & bsp 54 extern struct uart_instance *g_stdio_uart;
> [8 mainc 55 g_stdio_uart = &uart_core_uart;
> @ utilsc 56 #endif
> B utilsh 57
cpudsvd 58 printf("\r\nHello RISC-V world from CAES!\r\n");
B u0gan Z: LED_SET(ALL_OFF);
Rlinkerid 61 while (true) {
G sys_envxml 62 LED_SET(LED_ON(idx));
> @ Debug 63
> @ Hello_World_SoC 64 if (++idx == LED_COUNT) {
65 idx = 0; =
66 }
67
68 if (RTL_SIM) {
69 delayMs(1);
70 } else
7 delavMS(500) : N2
< >
B Console 52§ Terminal |[£] Problems| © Executables| @ Debugger Console| 5" Search
CDT Build Console [Hello_World_CNX]
10:56:13 **** Incremental Build of configuration Debug for project Hello_World_CNX ****
make all
Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "Hello_World_CNX.elf"
text  data bss dec hex filename
4240 20 2732 6992  1b50 Hello_borld_CNX.elf
Finished building: Hello_World_CNX.siz
10:56:15 Build Finished. @ errors, @ warnings. (took 1s.518ms)

Figure 12: Generated Hello World Project
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10. To build the “Hello World” project, right click on Hello_World_CNX and select Build Project. The compiler builds
the project and generates the necessary output files, see Figure 13.

3 workspace - Hello_World_CNX/src/main.c - Lattice Propel - a X
file Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
IBvH@ BiOiw PNz I Si08s B rOv R @C S v Sl v i vy
4 Debug (s Project Explorer &2, %V & = 0 |[[mainc 2 [ utish | [E (gdb[35].procl42000).threadGroupli1],gdb(35].procl420001OSthread[1] | [® sys. platformh = O |/@-Variabl 52\ % Breakp |4f Express|
~ & Hello_World_CNX a9 static uint8_t idx = 0; ~
> 4 Binaries 50 Name Type
» 9 Includes 51 uart_init(&uart_core_uart, UARTO_INST_BASE_ADDR, CPU_FREQUENCY, UART@_INST_BAUD_RATE, 1, 8
52
* "9‘_" 53 #ifdef LSCC_STDIO_UART_APB
> @ bsp 54 extern struct uart_instance *g_stdio_uart;
> [@ mainc 55 g_stdio_uart = &uart_core_uart;
> @ utilsc 56 #endif
> B utilsh 57
B qpudsvd 58 printf("\r\nHello RISC-V world from CAESI\r\n");
Bruagend ;Z LED_SET(ALL_OFF);
Rinkerkd 61 while (true) {
© sys_envaxml 62 LED_SET(LED_ON(idx));
> @ Debug 63
> & Hello World_SoC 64 if (++idx == LED_COUNT) {
65 idx |
66 }
67
68 if (RTL_SIM) {
69 delayMs(1);
70 } else {
71 delavMS(500) : ol
< >
© Console & Terminal (2 Problems| © Executables G Debugger Console| ' Search ) o EaER e85y =0)
CDT Build Console [Hello_World CNX]
riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide "Hello_World_CNX.elf" > "Hello_World_CNX.lst" ~
Finished building: Hello_World_CNX.1st
TInvoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "Hello_World_CNX.elf"
text  data  bss de hex filenane
4240 20 2732 [6992___1b50 Hello World CNX_elf
Finished building: Hello_World CNX.siz
© "Hello_World_CNX.elf" "Hello_World_CNX.bin"; srec_cat "Hello_World_CNX.bin" -Binary -byte-swap 4 -DISable
11:02:33 Build Finished. @ errors, @ warnings. (took 6s.925ms)
v

5 Hello_World_CNX Writable | Smart Insert 82:33:2886 [ 255Mor30sM |0 o

Figure 13: Building the Software Project
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11. Back in the Project Explorer, highlight Hello_World_CNX_SoC and select run Lattice Radiant, Lattice Radiant
Software opens in a new window, see Figure 14.

Lattice Radiant Software - Reports - o >

File Edit View Project Tools Window Help
-8B 9 areaQ IE nE ©ER somBEsB
> Synthesize Design wap Design | Place & Route Design | Export Fles ‘ [ Export Files complete

Hello_World_CNX_SoC 2 x £ start Page L Reports
LFD2NX-40-7BG256C

w [ Strategies

W]
Z|

) Area Reports Lattice LSE
5] Timing
[/ strategy1 Project Summary Synthesis Report Contents
~ 77 impl_1 (Lattice LSE) synthesis: version Radiant Software (64-bit) 3.1.0.43.2
- £ Input Files ~ [ Synthesis Reports
[ Hello_World_CNX_SoC/Hell ¥ e Copyr%ght (c) 1991-1994 by NeoCAD Inc: All rights reserved.
o Sema AN e Copyright (c) 1995 AT&T Corp. All rights reserved.
—‘[e' D It (V] Copyright (c) 1995-2001 Lucent Technologies Inc. All rights reserved.
] Lattice LSE Copyright (c) 2001 Agere Systems All rights reserved.
[ Synplify Pro Copyright (c) 2002-2021 Lattice Semiconductor Corporation, All rights reserved.
7 Post-Synthesis Constraint Files v Synthesis Resource Tue Mar 15 10:57:33 2022
£ Debug Files e
o Command Line: C:\lscc\radiant\3.1l\ispfpga\bin\nté4\synthesis.exe -f Hello_World CNX_SoC_imp
{21 Analysis Files i v Post-Synthesis Report - - - -

) Programming Files Synthesis options:

The -a option is LFD2NX.

The -t option is CABGA256.

The -sp option is 7_High-Performance_1.0V.
The -p option is LFD2NX-40.

Post-Synthesis Timing
Report

»
< 5 Map Reports

~ 1 Hello_World_CNX_SoC - Hello_Wor..X > i
17 uartO(uart0_inst) - uart.v » ] Place & Route Reports ‘«

1% sysmemO(sysmemo_inst) - sys...

1F pliopll0_inst) - pliO.v > Br) s BB —impl Gt -

1% oscO(oscO_inst) - 0scOv > prj_run Export -impl impl_1

17 gpio0(gpio0_inst) - gpiod.y

1% cpuO(cpu0_inst) - cpudv

{} apbO(apb0_inst) - apbO.v
L\ T ahhianhnlshhDankn incn o2 >

M

VVVVy

Figure 14: Opening the Project in Lattice Radiant
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12. Before compiling the entire design, assign the proper pin number to the signals based on the eval board
schematics, see Figure 15.

[] Device Constraint Editor - o

File Edit View Design Window Help

=] C aQaa@

| Qe mndree Name GroupBy  Pin BANK IOTYPE CLAMP DIFFDRIVE  DIFFRESISTOR  DRIVE  GUTCHFITER  HysT ™ E Al
2= AllPo N/A N/A N/A N/A N/A > W VERgeie
M |+ = Ports G i / / / / / » [ AlPIOs
o £F Instances(23) + D Input N/A N/A N/A | N/A N/A N/A N/A N/A |NA N/A » [ Test and Programming/Configuraton
B, +F Nets SERDES
< o rsti N/A G2(G2) 7(7) | LVCMOS... ON(ON) | NA(NA) OFF(OFF) NA(NA) | ON(ON) ON(© §
b » [ Power Supplies
© nd_i N/A E3(E3) 7(7) | LVCMOS... ON(ON) | NA(NA) OFF(OFF) NA(NA) | ON(ON) ON©O
[u]m)
‘ — - @ Output N/A N/A N/A  N/A N/A N/A N/A N/A N/A N/A
=1
s @ tdo N/A FI0(F10)  1(1) | LVCMOS.. OFF(O.. | NA(NA) OFF(OFF) 8(8) OFF(OFF) NAN,
i - @ Bidi N/A N/A N/A | N/A N/A N/A N/A NA  NA N/A
@ led_0[0] N/A B3(83) 2(2) | LVCMOS... | ON(ON) | NANNA) OFF(OFF) 88 | ONON) ON©O
@ led_ol1] N/A A2(A2) 2(2) | LVCMOS... | ON(ON) | NANNA) OFF(OFF) 88  ON(ON) ON(©O
@ led_ol2] N/A HI6(H16)  22)  LVCMOS.. ON(ON) | NA(NA) OFF(OFF) 88  ONON) ON©
© led_ol3] N/A B2(82) 2(2) | LVCMOS... ON(ON) | NA(NA) OFF(OFF) 8(8) ON(ON) ON(©O
@ led_ol4] N/A HI5H1S)  2@2) | LVCMOS.. ON(ON) | NA(NA) OFF(OFF) 8(®) ON(ON) ON©O
=] @ led_o5] N/A H14(H14) |2()  LVCMOS... ON(ON) | NANNA) OFF(OFF) 8(8) ON(ON) ON(©O
@ © led_ol6] N/A H12H12) |2(2) | LVCMOS.. ON(ON) | NA(NA) OFF(OFF) 8(8) ON(ON) ON©O
@ led_ol7] N/A J15015) 22) | LVCMOS... ON(ON) | NA(NA) OFF(OFF) 8(8) ON(ON) ON©O
4 »
Y Fiter Port Pin Global 550 Selection Attributes

Figure 15: Pin Assignment

4350 Centennial Blvd., Colorado Springs, CO 80907 e frontgrade.com e sales@frontgrade.com Page 11 of 16



rRONTGRADC

APPLICATION NOTE Creating Certus-NX-RT SoC Project in Radiant Software

Version #: 1.0.0 4/8/2022

13. Compile the design by clicking on the Run All arrow, see Figure 16.

Lattice Radiant Software - Reports = o) x
file Edit View Project Tools Window Help

G-& A ADD QaeQ B8 §
» . Synthesize Design ] . Map

Export Files completed.
~ [E] Hello_World_SoC [EE] pevice Constraint Editor ~
B LFD2NX-40-88G256C =
~ [ Strategies
) r Hello_World_SoC Project Summary
] Area
=] Timing Implementation Name: impl_1 Performance Grade: 8_High-Performance_1.0V
[ strategyt Strategy Name: Strategy1 Operating Condition coMm
~ 7 impl_1 (Lattice LSE)
< B ineit Fi Part Number. LFD2NX-40-88G256C Synthesis: Lattice LSE
B Inpattyies » [ Synthesis Reports
%21 Hello_World_SoC/Hello_World_SoC.v Family LFD2NX Timing Errors Place & Route, 0 (setup), 0 (holc
~ [ Pre-Synthesis Constraint Files
- » (] Map Reports Device: LFD2NX-40 Project Created 2022/04/08 04:41:52
1 Lattice LSE
B synplify Pro Package CABGA256 Project Updated 2022/04/08 04:41:53
71 Post-Synthesis Constraint Files » L) Place & Route Reports Project File Ciprojects/Lattice/Certus-NX-RT/workspace/Hello_World_SoC/Hello_World_SoC rdf
[] enx_soc.pdc
i} Implementation Location Clprojects/L attice/Certus-NX-RT World_SoClimpl_1
Debug Files » | Export Reports
[ Script Files
1 Analysis Files Resource Usa
— g » || Misc Reports ge
~ [ Programming Files
LUT4 4358 10 Buffers: 1
[ source/impl_1.xcf
PFU Register 2073 EBR 18
~ 1} Hello_World_SoC - Hello_World_SoC.v xallq = »
v i3 vartOwant0_insy - vartoy T~ [ @emeovo | A warunG::1 | O IN0:157 | B GoupbylD | Search 2 ox
» 13 sysmem0(sysmem0_inst) - sysmem0.v a
~ Map (4 warnings)
+ {E plio(plio_inst) - pliOy -
9 s . . iz
5. BB CSCOEE050 G50 51011063 WARNING - 10 instance secured._instance_80_104 is not connected to any port, itis ignored.
» 1} gpio0(gpio0_inst) - gpioO.y [TiEo 2 Info)
+ B cPUOICPUOInSY - GPUOY © 1191031 INFO - Design IBIS models are generated for board level analysis.
+ {3 apb0(apb0_inst) - apbO © 35400233 INFO - This design contains secured IP object(s), so output file Hello_World_SoC_impl_1_vo.vo has been encrypted.
» 17 ahbl2apb0(ahbl2apb0 inst) - ahbl2apb0y - o

[ Ale st [E] Source Template 1] IP Catalog Td Console = output ¥ Message

Figure 16: Compiling the Lattice Radiant Design
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5.0 Program the Device with Radiant Programmer

From the Tools menu, select Programmer and a new window opens.

Once the cable is detected and settings are set correctly, program the device by clicking the Program Device icon, ¢ @
see Figure 17.

£ Radiant Programmer - impl_1.xcf * - o X
File Edit View Run Tools Help
PEd £ 8 B8Ry B
Enable Status Device Family Device Operation File Name File Date/Time Checksum USERCODE Cable Setup g X
1 _LFDZNX LFD2NX-40 Erase ProgramVerify C:/projects/Lattice/Certus-NX-RT/workspace/Hello_World_SoC/impl_1/... 04/08/22..  N/A 0x00000000 Cable Settings -
Detect Cable |
Cable: HW-USBN-28 (FTD) v
port: FTUSB-0 v
Custom port:
Programming Speed Settings
O use default Clock Divider
(@ Use custom Clock Divider
TCK Divider Setting (0-30x):
/O Settings
(@ Use default /O settings
™0 O Use custom /0 settings.
ek
i ws—| INITN pin connected
PCONUTR. o T3 DONE pin connected
oo cARE o e TRST pin connected
™ g Set TRST high
Reser " " Set TRST low
PROGRAMN pin connected "
< e >
Output & x
Disabling...
Verifying...
INFO - Execution time: 00 min : 14 sec
INFO - Elapsed time: 00 min : 19 sec
INFO - Operation: successful.
v

Output  Tdl Console

Figure 17: Programming the FPGA
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. . . . “« ” . . .
Back in Lattice Propel, right click on the “Hello World” project and choose Debug Configuration; leave the default
configurations and click debug, see Figure 18.
% Debug Configurations o X

Create, manage, and run configurations .ﬁ\

CERBXIBY~ Name: | Hello_World_CNX Debug |

‘ | (Eibtaiin. @ cableConn| % Debugger| - Startup| & Source] E Gommon] % SVD Path] i
[€] C/C++ Application e
[€]C/C++ Attach to Application =10
[€] C/C++ Postmortem Debugger [ Hello_world_cnx Browse...
€] C/C++ Remote Application C/C++ Application:
Cif C/C++ Unit [ Debug\Hello_world_cNx.elf
[£] GDB Hardware Debugging = _

« =] GDB OpenOCD Debugging Variables.. || SearchProject.. | Browse..
[€] Hello_World_CNX Debug Build (if required) before launching
# Launch Group )
® Launch Group (Deprecated) e Selet s
O Enable auto build O Disable auto build
(® Use workspace settings Configure Workspace Settings..
Filter matched 10 of 12 items Bexert Apply

@ Close

Figure 18: Debug Configurations
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The debugger opens the Debug perspective; set a breakpoint at line 59 to print “Hello RISC-V world from Frontgrade!”
message on Tera Term terminal, see Figure 19. Variable values can be seen in the Variables window. As with any other IDE
running C code, you can Step Into <., ,Step Over . and Step Out .

¥ COM9 - Tera Term VT

File Edit Source Refactor Navigat

Window Help

B0 AUviE I R
§ = O |[@mainc % [ utish | [ (gdb[35] proc[42000]threadGroup(i1],gdbl35] proc[42000].0Sthread[1] | [ sys platform.n et L
static uint8_t idx = @;

File Edit Setup Control Window Help

O w8 >0 WD i

45 Debug £2 . & Project Explorer = i
~ [€] Hello_World_CNX Debug [GDB OpenOCD Debugging]
v i Hello_World_CNX.elf
v  Thread #1 (Suspended : Signal : 0:Signal 0)
= main( at main.c:59 0x23a
+ openocd.exe
+8 riscv-none-embed-gdb

uart_init(&uart_core_uart, UARTO_INST_BASE_ADDR, CPU_FREQUENCY, UART@_INST_BAUD_RATE

#ifdef LSCC_STDIO_UART_APB

extern struct uart_instance *g_stdio_uart;
g_stdio_uart = &uart_core_uart;

#endif

printf("\r\nHello RISC-V world from CAES!\r\n");
LED_SET(ALL_OFF);

while (true) {
LED_SET(LED_ON(idx));

if (++idx == LED_COUNT) {
ddx =03
}

if (RTL_SIM) {
delayMs(1);

} else {

delavMS(500) :

<

© Console 52 i1 Registers| $ Terminal | ¥ Problems | @ Executables| G Debugger Console| @ Memory| %’ Search
Hello_World_CNX Debug [GDB OpenOCD Debugging] openocd.exe
(901) mip (/32)

(1985) mtohost (/32)

(1986) mfromhost (/32)

(1987) mreset (/32)

(1988) mipi (/32)

(1989) miobase (/32)

(3137) cycle (/32)

(3138) time (/32)

(3139) instret (/32)

(3265) cycleh (/32)

(3266) timeh (/32)

(3267) instreth (/32)

(3922) mvendorid (/32)

(3923) marchid (/32)

(3924) mimpid (/32)

Writable Smart Insert 82:33:2886

Figure 19: Debug Perspective
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Revision History

Date \ Revision #‘ Author Change Description
4/8/2022 |1.0.0 JA Initial Release.

Datasheet Definitions

Definition

Advanced Datasheet Frontgrade reserves the right to make changes to any products and services described herein at any time
without notice. The product is still in the development stage and the datasheet is subject to change.
Specifications can be TBD and the part package and pinout are not final.

Preliminary Datasheet Frontgrade reserves the right to make changes to any products and services described herein at any time
without notice. The product is in the characterization stage and prototypes are available.

Datasheet Product is in production and any changes to the product and services described herein will follow a formal
customer notification process for form, fit or function changes.

Frontgrade Technologies Proprietary Information Frontgrade Technologies (Frontgrade or Company) reserves the right to make changes to any products
and services described herein at any time without notice. Consult a Frontgrade sales representative to verify that the information contained herein is
current before using the product described herein. Frontgrade does not assume any responsibility or liability arising out of the application or use of any
product or service described herein, except as expressly agreed to in writing by the Company; nor does the purchase, lease, or use of a product or service
convey a license to any patents, rights, copyrights, trademark rights, or any other intellectual property rights of the Company or any third party.
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