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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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Introduction

The next generation design tool for FPGA design, Lattice Radiant™ software is designed to address the
needs of high-density FPGA designs.

This tutorial leads you through all the basic steps of creating, processing, and analyzing HDL designs
targeted to Lattice CertusPro-NX™ device family. It shows you how to use several processes, tools, and
reports from the Lattice Radiant™ software to import sources, run design analysis, and inspect strategy
settings. The tutorial then proceeds to step of examining the device resources, setting timing and location
assignments, and editing constraints to implement the design to the target device. Finally, you have the
option of downloading the generated bitstream to a development board and inserting a logic analyzer for
debugging purposes.

Learning Objectives

When you have completed this tutorial, you should be able to do the following:
Create a new Lattice Radiant™ software project.
Create a module using IP Catalog.

Verify functionality with simulation.

Inspect strategy settings.

Examine resources.

Set timing and location assignments.

Run synthesis.

Run map design and check reports.

Run place and route.

Examine post place and route results.

Analyze power consumption.

Run Export Utility programs & generate a bitstream.
Download a bitstream to an FPGA.

Use Reveal Inserter to add on-chip debug logic.

Use Reveal Logic Analyzer to perform logic analysis.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Radiant 2025.1 Tutorial CertusPro-NX Versa Board mLATTICE

Time to Complete This Tutorial

The time to complete this tutorial is approximately 2 hours.

System Requirements

The following is required to complete the tutorial:
Lattice Radiant™ software Version 2025.1 or Later

(Optional) Lattice CertusPro-NX™ Versa Board to download a bitstream and to insert debug logic
using Reveal Inserter.

Note

For more information on the CertusPro-NX Versa Board, refer to:
https://www.latticesemi.com/products/developmentboardsandkits/certuspro-nx-versa-board

Accessing Online Help

You can find online help information on any tool included in the tutorial at any time by choosing Help >
Lattice Radiant™ Software Help.

© 2020-2025 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. 8
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About the Tutorial Design

The design in this tutorial consists of a combination of HDL modules. The main function is to have a
counter value displayed on the 7-Sgment LED with counter direction (UP or DN). Multiple HDL modules
are used to implement this design: Counter, 7-Segment display decoder and a simple display controller.

The target device used is Lattice CertusPro-NX™ on the Versa Board as shown in the block diagram
below.

Data_out | |_| |
I_

Display
O I{GIIEIAN Dig en3

Decoder

UP data2
DN data3

FPGA-CertusPro-NX

Figure 1: Hands-On design block Diagram

About the Tutorial Data Flow

Figure 2 illustrates the tutorial data flow through the FPGA design system. You may find it helpful to refer
to this diagram as you move through the tutorial tasks.

© 2020-2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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Create Project

Verilog VHDL Te stbench
Files Files File

Questa Sim Lattice Edition

Perform Functional Simulation

Set Timingand | | > ¢
Loomion - — Add Signals
Assignment s Import IP Modules

— Y

Examine __ __ : Waveform Viewer
Resources v ' v
p| Synthesize -« — — Inspect Strategy
Design Settings
Map Design
Plac?e &Route | _ > Analyze p.ower
Design Consumption
S . Adjust Static Timing
# e View Post Place and »| Constraints and
Route Results
Export Files/ Review Results
P~ Generate
Bitstream
p Download Bitstream with
Programmer
Add On-chip Run/Debug Hardware on
Debug Logic - Reveal Inserter Board with Reveal Analyzer

Improve Hardware

Reveal Inserter/Analyzer

Figure 2: Tutorial Data Flow
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Task 1: Create a New Lattice Radiant™ Software Project

Projects are used to manage input files, constraints, and optimization options related to FPGA
implementation. While there are several tasks you can perform independent of a project, most designs
start with creating a new project.

Note

Some of the screen captures in this tutorial may have been taken from a version of
Radiant software that differs from the one you are using. There may be slight
differences in the graphical user interface (GUI), but the software functions are the
same.

To create a new project:

1. Do one of the following depending on your operating system:

On Windows, go to the Start menu and choose Lattice Radiant™ Software > 'Radiant Software.
On Linux, enter the following on a command line:
<install_path>/bin/lin64/Radiant

The Lattice Radiant™ Software Design Environment appears, as shown in Figure 3.
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Lattice Radiant Software - Start Page = a X

| Fle Edit View Project Tools Window Help

LATTICE
RADIANT Wel Back
DESIGN SOFTWARE
elcome bac
Project
Recent Project List
New Project Open Project Open Example
Information Center
Getting Started Tutorials User Guides Support Center

ZLATTICE
Figure 3 : Lattice Radiant™ Software Design Environnement

The initial layout provides the Start Page, which provides a list of common project actions like New
Project to run the New Project wizard, Open Project to open a pre-existing project, and Open
Example.

Refer to Lattice Radiant™ online Help to get answers for most questions, it is a good starting point. It
describes the FPGA design flow using Radiant software, the libraries of logic design elements, and
the details of Radiant software design tools. The Help also provides easy access to many other
information sources. The Help can be accessed from Help > Lattice Radiant Software Help.

2. Open a new project in one of the following ways:

On the Start page, click the New Project button.
From the Lattice Radiant™ software main window choose File > New > Project.
The New Project wizard opens.
3. Click Next.
4. Specify the project name: Versa.

Note

File names for Radiant software projects and project source files must start with a letter (A-
Z, a-z) and must contain only alphanumeric characters (A-Z, a-z, 0-9) and underscores (_).

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Radiant 2025.1 Tutorial CertusPro-NX Versa Board mLATTICE

5. Click Browse. In the Project Location dialog box, browse to where you want to store the project’s files,
such as D:/Radiant_Versa_Tutorial, as shown in Figure 4. Click Select Folder.

6. Leave the Implementation Name as the default: impl_1. The directory to store the implementation is
automatically displayed in the Location box. We will talk about creating a new implementation later in

this tutorial.
Mew Project *
Project Name

Enter a name for your project and specify a directory where the project

data files will be stored.
Project:
MName: Versa
Location: | Di/Radiant_Versa_Tutorial * | Browse..
Project will be created at D:/Radiant_Versa_Tutorial/Versa |:| Create subdirectory
Implementation:
Mame: impl_1
Location:  Di/Radiant_Versa_Tutorial/Versa/impl_1

< Back Mext = Cancel Help
Figure 4: New Project wizard (Project name & directory setting)
7. Click Next.

The Add Source dialog box appears.
8. Click Add Source.
The Import File dialog box appears.

9. Navigate to the folder containing the source files (part of the training package), select the source files
in the directory and click on open, you should see all files added like below:
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Mew Project x

Add Source
Add HDL, constraint or other files,

Source files: Add Source...

D:/Radiant_Versa_Tutorial/CNT24.vhd
D:/Radiant_Versa_Tutorial/Decoder_75eg.vhd
D:/Radiant_Versa_Tutonal/FSM.vhd
D:/Radiant_Versa_Tutorial/MyPackage.vhd
D:/Radiant_Versa_Tutorial/top.vhd
D:/Radiant_Versa_Tutorial/top_level_tb.wvhd

] Copy source to implementation source directory

Create empty constraint files
< Back Mext > Cancel Help
Figure 5: New Project wizard (Add source files)

Make sure “Copy source to implementation source directory” is checked.
Clear “Create empty constraint files”. This option is not required for this tutorial.
10. Click Next.
The Select Device dialog box appears.
11. Select the following device options:
Family: LFCPNX
Device: LFCPNX-100
Operating Condition: Commercial
Package: LFG672
Performance Grade: 9 _High-Performance_1.0V
The dialog box should resemble Figure 6. The Device Information box on the right-side shows (as

applicable) the supported Voltage, LUTs, Registers, EBR Blocks, DSPs, PLLs, DLLs, PCSs, PIO
Cells, and PIO Pins.
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12.

13.

14.

15.

Click Finish.

MNew Project

Select Device
Specify a target device for the project.

Select Device:
Farnily: Device:

iCE40UP (iCE40 UltraPlus)  LFCPNX-50
LAV-AT (Avant) LFCPNX-100
LFCPNX (CertusPro-NKX) | FCPIX-10DAUTODIE

LFDZMX (Certus-Mx)
LFMX 04 (Machx04)
LFMX O3 (MachX0353-MNX)
LIFCL (CrossLink-Mx)
LM2-CT (Certus-N2)
LM2-MH {Mach-M2)
UT24C (Certus-MX-RT)
UT24CP (CertusPro-Mx-...
[l

LANE.]
Operating Condition: Package:
Commercial ¥ | | LFG&T72

Performance Grade:
9 High-Perfermance_1.0V
Part Mumber:

LFCPMX-100-9LFGET2C

Online Data Sheet for Device

Device Informaticn:

Figure 6 : New Project Wizard Device Selector Dialog Box

The Select Synthesis Tool dialog box opens.

Select Synplify Pro.

x

Core Voltage: 1.00V
Logic Cells: 96000
LUTs: 79872
Registers: 79872
EBR Blocks: 208
LRAM: 7

DSP (18x18 Multiplier): 136
ADC Blocks: 1
PLLs: 4
DLLs: 2
PCSs: 2
AlLUs: 1
DPHY=: 0

PIO Cells: 299
PIO Pins: 299

< Back Mext = Cancel Help

The Project Information dialog box appears. The project information includes project name, location,
implementation name, device, synthesis tool, and import source.

The File List view (left side of screen) is populated, and the Reports view (right side of screen)
appears as shown in Figure 7.

© 2020-2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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Lattice Radiant Software -[Di/Radiant Versa_Tutorial/Versa/Versa.rdf] - Report Browser - o x
File Edit View Project Tools Window Help
= — = -
-8 QaQQaQ E nL eeDEENEBELGOREESBSE
P B snthesize Design Bl vepossion B lace & Route Design B eporries
Q= Find Test. [EgE {0} Start Page Report Browser It
- [0 Versa *  Reports Versa P .
ject
0} LFCPNX-100-0LFGE72C - rsa Froject Summary
v [ Strategies Implementation Name:  imgl 1 Strategy Name: Strategyl
Ares Part Number: LECPNX-100-0LFG672C  Performance Grade: 9 High-Performance 1.0v
Timing » Synthesis Reports
Synthesis: Synplify Pro Top Module: Undefined
=/ Strategyl =
o e E TS » Map Reports Timing Errors: P Number: 0
~ 7 Input Files Project File: Di/Radiant_Versa_Tuterial/Versa/Versa.rdf
B ) , Place & Route Reports (Eeafi=
B} source/impl1/CNT24.vhd Implementation Location  Di/Radiant Verss Tutorial/Versa/impl 1
%) seurce/impl_1/Decoder_7Seg.vhd ) Export Reports L L
%) seurce/impl_1/FSM.vhd N
i) source/impl_1/MyPackage.vhd T v @ ERROR:0 CRITICAL: 0 WARNING: 1 | @ INFO:47 | '8 GroupbyID | Search N x
) source/impl_1/op.vhd
§= Project (1 wamings, 47 info)
%) source/impl_1/top_level tbvhd o
» -G/ /i /. .1/ /N ./ B -9,17 - K " b !
PPN 2046014 INFO - Cy/lsce/radiant/2025.1/ispfpga/vhel_packages/standard.vhd(9,9-5,17) (VHDL-1014) analyzing package 'standard’ [standard.vhd:d]
Post-Synthess Constrain Files » © 2045013 INFO - C/lscc/radiant/2025.1/ispfpga/vhdl_packsges/std_1164.vhd(178,14-178,28) (vHDL-1013) analyzing package body 'std_logic_1164' [std 1164.vhd: 178
Debug Fies » © 2045012 INFO - D:/Radiant_Versa_Tutorial/Versa/source/impl_1/CNT24vhd(8,8-8,15) (VHDL-1012) analyzing entity ‘gen_cnt' [CNT24.vhd:6]
Seript Files » © 2045010 INFO - D/Radiant_Versa_Tutorial/Versa/source/impl_1/ CNT24vhd(19, 14-18,24) (VHDL-1010) analyzing architecture ‘behavioral' [CNT24:vhg:19]
» 7 - D/ i /- /i A 3 - 7 - 7 b ! . .
5 testiench - top_JeveLthe " © 2046067 INFO - D:/Radiant_Versa_Tutorial/Versa/source/impl_1/top_level_tovhd(25,8-25,17) (VHDL-1067) elaborating ‘testbenchibehavior)' [tap level th.vhd:25
» I top level(uut) - topwhd © 2045399 INFO - D/Radiant_Versa_Tutorial/Versa/source/impl_1/top_level_towhd(53,2-5441) (VHDL-1399) switching to Verilog mode to elaborste module 'GSR'
© 2043018 INFO - C/lsce/radiant/2025.1/cae._library/synthesisfverilog/Hepmxv(23339,8-23339, 1) (VERI-1018) compiling module 'GSR_uniq_1* ifcprx:23339
© 2046400 INFO - D/Radiant_Versa_Tutarial/Versa/source/impl_1/top_leve|_tovhd(53,2-5441) (VHDL-1400) returning to VHDL mode to cantinue with elaboration
2046250 WARNING - D:/Radiant Versa_Tutorial/Versa/source/impl_1/top.vhd(35,1-37,3) (VHDL-1250) ‘myosc’ remains a black box since it has no binding entity [top.vhd:35
[ FileList [E] Source Template Tel Console = Output E¥ Message

Figure 1: Radiant project interface

The File List view displays the components of the project. File List organizes project files by
categories: Strategies, and Implementation including Input Files, Constraint Files, Debug Files, Script
Files, Analysis Files, and Programming Files. You may adjust the file order by dragging and dropping

file names in the list. Properties of each file are accessed by right clicking the file and choosing
Properties from the pop-up menu.

Note

You can also see Area and Timing listed in the Strategies folder in the File List
view. These are predefined strategies supplied by Lattice Semiconductor that
solve a particular design requirement. For details of these predefined strategies,
refer to Radiant online Help.

16. In the File List view, right-click top_level_tb.vhd and choose Include for > Simulation.

© 2020-2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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~ % impl_1 (Synplify Pro) " rap nepuits
g Input Files
] > Place & Route Reports
s sourcefimpl_1/CNT24.vhd
3 sourcefimpl_1/Decoder_TSeg.vhd , Export Reports
%5 source/impl_1/FSM.vhd
s sourcefimpl_1/MyPackage.vhd + | @ ERROR: 0 CRITICAL:

i3 sourcefimpl_1/top.vhd

Py TN 4™ Project (1 warnings, 42 info)

2046201 INFO - D:/Radiant_V
Pre-Synthesis Constraint Files Open o removed [to \ev;l tab I:P::ITZ
Post-Synthesis Constraint Files Open With... » O 2046014 INFO - Cy/l I, dl.
Debug Files Open Containing Folder - Lilsce/radia
T R » @ 2046012 INFO - C:/lsce/radia
Script Files
» O 2046012 INFO - D:/Radiant_V
v LE top level - top.vhd » © 2046010 INFO - Dy/Radiant V
1 F seven_segment_decoder(decoder_ins b @ 2046067 INEG - D/Radiant Y
[ - D:/Radiant_
[ MyOSC(osc001) -
= . » 2046250 WARNING - D:/Radi
1 F Gen_CMNT(counter_inst) - CNT24.vhd
T} counter_fsm{myfsm) - FSM.vhd Exclude from Implementation
Remove
Select Synthesis Tool...
Set Top-Level Unit...
Set Reference Design...
O File List [E] Source Template Include for 3 Synthesis and Simulation
Properties Synthesis

*  Simulation
Figure 8: Include files for simulation only
17. The Process Toolbar lists all the processes available, such as Synthesize Design, Map Design, Place

& Route Design, and Export Files. A process is a specific task in the overall processing of a source or
project. You can view the processes available for a design in the Process Toolbar.

18. Click Task Detail View to see detailed information about the processes.

Process Toolbar Task Detail View
l - i

Place & Route Design Export Files

b Synthesize Design E Map Design

Figure 9: Process Toolbar and Task Detail View

The Reports view allows you to examine and print process reports. There are two panes in the
Reports view. The left pane lists the available reports. The right pane displays selected report details.

Log messages are displayed in the Output frame of the Lattice Radiant™ software’s main window.

Task 2: Create OSC component Using IP Catalog

IP Catalog is an easy way to use a collection of modules from Lattice Semiconductor. With IP Catalog,
these modules can be extensively customized. They can be created as part of a specific project or as a
library for multiple projects.

In this task, you will generate a component to enable an internal oscillator (OSC) module that is missing
in the design. Notice the warning message when you imported source codes to the Lattice Radiant™
Project:
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T - | @ ERROR: 0 CRITICAL 0 WARNING: 1 | | @ INFO:42 || & Group by ID | | Search [Ea
T Project (1 warnings, 42 infa)

2046201 INFO - D:/Radiant_Versa_Tutorial/Versa/source/impl_1/top_level_tb.wvhd(28,14-28,22) (VHDL-1201) re-analyze unit 'behavior' since unit 'gsr_unig_1" is ovenwritten or
removed [top level th.whd:28

2046014 INFO - C:/lsce/radiant/2025.1/ispfpga/vhd|_packages/standard.vhd(9,8-9,17) (VHDL-1014) analyzing package 'standard' [standard.vhd:9

2046013 INFO - C:/lscc/radiant/2025.1/ispfpga/vhd|_packages/std_1184.vhd(178,14-178,28) (VHDL-1013) analyzing package body 'std_logic_1164' [std 1164.vhd:178]
2046072 INFO - D:/Radiant_Versa_Tutorial/Versa/source/impl_1/CNT24.vhd(8,8-8,15) (VHDL-1012) analyzing entity 'gen_cnt' [CNT24.vhd:d

20460710 INFO - D:/Radiant_Versa_Tutorial/Versa/source/impl_1/CNT24.vhd(19,14-19,24) (VHDL-1010) analyzing architecture 'behavioral' [CNT24.vhd: 19

2046067 INFO - D:/Radiant_Versa_Tutorial/Versa/source/impl_1/top.vhd(7,8-7,17) (VHDL-1067) elaborating ‘top_level(Behavioral)' [top.vhd:7

2o OO

2046250 WARNING - [n/Radiant_Versa_Tutorial/Versa/source/impl_1/tep.vhd(35,1-37,3) (VHDL-1250) 'myosc' remains a black box since it has no binding entity [tep.vhdi35

Figure 10: Black Box Warning message

This warning message is related to a missing component description that is used in the design (it is
considered a black box by the software).

To generate the OSC:

1. Open IP Catalog. IP Catalog is accessed via a tab at the lower left of the Lattice Radiant™ software or
through the shortcut menu on the top of the interface as shown below. Click the icon to view the list of
available modules and IP.

File Edit View Project Tools Window Help ,

-E=- R M QQ@a BEM e-NEERYS0ON

[
&

3%
2]
[
Z|

Figure 11: Top Menu IP Catalog shortcut

2. In the Module/IP on Local tree, open Module > Architecture_Modules, and double-click OSC.

3. In the Module/IP Block Wizard, specify general project information and the base file name for the
module or IP.

Instance Name is the base name for the module files (that is, with no extension). For this tutorial
enter the name MyOSC.

The Create In box is the location for the customized module files. For this tutorial, use the default
directory.

© 2020-2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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| Module/IP Block Wizard b
‘Generate Component from Module osc Version 1.4.0

This wizard will guide you through the configuration, generation and instantiation of this Module/IP. Enter
the following infermation to get started.

Component name: MyOscl

Create in: [:/Radiant_Versa_Tutorial/Versa Browse...

This will automatically create a folder for My inside the 0:/Radiant_Versa_Tutorial/Versa

Mext > Cancel
Figure 2: IP Catalog Wizard
4. Click Next.
The Module/IP Block Wizard dialog box opens.
5. In the dialog box, set the following like in Figure 13.
= | Module/1P Block Wizard ' %

Configure Component from Module osc Version 1.4.0
Set the following parameters to configure this component.

Diagram MyOsc Configure IP
Property Value
~ General
HFCLK Enable EMABLED
HFCLK Frequency {(MHz) 100
LFCLK Enable EMABLED
MyQsc
SEDCLK Enable DISABLED
hf_clk_out_o
hf_out_en_i
If_clk_out_o
CFGLMMICLK Enable DISABLED
0scC
|
|
|
| -
L] L3
User Guide No DRC issues are found.

Generate Cancel

Figure 13: Configuration Block of Module OSC

6. Click Generate. The Check Generating Result dialog box should appear as shown in Figure 14.
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2] Module/IP Block Wizard

Check Generated Result

Check the generated component results in the panel below. Uncheck option ‘Insert to praject’ if you do not want to add this component to your

design.

Compenent MyOsc' is successfully generated.
Module: osc  Version: 1.4.0

Vender: latticesemi.com

Language: Verilog

Generated files:
IP-XACT_component: companentaml
IP-XACT_design: designaml
black_box_verilog: rtl/MyOsc_bbu

cfg: MyOsc.cfg

1P package file: MyOsc.ipx
template_verilog: misc/MyOsc_tmpl.y
dependency._file: testbench/dut inst.
dependency_file: testbench/dut_params.y
timing_constraints: constraints/MyOsc.de
template_vhdl: misc/MyOsc_tmpl.vhd
top_level_verilog: rtl/MyOsc.v

[ insert to project

Figure 14: Check Generating Result Dialog Box

7. Make sure Insert to project is checked.

8. Click Finish.

Task 3: Verify Functionality with Simulation

< Back

Finish

The Lattice Radiant™ software provides an interface to create a new simulation project file that can be

imported into a standalone simulator.

Questasim® is an integrated simulation environment for VHDL, Verilog/SystemVerilog, EDIF, and

SystemC designs.

In this task, you will simulate the design using Questasim® and analyze the resulting waveforms.

Follow these steps to initiate and run the simulation of your design:

1. Open simulation Wizard (Lattice Radiant™ integrated toll that helps setup environment and run

the Use simulation)

On Lattice Radiant™ Project click on the simulation wizard as shown below or go to Tools > Simulation

Wizard

=] e Yy @@’:?%ﬁ@ug’__‘@g.

Figure 15: Top Menu simulation wizard shortcut

Simulation Wizard |
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2. Provide a simulation Project name (this will automatically create a script that allows you to re-run
the simulation with same setup).

Simulation Wizard *

Simulator Project Name and Stage
Enter name and directery for your simulation project. Choose simulator and the process
stage you wish to simulate. Available stages are automatically displayed.

Project
Project name: Sim001

Project location: | D:/Radiant_Versa_Tutorial/Versa Browse...

Simulator
@ CuestaSim

QuestaSim Qrun
Invoke

Process Stage
® RTL
Post-Synthesis
Post-Route Gate-Level
i Post-Route Gate-Level+ Timing

< Back Mext = Cancel |

Figure 3: Simulation wizard

Multiple simulation options are available; we will run RTL simulation for this Tutorial. Click Next.

If you left the default for the project location, a dialog box opens saying, “simulation file does not exist.
Do you want to create it?” Click Yes.

Note: To run Post-Synthesis simulation, make sure you enable Lattice Radiant™ options to generate
required files.

u Map Design u Place & Route Design u Export Files

M x @ Start Page
Reports Synthesize Design
Synplify Pro
_ 1 Post-Synthesis Timing Analysis
Post-Synthesis Simulation File
3 Synthesis F Map Design
Map Timing Analysis
» Map Report Place & Route Design
Place & Route Timing Analysis
3 Place & Ro / i i
dhd 1/0 Timing Analysis
Export Fil
der_75eg.vhd porthies
r Export Rep Bitstream File
+hd
IBIS Model
ickage.vhd :
4 Misc Repor Gate-Level Simulation File
shd
evel_th.vhd

Figure 17: Lattice Radiant™ settings-Enable simulation file generation
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3. Make sure you have the following files listed in the source file window and “Automatic set
simulation compilation order” is checked. Then click Next.

Simulation Wizard x

Add and Reorder Source
Add HDL type source files and place test bench files under the design files,

Source Files: g g W < pri

D:/Radiant_Versa_Tutorial/Versa/source/impl_1/CNT24.vhd
D:/Radiant_Versa_Tutorial/Versa/source/impl_1/Decoder_T5eg.vhd
D:/Radiant_Versa_Tutorial/Versa/source/impl_1/FSM.vhd
D:/Radiant_Versa_Tuterial/Versa/source/impl_1/MyPackage.vhd
D:/Radiant_Versa_Tutorial/Versa/sourcefimpl_1/top.vhd
D:/Radiant_Versa_Tutorial/Versa/source/impl_1/top_level_th.whd
D:/Radiant_Versa_Tutorial/Mersa/MyOsc/rtl/MyOscw

|:| Automnatically set simulation compilation file order.

Uncheck this if you want to follow the file order from "Input Files” on File List.

< Back Next > Cancel

-

Figure 18: Simulation Wizard-Add source files

4. Click Next.
5. On Parse HDL files for simulation window click Next.

The Add and Reorder Source dialog box appears. Make sure all source files are present in the Source
Files list. Leave the Automatically set simulation compilation file order option selected.

6. On Summary window make sure you have the following setting:

e Launch Simulator GUI (checked)

e Add top-level signals to waveform display (Checked)
¢ Run simulation with default run of 1 ms

e Design Optimization (Checked)

e Simulator resolution: fs

www.latticesemi.com/legal
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F .
| simulation Wizard e

Summary

Simulator : QuestaSim Crun

Project Mame: Sim001

Project Location : D:/Radiant_Versa_Tutorial/Versa

Simulation Stage: RTL

Simulation Files:
D:/Radiant_Versa_Tutorial Versa/MyOsc/rtl/MyOscw
D:/Radiant_Versa_Tutorial/Versa/source/impl_1/MyPackage.vhd
D:/Radiant_Versa_Tutorial/Versa/source/impl_1/CNT24.vhd

D:/Radiant_Versa_Tutorial/Versa/source/impl_1/Decoder_75eg.vhd

Launch Simulater GUI

Design Optimizaticn - Full Debug Add top-level signals to waveform display
E run simulation
Default Run 1.000 | ms * (0 means 'run -all’)

Simulator Resolution  fs -

< Back Finish Cancel

Figure 19: Simulation wizard - summary

7. Click Finish.

The Questasim software launches, and the simulation starts automatically. After completing the
simulation, the waveform appears, as shown in Figure 20.
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Figure 20: Questasim interface with simulation waveforms

8. Adding internal design signals to the waveform window:

In Questasim, click on MyFSM (under uut) in Instance window, then drag and drop state signal from
object window to the waveform window. This will add FSM internal signals to the waveform window as
shown below.

By -Detuit
—— (et e _[Ton Category
benhpeava) | Achechrs DU knsance
G et vodle Prpiisin
o jeveocheis)  viechre DUfnsance
MryQise (fast) Moduie U Instance:

_fampehevrs)  Archiechee DU Instance
gen_entibehavers) ircntechae DU nstorce

amven gt fecode... Achschrs  DUlnstarce
top_levei(behavioral) Process -
o evslietenrs)  Process
ton_level(behavioral) Process
N
testhenchibehavier) Process -
starcae Packae Padise
exto Package Padage
a9 Jooe_1164 Padage Padage
umeric 3 Pactage Padage
5 oot s Padage Paciage
W st_oge_unsigned std_logic_unsigned Padkage Package
W mpackage mpadage Padkage Padkage
By L std ViPackage Package
[ #vam_apsces Capacty Statsscs . o || 2] 4 i5earch ress:
Find: |8,
& Procemes (acme) X
~iame [1ipe (tred) _[statz _[ovder [parenteat [oassinfo
cll | o Cuser 2 | o1 754761
W itrare - 1Pt 1 Fam i = T I I T

Figure 21: Questasim-Add internal signals to waveform

On the top menu, click on Simulate > Restart (click OK on popup window)

. Questa Lattice OEM Edition-64 2024.2
File Edit View Compile Simulate Add Wave To

- D’* n . @ é{; Design Optimization... E
Start Simulation. ..
Q Q Q IJ_?J ‘J_,& N’“’;’SQ J Runtime Options...
@ sim - Default ———— Run b
#|Instance Step ’
:-’_. testbench Restart...

Figure 22: Questasim - Restart simulation
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On the top menu change the time to 200 us then click on the Run icon as shown below to run the
simulation.

| (@@ #dme (B[ 2o wslfEf R e o WO
[emERH| |ttt E-a-0

Figure 23: Questasim - Run simulation

I Y

| Layout [Similate ~| ‘

- & }RAAQ i
9. In Questasim, use the add cursor or zoom tools to have a focused view of the
simulation and how waveforms are changing.

Qﬁk*&&ﬁj“@@%@ﬂ%

Figure 24: Questasim - cursor and zoom Tools

10. Choose File > Quit to close Questasim.

Task 4: Inspect Strategy Settings

Implementations define the design of structural elements for a project, including source code, constraint
files, and debug insertion. Implementation contains all source files, constraint files, debug files, scripts,
and analysis files.

A strategy is a collection of tools settings for the different stages of the implementation process
(synthesis, map, place & route, and so on). Strategies can control whether the design is optimized for
area or speed, Synthesis settings, MAP and PAR settings, and many other factors. The Lattice Radiant™
software provides a default strategy, which should be a good collection of settings as a starting point, that
can be tuned if needed.

You can modify Strategy1 as shown in the Strategies section in Figure 25 and create other strategies to
experiment with or to use in different circumstances. Predefined strategies can also be cloned and then
modified.
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| Lattice Radiant Software -[D:/Radiant_Versa_Tutorial/Versa/Versa.rdf] - Report Browser - [m] X

‘E\\e Edit View Project Tools Window Help

|-&@-A 9 ¢ Qae ZE n e@efNEEERR S CRERSBSHE

‘ > u Synthesize Design u Mep Design u Place & Route Design u Export Files B

‘ Q- Find Text.. [E 7 Start Page Report Browser e
|~ Bl versa *  Reports Versa Project &
I LFCPNX-100-9LFG672C o fersa Project Summary
~ [ Strategies Implementation Name:  impl 1 Strategyl
i=| Ares . Part Number: LECPNX-100-9LFG672C Performance Grade: 9 High-Performance 1.0V
= Timing ’ Synthesis Reports
7 - Synth Synplify Pro Undefined
Strateay1
impl_1 (Synplify Pro) C Map Reports Timing Errors: 1P Number: 1
h Input Files Project File: D:/Radiant_Versa_Tutorial/Versa/Versa.rdf
g , Place & Route Reports -
a source/impl_1/CNT24.vhd Implementation Location  D:/Radiant Versa Tutorial/Versa/impl 1
2} source/impl_1/Decoder_TSeguvhd . Export Reports i i
13} source/impl_1/FSMuhd .
s} source/impl_1/MyPackagevhd Y ~ | @ ERROR: 0 CRITICAL: 0 WARNING:0 || @ INFO:136 | Groupby ID | Search 2 x

sourcefimpl_1/top.vhd
= SEUET \* Project (136 infa)

» @ 2046014 INFO - Cik 1/ispfp: pa /hd(9,9-9,17) (VHDL-1014) analyzing package ‘standard’ [standard vhd:9]

v S RTL Files » © 2046013 INFO - Cilscc/radiant/2025.1/ispfpga/vhdl_packages/std_1164.vhd(178,14-178,28) (VHDL-1013) analyzing package body 'std_logic_1164' [std 1164hd:178]
v B Constraint Files » © 2043328 INFO - Cisec/raciiant/2025.1/ip/pmifpmi_tfeprcw(1,10-1,24) (VERI-1328) analyzing included file ‘Cy/lsce/radiant/2025.1/ip/pmi/pmi_addsub.yv’ [pmi Heprcw!
» [ Testbench Files » © 2044320 INFO - i 1/ip/pmifpmi ,10-40,57) (VERI-2320) back to file ‘Cy/lsc: 5 1/ip/prmi/pmi_addsub v [pmi

» © 2046012 INFO - Dy/Radiant_Versa_Tutorial/Versa/sourcefimpl_1/CNT24vhd(8,8-8,15) (VHDL-1012) analyzing entity ‘gen_cnt' [CNT24.vhd:8]

m) source/impl_1/top_level_thvhd
# MyOsc/MyOscipx

“

v 1F top_level - topyhd x
D seven_segment_decoderidecoder inst1) - Decoder_7Segvhd » © 2046010 INFO - D:/Radiant_Versa_Tutorial/Versa/source/impl_1/CNT24.vhd(19,14-19,24) (VHDL-1010) analyzing architecture ‘behavioral’ [CNT24.vhd:19]
» I} MyOsclosc001) - MyGscy » @ 2046067 INFO - Dy/Radiant_Versa_Tutorial/Versa/source/impl_1/top.vhd(7,8-7,17) (\HDL-1067) elaborating 'top_level(Behavioral)' [topvhd:T:
£} Gen_CNTicounter_inst) - CNT24vhd © 2046399 INFO - Dy/Radiant_Versa_Tutorial/Versa/source/impl_1/top.hd(33,1-37,3) (VHDL-1399) switching to Verilog mode to elaborate module MyOSC' [top.vhd:33
IF counter_fsm(myfsm) - FSMxhd © 2043018 INFO - D/Radiant_Versa_Tutorial/Versa/MyOsc/rtl/MyOsc.v(11,65-11,70) (VERI-1018) compiling module "MyOsc_unig_1' [MyOse:11

© 2046400 INFO - D/Radiant_Versa_Tutorial/Versa/source/impl_l/top.vhd(35,1-37,3) (VHDL-1400) retuming to VHDL mode to continue with elaboration [top.vhd:35]

O FileList [E] Source Template & IP Catalog 8 Td Console E Output 1 Message

Figure 25: File List View, including Implementations and Strategies

To view synthesis settings:
1. In the File List view, double-click Strategy1.

The Strategies - Strategy1 dialog box, shown in Figure 26, appears.
1. Click Synthesize Design > Synplify Pro.

A set of default global synthesis timing constraints and optimization settings appears in the panel.
Synplify Pro settings are displayed as the default values in the dialog box.
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Strategies - Strategy

Description:

Process

-

Synthesize Design

[=] Constraint Propagat

D Synplify Pro
~ [E] LsE

[=] RTL Design Rule

B Post-Synthesis

= Post-Synthesis Timin
=] Map Design

[E] Map Timing Analysis
[£] Place & Route Design

[=] Place & Route Timin

[Elio Timing Analysis
=] Timing Simulation

[Z] Bitstream

FY
Name

Allow Duplicate Modules

Type

T/F

Arrange VHDL Files

Auto Compile Point

Automatic Read/Write Check Insertion for RAM
Clock Conversion

Command Line Options

Default Enum Encoding

Disable 1O Insertion

Disable Register Replication during /R QOptimization
Export Radiant Settings to Synplify Pro GUI
FDC Constraint Files

F5M Compiler

Fanout Guide

Force GSR

Frequency (MHz)

Library Directories

MNumber of Critical Paths

T/F
T/F
T/F
T/F
Text
List
T/F
T/F
List
File
T/F
Num
List
Num
Dir

MNum

-

v Default

Value m

Default

1000 |
False

200

Specifies optimization preference for area reduction over timing delay reduction.

oK

Cancel Help

Figure 26: Strategies - Synplify Pro settings

For each option selected, descriptive text appears in the lower panel of the dialog box. Default values
in the strategies dialog box are shown in blue while changed values are shown in black.

Click Cancel to close the Strategies dialog box.

Task 5: Run Synthesis Process

Synthesis is the process of translating HDL files into a process-specific, gate-level netlist that is optimized
for Lattice Semiconductor FPGAs. The Lattice Radiant™ software can be used with almost any synthesis

tool.

The Lattice Radiant™ software comes with two fully integrated tools: Synopsys Synplify Pro for Lattice
and Lattice Synthesis Engine (LSE). “Fully integrated” means that you can set options and run synthesis
entirely from within the Radiant software.

In this Tutorial, you will use Synplify Pro to synthesize your design for the Lattice CertusPro-NX™ FPGA.
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To synthesize the desigh and examine resource utilization:
1. From the Process Toolbar, click Synthesize Design.

Task Detail View opens and tracks completion of the processes.

Lattice Radiant Software -[D:/Radiant_Versa_Tutorial/Versa/Versa.rdf] - Report Browser
File Edit View Project Tools Window Help

@3- R @QaaQ NE ©e
u Map Design u Place & Route Design n Export Files :

Figure 27: Lattice Radiant™ Flow - Synthesis

2. When the process is completed, look at the icon next to Synthesize Design. A green check mark
indicates success; a red X B indicates failure.

1. To view post-synthesis resource usage, click View > Reports, or click the Reports tab. The Synthesis
report is displayed, as shown in Figure 28. Note that your Synthesis report results may differ slightly
from what is shown in the example.

Report Browser = @ X
File Edit View Window !
Reports Map Resource Usage
Project Summary impl_1 LUT4 PFU Registers 10 Buffers Carry Cells
- top_level 21(2) 3000) 12(12) 10(0)
- Synthesis Reports b 0SC001T  0(0) 0(0) 0(0) 0(0)
myFsM  12(12) 12(12) 0(0) 0(0)
RTL Design Check decoder_... 7(7) 0(0) 0(0) 0(0)
counter_... 0(0) 18(18) 0(0) 10(10)

~ Constraint Propagation

~ Synplify Pro

~ Constraint Checker Report

~ Post-Synthesis Report

Post-Synthesis Timing Report

3 Map Reports

3 Place & Route Reports

Figure 4: Synthesis Report

Note that the synthesis report integrates multiple sections: Synplify Pro log file, Synthesis Resource
Usage, Post-Synthesis Report, and Post-Synthesis Timing reports, etc.

The Resource Usage table displays the number of logical resources within each hierarchical level of the
design.

LUT4 represents the total LUT4 count utilization throughout the design.
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PFU Registers represent the total PFU register utilization throughout the design.

I/0 Buffer scores the total number of I/Os in the design.

Task 6: Set Timing and Location Assignments

Timing and location assignments apply logic synthesis, as well as backend map, and place-and-route tool
to help meet your design requirements. A well-constrained design helps optimization algorithms work as
efficiently as possible. In this section, you'll set default timing constraints for the operating frequency then
assign package pins to specific I/O signals.

To set timing constraints:

1. From the Tools menu, choose Tools > Pre-Synthesis Timing Constraint Editor, or click the shortcut
©" icon on the Lattice Radiant™ software toolbar. Make sure to choose Pre-Synthesis Timing
Constraint Editor. For reference: Post-synthesis constraints impact design implementation after
synthesis whereas Pre-synthesis constraint has an impact on the synthesis process.

The Pre-Synthesis Timing Constraint Editor appears. The top half is a spreadsheet with different tabs,

each with rows of constraints that may want to add. The bottom half represents the SDC text syntax
for constraints entered.

2. Click the Detach Tool icon " at the upper-right corner to detach the tool.
3. Click the Clock tab.
4. Double click on Object clock case and Click on the 3 dots to select the clocks available
5. A pop-up window appears, filter by object type: CLOCKNET
6. Select clk2 and click on OK
7. Click in the Frequency cell and enter 50 MHz as shown in Figure 29.
The Period column is calculated automatically and changes to 20 ns.
Note that in the text part of the view, the create clock constraint will be shown as below:

create_clock -name {clk2} -period 20 [get_nets clk2]
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'@3 Pre-Synthesis Constraint Editor _ =

File Edit Window Help

Disable Chject Clock Clock Name ‘Waveform (ns) Period (ns) Add Frequency (MHz)

get_nets clk2 clk2 20.000 50

Clock Generated Clock Clock Latency Clock Uncertainty Clock Group Input/Cutput Delay Timing Exception Attribute Load Capacitance
All Constraints {Using drag and drop to reorder the constraints)

create_clock -name {clk2} -period 20 [get_nets clk2]

Figure 29: Pre-Synthesis Timing Constraint Editor

8. Choose File > Save timing_constraints.sdc.
9. Close the Pre-Synthesis Constraint Editor.

10. In the File List view of the Lattice Radiant™ software main window, double-click the
timing_constraints.sdc file under Pre-Synthesis Constraint Files.

Source Editor appears with the .sdc file. Note the timing constraints defined so far.

11. Close the Source Editor.

To set location constraints:

Device Constraint Editor is used to edit .pdc constraints file. The constraint editing GUI is available from

the Lattice Radiant™ software toolbar ) and Tools menu. All modified constraints will be saved to a .pdc
file. The Device Constraint Editor shows the pin layout of the device and displays the assignments of
signals to device pins.

Since we have changed pre-synthesis timing constraint, we need to update the synthesis phase Before
opening Device Constraint Editor (Double click on ynthesizeDesign o run synthesis)

From Tools menu, choose Tools > Device Constraint Editor or click El on the Lattice Radiant™ software
toolbar.

Device Constraint Editor appears.

1. Click Detach Tool icon " at the upper-right corner to detach the tool as shown in Figure 30.
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[F] Device Constraint Editor = O X

File Edit View Design Window Help

QQaQaQ

|

- Battom View | LECPAO-100-LFGE72 .
L% | Q~ Find Text.. oA N
= H I M MU NISETIEIS ML 2N 9 8 T 65 43 21 v [ Visible Banks
Jd T & Forts « EEEEEEEEEEE EEEEEE v [E AIPIOs ‘
+ <1 Output HEEEECEEEEEEE |H] 1B EEEEEE E No-Connect
- € =[5 = EE i i |
= . EEEEEEEEEEEEEEEEEE
~ | Digit_en[2:0] o EEEEEEEE v [E Test and Programming/Canfigur...
 en[0] (AC21) e ] [E]EIE] & SERDES
" REEEE
@ Digit_en[1 27 =i v [ Power Supplies
=5 igit_en[1] (W22) s H|EEE
= 7l Digit_en[2] (AE26) L] HEEE |
- 3 | | = [E[E
=i » |9 seg_out[6:0] x HEE
* [ Input L [ElEIE]
. L HEE
= [ Dir (AA23) " EEE
[ rstn (NS) * (EHENE
[
0 v £2 instances(z1) , |
b (EE Nets v
v
w
[ v |E -
= NDooOoEDDOE e [ I
] 1 ) ] 8 (]I EEE
_ a/m/m 8 .
Name Group By  Pin BANK  I0_TYPE DIFFDRI\
@ v 2= AllPort N/A N/A N/A N/A N/A
> [ Input N/A N/A N/A N/A N/A
> Dir N/A AA23 5 LVCMOS33 NA
N/A N9 1 LVCMOS33 NA
+ < Output N/A N/A N/A N/A N/A
4 Digit_en[0] N/A AC21 5 LVCMOs33 NA
2 Digit_en[1] N/A waz 5 LVCMOS33 NA
7 Digit_en[2] N/A AE26 5 LVCMOS33 NA
0 seg_out(0] N/A N3 1 LVCMOS33 NA
0 seg outll] N/A N2 1 LVCMOS33 NA
0 seg_outf2] N/A N1 1 LVCMOS33 NA
0 seg outf3] N/A M1 1 LVCMOS33 NA
0 seg_outld] N/A M2 1 LVCMOS33 NA
7 seg out]s] N/A M3 1 LVCMOS33 NA
T seg_out]f] N/A M4 1 LVCMOS33 NA
4 »
Y- Filter Port Pin Global SSO Selection Attributes Ira»

Figure 5: Device Constraint Editor

2. Select the Port tab, in the lower left of Device Constraint Editor.
Cell entries in Device Constraint Editor are color-coded to indicate the source of a constraint setting:
Black - User-defined setting.
Blue - Default.
Green - Implied by the synthesis-defined constraint setting.
Yellow - Implied by another user-defined setting.

3. Enter pin numbers as shown in Figure 30
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Pin could be entered by writing the pins numbers directly to the spreadsheet view or by drag and drop
from the port list to the package view.

4. Save constraints
File>Save <directory name>\MyPDC.pdc

This step will allow you to save all the pin constraints entered into MyPDC.pdc text file (Post
Synthesis Constraint file). You can open the text file from the Lattice Radiant™ files menu by double
clicking on it as shown in Figure 31.

7 Sowrce Editor - Di/Radiant_Versa_Tutorial/Versa/source/impl_1/myPDC.pdc = O >

File Edit View Window Help v
-
s H ™
Ilf;-:_set_'_::at'_on —gite {N3} [get_ports {3eg out[0]]}]
ldc_set_location -3aite {N2} [get_ports {deg out[1]}]
ldc_set_location —3aite {N1} [get_ports {Jeg _out[2]}]
[ ldc_set_location —aite {M1} [get_ports {deg _out[3]}]
[ ldc_set location —aite {M2]} [get_ports {geg out[4]}]
ldc_set_location -site {M3] [get_ports {aeg_out[5]}]
ldc_set_location -site {M4] [get_ports {seg_out[6]}] |
[ ldc_set_location -aite {AC21} [get_ports {Digit_en[0]}] |
| ldec_set_location -aite {W22] [get_peorts {Digit_en[1]}]
| ldc_set_location -site {AE26} [get_ports {Digit_en[2]}]
[ ldc_set location —-3gite {N9} [get_ports rat_n]
ldc_set_location -gite {Af23} [get_ports Dir]
[
|

Figure 31: pin locking .pdc file

5. Close Device Constraint Editor.

Task 7: Run Map Design and Check Reports

Mapping is the process of converting a design represented as a network of device-independent
components, such as primitives, gates and flip-flops, into a network of device-specific components, such
as PFUs and EBRs or configurable logic blocks. In this section, you'll analyze different report files and
discover cross probing options in each view.
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To run the Map process:

1. From the Process Toolbar, open Task Detail View and double-click Map Design (or double click
on Map design).

When finished, check the icon next to Map Design. A green check mark ¥ indicates success; a red X
B indicates failure.

Report files appear in the Reports Browser (If Report Browser is not open click on View > Reports).
To view each process report, select the process in the Project Summary pane. Reports include
Synthesis Reports, Map Reports, Place & Route Reports, Export Reports, and Misc Reports.
Additional reports are available within each category.

2. From Project Summary, choose Map Reports > Map.

The Map Report appears in the right panel as shown in Figure 32, Hover your cursor over Contents
(top right corner of the report) to display the MAP Report table of contents.

Contents

In Project Summary, if a report has been generated, the icon appears as “ . If the report has not yet

been generated, the icon appears as

When the report is outdated, the icon appears with a question mark . Use the scroll bar to navigate
through the report. Some of the reports are divided into sections.
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Report Browser - o x

File Edit View Window o1
Reports Map
Lattice Mapping Report File o [
Project Summary Contents
Design: top level _
Family: LFCENX nformation
' SynihesicRepor Device: LFCENX-100
Package: LEGGE72
|- Map Reports Performance Grade: 9 High-Performance_1.0V
) Mapper: version Radiant Software (64-bit) 2025.1.1.308.0
| Mapped on: Thu Oct 16 15:34:32 2025
| + Map Resource Usage Design Information
i S =Y hd
Map Timing Analysis Command line: map -pde D:/Radiant_Versa_Tutorial/Versa/source/impl_1/myP pde
-i Versa_impl_1_syn.udb -o Versa_impl_l map.udb —mp Versa_ impl_l.mrp
—hierrpt —qui - e/ ; 1 ial/ /o
, Place & Route Reports hierrpt —gui -msgset D:/Radiant Versa Tutorial/Versa/promote.xml
Design Summary
3 Export Reports
Number of registers: 30 out of BO76S (<1%)
3 Misc Reports Number of SLICE registers: 20 out of 75872 (<1%)
Number ) Input registers: 0 out of 235 (0%)
Number ) Cutput registers: 10 out of  29% (3%)
Number of PIO Tri-Stats registers: 0 out of 293 (0%)
Number of LUT4s: 41 out of 75872 (<1%)
Number used as logic LUT4s: 21
Number used as distributed RAM: 0 (6 per 16X4 REM)
Number used as ripple logic: 20 (2 per cCuU2)
Number of PIOs used/reserved: 15 out of 295 (6%)
Number of PIOs reserved: 7 (per sysConfig and/or prohibit constraint) B

Figure 6 : MAP Report

Task 8: Running Place and Route

After a design has undergone the necessary translation to bring it into the physical design format during
mapping, it is ready for placement and routing. Placement is the process of assigning the device-specific
components produced by the mapping process to specific locations on the device floorplan taking into
consideration design constraints entered.

After placement is complete, the route phase establishes physical connections between different placed
components through available routing options.
To run place and route:

1. From the Process Toolbar click Place & Route Design.

The place and route tools run. Intermediate results appear in the Output frame of the Lattice
Radiant™ main window.

" Synthesize Design ‘ Place & Route Design | n Export Files Z

2. From the Report Browser tab, you can directly click on Place & Route Report. Expand the Place &
Route Report section. Select Place & Route. Details about Place & Route appear in the right pane
of the Reports view.

i

3. From Place & Route Report, select Place & Route Timing Analysis.

The Place & Route Timing Analysis Report appears in the right pane of the Reports view. All timing
constraints and design performance will be listed in this section. We will discuss more about this in
later sections.
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4. Choose Tools > Physical Designer or click on the Lattice Radiant™ software toolbar.
The Physical Designer appears.

5. Click Detach Tool icon " at the upper-right corner to detach the tool as shown in Figure 33.

Physical Designer is a combined GUI interface for both the Placement Mode and Routing Mode
accessible within this one Lattice Radiant™ software tool. This provides a central location where a
user can do all the floor-planning and be able to view the physical layout of the design.

Click on View> Placement Display> Display Connections To/From Selection(s).
Click on View> Placement Display> Display connection outside of selection.

This allows you to see connection to and from the selected object/PFU.

Select one object from the instances listed in the left pane to see similar view to Figure 33.

[] Physical Designer - -] x
File Edit View Window Help a
A - @ Zoomin Cres
v Q Zoom Out Ctrle-
— @ zoomft
*aso
Q zoomTe
Go to Location.
@ Placement Display. » v Display Placement
Ed B Congestion v Display Placement Groups
= B Timing v Display Connections To/From Selection(s)
]| I8 Constraints Placement Display » Dispiay Connections Between Selection(s)
B e L ¥ Display Connections Outside of Selections)
Show Layers

1 Data_out Go2}PIC_inst
{5 Data_out BoBIPIC_jnst
] 5 Dota_out DolJPIC_jns
5 Deta,out Bo[S)PIC_jnst

=
1} Data_out Oof6)PIC inst
@ £ Deta_out o RNON)
13 Deta_out O RNO[2]
) £ Data_out 0o RNOB)
| ] 8 Data_out s ZI0)
B  Data ot 5714
0 Osta out5.c215)
0 Data_owt 5,716
1} Disp_en_ Do[OLPIC_inst
£} Disp_en D1}
£ Disp_en DoRIPIC nst
§ Disp_en_0io ANO2]
£ state ANITIER1(O]
1 state ANITIERY 0[O
£ state RNOI0]
@ state_ns 00201}
0 state_reglO} % inst
1) state_regl1}# inst
* 0 decoder inst1:7

T seg.out 16,0 m26

3 segout160.m5

Figure 7: Physical Designer

6. To zoom into a component:
Click the name of the component in the list to the left of the diagram.

Magnify the surrounding area by clicking and dragging a box around it from left to right.

Or click the zoom @ Q @ Q pyttons.

7. In the diagram, right-click on the component and choose Physical Designer Routing Mode, as shown
in Figure 35: Physical Designer Routing View, to display the Floorplan View.
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Figure 8: Physical Designer-Cross Probing

Routing Mode provides a detailed read-only layout of your design that includes switch boxes and
physical wire connections. Routed connections are displayed as Manhattan-style lines, and unrouted
connections are displayed as fly lines. As you move your mouse slowly over the layout, the name and
location of each REGION, group, component, port, net, and site are displayed as tool tips.

The routing mode toolbar (View > Show layers) allows you to select the types of elements that will be
displayed on the layout.

e Switchboxes: display routing switchboxes. @ Switchboxes

iF Sites
o Sites: Displays sites, unused or vacant blocks to which logic can be assigned.
Components
o Components: Displays components, blocks that have assigned logic. 7 Routes
e Routes: Displays routes, physical connections between resources on the chip bd| Ratsnests
after the design has been routed. Text
) . v Highlight
e Ratsnests: Displays unrouted nets, those that PAR failed to route or those that 31 Delav Path
could not be routed because a site associated with a net was unlocked by the v & _y
user. =aen
v Prohibit
o Delay Path: Displays the latest timing path selected in Timing Analyzer.

fD Physical Designer

File Edit View Window Help

AoCc @aaaaQ

T+ Fite

[E Logical {5 Physical

Property Value
NAME | counter instent reg_cry_o. |
TYRE suice

DESIGNATOR  R27C149D

Figure 35: Physical Designer Routing View
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8. Close Physical Designer View tab.
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Task 9: Examine Post Place and Route Results
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Static timing analysis (STA) can determine if your circuit design meets timing constraints and validates if
the design can operate reliably in hardware. STA tool uses user timing constraint and PVT (Process,
Voltage, Temperature) device timing characterization to calculate worst case operating scenario and
confirm if the design meets setup and hold time requirements.

To examine timing analysis results:

9. Choose Tools > Timing Analyzer, or click ’ on the Lattice Radiant™ software toolbar.

Timing Analysis View appears as shown in Figure 36.

EA Timing Analyzer
File Edit Window Help

[EJ 7 Device information

Name
Design
Family
Device
Package

Performance Grade

= Timing option setting information
Name
Run mode
Speed for setup
Speed for hold
Report Format
Critical endpoints path number limit
Unconstrained endpeints path number limit
Number of paths per constraint
End point number limit

Maximum slack limit

~ Overall summary

Condition

Setup at Speed Grade 9_High-Performance_1.0V Corner ot 85 Degrees

Setup at Speed Grade 9_High-Performance_1.0V Corner at 0 Degrees

Hold at Speed Grade m Corner at 0 Degrees

General Information Critical Paths Summary Critical Endpoint Summary

paths.

a. Select one of the output pins of components in the instance list (e.qg:

top_level
LFCPNX
LFCPNX-100
LFG672

9_High-Performance_1.0V

Setup and Hold Analysis
default
m

Lattice Standard

Timing Errors: 0 endpoints: Total Negative Slack: 0,000 ns
Timing Errors: 0 endpoints; Total Negative Slack: 0,000 ns

Timing Errors: 0 endpoints; Total Negative Slack: 0000 ns

Unconstrained Endpaint Summary Query

Figure 9: Timing Analyzer View

11. Click on Query tab to get details about certain timing paths.

Value

Value

Summary

|

10. Click the Critical paths summary tab (on the lower-left of the Timing Analysis view) to see top critical

counter_inst/cnt_reg[12].ff_inst/Q) and add it to the “From” list as shown below:
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b. Click on “Search”

c. This will display all the timing paths starting from the register output.

d. Select one of the paths from the search result to get details about Datapath, clock path

and waveform view (in different tabs).

EA Timing Analyzer

| Eile

X, |

it Window Help
SourceClocks |~ ~| TemperatureM(C): | 85 o~ 85 Gpen  Save
Destination Clodke |~ -
Resources. g [ From
L 108 > Resource Type
~ Instances Pins *> | 1 counterinst/ent reg_regl12}f inst/Q  Instance
counter_inst/ent_regl161.ffinst/DF .
counter_inst/ent,_regl15]_inst/DF
counter_inst/ent regl151 inst/LSR <
counter_inst/cnt_regl161.finst/LSR
counter_inst/cnt_reg[15]#.inst/Q
counter_inst/cnt reg[ 16 inst/Q g
counter_inst/cnt_reg_regl9hf_inst/Q &
counter_inst/ent,_req[ 4] inst/DF N . .
counter_inst/cnt._reg_reg[12].f insy/Q esoures b
counter_inst/ent_reg_regl10].f inst/LSR >>
counter_inst/ent req_reg[O]finst/LSR .
counter_inst/cnt_reg[14]f_ins/Q
counter_inst/ent,_reg_regl12].f ins/DF <<
counter_inst/ent.reg_reg[11] £ insy/LSR
Y Fiter
Search
StartPoint  EndPoint  Sctup/Hold Constraint  Slack  SourceClock  Destination Clock  Analysis Type
1| counter inst/u, | counter inst., 31250000 31248861 OSCO01_Ifclk_ou.. OSCO01_If ck out o | setup
2 counterinst/.. | counterinsti.. 31250000 21248.880 OSCO01_K_clk_ou... OSCO01_If clk out'o  setup
3 counterinst/.. | counterinsti.. 31250000 21248920 OSCO01_K_clk_ou... OSCO0T_If clk out'o  setup
4 counterinstl.. counterinsti.. 31250000 21248034 | OSCO01_K_clk_ou... OSCO0T_If clk out'o  setup
S counterinstl.. | counterinsti. 31250000 21248003 0SCO01_f_clk_ou... OSCO0T_If clk outio  setup
6 counterinst/.. | counterinsti. 31250000 21240303 OSCO01_f_clk_ou... OSCO0T_If clk out o setup
7 counterinstl.. | counterinsti.. 0000 0208 OSCODI_f clk_ou.. OSCOOTclkouts  hold
8 counterinstl.. | counterinsti.. 0000 0482 OSCODI_f clk ou.. OSCOOTK clkouto  hold
9 counterinstl.. | counterinsti.. 0000 0470 OSCODI_f clk ou.. OSCOOTK clkouts  hold
ineral Information Critical Paths Summary Critial Endpoint Summary Unconstrained Endpoint Summary Query

‘

i

Report

Path Detail

[16] .££_inst/DF

g

_reg[12].£f_insc/Q (SL

{sLICE|

Data Path Clock Paths Waveform
Launch Clock {
Launch
31250.000
Latch Clock i |
Dats Arrival X
3558
31248.861
Data Required
31252419
JEEL-EL AL N
0127
o

Time (ns)

Figure 37: Timing analyzer - Waveform view

12. Choose Edit > Timing Option Setting.

The Timing Option Setting dialog box appears, as shown in Figure 38.
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| B Timing Option Setting X

| :
Summary Option

Run mode: Setup and Hold Analysis v
Speed for setup: default v
Speed for hold: m v
Report Format: Lattice Standard A
Critical endpoints path number limit: 10

Unconstrained endpoints path number limit: | 10
Mumber of paths per constraint: 10

End point number limit: 1

Query Option

Mazximum slack limit: ns

OK Cancel
Figure 38: Timing Setting Dialog Box

13. Enter 20 into the “Number of paths per constraint” field to get more critical paths listed (same for paths
per constraint or unconstrained paths).

14. Click OK. The Timing Analysis View is refreshed using the new settings.

15. Close the Timing Analysis View.

Task 10: Analyze Power Consumption

Included with the Lattice Radiant™ software is Power Calculator, which estimates the power dissipation
for a given design. Power Calculator uses parameters such as voltage, temperature, process variations,
air flow, heat sink, resource utilization, activity, and frequency to calculate the device’s static and dynamic
power consumption.

To analyze power consumption:

10. Choose Tools > Power Calculator or click I@ on the Lattice Radiant™ software toolbar.
Power Calculator opens in calculation mode.
Power Calculator provides two modes for reporting power consumption:
Estimation Mode:
In estimation mode, Power Calculator provides estimates of power consumption based on the

device resources or template that you provide. This mode enables you to estimate the power
consumption for your design before the design is complete or even started.
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Calculation Mode:

=LATTICE

In calculation mode, Power Calculator calculates power consumption based on device resources
taken from a design .udb file, or from an external file such as a value change dump (.vcd) file,
after placement and routing. This mode is intended for accurate calculation of power consumption,

because it is based on the actual device utilization.

Editing data in white cells, such as voltage, frequency, activity factor, and thermal data, does not
change mode. Editing data in yellow cells, such as design data, will change calculation mode to

estimation mode.

1. Click Detach Tool icon " at the upper-right corner to detach Power Calculator from the Lattice

Radiant™ software main window, as shown in Figure 39.

@ Power Calculator - Untitled

File Edit Help

Device Environment
Family LFCPNX ~ | Performance grade:  9_High-Performance_1.0V
Device: LFCPNX-100 ~ | Operating conditions:  Commercial User Entered T)

Package type: | LFG6T2

Device Power Parameters

Process Type: | Typical

“«

Voltage/Dynamic Power Multiplier (DPM)

Part Number:

LFCPNX-100-9LFGE72C

Power File Revision:  Final

Current by Power Supply

Ambient Temperature("C):
Effective Theta-JA(C/W):
Junction Temperature(*C}

Maximum Safe Ambient(*C)

Power by Power Supply

Voltage DPM Static (A) |~ Dynamic (A) Total (4) Static (W) | Dynamic (W)
Vee 10000 1.00 0011 0011
Vecaux 18000 1.00
Vecauxa 18000 1.00
Vecaugh 18000 1.00
Vecio 3.3 33000 1.00
Vecio 25 25000 1.00
Vecio 1.8 18000 1.00
Vecio 1.35 13500 1.00
Vecio 1.5 15000 1.00
Vecio 1.2 12000 1.00
Vecio 1.1 1.1000 1.00
Vecio 1.0 10000 1.00
Vecadc18 13000 1.00
Veeplisd 18000 1.00
|| veesd 10000 1.00
Vecauxsdq 18000 1.00
Veesdek 10000 1.00
Power Summary Pouwer Matrix Logic Block locks Vo 1/0 Term DSP PLL Block RAM

9]

Software Mode: | Calculation Calculate || Generate CSV Report

Thermal Profile.
® Computed Tj
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027

2535
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Logic Block
Clocks

10

10 Term
DSP
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Block RAM
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SGMIICDR
DDRDLL

DLLDEL

LRAM SGMIICDR DDRDLL DLLDEL Das ADC 4 »

Figure 10: Power Calculator

In the Device Power Parameters section select the following parameters:
Process Type: Worst.
Click the Thermal Profile button in the Environment section.

The Power Calculator — Thermal Profile dialog box appears.

In the Board Selection section, choose the following parameter: Small board.
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5. Click OK.

6. Click on Calculate.
You should see power numbers and temperature results updated based on the new settings.
In the title bar of Power Calculator, “Untitled” appears with an asterisk, which indicates an in-memory
change to the timing constraints. You can save the change to a Power Calculator File (.pcf) by

choosing File > Save File As and giving it a name and location. The .pcf file will then appear in the
Analysis Files folder of the File List Pane.

7. Close Power Calculator. If you chose not to save in the previous step, a Save dialog box will now
appear. Click No to discard the change.

Task 11: Run Export Utility Programs

Use the Process Toolbar to generate files for exporting. One of the exported files will be a bitstream file
(.bin) which will be used to program Lattice CertusPro-NX™ device in the next steps.

11. Click the Task Detail View to see detailed information on the processes.
12. With Export Files, you have more options that you can select (No need to select these):
a. |BIS Mode

b. Gate-Level Simulation File

13. Click the Run button » on the Process Toolbar.

The Lattice Radiant™ software generates the selected files and saves them in your project directory.

| 2

Task 12: Download a Bitstream to an FPGA

This task requires you to have a Lattice CertusPro-NX™ Versa Board. In the previous section, you
generated export files including a bitstream file (.bin). In this section, you will use the Lattice Radiant™
software Programmer to download a bitstream to CertusPro-NX FPGA mounted on a Versa board.

This tutorial design allows you to display counter direction and count on a 7-Segment display on the versa
board. For reference, the architecture of the design includes the following blocks as shown in Figure 40:

e MyOSC block: Generate a low frequency clock to drive the logic in the design

o Counter: an 18-bit counter with direction control (UP or DWN)

e Seven Segment decoder: used to decode the count value into the 7-segment for display

e Counter_fsm: There are 3 x 7-segment displays that are driven by the same bus with enable
signals for each. The FSM selects which 7-display to enable based on the data on the bus.
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The following block diagram shows how the different design components are connected (Synthesis
output).

HOEC,
0sCee1
counter_fsm o561
e Data_out[6:8] ;M] _out[6:0]
g OO o o I I ey vt B
decoder_inst1 == 2Le-02
pir sig_out2[5:0] myFSM
Gen_CNT Ci7a14)
1k count[17:0]
rst_| _n
counter_inst
sig_out3[6:0]
Figure 11: Design block Diagram
This table describes the ports and signals of the design.
Table 1: Ports and Signals
Port type name Description
In P . .
put Ports Rst_n Active low reset signal connected to SW3 on the board
Dir Select the counter direction. Connected to the pin 1 of SW1 on the
board

Output Ports | Seg out | 7 bit 7-Segment Display data bus connected to the 3 displays

Disp_En | 3-bit Enable signal connected to the 3 displays

You can refer to the Lattice CertusPro-NX™ versa board user guide for further details on the board.
Figure 41 shows the location of certain switches and components on the board.
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2 dors t
JTAG Header Switches Camers PMODO-1 LPODRY  3nd jumpers Display ADC_DPO Raspberry Pi
[ 7 (64-65) ) 02629)  (060)  (125) Connector (123) _sws

S | POT(R143)
DONE and
Indicator LEDs —— ¢ ]
(0106) 12V Source
(swe)
Us83 Out
e1)
12V In (144)
Programming UsB21n SPI Flash
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16bSFP
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= S58508 Do6)
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:ﬂ o, (u1) “"&“;" Connectors (12-11)
sy Indicator LEDs
(D63-68, D104-105)

Figure 41: Lattice CertusPro-NX™ Versa board main components

To download the bitstream to the FPGA on the board:

Connect a USB cable from your computer to the Versa Board. Give the computer a few seconds to
detect the USB cable.

Choose Tools > Programmer or click = on the Lattice Radiant™ software toolbar. The Programmer

opens, automatically detects the USB cable, and scans the board. You should see similar interface to
Figure 42
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3 Radiant Programmer - impl_1xcf * - o x
File Edit View Run Tools Help

e BLG B Sesys B

Enable Status Device Family Device Operatien Cable Setup 8 x
1@ LFCPNX LFCPNX-100 Fast Configuration  D:/Radiant_Versa_Tutorial/Versa/impl_1/Versa_impl_1.bit Cable Settings
Detect Cable
Cable: HW-USBN-28 (FTDI)
Port: FTUSB-0 ~
0o Custom port:
TCK Programming Speed Settings
. ™S ‘ (O Use default Clock Divider
PC/COMPUTER -
FTDI USB HOST BUILD-IN ‘ * © Use custom Clock Divider
DOWNLOAD CABLE
TCK  TMS
CPUMICROPROCESSOR TCK Divider Setting (0-30x): g
TDI LFCPNX-100
™ e 1/O Settings
RESET
JTAG_EN © Use default /O settings
O Use custom |/Q settings
NITN pin co
| output 8 x

|
Lattice VM Drivers detected (HW-DLN-3C (Parallel), HW-USBN-28 (FTDI))
| Programmer device database loaded

| Output  Tel Conscle
| Ready

Figure 12-Programmer interface

3. Optional Step: in case of an issue, you can perform the following to detect the cable:
a. Inthe Cable Setup box, click Detect Cable.
b. Cable should be set at HW-USBN-2B (FTDI).
c. Port should be set to FTUSB-0.
4. Optional Step: Ensure that the proper device is selected by doing the following:
1. Click in the Device Family column and choose LFCPNX from the pull-down menu.
b. Click in the Device column and choose LFCPNX-100 from the pull-down menu.
5. Right-click on any cell and choose Device Properties to open the Device Properties dialog box.
6. Ensure the settings are as follows:
For Target Memory, choose Static Randon Access Memory (SRAM) from the pull-down menu.
For Port Interface, choose JTAG from the pull-down menu.
For Access Mode, choose Direct Programming from the pull-down menu.
For Operation, choose Fast Configuration from the pull-down menu.

For the programming file, browse to <Project Directory>/impl_1/Versa_impl1.bin, as shown in
Figure 43.
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7. Click OK.

| u LFCPMNX - LFCPNX-100 - Device Properties

General Device Information

Device Operation

Target Memory: Static Random Access Memary (SRAM) ~
Port Interface: ITAG ~
Access Mode: Direct Programming ~
Operation: Fast Configuration ~
Pragramming Opticns

Programming file: [:/Radiant_Versa_Tutorial/Versa/impl_1/Versa_impl_1.bit
[J) Password Protection Options (Provide key file if password protection enabled)

Figure 43: Device Properties Dialog Box

8. In Programmer, choose Run > Program Device or click “Fonthe Programmer toolbar to initiate the

download.

6. If the programming process succeeds, you will see a green-shaded PASS in Programmer’s Status
column. Check the Programmer output console to see if the download passed.

| B3 Radiant Programmer - impl_1xcf *

Cable Setup B8 x

| Eile Edit View PBun Teols Help
e BRED 286y B
Status Device Family Device
1 _ LFCPNX LFCPNX-100 iFast Configuration] D:/Radiant_Versa_Tutorial/Versa/impl_1/Versa_impl_1.bit
00
ToK
™S
PCICOMPUTER
FTDI USE HOST EUILD-N }
DOWNLOAD GABLE
GPUMICROPROCESSOR Ok TMS
oI LFGPNX-100
oI o0
RESET JTAG_EN

Cable Settings

Detect Cable

Cable: HW-USBN-28 (FTDI) ~
Port: FTUSE-0 ~
Custom port:

Programming Speed Settings
O Use default Clock Divider

© Use custom Clock Divider
TCK Divider Setting (0-30x): 5 %
1/0 Settings

© Use default /0 settings

O Use custom I/ settings

INITN pin connected

| output
|

i INFO <85021078>

INFO <85021278> -

INFO <85021298>

| INFO <85021371> -

INFO <85021373>

- Check configuration setup: Successful.

Devicel LFCPNX-100: Fast Configuration

- Operation Dene. No errors.

Elapsed time: 00 min: 12 sec

- Operation: successful.

| Output

Tcl Console

Figure 44: Lattice Programmer — Successful Programming
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At this point you should see the 7-Segment display Counting UP or DN with incremental values. You
can change counter direction by flipping bit 1 of SW1 switch (if you are using the remote lab, this may
not be an option).

00

s o

Figure 45: Evaluation Board - programmed

Task 13: Use Reveal Inserter to Add On-Chip Debug Logic

In this task, you will use Reveal Inserter to configure a Reveal core based on triggering conditions and the
desired trace buffer. The primary output of Reveal Inserter is a modified version of your design with one
or more cores instantiated and the core logic ready for mapping, placement, and routing.

To generate and add a Reveal core:

Setting Up the Logic Analyzer trace signals

1. Choose Tools > Reveal Inserter or click J'IJ@ on the Lattice Radiant™ software toolbar. Radiant
supports Reveal inserter at different implementation stages (RTL, Post synthesis or Post Place &
Route). For this tutorial we will use RTL debug stage as shown below:
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=] Reveal Inserter Wizard X

Debug Stage
Choose the stage you wish to debug. Available stages are automatically
enabled.

Debug Stage
@ RTL({Pre-Synthesis)

Post-Synthesis
Post-Place&Route

Finish Cancel

2. Figure 46: Reveal Wizard - Debug Stage
3. Click Finish.

4. Click Detach Tool icon " at the upper-right corner to detach Reveal Inserter.

5. Click Add core and select Add Logic Analyzer. You should see an interface like below with all signals
in your design on the left and Logic analyzer setting on the right.

4 Reveal Inserter - Untitled * - o x|

L]

File iew Debug Window Help

m " b Datasets
)] top_level LAD @ Trace
B Add care..

~ /A top_level [RTL[Pre-Synthesis]]

» £} counter_inst{gen_cnt_uniq.0)
b i} decoder_instl{seven_segment_decoder_uniq_0)
+ T myfsmicounter. fsm_uniq_0) Sample Clack Implementation EBR | OEBRs
b i} o0scD01{MyOsc_unig_1)
V5 Ggten20] Buffer Depth 256 Timestamp
E dir Sample Enable Data Capture Mode
rstn
+ 5 g outis0] Sample Enable @ Single Trigger Capture
L. k2 - Multiple Trigger Capture |
» "L countl17:0] ple rgeerap
» "L digit[z:0] POR Debug M
» "L sig_out1[6:0] Trigger Enable
» "L sig_out2{6:0] -
> "L sig_out3[6:0] e
>
Include trigger signals in trace data
Filter Trace Signal Setup Trigger Signal Setup

Figure 47: Reveal Inserter Main Window

6. Click on the Trace Signal Setup tab, if it is not already selected.

7. From the Design Tree tab, expand the top module.

8. Drag the following signals from the Design Tree pane to the Trace Data pane.
Digit_en,

Seg_out,
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Myfsm/state,
Decoder_inst1/seg_out
Decoder_inst1/binary_in

9. Select the Include trigger signals in trace data option.

10. Drag the clk1 signal from the Design Tree pane to the Sample Clock box

11. From the pull-down menu in the Buffer Depth box, select 256.

Setting Up the Trigger Units

In this section, you will set up under what condition the Logic analyzer should trigger.
To set up the trigger units:

1. Click on the Trigger Signal Setup tab.

2. Click Add to add a trigger unit condition.

3. Drag the dir signal from the Design Tree pane to the Signals (MSB:LSB) box in row 1 of the Trigger
Unit pane.

4. Click Add to add a second trigger unit.

5. Drag the Myfsm/state signal from the Design Tree pane to the Signals (MSB:LSB) box in row 2 of the
Trigger Unit pane.

6. Add a third line with Decoder_inst1/binary_in

7. Leave all other values as default.

Setting Up the Trigger Expressions
Now you will set up the trigger expressions in the Trigger Expression section of the tab.
To set up the trigger expressions:

1. Click Add in the Trigger Expression window. In the Name box in the Trigger Expressions section, use
the default name of TE1.

2. In the Expression box, type TU1 and then Enter on your keyboard. The RAM Type automatically
changes to 3 Slices.

3. Click on add to add another trigger expression

4. In the Expression box, type TU2 and then Enter on your keyboard. The RAM Type automatically
changes to 3 Slices.
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5. Click on add to add another trigger expression

6. Inthe Expression box, type TU3 and then Enter on your keyboard. The RAM Type automatically
changes to 3 Slices.

7. The Trigger Signal Setup tab should now resemble Figure 48. You have the option to change the
value associated with Trigger Units (e.g. State == DISP1)

"% Reveal Inserter - Untitled *

Eile View Debug Window Help

= 7 "5 Datasets

B

< +| top level LA

Add core...

~ /A top_level [RTL(Pre-Synthesis)]

3
-

Filter :

i} counter_inst{gen_cnt_uniq_0)
&
3
b decoder_inst1/seg_out[6:0]@Tc
myfsm(counter_fsm_unig_0)
myfsm/clk
ryfsm/data1[6:0]
myfsm/data2[6:0]
myfsm/data3[6:0]
myfsmy/data_out[6:0]
myfsm/disp_en[2:0]
myfsm/rst_n
. myfsm/state@Tc,Tg
0sc001(MyQsc_unig_1)
digit_en[2:0]@Tc
dir@Te,Tg
rstn
seg_out{6:0]@Tc
. dk2@C
"la count[17:0]
1. digit[3:0]
*1a sig_out1[6:0)
*1a sig_out2[6:0)
"La sig_out3[6:0]

=]

rrwvww
T [ ©.00,00.00,00.0

T oSt

Trigger Unit
MName Signals (MSB:LSB)

1 1”1 dir

2 Tu2 myfsm/state

3 TU3 decoder_inst1/binary_in[3:0]
Add Remove

Trigger Expression

Name Expression
1 |TEl 1
2 e Uz
3 TE U3
Add

Ewent Counter

Enable final trigger counter Event Counter Value

Trigger Out
Enable Trigger Out Net <
Polarity ~ Minimum pulse width

Trace Signal Setup Trigger Signal Setup

RAM
Type
3 Slices
3 Slices

3 Slices

Figure 48: Reveal Trigger Signal Setup Tap

Inserting the Debug Logic

Now you will insert the debug logic into the design project.

To insert the debug logic:

1. Choose Debug > Insert Debug or click B

= o X
!
Radix Value
~ | Bin v |0
~ | RVL_ENUM_myfs... | IDLE ~
~ | Bin ~ 0000
Default Trigger Radix | Bin 4
Max Sequence | Max Event
Depth Counter
2 1 “
2 w1 ~
2 1 ~

2. Inthe Insert Debug to Design dialog box, shown in Figure 49, be sure that the Activate Reveal File in
Design Project option is selected.
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| ™k Insert Debug to Design >

Please select core(s) you want to insert.

2 top_level LA

| Activate Reveal file in design project

oK Cancel Help

Figure 49: Reval Insert Debug to Design Dialog Box

3. Click OK. The Save Reveal Project dialog box opens.

4. Name the file Versa_LA.

5. Click Save. The .rvl file is added to the Debug Files folder in the File List view, as shown in Figure 50.

8. Close Reveal Inserter.

Generating a Bitstream and Programming the FPGA

~ 7% impl_1 (Synplify Pro)

-

Input Files

s sourcefimpl_1/CNT24.vhd

L4 sourcefimpl_1/Decoder_TSeg.vhd
L4 sourcefimpl_1/FSMvhd

L sourcefimpl_1/MyPackage.vhd
L source/impl_1/top.vhd

o Sourcefimpl_1/top_level_tb.whd

) MyOsc/MyOsc.ipx

3 RTL Files

3 Constraint Files

3 Testbench Files
MyOsc.cfg

Pre-Synthesis Constraint Files
timing_constraints.sdc
Post-Synthesis Constraint Files

sourcefimpl_1/myPDC.pdc

Debug Files

Script Files Path 0w/

A Sim001/Sim001.spf Radian Tuterialersa/
Versa_LArv
Analysis Files Stage presyn
sy

Figure 50: File List with Reveal Debug File

Use the Process Toolbar to generate a bitstream (export files) and use Programmer to download the
bitstream to the FPGA. This task assumes that the Board is connected to your computer with a download

cable.

To generate a bitstream:

1. Click the Run button ® on the Lattice Radiant™ software Process Toolbar.
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The Lattice Radiant™ software generates the selected files and saves them in your project directory.

2. If Programmer is not already open, choose Tools > Programmer, or click B2 on the Lattice Radiant™
software toolbar.

3. Ensure that the bitstream file named Versa_impl_1 is selected as the programming file (check
modified date to make sure you are using the latest version generated).

4. Click OK.

5. In Programmer, choose Run > Program Device or click = %+ on the Programmer toolbar to initiate the
download.

6. If the programming process succeeded, you will see a green-shaded PASS in the Programmer Status
column. Check the Programmer output console to see if the download passed.

7. Close Programmer.
A dialog box opens asking if you want to save your changes.

8. Click No.

Task 14: Use Reveal Logic Analyzer to Perform Logic Analysis

In this task, you will use Reveal Logic Analyzer to set up trigger conditions and view trace buffer data
from the on-chip Reveal core operating within the target.

The trigger setup determines the specific conditions and how the Reveal core trace signal status is
displayed in Reveal Logic Analyzer’s graphical user interface. You will explore just a few ways to trigger
and trace the system.

Creating a New Reveal Logic Analyzer Project
You must first create a Reveal Analyzer project.
To create a new Reveal Logic Analyzer project:

1. In the Lattice Radiant™ software main window, choose Tools > Reveal Analyzer/Controller or click

O on the Radiant software toolbar.

The Reveal Analyzer Startup Wizard dialog box appears, as shown in Figure 51.
2. Inthe upper left of the dialog box, select Create a new file.
3. Type Versa_Analyzer in the box to name the file.

The Reveal analyzer will be stored in .rva extension automatically.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

Radiant 2025.1 Tutorial CertusPro-NX Versa Board mLATTICE
4. In the pull-down menu on the top row next to the file name, Click Detect.

The cables connected to the PC are listed in the USB Port box. Choose Lattice HW-USBN-2B (FTDI)
from the drop-down menu if not already selected automatically.

5. In the RVL Source box, browse to <project_directory>/Versa_LA.rvl (make sure you are using the
latest version created, in case there are multiple .rvl files created)

6. Click Scan to detect the hardware connected to the cable

Note

Reveal uses a signature authentication mechanism to verify that the instantiated
core and the hardware match. Having the wrong reveal in hardware or software
will generate an error.

[ "“# Reveal Analyzer/Controller Startup Wizard *

Getting Started:

@ Create a new file Versa_Analyzer HW-USBN-2B (FTCI} -

Multiple Device in JTAG Chain TCK Low Pulse Width Delay: 1 ~

USB port: FTUSE-0 (Dual R5232-HS A Location 0000) hd Detect
XCF source:
Debug device: “@ 1. + (debug enabled) = Scan

: RVL source: D:/Radiant_Versa_Tutorial/Versa/Versa_LA.rvl Browse...

Open an existing file
File name: -

| (v Import file into current implementation

OK Cancel

Figure 51: Reveal Analyzer Startup Wizard
7. Click OK. Reveal Logic Analyzer appears

8. Click Detach Tool icon " at the upper-right corner to detach the tool.

The Reveal Logic Analyzer window now appears with the LA Trigger tab selected, as shown in Figure
52. It contains the same trigger units and trigger expressions that you set up in Reveal Inserter.
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4 Reveal Analyzer/Controller - Di/Radiant_Versa_Tutorial/Versa/Versa_Analyzer.rva

File View Design Window Help

Ready (=]

Trigger Unit
Name  Signals (MSBILSB)

Operator | Radix Value

~ Bin ~ 0

=LATTICE

|

Ll dir
T2 myfsm/state[1:0] ~ RVL_ENUM_my... IDLE v
3 decoder_inst1/binary_in[3:0] v Bin 0000
Trigger Expression

Name  Expression Sequence Depth  Max Sequence Depth  Max Event Counter

[~ 3l U1 1 2 1

[~ = TU2 1 2 1

[~ Ri=} U3 1 2 1

Trigger Position: 4/64

Trigger Options
® Presclected: Pre-Trigger ™

| EnableTE: R AN~
Samples Per Trigger: |04+ User-selected: 4 »

Number of Trigger: (max 1)

LA Trigger LA Waveform

Figure 52: Reveal Analyzer Trigger settings

9. The default Trigger Position is: Pre-selected: Pre-Trigger. Change it to center trigger.

In the Trigger position section, you can specify the trigger position relative to the trace data. The
numbers in the section title show the current position. The two options to choose from include:

Pre-selected allows you to choose one of the standard positions.
Pre-Trigger: 16/256 of the way from the beginning of the samples.
Center-Trigger: 128/256 of the way from the beginning of the samples.
Post-Trigger: 240/256 of the way from the beginning of the samples.

User-selected allows you to choose a position with the slider.

Follow Figure 52 or choose your own parameter for the different settings.

Running Logic Analyzer
Now that Reveal Logic Analyzer is set up, you can run Logic Analyzer.

To capture data:

1. Click on the LA Waveform tab.

2. Click the Run ™ button in the Reveal Analyzer toolbar.
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The Run button changes into the Stop Bl putton and the status bar next to the button shows the
progress (Connecting, Running, Completed).

Reveal Analyzer first configures the modules selected for the correct trigger condition, then waits for
the trigger conditions to occur. When a trigger occurs, the data is uploaded to your computer. The
resulting waveforms appear in the LA Waveform tab.

3. You have the option to do manual trigger If no trigger occurs by clicking on Manual Trigger “ button.

You should now see the waveforms displayed as shown in Figure 53.

3 Reveal Analyzer/Controller - Di/Radiant Versa_Tutorial/Versa/Versa_Analyzer.rva * - (m) X

File Wiew Design Window Help vl

B aaa
Completed = 4 top_level LAD
Bus/Signal Data
U1 1
Tu2 DISP1
» TU3 0001
» digiten 100
» seg_out 0110000
+ decoder_inst1/seg_out 0110000
+ decoder_inst1/binary_in 0001
myfsmy/state DIsP1
4 »
gger LA Waveform

Figure 13: Reveal Analyzer waveforms

1. Close Reveal Analyzer. A dialog box opens asking if you want to save your changes.

2. Click No.

3. To close the design project, choose File > Close Project. The Save Modified Files dialog box opens.
4. To save the files, click OK. To discard the changes, click Deselect All and then click OK.

The design project and associated tools are close. The Lattice Radiant™ window returns to the Start
Page.
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Summary of Accomplishments

You have completed the Lattice Radiant™ Software Tutorial for Lattice CertusPro-NX™. In this tutorial,
you have learned how to:

Create a new Lattice Radiant™ software project.
Create a new module using IP Catalog.

Verify functionality with simulation.

Inspect strategy settings.

Examine resources.

Set timing and location assignments.

Run synthesis process.

Run map design and check reports.

Run place and route.

Examine post place and route results.

Analyze power consumption.

Run Export Utility programs (Generate bitstream).
Download a bitstream to an FPGA.

Use Reveal Inserter to add on-chip debug logic.

Use Reveal Logic Analyzer to perform logic analysis.

Recommended References

You can find additional information on the subjects covered by this tutorial in the Lattice Radiant™
software online Help, and in the Lattice Radiant Software User Guide.
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