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Abbreviations in This Document 
A list of abbreviations used in this document. 

Abbreviation Definition 

AHBL Advanced High-performance Bus-Lite 

APB Advanced Peripheral Bus 

API Application Programming Interface 

AXI Advanced eXtensible Interface 

AXI4-Lite Advanced eXtensible Interface-Lite 

CPU Central Processing Unit 

CRC Cyclic Redundancy Check 

DDR Double Data Rate 

DDR3 Double Data Rate Generation 3 

FIFO First-In-First-Out 

GHRD Golden Hardware Reference Design 

GPIO General Purpose Input/Output 

GSRD Golden System Reference Design 

ISR Interrupt Service Routines 

LMMI Lattice Memory Mapped Interface 

MDIO Management Data Input/Output 

OPN Ordering Part Number 

PLL Phase-Locked Loop 

QSPI Quad Serial Peripheral Interface 

RGMII Reduced Gigabit Media Independent Interface 

RISC-V Reduced Instruction Set Computer-V 

RTL Register Transfer Level 

SGDMA Scatter-Gather Direct Memory Access 

SoC System on Chip 

TSE MAC Tri-Speed Ethernet Media Access Controller 

UART Universal Asynchronous Receiver-Transmitter  
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1. Introduction 
The Lattice FPGA-based Golden System Reference Design (GSRD) presented herein is aimed at providing a versatile and 
efficient platform for embedded applications requiring high-performance computing, memory access, data transfer 
capabilities, and network communication. By integrating various components onto a single FPGA chip, this design offers 
flexibility, scalability, and cost-effectiveness for a wide range of applications.  

The Lattice Golden Hardware Reference Design (GHRD) is a System-on-Chip (SoC) that can be used as a baseline design 
to create FPGA applications as per the user requirements. It is a RISC-V based design that interacts with various Lattice 
Soft-IPs and peripherals such as GPIO, UART, Watchdog Timer, Tri-Speed Ethernet (TSE), Octal SPI Controller and 
Scatter-Gather DMA (SGDMA) Controller. All these building blocks are connected through industry standard protocols 
such as AHB-Lite, AXI-MM, AXI-Steam for data transfers and APB for control.   

The GSRD is a comprehensive embedded system which incorporates drivers and relevant firmware needed to operate 
various design components. Bootloader is built on RISC-V MC CPU. The primary function of bootloader is to initialize 
the hardware blocks in the design using the respective IP drivers and ensure the integrity of the application software by 
performing CRC check. 

Hardware and software are integrated together to establish a complete system for which relevant binaries and 
executables are generated by Lattice Software tools such as Propel SDK, Propel Builder and Radiant to program the 
FPGA Hardware.  

As a part of multi-boot demonstration, the executables folder comprises compatible binaries and executable images, 
that is FPGA bitstream (.bit) and software binary (.bin) for both Primary and Golden GSRD projects. The only difference 
is that the Primary bitstream contains the code for multi-boot enablement and Golden bitstream does not enable 
multi-boot.  

GSRD for Certusϰ-NX device is developed and tested with the Lattice Propelϰ and Lattice Radiantϰ software versions 
as indicated in Table 1.1. 

1.1. Quick Facts 

Table 1.1. Summary of the System 

SoC Requirements 
Supported FPGA Family Certus-NX 

SoC Version 1.0 

FPGA Device(s) 

Targeted Board  
Certus-NX Versa Board  

OPN: LFD2NX-VERSA-EVN 

Targeted Device LFD2NX-40-8BG256C 

Supported User Interface AHB-Lite, AXI-MM, AXI-Stream, APB 

Design Tool Support 
Lattice Implementation 

Lattice Propel Software 2025.1.1 

Lattice Radiant Software 2025.1.1 

Synthesis Synopsys® Synplify Pro® 
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1.2. Features 
The key features of the system include: 

¶ FPGA device supported in this document is LFD2NX-40 

¶ RISC-V MC CPU, SGDMA Controller, TSE IP, and Octal SPI Controller over AHB-Lite and AXI4 Interfaces 

¶ 100 Mbps Ethernet throughput through RGMII support at 25 MHz 

¶ Low-speed peripherals like GPIO and UART 

¶ Primary and Golden bootloader and bare-metal application software 

¶ Application software CRC check by function implemented in RISC-V MC bootloader code 

¶ FPGA bitstream CRC check done by FPGA Configuration Engine 

¶ Bare-metal application software is run on System Memory internal to FPGA 

¶ Manual and Automatic Multi-Boot capability 

1.3. Naming Conventions 

1.3.1. Nomenclature 

The following are the nomenclature used in this document: 

¶ Boot Up ς Process of starting the RISC-V MC CPU, loading the bare-metal application software from external SPI 
Flash into the System Memory and executing the application.  

¶ Bootloader ς Code that initializes and configures various peripherals and loads the bare-metal application software 
into System Memory. It also checks for the CRC of the copied application and decides whether to execute the 
application software or load the next best hardware bitstream and the corresponding software.  

¶ Bare-metal application software ς Loaded into System Memory and executed by RISC-V CPU at the end of boot up 
process. 

¶ SPI Flash ς Non-volatile external memory that stores the bitstreams, bare-metal application software and multi-
boot MCS bitstream. 

1.3.2. Signal Names 

Signal names that end with: 

¶ _n are active low (asserted when value if logic 0) 

¶ _i are input signals. 

¶ _o are output signals. 

¶ _io are bi-directional input/output signals. 
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1.4. Prerequisites 
The following sections show the software and hardware requirements to run the demonstration and compiling the 
reference design. 

1.4.1. Lattice Software Tools Requirements 
¶ Lattice Propel 2025.1.1 Package ς contains both Lattice Propel SDK and Lattice Propel Builder 

¶ 5ƻǿƴƭƻŀŘ ƘŜǊŜΥ [ŀǘǘƛŎŜ tǊƻǇŜƭ 5ŜǎƛƎƴ 9ƴǾƛǊƻƴƳŜƴǘ  

¶ Lattice Radiant 2025.1.1 Package ς contains IP Packager, Radiant Software, QuestaSim, and Programmer 

¶ 5ƻǿƴƭƻŀŘ ƘŜǊŜΥ [ŀǘǘƛŎŜ wŀŘƛŀƴǘ {ƻŦǘǿŀǊŜ  

¶ Lattice Propel 2025.1.1 Patch for Certus-NX Golden System Reference Design 

¶ 5ƻǿƴƭƻŀŘ ƘŜǊŜΥ 5ƻǿƴƭƻŀŘŀōƭŜ {ƻŦǘǿŀǊŜ ǘŀō ƛƴ ǘƘŜ DIw5κD{w5 wŜŦŜǊŜƴŎŜ 5ŜǎƛƎƴ 

1.4.2. Hardware Requirements 
Table 1.2 describes the hardware needed to run the GSRD. 

Table 1.2. List of Hardware Required by GSRD 

Sr No Hardware Requirements Quantity Comment 

1 

Lattice Certus-NX Versa Evaluation 
Board  

OPN: LFD2NX-VERSA-EVN 

1 

Certus-NX Versa Evaluation Board web page 

 

The Evaluation Board is available in two configurations: 

OPN: LFD2NX-VERSA-EVN (with Ethernet PHY) 

OPN: LFD2NX-VERSA-B-EVN (without Ethernet PHY) 

The Evaluation Board with Ethernet PHY (LFD2NX-VERSA-EVN) is 
required for this GSRD to operate correctly. 

2 
Mini-USB Type-A UART cable for 
programming bitstream, firmware 
and proper terminal prints 

1 Included in Certus-NX Versa Board Evaluation Kit  

3 
Cat6 RJ45 Ethernet cable to connect 
Certus-NX board to the Host PC 

1 Not included in Certus-NX Versa Board Evaluation Kit. 

4 12 V power adapter for board power 1 Included in Certus-NX Versa Board Evaluation Kit 
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2. Functional Description 
The GSRD/GHRD SoC architecture comprises of a RISC-V MC CPU, SGDMA Controller, Octal SPI Controller, and  
100 Mbps TSE IP, interconnected through a combination of high-speed and low-speed bus fabrics such as AHB Lite 
Interconnect, and APB Interconnect. This architecture enables seamless communication and data exchange between 
the components, facilitating efficient operation and system performance. 

2.1. GHRD System Architecture Overview 
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Figure 2.1. GHRD System Architecture  

The design includes the following components: 

Table 2.1. IP Versions 

Soft IP IP Version 

RISC-V MC CPU 2.8.1 

System Memory 2.4.0 

Octal SPI Controller 1.3.0 

General Purpose I/O  1.8.0 

UART 1.4.0 

AHB Lite Interconnect 1.4.0 

APB Interconnect 1.3.0 

AHB-Lite to AXI4 Bridge 1.3.0 

AHB-Lite to APB Bridge 1.1.2 

AXI4 to AHB-Lite Bridge 1.4.0 

Tri-Speed Ethernet 2.1.0 
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Soft IP IP Version 

Scatter-Gather DMA  2.5.0 

Multi-Boot Configuration 1.0.0 

Watchdog Timer 1.6.0 

PLL 1.9.1 

Reset Modules 1.0.0 

Clock Domain Crossing Modules 1.0.0 

AXIS FIFO 1.0.0 

 

Each component in the block diagram is instantiated using the IP in Propel Builder. The IP features and parameters are 
described in the IP Configurations section.  

The signals on each interface are described in the Signal Description section.  

2.2. GHRD Clocking Overview  

System PLL

system_clk

eth_rgmii_mdc_o

Ethernet 
PLL

eth_tx_clk

pll_clk_i

eth_pll_clk_i

eth_rx_clk

perip_clk

 

Figure 2.2. GHRD Clocking Overview 

Table 2.2 describes the reference design clock scheme.  

Table 2.2. GHRD Clocking Overview 

Sr No Clock Name Clock Freq Clock Source Destination 

1 pll_clk_i 25 MHz On board oscillator X2 System and Eth PLL 

2 system_clk 90 MHz system_clk_pll[CLKOP]  RISC-V CPU, SGDMA Controller, AHBL-IC, 
System Memory, AXI4 to AHBL Bridge, 
AHBL to AXI4 Bridge and Octal SPI 
Controller 

3 perip_clk 50 MHz system_clk_pll[CLKOS] AHBL to APB Bridge, APB IC, UART, WDT, 
GPIO, SGDMA Controller, TSE IP and Dual 
Boot IP 

4 eth_rgmii_mdc_o 10 MHz system_clk_pll[CLKOS2] TSE MDIO and RGMII PHY MDIO 

5 eth_tx_clk 25 MHz eth_pll[CLKOP] TSE TX path, External TX CDC FIFO 
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Sr No Clock Name Clock Freq Clock Source Destination 

6 eth_rx_clk 25 MHz On board RGMII PHY TSE RX path, External RX CDC FIFO 

 

2.3. GHRD Reset Overview 
There are two resets in the entire design: 

¶ External Asynchronous Reset which is controlled by a push button 

¶ Synchronous Reset for entire system is generated from RISC-V 

RISC-V
rst_sync

RISC-V 
RX

PERIP
rst_sync

MAC  
tx_rst_
sync

SYSTEM
rst_sync

System 
PLL

PLL Lock

brd_rstn_i

TSE MAC

MAC  
rx_rst_
syncEth 

PLL

PLL lock

perip_clk

eth_tx_clk

eth_rx_clk

system_clk

system_clk

 

Figure 2.3. GHRD Reset Overview  
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Table 2.3. Reset Scheme 

Reset Signal Source Destination Description 

system_rstn_i Board Pushbutton SW3 PLL reset input pin Reset the PLL and system reset 

cpu_rstn_i Reset sync output port RISC-V CPU reset input Reset pin of CPU 

system_resetn_o RISC-V CPU output 
All components in 
system 

RISC-V CPU output reset pin, provides reset 
to all components in the design. This also 
triggers the reset during CPU OCD 
debugging mode. 

sys_rstn_o CPU output reset pin 
AXI IC S0, S3, AXI IC M3 
and System Memory 
reset input pin  

AXI IC CPU subordinates, System Memory, 
AXI IC M3 

perip_rstn_o CPU output reset pin 
AXI IC M0, M1 and all 
peripheral IPs reset 
input pin 

Octal SPI controller, APB IC, AXI4 to APB 
bridge, GPIO, UART, SGDMA Controller, TSE 
IP, and Multi-boot IP 

axi_rstn_o CPU output reset pin 
AXI IC S1, S2 and 
SGDMA Controller MM 
reset input pin 

SGDMA Controller MM and BD  

mac_tx_rstn CPU output reset pin 
AXI Stream -TX FIFO 
reset input pint   

External Stream FIFO for CDC. 

mac_rx_rstn CPU output reset pin 
AXI Stream RX- FIFO 
reset input pint   

External Stream FIFO for CDC. 

 

2.4. GHRD Interrupts Overview 

Table 2.4. GHRD Interrupt Overview 

Sr No RISC-V CPU IRQ Line Interrupt Source 

1 IRQ_0 UART IRQ 

2 IRQ_1 WDT IRQ 

3 IRQ_2 SGDMA Controller MM2S IRQ 

4 IRQ_3 SGDMA Controller S2MM IRQ 

5 IRQ_4 TSE MAC IRQ 

6 IRQ_5 OSPI IRQ 

7 IRQ_6 GPIO IRQ 

 
For more information about the platform level interrupt controller information, refer to the Platform Level Interrupt 
Controller section, refer to RISC-V MC CPU IP User Guide (FPGA-IPUG-02278). 

2.5. IP Configurations 
The reference design is created using Lattice Propel Builder. The top-level HDL file is generated by Propel Builder and is 
used as the top module for the design. The design parameterization is performed by configuring the IP in Propel 
Builder. This section describes the following IPs and their configuration.  

2.5.1. RISC-V MC CPU 

The RISC-V MC CPU IP has AHB-L based instruction and data ports. The instruction ports are connected to the memory 
that contains the bootloader software and bare-metal application software for CPU execution. The data port is 
connected to memory and peripherals for control.   

For more information about the IP core including memory map information, refer to RISC-V MC CPU (Micro-Controller) 
IP Module User Guide (FPGA-IPUG-02278). 
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Figure 2.4. RISC-V MC CPU IP Configuration ς General 

  

Figure 2.5. RISC-V MC CPU IP Configuration ς Debug 
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Figure 2.6. RISC-V MC CPU IP Configuration ς Interrupt 

  

Figure 2.7. RISC-V MC CPU IP Configuration ς Buses 
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2.5.2. AHB-Lite Interconnect 

The AHB-Lite Interconnect IP is a key component in system that uses the AMBA AHB protocol. It acts as a 
communication hub between multiple AHB managers and subordinates, enabling efficient data transfer, and system 
scalability.  

For more information about the IP core, refer to AHB-Lite Interconnect IP User Guide (FPGA-IPUG-02051).  

 

Figure 2.8. AHB-Lite Interconnect IP Configuration ς General 

 

Figure 2.9. AHB-Lite Interconnect IP Configuration ς Max Burst Size Settings 

2.5.3. APB Interconnect  

The Advanced Peripheral Bus (APB) Interconnect IP is used in system for connecting low-bandwidth, low-power 
peripherals to the main system bus.  

For more information about the IP core, refer to APB Interconnect IP User Guide (FPGA-IPUG-02054).  
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Figure 2.10. APB Interconnect IP Configuration ς General 

2.5.4. AHB-Lite to APB Bridge 

The AHB-Lite to APB Bridge IP is used to convert the AHB-Lite bus transaction into low-speed APB bus transaction. 

For more information about the IP, refer to AHB-Lite to APB Bridge IP User Guide (FPGA-IPUG-02053) 

 

Figure 2.11. AHB-L to APB Bridge IP Configuration ς General 
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2.5.5. AHB-Lite to AXI4 Bridge 

The AHB-Lite to AXI4 Bridge IP is used to convert the AHB-Lite bus transaction into AXI4 bus transaction. 

For more information about the IP core, refer to AHB-Lite to AXI4 Bridge IP User Guide (FPGA-IPUG-02242).   

 

Figure 2.12. AHB-Lite to AXI4 Bridge IP Configuration ς General 

2.5.6. AXI4 to AHB-Lite Bridge 

The AXI4 to AHB-Lite Bridge IP is used to convert the AXI4 bus transaction into AHB-Lite bus transaction. 

For more information about the IP core, refer to AXI4 to AHB-Lite Bridge IP User Guide (FPGA-IPUG-02199).   

 

Figure 2.13. AXI4 to AHB-Lite Bridge IP Configuration ς General 
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2.5.7. Octal SPI Controller 

The Octal SPI is an eight tri-state data line serial interface that is commonly used to store, program, erase and read SPI 
flash memories. Octal SPI enhances the throughput of a standard SPI by eight times since eight bits are transferred 
every cycle. In GSRD, Quad SPI flash is used to store application software and bitstreams for both Primary and Golden 
systems. Hence, the Octal SPI Controller IP is configured in four tri-state data line serial interface. 

For more information about the IP core including register map information, refer to Octal SPI Controller IP User Guide 
(FPGA-IPUG-02273). 

  

Figure 2.14. Octal SPI Controller IP Configuration ς General 

  

Figure 2.15. Octal SPI Controller IP Configuration ς General 
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Figure 2.16. Octal SPI Controller IP Configuration ς General 

2.5.8. Tri-Speed Ethernet MAC + RGMII  

The Tri-Speed Ethernet (TSE) IP solution consists of the TSE IP Media Access Controller (MAC) core and RGMII interface. 
The TSE IP is a complex core containing all the necessary logic, interfacing, and clocking infrastructure to allow 
integrating an external industry-standard Ethernet PHY with an internal processor, with minimal overhead.  
The Certus-NX GSRD supports a 100 Mbps network interface as per the IEEE 802.3 standard. The Ethernet PHY is 
configured through the MDIO interface on the TSE IP. 

For more information about the IP core including register map information, refer to Tri-Speed Ethernet IP User Guide 
(FPGA-IPUG-02084). 

 

Figure 2.17. TSE IP Configuration 
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2.5.9. Scatter-Gather DMA Controller 

The SGDMA Controller IP core is used to access the main memory independent of the CPU processor. It offloads 
processor intervention. The processor initiates transfer to SGDMA Controller and receive interrupt on completion of 
the transfer by the DMA engine. The core implements a configurable, AXI4-compliant DMA controller with scatter-
gather capability. It also implements the AXI4-Stream interface to support stream data from TSE MAC. The APB CSR 
interface is used to configure the control and status registers by the RISC-V CPU. 

For more information about the IP core including register map information, refer to SGDMA Controller IP User Guide 
(FPGA-IPUG-02131). 

 

Figure 2.18. SGDMA Controller IP Configuration 

2.5.10 UART 

The Universal Asynchronous Receiver/Transmitted (UART) Transceiver IP core performs serial-to-parallel conversion of 
data characters received from a peripheral UART device and parallel-to-serial conversion of data characters received 
from the host locater insider the FPGA through an APB interface.  

For more information about the IP core including register map information, refer to UART IP User Guide (FPGA-IPUG-
02105). 
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Figure 2.19. UART IP Configuration 

2.5.10. GPIO 

The General-Purpose Input/Output (GPIO) peripheral IP provides dedicated memory-mapped interface to configure the 
GPIO ports as well as the number of input and output ports.  

For more information about the IP core including register map information, refer to GPIO IP User Guide (FPGA-IPUG-
02076). 

  

Figure 2.20. GPIO IP Configuration 
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2.5.11. Multi -Boot Configuration Module 

The Multi-Boot Configuration is used to trigger an internal FPGA REFRESH/PROGRAMN command to LMMI logic. This IP 
implements an APB endpoint which decodes the RISC-V CPU command data. The LMMI host FSM used inside IP to 
execute the soft reset to load the next or alternate bitstream and application software data onto the FPGA.  

The OSC IP is instantiated inside module to generate clocks required for logic and LMMI config block. 

  

Figure 2.21. Multi -Boot Module Configuration 

2.5.12. System Memory 

The System Memory implements EBR, LRAM, or Distributed Memory in either single port or dual port AHB-L or AXI4 
subordinate. In GSRD, System Memory is configured with LRAM as the memory type and dual port AHB-L as the 
interfaces. The System Memory in this design is used to store the bootloader and bare-metal application software. The 
ǎȅǎǘŜƳΩǎ ƳŜƳƻǊȅ ǎƛȊŜ ƛǎ 64 kB. 

For more information about the IP , refer to System Memory IP User Guide (FPGA-IPUG-02073). 

 

Figure 2.22. System Memory IP Configuration ς General 
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Figure 2.23. System Memory IP Configuration ς Port S0 Settings 

 

Figure 2.24. System Memory IP Configuration ς Port S1 Settings 

2.5.13. PLL 

The PLL IP is used to generate multiple clocks used in the system. There are two PLL instances used in GSRD, 
system_pll, and eth_pll. 

For more information about the IP , refer to PLL IP User Guide (FPGA-IPUG-02063). 
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Figure 2.25. PLL IP Configuration ς General for system_pll 

 

Figure 2.26. PLL IP Configuration ς General for system_pll 
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Figure 2.27. PLL IP Configuration ς General for system_pll 

 

Figure 2.28. PLL IP Configuration ς Optional Ports for system_pll 
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Figure 2.29. PLL IP Configuration ς General for eth_pll 

 

Figure 2.30. PLL IP Configuration ς General for eth_pll 

2.5.14. Reset Modules 

A reset synchronizer module ensures that an asynchronous reset signal is safely brought into a synchronous clock 
domain without causing metastability or glitches on reset signals. 
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Figure 2.31. Reset Module Configuration ς General 

2.5.15. Clock Domain Crossing Module 

A clock synchronizer module ensures that an asynchronous signal is safely brought into a synchronous clock domain 
without causing metastability or glitches on input signals. 

 

Figure 2.32. Clock Domain Crossing Module Configuration ς General 

2.5.16. AXIS FIFO Module 

The AXIS FIFO IP is used to buffer data between two different clock domains while maintaining the AXI stream protocol. 
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Figure 2.33. AXIS RX FIFO Module Configuration ς General for tsemac_rx_axis_fifo 

 

Figure 2.34. AXIS FIFO Module Configuration ς General for tsemac_tx_axis_fifo 
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2.6. System Level Interfaces 

Table 2.5. System Level Interfaces 

Top-Level Interface Name 
Supported 
Protocol 

Description 

Advanced eXtensible Interface 4 AXI4 Used for Data Interfaces on SGDMA Controller IP 

Advanced High-performance Bus-Lite AHB-L Used for Data Interfaces on RISC-V and System Memory 

Advanced Peripheral Interface APB Used as Control Interface for low-speed IP 

Serial Peripheral Interface SPI Used for communication with external SPI Flash 

100 Mbps Ethernet RGMII Used for communication with external Ethernet PHY 

Management Data Input/Output MDIO Used for configuring the external Ethernet PHY 

Universal Asynchronous 
Receiver/Transmitter 

UART Used for CPU printouts 

General Purpose I/O GPIO Used for LEDs  to indicate the RGMII link speed 

 

2.7. SoC Memory/Address Map 

Table 2.6. GHRD Address Map  

Base Address End Address Size  Subordinate 

0x8000_0000 0x8000_FFFF 64 kB System Memory 

0xC000_0000 0xC000_0FFF 4 kB UART APB 

0xC000_1000 0xC000_1FFF 4 kB GPIO APB 

0xC000_2000 0xC0002_FFF 4 kB Multi-Boot Config APB 

0xC000_3000 0xC000_3FFF 4 kB SGDMA Controller APB 

0xC000_4000 0xC000_7FFF 16 kB TSE MAC APB  

0xC000_8000 0xC000_8FFF 4 kB Watchdog Timer APB 

0xC000_D000 0xC3FF_FFFF τ Reserved 

0xC400_0000 0xC400_0FFF 4 kB Octal SPI Controller  

0xC400_1000 0xF1FF_FFFF τ Reserved 

CPU Local Memory 

0xFFFF_0000 0xFFFF_07FF 2 kB Timer 

 

2.8. Design Constraints 
The design constraints are divided into two parts, Pre-Synthesis (SDC) and Post-Synthesis Physical (PDC) constraints. 
They are used to ensure that the design meets the required performance, timing closure, functionality and physical 
placement requirements as per the FPGA device.  

Table 2.7. Design Constraints 

Sr No Constraint Type File Name Comment 

1 Clock constraints.sdc Lists all generated clock, created clock used by design.  

2 Delay <Project_name>.pdc Lists inter board delay and false path definitions. 

3 I/O <Project_name>.pdc Pin locking of all I/O and I/O standard matching board requirement. 
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2.9. Resource Utilization 
Figure 2.35 shows the approximate GHRD resource utilization and Table 2.8 shows the total LUT4, PFU register, I/O 
buffer, and EBR resource utilization for LFD2NX-40 device. 

  

Figure 2.35. LFD2NX-40 Device GHRD Approximate Resource Utilization 

Table 2.8. GSRD Total Approximate Resource Utilization 

Resource Approximate Usage 
Approximate Percentage 
Utilization 

LUT4 (Logic + Distributed RAM + Ripple Logic) 13212 40.96% 

PFU Register 9523 29.52% 

I/O Buffers 34 18.37% 

EBR 27 32.14% 

LRAM 1 50% 
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3. Signal Description 
Table 3.1 shows the input/output interface signals for the top-level module. 

Table 3.1. Top-level I/O 

Signal Name I/O Type I/O Width Description 

pll_clk_i Input 1 Reference clock input for internal PLLs  

system_rstn_i Input 1 Active low reset input for design. Activate by pressing push button 
SW3 on the board.  

GPIO 

gpio_o Input/Output 2 General Purpose I/O signals connect to LED D25 and D24 on board to 
indicate RGMII link speed. gpio_o[1:0] (D25:D24) 

00, 10 and 11: Not defined 

01: 100 Mbps. D25 = ON, D24 = OFF 

UART 

uart_txd_o Output 1 UART transmits output. Connects to the board TXD signal. 

uart_rxd_i Input 1 UART receives input. Connects to the board RXD signal. 

Octal SPI Controller 

ospi_clk Output 1 Serial clock to SPI Flash 

ospi_ss_n_o Output 1 SPI Flash chip selects 

ospi_dt_io Input/Output 4 Serial data between FPGA and external SPI Flash 

RGMII 

rgmii_rxd_i Input 4 RGMII receives data from Ethernet PHY 

rgmii_rxctl_i Input 1 RGMII receives control from Ethernet PHY  

rgmii_rxc_i Input 1 RGMII receives clock from Ethernet PHY  

rgmii_txd_o Output 4 RGMII transmits data to Ethernet PHY  

rgmii_txctl_i Output 1 RGMII transmits control to Ethernet PHY  

rgmii_txc_i Output 1 RGMII transmits clock to Ethernet PHY  

rgmii_phy_rstn_o Output 1 Ethernet PHY resetn 

MDIO 

rgmii_mdc Output 1 MDIO Clock 

rgmii_mdio Input/Output 1 MDIO Data 

Multi -Boot 

config_active_o Output 1 Connects to LED D18 to check Multi-Boot Configuration block status 

0: Configuration is in progress. LED = ON 

1: Configuration is done. LED = OFF 

LEDs 

system_pll_lock_o Output 1 Connect to LED D19 to check System PLL lock status 

0: PLL is locked.  LED = ON 

1: PLL is unlocked. LED = OFF 

eth_pll_lock_o Output 1 Connect to LED D20 to check Ethernet PLL lock status 

0: PLL is locked. LED = ON 

1: PLL is unlocked. LED = OFF 
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4. Software Components 
The Golden System Reference Design (GSRD) is enabled by RISC-V core based on Lattice FPGA IP drivers. Lattice 
developed BSP (Board Support Package) drivers in C language act as intermediaries, facilitating communication 
between the hardware elements on the FPGA and bare-metal application software. During boot up, these drivers 
initialize and configure FPGA peripherals to establish effective coordination with the RISC-V processor.  

4.1. Primary and Golden Bootloader 
Bootloader is a bare-metal program that does the following IP configurations: 

¶ Configures the GPIO and UART IP  

¶ Calculates the CRC value on the entire application software copied into System Memory by using crc16_ccit () API 
and compares the value with the original CRC value. 

¶ Failure of the CRC check on the Primary application software triggers reconfiguration of the FPGA with the Golden 
FPGA bitstream image. This is done by triggering Dual-Boot Configuration module. This step is only used in Primary 
GSRD system. 

4.2. Primary and Golden Application 
The primary and golden applications are implemented in bare metal with the following functions:  

¶ Executed by RISC-V MC CPU from System Memory where it initializes the BSP  

¶ Initialize the TSE IP by setting up the 100 Mbps Ethernet link speed, MAC address and full duplex mode based on 
the selected configuration. 

¶ Configure external Ethernet PHY through MDIO interface.   

¶ Configure the SGDMA Controller MM2S (Memory-Mapped to Streaming) interface for transferring the ethernet 
packets to TSE MAC and set up S2MM (Streaming to Memory Mapped) interface to receive ethernet packets from 
the TSE MAC.  
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5. Theory of Operation 
The GSRD system comprises two SoCs (System on Chip) design and corresponding software stacks, called as Primary 
and Golden images. Each SoC is linked with its respective bootloader and bare-metal application software. These SoCs 
are built using Lattice Propel Builder, and Lattice Radiant software tools. The FPGA image comprises the entire system 
and is generated by the Radiant tool in the (.bit) bitstream format. The bootloader code is stored inside the System 
Memory and is part of the bitstream. The bitstream and the bare-metal application software are stored in the external 
SPI Flash (Micron).  

During power-on, the Primary FPGA image is loaded into the device SRAM by the Config Engine. Before the device is 
completely programmed with the bitstream, the config engine checks the CRC (Cyclic Redundancy Check) for the 
bitstream to be loaded onto the FPGA. Once the FPGA is configured, the DONE LED on the board glows green. 
Immediately, the RISC-V starts executing the bootloader software stored inside System Memory and initializes all the 
soft-IP modules and peripherals to establish a base for communication and data transfers. This process includes 
configuring the IPs for the desired system operation. After all the IP configuration is complete, RISC-V initiates the Octal 
SPI Controller to copy the bare-metal application software from external SPI Flash into the System Memory for 
software execution. Once the application software is copied, the RISC-V checks the CRC on the entire copied 
application software. If the CRC check fails, RISC-V initiates a soft reset/refresh by instructing the multi-boot 
configuration module to start the PROGRAMN sequence. The PROGRAMN sequence loads the next bitstream into the 
FPGA which in this case would be the Golden FPGA and software images, and the same process follows. Once CRC 
check passes for either Primary or Golden application software, the RISC-V program counter jumps to the application 
ƛƴǎǘǊǳŎǘƛƻƴΩǎ ǎǘŀǊǘƛƴƎ ŀŘŘǊŜǎǎ ŀƴŘ ǎǘŀǊǘǎ ǘƘŜ ōŀǊŜ-metal application software execution. 

5.1. Boot-Up Sequence 
This section describes the RISC-V MC CPU boot up sequence in detail that configures IP drivers and operating modes 
and bootloader. 

¶ The Golden and Primary application software binaries and their FPGA bitstream images are stored in external SPI 
Flash before the boot up sequence is initiated.  

¶ The initial bootloader is a part of the internal System Memory ROM embedded into the FPGA bitstream stored into 
the external SPI Flash. Upon power-on boot up, the Primary bitstream is loaded to the SRAM by Config Engine to 
configure the FPGA. Then, the bootloader configures the peripherals and GSRD building blocks such as UART, GPIO, 
and Octal SPI Controller.  

¶ The bootloader fetches the respective Primary application software through the Octal SPI Controller into System 
Memory. 

¶ The application software is stored in the second half of System Memory. After the application software is loaded, 
the RISC-V CPU calculates the CRC of the application code in System Memory.   

¶ The CRC of the application software in System Memory is calculated and validated against the reference CRC 
embedded in SPI flash. 

¶ If the calculated CRC matches, the RISC-V CPU jumps to bare-metal application software execution in System 
Memory.  

¶ If the calculated CRC mismatches the reference CRC, the RISC-V CPU issues a FPGA REFRESH command to load the 
Golden bitstream and application software from SPI Flash.  

¶ Octal SPI Controller performs a self-diagnostic check for read, write, and erase operations. Refer to Appendix C. 
Using the Octal SPI Controller for Read, Write, and Erase Self-Diagnostic Check (Bare-metal Application Software) 
for more information.  

¶ The Bare-metal application software initializes the SGDMA Controller and TSE IP and uses the MDIO interface of 
TSE IP to configure external Ethernet PHY for Ethernet connection.  

¶ The bare-metal application software initiates Ethernet packets transmission to and reception from the host 
machine. 
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Figure 5.1. GSRD Boot-Up Sequence  
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5.2. Data Movement 
This section describes the RISC-V MC CPU bare-metal application software execution in detail. 

¶ Upon the execution of the correct Primary or Golden application software from System Memory, the building 
blocks mentioned earlier are up and running with their associated drivers. For example, if any Ethernet data is 
expected to arrive, the RISC-V CPU sets up the SGDMA Controller ŀŎŎƻǊŘƛƴƎƭȅ ǿƛǘƘ ǊŜŎŜƛǾŜ ōǳŦŦŜǊΩǎ ŀŘŘǊŜǎǎΣ Řŀǘŀ 
length and other configuration modes to route the incoming Ethernet packets.   

¶ When the Ethernet frame is received by the TSE IP, it forwards it to SGDMA Controller to transfer the data to 
receive buffer in System Memory.   

¶ When data is written into the System Memory, SGDMA Controller triggers interrupt to RISC-V CPU to acknowledge 
the data transfer is completed. RISC-V CPU then clears the SGDMA ControllerΩǎ ƛƴǘŜǊǊǳǇǘ ǎǘŀǘǳǎΦ   

¶ Once interrupt is serviced, RISC-V goes back to the main loop to execute the next task. 

RISC-V
MC

System
Memory

TSEMACSGDMA

AHBL 
Interconnect

RJ45I/O

Data Flow In

AHBL Bus

AHBL Bus

AHBL Bus AXI BusAXI to 
AHBL

AXI Bus

 

Figure 5.2. Ethernet Data RX Flow 

¶ For outgoing data, data is fetched from a location inside System Memory by RISC-V CPU. SGDMA Controller 
transfers the data to TSE IP for transmission outside the FPGA.  

¶ When no data activity occurs over Ethernet, the RISC-V CPU continues running its tasks in the main loop based on 
the loaded software execution. 
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Figure 5.3. Ethernet Data TX Flow 
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6. Running the GSRD Demonstration 
This section describes the procedure for running the GSRD demonstration using the pre-built executables and binary 
files in the design package. You can skip this chapter if you do not want to run the GSRD demonstration or reference 
design on hardware.  

6.1. Executables 
This section provides the directory structure, file names and locations of the executables (SPI Flash) required for 
running the GSRD demonstration.  

¶ Download the design package from the Lattice Semiconductor website. Go to Design File in the GHRD/GSRD 
Demonstration, download the Certus-NX Golden System Reference Design and Demo V1.0 ς Bitstream file. 

¶ Unzip the .zip file to your local directory, for example to <C:\user_workspace>. 

¶ The extracted directory has the following executables listed in Table 6.1. 

Table 6.1 shows the bitstreams and software image binaries for programming the FPGA. 

Table 6.1. Executable Files for Micron Flash 

File Description File Name Starting Address in SPI Flash 

Primary Software with CRC c_primary_appcrc.bin 0x008A 0000 

Primary FPGA Bitstream soc_primary_gsrd_impl_1.bit 0x0000 0000 

Golden Software with CRC c_golden_appcrc.bin 0x0080 0000 

Golden FPGA Bitstream soc_golden_gsrd_impl_1.bit 0x0000 0000 

Multi-Boot MCS File (Golden + Primary Bitstream) multiboot_system.mcs 0x0000 0000 

 

6.2. Setting Up the Hardware 
This section provides the procedure for setting up the Certus-NX Versa Evaluation board for GSRD demonstration as 
shown in Figure 6.1 and Figure 6.2. 
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Figure 6.1. Certus-NX Versa Evaluation Board 
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Figure 6.2. Connections, Jumpers and Buttons needed for Demonstration  
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To set up the hardware, perform the following: 

1. /ƻƴƴŜŎǘ ǘƘŜ мн ± ǇƻǿŜǊ ŀŘŀǇǘŜǊ ǘƻ Wор 5/ ƛƴǇǳǘ ǎǳǇǇƭȅ ƧŀŎƪΦ  

2. /ƻƴƴŜŎǘ ǘƘŜ aƛƴƛπ¦{. ¢ȅǇŜπ! ŎŀōƭŜ ŦǊƻƳ t/ ǘƻ WнΦ 

3. /ƻƴƴŜŎǘ ƧǳƳǇŜǊǎ ƻƴ tƛƴ м ŀƴŘ tƛƴ н ƻƴ ōƻǘƘ Wtнр ŀƴŘ Wtнс ǎǿƛǘŎƘŜǎ ǘƻ ŜƴŀōƭŜ ¦!w¢Φ  

4. /ƻƴƴŜŎǘ ƧǳƳǇŜǊ ƻƴ tƛƴ н ŀƴŘ tƛƴ о ƻƴ Wпт ǘƻ ŜƴŀōƭŜ оΦо ± ±//Lh ƻƴ .ŀƴƪ лΦ  

5. 9ƴǎǳǊŜ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ƧǳƳǇŜǊǎ ŀǊŜ ǇƭŀŎŜŘ ŀǘ ǘƘŜ ŘŜŦŀǳƭǘ Ǉƻǎƛǘƛƻƴǎ ŀǎ ǎǘŀǘŜŘ ƛƴ /ŜǊǘǳǎπb· ±ŜǊǎŀ 9Ǿŀƭǳŀǘƛƻƴ .ƻŀǊŘ 
¦ǎŜǊ DǳƛŘŜ όCtD!π9.πлнлонύΦ 

6. /ƻƴƴŜŎǘ ǘƘŜ wWпр ŎŀōƭŜ ŦǊƻƳ ǘƘŜ Ƙƻǎǘ t/ ŎŀōƭŜ ǘƻ Wрл 9ǘƘŜǊƴŜǘ ǇƻǊǘΦ  

7. ¢ǳǊƴ ƻƴ ǘƘŜ ǇƻǿŜǊ ǎǳǇǇƭȅΦ 

6.3. Setting Up the UART Terminal 
The software code during the GSRD demonstration displays messages on the terminal through the UART interface.  

To set up the UART terminal: 

1. /ƻƴƴŜŎǘ ǘƘŜ [ŀǘǘƛŎŜ /ŜǊǘǳǎπb· ±ŜǊǎŀ 9Ǿŀƭǳŀǘƛƻƴ ōƻŀǊŘ ǘƻ ǘƘŜ t/κ[ŀǇǘƻǇ ǳǎƛƴƎ ¦{. ¢ȅǇŜπ! ¦!w¢ ŎŀōƭŜΦ  

2. hǇŜƴ tǊƻǇŜƭ {5Y ǘƻƻƭΦ  

3. 5ƻǳōƭŜπŎƭƛŎƪ ƻƴ ǘƘŜ ǘŜǊƳƛƴŀƭ ƛŎƻƴ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦоΦ  

 

Figure 6.3. UART Terminal Icon on Propel SDK Window 

4. {ŜƭŜŎǘ {ŜǊƛŀƭ ¢ŜǊƳƛƴŀƭ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦпΦ Lƴ {ŜǊƛŀƭ ǇƻǊǘ ŘǊƻǇŘƻǿƴ ƭƛǎǘΣ ǎŜƭŜŎǘ ǘƘŜ ƭŀǎǘ /ha ƛƴ ǘƘŜ ƭƛǎǘ ŀǎ ǎƘƻǿƴ 
ƛƴ CƛƎǳǊŜ сΦрΦ  
Note: This detail can also be found under the Ports (COM and LPT) section on your local PC, under the Device 
Manager. The COM port number can be different. If a USB port does not work, try a different USB port.  
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Figure 6.4. UART Launch Terminal Window 

 

Figure 6.5. Device Manager Window on PC 

5. {Ŝǘ .ŀǳŘ ǊŀǘŜ ǘƻ ммрнллΦ 

6. /ƭƛŎƪ hYΦ 

6.4. Programming Standalone Golden or Primary GSRD Bitstream and Application 
Software 

To program the standalone golden or primary GSRD bitstream and application, perform the following: 

1. /ƻƴƴŜŎǘ ǘƘŜ /ŜǊǘǳǎπb· ±ŜǊǎŀ 9Ǿŀƭǳŀǘƛƻƴ .ƻŀǊŘ ǘƻ ŀ t/ ǳǎƛƴƎ ¦{. ŎŀōƭŜ ŀǎ ǇŜǊ ǘƘŜ ƘŀǊŘǿŀǊŜ ǎŜǘǳǇ ƳŜƴǘƛƻƴŜŘ ƛƴ 
{ŜǘǘƛƴƎ ¦Ǉ ǘƘŜ IŀǊŘǿŀǊŜ ǎŜŎǘƛƻƴΦ aŀƪŜ ǎǳǊŜ ǘƘŜ ƧǳƳǇŜǊǎ ŀǘ Wtнр ŀƴŘ Wtнс ŀǊŜ ƛƴǎǘŀƭƭŜŘ ǇǊƻǇŜǊƭȅΦ 

2. tƻǿŜǊπƻƴ ǘƘŜ ōƻŀǊŘΦ  
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3. [ŀǳƴŎƘ [ŀǘǘƛŎŜ tǊƻƎǊŀƳƳŜǊ ǘƻƻƭΦ Lƴ ǘƘŜ DŜǘǘƛƴƎ {ǘŀǊǘŜŘ ŘƛŀƭƻƎ ōƻȄΣ ǎŜƭŜŎǘ /ǊŜŀǘŜ ŀ ƴŜǿ ōƭŀƴƪ ǇǊƻƧŜŎǘΦ .ǊƻǿǎŜ ǘƻ 
ǘƘŜ tǊƻƧŜŎǘ [ƻŎŀǘƛƻƴ ƻƴ ȅƻǳǊ ƭƻŎŀƭ ƳŀŎƘƛƴŜΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ƛǘ Ŏŀƴ ōŜ ǘƘŜ ǎŀƳŜ ŦƻƭŘŜǊ ŀǎ ǘƘŜ ŘƻǿƴƭƻŀŘŜŘ ŜȄŜŎǳǘŀōƭŜǎ 
ŦƻƭŘŜǊΦ  

 

Figure 6.6. Launch Radiant Programmer from Windows Start 

 

Figure 6.7. Radiant Programmer Start Window 

4. /ƭƛŎƪ hYΦ 

 

Figure 6.8. Radiant Programmer. xcf Window 

5. LŦ ǘƘŜ 5ŜǾƛŎŜ CŀƳƛƭȅ ǎƘƻǿǎ ŀǎ DŜƴŜǊƛŎ W¢!D 5ŜǾƛŎŜΣ ŎƭƛŎƪ {Ŏŀƴ 5ŜǾƛŎŜ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦф ǘƻ ǳǇŘŀǘŜ ǘƘŜ 5ŜǾƛŎŜ 
CŀƳƛƭȅ ƛƴŦƻǊƳŀǘƛƻƴ ŀǳǘƻƳŀǘƛŎŀƭƭȅΦ  
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Figure 6.9. Scan Device Icon on Radiant Programmer 

 

Figure 6.10. Select Device for Programming 

6. 5ƻǳōƭŜπŎƭƛŎƪ ƻƴ ǘƘŜ hǇŜǊŀǘƛƻƴ ǘŀō ƻǊ ǊƛƎƘǘπŎƭƛŎƪ ŀƴŘ ǎŜƭŜŎǘ 5ŜǾƛŎŜ tǊƻǇŜǊǘƛŜǎΦ 

 

Figure 6.11. Select the Target Memory for Programming ς SPI Flash 

7. .ŜŦƻǊŜ ǇǊƻƎǊŀƳƳƛƴƎΣ ȅƻǳ ƴŜŜŘ ǘƻ ŜǊŀǎŜ ǘƘŜ ŜƴǘƛǊŜ {tL CƭŀǎƘ aŜƳƻǊȅ ōȅ ŀǇǇƭȅƛƴƎ ǘƘŜ ǎŜǘǘƛƴƎǎ ŀǎ ǎƘƻǿƴ ƛƴ  
CƛƎǳǊŜ сΦмнΦ  
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Figure 6.12. Device Properties to Erase the Micron SPI Flash  

8. /ƭƛŎƪ hY ŀƴŘ ŎƭƛŎƪ ƻƴ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ LŎƻƴ ƻǊ ǘƘŜ ƳŜƴǳ ƛǘŜƳΣ wǳƴ Ҕ tǊƻƎǊŀƳ 5ŜǾƛŎŜΦ ¢Ƙƛǎ ŜǊŀǎŜǎ ǘƘŜ ŜƴǘƛǊŜ 
CƭŀǎƘ aŜƳƻǊȅΦ ²ŀƛǘ ŦƻǊ ǘƘŜ ǇǊƻŎŜǎǎ ǘƻ ōŜ ŎƻƳǇƭŜǘŜŘΦ  

 

Figure 6.13. Program Button to Program the SPI Flash 
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Figure 6.14. Output After Erase All 

9. tƻǿŜǊ ŎȅŎƭŜ ǘƘŜ /ŜǊǘǳǎπb· ±ŜǊǎŀ 9Ǿŀƭǳŀǘƛƻƴ .ƻŀǊŘΦ  

10. 9ǊŀǎŜ ǘƘŜ CtD! {w!aΦ /ƭƛŎƪ hYΦ 

 

Figure 6.15. Erase Only Operation for SRAM Programming 

11. ¢ƻ ǇǊƻƎǊŀƳ ǘƘŜ ŎψƎƻƭŘŜƴψŀǇǇŎǊŎΦōƛƴ ŦƛƭŜ ƛƴǘƻ ǘƘŜ {tL CƭŀǎƘΣ Cƻƭƭƻǿ ǘƘŜ ǎŜǘǘƛƴƎǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦмсΦ  
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Figure 6.16. Device Properties to Program the Micron SPI Flash  

12. /ƭƛŎƪ hYΦ 

13. ¦ǎŜ ¢/Y 5ƛǾƛŘŜǊ {ŜǘǘƛƴƎ όлπолȄύ ǘƻ млΦ  
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Figure 6.17. Cable Settings for Device Programming 

14. /ƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ ƻǊ Ǝƻ ǘƻ ǘƘŜ ƳŜƴǳ ƛǘŜƳΣ wǳƴ Ҕ tǊƻƎǊŀƳ 5ŜǾƛŎŜΦ ¢ƘŜ ƻǳǘǇǳǘ ŎƻƴǎƻƭŜ ŘƛǎǇƭŀȅǎ ǘƘŜ 
hǇŜǊŀǘƛƻƴ {ǳŎŎŜǎǎŦǳƭ ƳŜǎǎŀƎŜΦ  

  

Figure 6.18. Radiant Programmer Console Output after Programming the SPI Flash  

15. tƻǿŜǊ ŎȅŎƭŜ ǘƘŜ /ŜǊǘǳǎπb· ±ŜǊǎŀ .ƻŀǊŘΦ  

16. ¢ƻ ǇǊƻƎǊŀƳ ǘƘŜ CtD! DƻƭŘŜƴ D{w5 ōƛǘǎǘǊŜŀƳΣ ŘƻǳōƭŜπŎƭƛŎƪ ƻƴ ǘƘŜ hǇŜǊŀǘƛƻƴ ǘŀō ǘƻ ǳǇŘŀǘŜ ǘƘŜ ǎŜƭŜŎǘƛƻƴǎ ŀǎ ǎƘƻǿƴ 
ƛƴ CƛƎǳǊŜ сΦмфΦ aŀƪŜ ǎǳǊŜ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ǇŀǘƘ ǘƻ ǘƘŜ Φōƛǘ ŦƛƭŜ ƭƻŎŀǘƛƻƴ ƻƴ ȅƻǳǊ ƭƻŎŀƭ ƳŀŎƘƛƴŜ ǿƘŜǊŜ ȅƻǳ ƘŀǾŜ 
ǳƴȊƛǇǇŜŘ ǘƘŜ ŜȄŜŎǳǘŀōƭŜǎΦ  
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Figure 6.19. Device Properties to Program the FPGA Bitstream in SRAM  

17. /ƭƛŎƪ hY ŀƴŘ /ƭƛŎƪ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ LŎƻƴ ƻǊ Ǝƻ ǘƻ ǘƘŜ ƳŜƴǳ ƛǘŜƳΣ wǳƴ Ҕ tǊƻƎǊŀƳ 5ŜǾƛŎŜΦ ²ŀƛǘ ǳƴǘƛƭ ǘƘŜ 
ƻǇŜǊŀǘƛƻƴ ƛǎ ǎǳŎŎŜǎǎŦǳƭ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜΦ  

  

Figure 6.20. Radiant Programmer Console Output after Bitstream is Programmed  

18. {Ŝǘ ǳǇ ǘƘŜ ¦!w¢ ǘŜǊƳƛƴŀƭ ŀǎ ƳŜƴǘƛƻƴŜŘ ƛƴ {ŜǘǘƛƴƎ ¦Ǉ ǘƘŜ ¦!w¢ ¢ŜǊƳƛƴŀƭ ǎŜŎǘƛƻƴΦ 

19. tǊŜǎǎ {²о wŜǎŜǘ ōǳǘǘƻƴ ƻƴ ǘƘŜ ōƻŀǊŘ ŀǎ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ CƛƎǳǊŜ сΦнмΦ 
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SW3 SW4

 

Figure 6.21. SW3 Reset Button and SW4 PROGRAMN Button 

20. ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǊǳƴƴƛƴƎ ǘƘŜ DƻƭŘŜƴ D{w5 ŀǊŜ ŀǎ ŦƻƭƭƻǿǎΥ  

¶ ¢ƘŜ ŎƻƴǎƻƭŜ Ƴǳǎǘ ŀǇǇŜŀǊ ǿƛǘƘ ƳŜǎǎŀƎŜǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦно ŀƴŘ CƛƎǳǊŜ сΦнпΦ 

¶ IŀǊŘǿŀǊŜ [95 ǎǘŀǘǳǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦннΥ  

¶ D18: Multi-boot configuration status. LED = OFF: Configuration is done. LED = ON: Configuration is in 
progress. 

¶ D19: System PLL lock status. LED = OFF: PLL is unlocked. LED = ON: PLL is locked. 

¶ D20: Ethernet PLL lock status. LED = OFF: PLL is unlocked. LED = ON: PLL is locked. 

¶ D25 and D24: RGMII link speed. D25 = ON, D24 = OFF: 100 Mbps. Other combinations of LED indication 
are undefined. 
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Figure 6.22. LED Status  

  

Figure 6.23. Golden GSRD - Output on UART Terminal for Bootloader and Bare-metal Application Software Starts  

http://www.latticesemi.com/legal


Golden System Reference Design and Demo User Guide v1.0 for Certus-NX Devices  
Reference Design 
 

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

FPGA-RD-02323-1.0  53 

  

Figure 6.24. Golden GSRD - Output on UART Terminal for Bare-metal Application Software Running  

21. Cƻƭƭƻǿ ǘƘŜ ǎŀƳŜ ǎǘŜǇǎ р ǘƻ ǎǘŜǇ мф ǘƻ ƭƻŀŘ ǘƘŜ tǊƛƳŀǊȅ D{w5 {ƻŦǘǿŀǊŜ ŀƴŘ .ƛǘǎǘǊŜŀƳΦ wŜŦŜǊ ǘƻ 9ȄŜŎǳǘŀōƭŜǎ ǎŜŎǘƛƻƴ 
ŦƻǊ ǘƘŜ ŦƻƭŘŜǊ ŀƴŘ ŦƛƭŜ ƴŀƳŜǎΦ  

22. ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǊǳƴƴƛƴƎ ǘƘŜ tǊƛƳŀǊȅ D{w5 ŀǊŜ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦнр ŀƴŘ CƛƎǳǊŜ сΦнсΦ 

  

Figure 6.25. Primary GSRD Bootloaderς Output on UART Terminal  
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Figure 6.26. Primary GSRD Bare-metal Application Softwareς Output on UART Terminal  

6.5. Programming the Golden, Primary Software, and MCS File 
This section demonstrates the multi-boot capability of GSRD by manually booting both Primary and Golden software 
with CRC checking through programming the MCS file. 

To program the golden, primary software, and MCS file, perform the following: 

1. Cƻƭƭƻǿ {ǘŜǇǎ м ǘƻ с ŦǊƻƳ ǘƘŜ tǊƻƎǊŀƳƳƛƴƎ {ǘŀƴŘŀƭƻƴŜ DƻƭŘŜƴ ƻǊ tǊƛƳŀǊȅ D{w5 .ƛǘǎǘǊŜŀƳ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴ {ƻŦǘǿŀǊŜ 
ǎŜŎǘƛƻƴΦ 5ƻ ƴƻǘ ǇƻǿŜǊπŎȅŎƭŜ ǘƘŜ ōƻŀǊŘΦ  

2. YŜŜǇ ǘƘŜ ŦƻƭŘŜǊκŦƛƭŜ ƻŦ ŜȄŜŎǳǘŀōƭŜǎ ƘŀƴŘȅΦ 

3. ¢ƻ ǇǊƻƎǊŀƳ ǘƘŜ ƳǳƭǘƛōƻƻǘψǎȅǎǘŜƳΦƳŎǎ ŦƛƭŜΣ ƭƻŎŀǘŜ ǘƘŜ ŦƛƭŜ ƛƴ ǘƘŜ ŜȄŜŎǳǘŀōƭŜǎ ŦƻƭŘŜǊ ǘƘŀǘ ȅƻǳ ŘƻǿƴƭƻŀŘŜŘ ŀƴŘ ŀŘŘ 
ǘƘŜ ŦƛƭŜ ƛƴ ǘƘŜ tǊƻƎǊŀƳƳƛƴƎ ŦƛƭŜ ŀǊŜŀΦ ¢ƘŜ {ǘŀǊǘ !ŘŘǊŜǎǎ ŀƴŘ 9ƴŘ !ŘŘǊŜǎǎ ŀǊŜ ŀƭƭƻŎŀǘŜŘ ŀǳǘƻƳŀǘƛŎŀƭƭȅΦ /ƻƴŦƛǊƳ ǘƘŜ 
ǎŜǘǘƛƴƎǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦнтΦ  
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Figure 6.27. Device Properties Window to Setup MCS Programming File  

4. /ƭƛŎƪ hY ŀƴŘ ǘƘŜ tǊƻƎǊŀƳ 5ŜǾƛŎŜ ƛŎƻƴ ƻǊ Ǝƻ ǘƻ ǘƘŜ ƳŜƴǳ ƛǘŜƳ wǳƴ Ҕ tǊƻƎǊŀƳ 5ŜǾƛŎŜΦ ²ŀƛǘ ǳƴǘƛƭ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƛǎ 
ǎǳŎŎŜǎǎŦǳƭΣ ǿƘƛŎƘ ǘŀƪŜǎ ŀōƻǳǘ м ǘƻ н ƳƛƴǳǘŜǎΦ 

5. 5ƻ ƴƻǘ ǇƻǿŜǊπŎȅŎƭŜ ǘƘŜ ōƻŀǊŘ ȅŜǘΦ  

6. tǊƻƎǊŀƳ ōƻǘƘ ǘƘŜ ŎψǇǊƛƳŀǊȅψŀǇǇŎǊŎΦōƛƴ ŀƴŘ ŎψƎƻƭŘŜƴψŀǇǇŎǊŎΦōƛƴ ŦƛƭŜǎ ŀǎ ƳŜƴǘƛƻƴŜŘ ƛƴ ǘƘŜ tǊƻƎǊŀƳƳƛƴƎ 
{ǘŀƴŘŀƭƻƴŜ DƻƭŘŜƴ ƻǊ tǊƛƳŀǊȅ D{w5 .ƛǘǎǘǊŜŀƳ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴ {ƻŦǘǿŀǊŜ ǎŜŎǘƛƻƴΦ aŀƪŜ ǎǳǊŜ ǘƻ ŎƻƴŦƛǊƳ ǘƘŀǘ 
{ǘŀǊǘƛƴƎ !ŘŘǊŜǎǎ όIŜȄύ ŦƻǊ ōƻǘƘ ǘƘŜ ōƛƴŀǊƛŜǎ ŀǎ ǇŜǊ 9ȄŜŎǳǘŀōƭŜǎ ǎŜŎǘƛƻƴΦ  

7. hƴŎŜ ōƻǘƘ ōƛƴŀǊƛŜǎ ŀǊŜ ǇǊƻƎǊŀƳƳŜŘΣ ǎǿƛǘŎƘ ƻŦŦ ǘƘŜ ōƻŀǊŘΦ  

8. {ǿƛǘŎƘ ƻƴ ǘƘŜ ōƻŀǊŘΦ  

9. {Ŝǘ ǳǇ ǘƘŜ ¦!w¢ ǘŜǊƳƛƴŀƭ ŀǎ ƳŜƴǘƛƻƴŜŘ ƛƴ ǘƘŜ {ŜǘǘƛƴƎ ¦Ǉ ǘƘŜ ¦!w¢ ¢ŜǊƳƛƴŀƭ ǎŜŎǘƛƻƴΦ 

10. ²ŀƛǘ ŦƻǊ ŀ ŦŜǿ ǎŜŎƻƴŘǎ ŦƻǊ ǘƘŜ CtD! ǘƻ ƭƻŀŘ ǘƘŜ ōƛǘǎǘǊŜŀƳ ŦǊƻƳ ǘƘŜ ŦƭŀǎƘ ŀƴŘ ǇǊŜǎǎ {²о wŜǎŜǘ ōǳǘǘƻƴΦ 

11. ¢ƘŜ ǊŜǎǳƭǘǎ ƛƴ ǘƘŜ ¦!w¢ ¢ŜǊƳƛƴŀƭ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦнуΦ  

¶ Lǘ ƭƻŀŘǎ ǘƘŜ tǊƛƳŀǊȅ D{w5 ǇǊƻƧŜŎǘΦ  

¶ LŦ ȅƻǳ ǇǊŜǎǎ ǘƘŜ {²о ōǳǘǘƻƴ ŀƎŀƛƴΣ ƛǘ ƭƻŀŘǎ ǘƘŜ ǎŀƳŜ tǊƛƳŀǊȅ D{w5 ǇǊƻƧŜŎǘΦ  
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Figure 6.28. UART Terminal Output after Power-Cycling Board with MCS and Binaries Programmed  

12. CƻǊ ǘƘŜ Ƴŀƴǳŀƭ ƳǳƭǘƛπōƻƻǘΣ ǇǊŜǎǎ {²п όtwhDw!abύ ōǳǘǘƻƴ ƳŜƴǘƛƻƴŜŘ ƛƴ ǘƘŜ {ŜǘǘƛƴƎ ¦Ǉ ǘƘŜ IŀǊŘǿŀǊŜ ǎŜŎǘƛƻƴ ƻƴ 
ǘƘŜ ōƻŀǊŘΦ 

13. ¢ƘŜ ǊŜǎǳƭǘǎ ƻƴ ¦!w¢ ǘŜǊƳƛƴŀƭ ŀǊŜ ŘƛǎǇƭŀȅŜŘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ сΦнфΦ Lǘ ǎǿƛǘŎƘŜǎ ǘƻ DƻƭŘŜƴ D{w5 ǇǊƻƧŜŎǘ ŀƴŘ ǎǘŀȅǎ 
ǘƘŜǊŜ ǳƴƭŜǎǎ ǘƘŜ {²п twhDw!ab ōǳǘǘƻƴ ƛǎ ǇǊŜǎǎŜŘΦ  

 

Figure 6.29. Switches to Golden GSRD Upon SW4 PROGRAMN Button  
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7. Compiling and Running the Reference Design 
This section describes the process of compiling the GSRD/GHRD Reference Design. You can always start with the 
Primary GHRD/GSRD project, which is a part of the Propel Template. Compilation is required to generate the necessary 
binary files and bitstreams from the source files. The compilation process involves the following software tools for 
generating the FPGA bitstream and software executable files. For details, refer to the Lattice Software Tools 
Requirements section.  

These sections show the typical design and compilation flow for GSRD/GHRD design. Hardware validation is performed 
after the software image is built at each stage.  

Table 7.1. List of Actions and Expected Outputs  

Actions Outputs 

Building GHRD SoC Project using Lattice Propel SDK and Builder. sys_env.xml 

soc_primary_gsrd.sbx 

soc_golden_gsrd.sbx 

Synthesizing the RTL files and generating the bitstream using Lattice Radiant Software soc_primary_gsrd_impl_1.bit 

soc_golden_gsrd_impl_1.bit 

Building the Hello World Program using Lattice Propel SDK and verifying the RISC-V and 
System Memory SoC design subsystem is built correctly 

Note: This action is optional 

riscv_rtos_helloworld.elf 

riscv_rtos_helloworld.mem 

Building Bootloader binary files using Lattice Propel SDK and verifying the primary or 
golden bootloader image and SoC design are built correctly 

c_primary_bootloader.mem 

c_primary_bootloader.bin 

c_golden_bootloader.mem 

c_golden_bootloader.bin 

Building bare-metal application software binary files using Lattice Propel SDK and verifying 
the primary or golden image and SoC design are built correctly 

c_primary_appcrc.bin 

c_golden_appcrc.bin 

Generating the Multi-Boot MCS File and verifying the multi-boot functionality multiboot_system.mcs 

 

7.1. Building the GHRD SoC project using Lattice Propel SDK and Propel Builder 
To build the GHRD SoC design using Propel Template: 

1. /ǊŜŀǘŜ ŀ ŦƻƭŘŜǊ ŦƻǊ ȅƻǳǊ ǇǊƻƧŜŎǘ ƻƴ ȅƻǳǊ t/Φ  

2. [ŀǳƴŎƘ ǘƘŜ tǊƻǇŜƭ {5Y ŀǇǇƭƛŎŀǘƛƻƴΦ 

 

Figure 7.1. Propel SDK Launcher 

3. ¢ƻ ǎŜƭŜŎǘ ǘƘŜ ǿƻǊƪǎǇŀŎŜΣ ōǊƻǿǎŜ ǘƻ ǘƘŜ ŎǊŜŀǘŜŘ ŦƻƭŘŜǊ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ .ǊƻǿǎŜ ōǳǘǘƻƴ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦм ŀƴŘ 
ŎƭƛŎƪ ƻƴ [ŀǳƴŎƘ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ǿƻǊƪǎǇŀŎŜΦ  
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bƻǘŜΥ bŀƳŜ ƎƛǾŜƴ ōŜƭƻǿ ƛǎ tǊƛƳŀǊȅ D{w5 ŀǎ ȅƻǳ Ƴŀȅ ōŜ ǳǎƛƴƎ ǘƘƛǎ ǘŜƳǇƭŀǘŜ ǘƻ ŎǊŜŀǘŜ ȅƻǳǊ ƻǿƴ ǇǊƻƧŜŎǘ ǘƛǘƭŜǎ ŀƴŘ 
ƳŀƪŜ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ƻƴ ǘƻǇ ƻŦ DƻƭŘŜƴ {ƻ/κ/ ¢ŜƳǇƭŀǘŜǎΦ 

 

Figure 7.2. Provide Name for the Workspace Directory 

4. /ƭƛŎƪ CƛƭŜ Ҕ bŜǿ Ҕ [ŀǘǘƛŎŜ {ƻ/ 5ŜǎƛƎƴ tǊƻƧŜŎǘΦ 

 

Figure 7.3. Creating Lattice SoC Design Project 

5. hƴ ǘƘŜ {ƻ/ tǊƻƧŜŎǘ ǿƛƴŘƻǿΥ  

a. Enter a name for your SoC project.  

b. Enable Board option. 

c. From Board Select section, select Certus-NX Versa Evaluation Board. 

d. From Processor section, select RISC-V MC. 

e. From Template Design section, select GHRD SoC Project LFD2NX as shown in Figure 7.4. 
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Figure 7.4. SoC Project Window  

6. /ƭƛŎƪ CƛƴƛǎƘ ŀƴŘ ƛǘ ƭŀǳƴŎƘŜǎ ǘƘŜ tǊƻǇŜƭ .ǳƛƭŘŜǊ ¢ƻƻƭ ŀƴŘ ƭƻŀŘǎ ǘƘŜ {ƻ/ ŘŜǎƛƎƴ ōŀǎŜŘ ƻƴ ǎŜƭŜŎǘŜŘ ǘŜƳǇƭŀǘŜ ŀǎ ŀōƻǾŜΦ 
¢Ƙƛǎ ƎŜƴŜǊŀǘŜǎ ǘƘŜ I5[ ŦƛƭŜǎ ŦƻǊ Ltǎ ƛƴǎǘŀƭƭŜŘ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘΦ 

 

Figure 7.5. Launched SoC in Propel Builder  
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7. /ƭƛŎƪ ƻƴ 5ŜǎƛƎƴ Ҕ ±ŀƭƛŘŀǘŜ 5ŜǎƛƎƴ ƻǊ ŎƭƛŎƪ ƻƴ ǘƘŜ ƛŎƻƴ ōŜƭƻǿ ŀǎ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ ǎŎǊŜŜƴǎƘƻǘΦ 

 

Figure 7.6. Validate Design in Propel Builder 

¢ƘŜ ¢/[ ŎƻƴǎƻƭŜ Ƴǳǎǘ ōŜ ŀǎ ŦƻƭƭƻǿǎΦ ̧ƻǳ ǎƘƻǳƭŘ ǎŜŜ ƴƻ ŜǊǊƻǊ ƛƴ ǘƘŜ ¢/[ /ƻƴǎƻƭŜ ǿƛƴŘƻǿΦ ¢ƘŜ ŦƻƭƭƻǿƛƴƎ LbCh ŀƴŘ 
²!wbLbD{ ŀǊŜ ŜȄǇŜŎǘŜŘΦ 

 

Figure 7.7. TCL Console Output after Validating Design  

8. /ƭƛŎƪ ƻƴ 5ŜǎƛƎƴ Ҕ DŜƴŜǊŀǘŜ ƻǊ ŎƭƛŎƪ ƻƴ ǘƘŜ ƛŎƻƴ ōŜƭƻǿ ŀǎ ƘƛƎƘƭƛƎƘǘŜŘ ƛƴ ǎŎǊŜŜƴǎƘƻǘΦ 

 

Figure 7.8. Generate in Propel Builder 

9. ¢ƘŜ ¢/[ /ƻƴǎƻƭŜ ǇǊƛƴǘƻǳǘ Ƴǳǎǘ ōŜ ŀǎ ŦƻƭƭƻǿǎΦ ¸ƻǳ ǎƘƻǳƭŘ ǎŜŜ ƴƻ ŜǊǊƻǊ ƛƴ ǘƘŜ ¢/[ /ƻƴǎƻƭŜ ǿƛƴŘƻǿΦ bƻǘŜ ǘƘŀǘ ǘƘŜ 
²!wbLbD ŀƴŘ LbCh ƳŜǎǎŀƎŜǎ ŀǊŜ ŜȄǇŜŎǘŜŘΦ  

 

Figure 7.9. TCL Console Printout after Generating Design  
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10. bƻǘƛŎŜ ǘƘŀǘ ŀŦǘŜǊ ƎŜƴŜǊŀǘƛƴƎ ǘƘŜ ŘŜǎƛƎƴΣ ǘƘŜ ǘƻƻƭ ŎǊŜŀǘŜǎ ǘƘŜ ǎȅǎψŜƴǾΦȄƳƭ ŦƛƭŜ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘ ŘƛǊŜŎǘƻǊȅ ŀǎ ǎƘƻǿƴ ƛƴ 
CƛƎǳǊŜ тΦмлΦ ¢ƘŜ ǎȅǎψŜƴǾΦȄƳƭ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ƎŜƴŜǊŀǘŜ /κ/ҌҌ ǇǊƻƧŜŎǘ ŦƻǊ IŜƭƭƻ ²ƻǊƭŘ όƻǇǘƛƻƴŀƭύΣ ōƻƻǘƭƻŀŘŜǊ ŀƴŘ 
ōŀǊŜπƳŜǘŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ǇǊƻƧŜŎǘǎ ƛƴ ǘƘŜ ƴŜȄǘ ǎŜŎǘƛƻƴǎΦ 

 

Figure 7.10. sys_env.xml File Created 

7.2. Synthesizing the RTL Files and Generating the Bitstream using Lattice Radiant 
To synthesize the RTL files and generate the bitstream, perform the following steps: 

1. /ƭƛŎƪ ǘƘŜ wŀŘƛŀƴǘ ƛŎƻƴ ŦǊƻƳ tǊƻǇŜƭ .ǳƛƭŘŜǊ ǘƻ ƭŀǳƴŎƘ ǘƘŜ wŀŘƛŀƴǘ ǎƻŦǘǿŀǊŜ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦммΦ  

 

Figure 7.11. Run Radiant Icon 

2. ¢ƘŜ wŀŘƛŀƴǘ ǿƛƴŘƻǿ ƻŦ ȅƻǳǊ ǇǊƻƧŜŎǘ ƛǎ ƭŀǳƴŎƘŜŘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦмнΦ 

 

Figure 7.12. Lattice Radiant Window 
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3. 9ƴǎǳǊŜ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎΦǎŘŎ ŀƴŘ ғǇǊƻƧŜŎǘψƴŀƳŜҔΦǇŘŎ ŀǊŜ ŀƭǊŜŀŘȅ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΦ ¢ƘŜȅ ǎƘƻǳƭŘ ǊŜǎǇŜŎǘƛǾŜƭȅ 
ŀǇǇŜŀǊ ǳƴŘŜǊ ǇǊŜπǎȅƴǘƘŜǎƛǎ ŀƴŘ ǇƻǎǘπǎȅƴǘƘŜǎƛǎ ŎƻƴǎǘǊŀƛƴǘǎ ŘƛǊŜŎǘƻǊȅΦ 

 

Figure 7.13. Lattice Radiant Window  

4. ¢ƘŜ tƭŀŎŜ ŀƴŘ wƻǳǘŜ ǎǘǊŀǘŜƎȅ ƛǎ ǳǎŜŘ ŦƻǊ ǘƘŜ D{w5 ǘŜǎǘƛƴƎΦ  

bƻǘŜΥ ̧ƻǳ Ŏŀƴ ǳǇŘŀǘŜ ǘƘŜǎŜ ŦƛŜƭŘǎ ŀǎ ǇŜǊ ǘƘŜƛǊ ƳŀŎƘƛƴŜ ŀƴŘ ǊǳƴπǘƛƳŜ ǊŜǉǳƛǊŜƳŜƴǘǎΦ IƻǿŜǾŜǊΣ ŘǳŜ ǘƻ ǘƘƛǎ ŎƘŀƴƎŜΣ 
ǘƘŜ wŀŘƛŀƴǘ ǘƻƻƭ ƳƛƎƘǘ ǳǇŘŀǘŜ ǘƘŜ ǿŀǊƴƛƴƎǎ ŀƴŘ ǇƭŀŎŜ ŀƴŘ ǊƻǳǘŜ ŘŜǘŀƛƭǎΦ  

 

Figure 7.14. Strategy Used for Certus-NX GSRD Testing  

5. /ƭƛŎƪ ƻƴ ǘƘŜ wǳƴ !ƭƭ ƛŎƻƴ ǘƻ ƎŜƴŜǊŀǘŜ ōƛǘ ŦƛƭŜΦ ²ŀƛǘ ŦƻǊ ǘƘŜ ōƛǘǎǘǊŜŀƳ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŎƘŜŎƪ ǘƘŜ ƭƻƎǎΦ  
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Figure 7.15. Generating the Bit File  

6. ¢ƘŜ ŎƻƳǇƛƭŀǘƛƻƴ Ŧƭƻǿ ǘŀƪŜǎ ǎƻƳŜ ǘƛƳŜ ǘƻ ŎƻƳǇƭŜǘŜΦ ¢ƘŜ ғǇǊƻƧŜŎǘπƴŀƳŜψƛƳǇƭψмҔΦōƛǘ ŦƛƭŜ ƛǎ ƎŜƴŜǊŀǘŜŘκǳǇŘŀǘŜŘ ƛƴ 
ǘƘŜ ǇǊƻƧŜŎǘ ǇŀǘƘ όғǊƻƻǘψŘƛǊŜŎǘƻǊȅҔκǎƻŎψǇǊƛƳŀǊȅψƎǎǊŘκ ƛƳǇƭψмύ ŀŦǘŜǊ ŎƻƳǇƛƭŀǘƛƻƴ ƛǎ ŎƻƳǇƭŜǘŜŘ ǎǳŎŎŜǎǎŦǳƭƭȅ ŀǎ 
ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦмсΦ 

 

Figure 7.16. Successful Radiant Flow and Bitstream Generation 

bƻǘŜΥ LŦ ȅƻǳ ƻōǎŜǊǾŜ ǘƛƳƛƴƎ Ǿƛƻƭŀǘƛƻƴǎ ŘǳǊƛƴƎ [ŀǘǘƛŎŜ wŀŘƛŀƴǘ ŎƻƳǇƛƭŀǘƛƻƴΣ ǘƘƛǎ Ƴŀȅ ōŜ ŘǳŜ ǘƻ ǘƘŜ tƭŀŎŜƳŜƴǘ 
LǘŜǊŀǘƛƻƴ tƻƛƴǘ ƴǳƳōŜǊ ŦƻǊ tƭŀŎŜ ŀƴŘ wƻǳǘŜ ƛǎ ƴƻǘ ǿƻǊƪƛƴƎ ƻǇǘƛƳŀƭƭȅ ƻƴ ȅƻǳǊ ƳŀŎƘƛƴŜΦ Lƴ ǘƘƛǎ ŎŀǎŜΣ ǇŜǊŦƻǊƳ ǘƘŜ 
ŦƻƭƭƻǿƛƴƎ ǎǘŜǇǎΦ  

a. In Lattice Radiant software, go to Project > Active Strategy > Place & Route Design Settings.  

b. Change Placement Save Best Run from 1 to 10. This forces the tool to run each iteration and increase runtime. 

c. Unchecked Stop Once Timing is Met option. 

d. Click OK. 

e. Click on Export Files. 

7. ¢ƘŜǎŜ ŀŎǘƛƻƴǎ ŎŀǳǎŜ ǘƘŜ tƭŀŎŜ ŀƴŘ wƻǳǘŜ 5ŜǎƛƎƴ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ƛƴŎǊŜƳŜƴǘŀƭ ǎǘŀǊǘ Ǉƻƛƴǘ ǾŀƭǳŜǎΦ ¢ƘŜ tƭŀŎŜ ŀƴŘ wƻǳǘŜ 
ǊŜǇƻǊǘǎ ǎƘƻǿ ŀƭƭ ǘƘŜ ǘŜƴ ǇƭŀŎŜƳŜƴǘ ǊŜǎǳƭǘǎ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ ōŜǎǘ ǘƛƳƛƴƎ ǊŜǎǳƭǘΦ 

7.3. Building the Hello World Program Using the Lattice Propel SDK (Optional) 
For quick start on SoC to boot up, you can create a basic Hello World program by using the template with the Lattice 
Propel SDK. Note that this action is optional. 

To build the Hello World program using the Lattice Propel SDK, perform the following: 

1. /ǊŜŀǘŜ ŀ ŦƻƭŘŜǊ ŦƻǊ ȅƻǳǊ ǇǊƻƧŜŎǘ ƻƴ ȅƻǳǊ t/Φ CƻǊ ŜȄŀƳǇƭŜΣ IŜƭƭƻ²ƻǊƭŘΦ  

2. [ŀǳƴŎƘ tǊƻǇŜƭ {5Y ŀǇǇƭƛŎŀǘƛƻƴΦ 

3. tǊƻŎŜŜŘ ǘƻ ǘƘŜ tǊƻǇŜƭ {5Y ǿƛƴŘƻǿΦ /ƭƛŎƪ ƻƴ CƛƭŜ Ҕ bŜǿ Ҕ [ŀǘǘƛŎŜ /κ/ҌҌ tǊƻƧŜŎǘΦ 
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Figure 7.17. Creating Lattice C/C++ Project for Hello World 

4. Lƴ /κ/ҌҌ tǊƻƧŜŎǘ ǿƛƴŘƻǿΣ ǎŜƭŜŎǘ ǘƘŜ ƎŜƴŜǊŀǘŜŘ ǎȅǎψŜƴǾΦȄƳƭ ŦƛƭŜ ŦǊƻƳ ǇǊŜǾƛƻǳǎ DIw5 {ƻ/ ǎŜŎǘƛƻƴΦ Lƴ ǘƘŜ {ŜƭŜŎǘ 
9ȄŀƳǇƭŜ !ǇǇƭƛŎŀǘƛƻƴ ǎŜŎǘƛƻƴΣ ǎŜƭŜŎǘ ǘƘŜ IŜƭƭƻ ²ƻǊƭŘ tǊƻƧŜŎǘ ŀƴŘ ǇǊƻǾƛŘŜ ŀ ƴŀƳŜ ŦƻǊ ǘƘŜ ǇǊƻƧŜŎǘ ŀǎ ǎƘƻǿƴ ƛƴ  
CƛƎǳǊŜ тΦмуΦ  

http://www.latticesemi.com/legal


Golden System Reference Design and Demo User Guide v1.0 for Certus-NX Devices  
Reference Design 
 

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

FPGA-RD-02323-1.0  65 

 

Figure 7.18. Hello World, C/C++ Selection 

5. /ƭƛŎƪ bŜȄǘΦ ¢ƘŜ [ŀǘǘƛŎŜ ¢ƻƻƭŎƘŀƛƴ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦмф ŀƴŘ ŎƭƛŎƪ CƛƴƛǎƘΦ 
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Figure 7.19. C/C++ Lattice Toolchain Setting 

6. ¢Ƙƛǎ ƭƻŀŘǎ ǘƘŜ IŜƭƭƻ ²ƻǊƭŘ ǇǊƻƧŜŎǘ ƛƴ ǘƘŜ ǿƻǊƪǎǇŀŎŜ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦнлΦ  

 

Figure 7.20. Hello World C Project Created 

7. ¢ƻ ōǳƛƭŘ ǘƘŜ IŜƭƭƻ ²ƻǊƭŘ ǇǊƻƧŜŎǘΣ ǊƛƎƘǘπŎƭƛŎƪ ƻƴ ǇǊƻƧŜŎǘ ŀƴŘ ǎŜƭŜŎǘ .ǳƛƭŘ tǊƻƧŜŎǘΦ  
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Figure 7.21. Build Hello World Project 

8. ¢ƘŜ ŎƻƴǎƻƭŜ ƻǳǘǇǳǘ ƛǎ ŘƛǎǇƭŀȅŜŘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦннΦ 

 

Figure 7.22. Hello World, Project Build Console Output 

9. ¢ƘŜ ƎŜƴŜǊŀǘŜŘ ΦƳŜƳ ŦƛƭŜ Ŏŀƴ ōŜ ǳǎŜŘ ǘƻ ōǳƛƭŘ ƛƴǘƻ ǘƘŜ DIw5 ŦƻǊ ǉǳƛŎƪ ǎǘŀǊǘπǳǇ ŎƘŜŎƪ ƻƴ ǘƘŜ ƘŀǊŘǿŀǊŜΦ wŜŦŜǊ ǘƻ ǘƘŜ 
¦ǎƛƴƎ ǘƘŜ 9/h 9ŘƛǘƻǊ ǎŜŎǘƛƻƴ ǘƻ ƛƴǘŜƎǊŀǘŜ ǘƘŜ ΦƳŜƳ ŦƛƭŜ ƛƴǘƻ ǘƘŜ ōƛǘǎǘǊŜŀƳΦ 
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10. hƴŎŜ ǘƘŜ ōƛǘǎǘǊŜŀƳ ƛǎ ōǳƛƭǘ ǿƛǘƘ ǘƘŜ IŜƭƭƻ ²ƻǊƭŘ ǇǊƻƎǊŀƳΣ ƛǘ Ŏŀƴ ōŜ ǇǊƻƎǊŀƳƳŜŘ ƛƴǘƻ ǘƘŜ ƻƴπōƻŀǊŘ {tL ŦƭŀǎƘ ŦƻǊ 
ǘŜǎǘƛƴƎΦ CƻǊ ǇǊƻƎǊŀƳƳƛƴƎ ƛƴǘƻ ǘƘŜ ŦƭŀǎƘΣ ǊŜŦŜǊ ǘƻ ǘƘŜ tǊƻƎǊŀƳƳƛƴƎ {ǘŀƴŘŀƭƻƴŜ DƻƭŘŜƴ ƻǊ tǊƛƳŀǊȅ D{w5 .ƛǘǎǘǊŜŀƳ 
ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴ {ƻŦǘǿŀǊŜ ǎŜŎǘƛƻƴΦ 

11. hƴŎŜ ǇǊƻƎǊŀƳƳƛƴƎ ƛƴǘƻ ǘƘŜ ŦƭŀǎƘ ƛǎ ŎƻƳǇƭŜǘŜŘΣ ǇƻǿŜǊ ŎȅŎƭŜ ǘƘŜ ōƻŀǊŘ ǘƻ ƭƻŀŘ ǘƘŜ ƴŜǿ ƛƳŀƎŜ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ 
IŜƭƭƻ ²ƻǊƭŘ ǇǊƻƧŜŎǘΦ  

You must see the Hello World message as shown in Figure 7.23 

12. CƛƎǳǊŜ тΦноΦ  

 

Figure 7.23. Hello World C Program 

13. CƻǊ ŘŜǘŀƛƭǎ ƻƴ Ƙƻǿ ǘƻ ŎǊŜŀǘŜ ŀƴŘ Ǌǳƴ ǘƘŜ IŜƭƭƻ ²ƻǊƭŘ / ǇǊƻƎǊŀƳ ŀƴŘ {ƻ/ ǇǊƻƧŜŎǘΣ ǊŜŦŜǊ ǘƻ ǘƘŜ /ǊŜŀǘƛƴƎ ŀ IŜƭƭƻ 
²ƻǊƭŘ / tǊƻƧŜŎǘ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ [ŀǘǘƛŎŜ tǊƻǇŜƭ нлнрΦм {5Y ¦ǎŜǊ DǳƛŘŜ όCtD!π¦DπлннопύΦ 

7.4. Building the Bare-metal Bootloader using Lattice Propel SDK (Primary and 
Golden) 

Once the Hello World program is working, you can proceed to build the Bootloader binary files: 

1. /ǊŜŀǘŜ ŀ ŦƻƭŘŜǊ ŦƻǊ ȅƻǳǊ ǇǊƻƧŜŎǘ ƻƴ ȅƻǳǊ t/Φ [ŀǳƴŎƘ ǘƘŜ tǊƻǇŜƭ {5Y ŀǇǇƭƛŎŀǘƛƻƴΦ  

2. tǊƻŎŜŜŘ ǘƻ ǘƘŜ tǊƻǇŜƭ {5Y ǿƛƴŘƻǿΦ /ƭƛŎƪ ƻƴ CƛƭŜ Ҕ bŜǿ Ҕ [ŀǘǘƛŎŜ /κ/ҌҌ tǊƻƧŜŎǘΦ 

 

Figure 7.24. Creating Lattice C/C++ Project for Bootloader 

3. Lƴ /κ/ҌҌ tǊƻƧŜŎǘ ǿƛƴŘƻǿΣ ƛǘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǎŜƭŜŎǘǎ ǘƘŜ ƎŜƴŜǊŀǘŜŘ ǎȅǎψŜƴǾΦȄƳƭ ŦƛƭŜΦ Lƴ ǘƘŜ {ŜƭŜŎǘ 9ȄŀƳǇƭŜ !ǇǇƭƛŎŀǘƛƻƴ 
ǎŜŎǘƛƻƴΣ ǎŜƭŜŎǘ ǘƘŜ D{w5 /b· .ƻƻǘƭƻŀŘŜǊ ŀƴŘ ǇǊƻǾƛŘŜ ŀ ƴŀƳŜ ŦƻǊ ǘƘŜ ōƻƻǘƭƻŀŘŜǊ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦнрΦ  
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Figure 7.25. Bootloader C/C++ Selection  

4. /ƭƛŎƪ bŜȄǘΦ ¢ƘŜ [ŀǘǘƛŎŜ ¢ƻƻƭŎƘŀƛƴ ƛǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦнсΦ /ƭƛŎƪ CƛƴƛǎƘΦ 
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Figure 7.26. C/C++ Lattice Toolchain Setting  

5. ¢Ƙƛǎ ƭƻŀŘǎ ǘƘŜ ōƻƻǘƭƻŀŘŜǊ ǇǊƻƧŜŎǘ ƛƴ ǘƘŜ ǿƻǊƪǎǇŀŎŜ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦнтΦ  

 

Figure 7.27. Bootloader C Project Created 

6. ¢ƻ ōǳƛƭŘ ŦƻǊ ǘƘŜ tǊƛƳŀǊȅ .ƻƻǘƭƻŀŘŜǊΣ ȅƻǳ ƴŜŜŘ ǘƻ ŘŜŦƛƴŜ ψtwLa!w¸ψ.¦L[5ψ ƛƴ ǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ ƳŀƛƴΦŎ ŦƛƭŜΦ ¢Ƙƛǎ 
ŜƴŀōƭŜǎ ǘƘŜ {tL ŀŘŘǊŜǎǎ ǘƻ Ǉƻƛƴǘ ǘƻ tǊƛƳŀǊȅ ōŀǊŜπƳŜǘŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ǎƻŦǘǿŀǊŜ ƛƳŀƎŜ ƛƴ ǘƘŜ {tL ŦƭŀǎƘΦ wŜŦŜǊ ǘƻ 
!ǇǇŜƴŘƛȄ .Φ ¦ǎƛƴƎ 5ƛŦŦŜǊŜƴǘ {tL CƭŀǎƘ aŀƴǳŦŀŎǘǳǊŜǊ ƛƴ D{w5 .ŀǊŜπƳŜǘŀƭ .ƻƻǘƭƻŀŘŜǊ ǘƻ ƳƻŘƛŦȅ ǘƘŜ hŎǘŀƭ {tL ŘǊƛǾŜǊ 
ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƭŀǎƘ ŘŜǾƛŎŜ ǳǎŜŘΦ 
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Figure 7.28. Primary Build Define ς Set _PRIMARY_BUILD_ for Primary Build in main.c 

7. ¢ƻ ŎǊŜŀǘŜ ǘƘŜ ōƻƻǘƭƻŀŘŜǊ ōƛƴŀǊȅ ŦƛƭŜ όŎψǇǊƛƳŀǊȅψōƻƻǘƭƻŀŘŜǊΦƳŜƳύΣ ǊƛƎƘǘπŎƭƛŎƪ ƻƴ ŎψǇǊƛƳŀǊȅψōƻƻǘƭƻŀŘŜǊ ŀƴŘ ǎŜƭŜŎǘ 
.ǳƛƭŘ tǊƻƧŜŎǘΦ  

 

Figure 7.29. Build Bootloader Project 

8. ¢ƘŜ ŎƻƴǎƻƭŜ ƻǳǘǇǳǘ ƛǎ ŘƛǎǇƭŀȅŜŘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦолΦ 

 

Figure 7.30. Bootloader Build Project Console Output 

9. ¢Ƙƛǎ ŎǊŜŀǘŜǎ ŀ ŘŜōǳƎ ŦƻƭŘŜǊ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦомΦ ¢ƘŜ ōƛƴŀǊȅ ŎǊŜŀǘŜŘ ƛǎ ƴŀƳŜŘ ŎψǇǊƛƳŀǊȅψōƻƻǘƭƻŀŘŜǊΦƳŜƳΦ ¢Ƙƛǎ 
ƛǎ ŀǎ ŀ ǇŀǊǘ ƻŦ ǘƘŜ {ȅǎǘŜƳ aŜƳƻǊȅ ƛƴ tǊƻǇŜƭ .ǳƛƭŘŜǊ {ƻ/ ŘŜǎƛƎƴΦ ¢Ƙƛǎ Ŏŀƴ ōŜ ŘƻƴŜ ǘƘǊƻǳƎƘ 9/h ŜŘƛǘƻǊ ƻǊ ŘƛǊŜŎǘƭȅ 
ŦǊƻƳ ǘƘŜ tǊƻǇŜƭ .ǳƛƭŘŜǊ {ȅǎǘŜƳ aŜƳƻǊȅ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜΦ 
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Figure 7.31. Bootloader Binary Created 

10. ¦ǇŘŀǘŜ ǘƘŜ ǎȅǎǘŜƳ ƳŜƳƻǊȅ ŎƻƴǘŜƴǘ ōȅ ǳǎƛƴƎ 9/h ŜŘƛǘƻǊΦ wŜŦŜǊ ǘƻ ǘƘŜ ¦ǎƛƴƎ ǘƘŜ 9/h 9ŘƛǘƻǊ ǎŜŎǘƛƻƴ ŦƻǊ ƳƻǊŜ 
ƛƴŦƻǊƳŀǘƛƻƴΦ 

11. hƴŎŜ ǘƘŜ ǇǊƛƳŀǊȅ ōƻƻǘƭƻŀŘŜǊ ƛǎ ǊǳƴΣ ȅƻǳ Ŏŀƴ ǎŜŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƻǳǘǇǳǘΦ ¢ƘŜ ƻǳǘǇǳǘ ƳŜǎǎŀƎŜ ƛǎ ŜȄǇŜŎǘŜŘΣ ŀƴŘ ǳǎŜǊǎ 
Ŏŀƴ ǇǊƻŎŜŜŘ ǘƻ ōǳƛƭŘ ōŀǊŜπƳŜǘŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ƛƴ ǘƘŜ ƴŜȄǘ ǎŜŎǘƛƻƴΦ 

 

Figure 7.32. Bootloader Boots Up without Bare-metal Application 

12. Lƴ ǘƘŜ ŎŀǎŜ ǘƻ ŎǊŜŀǘŜ ǘƘŜ ƎƻƭŘŜƴ ōƻƻǘƭƻŀŘŜǊ ŎψƎƻƭŘŜƴψōƻƻǘƭƻŀŘŜǊΦƳŜƳΣ ǎŜǘ ǘƘŜ ІŘŜŦƛƴŜ ψDh[59bψ.¦L[5ψ ƛƴ ǘƘŜ 
ƳŀƛƴΦŎ ŦƛƭŜ ǘƻ ōǳƛƭŘ ŦƻǊ ƎƻƭŘŜƴ ōƻƻǘƭƻŀŘŜǊ ōƛƴŀǊȅ ŦƛƭŜΦ 

 

Figure 7.33. Golden Build Define ς Set _GOLDEN_BUILD_ for Golden Build in main.c 

13. wŜǇŜŀǘ ǎǘŜǇ м ǘƻ мм ǘƻ ŎǊŜŀǘŜ ǘƘŜ ƎƻƭŘŜƴ ōƻƻǘƭƻŀŘŜǊ ǇǊƻƧŜŎǘΦ 
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7.5. Building the Bare-metal Application Software using Lattice Propel SDK 
(Primary and Golden) 

To build the bare-metal application software using Propel SDK, perform the following: 

1. {ƛƳƛƭŀǊƭȅΣ ŎǊŜŀǘŜ ǘƘŜ ōŀǊŜπƳŜǘŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ǎƻŦǘǿŀǊŜ / tǊƻƧŜŎǘΦ Dƻ ǘƻ CƛƭŜ Ҕ bŜǿ Ҕ [ŀǘǘƛŎŜ /κ/ҌҌ tǊƻƧŜŎǘΦ 

 

Figure 7.34. Creating C/C++ Project for bare-metal application software  

2. Lƴ ǘƘŜ {ŜƭŜŎǘ 9ȄŀƳǇƭŜ !ǇǇƭƛŎŀǘƛƻƴΣ ǎŜƭŜŎǘ ǘƘŜ D{w5 /b· .a !tt ǇǊƻƧŜŎǘΦ tǊƻǾƛŘŜ ǘƘŜ ǇǊƻƧŜŎǘ ƴŀƳŜ ŀǎ ǎƘƻǿƴ ƛƴ 
CƛƎǳǊŜ тΦосΦ 

 

Figure 7.35. FreeRTOS C/C++ Selection  

3. /ƭƛŎƪ bŜȄǘ ŀƴŘ CƛƴƛǎƘΦ 
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bƻǘŜΥ ¢Ƙƛǎ ƛǎ ŀ Ƴŀƴǳŀƭ ǎǘŜǇ ȅƻǳ ƴŜŜŘ ǘƻ ǇŜǊŦƻǊƳΦ !ŦǘŜǊ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǇǊƻƧŜŎǘ ƛǎ ŎǊŜŀǘŜŘΣ ƛǘ ƛƴŎƭǳŘŜǎ ǘƘŜ 
ŎǊŎψŀŘŘψŘŜōǳƎΦǘȄǘ ŀƴŘ ŎǊŎψŀŘŘψǊŜƭŜŀǎŜΦǘȄǘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦосΦ 

 

Figure 7.36. Bare-metal Application Software Project Created  

4. ¢ƻ ŀǾƻƛŘ ŀƴȅ ŎƻƴŦǳǎƛƻƴΣ ƳƻǾŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘǿƻ ŦƛƭŜǎ ŦǊƻƳ ŎψǇǊƛƳŀǊȅψŀǇǇ Ҕ ǎǊŎ ǘƻ ŎψǇǊƛƳŀǊȅψŀǇǇ ŘƛǊŜŎǘƻǊȅΦ 

 

Figure 7.37. Copy the CRC and Add Files  

5. tŀǎǘŜ ƛǘ ƛƴ ȅƻǳǊ Ƴŀƛƴ ŎψǇǊƛƳŀǊȅψŀǇǇ ǇǊƻƧŜŎǘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦоуΦ 
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Figure 7.38. Paste in Bare-metal Application C Project 

6. ¢ƘŜ ǘŜȄǘ ŦƛƭŜǎ ŀǊŜ ƴƻǿ ŀŘŘŜŘ ǳƴŘŜǊ ǘƘŜ ōŀǊŜπƳŜǘŀƭ !ǇǇ / ǇǊƻƧŜŎǘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦофΦ 

 

 

Figure 7.39. Copied Text Files  

7. ¢ƻ ōǳƛƭŘ ǘƘŜ tǊƛƳŀǊȅ D{w5Σ ȅƻǳ ƴŜŜŘ ǘƻ ŘŜŦƛƴŜ ψtwLa!w¸ψ.¦L[5ψ ƛƴ ǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ ƳŀƛƴΦŎ ŦƛƭŜΦ ¢Ƙƛǎ ŜƴŀōƭŜǎ ǘƘŜ 
{tL ŀŘŘǊŜǎǎ ǘƻ Ǉƻƛƴǘ ǘƻ tǊƛƳŀǊȅ ōŀǊŜπƳŜǘŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ǎƻŦǘǿŀǊŜ ƛƳŀƎŜ ƛƴ ǘƘŜ {tL ŦƭŀǎƘΦ 

 

Figure 7.40. Primary Build Define ς Set _PRIMARY_BUILD_ for Primary Build in main.c 

8. Lƴ ǘƘŜ ŎψǇǊƛƳŀǊȅψŀǇǇ ŦƻƭŘŜǊΣ ǳǇŘŀǘŜ ǘƘŜ ŎǊŎψŀŘŘψŘŜōǳƎΦǘȄǘ ƻǊ ŎǊŎψŀŘŘψǊŜƭŜŀǎŜΦǘȄǘ ŦƛƭŜ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦпмΦ [ƛƴŜ 
р ŀƴŘ ƭƛƴŜ мн Ƴǳǎǘ ōŜ ǊŜǇƭŀŎŜŘ ǿƛǘƘ ǘƘŜ ŀǇǇ ǇǊƻƧŜŎǘ ƴŀƳŜ ǘƘŀǘ ȅƻǳ ǇǊƻǾƛŘŜŘΤ ƛƴ ǘƘƛǎ ŎŀǎŜ ǘƘŜ ƴŀƳŜ ƛǎ 
ŎψǇǊƛƳŀǊȅψŀǇǇΦ IŜƴŎŜΣ ǘƘŜ ƴŀƳŜ ƻŦ ǘƘŜ ŦƛƭŜ ƛǎ ǊŜǇƭŀŎŜŘ ǿƛǘƘ ŎψǇǊƛƳŀǊȅψŀǇǇΦōƛƴΦ [ƛƴŜ мс Ƴǳǎǘ Ŏƻƴǘŀƛƴ ǘƘŜ ƴŀƳŜ ƻŦ 
ŎψǇǊƛƳŀǊȅψŀǇǇŎǊŎΦōƛƴΦ ¢Ƙƛǎ ƻǳǘǇǳǘ ŦƛƭŜ Ƙŀǎ ǘƘŜ /w/ ŦƻǊ ŀǇǇƭƛŎŀǘƛƻƴ ǎƻŦǘǿŀǊŜ ŀǇǇŜƴŘŜŘ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ōƛƴŀǊȅ ŦƛƭŜΦ  
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Figure 7.41. Update crc_add_debug.txt  

9. hǇŜƴ ǘƘŜ [ƛƴƪŜǊΦƭŘ ŦƛƭŜ ŦǊƻƳ ŎψǇǊƛƳŀǊȅψŀǇǇΦ  

 

Figure 7.42. Open Linker.Ld File  

10. ¦ǇŘŀǘŜ ǘƘŜ a9ahw¸ ƻǊƎ ŀŘŘǊŜǎǎ ǘƻ лȄулллуллл ŦƻǊ ōŀǊŜπƳŜǘŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ǎƻŦǘǿŀǊŜ ǘƻ Ǌǳƴ ŦǊƻƳ {ȅǎǘŜƳ aŜƳƻǊȅΦ  
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Figure 7.43. Update Linker.ld File  

11. tǊŜǎǎ /ǘǊƭ Ҍ ǎ ǘƻ ǎŀǾŜ ǘƘŜ ŎƘŀƴƎŜ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦппΦ  

 

Figure 7.44. Workspace 

12. .ŜŦƻǊŜ ŎǊŜŀǘƛƴƎ ǘƘŜ ōƛƴŀǊȅ ŦƻǊ ōŀǊŜπƳŜǘŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ǇǊƻƧŜŎǘΣ ǊƛƎƘǘπŎƭƛŎƪ ƻƴ ŎψǇǊƛƳŀǊȅψŀǇǇ ǇǊƻƧŜŎǘ ŀƴŘ ŎƭƛŎƪ 
tǊƻǇŜǊǘƛŜǎΦ 
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Figure 7.45. Properties 

13. Lƴ ŎŀǎŜ ȅƻǳ ǿƛǎƘ ǘƻ ŎǊŜŀǘŜ ŀ ǊŜƭŜŀǎŜ ŦƻƭŘŜǊ ƻƴ ǘƘŜ / ǇǊƻƧŜŎǘ ōǳƛƭŘΣ Ǝƻ ǘƻ /κ/ҌҌ .ǳƛƭŘ Ҕ {ŜǘǘƛƴƎǎΦ  

14. /ƭƛŎƪ ƻƴ aŀƴŀƎŜ /ƻƴŦƛƎǳǊŀǘƛƻƴǎ ŀƴŘ ǎŜƭŜŎǘ wŜƭŜŀǎŜΦ /ƭƛŎƪ {Ŝǘ !ŎǘƛǾŜΣ ǘƘŜƴ ŎƭƛŎƪ hYΦ 
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Figure 7.46. Set Release as Active Configuration 

15. Dƻ ǘƻ /κ/ҌҌ .ǳƛƭŘ Ҕ {ŜǘǘƛƴƎǎ Ҕ .ǳƛƭŘ {ǘŜǇǎ ŀƴŘ ǳƴŘŜǊ tƻǎǘπ.ǳƛƭŘ {ǘŜǇǎ Ҕ /ƻƳƳŀƴŘΣ ŀŘŘ ǘƘŜǎŜ ŎƻƳƳŀƴŘǎ ŀǎ ǎƘƻǿƴ 
ōŜƭƻǿ ŦƻǊ ȅƻǳǊ ǊŜǎǇŜŎǘƛǾŜ ōǳƛƭŘǎΣ ǘƘŀǘ ƛǎ ŦƻǊ 5ŜōǳƎ ƻǊ wŜƭŜŀǎŜΦ 

CƻǊ ²ƛƴŘƻǿǎ ǎȅǎǘŜƳΥ 

srec_cat.exe "@ .. \ crc_add_debug.txt"  

 

srec_cat.exe "@.. \ crc_add_release.txt"   

CƻǊ [ƛƴǳȄ ǎȅǎǘŜƳΥ 

srec_cat "@.. / crc_add_debug.txt"  

 

srec_cat "@.. / crc_add_release.txt"  
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Figure 7.47. Adding Post Build Step for Bare-metal Application CRC Binary Append (Windows) 

 

Figure 7.48. Adding Post Build Step for Bare-metal Application CRC Binary Append (Linux) 
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16. CƻǊ [ƛƴǳȄ ǎȅǎǘŜƳΣ ǳǇŘŀǘŜ ǘƘŜ ǇŀǘƘ ǿƛǘƘƛƴ ǘƘŜ ŎǊŎ ǎŎǊƛǇǘ ǘƻ ƳŀǘŎƘ [ƛƴǳȄ ǇŀǘƘ ŦƻǊƳŀǘΦ 

 

Figure 7.49. Update the CRC script to match Linux path format 

17. /ƭƛŎƪ !ǇǇƭȅ ŀƴŘ /ƭƻǎŜΦ 

18. wƛƎƘǘπŎƭƛŎƪ ƻƴ ŎψǇǊƛƳŀǊȅψŀǇǇ ŀƴŘ ŎƭƛŎƪ ƻƴ .ǳƛƭŘ tǊƻƧŜŎǘΦ 

 

Figure 7.50. Build c_primary_app C/C++ Project 

19. ¢ƘŜ ŎƻƴǎƻƭŜ ƻǳǘǇǳǘ ƛǎ ŘƛǎǇƭŀȅŜŘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦрмΦ  

bƻǘŜΥ ¢ƘŜ ǿŀǊƴƛƴƎǎ Ŏŀƴ ōŜ ƛƎƴƻǊŜŘΦ 

 

Figure 7.51. Bare-metal Application Build Project Console Output  
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20. ¢Ƙƛǎ ŎǊŜŀǘŜǎ ǘƘŜ ŘŜōǳƎ ŦƻƭŘŜǊ ŀƴŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƭŜ ǿƛǘƘ ŎψǇǊƛƳŀǊȅψŀǇǇŎǊŎΦōƛƴ ōƛƴŀǊȅ ǿƛǘƘ /w/ ŀǎ ǎƘƻǿƴ ƛƴ  
CƛƎǳǊŜ тΦрнΦ 

 

Figure 7.52. Bare-metal App Binaries Created with CRC  

21. CƻǊ ǇǊƻƎǊŀƳƳƛƴƎ ƛƴǘƻ ǘƘŜ ŦƭŀǎƘ ŀƴŘ ŎƻƴŦƛǊƳƛƴƎ ōƻǘƘ ǇǊƛƳŀǊȅ ōƻƻǘƭƻŀŘŜǊ ŀƴŘ ōŀǊŜπƳŜǘŀƭ ŀǇǇƭƛŎŀǘƛƻƴ ǇǊƻƧŜŎǘ ŀǊŜ 
ŦǳƴŎǘƛƻƴƛƴƎ ŎƻǊǊŜŎǘƭȅΣ ǊŜŦŜǊ ǘƻ ǘƘŜ tǊƻƎǊŀƳƳƛƴƎ {ǘŀƴŘŀƭƻƴŜ DƻƭŘŜƴ ƻǊ tǊƛƳŀǊȅ D{w5 .ƛǘǎǘǊŜŀƳ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴ 
{ƻŦǘǿŀǊŜ ǎŜŎǘƛƻƴΦ 

22. ¢ƻ ŎǊŜŀǘŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƛƭŜǎ ǿƛǘƘ ŎψƎƻƭŘŜƴψŀǇǇŎǊŎΦōƛƴ ōƛƴŀǊȅΣ ǎŜǘ ǘƘŜ ІŘŜŦƛƴŜ ψDh[59bψ.¦L[5ψ ƛƴ ǘƘŜ ƳŀƛƴΦŎ ŦƛƭŜ 
ǘƻ ōǳƛƭŘ ŦƻǊ ƎƻƭŘŜƴ ōƻƻǘƭƻŀŘŜǊ ŀƴŘ ƎƻƭŘŜƴ ŀǇǇ ōƛƴŀǊƛŜǎΦ 

 

Figure 7.53. Golden Build Define ς Set _GOLDEN_BUILD_ for Golden Build in main.c 

23. wŜǇŜŀǘ ǎǘŜǇ м ǘƻ нм ǘƻ ŎǊŜŀǘŜ ƎƻƭŘŜƴ ōƻƻǘƭƻŀŘŜǊ ŀƴŘ ƎƻƭŘŜƴ ŀǇǇ ǇǊƻƧŜŎǘΦ 

7.6. Generating the Multi-Boot MCS File 
To generate the multi-boot MCS file, perform the following steps: 

Note: Follow these steps only when you have or re-created both Golden and Primary bitstreams.  

1. [ŀǳƴŎƘ ǘƘŜ [ŀǘǘƛŎŜ wŀŘƛŀƴǘ tǊƻƎǊŀƳƳŜǊ ǘƻƻƭ ŦǊƻƳ [ŀǘǘƛŎŜ wŀŘƛŀƴǘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦрпΦ  
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Figure 7.54. Launch Radiant Programmer from Windows Start 

2. tǊƻǾƛŘŜ ǘƘŜ ƭƻŎŀǘƛƻƴ ǿƘŜǊŜ ȅƻǳ ǿŀƴǘ ǘƻ ǎǘƻǊŜ ǘƘŜ ǇǊƻƎǊŀƳƳŜǊ ΦȄŎŦ ŦƛƭŜΦ /ƭƛŎƪ hYΦ  

 

Figure 7.55. Radiant Programmer Getting Started Window 

bƻǘŜΥ ¢Ƙƛǎ ŘƛǎǇƭŀȅǎ ǘƘŜ ŜǊǊƻǊ ƳŜǎǎŀƎŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦрс ǎƛƴŎŜ ǘƘŜǊŜ ƛǎ ƴƻ ƘŀǊŘǿŀǊŜ ōƻŀǊŘ ŎƻƴƴŜŎǘŜŘΦ ¢Ƙƛǎ ŜǊǊƻǊ 
ƳŜǎǎŀƎŜ Ŏŀƴ ōŜ ƛƎƴƻǊŜŘΦ 

 

Figure 7.56. Error if No Board is Connected 
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3. /ƭƛŎƪ ¢ƻƻƭǎ Ҕ 5ŜǇƭƻȅƳŜƴǘ ¢ƻƻƭΦ  

 

Figure 7.57. Open Deployment Tool from Radiant Programmer 

4. ¢Ƙƛǎ ƻǇŜƴǎ ǘƘŜ 5ŜǇƭƻȅƳŜƴǘ ¢ƻƻƭ ǿƛƴŘƻǿ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦруΦ  

 

Figure 7.58. Deployment Tool Start Window 

5. !ǇǇƭȅ ǘƘŜ ǎŜǘǘƛƴƎǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦрф ŀƴŘ ŎƭƛŎƪ hYΦ 

 

Figure 7.59. Options for Creating New Deployment 

6. Lƴ {ǘŜǇ м ƻŦ пΥ {ŜƭŜŎǘ ǘƘŜ LƴǇǳǘ CƛƭŜόǎύ ǿƛƴŘƻǿΣ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦслΥ 

a. /ƭƛŎƪ ǘƘŜ CƛƭŜ bŀƳŜ ŦƛŜƭŘ ǘƻ ōǊƻǿǎŜ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ ǇǊƛƳŀǊȅ Φōƛǘ ŦƛƭŜ ŦǊƻƳ ȅƻǳǊ ǇǊƛƳŀǊȅ ǎƻŎ ǇǊƻƧŜŎǘΦ 

b. ¢ƘŜ 5ŜǾƛŎŜ CŀƳƛƭȅ ŀƴŘ 5ŜǾƛŎŜ ŦƛŜƭŘǎ ŀǳǘƻ ǇƻǇǳƭŀǘŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ ōƛǘǎǘǊŜŀƳ Φōƛǘ ŦƛƭŜ ǎŜƭŜŎǘŜŘΦ 

c. /ƭƛŎƪ bŜȄǘΦ 
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Figure 7.60. External Memory Step 1 of 4: Select Input Files 

7. Lƴ {ǘŜǇ н ƻŦ пΥ !ŘǾŀƴŎŜŘ {tL CƭŀǎƘ hǇǘƛƻƴǎΣ ǎŜƭŜŎǘ ǘƘŜ ŦƛŜƭŘǎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦсмΦ 

a. Under Options tab: Choose Output Format as Intel Hex and SPI Flash Size (Mb) as 128. 

b. Select Quad I/O SPI Flash Read from the SPI Flash Read Mode dropdown menu. 

 

Figure 7.61. External Memory Step 2 of 4: Select Options 
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c. No changes needed in the User Data Files section. 

d. Under Multiple Boot tab. 

i. {ŜƭŜŎǘ ǘƘŜ aǳƭǘƛǇƭŜ .ƻƻǘ ƻǇǘƛƻƴΦ 

ii. {ŜƭŜŎǘ bǳƳōŜǊ ƻŦ !ƭǘŜǊƴŀǘŜ tŀǘǘŜǊƴǎ ŀǎ мΦ 

iii. ¦ƴŘŜǊ ǘƘŜ DƻƭŘŜƴ tŀǘǘŜǊƴΣ ōǊƻǿǎŜ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ ƎƻƭŘŜƴ {ƻ/ ōƛǘǎǘǊŜŀƳ όǘƘŀǘ ƛǎ 

ǎƻŎψƎƻƭŘŜƴψƎǎǊŘψƛƳǇƭψмΦōƛǘύ ŦƛƭŜΦ ¢ƘŜ {ǘŀǊǘƛƴƎ !ŘŘǊŜǎǎ ƻŦ DƻƭŘŜƴ tŀǘǘŜǊƴ ƛǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŀǎǎƛƎƴŜŘΦ  

iv. ¦ƴŘŜǊ !ƭǘŜǊƴŀǘŜ tŀǘǘŜǊƴ м ŦƛŜƭŘΣ ŎƭƛŎƪ ƻƴ ǘƘŜ ōǊƻǿǎŜ ōǳǘǘƻƴ ŀƴŘ ǎŜƭŜŎǘ ǘƘŜ ƎƻƭŘŜƴ {ƻ/ ōƛǘǎǘǊŜŀƳΦ ¢ƘŜ 
{ǘŀǊǘƛƴƎ !ŘŘǊŜǎǎ ƻŦ ǘƘƛǎ ǇŀǘǘŜǊƴ ƛǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŀǎǎƛƎƴŜŘΦ ¸ƻǳ Ŏŀƴ ŎƘŀƴƎŜ ƛǘ ōȅ ŎƭƛŎƪƛƴƎ ƻƴ ǘƘŜ  
ŘǊƻǇπŘƻǿƴ ƳŜƴǳΦ ¢Ƙƛǎ ƛǎ ǘƘŜ ǇŀǘǘŜǊƴ ƭƻŀŘŜŘ ŘǳǊƛƴƎ ŀƴ ŜǾŜƴǘ ƻŦ ǘƘŜ ƴŜȄǘ twhDw!abκw9Cw9{I ƻǊ ǎƻŦǘ 
ǊŜǎŜǘΦ 

v. /ƭƛŎƪ bŜȄǘΦ 

  

Figure 7.62. External Memory Step 2 of 4: Multiple Boot  
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8. Lƴ {ǘŜǇ о ƻŦ пΥ {ŜƭŜŎǘ ǘƘŜ hǳǘǇǳǘ CƛƭŜόǎύ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦсоΦ /ƘƻƻǎŜ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻƴ ȅƻǳǊ ƳŀŎƘƛƴŜ ǘƻ ƎŜƴŜǊŀǘŜ 
ŀ ΦƳŎǎ ŦƛƭŜΦ  

  

Figure 7.63. External Memory Step 3 of 4: Select Output File(s) 

9. /ƭƛŎƪ bŜȄǘΦ 

10. Lƴ {ǘŜǇ п ƻŦ пΥ DŜƴŜǊŀǘŜ 5ŜǇƭƻȅƳŜƴǘΣ ŎƭƛŎƪ DŜƴŜǊŀǘŜ ŀǘ ǘƘŜ ōƻǘǘƻƳ ǊƛƎƘǘ ŎƻǊƴŜǊ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦспΦ  
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Figure 7.64. External Memory Step 4 of 4: General Development 

11. /ƘŜŎƪ ŦƻǊ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƻǳǘǇǳǘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ тΦсрΦ  

 

Figure 7.65. MCS File Generated Successfully 

12. ¢ƘŜ ƎŜƴŜǊŀǘŜŘ Ŧƛƴŀƭ ΦƳŎǎ ŦƛƭŜ ƛǎ ƴƻǿ ǊŜŀŘȅ ǘƻ ōŜ ǇǊƻƎǊŀƳƳŜŘ ƛƴǘƻ ǘƘŜ ŜȄǘŜǊƴŀƭ ŦƭŀǎƘ ǳǎƛƴƎ ǘƘŜ wŀŘƛŀƴǘ tǊƻƎǊŀƳƳŜǊΦ 

13. /ƭƻǎŜ ǘƘŜ 5ŜǇƭƻȅƳŜƴǘ ¢ƻƻƭ ǿƛƴŘƻǿΦ  

14. CƻǊ ǇǊƻƎǊŀƳƳƛƴƎ ƛƴǘƻ ǘƘŜ ŦƭŀǎƘ ŀƴŘ ŎƻƴŦƛǊƳƛƴƎ ǘƘŜ a/{ ŦƛƭŜ ƛǎ ōǳƛƭǘ ŎƻǊǊŜŎǘƭȅΣ ǊŜŦŜǊ ǘƻ ǘƘŜ  tǊƻƎǊŀƳƳƛƴƎ {ǘŀƴŘŀƭƻƴŜ 
DƻƭŘŜƴ ƻǊ tǊƛƳŀǊȅ D{w5 .ƛǘǎǘǊŜŀƳ ŀƴŘ !ǇǇƭƛŎŀǘƛƻƴ {ƻŦǘǿŀǊŜ ǎŜŎǘƛƻƴΦ 
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8. Customizing the GSRD 
This section describes the customization that can be applied in the reference design. The hardware related 
modifications are made by using Propel Builder, since it is the main design entry tool. The software-related 
modifications are made by using Propel SDK.  

8.1. Adding Component to the GSRD 
This reference design can be used as a base design to add components or IPs that your project requires. You can 
perform this in Propel Builder using the Schematic view. The following procedure shows the design flow in general. 

8.1.1. Hardware Flow 

To add a component or IP, perform the following: 

1. Lƴ tǊƻǇŜƭ .ǳƛƭŘŜǊΣ ǎŜƭŜŎǘ ŀƴŘ ŀŘŘ Lt ŦǊƻƳ ǘƘŜ Lt /ŀǘŀƭƻƎ ǿƛƴŘƻǿΦ /ƻƳǇƭŜǘŜ ǘƘŜ Lt ŎƻƴŦƛƎǳǊŀǘƛƻƴ ǳǎƛƴƎ ǘƘŜ ǿƛȊŀǊŘ 
ŀƴŘ ƎŜƴŜǊŀǘŜΦ 

bƻǘŜΥ LŦ ȅƻǳ ƴŜŜŘ ǘƻ ŎǊŜŀǘŜ ŀ ŎǳǎǘƻƳ LtΣ ǊŜŦŜǊ ǘƻ [ŀǘǘƛŎŜ Lt tŀŎƪŀƎŜǊ нлнрΦм όCtD!π¦DπлнносύΦ 

2. /ƻƴƴŜŎǘ ǘƘŜ ƴŜǿƭȅ ŀŘŘŜŘ Lt ǘƻ ǘƘŜ wL{/π± /t¦ ƻǊ ƻǘƘŜǊ Ltǎ ƛƴ ǘƘŜ ǎȅǎǘŜƳΦ ¢ƘŜǊŜ ŀǊŜ ǘƘǊŜŜ ǇǊƛƳŀǊȅ ƛƴǘŜǊŦŀŎŜ ǘȅǇŜǎΥ 

¶ !·Lп ƻǊ !·LπƭƛǘŜ ς !ŘŘ ƴŜǿ aŀƴŀƎŜǊκ{ǳōƻǊŘƛƴŀǘŜ ƛƴǘŜǊŦŀŎŜ ƛƴ ǎȅǎǘŜƳψƛŎψƛƴǎǘ όŘŜǇŜƴŘƛƴƎ ƻƴ ǘƘŜ ƛƴǘŜǊŦŀŎŜ ǘȅǇŜ 
ƻƴ ǘƘŜ ƴŜǿ LtύΦ /ƻƴƴŜŎǘ ǘƘŜ ƴŜǿƭȅ ŀŘŘŜŘ Lt ǘƻ ǘƘŜ ƴŜǿƭȅ ŀŘŘŜŘ ƛƴǘŜǊŦŀŎŜ ƻƴ ǘƘŜ ƛƴǘŜǊŎƻƴƴŜŎǘΦ 

¶ !t. ς !ŘŘ ƴŜǿ wŜǉǳŜǎǘƻǊκ/ƻƳǇƭŜǘŜǊ ƛƴǘŜǊŦŀŎŜ ƛƴ ǎȅǎǘŜƳψŀǇōψƛŎψƛƴǎǘΦ /ƻƴƴŜŎǘ ǘƘŜ ƴŜǿƭȅ ŀŘŘŜŘ Lt ǘƻ ǘƘŜ 
ƴŜǿƭȅ ŀŘŘŜŘ ƛƴǘŜǊŦŀŎŜ ƻƴ ǘƘŜ ƛƴǘŜǊŎƻƴƴŜŎǘΦ 

¶ !I.π[ƛǘŜ ς !ŘŘ ƴŜǿ aŀƴŀƎŜǊκ{ǳōƻǊŘƛƴŀǘŜ ƛƴǘŜǊŦŀŎŜ ƛƴ ǎȅǎǘŜƳψƛŎψƛƴǎǘΦ {ƛƴŎŜ ǘƘŜ ƴŜǿƭȅ ŀŘŘŜŘ Lt Ƙŀǎ !I.π[ƛǘŜ 
ƛƴǘŜǊŦŀŎŜΣ ȅƻǳ ƴŜŜŘ ǘƻ ŀŘŘ !·Lп ǘƻ !I.π[ƛǘŜ .ǊƛŘƎŜ Lt ƛƴ ōŜǘǿŜŜƴΦ 

3. /ƻƴƴŜŎǘ ǘƘŜ ŎƭƻŎƪ ŀƴŘ ǊŜǎŜǘ ǎƛƎƴŀƭǎΣ ŀƴŘ Řŀǘŀ ōǳǎŜǎ ƻŦ ǘƘŜ ƴŜǿƭȅ ŀŘŘŜŘ LtΦ 

4. 9ȄǇƻǊǘ ǘƘŜ Lκh ŦǊƻƳ ƴŜǿƭȅ ŀŘŘŜŘ Lt ǘƻ ǘƻǇ ƭŜǾŜƭ ƳƻŘǳƭŜ όƛŦ ŀǇǇƭƛŎŀōƭŜύΦ 

5. Dƻ ǘƻ !ŘŘǊŜǎǎ ǾƛŜǿ ǘƻ ŀǎǎƛƎƴ ǘƘŜ ōŀǎŜ ŀŘŘǊŜǎǎ ŦƻǊ ǘƘŜ ƴŜǿƭȅ ŀŘŘŜŘ LtΦ 

6. LŦ ȅƻǳ ƳŀŘŜ ŎƘŀƴƎŜǎ ǘƻ ǘƘŜ ōƻƻǘƭƻŀŘŜǊΣ Ŧƻƭƭƻǿ ǘƘŜǎŜ ǎǘŜǇǎ ǘƻ ǳǇŘŀǘŜ ǘƘŜ {ȅǎǘŜƳ aŜƳƻǊȅΩǎ ƛƴƛǘƛŀƭƛȊŀǘƛƻƴ ŦƛƭŜΦ 
hǘƘŜǊǿƛǎŜΣ ǎƪƛǇ ǘƘƛǎ ǎǘŜǇΦ 

a. Select the System Memory instance from the Design View in the left column and it highlights the 
system_boot_mem_inst. 

b. Double-click on the highlighted component shown in the schematic and it opens the Module/IP Block Wizard. 

c. Click on the three dots at the Initialization FileΩǎ Value field to locate and select your bootloader file. 

d. Click Generate at the bottom-right corner of the Module/IP Block Wizard as shown in Figure 8.1. 
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Figure 8.1. Bootloader File Updated in the System Memory 

7. ¦Ǉƻƴ ŎƻƳǇƭŜǘƛƻƴΣ ǎŜƭŜŎǘ 5ŜǎƛƎƴ Ҕ ±ŀƭƛŘŀǘŜ 5ŜǎƛƎƴ ŀƴŘ ƳŀƪŜ ǎǳǊŜ ƴƻ 5w/ ŜǊǊƻǊΦ 

8. {ŜƭŜŎǘ 5ŜǎƛƎƴ Ҕ DŜƴŜǊŀǘŜ Ҕ DŜƴŜǊŀǘŜ ǘƻ ǳǇŘŀǘŜ ǘƘŜ {ƻ/ ŘŜǎƛƎƴΦ 

9. Lƴ [ŀǘǘƛŎŜ wŀŘƛŀƴǘΣ ŀǎǎƛƎƴ Ǉƛƴǎ ŦƻǊ ǘƘŜ ƴŜǿƭȅ ŀŘŘŜŘ Lt όƛŦ ŀǇǇƭƛŎŀōƭŜύΦ 

10. /ƭƛŎƪ 9ȄǇƻǊǘ CƛƭŜǎ ǘƻ ƎŜƴŜǊŀǘŜ ǘƘŜ ǳǇŘŀǘŜŘ ōƛǘǎǘǊŜŀƳΦ 

8.1.2. Software Flow  

If the newly added IP contains software driver, update the Board Support Package (BSP) in the software project. To 

update the BSP, perform the following: 

1. Lƴ tǊƻǇŜƭ {5YΣ ǊƛƎƘǘπŎƭƛŎƪ ƻƴ ǘƘŜ ǎƻŦǘǿŀǊŜ ǇǊƻƧŜŎǘ ǘƘŀǘ ȅƻǳ ŀǊŜ ǿƻǊƪƛƴƎ ƻƴ ŀƴŘ ǎŜƭŜŎǘ ¦ǇŘŀǘŜ [ŀǘǘƛŎŜ /κ/ҌҌ tǊƻƧŜŎǘΦ 
Lƴ ǘƘŜ ¦ǇŘŀǘŜ {ȅǎǘŜƳ ŀƴŘ .{t ŘƛŀƭƻƎ ōƻȄΣ ȅƻǳ Ƴŀȅ ƻōǎŜǊǾŜ ŀ 5ƛǊŜŎǘƻǊȅ ƛǎ ƴƻǘ ŎƻǊǊŜŎǘΗ ŜǊǊƻǊ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ уΦнΦ 
¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ǘƘŜ ǎƻŦǘǿŀǊŜ ǇǊƻƧŜŎǘ ƛǎ ŎǊŜŀǘŜŘ ƛƴ ŀƴƻǘƘŜǊ t/ ǿƛǘƘ ŀ ŘƛŦŦŜǊŜƴǘ ǎȅǎǘŜƳ ŜƴǾƛǊƻƴƳŜƴǘ ǇŀǘƘ ǿƘŜƴ ǘƘŜ 
ǇǊƻƧŜŎǘ ƛǎ ƛƳǇƻǊǘŜŘ ǘƻ tǊƻǇŜƭ {5YΦ 
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Figure 8.2. New System env Error 

2. /ƭƛŎƪ ǘƘŜ .ǊƻǿǎŜ ōǳǘǘƻƴ ǘƻ ƴŀǾƛƎŀǘŜ ǘƻ ǘƘŜ ƴŜǿ ǎȅǎǘŜƳ ŜƴǾ ǇŀǘƘ ƛƴ ȅƻǳǊ t/Φ  

CƻǊ ŜȄŀƳǇƭŜΥ ғƳȅψǿƻǊƪψŘƛǊҔκǎƎŜκǎȅǎψŜƴǾΦȄƳƭ 

bƻǘŜΥ ¢Ƙƛǎ ǎǘŜǇ ǳǇŘŀǘŜǎ ǘƘŜ ǎƻŦǘǿŀǊŜ ǇǊƻƧŜŎǘ ǘƻ Ǉƻƛƴǘ ǘƻ ǘƘŜ tǊƻǇŜƭ .ǳƛƭŘŜǊ ǎȅǎǘŜƳ ŜƴǾ ŦƛƭŜ ƭƻŎŀǘŜŘ ƻƴ ȅƻǳǊ t/Φ ¢ƘŜ 
ŎƻǊǊŜŎǘ ǇŀǘƘ ƛǎ ŘƛǎǇƭŀȅŜŘ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ ǇǊŜǾƛƻǳǎ ŜǊǊƻǊΦ 

3. {ŜƭŜŎǘ ǘƘŜ ¦ǇŘŀǘŜ .{t ǇŀŎƪŀƎŜ ōƻȄΦ ¢Ƙƛǎ ǎƘƻǿǎ ǘƘŜ ƴŜǿƭȅ ŀŘŘŜŘ Lt ŘǊƛǾŜǊ ŀƴŘ ǾŜǊǎƛƻƴ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǳǇŘŀǘŜΦ 

bƻǘŜΥ 5ƻ bh¢ ǎŜƭŜŎǘ wŜπƎŜƴŜǊŀǘŜ ǘƻƻƭŎƘŀƛƴ ǇŀǊŀƳŜǘŜǊǎ ŀƴŘ ƭƛƴƪŜǊ ǎŎǊƛǇǘ ōƻȄΦ ¢ƘŜ ǎƻŦǘǿŀǊŜ ǇǊƻƧŜŎǘǎ ǇǊƻǾƛŘŜŘ ƛƴ 
ǘƘƛǎ ǊŜŦŜǊŜƴŎŜ ŘŜǎƛƎƴ Ŏƻƴǘŀƛƴ ƳƻŘƛŦƛŜŘ ƭƛƴƪŜǊ ǎŎǊƛǇǘΦ {ŜƭŜŎǘƛƴƎ ǘƘƛǎ ƻǇǘƛƻƴ ƻǾŜǊǿǊƛǘŜǎ ǘƘŜ ƳƻŘƛŦƛŎŀǘƛƻƴǎΦ 

4. /ƭƛŎƪ ¦ǇŘŀǘŜ ǘƻ ŎƻƳǇƭŜǘŜ ǘƘŜ ǇǊƻŎŜǎǎΦ 

5. .ǳƛƭŘ ǘƘŜ ǎƻŦǘǿŀǊŜ ǇǊƻƧŜŎǘ ǘƻ ƻōǘŀƛƴ ǳǇŘŀǘŜŘ ŜȄŜŎǳǘŀōƭŜ ŦƛƭŜǎ όΦŜƭŦΣ ΦƳŜƳ ŀƴŘ ΦōƛƴύΦ 

8.2. Using the ECO Editor 
During the initial design phase when the bootloader code is being developed, you may need to update the bootloader 
more frequently. This requires dynamic updating of bootloader file. Typically, the bootloader is loaded into the System 
Memory with the .mem file during the bit file generation phase. The Engineering Change Order (ECO) editor tool allows 
you to update such c_bootloader.mem dynamically without requiring the entire Radiant flow to be re-run.  

The following example demonstrates how to change/update the .mem file dynamically.  

1. /ƭƛŎƪ ƻƴ ¢ƻƻƭ Ҕ 9/h 9ŘƛǘƻǊ ƻǊ ŎƭƛŎƪ ƻƴ ōŜƭƻǿ ƛŎƻƴΦ Lǘ ƻǇŜƴǎ ǘƘŜ 9/h 9ŘƛǘƻǊ ǿƛƴŘƻǿǎΦ 

 

Figure 8.3. ECO Editor Icon in Radiant Software 
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2. /ƭƛŎƪ ƻƴ aŜƳƻǊȅ LƴƛǘƛŀƭƛȊŀǘƛƻƴ ǘŀōΦ 

 

Figure 8.4. ECO Editor sysI/ O Settings Tab 

3. {ŜŀǊŎƘ ŦƻǊ ǘƘŜ ǎȅǎǘŜƳψōƻƻǘψƳŜƳ ƛƴǎǘŀƴŎŜΦ 

 

Figure 8.5. ECO Editor Memory Initialization Tab 

4. /ƭƛŎƪ ƻƴ /ƘƻƻǎŜ CƛƭŜ Χ ǘƻ ōǊƻǿǎŜ ŦƻǊ ŎψōƻƻǘƭƻŀŘŜǊΦƳŜƳ ŦƛƭŜΦ  
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Figure 8.6. Select bootloader in Memory Initialization Settings 

5. !ŦǘŜǊ ŎψōƻƻǘƭƻŀŘŜǊΦƳŜƳ ƛǎ ƭƻŀŘŜŘ ƛƴ ǘƘŜ aŜƳƻǊȅ CƛƭŜ ŦƛŜƭŘΣ ŎƘŀƴƎŜ CƛƭŜ ŦƻǊƳŀǘ ǘƻ IŜȄŀŘŜŎƛƳŀƭΦ /ƭƛŎƪ hYΦ 

 

Figure 8.7. Change File Format in Memory Initialization Settings 

 

Figure 8.8. Updated System Memory Content 

6. /ƭƛŎƪ {ŀǾŜ ƛŎƻƴ ŀƴŘ {ŀǾŜ ōǳǘǘƻƴ ǘƻ ǎŀǾŜ ǘƘŜ 9/h ŎƘŀƴƎŜǎΦ 

  

Figure 8.9. Save Icon 
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Figure 8.10. Save ECO Changes  

7. !ŦǘŜǊ ǎŀǾƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘΣ Ƙƛǘ ǘƘŜ wǳƴ ƛŎƻƴΦ ¢ƘŜ tƻǎǘ wƻǳǘŜ ¢ƛƳƛƴƎ !ƴŀƭȅǎƛǎ ŀƴŘ 9ȄǇƻǊǘ CƛƭŜǎ ǇƘŀǎŜǎ ŀǊŜ ǊŜπǊǳƴΦ 

 

Figure 8.11. Re-run Partial Radiant Flow 

8. ¢ƘŜ ōƛǘǎǘǊŜŀƳ ƛǎ ǊŜπƎŜƴŜǊŀǘŜŘ ǿƛǘƘ ǳǇŘŀǘŜŘ ΦƳŜƳ ŦƛƭŜ ƛƴ {ȅǎǘŜƳ aŜƳƻǊȅΦ 

 

Figure 8.12. Bitstream Generation Flow Completed Successfully 

 

Figure 8.13. Bitstream is Re-generated 
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9. Debugging the GSRD 

9.1. Debugging Using Reveal Signal 
To debug the hardware and software design on the GSRD, the Reveal signals can be added as the trigger to generate 
waveform to capture the respective signals. Refer to Chapter 2 and 3 of the Reveal User Guide for Radiant Software 
document for the steps on how to run the Reveal Inserter and Reveal Analyzer.  

9.2. Debugging Using the OpenOCD Debugger 
Software C/C++ project can be debugged by using the GDB OpenOCD debugger embedded inside the Propel SDK. Refer 
to the Programming and On-Chip Debugging Flow section of the Lattice Propel 2025.1 SDK User Guide (FPGA-UG-
02234) for the steps on building and loading the symbol file. 

9.3. Debugging with Verbosity Level 
Refer to the Appendix A. Enabling Verbosity Level in Software 

 to enable software verbosity level for debugging purposes.  
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Appendix A. Enabling Verbosity Level in Software 
Debuglib is added to implement software verbosity level. There are three verbosities levels: DEBUG_ERROR, 
DEBUG_INIT, and DEBUG_INFO. Debug Build is enabled by default. 

Table A.1. Debuglib Verbose Levels 

Debug Level Description 

DEBUG_INIT Used for all initialization printout. Mandatory. 

Enabled for both Debug and Release build. 

DEBUG_INFO Used for additional information printout for debugging 
purposes. 

Enabled for only Debug build. 

DEBUG_ERROR Used for error printout. 

Enabled for both Debug and Release build. 

 

To enable verbosity in the software, perform the following: 

1. ¢ƻ ŜƴŀōƭŜ ŀ ƭƻƎƎƛƴƎ ǇǊƛƴǘΣ ȅƻǳ Ŏŀƴ Ŏŀƭƭ 59.¦Dψa{D όtwLb¢[9±9[Σ άaŜǎǎŀƎŜǎέύΦ twLb¢[9±9[ ƛǎ ǘƘŜ ǾŜǊōƻǎƛǘȅ ƭŜǾŜƭ 
ǎŜƭŜŎǘƛƻƴ ŀōƻǾŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƻ ŜƴŀōƭŜ 59.¦DψLbCh ǇǊƛƴǘΣ ȅƻǳ Ŏŀƴ ǎŜǘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦǳƴŎǘƛƻƴΥ 

D%"5'ʍ-3'ƽ$%"5'ʍ).&/Ɨ Ƨ(ÅÌÌÏ 7ÏÒÌÄƚƨƾƘ 

¶ CƻǊ ǘƘŜ 5ŜōǳƎ .ǳƛƭŘΣ ŀƭƭ ǘƘǊŜŜ ƭŜǾŜƭǎ ƻŦ ƭƻƎǎ ŀǊŜ ǇǊƛƴǘŜŘΦ 

¶ CƻǊ ǘƘŜ wŜƭŜŀǎŜ .ǳƛƭŘΣ ƭƻƎƎƛƴƎ ǿƛǘƘ 59.¦Dψ9wwhw ŀƴŘ 59.¦DψLbL¢ ŀǊŜ ǇǊƛƴǘŜŘΦ 

2. ƻ̧ǳ Ŏŀƴ ŜƴŀōƭŜ ǘƘŜ wŜƭŜŀǎŜ .ǳƛƭŘ ōȅ ǊƛƎƘǘπŎƭƛŎƪ ƻƴ ŎψǇǊƛƳŀǊȅψŀǇǇ Ҕ .ǳƛƭŘ /ƻƴŦƛƎǳǊŀǘƛƻƴǎ Ҕ {Ŝǘ !ŎǘƛǾŜ Ҕ wŜƭŜŀǎŜΦ 

 

Figure A.1. Set Release Build Configurations 
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3. {Ŝǘ ǘƘŜ ŘŜŦƛƴŜŘ ǎȅƳōƻƭǎ ƛƴǘƻ ǘƘŜ ǘƻƻƭŎƘŀƛƴ ōȅ ǊƛƎƘǘπŎƭƛŎƪ ƻƴ ǇǊƻƧŜŎǘ Ҕ tǊƻǇŜǊǘƛŜǎΦ Lƴ ǘƘŜ /κ/ҌҌ .ǳƛƭŘΣ ǎŜƭŜŎǘ {ŜǘǘƛƴƎǎ 
Ҕ Db¦ wL{/π± /Ǌƻǎǎ / /ƻƳǇƛƭŜǊ Ҕ tǊŜǇǊƻŎŜǎǎƻǊ Ҕ 5ŜŦƛƴŜŘ ǎȅƳōƻƭǎ όπ5ύ Ҕ !ŘŘ [{//ψw9[9!{9ψ.¦L[5 Ҕ !ǇǇƭȅ ŀƴŘ 
/ƭƻǎŜΦ  

 

Figure A.2. Add LSCC_RELEASE_BUILD Defined Symbols for Release Build Output 

4. wƛƎƘǘπŎƭƛŎƪ ƻƴ ŎψǇǊƛƳŀǊȅψŀǇǇ ŀƴŘ ŎƭƛŎƪ ƻƴ .ǳƛƭŘ tǊƻƧŜŎǘΦ 

 

Figure A.3. Build c_primary_app C/C++ Project 

5. ¢ƘŜǎŜ ŀŎǘƛƻƴǎ ŜƴŀōƭŜ ǾŜǊōƻǎƛǘȅ ƭŜǾŜƭǎ 59.¦Dψ9wwhw ŀƴŘ 59.¦DψLbL¢ ƛƴ ǘƘŜ wŜƭŜŀǎŜ .ǳƛƭŘΦ 
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