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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition
PCle Peripheral Component Interconnect Express
SPI Serial Peripheral Interface

© 2021 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.
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1. Introduction

This guide describes how to start using the Certus™-NX Versa Evaluation Board, a low-cost platform for demonstrating
the PCI Express® reference design and for evaluating solutions for your specific application.

The Certus-NX Versa Evaluation Board features the Certus-NX FPGA in the 256-ball caBGA package, which is built on
the Lattice Nexus™ FPGA platform using low power 28 nm FDSOI technology. The board can expand the usability of the
Certus-NX FPGA with DDR3, soft D-PHY, 1 Gbps Ethernet and 1x PCle (Gen2) channel. Board resources such as jumpers,
LED indicator, push button, and switch are available for user-defined applications.

This guide familiarizes you with the process of setting up your PCI Express development environment. It is assumed
that you do not have any associated tools installed on your system.

The demos discussed in this document include the PCI Express Basic Demo and PCl Express Memory Access Demo.

1.1. Learning Objectives

After completing the steps in this guide, you will be able to perform the following:

e Set up the Certus-NX Versa Evaluation Board and become familiar with its main features

e Install all applicable development tools and PCl Express demos

e  Establish communication between the Certus-NX Versa Evaluation Board through the PCI Express link

e Run the PCI Express Basic Demo that allows you to control a 7 segment LED on the Certus-NX Versa Evaluation
Board. This demo is included in the user interface.

e Run the PCle Memory Access Demo, which allows you to manipulate the onboard memory of the FPGA through
the PCle slot. This demo is included in the user interface.

e Use what the demo teaches you about designing Lattice PCl Express solutions.

e  Modify and rebuild the PCI Express Basic Demo.

e Become familiar with the software development tools and major design flow steps employed in this kit.

e Use other existing documentation in conjunction with this guide.

This document assumes that you have already installed the Lattice Radiant™ design software. This document covers
some of the basic of function of Lattice Radiant. If you would like to learn more about Lattice Radiant, refer to the
Radiant Help system.

1.2. Linux Version of this Demo

On the Lattice Semiconductor website, you can download an archive of the files needed to run this demo on Ubuntu
18.04.6 LTS. The steps necessary to complete the Linux version of this demo are provided in the Software Setup on a
Linux Machine section.

www.latticesemi.com/legal
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2. Hardware and Software Requirements

2.1. Hardware Requirements

To install the kit design and run the demo software, a single computer with a PCI Express x16, x8, x4, or x1 slot is
required. You must also have a power USB port. All other hardware and drivers are included in the kit.

e USB Cable

12 V Power Adapter

Bit file for the Certus-NX board SPI Flash (LFD2NX40_PCle_Basic_Demo_impl_1.bit)

Lattice Radiant Programmer Software (version 2.2 or later)
http://www.latticesemi.com/Products/DesignSoftwareAndIP/FPGAandLDS/Radiant

Windows 10 (use WDF 1.25 or earlier)

o setup.exe file for installing drivers and launching the user interface

2.2. Software Requirements

The following are the software required to obtain the expected results for the procedures described in this guide:
e Lattice Radiant 2.2 Programmer or later

Lattice Radiant can be obtained from the Lattice Radiant web page
e  Certus-NX Basic Demo for Windows 10
e  Minimum system requirements as described in the Radiant Installation Guide to develop PCl Express designs
Note: Depending on your system, all the files and dependencies for the Certus-NX Basic Demo are available in the .zip
folder.

www.latticesemi.com/legal
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3. Setting Up the Demo

3.1. Hardware Setup

This section covers the steps in programming the demo to the SPI memory of the Certus-NX Versa Evaluation Board.
To program the demo to the SPI memory:

1. Install the jumpers listed in Table 3.1. Note the difference between J and JP jumpers. If this is your first time

utilizing the Certus-NX Versa Evaluation Board, the jumpers are already in this configuration.

Table 3.1. List of Jumpers to be Set for Programming

Jumper Checklist Notes: Pin 1 is denoted with a small triangle.
J16 Connect Pins 1 and 2
J18 —

J19 -
120 -
J21 —
122 —
J23 —
124 —
125 -
128 —
J29 —
J30 —
J31 —
132 -
J46 —
147 Connect Pins 2 and 3
148 Connect Pins 1 and 1
JP4 —
JP25 —
jp26 —

2. Connect the 12 V power adapter to J11.The power LED D1, D2, D3, D4, D5, D6, D7, D8, D8, D9, D10, D11, D12, D13,
D14, D15, D16 D17 glow.

3. Connect the USB cable to the computer and to J2. D26 glows. D26 is located closest to the micro USB slot on the
Certus-NX Versa Evaluation Board.

4. At this point, the board is prepared to receive a bit stream from Radiant Programmer. Once the demo bit stream is
written to the board, you can move the board into the PCle X1 slot in the host machine.

3.1.1. Installing Hardware into a Different Slot

Windows identifies PCI/PCI Express hardware devices using the bus, slot, vendor ID, and device ID fields. If you install
the board into a different slot, the slot number changes. This causes Windows to display the Found New Hardware
screen when the system powers up.

Moving the Certus-NX Versa Evaluation Board into a different slot while the machine is powered on causes the demo to
fail. You will not be able to run memory access tests nor control the seven segment display.

To restart the demo, ensure that the board is in the desired PCle slot and restart the host machine. When the board is
set up and hardware is installed on your computer, you can perform software installation, execution, and other tasks to
complete the demo.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

.I.ILATTICE Certus-NX Versa Evaluation Board Demo

User Guide

3.2. Software Setup

This section provides the procedure for installing software onto both your host machine and the Certus-NX Versa
Evaluation Board. The Lattice Radiant Programmer is used to program a .bit file to the onboard memory. You can
configure how your host PC interacts with PCle endpoints and install the necessary drivers using the Lattice Setup.exe
tool for the Certus-NX Windows/Linux Software.

3.2.1. Installing the Drivers on the Host Machine
To install the drivers on the host machine:
1. Go to the following path within the demo: <kit-location>\Demonstration\Windows10\Application\setup.exe.

2. The InstallShield Wizard for Certus-NX Basic Demo welcome screen opens. Click Next.

ﬁ Certus-NX Basic Demo - InstallShield Wizard x

Welcome to the InstallShield Wizard for
Certus-NX Basic Demo

The InstallShield(R) Wizard will install Certus-NX Basic Demo on
your computer. To continue, click Next.

WARNING: This program is protected by copyright law and
international treaties.

Figure 3.1. Welcome Screen

© 2021 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.
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3.

4.

5.

Provide the location where you want to install the application. Click Next.

ﬁ Certus-NX Basic Demo - InstallShield Wizard
Destination Folder
Click Next to install to this folder, or dick Change to install to a different
B Install Certus-NX Basic Demo to:
u C:\Program Files (x86)\Lattice Semiconductor\Certus-NX Basic |r—6hange
Demo)| ——
InstaliShield
<Back [ Next> ||  Cancel
Figure 3.2. Select Destination Folder
Click the Install button.
Note: You need administrator access to run this command.
ﬁ Certus-NX Basic Demo - InstallShield Wizard X

Ready to Install the Program
The wizard is ready to begin installation.

exit the wizard.

Current Settings:

If you want to review or change any of your installation settings, dick Back. Click Cancel to

Setup Type:
Typical
Destination Folder:
C:\Program Files (x86)\Lattice Semiconductor\Certus-NX Basic Demo),

User Information:
Name: Lattice

Company:

InstaliShield

<Back |

instal | |

Cancel

Figure 3.3. Confirm Install

The installation of the Certus-NX Basic Demo Application starts. When installation is completed, the drivers are

installed.

10
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6. A message box appears warning about installing drivers from unknown publishers. These drivers are required to
complete the demo. Click Yes.

7. Inthe Device Driver Installation Wizard, click Next.
Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
complters devices need in orderto work.

To continue, click Next.

< Back MNext = Cancel
Figure 3.4. Device Driver Install Wizard

8. The Windows security box opens. Select Install this driver software anyway.

Device Driver Installation Wizard

The drivers are now installing. ..

X Windows can't verify the publisher of this driver software

— Don'tinstall this driver software
You should check your manufacturer's website for updated driver software

, 2a B for your device.
¥

—> Install this driver software anyway
Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information.

Flease wait while the drivers install. This may ti

(V) See details

cBak | MNed>

Figure 3.5. Windows Security

© 2021 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.
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9. The wizard provides the status of the installation once completed.

Device Driver Installation Wizard

Completing the Device Driver Installation Wizard

The drivers were successfully installed on this computer.

You can now connect your device to this computer. f your device came with instructions,
please read them first.

Driver Name Status
" Lattice Semiconductor (...  Ready to use

<Back | Fnsh | | Cancel

Figure 3.6. Driver Installation Completed Successfully

© 2021 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.
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3.2.2. Editing bcdedit.exe
To edit bcdedit.exe:
1. Start the command prompt as an administrator

2. Enter the following command and press Enter
bcdedit.exe -set loadoptions DISABLE INTEGRITY CHECKS

BN Administrater: Command Prompt - O %

rights reserved.

Figure 3.7. Correct Windows CMD Prompt

3. Enter the following command and press Enter.
bcdedit.exe -set TESTSIGNING ON

EE Administrator: Command Prompt - O *

ows [Version 18.8.
oft Corporation. |

Figure 3.8. Correct Windows CMD Prompt

4. Close the command prompt and restart your machine.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

3.3. Software Setup on a Linux Machine

Before you begin, ensure that you have downloaded the archive file for Linux systems from the Lattice website.

3.3.1. Building the User Interface Demo in Linux
To build the user interface demo in Linux:
1. Inthe terminal, open the demonstration folder provided in the .zip archive.
2.  Run the following command.
sudo chmod 777 install.sh
3. Restart the machine.
In the terminal, open the demonstration folder.
Run the following command.

sudo ./install.sh

This generates the .KO files and installs the drivers necessary to complete the demo. This also opens the user interface
discussed in the Running PCle Basic Demo section.
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3.4. Programming the Demo .bit File to the Certus-NX Versa Evaluation Board
To program the demo .bit file to the board:

1. Start the Radiant Programmer 2.2 software.

2. Inthe Getting Started dialog box, enter the Project Name and Project Location. Click OK.

Radiant Programmer - Getting Started ? X

New Project:

Project Name: | Untitled |

Project Location: |D:/Cer‘tusNX PCle BasicDemo/Hardware/CertusNXBoard PCleBasicDemo/Implementation/LFD2NX40 PCle Basic Demo/imol ]V| Browse...

@ Create a new project from a scan

Cable: | HW-USBN-2B (FTDI) - | Port: | FTUSB-0 M Detect Cable

TCK Divider Setting (0-30x): |4 &
) Create a new blank project

Open Project:

O Open an existing programmer project

D:/CertusNX PCIe BasicDemo/Hardware/CertusNXBoard PCIeBasicDemo/Imblementation/LFD2NX40 PCIe Basic Demo/source/impl 1.xcf Browse...

Cancel

Figure 3.9. Radiant Programmer New Project

3. The Radiant Programmer main interface opens.

1 Radiant Programenes - Untitied xcf * - o x
Fe B View Bun Tooks Help
HEH D863 @68y B
frable Stz DeviceFamiy Devie Operaton il Name FleDete/Time. Checksum USERCODE Catiesetp ax
18 vrom Lroee-10 Vet | D/LFO2N0M PCle Basic Deme gl .68 T2k oxco0000eo —
DetsctCao
e vssn e
Pt Pruma -
Cuntmpert:
Programmng Soeed Setings

() e default Clock Divider
©) s custom Clock s

0 serangs
® use cafaut 0 setorgn
© ez asion 10 sitigs

Qe =
Latsce VM Drivers detected (4-DUH-IC Parale), H-USE-28 (FTDD)
dsmshece baced

Ouipus | Td Conse

Figure 3.10. Main Interface

© 2021 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.
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4. Double-click under Operation to open the Device Properties dialog box.

u LFD2NX - LFD2NX-40 - Device Properties ? X

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPIFLASH) -
Port Interface: JTAG2SPI -
Access Mode: Direct Programming -
Operation: Erase,Program,Verify -

Programming Options

Programming file: |nfB\t5treameFD2NX4DfPCIe?EasicﬁDemUJmle.biﬂ

SPI Flash Options

Family: SPI Serial Flash -
Vendor: Micron -
Device: N25Q128A <
Package: 8-pin 508 A

SPI Programming

Data file size (Bytes): |815028 Load from File
Start address (Hex): 0x00000000 -
End address (Hex): 0x000C0000 -

[ Erase SPI part on programming error

[] secure SP1 flash golden pattern sectors

Figure 3.11. Device Properties

5. Enter the settings as shown in Figure 3.11.
Access mode: SPI Flash Background Programming
Operation: SPI Flash Erase, Program, Verify”
Programming File — LFD2NX40_PCle_Basic_Demo_impl_1.bit
Family — SPI Serial Flash
Vendor — Micron
Device — SPI-N25Q128A”
Package — 8-pin SO8
All other settings are acceptable as default. Click OK.
Click the Programming button highlighted in Figure 3.12 to start programming.

File Edit View Run Tools Help
HeiH & B8R RIBS v

Enable Status Device Family Device

1 LFD2NX LFD2NX-40

Figure 3.12. Programming Button

8. When programming is successfully completed, the output console shows the status as Operation Successful.
9. Remove the 12 V power adaptor.
10. Reconnect the 12 V power adapter. The D29 Done LED glows, indicating successful booting of FPGA from SPI flash.

© 2021 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.
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11. To run the demo, remove the 12 V power adapter and Insert the board inside the PCle slot of the PC.
12. Power on the PC. The D18, D19, D20, D21 and D22 LEDs glow.

D18 indicates that the transaction layer is ready to use the application layer.

D19 indicates the physical layer link up status.

D20 indicates the data link layer status.

D21 indicates the heartbeat signal (indication for the transaction layer clock).

D22 indicates that the initial re-configuration is completed.

© 2021 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.
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4. Running PCle Basic Demo

The PCle Basic Demo allows you to manipulate the seven-segment display included on the Certus-NX Versa Evaluation
Board. This demo showcases the capabilities of the Lattice FPGA and PCI Express endpoint IP core function in a
Windows PC PCI Express slot.
To run the PCle Basic Demo:
1. Before, starting this demo, ensure that the following operations are completed:

a. Lattice Radiant programmed the bitstream for this demo to the board. You can find the bitstream for Lattice

Radiant at
<Kit-Location>Lattice_certus_nx_pcie_basic_demo\Demonstration\Bitstream\LFD2NX40_PCle_Basic_Demo_impl_1.bit

b. The board drivers included with Setup.exe are installed on the host machine. See the procedure described in
the Installing the Drivers on the Host Machine section of this document.
Click the Certus-NX Basic Demo Application icon on the desktop.

The interface opens showing the Device Info tab. This page displays information about the device driver and PCI
configuration registers. The data displayed is for information only and cannot be edited. If there is a problem in
accessing the device driver or the device is not or improperly inserted, an error message appears on this page.

EF Lattice Certus-NX Basic Demo - [m] X

Help

Device Info. Config Space Memory 7 Seg Display

Num BARs: 1

BAR 0

Addr: 0xF7C00000
Size: 16384 (16kB)
Mapped: 1
hasInterrupt: 0
Device/Vendor ID: 0x9C1D1204
Revision ID: 1.0

Class Code: 0x88000
Cache Line Size: 0x10
Latency Timer: 0x0

BARO: 0xF7C00000
BAR1: 0x0

BAR2: 0x0

BAR3: 0x0

BAR4: 0x0

BARS: 0x0
Subsystem Vendor ID: 0x19AA
Subsystem ID: 0xEQ04
Expansion ROM: 0x0
Capabilities Pointer: 0x40

PCI Express Capability Structure: @0x40

Max Payload Size: 128

Max Read Request Size: 512

Read Completion Boundary (RCB): 64

Aosimmeimn §ink WALARR. e

Figure 4.1. Device Info after Correct Software and Hardware Installation

4. Click the Config Space tab to display PCI Configuration registers in 8-bit, 16-bit and 32-bit mode. When the
application starts, the 32-bit mode is selected and the PCI Configuration Space is displayed. Selecting the 8-bit, 16-
bit, or 32-bit options displays the corresponding configuration space registers. The data displayed is for information
only and cannot be edited.
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To run the demo software, click on the 7 Seg Display tab to view the contents of the 7 segment control page.

In this page, you can run a demonstration LED sequence and control the display on your board from the console.
The 7 Seg Display page provides a way to interactively toggle segments on the display. You can present character
sequences from this page or select single characters and run them to light the display.

Lattice Certus-NX Basic Demo

Help

Device Info Config Space Memory |7 Seg Display

Click to Toggle LED Segments on Board

007F

Controls
Reset

Figure 4.2. User Interface Control of 7-Segment Display

Click on any segment in the interactive segment display in the 7 Seg Display page. Notice that any selection
immediately causes the corresponding segment on the LED to light on your board’s LED display. Clicking on a
segment turns it on or off.

Click the Reset button to turn off all the LED displays.

Enter a number between 0 and F and click the Set button. This toggles on the respective segments both on the
board and on the user interface.

Figure 4.3. Onboard 7-Segment Display
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5. Running PCle Memory Access Demo

The PCle Memory Access demo allows the user to access FPGA memory through the PCle bus.

This demo is included in the user interface installed in the Hardware Setup and Software Setup sections. Please be sure
to complete all steps in these sections before continuing to use the PCle Memory Access demo.

To run the PCle memory access demo:

1. Click the Memory tab to access elements to control read/write processes. Data access can be specified as byte,
short or word operations by selecting Data Width. Access is done to the selected Base Address Register (BAR).

2. Runthe memory read/write functionality by selecting the Single and Continuous mode options.

E Lattice CL-NX Bridge Board Basic Demo

Help

Device Info Config Space /Memory 7 Seg Display

Memory Settings Memory Tests

Memory Space: BARO
) Mode:  Single Status: @
Data Width: @ 8 bit 16 bit 32 bit

Memory Contents

0 1
00000000 00 00

00000010 04 00
00000020 08 00

00000030 0C 00

Offset:
Offset:
from file:

to file:

Figure 5.1. Memory Access Tab in GUI
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6. Rebuilding the Demo

You can rebuild the demo after installing and completing the procedures in the previous sections. This section provides
directions for rebuilding the user interface using the InstallShield Wizard and re-synthesizing your .bit file with Lattice
Radiant.

To modify files in the demo before utilizing them in your own solutions, maintain a copy of the original files in this kit.
This allows you to quickly move back to the original configuration as needed.

To rebuild the user interface:

1. Navigate to <kit_location>\Lattice_certus_nx_pcie_basic_demo\Demonstration\Windows10\Application\setup.exe
and double click the setup.exe icon.

This launched the Certus-NX Basic Demo InstallShield wizard. Click Next.
Select from the three options.
Modify — present you with no options when clicked; proceeding reinstalls the Basic Demo user interface
Repair — attempts to fix missing links or files in the existing program
Uninstall — removes the program from your system; the drivers must be uninstalled separately
4. After completing the operation, click Finish in InstallShield.
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7. Regenerating the .bit File and Reprogramming the Board

You can implement changes in design using the HDL source flow.

To regenerate the bit file following modifications to the source code:

1.
2.
3.

9.

Open the Lattice Radiant design software.
Click Open Project.

In the Open Project dialog box, navigate to and select the LFD2NX40_PCle_Basic_Demo.rdf file located in this kit
at <kit-location>\Lattice_certus_nx_pcie_basic_demo\Hardware\CertusNXBoard_PCleBasicDemo\
Implementation\LFD2NX40_PCle_Basic_Demo\LFD2NX40_PCle_Basic_Demo.rdf

Click Open. All the Verilog HDL files are imported into the project.

In Project > Project Properties, verify your settings as shown in Figure 7.1.

Part Mumber: LFD2ZNX-40-8BG2561

Family: LFD2MX
Device: LFD2MX-40
Performance Grade:  ormance_1.0V
Package: CABGAZ56

Operating Condition: = IND

Figure 7.1. Proper Project Properties Configuration

Once your project loads, click Task Detail View. This shows a list of actions that Lattice Radiant will perform to build
the .bit file.

Select the files and reports that you want to generate.
Note: The options needed to regenerate the .bit file are selected by default.
After selecting your preferred reports, click Run All.

This creates a .bit file with your project's current name in the imp1 folder. Assuming you left the directory structure
of this original project unchanged, the file becomes available in the following location:
<kit_location>\Lattice_certus_nx_pcie_basic_demo\Hardware\CertusNXBoard_PCleBasicDemo\Implementation\LF
D2NX40_PCle_Basic_Demo/<your_file>.bit

Once the file is generated, click Programmer.

The process to reprogram the non-volatile memory onboard the FPGA is completed, similar to the initial install. This
secondary pass, however, does not require you to create a new programmer project.
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8. Troubleshooting

Device Not Detected in Scan Operation

Occasionally, the device is not detected when using the Scan tool in Lattice Radiant Programmer. In this case, two

options are recommended:

e Inthe cable detection panel in Lattice Radiant programmer, increase the clock divider value and run the scan
again.

e Hold down the Reset button on the Certus-NX Versa Evaluation Board. The Reset button on the board is labeled
Program. This is the blue button closest to the edge of the board and opposite the micro USB port.

© 2021 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
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.
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Revision History

Revision 1.1, November 2021

Section

Change Summary

All

Changed document title from Certus-NX Versa Development Board Demo to Certus-NX Versa
Evaluation Board Demo.

Acronyms in This Document

Corrected PCIE to PCle.

Disclaimers

Updated description.

Introduction

e Changed PCl Express Basic Demo to PCle Memory Access Demo in the Learning
Objectives section.

e Changed Ubuntu 16.04 LTS to Ubuntu 18.04.6 LTS in the Linux Version of this Demo
section.

e Removed Red Hat Enterprise Linux systems from the Linux Version of this Demo section.

Setting Up the Demo

Changed run throughput tests to run memory access tests in the Hardware Setup section.

Running PCle Basic Demo

Changed PCle basic demo to PCle Basic Demo.

Running PCle Memory Access
Demo

Changed PCle throughtput demo to PCle Memory Access demo globally, and updated
contents and figure accordingly.

Rebuilding the Demo

Changed Certus-NX basic demo to Certus-NX Basic Demo.

Revision 1.0, August 2021

Section

Change Summary

All

Initial release.
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